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INTRODUCTION 
The regulations governing disposal criticality require that 
criticality not be possible, except under certain very 
unlikely sequences of events, and that the risk of 
criticality (probability times consequences) not violate 
repository performance guidelines. This paper describes 
the analysis and results of a probabilistic evaluation of 
the likelihood that the events/conditions required for a 
criticality event internal to the waste package (wp) 
during the postclosure phase of the repository will 
occur"*. . This analysis supports a determination of 
licensability as it is affected by criticality control. 

WORK DESCRIPTION 
For a loaded and sealed WP, several events or conditions 
are required before a criticality event is possible. These 
are: 

1, A source of water with access to the waste package, 

2. Breach of all WP barriers, allowing moderator entry 
to WP interior, 

3. Loss of neutron absorber from the basket structure, 

4. Fuel geometry that provides for sufficient 
moderation/reflection, 

5. A WP which is capable of holding water, and 

6 .  Fuel that is isotopically capable of criticality given 
a source of moderator, an appropriate geometry, and 
insufficient neutron ,absorbers. 
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During the preclosure phase of the repository, the 
likelihood of a criticality is generally characterized by the 
independent occurrence of the above events. Sequences 
of dependent events (i.e., corrosion) are extremely 
unlikely due to the relatively small amount of time 
elapsed in the preclosure phase. However, during 
postclosure, the likelihood of dependent sequences of 
events increases as more time passes, while some of the 
possible independent causes of these events which existed 
during preclosure are no longer present. Eventkondition 
6 is independent of the other four events in terms of the 
fuel isotopics, while the fuel cladding is relatively intact. 

. 

For this analysis, only the dependent occurrence of events 
1 through 3 were evaluated. The basket and fuel 
geometries, eventkondition 4, were assumed to remain 
intact. Three dependent sequences of events were 
defined; initiation (event 1) by water dripping on the WP 
at a low rate (la), initiation by water dripping at a high 
rate (lb), and flooding (IC). The time to occurrence of 
events 2 and 3 is conditional on the occurrence and 
magnitude of event '1, because an aqueous environment 
is required to drive the corrosion processes. The 
probability density functions (PDFs) for the time to 
occurrence of each of the three events in the three 
sequences were estimated from available data on 
corrosion and infiltration processes. 

Next, the PDF for the time to occurrence of a specific 
sequence of dependent events is given by the convolution 
of the PDFs of the three events in that sequence. For 
example, i f f ,  is the PDF for an initiating environmental 
condition, f2 is the PDF for a WP barrier breach, which 
is conditional on f,, and f3 is the PDF for neutron 
absorber removal, which is conditional on f2, then the 



PDF for the time to occurrence of all three failures is 
mathematically represented as: 

C t- tl 

f ( t) =Ifl ( tl) dt, f i  ( t,) f3 ( t-tl-tz) dt ,  
0 0 

The f,, f2, and f3 PDFs used for the evaluation of each of 
the three event sequences for the Uncanistered Fuel 
(UCF) WP are given in Table 1 below. 

Table 1. Event PDF Parameters for UCF WP 

IbGZbution I TvDe I Parameters II 
f d )  u 1/9000; 1000 < t < 10000 

f,,N u 1/98000; 2000 c t c 100000 

~~~ ~~ ~~ 

f,Xt) & f3&t) I W I e39343, p=Z.lO, 0=4800 

f,$> 
J = Uniform; T = Triangular; W = Weibull 

I W I ~=19671, p=2.10, 0=2400 

The resulting PDF for a given. sequence was then 
adjusted using a curve for the time-dependent fraction of 
fuel capable of exceeding 0.95 kff given a flooded WP 
with an intact unborated basket. This curve is shown in 
Figure 1 for the UCF WP. The adjusted PDF was then 
numerically integrated to produce a curve defining the 
cumulative probability of a WP exceeding 0.95 k,, for 
that sequence as a function of time. The sequences 
involving dripping were also considered conditional on 
the probability of a WP being located below a dripping 
fracture (0.07), which was considered a constant and 
independent property of the repository over the time 
period of the evaluation. The total cumulative probability 
of exceeding 0.95 kerf from all sequences evaluated was 
estimated using a simple fault tree diagram (a top event 
with an OR-gate linking the three event sequences 
defined) quantified at selected points in time. Due to 
uncertainty in the time to breach the WP barriers, an 
alternate case was also evaluated which eliminated the f2 
distribution from the convolution (essentially giving no 
credit to the barriers for preventing moderator entry). 

MPC WPs. The number of WP criticalities (kel121.0) 
expected to occur by a given time can be approximated 
from Figure 2 by multiplying the cumulative probability 
at that time by the number of packages. 

CONCLUSIONS AND DISCUSSION 
The primary difference between the UCF and the 
conceptual MPC WPs in this analysis is the time required 
to remove the neutron absorber. Figure 2 essentially 
demonstrates that when only events 1 through 3 are 
evaluated, the analysis will indicate that both designs 
eventually yield close to the same cumulative number of 
criticalities. However, once the WP barriers have been 
breached and the internal inert environment is lost, all of 
the components interior to the package will be,' =in to 
degrade simultaneously. In reality, the same mechanisms 
that cause the boron loss will also cause the collapse of 
the basket structure long before most of the boron has 
been removed from between the assemblies. This will 
result in a slight reactivity insertion, but not as great as 
if all of the boron had been removed. Similarly, 
degradation mechanisms will also be acting on the fuel 
assemblies and the lower portion of the WP in a manner 
that will have a negative effect on WP kefp Failure of the 
fuel assembly spacer grids will result in consolidation of 
the fuel rods and the eventual formation of corrosion 
holes in the lower portion of the package will allow 
drainage, either of which result in a negative reactivity 
insertion sufficient to prevent internal WP criticality. 
Future work will evaluate the effects of these changes on 
the cumulative probability of WP criticality by also 
considering sequences of events 1,2, and 4, and 1,2 and 
5. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
RESULTS Government. Neither the United States Government nor any agency thereof, nor any of their 
Figure 2 displays the cumulative per package probability employees, makes any warranty, express or implied. or assumes any legal liability or responsi- 
of exceeding 0.95 kerf for both the barrier and no-barri& bility for the accuracy, completeness, or usefulness of any information. apparatus, product, or 

process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any s - ~  commercial product, process, or service by trade name, trademark, which were for the UCF and 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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igure 1. Fraction of SIW capable of bff > 0.95 as a function of time for a flooded UCF WP with an 
intact unborated basket. 
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rigure 2. Cumulative probability per package of exceeding a kerf of 0.95 as a function of time. 
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