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SUMMARY

Radionuclide migration has been studied in natural fissures

running parallel to the axes of granitic drill cores. A short

pulse of radionuclide solution was injected at one end of the

fissure and the temporal change in radionuclide concentration

of the eluate measured.

At the end of each experiment the fissure was opened and the

radionuclide distribution on the fissure surfaces measured.

?41
The retardation of Am(III) at pH 8.2 as well as the vari-

235ation in Np(V) retardation with pH are found to be in good

agreement with K.-values obtained in batch experiments.

The reduction of (TcOl) to Tc(IV) leads as expected to in-

creasing retardation.
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INTRODUCTION

In fissured crystalline rock the radionuclides carried by the

water flowing through the fissures will interact in various

ways with the rock. The radionuclides may be strongly retarded

by sorption, ion exchange, complexation and hydrolysis and

may also diffuse into the microfissures of the rock matrix.

For multivalent elements such as technetium and the actinides

the chemical conditions eg redox potential, pH and concentra-

tion of complexing agents are of outmost importance.

For the understanding and possible prediction of radionuclide

migration in natural fissures data from experiments carried

out under well defined conditions are needed.

In previous reports (1-3) we discussed the transport of Cs ,

Sr2+, Eu3+, Pu(IV) and Np(V). The present study deals with

Tc(IV), Tc(VII), Am(III) and the effect of pH on the migra-

tion of Np(V).

EXPERIMENTAL

Flow systems: The rock used in our studies are granitic drill

cores taken from Stripa mine at a depth of 360 m below ground
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level. Each core used has a natural fissure running parallel

to the axis. The cylindrical surfaces of the drill cores were

sealed with a coat of urethane lacquer to prevent any water-

to leave the rock except through the outlet end of the fissure.

The granitic cylinders were thereafter mounted between plexi-

glas end-plates containing shallow in and outlet channels

slightly wider than the fissure (figure 1).

Prior to any tracer experiment synthetic ground water was

pumped through the fissure by a peristaltic pump (Istmatec IP-4)

for several days to equilibrate the fissure surfaces. To cha-

racterize the water flow a solution of a nonsorbing tracer in

ground water was pumped through the fissure and flushing water

fed by the same pump through the outlet channel to reduce the

time delay due to the channel volume. The effluent was continu-

ously fed to a fraction collector for analysis of the tracer

concentration. The nonsorbing tracer was added as a puls of

suitable duration (normally 15 min) and the radionuclides

studied were fed into the fissure by the same technique. The

radionuclide was eluated by continuously pumping water through

the fissure.

After several hundred fissure volumes of water hade been pumped

through the fissure the rock cylinder was opened and the tracer

distribution on the fissure surfaces measured.
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The experiments were carried out in a glove box. When reducing

conditions were required the glove box was evacuated and filled

with Ar-gas (Aga SR-quality).

241 99
Solutions: The radionuclides used were Am (Amersham), Tc

235
(Amersham) and Np (Harwell) received in acid solutions.

"Vc was recovered from a Mo generator (Kjeller). The oxic

Tc and Am solutions were prepared using artificial ground water

synthesized to represent the natural water in contact the gra-

nitic rock (the composition is given in table 1). Tracer solu-

tions were prepared by diluting aliquotes of stock solutions.
235The Np solutions were prepared using distilled water. In

all cases pH was adjusted by NaOH or HC1.

The experiment with Tc(IV) was carried out with a tracer solu-

tion prepared by adding "VcO^ and TcOä to 250 cm of an

Ar-yurged aqueous solution of NaHCO-, (1680 mg-dm ) , Na?CO^

(76 mg-dm" ) , KC1 (10 mg-dm"3). pH and Eh were stabilized by

addition of CaCO, (10 mg tot) and FeSO, (88 mg-dm ) respec-

tiv.ly. The eluation was carried out with Ar-purged synthe-

tic ground water (see table 1} containing 88 mg-dm" FeSO-.

Tracer concentration measurements: The characteristic proper-

ties of the tracers used are given in table 2 below. The ligno-

sulphonate ion (LS~) displays a strong optical absorption band
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around 280 nm (e ~ 3*10 ) and the LS" concentration was there-

fore measured spectrophotometrically at this wavelength.

The 2 3 5Np, and 241 Am concentrations in the effluent were

determined from measurements of the activity using a (2"x2")NaI

99well type of detector. In one experiment the Tc concentration

in the eluate was measured by adding ~0.1 cm" of the eluate

to 2 cm Aquasol and measuring the light intensity in a lumi-

nometer (LKB).

Tracer distribution measurements: The tracer distributions on

the fissure surfaces were measured with a (2"x2")NaI planar de-

tector (241Am, 235Np) or a GM-tube (99Tc) fitted with lead colli-

ma tors.

EXPERIMENTAL RESULTS

The experimental results are plotted in figures 2-10 and further

details are given in table 3 below.

Am(III): The experiment was carried out under oxic conditions.

241A small fraction of the total Am activity was transported

through the fissure with the same velocity as water (figure 2).

The same phenomenon was observed in earlier experiments with

Eu, Np and Pu and has been ascribed to sorption on particulates

in the artificial ground water (3).
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241The Am distribution on the fissure surfaces is depicted in

figure 3. The distribution shows a similar pattern as reported

152earlier for Eu (3) i-e. a decrease in surface activity with

distance from inlet both along the inlet channel and fissure

depth.

99

Tc: The flow data from Tc transport in air saturated solu-

tion are plotted in figure 4. As seen the transport rate corre-

sponds to the water flow rate.

On reduction of TcOT only a small fraction of the total ^ c

activity in the tracer pulse passed through the fissure with

99the same velocity as water (figure 5). The Tc distribution

on the fissure surfaces 24 h after onset of the tracer pulse

is depicted in figure 6.

Np: The concentration in the eluate from experiments at pH 6,

8 and 9 are plotted in figures 7-8.

235At pH 6 the Np was transported through the fissure with the

same velocity as water and at pH 8 the retardation is about 2.

235

At pK 9 a snail fraction of the total Np activity is tran-

sported through the fissure with only a slight delay.

235

The Np distribution on the fissure surfaces 6.5 h after on-

set of the tracer pulse at pH 9 is shown in figure y. As seen
235the Np activity is found within 3 cm distance from the inlet.
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DISCUSSION

In the simplest case with a fast reversible sorption process

the retardation R of a radionuclide relative to water, assum-

ing no diffusion into the rock matrix, is given by the equa-

tion

R .

U , U are the velocities of the radionuclide and
ill W

a = af/Vf

K cm3/cm2

a

water respectively,

is the ratio of fissure surface area and

fissure volume, and

is the surface distribution coefficient.

The radionuclide retardation R can be calculated using the

equation

= (yVf)-l/T

where V is the total volume of water pumped through the

fissure after the onset of the tracer pulse, 1 is the fissure

length and 1 mean distance travelled by the radionuclide.

The R values calculated from the flow experiments are given in

table 4 below. It ought to be emphasized that the calcula-

tions are based on geometrical fissure areas, i.e. the surface

roughness is not taken into account. The comparison of K, values,
a
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calculated from the flow data according to the equation

R = 1 + a'K , with K. values determined in batch experiments
a u

is based on the following assumptions.

The batch experiments have been carried out with crushed granite

which is assumed to consist of spherical beads. The surface/

volume ratio is thus 6/d where d is the bead diameter, and the

ratio of the distribution coefficients is given by the equation

Ka = Kd'p/a

where p is the density (g-cnfJ) and a the surface/volume ratio

of the granite.

-3,

The Kj-values calculated from the flow data are given in table 5.

As seen these are in good agreement with the K .-data obtained

for Am(III) and Np(V) by Allard et al (4). The ^-values ob-

tained for Np(V) are plotted vs pH in figure 10. The sharp in-

crease in K. with pH in the pH-range 8-9 clearly demonstrates
a

the effect of hydrolysis, i.e.NpO^ + OH" = NpO2(OH) (5).

The Tc experiment carried out in reducing solution give a strong

Tc retardation compared to the transport of TcO^ . The "Vc

is, however, found on the surface all along the fissure and

may indicate that some oxidation of Tc(IV) has taken place.
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Table 1: Composition of the artificial ground water used

in experiments (ref 2).

Substance

KCO3
-

H4Si04

so4
2"

cr
Ca2+

Mg 2 +

K+

Na+

Concentration

•ol-dnf3

2.014-10"3

2.056-10"4

1.000-10"4

1.973-10"3

4.477-10"4

1.774-10"4

1.000-10"4

2.836-10"3

pprr

123

12

9.6

70

1.8

4.3

3.9

65

Table 2

Characteristics of tracers used.

Tracer

NaLSA

mol wt 30.000

99Tc

99mTc

235Np

2 4 1Am

Halflife

2.1xl05y

6 h

410 d

458 y

Mode of

8"

IT

a»

a

decay

EC

Measured

optical absorbance
at 28" n™
e -v, 3-105

e"

y

y

y

sodium-lignosulphonate
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Table 3.

Description of flow experiments.

Radio-

nuclide

241A«,

99Tc

99Tc/99mTc

235Np

II

II

Exp

ox

ox

red

ox,

ox,

ox,

.cond.

pH 6

pH 8

pH 9

Drill-core

dimensions
(ram)

$=38, 1=94

$=36, 1=80

$=36.5, 1=99

*=37, 1=103.5

n

n

Eluationx)

time (h)

122.4

1.5

24

23

23.8

6.5

Fig.no.

2.3

4

5.6

7

8

9

x) Tracer pulse length 15 min.
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Table 4.

Experimental transport parameters calculated from break through

curves and radionuclide distribution on fissure surfaces.

Radio-

nuclide

exp.cond.

241Am(ox)

99Tc(ox)

99nVc(red)

235Np pH 6

pH 8

pH 9

Fissure

volume

Vf(cm
3)

1.5

1.1

1.74

1.62

Ii

II

Fissure a'

surface

af(cm
2)

71.4

57.6

72.3

76.6

II

It

af/Vf

cm"1

47.6

52.4

41.5

47.3

II

II

Radionuclide '

retardation

R = Uw / Urn

^1350

1

-40

1

.2

^300

a' Geometrical area.

' Velocity of water (U ) and radionuclide (U ) respectively.
w' rn'
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Table 5.

Distribution coefficients calculated from break through curves

and radionuciide distribution on fissure surfaces. Comparison

with distribution coefficients from batch equilibrium experiments.

Radio-

nuciide

Particle size K.(equil)

fraction (cm) crc /g

b)
aa3 -2cm -cm

K a)

d3
cm -g

241

99

Am

Tc(ox)

9 9 rV(red)

235Np(pH=6)

235,Np(pH=8)

235

0.0044-0.0063 (0.4-3)-10H 28.36

0.0044-0.0063 1-2

0.0044-0.0063 "-20 MJ.042

Np(pH=9) 0.0044-0.0063 (0.6-l).10J ^6.34

1.2-10H

0

-̂ 420

0

'-17

-2.7-10^

Calculations based on geometric surface areas, using the

equation

Ka = Kd' p / a

Data taken from reference 4.
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Figure 2.

Tracer concentration in eluate vs time.

Tracer pulse length 15 min.

Water flow 0.12 cm3-min 1.

Drill core 0 - 38 mm, 1 =94 mm.
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Figure 3.

*-Am distribution on fissure surface

(mean distribution for both surfaces)

122.4 h after onset of tracer flow through

fissure

0 = 38 mm, 1 = 94 mm. water flow 0.12

cm -min (flow data plotted in fig. 1)

inlet, outlet
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Figure 4.

Tracer concentration in eiuate vs time.

Tracer pulse length 15 min.

Water flow 0.12 cm3-min 1.

Drill core 0 = 36 mm, 1= 80.
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Figure 5.

Tracer concentration in eluate vs time.

Tracer pulse length 15 min.

Water flow 0.125 cm3-min 1.

Drill core 0 = 36 mm, 1 = 99 mm.
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Figure 6.

99Tc distribution as fissure surfaces

24 h after onset of tracer flow through

fissure.

0 = 36 mm, 1 = 99 mm, water flow 0.125

cm -min'' (flow data plotted in fig.4)
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Figure 7.

Tracer concentration in eluate vs time.

0 = 37 mm, 1 = 103.5 mm.

Water flow 0.12 cm3-min 1.

Tracer pulse length 15 min, eluation time 23 h.
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Figure 8.

Tracer concentration in eluate vs time

0 = 37 mm, 1 = 103,5 mm.

Water flow 0.12 cm^-min.

Tracer pulse length 15 min, eluation time 23.8 h.



22 (23 )

cpm
800H

600-

£00-

200-

cpm/

600-

400-

200-

surface A

scandirection
mlet

7mm
collimotor width

outlet

1

l(cm)

surface B

l(cm)

Figure 9.

Tracer distribution on fissure surfaces.

6.5 h after onset of tracer flow through

fissure.

0 = 37 mm, 1 - 104 mm, water flow 0.12

cm -min', 15 min tracer pulse.
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235Np: Ka values pH.
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