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IRRADIATION EXPERIENCE WITH FRAMATOME FUEL 

By June 1978, FRAMATOME has fabricated or received orders for 
5000 tonnes of fuel to power forty eight pressurized water reactors 
representing 47,000 MWe. Five of these reactors are presently in 
operation ; CNA (Centrale Nucléaire des Ardennes), TIHANGE 1, 
FESSENHEIM 1 and 2, and BUGEY 2. 

In addition to normal fuel follow during reactor operation, 
FRAMATOME has undertaken (and wil l continue) an extensive survei
llance program on fuel assemblies of both 15x15 and 17x17 designs in 
close cooperation with customers. Certain aspects of this program are 
carried out in collaboration with Westinghouse, the CEA and EDF. The 
principal objectives of this program are : 

- To verify performance of fuel assemblies of past and current 
designs, 

- To determine design margins (for example, the magnitude of 
actual fuel rod bow during irradiation compared with the 
design value), 

- To obtain information to improve fuel re l i ab i l i t y by possi
ble modifications to design and fabrication. 

This program principally consists of : 

- Monitoring of the reactor coolant activity due to fission and 
corrosion products, 

- On-site non-destructive examinations (visual, dimensional, 
gamma spectrometry, etc. ) on irradiated fuel assemblies, 

- On-site and hot cell examinations on removable fuel rods. 



Additional tests are also in progress 1n order to improve models 
used 1n fuel rod and fuel assembly design and to verify the technical 
limits of fuel operation with respect to power ramp, dally load follow, 
load regulation, etc. 

The objective of this paper 1s to review the behavior of 
FRAMATOME fuel in power reactors. 

I. FUEL BEHAVIOR IN THE ARDENNES NUCLEAR POWER PLANT (CNA) 

Fuel assemblies designed by FRAMATOME In conjunction with 
Westinghouse have been used in reload regions of this plant. The 
performance of this stainless steel clad fual has been satisfactory. 

Early 1n Cycle 5 (January 1975), the nominal reactor power level 
«is increased from 950 to 1040 MUth based on more precise understanding 
of core power distribution. The reactor coolant activity remained very 
low and stable despite various power transients and cold shutdowns. The 
sipping tests performed at the end of Cycle 5 confirmed the absence of 
fuel defects In the core. 

At the beginning of Cycle 6, FRAMATOME introduced two assem
blies containing mixed PuO.-UO» fuel as part of the evaluation pro
gram for plutonium recycling in the pressurized water reactors. The 
coolant activity during Cycle 6 indicated a presence of some leaking 
assemblies. The sipping tests at the end of the cycle Identified two 
leaking assemblies. These were among eight reserve assemblies fabri
cated earlier as Region 3 but loaded to the core at the beginning of 
Cycle 4 and irradiated for three cycles. The sipping tests confirmed 
the integrity of two plutonium assemblies. Gamma spectral measure
ments were also made on these plutonium assemblies to validate the 
predictions on power distribution. 

The coolant activity remained low early in Cycle 7 but increa
sed late in the cycle. The sipping tests performed at the end of 
Cycle 7 identified three leaking assemblies in Region 7 which were 
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discharged after three cycles of irradiation. The two plutonium 
assemblies were judged sound and reloaded to Cycle 8. 

As of May 1978, the coolant activity during Cycle 8 remains 
low, indicating good performance of fuel . The two plutonium assem
blies wi l l be discharged at the end of Cycle B after accumulating an 
average burnup of about 27,000 MWD/MTU. Non-destructive examinations 
such as gamma spectrometry are scheduled for these two assemblies 
and detailed destructive examinations wi l l also be performed 1n the 
hot cells on selected mixed oxide fuel rods. 

TT. FUEL BEHAVIOR IN THE TIHANGE 1 NUCLEAR POWER PUNT 

Fuel assemblies containing 15x15 array of Zircaloy clad fuel 
rods are being used in this plant. The core average linear power of 
220 w/cm is among the highest of a l l commercial PUR's. Even though 
there were some leaking assemblies developed during operation, the 
coolant act ivi ty remained low and the plant has performed satisfac
tor i ly with a very high load factor (92.2.X during Cycle 2 ) . 

Cycle 1 

The f i r s t cycle of TIHAN6E Unit 1 started in March 1975 and 
ended in September 1976 with a core average burnup of 13,900 MUD/MTU. 
There were numerous power variations during this cycle and the coo
lant act ivi ty increased in November 1975. The total y act ivi ty 
reached a value of 2 uCi/g in December 1975, whereas a high value of 
iodine 131 to iodine 133 ratio indicated a presence of some micro-
cracks in the fuel rods. The i activity then increased slowly to 
reach, at the end of the cycle, a value of about 6 uCi/g which Is 
only a few percent of the technical specification l imi t . Toward the 
end of the cycle, the iodine ratio decreased to a value of about 0.6, 
indicating the existence of larger defects. The absence of neptunium 
235 and low level of n act ivi ty demonstrated an insignificant reactor 
coolant contamination by the washed-out fuel . 



The sipping tests were carried out by the customer at the end 
of Cycle 1 on all 157 irradiated fuel assemblies. Since the sipping 
tests were commenced about three months after the reactor shutdown, 
only the fission products with long half-lives were measured through 
the counting of liquid samples obtained from the sipping cell. The 
analysis of the results showed the presence of 8 leaking assemblies 
out of 157 measured. In addition, in order to determine the severity 
of crud deposits, Co 58, Mn 54, Fe 59 and Cr 51 activities were mea
sured on each assembly, as these activities are a measure of the 
amount of nickel, iron and chromium deposited on fuel rods. The 
results of these measurements and visual examinations indicated that 
the crud deposits were very light and.there were heavier crud depo
sits on the assemblies irradiated in the core periphery than those 
Irradiated inside the core. 

Cycle 2 

The second cycle began in February 1977 and ended in 
January 1978 with a cycle burnup of 11,100 MWD/MTU. The behavior of 
various fission product act ivi t ies in the primary coolant at the 
beginning of the cycle indicated a possible defect in the upper plenum 
or end plug of a fuel rod. The iodine 131 act ivi ty increased in 
July 1977 with a simultaneous increase in iodine 131 to iodine 133 
rat io , indicating an appearance of some micro-cracks. Subsequently, 
an increase in activi t ies of short lived gaseous fission products was 
observed, whereas the iodine act ivi ty remained stable. Toward the end 
of the cycle, the iodine activity increased while the iodine ratio 
decreased, implying a presence of larger defects. Nevertheless, the 
coolant act ivi ty remained very low (the steady state iodine 131 ac t i 
vity at the end of Cycle 2 was less than 1 t of the technical speci
fication l i m i t ) , corresponding to a small number of leaking fuel rods. 
The act ivi ty data also indicated the absence of coolant contamination 
by the washed-out fuel . 

* LEROY, REVUE GENERALE NUCLEAIRE, No.6, December 1977 



The sipping tests performed at the end of Cycle 2 identified 

three leaking assemblies in Region 3, thus confirming the predictions 

based on the coolant activity data relative to the fuel defect level. 

Cycle 3 

The third cycle began in March 1978. Up to now the measured 

coolant activity data indicate no fuel defect in the core. 

I I I . VISUAL EXAMINATIONS ON TIHANGE ASSEMBLIES 

Extensive on-site examinations were performed to verify the 

mechanical integrity of fuel assemblies reputed to be leaky, and to 

determine the magnitude of fuel rod bow. 

At the end of Cycle 1 , visual examinations with T.V. recor

dings were carried out on twenty nine assemblies. The average burnups 

of these assemblies ranged from 8,500 to 16,700 MUD/MTU. Visible 

defects (two perforations) were observed in a peripheral fuel rod in 

a Region 3 assembly which was identified as a leaker based on the 

sipping test. No visible defect was found in the remaining seven 

assemblies which were also declared as leakers. On the whole the fuel 

rods examined did not show any particular anomalies such as wear, 

collapse or heavy crud deposits. 

T.V. tape records on twenty nine assemblies were examined in 

detail to determine the magnitude of fuel rod bow by measuring the 

variation in channel spacing between peripheral fuel rods. Each assem

bly was examined on a l l four faces and channel spacing was measured at 

mid-points between two adjacent grids along the length of the assembly. 

The analysis of channel spacing data at 16,000 MWD/MTU showed that 

3 % of the channels had closures greater than about 25 », whereas 

only 0.3 Ï of the channels had closures greater than about 40 Ï . 

In general, the maximum rod bow occured in the lower part of the assem

bly and the magnitude of rod bow increased with increasing burnup. 



However, the observed rod bow was significantly less than the value 
used in design and safety analysis. 

On-site examinations were carried out again at the end of 
Cycle 2 on seventeen assemblies with the burnups ranging from 
20,000 to 26,000 MWD/MTU. The visual examinations on three Region 3 
assemblies which were categorized as leakers from the sipping tests 
showed defects in two peripheral fuel rods in two assemblies ; one 
fuel rod with a defect in the top end plug (as indicated by the coo
lant act ivi ty data) and another fuel rod with a perforation. No ad
verse effect of these defects on adjacent fuel rods was observed. No 
visible anomaly was found in the third assembly which was also iden
t i f i ed as a leaker based on the sipping tests. 

Fuel rod bow data obtained from seventeen assemblies are curren
t ly under evaluation. A preliminary analysis of these data indicates 
no significant rod bow considering burnup levels achieved in these 
assemblies. 

IV. EXAMINATIONS ON TIHANGE REMOVABLE FUEL RODS 

A special mechanical design was employed in one Region 3 assem
bly to allow removal of up to th i r ty two fuel rods on si te . A machine 
designed and manufactured by FRAMATOME was used to extract the remova
ble fuel rods and to insert the replacement rods after Cycles 1 and 2 
i n TIHANGE. 

At the end of Cycle 1 , three fuel rods were removed for on-site 
and subsequent hot cell examinations. The average burnups of these 
rods were between 8,100 and 8,800 MWD/MTU. No anomaly was observed on 
these fuel rods and crud deposits were very l ight . At the locations of 
these three removed fuel rods were introduced new rods containing low 
enrichment fuel and the assembly was reloaded to the core for the 
second cycle of irradiation. 



At the end of Cycle 2, three fuel rods were removed again 
after accumulating rod average burnups of 21,000 to 23,500 MWD/MTU. 
The on-site program included measurements of fuel rod withdrawal 
forces, and profilometry after cleaning slightly adherent cruds depo
sited on fuel rods. The fuel rods were in excellent shape and did not 
show any anomaly. Dummy rods containing no f iss i le material were in 
serted to positions where three fuel rods were removed and the assem
bly was- reloaded to the core. 

Several fuel rods wil l be removed again after three cycles of 
irradiation and non-destructive examinations on site and destructive 
examinations in hot celTs are planned for the removed fuel rods. 

V. FUEL BEHAVIOR IN FESSENHEIM 1 and 2 NUCLEAR POWER PLANTS 

FESSENHEIM Units 1 and 2 went into operation in March and 
June 1977, respectively, ut i l iz ing fuel assemblies of 17x17 design. 
At the end of Hay 197B, the Unit 1 fuel had accumulated a burnup of 
about 5,400 MW0/MTU and Unit 2 fuel about 4,600 MWD/MTU. The reactor 
coolant activit ies in these two plînts are very low, indicating very 
satisfactory performance of fuel without any defect. 

At the end of Cycle 1 , extensive on-site examinations wi l l be 
undertaken on nine fuel assemblies from Unit 1 and f i f teen fuel assem
blies from Unit 2. There are f ive assemblies containing removable 
fuel rods in these two plants (two assemblies in Unit 1 and three 
assemblies in Unit 2 ) . Several fuel rods from these assemblies wi l l 
be removed at the end of Cycle 1 and wi l l be subject to detailed on-
site and hot cell examinations. 


