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ABSTRACT

A study on the waste acceptance criteria (WAC) for disposal in a near-surface repository is being implemented 
by CDTN / CNEN. The acceptance criteria are used to ensure the safety in the repository facility in order to protect 
the employees, the public and the environment from some possible harmful and dangerous effects of the ionizing 
radiation. A near-surface repository is intended to be built for disposal of the Brazilian low- and intermediate- 
level wastes. Leaching was the criterion chosen to be studied in this research. It is extremely important for the 
safety assessment to evaluate the waste form in relation to the radionuclides release, to predict the repository 
performance in the long term. As in the Brazilian WAC the test to measure the radionuclides leaching is not 
defined yet, two leaching tests were selected to be performed, the ISO 6961 and the ASTM C1308. The results 
will be analyzed in order to verify their similarities and differences and also their advantages and disadvantages. 
Inactive tracers cesium and lead were used as tracers to follow the leaching in both procedures.

1. INTRODUCTION

Currently the Central Nuclear Almirante Alvaro Alberto - CNAAA - has two nuclear power
plants in operation, Angra 1 and Angra 2, each one with a PWR, a pressurized water reactor,
the most widely used type of reactor in the world [1, 2]. The liquid radioactive waste resulting 
from the production of electric energy by nuclear reactor is treated to reduce its volume in the 
evaporator, generating a concentrate, commonly called evaporator concentrate (EC). One of 
the factors that justifies the importance of carrying out scientific studies with the evaporator 
concentrate is the generated volume, that is high in comparison of the total radioactive waste 
of the CNAAA.

In PWR boric acid is added to the coolant (light water) and is used to control the fission chain 
reaction [3, 4]. Solidification of waste containing boric acid by the use of cement requires a 
pretreatment, since boric acid prevents the hardening of the cement paste [5]. Thus, to obtain 
safe and durable solidified products, the waste coming from the evaporator should be 
neutralized, for example with Ca(OH)2, and then immobilized with cement [6].

The waste product (waste form) should present some properties, so that it can be safely stored 
and disposed. The Brazilian standard that establishes the acceptance criteria for the disposal of 
low- and intermediate-level radioactive waste is the CNEN-NN-6.09. Concerning to leaching,
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this standard sets up that in an accumulated period of 150 days, the leaching rate for the 
dominant radionuclides in the solidified product must be lower than 0.005 cm/day for beta and 
gamma emitters and, when applicable, less than 0.00005 cm/day for alpha emitters [7].

This study aims to evaluate two leach test procedures, in order to compare them, their
difficulties, advantages and disadvantages. Thus, for this comparison, the inactive tracers 
cesium and lead have been chosen. The former has been chosen because it is very soluble and 
therefore difficult to be retained in the waste product when in contact with water, having the 
same behavior of 137Cs, one of the radionuclides in the EC. Even when immobilized, this 
isotope does not produce any less soluble compounds with the constituents of the cement
[8]. Lead was chosen to represent alpha emitters, and it is a heavy metal highly harmful to 
human health.

2. SELECTED LEACHING TESTS

As in the Brazilian waste acceptance criteria the experimental tests to be used have not been 
defined yet, two leaching tests were selected for this research. One was proposed by the 
International Organization for Standardization, ISO 6961 [9], and the other one by the 
American Society for Testing and Materials, ASTM C1308 [10].

The ASTM C1308 was chosen because it is performed in a short time and also because it is 
widely used. The ISO 6961 leach test was selected, in spite of having been withdrawn in 2003, 
because it was used by many researchers, and then it is possible to compare our results with 
previous recorded studies and with this one performed with the ASTM C1308.

2.1. ISO 6961 Leach Test

“This long-term leach test is aimed at the comparison of different kinds or compositions of solidified waste forms, 
the intercomparison between leach test results from different laboratories on one product and the intercomparison 
between leach test results on products from different processes” [9].

The specimen can be prepared either on a laboratory scale or taken from solidified products of 
actual wastes. The cement-waste mixture has to be placed into cylindrical plastic molds and 
the cure must have a duration of 28 days at least. The results obtained by the analytical methods 
shall be expressed for each constituent by a plot of the incremental leaching rates, R„, as a 
function of time, t, of leaching (Equation 1):

R i _ 
n Ao x F x tn

(1)

whereRn = the incremental leaching rate for the i-th constituent (kg.m-2.s-1);an = the radioactivity, per second, or weight in kilograms, of each constituent leached during 
each leaching interval;
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AQ = the specific radioactivity, per second kilogram, or concentration in weight fraction 
initially present in the specimen;F = the exposed surface area of the specimen (m2);tn = the duration of the nth leaching period (s);t = the cumulative leaching time (s);n = the time increment.

2.2. ASTM C1308 Leach Test

This test method is a semi-dynamic leach test in which a cylindrical specimen is immersed in 
a leachant that is completely replaced after specified intervals. The concentration of an element 
of interest in the leachate is measured after each exchange; this is referred to as the incremental 
fraction leached (IFL). The amount accumulated through a particular test duration is referred 
to as the cumulative fraction leached (CFL).

This method is a modification of other semi-dynamic tests such as one proposed by Hespe [11] 
and the ANS 16.1 Leach Test [12].

The incremental fraction of species i leached (IFL) during test interval n is calculated by using 
equation 2:

IFL = ^i- 
AA

(2)

where:an = the quantity of species i measured in the leachate from the nth test interval, and AA = the quantity of species i in the specimen at the beginning of the test.

The cumulative fraction of species i leached through the jth interval (CFLj) is calculated by 
using equation 3:

CFLj = Zan = ZiFLj

n=l

(3)
a i

0
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2.3. Comparison Between the Leach Tests

A comparison between the two leach tests for this research is presented in Table 1.

Table 1: Comparative chart of ISO 6961 x ASTM C1308

ISO 6961
Long-term leach testing of 

solidified radioactive 
waste forms

ASTM C1308
Accelerated Leach Test of 

Solidified Waste

Leachant Deionized water, synthetized 
seawater and typical disposal site 
waters.

Demineralized water, synthetic 
or actual groundwaters, or 
chemical solutions can be used.

Leaching Containers Their material does not react 
with the leachant, leachate, or 
specimen.

Their material does not react 
with the leachant, leachate, or 
specimen.

Shape of specimens Cubic or cylindrical Cylindrical
Specimens diameter-to- 
height ratio (D : H)

D : H @ 1 : 1 1 : 1 < D : H < 1 : 2

Volume of leachant/ 
Exposed surface area of 
specimen (L / SA)

0.1 < L/SA < 0.2 m Not determined.

Total time of the test A minimum of 6 months. 11 days.
Leachant Replacement 
Frequency

1st Week: 1, 2 and 4 days
2nd Week: Replacement 2 x
3rd Week: Replacement 1x
4th Week: Replacement 1x
5th Week: Replacement 1x
6th Week: Replacement 1x
7th Week on: Replacement 
1x/month

1st - 2 h
2nd - 5 h
3rd - 17 h
From the 4th day replacement 
each day until the 11th day.
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3. METHODOLOGY

A methodology for the experimental part is presented in the flowchart of the Fig. 1.

Solution preparation

Neutralization

Tracers

Cementation

Specimens preparation

Figure 1: Flowchart of the experimental part

Leach Tests
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A solution was prepared to simulate the radioactive liquid waste from a PWR treated by 
evaporation, the “evaporator concentrate” (EC), which has 12.3 % by weight of boric acid. In 
Table 2 the other components of the solution are presented. This solution is inactive, that means 
it doesn't contain any radionuclide. In order to avoid the retardation effect caused by boric acid, 
the solution was neutralized with Ca(OH)2, so that the cementation could be possible.

The dry components, clay, cement and active silica were mixed, and added to the solution 
(Table 2). Clay was used as an absorber, since it is able to retain properly the contaminants in 
the solidified waste product, as already verified in several previous tests [5]. With the purpose 
of having products with higher density and mechanical resistance, and consequently long- 
lasting, active silica (10% by weight of the cement) was added, since its very small molecules 
fill the voids in the cement paste [13]. It was also added a chemical additive (plasticizer) to 
reduce the viscosity of the paste and to increase its workability and homogeneity [5]. Finally, 
the tracers, Cs and Pb, were added to the paste, as CsCl, and Pb(NO3)2 salts, respectively, and 
the specimens to be leached were molded. To evaluate the results some blank specimens 
(without tracer) were also prepared. In order to compare the two procedures, cylindrical 
specimens to be leached were prepared in two different sizes, 5 cm x 5 cm and 2.5 cm x 2.5 cm.

Table 2: Materials used to prepare the solution and the paste for 
the specimens to be leached (base 3-L solution)

Step of the experiment Material Amount

Solution

H3BO3 (g) 369.0
MgCl2 (mg) 82.2
Ca(NO3)2 (mg) 1590.8
NaCl (mg) 373.8
S1O2 (mg) 88.6
Al2O3 (mg) 800.0
NaOH (1.023 N) (mL) 39.5
Deionized water (mL) To complete 3 liters

Neutralization Ca(OH)2 (g) 700.0

Cementation

Clay (g) 150.0
CP-ARI Cement (g) 3391.0
Active Silica (g) 339.1
Fluidizer (g) 14.92

Tracers
CsCl 45.0 mg/specimen
Pb(NO3)2 56.0 mg/specimen

For the leach tests, polyethylene flasks were used as containers and deionized water as leachant, 
at room temperature. For the specimens with (5 x 5) cm 1,200 mL of deionized water were 
used and for the ones with (2.5 x 2.5) cm 295 mL (Fig. 2).
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Figure 2: Container with the leachant and the specimen.

For the ASTM C1308 leach tests, the leachant replacements were made, after a period of 2h, 
7h, and 24h, and after that every 24h until to complete a cumulative total time of 11 days. For 
the ISO 6961 leach tests, the replacements were made after 1, 3 and 7 days, following by two 
replacements a week during the second week, and one replacement per week for the third, 
fourth, fifth and sixth weeks, and monthly thereafter.

The leach tests according to the ASTM C1308 are already finished and the ones that follow the 
ISO 6961 procedure are in progress.

As the use of the inductively coupled plasma atomic emission spectroscopy method to 
determine the lead amount in the leachate was not possible, due to its detection limit, 
0.50 mg/L, the mass spectrometry method was used to measure both Cs and Pb in the leachate 
(Fig. 3).

Figure 3: The mass spectrometer
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4. RESULTS

Table 3: Average Incremental Leaching Rate for the 5 x 5 cm specimens (kg.m-2.s-1)

Interval Time (days)
ISO 6961

Cs Pb
1 1 1,12035E-05 < 8,95127E-10
2 2 1,82012E-06 < 4,47564E-10
3 4 9,26283E-07 < 2,23782E-10

Table 4: Average Incremental Leaching Rate for the 2.5x2.5 cm specimens (kg.m-2.s-1)

Interval Time (days)
ASTM C1308

Cs Pb
1 0,083 2,92212E-05 2,10657E-08
2 0,208 1,08970E-05 5,38985E-09
3 0,708 4,96425E-06 < 1,21107E-09
4 1 3,32191E-06 9,45483E-10

5. CONCLUSIONS

The leach standard ISO 6961 is a very well prepared procedure and many experiments were 
carried on in the past following it. Then in spite of it has been withdrawn in 2003, it was used 
in this research for comparison purposes with the results recorded in previous studies and also 
now with the results obtained in our work using the ASTM C1308 standard.

This work aims to compare the ASTM C1308 with the ISO 6961 standard. Through the results 
of all the samples it can be verified if there are differences among them, and the advantages 
and disadvantages of each one. By now the results are not yet sufficient to make this 
comparison.
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