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Das Stripa-Projekt j-st ein Projekt der Nuklearagentur der OECD.
Unter internatíonaler Beteiligung werden von 1980-84 Forschungs-
arbei-ten in einem unterirdischen Felslabor in Schweden durchge-
führt. Diese sollen die Kenntnisse auf folgenden Gebieten
erweitern:

hydrogeologische und geochemische Messungen in Bohrlöchern

- Ausbreitung des GrundwasserS und Transport von Radionu-
kliden durch Klüfte im Gestein

- Chemische Zusammensetzung des Grundwassers in grosser Tiefe
- Verhalten von Materialíen, welche zur Abdichtung von End-

lagern eingesetzt werden sollen
SeiÈens der Schweiz beteiligt sich d.ie Nagra an d.iesen Unter-
suchungen.

The St.ripa Project is organized as an autonomous project of the
Nuclear Energy Agency of the OECD. In the períod from 1980-84
an international cooperative programme of invèstigations is being
carried out in an underground rock laboratory in Sweden. the aim
of the work j-s to improve our knowledge in the following areas:

hydrogeological and. geochemical measurement methods in
boreholes
flow of groundwater and transport of radionuclides in
fissured rock
geochemistry of groundwater at great depths

- behaviour of backfill material in a real geological
environment

Switzerland is represented in the Stripa Project by Nagra.

Le projet Stripa est un projet autonome de I'Agence Pour I'Energie
Nucléaire de I'OCDE. 11 s'agit d'un progralnme de recherche avec
participation internationate qui sera effectué entre 1980 et 1984
dans un }aboratoire souterrain en Suède. Le but de ces travaux
est d'améliorer et d'étendre les connaissances dans les domaines
suivants:

- mesures hyd.rogéologiques et géochimigues dans les trous
de forage

- écoulement des eaux souterraines et transport des radio-
nucléides dans les roches fracturées
chimie des eaux souterraines à grande profondeur

comportement dans un environnement réeI des matériaux de
bourrage pour dépôts de déchets radioactífs

La Suisse est représentée dans Ie projet Stripa par Ia Cédra'
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MIGR.A,TTON IN A SINGLE FRACTURE.

PRELIMTNARY EXPERTMENTS IN STRIPA

Harald Abelin
Ivars Neret,nieks

Royal Institute of Technology, Department of
Chemi-cal Engineerirg, Stockholm, Sweden

April 1 981

This report concerns a study which was conducted
for the Stripa project. The conclusic¡rs and vj-ew-
points presented in the report are those of the
author(s) and do not necessarily coincide with
those of the client.
A list of other reports published in this series
is attached at the end of, this report. Informa-
tion on previous reports is available through
SKBF/KBS.
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SUMMARY

A method of tracer injection and of water collectj-on
to be used in the main investigation of "Migration in
a single fissure" has been tested and found to function
well. With this injectjon equipment it is possible to
introduce tracers into the fissure as a step or a pulse.
The injection can be done ej-ther under natural pressure
or with over pressure.

The collection of water sampled can be done under anoxic
atmosphere. Injection of Rhodamine-WT and Na-Fluorescein
with over pressure has been performed.

It has been found that Rhodamine-WT is influenced in
some way along the flow path. Rhodamj-ne-WT thus cannot
be used Èo characterize the water residence time with-
out a knowledge of the interaction mechanisms.

Based on the experiences from this investigatj-on the
eguipment and operation will be somewhat modified for
use in the main j-nvestigation.
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1 BACKGROUND

The bedrock is one of the most important barriers of
a final reposÍtory for radioactive waste. It limits
the amount of watãr which can contact and. leach the
waste. If and when any radionuclid.es are leached from
the waste, the majorily of the important rad'ionuclides
will interact chemically or physically with the bedrock
and will be considerabfy retàrd.ed. The interaction and
the retardation depends on the veloci.ty of the water,
the sorption rates and equilibria of the reactions as
well as the surface area of the rock in contact wi-th
the moving water.

practically all studies on radionuclide migration in,
the bedrock are based upon the assumption that the flow
can be described as porous media flow. This might be
true for very large dist,ances where t,he flow would en=
counter a mu-ltituãe of channels and some averaging may
be conceivable on the scale consj-dered. Howeverr IIo
large scale tracer tests have been performed in fissu-
red crystalline rock with known flow paths. Transport
over short distances, i.e. in the near field of a ca-
nister, most probably occurs in individual fissures.
On an int.ermeáiate scale where more than a few fissu-
res conduct the flow, well type tracer tests alone can-
not give the detailed, information needed t,o understand
dispérsion and sorption phenomena in fissured rock.

It has therefore been clecided to -investi.gate f low and sorp-
tion in readily identifiable fissures which can be ex-
cavated for a ãetailed examination of flow paths and
sorption sj-tes
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2 PURPOSE

The st,udy to be performed has the fol-lowing main objectives:

To observe the movement of nonsorbing and sorbj-ng
tracers under controlled and well defined conditions
in a real environment.

o

o To int.erPret the movement of
\./ay that the results become
of radionuclide migration.

the tracers in such a
useful for the Prediction

o To obtain a basis for comparíng laboratory data on
sorption with observations in a real environment.

o To d,evelop good. techniques for small volume samp-
ling of wãtér and techniques for investigating fis-
sure surfaces with sorbed tracers.

o To gather experience with stable tracers before
using radioactive tracers
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3 ÞROPOSED INVESTTGATION

The Stripa mine is excellently suited for performing
t,racer tèst in single fj-ssures as well as in a network
of interconnected fissures. The water constantly flows
into the tunnels, and this natural movement can be uti-
lized in the tracer tests. The water found in t,he Stripa
bedrock is old and has a water chemistry which is in
all major respects (pH, Eh, major ions) similar to the
groundwaters to be expected in the Swedish bedrock-

Old waterbearing fissures have been found in and near
the tunnels now in ìtse. As the tunnels are well below
the water table, the f issures have been conducting \^ra:
ter for a very long time and thus are as well "equili-
brated" as we can reasonably achieve in a sorption ex-
periment
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4 ilOCATING A SUTTABLE FRACTURE

is one that meets the following re-A suitable fracture
quirements:

o High enough waterflow.
o Plane.
o The intersection with the drift should preferably be

seen all the waY round the drift.
o There should. be no other fracture in the close sur-

roundings.

When a suitable fracture is found it is necessary to de-
termine if the fracture continues for the distance to be
used in the investigation. Thj-s can be done by drilling
an injection hole which intersects the fracture at the
expected distance, sealing off the inner parts of the
hole with a packer and injecting a non sorbÍng tracer.
Figure 1 shows some different kinds of fractures.

If no tracer is found the fracture
or D. By logging the drillcore it
determine which of the tYPes' C or
is found in other fractures

is of either type C

should be possible to
D it is. If tracer

X

X

X

X

-----{ oXX

X
x = Sampling Places

o = lnjection hole

Figure 1 . Different types of fractures.
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b'eside the actual fracture it is an A type fracture.
Both type B and E should carry tracer in the actual
fractuiã. To determine if it. is B or E is more diffi-
cult but a measurement of the waterflow from the
injection hole and the fracture could give some indi-
cations of which tYPe it is.

The area which has been investigated for a suitable
fracture is the test site at the 360 m level in the
stripa mine. Due to good ventilation in the test area
nearly all the water flowing out of the fractures eva-
porates, which makes them all look dry. To stop the
ävaporation the investigated fractures were sealed by a
plast.ic film. See figure 2.

Water seeping out of the
fracture was collected and
measured. Plastic film could
be glued on to both sides of
the actual fracture to measure
any water flow in the nearest
surroundings of the fracture.
During the measurements of the
water-flov¡s we noticed that
some water leaked. out under
the plastic film wetting the
surface around the plastic
film. This leakage is probab-
ly caused by capillarity in
the shallow blasting fract,ures.

Eight fractures have been in-
vestj-gated (see appendix 1) .
Four of the eight fractures
had flowing water. The water-
flow from the fractures varied
with time. This could be due
to the above mentioned leakage.

Figure 2. Fracture covered Some of the fractures which
with plastic from t,he beginning seemed to
film. carry water did not give anY

water when covered with plastic.
The water in the fracture was probably not coming out of
the fracture but instead flowing along the fracture
from a higher point.

One more suitable fracture was found. It is located in
the ventilatj-on drift, see figure 3. It was impossible
to measure the waterflow there as this would have i-nter-
fered with the other investlgations going on there-

tì

\
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Figure 4. Drif t wj-th
intersec-
ting frac-
ture.

For the preliminary investigation
we chose to use the fracture na-
med number 5. This fracture is loca-
ted at the entrance of the Luleå
drift. This fracture has the high-
est water-flow of the investi-gated
fractures, 18 ml/h and m of fracture.
This fracture is easily accessible
for drilling of holes and injec-
tionr âs well as collection of wa-
ter. It has a disadvantage of not
being seen aII around the face of
the drift.

The injection hole is sealed off
just below the fracture with an
inflatable packer, see figure 5.
To minimi-ze the volume sealed
off by the packer, we use a dum-
my to fitl out the space above
the fracture. This dummy could
be replaced by a mechanical Pac-
ker. with the mechanical Packer
it is not only possible to fill
out the space,' it would also
seal off the volume not in use
and prevent any leakage into or
out from the injection compartment.

The introduction of tracers in
the fracture could be done in
two different ways:

4m

5

5.1

Fj-gure 3 Fracture
in venti-
lation
drift.

For the actual investigation anoth-
er fracture will be selected which
fills all the requirements mentio-
ned above earlier.

INJECTTON AND SAMPLING TECHNIQUES

The technique used in this preliminary investigation is the
the same as that which will be used in the main inves-
tigation. When a suitable fracture has been foundr ârl
injection hole is drilled that intersects the fracture at
a óertain distance from the face of the drift. Sampling
holes are drilled in the fracture plane' see figure 4.
The natural- water-flow is towards the drift. Tracers
are introduced j-nto the fracture from the injection
hole either by injectj-on with overpressure or by cir-
culation undei natural pressure. Groundwater and even-
tual tracers are collected in a series of sampling holes.
By having a series of sampling holes the transverse
dispersion of the tracers can be observed in addition
to the axi-al dispersion.

f n'iecti-on

Thê floor in
the vsntilat¡on
dr¡lt

\a..
9 -'ì:-.Wat.. llow-

$mpliq tô
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1

2

By circulating tracers in the injection compartment'
under natural Pressure.

By injecting tracers with a certaj-n amount of over-
piessút". tñe injected volume and the injection flow
are measured.

The technique used in this preliminary investigation was
injection with overpressure.

Sampling

Each sampling hole has a mechanical packer (see figure 5)
with a funnel on top. It is possible to purge the samp-
ling holes with nitrogen. The water from the samplj-ng
holãs are collecteC with a fractional collector which
can be kept under an anoxid atmosphere

ct

Íe

I

\
J

K

z\ - '- Mechan¡cal samPling Pac with funnel

Tunnel roof

f<-
mechanical

of

Figure 5. Injection and sampling techníques.
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¡aor a more detailed description of the equipment see
under heading "EquiPment".

6. DRTLLTNG OF HOLES

The drilling was done by "Hålmetoder AB", stockholm. The
method used was core dril]ing. A 9 m long inject,ion hole
with diam. 0.076 m and six 0.7 m long sampling holes diam
0.08 m were d.rilledr sêê figure 6. The time needed for
this was two and. a half weeks.

There were some problems in getting the sampling holes in
the same plane as the fracture. lrihen the new sampling
holes are, going to be drilled we will first use a drilt
with a smãller diameter to determine the direction of the
fracture and when this is done the actual samplíng holes
will be drilled. The new sampling holes will be drÍlled
deeper or closer to each other to minimize the effects of
capillarity which occur in the shallow blasting frac-
tures.

ô

0.7 m

7.6 m

From the side To vent. drift

x25o

From above

Figure 6. Drillings of sampling holes and injection
hole.
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7.

7.1

EQUIPMENT

The equipment could be divided into three main parts.
o Injection equipment (1).
o Packer and sampling devices (21.
o Fractional collector with anoxic box (3).

See figure 7 fot installation of equipmen¡ ¿t the test site.

The three maj-n parts of the equipment are described
below.

,

#
ù,,

4

.l
\_

Figure 7. Test site at 360 m level.

Injection equipment

The main parts of the injection equipment are:
o The pressure vessels and valves.
o Circulation pump.
o Nitrogen supply.

See fi gure 8.
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PACKER

I

IRACTR

Figure 8. Injection equi-Pment..

A detailed plan of the valves and tubing is glven in
append.ix 2. with this equipment it is possible to make
eilfrer st,ep or ¡rulse injection of tracers into the
fracture, ã= welt as seepage injection under natural
pressure in the injection compartment. The overpressure
üseA for ínjecting tracers i-s prodr:ced by nitrogen from
a contaÍner. It i; possible to measure the flowrate of
tracer solution by means of a nylon tube where the length
of tube emptied during a certain time gives t'he flowrate'
By the use of a sufficiently long tube, the total volume
oi tracer solution injected can be measured. It is poss-
ible to connect and disconnect parts of the equipment
wj-thout, having to stop the running test.

The materials used in the equipment are:
o Nylon tubing
o Va1ves and tubeconnectors of brass.
o Pressure vessels of stainless steeI.

7 2 Packer and samPling devices

The packer used to seal off the bottom of th
hole- i-s a Lynes Grouting packer' see figure
part of the packer has been sealed off with
ãteet plate ãagea with a sealÍng ring (1).

e injection
9. The upper
a stainless

PUIlP

N2

6ROUHD

l.lATER

+

TRACER

GROUND

HATER

FOR

FLUSH



Figure 9. Packer used in injection hole'

The plate has one inlet and outlet for circulation of
tracers. Because the packer ended with a tube about
0.15 m tong we had to put on a duruny (2) to minimize
the stagnant volume. The packer is inflated with nitro-
;;; t¡1. rt is put in praãe with the aÍd of an iron
Éubing (4) which cont,ains the inlet and outlet tubing.

11

In the sampling holes mechanic
see figure 1 0. This Packer is

sleev€

al packers \^tere chosen,
expanded by comPressing
the rubber sleeve at one
end by means of a threa-
ded plate. At the toP of
the packer there is a PVC
funnel which collects the
water coming into the
sampling hole. There is
also a gas inlet for Pur-
ging the hole with nitro-
gen. The funnel has got a
sealing ring to stop wa-
ter from passing the fun-
ne1. The sealing ring aI-
so minj-mizes the staginant
water volume.

nylon tube leads the
Each tube goes to a

B.

N2 Sampla + N2

Figure 10. Sampling Packer.

COLLECTTNG EQUIPMENT

From each of the samPling Packer a
water to the fractional collector-
separate row of test tubes.

The fractional collector i-s enclosed in an anoxic box.
The preliminary runs were made without an anoxic atmo-
sphere.

The time intervall between collection of water samples
can be varied from 1 mj-n to 6 h, which allows time be-
tween change of a set of tubes from 48 min and up to
12 days

A disadvantage with the fractional collector we used is
that it is not possible to use test tubes of different
sizes at the same time. lvith a water-flow rate varying
with a factor 30 between the sampling holes we either

F ractur€

E

c;



got overflow
water for ana

in
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some test tubes or did not get enough
sis in other tubes.

Duri-ng the test runs in stripa mine we notj-ced water
comin! out beside the sampling packers._This water was
proUaÉty drawn past the packer by capillarity in the
iracture (see figure 11).

Figure 11. Modification of sampling packer.

lrle have decided to make a modifícation of the sampling
packer. The old model has two disadvantages'

o The first droplets containing tracer is diluted
in the stagnant water volume between funnel and
wal1 (1 ) .

o lriat.er passes the packer by capillarity in the
fracture (21.

wit,h the new model of sampling devices we hope to de-
crease both these problems. The modified sampling_de-
vices will need holes drilled with two d.ifferent. dia-
meters.

9

9 1

TRACERS

General

stable tracers will be used throughout in the field
experiments. Except for very few nuclides, notablY NP'
pul and Tc, all the objectj-ves stated can be achieved
with less effort. "Hoti' experiments are run parallel in
the laboratories in a supporting investigation. These
lat,ter experiments are funded by PRAV.

Four classes of tracers will be used:

Plastic pellets tu 0.4 Um

are used to simulate the
movement of Particulate
matter.

New

o Particles:



o High molecular weight
solutes:

o Nonsorbing tracers:

o Sorbing tracers:

13

Chrome-EDTA
Na-fluorescein
Rhodamine-WT

BlueDextranM=2000000
or Albumine is used to simu-
Iate the movement of high
molecular weight organi-c
nonsorbing matter.

Various Rhodamines, Uranine,
Br (r-)

Cs
Sr
Eu
Th
?
U

(Ba)
(Nd)

I
TI
III
IV
V
IV and VI

The nonsorbing and sorbing tracers by themselves or by
similarity cover (valency and chemist'ry) all major
radionuclides of interest except Np' Pu and Tc.

In the prelj-mi-nary investigatj-on only the
nonsorbing tracers \^¡ere used: Chrome-EDTA,
resceÍn, Rhodamine-WT.

following
Na fluo-

We chose to use coloured dyes because of the possibilit'y
to detgct them without any ínstruments. Later on $te may
use Br (I-) as nonsorbing t.racers. The concentration of
tracers used in the J-njections correspond' to an absor-
bance of about 70 for Na fluorescein, 60 for Rhodamine
and 880 for Chrome-EDTA. The higher concentration of
Chrome-EDTA was a mistake caused by malfunctioning
analysis equipment.

9.2 Analysis

The quantitative analysis of the tracers was done with a
spectrophotometer in the UV and visible light range. The
detection levels of the different tracers vrere

ppm
ppm
1 /400 000 of original

concentrati-on.

The samples with a high concentration of tracers r¡/ere
diluted up to a factor 1 00 before analysis.

Due to overlapping between the different tracer absor-
bances the result could not be read directly but had to
be calculated from measurements at three wavelength.

The spect,rophotometer was poorly tuned at the beginning
of the analysi-s but was retuned when this was noticed.
Analysis done on samples from 90 h after start of in-
jection and forward has been done with a correctly tuned
spectrophotometer. Due to this bad tuning we injected a
too high concentration of chrome-EDTA which later on
made the anatrysis of the other tracers more uncertain
and difficult.

0.5
tu2
tuA
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Another phenomena that was noticed was that the wave-
length for maximum absorpt,ion changed with concentra-
ti-oñ. This happened both for Na-fluorescein and Chrome-
EDTA, see figure 12.

300

l̂

i

l

200500460

Figure 12. Change of maximum wavelä; with dj-fferent
concentration.

9.3 Test of sorption and stability

All the analysis done during this test have been done
with a poorly tuned spektrophotometer. The analysis of
chrome-EDTA has been done with AA (Atomic Absorption)
analysis on chrome.

To determinate if the tracers would sorb on granite' on
the mat,erials used in the equipment or by itself change
its absorbance with time ,laboratory tests b/ere done.

Tracer and crushed granite, tracer and equipment mate-
rj-als and just tracer and water were put in separate E-
flasks. This was done in an anoxic atmosphere. The
flasks were shaken continuously' samples \^¡ere taken out
for analysis.

Before analysis could be made on samples
flasks contai-ning granite they had to be
remove small d.ispersed particles.

taken out from
centrifuged to

Out of the four tested tracers only Rhodamine-B seems
to have a pronounced sorption. Even Rhodamine=WT seems
to have a slight sorption. From these results we de-
cided to use Chrome-EDTA, Na-fluorescein and Rhodamine-
IIT in the preliminary investigation.
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c/co

't0

Rhodamine - B

c/co

10

c/co

too

20 Dryt

20 oryt

10

Rhodamine - WT
c/co

10

20 Oryi

100

?o Dry¡

Na - Fluorescein Chrome-EDTA

'"" "- . Sort. on ûd,
---. Sorb.onfññit

Diagram 1. Results from stability and sorption tests.

These results could be misleading due to the high con-
centration of tracer used. The materials or the crushed
granite could become saturated with a decrease of tra-
cers wj-thin the accuracy of the analysing method- *)

New sorbing tests will be performed with concentrations
100 times less than those used before. The analysis will
be made by measuring changes in fluorescence.

10. EXPERT¡4ENTAL

After drilling of the injection hole and sampling holes'
the connection between the i-njectÍon hole and the samP-
ling holes was established. This was done by sealing,off
the injection hole with an inflatable packer and filling
up the sealed off part with water containing tracers.
The tracer used was Na-fluorescein. After a week the
pressure in the injection hole was nearly stable. A tra-
cer v/as injected out into the fissure by applying over-
pressure. It took less than 20 h for detectable amounts
of the tracer to reach the sampling holes when the press-
ure $/as increased by 0.22 MPa in the injectj-on ho1e.
The tracer injection $/as continued to see if it would

*) The accuracy is about t 0.1



arrj_ve Ín all sampling holes. The tracer did eventu-
atly arrive in three of the six sampling holes. After
this the packer \^¡as taken out of the injection hole.
The hole was flushed with water and sealed off again.

The packer was put in its proper posit'ion
the inner part of the injection hole was
ed with nitrogen.

To eliminate most of the gas in the injection hole the
packer was installed in the following way.

16

The packer was Pushed to the
injection hole expelling the

The packer \¡/as inflated with
water was pumped in Pressing
wards to its proper Position

bottom of the
nitrogen.

a low pressure and
the packer oqt-
again.

1 and the
flush-

2

3

4 At the proper positj-on the
with a high pressure.

packer was inflat,ed

As the dummy for red.ucing the sealed off volume was not
fabricated in time we had to work with an injection
compartment of 10 I instead of 0.3 I. Due to this it was
impossible to flush the total volume properly with water
or to inject tracers under well defined cond.itions.

An attempt was made to clean the fracture from tracer by
injection of clean water. (A,11 the water used in the
exþeriments has been collected from the rock and kept
unáer anoxic conditions.) After one week the injection
of water was ended. There was then still tracer Qoming
out of the sampling holes although at a low conce'ntra-
tion. Rhodamj-ne-VtT was j-njected under the same over-
pressure as used before, 0.22 MPa. The duration of the
injection was eight days. During this injection several
breakdowns of the equipment occurred. No Rhodamine v¡as
detected in t,he water f rom the sampling holes untj-I 10
days after the injection started. During Christmas
holiday the fracture $/as once more flushed with clean
water. Thís time for a period of 21 days but overpress-
ure was used only the first days. After Christmas ho-
liday the pressure in the injection hole had decreased
to the stable level of 0.28 MPa. Vthen we had the natural
pressure in the injection hole we took the opportunity
to test if it was possible to inject some tracer by just
circulating it under natural pressure in the Ínjection
hole. For this test chrom-EÐTA was used because there
\¡/aS still Some Rhodamine and fluorescein in the frac-
ture. After 72 h of circulation there was stil1 no
chrome-EDTA in the water from the sampling holes. It was
then decided to inject Rhodamine-$fT and Na-fluorescein
simultaneously under overpressure. As an approximate
time for the water residence time was known a suitable
time intervall for the fractional collector could be
selected. After 90 h the injection v/as stopped and the
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injection hole was flushed. Pressure was set to
naÉural pressure 0.28 MPa. I'te are still (March
collecting water from the sampling holes'

the
1981)

11 . EXPERIMENTAL R.ESULTS

11.1 Data on water-flow' pressures and test for connection

Ili
After the injection hole had been drilled the water-flow
irom the injãction hole was measured. A small mechanical
packer was inserted near the end of the injectio" !91e.-The water-flow was found to be approximately 100 mI/h.
when installing the inflat,able packer an attempt was
made to measurã the water-flow from different paits of
the injection hole. The packer was set at different
depths accordj-ng to the fractures found in the drill-
core, see appenãix 3. When drilling the injection hole
vre expected- 

-to intersect the fracture at the depth of
8.7 m-. We did intersect a fracture at 8.5 m. The dril-
Iing was stopped at a depth of 9.1 m. The fracture at
8.5 m did nol-seem to give any water. Most of the water
came from a fracture at 7.03 m. There was no need for a
more precise investigation of the injection hole until
it was established if there were any connections between
the injection hole and the sampling holes. The natural
pressure j-n the injection hole was found to be 0.28 MPa.

gesplieg-belce

With the injectÍon hole sealed off by a packer: and with
natural pressure within the sealed off part of the hole
the watei-flows from the sampling holes \^/ere measured.
See table 1 . The sampling holes are numbered 1-6, see
figure 1 3.

Test of connection

ection hole

When injecting Na-fluorescein with
0.22 MPa it took less than 20 h for
tracer to reach samPling hole No. 4

injection was continued and tracer
hole No. 3 too. No tracer was found
three holes.

an overpressure of
the first of the
and No. 5. The

eventually arrived in
j-n the remaining

Sampling
hole
No.

l{ater
flow
ml/h

1

2
3
4
5
6

0
0.2
5
83
28
0

Table 1 . I¡Jater-f low f rom sampling holes.
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5

1.

4

,,

I
)

\\

Figure 1 3. Numbering of sampling holes. Holes seen
from drift leadi-ng to ventilation drift
facing the Luleå drift.

11.2 First test run (Rhodamine-WT)

1 1.3 Second test (Chrome-EDTA)

Before the second test clean hrater was injected and thè
pressure was allowed to decrease to natural pressure.
witrr natural pressure 0.28 MPa in the injection hole
chrome-EDTA was circulated for 72 h. chrome-EDTA was
used because there was stitl some Na-fluorescei-n in the
water coming from the sampling ho]es. No chrome-EDTA was
found. in the sampling holes during the duration of this
test (72 h) . This test was dj-rectly followed by the
third test.

11 .4 Third test (Na-fluorescej-n and Rhodam ine-WT)

In the third and last test run Na-fluorescein and Rhoda-
mine were injected at the same time for 90 h. The over-
pressure useã was 0.22 MPa. After the injection the
injection hole was ftushed with clean water and the
pressure was decreased to natural pressure-

Due to the difference in water-flow from the sampling
holes only water from hole No. 4 and No. 5 was collec-
ted.. The iesults from this test are presented in dia-
girams 2 and 3.

Rhodamine--WT was used as a tracer. lrle knew that if this
was a true nonsorbi-ng tracer it would arrive in detec-
table concentrations in the sampling holes in less than
20 h. The injection was done under an overpressure of
0.22 MPa. It took Rhod.amine-wT Inore than 200 h to reach
the sampling ho1es. Thj-s j-s ten times more than the time
needed for Ña-fluorescein. Because of several breakdowns
of the equipment no firm conclusions can be drawn from
this test.

\
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Diagram 2. Tracer concentratj-on
sampling holes No. 4

- Fluon$sin

Rhodamine

1000 los timo [h]

- Fluorg3csin
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'l0OO log t¡ms [h I
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Diagram 2 shows the breakthrough curves for Rhodamine
and Fluorescej-n in holes 4 and 5 respectively. Diagram
3
5

shows the breakthrough of Fluorescein in holes 4 and

It can be seerl
later and more

C/Cg x 102

from diagram 2 that Rhodamine-WT appears
diluted in both holes.

6

3

2

100

Fluorescei-n
5.

No. 5

No- 4

10O0 lo9 time lhl

response from holeDiagram 3. Comparison of
No. 4 and No.

Diagram 3 shows the d.ifference in breakt,hrough time
dilution between hole No. 4 and No. 5.

and

12. TENTATIVE INTERPRETATION

The very d.ifferent flow rates to the various collecting
holes indicate a considerable channeling. The mean
travel time for Fluorescein is about 1 00 and 200 h for
holes 4 and 5 respectively. From this, the known flow
rates in the collèction holes (83 and 28 ml/h), the
collection length along the perimeter tu 0 -7 m' the
hydraulic head and geometry, the hydraulic conductivity
aña equivalent fissure width for flcw can be determined.
Ideal radial flow in a single fissure is assumed-

K---o.srntll -e3. ,ll/r*tnr-hl) (1)
pt t1 ¿

2
2 (21

r
1vr1 = 0.5 t tl

v¡

Itf

4

Qr/l-r1v,,

tr)

(3)
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is the hydraulic conductivity of the fissure m/s
f.

Kp

t
w

h2' 1
h

v

S

m

m

m

m1

is the mean water residence time (assurned to
be equal to fluorescein residence time
pressure head ín point 2 and' 1 respectively
(28 m and 0)

water velocity at point. 1 (fissure outlet
in tunnel)
radi-al distance from center of tunnel
(6 m and 2.25 m)

fissure width for flow
water flow rate
collecting length (0,7 m)

The result,s are shown in table 2 below:

r

t2

ôf
Qr

1

, t1

m/s

m
3 /s

r1

Hole No. KpI
m/s
1.4.10

A

Í.
m

1.8.10

1 .2.10

ö1

m

0.0013.10

0.001 .1 o-

4

5

-6

-o

3

-3

-3

30.7.10

Table 2.

An equivalent fissure width for laminar flow in a
paral}ell Walled fissure with the same hydraulic con-
duct.ivity ôt can also be determined:

f 12v g (4)

Thi-s is also shown in table 2.

v is the kinematic viscosity of water 1 '1 0-6 us/m2.

g is the gravÍtational constant 9.81 m/s2-

It can be concluded that this type of laminar flow
resistance is not the main cause of the total resis-
tance.

Rhodamine-vùT j-s influenced in some way along the flow
path as the peak height is lower than that of fluore-
scein. Rhodamine-WT thus cannot be used to charactetj-ze
the water residence time without a knowledge of the
interaction mechanisms.

ôt
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13. AUXILTARY INVESTIGATIONS

The groundwater used in the preJ.iminary investiga-
tion was taken from boreho]-e R1 in the ventilatÍon
drift, (see appendix 1). Two samples of this \^/ater
\¡Ias analyzed, one by "Scandíaconsul-t AB", Sweden
and the other one by "Institutt for Energiteknik",
Norway. The latter analysis was done by neutron
activati-on.

The results are presented j-n appendix 4
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App
1(4

endix 1

)

Map ove
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Fracture
No.

Waterflow
mr/h and m fracture

0 .7 -2.8
0.6-1 .1

0
0

18
0
0
0

Numbers in
the fractu

is the number or

For more detailed maps over the
fractures see following Pages.
Onfractures 3 4 I 6 and
7 there are no maPS because

they did not have anY waterflow.

1

2
3
4
5
6
7
I

Luleå drift
öv1

work-
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FRACTURE No. 1

I'Iaterflow: Varying from 0.7 to 2.8 ¡nI/h/n fracture.

2 (41

to
ntest sitel

workshop

H =lm
nearly
vertical
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FRACTURE NO. 2

Waterflow: Varying from 0.6 to 1.1 nL/h/m fracture
(the ptastic film not tight at the upper
edge).

workshoP
to the train ->

2m

i

0.4 m
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FRACTURE NO. 5

Waterflow: 18 nL/h/m fracture-
This fracture was chosen for the preliminary
runs.

power
equipment

2m

15m

0.5 m

1.5 m

övl

.
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53

Appendix 2

The valve table
1 (2\

1 tube from injectj-on hole.
2 tube to injection hole.
3 low pressure (LP) nitrogen

to sampling holes -

4 high pressure (HP) nitrogen
for inflation of Packer.

5 LP nitrogen to glove box.

6 LP nitrogen inlet.
7 HP nitrogen inlet.

Nitrogen flow net.

7

PV1 PV? PV3

A1 rA2rA3 HP inlet to Pressure
vessels (PV) .

B1 ,82 spare inlet to PV 1 .2 '

C1 ,C2 inlet PV 1-2-
D sampling valve after in-

jectj-on hole
E inlet to PV 1 -2.
F 4-way valve connecting in-

jection hole with valve
tab1e.

G control valve for water-
flow.

H sampling valve before
injection hole -

J spare outlet valve for PumP.

K filter in/out-
L pressure transient absorber

in/out.
M inlet valve to PumP with

quick connector.

N spare inlet to PumP.

01 ,O2 outlet f rom PV 1 -2.
RrS LP nitrogen.
V quick connector LP.

W spare outlet HP.

T outlet inflatable Packer.
U inlet inflatable Packer.
X1 ,X2,X3 , gauges for Pres-

sure vessels.
Y1 tYz gauges f or in j ection

hole.
Z gauge for inflation Pres-

sure of packer.

-.-.- valve

ball++
valve

valve4-way
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Pumpc2 82

F

E

M

81 C1

D

Pumpc2 82

F

M

01 02

81 C1

Ð

A Tracer and water are
pumped from glove box
via quick connector M

to PV 1.

Tracer solution is
circulated in injec-
tion hole under natu-
ral or overpressure.

Tracer and water
lated within the
equipment to get

are circu-
inj ection
good mixing.

B

5

6
7

6
7

D

(-

81 C1

Tracer is injected under
overpressure r tlo circula-
tion. Injected volume mea-
sured by length of tubi-ng
emptied between 82 and J.
Pressure supplied by PV 2.

Y1 T

0

Pumpc2 g2

F

E

M

X3

A2

01 02

w

K81 C1

0

Y1

0

Pumpc2 B2

F

E

K

M

X3x2X1

}l

201
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Scandiaconsult

Sweden (mglf)

Appendix 4
Groundwater
analysis

Institutt for
energiteknikk
Norway (ppm)

Na

K

Ca

Mg

Fe (totI. )

Fe2 
*

Mn

c1

F

ï
Br
oz

La

U

Nd

Cs

Sr
Eu

Th

pH

Conductivity
Permanganate
consumpti-on
Alkalicity
(Hco3 )

490

0.24
14

0.29
0.12
<0.01

<0.01

35

3.8

<0.1

'7)

30

91

<0.01

2

<0.02
<0.001

0.01
12

<0.1

<0.2

22.5

0.011
o .44

<0 .00 1

0.01 3

<0.01
<0.002
<0 .1

<0.0005
<0 .002

7.92*
mS/nr

3.9

NH¿

SO¿

NO.
J

Noz

Po4

SíO
2

H S
2

The analysis made in Norway is by Neutron activation.* This value was given by Department of Inorganic Che-
mistry, KTH. The Department of Inorganic Chemistry also
made an assessment of dissolved oxygen and measof"q Eh,
The water sample contained dissolved oxygen and had Ef,
varying from +1 55 mV to +235 mV.
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