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ABSTRACT 

The results of the Post Irradiation Examination of two mixed 
carbide fuel pins irradiated in the SAPHIR reactor at Würenlingen 
to ^ 6GÜ0 MWd/t (fuel) are reported. 

Fuel for the experiment was hyperstoichiometric mixed carbide 
microspheres with a maximum oxygen content of ^ 0.5 %. 

No fuel sintering or restructuring occurred with peak fuel 
o -1 

centre temperatures up to ^ 120C C at ratings ^ 400 W.cm 
Under these conditions, no cladding carburisation occurred 
with inner cladding temperatures up to ^ BOO C. 
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1 . INTRODUCTION 

1.1 FILOS 05 was the second in a series of nixed carbide irra
diations carried out in the FILOS loop of the SAPHIR reac
tor. The rig was very similar to the first carbide irradi
ation in SAPHIR (1 ) and contained two instrumented (UPu)C 
pins. The results of the post irradiation examination of 
this rig are presented here. 

1.2 At present the Swiss Federal Institute for Reactor Research 
(EIR) is involved in four different series cf irradiations 
in support of a (UPu)C Fuel Development Project. 

(i) A series of low burn up thermal irradiations in the 
SAPHIR reactor at Würen1ingen using the FILLS loop. 

(ii) A series of medium burn up thermal irradiations : r 

the DIDO reactor at Harwell. 

(iii) An epithermal flux irradiation in the MFBS-7 sodium 
loop of the BR-2 reactcr at Mol (Belgium), and 

(iv) A fast flux irradiation in the Dounreay Fast Reactor. 

The irradiations in SAPHIR and DIDO take place under static 
sodium conditions, the BR-2 irradiation under flowing sodium. 
conditions and the DFR irradiation under flowing NaK. 

1.3 The first DIDO irradiation was completed in April 1973 and 
the results have been reported (2). The second DIDO irra
diation terminated in June 1975. The post irradiation 
examination has been carried out and the results will 
shortly be reported. The results of the first FILOS 04 
irradiation have also been reported (1)> The irradiation 
in BR-2 was terminated in the autumn of 1975. 
Post irradiation of these pins is currently taking place 
at EIR Würenlingen. The irradiation in DFR is proceeding. 



2. FUEL 
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2.1 The fuel used for both pins was (UPu)-monncarbide manu
factured at EIR. The fuel form was microspheres produced 
by a wet route process with two size fractions of ^ 800 ym 
and % 60 ym diameter. A detailed description of the fuel 
process is given by Stratton and Bischoff [3). 

Full details of the fuel analysis and pin filling are given 
in appendices 1 and 2. 

2.2 NICROSTRUCTURE 

Figs. 1, 2 and 3 show the microstructure of the fuel before 
irradiation. The coarse fraction fuel shown in Fig. 1 was 
practically all monocarbide with no evidence of higher 
carbides. Oxygen level was measured at 0.46 %. The same 
coarse fraction fuel was used in both pins. 

The fine fraction fuel used in the upper pin half (Fig. 2) 
was monocarbide with up to 20 % sesquicarbide mainly con
fined to grain boundaries. Oxygen level was measured at 
0.53 %. The small spheres used in the filling of the lower 
pin had variable sesquicarbide content up to the order of 
50 % maximum (Fig. 3). Oxygen level for the lower pin fine 
fraction was measured at 0.13 \ . 

3. DESCRIPTION OF THE EXPERIMENT 

3.1 The detailed fabrication of the fuel pins and the irradiation 
rig is described elsewhere (4). The fuel was contained in 
two 9.0 mm O.D. x 8.0 mm I.D. pins manufactured from solu
tion annealed type AISI 316L stainless steel. The upper pin 
in the rig (Fig. 4) was fitted with a centre fuel W/5% Re-
- W/26 % Re thermocouple sheathed in tantalum and insulated 
with BeO. The thermocouple fitted into a molybdenum pocket 
which extended into the fuel and was electron beam welded 



to a stainless steel top cap. 

The lower pin was fitted with a pressure transducer of the 
diaphragm balance type. With this device it was intended 
to continuously measure the internal pin pressure and thus 
to monitor the release of fission gases. 

Each pin had a nominal (U,Pu)C fuel length of 100 mm with 
12 mm long natural UC pellets at the ends of each fuel 
stack. 

3.2 After vibratory filling and seal welding, each pin was 
mounted centrally into individual sodium containers. 
Chromel alumel thermocouples were fitted for sodium tempe
rature measurement and also for the monitoring of sodium 
levels. 

After sodium filling, the two containers were mounted end 
to end, surrounded by an aluminium heat transfer jacket, 
into a stainless steel rig tube. All the instrument connec
tions were sealed into a coupling plug at the top of the 
rig which was subsequently connected to a mating plug in 
the FILOS loop. 

4. IRRADIATION HISTORY 

4.1 Full details of the rig history are reported elsewhere (5), 

The irradiation began on the 15th November 1974 and con
tinued for 5 reactor periods until the 24th May 1975, a 
total of 82 full power days. Fig. 5 shows the history cf 
the thermal neutron flux for the experiment and also the 
plot of measured pressure in the lower pin. Shortly after 
the start of irradiation a fault developed in the pressure 
transducer system and it is clear that little reliability 
can be placed on the pin pressure measurements thereafter. 
The fall off in pressure following each rise to power may 
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represent a leak in the system, for example along the 
insulation material of the electrical signal cables. 

During February 1975, traces of fission gas were detected 
in the rig blanket gas. It was therefore expected that at 
least one of the fuel pins was leaking. 

The centre thermocouple operated successfully throughout 
the irradiation period, and for most of the time indicated 
temperatures between 950 C and 1050 °C. No corrections 
have been made to these indicated temperatures for the 
effects of conduction or irradiation. ORTHIS calculations 
show that peak fuel centre temperatures up to 1225 C would 
correspond to the indicated thermocouple values. Fig. 6 and 
Fig. 7 show the axial centre temperature profiles calculated 
by ORTHIS and corrected to the measured fuel centre and 
sodium temperatures. The same figures show the ORTHIS cal
culated inner and outer cladding temperature profiles. Ob
servations of large variation in the sodium level thermo
couples during the entire irradiation suggested relatively 
strong convection effects in the sodium. These effects were 
not taken into account during the ORTHIS calculations and 
therefore the cladding temperatures shown in the Figures 
may have errors which would tend to raise the cladding tem
peratures towards the ends of each pin, particularly the 
upper ends. 

The axial power profiles shown in Figure 6 and Figure 7 
95 have been deduced from the axial distribution of Zr and 

146 the measured Nd burn up values. 

For two hours at the beginning of the irradiation FILOS 05 
was irradiated in a channel which resulted in too high 
cladding temperatures. The rig was then moved to another 
position where the design conditions were properly satis
fied. The two hour irradiation may be worthy of note because 



during this period the fuel centre thermocouple indicated 
130C C which implies peak fuel centre temperatures of the 
order 1450 C. Under these conditions it is also interesting 
to n^te that the lower pin pressure transducer indicated a 
pressure of 6.6 bar compared tc the filling pressure of 
2 bar. Assuming that this pressure '.-.'as produced purnly by 
thermal effects this would suggest average gas temperatures 
in the pin of about 1C0C C. This is considerably higher 
than gas temperatures used to date and calculated from 
pellet fuel data. 

5. POST IRRADIATION EXAMINATION 

5.1 Post Irradiation Examination began in the EIR hot cells at 
the end of June 1975. The dismantling of the rig, remnv.-:1. 
of the flux monitors and recovery of the two sodium cor 
tainers proceeded without incident (6). 

Excluding one broken silica sheathed flux monitor, all of 
the rig components were observed to be in very good con
dition. 

5.2 AXIAL GAMMA SCANNING 

The sodium containers, (each containing one fuel pin! 
were gamma scanned axially in 0.5 mm steps using a 0.5 mm 
collimator. No significant axial migration of any isotopes 
was observed. Full détails of the axial scanning are given 
in reference [7]. 

95 The distributions of Zr were used tc give the axial power 
profiles which are shown in Fig. 6 and Fig. 7. 

5.3 SODIUM CONTAINERS 

Both of the sodium containers were subjected to a glycol 
leak test with negative results (s). Following this test 



each container was gas sampled under vacuum. The results 
of the analysis of the gas extracted are given in Fig. 6. 
It is clear from the analysis that both of the sodium con
tainers contained mainly helium with no traces of fission 
gas. The nitrogen content of the samples is almost certainly 
due to in-leakage from the cell atmosphere during sampling. 

It can be concluded therefore that there was no leakage bet
ween the fuel pins and the sodium containers, and no leakage 
between the sodium containers and the rig blanket gas. 

Following gas sampling, the end caps were cut off the con
tainers, the sodium was melted out and the two fuel pins 
removed for examination. 

5.4 PIN INSPECTION AND DIMENSIONAL EXAMINATION fß) 

Following recovery of the two fuel pins fron, the sodium con
tainers, they were washed with alcohol to remove all re
maining traces of sodium. Visual inspection showed that the 
cladding of both pins was in good condition with no visible 
evidence of defects or swelling. The lower end cap of the 
upper pin however was observed to be covered with a reddish 
brown deposit. The deposit could be scrapeG off with diffi
culty but X-ray analysis was not possible because of heavy 
contamination. A simple test showed the deposit to be 
strongly magnetic. 

Diameter measurements were carried out on both pins over 
the fuelled length. No increases in diameter were recorded. 

5.5 LEAK TESTING 11 
Prior to leak testing the spider washers used to centre 
the fuel pins in their sodium containers were removed. This 
was done by removing the screws from the tapped holes in 
the end caps. Glycol leak testing then followed. The upper 



pin indicated no leaks, tut the lower pin gave a leak sig
nal from the threadec hole in the upper end cap. The signal 
could have been produced by a genuine leak in the end cap 
material or by bubbles emanating from foreign matter trapped 
in the threaded hole. 

The question must also be askec as tc whether or not t he-
screw in the hole provided a seal during Operation of i. he 
pin. It was decided to carry cut a detailed meta 1 lograph:c 
examination of this end cap. 

GAS SAMPLING fS) 

Both of the fuel pins were pierced under vacuum and samples 
of the gas from each pin analysed by mass spectrometry. The 
results of this analysis are given in Fig. i; . 

The results prove that pin 5/1 did not leak in service. Cal
culation of gas release using fission gas to filling gas 
ratios indicate gas release of about 0.24 % . 

The major presence of nitrogen (cell atmcsphere) and absence 
of helium in the gas samples from pin 5/2 confirmed that 
this pin had leaked. 

PIN SAMPLE CUTTING [6] 

The position of all samples cut from the pins is given in 
Fig. 10 and Fig. 11 . 

Metallographie specimens were vacuum impregnated with epoxy 
resin prior to cutting. The original cuts made dry on the 
fuel pins indicated clearly that no fuel sintering had 
occurred as evidenced by the free flow of fuel from the 
cuts . 



5.U METALLOGRAPHY OF FUEL AND CLADDING 

5.8.1 GENERAL 

All of the specimens were mounted in cold setting resin 
for metallographic preparation. After the usual grinding 
and polishing operations the specimens were examined in 
the polished condition, after fuel etching and after clad 
etching. 

Fuel etching was carried out by immersion in a 1:1:1 mix
ture of acetic acid, nitric acid and water. Clad etching 
was carried cut using 10 % oxalic acid aqueous solution 
electrolytically. Clad specimens were studied first at lew 
voltage/short times to study carbides then at higher 
voltages for longer times to reveal the general structure. 

Because both pins had similar conditions of irradiation 
and temperature the metallography of bcth pins will be dis
cussed jointly. 

5.6.2 MAÇRg_EXAMINATIQN 

At low magnification all of the sections examined were si
milar and showed no radial or axial variation. Fig. 12 
shows a typical macro structure from pin 5.1.It is quite 
clear.that no major restructuring of the fuel occurred 
during irradiation. 

5.Ö.3 FUEL MICRO EXAMINATION 

The micro examination of all the fuel section examined 
confirmed that no fuel sintering had occurred. There were 
no obvious changes in the higher carbide content of the 
fuel spheres when compared to the pre-irradiated fuel. 

In some fuel sections, grain boundary fission gas bubbles 
were observed. The effect was particularly noticeable in 



the specimen cut from the upper end of the lower pin 
(Fig. 13). 

There was no evidence of surface changes in spheres of the 
type observed in FILOS 04 (1) and little or no evidence cf 
spheres being joined together. 

Ö.4 ÇLADgiNLj_MIÇRO_EXAHINATIuN 

Specimens of cladding from the pins were etched in oxalic 
acid solution to study carbides and the general mi eres truc-
tu re . 

There was no evidence in any of the specimens of carbon up
take from the fuel. Specimens of cladding where the inner 
.surface had been exposed in the temperature range 550 ' -

üOQ C showed evidence of sensitisation (Fig. 14) i.e. '• '• o 
carbon originally in solution in the stainless steel being 
precipitated at grain boundaries as chromium carbide 
Cr~„C . Specimens of cladding where the inner surface 

i.3 b 
was exposed to temperatures cf 5C0 C and less shewed little 
or no sensitisation. 

Micro hardness testing of the cladding showed no differences 
between any of the specimens with results ranging between 

-2 
140 and 170 kp.mm . These hardness tests are similar to 
results obtained on the cladding tubes before irradiation. 

Special attention was devoted to the upper end cap from the 
lower pin, which was suspected of leaking. It was hoped that 
metallography might provide some clues as to whether or not 
a leak was present in this end cap. Repeated grinding, 
polishing and examination failed to prove the positive 
existence of a leak path. However, one area examined showed 
an axial string of non-metallic inclusions which bridged 
75 % of the material thickness between the fuel side of the 
end cap and the bottom of the tapped hole (Figs. 15 and 16). 
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The weld between the end cap and the cladding was defect 
free and had good geometry. 

5.9 AUTORADIOGRAPHY [7] 

5.9.1 BETA_GAMMA_AUTORADIOGRAPHY 

ßy radiographs were taken of each fuel cross section. A 
typical result is shown in Fig. 17. It is clear that more 
Ru activity can be seen in the layers of fuel nearest to 
the cladding than at the pin centre. It is probable that 
this picture reflects the radial flux depression in the pin 

5.9.2 ALPHA_AUTÇRADIOGRAPHS 

Alpha autoradiography of the fuel specimens showed largely 
homogeneous distribution of alpha activity. 

Fig. 16 is the alpha autoradiograph of a specimen from 
the hottest area of the upper pin. The slight increase in 
a~activity observed adjacent to the cladding was the 
largest effect observed in any of the specimens examined. 

5.10 RADIAL y SCANNING [?) 

Radial y scanning was carried out on unti ra d i a l fut s p e c i 
mens from the hottest zones of each pin. Diametral distri-

144 bution of the elements Ce , Ru 
were then plotted out (Fig. 19). 
v, j-- .cm i *. r 1 4 4 D /-JOS 7 9 5 , p 137 bution of the elements Ce , Ru/rth , Zr ana Cs 

The ratio between the maximum and minimum activities for 
all 4 elements was approximately 2.0. 

5.11 BURN-UP ANALYSIS (?) 

Burn-up examinations were carried out on two specimens from 
each pin by using Nd 146 analysis. 



Mean burn-up for the lower pin was calculated as ^ 6400 
MWd/t and for the upper pin as ^ 6000 MWd/t (fuel). 

The axial distribution of linear pin powers shown in Figs 
6 and 7, was derived from the measured burn-up results in 

Q5 combination with the axial Zr distribution. 

6. DETAILED EXAMINATION OF THE CENTRE THERMOCOUPLE AND PRESSURE 
TRANSDUCER 

6.1 CENTRE THERMOCOUPLE 

As has already been stated, the centre thermocouple operated 
satisfactorily throughout the life of the FIL0S 05 experi
ment, i.e. approximately 2000 hours at power. 

Detailed examination of the components associated with the 
centre thermocouple confirmed that the welds and brazed 
joints were of much better quality than those used on the 
earlier FIL0S 04 experiment (1). 

The welds at the hot and cold ends of the molybdenum pocket 
performed satisfactorily as primary seals but it was clear 
that further improvements in these joints are desirable 
if they are to be used on longer term irradiations. For 
example, the hot end molybdenum joints contained a large 
pore in the H.F. weld region. The cold end "weld" was in 
fact a brazed joint made between solid molybdenum and molten 
stainless steel (Fig. 20). There was also evidence of 
micro cracking in the stainless steel component of this 
cold end joint. 

There was very little evidence of reaction between the fuel 
and the molybdenum thermocouple pocket in the hot region 
(i.e. at temperatures up to ^ 1200 C). Recrystallisation 
of the molybdenum tube material occurred at least at the 
hot end. 
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6.2 TRANSDUCER UNIT 

Fig. 21 shows the cross section of the "active" half of the 
pressure transducer that was examined metallographically. 
Detailed micro examination of all the welded joints demon
strated that they were all sound with very good geometry. 

As with H ILO S 04 (l) a potential leak path exists along the 
insulation material of the central conducting cable. Mo 
other features were observed that might indicate the source 
of a leak. 

The pressure diaphragm had clearly been deformed over the 
fuel side electrical contact. This can be seen in the 
macrophotograph (Fig. 21). It would appear that such an 
event would only be possible by applying sufficient gas 
pressure on the inactive balance side of the diaphragm 'o 
overcome the yield strength of the diaphragm material. 
Under operational conditions the maximum pressure possible 
is 10 bar. Little is known about the operational temperature 
of the diaphragm. 

It is possible that the deformation of the diaphragm contri
buted to the operational malfunction of the transducer unit 
as described in section 4 of this report. 

7. DISCUSSION 

7.1 FUEL AND CLADDING 

With respect to sphere-pac hyperstoichiometric carbide fuel 
irradiated at low linear powers (400-600 watts cm J , the 
FIL0S 05 experiment has confirmed the results obtained in 
the FIL0S 04 experiment (l). At these ratings and with 
steady centre fuel temperatures up to 1200-1250 °C it is 
quite clear that sintering and restructuring of the sphere-
pac fuel does not occur at burn-ups up to 1.5 % fima. in 
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the FILOS 04 case. No restrained swelling is observed with 
these conditions using annealed type 316L cladding of 
0.5 mm wall thickness, and no carburisaticn cf the cladding 
occurs with maximum cladding temperatures to the order of 
600 C. Short term temperature excursions up to the T d e r 
of 14 50 C centre fuel température clearly do not alter 
these f i ndings . 

The fact that the central thermocouple operated successfully 
for the full irradiation period of FILCG 05 allows some 
greater confidence to be lent to the view that fuel sin
tering must occur at some temperature higher than 12 50 C. 
The unsintered fuel thermal conductivity value of .04 3 
watts, cm . C which has been used tc calculate F LLCS 04 
fuel temperatures (fl) was alsc applied to the QRTHIS tem
perature calculations described in section 4 . 1 of thi.v 
report. A reasonable fit was obtained. Greater confidence 
can also be attached to this value for thermal conductivity 
cf unsintersd fuel. It is clear that corrections will have 
to be applied to the measured fuel temperatures, but it is 
encouraging to see that in the cases cf FILOS 04 and 0 5 
the same derived value cf conductivity produces similar 
temperature fits. 

The initial pressure measurements of the pressure trans
ducer are interesting. For the first time a meaningful 
average gas temperature can be deduced for the EIR sphere-
pac fuel. The value of ^ 1000 C so obtained is much higher 
than the values used for pelleted carbides where it is 
assumed that most of the gas circulates along the pellet -
cladding gap and on into a cooler plenum region. The higher 
temperature almost certainly stems from the ability of the 
gas to circulate freely through the unsintered fuel re
sulting in some mean effective gas temperature mid way 
between fuel centre and cladding inner temperature. 
Naturally this effective gas temperature will be different 



joints associated with the fuel thermocouplE. 

In particular, it is clear that the problers associated 
with the welding of the molybdenum pocket have net been 
sufficiently solved to allow the degree of confidence re
quired for longer term or more expensive irradiations with 
fuel thermocouples. 

The performance of the pressure transducer was naturally 
ü.i "appointing. No real explanation of the damage to the 
diaphragm has been found. It may well be that this damage 
played some part in the malfunetion of the unit. The leak 
path along the insulation of the cat'le leading to the fuel 
side electrical contact remains the only viable explanation 
for the fission gas detected in the rig blanket gas. 

It is clear that a gas tight neal must be introduced 1 'i ' i.. 
this electrical line if the current design oF preu^wre 
transducer is to be persued. 

CONCLUSIONS 

1 The FILOS 05 sphere-pac hyperstoichiometric mixed carbide 
fuel pins have been irradiated to a mean burn-up of 
% 6000 HWd/t (fuel) at ratings of % 400 watts per centimetre 
without cladding failure. 

2 Fuel sintering and restructuring did not occur and no move
ment of fission products or plutonium were detected. 

3 Fuel centre temperatures up to 1200 C were monitored 
continuously in one fuel pin with short term excursion uo 
to «\i 1450 °C. 

4 Effective average gas temperatures of o> 1000 C have been 
deduced from pressure measurements carried out on one pin. 



8.5 No cladding carburisation occurred with inner clad tem
peratures up to ^ 600 C for the irradiation time of 
^ 200 0 hours. 

6.6 Gas release from the fuel has teen calculated to be 
^ 0.25 \. 
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APPENDIX I (REh. 4) 

DETAILS OF FUEL USED IN FILOS 05 

LARGE FRACTION SMALL FRACTIONS 

CARBIDE BATCH NUMBER XLII-27 XLII-3 XLII-9 

SIZE FRACTION 0 ym 630 to 500 4 0 to 6G 4 D to 8C 

Pu CONTENT w/o 14.5 14.5 14.3 

U CONTENT w/o 79.6 76.9 78.5 

C CONTENT w/o 4.57 5.03 5.58 

0 CONTENT w/o 0.4 6 0.53 0 . 1 'j 

N CONTENT w/o <20ppm <20ppr; <2,,hJpn 

Pu/Pu+U NOMINAL 0.15 G . 1 5 G.15 
I 

% OF THEORETICAL DENSITY 92.6 9 5.9 96.1 

DENSITY g-cm"3 12.6 13.04 13.07 

EQUIVALENT CARBON CONTENT w/o* 4.92 5.43 5.65 

v/o SESQUICARBIDE BY METALLOGRAPHY G 20 40 ' 

IS0TÛPIC ANALYSIS 

PLUTONIUM 

Pu 239 \ 90.63 

PLUTONIUM 
Pu 240 % 8.19 

PLUTONIUM 
Pu 241 % 0.92 

PLUTONIUM 

Pu 242 \ 0.07 

URANIUM 
U 235 \ 0.435 

URANIUM 
U 23B % 99.565 

EQUIVALENT CARBON CONTENT = % C + ^ X 0 + ~ \ N. 
1b 14 
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APPENDIX II [REF. 4) 

DETAILS OF THE PINS USED IN FILOS 05 

UNIT UPPER 
PIN 5.1 

LOWER 
PIN 5.2 

COARSE FRACTION FUEL BATCH XL II-27 XLII-27 

FINE FRACTION FUEL BATCH XL II-3 XLII-9 

WT OF (UPu)C COARSE FRACTION a 3 6.53 36.75 

WT OF (UPu)C FINE FRACTION g 12.63 12.7 8 

TOTAL WT OF (UPu)C g 4 5.26 51.53 

Pu TOTAL WEIGHT g 7. 14 7.45 

UPPER UC PELLET WEIGHT g 7.37 5 j Ü. 12i.il 

LOWER UC PELLET WEIGHT g 3 . 14 9 8.1023 

(UPu)C FUEL DIAMETER mm 7 . 9 G 7 . 5 6 

(UPu)C FUEL LENGTH mm 1 OC . 3D 100.G5 

FREE GAS VOLUME* 3 
cm ^ 1 . 4 ^ 1 . 8 

GAS PRESSURE [HELIUM 20 °C) bar 1 .2 2.0 
FUEL DENSITY [ABSOLUTE) -3 g cm 10.54 10 . 20 i 

FUEL DENSITY [RELATIVE) %T.D. 
i 

7 6.0 ! 75.7 
i 

FUEL PACKING DENSITY % 81.3 j 81.0 

CL'ADDING I.D. mm 7.98 | 7.98 

CLADDING O.D. mm 9.00 9.00 

CLADDING WALL THICKNESS mm 0.51 0.51 

•EXCLUDING CLOSED FUEL PORES 

http://12i.il
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FIG. 1 TYPICAL MICROSTRUCTURE OF LARGE 
FUEL SPHERES BEFORE IRRADIATION x 130 

FIG. 2 TYPICAL MICROSTRUCTURE OF THE SMALL 
SPHERES USED IN THE UPPER PIN (5/11x500 

i 
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FIG. 3 TYPICAL MICROSTRUCTURE OF THE 
SMALL SPHERES USED IN THE 
LOWER PIN 15/2 1 x 500 

üJshm Sau ^ » s ^ 
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FIG. 6 FILOS 05/1 TEMPERATURE E 

POWER PROFILES. UPPER PIN 
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FIG. 7 FILOS 0 5 / 2 TEPERATURE a 

POWER PROFILES. LOWER PIN 
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FIG. ü • ANALYSIS OF GAS SAMFLED FROM THE SODIUM CONTAINERS 

(REF. B) 

SAMPLE H 2 % He % N 2 % 0 2 \ I Ar I c o 2 % 

No.1 UPPER SODIUM 
CONTAINER 

(5.1) 
0.01 69,2 10.5 0.15 0.06 0.01 

No.2 UPPER SODIUM 
CONTAINER 

(5.1) 
TRACE 89.2 10.6 0.13 0.06 TRACE 

No.3 LOWER SODIUM 
CONTAINER 

(5.2) 
G.G1 90.2 9. 1 0.6 5 0.07 0.02 

No.4 LOWER SODIUM 
CONTAINER 

(5.2) 
TRACE 93.0 6.3 0.7 0.03 TRACE 



FIG.9 (REF. 6) 

(A) ANALYSIS OF THE GAS SAMPLED FROM THE FUEL PINS 

He % CH 4% N 2 % o 2 % Ar % co 2% Kr % Xe \ 

PIN 5/1 
1st sample 83.0 0.13 7.7 1 .es 6.0 TRACE 0.08 1 .2 

PIN 5/1 
2nd sample 65.75 0.11 6.6 1 .5 4.9 TRACE 0.06 i " 

PIN 5/2 
1st sample 1 .7 0.13 95.6 1 .5 0.6 TRACE TRACE 0.13 

PIN 5/2 
2nd sample 1 .7 C.13 95.8 1 .5 0.8 TRACE TRACE 0.13 

(B) PERCENT XENON ISOTOPES IN TOTAL XENON 

X e131 X ei32 X e134 X B136 

PIN 5/1 (1st sample) 12 16 2e 42 

PIN 5/1 (2nd sample) 11 
| 

18 28 
i 

43 

PIN 5/2 (1st sample) 12 19 26 43 

PIN 5/2 (2nd sample) 11 16 27 43 



FIG. 10 FILOS 0 5 / 1 UPPER PIN SPECIMEN 

Cutting width assumed 2mm X 
NOTES 

1. Specimens F and M are dry fuel for Burn Up. Al l other fuel specimens to be resin impreg 

2. Specimens A,C, E,G,L, and P to be retained as spares. 

3. Specimens D and N are axials. D for metallography and N for autoradiography and b 

4. Specimens J and K radiais at the highest temperature. J is for autoradiography and b sc 

K is for metallography. Both are to be prepared on face X - X 

5. Specimen H is an axial to study molybdenum / f u e l reactions and t / c hot end 

6. Specimen B is an axial to study t / c braze and M o / S t . St. weld. 



FIG. 11 FILOS 0 5 / 2 LOWER PIN SPECIMEN PLAN 

X Cutting width 

NOTES 

\. Specimens D and J are dry fuel for Burn Up. All other specimens to be resin impregna 

2. Specimens C,E,H,K and M to be retained as spares. 

3. Specimens B and L are axials. B for metallography and L for autoradiography and b 

4. Specimens F and G are radiais at the highest temperature. F is for metallography and 

for autoradiography and ö scanning. Both are to be prepared on face X - X. 

5. Specinnen N is an axial of the transducer unit. 

6. Specimen A is an axial of the suspect end cap. 
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FIG. 12 MACROPHOTOGRAPH OF AN AXIAL SECTION 
OF THE UPPER PIN AT THE HOT END OF 
THE MOLYBDENUM THERMOCOUPLE WELL. 
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FIG. 13 GRAIN BOUNDARY GAS BUBBLES IN AN 

IRRADIATED FUEL SPHERE x 5 0 0 



FIG. 14 SENSITISED CLADDING MICROSTRUCTURE 

IN FILOS 05. APPROXIMATE INNER 

CLADDING TEMPERATURE 580°C x 500 
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FIG. 15 MACROPHOTOGRAPH OF THE SUSPECT 

UPPER END CAP FROM THE LOWER PIN 



FIG. 16 DETAILED VIEW OF AXIAL INCLUSION 
DEFECT IN THE UPPER END CAP OF 
THE LOWER PIN x 100 

FIG. 17 BETA- AUTORADIOGRAPH OF A RADIAL 
CROSS SECTION OF FUEL FROM FILOS 05 
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FIG. 18 TYPICAL ALPHA AUTORADIOGRAPH OF 
A RADIAL CROSS SECTION OF FUEL 
FROM FILOS 05 



FIG. 19 DIAMETRAL DISTRIBUTION OF Z r 9 5 , C e 1 4 4 , Ru - Rh -106 a 
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FIG. 20 DETAILED VIEW OF THE MOLYBDENUM TO 

STAINLESS STEEL WELD AT THE UPPER END 

OF THE THERMOCOUPLE POCKET x 100 
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FIG. 21 MACROPHOTOGRAPH OF THE PRESSURE 
TRANSDUCER USED IN FILOS 05 
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