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FUEL PIN LIFE EVALUATION
FOR THE MULTIDUCT TEST ASSEMBLY IN FFTF

E. L. Tang

A multiduct fue]kpin test assembly (MFTA) has been developed for the breeder

reactor fuel development programs in the Fast Flux Test Facility (FFTF) at -

_HEDL. The MFTA, designed as a test vehicle consists essentially of two
fuel pin regions, the inner test pin region and the outer driver pin region
separated by the inner and the intermediate ducts. The objective of this
report is to analyze and to determine to what extent the driver pins in the
outer region of MFTA can be operated beyond the three reactor operating |

- cycles (300 EFPD) set for the standard FFTF driver pins, so that the MFTA
as a test vehicle can be reused for further irradiation tests. 'Thé‘analysis
is to demonstrate that the driver pin cladding structural integrity can be
maintained during an 'intended 1ife by taking into account all possible
operating conditions, namely, the normal steady-state and the most severe
expected transient events. '

The criterion for the present analysis is based on the cumulative stress
rupture damage fraction. The cumulative damage fraction will reflect the
combined effects of both the thermal and neutronic envinronmental and
mechanical histories of the driver pin throughout its possible lifetime.
Analytically, it can be stated that cladding integkity can be assured over

the operating lifetime so long as:(])
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where the factor ) 3 is the number of Z-th occurrence for the j-th type
of transient. The tr oy describes the stress rupture time function for the
j-th event at the i-th occurence at time t. The first term in Equation 1
represents the accumulated stress rupture damage fraction for a normal

(1)



steady-state operation of time'period‘of Ty EFPD. The second term describes
the sum of all rupture damage fractions for all possible occurences and/or
repetitions of transient events during the Tife Ty
For the MFTA analysis in which we have established the FFTF driver pin at

the center of the reactor core as the benchmark for comparison with the

driver pin in MFTA at Row 3, Equation (1) can be rewritten as:
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Equation (2) simply implies that if the total accumulated rupture damage -
fraction for the driver pin in MFTA at Row 3 is less than or equal to that of
the FFTF driver pin at the core center “for 300 EFPD, the c1add1ng integrity
of the driver pin in MFTA can be maintained. — :

The Steady-state pin lifetime analyses for the driver pins in MFTA at Row
3 and the FFTF driver pin at the core cénter are performed by using the
SIFAIL computer code.(z), It calculates the thermal and mechanical properties
of a mixed uranium-plutonium oxide fuel pins in a fast neutron environment
and provides the temperature distributions in fuel pin and cladding, the
fuel restructuring characteristics, the fission gas generation and release,
the cladding mechanical deformatiohs due to swelling and creep, and the
stress rupture damage fraction for the cladding. As an example, Figure 1
displays the cladding OD temperatures along the active pin axial positions
for comparison between the FFTF driver pin at Row 1 and the hot pinin

MFTA at Row 3 for steady-state operations of 3 to 5 cycles.



The cladding integrity and pin 1ife for the transient-over-power (TOP) and
the loss-of-flow (LOF) events are investigated by using the LAFM computer
code,(B) LAFM predicts the time and the location of fuel pin failure as
well as the state of the fuel inside the pin at the time of failure. The
failure criterion adopted by LAFM is a linear life fraction rule, based on
- the stress-rupture lifetime. The anticipated events analyzed for the TOP
are the rod drop with primany-scram, and reactivity insertions of 0.5¢/sec,
3.4¢/sec and 25¢/sec with primary scrams and secondary scrams. For LOF,
the accidents due to total loss of electric power, one primary pump mechan-
ical failure, and the continuous flow reduction are analyzed. A special
reactivity insertion accident of 3$/sec is also investigated. A1l the
transient events were initiated with reactor operating at full power of
400 Md with a coolant inlet temperature of 695°F. The life fraction
profile along the axial positions of the driver pin for 3$/sec transient
is shown in Figure 2. The profile represents the quasi-steady-state life
fraction for the pins, after a rapid transient period.

The driver pin lifeés of MFTA are evaluated by assuming that all the transient
events discussed above occur once in its lifetime. The total cumulative
damage fraction throughout the pin lifetime are summarized in Table 1 for
comparison between the driver pin of FFTF after 300 EFPD and the driver
pins of MFTA after 300, 400, and 500 EFPD operations. The result shows
that all the TCDF values for the driver pin in MFTA at Row 3 are less than
that at Row 1 for FFTF, and the cladding integrity is expected to be main-
tained after 500 EFPD operation.

A éétailed discussion of the meﬁhgs§of analyses will be preseﬁ%éd at the
meeting. ' . .
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DORN LIFE FRACTION
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TABLE 1

: TOTAL»CUMULATIVE DAMAGE FRACTION
FOR COMPARISON BETWEEN ROW 1 AND ROW 3

MFTA

2.11x1073

O NLve 041 | Row 3 Row3 | Rows3
Events 2 gggo gggn gggn gggn‘ .
Steady-State | 3.0X107° | 2.86x107* | 4.77x10°% | 6.72x10"*
o.sessec, ps(8) | 1lesxiomt | 1.55%10°5 | 4.88x107¢ | 1.36x10°°
0.5¢/sec, ss®) | 3.20x107° | 330" | 9.3x107° | 2.67x10°°
3.4¢/sec, PS 1.24x107* | 1.57x107° | 4.7x107° 1.09x107¢
13.4¢/sec, SS 1.28x107% | 1.51x10°* | 4.17x10°% | 1.01x107°
[25¢/sec, Ps 9.21x1077 | 8.4x107° | 3.02x107° | '3.67x107°
b5¢/sec, SS 3.56x107° | 3.8x10°7 | 1.25x1077 | 1.82x10"°
B$/sec, PS 8.64x107% | 3.06x107° | 1.03x107% | 1.07x107°
Rod Drop 3.86x10°% | 6.8x105 | 3.06x10°5 | 4.05x107°
Flow Reduction 5.51x107® | 1.18x107% | 5.29x107* | 7.12x107°
l oss of Elec- 17.95x1075 | 1.27x107% | 5.91x107% | 8.02x1077
tricity : |

~ One Pump Failure 9.79x10“5‘ 1.56x107° | 7.21x107° 9.78x10°7
TepF(€) 1.39x1072 1.21x107° | 7.9x3107"

{a)PS=Primary scram

(b)SS=Secondary scram
(c)TCDF=Total cumulative damage fract1on
through pin ]1fet1me .




