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EXECUTIVE SUMMARY

In 2001, United States Nuclear Regulatory Commission (NRC) staff performed an evaluation of
the potential accident risk in a spent fuel pool (SFP) at decommissioning plants [NUREG-1738].
The study was prepared to provide a technical basis for decommissioning rulemaking for
permanently shutdown nuclear power plants. The study described a modeling approach of a
typical decommissioning plant with design assumptions and industry commitments; the
thermal-hydraulic analyses performed to evaluate spent fuel stored in the spent fuel pool at
decommissioning plants; the risk assessment of spent fuel pool accidents; the consequence
calculations; and the implications for decommissioning regulatory requirements. It was known
at the time that some of the assumptions in the accident progression in NUREG-1738 were
conservative in order to simplify the analyses, especially the estimation of the timing and extent
of fuel-damage. Furthermore, the NRC desired to expand the study to include accidents in the
spent fuel pools of operating power plants. Recognizing the simplifying conservatisms in the
earlier analyses, the NRC has continued spent fuel pool accident research by applying
best-estimate computer codes to predict the severe accident progression following various
postulated accident initiators. This report presents a series of parametric calculations used to
better understand the postulated accident behavior in a SFP.

The MELCOR 1.8.5 severe accident computer code [Gauntt] was used to simulate the SFP
accident response. MELCOR includes fuel degradation models for BWR and PWR fuel,

- radiation, convection, and conduction heat transfer models, air and steam oxidation models,
hydrogen bum models, two-phase thermal-hydraulic models, and fission product release and
transport models. Hence, it contains the basic models to address phenomena expected during a
spent fuel pool accident.
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Evaluation of a BWR Spent Fuel Pool Accident Response to
Loss-0f-Coolant Inventory Scenarios

Using MELCOR 1.8.5

1. BACKGROUND |

In 2001, NRC staff performed an evaluation of the potential accident risk in a spent fuel pool at

" decommissioning plants [NUREG-1738]. The study was prepared to provide a technical basis

for decommissioning rulemaking for permanently shutdown nuclear power plants. The study
described a modeling approach of a typical decommissioning plant with design assumptions and
industry commitments; the thermal-hydraulic analyses performed to evaluate spent fuel stored in
the spent fuel pool at decommissioning plants; the risk assessment of spent fuel pool accidents;
the consequence calculations; and the implications for decommissioning regulatory
requlrements It was known at the time that some of the assumptions in the accident progression
in NUREG-1738 were conservative in order to simplify the analyses, especially the estimation of
the timing and extent of fuel damage. Furthermore, the NRC desired to expand the study to"
include accidents in the spent fuel pools of operating power plants. Recognizing the simplifying
conservatisms in the earlier analyses, the NRC has continued spent fuel pool accident research
by applying best-estimate computer codes to predict the severe accident progression following
various postulated accident initiators. The scope of the present analysis is to describe the
response of a reference Boiling Water Reactor (BWR) SFP to both partla] and
complete-loss-of-coolant inventory accidents.

r”)

The MELCOR 1.8.5 severe accident computer code [Gauntt] was used to simulate the SFP

accident response. MELCOR includes fuel degradation models for BWR and PWR fuel,

radiation, convection, and conduction heat transfer models, air and steam oxidation models,

hydrogen burn models, two-phase thermal-hydraulic models, and fission product release and

transport models. The code contains the bagic models to address questions and phenomena

expected during a spent fuel pool accident. Ex s

onsequently, MELCOR separate effect [Wagner, 2003] aid

computational fluid dynamics (CFD) [Chiffelle, 2003, Ross, 2003, and Suo-Anttila, 2003]
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calculations were performed .to develop a modeling approach for whole SFP severe accident
calculations. These analyses helped guide the development of the whole SFP MELCOR model
as well as help characterize many of the uncertainties and variability in the accident response.

Section 1.1 summarizes the two types of SFP accidents considered in the present report. They
consist of a compleéte loss-of-coolant inventory and a partial loss-of-coolant inventory. Due to

the varying phenomena, the calculated responses are discussed separately. Then Section 1.2
. summarizes the structure of the report.

1.1 SFP Accident Scenarios
[ , _ - |

W
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Hence, there are competing effects of the lack of a strong convective flow versus the benefits of
some steam cooling and axial conduction to the water. In summary, the scenarios with water
include (a) two-phase boiling, (b) an assembly flow rate that is strongly affected by the amount
of boiling below the water surface, and (c) an assembly inlet temperature that is limited to the
boiling point of water (i.e., the air cases are not similarly constrained).

The rate of oxidation of the zirconium cladding is the second key difference expected in a partial
loss-of-coolant inventory accident. In particular, the fluid next to the zirconium is steam rather
than air. Steam also reacts exothermically with zirconium but at a slower rate than oxygen.
Furthermore, the byproduct of the steam-zirconium reaction is hydrogen. The hydrogen will
replace the steam and retard or stop the zirconium/steam reaction. Consequently, the reaction
would become "steam starved” and controlled by the rate of steam production by boiling below
the pool level, which is expected to be very low for aged spent fuel. If there is adequate steam
when the zirconium reaches high temperatures (i.e., >1500 K), then the power from oxidation
reactions can be one or more orders of magnitude larger than decay heat. Therefore, there are
two competing effects on the rate of fuel degradation relative to the complete loss-of-inventory
accident scenario (i.e., as described in Section 1.1.1), (1) a lower, controlled oxidation effect

(i.e., due to steam starvatlon) and (2) a much lower convective cooling rate (i.e., because the
bottom of the racks are "plugged" with water). :

-Finally, a third new difference in the partial loss-of-coolant inventory accident is the behavior of
the hydrogen. As hydrogen is produced during the fuel degradation, the hydrogen will rise and
mix with oxygen in the air above the pool. Given the appropriate conditions, the hydrogen could
ignite and possibly cause structural damage to the reactor building. Any damage or enhanced
leakage caused by the pressurization from the hydrogen burn could increase the release of fission

- products and their associated adverse consequences.

1.2 Report Structure

In Section 2, a summary discussion is given on the reference BWR SFP. The modeling approach
using MELCOR 1.8.5 is given in Section 3. Section 3 also includes a discussion of the decay
heat modeling, the radial thermal coupling schemes, the reactor building model, the SFP
nodalization, and the code model settings and sensitivity coefficients. T‘:e Iesultso J:omplet
loss-of-coolant calculations are given in Section 4. The results from the artial C
loss-of-coolant cases are given in Section 5. An overall summary of thelr results is given in the
Section 6. Finally, the references are provided in Section 7.
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2. SFP GEOMETRY

2.1 SFP Geometry

s
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Figure 2.1.1 Spent Fuel Pool Rack Layout.

* All dimensions are in inches.
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Table 2.1.1 Summary of SFP Attributes.
[ SFP Pool Characteristics _| ~ Description or Dimensions
Ex
Z

Table 2.1.2  Spent Fuel Pool Rack Data.

SFP Rack Characteristics | Description or Dimensions

N ——

2.2 SFP Assembly Geometry

o
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Table 2.2.1  Fuel Assembly Data.
Assembly Description or Dimensions
i Characteristics __ _\
— Ex
Z
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3. ANALYSIS METHODOLOGY

The analysis methodology is described in the followmg subsections. [1 o E}‘
. .{Section 3.1 describes the decay heat calculations =3

made for the various decay tlmmgs The MELCOR SFP model is described in Section 3.2.

Finally, Section 3.3 describes the various SFP calculations.

3.1 Decay Heat Calculations

The SFP contains fuel assemblies fromr gseparate fuel offloads from the reference BWR E <. 3
reactor. Within a particular offload, variations in the assembly burnup and initial uranium
loading are also present. The variations in these parameters lead to different levels of fission
product decay heating. However, as the fuel ages, the heat produced by the fission product
decay decreasesTu B

Q‘«
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