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ABSTRACT

The research studies showed that the solidification of contaminated pump oils resulted
from Cernavoda NPP operation can be done by using various immobilization matrices such
as: cement with appropriate mineral additives sand of Aghires, lime and silicate accelerator.

Research works and experiments were carried out on four groups:

� Cement-emulsion;
� Cement-emulsion-silicate accelerator;
� Cement-emulsion-lime- silicate accelerator;
� Cement-emulsion-sand of Aghires

The paper presents the author’s research on immobilization of contaminated oil by
cementation using Romanian emulsifiers.

With both of the emulsifiers used, there were obtained reasonable compressive strengths
and leaching rates.

1 INTRODUCTION

Radioactive oil wastes arisen in Cernavoda NPP operation consist of lubricating oils
from primary fuelling machines and turbine oils. The main pathway of contamination is the
contact with the reactor primary coolant. This waste contains varying amounts of tritium with
activity below 108Bq/l.
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The objective of solidification is to convert radioactive oil waste into a stable
monolithic form, which minimizes the probability of tritium release to the environment during
interim storage, transportation and final disposal. Criteria that might be applied in the
selection of treatment process and of waste storage and/or disposal are:

� the complexity of the technology and equipment
� the regulatory requirements.

Laboratory studies on cementation of radioactive oil waste have been undertaken at INR
Pitesti. The leaching behavior of cement composite incorporating tritiated oil waste arisen
from Cernavoda NPP operation has been studied for the safety assessment of final disposal of
waste packages. It was proved that the solidified waste could meet Waste Acceptance Criteria
of the disposal site, in this case Baita –Bihor National Repository.

2 EXPERIMENTAL PROCEDURE

The main purpose of this work is to produce an emulsion oil/emulsifier/water. The oil
waste, water and two emulsifiers, NOFOX9 and NOFOX4 produced in Romania are mixed
together for 10 min to form an emulsion during the first stage. Afterwards, the Portland
cement 42.5 is added and allowed to soak undisturbed for 10 min. The ingredients are then
mixed with mineral additives (sand of Aghires, lime and silicate accelerator). The concrete
specimens were prepared in laboratory according to flow sheet in Figure 1. Typical
compositions and properties of the hardened waste form are summarised in Table 1.

Table 1 Waste form properties and composition (wt%) of solidification oil waste
Composition (wt.%) Waste form propertiesIndicative

specimen Cement Emulsion Lime Sand of
Aghires

Silicate
accelerator

Hardening
time (h)

Density
(g/cm3)

E1.1 70 30 - - - 4 1.88
A1.1 69.7 29.5 - - 0.8 2 and 1/2 1.83
A2.1 65.1 27.6 6.5 - 0.8 2 and 1/4 1.76
P1 69.7 26.1 3.4 - 0.8 2 and 1/4 1.87
N2 39 22 - 39 - 3 and 1/2 1.82
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Oil Waste Water Emulsifiers:
NOFOX4 and NOFOX9

Emulsification
( oil in water)

Portland
cement

Additives:
•••• Lime;
•••• Silicate accelerator;
•••• Sand of Aghires.

Test specimens cast:

Moist-cured for 21 days

Air-dried for 7 days

MIXER

Figure 1 Flow sheet for oil waste solidification with cement

The permeability of waste form to water depends mainly on the w/c ratio (which
determines the size, volume and continuity of capillary voids).

In concrete, the role of the water as to be seen in a proper perspective because, as a
necessary ingredient for the cement hydration reactions for the components of concrete
mixtures, water is present from the beginning,

The concrete permeability is a determining property for the concrete durability,
particularly under following condition of moisture variation, presence of corrosive media
action, and reiterated freezing and thawing.

Influence of mineral additive is to improve workability, to increase degree of
impermeability and to increase compressive strength.

To characterize the quality of the cement solidified product the following properties
have been examined: the leachability of tritium from the solidified product and the
mechanical strength.

3 LEACHING DATA

The effect of addition of lime, sand of Aghires and silicate accelerator was investigated
by subjecting them to leaching in distilled water.
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The relatively high tritium leachability after 100 days depends on the leaching
conditions and the composition of the specimens. This observation suggests that the water
molecule have a relatively high mobility in and through the hardened cement. The hydration
process of cement fixes a large amount of water contained in the paste. The high tritium
leachability, therefore, indicates that tritium leaching may be ascribed not only to the
diffusion of the free tritiated water but in addition, to the exchange reaction between the
tritiated water chemically and physically fixed in the matrix and the external water that
penetrates into the interior. The leaching process may be regarded as consisting of two stages,
a rapid initial stage and a relatively slow later one. This change in leaching rate with time may
be explained as follows:

� in the early stage, the part of the specimen exposed to the leachant is limited to the surface
and / or to an extremely thin layer. The rate of penetration of water in this part may be
rapid compared with than for deeper layer.

� as leaching progress, the process will gradually slow, as the exposed layer becomes
thicker.

The W / C ratio is one of the most important factors that affect the pore structure of the
hardened cement paste, which probably controls the leachability of tritium. The inclusion of
additives in the cement blocks requires a higher water / cement ratio, approximately 0.38.

In many cases the leaching process is so complicated that the mechanism is not always
as obtainable as it is in this case. The leaching process is one of the physicochemical transport
phenomena, in which the diffusion process plays an important role.

For a total activity burden of tritium 3,8E+04 Bq /specimen and a total leaching period
of 100 days, the additives could be arranged to obtain increasing tritium leachability in
distilled water like follows:

Sand < Lime 6.5wt. % < Lime 3.5wt. % < Silicate accelerator

The specific activity of lixiviant is measured by sampling in accordance with a static
leaching test ISO 6961:1982,”Long term leach testing of solidified radioactive waste”, and
counting with a liquid scintillation counter.

The results expressed by leach rates (Rn, kg/m2.s) are given in Table 2.

Table 2 Leaching of tritium from cemented oil waste (Rn, kg/m2.s)
Indicative specimenTime of

leach test
(days) E1.1 A1.1 A2.1 P1 N2

1 3.90E-07 3.50E-07 3.00E-07 2.80E-07 3.90E-07
7 3.81E-07 3.45E-07 2.97E-07 2.73E-07 3.29E-07

28 6.32E-08 6.96E-08 7.28E-08 5.93E-08 7.16E-08
35 3.58E-08 5.50E-08 6.18E-08 4.35E-08 3.67E-08
42 3.39E-08 4.88E-08 4.70E-08 4.39E-08 2.42E-08
73 9.50E-09 1.78E-08 1.69E-08 1.59E-08 4.63E-08
100 9.00E-09 1.60E-08 1.50E-08 1.60E-08 4.50E-08
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Figure 2 Leach rates for cemented oil waste
Two expressions of tritium leaching are used in this report. The first is the incremental

leach rate, expressed by:
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⋅⋅
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where:

nR = Leach rate of tritium, (kg/m2s);

na = Tritium activity released in each renewal period (Bq);

0A =Tritium activity per unit mass, in the sample at time t=0, (Bq/kg)
F= surface area of specimen, (m2);

nt = period of time, (s).
The second expression for leaching behavior is the cumulative fractional release in

percent given by:

 ( ) 100%
0

⋅= �
A

an (2)

where:

na = tritium activity released in each renewal period (Bq);

0A =tritium activity in the sample at time t=0, (Bq)
These expressions allow data obtained to be plotted as a function of time, and gives the

total tritium release with time in Figure 3.
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Figure 3 Cumulative fractional release of tritium cement-emulsion matrix

4 COMPRESSION TEST

Physical stability is necessary to avoid disintegration of the waste form, which could
lead to exposure of tritium to the environment. The physical stability of waste forms is
typically defined by measurement of the mechanical strength.

The specimens for measuring compressive strength were prepared in accordance with
the method of Romanian Standard in 4x4x16 cm prismatic molds. The determination was
carried out with three or more specimens for each test. The compressive strength of the
specimen cured for 28 days is shown in table III.

Compressive strengths of the samples should be greater than 50 MPa (500 kg/cm2), the
Technical guidance for nuclear wastes packaging recommends this compressive strength
condition for disposal. Thus the tested samples satisfy this requirement.

The results of tests showed that:

� the addition of small percentage (up to 1%) of silicate accelerator does not influence
significantly the mechanical characteristics of the cement-emulsion matrix;

� by the addition of lime up to 10 % of cement, the mechanical characteristic of matrix is
increased;

� significant increases of compressive strength can be obtained by addition up to 5% lime of
cement;

� with the sand of Aghires reasonable compressive strength was obtained
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Table 3 The influence of Additives on compressive strength of specimen
Indicative
specimen

Compressive strength
daN/cm2 Additives in the grout

E1.1 132 No Additives
A1.1 136 1wt.% silicate accelerator
A2.1 154 6.5wt.%lime, 1wt.% silicate accelerator
P1 175 3.5wt.%lime, 1wt.% silicate accelerator
N2 74 39wt.% sand of Aghires

0

20

40

60

80

100

120

140

160

180

R,
 d

aN
/c

m
2

E1.1 A1.1 A2.1 P1 N2

Indicative of specimens

Figure 4 Compressive strength of specimen

5 CONCLUSION

The experimental tests established the influence of admixture1 like emulsifiers and
mineral additive on the properties of oil waste form, mainly the tritium leachability and
compressive strength. NOFOX9 and NOFOX4, lime, silicate accelerator additive may be used
successfully for cementation of tritiated oil waste arisen from a Cernavoda NPP operation.

The best result in compression tests was obtained for A.2.1 sample with additives in the
grout: 6.5wt.%lime, 1wt.% silicate accelerator. The same sample showed good results in
leaching tests, too and therefore it was selected to be used for further tests with 220 l drum.

A quality assurance program should accompany the production of oil waste form. The
goal of all tests should be to obtain a license for a certain process from a competent authority.
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