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By 
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Abstract 

~ 

The message contained in the results of a large comp~ter 
program is often difficult to present to large groups of people. 
This may be overcome by using l6mm color movie techniques. This 
presentation shows the results of directly using computer output 
to eix:plain a story about fuel behavior during a pOUJer transient. 
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MOVIE STORYBOARD 

IRRADIATION POWER EFFECT ON FUEL PIN TRANSIENT PERFORMANCE 
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MOVIE STORYBOARD 
IRRADIATION POWER EFFECT ON FUEL PIN TRANSIENT PERFORMANCE 

Audio 

In order to analyze the effects of 
power tramsients o~ fuel p~n cladding, · 

reactor fuel pins are freq~ently tested 
with a sudden burst of power that 
deliberately exceeds norma~ conditions. 
Under the conditions of such a power 
transient, the heated ceramic fuel 

softens and tends to f~ow into e~isting 
internal voids because of stress fields 
imposed by the cladding restraints. 
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~10V IE STORYBOARD 
IRRADIATION POWER EFFECT ON FUEL PIN TRANSIENT PERFORMANCE 

Audio 

We will show this void distribUtion is 
determined by the pretransient power 
rating and affects the ability of the 
fuel to press on the cladding during 
transients. 

We first compare photographs of fuel 
that was irradiated at low power 
with that irradiated at hrigh pbwer. 

Similar features include: 
Fuel· cladding gap 
Porosity 
Startup cracks 

In addition, the high power fuel has; 
Shutdo\'m cracks, and a 
Central void 

~aused by high temperature void migra
tion. 
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Audio 

A comp1.1ter code,. ca 11 ed OS TRESS, has been 
developed to analyze effects of power tran
sients on the stainless steel cladding which 
contains the. fuel. The DSTRESS program 
instructs the computer as to how to calculate 
fuel pin stresses and void compaction 
mechanisms •. The results are manipulated to 
produce an appropriate image on the face of 
a cathode ray tube which is photographed. 

Our computer simulation shows a wedge shapec 
fuel pin cross-section. Features include 
fuel, cladding, fuel-cladding gap, porosity, 
cracks, and central void. 

The power transient hi story is shown· in 
graph form, with a moving red dot to indicate 
the time sequence. The flat portion of the 
graph approximates normal operating power. 
Total test time is about 7 seconds. 
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Audio 

Fuel temperatures are represented by color, 
with melting shown as almost white hot, 
while room temperature fades to a dull red. 

Time 

In final sequences, we will add a bar graph 15 sec. 
on the s.ide to show cladding stresses as a 
fraction of the value required for plastic 
flow. 

Our first simu~ation shows results for a 
high po~er fueU pin. 
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Audio Time 

The fuel pin is shown at steady state condi-
tions. The fuel-cladding gap has closed and 1_).se..~ 
a short portion of the startup crack remains. 
The central portion operates at high enough 
temperatures to cause void migration that 
reduces· porosity, closes startup cracks· and 
creates a central void. 

When this fue1 is shut down, thermal shrink
age causes cracks to form in the central 
region and a small fuel-cladding gap develops. 

The power transtent test begirns with fuel ·at 
zero power. The first power r.amp and flat 
top bring the fuel back to its steady state 
condition.with no shutdown cracks. The power 
spike causes the fuel to press on the clad
ding. By the time significant cladding 
stresses are reached, the center of the fuel 
cannot support the loads for two reasons •. 
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Audio 

CONTINUED 

First, the fuel is weakened by the central 
void and secornd, the fuel temperatures are 
approaching melting which permits rapid 
creep deformation. This a 11 ows the centra 1 
void to collapse and some porosity compacted. 

When the available voids are used up, further 
fuel thermal expansion causes increased 
cladding loading that result in pin failure. 

We now repeat this simulation and include 
the cladding stress bar. · 

Note that cl~dding stress decreases when 
central void closure·occurs. 

The extensive void compaction of the fuel 
is evident when comparing crossections before 
and after the transient. These compacted 
features include central void, center 
porosity, and startup cracts. The total 
voids have changed from 10% to 3% . 
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Audio 

We now examine results for a low po~1er fuel 
pin. 

Time 

Again the fuel is shown at steady state condi 
tion. Since the fuel has reached midlife 
burnup, the fuel-cladding gap has nearly closed. 
The low temperatures have suppressed develop
ment of a central void and extensive portions 
of the startup cracks are evident. 

When this fuel is shut down, further thermal 
cracking need not occur and 1~rge inward 
displacements of the outer surface results 
in a substantial fuel-cladding gap. 
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Audio 

When the pO\'Ier transient is applied, closure 
. of the fuel-cladding gap occurs first. As 

the power spike is applied, the fuel begins 
to load the cladding. Since the fuel temper-· 
atures at gap closure are three to four 
hundred kelvin degrees cooler than the high 
power fuel example, there is substantial 
strength left in the central fuel and the 
cladding loading continues. 

Time 

We now stop the sequence to discuss.a 
critical point in low power transient 3 s-s~c 
analysis. Crack closure is complete in the 
softer portions of the fuel. The next major 
accommodatton mechanism is po:rosity compac-
tion which usually occurs when temperatures 
are near fuel melting. If the continuing 
thermal expansion rates cause loading that 
cannot be alleviated by porosity compaction~ 
the cladding will fail. Otherwise the 
failure time will be delayed until after 
porosity closure. 

For this test failure occurs now~ 

We now repeat this transient with the addi
tion of the cladding stress bar. 
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Audio 

Comparing fuel pin cross sections before and 
after the transient show startup crack 
closure· but very little porosity compaction •. 
The total voids have changed from lJ% to 
10%. The fuel heat energy causing failure 
is about 20% less than the previous htgh 
power fuel example. 

These results show how a mechanistic computer 
code may be used to understand fuel pin 
behavior during overpower transients. 
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