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Addendum 1 to CSER 78-001: PWR Core 2 Blanket Fuel Storage Cell 
4, 221-T Building 

1. Introduction 

Irradiated pressurized water reactor (PWR) Core 2 (PWR-2) blanket fuel assemblies from the 
Shippingport PWRhave been stored in the 221-T canyon water pool for twenty years. The fuel is in the 
form of small wafers of UOz, which were initially natural enriched uranium (0.72% z3sU). The uranium 
oxide wafers have a p)lolytic carbon coating, which prevents the fuel from reacting with a zircaloy-4 grid 
which provides structural strength and holds the wafers in place to form fuel plates. Thirty fuel plates 
comprise a sub-assembly which are held together by zircaloy-4 end plates. Two identical oxide fuel plate 
sub-assemblies are welded together to form a square structure with two zircaloy-4 extensions welded to 
the ends. 

Seventy-two PWR-2 assemblies are stored in the 221-T canyon water pool. Eight of these 
assemblies were irradiated in the center of the reactor core to an average bumup of 24,538 Mwd/MTU. 
The remaining assemblies had a bumup of 16,200 MwdMTU These assemblies were placed in the 
canyon in 1978 and 1979 (WHC 1996). The original Criticality Safety Analysis Report (CSAR) (WHC 
1990) analyzed the criticality safety of their storage and concluded that they were safe from a criticality 
standpoint. It was also mentioned in this CSAR that the assemblies were scheduled to be stored for 
twenty years. 

The Criticality Prevention Specification (CPS) for this storage configuration (RHO 1978), 
included in (WHC 1990), specifies that the fuel “will be stored in Cell 4 up to 20 years”, and that “no 
special handling or storage requirements for criticality control during ... interim storage up to 20 years” 
were necessary. The purpose ofthis addendum is to extend the period of coverage for this material. 

2. Limits 
There are no special storage requirements for criticality control during storage of the fuel for an 

additional 10 years. At the expiration ofthis interval the issue of fuel integrity and its effect on the 
question of criticality shall be revisited. Additional review shall be made prior to any movement of these 
fuel elements. 

3. Analysis 

The actinide content of the assemblies is a function ofthe original fuel composition, irradiation 
history, and decay time. The fuel was removed from the reactor in 1974. The actinide composition was 
calculated with the computer code Origen2 based on the bulk composition and known operational history 
(Bergsman 1994). The results are listed in Table 1 .  Actinides with mass less than 100 g per assembly 
are not listed except 241Pu, which is fissile. 
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1 Isotope 

Table 1 : Actinide Masses per PWR-2 Fuel Assmbly (8) 11 
Time since Reactor Discharge I 

Most Reactive 
(High Bumup) Blanket 

80.6 

0.91 

63.3 II 
11 241Am I 197 213 II 

Note that the total fissile nuclide (235U, 21%, and 241Pu) inventoly is approximately 0.8 wt% of the total 
uranium. In addition, '"Pu, a neutron absorber, constitutes approximately 25 wt% ofthe Pu. In addition, 
the reactivity decreases slowly with time overwhelmingly due to the decrease in 241Pu. 

The original CSAR (WHC 1990) analyzed this system in terms of the infinite multiplication 
factor (!L) for the blanket assemblies fully flooded with water at 25°C. Table 2 lists these results. 

I__ 

Table 2: Fuel Assembly Reactivity 
I 

II Assemblies I k- I1 
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reactor for 17 years. For more than 12 years the coolant temperature was above 200°C in an irradiation 
environment. Even with these extreme conditions, localized attacking of the cladding was not observed. 

If the integrity of the particular spent fuel assemblies in the 221-T canyon water pool were to 
degrade, the isotopes in the fuel, especially those that are most soluble would dissolve into the pool water. 
The most significant of these is cesium, which is rather soluble and is easily detectable due to its 
0.662 MeV gamma ray emission. This y-ray is actually due to its progeny, barium. The water in the storage 
cell is sampled and analyzed at least once each month. These samples are examined for the presence of 6oCo 
and "'Cs-Ba . Data obtained from the T-Plant PWR-2 storage pool water sampling program have indicated 
no degradation in the codmement of the fuel. Concentrations of I3'Cs have remained constant at - 1 x 10" 
OCiIml. 

4. Conclusions 

The conclusions of the original analysis remain valid at this time. Past experience with zircaloy clad 
fuel has indicated that the integrity of the assembly can be expected for another ten years. The present water 
monitoring system offers sensitivity adequate for early detection of assembly degradation so that timely 
remediation can be affected. 
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