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1 INTRODUCTION

In Finland there are four operating nuclear power plants, two

PWR's of Russian type (Lol and Lo2) and two BWR's of Swedish

type (TVO I and TVO II). At the power plants main types of

generated medium- and low-level wet wastes to be solidified

are ion-exchange resins, filter masses and evaporator con-

centrates. At the TVO power plants a bituminization station is

operating where the wastes are cast into 200 1 drums.

In order to get more information about properties of bituminized

waste products this study has been initiated at the Reactor

Laboratory of Technical Research Centre of Finland sponsored

by TVO Power Company.

This report includes descriptions of the testing methods and

preliminary results for the bituminized waste products from TVO

nuclear power plant.



2 TKST3NG OF THE BITUMINIZED WASTE PRODUCT FROM TVO NUCLEAK

POWER PLANT

2.1 Short description of the bituminization process

A schematic drav'ing of the bituminization process of the Olki-

luoto power plant is shown in Figure 2.1-1 /I/.
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Figure 2.1-1. Schematic drawing of bituminization /I/.

The bitumen used in'.the process is kept in a container where the

temperature is 140°C to keep the bitumen liquid. The resin

slurry to be solidified is predried in a separate dryer to a

water content less than 10 %. The predried resin mass and the

hot liquid bitumen are conducted into the mixing tank, whence the

waste is let into waste drums. The drums are closed and trans-

ferred into the waste storage.



2.2 Sampling procedure

The bituminized waste is cast into 200 1 hot-cjalvanized plate

drums having dimensions of 860 mm of height and a diameter of

560 nun. The samples are taken into sampling pipes of brass

having dimensions of 110,5 cm of length and a diameter of 5 cm.

The pipes are greased front outside with silicone and from inside

with a mixture of glycerin and talcum powder (1:1). Aluminum

foil is then wrapped entirely around the pipes and turned inside

the pipe at the bottom for a length of 1 cm.

Before casting the bitumen waste mixture into the drums the

bottoms of the drums are also greased with silicone and then

covered with aluminum foil, which is then greased with the

mixture of glycerin and talcum powder (1:1). (In order to twice

make sure of the detachment of the samples.)

The hot bitumen-resin mixture is cast into the drum and when

still hot a sampling pipe is pressed into the product very

slowly as to let the level of the hot product inside the pipe

to keep up with the level outside. When the pipe reaches the

bottom of the drum the levels inside and outside the pipe must

be the same. The pipe must be kept perpendicular (it can be

fastened if needed) while the cast product cools normally, at

least two days. After cooling down the sampling pipe is

detached by turning it around and then lifting at the same time.

The aluminum foil remains in the drum.

2.3 Samples

Four sample pipes were filled at the bituminization station of

Olkiluoto power plant, two of which were taken from the same

bituminized granular resin drum and the other two from the

same bituminized powder resin drum. A rough approximation of

the activity share of the main nuclides in the bituminized

waste product /2 / is that

- ~ 50 % of the total activity is from Co-60

30 % of the total activity is from Mn-54

10 % of the total activity is from Co-58 and

- Zn-65 is the main nuclide in the last 10 %.



2.3.1 Details about the waste products

1) Granular resin

Resins:

- the bituminized resin was a mixture of strongly acid

cation exchange resin (Duolite ARC 351) and strongly

basic anion exchange resin (Duolite ARA 366) in volume

ratio of 550 :* 950, respectively

- the resin mass has been used for about 8 months in the

342 C 13 filter for the treatment of liquid wastes and

the exchange capacity is almost exhausted

Drying;

- the resin mass was measured in two portions into the

dryer, 34 hours in between

- the drying time was about 12 hours and the final tempera-

ture 125°C

Mixing with bitumen:

- the bitumen and the resin was mixed in ratio 1:1 using

95 kg of each, the mixing time being 16 minutes

- the measuring accuracy for each component is + 5 kg,

thus the amount of the product can vary between 180-200 kg

Filling of the waste drum:

- the drum was filled up to the filling opening so that the

volume of product was 215 1 as hot

- while cooling down the surface sunk 19 cm from the filled

level thus corresponding to a volume of 165 1

- after cooling down the product level in the drum was even

(not tapered)

Date:

- casting was performed on the 5 th of May in 1981



2) Powder resin

Resins:

- the bituminized resin was a mixture of strong acid cation

exchange resin (Mikroionex CH) and strong basic anion

exchange resin (Mikroionex AOH) in weight ratio 44:10 of

dry resin

- the resin mass is mainly from the condensate clean-up

system 332

Drying:

- the resin mass was measured during 5 hours in three

portions into the dryer

- the drying time was about 12 hours and the final tempera-

ture 132°C

Mixing with bitumen:

- the mixed amounts and the accuracy was the same as for

granular resin, the mixing time being 15 minutes

Filling of the waste drum:

- after filling the drum the surface level of the hot product

was 2.5 cm below the filling level, so that the volume

of the product was 208 1 as hot

- while cooling down the surface sunk 10 cm from the filled

level thus corresponding to a volume of 182 1

- after cooling down the product level in the drum was even

(not tapered)

Date:

- casting was performed on the 7 th of May in 1981

3) Bitumen quality

The bitumen quality used was Bit-45 from the Finnish Neste Oy

in Naantali.



3.3.2 Details about the irradiation

Two of the sampling pipes, one of each waste product, were

irradiated with an external Co-60 y-source, in order to get

results of radiation effects on the physical and chemical

characteristics of the product. Also a smaller sample of the

pure Bit-45 was irradiated with the same source.

Irradiation characteristics:

Radiation source; ~ 222 kBq Co-60 y-source

Dose rate: ~ 1.4 kGy/h (135 krad/h)

Absorbed dose: ~ 520 kGy (52 Mrad)

Irradiation time: ~ 16 d

3.3.3 Removing of the samples from the sampling pipes

The sampling pipes were kept in a freezer until removal of the

samples. The removing was performed as follows:

The sampling pipe was placed in a specially designed squeezer,

in Figure 3.3.3-1. When in its place in the squeezer the

sampling pipe was warmed from outside with a gas burner to get

the glycerin and talcum powder mixture lubricating. The

warming up takes just about one minute after which the sample

bar is easily pressed out.



Figure 2.3.3-1. Removing of a sample with the squeezer.



2 .3.4 Sample bars

When received from the TVO nuclear power plant the sampling pipes

were filled up to

- 64 cm of granular resin waste product (two pipes) and

- 66,5 cm of powder resin waste product (two pipes).

After irradiation (one sampling pipe of each waste product) the

original waste mass had swelled up to

- 76.5 cm in the granular resin waste product pipe and

- 84 cm in the powder resin waste product pipe.

The sample coding and their places in the sample bars as used

in the tests, are given in Table 2.3.4-1.

2 4 Physicochemical tests

Activity measurements were performed for three samples (surface,

center, bottom) from each not irradiated sample bar, the size

of the measured sample being 3.5 cm x 0 5 cm. Also the resin

content of these samples were defined.

Other tests were performed with two samples (bottom, surface)

from each of the four sample bars.

2.4.1 Short description of the testing methods

All testing methods used / 3 / are standardized methods, which

accurately correspond with the ASTM or DIN methods.



Table 2•3.4-1. Coding and places of the samples

Granular resin
waste product

- bottom

- center

- surface

Powder resin
waste product

- bottom

- center

- surface

Coding used
in the tables

GB

GC

. GS

PB

PC
PS -

Place in the not
irradiated bar

0 -

54 -

0 -

-

56.5 -

10 cm

64 cm

10 cm

66.5 cm

Place in the
irradiated bar

0 -

-

66.5 -

0 -

-

74 -

10 cm

76.5 cm

10 cm

84 cm

Activity measurement
(not irradiated bar)

6.5 •

33.5 -

59.0 -

. . 5 -

31 -

62.5 -

- 10 cm

- 37 cm

- 62.5 cm

8.5 cm

-34.5 cm

- 66 cm

vo
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Softening point: '

For determining the softening point the ring and ball test was

used, in Figure 2.4.1-rl is the apparatus.

Figure 2-4.1-1. Pictures showing the apparatus for the ring and

ball test. On the left the other ball is to be

placed on the bitumen filled ring. On the

right the apparatus is in its place immersed in

ethvlene glycol bath.

Temperature of the bath is gradually raised (not more than 5oC/min

with a deviation of + 0.5°C/min at the very most) until the bitumen

in the rings is soft enough to let the ball to touch the lovjer

level of the apparatus. Softening point is given as the mean value of

two parallel test results given with 0.5°C accuracy.

Breaking point:

For determination of the breaking point a small sample (0.4 ml)

is spread evenly on a metal plate which is kept in an air bath.

The temperature of the air bath is lowered gradually (l°C/min)

and the sample plate is bended and straightened at 1°C tempera-

ture interval until the first crack appears. Figure 2.4.1-2

shows the apparatus with the sample plate.
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Figure 2.4.1-2. The apparatus for determining of the breaking

point. On the left the sample plate in the

holder is shown bended and in the middle

straightened. On the right the apparatus is in

its place in an air filled tube, which is

immersed in methanol filled dewar. The tempera-

ture of the air bath is lowered by dropping

small pieces of dry ice.

Breaking point is given as the mean value of two test results,

differing 3°C at the utmost, evened to a whole.

Relative density:

Relative density is the ratio of density of the matter to density

of equal volume of water measured in the same temperature.

Cylindrical standard size pycnometers with glass stoppers with a

vertical hole (in Figure 2.4.1-3) were used with water sealing.

The test temperature being 25°C.
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Figure 2-4.1-3. Figure of the pycnometer.

Relative density is given as a mean value of two parellel test

results counted with the accuracy of three decimals.

Flash point:

For determination of the flash point the Pensky-Martens apparatus,

in Figure 2.4.1-4, was used.

Figure 2.4.1-4. The Pensky-Martens apparatus.
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The sample is heated, up gradually (5...6°C/min) in a sample cup

in an air bath mixing all the time (rotation speed being 90...120

rounds/min). A small test flame is lowered in 0.5 seconds into

the vapour space of the covered sample cup for one second every

third degree. Flash point is the temperature where the test

flame ignites the vapour above the sample surface.

Flash point is given as mean value of two parallel test results

with an accuracy of 0.5°C.

Water content:

For the determination of the water content the sample is dissolved

in xylene and heated in the distillation bottle (distillation

speed being 2...5 drops/s) with an upright condenser and a

special collecting tube, seen in Figure 2.4.1-5. Water and

xylene are collected in the side branch of the tube with a scale/

from which the amount of water can be read.

J: Ik

Figure 2.4.1-5. The apparatus for determining water content.

The collecting tube, with the side branch on

the left,is connected to the distillation bottle

and the upright condenser (not seen in the

figure) is connected to the collecting tube.
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Kater content is given as weight-% evened to the nearest 0.1 I.

All possible water soluble matter is included in this value.

2.4.2 Results

Table 2.4.2-1 summarizes results from the physicochemical tests

described in the previous chapter.



Table 2-4.2-1. Test results for the war.te product samples and Bit-45 before and after irradiation.

Physical

characteristics

Relative
density /25°C

Softening
point C

Breaking
point C

Flash point °C

Water content %

Powder
surface P9

before

1.196

79.5

-8

after

1.180

80.0

-10

Waste

Powder
bottom

before

1.195

78.0

-6

product samples

PB

after

1.175

79.0

-8

Granular
surface GS

before

1.090

71.5

-7

after

1.069

73.0

-5

Granular
bottom GB

before

1.096

74.0

-3

after

1-084

76.0

-4

Bit-45

before

1.027

59.0

-10

after

1.025

56.0

-8

i
i
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Activity distribution:

Relative activity distributions of the main waste product

nuclides in the sample bars are given in Table 2.4.2-2.

Table 2-4.2-2. The relative activity distribution when the

activity at the bottom was chosen as 100 % .

Sample

Granular:

- surface GS

- center GC

- bottom GB

Powder;

- surface PS

- center PC

- bottom PB

Co-58
%

45

55

100

95

97

100

Mn-54
% •

51

62

100

96

97

100

Zr-65
%

52

62

100

96

98

100

Co-60
%

55

66

100

95

97

100

K-40
%

26

32

100

80

88

100

As can be seen sedimentation of the activity in the granular

resin waste product is obvious.

Resin content:

Resin contents of the same samples, as used for relative activity

measurements, were determined in order to solve if sedimentation

of the activity correlates with possible sedimentation of the resin.



Table 2.4,2-3.
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Resin contents of the same samples as used in

the relative activity measurements. The value

is given in %, the resin content at the bottom

was chosen as 100 %.

sample

granular

• surface

- center

- bottom

3owder:

- surface

- center

- bottom

GS

GC

GB

PS

PC

PB

Resin

•

91

99

100

content %

,7

,7

,0

Effects of irradiation:

In Figures 2.4.2-1...4 are seen pictures taken of the surfaces

and cross sections of the waste product sample bars.



lö

il

Figure 2.4.2-1. Surface of the powder resin waste product sample

bar before (on the left) and after (on the right)

irradiation.

Figure 2.A.2-2. Cross section of the powder.resin waste product

sample bar before (on the aaifBt) and after

(on the üèfet) irradiation.
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Figure 2-4.2-3. Cross section of the granular resin waste

product sample bar before (on the left) and

after (on the right) irradiation.
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Figure 2-4.2-4 Surface of the granular resin waste product

sample bar before (the upper) and after (the

lower) irradiation.
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Figure 2.4.2-5. Surface (on the left) and cross section (on the

right) of pure Bit-45 after irradiation.

Irradiation of bitumen and waste products causes degradiation

of organic polymers and radiolysis of hydrocarbons producing

gaseous products, which cause bubble formation (seen in the

figures) and swelling of the irradiated samples. Swelling of

the samples is given in Table 2.4.2-4.

Table 2.4.2-4. Swelling of the irradiated samples.

Sample

Granular resin
waste product

Powder resin
waste product

Bit-45

Swelling in percents from the
original volume

19.5 %

* 26.3 %

25.3 %
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3 CONCLUSION

These results are preliminary ones giving some information of

the waste product properties.

Radiation somewhat affects the properties of both waste products

and Bit-45, as can be seen from Table 2.4.2-1.

After irradiation:

- Relative density decreases for both the waste products

and Bit-45.

- Soft<«ing points rise for waste products but drops for Bit-45.

- Breaking point of the powder resin waste product drops,

of the granular resin waste product it rises on the surface

and slightly decreases or doesn't significantly change at

the bottom. For Bit-45 the breaking point rises.

Breaking points of the waste products are lower at the surface

than at the bottom suggesting slight sedimentation of the

solidified resin as preliminary results for granular resin

waste product (Table 2.4.2-3) indicate.

Sedimentation of the activity in the granular resin waste product

is obvious, but doesn't correlate to same extent with sedimenta-

tion of the resin. The resin contents are rough ones including

all other matters, which is not soluble in 1,1,1-tricloroethane.

More accurate conclusions are to be drawn after completing

this study.
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