Nov 0 6 1989

Mr. Walston Chubb
3450 MacArthur Drive
Murrysville, Pennsylvania 15668

Dear Mr. Chubb:

Your letter of October 24, 1989, to Commissioner Carr, Chairman of the U.S.
Nuclear Regulatory Commission (NRC), has been referred to me for reply. The
often repeated phrase "previously molten material” refers to the core materia)
(fuel, cladding, control rods, guide tube fuel support structures) that was
melted during the Three Mile Island Unit 2 (TMI-2) accident and subsequently
cooled and resolidified. It does not refer tc the metallurgical sintering
process used during fue! fabrication.

As you may not be aware of the degree of damage suffered by the core during the
accident on March 29, 1979, 1 am enclosing a copy of the most recent accident
scenario developed by the licensee, GPU Nuclear Corporation, and by the U.S,
Department of Energy's (DOE's) contractor ldzho Nationa) Enqineoring Laburatory,
This scenario was included in the licensee's submittal on July §, 1989 of the
Defueling Completion Report. Calculations simulating the accident suggest that
a molten pool of approximately 50 percent of the original core material was
formed 224 minutes into the accident. Subsequent cooling resulted in the
rosol1d1:1cation of the molten core, forming a substance that has been given the
name corium,

I can assure you that the licensee, the NRC, and the DOE are continuing their
efforts to understand the accident at TMI-2 and wil) continue this effort for
some time. As new data is collected, the accident scenario will undoubtedly be
further refined; however, the evidence clearly indicates that melting and
resolidification of the TMI-2 fuel occurred during the accident.

Sincerely,

Criging! Slgmed By

John F, Stolz, Director

Project Directorate 1-4

Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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e UNITED STATES
o NUCLEAR REGULATORY COMMISSION
I WASHINGTON. D C 20888

Mr. Walston Chubb
3450 MacArthur Drive
Murrysville, Pennsylvania 15668

Dear Mr. Chubb:

Your letter of October 24, 1989, to Commissfoner Carr, Chairman of the U.S.
Nuclear Regulatoury Commission (NRC), has been referred to me for reply. The
often repeated phrase "previously molten material” refers to the core materia)
(fuel, cladding, control rods, guide tube fuel support structures) that was
melted during the Three Mile Island Unit 2 (TMI-2) accident and subsequently
cooled and resolidified. It does not refer to the metallurgical sintering
process used during fue' fabrication.

As you may not be aware of the degree of damage suffered by the core during the
accident on March 29, 1979, 1 am enclosing a copy of the most recent accident
scenario developed by the licensee, GPU Nuclear Corporation, and by the U.S.
Department of Energy's (DOE's) contractor ldaho Nationa) Engineering Laboratory.
This scenario was included in the licensee's submitta) on July 5, 1989 of the
Defueling Completion Report. Calculations simulating the accident suggest that
a molten poo) of approximstely 50 percent of the original core material was
formed 224 minutes into the accident. Subseguent cooling resulted in the
resolidification of the molten core, forming a sudbstance that has been given the
name corium,

I can assure you that the licensee, the NRC, and the DOE are continuing their
efforts to understand the accident at TMI-2 and will continue this effort for
some time. As new data is collected, the accident scenario will undoubtedly be
further refined; howaver, the evidence clearly indicates that melting and

re olidification of the TMI-2 fuel occurred during the accident.

Sincerely,

Q;pw’?%* ;

n F. Stolz, Directgr
\Project Directorate‘?-4
Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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ENCLOSURE

2.0 POST-ACCIDENT f PER

This section provides a summary discussion of the accident sequence as It
relates to fue! materia) transport within the RV ang from the Ry to
er-vesse! locations. Inclyucded are sections which gescribe the most
Tikely supposition of the core accicent scenario, the post-accigent
congition of the plant, and the fuel transport mechanisms within the RCS,
RE, and AFKB. The bases for the following findings and conclusions are
derived primarily from the results of visua) examinations, analytica!
evalustions, and the experience and data derived from gefueling
operations.

Substantial core damage within the RV and subsequent attempts to coo! the
tore provides the source material and initia) pathway by which fue!
Oebris was transported into the RCS, RB, and AFKB. ‘ocausc the plant
systems required ~ooldown, isolation, and water processing at various
times during the >lant stadilization and recovery periods, agditiona)
potentia) pathways existed for Insoluble fue) waterial transport.
However, the majority cf these pathways within the RE ang the AFWE are
defined by specific boundaries, filters, and/or flow restrictions, which
significant)y reguced any potential fuel transport. Of the tota) fue)
debris avallable to be transported from the RV, 1t was conservatively
estimates that no more than 25 kg reached the AFME locations, no more
than 15 kg was relocated to the RB sump and various other RE locations,
a0 no more than 230 kg was relocated throughout the RCS (see Tadle
2-1). The remaining core inventory was retained in the RV. The
foi;ouﬁng giscussion represents the basis for fue! transport ¢ispersion
at TMI-2.

2.0 The Accidgent Scenario

A postulates scenario of the accident was developed using currently
ava'lable cate from in-vessel and er-vesse) defueling operations ang the
accioent transient sequance information (References 2.1 ang 2.2). This
gata dase includec measurements from on-line instrumentation, visua)
observations, and supporting analytical studies as we)l as oOther
experimenta)l cata from independent research facilities (Keference 2.3)

The accident can be civided into the following five (5) phases:

Prase 1, Time 0-100 Minutes: Loss-of-Coolant with the RCS Pumps Cperating
Phase 11, Time 100174 Minytes. Initial Core Weatup and Degradation

Prase 111, Time 174-224 Minyutes: Degraded Core Keatup and Relocation.
Phase 1V, Time 224-230 Minutes: Core Relocation to LCSA.

Phase V, Time After 230 Minutes: Long-Term Cooling of Degraded Core.

2.1.1 Phase ] - Loss-of-Coolant (0-100 Minutes)

The first phase of the accident 1s the time interval from the
turtine trip until the A-100p RCPs were turned off at 100
minutes. The RCPs provided 2-phase cooling to the core during
this period, preventing core overheating and damage. During the
first phase of the accident, the amount of water in the RCS
gecreased because the RCS makeup was Insufficient to compensate
for coolint loss through the PORV.
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2.1.2

2.1.3

Phase 11 - Initial Core Meatup and Degradation (100-174 Minutes)

When the last two RCPs were turned off, at appreximately 100
minutes, the top of the core was uncovered and coolant water
separated nto steam and louid phases. Temperatures in the upper
regions of the core then increased more rapidly. The core liguie
Teve) dropped to approximately the midg-core elevation at
approximately 140 minutes and fue! rod temperaturés at the top of
the core Increased sufficiently (1100°K) to cause cladding
rupture. During this period, the operators realized that the PORV
was open. They manually closed the pressurizer block valve, thys
miting further loss-of-coolant and gaseous flssion product
release from the RCS to the RB. MWowever, the block valve had to
be cycled (1.e., opened and closed) frequently to maintain RCS
pressure during this period.

Rapid oxidation of the zircaloy cladding at the top of the core
began at approximately 150 minutes. The heat generatec from
oxidation elevated fuel rod temperatures above the cladding
meiting point (2100°K) developing & molten mixture of fuel,
clodein?. ang some structural stee). This mixture flowed downward
and soligified around intact fuel rods near the coolant 1iguid
leve! iInterface. The responses of iIncore Instrumentation and
source range monitors indicated that a large region of partially
molten core materials formeo by 174 minutes, as shown in Figure
2-1a. It \s conjectured that the first molten material to flow
was & mixture consisting primarily of U0y, steel, 2ircaloy, and
silver, with some indium and cagmium. As this molten flov stopped
et the coolant leve! interface, it formed a thin layer, or crust,
which later supported additional molten materia) in the tore
region,

Phase 111 - Degraded Core Meatup and Relocation (174-228 Minutes)

Nperation of the RC-P-2B at 174 minutes, for approximately 6
minutes, resulted in the first major core relocation event when
coolant was circulated into the RV following core degradation.
Thermal-mechanical interaction of the coolant with the oxid!zed
and embrittied fuel rod remnants in (he upper core reglons 1¢
believed to have fragmented and collapsed these standing remnants
and formed the upper core cavity and debris ded. The
configuration 1s shown in Figure 2-1b.

After approximately 25 minutes of further coolant heating and
steam formation In the core, the ECCS was Initiated at 200 minutes
and subsequently filled the RV in 7 to 10 minutes. Studies of
debris bed cooling Indicate that final quenching of the upper core
debris bed prodbadly occurred during the last several minutes of
this time period (Reference 2.4). It is pottulated that effective
cooling of the molten core material was limited to the surrounding
crust materfal. Thus, the amount of molten materia! in the
central region 1ikely continued to Increase in size and
temperature because of decay heat from retained fission products
and lack of coolant flow through the damigec core. Calculations
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2.1.4

2.8

simulating the accident suggest that a wolten poo! of
soprovimately SO% of the original core materials was formed within
the consolidated region by 224 minutes into the accigent
(Reference 2.5). This 15 consistent with the observed mo)ten
material found In the resolidified core mass, the CSA, and tne
lower head reglons (Figure 2-2).

The interaction of the Injected water with the upper debris bed
ouring this period and the flow pattern of steam and gas exiting
the core through the upper plenum have been assessed. The
observed damage pattern to the upper fuel assemdly grid was
consistent with expected flow patterns, considering the location
of the exit flow orifices. Rapid oxidation within the dedbris bed
and the subsequent iInteraction between the upper grid structure
and the high temperature gases exiting the core at high velocity
probabd'y caused the observed imited ge.

Phase IV - Core Relocation to Lower Core Support Assembly
(224430 Minytes)

The second major core relocation event occurred between 224 and
226 minutes, within about 100 seconds. This event was indicated
by the RCS pressure monitor, se!f-powered neutron detectors, and
the source range neutron monitors. It s belleved that fatlyre of
the supporting crust occurred 'n the upper and/or center region of
the consolidated mass of molten core material, probably near the
core periphery (1.5 meters from the bottom of the core) on the
east side, as shown in Figure 2-1¢c. Visua! inspections concucted
guring defueling Indicated that the flow of molten core entered
the core former on the east side and flowed around the core former
and then gown into the LCSA Internals. Analysis of potential flow
of moiten core materials through fuel assembly location Indicated
that 2!l of the molten core materia) could have relocated into the
LCSA iInternals and lower head in less than | minute through only
one or two fue! rod assemblles.

Prase V -« Long-term Cooling of Degraded Corv (after 230 Minutes)

Approximately 16 hours after the start of the accident, RC-P-1A
was restarted and operated for approximately one (1) week. Thig
pump was replaced by RC-P-2A which operated unti) April 27, 197§.

There was no evidence of any additiona! major relocation of molten
core materials Into the LCSA and lower head after the second core
relocation. Thus, the post-accident configuration of the core
presented in Figure 2-1¢ represents the final, stable, and
coolable configuration for the materials in the core, LCSA, and
lower head ro?1ons. Detatled thermal analyses have evaluated the
long-term cooling of the consolidated molten mass within the core
region. Results of these studies suggest that cooling of this
mass occurred over many days to weeks. It was also coiiluded,
based on analyses and observations, . .4t the RV maintatned fy!)
integrity during all phases of the accident sequence and the
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subsequent oefueling pertud. Therefore, only a small fraction of
the origina) fue! 1nvontor‘ was relocated outside the RV angd wes
tontained within selected RCS pathways.

22 Post-Accident Congition of the Plant

An accurate determination of the post-accident state of the plant was
reQuires to understand the accident progression a-J fuel transport
mechanisms.  Adgitionaliy, & thorough knowledge of the properties of the
post-accident core deoris was necessary to anticipate the conditions to
be encountered in defurling the RV and removing fue) v.om the RCS, RE,
N0 support systems fn the AFKB. Detalled analysis of fuel 1ncluding
gispersion and genera) propertie. was 2150 essentia) to completion of the
final criticality assessment. Tris information was developes from
severa) sources (References 2.6 through 2.11): wisua) inspections of RV
internals, metallyrgical/radiochenical examinations of samples acguired
guring the course of gefue!ing, and readings from on-line instrumentation
AN experiments! data developed from smaller-scale tests conducted at
various inoependent facilities.

The origina) core inventory included approximately 94,000 kg of uoi ang
35,000 kg of clageing, structural, and contro) materials. Accounting for
oxication of core materials guring the acciovent and for portions of the
upper plenum structure that melted, the t.“al amou it of post-accigent
COre Oedris was est'mated to Do 133,000 kg.

2.¢.) Reactor Vesse) Internals

Ouring the accident sequence ¢rscussed in Section 2.1, peak
temperatures ranged from approximately 3100°K at the center of the
core (molten U0), to 1255°K ImmegiateTy §bGve the core and

723°K at hot leg noz2 ations. W
Qrsiin!1 Lore n.;.n._.nigeg. Lower pOrtTons of three le
plates on the east side of the core melted and some of the mo'ten
tore material flowed into the core bypass region. roximate!

Y | materials flowed from the ¢
pais region and through ITREINEET YRS rals. Ap|

RV lower head. Tigure ¢
vitrates the major RV componen post-accigent

configuration of the core.

-

The post-accident condition of the upper plenum assembly, origina)
core reglon, core bypass reglon, the UCSA, the LCSA, and lower
heat region &re odescribed in the following sections.

2.2.4.% Upper Plenum Assembly

The upper plenum assembly, which was removed intact, had two
(2) oamageo zones. Localized varfations of damage were
evident in each zone. For example, in the 1imited area adbove
one fuel assembly, ablation of the stainless stee) structure
was observed; however, grid structures adjacent to the ablated
20ne appedred to be undamaged. In some regions, the
onte-molten grid material had a foamy textyre, which occurs
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2.2

when stainless stee) oxigizes near 1ts meiting point. A
once-molten mass close to this gric materia) appesred to be
vnoxigized, suggesting that some of the hot gases exiting the
core were orygen geficient. The damage to the upper plenum
assembly ingicates that the composition and temperatyre of
gases exiting the core varieo 31’0’99(lﬂt1y within the flow
stream. Om\{ o small quantity of fue) Oebris was teasured
within the plenum assemb)y.

Core Region

Figures 2-2 and 2-3 V1lustrate the end-state configuration of
the original core region. A core volg or cavity exister at
the top of the origina) core region. Beiow that, & bed of
loose debris rested on & resoligified mass of material that
wis supported by standing fuel rod stubs. The stubs were
surrounded by intact portions of fuel assemblies. A
previously molten, resolioified mass was encapsulated by @
gistinct crust of materia) in which other fragments and shargs
of clagding could be toentifies,

The core vo'd was appronimately 1.5 meters deep with an
overall volume of 9.3 cubic meters. Of the original 177 fue!
assemblies, 42 partially intact assemblies were stanging at
the periphery of the core vold. Only two (2) of these fue!
assemblies contained more than 90% of their full-length
cross-sections with the majority of fue) rods intact. The
other assemdbl‘es suffered varying cegrees of gamage ranging
from ruptured fue! rods to partially oissolves fue! pellets
surrounged by once-molten material,

The '00se Cebris bed at the base of the core cavity range” in
gepth from 0.6 to ) meters and consisted of whole ang
fractured fue) pellets, control rog spiders, angfittings, and
resoligified gebdris total1n? spprovimately 26,000 kg  Beneatr
the 10052 oedris bed was 2 large reso)icifies mass
approvimately 3 meters in glameter. This mass varied in gepth
from 1.5 meters at 1ts center to 0.25 meters at its periphery
ang contained approximately 33,000 kg of core dedbris. The
center of this so1io metallic ang ceramic mass consisted of @
mixture of structura), control, ang fue) materia) that reaches
temperatures of at ‘east 2800°K and possibly as high as 3100%
guring the accident. The upper crust of this mass, which
consisted of the same material anc also reached 2800°K,
contained intact fuel pellets near the periphery. The lower
crust consicted of once-molten stainless steel, 2ircaloy
clasding, and control rod matertals resoligified in flow
channels surrounding intact and partially dissolved fue!
pellets. The thickness of this lower crust. based on initial
video examinations, was estimated to be approximately .0)
meters on the average. The resolicified mass was shaped like
a funne) extending down toward the fue) assembly lower
engfittings near tie center of the core.
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2.2.1.3

2.2.1.4

The stanging, undamaged fue! assembly stubs extended upwarg
from the lower grid plate to the bottom surface of the
resoligified region of the once-molten materials. These stubs
varied 'n length from approximately 0.2 to 1.5 meters. The
lon:or partial fuel assemblies were located at tne periphery
of the resolidified mass. On the east side of the core, one
(1) fue! assembly was a'most completely replaced with
once-a0iten core material; this indicated a possidle
re'ocation path into the LCSA and core bypass region for
sciten material. The stanoing fue! assemdly stubs anc
t:;':horo\ assemb)ies constituted about 45, kg of core
ris.

Upper Core Support Assembly

This region consists of vertical baffle plates that form the
periphera) boundary of the core; horizontal core former plates
to which the bafrie plates are belted; the core barrel; ang
the therma! shield (Figure 2-3). There are & number of flow
holes In the baffle and core former plates through which
coolant flowed durin* norma) operations. On the east sioe of
the core, & large hole approximately 0.6 meters wicde ang 1.5
meters high, and extending across three (3) baffle plates ane
three (3) core former plates was discovered. Agjacent baffle
plates on the east and southeast were warped possibly a5 @
result of the high temperatures and the flow of molten
material in the bypass region.

It was concluded that molten core materia) from the core
region flowed through the large hole In the buffle plates into
the UCSA, circumferentially throughout the UCSA, and downward
through the flow holes in the core former plates into the LCSA
at nearly a)) locations around the core. The majority of the
molten matertal appeared to have flowed Into the LCSA on the
southeast side through the hole n the baffle plate and
through the southeast core former plate flow holes.

The circumference of the core region (1.e., the ares behing
the baffle plates) contained 100se debris throughout. The
depth of debris varied from approrimately 1.5 meters on the
east si1de to a few mil)imeters on the southwest side. There
appeared to be & resclidgified crust on the upper horizonta)
surfaces of the three (3) bottom core former plates; this
crust varied 'n thickness from approximately 0.5 to 4.0 cm,
It s estimated that approximately 4000 kg of core dedbris was
retatned 1n the UCSA region. In the small annulus bDetween the
core barre! and the thermal shield, fine particulates were
observed but no M jor damage to these components was seen.

Lower Core Support Assembly
The LCSA region consists of five (5) stainless stee!)

structures. The structures vary \n thickness from 0.025 to
0.33 meters with O.0B0 to0 0.15 meter diameter flow holes.
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2.2.1.8

222

Some molten core materia) flowed through these structures ang
came to rest on the Tower head. There was approximate)y
6000 kg of resoligified material dispersed at various
locations on the circumference of these structyures. In
several places, resoligified material completely filles the
flow holes and columns of once-molten material were observed
between the plates. The largest accumulation of resoligifies
aaterial appeared to have Tiowed Into the LCSA from the east
s10e of the core. Although most of the material was seen on
the sast to southeast side, many columns of resoligifies
saterfal were 2150 seen in the LCSA around the periphery of
the core beneath the core bypass region.

Lower Nead Reglon

The debris In the lower head region accumulated to & Jepth of
0.75 to | meter and to & diameter of ¢ meters. The spatia)
gistribution of the material was nelther uniform nor
symmetric. The surface debris had particle sizes which varied
from large rocks (up to 0.20 meters) to granular particles
(less than 0.00) meters). The larger rocks, especially in the
nOrtheast and southwest regions, were l1ocated near the
periphery. The gedbris pile was 'ower &t the vesse) center
than at the periphery, with granular or gravel-11ke materia)
observed in the central region of the vesse!. A large
resoligified mass was 1gentified between the 100se debris bed
and the lower head of the RV. This mass was approximately 0.§
meters thick in the center and 1.7 meters in glameter. A
Targe ¢)iff.like structure formed in the northern region from
once-molten core matertal. The ¢)1ff face was approximately
0.38 meters hi?h ang 1.25 meters wide. It was estimated that
aporoximately 12,000 kg of loose core dedris and 7,000 kg of
ag'omerated core debris relocated Into the lower head.

Reactor Coolant System

During the accident, small quantities of fue! dedris (Tadble 2-1)

anc fission products were transported throughout the RCS (see

Figure 2-4). The largest RCS components operated during the |
accigent were the RCPs.  The RC-P-2B was the only pump whith would

respond to a “start’ command 174 minutes Into the accident. This

pump was started and operated for approximately 6 minutes. The

operation of this pump was the -né:; dgriving force for the

relocation of fuel from the RV, lant circulated th sugh the RV

by this pump caused a rapid quenching of the highly ox dized, high
temperature fue! which resulted 1n the fue) rods being physically '
shattered and rubbled.

As the RCP operated, the flow of the *B" 1oop wis in a "forward"
(V.e.. normal) direct'on. The flow rate throu?h the RV was
sufficient to transport small amounts of fuel into the *B* loop
where & portic. o the fue! relocated Into the *B" hot leg and
settled out Into the decay heat drop 1ine. The decay heat drop
115¢ connects to the bottom of the horizonta!l section of the

\
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2.2.3

"B" hot log and was found to conta'n some fuel, presumably as a
result of the RC-P-2B operation (see Table 2-1). The coolant
continued to flow up the “candy cane" and depos'ted fue! materia)
on the “B" OTSC upper tube sheet. The tube sheet acted as @
“stratner® for the collection of fue! transported outside the RV.
However, & small quantity of fue! flowed down through the steam
enerator tubes and was deposited on the lower head of the “B*

TSG and J-legs. As the coolant continued to flow, relatively
smaller quantities of fuel were then deposited In the *B" reactor
coolant pump and cold legs.

At .pproxinntol{ 16 hours, the RC-P-1A pump was stirted. The
operation of this pump deposited finely divided siit-11ke Gedbris
in the top of the “A* OTSG and the bottom of the *B* J7SG due to
reverse flow in the "B OTSC loop. RC-P-1A, which experienced
excessive pump vibration, operated for approximately one (1) week
and was replaced by RC-P-2A, which operated unti) April 27, 1979,
:u:: :unp wis shutdown because 411 pressurizer level indicators
ailed.

Cold shutdown conditions (1.e., RCS temperature below 100°C) were
established on the evening of April 27, 1979, After al) RCP
operations were terminated, the system circulation ang coo)down
was achieved by natura! convection/circulation heat transfer.
This matural circulation continued 1nto approximately October
1979, Eventually, therc was insufficient therma) gdr v1n’ head to
maintain continuous natura) circulation and a flow transient in
the RCS, referred to as the *B" loop “burp." bozcn to occur
frequently over a period of severa! months. This phenomenon
occurred becavse the coolant in the "B OTSGC and “B" loop co'd legs
gradually cooled unti] the density of this coolant Increased
suff|c10n11¥ to Initiate natural circulation flow in the "B
loop. The flow was sustained unti] the warmer fluld frum the RV
gisplaced the cold fluld 1n the *B" OTSG and cold leg.
Roposition\n? of the coolant of different densities continyed
until hydrauiic balance was achieved. Thy coolant was then
stationary for several duys until another “burp" occurred. This
repeated flow rate phenomenon was believed to have transported
small quantities of finely divided fue) debris from the RV to the
steam generators and other RCS locations in both RCS loops.

In summary, there were two (2) methods of transport of fue!l to
ex-vesse! locations. The primary transport method was a
sequential operation of the RCPs: RC-P-2B, RC-P-1A, and RC-P-2A,
The secondary traniport method was attributed to the “burping”
phenomenon during natural circulation. Table 2-) provides an
estimate of the quantity of fuel relocated into the RCS during the
accident sequence and resulting thermal hydravlic phenomenon
(References 2.12 through 2.14).

Reactor Bullding
Reactor coolant was discharged from the RCS through the PORV

located on top of the pressurizer. The PORV discharges to the
RCOT which 1s located in the basement of the RB (see Figure 2-5).
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2.2.4

The RCDT containg two (2) safety components: @ rellef valve which
gischarges to the RB sump and & rupture disk which gischarges to
the RE floor acjacent to the RCOT cubicle. Both safety devices
were belleved to have performed the'r respective safety

functions. The rupture disk was subsequently found in an open or
ruptured condition, as expected. If the relief valve hag
Initially operated during the pressure buildup 'n the RCDT, 1t
would be expected to reseat after the rupture disk openec, thereby
ainimizing any continuous release to the RB sump via that pathway.

At approximetely 136 minutes Into the accident, the operators
realized that the PORY was not closed and tbo{ sanually closed the
pressurizer bleck valve. Further loss of coolant and gaseous
fission product release from the primary coolant system to the kB
was essentially terminated. Mowever, the block valve had to be

tycled repeated)y to maintalin system pressure. This cycling of

the block valve persitted the transport of fission products, noble

ases, and sml) ,uant‘ttos of fue! through the pressurizer and

V into the RCDT, and subsequently into the RB through the
rupture disk discharge. |

The MULP System was operated during the accident and recovery
period. The MULP System inlet piping s fed from the RCS on the
suction sige of the RC-P-1A. The first mejor components in this
system are the letdown coolers which are located In the basement
of the RB (see Figure 2-5). Thus, some fuel was transported into
the letdown coolers and associated piping.

In summary, & relatively small quantity of fue! (see Table 2-1)

was released to the RB as a result of the accident due to the

goo;ction of thr PORV ano the MULP System (References 2.13 through
AN,

Auxiliary and Fuel Mandling Buildings

A smal)l quantity of fue! was transported to the AFME during the
accigent. The majority of this material was transported through
the MULP System and into the RCBTs. This system is fed from the
RCS cold leg side of the “A" 1o0p through tne letdown coolers and
gischarges into the AFHB via the RCBTs. Although this system
communicates through a lar?Q number of the cubicles in the AFNE,
only & small amount of fuel was transported into the system as
indicated by the fact that very 1ittle fuel was measured in
upstream components such as the block orifice, MULP demineralizer
filters, MULP demineralizers, and the makeup filters.

The block orifice 1s the normal pressure reduction device for flow
rates up to 45 gpom through the MULP system. The block orifice and
fts 1solation valve became blocked during the accident;
subsequently, they were bypassed. As a result, very 1ittle fue)
was measured in the block orifice and 1ts associated piping. The
letdown flow was directed to the letdown filters and purification
demineralizers at very low rates during the accident and was then
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rovted to RCEBT “A" ang the makeup tank. Letdown flow was lost
severa) times Ourin? the accident due to flow blockage. More than
24 hours after the initiation of the accident, the purification
gemineralizers also were bypassed and letdown was directed to RCEY
*8". Due to the flow blocta?o of the letdown coolers ang
restrictions in the tlock orifice, fuel transport to the filters,
gemineralizers, and RCBTs was limited.

Another potential pathway for traniport of fuel to the AB was
through the Sea) lnioctlon System. The Seal Injection System
return 1ine, which 15 downstream of the rezctor coolant pump

seals, receives reactor zoolant pump seal return water. As a
result of this, potential trace amounts of fue)! may have been
transported to the Seal Injection System.

RCBTs A, B, and C also contained fue) as a result of the'r use
guring the accident, iInterconnection with the MULP System, and as
8 result of RCS water processing and removal of water from the RB
sump ang the AB sump.

In summary, a relatively small quantity of fue! was transportes
into the AFHB (see Tabie 2-1), principally through the RCBTs ang
the MULP System. Some of this fue! may have further relocates
into other systems as part of the post-accident water processing
and cleanup activities (References 2.13 and 2.14),

2.3 Fue) Transport and Relocation Due To Cleanup Activities

As a result of the accident sequence and resultant cleanup activities, 2
small, but measurable quantity of fue! was transported into the various
plant systems, tanks, and components. These cleanup activities were 2
necessary part of restoring conditions in the plant and significantly
5sisted recovery operations in meeting defueling compietion objectives.

In the RB, the na:orit{ of the post-accident fuel material relocation
from cleanup and defueling operations was attributed directly to the

transfer of RV components. Mpjor components have Leen removed from the |
RV which contained relatively small quantities of fuel. These

components, which are currently stored i1n various RB locations, include

the RV head, upper plenum assembly, internal RV structures (e.g., '

endfittings, LCSA grid plates, distributor plates, grid forging), and
contaminated equipment/tools. In all cases, these components and
equipment were physically cleaned and decontaminated to the extent
practical and survo{od for fuel content before storage. Some additiona!
small amount of fue! material was relocated to the RB Dasement as part of
too! flushing and bulld!n? decontamination activities. In each case, tie
effect of this fue! material relocation s quantified as part of the fue!
measurement activities reported herein.
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subseguentiy, they were bypassed. As a result, very 1.ttle fue)
gebris was measured in the Dlock orifice anu 1ts associates
piping. The letdown flow was Oirected to the letgown filters ang
purification deminerslizers at very low rates during the accident
and was then routed to RCBT “A" and the makeup tank. Leidown flow
was Jost several times during the accident oue to flow blockage.
More than 24 hours after the initiation of the accident, the
purification demineralizers 2150 were bvpassed ang letoown was
Oirected to RCBT “B". Due to the flow .lockage of the letdown
coolers and restrictions in the block orifice, fue! transrort to
the filters, demineralizers, and RCBTs was 1imited.

Another potentia) pathway for transport of fue) debris to the AB
was through the Sea) Injection System. The Sea) ln?oct\on System
return line, whicth 15 gownstream of the reactor coolant pump
seals, recelves reactor coolant pump sea) return water. As a2
result of this, potential trace amounts of fuel debris may have
been transported to the Sea! Injection System.

RCETs A, B, ang C a'so contatned fue) debris as 2 result of their

use during the accigent, interccnnection with the MULP System, ang
8% a result of RCS water processing and removal of water from the

RE sump ang the AB sump.

In summary, & relatively smal) quantity of fuel debris was
transported into the AFHE (see Table 2-1), principally thraugh 4ne
RCEBTs anc the MULP System. Some of this fue) debdris may have
further relocated 1nto other systems as part of the post-accident
water processing and cleanup activities (References 2.13 ang 2.14),

Fuel Transport and Relocation Due To Cleanup Activities

As a result of the accident sequence and resultant cleanup activities, a
sma'l. but measurable quantity of fuel cedris was transported into the
various plant systems, tanks, and components. These cleanup activities
were 3 necessary part of restoring conditions in the plant ang
significantly assisted recovery operations in meeting defueling
completion objectives.

In the RE, the majority of the post-accident fuel materia) relocation
from cleanvp and defueling operations was attributed directly to the
trensfer of RV components. Major components have been removec from the
RV which containeo relatively small quantities (<10 kg) of fuel Zedris,
These components, which are currently stored in various RB locations,
include the RV head, upper plenum assembly, internal RV structures (1.e.,
engfittings, LCSA grid plates, distributor plates, grid forging, etc.),
and contaminated equipment/tools. In al) cases, these components and
equipment were physically cleaned and decontaminated to the extent
practical and surveyed for fue! content before storage. Some additional
small amount of fuel material was relocated to the RB basement as part of
too! flushing and bullding cecontamination activities. In each case, the
effect of this fue) material relocetion 1s quantified as part of the fue’
measurement activities reported here'in.
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In the AFKB, the primary cause of fue! debris relocation from cleanup
operations was water processing through the RCBTs, MwwT, SRSTs, ang SDS
nonnoﬂn’ tanks. Asgitionally, fuel debris material may have relocates
into the FHE Spent Fue) Poo! “A" as part of fuel canister transfers from
the RV. While every effort was mace to flush resicual fue) material from
the externa) surfaces of the defueling canisters, a sma)) quantity of
uncontained fue) materia) may have been transferred ‘nto the “A" fyue)
:ooi 2t part of hanoling and movement of over 300 defueling canisters
ost-gefueling cleanup activities are expected to reduce the amount of
resigual fue) and ensure subcriticality.
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FIGURE 2-2

POST-ACCIDENT FSTIMATED CORE MATERTAL DISTRIBUTION
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FIGURE 2-3

TMI-2 Core End-State Configuration
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FIGURE 2-4
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