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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 Acmde
studied the hypothetical event of an instantaneous loss of spen
from a study in support of this generic issue indicates that a ke:
effect of such an event is the need to obtain a realistic seismi fr
or the end state of concern in the context of this generic 1ssu
pool which leads to an almost instantaneous loss of all poo]
retain any water even if it were to be reflooded.

actor (BWR) plants, the pool
1 s above the ground. In
pressurized water reactor (PWR) plants ue “ it ‘esare located out51de the contamment
structure supported on the ground or Pa

have gi‘gn & smlc capacny. Because of the ruggedness of the spent fuel pools
roposed that %egonﬁnu'

2. NUREG/CR 5176, 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 a it
in the 1989 curves. ‘

With respect to the cask drop issue, the first study assumed a ¢
a cask drop, and in the second study two dimensional finite ele

6f water given tﬁe\gﬁ
rete aggregate interlock and

drop is very conservative. It appears that for the end state of
likely. Because of the presence of the liner, shear transfer b i
bendmg moment resistance under the yleld state of remforcemx,

Tornado Missi
Aircraft Crash

i:i’i %oint it appears that tornado missiles and aircraft events are not
e eliminated from further scrutiny.

pooi from faﬂmg 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 3.5x1077. 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 t0 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 buildings cannot
be ruled out for the large seismic event and failure of the pool structure due to the failuré of 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 ,_',eak lin ] structure and
could lead to local spalling of concrete. Amplification of grou}; ] i reactor buildin

could be substantially higher than the SSE response for BWR
structures, the pool ﬂoor can be subjected to impact forces

assessment.
Heavy Load Drop Accidents

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

Tornado Missiles

corners, Itis 1mportant 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.

For BWR spent fuel pools, the floor slab, walls and supporting columns and shear walls :Eed scrutiny-to
determine the critical failure mode. As in the case of PWR spent fuel pools, the: J
structures and equipment on structural failure needs to be evalua

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

The empbhasis here is that spent fuel pool structures not onty
BWRs, they can also vary within each group. The process of fealist
pool structures begins with a methodical consideration of lilgely fail
catastrophic failure.

pervasive cracking of concrete and yielding
condition, significant residual strength may

Seismic capa01ty _c%ﬂcula‘uon of the pool structure typlcally consist of the following:
. ‘gflstmg layout drawings and structural dimensions and reconcile the differences,
if any, between the as-built and as designed information and consider the effects of
”{c’cﬁral degradation as appropriate,

_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 hi gher 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 plausible failure modes; failure of side walls due to the worst loading
from the capacity level earthquake in combination with fluid hydrostatic nd sloshing
head and dynamic earth pressure as appropriate, failure of the pool flogr; 12b in flexure
and bending due to loads from the masses of water and the spent.fu l‘g d racks, local
failure by punching shear due to impact between s‘tructure /and the spent fuel racks or
dropping of heavy objects, <

. the calculations to determine the lowest strucf:
strength of reinforced concrete structures dy
When conducting an yield line analysis, diffe
orthogonal directions and for the negative at
crack patterns and several sets of yield lines ma
lowest capacity. For heterogeneous materlals,\ ¢ traf
upper bound solutions; consequently, cons;gerable \
structural capacity based on the yield lines that approxin

‘10 be investigated to obtain the
nal yield line analysis provides
seded to determine the
‘lower bound capacity.

Public Meeting of April 13, 1999

from further consideration in the rlzsk nformed<
based and do ot take into accoun : certalnné

t%at were n” Ve ,‘_’ven considered when plants were sited, particularly though I can’t frame it in the
selsmclogical 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 NUREGSs 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 I, S. and a more
certain understanding of the seismicity of the central and eastern U. S., if the probabxhst; azard studies
were to be performed again, the hazard estimates for most sites would proba ‘f &

the tectonic structures
the maximum vibratory
ake (§1 g)f This ground motion was

motion dur"‘ g an eaﬁhquake
nuclear power piants} are aBlQ to '

otion 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 gn a world wide
basis.

Mr. Gunter stated, “... it’s clear that new information was gained gut of Kope
suggesting that you can have seismological effects of greater cgn
epicenter of the event.” A review of the strong motion data afi
indicates that this statement is not correct.

We assume that what Mr. Gunter is alluding to is the fact thg
the 1994 Northridge earthquake were larger in Santa Monica¥
from the earthquake source. The cause of the larger ground m% \
to be the subsurface geology along the travel path of the wa;ges

areas for the evaluanons of thcse
along w1th other well proven  thet

wtx"o;'n; therefore, there is no “new information gained from the Kobe and
fety concerns for U. 8. nuclear power plants.

rea from the Northridge earthquake were due to the specific geology through which
, 1mprovements in our understanding of central and eastern U. S. geology, seismic
wave.a attenuatlon seismicity, 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 5% faﬂure) of

failure (HCLPF). The HCLPF value for a structural failure may well be unrea}\ i
conservative in terms of an instantaneous loss of water inventory. This poin Y
because the shear and moment capacity of the walls and slabs are«dctermm
allowable stresses. Currently, the guidance provided in EPRI )
Assessment of Nuclear Power Plant Seismic Margin (Revisiofi
value in reinforced concrete structures is a factor of about 2 higher than the Value
capacity of the BWR spent fuel pool. In the study which reguited in NUR
capacmes were based on the Oyster Creek Reactor bulldmg Y ke

e
somewhat less than that of a PWR pool and can vary
is is because for BWR pools there is amplification of seismic

than inO “In this approach there is confidence that the seismic hazard is low at the level of 3 time the
SSE and there 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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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, but there may a
combination of hazard and structural failure mode that requires further examination. Realistic seismic
fragility evaluations are not available for spent fuel pools for the catastrophigf ailure §tate. For robust
spent fuel pool structures, it is expected that a catastrophic pool fatlure is ngt occur under an
earthquake scenario at the level of 3 times the SSE. It is recom rmed performarzg%
goal be set at 3 times the SSE. If a plant meets this goal, emg d£s
failure would not be necessary. &

Additional Activity

Past evaluation of seismic fragility was based on conservati
failure mode of concern is catastrophic failure of the pool

arrrealistic assumptions. The
‘such that an instantaneous loss of
ools should be

&

undertaken by the industry with confirmatory revie an effort it is
conceivable that a catastrophic failure of pool str inated from the risk informed rule
making.

Summary

en examined and it is recommended that
be eliminated from further consideration
issioning. However, for seismically induced
earthquake as a calculated capacity is

Various scenarios of structural fail
failures induced by aircraft crash
under the proposed risk infornie
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