
The fact that the phenomenon was not observed in the annular fuel 
designs is explained by the prepressurization and/or the larger available 
internal volume, which both tend to accommodate the fission gas release 
without seriously degrading the gap conductance. 

For the sphere-pac rods, the absence of the anomali Is explained by 
the absence of a fuel-cladding gap. 

Thus, the observed anomali are taken to depict the process of thermal 
feedback, quickly raising the fuel temperature in response to accelerated 
fission gas release. Furthermore, in view of the consistency of other 
Studsvik observations of power and elongation signal anomalies, 1t may be 
believed that the anomalies of the here discussed experiments, when 
observed in future experiments, can be consistently taken as indicators of 
thermal feedback. 

6 . COHCIUSHW 

During ramp tests of solid pellet, uitprepressurized fuel rod designs, 
previously irradiated to 18 MtU/kgU, anomalies in the recorded thermal 
output signal and elongation detector signal were observed. 

These observations have been explained In terms of thermal feedback. 
Similar occurrences may be looked for in future experiments as a useful 
method for nondestructively detecting accelerated fission gas release by 
thermal feedback. 
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Abstract 

The Studsvik Demo-Ramp II och Trans-Ramp I are 
internationally aponaored research programs. The 
main objectives are similar in both programs) to 
study the effects on the PCI/8CC failure process 
of short time power transients, above the failure 
threshold where cladding failure (FP leakage) is 
expected to occur after a sufficient hold time. 
Demo-Ramp II is completed, whereas, at present, 
Trans-Ramp I is in progress. Test fuel rods of 
standard BUR design are ueed. The fuel rode have 
been base-irradiated in a power reactor (burn-up 
in the range 18 to 29 MM/kg U) and subsequently 
ramp tested in the R2 reactor. Extensive examina
tions of the rods have been performed. 

In the Demo-Ramp II program a large number of 
incipient cladding cracks were observed to be 
formed more rapidly than expected, baaed on 
previous knowledge. It was possible to operate 
one rod for a very short time above the failure 
threehold without 8CC crack formation. One objec
tive of the Trans-Ramp I program is to define 
more closely the power-time region above the 
fa.iure threshold where the rods remain intact 
after power transients. 



1. INTRODUCTION 

The Studsvik power transient programs Demo-Ramp II 

(OK II) and Trans-Ramp I (TR I) are internation

ally sponsored research programs. The eight 

sponsoring organisations of DR II are listed in 

Table 1. The programs have been supervised by 

project committees composed of representatives 

from the sponsoring organisations. Information 

from OR II is now free for release, whereas only 

limited information can be given concerning the 

TR Z program. 

The general objectives of both programs have 

been similar: to study the effects of short time 

power transients on the PCI failure process in 

test fuel rods of standard BNR design. Histori

cally , it was expected from a result of the 

Interramp project (1) that power transients 

within a certain region could be accomodated by 

a fuel rod without damage. The result in ques

tion was the relation between the power shock 

and the time to detection of fission product 

release to the coolant. 

In the OR II program, the objectives were, in 

more detail, defined by the following subprog

rams: 

A. To establish the failure level for the 
test fuel rods used (the power level 
where failure is expected after a suf
ficient time). 

B. To study the possible occurrence of PCI 
failure during short power transients. 

SI 

C. To characterise the PCI-related phenom
ena such as incipient crack formation! 
cladding deformation, fuel restructuring 
and fission gas release. 

In the present report both the tests and the 

fuel rods are denoted Al, A2, Bl, etc. 

The results of the OR II program showed that 

incipient cracks were formed very rapidly, 

within a minute. Much higher ramp rates are 

therefore used in TR Z, with similar objectives 

as in OR II. 

2. EXPERIMENTAL PROGRAM 

2.1 Test Fuel Rods 

The test fuel rods, delivered by RMU, were iden

tical in design to unpressurited BMR fuel rods 

except for length. Some nominal design data of 

the rods are given in Table 2. 

The rods were base irradiated in the MfR of 

Kernkrafwerk Wflrgassen in Germany to burn-ups in 

the range 25 to 29 MHd/kgU in the case of the 

DR II rods. The linear heat generation rates had 

been in the following rangesi time average It.7 

to 21.6 kW/m, maximum 2S.4 to 29.6 k*f/m. 

2.2 Examinations of the Fuel Rods 

All the rods were checked after the base irradi

ation by means of visual inspection and EC tests. 

Some of the rods were also examined prior to the 

ramp tests by means of gammascanning, neutron 

radiography and profilometry. 



The PIE program was fairly extensive, sections 4 

and 5. 

2.3 Power Ramp Tests 

The ramp tests were performed in a pressurised 

water loop in the Studsvik R2 reactor, under 

simulated BNR operating conditions. A He-3 ramp 

test rig (2) was used, provided with a rod elon

gation sensor during the TR I program. The fol

lowing phases were included in the power ramp 

irradiations: 

(1) A conditioning phase at 30 kN/m for 
24 hrs 

(2) A power ramp step to preselected ramp 
terminal levels. Ramp rates: 

In DR II, subprograms A and C 
70 N/m x sec 

OR II, subprogram B approx 
300 N/m x sec 

In TR I, the ramp rates were an order 
of magnitude larger compared 
to DR II 

(3) A holding phase at the ramp terminal 
level. 

(4) A power reduction phase, using the He-3 
system or by means of a fast shut down 
of the reactor. 

3. RAMP TEST RESULTS 

3.1 DR II subprogram A. Failure Threshold 

The failure threshold was bracketed between 38.0 

and 41.3 kN/m by the use of two fuel rods, Al 

and A2, resp. Rod Al was intact, whereas activ

ity release was observed from A3 after 66 min at 

the ramp terminal level 41.3 kN/m. The result is 

in agreement with previous experience. 

A second ramp experiment, using rod Al, was 

performed. The rod w.s conditioned for 24 hrs at 

its previous ramp terminal level, 38 kN/m, and 

was subsequently ramped to 43.5 kN/m. The rod 

remained intact after holding for one hr at this 

new terminal level. 

3.2 DR II. subprograms B end C 

This main part of the program contain** six ramp 

tests, Bl to B4 and CI and C2. The hold times at 

the terminal power levels were in the range 10 

to 36 sec in subprogram B and 66 to 270 see in 

subprogram C. The ramp test parameters are given 

in a summary table, Table 3, and the ramps are 

also illustrated in rig 1. 

No activity release was detected during any of 

these testa. The post-ramp examinations showed, 
however, that incipient cladding cracks had been 

formed after almost all power transient testa. 

The ramp test results are plotted in a power/time 

diagram, Pig 2. 

4 RESULTS OF EXAMINATIONS OF THE CLADDING 

CONDITION, DR II 

Post irradiation examinations of the condition 

of the cladding tubes were performed by means of 

visual inspection, neutron radiography, EC testa 

and inspection of the cladding inside surfaces. 



Cladding failure was observed visually only on 

rod A2, which was already known to be failed. 

The rods were radiographed after all ramp tests 

for two purposes: to detect cladding leaks and 

to determine changes in the fuel structure. No 

signs of cladding failure could be observed on 

any of the radiographs, except in the case of 

A2. 

Indications of cladding defects were, however, 

observed on the ECT output charts of all the 

rods of subprograms B and C, except B4. These 

indications were quite clear on the ECT charts 

of Bl and CI and occurred at a number of pellet 

interface locations. With regard to the fact 

that the radiography is a very sensitive method 

to detect cladding failure in unpressurized 

rods, the ECT signals were assumed to indicate 

non-penetrating (incipient) cracks. 

The formation of incipient cracks was confirmed 

by inspections of the inside surfaces of the 

cladding tubes. Numerous incipient cracks were 

observed in all the unfailed rods except Al and 

B4. The cracks were axially oriented and concen

trated at pellet ends and along fission product 

deposits in front of fuel cracks. Specimens for 

scanning electron microscope examinations were 

taken near the axial positions of maximum power 

on the rods. All fracture surfaces were charac

terized by cleavage fracture mixed with a smaller 

amount of fluting. There was no indication of 

intergranular stress corrosion at the start of 

the cracks. The depths of penetration were esti

mated and are given in Table 3. 

5 FURTHER PIE RESULTS, DR II 

5.1 Prof ilometry 

Diameter profile measurements were performed on 

a few of the rods prior to and after the ramp 

tests. Ridges of moderate heights occurred on 

all post-ramp profile traces. The maximum ridge 

height U 0) was 16 urn. The mean ridgo heights 

around the centre of the fuel stacks are given 

in Table 3. The permanent deformation of the 

rods between the ridges was very small, less 

than 2 win. 

5.2 Residual P/C Gaps 

The pellet-clad diametral gaps were measured by 

means of the compression method, after the ramp 

tests. Two sets of data are obtained! gap to 

relocated pellets and gap to compressed pellets. 

The mean values of the gap to compressed pellets 

(mean of measurements at 5 locations) are given 

in Table 3. The corresponding results for relo

cated pellets were in the range 30 to 75 urn. 

5.3 Fission Gas Release 

The fission gas release was determined for all 

the rods except the failed one, A2. The percen

tages of Kr and Xe released are reported in 

Table 3. 

5.4 Fuel Restructuring 

The depths of the pellet dishings were measured 
on the radiographs. The pre-ramp depths were 



close to the design value. Partial closing of 

the dishings occurred during the ramp tests. 

There appears to be a rough correlation between 

the amounts of dish closure and the estimated 

crack depths, both presumably depending simi

larly on temperature, stress and time. 

Metallographic examinations were performed of 

the fuel pellets of six of the rods. The speci

mens were axial cross-sections taken close to 

the location of maximum power at the ramp tests. 

A specimen was also taken from an unramped rod. 

The radius where grain boundary porosity became 

visible was determined. 

The extent of dish closure and the radius for 

onset of grain boundary porosity are given in 

Table 3. 

6 CONCLUSIONS 

1. The failure threshold was established 
to be in the interval 38.0 to 41.3 kw/m. 

2. Fuel rods can be operated at a power 

above the failure threshold for short 

times without failure. Incipient cracks 

are, however, formed very rapidly, 

within a minute for the present rods at 

45 kN/m. 

3. It is possible to ramp a rod to a power 

level above the failure threshold if it 

is first conditioned at a suitable 

power level. 
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Table 1 Participants in the DEMO-RAMP II Project 

Participant Location 

Comitato Nazionale l'Energia Nucleare (CNEN) Italy 

Institutt for Energiteknik (IFE) Norway 

Japan Atomic Energy Research Institute (JAERI) Japan 

Kraftwerk Union Aktiengesellschaft (KWU) Federal 
Republic 
of Gerrsny 

Ris«S National Laboratory Denmark 

Studsvik Energiteknik AB (STUDSVIK) Sweden 

Swedish Nuclear Power Inspectorate (SKI) Sweden 

US Nuclear Regulatory Commission (NRC) USA 



Table 2 Demo-Ramp II. Some Nominal Design Data of 

the Fuel Rods 

Fuel rod length 

Diameter 

Enriched fuel stack length 

Total fuel stack length 

Plenum chamber length 

Cladding wall thickness 

Cladding final heat treatment 

Fuel/Clad diametral gap 

Fill gas 

Pellet sintered density 

Density increase after standard ther

mal densification test (1700°C, 2.S h) 

Pellet length 

Dishing depth 

Average grain size 

Table 3 Summary of ramp test and PIE results, DR II. 

390 mm 

12.5 mm 
300 mm 

314 mm 

43 mm 

0.85 mm 

Stress relieved 

200 urn 

0.1 MPa Helium 

10.5 kg/dm3 

0.1% 

12 mm 

0.25 mm 
7.6 um 

55 

Time (min) 

Fig 1. Shapes of power transients. 
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Fig 2. Ramp test results plotted versus time at power above 40 kW/m 


