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Spent Fuel Pool Accidents For Decommissioning Plants
Working Group Plan
Structural Integrity Of Pool Structure
Goutam Bagchi and Robert Rothman (DE)

Introduction

As a part of the Generic Issue 82, “Beyond Design Basis Acci
studied the hypothetical event of an instantaneous loss of spe
from a study in support of this generic issue indicates that a
effect of such an event is the need to obtain a realistic seis
or the end state of concern in the context of this generic iss
pool which leads to an almost instantaneous loss of all pool & ‘the pool having no capacnty to
retain any water even if it were to be reflooded.

11Sah Spent
f el pool w;

” NRC has

Spent fuel pool structures at nuclear power plants are co ithghick Teifor rced concrete walls
and slabs lined with thin stainless steel liners 1/8 to i 5 from 4.5 to 5 feet in
thickness and the pool floor slabs are around 4 fee ensions are typically

about 50 feet long by 40 feet wide and 55 to
structures are located in the reactor buildinggt
pressurized water reactor (PWR) plants, the
structure supported on the ground or p&H
arrangement of the pool structures
The dimensions of the pool sn'uc

eactor (BWR) plants, the pool

- above the ground. In

¢ located outside the containment

round. The location and supporting
withstand loads beyond their design basis.

go: -

plant is burden‘“
safeguards.

it reports on this issue:
, Severe Accidents in Spent Fuel Pools in Support of Generic Safety Issue 82,

2. NUREG/CR 5 176 Seismic Failure and Cask Drop Analyses of the Spent Fuel Pools at Two
Representative Plants, Published January, 1989.
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Subsequent to the completion of work in the above studies, NRC performed a study to review the central
and eastern US probabilistic seismic hazard and issued NUREG-1488, Revised Livermore Seismic
Hazard Estimates for 69 Nuclear Power Plant Sites East of the Rocky Mountains, Published, October,
1993. It is well recognized that the LLNL seismic hazard curves used prior to the publication of
NUREG-1488 were overly conservative. In NUREG/CR 5176 study of the Vermont Yankee plant, the
high confidence of low probability of failure (HCLPF) level for the spent fuel pool is 0.5 g and at the H.
B. Robinson site the HCLPF value is 0.65 g. A comparison of the 1989 and the 1993 LLNL hazard
curves show that the probabilities of exceeding these values are factors of 2 2 ctively, higher
in the 1989 curves.

With respect to the cask drop issue, the first study assumed a c
a cask drop, and in the second study two dimensional finite e
failure is assumed as a result of the cask drop, even though
inch for the two cases analyzed. The assumption of a cond
drop is very conservative. It appears that for the end state o
likely. Because of the presence of the liner, shear transfer b
bending moment resistance under the yield state of reinforce
capacity to retain water following the impact.

Both the seismically induced and the cask drop ind
very conservatively rather than realistically.

Risk Perspective of Structural Failure

Based on the ayailabie information, ities or probabilities of reaching the
structural end state are as follows:

Tornado Missi
Aircraft Crash:

; deformatlon is relatlvely small and the residual strength of the wall would prevent the
mfa%hng catastrophically. The case of a drop on the pool floor would require a combined human
error and a passive failure of a crane system that is subject to maintenance. This is a low probability
event with an upper bound value of about 3.5x10”7. Based on the above discussion, the heavy load drop
event can be considered remote and could be eliminated from further consideration.
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Seismic vulnerability of spent fuel pool structures is expected at levels of earthquake equal to 2.5 to 3.5
times the plant’s safe shutdown earthquake (SSE). These are such large earthquake motions that design
basis seismic analyses are not likely to be representative of the behavior of the pool structure under
failure level earthquakes. There is considerable difficulty in judging the adequacy of simple analytical
models. These large earthquake motions would induce large strain in the foundation medium, the soil
structure interaction effect will be modified and if there was not much rocking motion under the SSE,
increased rocking motion can be expected for large earthquakes. Impact with adjacent buiddings cannot

be ruled out for the large seismic event and failure of the pool structure due to the fail the overhead
crane equipment or the failure of the superstructure would have to be taken i . Uplift of the
pool foundation mat and impact on the subgrade would seek out structure and

could lead to local spalling of concrete. Amplification of gro
could be substantially higher than the SSE response for B
structures, the pool floor can be subjected to impact forces
layout and construction of the pool structures are very imp
assessment.

Heavy Load Drop Accidents

Heavy load drop accidents could be eliminated as a likel
of occurrence.

Tornado Missiles

spent fuel pool structure, it

Based on the tornado missile frequency . %
1 e eliminated from further consideration.

appears that failure due to tornado mi

Safeguards Issues

point security monitoring and control and
could allow the elimination of safeguards issues from

corners. At important to ensure that the structural fragility is based on realistic failure modes for
catastrophic failure of the structure. This should take into account physical interactions with adjacent
structures and equipment.
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For PWR spent fuel pools, the pool floor slab is not likely to fail except through the effect of local
concrete spalling due to foundation uplift and impact with the subgrade or adjacent structures. Failure of
walls in partially embedded pools is not likely. Bending moment capacity of the pool walls is very much
dependent on reinforcing patterns and the walls are generally reinforced orthotropically between the
horizontal and vertical directions and between one wall and another orthogonal wall . This requires a
case by case assessment of the bending capacity of walls.

determine the critical fallure mode. Asi m the case of PWR spent fuel pools, h
structures and equipment on structural failure needs to be evaluatg f

The stainless steel liner plate is used to assure leak-tightness
lead to catastrophic loss of water inventory unless there is a
structure.

BWRs, they can also vary within each group. The process _
pool structures begins with a methodical consideration of i€’ ssociated wiha
catastrophic failure.

The failure mode induced by cask drop accident

The efforts involved in the assessm
following:
. Walk

f'any existing structural cracks,
an impact the pool structure both above and below the grade

angement for superstructure and crane and potential for failure of

d the crane, the weight of the heaviest object that can drop in the

ure" stid the corresponding drop height.

: culatlon of the pool structure typically consist of the following:

< from design calculations determine the margin to failure and assess the extrapolated
multiple of SSE level that the pool structure should survive, determine whether or not
design dynamic response analysis including soil-structure interaction effects are still
applicable at the capacity level seismic event, if not, conduct a new analysis using
properties of soil at higher strain levels and reduced stiffness of cracked reinforced
concrete,
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. determine the loads from pool structure foundation uplift and from impact of pool
structure with adjacent structures during the capacity level seismic event, determine loads
from the impact of spent fuel rack on the pool floor and the side walls and determine the
loads from dropping of heavy objects from the collapse of superstructure or the
overhead crane,

. determine a list of plau51ble failure modes; failure of side walls due to the worst loading
from the capacity level earthquake in combination with fluid hydrostatic znd sloshing
head and dynamic earth pressure as appropriate, failure of the ; ool flooffstab in flexure
and bending due to loads from the masses of water and the s fand racks, local
failure by punching shear due to impact between & ent fuel racks or -
dropping of heavy objects,

. the ca]culations to determine the lowest strucf:

When conducting an yield line analysis, di
orthogonal directions and for the negative
crack patterns and several sets of yield lines 1
lowest capacity. For heterogeneous materialss
upper bound solutions; consequently, cons{erable's]
structural capacity based on the yield hn

10 be investigated o obtain the
nal yield line analysis provides
d to determine the

wer bound capacity.

Public Meeting of April 13, 1999

Presentations made by NEI relied on
the spent fuel pool is not like]y, bas

nd concluded that structural failure of
iating events, and should be eliminated
ﬁng rule making. NEI arguments are risk
"with the seismic risk which range from

2.4x10* to. ant to perform the seismic risk analysis on a case

by case

questions to the seismological review for this risk informed process. And
REGSs that you look at take into account new information coming out of the

considered when plants were sited, particularly though I can’t frame it in the
se1smological language, from a lay understanding, it’s clear that new information was gained out of Kobe
and Northridge events suggesting that you can have seismological effects of greater consequence farther
afield than at the epicenter of the event.”

Response to Mr. Gunter’s comments
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The two NUREGs mentioned by Mr. Gunter were written in the middle and late 1980's and used
probabilistic seismic hazard analyses performed for the NRC by Lawrence Livermore National
Laboratory (LLNL) for nuclear power plants in the central and eastern U. S. Since then, LLNL has
performed additional probabilistic hazard studies for central and eastern U. S. nuclear power plants for
the NRC. The results of these newer studies indicated lower seismic hazards for the plants than the
earlier studies estimated. Due to the new methods of eliciting information, newer methods of sampling
hazard parameters’ uncertainties, better information on ground motion attenuation in the 1. S. and a more
certain understanding of the seismicity of the central and eastern U. S., if the probabilisffg hazard studies

The design bases for each nuclear power plant took into acco
The seismic design basis, called the Safe Shutdown Earthqua
motion for which certain structures, systems, and componen{s s
to remain functional. The licensees were required to obtain
necessary to determine site suitability and provide reasona

Sant can be

that a nuclear p6%
safety of the public.

The information collected in the investigations was used ta
the site assummg that the epicenters of the earthquakes are

uake ground motion at

n the tectonic structures
s¢ the maximum vibratory
. This ground motion was

v nts which occurred in regions of very active tectonics. The operating U.
ept for San Onofre and Diablo Canyon) are located in the stable interior

I'motion from an earthquake at a particular site is a function of the earthquake source
charactenstlcs, the magnitude and focal mechanism. It is also a function of the distance of the facility to
the fault and the geology along the travel path of the seismic waves and the geology immediately under
the facility site. There are two operating nuclear power plant sites in the U. S. which can be considered as
having the potential to be subjected to the near field ground motion of moderate to large earthquakes.
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These are the San Onofre Nuclear Generating Station (SONGS) near San Clemente and the Diablo
Canyon Power Plant (DCPP) near San Luis Obispo. The seismic design of SONGS Units 2 and 3 is
based on the assumed occurrence of a magnitude 7 earthquake on the Offshore Zone of Deformation, a
fault zone approximately eight kilometers from the site. The design of DCPP has been analyzed for the
postulated occurrence of a magnitude 7.5 earthquake on the Hosgri Fault Zone approximately four
kilometers from the site. The response spectra used for both the SONGS and the DCPP were evaluated
against the actual spectra of near field ground motions of a suite of earthquakes gathered on a world wide
basis.

epicenter of the event.” A review of the strong motion data
indicates that this statement is not correct.

We assume that what Mr. Gunter is alluding to is the fact ths
the 1994 Northridge earthquake were larger in Santa Monica$}
from the earthquake source. The cause of the larger ground mo
to be the subsurface geology along the travel path of the wd¥e:

that the anomalous ground motion in Santa Monica is explai

deep) at the northern edge of the Los Angl
results from constructive interference of di

Earthquake recordings at San Onofre : ndicate anomalous amplification of
ground motion. In addition there hg ¢ ismiGreflection and refraction studies in the site
exploration and geophysical research. They
along with o ne the nature of the geologic structure in the
site vicin e nature of the faults. None of these studies
have indi stulated for Santa Monica, at either SONGS or DCPP

relationships conta

amplitudes. Th 1
g ed using the attenuation relationships and the appropriate

d.g eology for each site The geology of the SONGS and DCPP sites

on, selsmlclty, and seismic hazard calculation methodology would result in less uncertainty
and lower hazard estimates today than those obtained from previous studies.

Notwithstanding the above explanation, there is uncertainty in the seismic risk from spent fuel pool
structures is significant enough, to conclude that it is not prudent to base the rule making purely on risk
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numbers. This is why a risk informed performance goal is recommended for a case by case assessment
of seismic vulnerability of spent fuel pool structures.

Deterministic Considerations

NRC sponsored studies have treated the assessment of seismic capacity of spent fuel pools relying on the
seismic margins method to determine the high confidence of low probability (less than 59

be emphasized

conservative in terms of an instantaneous loss of water inventory. This point
d upper limits of

because the shear and moment capac1ty of the walls and slabs arefetermingd
P-60%1-SL,
) indicate gk

Assessment of Nuclear Power Plant Seismic Margin (Revisiq
value 1 in reinforced concrete structures is a factor of about 2 :

capacities were based on the Oyster Creek Reactor building
building. For elevated pool structures, the Oyster Creek estima
but the Zion shear wall may be a too highly simplified to subsf;

The stainless steel pool liner was not designed to resist

substantial water retaining capacity near the bottom ]

For PWR pools that are fully or partially e
failure, is not likely. However, interaction’

1488 (new LLNL data) for currently operating plants in the eastern and
ean probablhty of exceedance (POE) of the peak ground acceleration values

fia catastrophic pool structure failure at a HCLPF value of 3 times the SSE should be less
5107 this approach there is confidence that the seismic hazard is low at the level of 3 time the
SSE and therc is also a plant specific structural assessment of the HCLPF value is more than or equal to 3
times the SSE. The excepted plants are: H. B. Robinson, McGuire, North Anna, Peach Bottom, Pilgrim,
Susquehanna, Three Mile Island, V. C. Summer, Vermont Yankee, Vogtle. At these 10 sites, the POEs
are more than 2X10 per reactor year for peak ground accelerations three times the SSE; consequently,
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-earthquake scenario at the level of 3 times the SSE It is recor

the probability of radio active releases following structural failures cannot be considered small without
further consideration of zircalloy fire potential given the loss of water inventory and other factors.

Risk Informed Performance Goal

The vulnerability of the structural integrity of spent fuel pools to missiles, aircraft crashes and heavy load
drop is negligible. Seismically induced structural failure is also a low frequency event, bus.there may a
combination of hazard and structural failure mode that requires further examination. Reflfstic seismic
fragility evaluations are not available for spent fuel pools for the catastrophicé
spent fuel pool structures, it is expected that a catastrophic pool

fa11ure would not be necessary
Additional Activity

Past evaluation of seismic fragility was based on conservativeg;
failure mode of concern is catastrophic failure of the pool sffiictur
water will result. Efforts to evaluate the realistic seismic capaci , pols should be
undertaken by the industry with confirmatory revie ' 1 S
conceivable that a catastrophic failure of pool s
making,.

Summary

ools hasbeen examined and it is recommended that
vy load.drop be eliminated from further consideration

gissioning. However, for seismically induced
»wn earthquake as a calculated capacity is

Various scenarios of structural fail
failures induced by aircraft crash,
under the pré)@osed risk info
failures, a pt ance goga
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