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The radionuclides 54Mn, 60Co, 58Co, 182Ta and 1 3 7Cs, 134Cs

make the essential contribution to the long lived contam-

ination of the components in the primary system.

With the aid of the corrosion mockup loop results and

under the assumption of a surface proportional distri-

bution of the deposited Cs-activity data as given in

1. Introduction

Since 1972 INTERATOM is performing sodium mass and activ-

ity transfer investigations in a SNR-corrosion mockup

loop which allows to study the transport of activated

corrosion products in the primary heat transfer system

of a sodium cooled reactor. The loop simulates the temper-

ature and flow conditions and the materials combination

of the SNR 3OO. The mass transfer examinations were aimed

at the determination of

- the linear corrosion and deposition rates

- the selective corrosion of the alloying elements

the transfer of activated corrosion products.

The results of a number of corrosion runs will be used

in the following contribution to characterize the con-

taminated and corroded surface layers of reactor compo-

nents. The loop reached a total operation time of 123OO h

while the cold trap temperature was changed between 105°C

and 165°C in successive runs ^~1_7-

Table 1 were calculated for the SNR 300 components for

30 years of reactor operation.

Generally it was found that in the long term Co deter-

mines the contamination of the hot leg and of pump rotor

while 54Mn is dominating in the cold leg and in the IHX.

Dose rates of 20 rem/h (55 î j) and 10 rem/h (28 yĵ*> are

expected for the unshielded IHX and pump rotor in 3O cm

distance after 30 years of reactor operation.

Table 1; Contamination of SNR 3OO primary sodium circuit

components after 3O years of reactor operation

nuclide

58Co

corrosion Co

products Mn
182Ta

fission 134Cs

products Cs

total

contamination (mCi/m )

pump rotor

150

27O

37

1O

6

63

536

IHX

12

21

420

1O

6

63

532

hot leg

110

191

37

10

6

63

417

cold leg

6

12

519

10

6

63

617
o
o
4



For any decontamination work it is essential to know if the

existing experience with relatively short time operated

reactor components is applicable for longer times.

The following mass transfer results will help to character-

ize the contaminated layers of the components.

3. Transfer of 58Co, 60Co

Cobalt contaminates the components in the hot leg by an

isotopic exchange or diffusion into the material. Because

of this diffusion controlled Co-transfer the highest con-

tamination rates could be observed at positions with flow

disturbances or higher flow velocities and at higher tem-

peratures. Furthermore positions with the greatest weight

loss rate showed the maximum Co-contamination rate. Up

to now profiles for the diffusion of Co and Co into

the material have not yet been determined. In order to

describe the time dependence of this process we should

consider that Co, Cr, Nl, Mn and Fe have about the same

value for the diffusion coefficient in oC-Iron and jf-iron,

respectively. Therefore the selective enrichment with Co

should follow similar rules as they are valid for the

selective leaching of these elements in stainless steels

during sodium corrosion. This means that the depth with

an Co enrichment is about identical to the depth with

depletion of alloying elements.

Numerous post corrosion results are reported in the

literature which show that the depth with effects of

selective leaching is about the same for all these elements

Co f2_7 .Including 54Mn, 60Co and 5 8

The x-ray microprobe scans for manganese are uBed to

determine the depth of selective corrosion. The comparison

of the diffusion profile of a long time corrosion sample,

12300 hrs, and a sample which was inserted for only 3OOO hrs 48

show the same depth with selective leaching of 5 - 10yum

for the average or maximum value, respectively.

These samples were taken from the same material 1.4948

(AISI 304 type ss) and were exposed at 593°C, 0.4 m/sec

while the maximum temperature was 596°C and the cold

trap temperature was 105°C during the 3OOO hrs. The sample

with 123OO hrs was additionally exposed at the same posi-

tion in earlier runs for 9300 hrs with different cold trap

temperatures up to 165°C.

This time independent value of 5 - 10 /um seems to be an

equilibrium value as it could be expected for constant

corrosion conditions ^~3, 4_7« If it is applied to the

Co-diffusion, this means that the 58Co and 6°Co diffusion

into the material is limited to constant depth, which was

about 5/im In the special case and would be smaller at

55O°C which is the design sodium temperature for the hot

leg.

4. Transfer of 54Mn

The manganese contamination is strongly related to the

formation of deposition layers in the cooler parts of the

heat transfer system. At positions with a high turbulence

and relative low temperatures the maxima for the deposition

rate and contamination rate coincide.

It was further found that the compounds (_ 5_7 of the

deposits were enriched with manganese and showed after

12300 hrs at 38O°C no diffusion exchange with the substrate

material in a depth smaller than 1 f>m, i.e. smaller than

the detection limit of the taper section microprobe ana-

lysis. Therefore the knowledge of the behaviour of depo-



sition layers can be used to characterize the behavior

of Mn and to extrapolate short term data.

The experiments with the SNR-corrosion mockup loop have

shown that the deposition rate is nearly constant over

the time and shows a small dependency on the cold trap

temperature in the range between 105°C and 165°C. As an

example Fig. 2 shows the average of the deposition rate at

3 positions in the cooling section of the heat exchange

(417°C - 385°C, 2.5 m/sec).

Newly inserted samples showed the same deposition rates

as the samples which were precorroded for 9300 hrs. There-

fore it is assumed that the deposition rate of Mn in the

IHX of the SNR 300 will range between 0.1 and 0.3 mg/cm

per month depending solely on the cold trap temperature.

Any exfoliation of the deposits could not be observed

on the isothermal corrosion specimens.

With regard to decontamination this means that Mn is

fixed on a carbide, oxide or metallic deposition layer

increasing with time. Because of the relative short decay

time of Mn, it could be possible that after long term

operation the surface layer of deposits is contaminated

to a greater extent with Mn.

S. Conclusions

From the results of the SNR corrosion loop experiments

it can be expected that the surface contamination by long

lived ^-activity is mainly caused by Co in the hot parts

and 54Mn in the cooler parts of the primary circuit.

The comparison with the selective leaching of the alloying

elements of 1.4948 (AISI 3O4 type ss) has shown that the

thickness with an inward diffusion of Co will reach an

equilibrium value smaller than 5 - 1O «m (593°C) after

a time of 3000 hrs.

Mn will be enriched in the deposits of the cold leg

without any diffusion exchange into the substrate material.

The deposition rate is nearly time independent and will

have a value of 0.1 to O.3 mg/cm per month for the cooler

part of the IHX at cold trap temperatures between 105 -

165°C, respectively.
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Figure 1i
Electron microprobe

line scan of K •* Mn across

metallografic cross section

of AISI 304 type as (1.4948)

specimen after sodium expo-

sure (3OOO hrs and 123OO hrs

at 592°C, O.4 m/sec)
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Figure 2:

Deposition rate in the IHX

of the SNR corrosion mockup

loop at 417 - 385°C, 2.6 m/sec

on AISI 3O4 ss (1.4948) over

the total corrosion time of

successive runs with differ-

ent cold trap temperatures

SHORT REVIEW OF
SODIUM REMOVAL EXPERIENCE
IN PNC
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1. Introduction

Since the establishment of the Power Reactor and Nuclear Fuel

Development Corporation (PNC), various research v/ork and development

hav'e been carried out for the development of sodium cooled fast breeder

reactors. Most of the works, especially those related to large scale

facilities are done at the O-arai Engineering Center (OEC) of the PNC.

"Sodium Removal" from components or assemblies has been an area

with much concern from the beginning of these works. Among the

conventional methods, removal by steam, water, alcohol and vacuumiza-

tion at high temperatures have been done.

In "Joyo", the experimental fast breeder reactor which reached

initial criticality on April, 1977, sodium removal from the grapples of

the fuel handling facility and the fuel assemblies which come out of

the reactor are done as routine work during refueling. Furthermore,

when maintenance works for components, such as mechanical sodium pumps for

the core cooling system, are done, sodium removal will be done in

an exclusive maintenance building.
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