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INTRODUCTION

In Finland four reactors are nowadays in operation, two of

which are Russian type pressure water reactors owned by

Ijnatra Power Company (IVO) . At these power plants no solidi-

fication plant has yet been built because of small waste

volumes and large tank capacity for radioactive wastes.

The interest of IVO is nowadays, however, directed to ce-

mentation; a research and planning project is going on.

The most inportant alternative of final disposal in Finland

is the bedrock.

The preliminary tests with inactive solidification products

have been performed in the concrete laboratory of IVO. This

research has included the testing of compressive strength,

water resistance, frost resistance, heat resistance and

volume change properties of different solidification pro-

duct compositions. Connected with this research, leach

testing on ion-exchange resin waste solidified in cement

has been initiated in the Reactor Laboratory of Technical

Research Centre of Finland. In this report the testing

method and the preliminary results are presented.



LEACH TESTS

Method

A decision was made to follow the standard draft of ISO /1/.

However, some exceptions had to be accepted during the work.

The most important was the pH-value of the leachant, which

could not be kept within the allowed limits because alkaline

compounds dissolving from the cementation product changed

the pH rapidly. In this respect only the recommended changing

intervals of leachant were followed.

Test specimens

The cementation specimens were prepared of a mixture of

anion- and cation-exchange resins, where the volume ratio

of the anion-exchange resin to cation-exchange resin was

2:1, which means a weight ratio of dry resin 1.6:1. The

anion resin was Amberlite IRA-402 in 0H~ form exhausted in

raw water purification for process industry, and the cation

resin was unused Russian resin, KY-2-8-CHS in H form, from

the Loviisa power plant. The cement used was Finnish Port-

land-Blastfurnace cement from the Lohja works.

Three different mixtures were prepared; two of them in-

cluded Swedish Silix GP-agent as admixture, which improves

water and frost resistance. The compositions of the mixtures

are presented in Table 1.

Cs-137 and Co-60 isotopes were added as tracers to the ion-

exchange resin mixture, which then was mixed carefully and

allowed to stand over night. The following day no free

activity could be detected in the water which was removed

from the mixture.

The resins, into which the tracers were added, and a speci-

fied amount of water were placed in a mixing apparatus and

cement was added during 15...20 minutes. Silix was added



at the end of cement adding. Mixing was continued still

about 30 minutes, and the spreading value which describes

the consistence of the mixture was measured. The fine

adjustment, if needed, could be performed by adding water

or cement.

The specimens were cast in polyethylene molds with a diameter

of 57 mm, height of 50 nun and volume of 127 cm , After

casting the specimens were stored seven days at 40 C and

in 100 % relative humidity, and then 28 days at 23°C and

in 100 % humidity. This treatment described the rising

of temperature caused by hydration in a big container.

The compressive strengths of the specimens were measured

at the age of 35...36 days, the results are presented in

Table 1.

Leachant

Four leachants were used, three of which are presented in

ISO standard draft /1/, the fourth was groundwater from

the Loviisa power plant area. The compositions of the

leachants were as follows:

a Deionized water

b . Solution consisting of 1.501 g of glysine

(NH2CH2COOH) in one litre of water (pH 5.7)

c Solution consisting of 6.057 g of tris(hydroxy-

methyl)aminomethane (NH2C(CH2OH)3) in one litre

of water

d Ground water from the bedrock of the Loviisa power

plant area from the depth 100...103 m. The pro-

perties of the water are presented in Table 2.



Table 1 Composition and compressive strength of the solidification products.

Product
code

RC 1

RC 2

RC 3

Weight

Cement

0.600

0.482

0.599

ratios '

Even
level
resin-
water
mixture

0.300

0.482

0.299

Addi-
tional
water

0.100

0.028

0.090

Sillx GP
admixture

-

0.009

0,012

Dry
resin

0.080

0.153

0.086

Total
water

0.319

0.356

0.304

Compressive
strength
(35...36 day)
HN/m2

15...17

5...7

15...17



Table 2 Properties of the ground water used as leachant.

PH
Alkalinity

Bicarbonate (HCO3)

Calcium (Ca)

Magnesium (Mg)

Iron (Fe)

Manganese (Mn)

Sodium (Na)

Potassium (K)

Ammonium (NH4)

Nitrite (N02)

Nitrate (N03)

Chloride (Cl)

Fluoride (P)

Phosphate (PO.)

Silicate (SiO2)

Sulphate (SO4)

Conductivity 25°C

Permanganate consumption

7.7
1.36

83

680

270

0.04

2.0

2300

24

0.81

<0.004

<5

5300

1.2

<0.02

7.0

550

1340

35

mmol/1

mg/1
ii

ii

•I

ti

H

II

n

n

n

n

n

n

n

II

mS/m

mg/1

The leach tests were performed at temperatures of 7 C and

23°C. Two-liter polyethylene leaching pots were used and

the amount of leachant was 14 00 g. The specimens were

placed on a stand, with which specimens were removed into

a new leaching pot (Fig. 1). The leachants were changed

as follows:

1st week

2nd week

3rd...8th week

3rd...6th month

after 6th month

daily

twice

once per week

once per month

upon consideration



Fig-; 1 Leaching arrangement.

Measurements and results

The variables and phenomena tested in the leach test were:

Three product compositions where the amount of

resin and Silix GP used as an admixture were

variables.

Two radioactive tracers; Cs-137 and Co-60.

Pour leachants; deionized water, solution pH 5.7,

solution pH 10.4 and ground water.

Two leaching temperatures; 7°C and 23°C.

Other phenomena with the specimens during the

leach test.



The temperature and the pH-value of the leachant were

measured always, when leachant was changed. The increase

of pH was observed with all leachant and specimen types.

A distinct difference in the final pH-values was, however,

noticeable as can be seen in Table 3.

Table 3 pH-values of the leachants.

Leachant Before leaching After leaching

Deionized water 5.5...6.5 11.4...11.7

Solution pH 5.7 5.7...6.4 9.4...10.0

Solution pH 10.4 10.0...10.4 11.2...11.7

Ground water 7.5...7.9 9.2...10.2

The weights of the specimens were measured at the beginning

and after 44 days leaching. The results of these measure-

ments are in Table 4. The weights of all specimen types in

every leachant increased, which obviously was caused by water

suction into the specimens. The greater increase in the

ground water was probably caused by the precipitate which

was formed on the surface of the specimens.

Table 4 Changing of the weights of the specimens in

different leachants.

Leachant Changing during leaching of 44 days, %

RC 1 RC 2 RC 3

Deionized water

Solution pH 5.7

Solution pH 10.4

Ground water

2 . 6

1 .9

2 . 8

4 . 5

+ 2 . 8

+ 2 .1

+ 3 .2

+ 4 . 1

+ 2 . 8

+ 2 . 1

+ 2 .6

+ 6.0



The activities of the leachants were measured by using the

whole leachant volume in the original pot. The leach results

have been presented in the form of diffusion coefficient in

Table 5 according to the formula (1), which has been pre-

sented by Colombo and Neilson /2/. In the calculations the

leachant of the first day has been excluded, because the

activity on the surface of the specimen could cause dis-

turbances to the results. The leachants of the two first

weeks have been used, because after this the curve, which

should be a straight line, bends so that diffusion coeffi-

cients decrease. The diffusion coefficients, in Table 5,

represent thus the diffusion at the beginning.

(fi)* t * + B (1)

a is activity leached during the period n

a activity initially present in the specimen

V volume of the specimen

S exposed surface area of the specimen

D diffusion coefficient

t = Et cumulative leaching time

t duration of the nth leaching period

B constant

Fig. 2...Fig. 5 present also the cumulative fraction (•̂ n •*)

as a function of time (It ) for some specimens, the leachant/

the temperature combinations to visualize the effects of the

different parameters.

The cumulative fraction of Cs-137 leached during 37 days

was clearly greater than that of Co-60 as can be seen when

comparing Fig. 3 and Fig. 5. The relative differences of

Cs-137 under different circumstances were also clearly

smaller than those of Co-60.



Table 5 Diffusion coefficients of Cs-137 with ion-exchange resins

solidified in cement.

Leachant

Deionized water

Solution pH 5.7

Solution pH 10.4

Ground water

RC 1

7°C

4.8

14.2

6.2

8.5

23°C

9.1

22.0

14.3

8.3

IQ"8

RC 2

7°C

14.3

19.3

20.1

11.5

m2/day

23

23

40

30

8.

°C

.9

.1

.2

4

RC 3

7°C

6.6

13.4

7.9

7.4

23

11

22

11

8.

°C

.8

.1

.6

0
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Ian V

10"3m

Deionized water
Temperature 23 °C
y/5 = 0.9 cm

10 20 30

Fig. 2 Cumulative leached fraction of Cs-137 versus

time with different specimen types in deionized

water.
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Ian V.
Qo S

10"3m

PH 5.7,

Deionized water

RC 3
Temperature 23 °C

0.9 cm

I
10 20 30 •/day

Fig. 3 Cumulative leached fraction of Cs-137 versus

time in different leachants.
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Ion V.
Q0 S

1Q"3m

23 °C

RC3
Deionized water
V/ s = 0.9 cm

10 20 30 tyday

Fig. 4 Cumulative leached fraction of Cs-137 versus

time in deionized water at 7 C and 23°C.
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Ian V.
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10,-5

10-6

pH5.7

RC3
Temperature 23 °C
V/s = 0.9 cm
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Fig. 5 Cumulative leached fraction of Co-60 in

different leachants.
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Within that relatively quite narrow range of Cs-137 leaching,

some effecting factors could be separated, however. The

effect of the amount of the resin was such that leaching

increased with increasing resin content, as can be seen

in Pig. 2. The phenomenon was similar in all leachants

and at both temperatures. Silix admixture, on the contrary,

had only a slight effect which was hidden by the scattering.

The leachant type also had an effect on leaching of Cs-137,

as can be seen in Fig. 3 and Table 5. The diffusion coeffi-

cients of the solution of pH 5.7 were the highest while the

order of the other leachants varied. With ground water the

precipitate formed on the surface of the specimen could for

its part affect on leaching.

The increase of the temperature increased leaching with the

other leachants than ground water, which did not show a

clear effect.

At this moment only part of the results of Co-60 leaching

are available, and the effects of the specimen type and

the temperature can be compared only qualitatively. The

effects were, however, analogous with those of Cs-137. The

leachant type had clearly a greater effect on the leaching

of Co-60 than on the leaching of Cs-137. The diffusion

coefficients were in an order deionized water < ground

water < solution pH 10.4 < solution pH 5.7 (Table 6).

Table 6 Diffusion coefficients of Co-60 with ion-exchange

resins solidified in cement (23°C, RC 3).

D/10"12 m2/day

Deionized water 0.12

Solution pH 5.7 503.4

Solution pH 10.4 33.9

Ground water 0.42
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Pig. 6 shows some curves of cumulative leached fraction

versus time for Cs /3/. The results of our tests are

typical of good cement products without specific admixtures

for Cs.

i
i
In

Pig. 6 Leaching of Cs from slag cement - ion exchange

products. Effect of waste loading and stabi-

lizing additives /3/.

I...Ill 13.4 weight % (dry) ion exchange resin

Additives I Silix-sica, II 5 % Corrocem,

III 5 % Corrocem + 5 % vermiculite

IV V 19 and 18 % resin, resp.

Additives IV Silix-sica, V 10 % Corrocem +

5 % vermiculite
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The leach test has at the moment been going on eight weeks

and no outside damages have been found on the specimens.

The only change is the precipitate covering the specimens

in the ground water. The test continue a year at least.

CONCLUSIONS

Leach tests were carried out on ion-exchange resins solidi-

fied in cement. Three different product mixtures were

tested, two of which included 8 w-% dry resin and the third

one 15 w-%. Silix admixture was used in one of the 8 w-%

samples and in the 15 w-% sample, Co-60 and Cs-137 isotopes

were added as tracers. Four leachants were used; deionized

water, solution of pH 5.7, solution of pH 10.4, and ground

water. The tests were carried out at 7°C and 23°C. Diffu-

sion coefficients were calculated on the basis of the measure-

ments .

The leaching of Cs-137 was clearly greater than that of

Co-60. During the reported test period of 37 days, the

leached amount of Cs-137 has varied from 15 % to 40 % and

that of Co-60 from 0.04 % to 1.2 %. The increasing of the

resin content increased leaching of Cs-137. The influence

of Silix was negligible. The leachant type also had some

effect on leaching of Cs-137; leaching was greatest in

solution of pH 5.7.

The most influencing factor in leaching of Co-60 was the

leachant type, and the relative differences between dif-

ferent leachants were greater than with Cs-137. The order

of diffusion coefficients was deionized water < ground

water < solution pH 10.4 < solution pH 5.7.
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