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The international INTRAVAL project 
started in October 1987 in StocWlolm as an 
international effon towards validation of 
geosphere models for uanspon 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 (Parties) from 
twelve countries participate in INTRA- 
VAL. The project is governed by a Cwr- 
dinating Group with one representative 
fromeach Party. The SKIacts 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 OECDWA take pan. Project or- 
ganisauon. the objectives of the study and 
rules for the publication of results are 
defmed 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 studies 
aimed at evaluating conceptual and math- 
ematical models for groundwater flow and 
radionuclide transport in thecontext of per- 
formance assessment of remitories for 
radioactive waste. In lhe previous studies. 
INTRACOIN (1981-1986) and HYDRO- 
COIN (1984-1990). the numerical accu- 
racy of computer codes, the validity of the 
underlying conceptual models and differ- 
ent techniques for sensitivitybcertainty 
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 f i t  phase of the study 
will be fMised in the aununn 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. geohydrological and geochemi- 
cal phenomena of importance for the radio- 
nuclide uansporc from a repository to the 
biosphere can be described by mathemati- 
calmodels developedforthispurpose.lhis 
is being done by systematically using in- 
formation from laboratory and field experi- 
ments as well as from oatural analogue 
studies as input to mathematical models in 
an attempt to validate the underlying con- 
ceptual models and to study the model 
validation process. 

Seventeen test cases have so far been 
included in the study. The test cases are 
based on expaimenlal p r o m  per- 
formed within diffemt national a d  inter- 

national projects. Several of the cases are 
bgsed oa international experimental pro- 
pammes, such as the Saipa Project the 
AUigator Rivers Roject. and the Pgos de 
Caldas Rojecr 

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 
sucha way that it is possible to simulate the 
experiments with model calculaticms. 

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 accouruedfor. Inorder to support 
this interaction and to develop of a strategy 
for the systematic application of the ex- 
periences and lolowledge gained from the 
test cases, a special committee, the Valida- 
tion Overview and Integration Committee 
(VOIC). bas been set up within the study. 

Since the issue of the previous Rogress 
Repon, the fourth INTRAVAL workshop 
and the f~ Coordinating Group meeting 
w m  held during the week February 5th to 
10th. 1990 in Las Vegas. United States of 
America. During the workshop a number 
of oral presentations were given about 
work pedonned with the test cases. The 
' fml  documentalion of the frst phase was 
also initialised and six working groups re- 
sponsible for the technical content in tech- 
nical repons foreseen to be published were 
appointed. The time scale for the f d  doc- 
mencation of the f i t  phase of INTRA- 
VAL were agreed upon. VOIC had two 
meetings and some other working groups 
used the opporturuty to arrange waings. 
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The Fourth INTRAVAL 
Workshop and the Fifth 
Coordinating Group 
Meeting 
The fourth INTRAVAL Workshop and 

the fsth Coordinating Group meeting were 
held in Las Vegas. Nevada. USA. on the 
5th through loth of February 1990 with the 
US. Department of Energy acting as hmt 
In conjunction with the meetings an excur- 
sion to the NevadaTest 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 fdisation and 
documenmion of the f ~ t  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 amiimting Group meeting was 
held on the loth of February 1990. The 
Coordinating Group recommended a sec- 
ond Phase of INTRAVAL. The f d  deci- 
sion on this matter will be taJcen at the next 
meeting in October 1990. The Swedish 
Nuclear Powa Inspectorate will send out 
an invitation for participation in the IN- 
-VAL Phase 2 to the Organisations 
before the summer. Ihe next INTRAVAL 
workshop and Coordinating Group meet- 
ing will be held in Cologne. The Federal 
Republic of Gmnany, in October 1990. 

Validation Overview and 
Integration Committee 
OTOIC) 

A Validation Overview and Integration 
Committee (VOIC) for the development of 
a stntegy for the syskmatic applicatioo of 
experiences and knowledge gained from 
the various I W V A L  tesl cases bas 
been set up by the Coordinating Group. 

The members of VOIC are: Thomas 
Nichoison. U.S. NRC (Chairman), Jesus 
Carrera, Universidad Polit6chnica de 
Camhula. Neil Chapman, British Geologi- 
cal S w e y  (now Intern-Exploration Con- 
sultanta Ltd), Peter GLasbergee National 

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

The chart- for VOIC states that the 
purpose of the committee is to provide a 
means for the INIRAVAL Project to in- 
vestigate the broad issues related to dem- 
mtrating 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 faadjustments and improvements to 
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 modelhig in the performance as- 
sessment of radioactive waste repositories 
could be addressed by the different test 
cases. VOIC abo specified the goals of 
INTRAVAL as 'ensuing that models are 
available and validated to each of the set of 
crucial pmctssts that control the flow and 
transport in the geosphefe'. 

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

1. Undrrstanding and Research 
Without proper understanding of the pro- 
cesses and system structures involved. 
the= could be no validation. On the otha 
hand. one can say that a thorough unda- 
standing represents the major pu t  of 
validation 

2 Comparison of Theory and ModcII- 
ing Calculon'ans with Experiments 
'Ibis is to study how well we are able to 
predict or simulate experimental results 
quantitatively. Any discrepancy may be 
due to parameter urcatninties, statistical 
nature of the systan or lack of undmtand- 
ing. Ibe last case requires further effolr in 
item 1. Care should be taken to avoidcwe 
fitting without the pmper understanding 
and confirmstay results. 

3. Peer Review and Public Scm'ny 
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 titerame. 
examined by and maybe used by the gen- 
eral scientific community over long pe- 
nods of time has a much better chance of 
being correct. 

Almost by defmition one can never vdi- 
dateacomputercode without complement- 
ing the statement with huther qualifying 
phrases. Thus. in VOIC's view, a cerdfied 
code means that the code is properly vni- 
fied and pmpafy documented. It is then 
mathematically c m t  in its formulation 
and solution and properly documented 
with respect to function, accuracy, guide- 
lines about the required discretisation. and 
mges  of applicability. A model, including 
the conceptualisation and the computer 
code. can be validated either with respect 
to (a) aprocess a (b) a site-specific system. 
For (a), a process is fust identified (e.g. 
buoyancy driven flow) and tbe concep 
Nalisrd (e.g. as temperature-dependent 
density and viscosity) and coding is per- 
formid on this conceptualisation. The 
model is then applied to an appropriate 
experiment and its results compared with 
mepsunments. Ifthecalculatim compare 
well with the experiment with due con- 
sideration given to parameter uncertainties 
etc.. we can say that the model is validated 
with respcct to this specific process. For 
(b), a site-specific system may be com- 
posed of a number of processes and shw- 
tures, which form the building blocks of the 
system. Once the building blocks are iden- 
tified, a model a group of models may be 
wd to simulate and compare with fwld 
obsewatiooa. If nscwsful, the gmup of 
models is said to be validated with mpcct 
to this particular site, within a range of 
applications detamined by the range of 
field obsuvations studied. 

Hence, there is no such thing as a vali- 
dutedmodel in the generic sense. However, 
we can say that 'a model is validated with 
respect toa givenprocess', or that 'amodel 
or group of models are validated with re- 
spect to a given site'. Ranges of applic- 
ability should always be included in such 
satemmu. The decision if a model ia valid 
is not made oaly by those using the model. 
Tbc model is valid in a given case if the 
user bas applied it comccly and can con- 
vince another knowledgeable pason or 
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group of persons of this. In !he 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 h e V A L  Secrewiat and 
the Coordinating Group concerning the 
outline of the continuation. Phase 2 should 
be basedon On-going and well documented 
field exexperiments. The study should be 
more directed to validation strategy and 
performance assessment considering the 
accomplishments of Phase 1. It is also sug- 
gestedthet various key issues. such as scale 
dependeoce, hetemgeneity, and co~~pled 
processes, are highlighted. 

Present Status of.the Test 
Cases 

TEST CASE l a  

Radionuclide migration through clay 
samples by dimion and advccrion, based 
on laboratory eqerimmts performed ar 
Hanvell Loborarory. UK. (Pilot Group 
Leader: D. kver.  Hanvell Laboratory) 

Experimental Setup and Scales 

Experiments to study solute (iodide. deu- 
terium and rritium) migration Uuough in- 
tact samples of clay, from one borrhole at 
a depth 28-34 meters below ground level. 
have been performed at Harwell Labora- 
tny in U.K. A set of transient and steady- 
state Inca experiments bave been per- 
formed, both paralld and perpndicular to 
the bedding of clay samples (vertical 
throu@diffmion, horizontal through-dif- 
fusion. indiffusion, and dispionexperi- 
wm). TLK length scale,of the experiments 
are up to a few centimeten and their dura- 
ti* are up to a few months. lEe data 
avaihbleare~throughclwufromthe 
through-diffusion and from the hydro- 
dynamic dispasionexperiments, as well as 
the a m m t  of ma that have diffwsd into 
the srmplu in the indiffuaion experi- 
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ments. In addition, results are available 
from complementary experiments such as 
moisture content and porosity, size and 
dsuibution of the porosity, md hydraulic 

. . conductivity as a function of stress. 

Analyses by the Project Teams 

The Project Team from SNL bas defmed a 
validation sbategy which has been tested 
on this case. Tbe method could briefly be 
desnibed in tams of a number of steps 
including choice of conceptual model, 
identif~cation 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 breakthrough curve. The model 
is not acceptable if a systematic error of 
comlation in the residual is observed. Two 
models of didfusion in clay has been tested 
on this test case. one two-dimensional 
singlePorosity model and one two-dimen- 
sional dual porosity model. The single po- 
rosity model was tested earlia and was 
found t o k  invalid. Robability distribution 
hu~tion representing tbe uncertainty in pa- 
rametas wenobtaiotd,mainly by review- 
ing available Litaature. and a number of 
Monte Carlo simulations wen undertaken. 

The transport equation was solved with 
the fmite difference code SWIFT-11. Tbe 
madel smrctllrr was then tested by compar- 
ing the 'best fit' model brealrthroughcuwe 
with the experimental breakthrough curve 
in tams of residual in time values for dif- 
ferent levels of coocentration. Ihe residual 
plot was judged to be acceptable if a sani- 
variogm did not show a mnd but nugget. 

The methad was applied on through- 
diffusion expaiments with iodide on two 
different simples. Ihe test showed a mud 
in the semivariogram for one of the 
maples (lNT8I), implying that the modcl 
smrm wm invalid whereas f a  tbeotha 
sunple (INT9I) the model was acceptable 
as the semivariogram showednugget Dur- 
ing the discussionit was c0~:Iuded lhat the 
applied test did not fd ta  out consrant a- 
m. 
ThRojectTe~mfromRNMusedboth 

an analytical model and the fmite ekmmc 
code MEIROPOL to simulate the exp i -  

menu. The results from the analytical 
model was checked against results ob- 
tained from MEI?IOPOL and gave equal 
results. The total porosity was evaluated 
analvtically from equilibrium results of the 
indiffusion 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 obtainedfrom oven-drying. Thedif- 
fuence in porosity for iodide and deu- 
terium could probably be explained by the 
existence of micropores accessible to deu- 
terium but not to iodide. The effective dif- 
fusivity determined analytically ~IKIIII the 
steady state pan of the throughdiffusion 
breakthrough curves was found to vary 

I1 2 -1 between 7.2.1~'" and 8.6.10- m .s for 
deuterium in different samples. For iodide 
the effective diffusivity varies between 

11 2 -1  2.8.10-" and3.9.10. m .s .Using these 
values to predict the uansient part of the 
inMusion and thoughdiffusion ex@- 
menu with METROPOL no good a g e -  
ment between cakulated andexperimeneal 
results was obtained. In the case of -. 
through-difhsion, thae is no agtcement 
between experimental and calculated 
results wen at extended times, i.e. at equi- 
librium where the porosity and diffusion 
coefficicnts'wen evaluated. A curve-fit- 
ring exercise evolved in such a way that 
different values of the porosity and dif- 
fusion coeffxienw had to be selected for 
tbe in4fhLsion and the through4ffuaion 
q c r ~ e n t s .  For iodide didfaent values 
had t n scLctcdfor fh different samples. 
The I. uoduction of matrix diffusion in the 
coclcepntal model gave a bener agmmmt 
between calculated and experimental 
results. A preliminary unique set of 
parametus fathe twoDIPcm wasselected. 
The total porosity was eathated at 0.474 
from oven-drying and indiFfusion experi- 
ment with deuterium, and the macro 
porosity wu atimpled at 0.14. ?he &W- 

tive diffusivify and thc matrix difhuivi 2 wwc crdmPted at 7.7.10-" and 1.1.10 
m2.d' f a  dewaim md at 6 . 5 1 ~ "  md 
20.10-' m2.s-l f a  iodide from indiffwion 
urpaimcnu. 'Ihe @rough-diffusion a- 
paiamtacould k simulated with -- 



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 prosily 
model. a double porosity model (including 
mauix diffusion, and a aiple 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 simple model. More complex 
models could be used but their parameters 
could not be estimated reliably. This indi- 
cates that the validity of the simple model 
or the n k d  for more complex ones requires 
calibration under different conditions. 

As an approach to designing experi- 
ments that can distinguish between dif- 
ferent models, the 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, then 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 funher by 
interchanging the roles of themodels in the 
above analysis. 

The experiment is a good discrimiaator 
between the models only if it satisfies both 
tests. A n11111kr of possible permeation 
aperimenu with pulse injectioa have been 
tested and fomd to fail to distinguish be- 
tween the two models according to the 
above described methodology. 

The parameters that have been varied in 
t ime experiments are: 
- tk pulse dwation (10 000 and 5 000 s), 
-the size of the downseeam reservoir 

(1 an and 10 an, which is a reducrion of 
50 mspectively 5 times compared to ihe 
resmwir used in h e  experiments), 

-the wata flow rate (5 and 2.5 timed Ute 
flow rate used in the exprimenla), 

-the weight of the pulse e x p b e n f  

-the retardation factor. 
The conclusions drawn from these tests 

are that it is of no value lo use dual or triple 
porosity models to evaluate the aanspn of 
conservative (non-sorbed) tracers. For 
sorbed tracers (retardation factor of 10). it 
was possible to reproduce model data. 
especially if reduced weight was given to 
the pulse experiment. The evaluation ap- 
proach is based on the assumption that all 
samples can be characterised by one set of 
parameters, although there is sifl~cant 
variability betwem different samples. 

The Project Team from PNC evaluated 
the indjffusion and the throughdiffusion 
experiments with a one-dimensional 
model. Both separate and joint analysis of 
the in-diffusioo and through-difhwion ex- 
periments indicates that the experiments 
cannot be described with a single set of 
pos i ty  and diffusion coefficient values. 
A statistical lest (least squares method) 
shows that the population mean values of 
porosity and diffusion coefficient fmm the 
throughdiffusion experiment are larger 
than those from the in-diffusioo experi- 
ments botb for iodide and deuterium, with 
95% sig&cancc level. Data from joint 
analysis (porosity from indiffusion ex- 
periments and diffusion coeffdent from 
throughdiffusion 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 poi ntsfall out 
of the estimated region (99% conf~dence 
interval). It was also concluded h t  the 
esrimatiom of both the porosity and the 
diffusion coefficients are sensitive to the 
method applied toevaluate them, eapcial- 
ly with regard to the applied boundary con- 
ditions. prrliminary results from evalua- 
tion of the permeation experimenls with a 
one-dimensional advection-dispersion 
model show good agreement between cab 
culated and meesurrd breslrthrough cur- 
ves. except for one experimenr Frmher 
evaluation of the permeation expaimmts 
is aealtd befon t h e  d t s  caa be as- 
msaed in the conclusioDI of this modelling 
exaise.  
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TEST CASE l b  

Uranium migration in crysralline bore 
cores based on experiments performed at 
PSI. Swinerland. (Pilor Group Leader: J.  
Hadermann. PSI) 

Experimental Setup and Scales 

lo this experiment, performed at the Paul 
Scherrer Institute (PSI) in Swieerland. 
kacer migration in crystalline bOIC cores 
were studied. Water at high pressure was 
forced to flow through rockcores of granite 
a gneiss with a diameter of 4.6 cm and a 
length between 0.8 cm and 5.0 cm. The 
high pmsure was intended to simulate the 
rock overburden. Tracer (uranium-233) 
was added to the infiltration water and the 
kacer concenkation was measured in the 
water &pled 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 swption sites. Complementary rrsults 
on hydraulic conductivity versus C0nflnin.g 
pressure, and dynamic poros~ties of the 
samples are also available. as well as re- 
sults from uranium adsorptioo/desorption 
experiments. 

AmIyses by t k  Rojeet Teams 

Ih Project Team from HARWELL has 
aoalysed the bfealrtbrough curves from 
four diffaent bore cons, three granite and 
om gneiss core. They compared three dif- 
fuent one-dimeational advection-disper- 
sionoansponmode~.ane with linarequi- 
librium sorption only. one considehg also 
matrindiffusion,andonewithlcinaic sorp 
tion'Ibeapproachadopted was tocalibrate 
each of the modeis using the fmt few data 
poinumtbebrePlnhrough~~rveforacm. 
aod chn c o m p  the pedictioos of the 
modtl with the remaining data points for 
that core. lo each case, the n u m b  of data 
points was c h o m  so that UK model was 
calibrated to the data poiow giving the ini- 
tial rise and falling back to approximately 
half the peak output concentraticn. The 
modtts were calibrated automatically 

using a non-linear least-squares method to 
evaluate the parameters that gave tht best 
fit for the selected model. - 

The results from the evaluation showed 
with considerable evidence that the model 
incorporatiog matrix diffusion war the 
most appropriate model to descni the 
kanspon The model withonly linear sorp 
ti00 tended to uudereslimate the iniinirinl 
peak of the tracer ccmcentratioo curve and 
to overeslimate the concentration The 
model with kinetic sorption also maw- 
timated the concenkation, although it gave 
a better estimate of the peak. 
Ih results fmm the model with matrix- 

diffusion can be used to evaluate the retar- 
dation and the dispersion length. The mar- 
datim is appmximstely 20 for the gneiss 
sample and for two of the granite samples, 
whereas the retardation for the third m t e  
sample is an orda of magoitude higher. 
The higher value for the last sample is 
cornistent with the broader peak in the 
output hacer concmtratim c w e  for this 
sample. The dispersion leogth evaluated 
for two of the com was in the range of 
3-8.10.~ m, which seems reasonable. The - 
dispersion length for the two other corm 
were %lo4 and 3 . 1 0 ~  m respectively. 
These values appear to be small. To inves- 
tigate the role of the model parameters for 
the model with matrix-diffusion a seo- 
sitivity study was carried out. For each 
experiment, each of the parameters was 
varied tohalf and to twice its best fit value 
wbile the otha panuneten werc kept at 
their best f i t  F m  tbis sensitivity aualysis 
it was showo that the model was not very 
sensitive to cbnnges in the parameter de- 
scribing iht dispersion length, for sampks 
showing very low d u a  of the dispersion 
length. The discrepancies between the 
measlmd data and ihe model predictiow 
werc also examined and there appears to be 
some smrhml tendewq. 
Tk study of the tea case shows that the 

experiments provide considerable suppoR 
for the concept of rock matrix difhrsion. It 
would, however, be desirable to have sop 
porting evidence for the model on larger 
spatial and time scales. It might ab0 be 
preferable to perfom experiments for 
temperam and grormdwater c-aY 
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within ranges of direct interest for a 
'-',>%. 

t * '.; - {.?<;;;. ,,,\! 
repository. 

'Ibe Project Team from ECL presented 
f?tX,,,, p l a  for complementary work on this test 
; '...'.:. 5 . .  
; % ,  ,A ,,. 

case to the work performed by HARWELL 
I .. 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 tracer within the rock sample 
to the concentration of tracer dissolved in 
the surrounding water. Throughout this 
study the Project Team selected to use the 
Langmuir isotherm (s = ad(l+b~c),  where 
s is the density of sorbed tracer, c the con- 
centration of tracer dissolved in ground- 
water, and a and b positive coastants). The 
first aim with the study is to demonstrate 
that the specified equations can be solved 
robustly and eff~ciently before parameter 
estimations are started. The next step will 
be to analyse the test case. 

TEST CASE 2 

Radionuclide migration in single ~ t u r a l  
fissures in granite, based on laboratory 
erperimenrs performed at KTH, Sweden. 
(Pilot Group Leader: T. Eriksen. KTH) 

Experimental Setup and Scales 

Tbis 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 swngly sorkd tracers in single nat- 
t d  fusures in granite drill caes (0.02 - 
0.04 m in diameter and 0.08 - 0.3 m m 
length). Synthetic groundwater was fed to 
the fissure inlet and tracers were either 
added by continuous feeding or as a pulse 
of suitable duration. The effluent was con- 
tiouously sampled and analysed with re- 
spect to the tracer concentration. 

Analysis by the Project Teams 

'Ihe Project Team from OWTD pmented 
results of their annlysia of the test we 

using FRACFLO-VAL. This is a package 
including non-linear least squares techni- 
ques for parame'ter estimation and analyti- 
cal solutions for one-dimensional advec- 
tiondispersion equation with and without 
matrix diffusion. The models and the es- 
timation procedure were tested against 
anaiytical solutions with knownparameter 
values. Reasonable fits to all experimental 
data were obtained. 

TEST CASE 3 

Tracer tests in a deep basaltpow top per- 
formed at the Hanford Reservation, 
Washington, USA. (Pi1otGroupLeader: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 lOOOm below 
ground level. The data base available is 
very large and includes flow rates, break- 
through curvu (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 mbbly ratha than frac- 
m d .  The path length in the rock is rela- 
tively short compred to the depth & well 
as to the disprsion length as derived from 
the breakthrough curves. 

General Comments on Test Case 3 

Test cme 3 was formulated at a time when 
disposal in basalt was an option in the U.S. 
waste dispod programme. One valuable 
aspect of this test case then was a p s -  
sibility to go back to the sik and perform 
complementary measurements. Because of 
the discootinuation of the US. basalt prc- 
gramme the experimental site has subse- 
quently been decommissimed and the p s -  
sibility of complementary tnePsurrments 
no longer exists. Due to these reasons the 
interest among the h e V A L  panici- 
p t s  to perfom further simulations of chis 
teat we is lacha Limited. 
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TEST CASE 4 

Flow and racer experimenrs in crysralline 
rock based on rhe Sripa 3D experimenr 
performed within the lnrer~tional Srripa 
Projecr. (Pilor Group Leader: I .  Nerer- 
nreks. KTH) 

Experimental Setup and Scales 

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

An experimental drift was excavated in 
the old iron-ore mine in Shipa, Sweden. 
The whole ceiling and upper part of the 
walls have been covered with about 350 
plastic sheets (2 m2 each) with the purpose 
to collst water seeplug in from the rock 
and to collect lnjected tracers. Three veni- 
cal-boreholes for tracer injections were 
drilled and tracecs were injected at niae 
locations, 1&55 m above the test site. 
The data registered or obtained from che 

experimenls are water flow rates, Iracer 
cmmtrations in the water entering the 
drift rockcharacteristics andfiacturedata, 
water chemisay, tracer injection pressure 
and flow rates, and hydrostatic pressure. 
Diffusivity and sorption data are available 
from complementary laboratory and field 
expaiments. 

The results of the water flow measure- 
ments demonmated extreme spatial vari- 
ability. Thus, 2/3 of the drifty a dry. one 
sheet carried 10% of the watf and twelve 
sheets canied 50%. The flea fate into the 
drift didnot correlate well witn the fracture 
dmsity. However. lbae is a comlation 
between the flow rate and the localnumber 
of fracture intersections. The longest 
bmkthrough time was 26months from the 
fanhest injection point After completion 
of the aperimmt. it was noted that cme of 
the m c a s  had moved about 150 m parallel 
to chc drift o v a  a three year period. 

aaosport in the Shipa 3D experiment with 
a discrete fracture network model. Tbe - 
computer code. DISCFRAC, generates the 
fracture network and solves the equations. 
l%e fracnves were modelled as planar cir- 
cular discs with a radius, orientation and 
transmissivity randomly and iadepen- 
dently placed. The model paramem weze 
estimated from geometric estimate based 
on mapped fractures and the 0 b s e ~ e d f l 0 ~  
distribution in the ceiling of the he The 
cumulative tracer brealrrhrougb timu were 
calculated asnrming pipe flow in single 
fractures using particle tracking. The 
breakthrough curves from the discrete 
model were then fitted to ihe advection- 
dispersion model by the method of least 
squaru to determine a Peclet number and 
a water resideme lime. 

By plotting the Peclet number as a func- 
tion of cumulalive fractions of realisations 
for different transport distances it was 
found that at zero variance of the chamel 
hansmissivity the Peclet number increased 
linearly with distance. This means that the 
dispersion coefficient is constant which 
implies a Fickian dispersion behavior. As 
the variance of the charnel transmissivity 
was increased. the Peclet number tended to 
be smaller and more constant, which im- 
plies a non-Fiikian 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 fracam mtwork model can explain 
iheexpaiment.Parameteruncertainty may 
scale up to orderly advectioa-dispersion 
and e x m e  channeling. 

TEST CASE 5 

Tracer aperimenu in a fracture zone at 
rhe Finnsjh research area, Sweden. (Pilot 
Group Lrader: P. Andcrsson, Swedish 
Geological Co.) 

Analysis by the Project Teams Gdogical Structures - 
The Roject Tuun from SKVKTH haa 'Ihirtestca8eis~onas~oftnvatests  
aaaiysedihwaterflowandtheOsca inahctuIczoaeinaystalliDcdUtbc 
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Finnsjdn 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 a p  
proximately 100 m and its horizontalextent 
is in the order of kilometers. 

It appears that the zone contains three 
highly permeable sub-layas. The trans- 
missivity of the upper layer is estimated to 

4 2 -1 -6 2 -1 be 10 m .s ,the middle IO-'-~O m .s 
4 2 .1 andthelower 10 m .s .Themiddlelayer 

is not conciouous. A fresh water salt water 
interface exists in the fracture zone rela- 
tively close to the upper previous layer. 
The salt content of the grouudwater is 
higher below the zone (han above. The 
natural hydraulic head gradient is esti- 
mated at 11300 in the horizontal direction. 

Hydraulic Tests 

'Ihe fracture zoneand the surrounding rock 
are penen-ated by several core M l e d  (and 
somepercussiondrilled) boreholes. Packer 
tests for hydraulic conductivity (Lugeon 
tests) have been performed in all boreholes 
in 2 m and 20 m section intervals. In addi- 
tion. a pan of one borehole has been inves- 
tigated in 0.11 m intervals. A ngional 
pumping test bas beenconducted by pump 
ing water from the full length of one bore- 
hole and observing the drawdown in 11 
wells totalling 40 intervals. 

Tracer Tats  

Two sets of ma test have beon corn- 
pleled: a radialy convergent test and a 
dipole test. 'Ihe radially convergent test' 
was conducted by pumping one well fnnn 
apackcr interval covering the full width of 
the fncarrc zono and injecting 11 diffamt 
wo-sorkd m m  at 9 differmt intcfvpls 
in three wells momding  the production 
we4  i.e. mom than one n-acer was injected 
at some points. 

Tbt dipole test was conducted by pnnp 
ing in One w d  and h ~ e ~ t l n g  awther. A 
total of 20differmt wcers were i a a o d d  
at theuppa lay- of the injection well. Tbc 
ma 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 layers in 
the fracture zone. 

Analysis by the Roject Teams 

The Project Team from V I T  presented 
their interpretation of the radially converg- 
ing experiment. Thev :sed a channel 
model, characterised t, che number of 
channels and the channel properties. Each 
channel bad a hansmissivity and a width. 
related to the channel dispenivity. The 
total aaaSmiss~ityof Zone 2 was assumed 
to be UE average of the sums of transmis- 
sivities measured in individual bonholes. 
In the present modellmg, one single trans- 
pon roure between the injection borehole 
section and the pumping borehole wascon- 
sidered. This transport route represents the 
fastest conastion between the injection 
andcollection sites. It was assumedthat the 
mute was a flat chatme1 having an a w e  
of about 1 mm or less and a width of lOcm, 
and that the velocity in the channel varies 
wer the width from zem to a maximum 
velcxity over 5 cm. The analysis was per- 
formed assuming constant gmundwata 
flow but time dependent tracer injection 
rates. It can be concluded that the applied 
simple model seems to predict the majority 
of Ihe breakthrough c w e s  rather well and 
also to reproduce dispersion effects over a 
wide rangeof transport routes and times by 
one value. 

The Project Team from i n t m - E U  bas 
analysed the radially convergent tracer 
tests. They utilised two-dimensional flow 
models considering advection-dispersion. 
Data were available from nine continuous 
injection tests and thm pulse injection 
tests. 'Ihe evaluatim concentrated on the 
pulse injection twts as they w m  likely to 
be more sensitive to the assumed fracM 
geoway, since bwh a wave-front and a 
wave-back had m be considered The pulse 
injection t a r s  (fmm borehole KFII I ) 
showeda double pulse brralrthrough which 
seems to be a comqwace of flow path 
gwmcay. 'Ihe best fit to the brmkthmugh 
curved w u  soi@ by minimiring tbe sums 
of squrrrs of the midunla mu the time 



Progress Repon No. 5 

frameof theexperiment. 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 parallel 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- 
ues for the dispersivity and flow. The fined 
breakthrough curves took the f o m  of two 
pllses but the fined furves gave no good 
agreement with the experimental break- 
through curves. These results show, how- 
ever, that just one or two parallel 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: molecuiar diffusion, maaix dif- 
fusion. or n&-integer dimensional flow 
pa"= 

The Roject Team from IAERI modelled 
the radially convergent tracer pulse injec- 
tion expaiments with a variable channel 
aperture model. The two-dimensional 
steady state channel flow in single frac- 
tures of zone 2 was evaluated and the adns- 
pon of non-smbed solutes was simulated 
by a pattide uacking technique consider- 
ing local dispersion within each channel. 
The probability distribution of channel ap- 
e m  was assumed to be lognormal. The 
effects of diffusion and sorption was not 
considered. In the groundwater flow cal- 
culations the fractllre was divided by a 
rectangular grid into nodes with dafaent 
apahms. Ihe model domain was a quarter 
part of the area. In the solute transpon 
simulations, the fracture plane was model- 
led as a rectangular network system. The 
travel time of panicks in each channel was 
given by onedimensional solutions, and 
panicles coming to an intersection of the 
network were distributed in the outlet 
haaches with aprobability proportional to 
the flow rates. A preliminary comparison 
between calculated and experimental 
breakthrough curves Showed that the rail- 
ing of the calculated curves w a e  much 
smaller than for the experimental curves, 
this could be due to diffusion imo dead- 

ends. The effects of local dispersion was 
not considered in the calculations. Best fit - 
values of themeanchannel apertureandthe 
variance of the aperture density disaibu- 
tion were quite different for different flow 
pa&. From thesecircumstancu, andfrom 
the shape of the expenmental breakthrough 
curves, it was concluded that a macro- 
scopic anisompy existed for the aaosmis- 
sivity in the fracture tone. 

The Roject Team from HazamaGumi 
analysedtheradially convergenttracatest. 
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 
well 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 density is higher in the upper 
(0.004 msZ) and lower (0.00% m-') paru 
lhsn in the middle (0.001 m- ) pm. 'lbe 
fracture length was set to 50 m and the 
water was assumed to flow symmetrically 
towards the pumping borehole. - 

A parallel plate model was used for the 
water flow in each fracture element. The 
aaaspon analysis wascarried out using the 
velocity f ield obtained from the 
groundwater flow analysis. The solute 
trallspon was simulated with a particle 
tracking methodccmsidaing advectionand 
maaix diffusion. The residence time for 
each panicle within the fractures was 
determined by a probab'ity density func- 
tion. The water flow rate at the injection 
boreholes was varied between 1.7. and 

2 3 -1 2.3.10- m .s and the fracture apenure 
was varied between 4.10' and 5.10' m. 
When matrix diffusion was considered the 
matrix diffusion coeffrient was assumed 

9 Z.s-l to be 1.10' m and the rock porosity 
ranged from 0.015 to 0.03. 

The results showed that multi-peak 
~ g h c u r v e s ~ p r o d u c e d i f m a t r i x  
diffusion wasnot faken into account. Some 
of the calculated brral(hrough curves con- 
sidering matrix diffusion seem to agree 
quantitatively with the measured ones, al- 
though the total flow n t u  oblained in the - 
~ ~ w a e s r r m l k r t b a n ~ o b -  
~ e d  in IhC fidd. 11 W M  ConClUdCd mat 



matrix diffusion seems to have significant 
influence on the solute transport. 

TEST CASE 6 

Synrhetic &ra base, based a singlefrac- 
cure migrarion experiments in Grimsel 
Rock Laborarory in Swirzerland. (Pifor 
Group Leader: R. Codell US NRC) 

This test case is patterned afta a hacer 
migration experiment in a single fracture 
plam at the Grimxl Rock Laboratory in 
Swi(zer1and Ahighly detailed two-dimen- 
sional synthetic data set of hydraulic con- 
ductivities and other properties condi- 
tioned on the acnral data from the Grimsel 
sitehas been generated. In addition, results 
from a number of simulated hydraulic and 
tracer migration experimencs with the syn- 
thetic model areavailable. Based on these 
data sets. the task for the Project Teams 
was fmUy to predict the breakthrough of a 
non-sorbed tracer at several simulated 
boreholes and tunnels (Phase I of this test 
case), and secondly. to include also dif- 
fusion and chemical retardation in the geo- 
sphere (Phase U of the test case). 

Analysis by the Rojeet Teams 

The R o j a t  Team from USNRC presented 
d t s  for a simple potential flow model 
with uniform propenies. The model was 
calibrated to the 'obsaved data' ( ~ c N ~ Y  
obtained from very fme grid simulations of 
ahetaogeneous medium). Comparison be- 
tween predicted breahhrough curves and 
'ObSe~ed' brralrthro~gh Curves showed 
conaidcrabie difiaeneesin arrival tones. A 
finite d i f faeo~e model was also applied 
using uammissivities infa'red fram 'bore- 
hole tests' from a few bonholes. A linear 
variognm appeared to fit these hydraulic 
data bat .  The finite-diffeme model glve 
be- results than the simple potential flow 
model, but the conclusion was that more 
data in m e  areas are needed. 

TEST CASE 7a 

Redox-fronr and radionuclide movemenrs 
in an open pir uranium mine. Narural 
analogue srudies ar Poqos de Caldas. 
Brazil. (Pilot Group Leder:I. Nererniekt. 
KTHJ 

This test case is based on one of two sub- 
projects in a natural analogue study per- 
fonned at Pops  de Caldas, Minas Gerais. 
Brazil. It is carcaned with evaluation of 
the transport and speciation of natural 
radionuclides and rare earth elements in a 

'fissund flow syslcm in crystalline rock 
under both oxidising and reducing condi- 
hons. 'Ihe deeper parts of the rock are 
found to be smngly 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 f r a c m s  and at the 
moving redox fronts. 

~n&sis by the Project Teams 

The R o j a t  Team from SKBKTH has 
studied the redox-front movements at 
Po$- de Caldas. The redox-front move- 
w m  was modelled With the coupled trans- 
port and chemical code CHEQMATE. that 
models the tmmport through a series of 
equilibrium boxes. The phenomenamodel- 
led were: the redox-front movement. feld- 
spar to clay reactions. hydrolysis front 
movement, formation of umium ore, and 
aqueous phase complex formation. The 
modelled water chemisoy. mineral com- 
position and front movements mte w m  
thencompared withfieldobxrvatioas. As- 
sumptions have been made concaning the 
water infiltrationrate which is a n i m p a t  
pameter for the rate of redox front move- 
menu, the chemistry of the infiltrating 
water, th dispnim lm@ and b e  rock 
composition. Modelling (he infilmtion of 
minwata through a one-meW C O I U ~ U  
during 38 000 y e ~ n  nsultedinasharpdrop 
in p at 0.8 maad precipitation of llranium 
at this m d o x - f r a  h f ~ l d  obaervatio~w it 
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can be seen that the front is not sharp but 
follows fractures and fracture zones, which 
have higher permeability than the rock 
matrix itself. deeper down. Oxygen from 
the water in the fracture diffuses into the 
m k  and the uraaiutn 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 7b 

Mono do Ferro colloid migration studies. 
Natural analogue sfudies ar Pwos de Cal- 
&s, Brazil. (Pilot Group leader: N.  Chap 
man, BGS) 

This test case is based on the second sub- 
project of the natural analogue study at 
P q o s d e  Caldas, Minas Gerais. Brazil. It 
is concerned with colloid formation and 
mobility in nanual groundwater and the 
role of colloids in element crampon 
l%e main aims arc to study the content 

and characteristics of colloids in pound- 
water and to detamine their role in cram- 
porting thorium, radium and rare eanh ele- 
ments. The Pilot Group has pointed out that 
the field work has given little. if any. evi- 
k e  of colloid nansport 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 

Nonrmlanalogue studies at the Koongama 
rirc in the Alligator Rivers area of the 
Northern Territory, Australia. (Pilot 
Group leader: P .  Duerdm. ANSTO) 

This test case deals with the natural 
analogue studies at the K o o n g m  site in 
the Alligator Rivers rcgioo of the Nonhan 
Territory, Australia. A comprehenaivc ex- 
paimental and modelling pgr- hPs 
been rec up and the main objective is to 
coaaibute to the pmductlon of reliable and 

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

Uranium mineralisation at Koongarra 
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 Koongam Reverse Fault. 
which is the footwall to the ore zone. 
Rimary mineralisation is largely confined 
to quartz-chlorite schists immediately 
above the fault zone. A graphitic quartz- 
chlaite schists forms a distinctive hanging 
wall unit. 'Ihe more south-westerly of the 
two ore bodies (No. 1 ore body) has a sfrike 
len@ 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 Roject Teams 

The Project Team from RlVM presented 
-. 

their proposed modelling approach for this 
test case. Tbe data base will fustly be wal- 
uated followed by three-dimensional 
groundwater flow modelling of No. 1 ore 
body and onedimensional radionuclide 
migration calculations. Geochemical 
models is also f o m c m  to be used for e.g. 
speciation calculations. 

The Roject Team from ANSTO pre- 
sented an approach to iwestigate the time 
sipalums that might be nroded the pres- 
ent day shrpc of the secondary uranium 
deposit. The top 30maas of the weathered 
mck, in which themajoruranium mobilisa- 
tion Ocm. cootaiua two distinct layen. 
'Ihe specific llrsnium disnibution pattern 
bctweea thwe layen may contain some 
inf~rrrmtion impauat for the evaluation of 
the time axle. The model used is a quasi- 
two dimensional model describing the 
transport in a two-dimensional vertical 
cms-section 0s transport in two one- 
dimensi0o.l piped sepuated by an intu- 
mediale zone w h a e n o ~ t a l  transport 

l l h n m e p o v i d e s ~ a  - in conridaed 
d mataiai from the bottom pipe to the 
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upper pipe, reflecting transport due to - seasonal fluctuations in water table. Two 
approaches were applied, one based on ad- 
vection-diffusion in the pipes and a second 

' 2, based on open-systems model. Preliminary 
, ., . . ,  
... , 

fmdings are thedisaibutioncoefficient 
(Kd) is lo4 N g  and the time scale seems 
to be less than 2 million years. 

TEST CASE 9 

Radionuclide migration in a block of crys- 
W i n e  rock performed at AECL, Canada. 
(Pilor 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 
nanaai fracturein a large block of granite. 
The size of the block is 91.5 cm x 865 cm 
x 49.0 cm (length x width x height). The 
block was positioned so that the fracture 
was approximately horizontal and an inkt 
nservoir was designed to produce an as 
uniform hydraulic gradient and inlet tracer 
c ~ ~ ~ m m t i o n  as possible across the entire 
fracture width. The outlet reservoir was 
divided into five compamnents, which 
were sampled in sequence to give break- 
rhrough c w e s  for each compartment. 
After the experiments were perf@ the 
fncm was opened and the flow paths 
were investigated with alpha-autography. 

Analysa by the Project Teams 

Tbc Project Team from VIT has analysed 
the apeaimenla1 data assuming five pad-  
Id isolated channels with equal width and 
nmsidaing advection-dispasioa, main 
diffusion and sorption (depending on 
~)bothmfrachPewPUsand iOthe  
mck m. The number of channels cor- 
responds to the number of sample m. 
Tbc interpretations wae made with the 
f ~ t e  element code W S .  The a p  
pwch was to calibrate channel s p f f i f i c  
parameters from uranine (non-sorbed 
tracer) breakthrough curves. Tncer 

specific sorption andmatrix diffusioncoef- 
ficients have been calibrated from caesium 
(sorbed tracer) breakthrough cwes. The 
performed simulations agree reasonably 
well with the uranine experiments. F a  
caesium the agreement is reasonable for all 
channels except one. The longitudird dis- 
persivity in the five channels were es- 
timated to vary between 4.@10-' and 
2.2.10-~ m and the fracture apmm was 
estimated to vary between 4.1.10~ and 
6.3.10~ m. 

TEST CASE 10 

Evaluation of unsaturated flow and 
dampon in porous media using an cxperi- 
ment wirh migranon ofa weningfront in a 
superficial desen soil, petformed within a 
U S .  NRC trench study at Los Cruces. New 
Mexico. (Pilot Group Leader: T.  Nichol- 
son. U.S. NRC) 

Experimental Setup and Scales 

The La3 Cnrces Trench expaiment is SeNp 
in order to study flow and transport in 
unsafurated soil. A trench 16.5 hl long, 4.8 
m wide and 6 m deep has been dug in the 
undisturbed soil. Two irrigated areas 
measuring 4 m x 9 m (fmt experiment) 
and 1 m x 12 m (second experiment) have 
beenanangedadjacentto the trench. Water 
and tracea (hitium and bromide) have 
been applied at a rate of 1.76 cmday-' to 
the fmt irrigated area and at a rate of 0.5 
mday-' to the second irrigated area 
The movaneot of the weaed zone is 

observed on the trench walls and by 
muum Nbes arranged as a grid in three 
cross sections parallel to the && In ad- 
dition. permeamem tests and laboratory 
aaalyses of a set of soil samples from the 
teat area should allow for an evaluation of 
the stahtticpl dictributbn of thc sannated 
hydraulic conductivity as well et the char- 
actaisric curves. The solute samplas are 
tewiometa cup that are connected to a 
vrcuum line (suction lysimem). 
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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 
breakthroughcurves from different depths. 

New Mexico State University presented 
a comparison of observations from the 
second experiment and predictions of 
wata contents, tritium and bromide con- 
cenuations using a deterministic f ~ t e - d i f -  
ference code. A uniform soil model was 
used with a dispersion coefficient, 
D = 1 + 5V ~m-~.day-', 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- 
ral data show a large scatter both in water 
content and tracer concentration. This scat- 
ter is due to local heterogeneities which are 
not encountered for in the deterministic 
models where smooth profiles are ob- 
tained. The calculations performed f a  the 
tracer uanspon give generally too high 
spreading of the concennation plume and 
also too low peak concentrations. A p  
pamtly even lowerdispersionc~~cimts 
must be used in the calculations. 

'Ihe PFoject Team from SNL set up a 
homogeneous deterministic model f a  thc 
system in order to explore whether such a 
model is valid f a  a truly hetaogcneous 
system. UnceMinties in data were ham ed 
using Latin-Hypacube Sampling (L S). 
Ibe performance of the model was I a- 
smed by the moisture content at a depth of 
1.5masafunctionof time. They foundthat 

physical behavior at early times was 
w i d e  the range of the LHS runs. whereas 
at h e r  times the physical behavior was 
within the range. It was commented that 
avenge performance critpia should be a p  
plied rPma thau poiatwise ones. 

HydroGeologic Inc. presentedresultsof 
simulations of thesecmdexperiwntushg 
Ihe finite ekment code VAM2D. lbrre 
flow scenarios and their impact on tnns- 
port predictions were evaluated. Sce- 
d o  1 corr*~ponds IO acasc where no data 

exist and representative values from the 
l i teram have to be used. Scenario 2 il- 
lusuates a case where sufficient data are 
available todefine average soil parameters. 
Scenario 3 utilisw aU available soil core 
and neutron probe data to fully defme het- 
erogeneous soil properties and initial con- 
ditions. Dispersivities and diffusion coeff1- 
cient for tritium trans n were taken to be P" 5 cm and 1 cm2.day- . respe~hvely, for all 
three scenarios. The results indicate that 
the heterogeneous model reproduces the 
observed lateral spreading and irrcgulu 
shape of the water content contoun but 
overpredicts the movement and spread of 
the tritium tracer. 

Kemakta Consultants Co./SKI pre- 
sented flow and transport modelling using 
the integrated finite-difference codes 
TRUST and TRUMP. Three cases were 
considered: a uniform soil, an initially dry 
uniform soil and a nine-layer model. It was 
noted that the field data imply that the soil 
is initially dryer thaa the supposed residual 
moisture content. This was acknowledged 
by extrapolating the permeability and 
capillary pressure curves to lower sanua- - 
tions. Theresultsdemonsuatedthat a better 
moisture contmt agreement wilh exper- 
imental data was obtained using dryer hi- 
tial conditions and that the layered descrip 
tion of the soil better predicts the lateral 
spreadimg of writer. The calculations per-, 
formed for tracer uanspon give too high 
spreading of the concenuation plume in- 
dicating that lower disprsivities must be 
used. 

PNL baveperformed Monte Carlo simu- 
lations of the inftltrationexperimentsus,ing 
a version of PORFLO with the objective to 
incorporate uncertainty in the prediction of 
the wetting front poaition. Using a nine- 
layer onedimensional model all param- 
eters were taken to have log-normal dis- 
mibutions tmncated at the maximum and 
minimum observed valucs. It was pointed 
out that a low perme~bitity layer could act 
as a barrier in a onedimensional stochastic 
cakubuim, whereas in twodimensions it 
was less likely to do so. 
Ibe group from MlT showed rrsulw 

fmmthciiefforttostahastically model the 
fnn rmrh expaiment Simulations with 

,- 

the highly non-linear effective mass 
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balance equation, in wkch the moisture - contenr depends on gradients of the poten- 
tial in space and time. were compared with 
a deterministic model with anisotropy. 

..".--.* 
,:,-k 
i t 

They found the stochastic model lo better 

..< ~." I <  (ii.:,.. !: 
reproduce the expenmental results, espe- 
c i a l ~  for extended times. - 

\). -I.,, :* ', 
& .>X< 

The Center for Nuclear Waste Regu- 
\ @ ., latory Analysis presented results from 

% "  

,., ,. Weedimensional stochastic simulatiom 
using the BIGFLO code. This code utilises 
the Turning Band Method to generate real- 
isations and an efficient implicit fite-dif- 
ferrnce numerical scheme for solving the 
oan-linear flow equations. A model com- 
prisinga snip-source in a random stratified 
soil similar to the Las Cmces Trench was 
solved on a Cray 2 using 300 000 nodes. 

TEST CASE 11 

EvaIu&ion of pow and ranspon in un- 
m a t e d  fractured rock using studies a t  
thk US. NRC Apache Leap ruf sire near 
Syperior. Arizona. (PilorGroup Leader: T. 
Nkholson. V.S. NRC) 

E ~ p e r i m e n t a l  Setup and Scales 

'This test case is in fact three sets of ex@- 
&nts on flow sod tratlJport in maturated 
welded tufi. The experiments are s u p  
ported by the US NRC. The first set of 
experimmts arc field experiments at the 
*he Leap Tuff Site, the second is a set 
d laboratory block experiments and the 
third is a s a  of laboratory c a n  expri- 
aienra. AU expcriwnw have up to date 
bien performed by the University of 
ArizoluL 

' Ibediinsion of the field experiment is 
~ t h e o r d a o f 3 0 m x 3 0 m x 3 0 m . N i  
@Lined boreholes have been installed in 
~ r o W S  of threeborrholes perrow. ?his 
g+ saup will allow for a set of dif- 
f$aent experiments. At one experiwntpcr- 
f b e d  at the site so far. the n x k  adjacent 
4 one borehole war samted and the pro- 
qagation of the wetted front w= to be 
e&duated by measuring the moishm con- 
t&t in & - boreholes. However. the 

inwduction of the molsture could not be 
detected in the other boreholes. 

The dimension of the blocks is 20 cm x 
20 cm x 5Ocm (block 1) and 21 cm x 20 
cm x 64 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 coouolled unsaturated 
flow through the block and the fracture. 
The flow rate between the upper and lower 
plates will be used to calcuiate the un- 
sa~rated transmissivity, and the watercon- 
tent of the fracture will be monitored using 
mass balance calculations. 
Ihe 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. 
'Ihe core was then coated to prevent mois- 
ture or air from leaving the core. The core 
ends were held at two different tempera- 
hues (70°C and 5 O C )  whereas the sides of 
the core were thermally insulated (no heat 
flow). The temprraturr and moisture dis- 
tribution were measured after different 
times, as well as the f d  solutecomentra- 
tim (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 funha experimental work is planned. 

TEST CASE 12 

Experiments with changing near-field 
hydrologic conditions in part ial ly 
saturated ruffaceow rocks performed in 
the GTunnd Underground Facility at the 
~evada~est~i re ,perfo&d by the Nevada 
Nuclear Wasre Storage Investigarion 
Project of the US. DOE. (Pilot Group 
M r :  D. Hoxic. VSGS) 

Experimental Setup 

This test case deals with near-field effects, 
prodaeed by ptopaguing aan8ient distur- 
bMrxd ill panidly satunced Tu&cecww 
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rocks. The basic experimental design con- 
sists of continuously cored pairs of hori- 
wntal boreholes into both non-weldedand 
fractured welded tuff. The boreholes are 
about 10 m in length and 10cm indiameter 
with a separation of about 6 m. The core. 
diameter around 6 cm, is cased in plastic as 
the coring proceeds in order to minimise 
the contact between the drilling fluid and 
the core. One of each pair of boreholes is 
drilled using air as drilling fluid and the 
other is drilled using wata. Gas phase 
nacers are injected into the drilling fluids 
to test for cross-hole hydrologic connec- 
tions. Monitored values are drilling fluid 
losses, inflow and oumow tempaahms. as 
weU as inflow and outflow traca concen- 
trations. The physical and hydrological 
properties of the rock manix are measured 
in laboratory. 

The results were presented from the l ab  
oratory experiment. i.e. porosities and 
sorptlvities, as well as the results from the 
field imbibition experiment. 

TEST CASE 13 

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

Experimental Setup 

This test case deals with flow and oaarpal 
at high saltconcentmtions. The experimen- 
tal setup is a two-dimensional column with 
the dimcnsim 0.6 m x 1.25 m x 0.01 m. 
fded with gLass beads. Fruh wataand salt 
wata is cirntlated through the column and 
the prrsmtn headandsaltcollcenmtionare 
muaured at different locations in the 
column. 'Ihe duration of a dirpkement 
expaiment is from 2 to 5 h m .  

Two s e ~  of expaimmw have been car- 
ried out, one at low salt concenmtio~( to 
estimate theporosity, pameability anddis- 
persivity of the porous medium. and 
another at high concentrations to provide 
data about the col~~llUation and peaslae 
disaibution along the hecol~.  

Analyses by the Project Teams - 
The Project Team from GSF has resuicted 
their work to one-dimensional 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 QIET, 
that had bem checked against the SUTRA 
code. The CHET code was used mainly 
because the calculation times were far less 
tban for similar calculations with other 
available codes ( S U T R A ,  SWIFT. 
CFEST). Fa thelow cmcentration expai- 
menu the steepness of the breakthrough 
curves were predicted quite well, in con- 
mast to the brea@mugh times which gave 
wrong results. For the high concen-tion 
experiments both the steepness and the 
breakthrough times were predicted badly. 
The dispersion length seemed to become 
smaller with increasing concentration. For 
the lime being. the dispersion length had 
kmconsidaedas aproperty of thepolous 
medium.Atrather high salt concenaations, - 
however, an additional possible depend- 
ence on fluidpropenies might help to more 
comctly simulate the experimental M- 
through curves more correctly. 
l k  Project Team from BGR had made 

twc-dimensionoladvection-dispcrsiond- 
culatim. The dispusivity was estimated 
at 1.10.) m, the porosity varied between 
0.40 and 0.44. and the permeability waa 
fucd to 1.7.10"~ m2. The slopes of the 
numaically approximated breakthrough 
cwu for the low concentration a@- 
menu a p e d  closely with the measured 
curves. F a  the high concentration expai- 
menu the measured curves turned out to be 
much st&per thPn the calculated mar. Ia 
the cakulatim, the viscosity had been 
C ~ ~ U M  and the b i t y  had been a linear 
fwmion of ma8a fnwtioa As a pllrameter 
variuion the employed finite elanent code 
SUTRA WM moctif~ed to include non- 
linear frmcti0n~ of ma8a friction for both 
the vkosiry and density. Howeva, this 
hd only minor influace on the break- 
throughcllrvuinthelowapartofthe 
cdmna.nbn0-higbaopinthe 

- 
column. N u  did the effect of nryins the 
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transversal dispersiviry between the value 
of the longitudinal dispersivity and zero 
influence the behaviour of the break- 
through curves. On the other band, a 
decrease in time-step strongly affected the 
slopes of the breakthrough curves. The 
need to use smaller time-steps led to the 
decision to shift to one-dimensional cal- 
culations. mainly to decrease the CPU 
times needed. The one-dimensional cal- 
culations gave good agreement between 
measured and calculated breakthrough 
c w e s  for the low cmenuation experi- 
ments. For the fmt 0.4 rn of the column. 
the simulations of the high concentration 
experiments gave good agreement with the 
measured breakthrough curves only if the 
dispersivity wen decreased to lo4 m. 
The Pilot Group fmm RIVM had earlier 

performed calculations with the finite ele- 
ment code MEIROPOL and obtained rea- 
sonable apeement between measured and 
calculated breakthrough curves in the bot- 
tom part of the column (intlow side) for 
low concenmtion experiments with the 
following parameter setup:prosity 0.38- 
0.42, permeability 1.7.10-' mZ, and dis- 
persivity 5 . 1 0 ~  m. The simulations of the 
high concenaation experiments showed 
much more dispersion than observed in the 
experiments. In parameter variations the 
dependence of dispnsivity on concentta- 
tion was investigated in advection-disper- 
sion calculations performed with the one- 
dimensional computer code SPRINT. It 
was concluded that the h e a r  Fickian-type 
relation is unable to simulate the high con- 
cenaation experiments. Applying a non- 
Linear dispersion theory, where the con- 
camation gradient is a quadratic expres- 
sion in the flux of salt. made it possible to 
succe~sfully simulate all experimeats. 

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 nvo experiments 
perfamed in similar geological envuon- 
ment in sediments above the Gorleben salt 
dome but on different time and space 
scales. a pumping test in highly saline 
groundwater @t Case 14a) and move- 
ment of highly saline groundwater under 
natural gradient conditions in an erosional 
channel crosslag a salt dome (Test Case 
14b). 

The Gorleben salt dome is located in the 
northern part of Lower Saxony in the 
Federal Republic of Gennany. Hydrologi- 
cal investigations have been conducted in 
an area of about 300 km around the dome 
to 8Ndytheaquifersystem 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. htring the 
geological and hydrological survey 
prognunmes large quantities of data have 
ban acquired and stored. 

For Test Case 1 4  a part of the area has 
been selected where a long term pumping 
test was carried out. The -on of the 
prmping test was rbree 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 t em  ta t ,  are available. The 
parametas observed continuously during 
the tests we1ee.g. electrical conductivity in 
observation wells and amount of water 
pmtpsa. 

Test Case 14b. concerns flow in one of 
the sub-glacial erosion channels crossing 
the salt dome. area lo be modelled is 
about2-3 kmx 15 km.l'l~~possiblevalida- 
tion aspects are firstly to describe the 
prrsent r e g i d  grolmdwaler flow situa- 
tion, and after that eitber to simulate the 
w t  t h d  yem a to atatt with fresh 
w u a  d lry to atnpoh& the p r r ~ e ~ t  
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situation regarding salinity variations. At a 
later stage of the INTRAVAL Project, 
aansport calculations based on a density 
dependent flow system could be included. 
using information regarding carbon-14 
concenuations in water samples. 

The data sets for these Test Cases are 
p l a ~ e d  to be available in spring 1990. Due 
to delay of disseminating data. very few or 
no Project Teams will have the time to 
paform any modelling within INTR.4- 
VAL Phase I. It has therefore been pro- 
posed to vansfer this test case to the an- 
ticipated next Phase of the INTRAVAL 
Pject .  

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. 

-VAL Phase 1 started in October 
1987 and the fmt phase of the project is 
now close to fdisation. The last work- 
shop and Coordinating group meeting will 
be held during autuam 1990. 

Most of the work with the analysis of the 
test cases is now f d s e d  a is in draft 
form. However. since some of the defini- 
tions of the cases have been completed 
rather late, there arc some test cases that 
have not yet b a n  analyscd by otha Taun 
lhpa the Piot Group. Also, because of con- 
shpinrr in tams of man-power limitations, 
IIIC nnalyses 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 b a n  fully utilised. 
haing the second Phase of INTRAVAL 
which is now bciig considered, the Teams 
would gel the opportunity and time to am- 
lyse these nmaining test cases. 

'Ibe achievementJ from the fmt three- 
period of INIRAVAL will be documented 
in a summary nport as well as in a series 
of technical npons, one report for each or 
possibly afew closely connected t e s t c ~ ~ s .  

In additioa 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. Tbe editors will have the respon- 
sibility to compile the test case analyses 
provided by the Roject Teams. whichhave 
worked with the test case. Tbe report de- 
scribing the experiments will be prepared 
by the Saretatiat in cooperation with the 
Pilot Groups. The technical r e p m  are 
planned to be published in the spring 1991. 
Ihe summary repat will be prepared by 
the Secretariat in cooperation with the 
Working Groups and VOIC. The summary 
report is planned tobe published late 1991. 

Table 1. Working groups for fmlisation 
of the technical reports. 

Working group Test cases 1) 

1 la, lb, 2.9 
2 4.5 
3 7.8 
4 10.11.12 
5 13 
6 6 

1) Ton few d y e s  have been pcIfonned to 

pnprr a wctmial repon for Test Cues 3 md 14. 

INTRAVAL Phase 2 
S i  it has beem decided to start planning 
for the optional thrce year period of the 
INTRAVAL Roject, the INTRAVAL 
Secretariat has began to compile back- 
ground material f a  a decision on this mat- 
ter in the INTRAVAL Coordinating 
G'w"'F' 
TIE ovaall objectives of a Phase 2 will 

be similar to those of Phrse 1, i.e. to in- 
crease the understanding of how various 
geophysical, geohydrological and geo- 
chemical phenomena of importance for 
radionuclide maspt from a repository to - 
the biosphse can be described by muhe- 
matid models developed for this plapose 



and to study the model validation process. - This ~ o c e s s  "ludes several steps which 
can be described e.g. as follows: 

I .  Identification of validation aspects 
of relevance forthe 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 pan of the validation. 

3. Comparison of theory and model 
calculations with ucperiments. 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- 
scanding. The agreement between the 
model results and the experiments 
should be consistent with the under- 
standing of the parameter uncertainties 
andother statistical pmpeniesof the sys- 
tem. 

4 .  Peer review andpublicscrutiny. It is 
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 scmciny. 

A model, including the conceplualisation 
and the computer code, can be validated 
either with rrspect to a process or a site- 
specific system. For a process, a process is 
fust identifted and conceptualised and 
coding is paformed based on this concep 
tualisation. The model is then applied to an 
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 
spccific process. A site-spccifc system, on 
the other hand. may be composed of a 
UIJUI~CI of processes and s r m c m ,  that 
the building blocks of the System. Once the 
building blocks are identifiied, a model or 
groop of models may be used to simulate 
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and make comparisons with field observa- 
tions. Lf successful. the group of models 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 cwer both processes and site specific 
systems. the emphasis of the work in 
Phase 1 has been on the process identifica- 
tion pan 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 idenlification issue, it appears to be 
a nanual development to shift the focus in 
Phase 2 towards sUucture 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 
d e d  to analyse a field experiment is 
much greater than that needed for a l a b  
ratory experiment. 

The selection of test cases for Phase 2 
has been discussed in two ad-hoc meetings 
with VOIC and the Project Secretariat 
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 mainly 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 
antollornous testasea. Anotherconclusion 
of the meetings was that the number of test 
cases should bemuch reducedcompared 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 
LPJ Vegas and it was decided by the Coor- 
dinating Group lhpt detailed write-ups 
should be prepared for nine experiments 
until the n a t  Coordinating Group meeting, 
in the autumn of 1990, when decisions 
aboutPhase2willbetaken. 



L 
, Test cases proposed for INTRA- 

VAL Phase 2 

Here follows a shm introduction of the test 
cases proposed for INTRAVAL Phase 2. 
Many of the proposed test cases are con- 
tinuation8 of test cases from Phase 1, but 
there an also three completely new experi- 
mulls. 

Flow and tracer experiments in crystalline 
rock bnsr on the S h i p  3 0  experiment. 
Swcdcn 

Th Strip 3D experiment is included in 
Phaje 1 as Test Case 4. The intention for 
Phase 2 is to funha analyse the Suipa 3D 
experiment. An extended set of comple- 
mentary data will become available since 
much additional information has been 
gathered on fracture statistics. hydraulic 
testing data as well as on watu chemistry 
in what is called the 'site charactaisation 
and validation' program. A new drift has 
been excavated near the old 3D drift and 
iasmanented with plastic shees and other 
water collection devices. Furthermore. 
chaaneiiog experiments in individual frac- 
tures arc being perfamed providing data 
on the variability of hydraulic traosmis- 
sivities and fracture apahlres ova  2 m 
lengths along 5 fractures. Traca tests be- 
tween two holes in rhe same fracture plane 
are also bcmg puf-d. 

Finnsjdn warn urprrinunts. Sweden 

nisexpaimenticincludedinPhrse1.L3 
TestCla5.0ftheth~~e~paim~its~- 
famed so far, intafacnce tests. mdMy 
convagiug ttaca experiment and dipole 
expaimmk only data from the heally 
comergiag test have been used during M- 
TRAVAL Phrse 1. For Phptc 2 the COU- 

pling of all thrrt experiments paformed 
sboufd k investigated. lhis would mean 
aaiDcrawingamlMicalscalestodistan- 
ces klwea~ 150 and 1500 melus. Okha 
objectivesfor lMRAVALPhsse2my be 
incorporntion of existing labontory dam 
fromccres~~~plesof thfIacbatmne.The 

data can also be used for predictions of a 
proposed natural gradient experiment. - 
Groundwater flow m rhe viciniry of the 
Gorleben Salt Dome, the Federal Republic 
of Germany 

l l i s  experiment is included in INTRA- 
VALPhase 1 asTestCase 14. Unfommate- 
ly experimentaldatahas not yet beu~made 
available and it is therefore propoMd to 
& s f u  this test case into Phase 2. 

Radionwlide migration in the weathered 
zone of the Koongawa uranium deposit, 
Aumcrlia 

This Mhual 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 t a n s  that have tackled this 
test case during P h w  1 is limited since a 
broad and innovative approach is needed 
fm the analysis. 

P q o s  de Caldas 

Thc Pops Q Caldas d o g u e  is included 
in Wkce 1 as Test Cases 7a (redox-front 
movement) and 7b (colloid transport). 
Since the data have not yet been made 
ava~lable to the Project Teams it is 
proposed to cnmsfa the part concerning the 
redox-fm~~ movement and uranium move- 
mat w Phrse 2. 'Ihe part concaning col- 
loid uauspmt wiU not be continued since 
no cvidene of cowd movement has been 
foundinPgoe&Caldas. 

Las C m e s  wench, USA 



dicl water flux and solute m p o n  in the 
experiments to be carried out. 

Apache Leap Tuffsite. USA 
I 

This experiment is included in Phase 1 as 
Test Case 1 1. The Phase 2 exercise will be 
a continuation. Data from experiments per- 
formed at different scales, i.e core, block 
and field, are already available, and addi- 
tional experiments of similar type will be 
performed. 

I 
! Migration of tritium in clay at Mol, 
I Belgium. 

A piezometer nest 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- 
vals through which tritiated water is in- 
jected. An additional five piezometer nests 
have been installed for radionuclide injec- 
tion. but these have not yet been loaded. 
Two of these are intended for determina- 
tion of anisotropy in the clay (perpendic- 
ularand parallel to the bedding of theclay). 
Ibe data from these a d d i t i d  tests wiU be 
made available to INTRAVAL as they ar- 
rive. 
The experiment was originally designed 

tomake in situdeterminatious of migration 
parameters for comparison with parameter 
values determined in the laboratory. The 
spatial scale of the experiments is in the. 
ader  of 2 m migration disrance~involving 
about 30 m3 of clay. The time required for 
an experiment is in the range of 1 4  years. 
The fmt  tritium injection was carried out 
two years ago. The spatial scale of the 
complementary laboratory experiments is 
in the o d a  of a few centimeters and the 
time scale in the order of w&. Ibc vali- 
dation aspects of the experiments are 
coupled to radionuclide migration in clay 
and the scale dependence of the migration 
panmeters. 

Tracer experiments or rhe Twin L d e  
aquifer. Canado 

The proposed test case comprises 20.40. 
and 260 m natural gradient radio-tracer 
experimentsperformed in a sandy to gravel 
aquifer at the Twin Lake site. The experi- 
ments were performed in 1982, 1983 and 
1987-1988. The longest experiment ran 
for about a year. The spatial sepHation 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 aresultof the 
1982-1983 experiments there exists a p  
proximately half-a-million data points on 
the spread of iodine. A very large amount 
of hydrogeological and geophysical data 
have also beencollected. Newexoaiments 
are planned for the autumn 1996 

Sand and gravel aquifers will not be 
considered for radioactive waste disposal. 
In that sense, chis 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 nesessary conditions generally 
assumed in vansport models, ie. to answer 
the question whether a general trampon 
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 Isolation Pilot Plant (WIPP) 
Site. New Mexico, USA 

Field expaiments are conducted in the un- 
derground facility at the Waste Isolation 
Pilot Plant (WIPP) site in the southeastem 
New Mexico. The undagroundfacility lies 
655 m below ground surface within bedded 
evaporites, primary halite. of Permian 
Salado F-tion. The WIPP, currently 
scheduled to open late 1990, is to be a 
permanent repository for low-level and 
aaosuranic wastes generated by the United 
States' defense progmnmes. 

'Ibis tea case is based on expaiments 
performed to determine the mnue of brine 
flow through bedded evaporites of the 
Wdo Fomatioa. 'Ibe expaimenur are 
designed to provide different rypcs of data 
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with which to evaluate whether Darcy's 
law correctly describes the flow of bt%e 
through evaporites. or whether a different 
type of model. perhaps one involving 
creep-driven flow, is more appropriate. 
'Ibree principal types of measurements are 
being made: b~e- in f low rates, pore-pres- 
mes, and permeabilities, at a number of 
scales ranging from 4.5 cm diameter bon- 
holes lo 3 m diameter rooms. The test case 
is concerned witb the validation of concep- 
wlisption and models used in test inter- 
pntatioa and ia the modelling of brine 
inflow to the repository. The objectives are 
u, integrate the resulls of all the experi- 
ments in a comprehensive and consistent 
model of brine flow through evaporites. 

Tbe e~p~rlIIbental programme is current- 
ly scheduled to continue through May 
1992. In late i990 or early 1991. the - 
programme may expand to include gas 
threshold-pressure tcscing and uacer test- 
ing through a fractured anhydrite bed. 

OECD/NEA Brochure 
O E C D W  and the Secretariat are 

preparing a brochure describing the 
INTRAVALRojst The brochurr will be 
printed before the upcoming aunrma 
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Appendix 1 

INTRAVAL Organisation 

The organisation of the INTR4VAL sNdy 
is regulated by an agreement which has 
been signed by all participating organisa- 
tions (Parties). The study is dincted 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 
a Roject Secretariat in cooperation with 
Her Majesty's Inspectorate of Pollution 
(HMIF'/DoE), UX. and the Organisation 
for Economic Cooperation and Develop 
ment/Nuclear Energy Agency 
(OECDWEA). KEMAKTA Consulmts 
Co. is contracted by SKI to act as Rincipal 
Investigator within the Project Secretariat. 

'Ihe Parties organise Project Teams for 
the actual project work. Each Party covers 
the costs for its participation in the sNdy 

and is responsible for the funding of its 
Roject 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 uansfer from the ex- 
perimental work to the Project Secretariat 
and the Project Teams. The Project 
Secretariat coordinates this information 
uansfer. 

At suitable time intervals, depending 
upon the progress of the study, workshops 
are arranged. NormaUy, the workshops are 
held in conjuuction with meetings of the 
Coordinating Group. During the 
workshops. Test Case definitions and 
achieved results are discussed as aprepara- 
tion for decisions in the Coordinating 
Group. 



INTRAVAL 
Regress Repon No. 5 

pmiect 
1 I+ VOlC 

Secretariat 

I 
-4 

I 

Figure I .  lNTRAV.4.. Organisatio~l Chart 

Maoaging Participant: SKI 

Coordiaating Group 
Chairman: A. Larssoo. SKI 
Vice Chairman: T. Nicholson. U.S. NRC 
Secretary: K. Anderssoo, SKI 

Rincipal hvestigator: KEMAKTA Consultanu Co. 

Project Secretariat: K Anderssoo, SKI 
J. Andersson, SKI 
L. Dagerholt, KEMAKTA 
M. Ericssm, KEMAKTA 
B. Gmdfelt, KEMAKTA 
D. Leva. HMIPDoE,  HarweU 
K. Pm, KEMAKTA 
K. Skagius, KEMAKTA 
C. negersu610. O E C D W  
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Intraval Test Cases 

TEST CASE la 

Radionwlidc migration through clay 
sanples by diffusion and adwm'on based 
on laborarory uperimmts performed ar 
HaweIl, UK. 

Introduction 

This test case is concerned with the valida- 
tion of models that describe the permea- 
tion. diffusion and dispers~on of radio- 
nuclides through clay samples. The be- 
haviour of the tracers in the pore water and 
the adj'acent sotiil phase is to be described. 
The experiments arc performedat 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, throughdiffusion (vertical and 
horizontal) and hydrodynamic dispersion 
(vertical and horizontal). The uauspon 
direction venical or horizontal refer to the 
'in-situ' location of the sample. The length 
scales of the expaimmts are up to a few 
centimem and the duration is up to a few 
months. 

In the in-diffusion experiments. the 
m e r  wac allowed to diffuse axially into 
the sample from two sides. Six or seven 
replicate clay samples were loaded into 
diffusion cells (T~gure 1) and both meas- 
urement cell and reservoir for each cell 
wae  filled with simulated clay water con- 
taining NaI and deutaated water. 

?k cells were dismanUed in turn. and 
the amount of tracer that had diffused into 
each sample was determined These data 
give an indication of the porosity accessed 

by the W e r  at different limes, and the 
diffusivity. 

Tbe venial lhroughdiffusion arpai- 
mauawacpaformediothcsunecypeof 
cell as used in the indiffuaion experiment 
@'lgun 1 ). Ihe sample was larded into IIK 
cell, and the resavou was f&d a simu- 
lated clay groundwater containing the 
cncen. The rneasuremau cell waa fded 
with simulaledclay poundwater only. The 
increase in tracer concentration in ihe 
measurement cell was monitored. The 
breakthrough c w e  gives information 
about the porosity and theverticai m i o n  
cafficienl. 

In the horizontal diiusion experiment 
U I ~  sample was sealed into a Largediffusion 
cell Figure 2). A solution conmining the 
m e r s  was circulated against one face of 
the sample. The other face of the sample 
was in contact with a solution initially f m  
from the hacers.The increase incollc~ltra- 
tion of !mccr in the encasement cell was 
monitored as a function of time. Informa- 
tion on t h  porosity and iht haizoncal dif- 
fusion coefficient is obtained from the 
breakthrough curves in these experiments. 

For measurement of the venial  com- 
ponent of the hydrodynamic dippasion a 
high pressure stainless steel cell was used 
(Figure 3). and the large diffusion cell 

2)  was used for horizontal meas- 
urements. The experiments were carried 
out in a way similar to the through-dif- 
fusion experiments except that a pressure 
gradient was maintained over the sample. 
The b~akIhrough curve into the measure- 
ment cell gives in these experimenw infor- 
mation on the pcrmeabiiity. porosity and 
dispasivily. 

In addition to the tracer experiments 
hydraulic conduclivity expaimmw have 
been performed. Results from theseexperi- 
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ments are given ac hydraulic conductivity 
as a function of effective consolidation 
stress. Other complemenrary experiments 
performed are: 

-determination of porosity andmoisture 
content by an oven drying technique, - &tamination of sizeand distributionof 
the porosity. and of the accessibility of 
the pore space to deuterpted water by a 
amdl mglc neueca scanering (SANS) 
tshnique. - &tamination of the pore size dittribu- 
tim by the mercury inmion paosi- 
meay !echaique, - &termmationof themiacrplogicalcon- 
tent of the clay samples and of the size 
fractions of individual mineral phases 
by X-ray Difhction analysis. 

Summnry of Available Data: 

- breakthrough curves from Uuoughdif- 
fusion experiments and from h e  hydro- 
dynamic dispersion experiments 

-porosity of che sample accessed by the 
trscer after different times in the in-dif- 
fuaion expcrimmn 

-rwulta from complemenmy expui- 
menu s r r h  aa moiatm content and 
poaity, size a d  dir@ihtion of tbc 
porosity,paerizcdjaaibutioD,hydrdu- 
lic conductiviry aa a function of mua 
nc. 

- apcrimmtalconditiona suchas sample 
dimensions, initial conccnuatioas, 
volumes, flow mw etc. 

Mrosurern*nt Sample Reswvo~r 1. 
*I 

cell holder 

'0' ring seals ~ l n ~  to stress 
sompLr 

O j m m .  s t a i n l ~ s s  
s t d  sintered discs 

Figwe I. D@jiuion cell used in the in-diflusion qwrimentsand in the vertical through- 
difiuion experiments (Tea Case la). 



Figure 2 .  b r g e  d i m i o n  cell u e d  in the horizonrai through-dimion experimenrs (Test 
Case l a ) .  

/ , 
'V ring r e a l  Clay sample  

Stainless 
1l-1 x m t w  

Figure 3 .  Cell wed in the v&cd permeation uprrimcnrs (Test Case la) .  



MTRAVAL 
Rops Rcpon No. 5 

TEST CASE Ib 

Uraniwn migranon in crysmlline bore 
cores based on experimcnrs perfonnedar 
PSI. Swicerland. 

Tbe aim of this lest case is to charsctaise 
hydraulic and tracer trmspon pmpenia of 
srmU samples of cIyWlliac mck. The ex- 
periments wac peaformed at PSI. Switzer- 
lrnd 

Samples of crystalline rock (granite. 
gneiss) originating from various depths 
were taken from the deep NAGRA drill- 
ing~ in nonhenr Swieuland. They differ 
inrmovdlogicalcharacterisation. especial- 
ly the extent of alteration. The cores had a 
diameter of 4.6 cm and were between 0.8 

cm and 5.0 cm long. The cylindrical rwk -, 

samples were placed in a pressw a p  
paraw. A schematic description of the 
equipment is shown in Figue 4. Hydraulic 
p n p s  were used to build up an isosptic 
confiming pressure fa simulation of thc 
lithostatic pressure. A variable axid 
hydraulic pressure gradient over the 
sample Pllowed for ktfiikation of mcs 
solulion. 
As intilmtion fluid a 118twaI -tic 

groundwater from Bad Sackingen w u  
uwl,andasuacerdislled wuerandP3~. 
Tlw tncnwaa injcctedaodsampledduring 
a pcriod Ihat for different runs vatiad k- 
tween 180 and 350 hours. At the b e t  tbe 
bulk water flow. the elecaical conductivity 
and the uranium concentration was 
measured. 

Af1u terminating the miurn iafiiaa- 
tion experiments the sample was takm oul 
of the autoclave andcut into sties of about 
1 mm thickness. The resulting slrrfpces 

Figure 4 .  Schematic diagram ofthe presswe i@trarion a p p n r ~ U ~ ~  (Test Case lb) .  



-- 1 were [hen autoradiographed lo yield infor- 
mation on flow paths and sorption sites. 

,.,*-\T 

Pt,\\ 4%. F : ,  .. Summary of Available Data: p? # ;t: \, 
1 ,d$ .*L 'V -, . I 
, , . , , .; j 

-chemical composition of infiltrating ) ,, v ,  , . : ) 
\ ! 3  'I' 

liquid. 
I--.-.. -mineral composition of cores. - hydraulicconductivities as a functionof 

I 
I pressure, 

-porosities, 
- uranim(V1)-breakUmugh cwes .  
- d u m ( v I )  sorption data on crushed 

material, 
-mults from alpha-autoradiography of 

surfaces of slices. 

TEST CASE 2 

Radionuclide migrarion in single n a m l  
fissures in granire based on laborarory 
experiments performed ar KTH, Sweden. 

Introduction 

This test case describes radionuclide 
migration in single fssurcs in granite. The 
experiments have been pertormed at the 
Depanment of Nuclear Chemistry, Royal 
Institute of Technology. Stockholm. 
Sweden. The experiments address impor- 
rant phenomena in radionuclide uauspon 
in the ggesphere suchas retardation. mauix 
difhion,  dispersion. channelling, channel 
svucnae and fracture propenies. 

General Description 

Granite drill c o w ,  taken from the Svipa 
mine w e n  used in the experiments. Each 
had a nahual fwsurc runniag parallel to its 
axis. The cylindrical surfaces of the drill 
coma were scpled with a coaf of urethane 
lacquer to pment  any water leaving ihe 
rock except through the oullet end of the 
fissure. The granite cylinder was thereafter 
mounted between two plexiglass end plates 
containing shallow inlet and outlet chan- 

nels slightly wider than the fissure. The 
experimental Setup is shown in Figure 5. 

Non-sorbed and moderarcly sorbed 
racers 

Tests wilh the non-sorbed m c m  vitiated 
water and lignosulphonate ions and the 
moderately sorbed ions suonlium and 
caesium were performed in a 30 ao long 
drill Core with a diameter of 20 cm. Tesw 
witb the non-sorbed m e n  viciptcd water. 
iodine, bromide and Iignosulphonate iolw 
and the moderately sorbed tracers smn- 
tium and caesium w m  performed in two 
corn w i t h a d i e t e r  of 10cmanda length 
of 18.5 and 27 cm, mpctively. 

Anificial groundwater with a tracer was 
fed to the inlet channel. At low flow rates. 
flushing water was simultaneously fed 
lhrough the outlet channel to reduce the 
timt delay due to the channel voluwof the 
end piece. The effluent was continuously 
fed to a fractional collector for analysis of 
the vacerconcentrations. The mas were 
inbuduced either as a step up or as a step 
up followed by a step down. aflera suitable 
amount of tracers had been inuoduced 
(normaBy about 15 minutes dumion). 

S u m n u q  of Available Data 

-flow mes and breakthrough curves. 
-distribution coefficienw for and 

lWcs on cmhed granite. 
-porosity of ihe Slripa granite, 
-diffusivity of iodine and vitiated water 

in granite. 

'Ik diameter of the drillcores usedin these 
experiments was 40 mm and the lengths 
80-105 mm. Before cachuperiment MI- 
cipl groundwater was pumped for 2 to 3 
drystbroughthedrillcae tocquiiibrateIhe 
ftsnac surface. The water flow ww char- 
rterised by feeding a solulion of nm- 
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sorbed NaLS 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 suitable duration (normally IS 
minutes). and synthetic groundwater was 
then pumped through the fissure. The ef- 
fluent was cmlim01uly fed lo a fraction 
collector for analysis of the mcer con- 
cmtntioa 

The radio nuclide^ smdied ls%u(IU). 
Z U ~ p ( ~ ) .  U7~u(~v) ,  ~ ~ ~ ( r n .  
*TC(V'II) and % c o )  were fed to the 
fmw by the same techuique as described 
previowly. After several hundnd fwsure 
volumes of water had been pumped 
through the fissure. the drill core was 
cracked open and the tracer dislributioq on 
the fissure surfaces measured. Eachexpai- 
ment generated effluent concentration ver- 
sus time curves for che lignosulphomte ion 
and the radionuclides as well as the 

-- 
radionuclide diskibutionon the fissure sur- 
faces. 

When performing the macer tests it was 
found that a small fraction (less than a few 
ercent) of the to~al activity of %u. 
93s Np, " ' ~ m  and *TC(IV) was 

aatlsported through Ute f w w e  with d y  
the same velocity as water. Imating a 
0.21 pol ffiter between che a r e r  solmion 
reservoir and the inlet channel greatly 
minced lhe fast moving fnrtiop indiat- 
ing chat the rtivity was carried by particu- 
I.* mEta. 

S~unuwy of Available Dats: 

-breakthrough c w e s  for LS and che 
radionuclides, 

- radionuclide disaibution on the f w m  
s\Pfaces. 

-flow rates. -.. . ., 
?.,. 

.- dislributioncoefficients. ,< ,. 

F i p - e  5. Eqerimcnrol setup (Test Case 2). 
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Figure 6. Location of the Columbia Plateau. Hanfbrd Site, and the DC-718 Ten Site (Test 
case 3). 



for injection of Iracers have been dnlled 
upwards with lengths of 70 rn (Figure 7). 

The ceiling and large parts of the walls 
in the drift were covered with plastic 
sheets. each sheet with an area of about 
2 mZ. A IOU1 number of about 350 sheets 
served as sampling areas for water emerg- 
ing into the upper part of the test drifl. The 
sampling arrangements completely 
covaed a surface a m  of 700 m2. The 
spatial dirttibution of water flow pa& ways 
could thua be obtained. 

injstion of c o a ~ ~ ~ a t i v e  tnras were 
carried out from a total number of 9 
separate high permeability zones within 
the bee varical holu, each zone about 
2 5  m in length. I%?. injection mes were 
located between 10 and 55 m above the test 
site. 'Ihe tracers were injectedcontinuouslv 
for nearly two years. I h e  injections were 
carriedout with a 'constant' overpressure. 

approximately 10-15 % above the nawal 
pressure. The concentrations of the in- 
jectedmcers were between 1OOOand 2000 
ppm. and the d i i r e n t  flow rates varied 
from 1 to 20 rn1.h.'. The following uacers 
were injected: Uranine, Ewin blueish, 
Ecsin yellowish, Phloxine B, Rose Bmgal. 
Elbenyl Brilliant Ravine. Duasyn Acid 
Green, Bromide and Iodide. 

?he narursl inflow of water to the drift ww 
measured before drilling che injection 
holes. The mulB from the water monitor- 
ing shows that water does not now 
uuiformly in LIE rock over h e  scale con- 
sidered (700 m2), but seems to be localmed 
to wet areas with large dry areas in be- 
tween. Measurable amounts of water 
emerged into 113 of the 350 sampling 

Figure 7. The experimcntaldrifr. The location of the tracer injection holes is indicated 
(Ten 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 
yean of injection. about 200 diffmnt 
a e r  breakthrough curves have b a n  ob- 
tained. Each curve is based on typically 
more Umu 1 000 individual measunmenw. 

S l l m m v j  of Available Data: 

- wam flow ram, 
' - aver concentration in water to test site, 
- mck characterisrics and h c n n r  data 
- watachemiatry, 
-injection prrssures a d  injection flow 

rates. 
-hydrostatic p r s m s .  
- diffusiviry and SOrpUOn data 
-daily logs. 

TEST CASE 5 

Tracer experiments in a frcrcture zone at 
the Finnsjh research area. Sweden. 

Introduction 

'Ihir lest case is based on tracer tests in a 
fracaaeunealibeFiiJaamcuchar?a 
in Swedee The aim of the arer tarta is to 
investigate the o~~lpor l  proptnies in a 
highly conductive rock over dunnces up 
to about 400 m. In a validation sense. 
d * I  frws lhis experiment will be VPIu- 
able becaw of the long migration distan- 
ces involved. Other validation aspats are: 
rrmnjatiw, ma& dimwioq dispasion 
~IXI geometrical factors. 

So far two testa in different geowaies 
hve  ken paformed in the major sub- 
horizontal fracnnr zolle (une  2) al the 
Brindaa area (Figures 8 and 9). The fm- 
lure t o l ~  iS about 100 m wide. but most of 
Ihe flow appean to uLe p k e  in three 
subzms. 'Ibe fmt a a c s  test waa canied 

out with a radially converging flow -. 
geometry and the second with a dipole 
flow. 

Radially Converging Tat 

In the r~d'klly converging twt tracer injec- 
tions were made in three peripheral 
borcholes. BF101, -06 and KFIl1 which 
are situated in different directions fram Ihe 
Wimdnwal borrhok Bn02 (Figme 8). 

ToUy l l ~ a s w a e i n j e c t e d i n ~  
pftcd-cmuavlls inaEhinjectimbDle, 
8 of them continuously for 5-7 w,erh md 
' 3 as p ~ .   be c n c a  used w e  DTPA 
and EDTA complexu with.rare eanh w- 
tals, fluorrscent dyes (Uranim and Amino 
G Acid) and two anions (1- and R&i). 

Tracer breakthrough was registered 
from all nine injection intervals. with k t  
anivals ranging betwear 24-3500 b. A 
detailed sampling in the withdrawal 
borebole indicated good hydraulic iata- 
unacrtiona betwan different pasts of thc 
m e .  

S l r m m v ~  of Available Data 

A lot of kkgrcund information srrch as 
geological, hydrological, geochemical and 
geophysicaldao from investigatiom of the 
BrimIan a m  am available. 

Data available from the radially con- 
verpg test are: 

- mcer bmlrthrwgh c w w ,  - withdnwal and hydraulic head dam, - wca c o n c ~ t i o n a  in injection iuta- 
vlls. 

-gromdwata flow rates during tnca 
injectiun, 

-log of evenu during the expaiment, 
- d u  from detailed sampling in the 

wicbdnwal hole. 

la addition to this porosities aod dif- 
huivitks from labomtory medauranatts 

drill m e  aamples an available. 



Figwe 8. Borchde location in tk Brdndan area res t  Case 5). 



r n A V A L  
Progress Repon No. 5 

MOON 

ON 

Figure 9. Cross section through the Brtindon area showing Zone 2 .  The location ofthe 
profile is shown in Figure 8 (Ten Case 5). 
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- . Dipole Experiment 
[ L', 

, . The dipole experiment was petformed in a 
2 :  recircularing flow field between the 

~. boreholes BFIOl (injection) and BFlO2 
(withdrawal). Only the upper highly con- 
ductive interval of zone 2 was used with 

I injection in the same interval as in the 
1 r a y  cmverging twc. Water withdrawn 

from E n 0 2  was injected again inlo BRO1. 
T d y  20 different tracers were used, 

and they were injected into the systun as 
p k a  with a duration of 4-8 minutes. The 

I w e n  arc non-sorbed OX sorbed radioac- 
tive XIS and complexes. and ncn-active 

I complexes and dyes. In order to study the 
I possible effects of manix diffusion a mac- 

romolccular compound was also injected. 
The evaluation of the dipole experiment 

is presently in progress. Data will be avail- 
able late 1989. 

TEST CASE 6 

Svnrheric data base, based on single 
fracture migrafton experiments in 
Grime1 RockLnborarory in Switzerland. 

Introduction 

This test case is based on a symhetic site. 
Geologic and hydrologic bouodalies. and 
the mean. variance and spatial correlation 
x a l a  of the model parameters are condi- 
timed with real-world data from ihe Grim- 
sel Rock Laboratory in Switzerlmd. The 
synthetic migratim experiment will test 
the ability of groundwater flow and 
e~nsport modelling saategies to intupret 
and characterise Uansport of tracers, 
h g b  a large h c w e  zme on the bases 
of a spane number of borehole hydraulic 
t a u ,  dipole Uaca tuw aud other observa- 
tions. Tbe test will illso include an assess- 
ment of theuncertainty in the interpretation 
and ability to predict based on lhb h*- 

min interpretation. 

General Description 

Tbe site is positioned in the mountainside 
on a scale of kilomeues. Two wacer bodies 
bound the site on either side of the moun- 
tain. The plane to be studiedis an essential- 
ly vatical two dimemional f n c m .  It has 
been assumed that the tunnels in the area 
are open lo the almosphere and the @en- 
tial at their surface is therefore equPl to 
their ekvation Simulated experimental 
mc~slpcments will cover a few tau of 
meters, and time scales of seconds to 
weeks. 

The generation of the synthetic geo- 
sphere has ken made in four steps: 

--The hydraulic head on the scale of the 
distance between the water bodies 
(about 5M)O m) has been generated with 
a fmite difference computer program 
lamg a 107x 47 uniform grid with spac- 
ing of 455 meters (coarse scalemodell- 
ing). The effect of the t m b  is taken 
into acco~mt, and the uansmissivity IS 

assumed to be uniform lhroughout the 
gnd. 'Ibe hydraulic head is constdered 
to be equal to the land or water surface 
devatlon along the top boundaria and 
no-flow on che other three boundaries. 

--The second scale modelling deals with 
an intermediate scale problem. The 
domain is 182 x 182 m divided into a 
regular fmite difference grid 5 13 x 5 13. 
The transmissivity field is taken from a 
4096 x 40% 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 model. 

- The finest scalemodel is represented by 
a 29.9 x 22.75 m area discntised inlo 
673x 51 3 grid Bore h o b  are modelled 
sepuately m a  radial coordinate system 
and m ~ s h e . .  to the rrcmogulrr grid. 
Tbe bormdary coadiliolw 00 the edges 
of the rectangular dormin are specified 
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by the output of the intermediate scale 
model. Tbe fmest level solution is used 
to simulate the dipole test and to calcu- 
late the steady state inflows to the ex- 
perimental nmnd and boreholes. 

- Borehde team are simulated witharnn- 
dent model. For the sake of computa 
rm timed. Ule fmmient hydnltlic t u t a  
arcpaformcdinagridtwiceas~oae 
337 x X7. giviq only minor diifm- 
cafromchefinagidresults. 

'Ik Parameten Generated are: 

-Steady state hydnulic head at closed 
bore holes. 

-Transimtand steady state outflow toor 
fmm open bore holes and tunnels. 

- Respoate to fmmient pressure tests in 
all bore hole rrsulting fmm a pressure 
s r e s i i n o m h h o l e  

-Dipole m tests between two pain of 
boreholes 

-Rgpoose in nmneh to bar hole tests 
( i e d  of diminished flow or a p  
paance of UaCer). 

Modela to include diffusion and gmchani- 
al retardation are W i g  developed for a 
lam stage of this test c w .  

TEST CASE 7a aod 7b 

Nanual a ~ l o g n e  studies at Pqos  de 
Coldos. Minus Gerais. Brazil. 

T a t  are 7 h a sutural analogue study 
bued on an iavutigation performed at 
Poga&Wdaa.MinaaGaa*.BraziLThe 
pjcct involves two mbprojata; 

1. Evaluation of ihe transport and 
speciation of natural rpdioauclidu 
mdmccartbdrmausinafissmc 
flow system in crystallie rock 

under both oxidisiia and reducing - 
conditions 

2. Colloid formation and mobility in 
natural m d w a t a s  and the mleof 

?k P q o a  de Caldaa region cawisls prin- 
ciplly of alblic ianuive roch md in 
generally anomalous with respect to 
umimathoriumalldtherprrcrrthde- 
mclm. 'Ibese dements show pnmolmad 
chemical similarities to neptunium. 
plutonium and amaicium/curiutn respec- 
tively. 

SIlbprojcCt 1 lua been located at the 
Osamu Utsumi M i e  (C-09 Uranium 
Mine: U wth subordinate Th and rare earth 
dements) and suhpropt 2 at Morn, do 
Fam (U. 'Ih. rare- elements). 

For the INTRAVALstudy two lest- 
hrve been Test Case 7a coocam 
the redox h t  and radionuclide movement 
in the open pit unuium mine &Test Csse 
7b is bued on the movement of coUoids. 

TEST CASE 7a 

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

l k  open pit uranium mine (Osrmn Ut- 
sumi) in at present sevaal h- of 
meters wide. oarly 1 km long and more 
lhrnhmdrcdmecadeepioplws.Ih 
kdmcL h crysulline md coatism rmialy 
of phowlitu ~ n d  mphelim syenites."Ihe 
rockrmoixiaporwswithaporoeityof 
620%. Ih hydraulic conductivity of the 
murix is an orda of magnitude lowr than 
Umt of the ovadmck including fractures. 
'Ibe deepr portioar of the rock an strong- 
ly mddng while the uppa portions haa 
aanneoxidisedbyoxygcncaniedbyin- 
fittntingninwua.Ihredoxfrontisvay 
sbrrp. In aaaociatioll with fnccuns and 
fmmue zones. which h v e  h i g h  per- 
meability tlun the rock matrix itself, 
'fmgas' of oxidiaed rock are exterding 



Figure 10. An example of a cross section from the Osamu Utsumi Mine. Poqos de Caldas 
r e s t  Case 7a). 

much fwtha downward than the average 
depth of the fmnt (Figure 10). Pitchblende 
modules with typical nus between 0.5-1 
cm and nearly spherical in shape, are found 
in mnoy places just below the redox fmnt 
m IIK reduced mck. 

A vay large amount of data has been 
collected from the open pit uranium mine. 
A ccfnpkte dataset wiU, however. not be 
available until early 1990. At present the 
&taut includes: 

-detailed maps of the vertical walls 
showing the location of the rcdox fmnt 
and the concenuation profiles of 
lnmlium, 

-substantial information on rock 
chemistry, mineralogy, petrography, 
physical properties, uranium saiw dis- 
equilibria, 

-the chemistry of waters at different 
depths m in boboreles, 

-hydraulic conductivities meaured in 
the boreholes and in Ule rock matrix. 

-porosities and dimwivitia in the rock 
mrmix, 

-conlent of colloids and their composi- 
tion, 

-information on microbiological ac- 
livify. 

-infiltration rates, 





-results from some geochemical modell- - ing and from hydraulic m~dell in~ of 
groundwater flow patterns and v&- 
ities in the area of the mine prior to 
excavation as well as w~th the mine m 
its present state. 

TEST CASE 7b 

Morro do Ferro colloid migration 
sndies. 

'Ibt basic geology of Mom, do Far0 is a 
fnctured vokauic complex containing a 
massive magnetite dyke system with sui- 
rounding magnetite-rich breccia. The 
whole system has been extensively altered 
bothby hydmthermalactivity andweather- 
ing processes. The upper tens of mems are 
a lateritic soilcomposedof kaolinite, illite, 
gibbsite, and accessory minerals including 
jarosite and magnetite. The rock is exten- 
sively oxidised. but inone borehole aredox 
front occurs at 35 m, with pyrite occurring 
in the unexidised pbonolite below it. 
Ih water table is a subdued reflection 

of th topography. At the top of the hill the 
wam table is at least 80 m below the sur- 
face fluctuating by at least 20 m between 
the wet and dry seasow (Figure 11). In the 
'Wey  boaom the wata table is at or near 
the surface, coinciding with seepages or 
discrete springs. 

High concentrations of Th and REE 
(rare earth-elemu~w) can be observed in 
organic-rich surface and unsaturated zc ne 
w a t a .  numic compounds seems to be t 3e 
@ominant complexants in these waters; 
Th REE's, Fe and Mn are present mostly 
ac colloids. I n t ~ s ~ t i m  of these speciu 
with the rocks arc respomible for low con- 
centrations of ThBEE and DOC (di& 
solved organic carbon) in the ground- 
watcn. 
The cbemisoy of the groundwater in 

fourrdumce zoma bas ken monitored to 
amblish a basic data set and any Jeasoonl 
variability. The groundwater bas been 
characterised regarding major and trace 

element content. natural series contenL 
rare eanh elements. organic chemistry, 
electrochemistry, erc. Colloidai material 
has been extracted from these reference 
waters and characterised for composition, 
s~and'Ib/Wcontent.Simplehydrputic 
t W g  has been performed to mablii the 
properties of the m k .  A complete duaset 
will be available in the beginning of 1990. 

TEST CASE 8 

NanuaI anologvc d i e s  or the 
Koongarra sire in rhe Alligaror Rivers 
area of the Norrhern Territory. Ausmalia. 

This test case deals with the analogue 
sNdies in the Alligator Rivers region of the 
Northern Territory of Australia com- 
menced in 1981. The work lhat bas been 
carried out can be divided into four broad 
categories: 

-radionuclide distributron in rock 
samples and rock fractm. 

-the role of groundwater and colloids in 
radionuclide aaarpon. 

-the production and dis ion of the E? fiionproducts '''I and T C . ~  wan- 
swanks =')Fl,, 

-development of modelling codes and 
evalution of the Kwngarra site for 
modelling studio. 

A comprehensive experimental and 
modelling program has ken a& to by 
the panicipanw (ANSTO, J A W  PNC. 
SKI, HMIPiDoE and U.S. NRC) of the 
NWOECD c o d h a t e d  project which 
will continue the earlier workcanied out in 
the US NRC fundedproject. The wnlr will 
be aimed of supporting modelling srudiu. 
An initill task of the project will be the 
establishment of a comprehensive data 
base and the provision of sectiolul contwr 
rrprrsenmtions of thc dam 
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General Description 

The uranium deposits of the Alligator 
Rivm region occur near the base of Lower 
Proterozoic (Cabill Formation) schists. 
They are located in zones of chloritisation 
within the schists and are adjacent to lenses 
of massive dolomite. 
Tbe Koongarra uranium minaalization 

a c m  m two distinct ore bodies separated 
by a bafren gap. Both bodies consist of 
primnry zoms containing uraninite veins 
within a zone of steeply-dipping, sheared 
qnartzshlorite schists of the Iowa mem- 
ber of the Cahill Formation, which is ad- 
jacent to a steeply-dipping m n e  fault 
that brings the schists into contact with the 
Kombolgie sandstone. In the NO 1 ore 
body, which is the subject of this smdv, 
secondary mineralisation is present in the 
weathaed schists from near the surface 
down tolhe base of weathering at a depth 
of 25-30 m. and fwms a tongue-like fan of 
ore grade mataial extending down-slope 
for about 80 m (Figure 12). There is tittle 
indication of secondary mineralisation in 
the No 2 ore body whae the priamry umt 
is intenected in unweathered m k  from 50 
m to at least 250 m below the d a c e .  

l 3 e  study region. incommon withmuch 
of northan AuslrPlia, has a monsoonal 
climate with almost all the rainfdl occur- 
ring in a wet season between Novanba 
and March. 

General migration of g o d w a t e r  is 
from h e  north. at the foot of a prominent 
south facing escarpment. towards the south 
through the ore deposit with natural 
gmmdwater dirthuge taking place by 
evrpotmnspiratim and direct d k h u g e  
into a smrm in the souchem part ofthe site 
during the wet season. Rniafall records 
hrve been kept for the last 17 y a m  and 
water levels in 61 wells have been 
monitored favarious periods up to 7 yean 
induntionsince 1971. 
Tbe K o o n g m  ore zone has beco exten- 

sively explored, bnt as yet Auavllhn 
Government policy haa restricted its 
development as a uranium mine. 

The geological data available is based on 
the mineralogical and uranium assay logs 
of 140 percussion holes and 107 dtill cores 
in the immediate vicinity of the uranium 
deposit, together with data on o v a  300 
backhoe pits and auger holes, geophysical 
surveys and geologic maps of surfpce ex- 
posures. Tbe drill core mataial and pulp 
from the percusion hoka is stored at the 
site and is available for examinatim 'IEin 
material has been the 8ubpCt of an extea- 
sive measurement program which studied 
the distribution of uranium and thorium 
series mdionuctides in the region o f t h e m  
body. A computer data base is presently 
being established. 

Hydrogeologic characterisation of the 
bedrock has bem obtained from 24 draw- 
down and recovery tests and SO water pm- 
sure tats. Five aquifer lesw have also b&n 
ma& to help characterise the flow system 
inthebedrock. 

Further hydrogeologic work is in 
progress to help detnmine possible trajec- 
tories and travel times. This work is aimed - 
at investigating whetha the groundwata 
flow is primarily along fracture8 eveninthe 
highly weathaed me,  and what is the 
genaal depth of transition betwcm matrix 
flow and f n m  flow. Conuectiom, if 
any. between groundwater in the bedrock 
and groundwater in the surftcial deposits 
will nlso be investigated. Thue  new bU 
would gemrally be of a higha quality than 
much of the previous data that WM ob 
t8incduoderocberconditio~~and primarily 
for Mha purposes (potentid for mining). 

A base body of g m a r l  hydrochemiul 
&ta exists. Annlyses for various radio- 
nuclides have been made. These ndio- 

~w 2 2 ~ 5 ~ r n ~  mvlidesinclude U, U, 
=%b. % Iz91. "TC. ''a. 14c and 
~ n k b e r  of stable nuclides have also been 
detamioed Further work in isaope hydro- 
chemisny md a d d i d d  compkte chemi- 
crl.nalysesofwlcerwithinandmuadthe 
O r r d e p o s i t a r e i n p r o ~ .  



- A sNdy of the geomorphology of ihe 
area is being made to uy to obtain a general 
ideaof the geological i d  hydrogeoiogical 
history of the site. Important components 
to understand are formalion of the escarp 
mew onset of the weathering. uUl~enCeS 
of emaion/dcposition of loose materials. 
effects of glaciation i.e., changu in sea- 
kvd m d  in climate and precipitation. 

-VAL 
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TEST CASE 9 

Radionuclide migration in a block of 
crystoNine rock lmsed on laboratory 
experiments performed at AECL. 
Canada. 

Introduction 

lEi8 testcaceisbrsedm laboratory a@- - on migration of ~ C Q S  in a single 
fnclufe in a large block of granite. l l ~  
aperimenu w a e  performed at AECL, 
Canada. and the aim was to .:fibrate 
deypllt f m  VaarpOR p m -  and 
Umspal model(s). The expuimeno ad- 

Figure 12. Cross senion showing the dispersed zone at the Kangorradeposit 
fTu8 Case 8). 
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dress important phenomena in radio- 
nuclide transport in the geosphere such as 
sorption, dispersion. channelling, ma& 
diffusion and fracture properties. 

General Description 

The granite block (length 91.5 cm, width 
86.5 cm, height 49.0 cm) contains a single 
nrnaal fracture. The fracture aperture was 
estimated from the volume of water re- 
quited to completely f i l l  the fracture to be 
npproximately 800 pn. The block was 
p o s i b d  so that the fracture was ap- 
proximately horizontal. 'Ihe 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 transport solution 
through the porous matrix. Inlet and outlet 
reservoirs were attached to the short sides 
of the block covering the fracture where il 
intersects these surfaces of the block. This 
way a uniform grsdienr was created scmu 
b e  entire width of the fracture. The ourkt 

reservoir was divided into five compan- - 
menu which were sampled in sequence by 
solenoid valves, see Figure 13. 

To determme the longitudinal disper- 
sivity experiments with the non-wrbed 
h x e r  manine were performed. After that, 
rum with the fracas iodine and cauium 
were made. To determine the sorption of 
uwium on the rock, independent, static. 
batch-type experiments were also per- 
formed. 'lhe fracture was then opened md 
the flow paths w a e  investigated with aKa- 
autoradiogtaphy. The fracture surface haa 
also been examined with gamma scan. 

Summary of Availabit Data: 

-flow rates in the experiments, 
-rock pomsify and density. 
-rock and groundwater composition, 
- caesium sorption data, 
-breakthrough curves for non-sorbed -. 
-breakthrough c w e s  for caesium and 

iodine. 

Fraction 
I 
Coll.ctors 

Figure 13. Schemaric plan view of the arrangement of the inlet and owlet reservoirs on 
the large block (Test Case 9). 
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Evaluorion of unsanvaredpow and 
transport in porous media using an 
qer imenr  with migration of a wenrng 
front in a superficial desert soil 
performed within a U.S. NRC trench 
srua'y at Las Cruces. New Mexico. 

lhis test a x e  are foreseen to give the o p  
ponunity to validate parameters and 
models relevant for radionuclide IIiIIIspoR 
in unsaturated soils. The experimental 
location is the New Mexico State Univer- 
sity College Ranch; 40 lan north-east of 
Las Cruces. New Mexico. USA. 

General Description 

field s ih  is on a basin slope of a 
mountain. The geologic features, geomor- 
phic surfaces, soil series and vegetation 

found in the area around the field test 

are typical of many areas of southern New 
Mexicoandare similar to arid and semiarid 
areas of the southwestern United States. 

The climate in the region is cbarac- 
terized by an abundance of sunshine and 
low relative humidity. Average annual 
precipitation is 23 cm with about 50 %of 
the rainfall occurring between July laand 
Seplemba 3hh. 

Amnch 165  m lonn. 48 m wideand 6.0 
m deep has been dug% the unmbturbed 
soil. Two inigated areas meaning 4x9 m 
and lx12mrrsp&tively an adjumt tothe 
anch (Figure 14). In the fmt test wata 
containing a conservative traca, tritium. 
haa been applied at a controlled m e  of 1.76 
cmday-1 on the surface of one sick of the 
uench. Ihe movement of water below the 
soil surface has been monitored with 
neutron probes and tensiometers as well as 
by visual observations of the wata move- 
ment on the trench wall. In a second lest, 
water containing tritium and bromide has 
been a lied as a controlled race of 0.5 T cmday on the surface at the othw side of 

Figwe 14. Top view ofthe trench with irrigated areas (Test Case 10). 
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the uench. The irrigated area in the second 
tern is only 1 rn wide. this test will therefore 
be used to study !he lateral spreading of the 
wetting front. 

P u a w t e n  Evaluated 

The parameten measured or evaluated are 
hydraulic conductivity values. charac- 
tuixtic m u  for tbe range of saturation lo 
field water contents, specific water 
crprity, soil plopny paramcM, moia- 
t l l ~  conlent or moisture profiles aa a func- 
tion of time, tension darn andvisual obser- 
vation of wetting front advances. 
In addition to rtn field experiment, 

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

TEST CASE 11 

Evaiuuion ofpow and trcmspon in 
unsatwatedfroctured rock using sndies 
at tk U.S. NRC Apache Leap Ti@ Site 
war Superior, Arizona. 

Introduction 

lhis test case deals with mpon in un- 
sahuated fractured rock. It includea both 
field and laboratory experiments. The field 
expaiment is located at the Apache Leap 
Tuff Experimental Area in non-welded to 
welded ruff near Suprim, Arizonr USA. 
The LnborPtay experiments are carried out 
m larger blockd md on coma from the site. 
The p q w e  with the test case is to validate 
parameters and models relevant for 
radionuclide vlnspon in fractured un- 
gmflfed media against data seu. 

Nime inclined borrholes have been in- 
stalled in three rows of thm boreholes p a  
row. The boreholes within a row are 
echelon at 10 m intervals. Th rows arc 5 m 
npur (Ftgure 15). The surface of the site 

has been covered with a plastic sheet to - 
reduce natural infilmation and evaporation. 
The experiments in the boreholes include 
interval testing for temperature, water con- 
tent and sanuated hydraulic conductivity. 
Also. pneumatic properties are t a d  on 
intervals. 
The panmeters measured or evaluated 

are hydraulic diffwivity. moisture ehmc- 
tnistic, hydraulic conductivity. specific 
wua capacity, soil proprty panmetas. 
srtunted hydraulic conductivity, physical 
Popatiw. borehole tempeaaturu, bore- 
hok wata contcau and borehole air flow 
mu. 

Many of the borehole annlysu are 
repetitively measured during different 
seasons. All tbe moisnmdependenl hy- 
draulic parameters are measured at three 
meter intervals. 

Additionalexpaiments in anabandoned 
road tunael and in a mine haulage nmuel 
located nearby will also provide impatant 
data. Comparison of pardmeten bawecn 
sites should allow models developedatone 
site to be v d t e d  at anolher. 

Block Experimtnt 

Seven1 laboratory experiments have ban 
conducted on blocks containing a single 
fracture. 'Ibe Mocks were removed from 
outcrops located near ihe A w h e  Lap 
Tuff Site and subsequently shaped so thst 
the fncturc is louted through the center of 
the block (figure 16). 

Ptcliminary saturated steady-state flow 
and oraanpon experiments were paformed 
on a block witb the dimension# 20 cm x 20 
unx495cm(blockl).llurminp~rpo~e 
waa to test and ref= tbe experimental 
setup as weU as test and calibrate the he- 
suumenrntion. 

A matimt imbibition expaimmt was 
prfomed on a block with the dimensions 
21 cm x 20 cm x 66 cm (Mock 2). A 
constan1 suction waa applied at rbt top of 
the block and cbe bottom of the block WM 

Mtopmtotheamospltere. Visualwetting 
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front locations were measured through 
lime. 

A series of steady-state flow and Vans- 
port experimenrs are c ~ ~ ~ e n c l y  being per- 
formed on block 2. The matrix is held 
under corwwnt suction at thctop and bob 
tom of the block. The fracture has a con- 
stant suction applied at the top, and it is 
o p n  in the bouom, allowing flow lo leave 
Ihe block. Once steady-state flow occurs in 
Ute fracture, a pulse of nm-sorkd lracer 
will be applied to che fracture d y  and the 
cnrenmtion monitoredalong the &acme 
and in ibe fracture outflow. 

Core Experiment 

A non-welded tuff core measwing 12.72 
cm in Length and 6.4 cm in diameter was 

oven dried and then partially wened to a 
saturation of 48% with a solution of potas- 
sium iodide. The core was then coated with 
a seaimenl 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 temperature (5 and 
7 0 ' 0  was maintained at both ends for a 
period of 32 days (Figure 17). 

baing ibe course of the experiment, 
Lemperature md saturation w a e  measured 
.I I cm intuvala away km~cbecoldendof 
Ihe cue. 'Ihe fd solule concentration 
along (he c m  was obtained by sawing the 
core. into eight sections and arulysing 
watu collected from each section 

c m u  

R A N  VIEW 

Figure I S .  Borehde configuration at Apache L a p  TMSire Case I 1  ). 



Figwe 46. Experirnenml ser-up for unsafwaredfractrue-mo~irflow studies 
(Tesr Case 11 ). 
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Figve 17. Schemnric view of the core cxperimcnr r e s t  Case 11) .  
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TEST CASE 12 

Experiments with changing ncar-field 
hvdrologrc condi t ions  in p a r t i a l l v  
saturated r@aceow r o c k  perfonncd in 
fhe G-Tunncl Underground Facility at thc 
Nevada Test Sitc petfonncd by the Nevada 
Nvclcar Waste Invesnganan Projen of rhc 
U S .  DOE. 

Introduction 

'Ihir test c u e  deals with near-field effects 
in partially saturated Tuifaceoua roch 
produced by propagating transient distur- 
bsnceJ. Ihe experimental location, the G- 
Tunnel UndergroundFacility. NwadaTest 
Site. is located about 110 irm north of Las 
Vegas, Nevada. USA. 

General Description 

Ibe objectives with the tests are to: 

- Obtainrock-matrix ixdfncrure-system 
calibration data for partially sanuated 
welded and non-welded tuffaceow 
mclrs. 

-Predict hydrologic systan flux and 
velocity fields in respcnwe to imposed 
time and spaoslly variabk diarrrbaa- 
a. 

-Predict system long-term recway and 
mquilibration following disturbance 
tamination. 

-Compare model predictiws with ex- 
paimenul field &ut coUecteQ during 
both the short-tam vansicat and long- 
lam recovery prlods. 

I -  It! \ , 

Figure 18. Schematicplan ofboreholepoir inmMIuucd for long-ram monimring (72s 
case 121. 
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The field-exp?rimental design consists of 
continuously coring pairs of horizontal 
boreholes into both 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 c o n  wiih a d i m e t a  of 
about 6 cm will be encased in plzttic as 
coring proceeds in order to minimize drill- 
hg-ffuidcontsctwith the c m .  One of each 
pmir of boreholes will be drilled and cored 
wing air as drilling fluid and tbc o l k r  will 
k drilled and cored using water. 

Data to be Measured 

Tbe borehole logging consisla of caliper 
logs, TVcamera logs and neutron moisture 
meter logs. At the completion of the log- 
ging each borehole is instrumented. The 
dry-cored boreholes are i n smen led  first 
in orde. to mon~tor any crosshole effects 
caused by the drilling of the wet-cored 
boreholes. Insuument stations are placed 
in all four boreholes and will m a i n  in 
place until the isolated areas of the 
boreholes have reachedequilibration. Each 
insvument station consists of pressure 
transducer. thermal sensor and ther- 
mocouple psychrometer. Gas-phase 
tncen are injected into Lhe water and air 
drilling fluids in order to test for cross-hole 
hydrologic connections. Fracture zones 
and uadnctured matrix will be isolated and 
instrumented. InterconoecLing fractures 
will be instrumented if they are en- 
countered. 

L P b a a t o ~ ~  techniques are used to deter- 
mine the effects of drilling fluids on the 
hydrologic condition of the core sai~pies. 
Laboratory experiments are used to 
musure or evaluate bulk density, grain 
density, porosity, water content, water 
potential, water characteristic curves. 
suunted and unsaturated hydraulic c0n- 
ductivity, imbibition, heat capacity and 
thermal conductivity. 
Tbe effects of capillary hystaesis are 

investigated in a suite of complementary 
imbibition and m o i s t ~ r e - r ~ l ~ e  a@- 

menu. These also provide an independent - 
set of lransient dam set. 

TEST CASE 13 

Exp~rrnental study ofbrine transpon in 
porour media pe.formed at RNM, the 
Nerherlan&. 

This test case describes flow and m ~ s s  
bunspan in highroncenuation sitlutions. 
lbia is of imponarre for studies related to 
ndiosctive waste disposal indeep gcologi- 
cal formarions where high concatrations . 
of dissolved salts are encountered 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, fded 
with glass beads. see figure 19. Fluid can 
becirculated through the bed The pressme - 
head along the bed is monitored by nine 
sets of manometers and thm electric pm- 
sure Uansducers. The salt concentration of 
the fluid canbe measured at sixteen points 
by electrodes. Two sets of expaim~zlw 
have been performed: one set at low salt 
concentrations to evaluate porosity. per- 
menbility and d i i p l v i t y  of the pornus 
media and mocha set at high salt con- 
centrations to record the salt mass fracrion 
and pressure along the bed. 

Data Available: 

-mass fraction profiles (breakthrough 
curves) for the electrodes - temperature of the fluid during the ex- 
periment 

- salt rims fraction in fluid entering the 
collnnn 

- pressure distribution in the column 
- totnl flow rate during tbc experiment 



Figure 19. Erpmmenral ser-up (Test Case 13). 

TEST CASE 14. and 14b 

Growdwarerjlow in rhe vicinity ofrhe 
Gorleben Salr Dome, rhe Federal 
Republic of Germany. 

The Gorkben Salt Dome is located in the 
nonheastem pan of Lowa Saxony in the 
Federal Republic of Germany. An 
d o n a l  chuuKl crosses the salt dome 
from south to nonh. Test case 14a is based 
m a pnnping twt Carried out in a section 
of this chmml. Test case 14b is concaned 
with slliw groundwater movement in the 
srme chamel. 

The channel crossing the Galeben salt 
dome b more than 10 irm long and ita 
w i d h  varies between 1-2 km. In this 
aosionalchanoelafairly thicksequenceof 

coarse to medium-pined (glaciofuvial) 
slnds has ken deposited with iruacala- 
tions of tiU. 'Ib+ channel is ovalah by silt 
mdchyuptollOmthick. 
Ibt frrsh w u a  body is lmdatrin by 

ntha splint groundwater. Th salt conlent 
llmrlly incream with d e w  .nQ espcial- 
ly above the salt dome, rerhea suuntim 
at depth greater than 220 m betow sea 
level. 

TEST CASE 14a 

Pumping rest in highly saline 
groundwater. 

lhis t a t  case provide the oppommity to 
observe the behnviolrr of a gramdwata 
spacan filled with high saliae water under 
simplified conditim tie. a system where 
Ihe c0ndu:tive flow b predamiomt). 

The detpa aquifer in the enwional 
chrnael with spline w u a  wrr pumped 
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during 3 weeks (Figure 2OXThe pump test 
was carried out with a pumping rate of 30 
m3 p a  hour. About twenty observation 
wells weremonitoredmore thanonce a day 
for five weeks and even more often there- 
after. The water level in the closest obser- 
vation wells were monitored with an 
ultrasonic apparatus with a precision better 
than lmm. Electrical conductivity fogs 
wae made in the observation wells before 
and after the pump t a t  W give information 
mchangw inthc salinity distribution in the 
pnlls. Th electrical conductivity and the 
amount of water pumped were recorded 
continuously during the test. 

In addition to the pump test selected as 
anINTRAVAL twt case, thee otha 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 movemenr in an 
e r o s i o ~ l  channel crossing a salr dome. 

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

honed 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. 

'Ihe t int  step of this test case could be to 
describe the present flow si~uatioa in che 
erosional chamel crossing the salt dome. 
Tbh could tbea be followed up by sirnuin- 
tim of behaviour of the salUfrrsh warn 
systemas a whole during che next thousand 
y a r s  tocheck whether themodelling of the 
present siwtion was sufiicient as no sig- 
niticant short t a m  chaages in the flow 
system of salt vanspon is expected. 

Anotha approach could be to begin the 
simulations with fresh water and aq a p  
propnale source term for the rate of salt 
dissoiulion. The calculations could be 
made for non-steady stare conditions until 
the mcdel correspond to the present situa- 
tion. If 14c values from water samples is 
included in the database. vansport cakula- 
lions based on a densitydependent flow 
system can also be performed. 



Legend 
Hydraul~c conduclmty 

.* lbr ~ - 2 -  n..r/ws, 

IDEC.1111(  a4- I 

I.. Ib, < 16' n,.n, 

figwe 20. Hydrogeological cwu secn'on (Tesf Case 14). 
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List of Test Case Related Presentations at 
INTRAVAL Workshops 

TEST CASE la 
Bogorinski P.. Larue J. and von Maraviic H., Commenls on Modelling the Harwell hiign- 
tion Experiments, INTRAVAL Workshop, Barcelona. Apnl1988. 

Bogorinsk'P.. Ovemiew of Test Case la. INTRAVAL Workshop, Tucson. November 
1988. 

BourkePJ., Gilling D. .  Jefferies NL., Lineham TX. andkver  DA..  Radionuclide Mipa- 
tion in Clay Samples at Harwell Laboratory, INTRAVAL Workshop, Barcelona, April 

Bourke PJ. ,  Gilling D. .  Jefferies N L . .  Leirr D A .  and Lineham TR.. Mass Transfer 
%ou@ Clay by Diffusion aod Advection: Description of INTRAVAL Test Case la, IN- 
TRAVAL Workshop, Helsinki, June 1989. 

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

Carrera J . .  Sampcr J..  Galana G.  andMedina A., Application of Experiment Design 
Methods to Test Case la. INTRAVAL., INTRAVAL Workshop, Las Vegas. Febnury 
1990. 

Hossain S. .  Preliminary Results on Test Case la. I m V A L  Workshop, Tucson, 
November 1988. 

Olague NE.. Davis P A .  and Gribble RA.. Modeling Strategy. Data Analysis and Initial 
Simulations: NTRAVAL Test Case la, INTRAVAL Workshop. Helsinki. June 1989. 

Ohgue N.. DmisP .  and Gribble R., Dual-porosity Simulations of h e  Through-diffurion 
Experiments, INTRAVAL Workshop. Las Vegas, February 1990. 

Samper J .  and Camera J., Rehmbry ~ ~ ~ ' ~ e s u l t s  on Test Case la, INTRAVAL 
Workshop. Tucson, November 1988. 

Umki H.. Idemitsv K. and Ike& Y.. Rebinary Results on Test Case la, INTRAVAL 
Wortshop, Helsinki. June 1989. 

Umeki H.. Ncyoma A,. Furuichi K .  (CSDJ and Ik& Y. (MAPI). PNC Analysis of Test 
CaM la. INTRAVAL Workshop, Las Vegas. February 1990. 

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

WijlandR. and Hassanizadeh M., Simulation of Nuclide Migration in Clay. includhg 
hlauh Ddfusion. INIRAVAL Workshop. Las Vegas, February 1990. 

TEST CASE l b  
BischofK.. Hadermann J.  and Jakob A., INTRAVAL Test Cwe Ib. Uranium MigrUim 
in Crystalline B m  Cores, INIRAVAL Workshop, B u c e l o 4  April 1988. 
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Bischoff K.. Hademnn J .  and Jakob A .  INTRAVAL Test Case I b. Uranium Migration 
in Crystalline Bore Cores - Small Scale Ressure Infiluauon experiments, INIRAVAL - 
Workshop. Tucson. November 1988. 

Carrera J. and Samper J.. Identifrability Problems with Data on Test Case I b. W- 
TRAVAL Workshop. Barcelona, Apni 1988. 

Cole C., Preliminary Results on Test Case lb. INIRAVAL Workshop. Barcelona, Apnl 
1988. 

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

GrindrodP.. A Note on the Role of Nonfiear Sorption in MTRAVAL Case Ib, IN- 
TRAVAL Wokrhop. Laa Vegas. February 1990. 

GrindrodP. and Hodgkinson D., The Role of Nonlinear Sorption in INIRAVAL Casc 
Ib. INTRAVAL Wokrhop. Las V e m ,  February 1990. 

Hawojdrvi A.. Relimltlan, VIT Results on Test Case lb, INTRAVAL Workshop. Tuc- 
son, November 1988. 

Hawojiinri A. ,  Channels as Migration Routes in Crysralline Rock Samples. INTRAVAL 
Workshop, HelsmLi. June 1989. 

Jackson CP. .  Preece TE. and Sumner PJ. .  A Study of INTRAVAL Test Case lb. IN- 
TRAVAL Workshop. Helsinki, June 1989. 

Jockson CP. .  Swnner P J .  andPreece TE., A Study of IIWUVAL T u t  Case Ib, IN- 
TRAVAL Workshop, Las Vegaa, Februvy 1990. 

J a b b  A.. Hadermann J.  andZingg A., PSI New Modelling Results, INTRAVAL 
Wokrhop, Tucson, Novemba 1988. 

KjeNbom K.. Moreno L. andNeremicb I. ,  Pnliminary Evaluation of Some Uranium 
Migration Tests, INTRAVAL Worlrshop. Helsiaki. June 1989. 

TEST CASE 2 

Aimo NJ.,  Battetle PNL Modelling Results. INTRAVAL Workshop, Tucson, Novanba 
1988. 

Cole C R .  andAimo NJ., Investigaring a Parameter Estimation Approach to Design of 
Validation Expaimmts, INTRAVAL Workshop. Helsinki. Juae 1989. 

Gweghian B., Radionuclide Migration in Single Naturpt F i i m  inGranite, INTRAVAL 
Workshop. Laa Vegaa, February 1990. 

Ki-a H., R c h h r y  Results of Test Case 2 Study, INTRAVAL Workshop. Bar- 
celona. April 1988. 

Neremieks I.,  Previous Modelling of Test Case 2 Expaimmt, INTRAVAL Workshop. 
BPFelonn. April 1988. 

Neremieb I.,  Rwentation of Test Case 2, PTIRAVAL Wortshop, Tucson, Nwemba 
1988. 

Skagiu K., Presentation of Test Case 2. INTRAVAL Worlcrhop, Barcelona. April 1988. 
I 

TEST CASE 3 
Cole C., INTRAVAL Test Case 3, Expcrimenta and Modcl Calculacim, INTRAVAL 
Workshop. Bucelonr, Apif 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. April 1988. 

Idemirsu K .  and Umeki H.. Calculation of the Concenuation of a Dispersive Tracer Solu~e 
by Means of Numerical Solutionof the Balance Equation. INRAVAL Workshop. Bar- 
celona. April 1988. 

ldemirsu K.. Modelling of Test Case 3 by Using a Numerical Method. I W V A L  
Workshop, Tucson, November 1988. 

Kimura H. and Yamashim R.,  Relimiaary J A W  Results on Test Case 3. INTRAVAL 
Worlohop. Tucson, November 1988. 

I TEST CASE 4 

Andersson 1.. Discrete Network Analysis of Trker Experiments in SInpa 3D, IN- 
TRAVAL Workshop, Las Vegas 1990. 

Dversrov B.. Amlication of the Discrete Fracture Network Conce~t on Field Data: Pos- 
sibilities bf ~ o d e i  Calibration and Validation. INIRAVAL ~ o & o p .  Barcelona. April 
1988. 

Dversrorp B.  and Nordqvisr W. .  Row and Transport Simulations with a Discrete Fracture 
Netwoik Model; MTRAVAL Workshop. Helsinki. June 1989. 

Hodgkinson D., Show W and Barker J. .  Modelling by Flows in Continuous Dimension, 
INIRAVAL Wokchop, Tucson. November 1988. 

Hodgkinson D.. Show W.  and Grindrod P.. Preliminary Fractal Analysis of the S ~ p a  3D 
Mipation Expmiment. INTRAVAL Workshop. Helsinki. June 1989. 

Neremieks I . ,  Presentation of Test Case 4: 3D Migration Experiment at Sttipa, IN- 
TRAVAL Workshop. Barcelona. April 1988. 

Neremieks I.,  Resentation of Test Case 4, INTRAVAL Worksttop, Tucson, November 
1988. 

Tsang Y.W. and Tsang CE., Undemanding SIripa 3-D Tracer Migntim Data, IN- 
TRAVAL Workshop. Helsinki, June 1989. 

TEST CASE 5 
Anderson P., Expaimental Results and Frath~  PliUI.9. INlRAVAL Workshop, Tuuon, 
Novankr 1988. 

Andcrsson P., Recent Experimental Results, INTRAVAL Workshop. Helsinki. June 1989. 

Andrrson P.. RDpoaal for Simulation of Hydraulic Iataference Tests. -VAL 
W m o p .  Helsinki, June 1989. 

GrindrodP. and Worth D., Do the Pub? Injection ExpenmenWExhibit Radially Conva- 
gent Fm%ae Flow?, INTRAVAL Workshop. La Vegu. Febnnry 1990. 

Gw@sson E.. Andersson P.  and W i h r g  P.. Recent Achievemmts in che Paformaace 
and Evaluation of the Fl~l~fin Experiments, -VAL Wntthop. Lns Vegrr, 

Hautojdnpi A. and Taivasscrlo V., G d s e d  Taylor Dispaaim Anaiyaia for T n m  
Brulahrough in the Radially Cmerging Experiment of Fmfi (test us 5). IN- 
TRAVAL Workshop. Barcelona, April 1988. 
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HaUt0jdWi A.  and Taivassalo V . ,  Pre-Test Calculations of --Team for Radially Cou- 
verging Test. -VAL Workshop. Tucson. Novemkr 1988. 

Hauojarvi A.. Taivassalo V .  and Vuori S.. Interpretation of Results of the Radially Con- 
verging Test, INTRAVAL Workshop. Helsinki, June 1989. 

Haurojawi A., Taivassalo V .  and Vuori S.. Reliminary Predictive Modelling of the 
D i l e  Experiment, INTRAVAL Workshop. Helsinki, Junc 1989. 

Hawojarvi A.. Taivassalo V .  and Vuori S..lntcrpretation of Test Case 5 ,  Radially Convag- 
ins Experiment, -VAL Workshop, Las Vegas, Febcuq 1990. 

K i w a H .  and Katswagi T.. Prrdictive Modelling of the Dipole Experiment at the 
F-jOn Research Area. INTRAVAL Workshop. H c K i  June 1989. 

Klmvra H.. KOSnvagi T. and Yamashita R.. Relimiaary Reslllts o f  the Radially Convag- 
iag Traca Expnment at the F i j 6 n  Research A m ,  lNlUAVAL Workshop, Las 
vegaa, kbruary 1990. 

. . 
Moreno L. and Nermieks I., FTehmwy Evaluation of Tracer Test in F i i j 6 n .  Radial 
Convaging Expriment, INTRAVAL. Wakshop, Helsinki. June 1989. 

Neremieks I.. Inuoduction to Test Case 5. -VAL Workshop, Barcelona. April 1988. 

Neremieks I.. P r r l i a r y  Redictions of F i f l n  Tracer Tests. -VAL Workshop, 
Barcelona, April 1988. 

Nordquisr R.. Numerical Predictions of a Dipole Traca Test in a Fracture Zone in che 
Bfidau Area, F i j e n ,  INTRAVAL WorLshop, Helsinki, June 1989. 

Winberg A., Geostatistical Analysis of Hydraulic Conductivity Data at Filu1sj61~ IN- 
TRAVAL Workshop, Helsinki, June 1989. 

Yamashita R. and Kotuyashi A.. Rclinary Calculations Using Fracture Networt A p  
proach for Tracer Test in F w J a n  Site. INTRAVAL Workshop, Las Vegas, February 
1990. 

TEST CASE 6 
Code11 R., Cole C .  md Vomvoris 5.. Synthetic Migration Experiment - INIRAVAL Rob- 
lem VI, IMRAVAL Workshop. Twm. N w e m k r  1988. 

Codell R.. Cole C .  and Vomvoris S.. Synthetic Migration Experiment - WIRAVAL R o b  
Ian 6, INIIlAVAL Workshop, HeLtiati. June 1989. 

CodeIIR. and T r k h  J., Calculation of ~ynr6etic Experiment, -VAL Workshop, 
Lu vegas, Febnnry 1990. 

Vamvoris S.,  On the Synthetic Experiment INIRAVAL Wohrhop. Barcelona, April 
1988. 

TEST CASE 7a 

Neremieks I., RermtPtion o f  Test CPK 7a: RedOx Front Movunent, -VAL 
Watrhop, Tucson, Novemkr 1988. 

Neremieks I., Redox Front Srudks at Pocoa de Caldas, INIRAVAL Wokrbop,  as 
vegas, Fehurry 1990. 
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- Romero L.. Moreno L. and Neremiek Z.. Pqos de Caldas. The Location of the Redox 
Front. INTRAVAL Workshop. Helsinki. June 1989. 

TESTCASE7b 

Chapman N., Presentation of Test Case 7b: Colloid Transpon. MTRAVAL Workshop. 
TWSOP November 1988. 

Noy D.. Presentation of Test Case 7b: Colloid Mobility at Pgos  de Caldas, I ~ V A L  
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TEST CASE 8 
Davis S.. Hydrology Sub-Rojst INIRAVAL Workshop, Tucson. Nwemba 1988. 

Dwrden P. and Golian C., Presentation of Koongarra and Draft Test Case. =VAL 
Workshop, Barcelona, April 1988. 

Dwrden P., Presentation of Test Case 8. INTRAVAL Workshop, Tucson, Novemba 
1988. 

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

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

Golian C., Hydrodynamic Transpon through Porous Mcdia which Contain Two Iron 
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Golian C.. A Quasi Two Dimension Open S y ~ r a n s p o n  Model to Describe che 
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Worlrshop, TuaoQ Novembu 1988. 
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A&bou R.,  High-resolution Modeling of 3D Flow Fields, INTRAVAL Workshop. Las 
Vegas. February 1990. 

Bensabar J. ,  Stochastic Modelling of the Fist Las Cruces Trench Experiment, IN- 
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son, Novemba 1988. 

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

Wiermga P . .  Hills R. and Hudson D., Flow and Trampal Data Analyses of the Las 
C ~ c e s  Trench Experiments. INTRAVAL Workshop, Las Vegas. February 1990. 
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. . . , Bradbup J . .  Evaporation in Unsaturated Fractured Rock - an Alternative Conceptual 
Model. IhlRAVAL Workshop, Tucson. November 1988. 

CodellR.. Transport m Two-Phase Flow in Tuff Drillcore. INTRAVAL Workshop. Hel- 
sinki, June 1989. 

Evans D.. Field and Laborato~y Experimenlai Resultci, m V A L  Workshap. Tucson, 
Novemoer 1988. 

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

E w m  D.. Rasmussen T. and Sully M.. Non Isothamal Core Experiments in Apache Leap 
Tuff, INTRAVAL Workshop, Las Vegas, February 1990. 

Ewns D.. Rasmussen T. and Sully M., Cmsshole Pneumatic Tutiog at the Apache Leap 
Tuff Site, INTRAVAL Workshop, Las i'egas. February 1990. 

Evans D., Rasmwsen 7. and Sully M.. Laboratory Fracture Flow Experiments in Apache 
Leap Tuff. INTRAVAL Workshop, Las Vegas. February 1990. 

McCanin T.. Simulation of the Apache Leap Tuff Site Borehole ~xper&ent, XN- 
TRAVAL Workshop. Tucson, November 1988. 

McCanin 7.. TwePhase Flow Simulations in a Tuff Drillcore. XNTRAVAL Workshop, 
Helsinki. June 1989. 

Nicholson 7.. Resentauon of Test Case 11, INTRAVAL Workshop, Tucson, November 
1988. 

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

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

University ofArizona. Field and Laboratory Experiments in Unsaturated Fractured Tuff, 
INTRAVAL Workshop, Helsinki, June 1989. 

TEST CASE 12 
Hoxic D.T., Empirical Validation of Hydrologic Model Simulations of Changing Near- 
Fteld Hydrologic Conditions. ! IRAVAL Workshop, Barcelona April 1988. 

Hoxie D.T.. Flint A L .  and Cht ack M P . .  Model Validation with Respect to Short-Term 
Dyuamic Efiecu and Long-Taw, Transient Effects, INTRAVAL Workshop. Tucson, 
November 1988. 

TEST CASE 13 
Arens G.. Preliminary Results on Test Case 13, WlRAVAL Workshop. Helsinki, June 
1989. 

Arens G.  and Fein E.. Onedimensional Brine Trampon in Porous Media. INTRAVAL 
Wokrhop, Las Vegar, Febnrary 1990. 

Hassaniradeh S M . .  Resentation of Experimental Results from Brine Experiment, IN- 
TRAVAL Workshop, Barcelona. Apnl1988. 

Hasanizadeh SM. ,  Experimental Study of Brine Tnnspon in Porous Media, IN- 
TRAVAL Worluhop, Tucson. Nwrmba 1988. 
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Hassanizadeh SM. and Lei~nse T . .  Simuiation of the Brine Transport Experiments. IN- 
TRAVAL Workshop, H e l s m .  June 1989. -~ 
Hassanizadeh S.M., Latest Results on Simulation of Brine Tranxpon Experiments. IN- 
TRAVAL Workshop, Las Vegas. February 1990. 

Schelkes K.. Preliminary BGR Results, INTR4VAL Workshop, Helsinki. June 1989. 

Schclkes K. and Knoop R.-M., Results of Modelling the Salt Trampon Experiments, m- 
TRAVAL Workshop. Las Vegas, February 1990. 

TEST CASE 14 

Ghsbergcn P., Proposais f a  Tea  Cascs Related to Rock Sail INTRAVAL Worhhop. 
Barcelona, April 1988. 

Schelkes K.. Pumping Test in Highly Saline Groundwater - a R o p e d  Test Case. IN- 
TRAVAL Workshop. Tucson, Novunba 1988. 

Schelkes K. ,  Saline Groundwater Movemeat UI an Erosional Chaanel Crossmg a Salt 
Dome - Worhng Program for a Test Case, INIRAVAL Workshop, Tucson. November 
1988. 
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General lNTRAVAL Discussion 

A  time of rhrec yean was decided upon 
f a  the nJIRAVAL pmject, with the 
option of an additional three year period. 

Phase I started in October 1987 and bas 
now come to an end with the l a w h  of 
paacc 2. 

M o r n o f t h e w a k w i t h t h e a ~ i s o f  
the twt caces is now frmlised. However. 
validation is a =cult proass and plenty 
of work faM.iLu to incrrace the under- 
stauding of geosphm transpon Pbw 2 
wil l  pmvide the oppornmity and time to 
further analye the tca cases of Phase 1 
as well as new ta t  -. 
n e  meeting a p e d  that g m t  strides 

toward validatim bave been achieved but 
aho that validation is a diff~cull task. The 
"W problem" nads to be addressed i.e. 
models, codes, data, performance assess- 
mmt. and apaimmtal tsfmiques. Am.? 
of uacma&y have ken himghted for 
example manix diftiuioe 

A wtanatic analysis of the validation 
process has ken initiated. DaIa has been 
a s s c u d  and modeis as well as codes 
have been developcQ some of which bave 
gained the con6dare of the Roject 
Tcamr of -VAL. It was found that 
validation is a vay diSamt issue to 
differcm papie. 

Ihcproj&thrsllsopnmdcdaformn 
f a  pcer miear. e d u a t i ~  and ~ i o o s  
regarding radionuclide lnqmt in g d .  
llie achievcmm from the fDst phase of 
INIRAVAL will be donrmmted in a 
summa~~ rrpon and in a saiw of techni- 
cal fepona. In addition repom describimg 
t h e ~ o n w f r i c h t h e t e s t t a s c s  
a l e b a s e d m b e p r e p m d  
lac achnfal will be prrparrd by 

s a W ~ G r a r p s , a r h i c h w a c ~ t u p a t  
the Lsr Vegs  wortrhop (Table 2a). An 
editor f a  uch t a t  cue hrr becn 
appointed. ihe rmponaib'ity of the cditMS 
is to compile the test caw a d y s a  provi- 
ded by the PIOW T- that have w&- 
ed with the test ase. A report describing 
tbcaprimentswillbepeprrrdbythe 
sarrmint in c-00 with thc Pilot 
O n p r . A m r c p o l t w i l l k  

Phase 2 Objectives and 
Organisation 

The o v d  objectives of Pbw 2 are 
similar to lhcse of Phw 1, t r  to iacrcase 
the undastnndiag of hoar variau gcophys- 
id, gdlYdrolo* g- 
pbmamnr of .mportmw for radimuclide 
aanspat horn a repository to the bio- 
sphere can k duccibed by mathermtical 
models developed for mir plapose and to 
study thc model validation p e s s .  
Allhough INIlCAVAL has the ambition 

to cover both valkUtion of models in 
regard to b e  p a w  and site-specific 
systems, the emphasts of the Won in 
Phase 1 hrs beat on the Pmcus Iden- 
tification part of the model validption 
process, based on the loboratorg m- 
m a t  lest caxs. Sirwe the work in Phase 
1 baa ken ~ o m p ~ t i v e l y  swce&d in 
cnvaing the Procws IdattiCidcn h, it 
qpan to be a nand  dmlopmem to 
s b i f t t h c f o c l g i n P h w 2 1 ~ S ~ c -  
mre ~ c a t i o e  lhir ism is more 
complicated Unn the h c u s  Identification 
bccowthermmbaofde(prrsoffned0m 
in the intcrpretation of the expcrimmt 
iMeuesdkuaretheannlysicshould 
be basd on field scale aparmmu. 'Ihe 
upaier re  from Phrsc 1 shows that tbe 
mount of mmpowa n d e d  to d y a e  a 
fidd experimem is moch greaur than chat 
needed for the analysis of a LPbonuoV 
upaha= 

The cJrpLUtim of m v A L  Phrre 2 
~ b e s i m i l P r t o P h u e l . F o m W ~ g  
~ w i l l ~ t h e f o m r m i n t y p s  
of t a t  cases (Table 2b). Each Working 
Grarp win have one leader, possibly aided 
by mocha penon. and the intention is to 
meet at l a  once between aEh 
INIRAVAL mbeting. To give the Work- 
ing Gnmpa ample time to do this. 
INIRAVAL m&tines will be held about 
s c  a yar. IYm Waking Omups 
(ledm) ale rrspoarible for arriting a 
raldnggnmprepmtwhkhwiUfarma 
pnoftbcfinrlrcporw. 



Table 21 Working Gmnps for INTRAVAL Phwe 1 

Editors: 
Waking Group 1 Test Cases la P. lacloon 

lb Lmborarory aperimcnrs J .  Hadamarm 
2 K. Skagius 
9 P. Jackson 

Waking Gmup 2 Test Case8 4 D. Hodgkins 
Field upcrimenu 5 C-F. Tsang 

Wuking Gmup 4 Test Cases 10. 11, 12 T. N i h o n  
U-ed media 

Waking Gmup 5 Test Case 13 P. G h s k g e n  
Salt 

W&g Group 6 Test Case 6 R Codell 
Synrkric Experimenr 

Table 2b Tentative Working G m p s  for INTBAVAL Phw 2 

WorkingOroupl: ha Cmcw Trmch ladm 
Apache Leap Tuff Site T. Nicholson 
Twin Lake 

Working Group 2: Fiuuajth 
saipa 
WlPP I1 

krdas: 
C-F. Tsmg 
S. Neurrrm 

"plpm and Sckdules" for thia group h a  b compiled by Chin-Fu 
Tsmg. Thia document can be nceived from the secrruriat 

Waking Gmup 3: Ciorkben Salt Dome 
WlPPI 

Wo~king G q  4: AUigata Riven Analogue lada: 
Papa de C a l h  N. Qypmm 
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The ~nternal~onal INTR.4L1.4L projecr \tarTed in October 1987 in Stockholm ah an international 
sffon towards validatton of geosphere models for transpon of radionuclides The project w a \  
tnttiated by the Suedt5h Nuclear Inspectorxs. SKI. and was prepared by an ad-hoc goup  u ~ t h  
represenrarive5 from e t ~ h t  organisarions. 

Twenrytwo organi\ation\ I Panies~ from twelve counrrie.; panlcipare in INTRAVAL. The project 
I S  governed by a Coordinatl~ng Group with one representative from each Pany. The SKI acts as 
Managing Participant and has set up a Project Secretariat in whici~ ~ l s o  Her Majesty'~ 
Inspectorate of Pollur~on. HMIPDoE. U.K. and the OECDPJEA take pan. Project organisarion. 
the objecttves of the m d y  and rules for the publication of  results are defined by an Agreement 
between the Pmies. 

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

INTRAVAL is the thtrd 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 radioactive waste. In the two 
previous studies, INTRACOIN ( 198 1 -  
1986) and HYDROCOIN (1984-1990). 
the numerical accuracy of computer codes. 
the validity of the underlying conceptual 
models and different techniques for sensi- 
tivityluncenainty analysis have been 
tested. In INTRAVAL the focus is on the 
validity of model concepts. 

TheINTRAVAL study was started in 
October 1987. Phase I of the study is in 
the process of being finalised and a second 
three year period. Phase 2. has just been 
i~tiated. 

The purpose of the INTRAVAL study is 
to increase the understanding of how 
mathematical models can describe various 
geophysical. geohydrological and 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 marhematical models in an attempt 
to validate the underlying conceptual mo- 
dels and to study the model validation pm- 
cess. 

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

Project. the Alligator Rivers Analogue 
Project. and the P ~ o s  de Caldas Project. 

A Pilot Group has 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 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 
expenmentalists are accounted for. In or- 
der to support this interaction and for the 
development of a strategy for the systema- 
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 I modelling results were glven. 
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 
appoinred. Also VOIC assembled for the 
last meeting of Phase 1. 



The Fifth INTRAVAL 
Workshop and the Sixth 
Coordinating Group 
Mee:ing 

The Fifth INTRAVAL Worksbop and the 
Sixth Coordinating Group Meeting were 
held In Cologne. the Federal Republic of 
Germany. on the 15th through 19th of 
October. 1990 with the Gesellschaft fur 
Reaktorsicherheit acting as host. During 
the week preceding the week of meetings 
in Cologne. excursions to the ASSE salt 
mine and the Konrad iron-ore mine. close 
to Braunschweig in b edersachsen (Lower 
Saxony) were organ. .ed. Another excur- 
sion. to the Hambach open-pit lignite 
mine. was arranged durinpthe week of the 
meeting. 

The last presentations of new modellins 
results of Phase 1 were held. but the grea- 
ter pan of [he meetins was dedicaled to 
concluding the work performed in 
Phase I .  and the launching of Phase 2. 

As of these meetings. Phase I of 
-VAL has been completed. apan 
from the report. and Phase 2 is in pro- 
gress. 

The Coordinating Group meeting was 
held on the 19th of October. 1990. The 
meeting decided that the Phase 2 of 
LNTRAVAL would be initiated. Ail propo- 
hed test cases (except the Poqos 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 [he inclusion of 
the P o ~ o s  de Caldas test case will be made 
at the next Coordination Group meeting. 
.At the meeting. Kjeil 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 
to 26. 1991. 

Validation Overview and 
Integration Committee 
(VOIC) 

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

Sanlsarlon. ach for the de\ciupnicnt of !he 
\trategy for \y\tematlc applicat~on of expe- - 
r~ences m d  knowledge y m e d  irom the 
variour INTRAVAL tehi caheh. 

In r h s  procesh or d e f l n m ~  INTRAVAL 
Phase 1. VOlC has given as,l\rance and 
advice to the INTRAVAL Secretanat and 
Coordinating Group concernin? 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- 
plishments of Phase I .  It was also sug- 
gested that various key issues such as 
scale dependence. heterogeneity. coupled 
processes. etc. should be highlighted. 

VOIC was specially created for Phase I 
of INTRAVAL. its function has been 
greatly appreciated. As this pha% is now 
being concluded. the work of VOIC is 
also coming to an end. I f  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 opponunity to pre- 
sent results of Phase I work. The test 
cases will be fully reported in upcoming 
technical reports. 

TEST CASE 1B: 

L'ranium miprarion it!. cr~sralline bore 
<.ores hosed on e.rperimerrrs perfiirmed ar 
PSI.  Sw.ir:erland. lPilor Gmip Leoder: J .  
Hadermonn. PSI)  

Experimental Set-up and Scales: 

In this experiment. performed at the Paul 
Scherrer Institute (PSI) in Switzerland. 
tracer migration in c~s t a l l i ne  bore cores 
were studied. Water at high pressure was 
forced to 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- 



Progress Report So .  o 

late the rock overburden. Tracer I:"U) 
was added to the infiltration water and the 
tracer concentration was measured in the 
water sampled at the core outlet. After the 
experiments the samples were sliced and 
the surfaces oi the slices were auto-ra- 
diographed to yield information of flow 
paths and sorption sites. Complementary 
results on hydraulic conductivity versus 
confining pressure, and dynamic porosi- 
ties of the samples are also available. as 
well as results from uranium adsorption1 
desorption experiments. 

Analysis by the Project Teams 

The Project Team from PSI has analysed 
all 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 mecharusms. 

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. 

It was found difficult to discriminate 
between fracture and vein flow from the 
fits. Dispenivities could be extracted reli- 
ably for vein flow only, although this is 
irrelevant from a safety assessment point 
of view. 

The overall conclusions were that insuf- 
ficient ~nformation sxlst to extract all 
Important parameters from the data. 
Models wth non-linear sorpt~on produce 
slightly 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 muititracer 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 a p p  
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 the i r  . 
values. L,. 

Figure. I: 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.^: 
as well as the adsorption coefficient K, for 
both models.The distribution coefficient 
Kd was estimated for the dual porosity 
model. 

Model 
Discrete fract. Dual porosity 

7.00.10-2 1.110-2 (m) 

K, 3.65-10-1* 4.0-10-3 (m) 

Kd 2.0- 10-2 . (ml/kg) 

* insufficient 

Table I :  Results from modelling of Test 
Case 1. 

It was concluded that the best fit was rea- 
ched with the dual poroslty model. Even 
better results may be reached with a dual 
porosity model where the matrix is repre- 
sented by spherical blocks. Calculations 
applying the single frxture model did not 
mult  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 5 :  

Tracer txperrrnenrs in ajracnrre :one ur !he 
Finns~on research at-ea. Sweden. IPilor 
Group Leader: P. Andersson. Sn.edish 
Geolo,qical Co. 1 

Geological Structures 

Y! -~ 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 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 ex- 
tent is in the order of kiiometres. 

It appears that the zone contains three 
highly permeable sub-layers. The trans. 
missivity of the upper layer is estimated at 
lo4 m2/s, the middle 10.' - 10'6 m:/s and 
the lower lo4 m21s. The middle layer is 
not continuous. A fresh water1 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 
11300 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 intervals. In addi- 
tion, a part of one bow ~ l e  has been in- 
vestigated in 0. I I m intervals. A regional 
pumping test was conducted by pumping 
water from the full length of one borehole 
and observing the drawdown in 11 wells 
totalling 40 packed off intervals. 
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Tracer  Tests 

Two sets of tracer tests were completed: a 
radially converpent test and a dipole test. 
The radially convergent test was conducted 
by purnplng one well from a packer 
interval covering the full width of the frac- 
ture zone and injecting I I different non- 
sorbing tracers at 9 different intervals in 
three wells surrounding the production 
well. i.e. more than one tracer was in- 
jected 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 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 layers in the fracture zone. 

Analysis by the Project Teams 

The Project Team from V7T 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 small fraction of the model- 
led flows are actually sampled in the ob- 
servation boreholes. 

Figure 3: Main field l i e s  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 

had been established between the two bo- 
reholes. A difference of flow was obser- 
ved between boreholes KFI I I and Kfl06 
but the tracer concentration profile was 
very similar between the two boreholes. I t  
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 
the calculations. an imorovement of the t i t  
was achieved. 

TEST CASE 6: 

Synthetic data base, based on single frac- 
cure migrarion experimenrs in Grimsel 
Rock Laboratory in Swir:erland. (Pilor 
Group Leader: R.  Codell US N R C )  

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 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 I 
of this test case), and secondly. to include 
also diffusion and chemical retardation in 
the geosphere (Phase 2 of the test case). 

Analysis by the Project Teams 

A gmup of ETH/NAGRA applied a finite 
element code to the data. The code being 
tested is still in a development stage. one 
feature not yet implemented is e m r  analy- 
sis. 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 uansmissi- 
vity field estimated by the analysis of hy- 
drological tests. 

The direct problem is solved by the finite 
element method under steady state andlor 
transient conditions involving one-. two-, 
and threedimensional quadratic elements. 
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The methodology has been implemented 
to deal with the hydrolog~cal data. 
Interpretation of the hydraulic data of the 
synthetic system has begun. The tlow rate 
Into the drift was predicted with ;In error 
margin of I % . 

TEST CASE 8: 

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

This test case deals with the natural analo- 
gue studies at the Koongarra site in the 
Alligator Rivers region of the Northern 
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 repositories. 

Uranium mineralisation at Koongarra 
occurs in two distinct but related ore- 
bodies separated by about 100 m of bamn 
schists. Both ore-bodies strike and dip 
broadly parallel to the K o o n g m  Reverse 
Fault. which is the footwall to the ore 
zone. Primary mineralisation is largely 
confined to quanz-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 a strike 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 
weathning at about 25 m depth and forms 
a tongue-like body of ore dispersing 
downslope for about 80 m to the east. 

Andysis by the Project Teams 

The Roject 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 hydrology changes 
for the investigation. 

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

two-dimenbional venioal cross-tection as 
transport in two one-dimens~onal pipes 
teparated by an intermediate zone where 
no horizontal transpon is considered. This 
zone provides transfer of material from the 
bottom pipe to the upper pipe. reflecting 
transpon due to seasonal fluctuations in 
water table. Two approaches were app- 
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 that are accessi- 
ble to the groundwater as well as those 
that are inaccessible (see adjoining figure). 
The adsorbed material is transferred during 
phase change (eg. crysrallisation). /.. 

, ,. 

d a0 
groundwater llow 

Figure 4: The accessibleiinaccessible 
phase of the rock matrix at the 
Koongana site. 

The results of modelling to date support 
the experimentally determined distribution 
coefficient. &, as being between 0.35 and 
1.5.104 mug. 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 adn 
of the 2 W  decay-constant. Most of the 
modelling fittings performed indicate that 
the mobilisation'timescale is in the range 
of one to two million years. The calculated 
concentrations of uranium in the accessi- 
blc/maccessible phase of the rock are simi- 
lar to the values observed from core data. 

The next step is to improve the applied 
modelling procedure. 



Radionuclide rni,qrarion in u block of 

<.r~sralline rock performed or AECL. 
Canada. (Pilor Group L e a d e r  B .  
Gureqhian. OWDJ 

Experimental Set-up and Scales 

This test case is 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 x 49.0 
cm (length .: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 companments. 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-autora- 
diography. 

Analysis 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, twodimensional aniso- 
tropic porous media model 
(isoparameuic element with 4 to 8 
nodes): 

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

-Circular Block Element. circular block 
model of matnx in dual porosity 

The sorption was calculated both as linear 
and non-linear sorption. 

Calculations resulted in good agreement 
with experimental data. I t  was also noted 
that the choice of dispersion length. a~ 
had a srong influence on the breakthrough 
curve. 

TEST CASE 11: 

Evaluarron offlow and rransporr in unsa- 
rurared fractured rock using srudies ar rhe 
U.S. NRC Apache Leap Tuff Sire near 
Superior. Arizona. (Pilor Group Leader: 
T.  Nicholson. U.S. NRCj 

Experimental Set-up and Scales 

This test case is in fact three sets of expe- 
riments on flow and transpon 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 experiments 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 experiment 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. In 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 other boreholes. 

element 
- Fmture. model of discrete fracture. 



ISTRAk'AL 12 
Progress Report Yo. b 

The calculations of moisture dismbutlon. 
temperature disctibution. and relative tracer 
content were within the expected range of 
error compared to the experimental data. 
Differences between the expenmental and 
calculated values may be attributed to 
heterogeneities. poor matertal data. and 
measurement errors. 

I t  was concluded that modelling of 
transpon mechanisms was more success- 
ful than the modelling of moisture content. 

Figure 5: Rock block with a single 
ftXtUre. 

The laboratory experiment was performed 
on Rock blocks of the dimensions 20 x 20 

50 cm (block I )  and ? l x 20 x 66 cm 
t 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 plates 
which allowed for controlled unsaturated 
flow through the block and the fracture. 
The flow rate between the upper and lower 
plates 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. I t  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 coated to 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 temperaNre and moisture dis- 
tribution were measured at different inter- 
vals of time. as well as the final solute 
concentration (after 32 days). 

Analysis by the Project Teams 

TEST CASE 13: 

Experimenral study of brine rransporr in 
porous media performed ar RIVM. rhe 
Nerherlands. (Pilor Group Leader: M. 
Hassani.-adeh. RIVM.) 

Experimental Set-up 

This test case deals with flow and trans- 
pon at high salt concentrations. The expe- 
rimental set-up is a two-dimensional 
column with the dimensions 0.6 x 1.25 x 

0.01 m. filled with glass beads. Fresh 
water and salt water was alternately circu- 
lated through the column. Head and salt. 
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 salt concentration to 
estimate the porosity. permeability and 
dispersivity of the porous medium. and 
another with high concentration to provide 
data about the concentration and pressure 
d i ~  ibution along the column. 

A1 lysis by the Project Teams 

The Project Team from GRS. in coopera- 
tion with Hanuell Laboratories. presented 
results of calculations where a new appro- 
ach to the transport problem had been 
applied. 

The KemaktaISKI Roject Team presented 
their results of TOUGH and TRUMP 
modelling (integrated finite difference 
codes) of multiphase flow in a heated tuff 
drillcore. 
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The new model regards the experimental not in accordance *irh the experimental 
set-up as a regular hexagonal network of data. but work still in progress. The ques- 
one-dimensional tubes w ~ t h  advective tlon was raised i f  [he porous-medium 
flow. No dispers~veidiffus~ve transpon 1s Jpproach i s  rhe correct one for this expe- 
taken into account by the model. Each tube riment. 
1s allocated a random permeability within a 
defined variance. The low concentrat~on 
experiment was used to calculate this v a n -  
ance. The result was local density varia- Current Status and 
[ions due to concentration changes in each Conclusions of Phase 1 tube. Simultaneous calculations of transi- 
ent pressure and brine transport were 
made. - WORKING GROUP 1: 

1 
(Laboraroq Experiments. Tesr Cases la. 
16.2,  9) 

Figure 6: "network of tubes"-model 

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

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

Results of modelling performed at TUB 
(Technische Universitat 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 results of the propagation of the salt- 
front with time suggested that the flow of 
waterbrine does not influence the flow 
directions of the brine. The results were 

Working Group I is in the midst of the 
reporting stage of Phase I .  Some of the 
draft reports from Project Teams have 
been received by the Working Group. 
Commenrs 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 "simulate 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 to 
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 to 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: 

iTracer E.tperrmenrs rn C ~ - ~ s t a l / ~ n e  Rock. 
Test CUSP -1.5 I 

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

The approach to test case 3 o f  
LBLIUSDOE has been one of "pseudo- 
independent" pathways. The Project Team 
from KTHISKI has calibrated a fracture 
network model with Stripa data and the 
INTERAPIIREX 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 o i  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 imponant to perform hydrologic 
and tracer tests simultaneously. 

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

At this time. there is a lack of complr 
mentary data. i.e. laboratory data. ctc. 
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 interahion between the model- 
ling groups had been achieved. 

For Phase 2. the intention is to analyze 
all data available. For example core sam- 
ples (porosities. diffusivities. and geo 

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

Concerning the Stripa test case. data 
from additional experiments performed in 
the Stripa mine will be made wallable. 

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

WORKING GROUP 3: 

(Narur-a1 Analogs. Tesr 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 I 
report for Test Case 8.  The repon includes 
the baseline information on the work per- 
formed at KTH. 

Work on Test Case X.  the .Alligator 
Riven Analogue Project. IS sr~ll 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 repon but a repon of the initial 
approaches performed as a pan 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. Posos de Caldas. will be on 
redox front processes. The aim is to model 
geochemical tranSpOR across a moving 
front. Phase ? will also provide a good 
opponunity to test diffusion transpon and 
chemical equilibrium/kinetic models. 

For test case 8. the Alligator Rivers 
fioject, 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 recent movement 
of the dispersion fan. The third test case 
will address the transpon within the ore- 
zones. These are developed versions of 
the Phase I test case. 

Phase 2 of INTRAVAL provides the 
study of the natural analogues with the 
opportunity to give more consideration to 
geochemical aspects of a natural analogue. 
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WORKING CROUP 4: 

C 
1E.rperimenrs in [he Unsaturaied Zone. 
Test cases 10. 11. und 12)  

The Working Group 4 is well under way 
preparing the working Group repon 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 highquality data is 
difftcult to procure. Despite the experimen- 
tal difficulties. three test cases have been 
modelled. 

Important knowledge has been gathered 
to address the validation issue of the unsa- 
turated test cases. however little or no 
validation attempts have yet been made. 
The validation issue is mainly 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 5: 

(Salt  and Brine Related E.rperimenrs. 
Test Cases 13, and 14) 

Working Gmup 5 is in the midst of pre- 
paring the test case repon. The repon will 
address the brine transpon experiment. 
Test Case 13. The experiments at the 
Gorleben Salt Dome, Test Case 14a and 
14b. will be approached in F h s e  7. 

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

writing workshop was held in Bilthoven. 
the Netherlands. in January. 1991. l o  
compile the repons. 

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 transpon models developed for brine 
environments. to compare model predic- 
tions with experimental data. to draw 
conclusions on the validity of the classical 
Darcy'sFick's laws at high brine concen- 
trations. and to identify the numerical 
structure of the model applied. At the 
conclusion of the Phase 1 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 rimeSimulation of 
high-concentration experiment using 
porosities and dispenivities 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 results of brine front migra- 
tion and model simulations at high concen- 
trations. The influence of the laboratory 
set-up was discussed. 

It was observed that Fick's law was not 
valid for the conditions at the experiment. 
A reformulation of the adsorption consrant 
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 attempt to fonnu- 
late this function has yet been made. 

WORKING GROUP 6: 

(Synthetic Test Case. Tesr 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 Row (NRC. Team 1 ) 
- Krieed T and H (NRC. Team I )  
- Conditional Simulation (NRC, Team 1) 
- T Zonation with Manual Adjust (NRC. 

Team 2) 
- Inverse Model (CNWRA. 

r n A G R A )  

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

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

Presentation of CEC 
Program Directory 

The Commission of European 
Communities (CEO 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 cumnt 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 oi topics. Many program 
descriptions also include a review of the 
program. 

The participants of INTRAVAL were 
asked to be generous with contributions 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 years was decided upon 
for the INTRAVAL project, with the 
option of an 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 plenty 
of work remains to increase the under- 
standing of geosphere transport. Phase 2 
will provide the opportunity and time to 
funher 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- 
m e t ,  and experimental techniques. Areas 
o mcertainty have been highlighted, for 
e l  lmple matrix diffusion. 
A systematic analysis of the validation 

process has bem initiated. Data has been 
assessed. and models as well as codes 
have been developed, some of which have 
garncd the confidence of the project teams 
of IEFTRAVAL. 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 ach'ievements from the first phase of 
INTRAVAL will be documented in a 
summary report and in a series of technical 
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repons. In addition reports drscrlbing the 
experiments on which the rest cases are 
based will be prepared. 

The technical repons will be prepared by 
six Working Groups. which were ser up ar 
the Las Vegas workshop (T::ile 2). An 
editor for each test case . u s  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 repon 
describing the experiments will be prepa- 
red by the Secretariat in cooperation with 
the Pilot Groups. The technical repons are 
planned to be published in spring 199 1. 
The summary repon will be prepared by 
the Secretariat in cooperation with the 
Working Groups and VOIC. The sum- 
mary repon is planned to be published late 
1991. 

Phase 2 Objectives and 
Organisation 

The overall objectives of Phase 2 are simi- 
lar to those of Phase I ,  i.e. to increase the 
understanding of how various geophysi- 
cal. geohydrological and geochemical 
phenomena of importance for radionuclide 
transport from a repository to the biosp- 

nere can be described by mathematical 
models developed for this purpose and to 
study rhe model validation process. 

Although INTRAVAL has the ambition 
ro cover both validation of models in 
regard to the processes and site-specific 
systems. the emphasis of the work in 
Phase 1 has been on the Process 
Identification pan of the model validation 
process. based on the laboratory experi- 
ment test cases. Since the work in Phase I 
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 rhe Pmcess 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 I 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 !NRAVAL 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 (all have not 
yet been appointed), and the intention is to 
meet at least once between each 

Workiig Gmup I: 

Working Group 2: 

Table 2: Working Groups for Phase 2 

Las Cruces Trench leaders: 
Apache Leap Tuff Site Tom Nicholson 
Twin Lake - 
F i j o n  
strip 
WIPP I1 

leadem: 
Chin-Fu Tsang 
Shlomo 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: 

Working Group 4: 

Gorleben Salt Dome leaders: 
WIPP I Peter Glasbergen 
Mol - 
Alligator Rivers Analogue leaders: 
P q o s  de Caldas Neil Chapman - 
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LVRAVAL meeting. To give the Working 
Groups ample time to do this. INTRAVAL 
meetings will be held about once a year. 
Working Groups should write 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 
LNTRAVAL Phase 2. Inclusion of the 
P g o s  de Caldas test case will be decided 
at the next Coordinating Gmup meeting. 

STRIPA 

Flow and tracer experiments in cn\rralline 
rock based on the Stripo 3 0  e.rperimenr. 
Sweden 

The ~ t r i &  3D experiment is included in 
Phase I 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 plastic 
sheets and other water collection devices. 
In addition, channeling experiments in 
individual fractures have been performed 
and will provide data on the variability of 
hydraulic transmissivities and fracture 
apertures over 2 m lengths along five frac- 
tures. Results from tracer tests performed 
between two holes in the same fracture 
plane are also available. 

F i m j d n  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 1 has 
been on the radially converging tracer test. 
For Phase 2. a11 t k  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 Z is to incorporate * ... 

existing laboratory data from core samples ,,*" 
2 . ,  .. ,$, . , - , 

of the fracture zone. 

GORLEBEN SALT DOME 

Groundwater flow in the viciniry of the '\.? . i . ~ _ _  1 
Corleben 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 is based on a hydrogeo- 
logical investigation propmme in the area 
of the Gorleben salt dome. situated in the 
northeastern pan of Lower Saxony. The 
principal aim has been to understand and 
determine the groundwatm movement in 
the strata surrounding a salt dome. 
Freshwater in the uppermost parts of the 
aquifer system is in such situations com- 
monly underlain by highly saline ground- -, 

water. The groundwater movement in 
such a system depends to a large degree 
on its salinity. Special experiments have 
been perfomled to obtain information on 
hydrogeological structure, hydraulic 
parameters and groundwater movement. 

ALLIGATOR RIVERS 

Radionuclide migrarion in the weathered 
zone of the Kaongarra uranium deposit. 
Nonhern 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 still in progress. The number 
of Project Teams that have tackled this 
test case during Phase I is limited since a 
broad and innovative approach is needed 
for the analysis. This fits well with the 
focus of Phase 2. 
The K w n g a m  uranium ore deposit is 

found in the Alligator Riven region of the 
Nonhem Temtories. Uranium mimralisa- 
tion occurs at Kwngarra in two distinct 
but related orrbodies. which mike and dip 
broadly parallel to the Kwngarra Reverse 
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Fault. Primary mineralisation is largely 
confined to quanz-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 

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

At the Cologne meeting the interest 
among the participants was tw low to 
motivate P q o s  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 

Los Cruces trench. Nevada. USA 

This experimmt is included in INTRAVAL 
Phase I 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 cmfully controlled fashion to the sur- 
face of an experimental plot. The motion 
of water and the transport of various 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 model 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 Cmces 
Trench as a Test Case in INTRAVAL 

Phase 2. Models calibrated agalnst data 
from the already performed experlments 
can be used to predict water flux and 
solute transport in the experiments. 

APACHE LEAP TUFF 

Apache Leap Tuff sire. Arizona. USA 

This experiment is included in Phase 1 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 learn 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 ar 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 I 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 to 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 spatial scale of the 
experiments is in the order of 2 m mi P- tion distance involving about 30 m of 
clay. The cime required for an experiment 
is in the range of 1-4 years. The first 
tritium injection was came.. out two years 
ago. nK spatial scale of the complemen- 
my laboratory experiments is in the order 
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of a few centimetres. and the rime scale is 
in rhe order of weeks. The validation 
aspects of the experimenrs are coupled to 
radionuclide migration in clay md the 
scale dependence of the migration parame- 
ters. 

TWIN LAKE 

Tracer experiments or rhe 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 
year. The spatial separation of the mea- 
suring points are about 5 m in the flow 
directron 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 iodine. A very large amount of hydro- 
geological and geophysical data has also 
been collected. New experiments are 
planned for the autumn 1990. 

Sand and gravel aquifers could hardly be 
considered for radioactive wasre 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. to 
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 rhroqh bedded evaporites ar 
the Waste Isolarion Pilot Planr (WIPP) 
Sire. N e w  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, cumntly scheduled to be commis- 
sioned in late 1990, is intended to be a 

' .ik ix"..; *,;: 
permanent repos~tory for low-level and '' 

.*: , ,.-.+ transuranic wastes generared by the United 
States' defense programmes. 

WlPPl is a Test Case based on experi- 
ments performed to determine the nature 
of brine flow through bedded evaporite, 
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 creepdriven flow, is more app- 
ropriate. Three principal types of measu- 
rements are being made: brine-inflow 
rates. pore-pressures and permeabilities. at 
a number of scales ranging from 4.5 cm 
diameter boreholes to 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 modelling of brine inflow to 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 

Groundwarerflow at rhe Wasre lsolarion 
Pilot Planr (WIPP) Sire. New Mexico. 
USA 

WIPP 2 is based on extensive geologic 
and hydrologic investigations at the 
WIPP. The experiments were originally 
performed to provide data to 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 
INlRAVAL 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 tha~ could affect flow in and 
around the Culebra. A transient electro- 
magnetic survey is planned for 1991 - 2 in 
order to better delineate a hypothesized 
fractured region. Sixty wells have been 
completed to the Culebra dolomite 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 3s a double 
porosity rned~urn with respect to both 
hydraulic responses and solute transport. 
Pumpme tests. tracer tests. geochem~cal 
and isotope studies have also been 
performed at the site. 

The experirnenral 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. 

ISTR.4VAL 
Proeress Repon No. t, 



INTRAVAL 
Progress Report No. b 

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 Secretariat in 
cooperation with Her Majesty's 
Inspectorate of Pollution (HMIPDoE). 
U.K.. and the Organisation for Economic 
Cooperation and Developmentfliuclear 
Energy Agency (OECDINEA).  
KEMAKTA Consultants Co. is contracted 
by SKI to act as Principal Investigator 
within theProject Secretariat. 

The Parties organise Project Teams for 
the acma1 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 compu- 
ter costs, travelling expenses. etc. 

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

At 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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List of INTRAVAL Participants 

1 Coordinating 
Grc 3 i I 

1 ' project ,-, I VOIC I , 1 Secretariat 1 
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Team 
I 

Team ! Team : Team 

Figure 1: INTRAVAL Organisational Chan 

Coordinating Group: 

Chairman: 
Vice Chairman: 
Secretary: 

A. Lxsson, SKI 
T. Xicholson. US .  NRC 
K. Andersson. SKI 

Principal Investigator: KEMAKTA Consultants Co. 

Ruject Secretariat: K. Andersson. SKI 
1. Andersson, SKI 
L. Dagerholt, KEMAKTA 
M. Ericsson. KEMAKTA 
8. Grundfelt.KEMAKTA 
D. Lever. HMIPDoE. Harwell 
K. Pers. KEMAKTA 
K. Skagius. KEMAKTA 
C. Thegenuorn, OECD/NEA 
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Appendix 2 

List of Test Case Related Presentations 
at INTRAVAL Workshops 

TEST CASE l a  

Bogorinski P.. Lorue J. and ron Maravic H.. Comments on Modelling the Hanvell 
Migration Experiments. INTRAVAL Workshop, Barcelona, April 1988. 

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

Boirrke P.J.. Gilling D.. ~ e f f e r i e s  N.L.. Lineham T.R. and Lever D.A.. Radionuclide 
Migration in Clay Samples at Hanvell Laboratory. INTRAVAL Workshop. Barcelona. 
April 1988. 

Bourke P.J.. C i l l i n ~  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 J.. Galarra G .  and Medina A,. Interpretation of Test Case la: Old 
Data. INTRAVAL Workshop. Helsinki. June 1989. 

Carrera J.. Samper J . Ga1ar:a G .  und Medino A .  Application of Experiment Design 
Methods to Test Case la. INTRAVAL.. INTRAVAL Workshop. Las Vegas. February 
1990. 

Hozsain S.. Preliminary Results on Test Case la. INTRAVAL Workshop. Tucson. 
November 1988. 

Olaque N .E . .  Davis P.A.  und Grihhle R.A..  odel ling Strategy. Data Anaiysis and Initial 
Simulations: INTRAVAL Test Case la. INTRAVAL Workshop. Helsinki. June 1989. 

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

Samper J ,  and Correro J.. Preliminary UPC Results on Test Case la. INTRAVAL 
Work:hop, Tucson, November 1988. 

Umeki H.. ldemitsu K. and Ikeda Y.. Preliminary Results on Test Case la. INTRAVAL 
Worlcshop. Helsinki. June 1989. 

Umeki H,. Neyomo A,. Furuichi K.  (CSDJ ond Ikedo Y .  (MAPI).  PNC Analysis of Test 
Case la, INTRAVAL Workshop. Las Vegas. February 1990. 

Wijland R. and Hossonizadeh S .M. .  ~ r e l ~ m i n a r ~  Results on Test Case la, INTRAVAL 
Workshop, Helsinki. June 1989. 

Wijlond R. and Hossani:odeh M.. Simulation of Nuclide Migration in Clay, including 
Matrix Diffusion. INTRAVAL Workshop. Las Vegas, February 1990. 
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TEST C.ASE l b  

,C.__~ Blr(hnflK.. Hadermunn J .  und Jaknh ;\.. INTRAVAL Test Case Ib. Cran~um Migration 

/ In Crystalline Bore Cores. INTRAVAL Workshop. Barcelona. .April 1988. 

Bischnff K . .  Hadermann J and JaXnh A .  INTRAVAL Test Case Ib. Uranium Migration 
in Crystalline Bore Cores - Small Scale Pressure Infiltration experiments. INTRAVAL 
Workshop. Tucson. November 1988. 

Carrera J .  and Samper J. .  ldentifiability Problems with Data on Test Case Ib. INTRAVAL 
Workshop. Barcelona. April 1988. 

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

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

Grindrod P . .  A Note on the Role of Nonlinear Sorption in INTRAVAL Case Ib. 
INTRAVAL Workshop. Las Vegas. February 1990. 

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

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

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

Haurojarvi A . .  Preliminary VTT Results on Test Case Ib. INTRAVAL Workshop, 
Tucson. November 1988. 

Hautojarri 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 Ib. 
INTRAVAL Workshop. Helsinki. June 1989. 

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

Jakob A.. Hadermann J.  and Zinxg A, .  PSI New Modelling Results, INTRAVAL 
Workshop. Tucson. November 1988. 

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

TEST CASE 2 

Aimo NJ. .  Banelle PNL Modelling Results, INTRAVAL Workshop, Tucson, November 
1988. 

Cole C R. and Aimo NJ.. Investigating a Parameter Estimation Approach to Design of 
Validat~on Expenments. INTRAVAL Workshop. Helsinki. June 1989. 
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Gureqhlan 6 Rdd~onucltde Mtgrarion In Stnele Vatural Fissure5 tn Cramte. INTRAVAL 
Workshop. Las Vegas. Febmar?. 1990 

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

/" "' . 
Nerernieks I . .  Prevtous Modelling of Test Case 2 Experiment. INTRAVAL Workshop. 
Barcelona. April 1988. 

Nerernieks I.. 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 Calcu1ati~- 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. 

ldemirsu K. and Umeki H . .  Calculation of 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. 

Kimuro H .  ond Yamashira R..  Preliminary JAERl Results 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. 

Dversrorp 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 Nordqvisr W.. Flow and Transport Simulations with a Discrete Fracture 
Network Model, INTRAVAL Workshop, Helsinki. June 1989. 

Hodgkinson 0.. Shmv W. and Barker J. .  Modelling by Flows in Continuous Dimension. 
INTRAVAL Workshop. Tucson. November 1988. 

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

Nerernieks I.. Presentation of Test Case 4: 3D Migration Experiment at Stripa. 
INTRAVAL Workshop, Barcelona, April 1988. 
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Tsurri: Y It '  u~rd Twnp C F.. Understanding Stripa .;-D Tracer Lligration D313. 

: jlNTRAL'AL Workshop. Helsinki. June 1989. 

?, 'TEST CASE 5 

4trderscon P . Expermental Results and Funher Plans. INTRAVAL Workshop. Tucson. 
November 1988. 

.?ndersson 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 Wnrrh D.. Do the Pulse Injection Experiments Exhibit Radially 
Convergent Fracture Flow?. INTRAVAL Workshop. L a  Vegas. February 1990. 

Gfr.sr~f~tj,(~li E.. .4ndersson P und Wikherp P.. Recent Achievements in t h ~  Performance 
and Evaluat~on of the Finnsjon Experiments. INTRAVAL Workshop. Las Vegas. 
February 1990. 

Haurojan.; A,. Dipole Results, INTRAVAL Workshop. Cologne. October 1990. 

HauroJar~~i A ,  und Tdi\8assalo V. .  Generalised Taylor Dispersion Analysis for Tracer 
Breakthrough in the Radially Converging Experiment of Finnsjon (test case 5 ) .  
INTRAVAL Workshop. Barcelona. April 1988. 

HauroJarvi A ,  und Tai~,assalo V.. Pre-Test Calculations of VTT-Team for Radially 
Converging Test. INTRAVAL Workshop. Tucson. November 1988. 

Haurojarvi A , .  Tairussulo C' ,  und C i m i  5.. Interpretation of Results of the Radially 
Converging Test. INTRAVAL Workshop. Helsinki. June 1989. 

H a u r o j a ~ ~ i  A .  Taivassalo V. imd Vuori 5.. Preliminary Predictive Modelling of the Dipole 
Experiment. INTRAVAL Workshop. Helsinki. June 1989. 

Haurojarvi A..  Taivassalo V. and Vuori S.. Interpretation of Test Case 5. Radially 
Converging Experiment. INTRAVAL Workshop. Las Vegas. February 1990. 

Kimrtra H. and Kotsura,qi T.. Predictive Modelling of the Dipole Experiment at the 
F i ~ s j o n  Research Area, INTRAVAL Workshop. Helsinki. June 1989. 

Kimura H.. Kasturaqi T .  and Yamashira R. .  Preliminary Resultsof the Radially 
Converging Tracer Experiment at the F i ~ s j o n  Research Area, INTRAVAL Workshop. 
Las Vegas, Febmaty 1990. 

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

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



\'el-ernrek I . .  Preliminary Predictions of Finnsjon Tracer Tests. INTRAVAL Workshop. 
Barcelona. .April 1988. 

.Vordquisr R . .  Numerical Predictions of a Dipole Tracer Test in a Fracture Zone in the Br 
ndan Area. Finnsjon. 1NTRAV.AL Workshop. Helsinki. June 1989. 

Winherq .4.. Geostatistical .Analysis of Hydraulic Conductivity Data at Finnsjon. 
INTRAVAL Workshop. Helsinki. June 1989. 

Yamashira R .  und Koha?ashi .A,. Preliminary Calculations Using Fracture Network , 'cr-.  
? ;$J Approach for Tracer Test in Fimsjon Site, INTRAVAL Workshop. Las Vegas. February , w" *.kA 
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TEST CASE 6 

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

Code11 R . .  Cole C .  and Vomvoris S.. Synthetic Migration Experiment - INTRAVAL 
Problem 6. INTRAVAL Workshop. Helsinki. June 1989. 

Codell R .  and Trrisch J . .  Calculation of Synthetic Experiment. INTRAVAL Workshop. 
Lac Vegas. February 1990. 

Kuhlmann L'. und Vomvoris S .  .Interpretation of INTRAVAL Test Case 6. Synthetic 
Experiment. INTRAVAL Workshop. Cologne. October 1990. 

I'omvoris S. .  On the Synthetic Experiment. INTRAVAL Workshop. Barcelona. April 
1988. 

TEST CASE 7a 

Nerernieks I . .  Presentation of Test Case 7a: Redox Front and Uranium Movement at P g o s  
de Caldas. INTRAVAL Workshop, Barcelona. April 1988. 

Nerernieks I . .  Presentation of  Test Case 7a: Redox Front Movement. INTRAVAL 
Workshop. Tucson. November 1988. 

Nerernreks I.. Redox Front Studies at P g o s  de Caldas. INTRAVAL Workshop. Las 
Vegas. February 1990. 

Romero L.. Moreno L. and Nerernieks I.. P q o s  de ~ a l d a s .  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 % 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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Ditei-deri P C ~ I I ~  Go1iu11 C . Presentat~on of Koongam and Draft Test Cilhe. INTRAVAL 
, Workshop. Barcelona. .Apni 1988. 

.- 
Duerden P . Presentation of Test Case 8. INTRAV4L Workshop. Tucson. November 
1988. 

Duerden P.. L'pdate of Recent Field Work. INTRAVAL Workshop, Helsinki. June 1989. 

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

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

Golian C.. A Quasi Two Dimension Open SytenOranspan 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. 

L e ~ w  D.. Koongarra Transpon Modelling. INTRAVAL Workshop, Barcelona. April 
1988. 

Nijhofl-Pan I.: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. 

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

TEST CASE 9 

Haurojnrri A . .  Preliminary Calcularions of Migration in the Fracture Channels. 
INTRAVAL Workshop. Helsinki. June 1989. 

Kauaanishi M . .  Preliminary Results on Test Case 9 by Using Dual-Porosity Simulation 
Code, INTRAVAL Workshop. Cologne, October 1990. 

Kohayashi A .  and Yamashira R. .  Preliminary Results on Test Case 9 by Using the Non- 
Uniform Velocity Distribution, INTRAVAL Workshop. 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 
Workshop, Tucson. November 1988. 

Rasilainen K.. Hautojan~i 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 Transpon 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 '-.. 

.4hahou R . .  High-resolution .Modeling ot' 3D Fiou Ficlds. INTRAVAL Work\hop. Las 
Vegas. February 1990. 

Bencahar J .  Srochastic 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 Data 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 Model 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 Cmces Trench Hydraulic 
Data. INTRAVAL Workshop. Helsinki. June 1989. 

Goodrich M..T and Grihble A.R.. Data Analysis and Modelling of the Las Cmces 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 Row and Tritium Transpon at the Las Cruces Trench. 
INTRAVAL Workshop. Las Vegas. February 1990. 

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

Nicholson 7.. Presentation of Test Case 10. INTRAVAL Workshop. Tucson. November 
1988. 

Nicholson T.. Introduction. Test Case 10. INTRAVAL Workshop, Helsinki. June 1989 

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

Smoor J.L., Banelle PNL Modelling Results. INTRAVAL Workshop, Tucson, November 
1988. 

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

Updeeraff D . .  I-D Analytical Solutions on Test Case 10. INTRAVAL ~ o r k s h o p .  
Tucson. November 1988. 

Wierenga P. .  Field and Laboratory Experimental Results with Emphasis on Transpon. 
INTRAVAL Workshop. Tucson. November 1988. 
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Wierrnco P . .  H i l l s  R ~iml Hiidson D . Flow and Transport Dara Analyses of the Las 
Cruces Trench Expenmenrs. INTRAVAL Workshop. Las Vegas. Februar). 1990. 

TEST CASE 11 

Bradbur? J . .  Evaporarion In Unsaturated Fractured Rock - an Alternarive Conceptual 
Model. INTRAVAL Workshop. Tucson. November 1988. 

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

Evans D. .  Field and Laboratory Experimental 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 Sully M.. Non Isothermal Core Experiments in Apache Leap 
Tuff. INTRAVAL Workshop. Las Vegas, February 1990. 

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

Evans 4.. Rasmussen T .  and Sully M.. Laboratory Fracture Row Expenments tn 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 

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

McCarrin 7.. Two-Phase Flow Simulations in a Tuff Drillcore. INTRAVAL Workshop, 
Helsinki. June 1989. 

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

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

Rasmussen 7 . .  Modelling of Field and Laboratory Experiments. INTRAVAL Workshop. 
Tucson. November 1988. 

Univers i~  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.. FIinr A.L. and Chornack M.P.. Model Validation with Respect to Short-Tern 
Dynamic Effects and Long-Term Transient Effects. INTRAVAL Workshop, Tucson. 
November 1988. 



TEST C.4SE 13 

,.\,.ens (;.. Preliminary Resilt\ on Tehi CJSC 13. INTRAVAL Workshop. Helbinki. June 
1989. 

..\,-ens C;. and Fein E . .  One-dimensional Brine Transport in Porous Media. INTRAVAL 
Workshop. Las Vegas, February 1990. 

Boorinski P . .  Jackson P . .  Porre!- J . . A  New Approach to thc J V M  Experiment. 
INTRAVAL Workshop. Cologne 1990. 

Hassani:adeh S.M.. Presentation of Experimental Results from Brine Experiment. 
INTRAVAL Workshop. Barcelona. April 1988. 

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

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

Hassaniradeh S . M . .  Latest Results on Simulation of Brine Transpon 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 Modelling the Salt Transport Experiments. 
INTRAVAL Workshop. Las Vegas. February 1990. 

TEST CASE 14 

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

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

Schelkes K . .  Saline Groundwar-r Movement in an Erosional Channel Crossing a Salt 
Dome - Working Program for '-st Case. INTRAVAL Workshop. Tucson. November 
1988. 
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The international INTRAVAL project s m e d  in 
October 1987 in Stnkholm as an international 
effon towards validation of geosphere models for 
nansport of radionuclides. The project was in- 
itiated by the Swedish Nuclear Inspectorate, 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 isgoverned 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 HMIPDoE, U.K. and the 
OECDNZ.4 laJe pan  Project organisatioo, the 
objectives of the study and rules for the publication 
of results are defned by an Agreement between the 
Parties. 

The INTRAVAL philosophy is to use resulu 
from laboratory and field expeiiments as weU as 
from natural analogue studies in a systematic study 
of the model validation process. It is also pan 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 transport in the 
context of performance assessment of repositories 
for radioactive waste. In the two previous studies. 
INTRACOlN (1981-1986) and HYDROCOLN 
(1984-1990). the numerical accuracy of computer 
codes. the validity of the underlying conceptual 
models and different techniques for sensitivitylun- 
certainty analysis have been tested. In INTRAVAL 
the focus is on the validity of model concepts. 

The INTRAVAL study was started in October 
1987. The fust thee years of the study, Phase I .  is 
in the process of being documented and f m s e d  
and a second three year period. Phase 2, was m- 
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- 
portance to radionuclide transport from a repos- 
itory to the biosphere. This is being done by sys- 
tematically 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. 
INTRAVALhas the ambition to cover bolh 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 experimental 
programmes performed within different national 
and iatemational projects. Several of the cases are 
based on international experimental programmes, 
such as the Smpa Project and the Alligator Rivers 
W o g u e  Project 

A Pilot Gmup has 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 lo 
simulate the experiments with model calculations. 

It is a pronounced policy of the INTRAVAL 
study to support interaction betweenmodel!ers and 
experimentalists in order to gain reassurance that 
the experimental data are properly understood and 
ihat the experiences of rhc modellers regarding the 
type of data needed from the experimentalists are 
accounted for. 

C o a t  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 INTFUVAL workshop and the second 
Phase 2 Coordinating Group meeting has been 
held in Seattle, Washington, U.S.A. During the 
workshop participants described initial work per- 
formed on the Phase 2 as well as modelling results 
achieved so far. TEis was' followed up by group 
discussions on further steps of the analyses and 
plamung of intermediate working group meetings. 
The progress of the INTRAVAL Phase 1 Final 
Repom and the Executive Summary K p r t  was 
discussed both in plenary meetmgs and within 
working groups set up for finalisation of the docu- 
mentation of Phase 1. 

INTRAVAL Phase 2 Objectives 
and Organisation 

The o v d  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 to the bio- 
sphere can be described by mathemarical models 
developed for this purpose and to study the model 
validation process. 

The organisation of INTRAVALPhase 2 is simi- 
lar to Phase 1. The study is *red by a Coordinat- 
ing Group with one member from each Party. The 
Swedish Nuclear Inspectorate [SKI) acts as 
Managing Participant l E e  Parties organise Projact 
Teams for tbc actual p e t  w o k  A Pilot G r o q  
bas been appointed f a  each test case in order to 
secure information kansfer from the exprimen- 



talists to the Project Secretariat and Project Teams. 
At sultable 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 Worlung Group will have one leader. possib- 
ly aided by another penon, and the intention is to 
meet at least once between each INTRAVALmeet- 
ing. The Working Groups (leaders) are responsible 
for writing a working group report which will form 
part of the fmal reporting of INTRAVAL Phase 2. 

Table I .  Tentative Working Groups for 
1iWRAVA.L Phase 2 .  

r'orking Test Cases Leader@) 
Group 

1 Las Cruces T. Nicholson 
Apache Leap 

3 Gorleben 
WIPP 1 

C.F. Tsang 

Mol 
4 Alligator Rivers P. Duaden 

Twin Lake 

The Sixth INTRAVAL 
Workshop and the Second 
Phase 2 Coordinating Group 
Meeting 
The sixth INTRAVAL Worksbop and the s - ~ d  
Phase 2 Coordinating Group Meeting were heid m 
Seattle. Washington, USA. on the 18th through 
22th of A@, 1991 with the U.S. D e p w e n t  of 
Energy acting as host. Incwnection to the meeting 
a tour was arranged to UK Hanford site near Rich- 
land. Washington . 

At the wakshop 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 s p n t  on the ftMliSa- 
tion of the Phase 1 repom. AU f m l  reports an now 
available in draft form and in most cases they were 
sent out to the participants prior to the workshop. 
An outline for the Executive Summary report Was 
presented and the content of the report was dis- 
cussed. 

The Coordinating Group meeting was held on 
the 24th of April. 1991. The Coordinating Group - 
decided not to include Pqos  de Caldas as an test 
case in INTRAVALPhase 2 since noRoject Teams 
have indicated their interest in modelling the ex- 
periment. Due to the deletion of the P ~ o s  de , 
Caldas experiment 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). 'Ihe 
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 fmal 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 worlshop) and May 1994 Final 
meeting). Prior to the next INTRAVAL workshop 
separate Working Groupmeetings are planned, see 
Table 2. 

Table 2 .  Planned Working Group meerings, 

Working Date Location 
Group 

1 June 27,1991 Washington 
2 Ofl.9-12, New Mexico 

1991 
3 Oct. 14-16, New Mexico 

1991 
4 June 12-15, 

1991 
Sydney 

S t 9-11. 
1% 

Chalk River 

INTRAVAL Phase 1 Reporting 
The achievements from the first chase of 
INTRAVAL will be documented in an Executive 
Summary Report and a series of Technical 
Reports. 'lbe Technical Reports will cover the 
descriptions. evaluatim andconclusioos from the 
modelling work performed for the different test 
cases. One of the technical repow will describe in 
detail the experiments on which the test cases are 
based The technical repons are Wmg prepared by - 
six Working Gmups. An editor for each test case 
hs been appointed aod the responsibiliry 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 repons 
were available to the participants pnor to the work- 
shop in Seattle. The draft versions were discussed 
during the workshop and the responsible editors 
will as a next step include given comments and 
prepare a new version. 

The technical repon 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 
(ValidationOverview and Integration Committee). 

The Summary Report and the Technical Repons 
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 wlsaturared 
porous media preformed at Las Cruces, New 
Mexico. 

The experimental site is locatedat the New Mexico 
State University College Ranch, 40 km mnheast 
of Las Cruces in New Mexico, USA. Wata and 
tracers are applied in a coml led  fashion to the 
surface of an experimental plot A trench 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 uench. Water and tracers were applied at con- 
trolled rates on these areas. 

In the fmt  experiment (Plot 1) water containing 
the c o m a t i v e  tracer tritium was applied at a n te  
of 1.76 cdday  on the area measuring 4x9 m. In 
the second experiment (Plot 23). water containing 
tritium and bromide was applied at a rate of 0.43 
cm/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 compotmds (pentafluaobmzoic acid and 
2,6-difluombenu,ic r i d )  w a e  applied at a rate of 

1.82 cmlday 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 regular 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 1 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 wiU be 
made available to the Roject Teams. 

Analyses by the Roject Teams 

The Project Team from PNUUSNRC has per- 
formed two dimensional simulations of the Plci 2b 
experiment with the integrated f ~ t e  difference 
code PORnO-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 moreof a lognormal 
distribution. The water content distribution from 
neutron probes and the tritium concentration from 
coresamples wereusedas initialconditions. A flux 
of 1.8 cdday and a nomalised hitium concenaa- 
tion of 1.0 was applied over an area companding 
to a strip source. Zero-flux boundaries were a p  
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 the simulations and the experiments. Fur- 
ther research will include Monte Carlo simuia- 
tions. 

The Roject Team from SIWUSNRC presented 
their work performed for INTRAVAL Phase 1 
together with their plans f a  Phase 2. They will 
identify a performance measure closely 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 CNWRAAJSNRC 
presented a preliminary study of the Plot 2aexpe1i- 
ment. They used a modifled version of the in- 
tegrated f ~ t e  diffarnce code PORFLO-3. The 
hydraulic properties of 180 soil sample locations 
were used, which means h t  each sample repre- 
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sents a subzone with individual propeRieS in the 
two-dimensional grid used to represent the trench 
wall. 11 is pWed 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 worlh of soil hydrauhc data, 
initial water content and solute sampler density. 
The Plot 2a expaiment will be used for calibration 
and the Plot 2b experiment will be pndrcted 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 q e  determined by the product of 
thenumber 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 bas lo6 degrees of free- 
dom. The numerics of a code can be tested by 
truncation error analysis, stability analysis, and 
mass balance analysis. Other intanal and com- 
parative tests are comparisons with analytical solu- 
tions, comparisons between coarse and fiw mesh 
predictions, and inter-code comparisons. 

Other topics to look at are uncertainties due to 
sparse sampling and incomplete knowledge of spa- 
tially disaibuted and nm-lineax propaties of un- 
saturated medium in siN. The degree of validation 
has to be quautified via a performance measure. 
Probabilistic decision making could be performed 
by compnrison of modeb differing only in the 
value of some adjusanent parameters. Anotkr test 
is to correlate a single model to observations and 
evaluate tbe prubabitity of aror and compare with 
actual pmiictim errors. Tests of consistency and 
numerical occturmce arc an integral pan of valida- 
tion. Howwet, only refutation and not validation 
is possible by logical infamce. 

APACHE LEAP TUFF 

Flow and transport experiments in unsaturated 
frocwedrockperformedarApachelaap Tuffsire. 
Arizona. U.SA 

Experimental Set-up a d  Scales 

The test case is based on field experiments per- 
formed at the Apache Leap Tuff Site in tuffaceow 
m k  near Superior, Arizona, USA. with the aim to 
predict water flow and solute transport througb 
unsaturated frdchued r a k  under field conditions. 
Amultistage experimental plan is used to estimate 
parameters related to hydrauii. pneumatic, ther- 
mal and solute transport in unsalurated 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 INTRAVALPhase 1. Fifteen bore- 
holes have been installed and w d  for the in situ 
site characterisation. The INTRAVAL Phase 2 
sNdy is focused on two related field experiments, 
one with and one without imposed temperature 
gradients. Data for the fmt experiment are avail- - 
able or underway and the field heating experiment 
wil l  begin at the end of 1991. The INTRAVAL 
participants are invited to perform predictive 
modelling. Water and gas injecdon recovery tests 
afe cwently underway to determine temporal and 
spatial responses as weU as o k  flow charac- 
wistics. 

Analysa by Roject Team 

The US NRC Project Tuun presented some 
modeIling results for the Large bloclr expirnent 
included also in INTRAVAL Phase 1. They had 
examinodtwodiffemt blocks (0.2x0.Z~U.5 m and 
0.2x02xU.7 m) containiag a natural fracture 
oriented vertically near the centre. 'lEe blocks were 
mounted on a suppafframe and enclosed within a 
chamber to p ~ v e n t  ev-. Water was then 
supplied at a constant head on the top and the water 
potential was measured with micmtensiometers. 
The rwo-dimauional finite elanmt code VAM2D 
waa used in the performed simulations. The aim 
wu to wt tbe fiaenrrr mhix flow concepa. Both 
the matm and the f m h s e  (0.1 cm wide) were 
mated aa equivalent paws mcdiL The effective 
p0msityoftkfncam~wtW97%.ndtheva 
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Gneuchten characteristic curve data were taken 
from the literature. The major conclusions were 
that the fracture acrs as a barrier and that the code 
overpredicts the wetting front movement. 

m e  Project Team from UAZ/US NRC pre- 
sented their research work concerning the use of 
pneumatic 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 indusay. 

Tracer experiments in a franured zone at rhe 
Finnsjiin 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 co-nverging 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 modelling 
since it became available too late. The modelling 
of the dipole experiment will therefore be the focus 
of Phase 2. 

Geological Stmctums 

?his test case is based oa a set of uacer tests in a 
fracture zone in crystalline rock at the FinnsjOn 
research area in Sweden The experiments an 
confined to a sub-horizontal fracture m e  at ap- 
pmximately 300 m depth. Th thichess of the 
zone is approximately 100 m aad its horizontal 
extent is in the order of kilomem. 

It appears that the zone contains three highly 
permcable sub-layers. 'Ihe traympivity of the 
uppcr layer is estimated to 10 m Is, the middle 

1 
-6 2 la er to 10" - 10 m Is and the lower layer to lo4 

m 1s. The middle layer is not continuous. A fresh 
water - salt water interface exists in the fracture 
zone relatively qlose to the uppa sub-layer. The 
salt content of the groundwater is higher below 
than above the zone. The n a n d  hydraulic head 
gradient is estimated to lJ3OO in the horizontal 
direction. 

Hydraulic Tests 

The fracnue zone and the surrounding rock is 
penemted by several core-drilled and some per- 
cussiondrilled boreholes. Packer tests for hydrau- 
lic conductivity (Lugeon tests) have been per- 
formed io al l  boreholes at 2 m and 20 m section 
intervals. In addition, a pan of one borehole has 
been investigated in 0.11 m intervals. A regional 
pumping test has been cooducled by pumping 
water fmm the full length of one borehole and 
observing the drawdown in 11 wells, totalling 40 
intervals. 

l h c e r  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 covaing the 
full width of the fracture zone and injecting 11 
different non-sorted tracers at 9 different intervals 
in tluee wells sumomding 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 anothex. Atotnl of 
20 ditrerent tracers were inaoduced at the uppcr 
layer of the injection well. The mcer discharge 
points at the discharge well wen estimated by 
sampling the aacm in different layers. Both the 
radiaUy convergent and the dipole test showed that 
tracers could move between the layers in the frac- 
ture wne. 

Analysis by the Roject Team 

The Roject Team from CEA/IPSN presented their 
plnns 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 parametm willbe interpretedfrom 
the interference test using an inverse model. There- 
after a global model will be set-up for all boreholes 
and the tracer teas wiU be simulated. 

The Roject Team f m  W / T V O  discussed 
their modelling results and also phenomena, gc+ 
metries and s o m e  lams in field expaiments in 
fractured rock The f m t  phenomena to be studied 
is the hydrodynamic dirpai because it is un- 
avoidably emmmtad in sny expaimCnL D i r -  
sion cannot be conaolkd juB by one urperiment 
as it is both time d length dependent A c W y  
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the dispersion as such is not of primary interest for 
. . nuclear waste repositoq performance assessment 

/ as the waterflow rates in the repository conditions 
; ,;\*- 

Ti',', - . means that mauix diffusion will disperse pulses 

.%,", I 
much more than the hydrodynamic dispersion. 

., , 
P p:, >'et To study the matrix diffusion the water flow 

s~ ,... 
%,.,,, .i .. " rates in the experiments should be as small as 

. . . .. practically possible. Retardation due to sorption 
should be studied not only in batch type experi- 
ments but also in nanspon experiments by injec- 
tion of both non-sorbing and sorbing tracers at 
identical conditions. It should be c o n f i e d  that 
the potential field used during the experiment is 
stable against small variations. The aaaspon paths 
should be studied one by one. as superposition of 
Ihe different curves is easier than to idenufy the 
contributions from different flow paths from a 
composite c w e .  The duration of injection of 
tracers shall be as shon as possible and the con- 
cenwtion should not be so high that the properties 
of the injected solution deviates too much from the 
properties of the_carrier flow. 
The Roject Team has modelled both the radial 

and the dipole experiments during Phase 1 using a 
concept of channelled flow in two dimensions and 
also tracer transport in two dimensions in channels 
with varying ape.rture with a linear velocity profile. 
The transport times were calculated from 
measured aansmissivities 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 ihc calcu- 
lated and measured breakthrough curves was ob- 
tained in both experiments. 

ConterraISKB presented some modelling work 
performed for Firmsjan related to their internal 
project SKB-91. They have perfomed stochastic 
continuum modelling of mass arrival at Finns* 
with both unconditional parametric and condition- 
al non-paramenic approaches. Avertical section of 
F i i j U s  1 hn long, has kenlooked at. Data were 
collected from five bonholes inZone 2.50realisa- 
tions were run to get the hydraulic conductivity 
field for each method It was difiicull to compare 
the two methods and the effects of conditioning 
c d d  be seen. The wn-parameuic co11dwivities 
were generally lower W the parametric. Both 
groundwatn simulations. m a ~ s  arrival and par- 
ticle tracking analyses were performed It was 
concluded that Zone 2 &as as a barrier for trans- 
pan. 

STRIPA - 
Flow and tracer experiments in crystalline rock 
bused on the Snipa 3 0  experimenrs, Sweden 

Experimental Set-up 

This test case is based on three dimensional tracer 
tests performed in the Svipa mine in Sweden. The 
experiment forms pan of the international Stripa 
Project. 

An experimenlal drift was excavated in the old 
iron-ore mine in Shipa. The ceiling and upper pan 
of the walls were covered with about 350 plastic 
sheets (2 m2 each) with the purpose IO collect water 
seeping in from the rock and to collect injected 
tracers. 'Ihree vertical boreholes for tracer injec- 
tions 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, mcer coocentrations 
in the water entering the drift, rock characteristics 
and fracture data. water chemistry, tracer injection 
pressure and flow rates, and hydrostatic pressure. 
D i i v i t y  and sorption data are available from 
complementary laboratory and field experiments. 
The experiment was a rest case also during 
IMaAVAL Phase 1. 

In addition to the 3D tracer experiments data 
from two othw experiments performed in the 
Stripa mine. the 'Channelling experiment' and the 
'Site Characterisation and Validation Program'. 
will be made available to the INTRAVAL Par- 
ticipants during Phase 2. The channelling experi- 
ment consists of two kinds of experiments. In the 
single hole experiments, holes with a diameter of 
29 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 in 5 cm 
intervals. The variation of the injection flow rates 
along the fracture were used todetermine the trans- 
missivity variatiom in the fracture plane. Detailed 
photographs were taken from inside the holes and 
the visual fracture aperture was compared with the 
injection flow ram. Five holes were measured in 
detail and seven holes were scanned by simple 
packer systems. Adouble hole experiment was also 
perform&, for which two patallel holes w a e  
drilled in the same fracture p h e  at nearly 2 m 
distance. Ressurr pulse tests  we^ made between 
the holes in both directions. Tracers were injecced -. 

at five locations in one hole andmonitored at many 
locations in che otber hok. The 'Site Charac- 



lensation and Validation Program' includes a num- 
ber of investigation steps to characterise m unex- - piored rock volume slarting with a few long bore- 
holes, and finally a new drift was excavated in the 
rock block. The new drift was instrumented with 
plastic sheets and other water collection devices. 

Analysis by the Project Teams 

The Roiect Team from BRGWANDR.4 is work- 
ing with the 3D tracer experiment. They use a 
classical approachand have fmtised the geomeai- 
cal model and are working with tbe flow model. 
Thereafter the transport model will be tackled. The 
geomefric model is based, i.a., on statistics of 
fractures and fissures. The model contains three 
main sea of fractures, one sub-horizontal and two 
sub-vertical. The fracnves are simulated as cir- 
cular discs in a three dimensional network. Very 
small fractures have been eliminated as their im- 
portance for flow and nanspon has been found to 
be of minor importaace. The elimination of small 
fractures has, however. an impact on the connec- 
tivity. The flow simulations are made with the code 
TRINJST. The flow model is smaller than the wt- 
work model in size. Simulations have k n  per- 
formed both with constant conductivities and log- 
normal distribution of the conductivities. 

The Roject Team from VlTEVO presented 
some results for this test case. They have used the 
same model as presented earlier for the F ' ~ j ~ n  
experiment, i.e. a generalised Taylor dispersion 
model. In this case they used two to four channels 
and the propentes of the channels were adopted 
from Chin-Fu Tsaog, LBL. who has used a dam- 
volution technique, in which l,mg and varying 
injection rates are taken into account when study- 
ing the transport properries of channels. The char- 
acteiStic width of the velocity profile in the chan- 
nels varied between 2 and 15 cm, which would 
indicate that hydraulic dispmion dominates over 
matrix diffusion for this experiment. Actually, the 
brcalrtbrough c w e s  could be explained entirely 
by hydrodynamic dispersion alone. Some prelimi- 
nary sensitivity studies have been initiated. 

WIPP 2 

Flow andrransponexperiments in heterogeneous 
fractured media performed at the Waste Isolanon 
Pilot Plant (WPP)  in Carlsbad. New Mexico. 
USA. 

Experimental set-up 

The WIPP, located near Carlsbad in southeastem 
New Mexico. USA, is an underground research 
and development facility. The WlPP is located in 
the Delaware Basin. of which the nonhem pan is 
filled with 8000 m of sedimentary Phanerozoic 
rocks containing evaporites. Warn bearing zones 
wichin the rocks that underlie, host, and overlie the 
WIPP repository have low permeabilities and 
storativities, are generally confined. and contain 
waters with high salinities and long residence 
times. The repository lies 655 m below ground 
surface within bedded evaporites, primarily halite. 
of the Permian Salado Formation. Overlying the 
Salado Formation is the Rustler Formation. The 
Culebra Dolomite Member of the Rustler Forma- 
tion is the most transmissive water-bearing d t  
found at the WWIPP site. It is an 8 m thick vuggy 
dolomite layer. 

Geologic, hydrologic, geochemical and isotope 
data have been obtained to resolve several issues 
concaning the hydrology of the Culebra dolomite. 
A c e n d  issue involves the travel time within the 
Culebra from a location above the repository to the 
WtPPsite boundary. 60 wells to the Culebra dolo- 
mite at 41 locations have bem completed to pro- 
vide information on the hydraulic propenies. Two 
pumping tests each of two months duration, and 
two convergent-flow aacer t e a  have been per- 
formed. Gecchcmical and isotope studies have 
been conducted in order to obtain additional in- 
sight into the hydrologic behaviour of the Culeha. 

Analyses by the Project Teams 

The Pilot Group has evaluated the experimental 
data. The uansmissivity in the Culebra varies in 

9 -3 2 the range from < 10- to > 10 m Is, due to frac- 
turing. The evaluatioa of facture properties and 
disnibucion is necessarily qualitative, =lying on 
incufueaces d r a m  from pumping tests, as the 
cores are too broken w allow sta&cical studies 
where tbe fraccurrs PIC located. The hydraulic 
tu ts .pafmedat  avuiety of scales,ranging from 



single-well drillstern tests to long-term pumping 
tests. have been interpreted 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 
lest drawdown response. Simulations of the wan- 
sient responses with a transient-calibrated trans- 
missivity fieldgave also rather good fit toobserved 
head values within the uncertainty of the measure- 
ments. The models used assumed homogeneity 
and one question is on what spatial scale, or over 
whatrange of hydraulic properties a homogemous 
mddel can provide representative properties. 

The convergent tracer tests have betn analysed 
using a me-dimensional radial-flow, double-poro- 
sity model. SWIFT II. Three onhogonal fracture 
sets were simulated and anisouophy were incor- 
porated by making flow rate a function of dim- 
tion. Dispersivity was approximated as 10% of the 
flow-path length, mamix porosity (0.16) and tor- 
ruosity were derived fromcore tests. The fracture 
spacings were set within the range 0.15-0.48 m 
and anisouopies ( K A Y )  between 3 and 7 were 
needed tomatch the breakthrough c w e s  (example 
in Figure 1 ). 

The Piot Group has also performed two-dimen- 
s i w  calculations of the flow field and the fastest 
navel 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 overlying Culebra. 'Ibe ~ s s i v i t y  dishibu- 
tion in the Culebra has a variance of 6-7 orders of 
magnitude. To get a good fit of the eansmissivity 
distribution, both real points and added data point 
were -44. The model used for conlamioant 
nans~ -1 is a double porosity model with v h b l e  
density flow. The maxia~um breakthrough for a 
consenwive ~nrrtarded solute is reached after 
about 10 000 years at a boundary 5 km away. 
The Roject Team from INTERA/NIREX has 

looked at how the uaosition from field data to a 
realistic full flow and tracer model simulation can 
be facilitated. What does the field data tell about 
spatial variability on* scales from the inter-well 
distances downwards? They have used the mea- 
sured transmissivities in order to address the in- 
vase problems for flow aod iranspon. The analy- 
sis uses a conceptual rcck-pperty model based 
on the statistical self-affdly of fractals. which 
yields realisations of measured fields, conditioned 
by the data pomts. The Projen Team us*, one by 

themselves developed code AFFINITY. n e  trans- 
missivities from 39 wells within the WIPP model - 
region were used lo obtain a variogram. The 
AFFJNITY code generated the realisation of the 
transmissivity field matching the suucture of ihe 
variogram, intelpolaung all 39 measurements. As 
a check 151 random samples from the realised 
field were used in order to gener: a ,ynrhetic 
variogram which compared well w~rh the original, 
see Figure 2. The pressure field and associated 
Darcy velocity field calculated from the realis 
transmissivity field indicates a highly channelled 
flow. Asimilar calculation including a single bore- 
hole pump lest shows Uat the flow is concentrated 
into a few discrete channels. A borehole injection 
test was also simulated by tracking particles 
lhrough the flow field after W i g  initially placed 
at a single location. 

The Roject Team fmm AEA/MREX presented 
their proposed approach to the test case as well as 
some prehmary results. The Culebra database is 
very large. This offers the opportunity to build 
models based on a subset of data and then to use 
lhese models to make predictions which can be 
tested against already h w n  dam The methods 
intended to be applied are primarily of geosfatisti- 
cal mure and the feeling is that this is the best 
scientific approach to problems of spatial variation - 
and umenainty. There art two basic types of geos- 
tatistical methods. In the fust type, statistical 
methods, such as kriging, art used to estimate 
hydrogeological parameters which are then fed 
into purely deterministic flow and haospon cal- 
culations. 

The second method, which is intended to be 
used by the team. is a stochastic approach. 'Ihe 
groundwater flow aad transport problems are 
treated as stochastic differential equations solved 
by simulations or Monte Carlomethods. In the fmt 
phase of the w c d  a very simple stochastic model 
will be used aud a set of Monte Carlo simulations 
willbe performed. TheTuining Bands method will 
be used to genaate a set of realisations of the 
transmissivity. which will have a multivariate log- 
normal distribution and an exponential variogram 
with the parameters obtained from the available 
experimental uansmissivity data. These uncondi- 
tional simulations will be conditioned on the 
h o w n  rransmissivities. Panicle paths and transit 
times will be calculated from the computed pres- 
sure or head fields. So far an expoimental vario- 
gram for the logarithm of the transmiuivity based - 
on some of the measurements has betn calculated. 
Attempts have aLso bem made to fit f w  different 



model variognms to the data. namely spherical, - exponential. gaussian and cubic. The best fits were 
achieved with spherical and exponential vano- 

: grams. and in these cases no nugget effects were 
required. The parameters calculated for the ex- 
ponential variogram were used in a conditional 
simulation of the uansmissivity field. Finally, par- 

'-. . ~ . ticle p a w  were calculated. The calculations will 
be developed and refmed and detailed compar- 
isons with the experimental data as well as with the 
results of other groups will be made in the fume. 

Tbe Project Team from V I T W O  have per- 
formed preliminary analyses of three uacer break- 
through curves from one of the mcer test (H-1 I). 
They used the same model as was used for both the 
F i j O n  and Saipa test cases. The breakthrough 

curves are very asymmetric and the fust part of the 
Iracers arrives very fast. The explanation to this 
could be that many channels could be involved and 
there might be a very large matrix 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 channel was included 
in the model but the injection prwedure resulted 
in a spreading of the mcer out in the surroundiug 
followed by a slow recovery and f d e x  Vansport 
in the channel. The model seems to reproduce the 
observed breakthrough curves rather well. see 
Figure 3. 

Observed Concentrations a t  H-1 1 b l  
Anisotropic Calibration 
Tracer rn-TFMB injected a t  H-11 b3 

- - 

TIME SINCE FIRST TRACER INJECTED (Days) 

Figure I .  Tracer concentration versus time. The figwe shows both observed values and the results of a 
simulation. (WIPP 2) 



Figure 2 .  (a)  Variogramfittedfrom nansmissiviry data of 39 wells. (b) Synthetic variogramfittedfrom - 
IS1 random samplesfromfinaf realisation. (WIPP 2 J 
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GORLEBEN WIPP 1 

Saline groundwater movements in the viciniry of 
rhe 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. Atl erosional 
channel the 'Gorleben Channel' more fhan 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 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 km2 around the salt 
dome. During these investigations four pumping 
tests were carried out  one in the fresh water and 
three in the saline water. One of the pumping tests, 
where the pumped well penetrates the entire 
deeper aquifer in the erosional channel. will form 
the bases for the fmt  part of this INTRAVAL test 
case. The pumping test was carried out with a 
pumping rate of 30 m3/h over a period of 3 weeks. 
The second pan of the test case is an extension in 
both time and length scales andcomprises regional 
groundwater flow modelling and salt dissolution 
as well as the interaction between the two. 

Andy& by the Roject Teium 

No presentations were given by the Project Teams 
during che INTRAVAL workshop, but conuibu- 
lions an expected fmm a number of team in the 
future. 

Brineflow through bedded evaporues at the Waste 
Isolarion Pilot Plant (WIPP) in Carlsbad, New 
Merico, 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 Salad0 
Formation. This test case is based on experiments 
performed with the aim to d e t e n n e  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 evapates, or whether a 
different model is more appropnate. The test case 
is also related to another imponant issue, the 
ability of waste-generated gas to flow from the 
repository into the f m t i o n .  

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

-small scale brine-idow 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 
rn 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 Roject Teams 

'Ihe Pilot Group has made interpretations of data. 
The model used to analyse the small-scale experi- 
ments is onedimensional, radial. Darcy flow as- 
suming a homogenous isotropic medium and a 
uniform initial pore pressure. The apparent dif- 
fusivities areon the order of 1 ~ ' ~ - 1 0 .  m2/s deter- 
mimd frrm the m e  of decay of the brine inflow 
rate. Thepermeabilily isdetermined from the mag- 
nimde of the brine inflow rate, and are on the ordn 

-7 2 of 10-~~-10 m h5if the brine viscosity is as- 
s d  to k 1.6.10 Pa.s d the pore pessure is 





dispersion equation was used to calculate the 
breakthrough of HTO in fdters 4 and 6. Three cases 
were studied. A base case using bench-scale vari- 
ables with convective dispersion, a diffusion only 
analysis with fined parameters, and a convective- 
dispersive case with fitted parameters. Three dif- 
ferent methods of comparisons &tween measured 
data and calculated data were used: eyeball, linear 
regression of measured vs calculated data and 
residual analysis (both eyeball and runs analysis). 
A founh method for comparisons, variognm 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 

in the residual runs analysis. The conclusions are 
that the performed analysis could not differentiate 
between the tested conceptual models and that the 
data base is too limited. 

Table 3. Summary ofcomparisons (MOLj. ! Test Dif; C I E ~ ~ I -  
case fusion dis rsion 

Eyeball 
reject 

Linear r e p s -  reject not not reject 
sion re is t  
Residual anal- reject 
ysis. eyeball 
Residual not reject reject 
analysis. runs reject 1 - 

. 
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ALLIGATOR RIVERS 

Natural analogue studies or the Koongarra sire in 
the AlligarorRiversarea oftheNorthern Terr~rory. 
A usrraha 

Experimental Set-up 

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

Uranium mineralisation occurs at Koongam in 
two distinct but related orebodies, which svike and 
dip broadly parallel to a fault. the Koongarra 
Reverse Fault. The main ore body (No 1). which 
is the subject of this snrdy, has a svike length of 
450 m and persists to 100 m depth. Primary 
mineralisation is largely confined to quartz- 
chlorite schists. Secondary uranium mineralisation 
is present from the surface down to the base of 
weathering at about 25 m depth and forms a 
tongue-lie body of ore dispersing downslope for 
about 80 m. The objective of the ARAP test case 
in IN~IUVAL is to develop a consistent p i c m  of 
the processes that have conmlled the uanspon in 
the weathered zone and the time scale wer which 
they have operated. 

An extensive experimental program .xluding 
both field and laboratory investigations have 
resulted in a large number of data characterking 
the site. Hydrogeologic data are from drawdown 
and recovery tests and water pressure test?. Geo- 
logic data are based on the mineralogic and ura- 
nium assay logs of 140 pacussion holes and 107 
drill cores. Groundwater chemical data has been 
accumulated from more than 70 boreholes. Dis- 
tribution of uranium, thorium and radium isotopes 
has beendetamined in the different mineralisation 
zones. 'Ih distribution of uranium and thorium 
between different mineral phases in the weathered 
zooe has also been studied. Labontory sorption 
experiments have been performed using samples 
from drill cores. Dishibutioncoeff~ciien have also 
been measured on natural panicles in Koongarra 
groundwater. 

The Project Team from CISRO/ANSTO hns per- 
formed both two- and the-dimensional modcll- 

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. 'Ihey simulated the flow in a cross-sec- 
lion oriented from northwest to soaheast which 
passes through the Koongarra orebody. 

The f i l e  element grid used was rectangular 
with a length of 26 km and deptb 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 regiop near 
the orebody may be relatively insensitive to the 
chichess 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 
Cahill schist being the other major discharge 
region. In addition to the two-dimensional modell- .A 

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 
f d t e  difference model, BIGFLO, was used for the 
local simulations. The studied region was 3x3 km 
and 1 km deep. Groundwater surface elevarions 
were defied at allnodes along the creek and along 
several other lines. In the top layer high flow rates 
were seen in the weathered zone and in the Koon- 
gam Fault. It was observed that the flow is from 
mrthwest to southeast at the right side of the 
domain and much more towards the sourb 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 kers in the 
s stem. The activity ratio of 2 3 4 ~  to 2 3 s ~  and k lo '%J in both amorphous (accessible) and 
crystalline (inaccessible) iron phases has been 
modelled and compared with experimental data. 
The model assumes one dimensional advection 
dispersion in porous medium and the rock stratuo~ 
is presented as a series of one dimensional boxes. 
The interaction between rock and water is 
modelled as two gaeral processes, leaching and 
deposition, i.e. the K,I cconcepl. 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 orcrystalliiationof fenihydrite 
co goethite (through ferric(II1) ions). The Kd- 
values and porosities used were experimentally 
determined and the water flow velocity was from 
hydrology findings. Phase m i t i o n  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 
weU as to the concenoation ratio between acces- 
sible and to inaccessible rock vs distance. and the 
total uranium concentration in the selected region. 
The very initial curves presented were found to be 
quite sensitive to all parameters. 

The Roject 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 siN alteration 
of pitchblende to uranyl silicates (sldodowskite. 
uranopham) and formation of uranyl phosphates 
(saleeite. torbemite) from mobilised Uranium in 
the dispersion fan. These latter processes have 
been simulated by making reaction path calcula- 
tions with the code EQ3/6 using data from the site 
on water chemishy and minerals. 

Regarding the formation of uranyl silicates, it 
was concluded that the model nsults are consistent 
with modem formation of the uranyl silicate zone 
from reaction of silica-rich water with uraninite, 
but present uranium levels in the water are general- 
ly too low to form uranyl silicates. Furthermore. 
the uranyl silicate minerals f m e d  in the calcula- 
tions are not the same as those formed at the site. 
'Ihis was concluded to be mainly a result of lack 
of data in the uranyl silicate data base. 

TWIN LAKE 

Tracer experiments at the Twin Luke aquifer, 
CUM&. 

Experimental set-up 

Aquifer testing ranging from large number of 
small scale field experiments to very large scale 
tracer migration tests have been performed in a 
sandy aquifer at one of AECL research facilities. 
the Chalk River Nuclear Laboratories. The l a b -  
ratoris are located 200 Lm northwest of Onawq 

Canada, in the Valley of Ottawa river. The water 
table in the sandy Twin Lake aqufer lies 6 to 20 
m below grade and the s a m t e d  tiuclmess of 
this unconfined aquifer ranges from 6 to 10 m. 

The large experimental programme includes 
natural gradient tracer (13'1 and HTO) experi- 
ments over distances 20.40 and 260 m. The total 
gtolmdwatn flow path length from the racer in- 
jection well to the groundwater discharge area is 
270 m and there are 170 monitoring installations 
in the aquifer around the downgradimt of the 
injection well. Each installation consists of piezo- 
meters with short screens located at 1 m depth 
increments through the zones of saruration and 
gamma scanning is performed through the full 
aquifer. 

The database conhibute hydrogeologic data 
(snatigmphic information, hydrauhc conductivity, 
pomsiry. groundwater flow velocity), tracer con- 
centrations etc. 

Analysis by the Project T e a m  

The Project Team from SNL/USNRC has made 
some initial analyses of the l k i n  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- 
men1 do not agree the reason can either be pmb- 
lems with the used model or problems with the 
experiments. It is therefore imponant to determine 
whether an experiment is adequate for model vali- 
dation before staning the modelling. The adequacy 
of the Twin Lake data are based on the consistency 
of flow and transport and the mass balance. Pan of 
the validation strategy developed consists of test- 
ing model suuctures and comparison of model 
results and experimental results. Three different 
techniques for comparisons were used. experimen- 
tally determined concernations versus modelled 
concentrations. concentration residual versus 
time. and variogram analysis of residuals. Statisti- 
cal tests, such as linear regression and residual 
analysis are needed to 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. Re-  
vious modelling by th Pilot Group with a w e  
dimensional advective-dispersive model, and the 
experimental breakthrough m e s  at a preselected 
position as performance measure, indicates a 
model SWuCMe mar witb al l  the different com- 
parism techniques. 
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The Roject Team from CEAOPSN presented 
their view on this test case. The main points of 
interest are that the dataset contaios a great number 
of measured points at different h e  and spacia 
scales. 11 their modelling work they will use the 
finite elemeat code METSIS. 
The Project Team from CEA/DEMT/ANDRA 

plans to perform stochastic modelling using the 
finite element integrauoncode TRIO. The problem 
at the time being is high Peclet numbers in the used 
mesh and lack of pameability data. 

Distribution of Background 
Information and Databases 

Background information and databases will be 
distributed to the INIRAVAL Participants eitber 
by the Secretariat or by the P i  Groups according 
to Table 4. The information is distributed only on 
request from the Project Teams. 

Table 4 .  Disniburion of Background 
information and dambases. 

r 1 Test case Distributor 

Las Cruces Pilot Group T. Nicholson. NRC') 
Trench 

Pilot Group T. Nicholson NRC') 
T. Rasmussca UU') 

WIPP 2 Pilot Group E Gocham. sNL" 

Gnkben Pilot Group K Scheks. BGR') 

Alligator Pilot Group P. Dverdea ANSTO': 
/Rivers 

Other Information 
S. Hassain, IAEA, presented an ongotng Inter- 

nationalProject (NSARS) w h  theapplicationof 
gwspheric mcdels in an integrated safety assess- 
ment of near-surface radioactive waste disposal 
focilitiu are studied 17 organisations h m  17 
di81crmt co&w pamcipate in the project. Thc 
objectiw of the project arc to: 

-improve confidence in the results of safety as- 
sessments through model intucomparison and 
validation - k l p  in establishing international consensus on 
the approaches to safety assessment 

-facilitate exchange of information. its docu- 
mentation and wider dissemination. 
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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 Pollution (H.MlP/DoE). U.K. and the 
Organisation for Economic Cooperation and Devel- 
opmenr/Nuclear Energy Agency (OECD/NEA). 
KEMAKTA Consultants Co. is contracted by SKI 
to act as Rincipal Investigator within the Roject 
Secretariat. 

The Parties organise Project Teams for the ac- 
tual project work. Each Parly covers the costs for 

its participation in the study and is responsible for 
h e  funding of its Project Team or Teams, includ- 
ing computer cost, mvelling expenses. etc. 

A Pilot Group has been appointed for each Test 
Case in order to secure the necessary information 
naasfer from the experimental work to the Project 
Secretariat and the Roject 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 aod achieved 
results are discussed as a preparation for decisions 
in the Coordinating Group. 
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Figure 5 .  INTRAVAL Organisational Chart. 

Managing Participaot: SKI 

Coordinating Group 
Chairman: K. Andersson, SKI 
Vice Chairman: T. Nicholson. U.S. NRC 
Secretary: J. Andersson, SKI 

Principal Investigator: KEMAKTA Consultants Co. 

Project Secretariat: K. Andersson. SKI 
J. Andersson. SKI 
M. Ericsson, KEMAKTA 
B. Grundfelt. KEMAKTA 
P. Jackson, AEA Technology 
A. Larsson. KEMAKTA 
K. Pers. KEMAKTA 
K. Skagius, KEMAKTA 
C. Thegnsmi3m. OECD/NEA 



Party and Coordinating Grwp Memher Project Team(s) and Team Leader(s) 

Agence Nationale pour le (ANDR.4) Commissariat ?A I'Energie Atomi- 
Gestion des D6chets Radioactifs, gUe 

UDurin France 
L. Dewiere 

Atomic Energy ( 
Canada 
T. Chan 

Bureau de Recherches Gwlogi- 
ques et Minikres 
J.P. Sauty 

,f Canada Ltd., (AECL) Atomic Energy of Canada Ltd. 
T. Chan (AECL-WP) 
G. Moltyaner (AECL-CRL) 

Atomic Energy Copnol Board, (AECB) Atomic Energy Control Board, 
Canada D. Metcalfe 
D. Metcaife 

Ausualian Nuclear Science and (ANSTO) Australian Nuclem Science and 
Technology Organisation, Australia Technology Organisation 
P. Duerden C. Golian 

Bundesanstalt fiir Geowissen- (BGRDfS) Bundesanstalt fltr Geowissen- 
schaften und Rohstoffe/ Bun- schaften und Rohstoffe 
desamt fih Scrahlenschutz, Federal K. Schekes 
Republic of Germany 
K. Schelkes (H. Uli) Buadesamt fih Smrhlenschutz 

Commissariat ?A 1'Encrgie Atomi- (CEAAPSN) Ecole Nationale Superieure des 
que/Institut de Protection et de Miaes de Paris 
SLtrete Nucl6aire. France P. Goblet 
J. Gomit 

Empresa Nacional de Residuos (ENRESA) Univenidad PolWnica de Valen- (vPv) 
Radioactivos, S.A., S p i n  cia 
J.C. Mayor J. Gomez-Hernandez 

A. Sahuquillo 

Gesellschaft fih Reaktonicherheit (GRS) Gesellschaft fiir Reaktonicherheit (GRS) 
mbH, Federal Republic of Ger- mbH 
many P. Bogorinski 
P. Bogorinski 

F~~~~hungszen l rum Alr Urnwelt (GSF) Forschungszenmun ~UI Umwelt (GSF) 
uod Gesundheit, Federal Republic und Gesundheit 
of Germaav E. kin 
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Party and Coordinating Group Member Project Team(s) and Team Leader(s) ~ 

I 
Her Majesty's Inspectorate of Pol- 
lution. United Kingdom 
K. Butter 

Industrial Power Company Ltd., 
F i d  
J. vim 

hpan Atomic Energy Research In- 
stitute. Japan 
H. Matuzuru 

Nalionale Genossenschaft fiir die 
Lagerung Radioaktiver AbMlle, 
Switzerland 
P. Zuidema 

Naciorral IostituDc of Public Health 
andm ' tal Protstim, The 
Netherlands 
P. Glasbergen 

National Radiological Protection 
Board, United Kiagdom 
S. Mobbs 

Powa Reactor and Nuclear Fuel 
Development Corporation, Japan 
H. Umeki 

Snrdiecmmrm voor Kemenergie, 
Belgium 
M Put 

Swedish Nuclear E'WI and Waste 
Management Co., Sweden 
F. Karlsson 

Swedish Nuclear Power Lospec- 
torate. Sweden 
K Andasson (-) 

Atkios Engineering Sciences 
T. Broyd 

Technical Research Cenue of Fin- (vrr) 
land 
S. vuori 

Japan Atomic Energy Research In- (JAERI)/ 
stit: !e 
H. l i i u r a  

Central Research Institute for the 
Electric Power lnduspy 
M. Kawanishi 

Hazarna-guni 
A. Kobayashi 

Paul Scberrer Institute 
J. Hadermann 

N a W  Iastitute of Public Health 
and Envircmmental Rotecdon 
P. Glasbergen 

State University of Utrecht 
M Iiassanizadeh 

National Radiological Protection 
Board 
S. Mobt 

Power Reactor and Nuclear Fuel 
Development Corporatian. 
H. Umeki 

Studiecenrmm voor Kemenergie. 
M Put 

'Ibe Royal Institute of Technology (SKB/KTH 
I. Neretnieks 

J. Andasson (Secretary) I 



INTRAVAL 
Progress Rcporr No. 7 
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U.K. Nirex Ltd.. United Kingdom (NIRM) AEA Technology 
D. George P. Jackson 

Intera-Sciences Consultants Lld 
D. H o d g b o n  

U.S. Department of Energy- (US W E )  Pacific Northwest Laboratories 
OCRWM. United States of C. Kincaid 
America 
C. Voss U.S. Geological Survey 

A. Flint 

US. Department of Energy,-WIPP. (US DOE) Sandia National Laboratories 
United States of America E. Gorham 
J. Can 

U.S. Environmental Protection (US EPA) US. Environmental Protection 
Agency, United States of America Agency 
W. Gunter C. H u q  

US. Nuclear Regulatory Commis- (US NRC) US. Nuclear Regulatory Commis- 
sion. United States of America sion 
T. Nicholson T. McCanin 

Center for Nuclar Waste 
Regulatory Analyses 
B. Sagar 

Massachusetts Institute of Tcchnol- 
00' 
L. Gelbar 

Pacific Northwest Laboratories 
G. Gee 

Sandia National Laboratories 
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P. Wierenga (UAZ-SWS) 

Organisation for Economic (-) 
Cooperation and Dcvelop- 
ment~Nuclear Energy Agmcy 
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C. ThcgersrrOm 
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Appendix 2 

Intraval Phase 2 Test Cases 

LAS CRUCES TRENCH 

Flow and transport erperimenrs in wsanuared 
porous media performed at Lm 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 Cmces. 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 calibrated during 
Phase 1 wiU be used to predict water flow and 
solute transport. 

Experimental Design 

A wench 16.5 m long. 4.8 m wide and 6.0 m deep 
was dug in undistwbed soil. Two irrigated areas 
measuring 4x 9 m and 1x12 m respectively are 
adjacent to the much (Figure 6). In the first experi- 
ment (Plot 1) water containing tritium has been 
applied at a conuoUed rate of 1.8 cdday on the 
area sized 4x 9 m. Ihe  movement of water below 
the soil surface was monitored withnewon probes 
and tensiometers. Soil solutionsamples 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 conrainiog 
aitium and bromide was applied at a rate of 0.43 
cdday on the area sized 1x12 m. These two 
expaimen@ were used during W V A L  Phase 1. 
In the third experiment plot  2b) tritium, bmmide, 
boron, chromium and the organic compounds pen- 
tafluorobenzoic acid (PFBA) and 2,6d'iuoroben- 
zoic acid (DFBA) will be added with the water on 
the area sized 1x12 m. 

A,.. 

. . . .  

Figure 6.Top view of the trench with irrigated areas. 
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Available data 

-water retention data 
-density profiles . . 
- panicle-size analysis data 
-saturated hydraulic conductivities \laboratory 

and in situ) 
-water content 
-tensiometer data 
-solute concentration 

APACHE LEAP 

Flow and nanspon experiments'in wtsarurated 
fractured rockperjonnedatApache Leap Tuffsite. 
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 undergroundmine. 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 
include hydraulic, pneumatic. thermal, and solute 
mansport compments which will be '. q a t e d  
using experimmts over several length aod 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 d o n s  were spent modelling the 
laboratory core aod block experiments. The ul- 
timate objectives of this case in Phase 2 will be to 
water flow and solute trdosport both with and 
without imposed teOqWlaNIe graaient under field 
conditions. In addition. laboratory core heater 
measuranents are performed estimate importaat 
parameters. 

Field experiments 
-. 

The experimental site with an undisturbed thermal 
regime has been under study for three years. Fif- 
teen boreholes were installed (twelve inched and 
three horizontal) and used for the in situ site char- 
acterisation, while the obtained cores are used for 
logging the f rac tm and characterizing the rock 
matrix. A plastic cover was placed over the rock 
surface (30x 50 m) to prevent evaporation as well 
as precipitation fmm iofiitrating into the rock. 
These experiments included testing for tempera- 
ture, water concrnet and satwated hydraulic con- 
duc tivities. 

Water and gas injection-recovery tests are cur- 
rently underway to determine temporal and spatial 
responsesas wellas 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 a heat source in un- 
saturated fractwd tuff. The experimental plane 
for this experiment will consider preliminary ex- 
periment conducted in a mad NtInel for which 
some data sets are available. 'Ihe experiments will 
begin end of 1991. -. 

Available data 

Laboratory core rneasuremenrs: 

-rock mah-ix physical and hydraulic properties 
(porosity, bulk density, moisture characteristic 
curves) 

- -?eumaticand thermalconductivitiesas afunc- 
,on of water content. 

Laboratory block experiments: 

-rock matrix physical and hydraulic propenies 
(pomsity, bulk density, moisture characteristic 
curves) 

-unsaturated hydraulic conductivity of rock 
matrix 

-solute concentrations 
-fracture properties 
- etc. 
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Field imbibirionlredisriburion experiment: 

-water injection volumes in four boreholes 
-rock maaix and fracture hydraulic properties 

(at 3 m intervals) 

Laboratory core hearing experimenr: 

-physical, hydraulic. pneumatic and thermal 
properties of the rock mauix 

-solute concentration 
-temperatures F:; .: , 

Tracer experimenrs in a fracnved zone at the 
Finnsjon research area. Sweden. 

Overview 

The Finnsj6n 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). Theexperiments have been performed 
in a major low angle fracture zone, Zone 2. located 
in the Bmdan area (I  km2), a sub-area within the 
F i i j 6 n  research area. The F i j t i n  tracer expai- 
ments are pan of the Fracture Zone Roject. in- 
itiated and supported by the Swedish Nuclear Fuel 
and Waste Management Company (SILB). 

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. Ihe interference 
test and ibt radially converging test were used for 
m o d e l l i  during INTRAVAL Phase I. During 
INTRAVALPhase 2 the modelling of this test case 
will continue to include also the dipole experiment. 

Experimental Design - 
Zone 2 is peneuated at depth ranging between 
100-350 m by six diamondcore drilled boreholes 
and three precussion drilled boreholes (Figure 8). 

Two tracer experiments were carried out. one in 
a radially converging flow geometry and one in a 
dipole flow geometry. In the radially converging 
experiment Uacer injections were made in three 
peripheral boreholes situated in different direc- 
tions from a withdrawal hole. The distance fmm 
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 lower bound- 
ary, and one at the most highly conductive part 
inbetween. Nousorbing tracers were injected in 9 
different intervals of the zone. Totally 11 different 
Racers were injected. 8 of them continuously for. 
5-7 weeks and three as pulses. Fi t  amvais in the 
withdrawal hole m g e d  from 22 to 3500 horn. 

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 pan of Zone 2 was used for 
kaCer injection in this experiment. Totally 15 in- 
jections of tracea were made during 7 weeks. 
Pulse injection of both sorbing and nonsorbiig 
uacers were made. The water pumped from the 
withdrawal hole was recirculated to the injection 
hole. 

Rior to the scan of the radially converging test 
a series of hydraulic interference tests was per- 
formed in order to determine the hydraulic pmpet- 
ties of Zone 2. Ressure responses were registered 
in picked-off sections in all bore holes in the 
B~danareaduringpumpingof the hole laterused 
as withdrawal hole in the tracer experiments. In 
conjunction with the interference test a prelimi- 
nary tracer test was performed in order to optimise 
the design and performance of the planned radially 
converging tracer experiment. 
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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 aperirnent: 

-tracer breakthrough curves 
-tracer injection information 
-groundwater levels 
-relative hydraulic head differences 
-temperature and elecuical conductivity of 

pumped water 

Dipole experiment: 

-tracer breakthrough c w e s .  
- 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 Bidndan area as well as from 
borehole investigations. Hydraulic data are avaii- 
able from hydraulic testings. Data on porosities 
and diiusivities have been determined in the labo- 
ratory. 

Flow and tracer erperiments in crystalline rock 
based on the S t r i p  3 0  experiment. Sweden. 

Introduction 

'Ihis test case is based on the t h n t  dimensional 
tracer test performed in the Stripaminc in Sweden. 
This experiment was also pan of INTRAVAL 
Phase 1. In addition to the 3D experiment. data 
from two 0 t h  experimental programmes per- 

formed in the Suipa mine, the 'Site character- 
isation ac.' Validation Programme' and the 
'Chamell;.; Experiments' are or will be made 6 

available during INTRAVAL Phase 2. The experi- 
ments were performed withm the OECD/NEA 
Internetional 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 Ro- 
gramme' includes a 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 insnumented with plastic sheeu and 
other water collection devices. 

The 'Channelling Experiments' comprise &or- 
mation about channelling in individual nanuai 
iracrures 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 drift is 75 m long and 
has two side arms wirh a length of 125  m each. 
Three vertical holes for injection of hacers have 
been drilled upwards with lengths of70 m mgrat 9). 
The ceiling and large pans of the walls in the 

drift were covered with h t i c  sheets, each sbatt S withan 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 mZ. The spatial disaibution of 
water flow path ways could thus be obtained. 

Injection of cwservative aacers were carried 
out fmm a total number of nine separate sections 
w~th increased permeability within the b e e  veni- 
cal holes, each zow about 2 5  m in length. The 
injection m e s  were located bewem 10 and 55 m 
above the test site. The nacers were injected con- 
tinuously for nearly two years. The injections were 
carried out with a 'constant' over-pressure. ap- 
proximately l&l5 % above the natural pressure. 
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Figure 9. Loyout of experimental 3 0  drifi at Srripa and sampling arrangement, 

The concenuations of the injected tracers were 
between 1000 and 2000 ppm, and the different 
flow rates varied from 1 to 20 mVh. The following 
uacers were injected: Uranine, Eosin Blueish, 
Eosin Yellowish, Phloxine B, Rose Bengal, Elbe- 
nyl Brilliant Ravine. Duasyn Acid Green, Bro- 
mide and Iodide. 

The nalural 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 betweek 
Measurable amounts of water emerged into 113 of 
the 350 sampling areas. Out of these 'wet' sam- 
pliig areas 10 % gave more than 50 % of the total 
water inflow. 

Afta 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 uacer breakthrough 
curves have be& 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 (SCVJ 

'The original aim of the project is to predict ground- 
water flow and mcer r m p o r t  in a previously 
unexplored volume of the Saipa m t e .  The rock 
volume selected for detailed characterisation is 
about 125x125~ 50m and is located at 360 to410 
m below ground. The investigations of the rock 
volume have been performed in anumber of steps, 
including modelling predictions between the dif- 
ferent experimental steps. In the first investigation 
five 150-220 m long bokholes and one 50 m long 
were drilled. These holes were used tocharacterise 
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 
already 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. 
?hse holes were Plso used for a tracer (At )  
experiment. F i y  a new drift, 50 m long and 
2.4-2.9 m ia diameta, was excavated. The new 
drift wasequipped withplastic sheets(1-2m2)and 
' h e r  water collection devices. The drift cut 
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kough  one major fracture zone. 5-10 m wide, 
which gave more than 99% of the total water 
inflow. Tracer experiments were per med in this 
fracture tone from 7 spots located in i,ur boreholes 
1&25 m away from the drift (Figure 10). For this 
purpose two new boreholes had to be drilled. In 
each spot two nonsorbing uacers were injected. 
The tracers were sampled in the plastic sheets and 
in the other water collecting devices covering the 
lower pans of the walls and the floor of the drift. 

Secnons used for 
tracer qections. 

o Sections used tor 
tracer monltonng. 

3 ,  

Channelling experiment - 
The channelling experiments consists of three dif- 
ferent types of test: the 'single hole experiment'. 
'the double hole experiment'. a d  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 frwhlre 
plane to a depth of about 2.5 m. A multi-pede 
packer (see Figure 11) was used to inject water all 
along the fracture plane. The injection flow rates 
w m  monitored separately for the left and right 
side of the hole over 80 shon sections. The fracture 
intenectim were scnuinised to obtain data on 
fracture propelties 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 
usedin5 boreholes, whereas, in total 12 holes were 
drilled. 

The double hole experiment was performed in 
a fracture where the single hole test has shown b t  
chanqels 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 rests more c o m e  tests were per- 
formed. In the detailed pressure pulse tests water - 
was injected in one of the holes at a section of SOX 
SO mm and monitored in the other hole in twenty 
sectibns along the fracture intersection. This ex- 
periment was repeated with the injection sections 
at different positions. The test was than revened. 

Figure 10. Layow of tracer experiment (SCVJ. 

Figure 11. Design of the Mulriped packer (Channelling Experiment). 
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i.e. injection from the second hole and monitoring 
in the fust hole. 
h the tracer test five nonsorbing 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 

.. : i double hole experiment). To obtain a linear flow 
i- .. .; ,*. ' . . 

:, .; I for the mcers, water was injected with the same 

' ~ ,<:a 7 pressure as used for the mcers from the remaining 
'. ;, * ,.. 

, I#  
15 sections. ?he tracers. Uranin, Eosin yellowish. 
Ebenyl brilliant flavin. h s y n  acid green V and 
Phloxine B were injected conahuously d u d g  
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 Characterisanon and Validanon (SCVJ 

-core logging and fracture mapping in drifts 
-geophysical single hole logging 
-rock stress measurements 
- borehole radar - borehole seismics 
-hydraulic investigations 
- hydrochemisty 
-warn flow fates 
-tracer breakthrough curves 

Channelling Experiment 

-number of fractuns 
-number of intersections 
-information about inf11ling 
-fracture lengths 
- opning area of fractures 
-pressure response - aacer breakthrough 
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WIPP 2 

Flow and rranspom experiments in heterogeneous 
fractured media performed at the Waste Isolarion 
Pilot Plant (WIPPI 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 Carlsbad. New Mexico. U.S.A., is an 
underground research and development repository 
lying 655 m below ground surface within bedded 
evaprites, primarily halite, of the Salad0 Forma- 
tion. Overlying the SaladoFormation 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 test 
case. A central issue is the navel time within the 
Culebn from a location above the repository to the 
WIPP site boundary. 

Description of the Experiments 

Extensive investigations of the Culebra Dolomite 
have laken 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 tnnsient electromagnetic survey is planned for 
1991-92, in order to better delineate a hypoth- 
esised fractured region, a high vansmissivity zone 
in the southeast comer of the site. 

Sixty wells have been completed to the Culebra 
dolomite at 41 locations to provide information on 
the hydraul'ic properties (Figure 13). Large varia- 
tionin transmissivity related tofracruring has been 
identified. 

Well test data from three wells in the south- 
eastern pan of the site (DOE-I. 14-3. H-11) indi- 
cate the presence of a zone of relatively high 
uansmissivity within an arul of otherwise low 
uansmissivity. 

Two pumping tests, each of two months' dura- 
tion, and two convergent-flow mcer tests have 
been performed in the vicinity of the above 
described high tnnsmiuivity zone. Ooe pumping 
test and one aaca test were @ormod n e a  t!x 
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center of the WIPP site near what is believed to be 
the nonhwestem edge of the high lransmissivity 
zone. The other pumping test and uacer 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 behavior of theculebra. 
In general these data have been used to dem- 
onstrate b a t  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. 

Figure 12. WIPP area marigraphic colwnn 

Objectives of the Test Case 

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

mine if the hydrologic data suppon the derived 
transmissivity distribution andlor the model A 

boundary conditions. Related to this objective 
could be an evaluation of the uniqueness of the 
derived transmissivity distribution. A third related 
objective could be to determine the uncertainty in 
the lransmissivity distribution. 

An additional imponant objective could be to 
determine the resolution in ummissivity needed 
for long time (10 000 years) predictions of radio- 
nuclide mvel time. Related to this objective could 
be an evaluation of the uncertainty in predictions 
of radionuclide travel lime. Other obiectives could 
be to detemine if the paleoflow dire&ons inferred 
from the geochemicaViotopic datacouldbe repro- 
duced usLg the current u&rnissivity dismbution 
and boundary conditions altered to simulate in- 
creased rainfall; to determine if halite gypsum 
dissolution wiU take place in the next 10 MM years 
in the Culebra, resuiting in an alteration in the 
trmmissivity distribution: to determine if the 
hydrologic evidence is sufficient to rule out a 
si@tcant effect on aanspon of Lars1 feanua. 

Available data 

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

- UTM coordinates and surveyed elevations for 
all wells 

-con logs and/or geophysical logs from all well 
locations 

-geochemical and isotope data (major ion con- 
centratiofls, dauity, etc.) from all well loca- 
tions 

-raw am ~tuprcted hydraulic-test data £ram a l l  
well l a  rtioru 

-raw am interpreted tracer-test data 
-core porosity and permeability data from 

tracer-test and other locations - water-level data (hydrograpbs) from time of 
well conswction to present for all wells 

-estimated steady-state hydraulic beads at all 
well locations 

-cabrated steady-state regiooal groundwater- 
flow model 

-calibrated transient regional groundwater-flow 
model 
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Legend 

i 
0 2 4  6 8 km . WIPP-S~te Observat~on Wells - - - 

SCALE (-4 9) Log,,, Transm~sstvtty rn2, s 

Figwe 13. Culebra Wells andmeasured uansmmrsdvity near the WIPP Sire. 
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GORLEBEN 

Saline ~roundwarer movements in rhe vicinity of 
rhe Gorleben salr dome. Germany. 

Overview 

The Gorleben salt dome is located in the nonh- 
eastern panof 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 I0 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 (a 
residue of the dissolution process of salt in ground- 
water) and in some places down to the salt. In the 
channel. fairly rhick 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 pan of the aqulfer system is underlain by 
saline groundwater. The groundwater movements 
in the eros iod 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. 

Figwe 14. Hydrogeologicol cross section ofthe Gorlebm salt dome. 
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Experimental design 

Hydrogeological investigations have been con- 
ducted in an area of about 300 km2 around the salt 
dome. During lhese investigations four pumping 
tests were canied out: one in fresh water and three 
in saline water. Information obtained during these 
tests were information on boundaries. the hydro- 
geological structure, comections between differ- 
ent aquifers. hydraulic parameters (permeaMities, 
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 pumpin test was carried out with a 5 pumping rate of 30 m /hover a period of 3 weeks. 
m e  density of the water ranges from 1010 to 1200 
kg/m3, This pump test will form the bases for the 
fmt pan of this INTRAVAL test case. The second 
part is to model the regional groundwater flow, the 
salt dissolution and their interaction. 

Availabledata 

The data available from the selected pumping 
test: 

- borehole locations (maps) 
- hydrogeological data (groundwater levels etc.) 
-pumping test data (hydrographs, salinometer 

logs, pumping rates, electric conductivities, 
temperatures, densities, etc.) 

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

WIPP 1 

Brine flow through beddedevaporites ar the Wasre 
Isolmion Pilor Plant (WIPP) in Carlsbad. New 
Mexico. USA. 

Overview 

This test case is based w one experiments per- 
formed with the aim to detamiae the rate of brine 
flow through WlPP 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 

within bedded evapontes, primady halite, of the 
Permian Salado Formation. Three geologic forma- 
tions are important to the expected performance of 
the WIPP: the Salado formation. in which lhe 
repository is located; the Rustler formation. which 
contains 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 evaporiles, or 
whether adifferentmodel 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 experiment). The boreholes are orien- 
tated vatically 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-inflow measurements in the 
10cm 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 andpenneabiliry testing 

Porr-pnssurc measurrmems are made in bore- 
holes with a diameter of 10 cm and of 2 to 27 m 
lenglh, drilled at a variety of orientations. P m -  
pressure are murrurrd in brine filled. packer iso- 
lated intwals in the boreholes. F a c m  ocher than 
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the formation pore-pressure that could conuibute 
to pressures observed in a borehole. e.g. tempera- 
ture changes and borehole closure, are monitored. 
The boreholes are also used for permeability ex- 
 rimen nu. botb pressure-pulse tests and constant- 
pressure flow tests. During (he pressure-pulse 
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 lo the pressure in the far field. 
The gas volumes are measured and the composi- 
tions are analysed. 

Inregrared, large-scale experiments 

A horizontal cy Jrical room, with a diameter of 
2.9 m and a lengrn 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 humidity wittun the 
room is now being measured, as will the brine 
tnflow in the room when it appears. Salt efflores- 
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 
permeabil'ity experiments were performed before 
and after the mining in a number of boreholes 
placed around tbe mom. A series of boreholes, 4 
and 10 cm in diameter, will be drilled in various 
directions horn the room. These boreholes will 
also be instmatented to allow permeability experi- 
ments. pore-pressure measurementsaid measure- 
ments of borehole deformation and brine inflow. 
Brine inflow. humidity and room closure will con- 
tinue to be measured past January 1992. 

Figwe 15. S c h d c  view ofthe W P P  sirr. 
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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 deformation 
- pore-pressure 
-data from permeability-tests 

MOL 

-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 are or have been 
performed within the pilot plant. 

a L 
0 200 400 600 800 1000 1200 

TL. fr- initill dril~mq ( ~ Y s )  

Figure 16. Brine in#ow rate vs time in a borehole (Hde DBTll). 

effort between SCK/CEN, NIRASIONDRAF and 
PNC. 

Migration Experiment in Boom Clay Formation a t  
the Mol Site. Belgium. Experimental Design 

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 in situ test is 
the in s ~ N  determination of migration related para- 
meters andcdrmation of thesc paramelas deter- 
miDedinthelalaboluoly.?heaperimentisapint 

In au underground research laboratory (Figure 17) 
m the Boom Clay formation at a depth of 220 m a  
number of piezometers, a so cal!ed piezometer- 
nest, has k n  installed (Figure 18). The stainless 
steel system contains 9 piemmeters, interspaced 
by 0.9 m long rubes. Each piemmeter consists of 
two coaccnnic tubes. the outa  one being made of 
sintend stainless steel. A stand pipe with an inter- 
nal diaa~eter of 2 mm is cmec ted  to the space 
separating the concmaic tubes. The stand pipe 
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makes up the connection between 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 
Lhrough the filters to prevent oxidation of the clay. 
After a b u t  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. 'Ihe presence of a vertical 
experimental shaft at the end of the underground 
laboratory (Figure 17) at atmospheric pressure and 
lined withconcrete 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. 

A b u t  two and a half years after the installation 
of the piezometernest the clay formation was sup- 

posed to be settled. HTO was injected to filter 
number 5 and thereafter a e  system is left alone 
allowing migration of HTO in three dimensions. - 
The injection rate of the tracer solution was 5.6 
mllday with a duration of about one and a half 
month. 

The HTO concenhation 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. So far tracers 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 stanof the injection and continues ata two 
months interval. To avoid disturbance of the HTO 
concentration distribution in the clay formation 
?oe to sampling, the sampling frequency and the 
total amount of liquid is kept as low as possible. 

, % /i 

- 
SANDS 
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CLAY 

Y?!. . . . - . . --I 

Figwe 17. Scheme ofthe underground fbciliry at Mol. 



Available Data 

Figure 18. Conceptual view of the piezomerernesr. 

-steady state pressure distribution in the clay 
- HTO concentration as a function time 
-tracer injection data 

Supporting information 

Supporting data is available from laboratory ex- 
periments and other insiN experiments. Transport 
parameters such as the product of effective poros- 
ity and retardation factor, apparent dispersioncon- 
stant, diffusivily, etc., have been estimated. A 
munber of laboratory experiments have been per- 
formed. such as though diffusion. percolation ex- 
priments with clay cores. The Boom clay is rich 
in organic maner, with a large part linked to the 
mineral components. The remainder (humic and 
fulvic acids) can be regarded as dissolved. At- 
tempts have been made to &!ermine the diffusion 
parameters of the smallest humic molecules. 

ALLIGATOR RIVERS 

Namral analogue srudies ar rhe Koongarra site in 
rhe Alligaror Riirrsarea ofrheNonhern Terrirory, 
Ausnalia 

Overview 

This test case is based on work conducted at the 
Koongarra site in the Alligator Rivers Region of 
the Nonhern Territory in Australia. The Alligator 
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 Nuclear Energy 
Agency. Participation 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 EnvirOILrnurS and the US Nudear Regulatory 
Commission. 

Uranium mineral'ition occurs at Koongana in 
two distinct but related orebodies which strike and 
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dip broadly parallel to a fault. the Koongarra ering at about 25 m depth and forms a tongue-like 
Reverse Fault. The main ore body (No. 1 ). which body of ore dispersing downslope for about 80 m - 
is the subject of this study, has a strike length of (Figure 19). The objective of the ARAP test case 
450 rn and persists to 100 m depth. Primary min- in INTRAVAL is to develop a consistent picme 
eralisation is largely confined to quartz-chlorite of the processes that have controlled the ransport 
schists. secondary uranium mineralisation is ia the weathered zone and the time scale over 
present from the surface down to the base of weath- which they have operated. 

pH55 OOHL 

METRES 

/ 

Figure 19. Cross section showing rhe dispersed zone ar rhe Koongara deposit. 

I '  Experimental Investigations 

An extensive experimental programme including 
both field and laboratory investigations have 
resulted in a large numb& of data cibracterising 
the site. Hydrogeologic data arr from drawdown 
and recovery tests and watu pressure tests. Geo- 

I logic data are based on the mineralogic and 
uranium assay logs of 140 pacussion holes and 
107 drill corn. Gmundwater chemical data have 
been accumulated from more than 70 bore&oles. 
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 m e  has 

! also been sludied. Laboratory sorption experi- 
I mems have been performed, using samples fmm 

bore cores. Distribution coeffiients have also 
been measured on natural panicles in Koongana 
g o d w a t e r .  

Available Data 

Hydrogeology 

-climatologic data, including rainfall and tem- 
peram 

-surface water measuremmts, 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 levelmeasurements whch show 
s e a d  flucnurtioIIs and regional gradients 

-mulo 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 mistivity traverses 
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-results from poroslty and permeability meas- 
urements on drill core samples 

,,----A -pH Eh. D.O.. conductivity and temperature in 
groundwaters 

-groundwater concentrations of cations and 
trace metals 

-groundwater concentrations of uranium series 
nuclides and isotopes 

Geology, mineralogy, radiochemical 

-uranium concentration distribution assav (247 , . 
drilling locations) in core pulp and soil samples 

-uranium series radioisotope 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 
129 36 99 - concenuations of - I. C1, Tc, and 23gh in 

rock samples 

TWIN LAKE 

Tracer experimenrs at the Twin Luke aquifer. 
Canada. 

Overview 

A large number of aquifer tests ranging from large 
number of small scale field experiments to very 
large scale tracer migration tests have been per- 
formed in a sandy aquifer at one of the AECL 
research facilities, the Chalk River Nuclear Labo- 
ratories. The site is located 200 km northwest of 
Ottawa. Canada, in the valley of the Ottawa river. 
Thc 37 kmZ property lies on the Canadian shield. 
with Recambrim bedrock consisting primarily of 
granitic gneiss. Over 10% of the site contains 
bedrock that is exposed or buried beneath less than 

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- 
ments. The total groundwater flow path length 
from the uacer injection well to the pundwaler 
discharge area is 270 m and at present there are 170 
monitoring installations in the aqu~fer 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 scanning 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 monitorin installa- 
tions (Figure 20). The tracers used are '%.which 
can be mapped by gamma scanning, and HTO 
which is used to venfy that no retardation of the 
iodine lakes 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 uacer tests. 

Data Available 

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

- permeameta test data 
- small-scale dispersion 
-porosities 
-grain size composition 
- hydrogeological data 
-geophysical data 
-mapping of tracer migration (Figure 21) 
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Figure 20. ( a )  Twin Lake Sire map. (b) Geological cross secrion through the Twin Luke site (secrian A- 
A'). (c) Plan offield site showing insrumentation and racerf low line. 
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Figure 21. Example of the q p e  ofdara available through the data base. Tracer migration in the sandy 
aquifer (percent of injection concentration). 
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List of Test Case Related Presentations at 
INTRAVAL Workshops 

INTRAVAL Phase 1 Test Cases 

Radionuclide migration through clay 
samples by di ius ion a n d  advection 
(TEST CASE l a )  

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

Boiorinski~. ,  Overview of Test Case la. 
INTRAVAL Workshop, Tucson, November 
1988. 

Bourke P J., Gilling D., Jefferies NL. ,  
Lineham TR., and Lever DA..  Radionuclide 
Migration in Clay Samples at Harwell 
Laboratory, INTRAVAL Workshop. Barcelona, 
April 1988. 

Bourke PJ., Gilling D.. Jefferies NL..  Lever 
DA..  and Lineham TR.. Mass Transfer Through 
Clay by Diffusion and Advetion: Description of 
INTRAVAL Test Case la. INTRAVAL 
Workshop, Helsinki, June 1989. 

Carrera J.. Samper J., Galana G., and 
Medina A.. Interpretation of Test Case la: Old 
Dam, INTRAVAL Workshop, Helsinki. June 
1989. 

Carrera J., Samper J . ,  Galanu G. ,  and 
M e d i ~  A,, Application of Experiment Design 
Methods to Test Case la. INTRAVAL.. 
INI?ZAVAL Workshop, Las Vegas, February 
1990. 

H o w i n  S., Preliminary Results on Test Case la, 
INTRAVAL Workshop, Tucson, November 
1988. 

Olague N.E.. Davis PA. ,  and Gribble RA.. 
Modeling Smtegy, Data Analysis and Initial 
Simulations: INTRAVALTest Case la, 
INTRAVAL Workshop, Helsinki, June 1989. 

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

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

Umeki H . .  Idemirsu K..  and Ikeda Y . .  Prelimi- 
nary Results on Test Case la. 1NTRAVA.L 
Workshop. Helsinki, June 1989. 

Umehi H.. Neyama A.. Furuichi K.. and 
Ikeda Y.. PNC Analysis of Test Case la. 
INTRAVAL Workshop. Las Vegas, Febluary 
1990. 

Wijland R..  and Hassanizadeh SM..  Preliminary 
Results on Test Case la, INTR4VAL 
Workshop. Helsinki. June 1989. 

Wijlond R.. and Hassanizadeh M., Simulation of 
Nuclide Migration in Clay, including Ma& Dif- 
fusion, INTRAVAL Workshop, Las Vegas, 
February I&. 

Uranium Migration in Crystalline Bore 
Cores (TEST CASE lb)  

Bkchoff K.. Haderrnann J.. and Jakob A.. IN- 
TRAVAL Test Case I b. Uranium Migration in 
Crystalline Bore Cores, INTRAVAL Worbhop. 
Barcelona, Apnl1988. 
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Bisrhoff K.. Hadermonn J . .  and Jakob 4 . .  
INTRAVAL Test Case I b. Uranium ,Migration 
in Crystalline Bore Cores - SmaU Scale Pressure 
LRfrluation experiments, INTRAVAL 
Workshop. Tucson. November 1988. 

Carrera J . .  ond Somper J.. Identifiibility 
Prriiems wlth Data on Test Case Ib, 
INTRAVAL Workshop, Barcelona, April 1988. 

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

Cordier E.. and GoblerP., INTRAVAL Project - 
Test Case I b,.lNTRAVAL Workshop. Helsinki, 
June 1989. 

Grindrod P. ,  A Note on the Role of Nonlinear 
Sorption in INTRAVAL Case Ib. INTRAVAL 
Workshop. Lvs Vegas. February 1990. 

Grindrod P..  and Hodgkinson D., The Role of 
Nonlinear Sorption in ~NTRAVAL Case I b. 
INTRAVAL Workshop. Las Ve&. Febnrary 
1990. 

Hadermann J.. and Jakob A,. hlodelling Test 
Case 1 b wilh Various Mechanisms and 
Geometries, INTRAVAL Workshop, Cologne 
1990. 

Hara K.. Nakahara Y.. Neyama A.. Shi,pa A,, and 
Ikeda Y . ,  Modelling Study of Test Case I b, 
INTRAVAL Workshop, Cologne 1990. 

Haurojani A,. Preliminary V l T  Results on Test 
Case Ib, INTRAVAL Workshop. Tucson. 
November 1988. 

Haurojani 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 Ib, IN- 
TRAVAL Workshop, Helsinki. June 1989. 

Jackson C P . .  Swnner P.I., and Preece T.E.. A 
Shdy of INTR4VAL Test Case Ib. 
INTRAVAL Workshop, Las Vegas, February 
1990. 

Jakob A,.  Hadermann J .. and Zingg A .  PSI New 
Modelling Results. INTRAVAL Workshop. Tuc- - 
son. November 1988. 

Kjellbom K.. .tioreno L.. andNerernlek; I . .  
Preliminary Evaluation of Some Uranium Migra- 
tion Tests. INTR4VAL Workshop. Helsinki, 
June 1989. 

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

Aimo NJ.. Banelle PNL Modelling Resuits, 
INTRAVAL Workshop. Tucson, November 
1988. ' 

Cole C.R.. andAimo NJ.. 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, Barcelona. April .- 

1988. 

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

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

Skggius 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 NJ.. Presentation of Test 
Case 3. -VAL Workshop, Tucson. 
November 1988. 
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Andersson J.. Comments on NTRAVAL Test 
Case 3. INTRAVAL Workshop. Barcelona. 
April 1988. 

ldemirsu 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-elona. 
April 1988. 

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

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

Flow a n d  Tracer Experiments in Crystal- 
line Rock Based on Stripa 3D Experi- 
ments (TEST CASE 4) 

Andersson J.. Discrete Network Analysis of 
Tracer Expenmenu in Stripa 3D, INTRAVAL 
Workshop, Las Vegas 1990. 

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

Di~erstorp B. .  and Nordqvisr W.. Flow and 
Transport Simulations with a Discrete Fracture 
Network Model. MTRAVAL Workshop. Hel- 
sinki, June 1989. 

Hodgkinson D.,  Shaw W., ondBarker J.. Modell. 
ing by Flows in Continuous Dimension. 
INTRAVAL Workshop. Tucson. November ' 

1988. 

Hodgkinson D.. Shaw W., and Grindrod P . .  
Reliminary Fractal Analysis of the Slripa 3D 
Migration Experiment, INTRAVAL Workshop. 
Helsinki. Jcne 1989. 

Neremieks I . .  Presentation of Test Case 4: 3D 
Migration Experiment at Sbipa, INTRAVAL 
~ & k s h o ~ ,  ~&elona,  April 1988. 

Nmmieks I . .  Pnsentation of Test Case 4. 
INTRAVAL Workshop, Tucson, November 
1988. 

Tsang Y.W.. and Tsang C I . .  Understanding 
Suipa 3-D Tracer Migration Data. INTRAVAL 
Workshop, Helsinla. June 1989. 

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

Andersson P . .  Experimental Results and Funher 
Plans, ll\lTRAVAL Workshop, Tucson. Novem- 
ber 1988. 

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

Anderaon P . .  Proposal for Simulation of 
Hydraulic Interference Tesu, INTTL~VAL 
Workshop, Helsinki. June 1989. 

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

Gusrafsson E.. Andersson P.. and Wikberg P.. 
Recent Achievements in the Performance and 
Evaluation of the F i i j O n  Experiments. IN- 
TRAVAL Workshop, Las Vegas. February 1990. 

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

Hawojarvl A., and Taivassalo V.. Generaused 
Taylor Dispersion Analysis for Tracer 
Breakthrough in the Radially Converging Experi- 
ment of F i i j O n  (test case 5). INTRAVAL 
Workshop, Barcelona, April 1988. 

Haurojiirvi A.. and Taivassdo V . ,  Pre-Test Cal- 
culations of VIT-Team for Radiily Converging 
Test. INTRAVAL Workshop, Tucson. Novem- 
ber 1988. 

Hawojan-i A.. Taivassaio V..  and Vuori S.. Inter- 
pretation of Results of the Radially Converging 
Test, INTRAVAL Workshop, Helsinki, June 
1989. 

Hamojarvi A., Taivassalo V., and Vuori S.. 
Relimitmy Redictive Modelling of the Dipole 
Experiment, INTRAVAL Workshop. Helsinki, 
June 1989. 
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Hawojan,iA.. Taivassalo V.,  and Vuori S. .  Inter- 
pretation of Test Case 5 .  Radially Converging 
Experiment. INTRAVAL Workshop. Las 
Vegas. February 1990. 

Kimura H.. ond Katsuragi T., Predictive Modell- 
ing of the Dipole Experiment at the Finnsjan Re- 
search Area, LNTRAVAL Workshop, Helsinki, 
June 1989. 

Kimura H.. Katsuragi T., and Yamashita R., 
Reliminary Results of the Radially Converging 
Tracer Experiment at the Finnsfin Research 
Area, INTRAVAL Workshop. Las Vegas, 
Febnrary 1990. 

Moreno L.. and Neretnieks I. ,  Preliminary 
Evaluation of Tracer Test in F i j U n .  Radial 
Converging Experiment, INTRAVAL 
Workshop. Helsinki, June 1989. 

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

Neremieks I.,  Preliminary Predictions of 
F i s j t l n  Tracer Tests. INTRAVAL Workshop. 
Barcelona, April 1988. 

Nordquist R.. Numerical Predictions of a Dipole 
Tracer Test in a Fracture Zone in the Brtiadan 
Area, F i j 6 n .  INTRAVAL Workshop. Hel- 
sinki. June 1989. 

Winberg A.. Geostatistical Analysis of Hydraulic 
Conductivity Data at Finnsj61h INTRAVAL 
Workshop, Helsinki, June 1989. 

Yamashira R.. and Kobayashi A.. hiinunary 
Calculations Using Fracture Network Approach 
for Tracer Test in F i j 6 n  Site, INTRAVAL 
Workshop. Las Vegas. February 1990. 

Synthetic Da ta  Base, B a d  on S i l e  
Fracture Migration Experiments in Grim- 
sel (TEST CASE 6) 

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

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

Kuhlmann U., and Vomvoris S . .  Interpretation of 
LNTRAVAL Test Case 6. Synthetic Experiment, 
-VAL Workshop, Cologne, October 1990. 

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

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

Neremieks I.. Presentation of Test Case 7a: 
Re& 3ont and Uranium Movement at Pocos 
de C Jas. INTRAVAL Workshop, Barcelona, 
A p n ~  1988. 

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

Neremieks I., Redox Front Studiea at P g o s d e  
Caldas, INTRAVAL Workshop, Las Vegas, 
February 1990. 

Romero L.. Moreno L.. and Neremieks I . .  P g o s  
dc Caldas. The Location of the Redox Front, 
INTRAVAL Workshop, H e l s i ,  June 1989. 

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

Chapman N.. Presentation of Test Case 7b: Col- 
loid Transport. WTRAVAL Workshop, Tucson, 
November 1988. 

Noy D.,  Presentation of Test C w  7b: Colloid 
Mobility at P g o s  de Caldas, INTRAVAL 
Workshop. Barcelona. April 1988. 

Code11 R.. Cole C. ,  and Vomvoris S.. Synthetic 
Migration Experiment - INTRAVAL Problem 
VI, INTRAVAL Wollrsbop. Tucson, November 
1988. 
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Natural Analogue Studies a t  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 
Kwngarra and Draft Test Case, INIRAVAL 
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. 

GO& C.. Hydrodynamic Transport through 
Porous Media which Contain Two Iron Mineral 
Phases, JNTRAVAL Workshop. Helsinki. June 
1989. 

Golion C.. A Quasi Two Dimension Open Sys- 
temfTranspon 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 Kwngarra System Describing 
che Referential Uranium pathways. IN- 
TRAVAL Workshop, Cologne, October 1990. 

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

Nijhoff-Pan I.. Discussion on Test Case 8: Al- 
ligator Riven (Koongana) Ore Deposit. 
INTRAVAL Workshop. Helsinki. June 1989. 

SlotAEM. .  Roposed Modeling Approach for 
the INTRAVAL Test Case 8. AUigator Rivers. 
Koongam 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) 

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

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

Kobayashi A., and Yamashiro R.. Preliminary 
Results on Test Case 9 by Using the Non- 
Uniform Velocity Distribution, INIRAVAL 
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 GureghianA.B.. Large Block 
Migration Experiments. INTRAVAL Workshop. 
Tucson, November 1988. 

Rasilainen K . .  Haq janr i  A,. and Vuori S., 
Preliminary Interpretation of Test Case 9 using 
FI'RANSsode, INTRAVAL Workshop, Las 
Vegas. Febrwy 1990. 

Vandergraaf T.T., Grondin D M . .  and 
Drew DJ.. Contaminant Trampon Laboratory 
Studies in a Single, N a m l  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 Superfkial  Desert Soil, Las 
Cruces Trench (TEST CASE 10) 

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

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



Gee G . .  Deterministic Modeling and Considera- 
tions for Transport Analysis of the Las Cruces 
Data Base. N l R 4 V A L  Workshop. Tucson. 
November 1988. 

Geihar L.. Applicarions of the Stochastic Model 
lo the Las Cruces Data Base, INTRAVAL 
Workshop, Tucson. November 1988. 

i Goodrich M.T.. Updegraff C.D.. and Davis P A . .  

I 
A 2-D Deterministic Model of the Las Cmces 

I Trench Infiltration Experiment. Preliminary 
i Results, INTRAVAL Workshop, Tucson. 

November 1988. 

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

Goodrich M.T.. and Gribb1eA.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 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 oi  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. .  Presentation of Test Case 10. 
INTRAVAL Workshop, Tucson, November 
1988. 

Nicholson T., inuoduction, Test Case 10, 
INTRAVAL Workshop, Helsinki. June 1989. 
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Rasmuson A.. Lindgren M., andcoliin M . .  Flow 
and Transport Simulations of the Second Las 
Cruces Trench Experiment, I m V A L  
Workshop. Las Vegas. February 1990. 

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

Smyrh JD. .  Infiltration Simulations of the Jor- 
. , 
~, 

nada Trench with a Multidimensional Monte j. 
Carlo Code. INTRAVAL Workshop. Las Vegas. 
February 1990. 

UpdegrufD.. I-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 Hudron D.. Flow and 
T'raaspon 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 ~ u f f  Site (TEST CASE 
11) 

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

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

Ewns D.. Field and Laboratory Experimental 
Results, INTRAVAL Workshop, Tucson. 
November 1988. 

Evans D.. Ramussen T.. and Sully M.. Rock 
Matrix Characterization in Apache Leap Tuff, 
INTRAVAL Workshop. Las Vegas, February 
1990. 
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Evans D . .  Rosrnussen T., and Sully M . .  Non- - isothermal Core Experiments in Apache Leap 
Tuff. INTRAVAL Workshop. Las Vegas. 
February 1990. 

Evans D. .  Rasrnussen T.. andSully M. .  Cross- 
hole Pneumatic Testing at the Apache Leap Tuff 
Site. INTRAVAL Workshop, Las Vegas. 
February 1990. 

Evans D.. Rasrnussen T., andSully M., 
Laboratory Fracture Flow Experiments in 
Apache Leap Tuff. INTRAVAL Workshop, Las 
Vegas. Febnwry 1990. 

Lindgren M.,  and Ranuson A., Two-Phase 
Row Simulations in a Heated Tuff Drillcore, 
INTRAVAL Workshop, Cologne, October 1990. 

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

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

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

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

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

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

Experiments with changing Near-Field 
Hydrologic Conditions in Partially 
~ a t u r a t e d  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. 

Hoxle D.T.. F lm AL..  and Chornack 'M.P.. 
Model Validation with Respect to Shon-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) 

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

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

Bogorinski P.. Jackson P., and PorrerJA., New 
Approach lo the R N M  Experiment, 
INTRAVAL Workshop. Cologne, October 1990. 

Hassani:adehSM., Presentation of Experimen- 
tal Results from Brine Experiment, INTRAVAL 
Workshop. Barcelona. A+I 1988 

Hassanizadeh SM., Experimental Study of 
Brine Transport in Porous Media, INTRAVAL 
Workshop, Tucson, November 1958. 

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

Hassanizadeh SM., Latest Results on Simula- 
uon of Brine Transpon Experiments, 
INTR4VAL Workshop, Las Vegas. February 
1990. 

Schclkes K., Preliminary BGR Results, 
INTRAVAL Workshop. Helsinki, June 1989. 

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

Groundwater Flow in the Vicirlity of the 
Gorleben Salt Dome (TEST CASE 14) 

Glasbergen P. .  Proposals for Test Cases Related 
to Rock Salt. INTRAVAL Workshop, Bar- 
celona, April 1988. 
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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 Salt Dome - 
Working Program for a Test Case. INTRAVAL 
Workshop. Tucson. November 1988. 

INTRAVAL Phase 2 Test Cases 

LAS CRUCES TRENCH 

Hills R.. and Wierenpa P.. Las Cruces Trench " 

Expenmenu Phase 2. and Valrdatlon Suaten. 
INTRAVAL Workshop. Seattle. April 199 1 

Olague N., Kozak M., and McCord I. .  Las 
Cruces, Summary of Post Analysis. Roposed 
Smtegy for Phase 2, INTRAVAL Workshop, 
Seattle. April 1991. 

RakholdM., Conceptual Approach and Initial 
Numerical Modelling of the Plot 2b Experiment 
Using P O W O - 3 ,  INTRAVAL Workshop, 
Seattle, April 1991. 

Wimneyer G. .  and Sugar B., Flow and Transport 
Modelling of Test Case, lNTRAVAL 
Workshop, Seattle. April 1991. 

APACHE LEAP TUFF 

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

Guman A.. Sully M.. and N e m n  SF..  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 I.. Unsaturated 
Apcbche Leap Tuff Experimenu: Fracwe Imbibi- 
tion Tests and Non-Isothermal Core Tests. 
J.NTRAVAL Workshop. Seattle. April 1991. 

Rasmussen T.C.. und Evans D.. The Apache 
Leap Tuff Site Proposed Field Heater Ex- 
perimental Plan. lNTRAVAL Workshop. Seat- 
tle. April 1991. 

Sully M.. Guzman A.. andNeuman SP.. In Situ 
Pneumatic Permeability. INTRAVAL 
Workshop, Seattle. April 1991. 

: ?. 

... . . 
Gomir JM.. F i i s j a n  Test Case, INTRAVAL 
Workshop, Seattle. April 199 1. 

Vuori S.. Evaluation of Migration Processes and 
Geomeuies Using Tracer Break-through Curves 
of INTRAVAL Test Cases (Fiansj6n. Suipa, 
WIPP 2). INTRAVAL Workshop. Seattle, April 
1991. 

STRIPA 

Guerin F.. Biflaru D.. Chiles JP . ,  and Saury 
JP.. Suipa: F i t  Attempt at Tracer Experi- 
ments. Simulations by a Set of Interconnected 
Channelized Fractures, -VAL Workshop. - 
Seattle, April 199 1. 

WIPP 2 

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

Corber TE..  Overview of Modeling Studies of 
the (WIPP '. Culebra Formation at the WIPP. 
INTRAVAi Workshop, Seattle. April 1991. 

GrinuiodP.. Flow Through Fractal Rock: What 
does the WIPP 2 Field Data Reveal?, IN- 
TRAVAL Workshop, Seattle. April 1991 

Jackon PC.. R e l i m i n q  Discussion on WIPP 
2, INTRAVAL Workshop, Seattle, April 1991. 

GORLEBEN 

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

Beauheim R. .  Interpretation of Permeability 
Tests (WIPP I )  SOP01 and U P 5  1, INTRAVAL 
Workshop, Seattle. April 1991. 

Finley SJ.. Small Scale Brine Inflow Experi- 
vents (WIPP 1): Data and Interpretation. 
INTRAVAL Workshop, Seattle. April 1991. 

MOL 

Olague N. ,  Kozak M.. and McCord J . .  Mol: 
Preliminary Analyses. 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 ~orkshop, '~ea t t le ,  
April 1991. 

Golion C . .  Uranium Series Radionuclide 
Mobility in the Koongarra Weathered Zone, 
INTRAVAL Workshop. Seattle. April I99 1. 

Townlev 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. 

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

Olague N . .  Kozak M .  and McCord J. .  Twin . 
Lake: Preliminary analyses. Proposed Smtegy 
for Phase 2, INTRAVAL Workshop, Seattle, 
April 1991. 
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The international INTRAVAL project started in 
October 1987 in jtockholm 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 hy an ad-hoc group with repre- 
sentatives from eight organisations. 

24 organisations 'Parties' from fourteen coun- 
tries participate in 1NTRAVAL.Thepmject isgov- 
erned hy a Coordinating Gmup 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 
HMIPDoE, U.K. and the OECDNEA 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 asystematicstudy 
of the model validation process. It is also part of 
the INTRAVAL project smtegy 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 transport in the 
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 forsensitivitylun- 
certainty analysis have been tested. In INTRAVAL 
the focus is on the validity of model concepts. 

The INTRAVAL snidy was started in October 
1987. The first three year study, Phase I, is 
tinalised. 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 Shipa Project and the Alligator Rivers 
Analogue h j e c t .  

Piot Gmups have been appointed for each of 
the test cases. The responsibility of the Piot Group 

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 INTRAVALstudy 
to support interaction between modellers and ex- 
perimentalists in order to gain reassurance that the 
experimental data are properly understood and that 
theexperiences of the modellen regarding the type 
of data needed from the experimentalists are ac- 
counted for. 

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

Since the issueof the previous Progress Report, 
the seventh INTRAVAL workshop and the third 
Phase 2 Coordinating Group meeting were held in 
Sydney, Australia. During the workshop the par- 
ticipants described the-modelling work performed 
anddiicussed 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. 

Atentative scheduleforthefmal reporting of the 
project was discussed and it was concluded that 
extended outlines of the repow have to be avail- 
able in November 1992. The finalisation of the 
Phase 1 final repons 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 autumn 1992. 

The Seventh INTRAVAL 
Workshop and the Third 
Phase 2 Coordinating 
Group Meeting 
The seventh INTRAVAL workhop and the third 
Phase 2 Coordinating Gmup Meeting were held in 
Sydney, Australia, on the 10th through 14th of 
February, 1992, with the Australian Nuclear 



Science and Technology Organisation (ANSTO) 
acting as host. At the workshop technical presen- 
tations of the modelling results achieved hy 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 repom should he available in November 
1992. 

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

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

INTRAVAL Sub-committee 
for Integration (ISI) 
At the fmt  Phase 2 1-VAL Coordinatine 
Group Meeting,the Coordinating Group approved 
the establishing of  a subcommittee to the 
INTRAVAL ~ o o r d i i n ~  Gmup. The purpose of 
the INTRAVAL Subcommittee for Integration 
(ISI) is to assist the INTRAVAL Secretariat by 
integrating the activities of the Working Groups, 
the validation appmaches and the lessons learned 
forthe INTRAVAL Pmjen. The activities include 
preparation of an integration repon to become pan 
of the INTRAVAL Phase 2 final reports.The Com- 
minee members shouldtake pan & workshops and 

related activities and give suggestions iur tuture 
activities. 

Thecornminee consistsof the Cha~. ,ithe four .- 
INTRAVALWorking Groupsand additional mem- 
bers elected by the Coordinating Gmup and mem- 
bers of the Secretariat. 

INTRAVAL Phase 1 Reporting 
The achievements from the tint phase of IN- 

TRAVAL will & documented in an Executive 
Summary Repon and a series of technical repom. 
The technical reports cover descriptions, evalua- 
tions and conclusions from the modelling work 
performed for the different test cases. One of the 
technical repom is a compilation of descriptions 
of the experiments on which the test cases are 
based.The technical reports have been prepared by 
six Working Gmups. An editor for each test case 
has been appointed with the responsibility to com- 
pile the test case analysis provided by the Pmject 
Teams that have workm with the test case. 

The reponing proceeds according to plan. All 
test case repom are scheduled for printing in May 
1992 and the Executive Summary Repon is 
scheduled for printing autumn 1992. 

Information from the Phase 2 
Working Groups 
Four Working Gmups have been set up addressing 
different types of test cases (Table I). 

ToMe I .  Working Groupsfor INIRI VAL Phase 2. 

Workinn Test Cases Chairman 

I LasCruces T. Nicholson 
Trench 
A~ache  lea^ 

2 Finns'-n Stripa C-F. Tsang 
WIP& S. Neuman 

3 Gorleben P. Bogorinski 
WIPP 1 
Mol 

4 Alligator Rivers P. Duerden 
Twin Lake 

A chairman has heen elected for each Working 
Group, sometimes aided by another person. The -~ 
chain of the Working Groups are responsible for 



the preparation of Working Group reports. which 
will form pan of the final reponing of INTRAVAL 
Phase 2. 

Since the lastworkshop in Seattle. 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 
M q  1991 ami April 1992. 

Workine Date Location Test Case 

1 June 1991 Rockville, Apache 
USA LeapTuff 

1 November Roclcville, Las Cruce~ 
1991 USA Trench 

1 December Berkeley, Apache 
1991 USA Leap Tuff 

2 October S a m  Fe, 
1991 USA 

3 - October Santa Fe, 
1991 USA 

4 July 1991 Alligator 
:%%a Riven 

4 September Twin Twin Lake 
1991 Lake 

canada 

Prior to the next INTRAVAL workshop a num- 
ber of Workiig Group meetings are scheduled 
(Table 3). 

Table 3. Scheduled Working C r o p  meetings. 

Workina Date Location Test Case 

1 lrlarrh 1992 Yucca y ~ -  
Mountain tdmmam m- 

filaaon* 
1 May 1992 Las C ~ c e s ,  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). 

INTRAVAL Phase 2 Reporting 
The final documentation of INTRAVAL Phae 

2 study will comprise Working Group reports from 
the four Working Groups and a Phase 2 Executive 
Summary report. In addition, a special repon on 
integrated conclusions from the INTRAVAL 
Project will be prepared by the INIRAVAL 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 rranspon experiments in unsarurated 
porous media preformed as Los Cruces, New 
Mexico. 

Experimental set-up 

Theexperimental site is located atthe New Mexico 
State University Collage Ranch, 40 km northeast 
o f L a s C ~ c e s  in New Mexico,USA. Atrench 165 
m long, 4.8 m wide and 6.0 m deep was dug in 
undistuhed soil. Two irrigated areas measuring 4 X 

9 m and I 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 tncer 
tritium was applied at a rate of 1.76 cmlday on the 
area measuring 4 x9 m. In the second experiment 
(Plot Za), water containing tritium and bmmide 
was applied at a rate of 0.43 cmlday on the other 
area (1 x I2  m) on the opposite side of the trench, 
and in the third experiment (Plot 2b) tritium, 
bmmide, boron, chromium and two organic com- 
pounds (pentafluorobenzoic acid and 2.6- 
difluombenzoic acid) were applied at a nteof 1.82 
cmlday on the same area (I XI2 m). 'Ihe move- 
ment of the water below the soil surface was 
monitored with neutron probes and tensiometers. 
Tracer concentrations were sampled on a regular 
basis Ihmugh solute samplers installed in a two 
dimensional grid through the trench wall. In addi- 
tion laboratory experimena on cores were per- 
formed to determine the physical properties of the 



soil. The Plot I and Plot 2a experiments were 
includul in  INTRAVAL Phase I 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. 

Analyses by the Project Teams 

The Project Team from CNWRAAJSNRC has 
modelled the Plot 2a experiment with the finite 
difference code PORFLOW-3, which handles 
variably satumed fluid flow, heat and mass trans- 
fer. 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 soil-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 resolution of the concentration 
sampling could be one explanation to the fact that 
the simpler models appeared to perform bener. 

The Pilot Group from University of New 
MexicoNSNRC presemed their initial look at a 
validation merhodology with application to the La 
Cmces experiments. The results of performed 
blind model predictions ha\-e been pmvided to the 
Pilot Group for comparik n with observed data 
using simple statistical tests. l l ~ e  quantities to be 
compared are point values of water contents,solute 

concentrations. first detection times at specific 
horizons as well as some integrated values (0th. 
1st. and 2nd momenn versus timeand tlux through - 
specific horizons versus time). The performance 
measure used is scatter plots of observed quantity 
versus the predicted quantity. This perfomance 
meawe estimates the ability of the used model to 
predict observed mean behaviour for this special 
experiment 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- 
cepmal models for the soil properties; two for a 
uniform and isotropic soil,one fora heterogeneous 
but isonopicsoil, and two wherethe 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 I), 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 uncenainty in estimating the 
parameters due to 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 model validation 
because models can be rejected even though the 
maximum predictive error is small. Funhermore, 
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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APACHE LEAP 

Flow and transport experimenrs in unsarurared 
j h lud  nxk per~%nned ar Apache Leap Tuf Site, 
Alizona. USA. 

Experimental Set-up and Scales 

The Apache Leap ~ e s t  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 
tmponproperites of fractures and rock mamx in 
unsaturated rock. 

The effects of a themai source were studied 
with laboratory nonisothermal core measure- 
ments. A cylindrically shaped core, approximately 
12 cm long and 10 cm in diameter, was extracted 
fmm 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 
tempemre gradient is established along the long 
axis of the core. The data available from the core 
measuremena are rock matrix porosities, initial 
water COMeIItS, and temperatures. 

The behaviour of unsahrrated fractured rock, 
was studied in a series of tests being performed to 



sharacterise water and air tr~nspon properites 
f r ~  fractures and rock matrix tor a range of 
matrix suction. The measurements wereconducted 
on a hlock of Apache Leap Tuff which is 92.5 cm 
long,? 1.0 cm high and 20.2 cm wide and contains 
a single discrete fracture oriented along the 9 2 5  
cm hy 20.2 crn plane. The rnck was initially air- 
dried at a relative humidity of approximately 30 
percent. The fracture traces along both ends of the 
hlock were connected to manifolds, while the frac- 
t re 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 
thensealed with adhesivevinyl.Oneofthefracture 
surfaces covered hy the manifold was open to the 
atmosphere and the other was irrigated with water. 
The position of the wening front in the fracture 
over time and the position of the wetting fmnt in 
the matrix over time was studied. Available data 
are rock matrix sorptivity coefticient, rock matrix 
porosity, rock fracture apenure, and cumulative 
inflow volume over time. 

In addition to these laboratory experiments 
there are plans to perfomi F4d 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 calculations with the code 
VTOUGH (a vectorised version of TOUGH) of an 
onedimensional infdtration 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 f 2- 

Nred mck. The mechanisms of importance for .s. 
transport in unsaturated mck are moisture and 
temperature difference between air in rock and 
atmosphere, binary diffusion, barometric pressure 
variation, wind, repository heat, and possibly vol- 
canic heat. In dry climates there may be a suhstan- 
tial loss of water to the atmosphere due to flow in 
thegas phase in the rock which is important forthe 
hydmlogy. 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 transpon 
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 Tesr Case. The tint 
step in the calculations with the transpon model is 
to calculate a steady state gas flow in two dimen- - 
sions for a numher of times. Thereafter panicles, 
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 atmosphere.The retardation coef- 
ficient used for carbon-14 was 100. hased on the 
cahonate geochemisa);. A geochemical model for 
simulations of the transpon of carbon-14 in one 
dimension has also been used. The carbon 
transport model in this case is based on the chemi- 
cal equilihria for the carbonate system in gas, 
liquid and the solid phase and the vansport is 
cornrolled by transpon 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. Camon-I4 released early will he partially 
incorporated in this calcite and trapped for 
thousands of yean. Carbon-14 released late will be 
unretarded hy calcite precipitation until the migra- 
tion wave reaches a 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 potentially important to a 
repository in unsaturated fractured mck. Apache 
Leap research could then support the validation of 
vapor phase transport models for repository per- 
formance assessment. 

Tracer experiments in a fractured zone at the 
F i n w n  research m a ,  S h n .  

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 I, but the database for the dipole 
experiment were never used for modelling, since 
it became available too late. The modelling of the 
dipole experiment &erefore 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 Finnsjiin 
research area in Sweden. The experiments are 
confined to a sub-horizontal fracture zone at ap- 
proximately 300 m depth. The thickness of the 
zone is 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 transmi+ssivity of the 
upper layer is estimated to be lo4 m-/s,the middle 

-4 2 10.'- 10" m2/s and the lower 10 m Is. The mid- 
dle 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. 
Thenatural hydraulic head gradient is estimated to 
I i300 in the horizontal 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 full length of one borehole and 
obsewing the drawdown in 11 wells totalling 40 
intervals. 

Tram Tests 

Two sets of mcer  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 thanone tracer was injected at some 
points. 

The dipole test was conducted by pumping in 
one well and injecting tracers in amther. 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 convergent and thedipole test showed that 
tracers could move between the layers in the frac- 
ture zone. 

Analyses by the Project T a m s  

The Project Team from PNC presented prelimi- 
nay analyses of the F i j B n  experiments using a 
smeam 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 (I0 mthick).The mass transport parameters, 
dispenivity 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 1- in the pumping hole in the' radially 
converging test showed satisfactorily agreement 
(Figure 2). The dipole test was fairly well simu- 
lated with best-fit values of dispersivity and 
porosity from the tracer breakthrough between the 
same boreholes 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- 
cenhations in the dipole test were 0.4-3 times the 
observed. Asensitivity analysis of the influence of 
the porosity of the low conductive layer shows that 
the mass transport in this layer cannot be 
neglected. . ,-. 

: .$ 



Figure 2. Breakrhrough curves of (a) In-EDTA. (b) Gd-DTPA, and (c) r f o r  radially converging tests at 
the pumping borehole, 

STRIPA 

Flow and tracer experiments in crystalline rock 
based on the Strip 3D eperiments, Swden. 

Experimental Set-up 

This test case is based on three dimensional tracer 
tests performed in the Stripa mine in Sweden. The 
expe;iments are part of the International Stripa 
Pmject. 

An experimental drin was excavated in the old 
imn ore mine in Stripa. The whole ceiling and 
upper pan of the walls were covered with about 
350 plastic she- (2 m2 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- 
menn 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 t'mm 
complementary laboratory and tield experiments. 
The experiment was a test case also during Phase 1 
of INTRAVAL. 

In addition to the results fmm the 3D experi- 
ment, data from two other experiments performed 
in the Stripa mine, the 'Cha~e l ing  Experiment' 
'and the 'Site Characterisation and Validation 
program', are available 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 packen 
were used m inject water into the fracture at 5 cm 
intervals. The variation of the injection flow rates 
alongthe fracture were used to determinethe trans- 
missivity variations in the fracture plane. Detailed 
photographs were taken from inside the holes and 
the visual fracture apermre was compared with the 
injection flow rates. Five holes were measured in 
detail and seven holes were scaMed by simpler - 
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packer systems. In a douhle hole experiment, two 
parallel holes were drilled 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 theother 
hole. The 'Site Characterisation and Validation 
program', with the aim to predict groundwater 
flow and tracer transpon in a previously unex- 
plored rock volume, includes a number of inves- 
tigation steps with modelling predictions in be- 
tween. The fmt  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 mu etc. All investigations were compared 
to already performed model predictions. Fially,a 
new drift,the 'Validation Drift', was excavated in 
the rock block. The new drift was instrumented 
with plastic sheeu and other water collection 
devices. 

Analyses by the Project T- 

GeosigmdSKB has performed radar and saline 
tracer test to provide data on the geometry of 
flow-paths inthe fractured rockand possiblechan- 
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 

drift cur through one major fracture zone. The 
excavation of the drift caused 3-4 times longer 
tracer travel times and the tracer occupied a larger 
volume of the rock in the second experiment, i.e. 
after the excavation of the drift.Thepossible cause 
of delayed tracer inflow could be due to stress 
redistribution, two-phase flow conditions, blast 
damage or chemical precipitations. Geosig- 
mdSKB 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). 

'Ihe Project Team from VTTlIVO has applied 
a deconvolution procedure to the long and varying 
injection flow rates and the corresponding tracer 
breakthrough curves to  obtain equivalent 
breakthrough curves for a delta function puls in- 
jection. It can besuspected thatpeaks in the decon- 
voluteddata 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 camed out by 
takiig error estimations into account. The idea is 
that there does not exist 'the solution' for the 
problem but a 'region'of acceptablesolutions. The 
Suipa 3D data seems to be 'explained' by matrix- 
diffusion-like phenomena with very narrow chan- 
nels and diffusion from the chinwls into stagnant 
areas, but other conceptual models may also apply. 
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Figure 3. Breakthrough c u m  for Amho Gin grid element 265. l l ~  sdid line represents the regression 
esritnate with a wepah maid. 



WIPP 2 

Flow and transpon experiments in heterogeneouc 
fractured media performed at the Waste Isolnn'on 
Pilot Plant (WIPP) in Carlsbad, New Mexico. 
USA. 

\ Experimental Set-up 
I 
j 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 pan of which is 
filled with 8000 m of sedimentary Phanemzoic 
mcks containing evaporities. Water bearing zones 
within'the m c b  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 lies655 m helow groundsur- 
face within bedded evaporities,primarily halite,of 
the Permian Salado Formation. Overlying the 
Salado Formation is the Rustler Formation. The 
Culebra Dolomite Memher of the Rustler Forma- 
tion is rhe most transmissive water-bearing unit 
found at the WIPP site. It is an 8 m thick vuggy 
dolomite layer. 

Geologic, hydmlogic, geochemical and isotope 
data have been collected 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 tothe 
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 behaviow 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 gmundwater flow in the smta above 
the Salado Formation. The model, a basin model, 
is a threedimensional closed hydrologic unit 
bounded on the bottom by an 'impermeable' mck 
unit, on the top by the ground surface, and on the 
sides by gmundwater divides. AII recharge to the 
basin is by infiltration of precipitation and all dis- 

charge is hy tlow across the groundwater table to 
the land surface. Differences in elevation of the 
groundwater tahle 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 in the six different homogeneous 
and isompic layers identified are either lo-" or 
10.' mh. 

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 uniu. m e  higher conduc- 
tivity was used to emphasize the possible role of 
vertical flow. 

The initial 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 hy 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 infdtration was then set to 
zero for 20 000 years (time = 20 000 years). 
Thereafter the maximum infiltration rate was in- 
creased to 1 mmlyr for 15 000 years (time = -, 

35 000 yean). 
Initially (at time = 0) the gmundwater table 

looks very similar to the specified surface topg- 
w h y .  The rate of vertical flow in the Culebra is 
extremely slow, because two model layers with 
low permeability (K = lo-'' mh) are located be- 
tween the gmundwater table and the Culebra, and 
the difference in head between the gmundwater 
table and the Culebra is small. There is a slow 
downward flow into the Culebra over a large area 
in which the gmundwater table is high and a slow 
upward flow out of the Culebra over a large area 
in which the gmundwater table is low during the 
wet periods. The groundwatertable drops 40 m at 
the most during this period. The infiltration of 1.0 
mmlyr for 15 000 years raised the gmundwater 
table to the land surface again. 

An important aspect of the basin model that is 
demonstnted by these simulations is thesimilarity 
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 w n f m  
that the relief of the water table 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 thevertical component 
of the tlow is downward and the Culebra receives 
leakage from above. With the basin model it cannot 
be shown that vertical flow does occur. However, 
thecalculations demonstrate that a hydrologic sys- 
tem, for which vertical leakage is an impnant 
component, the basin model is a possible concep- 
tual model. The vertical flow rate received in the 
calculations is very small but is quantity could be 
large over time. 

The Project Team from UPVIENRESA 
presented a probabilistic modelling approach of 
panicle 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 
lo-" and 10" mls. The team performed Monte 
Carlo simulations to calculate panicle arrival times 
and locations. The hansmissivity field was calcu- 
lated with the code GCOSIM3D. the groundwater 
flow was modelled with the MODEOW 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 anival locations was performed. The 
piezomemc maps fmm 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 
thougha about the theory of furrher conditioning 
of thetransmissivity fields.They proposed that the 
hydraulic heads should be calculated from each 
realhation 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 fmm AEANREX had per- 
f o q e d  their modelling work on the WIPP data 
with stochastic models. They s u e d  up with a 
prelhinary study with 300 conditioned realisa- 
tions of the uansmissivity fields and continued 
with a second study with 1000 conditioned realisa- 
tions. Most of the calculations s h e  performed 
with exponential variograms but power-law ( h c -  
tal) variograms were also used. The flow was 
calcpated using the finite element code NAMMU 
with 40x60 nine-node quadrilateral elements and 
biqr/adratic interpolation. The results fmm the 
tnnbpon calculations were panicle pathlines, 

transport times and exit points. From the prelirni- 
nary calculations it was concluded that condition- 
ing of the transmissivity field was important. p s -  
sibly more important than parameter uncertainty. 
Calculations with 300 and 1000 realisations gave 
very similar results for the release from well H-I. 
Applying power-law variograms gave nearly the 
same results as the . : s t  preliminary calculations 
with exponential variograms, although the results 
from the calculations 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-likelihood, 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 
variogram), except that the standard deviation for 
the panicle exit position increased. The WIPP 2 
test case provides a large data set which gives the 
oppormnity to build models on a subset of data and 
make tests with the remainder of the data. 

GORLEBEN 

Saline groundwater movements in the viciniry of 
the Gorleben sall dome, Gemany. 

Experimental set-up 

The Gorleben salt dome is located in the north- 
eastern pan of Lower Saxony in the Federal 
Republic of Germany. The salt dome is ap- 
proximately 14 km long, up to 4 bn wide and ia 
base is more than 3000 m below surface. An 
erosional channel, the 'Gorleben Channel', more 
than 10 lun long and 1 - 2 km wide,crossesthesalt 
dome fmm south to north. Emsion along the chan- 
nel extends down to the cap mck. Freshwater in 
theupperpanof the aquifer system is underlain by 
saline groundwater. The groundwater movements 
in the emsional channel are the topic for this test 
case. 

Hydmgwlogical investigations have been con- 
ducted in an area of about 300 km2 around the salt 
dome. h r i n g  these investigations four pumping 
tests were camed out, one in the freshwater and 
three in the saline water. Oneof the pumping tests, 
in which the pumped well penmated the entire 



deeper aquifer in the erosional channel, wlil form 
the hasis for the first pan oi this Ih7RAVAL test 
case. The pumping test was carried out with a 
pumping rate of 30 m3h over a period of three 
weeks. The second pan of the test case is an 

,N--,, extension in time and length scales and comprises 
" modelling of regional groundwater tlow and salt 

dissolution as well as interaction hetween the two. 

Analyses by the Roject Teams 

The Pdot Group (BGR) has performed numerical 
studies using the SUTRA wde to investigate the 
density dependent groundwater movement in the 
Godehen Channel. The objective was to inves- 
tigate whether steady-state conditions exist in the 
system today, and also to check the influence of 
hydmgwlogical and hydraulic parameten in the 
model calculations. A two dimensional, 15 km 
wide and 250 m deep cross-section was selected. 
The boundary conditions used were, no flow at the 
bonom, no-flow and no-flux at the sides, linear 
prescribed pressure at the top with free outflow, 
and fresh water infdtration. The permeability dis- 
tribution was developed from a very simplified 
case in the fint calculations to a more realistic 
description of the hydraulic system by inuoducing 
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 distrihution 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 realistic picture of 
the geological setting is essential to be able to 
predict the present day density dismbution. The 
results 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 calculated 
density distribution is strongly dependent on the 
transverse dispersivity. 

The Project Team from BFS performed calcula- 
tions for the fvst pan of the test case, the pumpiyg 
t e a .  The specific permeability (35.10''~ m3, 
storage coefficient (5.103, and aquifer thickness 
(446 m) were estimated with an analytical model 
using regression technique to minimise the 
residuals in drawdown in the observation wells. 
The fitted drawdown curve corresponded well to 

that observed. The determined parameters were 
then used ina numerical model to test the influence 
of well screen location and density distrihution on - 
the calculated drawdown values. A twodimen- 
sional 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 dependent flow, i.e an 
increased density with depth. The boundzy 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 wuld be seen between the 
different calculations except for a small influence 
of the well screen location at eariy times. Conse- 
quently, the influence of density dependent tlow is 
less than the influence of the well screen location. 
It was also concluded that other types of experi- 
menu 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 Godeben Channel. They 
used the fmite element code NAMMUSC, which 
includes an extension formnsient salineflow.The 
boundary conditions were. no-flow at the bottom 
and fued head on the sides and at the top. The first - 
calculations were canied out for freshwater and 
the groundwater velocity in the lower aquifer was 
calculated to be around 1 mlyr, whereas the 
velocity in the upper part of the aquifer was some 
orders of magnitude higher. The future plans are to 
reconsider theselected boundary conditions before 
brine uanspon 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 transpon also 
in this model. 

WIPP 1 

Brine pow through bedded evaporities at the 
Waste Isolation Pilot Plant W P P )  in Carlsbad, 
New Mexko. 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 - 
evaporities,primarily halite.ofthe Permian Salado 



formation. This rest case is hased on experiments 
performed with the aim to determine the rate of 
brine tlow thmugh the Salado formation. The ex- 
perimenu are designed to provide a variety of data 
with the aim to determine whether Darcy's law for 
a porous. elastic medium correctly descrihes the 
flow of brine through evaporities, or whether a 
different model is more appropriate. The test case 
is also related to another imporfant issue, the 
ability of waste-generated gas to tlow 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 in a 2.9 
m diameter cylindrical room. Pore-pressure meas- 
uremenq 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, 107 m long, cylindrical room, with 
a diameter of 2.9 m. 

Analyses by the Project Tams 

The Pilot Group (SNLNIPP) has modelled the 
hydraulic testing in the test zone including the 
anhydrire Marker Bed 138, a 17 cm thick zone 
containing subhorizontal fractures. The test zone 
is about I I m above the ceiling of Room 7. The 
performed test sequence included an initial pres- 
sure build-up period,wo pulse withdrawal tests, a 
IOday 'constant pressure flow test and a final 
pressurp, build-up period. Pulse tests cannot uni- 
quely ~uantify permeability independently of 
specific storage, but provide a good estimate of 
initial p r e  pressure. Constant pressure flow tests 
pmvidd estimates of permeability and are required 
to W i f y  specific storage. &sure build-up tests 
can qJantify permeability independently of 
specific storage, they pmvide a good estimate of 
initial @re-pressure, and also a checkon measured 
test m e  compressibilities. An analytical and a 
numerical interpretation of the pulse withdrawal 
tests gave similar results. The permeability was 

19 2 determined a, 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 earty 

times when cnmpliance effects are oci.uning.Thz 
analytical and numerical interpretation of  the per- 
meability from the constant resyre tlow test dif- 
fers with a factorof 3 (1.IOF m- with theanalyti- 
cal model and 2.9.10.'~ m- with the numerical 
model).The observed high flow rates over the first 
days could not be matched by any of the two 
models. These flow rates are probably artificially 
high because of tool compliance and borehole 
squeeze. 

The interpmation of the pcsmehiidup tem gave 
the same eshate of me permeability (29.10-'~ m2) 
both with the analytical and thenumerical method. 
Both methods also showed a high test-zone com- 
pressibility. The integration of analytical and 
numerical interpretation techniques of different 
types of test pmvides a high degree of confidence 
in the interpreted results. 

MOL 

Migrarion experimeru in Boom Clay Formation at 
the MOL Site. Belgium. 

Experimental set-up 

'This test case is based on an in situ migration 
experiment set up in the undergmund 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 
laboratory. The experiment is a joint effort be- 
tween SCKICEN, NIRASIONDRAF and PNC. 

A group of piezometers, a piezometemest, has 
been i ~ t d k d  in rhe Boom Clay formation at a 
depth of 220 m.The stainless steel system contains 
nine piezometen, intenpaced by 0.9 m longtubes. 
A horizontal hole wirh a diameter of 50 mm and a 
depth of 10 m has heen drilled in the clay forma- 
tion. Immediately after drilling, the complete as- 
sembled piezometemest was pushed into the hole. 
The steady-state pressure distribution as a function 
of the depth into the clay is measured by means of 
manomem. 

About two and a half yean after the installation 
of the piezometemest the clay formation was sup- 
posed to be sealed. HTO was injected to filter 
number 5 (in the center) and thereafter the system 
was leil alone allowing migration of HTO in three 
dimensions. 
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The HTO concentration in the clay is measured 
by collection of liquid samples from the other 
filters. The first breakthrough was obts:ned in fil- 
ters 4 and 6 located adjacent to the injection filter 
5 ,  at a distance of I m. 

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

Analyses by the Roject Tams 

The Pilot Group (SCKICEN) presented their 
modelling of the migration of the HTO tracer. The 
Boom clay was modelled as a homogeneous 
anisotmpicsaturated porous medium. The govern- 
ing transpon mechanisms considered were either 
advection-diffusion ordiffusion only, as one ques- 
tion is whether advective transport is apparent 
from 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 
tile two models. Concerning other parameters, the 
best tit of the diffusion only model was obtained 
with adiffusivityof4.05~10~~ m2h,and analmost 
identical value 4.03.10-'~ m-Is, was obtained for 
the advection-diffusion model. Other fitted 
parameters were also identical or almost identical 
and it was concluded thatadvective transport is not 
apparent from this analysis of existing data. 

The Roject Team tiom SNLNSNRC presented 
an initial analysis of the effect of anion exclusion 
on tnnspon in the Boom clay at Mol.The concern 
was enhanced mansport velocities or flux due to 
this phenomena and as pure Darcy tlow behaviour 
is usually assumed as the governing 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 concerning ionic urengrhs, zeta 
potential and pore size diiaibution are needed. 

ALLIGATOR RIVERS 

Nmral analogue sndies at the Koongam site in 
the heigmor Rivers area of the Northern Territory, 
Australia 

Experimental Set-up 

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

the Nonhern Temtory in  Australia. The Alligator 
Rivers Region is located about 200 km east of - 
Danvin. 

Uranium mineralisation occurs at Kcongarra in 
two distinct hut related ore bodies, which strike 
and dip broadly parallel to a fault, the Koongana , 
Reverse Fault. The main ore body (No. 1). which 
is the subject of this study, has a smke length of 
450 m and persists to 100 m depth. Primary 
mineralisation is largely confined to quam- 
chlorite schists. Secondary uranium minerals are 
present fmm 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 I 4 0  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 Koongana gmundwaten. 

Annlyses by the Project Teams 

The F'mject Team from CSIROIANSTO gave a 
short summary of the ARAP Hydrology workshop 
held in October 1991. The discussions at this 
workshop resulted in consemus on a number of 
impoltant issues. F i t ly ,  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 
little evidence for significant flow acmss the 
Kmngvra Fault. 'lbirdly, them appears to be a 
highly conductive zone to the southeast (mine 



gridlofthe No. I ore hody. Fuunhly, it appears that 
directions of flow are influenced by the orientation 
of planes of schistosity,or hy fractures sub-parallel 
to 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 CSIROIANSTO 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 
I kmx3 km located near or below the transition 
zone. The model domain is bounded by the Koon- 
g a m  Fault to the west (mine grid),the Koongarra 
Creek to the east, the Nourlangie gauging station 
and a small non-perennial creek to 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 houndary neitherthe head at the 
boundary nor the- flux across the boundary is 
prescribed,hut a relationship betweenthetwo.The 
model parameters required are (i) either the 
hydraulic conductivity and aquiferthickness or the 
aquifertransmissivity, (ii) the aquifer storage coef- 
ficient, and (iii) time avenged recharge of the land 
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 
conauaivity ratio in the modelled aquifer is 10 
(KIIKz?, KII = 1 md-I) and the anisotmpy 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 mlyr. The overall 
flow orientation of the dry season is not entirely 
pleasing and the flow rates are very low. 

The PIojectTeam from CRIEPI investigated the 
distribution of fractures and the attitude of schis- 
tosity in the Cahill Formation in and around the 
western partofthe No, 1 ore body usingaBorehole 
TV. The obtained schistosity attitudes clearly ex- 
plains the contour maps of the measured draw- 
downs in aquifer tesa, which showed an asym- 
meuic pattern. Schistosity in fractured rocks could 
be considered as a main factor for the hydraulic 
anismpy, and the permeability in the direction 

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. 1 ore body. They used the tinite 
element 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. Forthe unweathered 
zonea hydraulic tensorfor each element wasdeter- 
mined. The lower houndary and the boundary cor- 
responding to the Kwngam 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~mid.  forthe transition zone 1.10-' 
mid, and for the unweathered zone 6.10-I m/d.The 
calculated flow is from the northeast in the south- 
western panof 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 

processs, and 
- determine the relevance of using the Kwngarra 

analogue for the purpose of the assessment of a 
specific repository site. 

The Kwngam 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 betweendesert and tropical during the 
years, and the present time scale with its seasonal 
variations between a vwy wet and a very dry 
climate. The modelling work performed includes 
many difTerentpmcesses,such as one dimensional 
advection and molecular diffusion. Matrix dif- 



fusion has not been cnnsidered. 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 Lhat transport with 
colloids are of minor importance although thorium 
and actinium have been observed on ~olloids. The 
time scale for development of the secondary 
uraniumdispersionfan has beenestimated to 1-25 
Myr with a number of different models. It has also 
been concluded that during a time scale of about 
0 5  Myr,40% oftheunnium in the weatheredzone 
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. 

KemakalSKI presented some modelling work 
performed with the aim to test the applicability of 
simple transport models used in the performance 
assessment of repositories. The migration of 
uranium and daughter nuclides in the weathered 
zone located below the water table of the No. 1 ore 
body has been simulated with a one dimensional 
advection-dispersion model with linear sorption 
(Kd-concept). The rock was assumed to be a 
saturated homogeneous and porous medium. 
Material pmpelties (defined by present day condi- 
tions), water flux, and source concentration of 
uranium do not change with time. The codes used 
for the migration calculations 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 m/yr is 
required to match the observed migration distance, 
and a source concentration of uranium in the water 
of -10 mg/l is needed to match the observed 
concentration of uranium in solid phase, assuming 
a Kd-vdue of0.1 m3kg 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 Kd-value for uranium, 
requires a wlter flux between 0.1 and 1 mlyr and 
a source concentration of uranium in the water of 
-0.1 mg~l. 

Calmlatiom have also been performed to es- 
timate the acrivity ratios %i% and 
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 My. 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 

(2 periods with 75 000 years of no flow and 25 000 
years of flow seems to be of importance for the 4, '34 decrease in r U activity ratlo withdistance. - 
In additiontothesecalculationsa verysimplemass 
balance 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 
weathered zone was estimated from observed data. 
With a uranium solubility of I mgfi and a dissolu- 
tion time of 1 Myrthe water flux was calculated to 
be of the order of O.l-O.3 met. 

The mjea 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 ruck 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 mck porosities and 
retardation. The water flux in the mck is kept 
constant and the uranium is released at a constant 
concenation 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 DDH52 and - 
DDH4). The results from the modelling are the 
uranium concentration and theg%?% ratio in 
the bulk rock. A number of calculations have been 
performed, where the Darcy velocity was varied 
between05 and 10 mlyr, and the dispersion lengrh 
between 05 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- 
S ~ O M ~  imulations are foreseen to be performed. 

T ~ L  Fiot Gmup (ANSTO) presented their work 
on the !evelopment of sorption models. The goal 
has been to develop a mechanistic description of 
U(V1) adsorptionon typical minerals present in the 
weathered zone. Experiments indicate the 
presence of multiple types of sorption sites, some 
which are suong and some which are weak. A 
simple surface complexation model has been used 
to simulate the experimental results from batch 
experiments of the sorption on ferrihydrite of 
U(V1) at different concentrations as a function of 
pH. The concentration of smng  and weak sorption 
sites was vahed 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 descrihes U(V1) ad- 
sorption to ferrihydrite and quartz over a wide - range of solution conditions. 

The Project Team from USNRC presented their 
modelling ofthechemical evolutionof thepresent- 
day groundwaten. Aqueous speciation. saturation 
state and chemical mass transfer calculations were 

, carried out using the codes EQ3- and EQ6. The 
magnesium and aluminium contents of thesoil 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 retleaed by a low Mg content 
and a high Al content. The hansition 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 profde is also 
supponed 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 
concentration with depth. Speciation and state of 
saturation calculations suggest that the waters are 
pan of a c ~ n t i n u ~ u s s ~ e c t ~ m  of reaction progress 
extending from acidic relatively unreacted waters 
to slightly basic water near equilibrium with 
chlorite and kaolinite. Furthermore, it was con- 

.-. cluded that the very strong dependenceof 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 Team 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 watersampled in borehole KDI, and 
the reactant minerals were chlorite, muscowite, 
quartz, pyrite, graphite, fluorapatite and U3Oa. 
The output from the calculations shows that the 
most abundant uranyl phosphate mineral at Koon- 
gam, saleeite, is formed, but under conditions 
which do m t  occur at Kwngam. 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. 

TWIN LAKE 

Tracer experiments ar the Twin Lnke aquifrr. 
Canada. 

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 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 
thichess of this unconfmed aquifer ranges from 6 
to 10 m. 

The large experimental programme includes20- 
40- and 26C-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 170 monitoring installations in the aquifer 
around the downgradient of the injection well. 
Each installation consists of piezometen with 
short screens located at 1 m depth incremens 
through the zones of saturation and gamma scan- 
ning is performed through me full aquifer. 

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

Analyses by the Roject Teams 

The Project Team from SNWUSNRC discussed 
thevalidation aspects fortheTwin Lakestudy and 
presented data analysis of the tracer tess.Thetask 
for SNL as a contractor for USNRC is to develop 
both a validation smtegy to address pmcess model 
validation as well assite-specific model validation. 
The use of Twin Lake data could provide insight 
into the site-specific model validation pmcess, 
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 



hydraulic gradient. The dispenivity 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- 
normal distribution. The gradient is determined 
from groundwater table levels and bedrock levels. 
The porosi$ which is assumed to have a normal 
distribution isevaluated fromgravimetric analyses 
on core samples. 

The analyses showed that the probability of 
obtaining a concentration larger than the maxi- 
mum concmuation steeply decreases at a certain 
value of the marimurn concentration, but that this 
value of the maximum concentration always was 
larger than the measured maximum concentration 
(Figure 4). Fu~thennore, the calculated maximum 
concentration was insensitive to the choice of 
hydraulic conductivity. The probability of cal- 
culating a time at which the maximum concenm- 
tion occurs which is largerthan the corresponding 
time observed in the experiment changed from 

abnut 0.2 to about 0.85 depending on the chanc- 
teristicsof thelog-normal dishibutionof hydraulic 
conductivity. Based on the results 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 complete ranges of data. 

The Pilot Gmup (AECL) informed about a new 
technique and methodology for characterisation of 
geologic heterogeneities. High energy emitting 
mcers are used to detect inhomogeneities and the 
dispersivity characteristics of a geologic stmcture. 
A gamma radiation detector which detects mcers 
within a circle with a radius of 0.1 m are used to 
get a vertical activity pmfde of the mcers. A 
local-scale dispersion model was used to simulate 
bacer tests, and it was concluded that this model is 
of universal nature and applicable to solving one-, 
two-, and threedimensional problems. Further- 
more, it was concluded that the most reliable ap- . 
proach to account for local heterogeneities is to 
measure velocities rather than c o n d u c t p q  
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Figwe 4. Probnbiliry of obtaining a modelled concentration larger than the meawed maximum - 
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Distribution of Background 
Information and Databases 

Background information and datahaes  are dis- 
tributed to the INTRAVAL Participants either hy 
the Secretariat or directly from the Pilot Groups 
according to Table 4. Tne information is dis- 
tributed only o n  request from the Project Teams. 

Table 4. Disrriburion of background informa- 
tion a n d  dambases. 

Test Case Distributor 

Las Cruces Pilot Group. T. Nicholxm. 
Trench NRC" 
Apache Leap Pilot Group. T. Nicholson. 

NRC" and T. Rasmrrrsen. 
UAZ') 

WIPP 2 Pilot Group, E. Gorharn. SNL" 
Finnsjdn secretariat" 
S t r i p  Secretaria?) 
Gorleben Pilot Group. K. Schelkes, BGR" 

WIPP 1 ~e&etariat" 
Mol Secretaria?' 
Alligator Rivers Pilot Group. P. Duerden, 

ANSTO') 
Twin Lake Secretaria?) 

1) Full organisation name, see List of  Intraval Par- 
ticipanb in Appendix I 

The overall objectives < ~ i  Phxqe 2 are r imi lx  to 
those of Phase I .  i.e. to increase the understanding 
of  how various geophysical. gmhydrological and 
geochemical  phenomena o i  importance fo r  
radionuclide transport from a repository to the 
biosphere can be desurihed hy mathematical 
models developed for this purpose and to study the 
model validation process. 

The  organisation of INTRAVAL Phase 2 is 
similar to Phase I .  The study is directed hy a 
Coordination Group with one member from each 
Party. The Swedish Nuclear Inspectorate (SKI) 
acu  as Managing Participant. The Parties organise 
Roject  Teams for the actual project work. A Pilot 
Gmup has been appointed for each test case in 
order to secure the information transfer from the 
experimentalists to the Project Secretariat and 
Roject Teams. At suitable intervals, about once a 
year, workshops are arfanged. Normally, the 
workshops are held in conjunction with meetings 
of the Coordinating Group. 

2 )  Kemakta Consultants Co., P.O. Box 12655, 
S-112 93 Stockholm, SWEDEN 
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INTRAVAL Organisation 
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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 
Organisation for Economic Cooperation and Dzvel- 
opment/Nuclear Energy Agency (OECDINEA). 
KEMAKTA Consultants Co. is contracted by SKI 
to act as Principal Investigator within the Project 
Secretatiat. 

The Parties organise Project Teams for the ac- 
tual project work..Each Party covers the costs tor 

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

A Pilot Group has been appointed for each Test 
Case in order to secure the necessary information 
aansfer 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. 
Normally, the workshops are held in conjunction 
with meetings of the Coordinating Group. During 
the workshops, T a t  Case definitions and achieved 
results are discussed as a preparation for decisions 
in the Coordinating Group. 
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Appendix 2 

Intraval Phase 2 Test Cases 

LAS CRUCES TRENCH 

Flow and transport experiments in unsaturated 
porouJ media perfmed 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 Cmces, New 
Mexico. U.S.A. Water and tracers were applied at 
a carefully controlled rate to the surface of  an 
experimental plot. The motion of water and the 
nanspon of various tracers through the unsaturated 
vadose rone was mohtored. This test case was also 
included in INTRAVAL Phase I .  During Phase I 
data for site characterisation and model calibration 
were collected. In phase 2 the models calibrated 
during Phase 1 will he used to predict water flow 
and salute mnspon  in a new experiment (Plot 2b). 

Exper imenta l  Design 

A aench 16.5 m long, 4.8 m wide and 6.0 m deep 
was dug in undisturbed soil. Two irrigated ares 
measuring 4 x  9 m and I XI2 m respectively are 
a d j a m  a the umch (Figure 6). In the first experi- 
ment (Plot I) water containing tritium was applied 
at a controlled rate of 1.8 cmlday on the area sized 
4X 9 m. The movement of water below the soil 
surface war monitored with neutron prohes and 
tensiometers. Soil solution samples were taken to 
determine the movement of m c e n  below the sur- 
face 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 
tritium and bromide was applied at a rate of 0.43 
cmlday on the area sized 1 x 12 m. These two 
experimenn were used during INTRAVALPhase 1. 
In the third experiment (Plot Zb) tritium, bromide, 
boron, chromium and the organic compounds pen- 
tafluorobemic acid (F'FBA) and 2,6difluoroben- 
zoic acid (DFBA) were added with the water on 
the areasized I x12 m. 

Figure 6. Top view of the wench with irrigated areas. 
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Available data 

- water retention data 
- density profiles 
- panicle-size analysis data 
- saturated hydraulic conductivities (laboratory 

and in situ) 
- water content 
- tensiometer data 
- solute concenlration i 

~! 

APACHE LEAP 

Flow and transport experiments in unsarurared 
framued nxk pe@t-med at Apache Leap Tuff Site, 
Arizona. USA. 

Overview 

The Apache Leap Tuff Site in tuffa~mus 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 tuff 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 transpon properits of fractures and 
rock matrix of unsaauated rock. 

The effects of a thermal source are studied wir 
lahoratory nonisothermal core measurements, 
whereas the behaviour of fraaures 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 permeahility at 
Apache Leap Site, information regarding 
mechanisms affecting the flow of fluids in frac- 

tured rock. and data fix validation of flow models. 
The field experiment programme outline son- 
mhutes to the characterisation of permeahility dis- 
trihution of a selected portion of the site using 
single-borehole pneumatic tests. pneumatic cross- 
borehole tests, gas kacer tests, and hydraulic tests. 
Most of the data from the planned field experi- 
ments cannot be expected until after the end of 
INTRAVAL F'hase 2. 

Laboratory Nonbothermal Core 
Measurements 

A cylindrically shaped core approximately 12 
an 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 characterhion 
purpcMes. The mother core with a prescrihed 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 1 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 segmen& 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 
temper;nures. The simulation output will consist of 
mean water contents and solute concentrations 
along I 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 I cm 
intervals. The temperature measurement should be 
considered a poim 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 .O cm in height and 
20.2 cm in width conrains a fracture oriented along 
the 92.5 cm by 20.2 cm plane. The rock was 
initially airdried 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 f r a m e  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 simtllation objective of this problem is to 
reproduce the movement of a wetting front of 
water in a fractured, unsaturated rock using char- 
acterisation data and observed fracture inflow 
vclumes 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 
iaflow data collected during the experiment. 

Available data 

Con Mmumnents 

- rock matrix porosities 
- initial water wntems 
- temperawes 

A sa of data wllected prior to the heater experi- 
ment may also be useful for calibration purposec. 
Before the thennal experiments were conducted, 
the circumference of the mother wre was sealed, 
while the two ends were lefi open. The wre was 
fully sltunted and then one end or the core was 
placed on a pressure plate and a 5 bar (500 Wa) 
pressure w a  applied. 'Ihe total weight of the core 
was measured on various dates, and used to 
develop a time series of w& saturations. Addition- 
al data are also available froin tests performed on 
daughter cores wllected near the core used in the 
nonisothennal experiment. 

Block Measuremetus 

- rock matrix sorptivity coefficient 
- rock matrix porosity 
- rock fracture aperture 
- cumulative 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. /I' 

Tracer experiments in ajraaured zone at the 
FinasjOn research area, Sweden. 

Overview 

The Finnsj6n 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 m , e  zone, Zone 
2, located in the B r h h  area (1 km-), a sub-area 
within the Finnsj6n research area. The Finnsjdn 
tracer experiments are part of the Fracture Zone 
Project, initiated and supported hy the Swedish 
Nuclear Fuel and Waste Management Company 
( S W .  

The project involves detailed characterisation of 
Zone 2, including a largescale interference test 
and two large scale tracer tests, one radially wn- 
verging test and one dipole test. The interference 
test and the radially converging test were used in 
modelling during INTRAVAL Phase 1. During 
INIRAVAL Phase 2 the modelling of this test case 
will continue to include also the dipole experiment. 

Experimental Design 

Zone 2 is penetnted by six diamond wre drilled 
boreholes and ttuee p-ion drilled boreholes 
(Figwe 8) at dephs ranging befween 100-350 m. 



SCALE 

Figwe 8. Borehole locarion in the Brdndan area. 
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Two tracer experiments were carried out. one in 
a radially converging flow 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 withdrawal hole. The distance from 
the injection holes to the withdrawal hole is in the 
order of 150 to 190 m. Three sectiowwere 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 
W e e n .  Non-sorbing tracers were injected in nine 
different intervals of the zone. Totally eleven dif- 
ferent tracers were injected, eight of them con- 
tinuously for 5-7 weeks and three as pulses. Fmt 
arrivals in the withdrawal hole ranged from 22 to 
3500 hours. 

The dipole experiment was performed after the 
radially converging experiment using the same 
hole for withdrawal and one of the other hols for 
injection. The two other holes used for injection in 
the radially converging test were used as observa- 
tion hdes in the dipole experiment. Only the upper 
highly conductive p a n o f  Zone 2 was used for 
tracer injeciion in this experiment. Totally I5 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 Phe start of the radially converging test, 
a series ofhydraulic 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 
Br%dan area during pumping of the hole later used 
as withdrajval hole in the tracer experiments. In 
conjunction with the interference test, a prei,mi- 
my tracer r s t  was performed in order to op. ~ i s e  
the design and performance of the planned ra idly 
converging, uacer experiment. 

Avaihbk data 

- primary drawdowb responses 
- graphs of the recovery of groundwater head 

after pumping stops 
- tracer injection information 
- tracer breahhrough curves 

Radinlly Converging Erperimeru 

- tracer breakthrough curves - 
- tracer injection information 
- groundwater levels 
- relative hydraulic head differences 
- temperature and electrical conductivity of 

pumped water 

Dipole Erperimenl 

- tracer breakthrough c w e s  
- 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 B M a n  area as well as from 
horehole investigations. Hydraulic data are avail- 
able from hydraulic testings. Data on poros~tles 
and difiivities have been determined in the labo- 
'=tory. 

Flow and tracer experiments in crystalline rock 
based on the Stripa 3D eqwrimeru. Sueden. 

Introduction 

This test case is based on the three dimensional 
aacer tea performed in the Stripa mine in Sweden. 
This experiment was also pan 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 
'Channellinn Exoeriments' are or will be made 
available duri& I ~ V A L  Phase 2. The experi- 
ments were performed within the OECDINEA 
International h i p a  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. 

'Ihe 'Site Characterisation and Validation Pro- 
gramme' includes a number of investigation steps -, 

to charaderise an unexplored rock volume starting 
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with a few long horehola and ending with a new 
drift being excavated in the rock hlock. The new 
drift was instrumented with plastic sheets and 
other water collection devices. 

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

General  Description 

A drift has been excavated in the Stripa mine at 
360 m below the gmmd. The drift is 75 rn 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 rn (Rgure 9). 

The ceiling and large parts of the walls in the 
drift were covered withplastic sheets. each shea 
with an areaof about 2 m-. A mtal number of about 
350 sheets served as sampling areas for water 
emerging into the upper pan of the test drift. The 
sampling a r r ange rnp  complaely covered a sur- 
face area of 700 rn-. 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 
injeaion r~lg were located between 10 and 55 m 
above the test site. The tracers were injected con- 
h x d y  for nearly two years. The injeniom were 
carried out with a 'constant' over-pressure, ap- 
proximately 10-15 % above the natural pressure. 

Figure 9. Lnyout of experimental 3 0  driji at Stripe and sampling m g e m e r l t .  

The concentrations of the injected tracers were 
brtwgn laOO and 2000 ppm and the different flow 
rates varied from 1 to 20 rnllh. The following 
tracers were injected: Uranine. Eosin Blueish, 
Eosin Yellowish, F'hloxine B, Rose Bengal, Elbe  
nyi Wian Ravine, Duasyn Acid Green, bromide 
and iodide. 

The natural inflow of water to the drift was 
measuued before drilling the injection holes. The 
results from the wata monitoring show that water 
does mt flow uniformly in the mck over Ihe scale 

considered (700 m2), hut seems to be loealised to 
wet areas with large dry areas in between. 
Measurable amum of water emerged into 1 13 of 
the 350 sampling areas. Out of these 'wet' sam- 
pling areas 10 % gave more than 50 % of the total 
water inflow. 

Afier 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 Chamcterisation and Validatton 
Progmmrnr (Sm 

The origuul aim of the project is to predict ground- 
water flow and tracer transport in a previously 
unexplored volume of the Stripa granite. The rock 
volume selected for detailed characterisation is 
about 125 X 125 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 beween the dif- 
ferent experimental steps. In the fim investigation 
five l5b-220 m long boreholes and one 50 m long 
were Mled. These holes were used to charaaerise 
the rock volume by core logging, hydraulic tests 
(down ro I m sections), radar and seismics. 

Thereafter three new 100-150 m long holes were 
drilled. Information from these holes were com- 
pared with madepredictiom, based on information 
from already investigated holes, concerni~g water 
bearing seujons, fmcnms ac. Next six 100 m long 
boreholes, were drilled in the samedirection as the 
new drift would be excavated. The water flow and 
its distribution were maured  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. 'lhe ney drift was 
equipped with plastic sheets (1-2 m') and other 
water collection devices. The drift cut thrargb one 
5-10 m wide major fracture zone, which gave more 
than 99% of the total water inflow. Tracer experi- 
ments were peerformed in this fracture +one from 
seven spots located in four boreholes 10-25m away 
from the drift (Egure 10). For this purpose two new 
boreholes had to be drilled. In each spol two non- 
sorbing tracers were injected. The tracers were 
sampled in the plastic sheas and in the other water 
collecting devices covering the lower parts of the 
walls and the floor of the drift. 

- 
Fracture zone 

3D-drift 

............a. *,..........., 
SCV drift \ 

o Sectlons used for 
tracar rnonnormg. 

! I 

Figure 10. Layout of racer -rimem (SCV). 

Channelling Eqcrimeni 

The channelling experiments consist 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 (Figure 11) was used to inject water all 
along the fracture plane. 

The injection flow rates were monitored 
seFar;pely forthe 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 tesu. The multi-pede was used in 5 
boreholes, whereas in total 12 holes were drilled. 

The double hole experiment was performed in 
a m, where the single hole test has shown that 
channels existed. A second hole was M l e d  in the 
same fracture planeat a distance of 1.95 m from 
the first hole. Priir to the injection of water for 
detailed pressure tests, more coarse tesu were 
performed. In the detailed pressure pulse tesu, 
water was injected in one of the holes at a seaion 
of 50x50 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 hole. 

Figure 1 I .  Design of the mulripedpacker (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 hehole,  
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 
I5 sections. The tracers, Uranine, Eosin Yel- 
lowish, Ebenyl Brilliant Flavin, Duasyn Acid 
Green V and Phloxine B wen injected continuous- 
ly during four we&. 

Summary of Available Data 

- water flow nts 
- 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 Chanutetisarion and Volidcrtion (SCV) 

- core logging and fracture mapping in drifts 
- geophysical single hole logging 
- rock stress measurements 
- borehole tadar 
- borehole seismics 
- hydraulic investigations 
- hydrochemisty 
- water flow rates 
- tracer breakthrough curves 

Channelling Erperinrcnt 

- number of fracatres 
- number of intersections 
- information a b u t  infilling 
- fracture lengths 
- opening areaof fracturrs 
- pressure response - tracer brralahrough 
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Flow and rranspon experiments in heterogeneous 
fracrured media performed at rhe Wasre 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 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. Ovalying the Salado Formation is the Rustler 
Formation (Figure 12). 

System / Series 1 Group 

Recent I Recent I 

'ermian Ochoian I I 

Guada- Ddawarr 
lupian Mounain I I 

Surficial 

calero 
Caliche 

divided u 
niner 

Ddunite 

Culebra 
Ddomite 

Salado 
Castile 

Brushy 

Figure 12. WIPP area snatigrajhic colwnn. 

The Culehra Dolomite Member of the Rustler For- 
mation is the most m m i s s i v e  water-Wing 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 investigations of the Culebra Dolomite 
have been made including detailed investigation of 
numerous surface features for the purpose of 
delineating subsurface fearurn of irregularities 
that could affect flow in and around the Culebra. 
A transient e!ectromagnetic survey is planned for 
1991-92 in crder to get a bener delineation of a 
hypothesised fractured region, a high transinis- 
sivity zone in the southeast corner 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- 
m i s i ~ t y  related to fracturing have been identified. 

Test data from three wells in the southeastern 
part of the site (DOE-I, H-3, H-1 I) indicate the 
presence of a zone of relatively high bansmissiviry 
within an area of othemise low bansmissivity, 

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 transrnissivity mne. 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 transrnissivity 
zone. ' h e  other pumping test and aacPr test were 
performed in the high aansmissivity zone near the 
southern site boundary. 

In addition, geochemical and isotope studies 
have been conducted in order to obtain additional 
insight into the hydplogic behaviour of the 
Culebn. Thge data have been used to demonstrate 
dm rhe age of the Culebra waters is of the order of 
10000 years, and that the waters originated during 
a known pluvial penod. 

/:&:,, .. 
. 1: 
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Figure 13. Culebra Wells and measured rrammissiv~ near the WIPP site. 
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Objectives of the Test Case - calibrated transient re oundwater-tlow 
model 

A number of different objectives are identified: 
-. 

- to determine if the hydraulic data suppon the 
derived transmissivity distribution andlor the GORLEBEN 
model boundary conditions 

- to evaluate the consequences of and the uncer- 
tainty in the derived uansmissivity Saline groundwmr movements in the vicinity of 

- to determine the resolution in transmissivity the Gorlekn salruome, Gemany. 
needed for long time (10 000 years) predictions 
of radionuclide travel time 

- to calculate the uncertainty in predictions of Overview 
radionuclear travel time 

- to daermine if the palwflow directions inferred The Gorleben salt dome is located in the nonh- 
from the geochemicallisotropic data could be e;stem part of Lower Saxony in Germany. The salt 
reproduced using current transmissivity dis- dome is approximately 14 km long, up to 4 km 
tribution and boundary conditions altered to- wide and its base is more than 3000 m below 
simulate increased rainfall surface. An erosional channel, the 'Gorleben 

- to determine if halite and gypsum dissolution Ckmd', more than 10 km long and 1-2 km wide, 
will take place in the next 10 000 years in the crosses the salt dome from south to north. Erosion 
Culebra, resulting in an alteration of the Uans- along the channel extends down to the cap rock (a 
missivity dismbution residue of the d i l u t i o n  process of salt in ground- 

- to determine if the hydrologic evidence is suffi- water) and in some places down to the salt. In the 
cient to rule out a significant effect on transport channel, fairly thick sandy sediments with inter- 
of karst features bedded lenses of till are overlain by a complex of 

silt and clay up to 100 m thick. Freshwater in the 
upper pan of the aquifer system is underlain by 

Available Data saline groundwater. The groundwater movements -. 
in the erosional channel is the topic for this test 

The data base for this test case is very large and case. The groundwater movements in such an 
contains: aquifer system depend to a large degree on the 

salinity, which influences the water density. 
- UTM coordinates and surveyed elevations for 

all wells 
- core logs andlor geophysical logs from all well Experimental Design 

locations 
- geochemical and isotope data (major ion con- Hydrogeological investigations have been con- 

caadcm, density, &.) from all well locz. ,ON ducted in an area of about 300 km2 around the salt 
- raw and i n t e r p r d  hydraulic ten data h r .  all dome. During these investigations four pumping 

well locations tgis were carried out: one in fresh water and three 
- raw and interpreted tncer test data in saline water. During these testr information 
- core porosity and permeability data from mcer- were obtained on boundaries, hydrogeological 

. . test and other locations structure, connections baween different aquifers, 
! $ I .  ., I - water-level data (hydrographs) fmm time of and hydraulic parameters (permeabiilities, storage 

:: I well consrmctan to present for all wells and leakage coefficients). In one of the pumping !,I - estimated steady-state hydraulic heads at all tests the pumped well penetrated the emire deeper 
well locations aquifer in the erosional channel (l3gure 14). 

f i i  , , 
- calibrated steady-state regional groundwater 

, , flow model 

1. 

I 



Figure 14. Hydrogeological cross senion of the Gorleben salidome. 

The pumping tept wia carried out with a pumping 
rate of H m /h over a paiod of three weeks. The 
density of the water ranges from 1010 to 1200 
kg/m3. This pump test will form the basis for the 
IW pat of this INIRAVAL test case. The second 
pan is to model the regional groundwater flow, the 
salt dissolution and their interaction. 

Available Data 

- borehole locations (maps) 
- hydrogeological data (groundwater levels ac.) 
- pumping test data (hydrographs, salinometer 

logs, pumping rates, electric conductivities, 
temperatures, densities, etc.) 

Large amounts of data are also available From 
other tests paformed in the area. 

The data available from the selected pumping 
tesn *: 
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Brinejlow through bedded maporires at the W m e  
Isolation Pilor Plant (WIPPI in Corlsbad. New 
Mexico, USA. 

Overview 

This test case is based on one experiments per- 
fonned with the aim to determine the rate of brine 
flow through WIPP bedded evaporites. The W P ,  
located in Carlsbad, New Mexico, is an under- 
ground research and development repository (Fig- 
ure IS) lying 655 m below round surface within 
bdded evaporits, primarily dite, of the Permian 
Salado Formarion. 

Three geologic formations are imponant to the 
expected performance of the WIPP: the Salado 
formation. in which the repository is located; the - 
Rustler 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 experirnen~ 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 te% case is also related to amther 
important issue, the abiiity of wastpg~erafed gas 
to flow from the repobitory into the formation. 

Figure 15. Schematic view oftk WIPP sin. 



Experimental Design S n d l  Scde Brine-inflow Erporimem 

Data from Uvee types of experiments will form the Brine-inflow rates are being measured at three 
bases for this test case: scales: in 10 crn and I m diameter boreholes and 

in a cylindrical room with 2.9 m diameter (see 
- small scale brine-inflow experiments large scale experiment). The horeholes are orien- 
- pore-pressure and permeability tating tated vertically downward or horizontally and ex- 
- integrated, large scale experiment 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. 

Figure 16. Brine inflow rafe vs rime in a borehde (Hde DBTI 1). 

Chemical analyses of brine collected are also permeability experiments, both pressure-pulse 
available. The brineinflow measurements in the tests and constant-pressure flow tests. During the 
10 cm diameter boreholes generally show rapidly pressurepulse tests, gas tends to accumulate in the 
declining flow rates for the first few months, fol- boreholes. The gas is thought to evolve from 
lowed by steady but slow declining flow rates over Salado Formation brine in response to the lower 
long periods (2 years). pressure around the borehole relative to the pres- 

m in the far field. The gas volumes are measured 
Porrpnssum and Permeability Testing and the compositions are analysed. 

Pore-puessure measurements are made in bore- 
holes qith a diameter of 10 cm and 2 to 27 m in 
length, drilled at a variety of orientations. Pore 
pressurie is measured in brine-filled, packer iso- 
lated inlervals in the boreholes. Factors other than 
the formation pore-pressure that could contribute 
to pressures observed in a borehole, e.g. tempera- 
ture changes and borehole closure, are also 
monitored. The boreholes are furthermore used for 

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 intlow to a room- 
sized excavation. 'lhe 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 humidity withii the 
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room as well as the brine intlow into the rmm are 
now being measured. Sdt ertlorescences resulting 
from brine evaporation on the surface of the room 
are regularly mapped. Pore-pressure measure- 
ments were made cnntinuously before. during and 
alter 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 boreholes, 4 and 10 cm in diameter, will 
be drilled in various directions from the room. 
These boreholes will also be insbumented to allow 
permeability experiments, porepressure measure- 
ments, and measurements of borehole deformation 
and brine intlow. 

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 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 WIPP's performance are tackled, and a large 
number of different typs of 
performed within the pilot pl 

MOL 

Migration cqxrimcnr in Boom clay formation at 
the Md site, Belgium. 

Overview 

This test w e  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 original p u p s e  of the test is the in 
situ determination of migration related parameters 
and confirmation of these parameters determind - in the laborat~ry. The experiment is a joint effort 
beoueen SCKICEN, NIRASIONDRAF and PNC. 

Experimental Design 

A number of piezometers, a so called piezomaer- 
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 piezomaer comisu 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 piemmeternest 
was pushed into the hole. An inen 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 atmospheric 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 yean after the installation 
of the piemmeter-nest the clay formation was sup- 
posed to be settled. HTO was injected to filter 
number 5 and thereafter the system war I& alone 
allowing migration of HTO in three dimensions. 
The injection rate of the tracer solution was 5.6 
mllday during about one and a half month. 

The HTO mncenuation in the clay is measured 
by collection of liquid samples from the other 
fiten in the nest. The space between the different 
fdters is 1 m. The sampling was started 3 months 
afta the sm of the injection and continues at a two 
m o d  iderval. 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. 



Figure 18. Conceptual view of rk piezomrtcmst. 
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Available Data Australian Nuclear Science and Technology Or- 
rranisation. the Janan Atomic Enerev Research - 

- steady state pressure distribution in the clay 
- HTO concentration as a function time 
- tracer injection data 

Supporting Information 

Supponing data are available from laboratory ex- 
periments and other in situ experimeats. Transport 
parameters, e.g., the product of effective pomsity 
and retardation factor, apparent dispersion con- 
sgn, and diffusivity, have been estimated. A num- 
ber of laboratory experiments have been per- 
formed, such as throughdiffusion and percolation 
eqeimm with clay cores. The Boom clay is rich 
in organic m m  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 paraineters of the smallest humic 
molecules. 

ALLIGATOR RIVERS 

Natural analogue studies at t k  Kmngarra sire in 
the Auigcpor Riwrs area of the Northern Tenitory, 
A utrolia 

Overview 

This test case is based on work conducted at * ? 

Koongarra site in the Alligator Rivers Region ' 
the Northern Territory in Australia. m e  Alligato, 
River Region is located about 200 km east of 
Danvin. Tbe international Alligator Rivers Natural 
Analogue Project (ARAP) w u  se& up in 1987 and 
was spomored by the OECD Nuclear Energy 
Agency. Participating organisations are the 

- -, 
Institute, the power Reactor and Nuclear Fuel 
Development Corporation of Japan, the Swedish 
Nuclear Power Inspectorate, the UK Depamnent 
of Environment, and the US Nuclear Regulatory 
Commission. 

Uranium mineralisation occun at Koongan-a in 
two distinct but related orebodies which strike and 
dip bmadly parallel to a fault, the Koongarta 
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. Rimary min- 
eralisation is largely confined to quam-chlorite 
schists. Secondary uranium mineralisation is 
pRset 'om 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 a consistent picture 
of the processes that have mnwolled 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 also 
been measured on natural particles in K o o n p a  
groundwater. . 



Figure 19. Cross section showing the dispersed zone or the Koongawa deposit. 

Available Data 

- 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 d i i a r g e  

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

- results of geophysical surveys and backhoe pits 
which show thickness of upper deposits 

- results of packer tests in upper part of the hed- 
rock, and resistivity traverses 

- resultr From porosity and permeability measure- 
ments on drill core samples 

- pH, Eh. D.O., conductivity and temperature in 
groundwatm 

- groundwater wncenh-ations of cations and trace 
metals 

- groundwater concentrations of uranium series 
nuclides and isotopg 

- uranium concentration distribution assay (247 
drilling locations) in wre pulp and soil samples 

- uranium series radioisotope 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 
129 36 - concentrations of I, a, 9 9 ~ c ,  and z 9 ~ u  in 

rock samples 
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TWIN LAKE 

Tracer eqxrimenrs at the Tnin .in aqwr, GUI- 
a&. 

Overview 

A large numher 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 Ian mnhwest of Onawa, Cayda, in the 
valley of the Ottawa river. The 37 Ian- 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 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 insolla- - 
tion consists of piezorneters with shon screens 
located at I m depth increments through the zones 
of saturation, and gamma scanning 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 monitorin installa 9 . -  tions (Figure 20). The tracers used are ' 'I, whlch 
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- 
she analysis and the hydrodynamic dispersion and 
longitudinal dispersivity was det~rnined From 4- 
umn tracer t e a .  

Available Data 

A large database is available, containing data both 
from field and laboratory experiments, such as: 

- permeame-ter test data 
- small-scale dispersion 
- porosities 
- grain s h e  composition 
- hydrogeological data 
- geophysical data 
- mapping of tracer migration (Figure 21) 
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Figure 20. (a) Twin Lake Site map. (b) Grological cross section through the 7bin L& sire (section 
A-A '). (c) Plan offield sire showing iNmrmeNm(flon Md tracerflow line. 



IhnL4 VAL 
Progress Repon No. 8 

- 

4 35 M 25 20 15 10 5 0 
0 DISTANCE FROM SOURCE (m) 

45 4 35 30 25 20 15 10 5 0 
0 DISTANCE FROM SOURCE (m] 

Figure 21. L.riunpIe ofrhe rype of data available rhrough the data bare. Tracer migration in the sandy 
aquifer (percent of injeaion concentration). 



Appendix 3 

List of Test Case Related Presentations at 
INTRAVAL Workshops w 

INTRAVAL Phase 1 Test Cases 

Radionucl ide migration through clay sam- 
ples by diffusion a n d  advection (TEXT 
C A S E  la) 

Bogorimhi P. ,  L o w  J . ,  and wn Maravic H . ,  
Comments on Modelling the Hanvell Migration 
Experiments. INTRAVAL Workshop, Barce- 
lona, April 1988. . 

Bogorimhi P.. Overview of Test Case la. 
INTRAVAL Workshop, Tucson, November 
1988. 

- Bourke PJ.. Gilling D.. Jefferies NL., 
Lineham T.R., and Lever DA., ~adionuclide Mi-' 
gration in Clay Samples at Harwell Laboratory, 
INTRAVAL Workshop, Barcelona, April 1988. 

Bo& P.J.. Gilling D . .  Jefferies N. L., Lewr 
D.A., andL.ineham TR., Mass Transfer Through 
Clay by Diffusion and Advection: Description of 
INTRAVAL Test Case la, INTRAVAL Work- 
shop, Heisinici, June 1989. 

Olague N.E., Dais P.A.. and Gribble R.A. ,  Mod- 
eling Strategy, Data Analysis and Initial S i u l a -  
tiom: I M A V A L  Test Case la, MTRAVAL 
Workshop, Helsinki, June 1989. 

Olague N., Davis P.,  and Gribble R.. Dualporos- 
ity Simulations of the Throughdiffusion Experi- 
ments, INTWVAL Workshop, Las Vegas, Feb- 
Nary 1990. 

Samperl.. and Carrera J . ,  prelimin& UPC Re- 
sults on Test Case la, INTRAVAL Workhop, 
Tucson, November 1988. 

Umki H.. Idernitsu K.. and Ike& Y.. Prelimi- 
nary Results on Test Case la, INTRAVAL 
Workshop, Helsinki, June 1989. 

Umeki H.. N e y m  A., Fwuichi K., and 
Ikeda Y..PNC Analysis of Test Case la, 
INTRAVAL Workshop, Las Vegas, February 
1990. 

Wjlan4 R.. and HassMLadeh S.M.. Preliminary 
Results on Test Case la, Ih'TRAVAL Work- 
shop, HelsW, June 1.989. 

Camera I . .  Samper J . ,  Galma G., and Me- Wijland R., and Hm&h M.. Simulation of 
dim A. ,  Interpretation of Test Case 1 a: Old Nuclide Migration in Clay, including Matrix Dif- 
Data, INTRAVAL Workshop, Helsinki, June fusion, INTRAVAL Workshop, Las Vegas, Feb- 
1989. ruary 1990. 

Camera J . .  Samper J.. Galarza G.. and Me- 
dim A.. Application of Experiment Design 

Uranium Migrat ion i n  Crystalline Bore 

Methods to Test Case la. INTRAVAL.. Cores  (TEST C A S E  fb) 
INTRAVAL Workshop, Las Vegas, Fehruary 
1990. BischoffK., H&muuulJ., andhkob A,. IN- 

TRAVAL Test Care Ih, Uranium Migration in 

Hossain S., Preliminary Resula on Test Case la, Crystalline Bore Cores, INTRAVAL Workshop, 

INTRAVAL Workshoo. Tucson. November Barcelona, April 1988. 



B i s c w K . .  Hadermann J. .  and Ju!inb A , ,  
INTRAVAL Test Case Ib. Uranium Migration 
in Crystalline Bore Cores - Small Scale Pressure 
Infiltration experiments, INTRAVAL Work- 
shop, Tucson, November 1988. 

W e r a  J . ,  and Samper I . .  Identitiability Prob- 
lems with Data on Test Case Ib, INTRAVAL 
Workshop, Barcelona, April 1988. 

Cde C, Preliminary Results on Test Case Ib, 
INTRAVAL Workshop, Barcelona, April 1988. 

Cordipr E., and Goblet P., INTRAVAL Project - 
Test Case lb, INTRAVAL Worlrshop, Helsinki, 
June 1989. 

Grindrcd P.. A Note on the Role of Nonlinear 
Sorption in INTRAVAL Case Ib, INTRAVAL 
Workshop, Las Vegas, February 1990. 

Grindrod P.,  and Hodgkimon D..  The Role of 
Nonlinear Sorption in INTRAVAL C a e  lb, 
INTRAVAL Workshop, Las Vegas, February 
1990. 

Hadermunn J.. and Jakob A,, Modelling Test 
Case l b  with Various Mechanisms and Geome 
tries, INTRAVAL Workshop, Cologne 1990. 

H m K , ~ a Y . . & ~ ~ ~ A . , f i g a A . , a n d  
Ikect? Y.. Modelling S M y  of Test Case Ib, 
INTRAVAL Workshop, Cologne 1990. 

H ~ o j d n i  A.. Preliminary VTT Results on Test 
Case lb, INTRAVAL Workshop, Tucson, No- 
vember 1988. 

Ho104drdA.. Channels as Migration Routes in 
Crystalline Rock Samples, INTRAVAL Work- 
shop, Helsinki, June 1989. 

JodarmC.P., PreeceT.E.,adSwnnerP.J., A 
Study of -VAL Test Case Ib, INTRA- 
VAL Workshop, Helsinki, June 1989. 

J a c b n  C P.. S-r P.J., and Preece T. E.. A 
Study of INTRAVAL Test Case lb, 
INTRAVAL Workshop, Las Vegas, February 
1990. 

Jakob A.. Hadermann I . .  and Zingg A., PSI New 
Modelling Results, lNTRAVAL WorLshop, Tuc- 
son, November 1988. 

Kjellbom K.. Moreno L.. and Nererniekr I . .  Pre- 
liminary Evaluation of Some Uranium Migra- 
tion Tests, INTRAVAL Worbhop. Helsinki, 
June 1989. 

Radionucli . . Migration in Single Na tun l  
F'iures in vranite m T  CASE 2) 

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

Gde C.R. and A i m  N.J., Investigating a Param- 
eter Estimation Approach tn Design of Valida- 
tion Experiments, INTRAVAL Workshop, 
Helsinki, June 1989. 

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

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

Neremieks I . .  Previous Modelling of Test Case 2 
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INTRAVAL Workshop, Cologne, October 1990. 

Hassanizadeh S.M.. Presentation ot Experimen- 
tal Results from Brine Experiment. INJRAVAL 
Workshop, Barcelona, April 1988. 

Harsaniradeh S.M.. Experimental Sfudy of 
Brine Transport in Porous Media, INTRAVAL 
Workshop, Tucson, November 1988. 
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Cny, lNTRAVAL Workshop, Sydney, Febru- 
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Ldvsrorfer C Validation Studies for Assessing 
Unsaturated Flow and Trampon through Frac- 
tured Rock at the Apache Leap Site, INTRA- 
VAL Workshop, Sydney, February 1992. 
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Atnfersson P., Monitoring of Saline Tracer 
Transport by Radar M~wementr and Model 
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Workhop, Sydney, February 1992. 
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Vogel P., and SckIkes K., 2D-Studies on Salt 
Water Movement in the Gorleben Channel - 
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The ~ntemat~onal INTRAVAL project s t a n d  in Her ma jest)'^ Inspectorate of Pollution HMIPIDoE. 
October 1987 in Stockholm as an international effofon U K and the OECDINEA take o m  Pmiect oreml- 

~ ~ 

towards validation of g e o s p h e ~  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 organizations 'Parties' from fourteen countries 
participate in INIRAVAL. The project is governed 
by a Coordinating Group with one representative 
from each Party. The SKI acts as Managing Panici- 
pant and has set up a Project Secretar~at in which also 

sation, the objectives of the stuhy and &les f6 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 pan of the IN- 
TRAVAL 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 cooperatron studies aimed at evaluating 
conceptual and mathematical models for groundwa- 

' ter flow and iadionuclide transpon in the context of 
performance assessment of r e p k o n e s  for radroac- 
tlve waste. In the two orevrous studies. INTRACOIN 
(1981-1986) and H?DROCOM (1984-1990). the 
numerical accuracy of computer codes. the validity 
of the underlvrne conceutual models and different 
rcchnques idr s ~ n s ~ r ~ v ~ r ~ , u n c e ~ i n t y  analysis have 
been rested. in NRAVALthe  iocus ison tne \ al~drrv 
of model concepts. 

The INTRAVAL study was s t a n d  in October 
1987. The first three year study, Phase I.  is finalised. 
The second three year period, Phase 2, s t a n d  in 
October 1990. The last workshop will be held in the 

i autumn 1993. 
The purpose of the INTRAVALstudy is to jncrease - i. the understanding of how mathematical models can 

describe various geophysical. geohydrological and 
geochemical phenomena The phenomena studied 
are those that may be of imponance 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. In 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 Saipa  Project and the Alligator Rivers Analogue 
P r o j a r  

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 
experiments with model calculations. It is a pro- 
nounced policy of the INTRAVAL study to suppon 
interaction between modellers and experimentalists 
in order to gain reassurance that the exprrimental 
data are properly understood and that the experiences 
of the modellen regarding the type of data needed 
from thu experimentalists are accounted for. 

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

Since the issue of the previous Progress Repon. 
the eighth INTRAVAL workshop and the founh 
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 results achieved so far. A full day 
session was dedicated to a general discussion of 
validation issues. 

Most of the Phase I repons have been finalised, 
printed and distributed to the Coordinate Group 
members. Two of the reports are in print and some 
minor editorial changes remain in another repon. The 
Phase 1 Summary repon is scheduled for printing in 
the spring 1993. The schedule for the Phase 2 repon- 
ing was discussed and it was concluded that draft 
versions of the Working Group repons 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 held in 
San Antonio. Texas. USA. on the 9th through 13th of 
November. 1992. \c~th  the Center for ~ u c h  Waste 
Regulatory A n a l y s ~ s ( C W R A )  actrng as host hr &he 
workshop technical Dmenmrons of the modellma 
results achieved by t h  Project Teams were given. 
full day session was dedicated to a general discussion 
of validation issues. The session was divided into a 
morning session with presentations from invited 
speakers and an afternoon session with discussions. 
The schedule for the final reponing of the project was 
discussed and it was concluded that draft versions of 
the Working Group repons have to beavailable in the 
summer of 1993 and final versions in December 
1993. Extended outlines of the repons 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 



!he leader o i  Working Grouo 4 was no innger ava~l- 
~b le .  t t  was decided to dissolve Working Group 4. A 
summary of the Alligator Rivers Test Case w ~ l l  be 
prepared by the Secretariat. The Tw~n Lake rest case 
will be tncorporated with Working Group I for the 
remin~ng pan of INTRAVAL 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. 
together w~th the Secretanat, should organise a one- 
day plenary session that should follow the outline of 
the Working Group report. The next Coordinating 
Group meeting will be held in connection with the 
workshop in Stockholm. It was also decided to have 
an additional, and final. Coordinating Group meeting 
after the Stockholm meeting. Separate Working 
Group meetings are scheduled prior to the next 
INTRAVAL workshop. 

The chairman informed that SKI will not be able 
to organise a third phase of EWRAVAL. However, 
SKI would be interested in the formation of a "Forum 
for flow and transpon in rock in relation to perform- 
ance assessment needs", but SKI would not take any 
specific initiative for its creation. 

INTRAVALSub-Committee for Inte- 
gration (ISI) 
The second meeting of the INTRAVAL Sub-commit- 
tee for Integration (ISI) was held on the 11th of 
November, 1992. A draft ourline of the INTR4VAL 
integration and validation (summary) report was re- 
viewed. A daf t  version of this report is to be com- 
pleted by summer 1993, a second draft version by 
December '1993 and the final repon in 1994. The aim 
is to get the IS1 summary repon published in a 
scientific journal. 

been distributed to the Working Group leaders and 
the members of the Sub-comm~ttee tbr integrat~on 
for renew. The tinal vers~on of the Phase I Summary 
repon is scheduled for pnnting in the spnng ot 1993. 

Information from the Phase 2 
Working Groups 

Onginally four Working Groups were set upaddress- 
ing different types of test cases. Because of Mr. P. 
Duerdens. leader of Workmg Group 4. withdrawal 
from INTRAVAL, it was decided to dissolve Work- 
Ing Group4. ? \ v o l u t c a ~ s  weremcluded in Worktng 
Grwp4;AUtgatorffiversandWin Lake Asurnmarv 
of the work the Alligator Rivers Test Case will b;: 
prepared by the Secretariat. The W i n  Lake test case 
will be incorporated in Working Group I for the 
remaining pan of INTRAVALPhase 2. Table I gives 
the test cases included in the three remaining Work- 
ing Groups. 

Table I .  Wotking Groups for 1hTRAV.L Pharc 2. 
-- 

Working Test Cases Chairman 
G m u ~  

1 Las Cmces Trench T. Nicholson 
Apache Leap - 
Twin Lake 

2 Finnsion C-F. Tsane 
stripa 
WIPP 2 

3 Godeben P. Bogorinski 
WIPP 1 
Mol 

INTRAVAL Phase 1 Reporting 

The achievements from the first phase of 
NlXAVAL will be do~umcnted in a Summary Re- 
port and a series of technical reporn. The technical 
reports cova  descriptions, evaluations and conclu- 
sions from the modelling wo* performed for the 
diffemt test cases. One of the technical repom is a 
compilation of descriptions of the experiments on 
which the test cases arc based. The technical repow 
have been prepared by six Working Groups. An edi- 
tor was appointed for each test case with the respon- 
sibility to compile the test case analysis provided by 
the Profen Teams. 

All except four of the Phace 1 npor ts  have been 
finaliscd. printed and distributed to the Coordinate 
Gmup munkrs. 'Avo of the repons are in print and 
some minor editaial changes remain in one report. 
A draft version of the Phase 1 Summary report has 

A chairman has been elected for each Working 
Group. sometimes aided by another person. The 
chain of the Working Gmups are responsible for the 
preparation of Working Group repons, which will 
formpanofthefdrrportingoflN'IR4VALPhase2. 

Since the previous workshop in Sydney, Australia 
in F e b w  1992. all Worlcina G m u ~ s  have arranged 
meetings. ~ i n u t e s  from most of thise meetingse= 
avatiable on request from the Project Sefrrtariat. 
Except for the meetings presented in Table 2, half a 
day was dedicated to Working Group meetings dur- 
ing the workshop in San Fie. 

6* 





INIRAVALPhase 2 to predict the Plot Zbexpenment 
before the expenmental data will be made ava~lable 
to the Project Teams. 

Analyses by the Pmjed  Teams 

The Project Team from PNUUSNRC has used the 
Plot Zb experimental data for testing deterministic 
and stochastic models of water flow and solute trans- 
pan 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 significant. The Plot 2b experi- 
ment was modelled using four scenarios: I )  isompic 
conductivities and modified van Genuchten water 
retention function. 2) anisotropic conductivities 
(K, = ZKz) with constrained residual water con- 
tent. 3) isompic conductivities with water retention 
parameters determined using I-D inverse solution 
and data from Las Cmces trench experiment I .  and 
4) a single stochastic realisation of conductivities 
conditioned on data from the trench. It was found that 
simple uniform models predicted water flow better 
than the single stochastic realisation conditioned on 
data from the trench. Furure'work will investigate the 
use of generalised scaling analysis for describing the 
spatial variability of flow and transport properties. 

The Project Team fmm CNWRANSNRC have 
used the Plot 2b experiment to study the effect of 
model complexity on the accuracy of model predic- 
tions The t&hnical approach includes re-est~mation 
of the van Genuchten model vanmeten from water 
retention data to ensure that initial suctions are con- 
sistent with measured initial water contents, kriging 
of the van Genuchten model paramems to quadrilat- 
eral zones, modelling of the movement of the mois- 
ture plume along three 2-D transecu using the code 
PORROW, and finally, comparison of model pre- 
dictions of water content to measured water content 
at different times up to 310 days by mOmenNm 
analysis and point-to-point comparisons. All data 
available from the Plot 2b expaiment were used in 
three models with differrnt complexity regarding the 
discretisation. It was found that the most complex 
model pmvides the most accurate predictions, based 
on the sum of squared differenas between computed 
and measured water contents. Analysis of the mc- 
menu 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 t h m  models than be- 
tween the models and the exoerimntal results. 

The R q a  Team f b m  ~fniversit~ of New Mex- 
icdLlSNRC discussed the use of statistical inference 
to auantifv the validitv of different models aDDlied to 
the'las d m  ex&mts .  observation; h d ,  in 
most cases. blind p d i a i o n s  performed by different 
emuDs conarnina water contents. fint arrivals. 
fiuxes and momuh  have been compared. The pre- 
diaions made arc based on 13 different conceptual 
models for the soil propelries; five for a uniform 

  so tropic so& two for a heterogeneous isotropic soil. 
and six where the soil propenies have stochastic 

-. distributions. The results vaned. some models per- 
forming well for some measures and others perform- 
ing well for other measures. For example. it was 
found that the models consistently predicted longer 
times for the fint arnval 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 andcorrelation structureof 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 unsnrurared frac- 
w e d  rock performed at Apache Leap TuffSire, Ari- 
;OM. USA. 

Experimental Set-up and Sales 

The Apache Leap Test Case in INTRAVAL Phase 2 
concenvates mainly or two topics. how a thermal 
source will affecf air. : ..,our. 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 I0 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 surfaces, and to minimise heat loss 
along the sides of the core. During the experiment. a 
horizontal temperature gradient was established 
dong 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 f r m d  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 marurrments were c o n d k d  on a block of 
Apvhe Leap Tuff which was 92.5 cm long, 21.0 cm 
high and202 cm wideandcontained asinglediscrete 
fmcmc oriented along the 92.5 cm by 20.2 cm plane. 
The rock war initiallv air-dried at a relative humiditv 
of approximately 30 paan t .  The fracture &s 
along both ends of the block were connected to 
manifolds. while the fracture maces exposed along 
the sides of the block wae sealed with putty. AU 
external surfaces of the rock exapt those covered by 
the manifold were then surled with adhesive vinyl. - 
One of the frPcnvc surfaces covaed by the man~fold 
war open to the atmosphere and the other was im- 
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gated w~th water. The posmon of the wening front in 
the fracture over t m e  and the pos~tion of the wening 
front in the matrix over time was studied. Available 
data are rock matrix sorptivity coefficient. rock ma- 
trix porosity, rock fracture apenure. and cumulative 
inflow volume over time. 

Ln addition to these laboratory experiments there 
are olans to oerform field investigations. However. 
mo; of the data from the pla~ed-field expenmenu 
cannot oe expected unul after the end of INTRAVAL 
Phase 2. 

Analyses by Roject Teams 

The Project Team from the University of Geor- 
giaNSNRC presented labomtory experiments where 
water and gas flow behavior in unsarurated fractured 
rock were studied. A block of Apache Leap Tuff with 
a single d ixrue  fracture was used to perform a series 
of tests to characterise the water and air vMpon 
properties of fractures and the rock matrix for a range 
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, coupled 
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 f x t u r e  in an initially dry rock 
block. The m k  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 pmsure 
head gradients. 

Equivalent fracture apertures were evaluated from 
six types of experiments. Three volumeuic fracture 
aperture values were obtained using a pycnometer. 
tracer breakthrough volumes, and the ratio of fracture 
transmissivity to f r ~ N r e  hydraulic conductivity. 
W o  Poiscuille apertures were calculated using a 
cubic aperture equation applied to gas and wata  flow 
rates, and using a quadratic aprmre equation for the 
gas tracer breikthrough. A final estim& of fmchm 
aoenure was obtained using the air-enm potential of - . . 
tie saturated fiixture. 

The volumeuic apaturrs, estimated using the 
pycnometa and the tracer breakthrough volumes. 
were found to be very close. The volumuric apemm 
determined using the ratio of fracture transmissivity 
to hy-c cooductivity gave smaller apermrrs. 
foUowed by the apahlrrs daermined using thecubic 
and quadratic equations, respectively. The smallest 
ape- &sewed was the capillary aperture. This 
progmsion is consistent with the hypothesis that 
fraaure rouphness will decrease the effective flow 
area for the koiseuiue flow and induce an ink bottle 
effect at franurr constrictions. The d i iaence  be- 
tween apmures obtained using t h s e  six diffmnt 
methods was almost one o rda  of magnitude. 

The water ~mbibition ratc was predicted using a 
model for a single horizontal fracture bounded by 

porous rock. The applied model mclude three stages 
in the fracture imbib~tion process. The first staee 
consists of rapid water ~mbibition 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 0 b s e ~ e d  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 
wating 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 
wating front initially is very low. perhaps ten per- 
cent, but in- to complete saturation during the 
course of the experiment. This may indcate that 
fingers of saturation exist within the fracture during 
early times which expand laterally and dissipateover 
time. It seem that the fingering (channeling) is at 
least as pronounced in unsaturated fractures as in 
saturated. 

Scale effects in airpermeability determinations were 
studied by the h j e c t  Team from Un~versity of Ari- 
zonaRISNRC. One borehole. Y2, has been tested at 
thme different scales: 0.5. 1. and 3 rn n o  other bore- 
holes XZ and V2. arc currently being tested at a 1 rn 
scale and another three boreholes, W2.22 and V2, will 
be tested at a 1 m scale. 'Ihis will eive a total borehole 
length of 180mustedat a 1 m s d i .  High p m a b t l ~ t y  
~nrervals m thae SIX boreholes wtU be retested at a0.25 
m sfak to better detine maior fmmres. The data ob- 
tained so far have been us& for a preliminary geosta- 
t istid analysis to study the scale effect on the perme- 
ability determinations. The permeability based on the 
0.5 m measurements has been fwnd to vary over I I 
orders of magnitude. The variability of the 1 and 3 m 
wale data is smaller. as expected inferring that the 
mawed permeability isa strong function of scale. The 
average permeability increased with increasing scale. 
Despite the lafge spatial variability of the permeability 
-remenu, the underlying spatmi s m u m  has 
been found to be represented by a classical semi- 
variogmn model. Thus flow through the fractured 
pomus matuial may be amenable to the theory of 
stochastic hydrology. 



I.YTRA VAL 

Progrcn Report No 9 

W C C A  MOUNTAIN 

Yucca Mounrain experimenrs 

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 
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 fmm the three UZN- 
boreholes will be used for prediction of the moisture 
content, in a new borehole. UZ- 16, that will be drilled 
to a depth of about 500 m at a distance of about 100 
m fmm the UZN-boreholes. The drilling of this bore- 
hole is scheduled to be completed in March 1993 and 
thecomparison between measured and predicted data 
is scheduled to be completed until next INTRAVAL 
meeting. in the autumn 1993. 

Allplyses by the Project Teems 

The observer fmm the State of Nevada has studied 
the effects of variability in selected model inputs on 
modelled unsaturated water content profiles. I-D, 
2-D as well as fraaure models were applied 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 was modelled as 
consistinn of seven hydrolonic layers except for the 
I -D casewhm the "umbe;of layers varidd from 4 
to I I.  Theresulufromthe I-D modelsshowedawa 
fit to m e a s ~ d a t a e v e n  though thenumber of l i y m  
as well as the intilaation rate were varied. The wet 
conditions within the upper high conductivity unif 
co-existing with the unsaturated conditions in the low 
conductivity units, could no! be modelled with I-D 
geomeay and infilnation. Like the 1-D simulations, 
the 2-D simulations were found to underestimate the 
measured wstcr content in the upper unit. 'The frac- 
ture flow model showed considaably barcrmatch to 
obsaved data In this model, water was recharged 
into a vatical fr;mm inlascaing all seven hydro- 
logic layas. Ibe recharge rate was estimated based 
on ground s u r f r e  material, topography, and climate 
data. The fracture density in the rock was st4 to about 
three fracruns per m e .  In this case. the very w a  
conditions in the upper prmeabk unit as well as the 
unmmted conditions below are much better r e p  
sented than either the I-D or 2-D representations. 

The Rojcn Team fmm SNLNSNRC presented 
their initial work with geostatistia applied to the 
Yucca Mountain test case. The wrositv benveu~ 
boreholes was simulated using a gktatistical simu- 
lator that can be used for 2-D as well as 3-D sinvllP 

with observed data. Observed correlations with po- 
rosity are used to generate other propenies in a s t ~ -  
chastic fashion. in this way, the saturated conductlv- 
ity is generated from the porosity and the average 
pore size from the square root of the saturated con- 
ductivity divided by the porosity. Each s~rnulation 
produces porosities on a local scale which are 
upscaled to the size of the element used in the grid 
followed by calculations of velocities and fluxes in 
the studied section. 

Tracer experimcnls in a fracrured zone a t  the 
F1Yrj6n research area  Swedm. 

This test case deals with detailed characterisation 
of a fractured zone including a large-scale interfer- 
ence test and two large scale tracer tests, one radially 
converging test and one dipoleexperiment. The mod- 
elling is focussed on the dipole experiment.This test 
case was also included in INTRAVAL Phase I .  but 
the databw for the dipole experiment was never 
used for modelling, s ina  it betame available t w  late. 

This test case is based on a set of tracer tests in a 
fracture zone in crystalline rock at the Finnsjon re- 
xarch area in Sweden. Theexperimentsare confined - 
to a sub-horizontal fracture zone at approximately 
300 m depth. The thickness of the zone is appmxi- 
rnately 100 m and iu  horizontal extent is in the order 
of kilomares. 

It appears that the zone contains three highly per- 
mable sub-laym. The transmissivity of the upper 
layer is estimaIed to be lo4 mZ/s, the middle 10.'- 

4 2 1 r 6  m21s and the lower LO m Is. I h e  middle layer 
is not continuous. A fresh water-salt water interface 
exists in the fracture zone relatively close to the upper 
sub-laya. Ihe salt content of the groundwater is 
higha below the zone than above. 'The n d  hy- 
draulic head gradient is estimated to 1000 in the 
horizontal d i i o n .  

The fracture zone and the surrounding rock are pene- 
&by several boreholes. Pafka tests for hydraulic 
conductivitv U n w n  testsl have ken oerformed in 
all bonhol&'in 2 m and 20 m section'intervals. In 
addition, a pmof one borehole has been investigated 
at 0.11 m intervals. A repionnl ~umoing test has been 
conducted by w i n g  wata Imm'thlfull length of 
om bacbole aod obsaving the drawdown in 11 
wells totwing 40 intervals. 

tions and where each sim&ion is equaily consistent 
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lYacer 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 
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 1 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. 

A d r j a  by the Project Teams 

The Project Team from VTT/TVO discussed if 
breakthrough curves obtained from field tests using 
non-sorbing tracers reveal mauix diffusion. In uacer 
tests, like those performed in Finnsjon where a tracer 
is injected in one borehole and collected in another 
borehole, the breakthrough willbeaffected by hydro- 
dynamic dispersion as well as matrix diffusion. 
When studying the Finnsjon tracer experiments it 
was found that the observed dispersion in the break- 
through curves was dominated by hydrodynamicdis- 
penion 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 transpon in 
a number of individual channels can produce break- 
through curves similar to those that would be ob- 
tained for transpon in a single path where the tracers 
Interact wtth the rock mami. hother  effect that also 
rm~ht  be rms~ntmreted as mavu dtffuslon is diffu- 
sion into ~ta~nanivolumes of water. 'Ihe conclusion 
from the pmentaiion was that matrix diffusion pa- 
rameters cannot be determined from bnalrthrough 
curves obtained in field experiments. Instead, labo- 
ratory experiments and possibly also in in-situ ex- 
periments without any flow or with exmmcly low 
flow r a m  should be used for this purpose. Reld 
tracer experiments. Like the Rnnsjon tests. should 
aim at studying flow and channeling wncepts. 

The F'mjcct Team from PNC has used a smam 
tube approach to study the effect of heterogeneity on 
tracer transpon at the Finnsjiin site. The rock was 
modelled as a high conductive layer with low con- 
duaive lay- above and below. The mass WDSporI 
in the high and low conduaive zona were expnssed 
by I-D &d 2-D advection-dispersion equatiims, IC- 
s~etuvelv. for each s t ~ m t u b e .  A hydnulic conduc- 
&icy dishution was gmaated b-using data from 
hydraulic tests at each borehok and the radially 
converging twt. This hy-c conductivity dish- 
bunon war then uscd tosimulate the dipole I& and 
to esumatc the wm nan~pon p~ramaas. dispcrsiv- 

ity and porosity. Finally. the validity of the est~mated 
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 ConterrdSKB presented 
work regarding calibration and validation of a sto- 
chastic continuum model using data from the 
Ftnnsjon 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 &spon in fractured c r y d i n e  bedrock and 
smificallv to exdore whether a model calibrated on 
a'local xaie can be validated on a larger scale. 

In the case of the Finnsjon tracer tests, only one 
scale of testing has been done andln 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 conduaive pan of 
zone 2. All measured transmissivity data were used 
to consuuct 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 borrholes penetrating fracture zone 2 have 
been hydraulically 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. Two 
dipole experiments were simulated in the synthetic 
reference field BFIOl to BFI02 and ICFl11 to BFI02. 
In both experiments a total number of 900 panicles. 
which were assumed to be conservative, were re- 
leased. The movement of panicles was analyzed 
using panicle trxking techniques assuming no local 
dispersion. i.e. only advection was taken into ac- 
count. These results were considered to be the real 
system nsponse of the reference field and was used 
for calibration. far field simulation in the syn- 
thuic reality was performed under natural gradient 
wnditions. The m a r  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 
w a e  used to validate the overall model. i.e. the 
validity of extrapolating a model calibrated and par- 
tially validated a a local scale to a larger. far field 
scPle. 

The team used the Monte-Carlo approach to gen- 
e m  100 equally probable realisations having the 
samc statistical smrturr as the observed data. The 
gmaated realisations an inhacntly unconditional 
since only the sfatistical pvamtcrs ye the same as 
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[he measured data. whereas the actual transmssivity 
data at the boreholes are not honored. Companng the 
breakthroughs in the dipole experiments it was found 

' 

that individual realisationscould 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 field. 
especially for the BROl test. Based on a quantified 
measure of the devlation of the simulated break- 
through curve from that of the reference field. 3 of 
the 100fields were chosen that captured the reference 

I field quite well. The far field simulations were calcu- 

I 
lated under natural gradient conditions using the 
same transmissivity fields as for the local scale dipole 
test. The results fromthethreesimulations show k r y  
different mean arrival times and disovsion catterns. 

I indicating that calibration of the &I on ihe l a d  
scale and subsequent prediction of far field transport 
phenomena can result in high uncettainty. To inves- 
tigate the effect of the number of conditioning data 

i on uncertainty, 28 new points were randomly se- 
lected from the reference field as hew 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 field 
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 uanspon scale and the model thar 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 BRGWANDRA pre- 
sented an analvsis of the Finnsiiin interference tests 
that accountedior boundary efficts. The interfmnce 
tests were performed by pumping in borehole BFI02. 
wh~ch lntmeNfracturezone2. whilethedrawdown 
was monrtored in the other boreholes at the site. 
Analysis of the interfama tw was performed in 
two ~hases. with intermetations a~vlying analytical .- . - 
soluhons in the first and using a 3-D hnite 
difference model in the sbcond phase. In the first 
phase. the team evaluatal awmissivities, storativi- 
ties and distance to boundaries from the drawdown 
curves obtained from boreholes KFIOS, KFI06. 
KFIO9, KFIlOand KFIll. The nansmissivities were 
found to be almost one orda  of magnitude larger 
when evaluating the drawdowns for early times corn 
p a d  to the whole test duration due to boundary 
effsts. It was also observed that thac are difficulties 
in comlating the estimated boundaries to the inter- 
pmed geomeny of the main sarmrral/gmlogical 
features at the site. 

In the second phase of the work the teamcalibrated 
a 3-D finite difference model on interference tests I 
and 2, performed in the lower and upper highly 
conductive subwnes of f r a m  zone 2. The model 
was subsequently "validated" on test 3, performed in 
the entire fracture zone 2. It wap found that the 

performed calibration on tests I and 2 gave a eood 
representation of the data from test 3. The ream will 
continue with tracer test interpretations using the -. 
calibrated hydrology. 

STRIPA 

Flow a d  tracer eqerirnents in crysrdine rock 
based on the St r ip  3-D experimenrs. Sweden. 

Experimental Set-up 

This test case is based on thnedimensional tracer tests 
p a f o d  in the Strim mine in Sweden. The exceri- 
&nu are part of the hernational Stripa Rojeu ' 

In an exoerimental drift excavated in the old iron 
~ ~~~- .~-  ~~ ~~~ 

ore mine i i  Suipa, the whole ceiling and uowr Dart 
of th walls wascovered w~th about 3-50plasi;c sh&u 5 I ?  m each) with the pumose to collect water seeolne 
in from the r a k  and io collect injected tracers. T~I& 
vertical boreholes for nacer injections were drilled 
and tracers were injected at nine locations 10 - 55 m 
above the test site. 

'The data registmd or obtained from the experi- 
ments are water flow rates, tracer concentrations in 
the water entering the drifi, rock characteristics and 
fracture data. water chemistry, m e r  injection pres- 
sures and flow rates. and hydrostatic pressure. Dif- 
fusivity and sorption data are available from support- 
ing laboratory and field experiments. Theexpaiment 
was a test case also during Phase 1 of INTRAVAL. -, 

In addition to the mults from the 3-D experiment, 
data from two other experiments performed in the 
Smpa mne, the 'Channeling ~xp&rnents ' and the 
"S~te Charactermuon and Val~danon program'. are 
aviuiable to the INTRAVAL Pamc~pants dunng 
Phase 2. The Channeling Expenments consisted of 
two kinds of tests. single hole and double hole ex- 
periments. In the single hole experiments, holes with 
a diameter of 20 cm wen drilled about 2.5 m into the 
rock in the plane of a fracture. Specially designed 
packem were used to inject water into the fracture at 
5 cm intervals. The variation of the injMion flow 
rates along the fraxwe were used to determine the 
transmissivity variations in the fmture plane. De- 
tailed photographs wac  taken from inside the holes 
and the visual fracnm apenure was compand with 
the injection flow rates. Five holes w a e  measured in 
detail and seven holes werescanned by simple packer 
systems. In the double hole experiment, two parallel 
holes wen drilled in rhe same fr&ure plane at nearly 
2 m distance Prusure plk tests wen  carried out 
between the holes in bah directions. Tmem were 
i n j d  at five locations in one hale and monitored 
in several locations in the other hole. The Site Char- 
adaisarion and Validation program with the aim to 
predict groundwata flow and uam uanspon in a 
previously unexplored rock volume, involved anum- 
&of in-&on steps with modelling predictions. 
A few lone bachola were used to chvaaaise  the - 
mck vol& Additional boreholes wue drilled and 
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used for mvestigations of water beanng sections. 
fractures. tracer tests etc. All investigations were 
compared to already performed model predictions. 
Finally, anew drift, the "Validation Drift", wasexca- 
vated in the rock block. The new drift was instru- 
mented with plastic sheets and other water collection 
devices. 

Analyses by the Projed Teams 

The Project Team from BRGMIANDRA 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 model, 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 to 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 sudy of the simulated fracture network 
was that the medium connectivity was nM 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 conditioningthe simu- 
lated frac~ure field to the obsmed fraaurc t k s .  

The flow through the generated fracture networks 
was calculated a s h i n i t b a t  the flow takes place in 
a secondary network of onedimensional hydraulic 
channels. Tko models wue  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 dam The Simplified Random Disk (SRD) 
model assumes that the nodes of the netwok are the 
centers of the fracnrres and flow occurs through 
"bonds" joining the enter  of each disk to the center 
of any intersecting disk. The Random Channel (RO 
model assigns one or more sets of channels'to each 
set of fractures. Inside the plane of a given fracture. 
each channel is defined by an onenration, a length. 
and a center. The channel centers are randomly lo- 
cated on the frxturc planes. The flow simulations 
wmperfomrd in a 190xI60x150 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 measurnen& was imposed 
at the top of the studied volume. All the vertical box 
faces as well as the bonom of the flow domain were 
no-flow boundaries. 

?hc calibrated flow models were used for hMsPM( 
modelling. 'Ihe aim of the Panspon modelling was to 
repmiuccthegl0balPanspon~ramermanrhe 

exact I o c ~ U O ~  of each rest~mtlon point or the detaled 
breakthrough curves corresponding to these pants. 
The breakthrough curve for one of the injecred rrac- 
en, Eosin B, was chosen for calibrhon of the trans- 
port models. The usual advection-dispersion equa- 
tion was solved within the channel network using a 
particle traclang method and the code W A R .  

There were only two transport parameters i n - ,  
cluded in the transport models, the dispersivity and a 
shape factor defined as the ratio between the length 
and the width of each hydraulic channel. Although 
the two models by const~ction 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 okained 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. W~th the SRD model the 
predicted f i s t  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 alobal rock mass propenies 
because of the no-flow-boundw conditions ised in 
the modellmg and because of the low recobery of the 
tracer Uran~ne in the field experiment. 

Figure I .  Strip4 BTGMX4NDRA. Observed and 
simulated marc flu curves for Uranine. Random 
ChruMd Model. 
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I WIPP 2 

Flow and transport experiments in heterogeneous 
fractured media performed ar the W a r e  iso1a;on 

s:. A-. Pifor Pfant ( WfPPJ in Carlsbad. New Mexico. USA. 

Experimental Set-up 

The WPP. located near Carlsbad in southeastem 
New Mexico. USA, is an underground research and 
development repository. It is locared in the Delaware 
Basin. the nonhem pan of which is filled with 8000 
m of sedimentary ~hanerozoic rocks containing eva- I,. porities. Water bearing zones within the rocks that 
underlie host and overlie the WIPP repository have 
low permeabilities and storariviues. l%ey mqener- 
allv confined and contam waters with hi& salinities 
and long residence times. The reposito@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 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 
concerning the hvdrolow of the Culebradolomite. A 
cenval issue involves &ravel time w~thin the Cule- 
bra from a location above the repository to the W P  
slte boundarv. 60 wells into the Culebra dolomite at 
41 locationshave been completed to pmvidc infor- 

I mation on the hydraulic properties. 'Iivo pumping 
tests. each of two months' duration, and two conver- 
gent-flow tracer tests have k e n  performed. Gecb 
chermcal and  soto ope stud~es have k e n  conducted in 
order to obmn add~t~onal ins~eht Into the hvdrolog~c - - 
behaviour of the Culebra 

Analyses by the Projeck Teams 

The Project Team from BGR/BFS has pwformed 
some initial modelling mgarding regional density 
dependent flow at the WWP site. There are n a  many 
results orconclusions available so far, since the work 
has mainly been concentraud on the problem defini- 
tion and the conceptual model. A vertical regional 
2-D sectionextcading almost uw-west and in tms t -  
ing the WIPP site has b a n  chosen forthe modelling 
of flow velocities and salt distribution. The first 
anemm of the modeUing exercise was a simple sys- 
tem c 6 n s i d d  to be hokogmeous. The nwi in 
the work included the high conductive halite fonna- 
tion wthin the modelled plane. It was then found that 
the flow velocities within the halite formation were 
considerably higher than those in the surrounding 
formations. The lawst modelling e f f m  involve a 
realistic permeability d~smbutio<baud on available 
data and assumptions. The halite formation has not 
y a  bem i n c l u k  in the modelling using a rcolistic 
peameability distribution. 

The Project Team from UPVENRESA used 810- 

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 
unrealistically smooth. since the variability of the 
original data will be lost to a large extent. Such 
smoothing may yield biased responses, panicularly 
for transpon problems. By adding perturbations de- 
~ e m n c d  al seleclea locat~ons and~nrer~olated to the 
remaining polnu. the spatlal 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 transpofi modelling to obtain differ- 
ent equipmbable output responses. Instead of the 
m i n g  band method, the common algorithm for 
stochastic conditional simulations, the team used 
their own developed conditional sequential s~mula- 
tion muhod (CSSM). When flow models are run for 
a series of conditional simulations. the obtained pie- 
zomeuic heads are in most cases found to compare 
very badly with the @sewed heads. It is therefore a 
need and advisable to honor the observed piezomet- 
ric heads in the stochastical simulations. The follow- 
ing steps were performed to generate stochastic con- 
d~noned rnnsrniss~v~ty fields hononng pluometnc 
dam 1)  application of CSSM to realise cond~tlon~nn 
the aansmissivity, 2) calculation of the head vec& 
andcompare 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 opcimise the solution to this pmb- 
lem. When comparing the heads it was found that the 
v a l w  were somewhat closer, but still quite far from 
the observed afta optimisation (Figure 2). This re- 
maining difference between observed and calculated 
heads ripresents the errors due to the appl~ed h e a r  
opamisation, rnd~caonp that the linear ommusalon 
fails. A more complei objective funaibn will be 
introduced in hum work. 

Figurn 2. W P P  2. UPVENREU. Observed and - 
fcllcuhrcd piaommic he&. 
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The Project Team irom lntera presented an auto- 
mated pilot pant inverse technique to generate cali- 
brated conditionally-s~mulated transrmssivity fields. 
The present model for the Culebra formation uses 
kriged transmlss~vity fields to account ior the spatial 
variability and can be calrbrated to steady-state and 
transient pressure fields using the pllot 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 transpon calculations. The 
heads for all these fields were found to be close to 
those observed. Transpon calculations, using the 
flow model SWDT U, for these 70 fields indicate 
travel times between IOOOOand3MXX) years fromthe 
cenval pan of the site to the southern boundary. 
Although different travel times. there does not seem 
to be any correlation between goodness of fit for the 
different fields and the predicted travel time. 

The Project Team from SNL presented results 
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 s.amples on the Culebraforma- 
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 
I0 cm and a diameter of almost 15 cm were used in 
the column experiments. The samples were fragile 
and had to becoated with a polyurethane rubber prior 
to the represunsation. The experiments started with 
brine injection until stable conditions were achieved 
followed by a simultaneous injection of non-sorbing 
and sorbing tracers. Due to practical considerations. 
the flow velocity in the laboratory samples were as 
large aj 128 mlyear compared to about 0.3 dyearfor 
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 prepand. The experiments 
performed so far have shown an almost immediate 
response to the injected tracer. indicating that the 
p n k r y  flow through the Culebrasamples IS through 
fractures. Future exccnments will be ~ e r f o m d  us- 
ing lower flowrates-in order to study ekects. such as 
diffusion into the manix. 

Saline groundwater movemerc in the vicinily of the 
Gorleben salt dome, Germany. 

Experimental Set-up 

The Godeben salt dome is located in the nonhcastem 
pan of Lower Saxony in Gemwy. The salt dome is 
approximately 14 km long. up to 4 km wide and its 
base is morethan 3000mbelow surfw.Anemsional 
channel. the "Godeben Channel". mon than 10 km 

long and I - 1 km w~de. crosses the salt dome irom 
south to nonh. Eros~on along the channel extends 
down to the cap rock. Freshwater in the upper pan oi 
the aquifer system is underlain by saline groundwa- 
ter. The groundwater movements in the eros~onal 
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. Oneof the pumping tests, in which 
the pumped well penetrated the entire deeper aquifer 
in the erosional channel, forms the basis for the first 
pan of this INTRAVAL test case. The p u m v g  test 
was carried out with a pumping rate oi 30 m /h over 
a period of three weeks. The second pan 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 Pmjeet Teams 

The Project Team from BFS presented calculations 
performed on the Weisses Mo,?r pymping test. The 
specific permeability (3.5~10- m3, storage coeffb 
cient (5x10?, and aquifer thickness (44.6 m) have 
been estimated with an analytical model (Theis solu- 
tion) using regression technique to minimise the. 
draw-down residuals in the observation wells. The 
fined drawdown curve was found to correspond well 
to that observed. The determined parameters were 
used in anumerical model to test the influence of well 
screen location and density distribution on the calcu- 
lated drawdown values. A two-dimensional mesh 
corresponding to a 4.8 km wide and 45 m deep rock 
was g e n d .  The numericalcodesused were S U R 4  
and ROCKFLOW. Calculations were performed for 
both constant density of the water and a density 
increase with deph. 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 exceot for a small ~ ~ 

influence of the well screen location ai early times. 
A conclusion is therefon that the effect of the weU 
Knen location is greater than the influence of talring 
density dependeat flow into account. The density 
effect would probably have been larger if theduration 
of the oumoinn test had been longer than the actual - - 
three &k;. 

The Roject Team from RIVM has analysed the 
Weisses Moor oumoina test. When comparing simu- 
lated and obs&eds& on drawdown & funson of 
time it was noted that then could in same cases be 
large disaepancis. Simulated and observed draw- 
downs w a e  mostly quite close in the vicinity of the 
pumping well, but was found to be more deviating 
some diitana away fmm the well. A few wells 
lofated close to the edge of the aquifer did not show 
any response to the pumping M. No paacm has. so 
far, been found between smallaflarga intcrpraed 
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drawdowns compared to the observed. When study- 
ing the thickness of the aquifer i r  was round that it 
varies from 0 m up to about 90 m. Furthermore. 
samples taken in different pats of the aquifer indicate 
that the composition could be quite different at dif- 
ferent locati&. It was therefore suggested that one 
ihould carefullv studv the available eeoloeical data 
of the area aid inciude observed ieter&eneities 
when furtheranalysing 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 
INIFRPRETD which provides an automatic fining 
to Theis and other analytical solutions. fining of the 
transmissivity and storativity to the drawdown data 
generally gives very good tits 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 transmissiv~ties and storativities are obtained 
if the recovery period is considered (Figure 3). 

GoHy2125 Drowdown Simulation 
. , .  . . .  . . . . . . . . . . . . . . . . . . . . .  , ,  , . . , ,  

Figure 3. Gorleben SNL Fit of rransmMssiviry and 
srorarivity ro the drawdown data 

The anisotropy in the Gorleben channel was cal- 
culated for two groups each consisting of thrse wells. 
The horizontal anisotropy of the aquifer was found 
to be betwan three and nine. when! the larger values 
were obtained when analyzing the recovery period. 
It was concluded that an undiscriminating applica- 
tion of the distancedrawdown amroach to data from ~~ ~ 

all observation wells does not prb;ide a good indica- 
tion of the validity of a 'Iheis analysis of the Weisses 
Moor pumping test. 

I h e  Roject Team from AEA/NIRW[ has applied 
indicator mahods to the Gorleben data set. This 
modelling work include a binary indicator method 
and uses variograms and luiging for shatigraphic 
interpolations. I h e  binary indicator approad, uses 
data from boreholes and assigns a numbu 1 for 
conductive sections and a 0 for more or l a s  imper- 
vious sections. such as clay. Using available data 
from boreholes in this way and interpolating the 

indicator function between boreholes by kriging 
zives estimates of the distribution and vmab~lity of 
the clay formation at the Gorleben site that signifi- 
cantly influences flow and transport predict~ons. Five 
boreholes in a vertical section almost perpendicular 
to the Gorleben channel were selected for compan- 
son between kriged and geological interpretations. It 
was noted that the long connected features originat- 
ing from the geological interpretation was not seen 
when the indicator kriging was applied. Future work 
with the indicator method will include conditioning 
by taking k n o w  geological structures into account 
in the model. 

The Pilot Group (BGR) has performed numerical 
studies using the SU?RA code to investigate the 
density dependent groundwater movement in the 
Godeben channel. The objective was to investigate 
whether steady-state conditions exist in the system 
today, and also to check the influence of hydro- 
geological and hydraulic pardmeten in the model 
calculations. Atwodimensional, 15 km wide and 250 
m deep cross-section was selected. The boundary 
conditions used were no-flow at the bonom. no-flow 
and no-flux at the sides. linear prescribed pressure at 
the too with free outflow. and fresh water infiltration. ~~ ~~~~~~~~ 

The pbmeability distribution was developed from a 
very simplifiedcaw in the first calculations to a more 
realistic description of the hydraulic system by inno- 
ducing more and more of the observed heterogenei- 
ties in the system. A number of long- tm (up to 
several hundred thousand years) simulations to pre- 
dict the present day density distribution were con- 
ducted, staning 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 geologi- 
cal sating is e s ~ n t i a l  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 pala~limatic in- 
formation is necessary. It was als6 concluded that the 
calculated densitv distribution is strondv deoendent ~ -. . 
on the transvet& dispenivity while an anisotropic 
longitudinal dispersivity is of secondary importance. 
The results from the travel time c~culatiqgs were 
found to agree well with measured Hand C data 
Diffusion has been included in the calculations, but 
was found to have a negligible effect on the densin, 
dishbution compared to idvection. The work wiil 
continue with calculations in a new cross-section. but 
there are no plans to perform any 3-D calculations. 



WIPP 1 

Brineflow through bedded evaporiries ar rhe Wmre 
lsolarion Pilor Plum ( WIPP) in Carlsbad. New Mex- 
ico. USA. 

Experimental Set-up 

ITRlU V 4 L  

Prosress Rrporr .Sc Y 

r r ~ ~ r ~ ~ ~  ~ 

another important issue. the ability of 
waste-generated gas to flow from the re- Figure 4. WIPP 1. SNUWIPE Brine inflow rare into 
oositorv into the formation. borehole DBTIO. 

The W P .  located in Carlsbad, New Mex- 60 

tco. is an underground research and devel- 
opment repository lying 655 m below 
ground surface within bedded evaporities. - 
primarily halite, of the Permian Salado a. 
formation. 'This test case is based on ex- 
periments performed with the aim to de- 
termine the rate of brine flow through the = 
Saladofomation. Theexperimentsare de- 4 a 

~ a &  frok three types of experiments 
form the bases for this test case: 

no* omlo 
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- small scale brine-inflow experiments 
.- - pore pressure and permeability testings 

- integrated, large scale experiment. 

signed to provide a variety of data with the B \ a@ 

aim to determine wherher Darcy's law for 
a porous, elastic medium correctly de- 
scribes the flow of brine through evapori- o* 

0 
ties, or whether a different model is more Sm t m  tSm 

anorooriate. The test case is also related to ( d ~  

Brine inflow rates are measured at three scales, in 
10 cm and I 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 to a horizon- 
tal. 107 m long. cylindrical mom, with a diameter of 
2.9 m. 

Analyses by the RuJcd Teams 

The Pilot Group (SMlWIPP) presented the latest 
results concerning the small scale brine inflow ex- 
periments. The brine inflow is measured as function 
of time in anumber of 3 to 5 mdeep boreholes located 
in mom D. room LA, and the Q access drill. It has 
been found that the inflow rates increase with time 
due to improved d i n g  and thequite heavy ongoing 
fracturing. 'The e~pcsiments have been going on for 
about five yearsand 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. 

MOL 

Migrarion experimenr in Boom clay formarion ar the 
M O L  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 Belgium. The 
purpose of the experiment is to demmine migration 
related pacameen and to confirm parameters deter- 
mined earlier in the laboratory. 'The experiment is a 
joint effon bemeen SCWCEN. NIRASIONDRAF 
and PNC. 

A group of piuometen. a piezometernest, has 
been in the Boom Clay formauon at a depth 
of 220 m The stainless steel svstem contams nme 
piezometers, interspaced by 019 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 
piaometanest was pushed into the hole. The steady- 
sort pressure distribution as a function of the depth 
into the clay is measured by means of manometek. 

About two and a half vears after the installation of 
the piezomaernat the ciay formation was supposed 
to be satled. HTO was injected to filter number 5 (in 
the center) and themafter the system was left alone 
aUow1ng mtgratlon of HTO in three dtmns~ons 

The HTO conmuanon m the clav 1s measured bv 
collefo'on of liquid samples from ;he other filters. 
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The tlrsr breakthrough was obtamed in filters 4 and 
6 located adjacent to the injection rliter 5 ,  at a d~s-  
tance of I m 

The expenment w ~ l l  contlnue I0 years after final- 
lsatlon of INTRAVAL Phase 2 and the number of 
measured poms are lmted at the tlme bemg 

Analyses by the Project Teams 

The Pilot Group (SCWCEN) presented their modelling 
of the H?O tracer experiment that now has been run- 
ning for about 5 years. The Boom clay has been mod- 
elled as a homogeneous anisompic saturated porous 
&urn The considered povemlng transpon &ha- 
msm has bem either advecnondiffus~on or drffus~on 
only. as one quation is whether advective transport is 
apparent from the existing data due to the very low 
hydraulic conductivity in the clay. The tracer transpon 
is therefore almost entirely dermined by diffusion. 
'Ihe best fit of the diffusion-onl -model was obtained 
with a diffusivity of 4.0jx1p'Jm2/s, and an a h a t  
idenucal value 4.03x10-' m-Is 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 insupponing laboratory experiments. 
It was painted out that the observed concentrations 
in filters 4 and 6 agree very well to those p d c u -  
lated, giving confidence to the transpon model used 
for prediction of the experimental outcome. 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 q isompy in theciay. Anew type of experi- 
ment has recently been started wi the aim to study 
the 3-D migration of the tracer 12?.. 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- 
centmion at this location. The diffusion accessible 
porosity is assumed to be about half for I compared 
to HTCI due to ion exclusion effects. 

The R o j m  Team from CEA-DMTIANDRA pre- 
sented modelling effons and a sensitivity study of the 
Mol u t  case. A 3-D vdnspon model that takes 
advection, dispersion, diffusion and radioanive de- 
cay into account was used. The influence of the 
piuomaer pipe on the obtained concentrations was 
studied by comparing results using an analytical so- 
lution for a point injection with results from tbc 3-D 
bansport malel including the actual pieznmaerpip 
Using the same d i i v i t i e s  in these two approaches 
resulted in a concentration differme of about a 
faaor 2, which equals the aror  introduced when the 
expairneat is evaluated with an analytical solution 
not taking the piemmeter p i p  into account. 

I h e  data from the HID exariment have been 

:or these two approaches gave almost the,same horl- 
zontal diffusrvlty (0.375 ana 0.35 cm-Id respec- 
tively). but a large diff9rena in the venical diffusiv- -~ 
iry (0.35 and 0.225 cm Id respectively). Asensltivity 
analysis including both logarithmic and linear con- 
centrations showed that the experimental layout 
makes the determrnation of the horizontal (parallel 
with the piezometer pipe) diffusivity accurate, which 
was found not to be the case for the venical diffusiv- 
ity or the flow velocity. 

ALLIGATOR RIVERS 

Natura ldogue  studies nr the Koongorro sire in rhe 
Alligaror Rivers nrea of rhe Nonhern Terrirory. Am- 
r r a h  

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

Uranium mineralisation occurs at Kooneana in 
two distinct but related ore bodies which sGke and 
dio.broadlv oarallel to a fauh the Koonearra Rev- 
F&. ~hh&nore  body (NO. 1). which"isthesubject 
of this study, has a strike length of 450 m and persists 
to 100 m depth. Primary mineralisation is largely 
confined to quanz-shlorite xhists. Secondary ura- 
nium minerals 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 ARM test case in 
INlRAVAL is to develop a consistent picture of the 
processes that have conmlled the transpon 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 c h a r d s i n g  the site. 
:4ydrogeologic data are from drawdown and recov- 
ery tests and watu pressure tests. Geologic data are 
based on rhc minualogic and uranium assay logs 
from 140 pncussion hoks and 107 drill cores. 
Groundwater chemical data has been accumulated 
from more than 70 boreholes. Distribution of ura- 
nlum thorium and radium isotopes has been deter- 
mined in the diffaent mindsa t ion  zones. The dis- 
tribution of m i u m  and thorium between different 
mneral phavs in the weathmd zone has also been 
sndied. Laboratory sorpion experiments have been 
pwformcd using samples from drill cores. In addi- 
tion, distribution coefficients have been mcasured on 
natural particles present in Koongarra ground- 
waters. 

fimd uslng linear as well as loganthrmc concentra- 
hons. The best fits. basal on the lcau squam mabod, 
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,-.. . . . The Project Team from FdVM presented some pre- 
' liminary results of nuclide transport modelling at 
4 +. Koonearn. T h e a m  with the work is to reproduce the 

shapeof the dispersion fan in the unweathered zone. 
Contour plots of observed 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 trans~tion zone just above the weathering 
front. In the upper pan 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 pan. The dispersion fan observed at 
higher levels should then be a more or less "frozen 
p~&ure" except for any mfluences of d~f fus~on  proc- 
esses. The slnulanty in shape o i  the dlspenion fan at 
different depths al& suggests that the'groundwater 
pattern has not changed considerably in the past. The 
dispersion of uranium was simulated with a simple 
2-D advection-dispersion-sorption model. W ~ t h  typi- 
cal values of flow velocity. dispeniviry 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 iscurrently being developed 
and will k i p p l i e d  infuture modelling work. 

The Project Team from KEMAKTA/SKI used 
uranium and thorium data hom the weathered zone 
at Koongana 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 l-D 
advection-dispersion model with linear sorption (Kd- 
concept). The results showed a fair agreement be- 
tween calculated and observed migration distance 
and concentration level of uranium in thesolid phase. 
This model has now been extended to include phase 
transfer of radionuclides due to weathering and a-re- 
coil. It is assumed that uranium and daughter nuclides 
in the.groundwater are reversibly 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 
accessible p h a v  of the rock to the inaccessible phase 
of the With parameter values from independent 
analyses carried out within the Alligator Riven Ana- 
logue Project (ARM). 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 uranium concentrations and activity 
ratios in the total rock as well as in the accessible and 
lnxcess~ble  phases of the rock. No s~gnf icant  Im- 
provement of the slmuiauon of unmum concentra- 
;ion and activity ratios was obtaincd 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 uansfer rate and sorption co- 
efficient would give a better agreement between cal- 
culated and observed data 

Progress Report .So Y 

TWIN LAKE 

Tracer experimenrs or the Twin Luke aqulfer. 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 
*in 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 exprimental programme includes 20. 
4 0  and 260 m natural gradient tracer ('"I and HTO) 
experiments. The total groundwater flow path length 
from the tracer injection well to the groundwater 
dischargearea is 270 m and there are 170 monitoring 
installations in the aquifer around the downgradient 
of the injection well. Each installation consists of 
piezometen with short s a g n s  located at I m depth 
increments through the zones of saruration and gamma 
scanning is p e r f o r d  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 
usefulness of hydraulic conductivity data. deter- 
mined on the basis of head measurements or empiri- 
cal relationships, for heterogeneity characterisation 
and contaminant transporf predictions. The conven- 
tional approafh 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 losf since 
measured hydraulic conductivities are basedon mean 
values for the medium. Furthermore, estimation of 
conductivity heterogeneities by calibrating a flow 
model aga& measured head data is dee&d to be 
!narmoDnate, because heads are not panlcularly sen- .. . 
sitive to conductivity vanations. was theiefore 
suggested that the most reliable approach to account 
for local he teroacne~t~u 1s to measure veloc~ues and 
velocity variat&ns rather than conductivities. The 
drawback is. however, that the velocities arc usually 
very low implying measurement problems. A pa- 
rameter set based on local scale dispersion was found 
to give good agreement to observed conmaat ions  
in a m c e r  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  



The Project Team irom EDM/CEA/TPSN has used 
data irom the Twm Lake tracer expenments to study 
mass transpon with high Peclet numbers. Sharp 
tronts ~mplying h~gh Peclet nunbers usually indicate 
modelling problems due to the small spatial and time 
steps that have to be used. The team presented a new 
numerical code that can be used for flow and mass 
transpon in 2-D. where advection and dispenion are 
separated giving no Peclet number consuaints. Un- 
knowns. such as concentration andlor head. are ao- 

& I s .  The advecilve termrs treated 6y ba&a&ng 
alonecharactenst~c lmes of flow. The advantage wtth 
this Podeking "spectral elements" comparcdioclas- 
sical codes is that stable solutions are achieved even 
if lame timestem are used when the Peclet number is 
l a ~ ~ ~ ~ o w e v e ; ,  too long time steps will i n m a v  the 
time needed for the backtrackine. The codccan so far 
be used for 2-D simulations. b;t a 3-D extension is 
underway. 

The Project Team from CEAIANDRA raised the 
question whether stochastic modelling applied to 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 w d  to 
evaluate important parameters like the horiwntal 
covariance of the hydraulic conductivity and the 
horizontal cornlation length. 

The Project Team from JAERl presented some 
preliminary modelling results of the W i n  Lake tracer 
test. A 2-D vertical section has been modelled using 
an advectiondispersion model. The code MIGINT 
was used to generate hydraulic condueti\ .Ires, po- 
roslties, retardation factors. as well as various statis- 
tical distributions and correlation lenghs among 
these parameters. The data generated by MIGINT 
was used to calculate groundwater flow and nuclide 
transport with the finite element code MIGZDF. 
When conditioning the model to measured hydraulic 
conduct~v~ues. 11 was found that the observed tracer 
~ l u m e  could not be m r o d u a d  wh~ch mpht be ex- 

Distribution of Backpund Information 
-. 

Background information and databases are dis- 
tributed to the IPSIRAVAL Pmicipants either by the 
Secretariat or directly from the Pilot Groups accord- 
ing to Table 4. 

Table 4.  Distribution of background information. 

Test Care Distributor 

Lac Gum T d  Pilot Group. T. Nicholson. NRC" 

Apache Leap Pilot Group. T. Nicholson. NRC" 
and T. Rasmussen. UCG" 

WIPP 2 Pilot Group. E. Ciaham SNL') 

Finnsjdn ~srctariat*) 

Strip secretariat2' 

Gorleben Pilot Group, K. Schelkes. BGR" 

WIpP I ~exta r ia t "  

Mol ~ s r c t a r i a t ~ '  

Alligator Riven  meta aria?' 
Twin Lake sefmariat2' 

Yucca Mountain Pilot Group. C. Voss. USWE" 

I )  Full organisarion name, see List of Intraval Par- - 
ticipants in Appendix 1 

2) Kemakta Consultants Co.. P.O. Box 12655. 
S-112 93 Stockholm, Sweden 

plained by heterogeneities in the system. B e  small 
dispersion length caused large computational pmb 
l em,  why the mesh size will be reduced in future 
calculations and a new numerical method will be 
applied. 
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Appendix 1 

INTRAVAL Organisation 

The organisation of the NIXAVAL study is regu- 
lated by an agreement which has been s~gned by all 
participating organisations (Parties). The study is 
directed by a Coordinating Group with one member 
from each Parry. 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 
(HMIPDoE). U.K. and the Organisafion for Eco- 
nomic Cooperation and Development/NuclearEnergy 
Agency (OECDINEA). KEMAKTA Consultants 
Co. is contncted by SKI to act as Principal Investi- 
gator within the Project Secretariat. 

?he Parties organise Project Teams for the actual 
project work. Each Party coven 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 h j e c t  Sec- 
remiat coordinates this information transfer. 

At suitable time intervals. depending upon the 
progress of the study, workshops are arranged. Nor- 
mally, the workshops are held in conjunction with 
m i n g s  of the Coordinating Group. During the 
wwkshops, Test Case definitions and achieved re- 
sults are discussed as a preparation for decisions in 
the Coordinating Group. 
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Appendix 2 

Intraval Phase 2 Test Cases 

LAS CRUCES TRENCH 

Flow and rranspon expenrnenrs in unsarurared po- 
rous media performed at L a  Cruces. New Mexico, 
USA. 

Overview 

7his test case 1s based on experiments performed at 
the New Mex~co Srate Unlversltv College Ranch. 40 
km northeast of Las Cruces, ~ e w  ~ e x i c o ,  USA. 
Water and tracers were appliedat acarefully conml- 
led rate to the surface of an experimenral plot. The 
motion of water and the transpon of various tracers 
through the unsaturated vadose zone was monitored. 
This test case was also included in INTRAVAL 
Phase I .  During Phase I 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 x 9 m and 1 m x 12 m respectively 

are adjacent to the trench (Figure 6). In the first 
experiment (Plot I )  water containing tritium was 
applied at a controlled rate of 1.8 crnlday 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 
expefimnt (Plot 2a) water containing tritium and 
bromide was applied ata rateof 0.43 &day on the area 
s i i  I m x 12 rn These two exueriments were used 
during DITRAVAL Phase 1. In ihe third experiment 
(Plot 2b) tritium. bromide. boron. chromium and the 
organic compounds ~ntat luorobenzo~~acid (PFBA) 
and 2.6-difluorobenzoic acid (DFBA) were added 
with the water on the area sized 1 m x 12 m. 

Available data 

- water retention data 
- density profiles 
- panicle-sirc analysis data 
- safurated hydraulic conductivities (laboratory and 

in situ) 
- water content 
- tensiometer data 
- solute concenmtion 

Figure 6. LQS Cruces. Top view of the trench with irrigated a r e a .  
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APACHE LEAP 

Flow and rranrpori experirnenrs in unmrurared frac- 
rured rock performed ar Apache Leap Tuffsire. Ari- 
zona. LISA. 

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 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 NITUVAL 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 transpon properices 
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 m a -  
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 multixale esti- 
mateiof 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 ponion of the site using 
single-borehole pneumatic tests. pneumatic cross- 
bokhole tests, gas tracer tests. and hydraulic tests. 
Most o i  the data from the olanned field exmtments 
cannot be expected until afiertheendof I W ~ A V A L  
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 " m a h a "  core, is used fortheexpcri- 
ment, while smaller, "dau@terV cores were also ex- 
tracted from the block for characterisation purposes. 
The mother core with a prescribed initial mauix 
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 temperarure 
gradient was established along the long axis of the 
core. Thineen thermbtors were situated along the 
core at approximately 1 cm intervals to record tern 
peranue over time (about twice weekly). A dual- 

gamma source was used to determxne the water and 
solute content along the core over txme. 

The daughter coies were used to pro\xde cnarac- 
tenzatlon data regardme porosxtv. moxsture charac- 
teristic curves (including hystensis effects), satu- 
rated and unsaturated hydraulic conductivity, and 
saturated and unsaturated air permeabilities. Similar 
data from 105 coresegments at the Apache Leap Tuff 
Borehole Site were also available. 

The simulation objective is to reproduce the core 
watercontent and soluteconcentration profiles ustng 
charact~sationdataandobsewed temperatures. The 
simulation output willconsist of mean watercontents 
and solute concenuations along 1 cm slice: ~ 0 . 5  cm 
increments along the length of the core for selected 
times. The output will also consist of predicted tem- 
peratures at 1 cm intervals. The temperarure meas- 
urement should be considered a point measurement. 

Laboratory Isothermal Fractured Blodc 
Measwements 

A block of Apache Leap Tuff'(white unit) meas- 
uring 92.5 cm in length. 21.0 cm in height and 20.2 
cm in width contains a fracture oriented along the 
92.5 cm by 20.2 cm plane. The rock was initially 
air-driedata relative 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 puny. All external surfaces of -. 
the rock eycept those covered by the manifold were 
then sealei 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 positionsof the wetting front in the fracture over 
time and the positions of the wening front in the 
matrix over time were recorded. 

The simulation objective of this problem is to 
reproduce the movement of a wening front of uirer 
in a fractured, unsaturated rock using c h ~ - i c -  
terisation data and observed fracture inflow volumes 
over time. The simulation output should be wetting 
front positions in the fracture and rock matrix over 
time. Observed charafterisation data can be used to 
calibrate the model, tognher with inflow data col- 
lected during the experiment. 

z 
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Available data 

Figure 7. Location of resting faciliries ar Apache Leap Tuff site 

- rock matrix porosities 
- initial water contents 
- temperatures 

A set of data collected prior to the hearer experi- 
ment may also be useful for calibration purposes. 
Before the thermai experiments were conducted. the 
circumference of the mother core was sealed, while 
the two ends were lefl open. The core was fully 
saturated and then one end of the core was plafed on 
a pressure plate and a 5 bar (500 kPa) pressure was 
aoolied. The total weight of the core was measured 

Tracer experiments in a fractured :one at the 
Finmjon research area. Sweden 

Overview 

The finnsjon research area is located approximately 
130 km nonh of Stockholm and 15 km from the 
Baltic sea i h e  bed rock within the site is crystalline 
rock of Svsokarelian age (about 1800 - 2100 Ma). 
The experiments have been performed in a major low 
angle fracture zone, Zone 2, located in the Bfindan 
area ( l km2h a sub-area within the Finnsion research 

;various dates, and &d to develop a time series of area.* &nsjon tracer experiments &e pan of the 
core saruratlons Addinonal data arc also avolable Fracture Zone Rqen. lnltlakd and suppo&d by the 
from tests ~erformed on dauahtn cores collected Swed~sh Nuclear Fuel and Waste Manaeement Com- 
near the con used in the noni&thermal experiment. 

- mck matrix sorptivity coefficient 
- rock matrix porosify 
- mck fracture apemre 
- cumulative inflow volume over time 

Data from the Apache Leap Tuff Borehole Site 
related to ruck matrix physical and hydraulic proper- 
ties, including porosity. bulk density. rock matrix 
moisture characteristic curves and unsanuated hy- 
draulic conductivity, are also available. 

- 
pany (SKB). 

The oroiea involves detailed characterisation of 
Zone 2,'inhuding a large-scale interfere& test and 
two large scale &er k t s ,  one radially converging 
t a t  and one diode test. The interference test and the 
radially conv&ing test were used in modelling dur- 
ing INTRAVAL Phase I. During INTR4VAL Phase 
2 the modelling of this test case will continue to 
indude also the dipole experiment. 

Experimental Design 

Zone 2 is  pcnaatcd by six diamond core drilled 
bomhoks and three pncussion drilled tareholes 
(Figure 8) at dcphs ranging between 1lXL350 m. 



Two [racer expertments here cmtea  uut. cone in 2 
radially converging rlow geomern. ana one in  ;1 dl- 
oole flow eeometry. In the radtallv convcrwe  en- - ~ - 

penment. tracer tqecttms uere m u e  :n m:ee renpr- 
e n l  oorenoles sltuatea :n dirferent dtrec:lons trom 2 
withdrawal hole. The distance from the tn!ectton 
holes to the withdrawai hoie is in me order or I50 to 
190 m. Three sections were packed off in each tn!ec- 
tion hole. one in the upper highly conducttve p m  of 
Zone 2. one at tne lower boundm,  and one at the 
most highly conauctive pan in between. Non-sorbing 
tracers were ~nlecred in nlne different inrervais of the 
zone. Totally eleven different tracers were injected. 
etght of them cont~nuously for 5-7 weeks and three 
as pulses. First arnvals in rhe withdrawal hole ranged 
from 22 to 3500 hours. 

The dipole expnirnent was performed after the 
radially converging experiment using the same hole 
for withdrawal and one of the other holes for injec- 

:!on. The two urher holes used tor injectloo In the 
radially convergtng tesr were used 3s observation 
holes in the dipoleexpenment. Oniy the upper nighly - 
conductive pan of Zone 1 was  used for tracer injec- 
tion tn thts expenment. Totally 15 injecttons o i  trac- 
srs were madedunng 7 weeks. Pulse lnjectlon of both 
sorbing 2nd nonsorbing tracers were made. The 
water pumped fromthe wtthdrawai hole was recircu- 
lated to the injection hoie. 

Rior  to the start of the radially converging rest. a 
series of hydraulic interference tests was performed 
in order todetemune the hydraulic propemes of Zone 
2.  Pressure responses were registered in packed-off 
sections in all bore holes in the Brdndan area during 
pumping of the hole later used as withdrawal hole in 
the tracer expr imens .  In conjunction with the mter- 
ference test.,a preliminary tracer test was performed 
in order to optimise the design and performance of 
the planned radially converging tracer experiment. 

.Dy - - 
Figure 8. Finnsjon Borehok locarion in the B r & h t  orea 



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 andelecaical conductivity of pumped 

water 

Dipole Experiment 

- tracer breakthrough curves - 
- tracer injection information 
- hvdraulic heads and moundwater levels 
- t&perature, electrici conductivity and redox po- 

tential of the pumped water 

In addition, geological data are available from a 
surface survey of the Br"dndan area as well as from 
borehole investigations. Hydraulic data are available 
from hydraulic iestings. data on porosities and dif. 
fusivities have been determined in the laboratory. 

Flow and tracer experiments in crystalline rock 
based on the Smpa 3-0 experiment, Swedrn 

This test case is based on the three dimensional ma 
test performed in the Stripa mine in Sweden. This 
experiment was also pan ofINTRAVALPhase 1. In 
addition to the 3-D experiment. data from two otha 
experimental propnmes pafomrd in the Shipa 
mine, the "Site ch-risation and Validation Pro- 
gramm (SCV)" and ihe "Channelling Experiments" 
are available during INlRAVAL Phase 2. Ihe ex- 
periments w a e  performed within the 0~~ 
International Strip R o j a  

In the 3-D experiment water and aafas were 
colleaed in a number of plastic shats. The main 
purpose of the 3-D experiment was to invatigate the 
s~atial distribution of water flow paths in a larger 
dodr of rodr. 

. 

The Site Charaerisation and Validation Flu- 

bemg excavated In the rock block The new dntt was 
~nstrumented with plasttc sheets and other uater col- 
lemon devices. 

The Channcll~ng Expenrnents cornprlsc 1niorm3- 
uon moui channelline in tndn td~al naiurl r rx t~res  
on a length scale of 2-m. 

General Description 

3-0 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. 5hree 
vertical holes for injection of tracers have been driUed 
upwardr wnh len& of 70 rn figure 9). 

Theceiline and laree oms of the walls in the dnft 
were covere~withpl&t~c sheets, each sheet with an 
area of about 2 m . A total number of about 350 
sheets served as sampling  IT+ for water emerging 
into the upper part of the test drift. The sampling 
arrangsments 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 y m .  'Iheinjections werecarried out with 
a "constant" over-pressure, approximately 10-15 % 
above-the natural pressure. 

The concenttations of the injected tracers were 
between 1000 and 2000 ppm and the different flow 
rates varied fmm 1 to 20 mVh. The following tracers 
were injected: Uranine. Eosin Blueish. Eosin Yel- 
lowish. Phloxine B, Rose Bengal, Elbenyl Brilliant 
Flavme. Duasyn Aad Gnen. b;omde and ~odide 

The narural inflow of water to the dnft was meas- 
ured before drilling the injection holes. The results 
fmm the water monitoring show that water does not 
flow uqjfarmly in the rock over the scale considered 
(700 m ), but seems to be localised to wet areas with 
large dry areas in betwan. Measurable amounts of 
water emaged into 113 of the 350 sampling areas. 
Out of thesc "wet" sampling areas 10 % gave more 
than M 5% of the total water inflow. 

After six months of injection. vacers from at least 
fin injection zones could be found in about 35 
sampling areas. Afker 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- 
puta files. 

gramm includes a number of investigation steps to 
characwise an unexplored rock volume starting with 
a few long boreholes and ending with a new drift 
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Figure 9. ~cljour of experimental 3 - 0  drifr ar Sfripa and sampling arrangement. 

Site Characterisation and Vali&ion Programme 

The original aim of the pmject is to predict ground- 
water flow and vdcer transpon in a previously unex- 
plored volume of the Svipa granite. The r x k  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 rockvolume have 
been performed in a number of steps, including mod- 
elling predictions between the different experimental 
steps. In the first investigation five 15G220 m long 
boreholes and one 50 m long were drilled. These 
holes were used to charanerise the rock volume by 
core logging, hydraulic tests (down to I rn sections), 
radar and seismics. 

Thereafter three new 100-150 m long holes were 
drilled. Information from these holes were compared 
with made predictions. based on information fmm 
already investigated holes, concerning watcr bearing 
sections. f r a ~ u r r s  e t r  Next six 100 m long. bore- 
holes. were drilled in the same dimtion as the new 
drift would be excav;ucd. The water flow and its 
distribution were measured in these holes. The holes 
were also used for a rram (salt) experiment 

Finally a new drik M m long and 2.4-29 m in 
diamter. was excavated new drift was equipped 
with plasbc sheus (1-2 m ) and Mhcr warerwllstion 
devices. ihe drift cut thmugh one 5-10 m wide major 
fracture zone, which gave mmc than 99% of tbc total 
water inflow. Trxer experiments were perf- in 
this fracturr zone from seven spots located in four 
borcholes 10-25 m away from drift LO). For 
this purpose two new boreholes had to be drilled. In 
each spot two non-sorbing uacers were injected ihe 
uacers were sampled in the plastic sheets and in the 
other watercoUecting devices covering the lower ppns 
of the walls and the floor of the drift. 

Channe~ling Experiments 

'Ihe cha~eil ing experiments consist of three differ- 
ent types of tea: the "single 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 (2M) - mm) hole, 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 all along the 
fracture plane. 

'Ihe injection flow rates were monitored sepa- 
rately for the left and right side of the hole over 80 
shon sections. The fracture intersections were scm- 
tinised to obtain data on fracture propenies such as 
open fractwe area number of intersections, and 
thickness of infilling. Before the multi-pede was 
used, the boreholes werr tested with coarser tests. 
,The multi-pule was used in 5 boreholes. whereas in 
total 12 hoks were drilled. 
'IIIc double hole experiment was performed in a 

fr-, where the single hole rest has shorn that 
channels existed. A second hole was drilled in the 
same franurc plane at a distance of 1.95 rn from the 
first hole. Rior to the injection of water for detailed 
pressure tests. more coarse tests were performed. In 
tbc daailed pmsure pulse tests, water was i n j d  
in one of the holes at a seaion of 50 mm x 50 mm 
and monitored in the other hole in twenty sections 
along the fnwure interseftion. This experiment was 
rrpeated with the injection sections at different posi- 
tions. The test was then r e v d ,  i.e. injestion was 
perfwmed in the second hole and monitoring in the 
fvst hole. 

In the haCer test five non-sorbing tracers were 
injected fmm five 50 mm sectionr that had been 
found to k the mwt conductive in one borehok. and .- 
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were mon~tored in the other hole (see the double hole 
experiment). To obtain a linear tlow ior the tracers. 
water was rjected with the same pressure as used for 
the tracers from the remaining 15 sections. The trac- 
ers. Uranine. Eosin Yellowish. Ebenyl Brilliant 
mavin. Duasyn Acid Green V and Phloxine B were 
injected cont~nuously during four weeks. 

Fracture zone 
3D. 

\ \  r 

;CV drift 1 b 

Figure 10. Stripa. Layout of tracer experiment 
(SCVJ. 

Summary of Available Data 

3-D Experiment 

- water flow rates 
- tracer concentration in water to test site 
- rod; characteristi~s and fracture data 
- water chemistry 
- injection pressures and injection flow rates 
- hydrostatic pressures 
- diffusivity and sorprion data 
- daily logs 

Site Characterisorion and Validnrion 

- sore logging and fracture mapping in dnfts 
- geophysical single hole loggmg 
- rock stress measurements 
- borehole radar 
- borehole s e ~ s m ~ c s  
- hydraulic investigations 
- hydrochemisty 
- water flow rates 
- tracer breakthrough curves 

- number of fractures 
- number of intenenions 
- information about infilling 
- fracture lengths 
- opening area of fractures 
- pressure response 
- tracer breakrhrough 

Figure 11.  Sm'pa. Design of the multiped packer (Channelling Eapcrimem). 
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WIPP 2 

Flow and rranspon experimenrs in hererogeneous 
fracrured media performed ar the W a r e  isolarion 
Pilor Planr I W I P P )  in Carlsbad. New Mexico. USA. 

Th~s  test case is based on experiments performed in 
Culebra Dolomite at the WIPP site. The WTPP. Ic- 
cated in Carlsbad, New Mexico. USA., is an under- 
ground research and development repository lying 
655 rn below ground surfax within bedded eva- 
pontes, primarily halite. of the Salado Formation. 
Overlying the Salado Formation is the Rustler For- 
matiop (Figure 12). 

Recent 1 

Ochoian 

/ Dockum 

onation Member I i 
Surficial ! I 
kscalero 
Caliche 

nd'~ided/ 1 

Culebra 
Dolomile 

Figure 12. WIPP area stratigraphic column 

The Culebra Dolomite Member of the Rustler 
Formarion is the most uansmissive 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 anva l  issue is the travel 
time within the Culebra from a location above the 
repository to the WlPP site boundary. 

Description of the Experiments 

Extensive lnvestigatlons of the Culebra Dolom~te - 
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 
locarlons 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 pan 
of the site @OE-I. H-3, H-l 1) indicate the presence 
of a zone of relatively high transmissivity within an 
are.a of otherwise low transmissivity. 

Two pumping tests. each of two months' duration. 
and two convergent-flow tracer tesu have been per- 
formed in the vicinity of the above described high 
transrnlss~vity zone. One pumplng lest and one tracer 
test were performed near the center of the WlPP slte 
near whatis 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 southern site boundary. 

In addition, geochemical and isotope studies have 
been conducted in order to obtain additional insight 
into the hydrologic behaviour of the. Culebm 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. 

Objectives of Ule Test Case 

A number of different objsctives are identified: 

- to determine if the hydraulic data support the 
derived transmissivity distribution andlor the 
model boundary conditions 

- to evaluate the consequences of and the uncer- 
tainty in the derived hansmissivity 

- to determine the nsolut~on ~n~transrmssiv~ty 
needed for lone tme (I0000 vears) ~rcdict~ons of . .. 
radionuclide &el ti, 

- tocalculate the uncertainty in predictions of radio- 
nuclear travel t i m  

- to determine if the palwflow directions inferred 
from the geochemicaVisotropic data could be re- 
produced using c ~ m n t  hansmisstvity distribution 
and boundary conditions alrcrrd to simulate in- 
creased rainfall 

- to determine if halite and gypsum dissolution will 
take place in the next 10 OOO years in the Culebra 
rtsulting in an alteration of the transmissinty dis- 
tribution 

- to &tennine if the hydrologtc ev~dence 1s sufti- 
cient to ~ l e  out a simficant effect on transwn of 
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Available Data 

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

- L M  coordinates and surveyed elevations for all 
wells 

- core logs andlor geophysical logs from all well 
locations 

- geochemical and isotope data (major ion concen- 
trations, density. etc.) from all well locations 

- raw and interpreted hydraulic test data from all 
well locations 

- raw and interpreted tracer test data 
- core porosity and permeability data from tracer- 

test and other locations 
- water-level data (hydropphs) from time of wen 

construction to present for all wells 
- estimated steady-state hydraulic heads at all well 

!r cations 
- ~alibrated steady-state regional groundwater flow 

mndel . . . - - -. 
- calibrated translent regional g m w g e r - f l o w  

model / k c  

Saline groundwater movements in the vicinity of the 
Gorlebm salt dome. Germany. 

Overview 

'Ihe Gorleten salt dome is located in the northeastern 
pan 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 long and 1-2 km wide, crosses 
the salt dome fmm south to ? o h .  
Erosion along the channel .tends 
down to the cap rock (a n iue of 
the dissolution process o ;alt in 
groundwater) and in somt ~lilccs 
down to thc salt. In the channel. 
fairly thick sandy sediments with 
interbeddcd lenses of ti11 are o n r -  
lain by acomplex of silt and clay up 
to 100 m thick. Fnshwata in the 
upper pan of the aquifer system is 
underlain by saline groundwater. 
Tl~e groundwata movrmcms in the 
erosional channel is the topic for 
this test case. 'Ihe groundwater 
movements in such an aquifer sys- 
tem depend to a large degree on the 
salinity. which influences the water 
density. Figure 

Experimental Design 

Hydmgeological investigatiqns have been conducted 
in an area of about 3M) km- around the salt dome. -- 
During these investigations four pumplng rests were 
carried out: one in fresh water and three in saline 
water. During these tests information were obtained 
on boundanes, hydmgeological suucture. connec- 
tions between different aquifers, and hydraulic pa- 
rameters (permeabilities. storage and leakage coeffi- 
cients). In one of the pumping tests the pumped well 
penetrated the entire deeper aquifer in the erosional 
channel (Egure 14). 

The pumping test was carried out with a pumping 
rate of 30 m3/h over a period of three weeks. The 
density ofthewaterrangesfmm 101Oto 1200 kglm3. 
This pump test will form the basis for the first pan of 
this INTRAVAL test case. The second pan 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 (grcundwater levels etc.) 
- pumping test data (hydrographs. salinometer logs, 

pumping rates. electric conductivities. tempera- 
tures, densities, etc.) 

-. 
Large amounts of d m  are also available frbm 

other tests performed in the area 

. . . . . ' . . . . ., . . . . . . .I 
I 1 

14. Hydrogeological cross section of the Gorleben salt dome. 
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WIPP 1 porous. elastic medium correctlv describes the tlow 
of brine through evapontes. ur ~ h e t h e r  a different 
model is more appropriate. The test case is also 

Brineflow rhrough bedded evaporires a! !he Wasre related to another ~mponant issue, the ability of 
lsolarion Pilot Plant 1 W I P P )  in Carlsbnd. .Yew Mex- waste-generated gas to tlow from the repository into 
ICO. USA. the format~on. 

Overview Experimental Design 

;. This test case is based on one experiments performed 
with the aim to determine the rate of brine flow 

' through WIF'P beddedevaprites. The WlPP located 
' In Carlsbad. New Mexico, is an underground re- 

search and development repository (Figure 15) lying 
655 m below ground surface within bedded eva- 

. . pontes. 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 formation: and the Castile Formation, which 
underlies the repsjtory andcontains pockets of pres- 
surised brine. The hydraulic behaviour of the Salado 
Formation is the focus of the present rest case. The 
experimentsare designed to provide a variety of data 
with which to determine whether Darcy's Law for a 

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

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

SmaU 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 monitored for brine inflow (Figure 
16) and relative humidity. The humidity measure- 
ments aid in quantifying the total moisture entering 
a borehole. 

**e-4-- 
I).LIuF"me- 

Figure 15. WIPP 1. S c h e d c  view ofthe WlPP site. 
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on the surface of the room are regulal~ 
10 , mapped. Pore pressure meaurements uere 

made cont~nuousl~ before, dunng and after - 
: SO'. D.7ll 1 nunine of the room and oermeab~lw exoen- 

mentcwere pertormed before and ;lie; the 
mining in a number of boreholes placed 
aound the room. A series of boreholes. 4 and 
10 cm in diameter, will be drilled in vanous 
directions from the room. These boreholes 
will also be instrumented to allow permeabil- 
ity experiments. pore pressure measure- 
ments, and measurements of borehole defor- 
mation and brine inflow. 

Figure 16. WIPP I .  Brine infiw rare vs rime in a 
borehole (Hole DBTII). 

Chemical analyses of brine collected are also 
available. The brine i ~ l o w  measurements in the 
10 cm diameter boreholes generally show rapidly 
declining flow rates for the fust few months. fol- 
lowed by steady but slow declining flow rates over 
long periods (2 years). 

Pore Pressure and Penneabil@v T e s b g  

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 intervals in 
the boreholes. Facton 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 aceumu- 
late in the boreholes. 'Ibe gas is thought to evolve 
from Salado Formation brine in response to the lower 
pressure amund the borehole relative to the pressure 
in the far field. The gas volumes are measured and 
the compositions are analyscd. 

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 roomsired 
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 humidity within the room as well as the 
brim inflow into the room ~ T C  now being masurd. 
Salt efflorescences resulting from brine evaporation 

Available Data 

Data available from boreholes of different diameters 
and locations and from a mined cyl~ndrical 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 infomation 

A number of technical issues that are important to the 
pelforrnance of WIPPare 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 f o m i o n  at rhe 
Mol sire, Belgium 

'Ibis test case is b a d  on an in sin! migration experi- 
ment wt up in the underground facility built in the 
Bwmclav formation at the Mol site in Belgium. The 
original Grpose of the test is the in situdetekination - 
of kigra%on related paramuas and wntirmat~on of 
these paramaas dcmmned in the laboratory The 



Figure 17. Scheme of the undergroun d facility at Mol. 

Figure 18. Mol. Conceptual v i m  of the picz~metemm. 
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expenment 1s a jolnt effort between SCWCEN. NI- 
RASIONDM and PNC. 

Experimental M g n  

A number of viezometers. a socalled ~iezometemest. 
hs\e been m&dled in an undergrouid research l a b  
ratom i n  the Boom Clav fonat~on aLa deoth oi 220 
m ~ F ~ ~ u R S  17 and 18). The stainless s tdl  system 
contans 9 piezometen. interspaced by 0.9 m long 
tubes. b c h  plezometcr consists of two concentric 
tubes, the outer one being made of sintered stainless 
steel. A stand-pipe with an internal diameterof 1 mrn 
is connected to the space separating the concentric 
rubes. The ~ t a n d - ~ ~ p e  man& up thiconnect~on bc- 
tween the filter and the laboratory. A horizontal hole 
with a diameter of 50 nun and adepth of 10 m was 
drilled in the clay formarion by rotary drilling. Im 
mediately after drilling. the complete assembled pie- 
zometemest was pushed into the hole. An inengas 
was flushed thmueh the filters to Drevent oxidation 
of the clay. ~ f t e ;  about two dais 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 under- 
ground laboratory (Figufe 17) at atmospheric pres- 
sure and lined with concrete bricks creates a hydrau- 
lic pressure gradient in the neighborhood of the nest. 
The steady stare pressuredistribution as afunction 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 supposed 
to be senled. 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 thetracer solution was 5.6 mVday duringaboutone 
and a half month. 

The HTO concentration in the clay is measured by 
collection of liquid samples from the h e r  filters in 
the nest. The space bawem the dierent filters is 1 
m. The sampling was started 3 months after the start 
of the injedion and continuw at a two months' inter- 
val. 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. 

Available Data 

- steady state pressuse distribution in the clay 
- HTO conemuation as a funaion time 
- tracer injection data 

Supporting Information 

Supporting dataare availablefromlaboratoy experi- 
menu and other in situ experiments. Tmpon pa- 
rameters, e.g.. the product of effective porosity and 
retardation factor. apparent dispenion constant. and 

diffus~viry. have been estimated. .A number of labo- 
ratory expenments have been periormed. such as 
through-diffusion and oercolation experiments with 
clay cores. The Boom :lay is r~ch in organic maner - 
wh~ch to a large pan is linked to the mineral compo- 
nents. The remainder (humic and fulvic ac~ds) can be 
regarded as dissolved. Attempts have been made to 
deternune t k  diffusion parameters of the smallest 
humic molecules. 

ALLIGATOR RIVERS 

N m r a l  d o g u e  srufies ar the Koongarra rite in the 
Alligator Rivers area of the Nonhern 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. Panicipating 
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 Depanment 
of Environment, and the US Nuclear Regulatory 
Commission. 

Uranium mineralisation occurs at Koongam in 
two distinct but related orebodies which strike and 
dip broadly padlel to afault. the Koongarra Reverse 
Fault. Themain ore body (No. 1 ), which is thesubject 
of this study. has a snikelength of 450 m and persists 
to 100 m depth. Primary mineralisation is largely 
confined to quatiz-chlorite schists. Secondary ura- 
nium mineralisation is present from the surface down 
to the base of weathering at about 25 m d e ~ t h  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 consisrent piawe of the proasses that have con- 
trolled the transpon in the weathered zone and the 
time scale over which they have operated. 

Experimental Investigations 

An extensive experimental pmgramme including 
both fieldand 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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Figure 19. Alligator Rivers. Cross section showing the dispersed zone a t  the Koongarra deposit. 

than 70 boreholes. Dismbution of uranium thorium - results from porosity and permeability measure- 
and radium isotopes has k e n  determined in the dif- menu on drill core samples 
ferent mineralisation zones. The phase distribution 
of uranium and thorium in the weathered zone h a  Hycirochemirhy 
also been studied. Laboratory sorption expenments 
have been ~erfonned. us~ngsamples irom bbre cores. - p ~ .  ~ h .  D.o.. conduct~v~ry and temperature in 
D~stnbut~on coeffic~ents have also been mearured on ~mundwatcrs 
natural panicles in Koongarra groundwater. 

Available Data 

- climatologic data, including rainfall and tempera- 
ture 

- surface water measurements, including stream 
flow 

- location, elevation, geologic logs, casing and per- 
foration &tails of all test holes and wells 

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

- 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 

- results of packer tests in upper pan of the bedrock. 
and resistivity traverses 

~ - ~ .  
- groundwater concentrations of cations and trace 

metals 
- groundwater concentrations of uranium series nu- 

clides and isotopes 

Geology, lUinerabgy, Radiochemicd 

- uranium concentration distribution assay (247 
drilling locations) in core pulp and soil samples 

- uranium series radioisotope activity ratios data for 
selected samples in the ore zone 

- results from chemical analyses of core samples 
- mineralogical composition of samples 
- concentrations an0 activity ratios of uranium and 

thorium in different 
- concentrations of "atfnSGP'% and 23% in 

rock samples 



1 VTR.4 VA L 
Proqress Repon :No. Y 

TWIN LAKE 

Tracer experfrnenrs ar rhe Tw,in Loke aqurfer, Canada 

Overview 

A large numberof aquifer tests ranging from small 
scale field experiments to very large scale 1 :er 
migration tests have been performed in asandy -+i- 
fer at one of the AECL research facilities, the Chalk 
River Nuclear Laboratories. The site is located 200 
km northwest of Onawa,Fanada in the valley of the 
Ottawa river. The 37 km property lies on the Cana- 
dian shield, with Precambrian bedrock consisting 
primarily of granitic gneiss. Over 10% of the site 
contains bedrock that is exposed or buried beneath 
less than I m of overburden. The remainder of the 
propeny 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 experiments. The 
total groundwater flow path length fmm the tracer 
injection well to the groundwater discharge area is 
270 m and at present there are 170 monitoring instal- 

Ialons i n  the aquifer around the downgradient o i  the 
inject~on well. Each ~nsrallation consists of plezome- 
ten with short screens located at I 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 o i  
the dune ridge. currently contains 36 of the monitor- 
in installations (Figure 20). The tracers used are 
"'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 
conduaivity was determined from grain-size analy- 
sisand thehydrodynamic dispersion andlongitudinal 
dispenivity was determined from column tracer 
tests. 

Available Dnta 

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 migrarion (Figure 21) 
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Figure 20. (a)  Twin Lake Site map. (b) Geological cross section through the Twin Luke site (section 
A-A '). (c)  Plan offield site showing imtnunentcrrion Md tracerflow line. 
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Figure 21.' Twin Loke. Example of the type of data avaihble through the data base. Tracer migmtion in 
the sandy aquifer (percent of injection concentration) 
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Appendix 3 

List of Test Case Related Presentations at 
INTRAVAL Workshops 

INTRAVAL Phase 1 Test Cases 

Radionudide migration through d a y  samples 
by  & i o n  and advection (TEST CASE la)  

Bogorikki P.. Lame J.. and von Maravic H., Corn- 
menrs on Modelling the Hanvell Migration Experi- 
ments, INTRAVAL Workshop. Barcelona April 
1988. 

Bogorinski P.. Overview of Test Case la. 
INTRAVAL 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 Hanvell Laboratory. INTR4VAL Work- 
shop, Barcelona. April 1988. 

Bowke P.J.. Gilling D.. iefferies N.L, Lever D.A.. 
and Lineham T.R.. Mass Transfer 'Ihrough Clay by 
Diffusion and Advection: Descript~on of IN- 
TR4VAL Test Case l a  INTRAVAL Workshop, 
Helsinki, June 1989. 

Carrera J., Smper J., Ga lam G., and Medina A,. 
Interpretation of Test Case la: Old Data. IN- 
TRAVAL Workshop, Helsinki, June 1989. 

Carrera J., Samper J., G o h m  G., and Mcdina A.. 
Application of Experiment Design Methods to Test 
Case la. INTRAVAL, INTRAVAL Workshop. Las 
Vegas, February 1990. 

Hossain S., Rliminary Results on Test Case l a  
INTRAVAL Workshop, Tucson. November 1988. 

Olague N.E. Davis PA.. andGribbleR.A.. Modeling 
Snategy. Data Analysis and Initial Simulations: IN- 
TRAVAL Test Case l a  INTRAVAL Workshop, 
Helsinki, June 1989. 

Olnguc N.. Davb P.. and Gribble R. Dual-porosity 
Simulauons of the Thmunh-diffusion ExMnments. 
INTRAVAL Workshop, h Vegas. ~ e b ~ a r y  1990. 

Samper 3.. and Carrera J.. Reliminary UPC Ruults 
on Test Case la, INTRAVAL Workshop. Tucson. 
November 1988. 

Umeki H.. ldemirsu K.. and ikeda Y .  Preliminary 
Results on Test Case la, INTRAVAL Workshop, 
Helsinki, June 1989. 

Umeki H., Neyama A.. Furuichi K.. and Ikeda Y.. 
PNC Analysis of Test Case la. INTRAVAL Work- 
shop; Las Vegas. February 1990. 

Wijland R. and Hassanizadeh S.M.; Preliminary Re- 
sults on Test Case la. INXAVAL Workshop. Hel- 
sinki. June 1989. 

Wijland R., and Hassanizadeh M.. Simulation of 
Nuclide Migration in Clay. including Matrix Diffu- 
sion, INTRAVAL Workshop, Las Vegas, February 
1990. 

Urnnium Migration in CrystalUne Born C o r n  
(TEST CASE Ib) 

Bischoff K.. Hadermann J. ,  and Jakob A.. IN- 
TRAVALTest Case Ib. Uranium Migration in Crys- 
talline Bore Cores. INTRAVAL Workshop, Bar- 
celona April 1988. 

Bischoff K. .  Hadermann J.. and Jakob A.. 
[NTRAVAL T s t  Case Ib. Uranium Migration in 
Crystalline Bon Corn - Small Scale Pressure Infil- 
tration experiments, I IVUVAL Workshop, Tuc- 
son, November 1988. 
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Progress Report Number 10,1993 

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 initiated by the 
Swedish Nuclear Inspectorate. SKI. and was pn- 
pared by an ad-hoc group with representatives from 
eight orpanisations. 

24 organisations 'Part~es' from fourteen countries 
participate in INTRAVAL. The project is governed 
by a Coordinating Group with one representatrve 
from each Party. The SKI acts as Managmg Part~ci- 
pant and has set up a Project Secretariat in which also 

Her Majesty's Inspectorate of Pollution HMIPIDoE. 
U.K. and the OECDNEA take pan. 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 to use results from 
laboratory and field exprirnents as well as from 
natural analogue studies in a systematic study of the 
model validation process. It is also pan of the IN- 
TRAVAL project strategy to interact closely with 
ongoing experimental programmes. 
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Introduction 

Progress Report Number 10 

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 sens~tivityluncenainty analysis have 
been tested. In INTRAVALthe focus is on the validity 
of model concepts. 

The purpose of the NTRAVALstudy 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 
bemg 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. in INTRAVAL the ambition is to cover 
validation of models both with regard to the pmc- 
esses and site-specific systems. 

The INTRAVAL study was staned in October 
1987. The first three year study. Phase I, is finalised. 
The second three year period, Phase 2, staned in 
October 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 Riven Analogue Project. 

Pilot Groups have been appointed for each of the 
test cases. The responsibility of the Pilot Gmup 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 pm- 
nounccd policy of the INTRAVAL study to support 
interaction between modellen and experimentalists 
in order to gain reassurance that the experimental 
dataare properly understood and that the experiences 
of the modellers regarding the type of data nceded 
from the experimen&ists-rn a c w u n t d  for. 

Contact between the oam'cioants has b a n  main- 
tained by arranging wo&hop~which were followed 
by Coordinating Group meetings. Working Gmup 
meetings have d e n  place between the workshops. 

Since the issue of the previous Progress Report, 
the ninth and last INTRAVAL workshop and the fihh 
and last Phase 2 Coordinatine Grouo meetine were 
held in Stockholm, Sweden. ~ k n g  t i e  worksgop the 
panlclpants dexnbed the modelling work p x f o k e d  
and discussed the achieved results. Since thls was rhe 
last workshop, the presentations were focussed on 
summarising the results from each Working Group. 

The Phase 1 reports have been finalised. printed 
and distributed to the Coordinate Group members 
except the Phase I Summary report which is sched- 
uled for printing late 1993. The schedule for the 
Phase ? 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 tifth 
Phase 2 Coordinating Group Meeting were held in 
Stockholm. Sweden.-on the'30th of ~ q u s t  throuyh 
!he 3rd of September. 1993. w ~ t h  the Swedlsh Nu. 
clear ~ns~ectdra te  (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 plan for reporting (see 
section about INTRAVAL. Reporting) was agreed 
upon. IMRAVAL will be formally concluded as the 
INTRAVAL. Phase 2 Summary report has been ap- 
pmved by the Parties. 

INTRAVAL Sub-Committee for Inte- 
gration (ISI) 

The purpose of the INTRAVAL Sub-committee 
for intemation (ISI) is to assist the Secreariat by 
1ntegsng the activities of the Working Groups. the 
validation appmrhcs and the lessons learned. The 



IS1 h d  their thlrd meeting < , n  Augu\t. 3 l , n  w n n e c -  
i i , ~  with the INTR.-\V.\L uorkshop in Stockholm. .A 
revised outhne ot the IS1 INTR?.V\L Phase I 2nd ? 
~nte~ra ted  conclus~onc report was developed durlnp 
the meeting. .A fir71 draft ot the report wll be ~ v a i l -  
.~ble by May. 1994 and the final repon wdl be pub- 
iished early 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- 
slble for the preparation of Working Group reports. 
which will const~tute the base for the final reporting 
ot INTRAVAL Phase 2. 

Table I .  lNTR.4 VAL Phase 2 Working Groups 

Working Test Cases . Chairman 

I Las Cmces Trench T. Nicholson 
Apache Leap 
Twin Lake 
Yucca Mountain 

*. 2 . Finnsjon C-F. Tsang *(.. Sui a S. Neuman 
,J<' %.%. WI!P 2 

1 . 1 . ' . Gorleben . < ,  .: 
P. Bogonnski 

WIPP I 
Mol 

Alligator Rivers Secretariat 
(K. Skapius) 

INTRAVAL Reporting 

All INTRAVAL Phase 1 technical repons have 
been printed and distributed. The final draft of the 
Phase I Summary repon was dismbuted in June. 
1993 to the INTRAVAL Panics 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 repons 
prepared by the Working Gmup leaders with help 
from appointed editors. In addition, the Semtariat 
will prepare an INTRAVALPhase 2 Summary report 
hased on test case summaries from each of the Work- 
ing Gmups. 

The time schedule for the INTRAVAL Phase 2 
reporting is according to Table 2. Final repom from 
all Working Gmups will be available in June 1994. A 
t in t  draft of the INTRAVAL P h a ~  2 Summary repon 

I, .chcduled t ;~r  October. 1094 and 3 i ~ n s l  repon for 
\prin;. 1995. The INTRAVAL Sub-cornm~rtee for 
tntegratlon ilSli will publish 2 report concemlnp - 
Inteerated Conclus~ons in  early 1995. in addillon. 
there x e  plans for publication in sctentific journals 
durinp 1995. 

Table 2. Schedule for lWR.4 VAL Phase 2 Reponmg. 

Repon First Draft Final Draft Final 
Report 

Working Jan. 1994 April 1994 June 1994 
Gmup I 

G"2P"f Jan. 1994 April 1994 June 1994 

2 2 3  Feb. 1994 April 1994 June 1994 

Alligator Jan. 1994 March 1994 June 1994 
Rivers 
Phase 2 Oct. 1994 Spring 1995 
Summary 
IS1 Report May 1994 Oct. 1994 Early 1995 

Status of INTRAVAL Phase 2 Test 
Cases 

LAS CRUCES TRENCH - 
Flow and rranspon experrmnrs tn unsorurared po- 
rous medu performed or Lar Cruccs. .Vew Mex~co 

Experimental Set-up 

The experimental site is located at the New Mexico 
State University Collage Ranch. 40 km northeast of 
Las Cmces in NewMexico. 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 I m x I2 m, respectively, are adjacent to the 
trench. Water and tracers were applied at controlled 
rates on these m a s .  In the first experiment (Plot I) 
water containing the conservative tracer tritium was 
applied at a rate of 1.76 cmlday 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 c d d a y  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 (pentafluorobenzoic 
acid and 2.6difluombenmic acid) were applied at a 
racc of 1.82 c d d a y  on the same area ( l m x 12 m). 
The movement of the water below the soil surface 
was monitored with neutron probes and tensiome- 
ten. Tracer concentraticrs were sampled on a regular 
basis through solute samplers installed in a two di- A 

mensional grid thmugh the wench wall. In addition 
labontory expniments on c m s  were performed to 



Jsrermtne the physicd properties of the soil. The 
Plot I and Plot Za experiments were ~ncluded in 
INTRAVALPhase I and was used for model calibra- 
tton. The calibrated models were used i n  INTRAV.AL 
Phase 1 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 dmce i  trench lest case during IN- 
TRAVAL Phase 2: 

- New Mexico State University (NMSUINSNRC 
- CNWRANSNRC 
- PNIAJSNRC 
- MITRTSNRC 
- 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-paramemc tests to assess model per- 
formance, see Figure 1 where populations of tritium 
prediction errors for the different models are illus- 
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. 

T a b l e  Summan of?-D models used h\ rhr Prolei r 
Teamslor the Las Cruces Trench resr case 

Project Approach Pred~cted Soil propertiex 
Team value(s) 
BEG1 not blmd uarer tlow un~form. 

isotropic 

CNWRAI blind water flow 9 layers. 
lS0trODlC 

CNWRA2-3 blind water flow heterogeneous. 
lS0UODlC 

MITl blind water flow homogeneous. 
an~sovop~c 

NMSUl not blind water flow, homogeneous. 
tritium, isotropic 
mlgratlon 

NMSU2-5 not blind water flow. heterogeneous. 
tntlum. ~sotrop~c 
rnlgratlon 

PNLI-4 bllnd water flow, un~form. 
tntium ~sotrop~c 
m~grat~on 

All model predictions of first arrival times of the 
water plume were non-conservative at latter times. 
whereas several of the models with heterogeneous 
soil profiles providedpredictions offirst arrival times 
.of the tritium plume that were conservative at latter 
times. The results of the model 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 results from the different 
Project Teams it was found that models that per- 
formed best by one measure were out performed by 
other models using other measures. A s a  result of the 
comparisons it co&d be concluded that simple mod- 
els seems to oredict the measured values with as good 
result as themore complicated models. A numb& of 

Figure I .  L a  Cmes  Trench. Popularions of wit- 
ium prediction errors. 
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rop~cs were ~dent~i ied  that has to be developed: better 
techn~ques to condition soil property models on local 
observation. techniques to scale local observations to 
larger scales, better understanding of the relative 
importance of various physical processes. Concern- 
Ing the model testing it h3s becn identified that the 
models must be tested at different sltes on larger 
scales and that more rlgorous rnathematicaUnumeri- 
cal model testing techniques using field data have to 
be developed. 

What concerns performance msessment. the work 
with the Las Cruces test care has illustrated the need of 
a test site chmterisation methodology as well as a 
better undemanding of when simple models are truly 
conservative compared to more complex models. 

APACHELEAP 

Flow and transpon experimenrs in unsaruraredfmc- 
lured rock petfomed at Apache Leap Tuff Sire. Ari- 
zona. USA. 

Experimental Set-up a n d  Sfales 

The Apache Leap test case in INTRAVAL Phase 2 
concentrates mainly on two topics. how a thermal 
source will affect alr, 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-isothennal core measurements. Acy- 
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 all surfaces, and to minimise heat loss 
dong the sides of the core. During the experiment, a 
horizontal temperature gradient was established 
dong 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- 
~ c t e n s e  water and alr transpon $pen~es of  fractures 
2nd rock mauix for a range of matnx suctton. The 
measurements were conducted on a block of Apache 
Leap Tuff which was 92.5 cm long, 21.0 cm high and 
70.2 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 manifold was open 
to the atmosphere and the other was irrigated with 
water. The position of the wetting front in the fracture 

m d  in the matrtx over ttme was studied. Ava~iable 
data are rock matrix sorptivtty coefficient. rock ma- 
trix porostty. rock fracture aperture. and cumulative - inflow volume over time. 

In addition to these laboratory experiments there 
are some results available from tield investigations. 
However. much of the data from the field experi- 
ments will not be available during 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: 

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 tield 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 thattheobsewedbehaviour is known with 
sufkient 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 cornpanson 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 I meter scale. The borehole Y2 has as well 
been tested at0.5 and 3 m scales. Twootherboreholes, 
W7.A and 22, are currently being tested at a I m scale. 
When the testing program is completed, a total bore- 
hole length of 180 meters will have been tested at a 
1 m scale. An important conclusion from the analysis 
performed so far is that air permeability is a s m n g  
function of applied pressure. Values quoted without 
such pressures are therefore ambiguous. The average A 

permeability has becn f w n d  to increase with increas- 



Ins  scale. .Another major tinding 18 that the data 
~ndicate that tlow through the fractured porous r 
terial may be amenable to the t h e w o f  stocha,.~i 
hydrology. 

+ '  ,&'$ 
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YUCCA MOUNTAIN 2, "; 

> ,': ' .. 
Yucca Mounrain experimerlfs. ' . 

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 

, drilled. The data set for the test case consisrs of 
composite transects of hydrologic properties at the 
slte. detailed geohydrological dataand 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 mat adistance 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 Phase 2: 

- GolderNSDOE 
- USGSNSDOE 
- C N W W S N R C  
- State of Nevada 
- SNUUSNRC 
- USNRC 

The Project Team from USGS has used a I-D 
finite difference matrix model (TOUGH) to predict 
the water content in the core from borehole UZ-16., 
The model parameters were calibrated using data 
from nearby shallow borehales. The parameters were 
panicle density, porosity. permeability and van 
Genuchten parameters for unsaturated hydraulic 

irom transects and other borehoies. nrurron Ihgs 
from other boreholes and porosity 2nd iithologes 
irom the borehole to be predicted (UZ-161. The tirst 
model (composite porosity) predicted the water con- 
tent profiles rather well except in a few geoloe~cal 
units. The predicted saturation appear to be less ac- 
curate than the predicted water content. The second 
model (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 variability in selected model inputs on 
modelled unsaturated water content profiles. I-D, 
2-D as well as fracture models have been applied 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 modelled 
as consisting of seven hydrologic layers except for 
the I-D case where the number of layers were vaned 
from4 to 11. The results from the I -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 modelled 
with I-D geometry and infiltration. Like the I-D 
simulations. the 2-D simulations 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 basedon ground surface material, topography. 
and climate data. The fracture density in the rock was 
set to about 3 fracturedmeter. In this case. the very 
wet conditions in the upper permeable unit as well as 
the unsaturated conditions below are much better 
represented than the I -D and 2-D representations. 

Different Project Teams applied different model- 
ling approaches to predict the water saturation in the 
core from borehole UZ-16. The test case provided 
insufficient data to discriminate between the models 
used but it seems that the stratigraphy is the most 

conductlv~ty fmmfilledmo~sturrretent~oncurvesfor tmponant aspect in modelling Unsaturated flow at 
different microsrrau~raoh~c untu at dffercnt deoth Yucca Mountam It was not poss~ble to reach anv 
The problem with ;his'modelling was that the 'ap conclusions concerning fracture vs. matrix flow 
plied mck properties were from another location models because of the large differences in model 
than UZ-16 and no fracture or  fault properties were gmmenies and boundary conditions. Another aspect 
available. The team has used past climate condi- that makes model comparison dubious is the differ- 
tions to estimate,earlier infiltration and noted that ence in applied initial conditions. No conclusions 
the saturation measured today is not sensitive to concerning infiltration from the saturation profile 
earlier climatic changes. could be drawn because of the fractured nature of the 

The Project Teams from CNWRA and USNRC tuffs. 
applied a I -D steady state, composite porosity model 
and a dual continuum fracture-matrix model for I-D 
steady-state infiltration to predict the water satura- 
tion in the core from borehole UZ-16. The predic- 
tions were based on hydraulic characteristics of roch 



Trnccr rrperrmenrc rn n j r a c r ~ i r ~ d  :one or rhe 
Ftnn?jon research urea. Swedet~ 

This rest case is based on a set of tracer tests i n  a 
fracture zone in crystdline rock 21 the Finnsjon re- 
\earth areain Sweden. The matn experimentscamed 
out are 3 large-scale intetierence test and two large 
x a l e  tracer tests. one radially converging test andone 
dipole experiment. The modelling is focused on the 
dipole experiment. This test case was also included 
In INTRAVAL Phase I .  but the database for the 
dipole experiment was never used for modelling, 
since i r  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 I 0 0  m and its 
hor~zontal extent is in the order of kilometers. 

It appears that the zone contains three highly 
permeable sub-layers. The transmissivity of the 

-4 2 up er l a v e r s  estimated to be 10 q l s ,  the m~ddle  6 :6 5 10- -10 m is and the lower 104m-Is. The middle 
layer is not continuous. A fresh water-salt water 
interface is located in the fracture zone relatively 
dose  to the upper sub-layer. The salt content of the 
zroundwater is higher below the zone than above. 
?he natural hydraulic head gradient is estimated to 
11300 in the horizontal direction. 

Hydraulic Tests 

The fracture zone and the surroundine rock are pene- 
trated by several boreholes. packer re& forhyd&lic 
conductivitv (Lueeon tests) have been ~erformed in . ,  ~. 
dl boreholes in 2 m and 20 m section intervals. In 
addition. a p a n o f  one borehole has been investigated 
at 0. I I m intervals. A regional pumping test has 
been conducted by pumping water from the C 4 1  
length of one borehole and observing the draw- 
down in l l wells totalling 40 intervals. 

Tracer Tests 

Two setsof 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-ror- 
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 tot& ' 10 
different tracers were introduced at the upper ia : :r ~f 
the injection well. The tracer discharge points a: &e 
discharge well were estimated by sampling the Uac- 

i'rs In d~fferent ldyers Both the radrally cm\ergent 
and the d~pole test showed that tracers could moie 
between [he lavers rn the fracture zone 

Analyses by the Project Teams 

The Finnsjon experiments has been studied by the 
following Project Teams: 

- - .  ~ 

- PNC 
- PSVNAGRA ... , 
- New Mexico State University (NMSU)/SNLAJp"" , 

DOE t %?>. 

- HazamdJAERI I ' 

- ConterralKTWSKB : r,: ,,. 

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. I-D as well as 2-D 
models were applied and the classification of model 
simulations was based on regression statistics. 

The V l T  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 transpon in just one or two routes. The 
channels were assumed to be non-interacting and 
having variable apertures. The team concluded that 
a11 experiments could be described with the same 
concept. Furthermore, 50-100 5% of the transport 
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 mnsport. The system was as- 
sumed to be a dual porosicy porous medium and the 
modelling approachincludcdgeneration of hydraulic 
conductivitv distributions bv trial and e m r  as well 
as applying a geosuuistical~approach. Strcam 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 we= to sta- 
tistically estimate transmissivities in the high w n -  
ductive tone in the upper pan of zone 2 and to 
identify transpon parameters by considering least 
square enon .  The validity of the model was exam- 
ined by comparing calculated and observed data. The 
team concluded that the tail pan of the bmkthmugh 



Figure 2. Finnsjon PNC. Calculated hydraulic 
heads in the radially convergent rest. 

curve of each tracer could be explained by consider- 
ing the mixing between rhe low conductive and rhe 

porosll) medtum has proven to be 3 \ r r s x ~ l e .  err$- 
aent  and highly appropriate "tool" for analyslnz the 
Finnslon migration experiments. Funhermore. no se- 
rious limitation of the model was identified. re. no 
indication for funher mechanisms that ought to be 
included could be recognized. One of the main goals 
of the investigatrons was to find an answer to the 
question of the minimum number of independent 
flow paths that had to be included in the calculattons. 
It was found that models with a single flow path 
reproduced the break-through curves in a grossly 
averaged way. Inuoducing 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 pan of the breakthrough curves. How- 
ever, calculations for both concepts (ondtwo flow 
path systems) demonstrated that this mechanism can- 
not be neglected. It effectively influences the shave 
of the breakthrough curvesand strongly improves &e 
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- 

n~eh conductive zone Funhermore. the parameters elllng approach in&ded a dexnpuon of a venrcal 
~dentlfled from the drpole tracer lest s~mulatron cross-secuon reoresentrne the flow oaths The tntcn- 
could expiain 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 dataas the other 
teams. but performed a porous media analysis of a 
radially converging tracer test from another pan 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 transpon processes in the 
Finnsjon experiments. The modelling approach was 
to assume a 2-D dual porosity homogeneous system. 
The team concluded that the concept of the dual 

Figure 3. Finnsjon, PSI. Lperimental data and 
calculated breakthrough curves with and withour 
matrix d imion.  

ness and hydra;lic cond&tivity dishbution was in- 
terpreted from individual borehole data. The results 
showed a reasonable agreement with most break- 
through curves for both single 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 transpon 
analysis of the radially converging and the dipole 
tracertests. 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 transpon analysis in 
a continuum model by means of a panicletracking 
method. The modelling included panicle releases 
from simulated test sections and calculation of en- 
semble breakthroughcurves. Thesecalculated break- 
throughs were found to give good as well as bad fits 
to the measured breakthrough curves. 

The ConterrdKTH team applied a stochastic 
continuum model to analyse the dipole test and a 
conceived far-field natural gradient test. The main 
objective in this modelling exercise was to deter- 
mine if a stochastic continuum model calibrated on 
a local test scale also is valid on a larger. far-field 
scale. 
The team tackled this problem by creating a refer- 

ence mmiss iv i ty  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 pan of zone 2. 
All measured transmissivity data were used to con- 
s m c t  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 gmiient) test 
were performed in this synthetic reference field for 
calibrarion and validation. 
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Eight boreholes penetrarlne fracture zone 2 have 
been hydraulically tested and several reaiisat~ons 

i were generated and conditioned on the data from 

. . 
these boreholes. One of the generated realisations 
was randomly chosen as the reference tield. The 
results from "tracer tests" using a panicle tracking 
technique were considered to be the real system 
response of the reference field. The far field simuia- 
lion in the synthetic reality was performed under 
natural conditions. 

The team used the Monte-Carlo approach to gen- 
erate 100 equally probable realisations having the 
same statistical structure as the observed data. Corn- 
paring the breakthroughs in the dipole expenmenu it 
was found that individual realisations could be very 
different to the reference field due to uncertainty in 
traqmissivity 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 I 0 0  fields were 
chosen that captured the reference tield quite well. 
The far field simulations were calculated under natu- 
ral gadient 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 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 model 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 effects as well as the multi-layering of zone 
2 were taken into account in the modelling. The 
model was calibrated using data from twoof the tests 
2nd 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 tracen. Another 
finding was that a homogeneous porosity could not 
be employed. 

The UPV team analysedthe implications of select- 
ing a multiGaussian model based on the parsimony 
principle. The modelling approach included a dem- - .. 
bnstrition of the impaa of extreme values on travel 
times bv aoolvine two stochastic models. multiGaus- . .. - - 
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 polntof 
vlew. 

The analysis of the Finnsjon experiments Includes -. 
a variety of different approaches including stochastic 
modelling even though the porous medium concepts 
seems to dominate. An imponant conclusion is that 
the dimensionality of the applied model was not 
decisive for the ability to 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 small in the ex- 
p r imenu  mainly due to the high induced flow ve- 
locities.Thctracer migration has therefore bem 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 rracer experimenrs in crystalline rock 
based on the Srripa 3 - 0  experiments, Sweden. 

Experimental Set-up 

This test case is bawd on three-dimensional tracer tests 
pnformed in the S t r i p  mine in Sweden. The experi- 
ments arc pan of the International Snipa Project. 

In an experimental drift. excavated in the old iron 
ore mine in Snipa, the whole ceiling and upper part -. 
of the walls was covered with about 350 plastic sheets 
(2 m2each) with the purpose to collect water seeping 
in from the rock and to collect injected tracen. 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 
supporting laboratory and field experiments. This 
so  called 3-D experiment was as well a test case 
during Phase I of INTRAVAL. 

In addition to the results from the 3-D expr imem 
data from two other expriments performed in the 
S t r i ~ a  mine, the "Channeling Experiments" and the 
'SI& Ch~actcnsaoon and ~ d d a u o n  program . were 
avalable to the INTRAVAL Pamc~oanu dunne Phase 
2. The Channeling Experiments m k e d o f  tw; kinds 
of tests, single ho6 and double noleexperiments. In the 
single hole exoeriments. holes with adiameter of 20 cm 
we; drilled about 25  rn into the rock in the plane of a 
fracmre. Specially designed packers w e n  used IO inject 
water into the fracture at 5 cm intervals. The variation 
of the injection flow rates along the hacture wen  used 
todetermine theuansmissivity variations in the fracture 
plane. Detailed phaographs were taken from inside the - 
holes and the visual fnaurr apermrr was compand 
with the injection flow rates. Five holes w a e  measured 
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in deta~l and seven holes were scanned by slmple 
packer systems. In the double hole experiment two 

-. parallel holes were drilled in the same fracture plane 
at nearly 2 m distance. Pressure pulse 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 Charactensation and Validation program. 
with the aim to predict groundwater flow and tracer 
transpon in a previously unexplored rock volume. 
involved 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- 
tionDrift", wasexcavated in therock block.The new 
drift was instrumented with plastic sheets and other 
water collection devices. 

Analyses by the Project Teams 

The dataset from the Stripa 3-D migration experi- 
ment ha .  been studied in INTRAVAL Phase I and 2. 
Four ProjeccTeams studied the test case in Phase 1: 

- KTHISKB 
- Lawrence Berkely Laboratory (LBLWSDOE 
- KTWSKl 
- INTERA/AErnIREX 

Two other Project Teams have analysed the Stripa 
3-D data as pan of Phase 2: 

The experimental tindings from the Stripa 3-D 
experiment clearly indicated that: 

- the water flow into the drift was very unevenly 
distnbuted 

- there seems to be a correlation between fracture 
mtersections and high wafer flow rates 

- also the nacer migration properties were unevenly 
distributed since experimental breakthrough 
curves in adjacent sheets for the same tracer were 
in many caws 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 wnsidered by the diffennt 
Project Teanis were: 

- omdimensional models assuming no mixing of 
tracer benuan the channels over the mimation - 
domain 

- models of interconnected onedimensional chan- 
nels assuming a perfea mixing a each channel 
intersection 

and finally. one team did not assume any rnlxlng 
and flow dimension a priori, but considered the 
flow dimension as the m a n  unknown. 

Different teams considered different transpon 
propenies in the individual channels. The K W S K B  
team considered channels that only had advective 
transport as well as channels having uanspon prop- 
erties based on a combination of advection-disper- 
sion-matrix diffusion. The Project Teams from 
KTWSKB. KTWSKI. BRGM and LBL considered 
channels havinguansponpmpeniesdue toadvection 
and dispersion. 

Different channel arrangements were as well con- 
sidered by the Project Teams. All teams analysed 
transport in asingle channel. The LBLteam assumed 
an arrangement consisting of several discrete parallel 
channels. Each channel had a variable aperture along 
its length, and the hydraulic conductivity in the chan- 
nel was controlled by constrictions. Such channels 
d a s  not represent physical pipes. but rather channels 
that arise naturally as paths of low resistance through 
the fracture planes. The LBL team used this arrange- 
ment coupled with the advectiondispersion model. 

The KTWSKB team also considered an arrange- 
ment consisting of a large number of parallel 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, hut the KTWSKB team assumed that disper- 
sion in the direction of flow was caused by channel- 
ing. so that the "advection only" single channel pmp- 
erty was applied. A funher 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 fmm KTWSKl and BRGM 
considered a network of one-dimensional channels 
located in a three-dimensional network of intercon- 
nected disc-shaped fractures. Both teams considered 
a channel geometq where flow was assumed to 
occurthmugh "bonds" joining thecenter of each disc 
to the center of the adjacent disc. In addition to this 
concept, the BRGM team also used a "Random 
Channel Model" when  one-dimensional channels 
were randomly located on the fracture discs and 
w h m  fracture intersections may or may not be con- 
sidered as channels. 
The LBL and V+ teams used deconvolution 

techniques to analyse the experimental breakthrough 
curves.The impulse responses obtained by LBL were 
composed of distinct peaks. These peaks were wn-  
sidered as the result of solute transport in independent 
channels and the solution of the onedimensional 
advection-diffusion equation. for a delta pulse injec- 
tion, was fined to each peak The VTT team focused 
on the detailed analysis of the impulse responses 
given by deconvolution of the experimental break- 
thruugh curves and injection pulses. taking into ac- 
wunt  the effens of measurement errors and other 
disturbances on the deconvoluti~n rfsukts. The im- 
pulse responses obtained by the W T  team were also 
mmpwcd of various peaks. These pcalrs did not 



I VTR. 1 I A 1. I 4  

necrwrllv correspond to those prewously identriied 
hy the LBL team. The LBL tram used the Toepiitz 
mrthod 2nd the VTT t e a r  !he Extreme Value Esti- 
rnmon method (EVE) to p.-:tom the deconvolution. 
The EVE method estimates the lower and upper 
hounds of  the unknown or any user-detined linear 
expression formed from them. The analysis by the 
VTT team indicated that the experimental break- 
through data could be explained by hydrodynamic 
dispers~on. 

The geometry of  the system was estimated in the 
approach employed by the INTERAIAEA team. The 
team calc: ~ t e d  fractional dimensions of the flow 
paths and r cd that the slopes of the tined lines were 
generally close 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 T e a m ,  except for KTWSKI. used the 
tracer breakthrougit curves to fit the transport pa- 
rameters. However. a problem was that the tracer 
inject~ons had been time-varying. Becauseof this. the 
teams had to use either the real data and compute 
what the response would have been if asimple (pulse) 
injection had been performed or compute the re- 
sponses of the sy2tem 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 KTWSKB 
and BRGM teams. Two other approaches were as 
well used. The LBL team studied the t in t  peak early 
mival data and modelled the time-varying injection 
tlow rates by an exponential decay curve followed by 
a period of stabilization. The KTWSKI team gener- 
ated synthetic breakthrough curves with the channel 
network model using a pulse injection and integrated 
the simulated curves over time in order to simulate a 
constant step injection of tracer. 

One of the more important experimental observa- 
tlon from me 3-D experiment was that the flow and 
tracer transport seemed to be localized w a few 
preferential flowpaths. channels. The definition and 
incorporation of channels and channel properties has 
therefore k e n  a common theme for the Project 
Teams. I. riough the Project Teams applied quite 
different issumptions. the various channel models 
were able to reproduce most of the trends observed 
in the experiment. Such atinding 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 0bSe~atioII.S. 
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 geomew and distur- 
bances, as two-phase flow. due b the dhfi  will have 
to be studied funher. 

WIPP 2 
-. Flow and rranspon experiments in hererogeneous 

fractured media perfbrmed ar the Warre lsolarron 
Pilor Planr I WIPP) in Carlsbad, New Mexico. LISA. 

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 nonhern pan of which is filled with 8000 m 
of sedimentary Phanerozoic rocks containing eva- 
parities. Water bearing zones within the rocks that 
underlie host and overlie the WIPP reposiwry have 
low permeabilities and storativities. They are gener- 
ally contined 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 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 W 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 
21 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 &en conducted in 
order to obtain additional insieht into the hvdroloeic 

u - 
behaviour of the Culebra. 

Analyses by the Project Teams 

The test case has been studied by the Project 
Teams from: 

- AErnIREX 
- UPVENRESA 
- AECB - - -  

- BGR 
- SNIJUSDOE 

The main data used in the studies undertaken 
within INTRAVAL were the hydrogeolog~cal p r o p  
emes of the Culebradolomite. TheCulebra dolomte 
is quite thin, approx 8 m. but extends for many 
kilometers and is highly fractured. A large number of 
hvdrdulic tests have k n  Duformed in the dolomite 
including nansmissivity measurements, steady-state 
mwsurements of heads and cross-hole tests. The 
modelling has mainly addressed the issues involved - 
in treating the hecerogmeity of the transmissivity of 
the Culebra dolomite. The effects of the varying 



alinit]i o t  the groundwater in  the Culsbra dolomite 
has also been analysed. There are large vanations i n  

the rransmissivities of the Culebra leading to uncer- 
tainties in quantities of imponance in 3 repository 
performance assessment such as travel times. There- 
fore. there seems to be a senerally-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 theTurning Band algorithm 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, all isotroptc. andconcluded that if the 
correlation length was comparable to. or greater than, 
the size of the domain investigated it was not possible 
to determine the correlation lengh from the meas- 
ured data. However, this did not have a significant 
impact on the uncenainties 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 tinite 
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 tits. The conditioning on the heads implied 
some significant improvement but some dixrepan- 
cies were still remaining. Gaussian models imply 
lack of connectivity of regions with higher (or lower) 
than average transmissivity. Therefore, they might 
not rake into account fast flow paths from the reposi- 
tory which are responsible 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 pmess .  The match to the heads 
were not good even with conditioning. The calcula- 
tions with different salinity indicated that the flow 

paths in the Culebra from the center <It  the \Ice are 
relativel? insensitive to the uncenalntw in 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 
modelsof the Culebra dolomite 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 denslty variations 
due to variations in salinity and the effect of perme- 
ability differences. 

The SNL team has applied different conceptual 
models to study the importance of vertical flow 
between the Culebra dolomite and the overlvine 
units. Calculations using the preliminary conce&z 
model indicate that leakaee from the Culebra mav 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 hydrogeological 
properties. The applied stochasiic models have 
proven to be valuable tools in assessing the effect of 
uncertainty due to heterogeneity on the performance 
of a repository. 

GORLEBEN 

Saline groundwater movements in the viciniry of rhe 
Gorleben salt dome. Germany. 

Experimental set-up 

The Gorleben salt dome is located in the northeastern 
pan 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 u p p r  pan 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 km2 around the salt 
dome. During these investigations four pumping 
tests werecarried our  one in the freshwater and three 
in the saline water. Oneof the pumping tests, in which 
the pumped well penetrated the entire deeper aquifer 
in the erosional channel, forms the basis for the first 
pan of this INTR4VAL test case. The pum ing test 5 wascanicdout with apumping rate of 30 m lh over 
a period of three weeks. The second pan 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 following Project Teams have been working 
with the Gorleben test case during INTRAVAL 
Phase 2:  - - %  

- BGR 

- 

- GRS 
- RIVM ~. 
- S W S D O E  

The different teams have worked with a number 
of different tasks. The Roject 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 evaluated by 
BfS. SNL and RlVM and the regional flow siNati0n 
has been studied by GRS and BGR. 

The Project Team from AEA has applied an indi- 
cator kriging method to study the Gorleben data set. 
The modelling work include indicator methods and 
the use of variograms and knging 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 
from tive boreholes in a vertical section perpendicular 
to the Gorleben channel 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 
Junng the pumpmg pert& w& inalyt~c311y evaluated 
w~th the m I S  model. but me urn concluded that the 
analytical solution could not be used. Thedrawdown in 
the boreholes dunng pumping but also during m v e r y  
were then calculated numerically. The varying density 
of the water observed in different borehola were not 
included in the calculations as the density effect was 
judged to have minor influence on the flow during the 
short time period for which the calculations were p r -  
formed (500-20M) hr). A reasonable estimate of the 
hydraulic conductivity and storage coefficient could 
be obtained with a 2-D constant density mode. taking 
into account anisotropy and global heterogeneities. 
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 c o n a n m t e d  on data evaluation and parameter 
fitting. 

The Pmject Team from BfS presentedcalculations 
on the Weisses Moor pumpjng test. The specific 
permeability, storage coefficient, and aquifer thick- 
ness were estimated with an analytical model. 
THEIS, using regmsion 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 values. A two-dimensional mesh 
corresponding to 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 pum-~d  well 
wereeither constant withdrawal at one or at : .ih well 
screens. Almost identical drawdowns were observed 
in the different calculations except for a small influ- 
ence of the well screen location at early times. A 
conclusion is therefore that the effect of the well 
screen location is greater than taking the influence of 
dens~ty dependencflow Into accou; 

The Rlot Grouo(BGR) oerformed numencal m n -  
sient calculation; kith th; code SUTRA to study 
density dependent groundwater movements in the 
erosional channel above the salt 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 deeo. 
Three different initial conditions were applied for the 
density distribution: linear densitv distribution. den- 
sity dkribution from measured data and a n&ow 
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 calculations of 
the density distribution after 10 000 years. The cal- -. 

culations differ mainly in the hydraulic properties at 
the northern channel outlet. The outlet was modelled 
in three different ways: a closed outlet, an open 
outlet, and a very small outlet. These calculations 
gave almost identical results. 

The Pmject Team from GRS presented simulation 
of the salt transport in the Gorleben channel with the 
finite element code NAMMU. They started to per- 
form 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 solvers 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 rhrough bedded evaporirles a t  the Wasre 
., /solarion Pilor Planr ( WIPP) in Carlsbad ,New Mex- 

ico. 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 
evaporities, primarily halite, of the Permian Salado 
formation. This test case is based on experiments 
performed with the aim to determine the rate of brine 
flow through the Salado formation. The experiments 
are designed to provlde a vanety of d a a  wlth the am 
to determine whether Darcy's law for a pornus. elas- 
tic medium comctly 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 ability of waste-gener- 
ated gas to flow from the repository into the forma- 
tion. 

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 in a 2.9 m 
diameter cylindrical room. Pore-pressure measure- 
menu are made in 10 cm diamaer boreholes. 2 lo 27 m 
long, drilled at a variety of orientations. In the large 
scale experiments, brine inflow rates to a horizontal. 
107 m long. cylindrical room. with a diameter of 2.9 m 
are measured. 

Analyses by the  Project ~eams 

The following Project Teams have been working 
w ~ t h  the WIPP I test case during INTRAVAL 
Phase 2: 

- SNLNSDOE 
- EDMKXAAPSN 
-RNM 

Th Pilot Group (SNL) presented their wnclu- 
sions and unresolved issues regarding brine inflow 
through evaporities. The permeability testing on hal- 
ite and anhydrite interbeds gave the followin per 5 - meabilites: for purr halite less than m (no 
response observed), i m p  halite ranger from 2.10." 
to 5.1CrMm2, pcnncability of anhydrite interbeds is 
contmlled by sub-horisontal beddingjplane fractures 
and ranges from 2 . 1 ~ ~  to 6 ~ ( r ~ ~ r n  . The transmis- 
sivitier of anhydrite interbeds 48 to % cm thick) 
ranges from ~ . l O . ~ * t o  7.10.12m Is. Pon p s u r r  in 
halite ate g d l y  lower than in anhydritc at the 

same distance from an excavarlon. possibly due to 
combined effects of stress relief 2nd pore dilation 
caused by creep. The small-scale bnne Inflow tests 
showed: no inflow from pure halite, inflow rates 
consistent with permeabilires for impure halite and 
heterogeneous fracturing cause large variations for 
anhydrite (inflow rate varies two order of magnitude 
between boreholes 1 to 2 metres apm).  The inflow ' 

of brine to boreholes through multiple layers of im- 
pure halite decreased for the first two years and 
increased thereafter (the increase may be caused by 
c n c p  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 swrage volumes beneath the excavations. The 
large-scale brine inflow testing (Room Q) showed an 
up to 25% increased permeability in boreholes in 
anhydrite inrerbojs after mininn of the room. The 
stress rel~ef from nurung caused pressure in anhy - 
dnte interbcds w decrease bv uo to 5 5 MPa Hallte wth 
no measurable prmeabili& dr distinct pore pressure 
prior to mining showed clear permeability and pore 
pressure after mining. A total of 150 litres of brine 
has 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 conclided that Darcy's flow model 
has not been validated for evaporites. It may be 
valid for anhydrites under natural low-gradient 
conditions, but is probably invalid for fractured 
anhydrites under large hydraulicgradients 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 bnne 
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 DBTIO. 11. 12. 
and 13 were used to estimate the storativity and the 
pemeabilities. The conciusion 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 
p& halite. 

- 

It can be concluded from the WIPP I exoeriments 
and evaluations that the pressurisation of a &pository 
due to gas generation depends on the amount of 
available brine. However. the validation of brine flow 
in salt under n m r a l  gradients is still an open issue. 
since the tests w m  carried out with order of magni- 
tude higher gradients. The question was raised 
whether it is possible W use coupled hydm-mechani- 
cal models for chis purpose. 



I.VTR.4 VAL 
Proqrerr Reporr No. 10 

Miqrarion e.perimenr in Boom clavformarion or the 
tWOL Sire. Belgium. 

Experimental Set-up 

This test case is based on an in situ migration experi- 
ment set-uv in the undereround facilitv built in the 
Boom clay'format~on at the Mol site in Belgium. The 
purpose of the experiment is to determine migration 
related parameters and to confirm parameten deter- 
mined earlier in the laboratory. The experiment is a 
joint effort between SCKICEN. NIRASIONDRAF 
and PNC. 

A group o i  plezometen. a plezometernest. has 
been mstalled in the Boom Clav formarlon at a depth 
of 220 m. The stainless steel iystem contains nine 
piezometen, interspaced by 0.9 m long tubes. A 
horizontal hole with adiameterof 50 mm andadepth 
uf 10 m has been drilled in the clay formation. 
lmmediatelv after drilline. the complete assembled 
pezometemest was pusheh 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 piezometernest the clay formation was supposed 
to be settled. HTO was injected to filter number 5 (in 
the center) and thereafter the system was left alone 
allowing migration of HTO. 

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

The experiment will continue 10 yems after final- 
ization of INTRAVAL Phase 2. 

Time since injeclion ?i 1.25 GBq HTO (d 

Figure 4. MoL SCWCEN. Measured tracer con- 
centration points and the precalculated lines in the 
HTO experiment. 

Analyses by the Project Teams 

The following Project Teams have h e n  working with -., 
the MOL test case during INIRAVAL Phase 2: 

- SCWCEN 
- BRGM 
- EDMICEAIIPSN 
- RIVM 
- S N W S D O E  

The Pilot Group (SCWCEN) presented some new 
concentration values obtained from filters 4 and 6 in 
the HTO experiment, which now has teen running 
for more than 5 years (Figure 4). These new concen- 
tration values were found to be close to precalculated 
values. The pressuregradient 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 
transpon can be evaluated from the existing data due 
to very low hydraulic conductivity in the clay. The 
tracer transpon is almost entirely determined by dif- 
fusion. Almost identical values on diffusivity, con- 
ductivity and pomsity has teen evaluated from the 
in-siN 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 parameten determined in the - 
laboratory are valid for field-sale predictions. The 
anisotmpy of the clay cannot be studied with this 
one-dimensional tracer monitoring and a new type of 
experiment has therefore been staned with the aim to 
study 3-D migra!ion of the tracer 'Y'. 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 r k  Kwngarm sire in the 
Alligator Rivers area of the N o n k r n  Territory. Aus- 
rrnlin 

Experimental Set-up 

This test case is based on work conducted at the 
Koongana site in the Alligator Rivers Region of the 
Northem Territory in A u d i a  The Alligator Riven 
Region is located about 200 km east of Darwin. 

Uranium mineralisation occurs at Koongarra in 
two distinct but related ore bodies which strike and 
dip broadly parallel to a fault. the Koongarra Reverse 
Fault. The main ore bodv (No. 1 I. wluch is the subiect 
of this study, has a strik; lengthof 450 m and 
to 100 m depth. Rimary mineralisation is largely 
confined to quartzchlorite schists. Secondary ura- 

'- 

nium minerals arc present from the surface down to 



!he bare o r  meatherlng at about 25 m depth and torms 
J tongue-like body of ore dlspersine downslope tor 

-. ,  bout 80 m. The objectrve of the ARAP test case in 
; INTRAV.AL is to develop a consistent plcture of the 

processes that have controlled the mobllisation and 
trwspon of uranium in the rbeathered zone and the 

, , . rime scale over which they have operated. - 
An exlecsl\e cxpenmenial programme incl~dlne 

both freld and llboraton rn\estrgmlons 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 70bore- 
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 AlligatorRivers test caseduring INTRAVAL 
Phase 2: 

- RIVM 
- KEMAKTA 

The nmary orebody at Koongarra is estimated to 5 be 1.10 yr old. Geomorfological information indi- 
cate that weathering started some 1. lo6 to 6 . 1 0 ~  
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 
found 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 Dresent 
fowards the south. 

The Secretariat (KEMAKTA) summarised the 
analvses performed within INTRAVAL and the Alli- 
gato;~i'rs 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 p h a x  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. Asimilar dispersion 
pattern is obseved at 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- 

pon u f  uranlum 1, na~nl!, located to the tranhltwn 
zone whereas the uranlum rranspon has ceased in the 
hlghly weathered rock. Data also suppon the theory 
that there has been only mlnor changes in magnrtude 
m d  direction of the i,era:e groundwater flow wrth 
tlme. Funhermore. the analyses of the data indicate 
that uranium i n  crystalline phases of the weathenng 
zone is not in isotoplc equilibrium wrth 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 
linearsorptionequilibrium is supported by data as the 
relationship between uranium concentrations i n  
groundwater and in the accessible solid phase is 
linear. The activity ratios between 2)4U and 2 3 8 ~  in 
the inaccessible phase is larger than 1 which might 
support that transfer of '% from the accessible to 
the inaccessible phav is by recoil. 

The migration of uranium in the transition zone 
has been modelled as advection-dispersion in a ho- 
mogeneous porous medium in I-D and 2-D assuming 
linear sorption. The calculated migration distance 
agreed fairly well with observed migration distances 
for migration times of 0.2.106 - 2 . 1 0 ~  yr. Other 
mechanisms such as chain-decay. recoil and phase 
transfer were also 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 sorpuon 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 pan of 
radionuclide transport. 

The Project Team from RIVM presented their 
recent modelling of the uranium transport con- 
sidering the downward movement (1.4.10-~ d y r  
or 25 d1 .8 .  lo6 yr) of the transition zone. The thick- 
ness of the transition zone is assumed to be 5 m. The 
uranium transpon mechanism considered is advec- 
tion-dispersion with linear sorption. and the water 
flux was assumed to be 1.3 m tothe south. Compared 
to similar 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. 



TWIN LAKE 

Tracer experwnenrs at the Twin Loke 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 ('"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 170 monitoring 
installations in the aquifer downgradient of the injec- 
tion well. Each installation consists of piezometen 
with shon screens located at 1 m depth increments 
lhrough the zonesof smratien and gamma scanning is 
performed rhrough the full aquifer. 

The database contains hydrogeologic data (strati- 
graphic information. hydraulic conductivity, poros- 
ity, groundwater flow velocity), tracer concenua- 
tions. etc. 

Analyses by the Project Teams 

The following teams have worked with the Twin 
Lake test case: 

- - - AECL-CRL 
- AECL-WR 

,. , , . , ..', 
/ ..:;, :,"',,. - JAERl 

$ . . .  ,, i lj '<" ;.: -:. - CEAIIPSN 
, ,,I, % ;.* 7' - SNUUSNRC 

The main model validation objectives for the 
AECL-WR team was to identify the quantitative 
(physical) measure of aquifer performance. Another 
aim was to identify the best aquifer and transport 
simulation model with regard to the measure. The 
team applied a 2-D steady-state flow model and a 2-D 
transient transport model to solve this problem. The 
transport model was based on a moving mesh having 
a tine resolution around the tracer plume. Some 
discrepancies were noted between the field data and 
the model results. but the general pattern of the 

concentration contours aeree with field data. One 
major lesson that was learned 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 velocitv variation which resulted in an  ... 
increased dispenivi&. 

The Pilot Group (AECL-CRL) has critically 
evaluated the usefulness of hydraulic conductivitv 
data. determined on the basis df head measuremen& 
or empirical relationships, for heterogeneity charac- 
terisation and contaminant transpon predictions. The 
conventional approach of quantifying aquifer hetero- 
geneities is baxd  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 cali- 
brating a flow model against measured head data is 
deemed to be inappropriate, because heads are not 
particularly sensitive to conductivity variations. It 
was therefore suggested that the most reliable ap- 
proachtoaccount for local heterogeneities is to meas- 
ure velocities and velocity variations rather than con- 
ductivities. Estimates of hydraulic conductivities 
based on grain size analysis are directionless and thus 
improve the velocity calculation only when they are 
used in conjunction with tracer test data. The h e t e n  
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 MlGZDF, which is a 2-D finite, element 
code. was used for the groundwater flow calcula- 
tions. The transport pan of the problem was solved 
applying a random walk model including advection 
and dispmion. The team concluded that the applied 
model seemed to explain the resultsqualitatively, but 
that more data of gcostatistics and exprimental con- 
ditions are needed in order to validate the model. 



Appendix 1 

INTRAVAL Organisation 

The organisation of the INTRAVAL study is regu- 
iated by an agreement which has been s~gned by all 
participating organisations (Panics). The study is 
directed by a Coordinating Group with one member 
from each Parry. The Swedish Nuclear Inspectorate 
(SKI) acts as Managing Participant. The Managing 
Participant sets up a PmJect Secretariat in coopera- 
tion wtth Her Majesty's Inspectorate of Pollution 
(HMIP/DoE), U.K. and the Organisation for Eco- 
nomicCooperation and DevelopmenwNuclear Energy 
Agency (OECDNEA). KEMAKTA Consultants 
Co. is contracted by SKI to act as Principal Investi- 
gator within the Project Sectetarial. 

The Parties organlse ProJect Teams for the actual 
project work. Each Party covers the costs for its 

panlciparion 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 informarlon 
transfer from the experimental work to the ProJect 
Sectetariat and the Pmject Teams. The Project Sec- 
retariat coordinates this information transfer. 

At suitable time intervals, depending upon the 
pmgtess of the study, workshops are arranged. Nor- 
mally, the workshops ate 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 
rhe Coordinating Group. 
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