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Dear Dr. Snyder:

Three Mile Island Nuclear Station, Unit 2 (TMI-2)
Operating License No. DPR-73
Docket Ho. 50-320
GPU Nuclear Corporation Seismic Design Criteria

By your letter dated November 28, 1984, you confirmed NRC Staff
concurrence "that temporary recovery modifications go not have to meet
design basis severe natural pnenomena so long as; 1) the structure is
temporary (all recovery modifications are not necessarily temporary in
the staff's view); 2) a breach of that component by natural phenomena
will not cause a radiological release in excess of 10 CFR 100 limits or
the failure of that component wili not compromise the aoility to maintain
the reactor in a safe shutdown condition".

In response to your letter, GPU Nuclear undertook the attached amalysis
for the purpose of demonstrating that those TMI-2 systems installed since
the 1979 accident or contemplated for future installation for the sole
purpose of supporting TMI-2 recovery activities are not required to meet
selsmic desiyn requirements. The analysis shows tnat failure of any of
these structures, systems, Oor compone..ts as a result of a seismic event
will not result in a radioloyical release in excess of a small fraction
of the yuideline values in 10 CFR Part luU and tne failure will rot
comprise tne ability to maintain the reactor in its current safe shutdown
condition.
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The above referenced letter also states that "staff concurrence with your
design does not relieve you from the necessity of requesting exemption
from the code when appropriate". GPU Nuclear has reviewed 10 CFR

Part 50, Appendix A, General Design Criterion 2, "Design Basis Protection
Against Natural Phencmena® and 10 (FR Part lUuU Appendix A, "Seismic and
Ceological Siting Criteria for Nuclear Power Plants". Since the
consequences of failure of post-accident structures, systems and
components are oounded Dy the yuidelines of Appendix A, 10 CFR Part l0v,
it is our understanding that existing desiyns are adequate.

General Design Criterion 2 states tnat "structures, systems, and
components important to safety shall oe desiygned to withstand tne effects
of natural phenomena such as earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiches without loss of capaoility to perform tneir safety
function."

10 CFR Part 10U, Appendix A, "Seismic and ueological Sitinyg Criteria for
Nuclear Power Plants", states that its purpose is to set forth the
principal seismic considerations which guide the Commission in its
evaluation of the suitablity of the plant design bases estaolishead in
consideration of the seismic and yeologic characteristics. Tne
structures, systems, and components which are uesigned to remain
functional for the “Safe Shutdown £artnquake" are those necessary to
assure:

1. Tne integrity of the reactor coolant pressure boundary.

2. Tne capability to shutdown the reactor and maintain it in a safe
shutdown condition, or

3% Tne capability to prevent or mitigate the consequences of
accidents whicn could result in potential offsite exposures
comparable to the yuideline exposures of this part.

Because of the unique shutdown condition of TMI-2, none of the
post-accident systems are required to perform a nuclear safety-related
function, as definea avove, during a seismic event. Specifically, the
rirst of tne criteria clearly is not applicaoie to TMI-2 in its current
condition. Compliance with tne second criterion is attested to Dy the
enclosed analysis which concludes that the failure of any post-accident
system as a result of a design vasls earthyuake will not jeopardize the
current safe snutdown condition of the TM[-2 reactor. Finally, tne
enciosed analytical data affirms compliance with tnhe third criterion oy
suDstantiating tnat no post-accident system is required to prevent
offsite exposures which would oe comparable to 10 CFR Part 100 nor would
system-related failures result in sucn consequences.




Because it has been shown by analysis that post-accident systems do not
perform a nuclear safety-related function, as defined by 10 C¢rR 100,
Appendix A, it has bDeen concluded tnat these systems need not oe designed
to withstand the effects of a design basis earthquake. It follows,
therefore, that 10 CFR Part 50, Appendix A, General Design Criterion 2,
as it relates to seismic events, does not apply to [MI-2 post-accident
structures, systems, and components and an exemption is not required.

Sunsequent to your review of this letter and the attached analysis,
please provide comment relative to the conclusions contained nerein and
tne applicability of seismic design reguirements to TMI-2 post-accident
systems.

Per the requirements of 10 CFR 170, an application fee of $150.00 is
enclosed for review of this docunent.

. m
Sincerely, |\

. é?‘rn(m? ‘J} {"l"‘”?—.ﬁ\\

. F. R. Standerfer
(§ Vice President/Director, TMI-2

FRS/cEUF/eml
Attachment

cc: Deputy Program Director - TMI Program Office, Or. W. D. Travers

Enclosed: GPU fuclear Check to. 15454
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Safety Evaluation Justifying the Non-Seismic
Design of TMI-2 “Post-Acclident" Systems

1.0 Purpose and Scope

The purpose of this safety evaluation is to provide justification for the
non-sefsmic design of systems that have been installed since the 1979
accident. The scope of this evaluation covers all “post-accident" systems
that are currently operational or are planned to be operatioral to support
fuel removal from the reactor vessel. The evaluation demcnstrates that the
public consequences of radionuclide releases that could occur from system
fallures due to a design basis earthquake (DBE) are less than the limits of
applicable NRC standards. Section 2.0 describes the analytical approach used
fn the evaluation. Section 3.0 descrlibes the postulated accidents that could
result from faflure of non-sefsmic components and thelr potential offsite
consequences. Sectfon 4.0 provides the conclusions of the analysis.

Section 5.0 provides an "unreviewed safety question" evaluation as required by
10 CFR 50.59.

cf 39 3601 RA
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2.0 Analytical Approach

The public consequences of an environmental release due to planned defueling
activities through “early defueling" have been analyzed (Reference !). That
analysis considered a spectrum of accidents and found that radionuclide
releases did not exceed 10CFR Part 100 limitations. Other evaluations have
considered the potential consequences of postulated accidents with an open
reactor bullding equipment hatch (Reference 2) or from postulated accidents in
other areas of the plant. In general, the analyses of “post-accident” systems
and processes have not considered a seismic event as a potential cause of an
accident. This evaluation considers the consequences of accidents which may
be postulated due to a seismic event. The evaluation was conducted in several
phases. as described below.

Phase 1: Identification of Source Terms and Driving Forces

For an accident to result in consequences that e«ceed those previously
analyzed, a larger radicnuclide source term and/or a greater driving
force to move the radionuclides to the environment must be generated. To
fdentify possible source terms and driving forces a 'ogic diagram was
developed and s presented in Section 3.1,

Phase 2: Specification of Selsmic Induced Accident Sequences

fach driving force was coupled with each radionuclide source term
identified in the first phase of the analysis to define a potentiat
accident sequence resulting from a seismic event. This resulted in
approximately 100 combinations of driving forces with source terms. Each
combination was examined and those that were physically unrealistic or
which could not credibly occur were eliminated from further analysis.
Consideration was made as to whether the driving force could be directly
associated with the radionuclide source (e.g. a fire in a waste storage
area) or whether the driving force simply occurred simultaneously with an
increased source term (e.g. an atmospheric pressure differential with an
SOS 1iquid 1ine break). In some cases. such as draining the reactor
vessel, the only mechanism for the accident sequence is the fallure of a
sefsmically qualified component, e.g., the incore instrument guide

tubes. Normally, fallure of a seismically qualified component would not
be postulated for the design basis earthquake. however, there ts the
possibility that non-seismically qualified recovery components may have
been constructed above seismic category I components since the accident.
To take this into account, the fallure of a seismically qualified
component is postulated uniess it has been shown that an "unqualified
over qualified" fallure §s not credible.

The accident sequences are presented in Section 3.2.

Phase 3: Consequence Analysis

An offsite dose assessment was performed for radionuclide releases
assoclated with potential seismically induced accidents. The dose was
assessed at the nearest site boundary for two hours as specified in 10CFR
Part 106. To conservatively estimate the offsite dose. the 0-1 hour Sth
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percentile atmospheric dispersion factor ( X /Q) given in Appendix 2D of
the Final Safety Analysis Report (Reference 3) was used. The dose
conversion factors for radionuclides specified in Requlatory Guide 1.109
(Reference 4) were used: for radlonuclides not specified in RG 1.109.
NUREG-0172 (Reference 5) factors were used.

The dose 1tmitations in 10CFR Part 100 apply to the whole body and to the
thyroid. The dose calculations performed in Reference | demonstrate
that, for the TMI-2 radlonuclide inventory, wnhole body and thyroid doses
are small in comparlson to the bone dose. Therefore. doses were
calculated for the adolescent bone which §s the critical organ for
potential TMI-2 releases. To assess the significance of the calculated
bone doses, insights from the literature were used.

The assessment considered continuous or “2 hour" releases and
instantaneous or "puff" releases as appropriate for a particular
sequence. Because GPUN has requested to remove the equipment hatch for
limited time periods, and because some bullding ventilation systems and
post-accident structures are not seismically qualified, all releases were
assumed to be unfiltered. The fraction of materfal that may become
afrborne under the various postulated accident conditions was based on
work performed by Sutter et al (References 7, 9, 10) and Chan and Mishima
(Reference 8).
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3.0 Accident Evaluation

The following suosections identity potentiai driving forc2s and accident
source terms, deta2rmine accident :2quences that could result from a seismic
event and assess accigent conseguences.

3.1 Potential Source Tarms anag Driving Forcos

To identifv the potential zource terms ana driving forces that could be
associated with a seismic evant. the ltogic diagram snown as Figure 3.1 was
developed. The "top event" of the diagram is “Seismically Induced
Consequences”. This 2vert occurs if both a driving force and a radionuclide
source term exist. For the seismicaily induced acclident consegquences to have
the potential to exceed consaquences For previousliy analyzed conditions. the
driving force ang/or the source term must De Increaseo over thos2 creviously
analyzad.

The purpose of rigure 3.1 is to identifyv source term; ing accident seguences
that are conceptually possible. The credibility and significance of the
events in rigure 3.1 are oxamined in more detafl In Sections 3.1.1 and 3.1.2.

3.0 Potential Driving Forces

Potential driving forces that could develoo from a seismic event or could
credibly occur coincidentally with the avent are discussed beiow.

J.1.1.Y Atmcspheric AP/Air E«change 1Zpen equicment hatch/occen building;

an air pressure gifferentiai between the reactor building (RB) ano the
environment of ' 2sig. corresonnding to a low pressuie weather front, is
assumed. This resuits in a very rapid equilibration of r2actor building and
outside oressures if tne equicment hatch i5 open. The equilibration results
In a loss of about seven percent of reactor bullding air volume. After this
eguilfbration, the RB and envircnment are iassumed to continue to exchange air
at the rate of 2 containment volumes- per hour which carresponds to an open
equipment hatch with an outside wing c¢f about 20 mph. An air exchange rate of
2 building volumes per hour was aiso assumed for AFHB releases.

3.1.1.2 Fire AP - Ccmbustibles

Combustibles ignite because of shorting of non-seismically guatifiad
electrical ccmponents or other unspecified ignition source. The analysis
provided fn Refarence !l provides a basis for Jetermining the significance of
a combustible materials fir2 dgriving force. That analysis indicatad that a
peak pressure of 2 psig might be reached in an enclosed environment using
conservative heat transfer assumotions and a large compustion source. The air
exchange rate with the outside environment that would be due to a similar fire
in an open containment would De iess than the e«change rate used in the
previous section. Thus. the consequences of postulated accident sequences
#ith the atmospneric driving force in Section 3.1.1.)1 would bound those with a
combustibie fire driving force, given the same radlonuclide source. (This
assumes that the radtonuctide source !s not directly involved in the fire:
that possibiiity was considered On a case-hy-case basis as indicated in

Table 3.1).
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3J.1.1.3  Flire 3P - 2yrophoric

Fire resulting from 3 pyropheric reaction has deen postuliated to result from
metal fines that may be assoacratea with the core debris or that may have
settled on reactor vessel internals. There are three materials which may ncw
be oresent in the core and which tculd uncergo a pyropnoric reacticn: a
yrantum-ztrcontum eutectoid (wnicn i3 surrounded bv an oxygen-stapilized
zirconium), zircorium mera! and Zirconium nydride. 2nlv three accurrences can
pe postulated that could e«cose these core matertals: .1) uncovering the core
by leakage through the guide <upes. ¢1i» core materials themselves !eaking
through falled quide tubes or ¢iti) e«postng matertils in 3 gefieling canister
due to a handling icctdent.

Conslideranle analyses have been conaucted since the pvropnoric concern was
inftlally ralsed and are summarized tn Raferenca '2. The analyses indicate
that three conditions must evist to inftiate and maintain a oyvrophoric
reaction:

(1) The pyroonoric material must nave 1 Lign surface t2 volume ratio of the
nature of ocwder. <Z«Zerience tnafcates that molst zircentum fines of
less than 10 um w11) burn. “owever. ZOr2 debris sampie analysis
indicates cniy a small fraction (Reference 31 incicated 1.5 percent) of
the partlcuylate matter i35 iess than 45 um. The 2lanneg defueling
activities are not likeiy to generate significant 3aditional guantities
of fines in tne s1ze range f :ancern.

(2) The pyropnoric materiel must exist in an o«ygen depleted 2nvironment ana
then be suddenly e<posed to oxygen. The surface or the core pyroohoric
material has been exposed to osygen in the water since the accident.
Thus, oxidatlon that has already occurred would 1imit a pyrcpnoric
reaction to material that is freshly exposed. The c¢efueling process is
not likely to expose significant quantities of debris in the size range
speclfied in item {1) atove. Further, any add!ttonal ecposure of
oyroohoric material due to gefueling activities would initially be
underwater. wnere o«idation would again occur 3at some rate.

(3) The osicaticn rite must e+ceed the heat transfer rat2 t2 the surrcunaing
environment. The o«igized debrls that will ke mivreg with any puyrepnoric
materfal acts 35 i oiluent and minimizes the potentiat for ignition ang
propagation.

In additicn to the 3aoGve conciderations. tests nave deen cnducted on a sample
of matertal that was removed feCm the plenum surface to determlne its
pyrophorictty (Referenca !3). JAttemots were mage to “nilot itanite™ the
subject materlal by ccngucting a spark fest, a sirike test. and a flame test.
The results found "no pyropnoric charactaristic” for the material tested.

[n summary, theoretical analys's and erperimental data inyicate that the
characteristics or the material currentiv in the reacior vessel. or as it may
be modifled during defueling, i35 e«ceedingly unlikely to sustafn a pyropnoric
reaction. This conclusion is not dependent on continued submergence of the
material in water or On a particular postulated seismically induced accldent
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sequence. Thus, i1t was not considered reasonable to postulate a pyrophoric
reaction of exposed fuel debris as a significant driving force for
radionuclide transport.

3.1.1.4 RCS Steaming

The reactor coolant system is currently at about 82°F. The only mechanism
that could produce steaming would be recriticality or a vessel dralndown.
Recriticality could be postulated by a core reconfiguration or a boron
dilution event. A vessel dralncdown could occur by leakage through the Incore
instrumentation guide tubes.

Core reconfiguration

A core reconfiguration can be postulated to result from a sefsmic event.
efther due to direct mechanical vibration or due to the collapse into the
vessel of seismically unqualified components. To 2valuate the potential for
criticality due to a seismically tnduced reconfigquration, the following
considerations were made:

(1) The internals indexing fixture (IIF). defuelling work platform and,
at times, the defueling bridge assembly will be over the open
reactor vessel. The IIF is essentfally a hollow steel cylinder with
a diameter exceeding the vessel diameter. The work platform
consists of 17 major structural members, mostly 304 stafnless steel,
which are tolted together and weigh aporoximately 34,000 lbs. There
are 113,000 pounds of shielding pieces which overlap each other and
are supported by the major structural members. The beam end to beam
end dimension exceeds the vessel flange opening by about four feet.
The auxilfary fuel handling bridge was originally designed as
sefsmic Category I and supports the defueling trolley and canister
transfer shield. The auxilfary fuel handling bridge assembly and
work platform have been classified "Important to Safety" for
structural integrity. No seismic qualification of these components
has been demonstrated. However, the design criterfa that have been
employed and the physical characteristics of the structures provide
some measure of a<surance that a major structural collapse into the
vessel will not occur as a result of a DBE.

(2) An extensive analysis (Reference 14) has been conducted to consider
the criticality potential of reconfigurattons that could result from
defueling operations. The approach used in the analysis was to
specify an “Infinfite polson", i.e., a concentration of soluble boron
that would assure subcriticallity for all credible reconfigurations.
A range of very reactive configurations was analyzed and the boron
concentrations required to assure subcriticalicy were identified.
The most reactive of these configurations, which is viewed to bound
any credible core reconfiguration, is a concentric lenticular shape
with 100% of the batch 3 (2.96% enriched) fuel surrounded by a
uniform mixture of 100% of the batch 1 and 2 fuel. Standard fuel
pellet sfze in a conservative geometry with a corresponding
optimized fuel/water ratto was assumed with no credit for cladding
or solfd poison materfal. The probability of the core beling
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reconfigured in this manner. even given the collapse into the vessel
of non-seismically qualified equipment, is exceedingly small. The
referenced analysis indicated that the bounding case core
configuration would be subcrttical with a boron concentration of
4350 ppm.

(3) The defueling structures above the core are composed largely of
stainless steel which is not considered to be a moderating
material. Stainless steel may be a slightly better reflector than
highly borated water. However, it is very unlikely that the
collapse of this material into the core could result in a more
reactive configuration than the bounding analysis in Reference 14.

(4) The RCS is maintained at a nominal 5050 ppm (+ 100 ppm) to provide
an operating margin above 4350 ppm. (Recent samples indicate that
the RCS is actually above 5300 ppm.) Thus, an additional measure of
criticality safety is provided.

(5) To assure that the core rractivity does not significantly increase
by the inadvertent intrcauctior of materials into the RCS, a list of
materfals which could adversely affect the shutdown margin is being
developed. The allowable quantity of materials over the vessel will
be defined and procedural controls will be developed to ensure that
the limitations on material type aru quantity are not violated
(Reference 1). Thus, the potentiai for criticality due to the
collapse into the vessel of materials that may be on the work
platform is minimized.

Based on the above considerations. criticality due to a seismically induced
core reconfiguration is not considered credible. Thus, a reccnfiguration will
not result in steaming of the RCS inventory.

Boron dilution

A dilution of the RCS boron concentration could be postulated if the selsmic
event caused the fallure of RCS fsolation barriers. A detalled examination of
potential dilution paths has been performed and at least double fisolation
barriers are in place for all dilution paths during planned operating
conditions (Reference 15). To evaluate the potential for a seismically
induced RCS boron dilution, the following considerations were made:

(1) An examination of the isolation barriers and piping required to isolate
the RCS during static conditions reveals that only a few dilution paths
are not isolated by at least one seismic category I component; the
dilution paths that pass through non-seismic isolation are generally
associated with chemical addition lines. Thus. the iarge majority of
potential isolations barriers will maintain their integrity during the
design basis earthquake.

(2) Dilution through the secondary side is prevented by double fsolation of
potential dilution sources to the steam generators (Reference 15) and the
maintenance of the steam generator water level below the primary side
water level.
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The major potential sources of unborated water inflow through an open
vessel head (assuming collapse of non-seismically qualified IIf/defueling
structures) are decontamination activities and the fire service system.
Deccntamination activities are routinely conducted in the reactor
building. Decon water may originate from the PWST, tankage in the
chemical cleaning building and other smaller sources. It enters the
containment through a penetration that can be isolated by outboard
valving. Typical decon flow rates are 25 gpm. A boron dilution to

4350 ppm would require that decon water be directed to the open head and
left in place for more than four hours. Thus, dilution of the RCS a: a
result of decon activities during a seismic event was not considered a
credible event.

The fire service system piping is seismic Category I in the reactor
bullding (Reference 3). The system enters the reactor building through a
penetration from the fuel handling building (FHB) and is routed to
several elevations of the reactor building. There are only two fire
service stations at an elevation above the operating deck; these fire
stations are above each 'D' ring at approximately el. 371'. The fire
service penetration from the FHB enters below the operating deck;
containment isolation is normally achieved (unless "hot work" is being
performed in contalnment) by a closed valve in the FHB which is also on
seismic Category I piping. Each station has a hose shutoff valve and a
nozzle valve. Because of the seismic qualification of the fire service
piping, the only postulated failure mechanism for the system that would
release unborated water in a design basis earthauake is an "unqualified
over qualified" failure. A detafiled analysis of this possibility has not
been conducted: however, the only major systems above the fire stations
at elevation 371" are the HVAC system and polar crane. Both systems were
originally seismic Category I and have not been significantly modified in
terms of seismic qualification. Therefore, because of the seismic
qualification of the fire service system, the sefismic qualification of
the elevated HVAC system and polar crane, and the ability to isolate the
fire service system from outside of the reactor building, dilution of the
RCS from a failure in the fire service system was not constdered credible.

Prior to the accident. the spent fuel pool gate area contained a weir
which requlated water levels in fuel pools A and B. After the accident,
a reinforced stainless steel closure plate was welded to the fuel pool B
1iner, preventing communication between pools A and B. Because the weld
fs on a vertical surface, the probabitity of Its failure due to the
collapse of a seismically unqualified component is minimized. However,
because the seismic qualification of the weld was not demonstrated at the
time the closure plate was constructed, weld leakage could be postulated
during a seismic event. Such leakage could result in dilution of fuel
pool A or the refueling canal if the transfer tubes were open and could
not be closed. The probability that the closure plate wilt fall, qgiven
that it is reinfcrced and welded onto a seismic Category I structure, fis
considered small. Further, additional failures (e.g.. crushed canisters,
failed fuel transfer system valves) would be required to cause a
radlonuclide release. An analysis is being conducted to ascertain
whether the closure plate will withstand selsm'c loads. If analysis
indicates that the existina barrier between fucl pools A and B will not
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withstand a design basis earthquake, apprcpriate plant mogifications wil)
be made to assure isolation of fuel pool B during a DBE. Thus. adilution
of the RCS. or fuel oool A. due to ‘eakage from fuel ncol B was not
oostulated. :

(8) The relative strengths of non-seisamic piping sersus the type Of isolation
barriers that are usea to orevent a dilution (2.3.. giobe. 3ate valves
versus check valves) ingicate that it is very unlikely that i double
isolation barrier wiil fall in a manner that ~ii] permit inleaxage ang
still leave the non-seismic pipe intact.

(6) A detailed analysis to determine whether selsmical'v unqualifi=dg
components have been constructed over any RCS isolation barriers has not
been conducted. However. the failure of ungqualified compcne ts is mucn
more likely to cause pipe leakage than to rfail double isoi- on oarriers
in a manner that would permit a dilution infiow to occur.

(1) There are several selsmicailv gqualified makeup paths from the EHST which
couid orovide borated water additlon if required to mitigate 3 gilution
event. It is very unlikely that all of these naths will e failed cue to
the effects of “unqualified over quallifted" components.

Based on the agove considerations. a significant boron dilution of the RCS due
to a seismic event i5 not considered credible. Thus. recriticality ano
subsequent RCS steaming cannot be credibly postutated.

Vessel draindown

A tnermal hydraulic and criticality analysis of a2 complete vessel dralndown
and subsequent refill has been performed (References 6. 17). The analysis
used conservative assumptions., for examole, (i) an initial RCS temperature of
120°F for dralndgwn, (ii) tnitial decay neat of 20 kw. tiii) ampient
containment temperature of 100°F, (iv) conse:.ative heat transfer
coefficients, (v) core reflocd temperatures of 130°F. and (vt) a conservative
dralndown rate which maximizes steaming.

The analysis demonstrated that criticality would not Gccur during either
dralndown or reflood. The maximum quantitv of 3team releasea Juring graindcwn
%3S estimated as less than seven oscunds. Thus, reactor vess21 steaming during
a powential dralndown would not be significant driving force For raglcnuclide
movement to the environment.

3.1.2 Potential Source Terms

Potential radtonucllde source terms that couid develoo from 3 seismic avent
are gescrlibed in this section.

3.1.2.1 Reactor VYessel Drainec (Core Inventcry)
Draining of the reactor vessel would expose the core to the containment
atmosphere. Tne source term for an eaxposed core was develcped by identifying

a detailed radionuclide inventory from an ORIGEN cimputer calculation
(Reference 18) assuming decay to August 1984 and accounting tfor the known
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raagionuclide reteases ro 1ate (Refarence i9). Saseg an the CRIGEN
catculation. the Tollcwing radicruclicges are oresent in significant quantities
and represent the scurce term used in tne anaiysis:

{SOTOPE QUANITY (C1) 1507CPE QUANTITY ¢C!)
H-3 5.9 E.2 te-ida 2.0 £+
Co-60 1.7 g4 y-234 V.2 £2
Kr-89 2.7 E+d y-235 1.9 249
Sr-90 oLt B yU-238 2.7 Eei
Ru-106 3.1 Eed Hp-237 M v )
Ag-11Cm 1.0 Eol Pu-238 L9002
Sb-125 3.2 E.8 Pu-239 CLORERS
Cs-134 1.6 €44 Py-240 oty \Ered
Cs-137 $.2 Ei3 Pu-241 1o MEe S
Pr-134 2.0 €D im-241 108 B

Accident seguences involving a eraireg core could result in airdorne
particulate material (from eapcsed core) or 3an aerosol refease «from araining
liquig). Tne size distrigution of core particuiates nas ceen cnaracterizeo
(Reference 31) ang orovides the Basis for getermiring the airborne ra2lease
fractions used in Secticn 3.2.

3.1.2.2 EGoron Diluticn

A boron dilution event would not significantly increase tha corz ragionuclide
inventory unless it resulted in criticality. From Section 3.1.1.4. 3 boron
dilution due to a seismic event which causes criticality is not crecible.
Therefore, accident seauences with this source term are not analvzed further.

3.1.2.3 Cere Reconfiguraticn

A core reconftquration wculd not significantly increase the core inventory
unless it resulted in criticality. Frcm Section 3.1.1.4, criticality due to a
reconfiquration from 3 seismic event Is not credible. Therefore. accident
sequences with this source are not analyzed further.

3.1.2.4  RCS Inventory

The current radionuclide ccncentration in RCS water is predominantiy due to
cesium and strontium. Experfence with orevious operations within the RCS
shows that minor disturbanc2s can vesult in increased c¢oncantrations of a
select number of isotooes. Reference 29 provides a tvpical source term for
RCS water that results from disturoances within the RCS. To assure that this
analysis w11t bound RCS conditions throughout gefue!ing, the ragionuclice
concentrations ¢n Reference 29 wer2 increasead by a factor of five. The
resulting source term 15 Shown CeiOw.

11 oof 39 0601x RA



4430-7322-85-1

1350TOPE  RCS CONCENTRATION ¢uCi/ml) 150TCPE  RCS CONCENTRATION (uCl/mi)
4.3 i.8 E-1 4-234 SESH =SS
23-40 8.3 E-1 U-235 1.9 E-5
Sr-30 5.0 €. 1j-238 1525 E-5
u-106 1.6 £+ p-237 5.3 E-7
a3-110m 7.5 £-2 Np-239 3.5 -3
Sh-125 2.5 E«0 2u-233 2.4 £-5
C3-134 1.2 €40 Pu-219 1.2 E-3
Cs=127 2558 B Pu-240 F.1€E-3
Ce-l144a 3.5 E+0 Py-21 7.0 ES2
Am-:c41 7.0 £-4

3.1.2.5 Smearapie Contamination (Reactor Building walis. tooling)

An estimate fov the contamination that could be aviilanle for transpcrt i3
based on the smea~abla ccntamination in the reactor building. wnicn i
concentrated orimarily in the reactor guilding basement. from Refarence 21,
there are 3doorcstmatety 25,000 Ci of basement activity. neglecting deep
penetration Ing vasement water activity. Assuming 2% ¢eference 28) fs
smearaole and the icotcpic Jistributicn 1s similar to that at other elevations
nelds she ©aliowing scurce term:

Sr-30 8.4 g.0 ClI
50-125 1.5 t+0 Cl
I-129 3.2 £-4 Ci
£3-i34 1.5 £-1°Ct
Cs-137 4.5 £.2

The smearabie activity on other RB surfaces ano in other buildings is small in
compartson to this source.

3.1.2.6 Defueling Canisters

Before ioading into tnhe shioning cask. there are three locations outside of
the reactor essel for the defuelling canisters: (1) in the RB ©r FHB transfer
shieid (2) in the geeo end or the refueling cana! and (3) In fuel ocol A. A
single defueling canister i< transported In a transfer snie!d and containg, on
Average, aoproximately 1/250 of the total core material. Cuyrrent olans are
that the deep end of the refueling canal wili normally contain nc more than
seven defueling canisters at any time (including four fiiter canisters for
0KCS operation and uo to three gefueling canisters). HOwevar, the source T2rm
In the deep 2nd of tne refueling canal assumes that all eleven available
;paces are occupied by canisters. There are 252 spaces for zZanisters in fuel
poo! A.

There are¢ twO cotentiai source terms dsscclated with a d2fueling canister:
{1) the scurce t2rm guye t) the e«isting fuel and fission orogduct inventory and
(2) an increaseg 3ource term due to criticality.

The potential for an increased source tarm due to a criticality was evaluated
by censtdering the following
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Each defueling canister includes enough poison materfal to assure
that no single canister or array of canisters, as they will te
handled and stored during defueling will have a k,,r greater than
0.95. The analysis demonstrating compliance with the ke«
criterfon used numerous conservative assumptions including:

(1) batch 3 fuel only, (11) no soluble poison or control material,
(11§) optimal volume fraction and moderator density, and

(iv) complete filling of canister fuel regions (Reference 22).

With the exception of a canister that may be in transport in the
transfer shield, all other canisters are submerged tn water with a
minimum boron concentration of 4350 ppm. The canister storage racks
have been designed to withstand the loadings associated with the DBE
(Reference 27); thus, direct damage to the stored canisters due to a
sefsmic event is not postulated. It may be oostulated that one or
more canisters in the deep end of the refueling canal or in spent
fuel pool A could be damaged and their contents reconfigured due to
the failure of seismically unqualified components above the
canisters. However, 2350 pom has been shown tn assure
subcriticality for the entire cors fuel load in a conservative
bounding configuration (Reference 14). Thus, a boron concentration
of 4350 ppm will assure subcriticality for any smaller amount of
fuel materfal or for fuel in a less than optimal geometry.

The actual boron concentration that has been maintained in the RCS
since head 1ift is 5050 ppm. It is planned that there will be an
operating boron concentration in the refueling canal and fuel pool A
in excess of 4350 ppm. Thus, this higher boron concentration
provides an additional margin of criticality safety over that
provided by the conservative analysis in Reference 14.

The collapse of the defueling trolley into the dry section of the
refueling canal may result in a severe reconfiguration of the
canister contents. However, from the discussion of the boron
dilution potential in Section 3.¥.1.4, there is no credible source
of unborated water that could act as a moderator for the exposed
fuel. From Reference 23, criticality is not possible for
unmoderated uranfum containing less than abcut 5 weignt percent
U-235.

A design basis earthquake could be postulated to cause leakage of
the closure plate separating fuel pcols A and B. resulting in
dilution of pool! A water. This event (which would be a concern only
| f canisters were damaged in a manner that would expose fuel) was
not considered credible, as discussed in Section 3.1.1.4 (item (4),
boron dilution).

The collapse of the defueling trolley or other seismically
unqualified equipment could be postulated to damage the liner in the
refueling canal or in the spent fuel pool resulting in a loss of
borated water. Undamaged canisters would still contain water
borated to at least 4350 ppm 3nd dewatered canisters would have no
moderator. It could be postutated that some canisters would be
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damaged resulting in exposed fuel. The analyses provided in
References 16 and 17 demonstrated that criticality would not occur
given a conservative analysis of draindown in the reactor vessel.
Thus, by comparison to the analysis of vessel draindown, the
criticality of either intact or damaged canisters due to a pool
draindown is not considered credible given the canister separation,
the presence of additional poison materfial in each canister, and the
lack of moderator.

Thus, criticality was not considered a credible mechanism for generating an
increased source term for a defueling canister. The defueling canister source
term is due to the existing radionuciide inventory and is defined below:

t1) One percent of the core radtonuclide inventory as specified in
Section 3.1.2.1 is assumed to be the source term for each canister
involved in postulated accidents. This represents the maximum
loading of any canister type, as specified in Reference 1.

(2) The form of the core material in the three types of defueling
canisters differs. The fuel canister is designed for bulk core
materials. The knockout canister is designed for debris ranging in
size from 140 um to whole fuel pellets. The filter canister is
designed to remove small debris and particulates down to 0.5 um.
Accident sequences involving a single canister were assumed to
involve a filter canister, which will have the largest amount of
small particulates. Accident sequences involving multiple canisters
are assumed to have an average distribution of core fragment sizes.

3.1.2.7 Sumps

Reactor Building

There are approximately 20,000 gallons of water currently in the RB basement.
The most recent sample was taken in November 1984. To define a source term
for the RB basement that will bound future activities. the radionuclide
concentrations in the November 1984 sample were increased by a factor of five
and the amount of basement water was assumed to be the 100,000 gallon
adminfistrative limit.

H-3 0.15 uCi/ml
Sr-90 8.0 uCi/ml
Cs-134 1.1 uCi/ml
Cs-137 24.5 uCi/ml

The inventory in the RB sump itself is about 8300 gallons which potentially
has a higher radionuclide concentration than the bulk of the water in the RB
basement. The sump inventory will be pumped out prior to sludge removal from
the sump. The RB sump inventory estimate from Reference 37, which is not
expected to be exceeded during defueling, is assumed to be the limiting source
term for liquid waste disposal (WDL) system processing. The source term is:

H-3 1.0 E+O0 pCi/ml
Sr-90 6.1 E+O0 pCi/ml
Cs-134 6.2 E+0 uCi/ml
Cs-137 9.6 E+1 uCi/mi
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Auxiliary Bullding
Contaminated water potentially enters the auxiliary butlding sump from
numerous waste processing and cleanup sources. The most contaminated water
source to the auxiliary building sump through defueling is expected to be the
Miscellaneous Waste Holdup Tank. To define the source term for this analysis,
the highest recent MWHT activity (sample No. 85-01831: Feb. 22. 1985) was
increased by a factor of five. The volume In the sump was assumed to
correspond to the administrative limit ¢f 9000 gallons. The resulting scurce

term is:
H-3 2.1 £+0 puCi/ml Sb-125 5 E-1 uCi/ml
Ce-60 2.1 E-2 uCl/mi Cs-134 .9 E-1 uCi/mi
Sr-90 1.2 £40 pCi/m) Cs-137 7.0 €E+0 uCl/m)
Ru-106 2.4 E-1 pCi/ml Ce-144 2.1 E-1 uCi/mi
Ag-110m 2 E-2 uCi/ml

Other Sumps

There are other sumps in the plant that may have scme tevel of contamination.
However, the source terms for the reictor and auxiliary building sumps tound
radlonuctlde fnventcry in other sumps.

3.1.2.8 SDS System
Liner/Filters

The submerged demineralizer system (SDS) liners and filters are located in

Fuei Pool B.

60,000 Ci of Cs-137 (152,000 total curies).
offslte to DOE farilities for disposition.
expected to resu!t in liner loadings less than 5000 Ci

and filter loadings are provided below.

In the past. the SDS liners have been loaded as high as

These liners have been Shipped
Current and future operations are
Typical current tiner

For analysis purposes. seduences

involving a postulated source term from a single SDS liner or filter were
assumed to have 10 times the typical loadings shown below:. each linzr wis
assumed to have the typical ¢(or average) loading shown below if a postulated
source term involved multiple liness.

__1S0TOPE
H-3
Co-60
Sr-90
Ru-106
Ag-110m
Sb-125
1-129
Cs-134
Cs-137
Ce-144
U-234
U-235

SDS ACTIVITY (CI)

SAND FILTER

negligible

3.3 E-t
354.4

2.3
negligible

9.0
negligible
36.9
330.2
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305 ACTIVITY (CH)

ISOTCPE  SAWDFILTER | CUNO FILTER  _ ZEOLITE LINER
u-236 23k h 3.5 £-7 negligible
u-238 BN E=3 2.7 E-6 1.2 E-5
Np-237 4.3 E-7 1.1 E-7 aegligicle
Pu-238 St 5.2 E-9 1.5 E-5
Pu-239 &.5°E-5 3.6 E-d 1.7 E-3
Pu-240 5.4 €-6 1.7 £-4 4.6 €E-6
Pu-24l 4.7 €-4 1.2°E-2 2.2 E-3
Pu-242 6.7 E-10 i.7 E-8 negligitle
Am-241 5.4 f.d 3.5 E-3 1.6 E-5
Cm-242 2.9 E-6 1.1 E-6 9.9 €-9
Cm-244 s _ 1.0 E-7 1egligibie
TOTAL 1466.! 63.4 2951.2

Process flow

The radionucltide concentration in the SOS process lines vartes according to
the process source. e.9., RCS, sumps, MU&P system. These concentrations are
specified in the description of the respective sources. The macimum SDS
processing rate is 15 gpm. A release from the process stream to the air is
postulated trhrough the above-water piping in the fuel handling building.

315258 MUZP Swstem
Demineralizers

The mareup ang purification system demineralizers are seismic Category I
vessels housed in Cat2acry [ cubicles. Mo post-accident hardware
modifications have been made %0 those cuvicles with the exception of insertion
of a one-nalf inch tvgon tuce througn the 3" recin fill line in 2ach
gemineralizer. 7This mogification would not compromise the structural
integrity of these demineralizers during a sefsmic event. Thus. a source term
frcm the MUSP svstem because of tne structural failure of the demineralizers
during a seismic eveat is not postulated.

m™m

tution flow

(Cleanup of the MUEP demineralizars uses an eluticn process whose oath is from
the demineralizers to the neutralizer tanks and then to SOS. Some of the
oiping is non-seismically designed. The source t2rm assumea for the
consequence analysis fs tne maximum C3 concentration from the MULP SER for
rinse and elution (Reference 25) and concentrations of other radionucltides
calculated from a recent neutralizer tank sample (Sampl2 84-12915; Oct. 19,
1964) results.
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Sr-90 8.1 uCi/ml
Cs-134 3.1 uCi/ml
Cs-137 65 wCi/ml
ATl U 2 x 10°° uCi/ml
All Pu 10-* uCi/ml
Al T 10°* uCi/ml

The system flow rate is S gpm to the neutralizer tanks: flow from the
neutralizer tanks to SDS may be up to 1S gpm.

Resin Slulcing

The use of a stuicing process is planned for removing contaminated MU&P
resins. Final detalls of the operation have not yet been developed.
Basically, however, the operation will involve sluicing the resin from the
MULP demineralizers to the spent resin tanks where it will be processed for
ultimate disposition. The source term for the process was developed from a
sample of the resin prior to the start of MU&P elution (Reference 36). For
this analysis, the source term assumes diluting the solid resin in a 20 to !
ratio (ratio used for the resin elution process) and processing the mixture at
SO gpm. The resulting source term for the slulcing process fs:

ISOTOPE  CONCENTRATION (uCi/ml) ISOTOPE  CONCENTRATION (uCi/ml)
Co-60 9.4 E-2 U-236 3.7 E-6
Sr-90 1.9 Bl u-238 1.5 E-5
Sb-125 3.5 E- Pu-238 8.4 £-4
Cs-134 3.0 E+l Pu-239 5.5 E-3
Cs-137 4.3 E+2 Pu-240 1.7 E-3
Ce-144 4.7 E-) Pu-241 1.4 E-1

U-234 6.2 E-5 Pu-242 1.9 E-7
U-235 2.1 E-6

3.1.2.10 Contaminated Waste Storaye

Reactor buflding

There are two designated waste storage areas in the reactor bullding. One is
located on the 305' elevation near the personnel airlock: the other is located
on the 347‘ elevation adjacent to the enclosed stairwell. The maximum
material in each area fs about 6000 1bs. with an isotopic inventory of

2.0 E-1 C! of Cs-137, 8 E-3 C! of Cs-134 and 8 E-3 C! of Sr-90 (Reference 2).

AFHB/Ventilation Filters

There fs a maximum capacity of about 22.000 1bs of contaminated waste storage
in the auxillary and fuel handling bulldings. This corresponds to about 25
drums and six LSA boxes of compacted waste plus two S0 ft' storage bins. A
complete HEPA ventilation filter bank would occupy about four LSA boxes: it is
assumed that four boxes are occupled by the equivaient of the recently
characterized "8" traln of the reactor bullding HVAC system. (The B train had
been characterized because of its relatively high activity.) The remaining
rad trash storage activity has a typical concentration of 6.3 uCi/lbm. For
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conservatism. the source term assumed for the AFHB waste storage area
¢(including ventitation filters) is five times the radionuclide inventory
associated with the maximum capacity described above. The source term is:
1.4 Ci of Cs-137, 7 E-2 Ci of Cs-134 and 7 E-2 Ci of Sr-90.

Respirator & Laundry Facility

The source term for the Respirator ana Laundry Facility is based on the annual
inventory which is shipped frcm that facility. [t is conservatively assumed
that 102 of the annual inventory would be lotated in that building at one
time. The 1984 inventory of 5000 containers of LSA representad approximately
0.66 Cl; 10% of that inventory is 0.07 C} which Is assumed to have the same
jsotopic makeup as AFHB rad trash. The resulting source term is 3.1 E-2 Ci of
Cs-137, 2 €-3 Cl of Cs-134 ana 2 E-3 Cl of Sr-90.

3.1.2.11 EPICOR System
Liners

The highest loading of an EPICOR liner currently on-site s less than 20 Cl.
However, GPUN is considering requesting approval of the use of high integrity
container (HIC) processing vessels in the EPICOR system, which would allow
significantly higher curle lcacings of the EPICOR liners. To define a source
term for this analysis. the highest EPTCOR prefilter loading (Preflilter 16,
Reference 38) was used to bound possible future inclusion of high integrity
containers in the EPICOR system. (EPICCR prefilters were considered abnormal
waste with activities too high to permit commercial disposal. Thus, a
prefilter inventory will e.ceed the ec«pected loadings in an EPICOR HIC which
will be disposed of commercially.) The bounding source term for an EPICOR
liner i5:

Isotope Activity (Ci) [sotope Activity (Ci)
Co-60 1.7 €1 u-23¢ 3.4 E-5
Sr-90 3.0 Eel U-235 1.3 E-6
Ru-106 3.0 .1 u-238 7.4 £-6
Ag-110m ) Py-238 2.2 £-6
Sb-125 1.9 E«D Py~239 2.5 €-5
Cs-134 3.4 Eel Py-240 5.4 -6
Cs-137 9.5 E.2 Dy-241 4.7 €-4
Ce-144 6.2 E-! Am-241 1.6 E-5
Cm-242 7.9 £-8

The EPICOR llners are situated within a cylindrical concrete cask wnich is
surrounded by a !eag brick wall: The top of the liner is covered with a
portablte lead shielcd and & steel 1id. The fcundation of the chemical cleaning
buitding, primary concrete watls and structural steel frame are designed to
selsmic Category [ (Reference 26). Thus, rupture of the liners in their
processing position due to a seismic event was not considered credible. The
source term for the liner failure is due to the postulated droo and rupture of
a single liner from the monorail :system while tn transit.
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Filters

There are four main filters currently used in the EPICOR systam: (§) a
downstream crud filter which could accumulate a concentration of cobalt and
(§i) three downstream filters which are designed for resin cajgture in the
event of a liner faflure. Samples of the crud filter indica*2 no cobalt
buildup. Thus, the EPICOR filters do not present a significant source term.

Process flow

The EPICOR system is currently used primarily as a polishing system for the
SDS. Future operations may allcw for direct flow to EPICOR from several
contaminated sources. The radionuclide concentration in the EPICOR process
lines varies according to the process source. For this analysis, the highest
process sources were assumed. these sources are the bounding RB basement and
auxiliary building sump terms developed in Sectlon 3.1.2.7.

The EPICOR liquid line break is postulated to occur directly to atmosphere
since tne upper walls and roof of the EPICOR building are not qualified
seismic Category I. The EPICOR system flow rate is 10 gpm.

3.1.2.12 Radwaste Systems

Liquid waste disposal (WDL) system

The WOL system is a pre-accident system and was originally qualified to
seismic Category I. However, a detailed amalysis has not been conducted to
determine if a seismic Category I component failure due to the €allure of a
non-seismically qualified component is credible. Thus, leakage from that
system is postulated using the liquid source term developed in Section 3.1.2.7
for the RB sump.

Solid waste disposal (WDS) system

The major source terms that will be associated with the solid waste disposal
system will be due to the use of WDS system piping for MU&P resin sluicing and
for radioactive siuige processing. The MU&P resin sluicing operation was
described in Section 3.1.2.9. The source term for sludge processing is basea
on RB basement sludge sample results in Reference 37. It was assumed that the
sludge s mixed with sluice water in a 20 to |1 ratio (as is done during MU&P
elution). The resulting source term is:

Radionuclide Concentration (uCi/mi) Radionuclide Concentration (uCi/ml)
Co-60 7.6 E-2 Cs-137 3.4 E+2

Sr-90 1.1 E«2 Ce-144 2.5 E+0

Ru-106 1.1 E+O U-235 1.9 E-4

Sb-125 1.6 E+Q Other U 5.0 E-S

I-129 1.5 E-3 All Pu 1.6 E-2

Cs-134 3.0 Evl

The process flow rate is assumed to be SO gpm.
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Gaseous waste disposal (ADG) system

Activity levels from the gaseous waste oisposal system ¢WDG) are negligible in
comparison to the potentiai airoorne releases frrom the DL ang #DS systems.

3.1.2.13 DWC System
Process flow

The defueling water cleanuo svstem will process RCS. refueling canal, and/or
fuel pool water through ion escnangers ana filters. The limiting source term
for a orocess flow leakage is due to RCS orocessing. Radionuciide
concentrations for the RCS are orovidea in Section 3.1.2.4. 2>rocess flow from
the RCS is a maximum of 400 gpm. DOrainage from the RCS througn a orcken line
by a functioning OWCS pumpo is limited to 300N gallons oy tne elevation of the
anti-sypnoning holes in the suction line ¢(Reference 34). Releases are
postulated to reactor sutlding Jir.

Liners/filters

There will be four fliter canisters in the deep ~nd of the refueling cana!
wnich are to be used for DWCS orocessing of the a.53: there are 2iso four
canisters in fuel pool A planned for DWCS cleanup of fuel pool A anag the
refueling canal. Tne scurce term associated with these canisters is &S
defined in Section 3.1.2.6. There are olanned to be three ion 2xchangers for
DHCS processing lccated in the aorthwest area of the fuel Handiing Builctng.
Their loading is assumead to be :he same as the cbserved loading for an SDS
liner (appro-imately 3000 Ci) scecified in Section 3.1.2.8.

3.1.2.13 [1IF Processing

Processing from tre internals ingexing Ficture (IIF) through the SDS may be
replaced by CWCS orocessing for defueling. Potential CWCS processing rates
exceed those useo in IIF processing. The source term associated with IIF
processing is the RCS source term tdertified in Section 3.1.2.3.

3.1.2.15 Inaterim Solid Waste Staging Facility (ISWSH)
The ma«imum inventory of Icw level waste stored in the ISWSF is approximately

eight hundred 55 gatlon arums, ainety LSA boves. 3and 3ixty 55 €t' liners.
The source term taken from Reference 29 is5:

53r-go 3 NG
cs-134 3HGNCh
Cs-i37 81 Ci

J.1.2.16 Sotid w«ss3te Storage Builaing

The Solid Waste Storage Suilding ("paint shed") contains small amounts of low
specific activity radvaste: there are no plans to signiricantly increase the
radwaste stored in this building. An estimate of transportable radionucliide
contamination in the bultding is nrovided i{n Reference 30. in tnat analysis.
3 release fraction of 10 ' wa3 assumed due to potential combustion of
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flammables in that building. The results of the analysis indicate that
potential doses are insignificant compared to ¢oses from other postulated
accidents in this resort. Thus. no furtnec analysls of this saurce term was
performed.

3.1.2.17 Sotid waste Staging Facility (SWSF)

The Solid Waste Staging fFacility is a passive facility for zemporiry staging
of waste prior to ultimate gisposition. The facility is ccmsosed of concrete
modular structures (two mogules currently exist). eacn mogule is partitionea
into 60 cells wnich may nouse various guantities of waste. The sump
compartment {s sefsmically quaiifiad. There is essentiaily ro comoustible
material fn the SWSF. The source term for this analysis assumes camage to the
SWSF from the DBE which resuits in 2xposure of I0 SOS liners to the
atmosphere. The raaionuclice tnventory for an SOS liner w~as corovided in
Section 3.1.2.8.

3.1.2.18 Processeq Water System

The source of water in the processad water storage and recycle svystem is two
5900.000 gallon processed water storage tanks (PWSTs). Tank mak2up 13 the
effluent from the zPICOR system: thus raoionuclide concentraticns in the PWSTs
are generally much tess than water entering EPICOR. The onl!v e«ception to

this is the concentration of tritium wnich 15 nct removes by tPICOR. Recent
samples (Dec. 31, 1934) indicate a tritium concentration =f agcut 9.3 pCi/ml

in each tank. Tnis concentration is not expected to oe 2xce2decd during the
defueling process and. thus. represents the PWST source term for :tnis analysis.

3.2 Seismic Induced Accident Sequences and Associated Conseguences

In this section, the potantial accident sequences associated with a selsmic
event are summarizea and tabulated as Table 3.1. In some cases. accidgent
sequences nave been postulated because an analysis of the pctentiai mecnanism
has not been performeg. (For 2vample. the costulation cr seismic zategory 1
component failure oetause of cossible effects of non-seismically Gqualified
components.) The cansequances of the potential accigent seguences nave ceen
estimateo using the methods and dose conversicn factors soecified in
Requlatory Guide '.159. “UREG-Q172. and Regulatory Guize 1.3, Tne major
assumpticns used in the Zonseduence calculation are summiarizec 0eilw:

(1) TwO nour ¢cses at the tite toundary were {alculated for pctentia)
airborne releasas. 7o conservatively estimate the offsite Jose. the
D-% hour fifth percentile /Q of 4.1 « 107" sac/m’ frem
dppenagix 20 of the TMI-Z2 FSAR was used. 0oses were :alculatea for
the acoiescent age 3roup which generally is the macimum dose
receptor for the radicnuciioes of interest at TM[-2.

(2) Organ dose conversion 7actors were as specified in Requiatory Guide
1.109: for radionuclides not consigereg in RG 1.109, NUREG-017Z dose
conversion factors were usea. Because Of the current radionuclide
inventory, the bore was considered as tne critical organ. The dose
to this organ was calculatea and presented in Table 3.1. The
breathing rate of 1.2 m’/hr was a3 specified in Requlatory Guide
1.4 (Reference 24).
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Insights from NUREG/CR-3535 (Reference 35) and ICRP 26 (Reference 6)
were used to assess the sfignificance of the calculated bone doses.
Sperifically, NUREG/CR-3535 reports significantly higher dose
conversion factors for the bone surface than other organs, including
bone marrow; ICRP 26 provides equivalent risk weighting factors for
bone surface and thyrofd. Thus, the I0CFR Part 100 organ (thyroid)
dose limitation 1s assumed to be applicable for sftuations in which
the bone is the critical organ.

Releases to the environment were assumed to be unfiltered.
Deposition of afrborne activity on walls and surfaces was neglected.

For accident sequences involving spraying 1iquids or potential leake
under pressure, the fraction of l1iquid leaking from the system that
could become afrborne as a transportable liquid aerosol was
conservatively assumed to be 10°* (Reference 10).

for accident sequences involving liquid spills, the fraction of
1fquid that could become a transportable liquid aerosol was
conservatively assumed to be 10-* (Reference 10).

For accident sequences involving standing 1iquid pools that may be
subject to a wave action from the seismic event, the airborne
release fraction is conservatively assumed to be 3 x 10°*. This
value is the masximum afrborne release fraction measured 1=
experiments with a 1 meter liquid free fall (Reference 10;.

Some postulated accidents result in particulate materfal baing
uncovered and exposed to air. If the particulates are no* trapped
in filters, the fraction of solid particulates that becors afirborne
is conservatively assumed to be 10°°, based on experiments with
free failling powder (Reference 10).

An afrborne release fraction of 10°“ was assumed for particulates
contained on resins and ruptured or crushed filters (Reference 33).

For accident sequences in which the source term is involved in a
fire, the afrborne release fraction is conservatively assumed to be
10°* (Reference 33).

Particles larger than about 10 ym are predominantly deposited in
the nasopharyngeal region and have much less radiological
significance than smaller particles which are preferentfally
deposited in the bronchial system and lung (Reference 10).
Furthermore, particles larger than 10 um deposit rapidly by
aerosol deposition mechanisms such as gravitational settlta: and
fnertfal impaction. A characterfzation of the particle sfize
distribution (45 - 4000 um) in a core sample found that about 1.5%
of core particulates were less than the smallest size range
analyzed, 45 um (Reference 31).

Based on the observed particle sfze distribution, it is

conservatively assumed that a fraction of 10°° represents the
materfal in the fuel and knockout canfsters that is in the size
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range of concern, 10 um. This impiles that all of the material in
those canisters is particulate ano all particulates in the range
less than 4S5 um are actually 10 um or less.

The filter canisters are designed to collect small debris and
particulates ¢35 small as 0.5 um. It is conservatively 3ssumed
that all of the materfal collected in the Filter canisters in
10 pm or less.

(12) Accicent seaquences involving an expo<ad core could result in
transport of particulates from the rubble bed and RY internals
surfaces. The total amount of core materfal that is particulate is
uncertain. For this analysis, it )s assumed that 10% of the total
core mass is particulate which resides on a surface that would be
exposed in the event of a vessel draindown.

(13) Coupling assumptions (8) and (11), and assuming that an accident
sequence exposes the entire canister contents, vields a total
material release fraction of 10°° for postulated accidents
involving a direct atrborne release from a fuel or =nockout
canister. From assumptions (9) and (11), the ootential material
release fraction from a filter canister evposed to air ¢35 10°°*.
(The release fraction for a filter canister is usec for sequences
involving the release from a single canister.)

Using the assumptions regarding the amount of exposed oarticulate

core material (12), the distribution of particulate sizes ¢11), and
the fraction that becomes a‘rborne (8), the relesy= Fraction for ian
exposed core is 10°¢,

060'x RA
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TARE 3.1 mmmn&:mm«cml

35

OFFSITE DOSE

TBHRE (rem) 2

_l'n'l'l"N'lS

HECHANTSM
'
1 'Dralned Atmospheric aP | Non-seismically qualified component causes incore
- RPY instrument guide tube failure.

TEassssses sssmssssewcsoaals

1.4 £+]

Section 3.1.2.1_source term with airborne release
fraction of 10-6 for exposed core; Section 3.1.2.4
source term for 50,000 gallons flowing RCS inventory
with airborne release fraction of 10°4; Section
3.1.2.7 source term for 100,000 gallons standin

RCS sump water with release fraction of 3 x 10~2,
Air exchange rate s 2003 of building volume per
hour due to open equipoent hatch; steaming driving
force small compared to air exchange.

2 Orained Cocbustible Coincident in containment fire; soitrce not Bounded by
sRPYV Fire fnvolved in fire: driving force dominated by Sequence 1
§ atmospheric sP (Sequence 1).
: ¢
1]
3 ELoosc Con- :Atmspheric aP | Mechanical disruption of smearable contamination. Negligible Airborne release fraction small compared to fire.
stamiration compared to
E(RB) Sequence 4
4 §Loose Con- E(onbusuble Heatup from fire releases smearable contamination 3.2 £-2 Section 3.1.2.5 source term for particulate releases
itamination § Fire through open equipment hatch assuming all RB contaminated surfaces exposed to
¢{RB) H fire. Airborne release fraction of 10~3; air
H 5 exchange rate of 2003 per hour.
i :
¢ .
: :
C :
1 Accident spences for vhich @ driving force or unnalyzed source tem i3 ot credible have not been Msted.  For exmple,

there are

2 o hour site bosdary dose to sdolescent; unfiltered release

no credlble seperwrs with pyrophoric driving force, mo credible e~puazres with core recriticalicy.

to envirazamnt.
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TARE 3.1 mmmmnmnzmmcml
3 H MEDWNLSH AMENTS =
: :
: .

5 _iloose Con- EMI Mechanical disruption of smearable contamination Negligible
itamination ¢ compared to
i(other RB sequence
18ullaings)

1)
H ]

6A MUAP Ektaospherlc 4P | Non-setsmic piping failure. 1.3 E-1 Section 3.1.2.9 source term for elution flow; flow
Process . at 15 gpm for 2 hours to SDS. Airborne release
Flow fraction of 10-3 assumed for aerosol release due
. to spraying pipe leak; air exchange rate of 2003
. of building volume per hour through open FHB
E truck bay door.

' H
. .

68 EmlP Atmospheric aP | Non-seismic piping fatlure 1.2 E+0 Section 3.1.2.9 source term for resin sluicing;
¢Resin flow at 50 gpm for two hours. Airborne release.
sSlutcing H fraction 1s 10-2 for spraying pipe leak; air
i H eschange rate at 2003 building volume
' 5 per hour,

: :

7 imlP s+ Combustible Non-sefsatc piping failure with coincident fire Bounded by
tProcess ¢ Fire in area; source term not involved in fire; Sequences
!Flow/ . driving force dominated by atmospheric aP. 6A, &
¢Sluicing ¢
. .

M .
: ¢
: :
: :

1 Accldent empevcea for vhich & driving force or unaulyzed

axxce term {3 not credible have rot been listed.

For exmwple,

= there sre no credible empeyxces with pyroptoric driving force, no credible arpances with core recricicality.
o hour aite toudary dose to edolescent: unfiltered release to eviravene.
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TASE 3.1 FETIATED ACIIENT SEUENCES LLE TO SE1SMIC EVENT 1

ACCIDENT CFFSITE DNSE |

W{%’w MEOWNLM “BRE (rom) 2 QREENTS
: §

8  EPICOR sAtmospheric 4P | Liner dropped and ruptured due to failure of Small com- Mrborx release fraction for resin liner
Liner 5 non-seismically qualified monorail, pared to ts 10 )
g : Sequence 9
{ :
: *

9  EPICOR !Coabus!lble Liner ruptures as in Sequence B: fire occurs due to 1.0 E-1 Section 3.1.2.11 EPICOR liner soyrce term;
sLiner ¢Fire shorting of unqualified electrical wiring or other airborne release fraction of 1073 for material

& : s sources; combustible materials involve liner. fnvolved in fire; entire liner assumed involved;

s o release directly to atmosphere.
; :

16 JEPICOR Ekwspheri: 4P/ | Same as EPICOR Liners. Negligible loading on Small Com-
‘Filters  :Fire aP filters. pared to
3 o Sequence 9
a !

NA -EP‘ <O0R Enmspherlc AP | Break of non-seismic EPICOR process line. 1.1 E-) Section 3.1.2.1) source term for process flow
~Proussing| (R8 basement); flow at 10 gpm for 2 hours.
.(RB : Airborne release fraction of 103 corresponding
:Basemen) H to spraying leak; release directly to atmosphere.
5 :

1nsa -EPICOR EkmspherchP Break of non-seismic EPICOR process )ine. 1.6 E-2 Section 3.1.2.1) source term for process flow
.Processlng: (aux. bldg. sump); other parameters same as
;(Am . Sequence 11A,
§ Swep) 3
! 3
= :
: !
: 3

1 Accident seqpeswes for vhich a driving force or unsulyzed sace term is not credible have not been listed. For eumple,
tlere are no credible sspevwrs vith gysofdric driving force, no credible sequrcea with core recritlcalicy.

2 Two hour site basdary dose to sdolescent; unfilbered relesac to emvirarent.
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TARLE 3.1 POSTULATED ACCIIENT SEQUENCES DLE TO SEISMIC EVENT !

.

:

12 {EPICOR  iCombustible
.sProcessing s Fire

.

1]
.
H
1A ESDS Liner ] Atmospheric aP
L]
. Ld
H :
H
H
138 3S0S Cuno Atmaspheric 4P
i Filter
: .
H '
: :
13C :SDS Sand 3 Atmospheric &P
tFilter
:
.
il
H
14 ¢SODS Liner/q Fire &P
*Filters
H
L .
: :
: .
H .
’
H

fire in area; source term not involved in
fire; driving force dominated by atmospheric 4P.

{220,000 gal) due to collapse into pool of
non-sefsmic coeponents.

Filter rupture occurs under water in spent fuel
pool (220.000 gal) due to collapse into pool of
non-sefsmic components.

Filter rupture occurs under water in spent fuel
pool (220,000 gal) due to collapse fnto pool of
non-seismic components,

Liner/filter exposure postulated to occur
under water; source term not involved in fire;
driving force domfnated by atmaspheric 4P,

Liner rupture occurs under water in spent fuel pool

Sequence 11

2.9 E-

5.6 €-3
2.5 E-1

Small com-
pared to
Sequences
i3

CFFSITE DNSE
MECHANTSM TBRE (rom) 2 COMENTS
Non-sefsmic piping faflure with coincident Bounded by

Section 3.1.2.8 liner source term (—30,000 C{);
break in air not credible due to cask

loading under water and seismic Category I

FHB crane; 1003 of liner inventory released
into pool; afrborne release fraction is 3 E-5

Sectfon 3.1.2.8 cuno filter source term
(~640 Cf); other parameters same as Sequence 13A.

Sectfon 3.1,2.8 sand filter source term
(~15.000 Ci); other parameters same as Sequence
137,

1 Accldent eeqperxes for which 8 driving foree or nmalyzed
sepences

there are no credible

source term §s rot credible have rot been listed.

For exmple,

; vith gyroptoric driving force, no aredible evpences with are recriticality.
Two hour site boundary dose to adolescent: unfiltered release to awviromne.
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TAME 3.1 POSTULATED ACCITENT SEQUENCES [LE TO SEISMIC EVENT !
OFFSTTE DNSE
W’%‘Rﬂ‘. T MEDWNLSH “BRE (rem) 2 et

154 .sus EAtmsphericnP Non-seismic 1ine outside of spent fuel pool breaks 7.7 €-1 Section 3.1.2.4 source temm; flow at 15 gpm
.Process H when processing RCS water. for two hours to SOS. Airborne release fraction
“iFlow (RCS) ¢ of 10-3 assumed corresponding to spraying pipe
; : leak; air exchange rate of 2001 building
s 5 volume per hour.
] :

1SB 'SDS Procesa Atmospheric 4P | Non-seizmic 1ine outside of spent fuel pool breaks 1.2 E- Section 3.1.2.7 source term; other parameters
-Flou (RB when processing RB basecent water. sane as Sequence 1%8A.
tBasement) :
: .
: :

1SC :'SDS Process: Awospheric AP | Non-seismic 1ine outside of spent fuel pool breaks Same as Section 3.1.2.9 elutfon flow source term; other
¢ Flow s when processing MUAP elution. Sequence 6A | parameters same as Sequence 15A,
s (MuUgP) H
Y ’
o I

150 .SDS Process Atmospheric AP | Underwater line break Small com- Release fraction from standing pools due to
Flou } pared to potential wave action is 3 E-5
(amn) H Sequences
H : 15A,8.C
: :
¥ !

16 35DS Procesg Combustible Same as Sequence 15; source not fnvolved in fire; Bounded by
eFlow ¢ Fire driving force dominated by atmospheric AP, Sequences
v (A1) : i 1S A,B,C
: :
! :
H :
: :

1 Accldent smpesxes for vhich a driving faree or tnaalyzad source term i3 ot crodible have mot been Mated. For exsmp!s,
there are o crudible ampuooors vith gyroptoric driving foros, o credible spesce s vith are recriticality.

2 Tw hax site bardary dose to adoleacent; unfiltered relesss to enviroment.

1-68-22¢L-0Ey
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TARIE 3.1 POSTULATED ACCIDENT SEQUENCES DUE TO SEISMIC EVENT !

FEDWNTIN

OFFSTTE DNSE |

%

:
. H
: .
17 :0WCS/IiF i Atmospheric &P
’ -Process H
'Flﬂn s
: R
s !
1]
i
H
18 {DWCS/IIF i Combustible
Process 1 Fire
Flow
H
.
e .

: :
19A 0OWCS ;AH
sLiners '

:

1]

.

[]

: .
198 (0WCS tAN

iFilters 3

: H

: 4

: ¢
20 ifuel Pool ¢ Al

«A/B H

' :

: :

. H

Non-sefsmically qualified line break; maximum source
is RCS process lfine break before reaching filters
and fon exchangers,

Non-sefsmic pfping faflure with coincident
in-containnent fire; source term not involved
in fire; driving force dominated by
atmospheric aP.

Exposure of 1iner postulated to occur in
fuel handling buflding due to collapse of
non-sefsmic components onto 1iner.

Non-sefsmically qualified components collapse into
deep end of canal,

Afrborne release due to mechanical disturbance,
Effect small in comparison to sequences involving
SDS inventory and defueling canfister leaks in pool.

1.7 E+0

Bounded by
Sequence 17

1.2 E-1

Included in
Sequence
23C.

Negligible

Sectfon 3.).2.4 source term; 400 gpm break
bounds DWCS and IIF flow rates; RCS drained to
elevation of anti-syphoning holes in the sparge
1ine 1imiting leak to 3,000 gallons. Afrborne
release fraction of 10-3 corresponding to
spraying leak; 2002 buflding volumes per hour.

Typical SDS curie loading (~3000 Ci) n Sectfon
3.1.2.8; assumed afrborne release fraction

of 10°® for resin materfal; afr exchange rate
of 200% buflding volumes per hour.

1 Acctdent equences l’or vhich o drlvtm force or tnIalyzd eaace term is not credible have not been listed. For exmple,

there are o

2 o boax site basudary dose to adblesant; unfiltered release to eniramnt.

le empences vith pyroptoric drivisg force, o credible aaperxes with oore recriticalicy.
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:81dg Sumps

23A -Defueling
-Canlster
. (Transport)

wesocvaca

238 zbefueling
'Canlster
-(Transport

cssmmascsssensnsssesasVioons cncancoa

Atmospheric aP

Atmospheric aP

bounded by sequences involving spraying pipe when
processing.

Canister and/or defueling equipment drops into
vessel due to non-seismic handling equipment.
reconfiguration rasults, but criticality not
credible. Increased source term due to mechanical
disturbance.

Core

Canister drops over dry refueling canal and is
crushed by non-seismic fuel handling equipment.

Effect bounded by drained RPV sequence.

Sequence
158

Bounded by
Sequence 1

1.2 E+

subject to wave action is 3 E-5.

1 Page 7 of _Jp
TAELE 3.1 POSTULATED ACCIDENT SEQUENCES ILE TO SEISMIC EVENT
= S— e

:
2) !Canal Al Same as Sequence 20; doses negligible compared to Negligible

E sequences involving releases into canal.

H
22 ‘RB/Aux All Airborne release due to mechanical disturbance; Bour.ded by Airborne release fraction for standing pools

Pathway to

outside atmosphere is more tortuous than that

assumed 1n Sequence 15.

Filter canister assumed which implies that
entire canister contents is particulate of
of size 10 pm or less; 1% of Section 3.1.2.1

source term assumed.
fs 10~

Airborne release fraction
for materials trapped on filters; 200%

per hour air exchange rate corresponding to

open equipment hatch.

there qre o

1 Accident srquencen for vhich a ckivu‘ foree or utnmal
cradtble sequamnces wi

2 Two tour site bandary dose to adolescmt; unfileered release to ewiromemnt.

yzed eowrce term i3 ror credible have not been 1isted.
th pyrophoric driving force, no credible sequences with core recriticality.

For exmple,

1-68-22€L-0E%y
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tions)

$(AN loca-

TABLE 1.1 mmmnmwm‘
OFFSTTE DNSE
= H MECHANTSM TBRE (rem) 2 COMENTS
: .
: :
.8 H

23C jDefueling Eltmspheric 4P | Non-seismically designed defueling trolley drops 4.0 E- | Each canister holds a maximum of 1% of core
iCanister ¢ in deep end of canal. Transported canister and ten material implying 112 of core material exposed
:(Transporq canisters/filters in deep end are damaged open g to cana)l water. Average particulate size
: . source term to 60,000 gallons of water. {If ..-op distribution assumed implying 1% <10 am,
: : also results in leakage of canal, the effect Afrborne release fraction from water f{s
H e would be bounded by Sequence ) which postulates J E=S; afr exchange rate {s 200% buflding
E : draining of RPY.) volumes per hour.

i H
¥ .

230 ; Defueling Entmspheric 4P | Defueling equipment falls on storage racks in spent 1.1 E+D Number of canisters impacted based on cross
sCanisters ! fuel pool A. Contents of 30 canisters are released . sectiona) area of fuel handling trolley;
E(Sturage 2 to water. other parameters same as Sequence 23C
¢ Racks -

K .
M .
H .
24 gnefuel ing ;cmustlble Same as Sequerce 23A, B, C, 0 with coincident fire; Bounded by
sCanister § Fire source term not involved in fire. Saquences
(Transport} 23A,.8,C,0
i x
1 9
25 ¢Rad Trash § Atmaspheric aP | Mechanica) disturbance of waste storage areas. Negligible
Storage ¢ Compared to
*Areas ': | Sequence 26
L]
H
.
‘
.
.
1

1 Accident eqpevees for which a

there are no credible sepences

':\g':g force or unanlyzed

driving force, no credible sxpevces

2 Tw hour site bourdery dose to edoleacene; inftltered relesse to ewviroment,

aource term is mt credible hrve not been liasted. Fotr exmple,
vith core recritlcality.
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TABLE 3.1 POSTULATED ACCIDENT SHOUENCES [LE TO SEISMIC EVENT

L Pege 9 of 10

OFFSTTE DNSE

W (rem) 2

AHENTS

Red Trash
Sturage
Ares

b

S

2!
System

8
w

28
System

LA LA LIS ILE LI D LI L Ll Ll Ll L el il I DI T T T Ty i ipupuipn i gups §

Combustible
Five

Atmospheric AP

Atmospheric aff

Fire tn waste storage ares ignited by non-seisaic
electrical equipsent or other ignition source.

Hon-seismic equipment collapses onto Liquid
Radwaste Systems piping.

Non-seismic equipsent collapses onto Solid Radwast

Systea piping

2.2 t-4

5.5 €-1

1 5.5 £¢0

Section 3.1.2.10 source term for auxillory
building contaminated waste; entire 22,000 pounds
cspacity involved in fire. Alrnornc releasc
fraction is 10°2; air exchanye rate is 2u0%
bulflding volume per hour.

Section 3.1.2.12 source terny (KB simp);

150 gpm leak corresponding to typical operating
flow rate of WDL-P-SA or B; afrborne release
fraction of 1072 assumed for spraying pipe
leak; 2003 building volume per hour air
exchange rate,

Section 3.1.2.12 source tern {R8 basencnt
sludge); SO gpm flow rale assumed. Aivborne
release fraction of 1072 assumed for spraying
plpe leak: 200% building volume pur huur air
exchange rate.

! Accldent sequences
there are no credible

2 7o hour sits boundery doss to adolescant; unflltered releses to enviroeent.

ssquences with

for vhich a dri forve or unanal! source term |
“gu tlvh‘,‘ -~ s rot credible heve not besn listed.

For exasple,

core recriticalicy.

1-68-2ZEL-0L77



6€ 30 €€

Page 10 of 10

TAHIE 3.1 mmmnmmcml
ACCIDENT OFFSTIE DOSE
7 ? MECHANISM T BAE (rem) 2 CMENTS
: H
29 i WDL/NDS Ecmusttble Same as sequence 27 with coincident fire; source Bounded by
iSystems ! Fire term not involved in fire; driving force dosinated Sequences
H ! by atsospheric aP. 27, 28
' E
1]
30 EISUSF i Atmospheric aP | Negligible release compared to Sequence 31 Negligible
' H
: :
31§ ISWSF ! Fire sP Seismic event causes collapse of building and fire 2.5 E-2 Section 3.1.2.15 source term; entire inventory
H ' fn ISWSF. fnvolved in fire. Afrborne release fraction
H ' of 1079; release directly to atmosphere.
: :
' H
32 :Solid Al Negligible release compared to other sequences. Negligible
? Waste '
»Storage ¢
¢ Building ¢
A '
. H
33 § SWSF E Atmospheric sP | Collapse of non-seismfc structure 1.3 E4 Collapse damages 10 SDS liners and exposes
" ' them directly to atmosphere; each liner has a
¢ ' typical loading (~3000 Cf) with a radfonuclide
. ' distribution specified in Section 3.1.2.8.
: : Afrborne release fraction s 10
o ¥
34 EP\!S! i AtmasphericasP Non-seismic PWST leaks Negligible 3 | section 3.1.2.18 source term: 500,000 gallons
H ! exposed to a!.:gzphere'. airborne release
‘ ' fraction of 1 assumed for flowing 1iquids.
: :

1 Accident sequences for which a drwmg fi unanal
there ate no credible sequences wi optoric

yzed source term {s not credible have not been listed. For exanple,

th pyrophoric driving fo ce, no credidlo sequrnces with core r cricienlity,

2 Two hour site boundary dose to adol scent; wnfiltered release to enmviramm
3 Tritiim provides no dose to bone surface; dose to lung was calculnted as 3. 2 E-6 rom.
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4.0 Conclusions

I fsite consequancas have 9een conservatively calculacred For a spectrum of
accident seauenc2s that <ouid result from a design pas:s 2artnquake. The
canseaquences were modeled in terms of 3 two nour 2052 at the site boundary. as
specified in IDOCFR Part 120. The ICCFR Part 100 specifies a limitation of 25
rem e«ternal dos2 to the «nol2 20cCv ano 100 rem 30se tG the thyroid. Coses
from postulated seismically inguced accident sequences 3t TMI-2 would be
negligible compared to rthes2 iimits. How2ver, direct comparison to these
1imits has 3 marginal value because of the existing radionuclige inventory
(e.g., negligible amounts of iouine) and the nature of potential releases
(t.e., particulate matter).

To consider the significance of the current radionuclide inventory, doses to
the critical organ, the agclescent bone were calculated. 0Ooses to the
¢ritical organ did not evceed the critical ¢rgan limitaticn for thyroid in
I0CFR Part 100. Insights frcm recent literature indicate that the 19CFR
Part 100 organ dose timitation is an aporopriate limitation for the critical
organ for postutated TMI-2 accidents.

Hore restrictive criteria for certain accident sequenca2s nave bean oromulgated
tu Chapter 15 cf the NRC Standard Revisw rfisn. Specifically. the consequences
of some accident ssguences must bte "well within” (less tnan 2S7%) or 3 "small
fraction” of (less than 10%) of 10CFR Part 100. The anaivsis indicates that
there is no accident sequence that exceeds these more restrictive quidelines.
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5.0 Unreviewed Safety Question Evaluation

The purpose of this SER 1s to justify the non-seismic design for TMI-2
post-accident systems, structures and components. As part of this evaluation,
the criteria specified in 10CFR 50.59 for determining an unreviewed safety
question have been examined. A proposed change to a facility involves an
unreviewed safety question if the change:

(1) involves an increase in the probability or consequences of an
accident previously evaluated,

(2) creates the possibility of a new or different kind of accident from
any accident previously evaluated, or

(3) involves a reduction in the margin of safety.
These criteria are considered below.

The accident of <oncern in this SER is the design basis earthguake (DBE). The
probabitity of the DBE is clearly unchanged by the construction-of ccmponents,
systems and structures at TMI-2. The consequences of a DBE in the current .
TMI-2 configuration should be compared to the consequences of related
accidents analyzed in NUREG-0107 (Reference 32). The accidents described in
NUREG-0107 that are related to the TMI-2 recovery are the fuel handling
accident and the gas decay tank rupture. The fuel handling accident resulted
in a two hour exclusion boundary whole body dose of 3 rem and a thyroid dose
of 46 rem; the gas decay tank rupture resulted in a whole body dose of 6 rem.
There is no accident sequence postulated for a DBE that e«ceeds these doses.

The TMI-2 defuellng process is similar to normal fuel handling operations with
the evceptions that defueling canisters replace fuel ciadding as the primary
containment for core materials and the defueling operation is not conducted
completely underwater. The defueling path i5 the same as for normal
refuelings, i.e.. from the reactor vessel to the spent fuel pooi via the fuel
transfer system. A broad spectrum of defueling accidents have been analy2e
which can be characterized .vs involving either a release of core materfal :rom
its primary containment or as a release from a radwaste processing system.

The fuel handling and gas decay tank rupture accidents considered in
NUREG-0107 are representative of these categories of accidents. Thus. a new
type of accident has not been identified for the design basis earthquake.

Existing safety margins at TMI-2 for criticality control and prevention of
further core damage due to overheating are conservative and wili remain
conservative through defueling. The maintenance of both functions is
accomplished by passive systems. Specifically, an existing RCS boron
concentration assures subcriticality for bounding core reccnfigurations and
the core is cooled by ambient heat loss to the environment. This SER has
demonstrated that there is no credible mechanism associated with a DBE that
will result in loss of subcriticality or core heating which couid result in
further damage. Thus, there is no decrease in safety margins as a result of a
sefsmic qualification exemption for post-accident svstems.
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In summary, the non-seismic design of post-accident systems does not
constitute an unreviewed safety question as defined b,y 0CFR 50.59.
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