Appendix 3
3.1 Introduction

The staff criticality assessment includes both a more classical deterministic study and a
gualitative risk study. The recommendation in chapter 3 of this report that criticality is
not a risk significant event is based upon consideration of both of these studies. The
deterministic study was used to define the possible precurser scenarios and any
mitigative actions. The risk study considered whether the identified scenarios are
credible and whether any of the identified compensatory measures are justified given
the probability of the initiating scenario. This appendix combines both the risk study
discussed in chapter 3 and the report on the deterministic criticality assessment into
one location for easy reference.

3.2 Qualitative Risk Study
3.2.1 Ciriticality in Spent Fuel Pool

Due to the processes involved and lack of data, it was not possible to perform a quantitative
risk assessment for criticality in the spent fuel pool. Enclosed as section 3.2.2 is a deterministic
study in which the staff performs an evaluation of the potential scenarios that could lead to
criticality and identified those that are credible. In this section the staff provides its qualitative
assessment of risk due to criticality in the SFP, and its conclusions that the potential risk from
SFP criticality is sufficiently small.

In the report enclosed in section 3.2.2, the staff assessed the various potential scenarios that
could result in inadvertent criticality. This assessment identified two scenarios as credible,
which are listed below.

(1) A compression or buckling of the stored assemblies could result in a more optimum
geometry (closer spacing) and thus create the potential for criticality (see the NRC staff
report “Assessment of the Potential for Criticality in Decommissioned Spent Fuel Pools,”
in Appendix 7). Compression is not a problem for high-density PWR or BWR racks
because they have sufficient fixed neutron absorber plates to mitigate any reactivity
increase, nor is it a problem for low-density PWR racks if soluble boron is credited. But
compression of a low-density BWR rack could lead to a criticality since BWR racks
contain no soluble or solid neutron absorbing material. High-density racks are those
that rely on both fixed neutron absorbers and geometry to control reactivity. Low-density
racks rely solely upon geometry for reactivity control. In addition, all PWR pools are
borated, whereas BWR pools contain no soluble absorbing material. If both PWR and
BWR pools were borated, criticality would not be achievable for a compression event.

(2) If the stored assemblies are separated by neutron absorber plates (e.g., Boral or
Boraflex), loss of these plates could result in a potential for criticality for BWR pools.
For PWR pools, the soluble boron would be sufficient to maintain subcriticality. The
absorber plates are generally enclosed by cover plates (stainless steel or aluminum
alloy). The tolerances within a cover plate tend to prevent any appreciable
fragmentation and movement of the enclosed absorber material. The total loss of the
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welded cover plate is not considered feasible.

Boraflex has been found to degrade in spent fuel pools due to gamma radiation and
exposure to the wet pool environment. For this reason, the NRC issued Generic

Letter 96-04 to all holders of operating licenses, on Boraflex degradation in spent fuel
storage racks. Each addressee that uses Boraflex was requested to assess the
capability of the Boraflex to maintain a 5% subcriticality margin and to submit to the
NRC proposed actions to monitor the margin or confirm that this 5% margin can be
maintained for the lifetime of the storage racks. Many licensees subsequently replaced
the Boraflex racks in their pools or reanalyzed the criticality aspects of their pools,
assuming no reactivity credit for Boraflex.

Other potential criticality events, such as loose debris of pellets or the impact of water or
firefighting foam (adding neutron moderation) during personnel actions in response to accidents
was discounted due to the basic physics and neutronic properties of the racks and fuel, which
would preclude criticality conditions being reached with any creditable likelihood.. .

For example, without moderation, fuel at current enrichment limits (no greater than 5 wt% U-
235) cannot achieve criticality, no matter what the configuration. If it is assumed that the pool
water is lost, a reflooding of the storage racks with unborated water or fire-fighting foam may
occur due to personnel actions. However, both PWR and BWR storage racks are designed to
remain subcritical if moderated by unborated water in the normal configuration. The
phenomenon of a peak in reactivity due to low-density (optimum) moderation (fire-fighting foam)
is not of concern in spent fuel pools since the presence of relatively weak absorber materials
such as stainless steel plates or angle brackets is sufficient to preclude neutronic coupling
between assemblies. Therefore, personnel actions to refill a drained spent fuel pool containing
undeformed fuel assemblies would not create the potential for a criticality. Thus, the only
potential scenarios described above in 1 and 2 involve crushing of fuel assemblies in low
density racks or degradation of Boraflex over long periods in time.

To gain qualitative insights on the criticality events that are credible, the staff considered the
sequences of events that must occur. For scenario 1 above this would be require a heavy load
drop into the a low density racked BWR pool compressing assemblies. From appendix 2 on
heavy load drop, the likelihood of a heavy load drop from a single failure proof crane is
approximately 2E-6 per year, assuming 100 cask movements per year at the decommissioning
facility. From the load path analysis done for that appendix it was estimated that the load could
be over or near the pool between 25% and 5% of the movement path length, dependant on
plant specific layout specifics. The additional frequency reduction in the appendix to account for
the fraction of time that the heavy load is lifted high enough to damage the pool liner is not
applicable here because the fuel assemblies could be crushed without the same impact velocity
being required as for the pool liner. Therefore, if we assume 10% load path vulnerability, we
observe a potential initiating frequency for crushing of approximately 2E-7 per year (based upon
100 lifts per year). Criticality calculations conducted for appendix 3 show that even if the low
density BWR assemblies were crushed by a transfer cask, it is “highly unlikely” that a
configuration would be reached that would result in a severe reactivity event, such as a steam
explosion which could damage and drain the spent fuel pool. The staff judges the chances of
such a criticality event to be well below 1 chance in 100 even given that the transfer cask drops
directly onto the assemblies. This would put the significant criticality likelihood well below 1E-8
per year, which justifies its exclusion from further consideration.

Deformation of the low density BWR racks by the dropped transfer cask was shown to most



likely not result in any criticality events. However, if some mode of criticality was to be induced
by the dropped transfer cask it would more likely be a small return to power for a very localized
region, rather than the severe response discussed the above paragraph. This minor type of
event would have essentially no offsite (or onsite) consequences since the reactions heat would
be removed by localized boiling in the pool and water would provide shielding to the site
operating staff. The reaction could be terminated with relative ease by the addition of boron to
the pool. Therefore, the staff believes that qualitative (as well as some quantitative)
assessment of scenario 1 demonstrates that it poses no significant risk to the public from SFP
operation during the period that the fuel remains stored in the pool.

With respect to scenario #2 from above, (the gradual degradation of the Boraflex absorber
material in high density storage racks), there is currently not sufficient data to quantify the
likelihood of criticality occurring due to its loss. However the current programs in place at
operating plants to assess the condition of the Boraflex, and take remedial action if necessary
provide sufficient confidence that pool reactivity requirements will be satisfied . In order to meet
the RG 1.174 safety principle of maintaining sufficient safety margins, the staff judges that
continuation of such programs into the decommissioning phase will required at all plants until all
high density racks are removed from the SFP.

Ad(ditionally, to provide an element of defense in depth, the staff believes that inventories of
boric acid be maintained on site, to respond to scenarios where loss of pool inventories have to
be responded to by makeup of unborated water at PWR sites. The staff will also require that
procedures be available to provide guidance to the operating staff as to when such boron
addition may be beneficial.

Based upon the above conclusions and staff requirements, we believe that qualitative risk
insights demonstrate conclusively that SFP criticality poses so meaningful risk to the public.

3.2.2 Deterministic Criticality Study
This section includes a copy of the report entitled “Assessment of the Potential for

Criticality in Decommissioned Spent Fuel Pools” which is a deterministic study of the
potential for spent fuel pool criticality.



