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Summary 

The diffusivity of a macromolecule through a compacted clay lay­

er was measured. The results indicate that molecules and thus 

colloids of this size - M = 24 000 will not diffuse t~rc 

the clay barrier in any appreciable amount • 

.Another set of experiments indicate that the clay will not be 

a source of colloids as the montmorillonite particles form a 
2+ 

stable gel in groundwater wi ti1 its rather high Ca content. 

Tr:iru,iport of radionuclides from the reposi L:,.:,i h~r ,,_ 'Js,)rption 

on ;ol\oids coming from the clay will thus be small. 

"''·, '::olloid content of groundwater from Finnsjon was measured • 

.Li;:_:_.1.s was less than: mg/1, so low a colloid content is of little 

importance. 

Experiments designed to observe the adsorption of colloidal 

particles from the clay on rock surfaces were inconclusive. 
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2 Background 

In a repository for radioactive waste, the consequences of a 

leak in the capsule must be considered. 

The radioactive waste may be transported by the water as ions 

and as charged and uncharged complexes. In addition to this, 

many of the nuclides may exist as colloids. Colloids are stable 

suspensious of very small particles. The particles range in 

size from about 3 nm to 300 nm. They are aggregates of some 

103 - 109 atoms. There is no definite border between colloids 

and solutions on one hand and colloids and suspensious on the 

other hand. Colloidal particles in many ways behave as macro­

molecules of the same mass. The colloids will not be retarded 

by the same mechanisms as the solved species and might in some 

instances travel with the velocity of the groundwater. Many of 

the important nuclides eg. Pu, U, Am, Np will be strongly re­

tarded when they are in solved form. If some fraction exists 

in colloidal form this fraction may reach the biosphere very 

much faster than the solved fraction. 

There are two types of radiocolloids. The true colloid can be 

formed from a supersaturated solution of the radioisotope. The 

pseudocollid is formed by adsorption of the radioisotope on 

colloidal particles in the water. 

The pseudocolloids may exist in very low concentrations< 10-10 

mol/1 Kepak (1) whereas the true colloids form at higher con­

centrations 10-5 mol/1 Davydov (2). 

Colloids may adsorb strongly on various surfaces and may also 

coagulate and precipitate. The latter may be enhanced by addi­
tion of electrolytes. 

Various sources for radiocolloids are possible. 
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A true colloid may form when the glass or U0;2 mat:rix 

dissolves by leaving behind small particles of low 

solubility. 

2 A true colloid may form by precipitation of some n~clide 
on its way out through the backfill material which con;;j ~;t 

of bentonite clay in the KBS study. 

j A true colloid may form outside the barrier by precipitation 

4 A pseudocolloid may form by adsorption on srrmJl ::lay· par­

ticles in the clay barrier. 

5 A pseudocolloid. may form by adsorption on clay or other 

particles outside the barrier. 

Eadiocolloids formed on the inside of or in the compacted clay 
barrier according to mechanisms 1 , 2 and 4 will have to wand.er 
through the barrier. The water velocity is negligible •. Any trans·­
port must be due to diffusion. An experiment was therefore d-0 -­

signed to measure the diffusivity of particles of colloidal siz,=) 
in e;ompacted clay. This is described below under heading 3. 

Colloids formed outsile the barrier by mechanisms 3 and 5 or 
arriving from inside the barrier may be adsorbed on the rock 
surfaces as the water flows in the fissures • .An experiment was 
designed to investigate thi.s. It is described under heading 5. 

Two sources of colloidal carrier particles were identified. The 

groundwater itself may sup:ply them and they may be supplied b¥" 
the montmorillonite particles of the day. 

A thorough theoretical treatment of montmorillonite behaviour 

and its tendency to form stable gels was made within the KBS 
project by ~eBel 1978 (4). In this investigation the critical 
coagulation concentration of Ca2+ was investigated by two ex-
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perimental methods. They were both based on measurements of 

escaping particles from a bentonite gel. In our experiments the 

depletion of particles from a bentonite suspension was measuredo 

Our experiments are described under heading 4. 

The colloid content of groundwater from Finnsjon was measured. 

This is described under heading 6. 



7i Diffusion of collo.id particles through compa.cted 

3,1 Experimental rE",sulG 

A solub. on cf socEumJignosulfonate (LS) with a mean .mo: ecuL2 r· 

weight of 24 000 was used to simulate small colJ.oicl 

This corresponds to a molecular diameter of about 6 nm. The 

experiment is described in detail in (3). 

}Jorocts m,?ta.l ates. On one si ea LS 

TC:tl1at 

n.:: used to CJJ.lect any LS which diffused thro the slab. No LS w a 

fo11r"-d side of the barrier after 

in compacted bentonite should be very small. 

3.2 Transport capacity 

D-u.e to the very low diffusion of macromolec:1ler3 and thus coll ,c: 

through compacLecl bentonit,:~ 1 this transport mechanism wi1L 1:,e 

neg:Li ble in comparison to other mechanisms. This is cJ 

from the following example. 

A,~sume that the copper capsule has deter:Lorated entire1y arrl the 

u1·021.ium oxid.e matri.x disso1ves and gives off Et colloidal solution 

with a colloid concentration of 1 000 than 5 
I e \ 
\ I ) 

compila:tton, 'I'he colloidal cl es di ff,u:e the 1:Jr=mtoni te 

barri E,r ac c 

is a;::;su:m.ecl 

to Fick's law if no adsorption in the barrier 

"" D • A 

For a coppe~ capsule the area available to 2 
m , 



-14 2/ D = 3 • 10 m s and de 1000 
dz = 0.375 

7 

This gives N ~ 3 mg/year. It will thus take some 400 million 
years to dissolve the uranium content - 1.4 tons - of one 
cannister by this mechanism. 
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lVIontmori.llonite as a source for colloids 

'I'he montmoriLLonite cla;y- consists of very small po.rticle,; which 

may form colloidal solutions in water with a low salt cone t~a-

t.io:n Le Be1(4)!PJ\s a complemer1t to Le Be1 1 s in,Test .. i 

s1is·peD_r~ior1s of ·ber .. toni.te in waters with ·va.r·ious iriiti:::tl aJ .. ciu.;u 

concentrations and measu1:ed the resulting clay and calci.llm ccn-­

centrations. Experiments were also performed with distiJ.led 

water and synthetic g:;.'.'oundwater ( 5). 

4. 1 Experimental 

Normal 11 cm test Lu1)8s we:re filled with k:rwwn amotmts of clay 

ru1d water. Afte:c vigorous shaking the clay was allowed. to settle. 

After· 10 and 4Cl clays c:.rn,mples wel'e taken of the uppe-r centi.mr~h,T 

0 

atomic absorption spectrofotometer and for clay particles 

UV--light absorption in a light spectrophotometer. 

Due to the ion exchange capability of the montmorillonite the 
2i + 

original Ca ' :Ls exchanged for Na to various degrees, 

'Ch:L s mRy be s2en i table 1. The original 
')+ 

CaL concentration 

is given i.n colurrrn ·1. 'rhe arn.ou:nt of clay added is given in 
?+ 

column 2. Coh1rrrr1 5 and 4 show the clay and ea•- concent::..·ation 

in the fiOlution after 10 clays and columns 5 a..YJ.d 6 after 40 da.y 

In figures 

versus the 

i and 2 the clay concentration of the water is plottcd 
?+ 

Ca - · concenh:ation. :F'igu1:e 2 shows a higher cls,y con-· 

centration than figure 1. 'l.1:hL, is ·because the test point was much 

nearer the gel surfaee where the con0entratio:n was h-Lgh er. 

Both measurements show that at 10 - 20 mg (' 2+ 
"a the particles 

precipitate from the solutj_on. This is cleemed to be a stronger 

indication on -the unwiJ li.:ng:ne ::s ')f bentoni te to form colloidal 

so.Lu t i.. ons at hi 
~ 2-i-n 
Ca concentrations than experiments which 
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start with a gel. and measure the increase of particles in the 

water a1::iove. 

'rl'iese results are CfLU te in accordance with those of .Le Bel (4), 

Table 1 

i 

original 10 days 40 days 
---·-----~- - ·-- ·-

l 
1 

--·- ~ .. _ _.......,.,_, --·-- -· 

1 2 3 4 : 5 6 

Ca 2+ clay clay Ca 2+ clay Ca 
2+ 

No mg/1 mg/1 mg/1 mg h i mg/1 mg/1 . ; --

?,~J ·-~- ·-·'- --··----···- .. 

1 1 0 10000 250 200 1 2. 6 

2 10 1000 42 ~- 541 21 8.7 
-10 100 4 1 0. 34 l 0.1 -11 • 3 

11 10 ., o I 1 4. 1 3 I 0.5 2.5 
' 
5 20 100~0 -190 1.89 150 B.8 

6 20 1000 3 1 o. 18 0.8 1 2. 0 

7 20 100 0.8 1 5. 94 3 1 8. 0 

8 20 10 o.8 1 6. 50 0.3 18. 7 

9 30 10000 145 1.64 150 10.6 

10 30 1000 < 1 18.05 o.8 21. 3 

11 30 100 < 1 24.07 0.2 23.6 
12 30 10 < 1 25.40 0.3 30.4 

1 3 40 10000 84 1.65 74 8.0 

14 40 1000 < 1 25.20 1 30.4 
! 

-1 5 40 I 100 < -1 32.20 <0.1 36.'7 I 
·16 

I I 
40 10 < 1 32.40 <0. 1 36.8 I 

·17 60 10000 1 2~73 l 6~9 
i 

< 4.3 ' i 

1 8 60 1000 < 1 41 • 50 . 1 ~ 2 l 48~ 3 I 
I I 
' 

1 9 60 100 < 1 ,!B. '.JO I <0, '. 59$6 i 
1 

l 
! 

20 60 10 < ·1 49.90 <0.1 5s.4 j 
l 

--------- - j ----·----·-
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5 Adsorption of montmorillonite particles on granite sur­

faces 

Colloidal particles are known to adsorb on some surfaces. 
Kepak (1) Davydov (2). An experiment was designed to study if 
montmorillonite particles are adsorbed on granite surfaces. 

Granite from Finnsjon was crushed and sieved. A fraction 0.3-0.7 mm 
was used to form a bed in a 8 mm i.d. glass tube. The bed length 
was 100 mm. Two clay suspensions were used. In one experiment clay 
was suspended in the synthetic groundwater proposed by Rennerfelt 
(5). This suspension had a concentration of clay particles equal 
to 2.5 • 10-9 g/g*due to coagulation and precipitation of the major 
part of the clay. The suspension was fed through the bed with a 
linear superficial velocity of 5 m/h. A velocity of this magnitude 
has been found sufficiently low in other adsorption experiments 
to allow time for the adsorbing species to settle on the particles. 

No adsorption of clay was noted. The effluent had essentially the 
same concentration as the feed during the first hour the experi­

ment was run. Thereafter a decrease in concentration to about 15 % 
of the inlet concentration was noted. The result is shown in 

figure 3. 

The decrease in particle concentration can be due to adsorption 
or precipitation or filtering effects due to the increase in size 
of the particles. The experiment thus is inconclusive except that 

no major adsorption occurs. 

The experiment was repeated using a clay dispersed in distilled 
water. The clay concentration initially was 67 • 10-9 g/g water. 

No adsorption was observed. The result is shown in figure 4. 

It was therefore concluded that no major adsorption of the mont­
morillonite particles on granite surfaces can be expected. 

* Analysis were performed by Lars 0dberg and co-workers at 
Lindkoping technical university using a light scattering 
technique. This is described in (4). 
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6 Colloid content of groundwater at Finnsjon 

All groundwaters contain colloidal particles (6). No data have 
been found in the literature on the colloid content of ground­
waters from deep wells. 

Measurements were performed on water from Finnsjon. The water 
is taken from a bore hole at a depth of about 500 m. The measure­
ments were made under the original nono:xidizing conditions. The 
previously described (Le Bel) light scattering technique was used. 

The radius of the largest particles was 0.6 µm. The particle con­
tent was o.6 • ,o-9 g/g. 
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