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The SNK - corrosion and deposition experiments in a raockup-loop

Summary

The SNR corrosion mockup loop, simulating the SNR primary

system is described. The influence of hydraulic conditions

and temperature on the deposition behaviour is studied.

f -spectroscopy measurements at the pipe-work and removable

samples allowed to determine the distribution of radioactive

corrosion products in the loop and by-pass system.

The release rate of Mn 54 could be reduced by a factor of 3

by decreasing the cold trap temperature from 165°C to 105°C

while the Co 60 release rate could be reduced by a factor

of 14,respectively.

High temperature loop sections (873 K) representing 13 % of

the loop surface absorbed 50 - 60 % of the released Co 60 and

only 8 - 18 % of the Mn 54. The cold trap absorbed not more

than 1 % of the Co 60 and 10 % of the Mn 54 inventory.

Introduction

The corrosion and deposition process in a sodium reactor

system is influenced by many various parameters like the

temperature, the sodium flow conditions, the sodium purity,

the geometry of the system etc. Because it was impossible

to give in the next future a corrosion formula which re-

presents the combined effect of these pai-ameters on the

corrosion process in sodium, Interatom decided in 1969 to

build a parameter-accumulating sodium facility as a mockup

of the SNR 300 in which the corrosion phenomena of the

primary system of the SNR 300 could be studied /~~1_7.

In this facility the main corrosion parameters should be

kept similar to those of the primary system of the SNR 300.

The corrosion results of the experiments in this mockup

facility should be transferable to the reactor system

without the knowledge of the quantitative rules of the

corrosion processes.

2. Description of the experimental facility

2.1 The pipe system
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The mockup loop should simulate the main temperature sections

and components of the primary system of Si«E 300. For this

reason the primary system was divided into the following sections.

heating zone:

hot isothermal zone:

active core zone

upper blanket

upper plenum

hot pipes and pump

sodium inlet IHX

- Position named CA

11 OB

" OP

" HR

" OZ

cooling zone:

cold isothermal zone:

- By-pass zones:

IHX - Position named X

cold pipes

lower plenum

lower blanket -

radial blanket

" KR
11 UP

" UB

not simulated

cleaning system, cold trap

The design of the mockup loop was based on the SMR-300 data

under normal operating conditions. The following parameters

were kept identical to SNR 300 and are listed in the order

of their significance:

a) the temperature, the materials, the ratio of surface to

volume and the sodium velocity,

b) the sodium residence time in the four temperature regions

consisting of the heating and cooling sections and the

hot and cold isothermal sections. By realizing this

concept the heat fluxes were also identical to the normal

reactor operating conditions. Other important secondary

parameters lik" the laminar diffusion layers are similar

to the reactor too. Table 1 to 3 give the main data of the

mockup loop and a comparison with the SHR 300 primary

system.

The mockup sodium on the primary side of the heat exchanger
is heated up by the secondary sodium which is in turn heated by gas.



Figure 1 Flow scheme of the SNR corosion mockup

loop with indication of the specimen positions

CCA 1 to UP it)

600°C 380° c

This heat exchanger, which represents the heating section of

the mockup loop is constructed with three concentric pipes.(fig.2)

In the inner pipe which is a original SNR-300 fuel cladding

pipe with 6 mm OD flows one third of the flow of the hot

secondary sodium. In the annular gap between the inner tube

Tahle 1: The main parameters of the sections

in the SNR-mock-up loop

500°C XS t35°C

LOOP St'f riON

ACTIVE CORE
UP BLANKET
HOT PLENUM
HOT LEG
IHX INLET

IHX
COLD LEG
COLD PLENUM

LOW BLANKET

TEMP
I°C1

380-60C
600
600
600

600-380

380
380
380

380

PARAMETERS IDENTICAL WITH SNR

LENGTH
-ENGTH

LENGTH

VELOC
VELOC

VELOC
VELOC.

VELOC
VELOC
VELOC.

VELOC

VOL /SURR
VOL/SURF

VOL 'S^F.

VOL./SURF

RES TIME
RESJIME
RES TIME

RES. TIME
HOT LEG
RES. TIME

RES. TIME
COLD LEG

Figure 2

•*• Position of the activated source (CA 8)

* Position with continuous r-scanning measurement

o Position with »'-scanning measurement before and
after an experiment.

The core mockup loop section with the high

heat flux heat exchanger (Pos. CA)

ALL COMPONENTS WITH ORIGINAL MATERIALS

Table 2: Technical data of the SNR-mock-up loop sections

A-B

LOOP SECTION

ACTIVE CORE
UPPER BLANKET
HOT PLENUM
ISOTH. HOT LEG
IHX INLET
IHX
COLD LEG
COLD PLENUM
LOW. BLANKET

CA
OB
OP
HR
02
X

KR
JP
JB

TEMP
l°C]

380-600
600
600
600
600

600-380
380
380
380

VELOC
Im/s]

5.25
4,56
0.07
4.92
0,39
2,65
5,82
0.38
4.21

PIPE
Imm]

60-14JQ
13.6

107.1
13.6
45,8
18.0
12.4
45.8
13.6

LENGT1-
Im]

1
1
1
2
3

10
2

20
0.8

MATERIAL
lDIN-No.1

14981
14981
14948
1.4948
1.4948
1.4948
1.4948
1.4948
14981

Table 3: Comparison of the laminar diffusion layer thickness [ pn

in the SNR and the mock-up loop

LOOP SECTION

ACTIVE CORE
UP BLANKET
HOT PLENUM
HOT LEG

IHX INLET
IHX

COLD LEG
OJLD PLENUM
LOW BLANKET

SNR 300

70 - 5.3

5.3
-

10.7

-

120 - V..7

11.1

-

7.0

MOCKUP- LOOP

7.2 - 5.5

6.6
-

6.2
-

11.1 - 14.5

6.7
-

9.0



2.3

and a second 14 nun ID tube there f lovis the mockup sodium

heated up with a heat flux of 250 W/cm2. The second pipe

is heated up on the outer side by the rest of the hot

secondary sodium flowing in an outer tube with 21 mm ID .

With a velocity of 4.5 m/sec, a length of only 1 meter,

a surface of nearly 3 fuel rods and an axial temperature

gradient of 220 °C the power of the core section is similar

to the power of three fuel rods under normal conditions.

The hot isothermal regions are simulated by different pipes

with varying diameters and a total length of ca. 7 meters.

The sodium velocity changes from 0.07 m/sec to 5 m/sec.

The cooling section representing the intermediate heat

exchanger of the primary system consists of a tube-in-tube

type sodium heat exchanger of a length of 10 meters.

Contrary ô the SNR 300 the test sodium is flowing on the inner

side of the pipe, the 1KX of the 3NR has primary soaium flow-

ing around The tube bundle.

The cold isothermal pipes have a total length of nearly

20 meters, including the electromagnetic pump. The sodium

velocity changes from 6 m/sec to 0.4 m/sec.

The cleaning system, constructed as a by-pass over the pump

consists of a cold trap with an external heat exchanger, and the

plugging raster. 5 to 10 % of the main flow pass through

the cleaning system.

A further discontinuous by-pass exists for the two out-

line distillation devices in the hot and cold loop sections.

The samples

In the greater part of the main loop there are ca. 120

removable samples uniformely distributed and with the same

material composition as the surrounding pipes. (The composition
of the samples is listed in table 4.) The samples are

suspended with small wires on spacer grips, which themselves

are welded together by a 3 mm o.D. welding wire of an

Table 4: Composition cf the SNR-rr.ock-up loop samples 65
Mat.Nf.

U90I
14913
14300

C

0.054
0.042
0.064

N

QOI
ü','2
0.05

Cr

16.3

17.7

18.8

Ni

16.2

11.3

8.5

Mo

1.7
0.5
0.2

Mn

1.0
18
1.1

Si

04
0.5
04

Nb

0.74

0,01

001

Ti

001
0.01

0.01

Co

004
024
0.11

Tabjl_e_5_: Programme of the first 6 experiments in the

SNE corrosion mock-up loop

RUN

No

1
2
3
4
5
6

'max

I°C]

600
600
600
600
600
600

OXYGEN
ALKALITY

IPPMl

2,9
9.1
8,3
A.7
8,1

-4

C.TRAP
TEMP

[°C]

117
165
167
105
164
105

TIME

Ih]

508
1395
U74,
2952
3480

in prep

RAD. ACT.
SOURCE

—

Mn5' Cobu

Mn5i Co60

Mn5* Co60

CsW

18.8 CrHi Material. The pump and some pipe bends for

temperature elongation in the colder part of the loop have

no samples.

In the core section, CA, the samples are directly fixed

with small wires which are spot welded on the inner tube

of the heat exchanger (Figure 3). After a test run this

heat exchanger is removed and replaced by a nev; one while

the samples are removed in the laboratory. The other samples

in the loop are removed at four flanges. The sample holders

are drawn into argon filled foil bags and transported into

the laboratories.

2.3 The active source

On the hot end of the annular gap of the core mockup there

are installed one or four activated specimen of the

Material 1.4981 with the dimensions 3 x 0.3 x 10 or

3 x 0.2 x 50 mm (see item CA-8 in figure 1). In the same

way as for the other samples, the activated samples are

fixed with spot welded wires on the inner tube of the core

mockup as shown in figure 3.

On the outside of the thermal isolation of the core section

there is installed a Pb-shielding with a thickness of some

centimeters.



3. The activity measurements

Contamination of the not activated samples of the

mockup loop by deposition of isotopes therein are measured

by •£' -spectroscopy with a NaJ-detector in a calibrated device

outside the loop before and after an experiment. Resulting from

the decay time of the irradiated

samples before their installation into the mockup loop,

there could be only measured the activity changes of the

isotopes Co60 and Mn54; other isotopes like Fe59 and Co58

could not be determined neither with the NaJ detector nor

with a GeLi detector. During the test runs at 9 positions

of the loop including the cold trap the activity in the

pipes was measured periodically three times a week with

an air cooled NaJ detector installed in a distance of 60 mm
*

from the pipes. At 5 additional positions the pipes were only

y-scanned before and after a test run.

Figure 3: Corosion sample in the core mockup

test section (cm-scale)

4. The test programme

The SNR corrosion mockup loop was planned to receive results

about all the different mass transfer effects which should

be directly transferable to the SNR primary system.

The priorities in the test programme varied with time as

the inspection and repair philosophy of the primary loop

system became more and more important- Secause of the safety yy

requirements and on the other side, because the high temperature

design guide lines demanded more and more to take into considera-

tion the alternating operational conditions during the reactor

history long-time structural changes due to sodium corrosion

became of increasing interest.

The experiments in the mockup loop should give results to

the following points:

- Influence of the sodium quality on the activity and mass

transfer.

- Transport of the interstitial elements in the structural

and cladding materials.

- Structural changes due to metal loss and deposition.

- Influence of the heat flux on the activity and mass

transfer.

Table 5 gives the main data of the first six test runs.

All these experiments are operated with a maximum sodium

temperature of 600 °C.

- Run 1 was the first longtime function test of the loop

with a duration time of 508 h.

- During run 2 there was installed an irradiated sample

which allowed to measure the Mn54 and Co60 transport and

release in sodium with about 8 ppm oxygen impurity.

- During run 3 the further distribution of the released

activity of run 2 was measured while the active source

was removed the oxygen content remained constant at 8 ppm.

- During run 4 there were installed 4 irradiated samples

with Mn54 and Co60; the cold trap temperature was kept

as low as possible to study the influence of the sodium

purity on corrosion and mass transfer.

Run 5 followed immediately after run 4 without inter-

ruption only by raising the cold trap temperature on the

same level as for run 2 and 3.



- During run 6 which is in operation nov; the distribution

of the released activity of the previous runs would be

studied. Additionally a small amount of Csl37 would be

released during this run. As in run 4 the cold trap

temperature would be as low as possible.

5. Hain results

The main results of the SNR corrosion mockup tests are:

The composition of the deposits depends on the temperature

of the deposition region.

The crossing point of weight loss and weight gain is

situated at the beginning of the intermediate heat exchanger.

The amount of deposits in the active core region is

negligibly small.

A significant metal loss could only be observed if the

temperature rose above 500°C. Between 500°C and 600°C

the corrosion rate increased by an order of magnitude.

The heat flux seems to affect the corrosion rate. The

maximum corrosion rate with 3 urn/year was shown by the
2

specimen with a heat flux of ca. 250 W/cm during run 4

and 5, which is twice that of the samples without heat

flux.

The weight change of the samples gave no information about

the contamination with Co6° and Mn54.

Mn 54 was nearly uniformly distributed over the loop. The

contamination rate of Mn 54 is increased by a factor of 5 to

10 by decreasing the temperature from 600°C to 380°C. In high

temperature regions with high velocities the contamination

rate of Mn 54 was a factor of about 5 smaller than in regions

with slow velocities (results at 4 - 5 ppm 0).

The Co 60 contamination at 600°C and high velocities was

10 times higher than at 380°C with similar velocities and

decreased with decreasing sodium velocity (and the downstream-

length).

The cold trap is no preferential deposition region for Mn 54 R7

and Co 60. The contamination rate of Mn 54 in the cold trap

is of the same order of magnitude as in loop sections at 380°C.

The selective leaching of Mn 54 and Co 60 depends on oxygen

content of sodium in the region betv-"=.n 4 and 8 ppm 0.

The deposition rate of Mn 54 and Co 60 was constant with

time.
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Part II

Effect of oxygen content in sodium on the

corrosion rate and corrosion product release

1. Introduction

There are two methods to determine the total amount of the

deposited corrosion products in a heat transfer system:

a) The determination of the total weight loss including
bulk and selective corrosion. Doing so, one can use

the numerous results about the metal loss in sodium

loops, but there exist only a few data in the literature

about the selective leaching of special interesting isotopes.

b) A second method could be the determination of the weight

gain rates or the contamination rates of special isotopes

in the loop sections.

In both cases one needs a mass balance of the total loop

system.

Both methods were used in the SNR mockup experiments in order

to determine selective corrosion effects.



2. Influence of oxygen content on the metal loss

During the symposium on alkali metals in Vienna 1967 some

authors reported that the corrosion rate of the iron base

alloys is almost linearly dependent on the oxygen content

in sodium. But it should be pointed out that these results

were found in experiments with oxygen concentrations in

sodium greater than 10 ppm and the linear relationship was

not checked at oxygen levels near 1 ppm. In order to check

the oxygen dependency of the corrosion rate near the 1 ppm

level Interatom and the Metaal Instituut TMO (NL) cooperated

in conducting the following experiments in the nonisothermal

corrosion loop l_ 2_7 of TNO: In the first experiment with

a duration time of 3000 hours and a maximum temperature of

700 °C the cold trap temperature was hold constant at 110°C

in order to have an oxygen content as low as possible i. e.

1 - 2 ppm, analysed by inline-distillation. In the next expe-

riment the cold trap temperature was raised to 180°C while

the other loop conditions were the same as in the first test.

In this second experiment the analysed oxygen content remained

under the expected value of 10 ppm so that the corresponding

amount of Na20- was added to the sodium. The change of the

corrosion potential in the two experiments was determined

with the aid of the corrosion rates of 6 identical specimen

which were already precorroded for 4000 hours and then exposed

in the two runs at the same position with a temperature of

700°C. The corrosion results of these specimen with the mate-

rial numbers 1.4970, 1.4981 and 1.4988 showed the following

values:
2

in the first run (1-2 ppm) 5.3, 5.6 and 5.5 mg/cm .year
o

in the second run (10 ppm) 4.8, 5.1 and 4.7 mg/cm .year

With respect to the corrosion temperature these corrosion

rates were very small in fact but they did not show any

dependency on the oxygen content in sodium. This was a sur-

prising result and it could have been possible that the un-

foreseen addition of the Na,02 had only influenced the oxygen

content but not the oxygen activity in the sodium. Therefore

it was decided to repeat the experiments in the SNR mockup

loop by a. double test run with activated material at two oxy-

gen levels, which should be regulated with the cold trap tempe-

rature. The corrosion process was observed during operation with

the ^-scanning measurements outside of the pipework. The tran-

sition from the first part of the double test run with low oxy-

gen to the second part with the higher oxygen content was done

without any further modifications of the loop. Furthermore the

weight changes and the distributed amount of activated corro-

sion products were compared with the results of other single

test runs in the loop at high and low oxygen levels.

Table 1: Comparison of the corrosion rates at the position

of the active source in the mock-up run 2 to 5

RUN
NO.

2

3

4/5

(5)

14)

SPEC
FEMP
[°CJ

585

587

585

585

585

CORR.
RATE

[pm/aj

3.6

4.8

2.5

-3.6

-1.5

m OXYC
ALCAL.
Ippm]

9.1

8,3

(6.5)

8.1

4.7

EN CONTENT
C.TTEMP

tppm]

5.2

5.5

(2.4)

5.0

0.7

SPECIMEN
NO.

1200

333

1201

BASED ON RUN 2

3FFERENCE TO RUNS

TIME

M

1395

1477

6432

3480

2952

Table 2: Data of the active source specimen exposed in

the mock-up run 2 and 4/5

SAMPLE

1200

1201

1202

1213

1215

RUN
NO.

2

4/5

4 /5

4/5

4/5

ACTIV
PER 11
MN«
[mCiJ

1.74

1.26

1.66

0.31

0.27

ITY
-6-72
CO 60

[net]

2.19

1,56

1.90

0.52

0.44

WEIGHT
BEFORE

CORR.
Ig)

0,089784

0.061861

0.089564

0.160366

0.135170

WEIGHT
CHANGE

Igl

0.000420

0.001052

Q001061

0.003835

0.003849

DIMENSION
GEOMETRY

[mmj

13,3x3x0.287

13,3x3x0.198

13.3x3x0,286

60x3x0,113

60x3x0,095



3.

Until now the test runs with higher oxygen levels (run 2

9 ppm, run 3 8.3 ppm) and the double test (run 4/5 with

4.7 and 8.1 ppm oxygen) are completed. Table 1 shows the

main data of these test runs and a comparison of the corrosion

rates of the last position of the heating section with a heat

flux of 250 W/cm and a temperature of 585 °C. (This is the

position with,the activated samples -1200 and 1201-).

The samples themselves had no heat flux over the thickness.

Referring to the above results it can be concluded that the

corrosion weight loss is dependent on the oxygen content at

oxygen levels between 4 and 9 ppm. These oxygen levels were

determined from the alkalinity of the distillation residue;

based on the cold trap temperature and the solubility curve

of Nodens review A~4_7 the oxygen levels should be 0.7 and

5.2 ppm respectively.

With the oxygen meter, installed during operation of run 5

it could be shown that the oxygen activity corresponded

more to the cold trap temperature than the outline distilla-

tion results. The contrast between the findings in the

mockup experiment and the former experiment in the TNO

corrosion loop can perhaps be explained by one of the

following differences between both experiments:

a) the method for the adjustment of the oxygen content in

sodium

b) the different specimen temperature

c) the downstream position of the samples in the TNO-loop

(L/d = 1280 downstream the main heater or 1/d = 130 down-

stream a low heat flux heater with a temperature difference

of only 10 °C).

Influence of oxygen content on the selective leaching of HnS4^

Besides the weight change measurements the Y-scanning

measurements outside of the pipework allowed to determine

the selective corrosion of special isotopes.

Although these activity measuring points could not be in-

stalled at all loop sections it was possible to balance over

the total loop and to estimate the ratio of the release rates

of Mn54 or Co60 for constant operation intervals. The ratio

of the release rates of Mn54 in the previous mentioned run 4

to run 5 is shown in table 3 and compared with the ratio of

the oxygen content in these test runs. It was found that the

release rate of Mn54 was not influenced by raising the cold

trap temperature from 105 °C to 170 °C.

With the aid of the spectroscopy measurements on the removable

samples and on the pipework of the by-pass of the

cleaning system and the cold trap it was possible to carry

out a more detailed mass balance and to compare the released

amount of Mn54 during run 2 (9 ppm oxygen) with the results

of the double run 4/5 ( 5-8 ppm). For this comparison, which

is shown in table 4 the results of run 4/5 were normalized

on the available activity inventory per corrosion depth of

run 2.

Now, the comparison of run 2 with the combined run 4/5

which itself showed no influence of oxygen shows that the

release rates of Mn54 of run 2 are a factor of 4 greater

than in run 4 or 5. With the results of table 3 and 4 it is

possible to calculate the release or contamination rates

of run 4 and 5 (each normalized on run 2):

- Mn54 release rate during run 4: 3.7 uCi/mon

- Mn54 release rate during run 5: 3.7 jjCi/mon

- Mn54 release rate during run 2: 11.3 pCi/mon

(These values are corrected for decay and are valid for

the date ll-s-72.)

4. Influence of oxygen content on the selective leaching of Co60

The selective leaching of Co60 was determined with the same

method as for Mn54.

The spectroscopy measurements on the pipework during the

runs 4/5 showed a ratio of 1.4 for the release rates in run 2

(high oxygen) compared with run 4 (low oxygen) (table 5), this

means that the release rate was proportional to the oxygen

content with exponent 0.63.

69



Table 3: Ratio of the Mn 54 release rate during run 5 and
run'4 determined from the continuous y-scanning
measurements at the pipework

RUN
NO.

5/4

RATIO OXY
ALKALINITY

1.7

GEN CONTENT
C.T. TEMP.

7.1

RATIO CORROSION
OF Mn 54

1.0

Table 4: The 'Mn 54 release rates during run 2 and run 4/5
normalized on the activity inventory of the source
in run 2

RUN
NO.

2

4/5

DETECTED
AMOUNT Mn 54

6.0

1.5

mon^7

11.3

3 . 7

RATIO RUN 2/(4/5)
DETECTED Mn 54

+

h n

+ +

0 -1

OXYG. CONTENT
(ALKALINITY)

1 Ü

+ without by-pass system ++ with by-pass system

Table 5: Ratio of the Co 60 release rate during run 5 and
run 4 determined from the continuous y-scanning
measurements at the pipework

RUN
NO.

5/4

RATIO OXY
ALKALINITY

1.7

GEN CONTENT
C.T. TEMP.

7.1

RATIO CORROSION
OF Co 60

1.4

Table 1: The Co 60 release rates during run 2 and 4/5
normalized on the activity inventory of the source
in run 2

RUN
NO.

2

4/5

DETECTED
AMOUNT Co 60
ZTvCi/monl?

2.5

0.22

3.1

0.27

DETECTE

11.4

RATIO RUN
D Co 60

11.5

2/(4/5)
OXYG. CONTENT
(ALKALINITY)

1.4

The total amount of Co60 determined by r-spectroscopy on the

removed samples and t-scannings at the pipework after the

experiment showed a much stronger oxygen dependency resul-

ting from run 2 and 4/5. These results, given in table 6 are

of course referred to the available activity inventory per

corrosion depth of run 2.

5. Comparison of the selective corrosion of Co60 and MnS4 with

the metal loss

It is possible to investigate the selective corrosion of

special isotopes by chemical milling of the samples and

analysing the solutions of small layers removed from the

sample. At this time, this method was not yet used for the

mockup samples because of the difficulties with the handling

of radioactive materials. Therefore the described balance

of the detected amount of Mn54 and Co60 was the basis for

the determination of the selective corrosion.

In table 2 the irradiated samples of run 2 and 4/5 are

described. The samples 1200, 12ol and 1202 with a thickness

of 0.2 to 0.3 mm were machined from irradiated flat speci-

mens of 0.5 mm thickness.

Table 7: Comparison of the amount of Mn 54 activity

determined from the weight loss and determined

from the deposition rates in the loop

70

+ without by-pass system ++ with by-pass system

RUN
NO.

2

4/5

4/5

4/5

4/5

SAMPLE

1200

1201

1202

1213

1215

ACTIV
FROM WEIGHT

LOSS
ZImCiJ/

0.00814

0.0214

0.0197

0.0074

0.0077

0.0562

ITY
DETECTED
IN LOOP
/~mCiJ7+

0.0219

0.0966

RATIO
ACTIVITY
DETECTED/
EXPECTED

2.7

1.7

with by-pass system



Table 8:

Comparison of the amount of Co 60 activity

determined from the weight loss and determined

from the deposition rates in the Ipop

RUN
NO.

2

4/5

4/5

4/5

4/5

SAMPLE

1200

1201

1202

1213

1215

ACTI
FROM WEIGHT

LOSS
/TmCi_7

0.0102

0.0265

0.0225

0.0124

0.0125.

0.0739

VITY
DETECTED
IN LOOP
/ mCi!/ +

0.0060

0.0078

RATIO
ACTIVITY
DETECTED/
EXPECTED

O.o

0.1

Table 9: Tabular summary of the selective corrosion rates of Mn 54 and 11

Co 60 in the 3NR corrosion mock-up experiments

RUN
NO.

2

4

5

4/5

P.ES.WEK

Mn 54

0.00814

0.0165

0.0397

0.0562

ACTIVITY
3HT LOSS

Co 60

0.0102

0.0217

0.0522

0.0739

1 mCilV
DETECTED

Mn 54

0.0219

0.0483

0.0483

0.0966

IN LOOP

Co 60

0.0060

0.0032

0.0046

0.0078

RAT
CORR.
RATE

1.0

2.4

-

-

10 RUN 5/1
DEPOSIT.
RATE
Mn 54

0.3 +

1.0

-

-

*UN n
DEPOSIT.
RATE
Co 60

0.07 +

1.4

-

-

RATIO AC-
DETECTED

Mn 54

2.7

2.9

1.2

1.7

riVITIES
EXPECTED

Co 60

0.6

0.15

0.09

0.1

with by-pass system including by-pass system, normalized on the activity inventory of run 2

The samples 1213 and 1215 were prepared from fuel cladding

pipes with an original wall thickness of 0.38 mm and then

irradiated. The material 1.4981 was selected for these

samples because this material was the reference material

of the SNR 300 fuel cladding tubes. The samples were always

installed at the same position of the core mockup i.e. they

had all the same average temperature of 585 °C.

The activity inventory of the samples was measured with the

same device for y-spectroscopy as it was used for the corroded

samples.
The results listed in table 7 show that in run 2 the detected

amount of Mn54 was 2.7 times higher than the value determined

from the metal loss of the active source; after run 4/5 this

factor was in contrast 1.7.

Table 9 gives further details about the selective

corrosion in run 4 and 5. The values in this table are

calculated from the results of table 1 to 8. It was found

that the Mn54 was leached by the factor 2.9 during the

run 4 with the low oxygen level and that during the run 5

only a small amount of Mn54 was further leached out so

that this factor reached only the value 1-2 .

The Co60 which was already retained by a factor of 0.6

during the run 2 (table 8) was further retained by an order of

magnitude during the run 4/5. As listed in table 9 additional

calculations shewed that this factor had reached a value of

0.09 and 0.1 in run 4 and run 5 respectively.

6. Conclusion

Compared with the corrosion results of run 2 and 3 the run 4/5

confirmed that the bulk corrosion rate is decreased if the

cold trap temperature is lowered from 160°C to 105°C.

Calculations made under neglecting any time dependence of

the corrosion rate showed that the reduction factor has a

value of 2.4. Balances calculated with the deposition rates in



the loop showed.that the release rate could be reduced by

e. factor of
3. 7 - 0 .33 for Mn54 and 0 .27 = 0.09 for Co60~A~A o — w « o o j. wi. t a i\j -r ui iij Q "1

by reducing the cold trap temperature from 160°C to 105°C.

If the cold trap temperature is raised after a period of

a few thousand hours the release rate of Mn54 and Co60

are not increased in the same manner as in the experiments

with the transition from high to low cold trap temperature.
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Part III

Mißration of radioactive deposits in a contaminated

sodium loop without an activated source

1. Introduction

It is possible that in the loop experiments with only a

few thousand hours duration time the deposition process

has not reached a steady state e.g. Claxton / 1 / has

found in his experiments, that there developed some

deposition peaks along a test section with constant

geometry which moved with time downstream in this test

section. From a theoretically point of view it can be

possible that in the neighbourhood downstream of the

active source there will be a fast isotopic exchange

with the loop material which does not correspond to the

steady state condition. In order to study similar phe-

nomena in the SNR-300 mockup loop, the active source

was removed during run 3 (8 ppm 0), while the other con-

ditions remained the same as during run 2.

2. Experiment

During run 2 about 13 jaCi Co60 and 5 pCi Mn54 were deposited

in the main loop (without the deposits in the by-pass pipe

work which was not measured by jr-spectroscopy at this time.

Before run 3 only a part of the samples has been replaced

by new ones while the core mockup has been renewed. The mi-

gration of the deposits of Mn54 and Co60 during run 3 has

been determined by the results of the f-scanning at the pipe-

work and of the samples after the experiment. The sodium con-

ditions were the same as in rim 2.

3. Migration of Co60 and Mn54

Figure 1 and 2 show the results of the jf-scannings at the

pipework over the time of run 2 and 3 for the isotopes Co60

and Mn54 respectively.

These results corrected for decay are given for the hot and

cold end of the IHX, for an isothermal position at 380 °C

and for the cold trap. While the activity increased during

run 2 its level is nearly constant during run 3.

An examination of the -^-scanning spectrum revealed that

the scatterband of the values was not caused by the migration

of peaks along the pipes but by an unfavourable peak to

background ratio. At positions with a good peak to back-

ground value it was found that with the exception of the

beginning of run 2 the contamination increased linearly

with time (standard error of the Mn54measuremertsat 653 K _+ 3.7 %,

at 676 K _+ 5.3 % and for Co60 in the cold trap _+ 10 %).



The migration in the loop, observed with the -y-scanning

measurements of the samples was greater than the value

obtained with the measurements at the pipework during

run 3. In contrast to the y-scannings during operation, the

measurements of the samples are additionally influenced by

the unsteady loop conditions at the beginning of the experi-

ment and by the removing procedure. At some positions the

contamination has been changed by one third of the value

reached in run 2.

With the aid of the contamination rates of the samples it

was possible to calculate ai activity balance over the loop.

In these calculations it was assumed that in the cold iso-

thermal positions without samples the contamination rate

was about the same as in the last position at 380 °C with

low sodium velocity.

By comparing the results with those of run 2 it was possible

to calculate the contamination changes of each loop section

during run 3. The results are given in table 1.

POS. X1
T 852°K

POS. X11
T 676°K °t

im
POS. KR 3
T 653°K

•z.
O c

»*

8 S] C. TRAP
% Jr<453°K

20 /.O 60 80 100 120
TIME [days]

POS X1
T 852°K

POS X11
T 676°K

POS KR3
T 653°K

C. TRAP
T<453°K

20 40 60 80 100 120
TIME [days]

RUN 2 RUN 3
Mn 54 contamination

RUN 2 RUN 3

Co 60 contamination

measured during run 2 and 3 at representative loop positions

Fig. 1 Fig. 2

Table 1 Co60 and Hn54 migration during run 3 73

POSITION

CA
OB
OP
HR
OZ
X

KR
UP
REST
C.TRAP

QFFERENCE

N
ABSOLUTE
IpCil

»0.01
+ 0.01
-0.44
-0.19
-0.92
-0.92
-0.15
-0.09
+ 0.64
+ 045

-1.6

In"
RFL.TORUN2

[%l
—

»1456
- 31.9
- 51.5
- 407
- 294
- 156
- 195
+ 20.8
» 300

-1 6 - 17 7 T -
13.13 -12'2 /0

C
ABSOLUTE

IpCi]

+ 018
+ 012
-006
»018
-003
+ 0.14
-004
+ 0002
-077
-0002

050

RELTORUN 2
t%]

_
+ 29 3
- 4.2
+ 37.3
- 5.6
+ 21 2
- 44 6
+ 1.5
-65.5
- 84

-°27- t-q o .
492 ="55 /0

3. l Migration of HnSU

During run 3 the contamination increased in the following

sections:

- Core mockup (CA):

- Upper blanket (OB):

This test section was renewed.

About 1 % of the available activity

inventory was absorbed in this section.

The contamination of the samples

slightly increased

The results lie in the range of the

measuring error.

Lower plenum and rest of the cold isothermal loop (UP):

5 % of the available inventory were

further accumulated in this position

which has a surface portion of 40 %

of the considered loop surfaces.

- Cold trap (KF): 3 % of the inventory were further

deposited in the cold trap.

All the other positions deliver rather uniformly one third of

their Mn54 deposits,which is about 20 % of the available

contamination inventory.

The maximum decrease (51 %) is observed in the position

HR (600°C, 5 m/sec) while the smallest decrease (16 %) is

observed in the position KR (380°C, 6 m/sec).



3.2

From the summation follows that 12 % of the Mn deposited during

run2 could not be detected after the migration test run 3.

y-scanning measurements on the by-pass pipe work of the

cleaning system after the migration experiment and the

positive changes of the Mn54 contamination in positions with

both low temperature and low sodium velocity lead to the inter-

pretation that these 12 % of the deposits could have been

accumulated in the by-pass.

Migration of Co60

During the migration test run, the CoSO contamination

increased in the following loop sections:

- Core mockup (CA):

- Upper blanket (OB):

This renewed component absorbed

about 3.6 % of the CoGO inventory.

Between 400°C and 600°C the conta-

mination rate increased by a factor

2 or 3.

The contamination of this position

further increased by one third

corresponding to 2 % of the inventory.

During the run 2 at this position

situated just downstream the position

of the active source there has been

measured the highest contamination

rate of the loop has been measured.

- Hot isothermal pipe (HR): Similar to position (OB) the Co60

contamination increased in this

position while the samples showed

a significant weight loss.

- IHX (X): 18 % of the main loop belong to this

position but only 2.5 % of the Co60

inventory were further accumulated

here. The decreasing temperature in

this loop section did not influence

the migration process.

A diminution of the Co60 contamination could be observed in

the positions

- Upper plenum (OP) and IHX inlet (OZ):

These hot isothermal positions with

a low sodium velocity showed only

small changes of their contamination

(5 %) i.e. the contamination remained

nearly constant.

- Cold pipes (KR), lower plenaii (Up), rest cold positions (Rest):

These positions with low contitnri nation,

levels during run 2 further lost their

Co60 containing deposits (4U - 65 % or

16 % of the inventory of the loop)
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- Cold trap (KF): As a result of the continuous y-scanning

in the cold trap at one constant

measuring point. The cold trap has

lost 8 % of its Co contamination.

Some remarks on the higher contamination level (fig. 2) of the

cold trap during run 3 compared with run 2: This is a surprising

result which was caused by some difficulties at the end of

run 2. Only during run 2 the inner heat exchanger pipe of the

core mockup was replaced by an irradiated high heat flux heater

with 6 mm o.D. The Co60 inventory of this heater was very

small in comparison to the active source. After an electrical

defect the heater was melted and a few gramms of the irra-

diated cladding material were distributed in the loop. The

greatest portion of the particles produced by this melting

process were collected in a mechanical filter, an other small

portion was retained in the cold trap.

2 3 Influence of the active source position

Co60

During the migration test run 3 there was no activated source

in the loop, therefore a comparison of the contamination rates

of new samples of run 2 with those of run 3 could give some

informations about the contamination mechanism.

An extrapolation of the contamination rates of the few new

samples in run 3 gave a Co60 contamination rate of the total



loop of the order of manitude of 1 pCi/mon, while during run 2,

with an activated source 2.5 p Ci/mon

were released i.e. the contamination potential in the loop

was already considerably influenced by the contamination of

the tube walls.

It should be supposed that the influence of the activated

source would be greatest in the position just downstream

of the source. But while the contamination rate of new

samples in this position was only half as high as in run 2

the reexposed samples of run 2 showed a contamination gain

too. The contamination rate of new and reexposed samples
o

had similar values (0.17 or 0.10 nCi/cm mon respectively).

MnSH

The Mn54 contamination rates just downstream the position of

the activated source during run 2 were one order of magnitude

smaller than in other loop sections; therefore it can be

assured that the active source had only a little influence

on the contamination in this position.

During run 3, the new samples and the reexposed samples of

run 2 showed a similar Mn54 contamination rate (0.02 and
2

0.01 nCi/cm mon) in the position OB. While the contamination

rate of the main loop sections was 6 yCi/mon during run 2

the new samples of run 3 would lead to a theoretical value

of 0.7 uCi/mon i.e. about only one tenth of the Mn54 con-

tamination was influenced by a back reaction with the deposits.

4. Conclusions

The migration test run has shown that in the run 2 with

an activated source the measured contamination lates

corresponded to equilibrium values. If the activated source

is removed the migration process in the loop becomes

relatively small.

Especially the continuous measurements at the pipe work

showed that the contamination process was nearly stopped

during the migration experiment.

During the migration run any peaks in the loop were not

flattened.

Mn54 tended to migrate in the cold loop sections with slow

sodium velocities, while Co60 was further accumulated in

hot loop sections with high velocities.

From these results and a comparison between new and pre-

corroded samples it can be concluded that the contamination

process of Co60 is controlled by an atomic diffusion,

while the Mn54 contamination is more influenced by the

thermodynamic stability of any Mn containing compound.

(The greatest Co60 contamination was observed on deposition

free samples at high temperature, migration of Mn54 in the

cold deposition regions.)
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Part IV

Distribution of Co60 and Mn54 in the nonisothermal

SNR - corrosion mockup loop

1. Introduction

According to the philosophy of a mockup loop experiment

the corrosion results of special loop sections should be

directly transferable to a large component system.

This may be wrong if there are large differences between

the parameters of a mockup component and the simulated

component. Therefore the main parameters of the corrosion

process should be tested in a mockup system. The influence

of the following parameters could be tested in the mockup

run 2 to 5:

- temperature dependence of the corrosion and deposition

process in the heating and cooling section from 380 °C

to 600 °C,
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- influence of the sodium velocity on the corrosion process

between 0.07 m/sec and 5 m/sec at 600 °C and at 0.4 m/sec

and 6 m/sec at 380 °C,

- time dependence of the corrosion process.

From the test programme carried out, results are

available for the isotopes Mn54 and Co60 in the range of

4 to 8 ppm oxygen in sodium or at cold trap temperatures

of 105 °C to 170 °C.

2. Distribution of Co60 in the SNR mockup loop

Figure 1 shows the contamination rates of the samples in

run 2 over the loop positions.

In this diagram the non-isothermal positions have a

temperature scale, while the results of all other positions

are shown over the position number. The downstream length

of the loop sections varied between 12 L/D in position OP

and 120 L/D in position HR.

Figure 2

Figure 1 CoBO and Mn54 distribution in the

SNR Mockup loop run 2

Co60 and Mn54 distribution in the

SNR Mockup loop run 415

380 500 600 isothermal 600 500 380 isoth
TEMPERATUREi°Cl

The greatest contamination rate was reached in the sections

at 600 °C with high sodium velocities (pos. OB and HR).

The neighbouring sections OP and OZ with slow velocities

show significant smaller contamination rates. The conta-

mination rate in the IHX is about a factor of five smaller

than in the position HR.

The contamination rates of the samples of run 4/5 (fig. 2)

show a similar behaviour. These values are normalized to

the activity inventory per corrosion depth of the activated

source in run 2.
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The deposition in loop sections without samples were

determined with y-scanning measurements at the pipes, i.e.

the e.m. pump, elongation bows and the by-pass of the

cleaning system.

In table 1 the resulting distribution of Co60 is compared

with the surface portion of the loop sections.

2.1 Influence of the temperature on the Co60 contamination

The contamination rates in the heater position (CA) have

been measured in run 3 and 4/5.



During run 3 the contamination rates of the new samples

at 585°C were about two times higher than at 410CC while

during the run 4'5 with the activated sample the contami-

nation rate varied only about 10% in the heating section

but was more than one order of magnitude lower than

during run 3.

Figure 3 Influence of the sodium velocity

on the Co60 contamination rate

in successive positions

"10-2 10-1 100 «i K)2
VELOCITY RATIO OF POSITION n/n.1

Table 1: The percentage distribution of Co 6C and Mr. 54 activity 77

in the jr.ock-up loop sections

POSITION

CA

OB

OP

HP.

OZ

X

KR

UP

REST

BY-PASS

C.TRAP

D.00% =

SURPACE
A:% /

0.7

0.6

4 . 4

1.2

5.8

6 . 3

0.9

2.1

14.6

2 8 . 2

3 5 . 2

98463 cm2

PART OF Co 6C
R U N 2

/;%//

-

6 . 7

2 3 . 6

8.0

8.8

10.9

1.5

2 . 2

19.5

18.5

0 .3

3.1 pCi/mon

) DEPOSITS
RUM 4 /5

/ "% ~/

2 . 3

18.1

11.2

17.8

10.3

10.5

0.8

1.0

11.4

15.8

0.8

0 .27%Ci /mon

PART OF Mn
RUM 2
/ % 7

-

0.03

6 . 3

1.7

10. 3

14.3

4 . 4

2.1

14.0

40.1

6 . 8

1] . 3pCi /mon

54 r~FOSITS
R. / t l 4 / 5
/ % /

0.03

0.00

3.3

0 . 2

4 .0

14.1

2 . 6

3.0

13.1

4 9 . 3

10.4

3.T+\iCi/mon

+normalized on the inventory of run 2

The contamination rate in the cooling section (X) showed

no significant temperature dependence (fig. 1 and 2), but

the contamination rate in the high temperature position

HR (600°C, 5 m/sec) is about 5 times higher than in the

low temperature position KR (380 C, 6 m/sec) during run 2

and 15 times higher during the run 4/5.

2.2 Influence of the sodium velocity on the Co60 contamination

In order to prevent any downstream or temperature effect

the influence of the velocity was studied with the aid

of the relation of results of successive positions.

3.

Figure 3 shows the ratio of the contamination rate over

the ratio of the velocities of the positions succeeding

one another. While the contamination during run 2 was
0 17

proportional to v ' the velocity dependence during
0 8

run 4/5 increased to v

It could not be determined if this relationship was valid

for both temperature levels because the two results at

380 °C showed no velocity dependence, but on the other

hand they lie in the scatter band of the values at 600 C.

Distribution of Hn54 in the SNR mockup loop

The contamination rate of Mn54 (fig. 1) varied only by



a small amount with the loop position during run 2

(9 ppm 0). During run 4/5 the Mn54 (fig. 2) showed a

more pronounced dependence on the position temperature

and sodium velocity (table 1).

3.1 Influence of the temperature on the Mn54 contamination

It is well known, that the Mn54 deposition rate increases

with decreasing temperature, but this temperature effect

could only be observed in the positions (X) and (KR) with

high sodium velocities (2.3 m/sec and 6 m/sec).

During run 2 the contamination rate at 3BO°C in the cooling

section was two times higher than at the beginning of

the section; during run 4/5 the decreasing temperature

increased the contamination of Mn54 by a factor of 4.

The cold trap with the lowest temperature in the loop

and a surface portion of 35 % absorbed only 6.8 % and

10.4 % of the released Mn54 in run 2 and 4/5.

3.2 Influence of sodium velocity on the Hn54 contamination

The highest and lowest contamination rates could be

observed in the positions with high sodium velocities.

Especially during run 4/5 in the hot isothermal positions

OB and HR with the highest sodium velocities the de-

position of Mn54 was 10 times slower than the average

of the loop. The velocity effect in the cold loop sections

was more pronounced during run 2. The deposition rate in

the position KR was 4.8 and 2.9 times higher than the

average of run 2 and 4/5 respectively.

3.3 Time dependence of the Mn54 contamination

The Y~scanning measurements at the pipework showed for

all positions a linear time relationship of the Mn54 con-

tamination; only the hot isothermal position HR showed a

large scatter band which didn't confirm this result. The

small deviation from a linear time relationship observed

at the beginning of run 2 could not be confirmed in the

further runs.

Figure 3 Co60 profile over the length of

the cold trap after the run 2 - b
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Figure 4 Mn 54 profile over the length of

the colo trap after run 2-b
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4. Distribution of corrosion products in the cold trap by-p_ass.

The cold trap ,operated in a by-pass with 7 % of the main

flow,absorbed only O.d to 0.8 % of the released Cc60 and

6.8 to 10.4 % of the released Mn54 during run 2 and 4/5.

The contamination in !:hß pipes leading to the cold trap

was much higher in relation to their surface area although

this result is based on only one measuring position and

may have a deviation ofi50 1.

Compared to a reactor system the cold trap by-pass was

too large with respect to the surface and the flow. There-

fore the results of the cleaning system would show



the maximum portion of deposits which could be absorbed

in the cleaning system without installing further cleaning

components like filcers.

The figures 3 and 4 . how the Co and Mn profiles in the

cold trap after run 2 to 5.

While the Mn54 deposits were further accumulated during

run 5, the Co60 inventory was nearly constant but was

rearranged around an other maximum.

5. Conclusions

The selective deposition of Mn54 and Co60 in the SNR mockup

loop follows different rules.

The contamination rates of Co60 in the positions with 600 °C

and 4 - 5 m/sec are S to 20 times higher than it could be

expected for a surface proportional deposition process.

The cold trap did only absorb smaller than 1 % of the Co60

and 10 % of the Mn54 inventory.

The loop sections with increasing temperature or at 600°C,

representing 13 % of the total loop surface absorbed about

50 - 60 % of the Co60 inventory and only 8 - 18 % of the Mn54

inventory i.e. high Co60 contamination rates were compensated

by low Mn54 contamination rates.

The Mn54 and Co60 (with <i larger scatter band) contamination

showed a linear time relationship at high and low oxygen

levels.
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1. Studies and experiences about gaseous fission, products

The activities conducted in Italy have been primarily

concentrated upon the development of a vented fuel element

and upon the decontamination of the cover gas sistera contain^

ing gaseous fission products coming from vented or defected

fuel elements. The principal results obtained, were shown

during the previous specialist's meeting held in Eensbcrg in

1971. From 1971 the program has been reduced to some vented

pin irradiations and to the applications of the results obta-

ined from the contamination studies to the design of the

purification of the cover gas sistem of the PEC reactor.

- T-./o kinds of irradiation have been executed: Venca/Na and

Yenca/NaK /3/; for each irradiation a specific circuit al-

lowed the analysis of fission gas from the pins.

The results show that the release fractions of the gas di-

scharge device are for those at short life (Kr88, Kr ,

Kr 5m) extremely low (10~5 r 1O~6) and for xe
133 of the

order of 1O .

From these experiences we did not obtain results about the

release fractions in transitory conditions.

- For the PEC reactor, in the case of oxide vented fuel in

the core or in the test zone, the previously studied puri-

fication circuits have been applied /1O/ /ll/. During a re

vision of experimental characteristics of the PEC reactor,

in the frame of the CNEN-CEA agreement it has been decided

that it has to be possible to run the PEC reactor with an

entire core of vented carbide fuel or with oxide fuel having

some defected pins; for these two configurations the cover

gas sistem contamination was determined. In the case of the

vented carbide fuel, the calculations were made using a

theoretical model of release /12/.

In the case of oxide core with some defected pins, the

cover gas sistem contamination has been calculated both for

nominal and transitory conditions, emploing the experimental

results given by CEA.


