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INTAQOUCTION 

Background 

On May 27, 1988, the NRC Issued License AMtndMtnt No. 30 which provides 
three <3> facility NOdes for the THI-2 facility <see -Table 1-1> . The 
plant conditions defined for each successive lOde reflects continued 
prQiress In re.avlng core .. terlal fra. the TMI-2 facility . At least 60 
days prior to transition to each successive facility NOde, a report shall 
bt su~ltted to the NRC providing the necessary basis and justification 
for the transition . Specifically, the Technical Specifications require a 
detailed report prior to transition fra. Mode I to Mode 2 afflralng that : 

1. The Reactor Vessel and Reactor COolant Syste• are defueled to the 
tattnt reasonably achievable , 

2. The possibility of criticality In the Reactor Building Is 
precluded, and 

3. There are no canisters containing core .. terlal In the Reactor 
Building. 

In conjunction with Issuance of License Aatnd.,nt No. 30, the NRC granted 
GPU Nuclear an exeaptlon from 10 CFR 70.24 for the criticality .anltorlng 
requlr ... nts In the TMI-2 Reactor Building . This action t~sed the 
following lOde transition provision: 

•Prior to transition to Mode 2, the licensee will provide a 
criticality analysts that will address t&ch separate quantity of 
residual fuel In each defined location . The criticality analysts 
will tstl .. te the quantity of fuel re .. tnlng, Its location, Its 
dispersion within the location, Its physical fo~ <I . e., fila, 
finely fragaented, Intact fuel pellets>, Its .ability, the 
presence of any .. chants• that would contribute to the aoblllty of 
the .aterlal , the presence of any aoderatlng or reflecting 
.. terlal, and Its potential for a critical event . In this 
submittal the licensee aust dtaonstrate that the cleanup has 
prQiressed far enough such that an Inadvertent criticality Is 
precluded ••• • 

1.2 Purpose 

This report entitled, •oefuellng Completion Report <DCA>,• provides the 
basts for concluding that the TMl-2 facility has been defueled to the 
extent reasonably achievable and deaonstrates that Inadvertent 
criticality has been precluded. Its purpose Is to docuaent coapllance 
with the NRC reporting requlrtMtnts Identified above and provide the 
basts for the THI-2 facility transition to Mode 2. 

1.3 Report <>rganlzatlon 

The OCR Is structured to address four (4) separate areas of the TMI-2 
facility [I .e. , Auxiliary and Fuel Handling Buildings CAFHB>, Reactor 
Building CAB>. Reactor Coolant Systea <RCS>. and Reactor Vessel <RV>l . 
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analysis vlth added conservatls• In fuel estl .. tes vhere final syste• 
.. asure .. nts .. Y not have been practical, or possible, because of 
continuous use and/or the need for plant syste•s for further water 
processing and final dralndown operations . These fuel estl.ate 
conservatls•s wert added to ensure that bounding condition values (I .e. , 
.axl~ expected fuel quantities> were considered for several facility 
locations Identified vlthln the report. GPU Nuclear plans to conduct an 
extensive SNM .. asure .. nt progra• as part of the overall facility fuel 
accountability progra.. This post-defuellng survey will account for any 
variation In residual fuel estl .. tes and conservatls• added as part of 
the OCR chararcterlzatlon effort • 
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MODE 

2 

3 

• 
NOTE : 

• 

PLANT CONDITION 

TABLE 1-1 

FACILITY MODES 

The reactor shall be subcrltlcal vlth an average reactor 
coolant te~erature or less than 200"F . 

Mode 2 shalt exist vhen the follovlng conditions are .. t : 

a. The Reactor Vessel and Reactor Coolant Syste• are 
dtfutltd to the extent reasonably achievable. 

b. The possibility or criticality In the Reactor Building Is 
precluded. · 

c. There are no canisters containing core material In the 
Reactor Building. 

Hodt 3 shall exist vhen the cond it ions for Hodt 2 are .,t and 
no canisters containing core .aterlal art stored on the THI-2 
site • 

Mode 2, criterion c, has been Interpreted by GPU Nuclear to refer 
to defuellng canisters that art used for defuel lng operations In 
the RB. Though not specified as part of Table 1-1, DWCS fi lter 
canisters In use for vater cleanup during and after the 
NRC- sponsored RV Lover Head Sa~llng Progra• art expected .to 

. contain small a~eunts of fuel fines and may rema in In the RB 
during Mode 2 . 
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TABLE 1-Z 

ACRONYMS 

AB Auxiliary Building 
ACES Auta.ated Cutting Equlp.,nt Syste• 
AFHB Auxiliary and Fuel Handling Buildings 
A LARA As low As Is Reasonably Achievable 
CBM Core Bore Hlch lne 
CFT Core Flood Tank 
CRA Central Rod Asstably 
CSA Core Support Asse~ly 
CHST Concentrated Haste Storage Tank 
OCR Dtfuellng eo.pletlon Report 
OF Deconta.lnatlon Factor 
DHR Decay Heat Re~val 
DOE Departlent of Energy 
DHCS Defuellng Hater Cleanup Syste~ 

• ECCS E .. rgency Core Cooling Syste• 
FHB Fuel Handling Building 
FTC Fuel Transfer Canal 
GEH Gelger-Hueller Counter 
HEPA High-Efficiency Part iculate Absolute 
HPGe High-Pur ity Ger .. nlu~ 
HPI High Pressure Injection 
IIGT Incore Instrument Guide Tube 
INEL Idaho National Engineering Laboratory 
LS lead Screw 
LCSA lower Core Support Asse~bly 
HDL Mini-um Detectable Level 
HeV Million Electron Volts 
I«J Hake up 
MU&P Makeup and Purification 
MHHT Mi scellaneous Haste Holdup Tank 
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TABLE 1-2 <Cont'd) 

ACRONYMS 

NaHTI > Thallul• Drifted Sodlu• Iodide 
NRC Nuclear Regulatory CO..Isslon 
OTSG Once-Through Ste&a Ctnerator 
PORV Pilot Operated Relief Valve 
RB Reactor Building 
RCBT Reactor Coolant Bleed Tank 
RCDT Reactor Coolant Drain Tank 
RCP Reactor Coolant Puep 
RCS Reactor Coolant Syste• 
RV Reactor Vessel 
SDS Submerged Demlnerallzer System 
SER Safety Evaluation Report 
SFHL Safe Fuel Hass Ll•lt 
SIVR Seal Injection Valve Room 

• SNH Special Nuclear Material 
SRST Spent Resi n Storage Tank 
SSTRs Solid-State Track Recorders 
SHLI> Lithium Drifted Silicon 
THI-2 Three Hilt Island, Unit 2 
UCSA Upper Core Support Assembly 
HDL Haste Disposal Liquid 
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2.1 .2 Phase II- Initial Core Heatup and Degradation (100-174 Minutes> 

When the last two RCPs were turned off, at approxlm~tely 100 
minutes, the top of the core vas uncovered and coolant water 
separated Into steam and liquid phases . Te~eratures In the upper 
regions of the core then Increased .are rapidly. The core liquid 
level dropped to approxl.ately the •ld-core elevation at 
approx\.ately 140 •lnutes and fuel rod te.peratures at the top of 
the core Increased sufficiently (llOO"K> to cause cladding 
rupture . During this ptrlod, tht optrators realized that the PORV 
vas open. They .anually closed the pressurizer block valve, thus 
ll•ltlng further loss-of-coolant and gaseous fission product 
release fr~ the RCS to the RB. Howtver, the block valve had to 
be cycled (\.e •• optned and closed) frequently to .. 1nt1ln RCS 
pressure during this period. 

Rapid oxidation of the zlrcaloy cladding at the top of the core 
beg1n at approxl .. tely 150 •lnutes. The heat generated fr~ 
oxidation elevated fuel rod temperatures above the cladding 
melting point C2100"K> developing a molten mixture of fuel, 
cladding, and SOGe structural steel . This mixture flowed downward 
and solidified around Intact fuel rods near the cool1nt liquid 
level Interface. The responses of lncore Instrumentation and 
source range monitors Indicated that a large region of· partially 
molten core .. terlals formed by 174 minutes, as shown In Figure 
2-la. It Is conjectured that the first molten material to flow 
was a mixture consisting prlm~rlly of U02• steel, zlrcaloy, and 
si lver, with some Indium and cadmium. As this molten flow stopped 
at the coolant level Interface, It formed a thin layer, or crust, 
which later supported additional molten material In the core 
region. 

2.1.3 Phase III- Degraded Core Heatup and Relocation <174-224 Minutes> 

Operation of the RC-P-28 at 174 minutes, for approximately 6 
minutes , resulted In the first m~jor core relocation event when 
coolant was circulated Into the RV following core degradation . 
Therm~l-mechanlcal Interaction of the coolant with the oxidized 
and embrlttled fuel rod re.nants In the upper core regions Is 
believed to have fragmented and collapsed these standing remnants 
and for~d the upper core cavity and debris bed . The 
configuration Is shown In Figure 2-lb . 

After approxlm~tely 25 minutes of further coolant heating 1nd 
steam formation In the core, the ECCS vas Initiated at 200 minutes 
and subsequently fi lled the RV In 7 to 10 minutes . Studies of 
debris bed cooling Indicate that final quenching of the upper core 
debris bed probably occurred during the last several minutes of 
this time period <Reference 2.4> . It Is postulated that effective 
cooling of the molten core m~terlal vas limited to the surrounding 
crust material. Thus , the amount of molten material In the 
central region likely cont inued to lncre1se In size and 
te~erature because of decay heat from retained fission products 
and lack of coolant flow through the damaged core. Calculations 
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sl.ulatlng tht accident suggest that a .olttn pool of 
approxiM~ttly Sat of the original core a~ttrlals vas for .. d within 
tht consolidated region by 224 •lnutts Into tht accident 
<Refertnce 2.5) . This Is conslsttnt with the observed .olten 
a~ttrlal found In tht rtsolldlfltd cort .. ss , tht CSA, and the 
lovtr htad rtglons <Figurt 2-2) • 

. Tht lnttractlon of tht lnjtcttd vattr with tht upptr debris bed 
during this ptrlod and tht flow pattern of sttaa and gas txltlng 
tht cort through tht upptr pltnu- havt bten assessed. The 
obstrvtd daMigt pattern to the upptr futl asst~ly grid vas 
conslsttnt with txpecttd flow patttrns, consldtrlng tht location 
of tht txlt flow orifices . Rapid oxidation within tht dtbrls bed 
and tht substqutnt Interaction bttvttn the upptr grid structure 
and tht high te.ptrature gases exiting the cort at high vtloclty 
probably caustd the obstrved ll•lted daMigt . 

2. 1.4 Phast IV - Cort Rtlocatlon to Lowtr Cort Support Asse~ly 
<224-230 Hlnutes) 

Tht stcond major core relocation evtnt occurred between 224 and 
226 alnutts, within about 100 seconds . This event vas Indicated 
by the RCS prtssure 10nltor, self-powtred neutron detectors , and 
the source range ntutron .anltors. It Is btlleved that failure of 
tht supporting crust occurred In the upper and/or centtr region of 
the consolidated MISS of .olttn core M~ttrlal, probably ntar the 
cort perlphtry <1 . 5 .. ttrs froa the bottoa of tht cort) on the 
east side, as shown In Figure 2-lc. VIsual Inspections conducted 
during defuellng Indicated that tht flow of .olten core entered 
the cort for.,r on the east side and flowed around the core for .. r 
and then dovn Into the LCSA Internals . Analysis of potential flow 
of aolten core Mlterlals through futl asse~ly location Indicated 
that all of the aolten core .. terlal could have relocated Into the 
LCSA lnttrnals and lover head In less than 1 minute through only 
one or tvo fuel rod asse~lles . 

2.1.5 Phase V - long-ter• Cooling of Degraded Cort <after 230 Hlnutes) 

Approxl .. tely 16 hours after the start of the accident, RC-P-lA 
vas rtstarttd and operated for approxiM~tely one <1> veek . This 
pu~ was replaced by RC-P-2A which operattd until April 27, 1979. 

Thtre vas no evidence of any additional .. jor relocation of aolten 
core .. ttrlals Into the LCSA and lovtr htad afttr the stcond cort 
relocation . Thus, the post-accldtnt configuration of the core 
prtstnted In Figure 2-lc rtprtstnts the final, stable, and 
coolablt configuration for tht M~ttrlals In the cort, LCSA, and 
lovtr head regions . Detai led ther .. l analysts havt evaluated the 
long-ter• cooling of the consolidated .olten .. ss within tht core 
rtglon . Results of these studies suggest that cooling of this 
MISS occurred ovtr M~ny d~ys to weeks. It vas also concluded, 
based on analyses and observations, that tht RV M~lntalned full 
Integrity during all phases of tht accident sequtnct and the 
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2.2. 1.4 

• 

Tht st1ndlng, und~a~gtd futl &sstmbly stubs txtendtd upw1rd 
fro- tht lowtr grid pl&tt to tht botta- surf&ct of the 
rtsolldlfltd rtglon of tht onct-~lttn a~ttrl&ls. These stubs 
v1rltd In length fro- &pproxl-.tely 0.2 to 1.5 mtters . The 
longtr p&rtl&l futl &ss..Ollts wert loc&ttd &t the ptrlphery 
of tht rtsolldlfled .. ss . On the tlst sldt of tht core, one 
(I) futl &ss..Oly w&s &l~st ca-pltttly rtpl&ced with 
onct~lttn core .. ttrl&l ; this lndlc&ted a posslblt 
rtloc&tlon p&th Into tht LCSA &nd cort bypass region for 
~lttn .. ttrlat . The standing fuel asst.Oly stubs and 
ptrlphtrat asst.Olles constituted 1bout 45,000 kg of core 
dtbrls. 

Upper Cort Support Asst.Oiy 

This region consists of vertlc&l b1ffle pl&tts thlt form the 
ptrlpheral boundAry of tht cort; horizontal core former pl&tts 
to which tht bafflt pl&tes &rt bolted; tht cort barrel; and 
the ther .. t shltld <Figure 2-J) . There art & number of flow 
holes In the b1fflt and core for.,r plltts through which 
coolant flowtd during nor-.1 optrltlons . On the t&st side of 
the cort, & l&rgt hole &pproxl .. ttly 0.6 meters wide and 1.5 
.. ttrs high , and txtendlng 1cross thrte <3> baffle plates and 
thret (3) core for.,r pl&tts was dlscovtrtd. Adjacent blfflt 
platts on the tast 1nd southtlst wert w1rped possibly as a 
result of tht high te~eraturts 1nd tht flow of -alttn 
.. ttrlal In tht byp&ss rtglon . 

It w&s conctudtd thlt ~lttn core .. ttrlll frOM the core 
rtglon flowed through tht l1rgt holt In tht b1fflt plltts Into 
the UCSA, clrcUiftrentl&lly throughout tht UCSA, and downward 
through tht flow holts In the core for .. r plltts Into the LCSA 
at ntarly all locations &round the core . Tht m~jorlty of the 
-alttn .. ttrlal IPPtlrtd to h1ve flowtd Into tht LCSA on the 
southeast sldt through tht holt In tht b1fflt plate and 
through the southtlst core formtr pl1te flow holes . 

The clrcu.rerenct of tht core region <I . e., the 1re1 behind 
the b1fflt plates> cont1lntd loost dtbrls throughout . Tht 
depth of debris varied from approxl-.ttly 1.5 meters on the 
east side to 1 few •llllmeters on tht southwest sldt . There 
lpptlrtd to bt & rtsolldlfltd crust on tht upper horizontAl 
surflcts of tht three (3) botta- core for.,r pl1tes ; this 
crust varied In thickness from approxl .. ttly 0.5 to 4.0 em. 
It Is estl .. ttd th1t lpproxl .. tely 4000 kg of core dtbrls was 
ret1lned In the UCSA rtglon . In tht s .. ll 1nnulus between the 
cort barrtl 1nd tht thtr.al shield, fine partlcul&tes wert 
observtd but no .. jor damage to thtse components was seen . 

Lower Core Support Asstnbly 

The LCSA region consists of flvt (5 ) stainless steel 
structurts . The structures v1ry In thickness from 0.025 to 
0.33 .. ters with 0.080 to 0.15 .. ttr dlamettr flow holes • 
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2. 2.1.5 

~ .olten core .aterlal flowed through these structures and 
ca .. to rest on the lower head. There was approxl.ately 
6000 kg of resolidified .aterla1 dispersed at various 
locations on the circumference of these structures . In 
several places , resolidified .aterla1 coap1ete1y filled the 
flow holes and columns of once-.o1ten .aterla1 were observed 
between the plates . Tht largest accu-u1at lon of resolidified 
~terlal appeared to have flowed Into tht LCSA fro. the east 
side of the core . Although .ost of the .aterlal was seen on 
the east to southeast sldt, .any col~s of resolidified 
~ttrlal were also seen In the LCSA around the periphery of 
the core beneath the core bypass region. 

Lower Head Region 

The debris In the lower head region accu-ulated to a depth of 
0.75 to 1 meter and to a diameter of 4 meters. The spatial 
distribution of the .. terla1 was neither unlfona nor 
s,..etrlc. The surface debris had particle sizes which varied 
fro- large rocks <up to 0.20 meters> to granular part icles 
<less than 0.001 meters> . The larger rocks , especially In the 
northeast and southwest regions, were located near the 
periphery. The debris pile was lower at the vessel center 
than at the periphery, with granular or gravel - like .. terlal 
observed In the central region of the vessel . A large 
resolidified .ass was Identified between the loose debris bed 
and the lower head of the RV. This .ass was approxl.ately 0.5 
meters thick In the center and 1.7 meters In diameter. A 
large c11ff-11ke structure foraed In the northern region from 
once-.olten core ~terlal . The cliff face was approxl.ately 
0. 38 .. ters high and 1. 25 .. ters wide . It was estl.ated that 
approxl.ately 12,000 kg of loose core debris and 7,000 kg of 
aglomerated core debris relocated Into the lower head. 

2.2.2 Reactor Coolant Syste• 

During the accident , s~ll quantities of fuel debri s <Table 2-1> 
and fission products were transported throughout the RCS <see 
Figure 2-4> . The largest RCS components operated during the 
accident were the RCPs . The ·RC-P-28 was the only pump which would 
respond to a •start• command 174 •lnutes Into the accident . This 
pu~ was started and operated for approxl.&tely 6 minutes . The 
operation of this pu.p was the .ajor driving force for the 
relocation of fuel from the RV. Coolant circulated through the RV 
by this pump caused a rapid quenching of the highly oxidized, high 
tt~erature fuel which resulted In the fuel rods btlng physically 
shattered and rubbled . 

As the RCP operated, the flow of the •s• loop was In a •forward• 
(I .e. , nor.al> direction. The flow rate through the RV was 
sufficient to transport s.all a.ounts of fuel Into the •s• loop 
where a portion of the fuel relocated Into the •a• hot leg and 
settled out Into the decay heat drop l ine . The decay heat drop 
lint connects to the bottoa of the horizontal section of the 
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•a• hot leg and vas found to contain some fuel, presumably as a 
result of the RC-P-2a operation <see Table 2-1> . The coolant 
continued to flow up the "candy cane" and deposited fuel material 
on the •a• OTSG upper tube sheet. The tube sheet acted as a 
"strainer" for the collection of fuel transported outside the RV. 
Hovever, a small quantity of fuel flowed dovn through the steam 
generator tubes and vas deposited on the lover head of the •a• 
OTSG and J-legs. As the coolant continued to flov, relatively 
s .. lltr quantities of fuel were then deposited In the •a• reactor 
coolant pu.p and cold legs . 

At approxt .. tely 16 hours , the RC-P-lA pu~ vas started. The 
operation of this pu.p deposited finely divided silt-like debris 
tn the top of the "A" OTSG and the bottoa of the "B" OTSG due to 
reverse flow In the •a• OTSG loop. RC-P-IA, which experienced 
excessive pu~ vibration, operated for approximately one <1> week 
and vas replaced by RC-P-2A, which operated until April 27, 1979. 
This pu~ vas shutdovn because all pressurizer level Indicators 
fat led. 

Cold shutdown conditions <I.e. , RCS temperature below 1oo•c> were 
established on the evening of April 27, 1979. After all RCP 
operations vert ter•lnated, the syste• circulation and cooldovn 
vas achieved by natural convection/circulation heat transfer. 
This natural circulation continued Into approximately October 
1979. Eventually, there vas Insufficient thermal driving head to 
maintain continuous natural circulation and a flow transient In 
the RCS, referred to as the •a• loop "burp,• began to occur 
frequently over a period of several aonths. This phenomenon 
.occurred because the coolant In the •a OTSG and •a• loop cold legs 
gradually cool 1d until the density of this coolant Increased 
sufficiently to Initiate natural circulation flow In the "B" 
loop. The flow was sustained until the warmer fluid from the RV 
displaced the cold fluid In the "B" OTSG and cold leg . 
Repositioning of the coolant of different densities continued 
until hydraulic balance was achieved . The coolant was then 
stationary for several days until another "burp" occurred . This 
repeated flow rate phenomenon vas believed to have transported 
small quantities of finely divided fuel debris froa the RV to the 
stea• generators and other RCS locations In both RCS loops . 

In su.mary, there vert two <2> .. thods of transport of fuel to 
ex-vessel locations. The primary transport method ~as a 
sequential operation of the RCPs : RC-P-28, RC-P-1A, and RC-P-2A. 
The secondary transport method vas attri buted to the "burping" 
pheno~enon during natural circulation. Table 2-1 provides an 
estt .. te of the quantity of fuel relocated Into the RCS during the 
accident sequence and resulting thermal hydraulic phenomenon 
<References 2. 12 through 2.14) . 

2.2.3 Reactor Building 

Reactor coolant vas discharged fra- the RCS through the PORV 
located on top of the pressurizer. The PORV discharges to the 
ROOT which Is located In the basement of the RB <see Figure 2-S> . 
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The RCOT contains t~o <2> ~3fety components : a relief valve ~hlch 
discharges to the ~o su~ ana a rupture disk which discharges to 
the RB floor adjacc .. • to the RCOT cubicle . Both safety devices 
were bel i eved to ha .~ perfor-.d their respective safety 
functions . The rupture disk was subsequently found In an open or 
ruptured condition, as e•pected. If the relief valve had 
Initial ly operated during the pressure buildup ln. the RCOT, It 
would be e•pected to reseat after the rupture disk opened, thereby 
•lnl•lzlng any continuous release to the RB su~ via that pathway. 

At approxl.ately 138 •lnutes Into the accident, the operators 
realized that the PORV was not closed and they .anually closed the 
pressurizer block valve . Further loss of coolant and gaseous 
fission product release fra. the prl.ary coo,ant syste• to the RB 
was essentially ter•lnated. However, the block valve had to be 
cycled repeatedly to .alntaln syste• pressure . This cycling of 
the block valve per•ltted the transport of fission products , noble 
gases, and s.all quantities of fuel through the pressurizer and 
PORV Into the RCOT , and subsequently Into the RB through the 
rupture disk discharge . 

The HU&P Syste• was operated during the accident and recovery 
period . The HU&P Syste• Inlet piping Is fed froa the RCS on the 
suction side of the RC-P-lA. The fi rst .. jor components In thi s 
syste• are the letdown coolers which are located In the basement 
of the RB <see Figure 2-S> . Thus , sa-e fuel was transported Into 
the let~n coolers and associated piping . 

In su-..ry, 1 relatively s.all quantity of fuel <see Table 2-1> 
was released to the RB as a resul t of the accident due to the 
operation of the PORV and the HU&P Syste• <References 2. 13 through 
2 . 17> . 

2.2.4 Au• l llary and Fuel Handling Buildings 

A s.all quantity of fuel was transported to the AFHB during the 
accident. The .ajorlty of this saterlal was transported through 
the HU&P Syste• and Into the RCBTs . This syste• Is fed from the 
RCS cold leg side of the "A" loop through the letdown coolers and 
discharges Into the AFHB via the RCBTs . Although this system 
communicates through a large number of the cubicles In th·e AFHB, 
only a small aDOunt of fuel was transported Into the syste• as 
Indicated by the fact that very little fuel was ~asured In 
upstrea• components such as the block orifice , HU&P de•lnerallzer 
filters , HU&P demlnerallzers, and the .. keup filters . 

The block orifice Is the nor.al pressure reduction device for flow 
rates up to 45 gpm through the MU&P syste•. The block orifice and 
Its Isolation valve beca-. blocked during the accident: 
subsequently, they were bypassed . As a result, very little fuel 
was ~~~easured In the block orifice and Its associated piping . The 
letdown flow was directed to the letdown filters and purification 
de•lnerallzers at very low rates during the accident and was then 
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routed to RCBT •A• and tht maktup tank . Letdown flow was lost 
several tl .. s during tht accldtnt due to flow blockage. Hore than 
24 hours after the Initiation of the accident, the purification 
de•lnerallzers also were bypassed and letdown was directed to RCBT 
•a• . Due to the flow blockage of the letdown coolers and 
restrictions In the block orifice, fuel transport to the filters, 
de•lnerallzers, and RCBTs was ll•lted. 

Another potential pathway for transport of futl to the AB vas 
through the Seal Injection System. Tht Seal Injection Syste• 
return lint, which Is downstrea• of the reactor coolant pu~ 
seals, receives reactor coolant pu~ stal rtturn water. As a 
rtsult of this, potential trace a.ounts of fuel may havt been 
transported to the Seal Injtctlon System. 

RCBTs A, 8, and C also contained futl as a result of their use 
during the accident, lnterconntctlon with the HU&P System, and as 
a result of RCS water proctsslng and re-aval of water .fra- the RB 
su.p and the AB su~. 

In sumsary, a relatively small quantity of fuel vas transported 
Into the AFHB <see Table 2-1>, principally through the RCBTs and 
the HU&P Syste•. SoMe of this fuel may have further relocated 
Into other syste•s as part of the post-accident water processing 
and cleanup activities <References 2. 13 ind 2. 14>. 

2.3 Fuel Transport and Relocation Due To Cleanup Activities 

As a result of the accident sequence and resulta.nt cleanup activities, a 
small, but measurable quantity of fuel was transported Into the various 
plant systems, tanks, and components . The~e cleanup activities were a 
necessary part of restoring conditions In the plant and significantly 
assisted recovery operations In meeting defuellng completion objectives . 

In the RB. the majority of the post-accident fuel .aterlal relocation 
fro. cleanup and defuellng operations was attributed directly to the 
transfer of RV coeponents . Major components have been re~ved from the 
RV which contained relatively small quantities of fuel . These 
components, which are currently stored In various RB locations, Include 
the RV head , upper plenum assembly, Internal RV structures Ce .g. , 
endflttlngs , LCSA grid plates, distributor plates, grid forging), and 
conta•lnated equipment/tools . In all cases, these components and 
equipment were physically cleaned and decontaminated to the extent 
practical and surveyed for fuel content before storage. Some additional 
small ~unt of fuel .aterlal vas relocated to the RB basement as part of 
tool flushing and building decontamination activities. In each case , the 
effect of this fuel .aterlal relocation Is quantified as part of the fuel 
measurement activities reported herein . 
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TABLE 2-1 

POST-ACCIDENT ESTIMATED EX-VESSEL 
FUEL MATERIAL DISTRIBUTION 

<References 2. 12 through 2. 17> 

Reactor Coolant Sxste• 

Hot Leg • • • • • • • 
OTSG Upper Tub! Sheet 

Tube Bundle • . • • 
lower Head ••• • • 

J-Legs •• ••• • •• 
Reactor Coolant Pumps 
Cold legs • • • • • • 

·a· Side 

Hot leg • • . • . • • 
Decay Heat Drop Line . 
OTSG Upper Tube Sheet 

Tube Bundle •••• 
Lo~er Head ••• • • 

J-Legs •• • ••••• 
Reactor Coolant Pumps 
Cold Legs 

Pressurizer. 

Reactor Building 

RB Basement/Sump • • • . • 
Reactor Coolant Drain Tank 
letdown Coolers . • • • • • 
Core Flood System. • • • • 

Aualllarx/Futl Handling Buildings 

Makeup and Purification Syste• • 
Seal Injection Syste• • ... .• 
Reactor Coolant Bleed Tanks A, B, and c. 
W&ste Disposal Liquid System ..•••• 

2-12 

1 
1 
3 
1 
I 
2 
1 

8 
3D 

125 
9 
1 
6 

20 
7 

12 

5 
0 . 1 
4 
1 

6 
1 

15 
1 
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3.0 FUEL SURVEY TECHNIQUES 

This section dtscrlbts tht various .. thods used ~t tht TMI-2 facility to 
locate and quantify residual fuel <Rtftrtnct 3.1 and 3.2> . Thtst .. thods 
Included direct .. asurtment by lnstru.entatlon, visual Inspection, and 
sa.,lt collection and analysts. Tht .. thods selected vert Influenced by 
.any factors Including accessibility, .. asure .. nt uncertainties, and 
equl~nt sensitivity. Tht actual .. asurement techniques tMPioytd for 
tht various locations art Identified. Additional .. asure.,nts viii be 
conducted at selected plant locations as part of the SNM accountability 
progra.. While thtst .. asurt .. nts vlll serve to conflr• the data 
contained In tht OCR, SNM Mt&surt .. nts art not prerequisites for 
transition fro. Mode 1 to Mode 2. Tht follovlng Includes a discussion of 
the various .. thods and the factors that Influenced their selection. 

Btcaust of tht diverse locations and quantities of fuel dispersed 
throughout the TMI-2 facility, .. asurt .. nt of residual fuel required a 
variety of .. thods . Mtasure .. nt .. thods vert -atchtd to geo..try, source 
strtngth, and physical for• of fuel debris . Coapllcatlng factors 
Included high radiation backgrounds, coapltx shielding , and ll•lted 
access to futl locations . Five <S> general .. thods vert used for fuel 
detection <detection of g...a rays, neutrons, alpha partlclts; sample and 
analysts ; visual evidence>. Each detection .. thod Included a number of 
specific techniques that are described belov. 

3. 1 Ca.-a Dose Rate and Spectroscopy Techniques 

ca.-a detection for fuel measure .. nt Included the use of gross gamma dose 
rate and ga.ma spectroscopy techniques . Gross gam.~ fuel estleates vert 
ptrfor.,d In tht AFHB t~ generate fuel estl.ates for some cubicles . The 
technique used vas ga.ma .. asurtmtnt vlth a shltldtd directional 
detector . Mtasure.,nts vert taken at nu .. rous locations on pipes and 
ca.ponents In a cubicle . Possible fuel distributions vtre ~eled bastd 
on the cublclt geometry, accident history, and analys is of gamaa flux 
fro. debris sa.,lts . Matching the ledels with the measured dose ratts 
yleldtd an estl.att of residual futl In tht cubicle . 

Ga.aa spectroscopy was used to quantify the amount of a particular 
radioactive Isotope present by measuring the characteristic ga~ 
radiation tmltted . Typically, tht emitted ganma radiation was detected 
by sodium Iodide or pure germanium mattrlal . The detected radiation 
Impulses were converted to an electrical signal vhlch, vhen processed by 
an analyzer, Identified the relative entrgy of tht originally e•ltted 
g...a radiation. Ga ... spectroscopy was used at TMI-2 to measurt tht 
quantity of Ce-144 and/or Eu-154 present In discrete locations . The 
quantity of Certu. or Europlu• present vas converted to the quantity of 
rtsldual fuel present based upon the calculated ratios and artual 
measure .. nts of Cerium/fuel and Europium/fuel ratios . 

Two <2> gamma spectroscopy detector systems vert prl.arlly utilized for 
residual fuel .. asurements at TMI-2. Nai<TJ> detector measurements were 
performed In .. ny AFHB cubicles fran 1983 through 1987. The Nai<TI> 
detector has a good efficiency and adequate sensitivity to detect the 
characteristic Ct-144 2.185 MeV ganma radiation . Limitations on the ust 
of the Nai<TJ > dettctor tn tht AFHB vtrt due to tht relatively high 

3-1 Rtv . 110461 P 



• 

• 

1mblent dose r1tes In sever1l of the cubicles during e1rly fuel 
ch1r1cterlz1tlon .. 1surements 1nd the rtlltlvely short hllf-l lfe of 
Ce-144 (284 dlyS). 

HPGt dettctor .. 1surements 1lso h1ve been performed. HPGe detectors h1ve 
the 1dv1nt1g1 of 1 .uch better energy resolut ion CIPiblllty, comp1red to 
N1ICTI> dttectors, but 1 lower rel1tlve dettctlon tfflclency. In 
1ddltlon, they 1re much -are stnsltlvt to ~lent g1 ... r1dl1tlon 
levels . HPGt detectors also require liquid nitrogen cooling to optrate . 
HPGt detector measurements vtre performed to Identify both Ce-144 <2. 185 
MeV ga ... r1dl1tlon> 1nd Eu-154 <0.723 MeV 1nd 1.274 MeV g1 ... rldlltlon> . 

A SI<LI> Colpton recoil g1 ... ray sptctra-eter v1s used to qu1ntlfy the 
2.185 MeV Ce-144 g1m.~ r1dlatlon In the A 1nd B MU&P de•lnerlllzer 
cubicles . This detector obt1lns a continuous spectr1 vhlch Is then used 
to deterMine the Intensity of the 2. 185 MeV gle.A r1dl1t lon. The 
technique utilizes a shielded directional g1 ... probe to lsol1te 1nd 
qu1ntlfy fuel deposits Inside piping 1nd/or coepontnts In e1ch cubicle . 
Additionally, a directional ga ... probe and 1 cld•lum tel luride gamma 
sptctro..ter vert used to measure the "B" Core Flood Tank Line . 

3.2 Ntutron Dttectors and Actlvatlon/Interrogltlon Techniques 

Neutrons fra. spontaneous fission and <Y ,n> reactions are directly 
proportional to fuel qu1ntlty. Hovever, the neutron e•lsslon of THI-2 
fuel Is quite small, lppro•l .. tely 0. 2 neutrons/gr1es-seconds . P1sslve 
neutron detection methods .. y be used to detect this s .. 11 flu• but 1re 
llktly to result In a high elnlmue detectable ll•lt. Active neutron 
1ssay eethods Interrogate fuel vlth a neutron sourct 1nd detect Induced 
fission neutrons . Active methods, vhere practlcll, 1r1 -are 1ccurate for 
s .. 11 a-aunts of resldull fuel IS veil as for direct me1sureeent of the 
U-235 content . 

Passive neutron detection methods used at THI-2 Included solid state 
trick recorders , copper activation foils/coupons , 1nd BF3 detectors 
<Reference 3. 3> . 

• SSTRs vere used to estl .. te the qu1ntlty of residual fue l In the 
HU&P A and B demlnera l lzer cubicles . The SSTRs used 931 enriched 
U-235 foils, vhlch are 1ttached to 1 met1l support plate and 
layered betveen tvo <2> luclte sheets . The enriched U-235 fotl 
emits Induced fast fission neutrons that create visible tracks In 
tht luclte sheets . The fission neutrons 1re Induced by · 
ther .. tlzed neutrons ealtted via spontaneous fission of the fuel 
being measured . The nuaber of visible tricks Is proportional to 
the ther .. l neutron flux, vhlch Is proportional to the quantity of 
fuel present. 

• COpper actlvltlon coupons become lrrldlated In the presence of 1 
neutron flux . The Cu-64 then dtcays by positron e•lsslon 
resulting In tvo <2> .511 MeV gam.~ r1ys sc1ttered 1t tao•, vlth a 
0.661 yield. By using a coincidence counting syste• consisting of 
tvo <2> Nai<Tl> detectors, dlscrlalnltlon of this dual e•lsslon 
fro- bickground Is possible . Copper activation Is Insensitive to 
gamma radl1tlon, .. king th is method particularly useful In areas 
of high gaaaa fields • 
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3.7 Futl Mlasurt .. nt Stltctlon 

Table 3-1 presents a m&trlx of fuel locations versus .. asure .. nt mtthods 
for tht various THI-2 residual futl locations . All areas containing 
rtsldual futl art listed and cross-reftrenced with tht techniques 
selected for tht area . Locations m&rktd with an •x• have been .. asurtd 
as of this writing. Locations .. rked with an •[• lndlcatt tstl .. tes of 
residual fuel have bttn ptrfor .. d based on a review of accident flow 
data, radiological controls .. asuremtnts, and existing fuel .. asure .. nt 
data fro. sl•llar locations or co-ponents . Locations .. rktd with 1 •p• 
Indicate areas where .. asureMtnts art proposed to be perfor .. d • 
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Subsequent ~asure~nts <References 4.1, 4.2, and 4. 3> of 
suspected fuel deposit locations have deter•lned that the largest 
single quantities In discrete volu-.s wert less than 10 kg and 
that the overall AFHB residual fuel Inventory probably did not 
exceed 40 kg at any given time . The use of borated processed 
water for syste• flushes resolved any criticality safety concerns 
associated with AFHB recovery. Because of the de-onstrated lack 
of a critical fuel ~ss, there was no dedicated effort to "defuel" 
any AFHB ca-ponent or area. Instead, fuel re-oval occurred as a 
byproduct of dose reduction deconta•lnatlon, water processing, 
sludge transfer, sludge processing, and/or resin re-oval . 

The Initial cleanup of tht AFHB took place during the early plant 
stabilization phase of the TMI-Z cleanup progra• <Reference 4.4> . 
This effort consisted of re.avlng the water that flooded the lower 
level of the AFHB during the accident and ptrfor•lng surface 
deconta•lnatlon of the floors. walls, and equl~nt . The goal of 
this Initial cleanup was to reduce the overall loose conta•lnatlon 
throughout the AFHB and to reduct the requlre .. nt for respirators 
due to airborne radioactivity. In addition, there was a need to 
reduct the radlonucllde content of water that was stored In tanks 
In the AFHB. This latter task was acca.pllshtd by the EPICOR II 
system. 

The corridors of the AFHB were successfully deconta•lnated . Most 
of the accident-generated water contained In the AFHB was 
processed . General area access to the AFHB no longer required 
respirators . Nonetheless , after the Initial cleanup, a 
significant decontamination task remained . Several cubicles 
re~lned highly contaminate~ and had high general area dose 
rates . In addition, many of the surfaces that had been 
decontaminated were becoming recontaminated as radlonuclldes 
Initi ally absorbed Into the concrete surfaces began to leach out . 
As a result , 1 significant decontamination progra• <Reference 
4. 5> was undertaken and a system for re-oval of tank sludge and 
demlnerallzer resins was designed, fabricated, and Installed. The 
overall objective of these efforts was to ensure that the AFHB 
would not pose a threat to public htalth and safety as a result of 
a long-term radlonucllde Inventory which could contribute to 
unacceptable airborne radioactivity levels . 

In the second phase of the AFHB recovery program, the conditions 
of the highly contaminated cubicles In the AFHB were determined . 
In so-. cases, this was possible by routine radiological survey 
techniques . However, In several Instances It was necessary to use 
remotely deployed radiation monitoring devlcts or specially 
designed robotic equlp.,nt . To lmple .. nt this progra•, the 
assistance of DOE national laboratories and .. jor universities was 
obtained. State of the art robotic deploy.tnt and radiation 
.anltorlng equipment was utilized. Unique solutions to the 
problems of decontaminating highly conta•lnated equipment, 
components , piping, and tanks were developed • 
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The next step In the AFHB cleanup program vas the Implementation 
of the specific deconta•lnatlon techniques that had been 
developed. Surface decont.-lnatlon techn·lques art described In 
detail In Section 4. 1.2. In general, they Included vater 
flushing, mechanical abrading <c~ly referred to as scabbllng> 
and/or re.oval of surface coatings and subsurface layers, and 
actual re.oval of concrete surfaces followed by recoatlng and 
painting In s~ areas . 

Syste• decont.-lnatlon .. thods also had been developed . In 
general, all MU&P and NDL Syste• piping and components were 
flushed with processed water. In addition , the letdovn block 
orifice and the makeup filters were re-eved. Finally, several 
portions of the MU&P and MDL piping and tanks vert physically 
Isolated and drained. 

Re.oval of the sludge deposited In s~ of the piping and tanks In 
the AB vas ptrfor .. d using a specialty dtslgned sludge rtmoval and 
processing syste•. This syste• also was used to remove resin from 
the cleanup and MU&P de•lnerallzers . 

Significant dose rate reductions were achieved In nearly all of 
the cublclts ; .est cubicles were acceptably decontaminated 
<Reference 4. 6> . An example of the success achieved In removing 
residual fuel fro. the AFHB Is the HU&P de•lneratlzers . It Is 
nottworthy that the block orifice removal resulted In the 
elimination of approxl.ately 370 grams of the Initially estl.ated 
400 gra•s of fuel. Post-defuellng activities such as final 
dralndown , water processing , and fuel pool deconta•lnatlon are 
expected to further reduce the AFHB rtsldual fuel Inventory. 

4. 1.2 Auxiliary and Fuel Handling Buildings Cleanup Equipment and 
Techniques <Reference 4.7) 

4.1.2. 1 

As discussed above , the deconta•lnatlon and cleanup of the AFHB 
required the use of mechanical decontamination .. thods, state of 
the art robotic equipment , surface treatment with str lppable 
coatings. and , In the case of some porous concrete surfaces , 
removal of concrete that had absorbed radlonuclldes . In addition , 
water processing system components such as piping , tanks , and 
pumps required Internal system flushes, sl udge removal , and res in 
sluicing . The detailed description of the major ·equlpment and 
techniques ustd to accomplish these tasks Is described belov. 

Mechanical Deconta•lnatlon 

Mechanical deconta•lnatlon Is defined as the removal of 
radioactive conta•lnatlon by rubbing, washing , brushing , or 
.. chanlcal abrading . The equipment and techniques used to 
perfor• mechanical deconta•lnatlon In tht AFHB Included: 
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Systtm Dtcontamlnatlon 

Tht lnttrnal surfacts of so.~ piping •nd compontnts vtre 
conta•lnated vlth both fission products and rtsldual futl as a 
rtsult of tht accident and substqutnt vattr proctsslng 
actlvltlts . In tht AfHB, this contamination vas a significant 
contributor to the overall gtntral dost rate In stvtral 
cublclts. A program of piping, tank, and pump systta flushes 
vas l~lt.,nttd to rtaove as auch of tht lnttrnal systt• 
contaMination as practical . In two C2> casts Cl.t., tht 
lttdovn block orlflct and tht maktup fllttrs>, tht reaoval of · 
lnttrnal COIPQfttnts rtsulttd In futl rtMOval . Systta flushing 
of Internal piping, tanks and othtr coapontnts vas ptrforMtd 
utilizing proctsstd water. Systtms suspecttd to contain futl 
vtrt flushtd using borattd vattr. All piping and coapontnts 
which had high radiation dost ratts and/or vtrt susptcted of 
containing residual futl, vlth tht exctptlon of stltcttd 
ln-strvlct coapontnts, wtrt flushtd . Tht following systems 
undervtnt Internal system flushing: MU&P System: MDL Syste•; 
OTSG Recirculation Systtm; Spent fuel System; DHR System; and 
Nitrogen System. 

In addition to flushing, resins and filters which were highly 
contaminated as a result of fission product deposition were 
also removed . Wherever possible, system piping, tanks, pumps, 
·filter housings, and resin tanks were left In a drained 
condition and were physically Isolated by clostd, tagged 
valves • 

Block Orifice and Makeup filters <References 4.8 and 4.9> 

The THI-2 block orifice vas originally designed to reduce the 
reactor coolant pressure from the operating syste• pressure to 
the pressure of the HU&P System. As dlscusstd In Stctlon 
2.2.4, during the accident , the block orlflct vas clogged and 
flow through the block orifice was lost. Lttdown flow was 
restored during the accident by bypassing the block orifice. 
Subsequent radiation surveys of the block orifice, performed 
In 1982, revealed significant fission product content and a 
smal l amount of residual fuel . The block orifice was rtmoved 
froa the letdown flowpath of the HU&P System In 1986. The 
block orifice was surveyed for residual fuel content prior to 
shipment offslte . Ga~ spectroscopy Mtasure .. nt dttermlned 
that approxl .. tely 400 grams of fuel were originally deposited 
In the block orifice of which approximately 370 gra•s were 
removed with the block orifice. 

The THI-2 HU filters were originally Installed downstream of 
the block orifice and upstream of the makeup demlnerallzers . 
The filters were designed to reaove Insoluble contaminants 
from reactor coolant prior to purification by the 
demlnerallzers . Ourlng the THI-2 accident, the HU filters 
became clogged after the block orifice was bypassed and 
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reactor coolant was routed directly to them. Letdown flow was 
restored by bypassing the HU filters after the HU filters 
beca-. blocked. 

The THI-2 HU filters that were In use during the accident have 
been re~ved and shipped offslte. A small a~unt of fuel 
<estl .. ted to be less than 100 gra•s> was deposited In them 
during the accident . 

Sludge and Resin Re.aval (Reference 4.10 and 4.11) 

Resin re.aval was prl .. rlly perfor .. d In the HU 
Dtmlnerallztrs, the Cleanup Dt•lnerallzers, the Spent fuel 
De•lnerallztr , the Deboratlng Dt•lnerallztrs and the 
Evaporator Condensate Ot•lnerallztrs . The AB Sump was 
dtsludged. The sludge and resin were deposited In the SRSTs. 
dewatered , prepared for shlp.ent, and shipped offslte for 
disposal . further, details of the sludge and resin rtaoval 
art provided In Section 4.1.3. 

4.1.3 Auxiliary and fuel Handling Buildings Cleanup Activities 

4.1.3.1 Seal Injection Valve Roo. 

The SIVR was highly conta•lnated as a result of the accident. 
An apparent leak In the seal Injection flow lnstru-.ntatlon 
resulted In the deposition of a very significant a~unt of 
crystalline boric acid on the floor of the cubicle . The 
resulting ambient radiation dose rates and airborne 
concentration of radioactive materials were very high . A 
long, complex, and jlfflcult decontamination effort was 
required to cleanup the SIVR and stabil ize It for .anltortd 
storage . 

The cleanup and deconta•lnatlon of the SIVR required careful 
preparations. The presence of a large amount of highly 
contaminated boric acid posed a potential for the creation of 
hazardous levels of airborne concentration of radioactive 
material . fission products In the water that contained the 
boron crystals were deposited on and absorbed Into the 
unsealed concrete floor and wall surface as the water 
evaporated . This required scabbllng of the concrete surfaces , 
recoatlng, and sealing of the scabbled areas . In preparation 
for the large scale deconta•lnatlon activities <e.g., 
scabbllng>, accessible penetrations between the SIVR and the 
re .. lnder of the AFHB wert sealed. In addition, a HEPA 
filtration ventilation unit was Installed along with a gasket 
seal plexlglass access door . 

Most of the large-scale deconta•lnatlon of the SIVR was 
perfor .. d using remotely operated robotic equlp.,nt . The 
boron crystal deposits on the floor were reaoved and the f loor 
was scabbled. following scabbllng , a layer of concrete was 
added and the floor was repainted and flu~ned . 
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. Although the SIVR did have a very significant fission product 
deposition bound In the crystalline boric acid deposits, It 
did not contain a significant . ..ount of residual fuel . 

Reactor Coolant Bleed Tanks lA, 18, and lC 

The RCBTs lA, 18, and IC art the tanks to which the reactor 
coolant Is letdown. These three C3> tanks art sl•llar In 
configuration and size . Each tank holds approxl .. tely 80,000 
gallons . 

During the TMI-2 accident, reactor coolant was letdown 
directly to the RCBTs . Much of this letdown was unfiltered 
because of tht need to bypass the MU&P lttdown filters and 
dt•lntrallzers . The letdown of unfiltered reactor coolant 
rtsulttd In the dtposltlon of a s.,ll a-aunt of fuel In the 
RCBTs . Subsequent to the accident, the RCBTs have been used 
to receive reactor coolant letdown or other waste water during 
the cleanup progr~. 

The RCBT cubicles have been extenstvtly dtcont .. lnated stnct 
the accident. Manual and robotic dtcont .. lnatlon efforts have 
significantly reduced the airborne radlonuclldt 
concentrations . The RCBT lA was flushed Internally to re.ave 
sedl .. ntatlon and residual fuel debris but was placed In 
service subsequently for water processing activities . The B 
and C RCBTs havt not bttn dtconta•lnated Internally because 
they have been ln-strvlce continuously. Additional 
n.asure .. nts of those tanks art planned . · 

: 

Makeup and Purification De•l~!rallzers <References 4.12 and 4.13) 

Tht TMI-2 HU&P dtmlnerallzers wert designed to .alntaln water 
purity In the reactor coolant. During the TMI-2 accident the 
dtmlnerallztr resins beca-. heavily loaded with fission 
products and a s .. ll, but .. asurablt, a.aunt of futl as a 
result of receiving both fllttrtd and unfiltered reactor 
coolant. The demlnerallzers wert re.aved fra. service on the 
second day of the accident and wert ntver returned to service . 

Post-accident gamma surveys of the de•tnerallzer cublclts 
detected dose rates In excess of 1000 R/hr . Substquent 
radiation .. asurtn.nts and resin sa~llng wert ptrfor .. d 
utilizing re.ately optrattd and robottc equl~nt . 

During 1984 and 1985, the Cs-137 content of the MU 
dt•lnerallztr resins was 1tduced when the cestu• was eluted 
fra- the resins by a sodlu• borate solution. Following the 
elution proctss, preparations wert .. dt to sluice the MU 
dt•lnerallztr resins to the SRSTs . A total of 51 separatt 
resin transftr operations wert perfor .. d ·~toying a variety 
of techniques . As a result. tht •A• .aktup de•lnerallztr 
resins wtre alMOst ca.plettly transferred to tht sptnt resin 
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storAge tAnks . Only 0.006 •3 of the InitiAl 0.7 •3 of 
resin reaAins . In Addition, approxl-ately 75~ of the resin 
~As re.oved fra- the •a• dt•lnerAIIzer: 0.2 •3 of resin 
reaAins . -

The ~keup de•lnerAllzer resin removAl process hAs resulted In 
the trAnsfer, solidificAtion, and shlpGtnt for ~Aste burial or 
over 1 kg of residuAl fuel and neArly 1300 curies of 
rAdiOActivity. 

AuxiliAry Building Su~ <Reference 4.14> 

The TMI-2 AB su.p ~As conta•lnAted AS A result of the flooding 
during the Accident . In Addition, subsequent decont~lnAtlon 
of severAl cubicles resulted In the drAining of 
decontA•Inatlon ~Ater to the su~ VIA the building drAins . 
AnAlysis of the sludge In the AB su.p Indicated A s-.11 AmOUnt 
of fuel was present. Although direct ga.-. .. asure .. nt of the 
su~ did not detect fuel-relAted rAdiAtion, It Is likely that 
A very s.all quantity of fuel <I .e., Approx18Ately 300 gra.s> 
~as deposited In the su.p. 

The AB sump ~As extensively decontA•Inated, flushed, and 
desludged . Debris ~As re.oved fro- the su~ And the reaAinlng 
sedleent was processed And shipped offslte for disposal . 

4.1.4 Auxiliary And Fuel Handling Buildings Fuel Re~val Assessment 

The deconta•lnatlon And dose reduction activities In the AFHB were 
prl.arlly Intended to reduce personnel exposure . A second1ry 
objective of the cleanup activities was to p'Act the AFHB In A 
long-ter• stAble condition . Sa-t fuel was re.oved fro. the AFHB 
as a ~esult of the cleAnup lttlvltles . The .. jorlty of the fuel 
removed was obt&lntd &s a result of the a&keup de•lnerallzer resin 
removal, water processing, syste• flushing &nd drA in~ng 
•ctlvltles , 1nd remov11 of the v1rlous filters and the block 
orifice . 
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Rttctor Building Fuel Re-avtl and OtconttMin&tlon Activities 

As discussed In Section 2.0, tht RB w&s conttMinated as 1 result of tht 
THI-2 &ccldent. A s .. ll, but ... surtblt ~unt of fuel w&s tr&nsported 
to the RBIS 1 result of: the accldtnt, substquent plant st&blllz&tlon, 
tnd water processing &ctlvltles <see Ttblt 2-1>. The following sections 
discuss those artts of tht RB whtrt dtconta•lnatton activities were 
perfor-.d which rtsulttd In the re-av&l of rtsldutl fuel . Other 
loc&tlons In the RB which contain residual fuel Ct.g., plenu.> art 
described further In Section· 5.2. 

4.2 .1 Cltanup Appr01ch 

Because of thl relatively s.all quantity of fuel, tht .ajor RB 
cltanup activity was dlrtcttd to dose rtductlon tnd structural 
surf1c1 dtcontt•lnatlon. A systt.atlc RB .cletnup plan was 
dtvtloptd to rtduct dost ratts to tht extent that •cctss could bt 
achieved to dtfutl tht RV <Rtftrtncts 4.15 and 4.16) . Tht 
l~le.,ntatlon of the RB cltanup plan required txtenslve resources 
over tight <8) years to reduct surf1ce 1nd t~tdded r&dlonucllde 
cont••lnatlon and to prtcludt furthtr rtcont••lnttlon. Slnct the 
prl .. ry loc&tlon of resldutl fuel wts In tht btse .. nt, tn 
extenslvt tffort was .. de to scarify and desludge the base.,nt. 
Approxl.attly 401 of tht RB base .. nt arta was dtsludgtd Cstt 
Flgurt 4-1> . Addltlontl activities were conducttd tort-ave tnd 
dlsplact the solid, particulate conta•lnatlon fro. all surf&ces 
abovt tht RB btst.,nt <elev&tlons 305' 1nd &bove> . The following 
presents 1 su ... ry discussion of the specific clttnup techniques 
ustd tnd locAtions lnvolvtd. Also Included Is 1n &sstss .. nt of 
tht tfftctlvtness of these &ctlvltlts In rt-avlng fuel froa the RB. 

4.2.2 Rtlctor Building Cle&nup Equlpmtnt tnd Ttchnlques 

The .. thods utilized for the RB clttnup lnvolvtd techniques to 
rt~vt building surflct contamination which was prt~lnately 
radloctslu- tnd strontlu• with only tr&ce quantities of fuel . 
These .. thods Included high pressure flushing using ltnces and 
robotics, scabbllng of floor surftces by .. chanlcal Mttns, 
sctrlflc&tlon of walls using high-pressure water, sludge tnd 
dtbrls re~v•l by sludge pu•p and robotic equl~nt, 1nd leaching 
of the b&se-.nt block w&ll using 1 pump system for reclrcul&tlon 
1nd periodic processing of w&ste water for contt•ln&tlon re10vtl . 

4.2.3 M&jor Rt&ctor Building Cltanup Activities 

4.2.3.1 c;.nenl Aru . 

During 1981 tnd 1982 the entire accessible part of the RB 
surf1ce artl above tht 305 ' tltv&tlon w&s hydraulicAlly 
flushtd with processed w&ter . This surf&ce flushing Included 
those 1reas up to the top of tht building dOBe 1t the 478' 
eltvttlon 1nd all m~jor vtrtlcal walls and horizontal 
surfacts. A substantial ..aunt of surflct cont&•lnatlon and 
debris was flushed to tht RB base .. nt areas for further 
process ing and removal • 
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Once-Through Stea• Generators and Hot Legs <References 4. 22 
and 4.23> 

Pick-and-place and vacuwalng techniques were used to defuel 
the ~AM and MBM OTSG upper tube sheets . Long-handled gripping 
tools wert used to lift large pieces of debris Into canisters 
and 1 vacuu. syste• re.oved the s .. lltr debris. Nhllt this 
process essentially succeeded In defuellng the "A" OTSG 
tubtsheet. 1 crust of tightly adherent debris re .. lntd on the 
surface of the •a• OTSG tubtsheet. It has been concluded that 
no further defuellng of the •a• OTSG tubesheet Is necessary or 
appropriate because of the s .. 11 ..ount of re .. lnlng fuel. 

The OTSG tubes were surveyed to detect blockages and adherent 
fuel-bearing fll•s . GM counters and alpha detectors were 
used. The lower head of the OTSCs and the J-Legs were 
surveyed using GM counters and activation foils . No further 
defutllng efforts are planned. 

The hot legs were defueled using 1 coablnatlon 
scraper/vacuu•lng tool and the Westinghouse vacuum syste•. 
Residual fuel In the •a• hot leg was scraped. flushed, and 
vacuu.ed Into defuellng canisters as part of RV defuellng 
<Section 4.4> . 

Decay Heat Drop Line <Reference 4.23> 

The In-vessel vacuu• syste• was used to defuel the Decay Heat 
Drop Line . A deployment tool was developed to guide the 
vacuu• hose Into the Decay Heat Drop line from the RCS •a• hot 
leg . All loose debr is In the vertical portion of the Decay 
Heat Drop Line was vacuu.ed . Below the vacuu .. ble loose 
debris, 1 hard c~acted region of debris was encountered. A 
drain cleaning .achlne was used to penetrate this hard debris 
and size It so vacuu•lng could continue . The .aterlal was 
airlifted Into the •a• hot leg and was re.oved, as described 
In the above section, as part of the RV defuellng. 

4.3.4 RCS Fuel Re.aval Assess .. nt 

<To Be Published Later> 
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Cort Rtglon Dtfutllng 

Cort rtglon dtfutllng conslsttd of rt.aval of dtbrls fra. the 
cort rtglon of the AV vhlch rt-alntd afttr tht ca-plttlon of 
Initial dtfutllng. This phast dlfftrtd fra. Initial defuellng 
In that significant sizing operations wtrt ptrfor .. d <t .g., 
separating and cutting of fustd futl ass.-bllts and othtr 
largt pltcts of cort dtbrls>. Rt.aVal of the •hard crust• was 
also acca.pllshed during this phast . Sole activities 
ptrfor-.d during cort rtglon defuellng wtrt stallar to thost 
ptrfor-.d dur.tng Initial dtfut1tng <t.g., pick and plact>. 

This phase was lnltlattd In tht sua~er of 1986 vhtn defutllng 
shlfttd fra. plck-and-ptact Optratlons to preparing tht dtbrls 
btd for a cort s.-ple acquisition prograa using tht CBM. This 
optratlon went s.aothty afttr rtsolutlon of Initial 
dlfflcultlts with lndtwlng tht drill to targtt location. 
Afttr s.-plt drilling was ca.pltted and the CBM was r..avtd, 
defuellng resu .. d. Tht core rtglon provtd to be auch h1rder 
to dtfuel than anticipated. Efforts to break up and re.ave 
the debris with long-handled tools were unsuccessful . 

Use of the Cort Bort Machine <Reference 4.27> 

In Septtabtr 1986, the CBM was re-lnstalltd to brtak the large 
resolidified -ass Into rubble using a solid-faced drill bit 
<see Figure 4-4) . Loose upper endflttlngs that would 
Interfere with drilling optrltlons were re~ved fraa the 
surf1ce of the debris btd . Btcaust stvtral tndflttlngs had 
bten fused together and wtre too large to be lnserttd Into 
futl c1nlsters, thty were plactd In shltldtd dru•s filled with 
borated water and stored at eltvatlon 347 ' In the RB. In late 
October and early Nove~er 1986, tht C8M was ustd to drill a 
total of 409 closely spaced holes In the rtsolldlfled .aterlal 
at the center of the cort debris btd to break up the h1rd .. ss 
and f1cl l lt1tt Its re~val . 

4.4.3.2.2 Core Topogr1phy and Drill String Rt.oval 

In late Nove~ber 1986, core topography and video surveys were 
perfor~d . The results Indicated that the core drilling 
operations performed In October and Noveaber were not 
ca.pletely successful In breaking the resolidified aaterl1l 
Into easily re.av1ble pieces . In 1ddltlon, 1 nuaber of rocks 
ewceedlng 0.3 meters In dlaaeter were Identified which were 
bel ieved to h1ve f1llen fra. tht perlphtral region surrounding 
the dri lled area . This peripheral region consisted of 
undrllled , resolidified a~terlal 1nd standing fut l assembly 
el ... nts . Finally , several broken drill strings wert located 
on or eabedded In the dri lled surf1ce of tht debris btd and 
required removal • 
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4.4. 3.3 Lower Core Support Assembly Ols•sse.Oly tnd Dtfuellng 

Tht LCSA <stt Figure 4-5> consists of 1 series of five plttes : 
the lower grid rib section, the lover grid distributor plate , 
tht lowtr grid forging, the lncort guide support plate , tnd 
tht flow distributor plate . Re~vtl of these plttes wts 
necesstry to access the core debris In the retctor lower head 
region. The dlstsselbly of the LCSA began In January of 1988. 

4.4 . 3.3. 1 Introduction 

Early observations reinforced the viability of a plan to use 
the plas .. arc torch to cut RV structural .. terlal. Howtver, 
Inspections of the LCSA during 1987 revetltd additional core 
debris and a significant nulber of broken fuel rods trapped 
between the LCSA plttes. Cutting of a .uch larger hole In the 
LCSA than planned would be necesstry to gain access to the 
tddltlonal debris. Tht ltrger holt would require a •lnl.u• of 
2000 cuts with the plasma arc torch; such an underttklng would 
stress the relltbllty of the equlp.,nt . Therefore, In 1988, 1 
new concept WIS developed which used both the plasma trc torch 
<linear cutting) and the core bore machine <circular cutting). 

4. 4.3. 3.2 Initial lower Core Support Asse.Oty Drilling Operations 

RV defuellng operations were suspended to prepare for the LCSA 
defutllng and dlsasse.Oly operations . Follovlng the 
Installation of three drill guide plates , which provided the 
drill string lateral stability tnd attgn .. nt Into the RV lover 
grid, workers Installed the CBM on the shielded work 
platfor•. Drilling operations begin tn January 1988. 

The first phase of the LCSA drilling operations Involved 
drilling through all 52 lncore lnstru.,nt guide tube <IIGT) 
spider ctstlngs, which anchor the top of the IIGT to the 
center of the guldecell . This was the first step In freeing 
the IIGTs fron the RV lower grid , thus permitting their 
re~val fro. the LCSA. 

The first pass drilling wts successful ly cOGpleted In Janutry 
1988 with no significant problems. Second-pass dril ling of . I 
tht IS peripheral, non-gusseted IIGT positions vas begun In 
February 1988. Dtfuelers co.pleted drilling 14 of these 
positions down through the lower grid distributor plate to the 
top of the grid forging . Interference fro. the remains of the 
R-6 fuel elt .. nt prevented access to the lncore drilling 
target at R-7, the only re .. lnlng ungusseted IIGT. Following 
the Installation of a specially-fabricated drilling guide 1nd 
a flat-faced junt.lll drill bit, enough of the .. ss was 
re~ved to provide access for drilling <at least through the 
distributor plate) • 
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4.4.3.3.3 Lower Grid Rib Section Re-ov1l 

Tht lowtr grid support post re-ov1l phlst btgln In tlrly M1rch 
1988. Forty-eight support posts wert drilled through the grid 
rib section, tht grid p1d, 1nd tht lower grid flow distributor 
plltt. Given the successful de-onstratlon of tht 1blllty of 
tht drill rig to cut, It VIS dtcldtd to use the CBM to finish 
severing the lower grid rib section. 

A tot1l of 16 llgl .. nt cuts were ca.pltted . These cuts. In 
conjunction with drilling the support posts , produced 13 
severed pieces of lower grid which wert rt-ovtd 1nd stored 
underwlttr Inside core flood t1nk MAM. (It w1s ntcess1ry to 
cut off the top of the t1nk to receive the grid pltcts.> 
Before re-ov11, the pieces wert flushed and Inspected for 
visible fuel 1nd g1~-sc1nned to dtter•lnt the qu1nttty of 
ldhtrtnt fuel . 

In Mly 1988, workers completed the lnstallltlon and checkout 
of the plasat arc torch and associated support equipment. The 
plas-. arc torch used a high-velocity stre1• of 
hlgh-te•pentun Ionized nitrogen gas <I.e •• pll_sa~> to cut 
the LCSA plates Into sections . To position the plas-. 1rc 
torch, the ACES e~loyed a robotic atnlpulator ar• attached to 
a coaputer-controlled bridge and trolley systee suspended over 
the LCSA. 

The plas-. arc torch equlp.ent was used first to .. ke triM 
cuts IS a follow-on to the CBM defuellng on the lower grid rib 
section periphery. Remn1nt trl• cutting VIS coepleted In June 
1988. A total of 72 remn1nt pieces were severed and re-eved. 

4.4.3.3.4 Lower Grid Distributor Plate Reeov1l 

The lower grid distributor plate was cleared of loose debris 
using pick-and-place tooling . Loose debris was loaded Into 
fuel canisters using long-handled tools . 

In preparation for cutting the lower grid distributor plate , 
the cutting equipment was removed and the trl~d pieces that 
could potentially Interfere with lower grid distributor plate 
cutting were cleared . The remaining lncore Instrument strings 
also were trimmed down to the lnstru .. nt guide tube nozzle . 

Following re-Installation of the plasma arc torch and support 
equlpaent, cutting of the one Inch thick lower grid 
distributor plate began. In sectioning tht lower grid 
distri butor plate , a cutting pattern was used that tOOk 
advantage of previous cuts .ade by the CBM; the result was 
four <4> roughly ple-shlped pieces . 

Two of the planned severance cuts could not be coapleted on 
the first qu1drant due to the presence of previously eolten 
debris near the botta. of the lower grid distr ibutor plate • 
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re-Installed and cutting of a large center section from the 
lncort guide support plate was begun. By the end of Otce•ber, 
1988, the plate was sectioned Into four, roughly pie-shaped 
pieces. All 25 cuts , Including recuts required to section 
this plate , were cleaned and verified . 

In early January 1989, the cut quadrants of the lncore guide 
· tube support plate were lifted fro. the lCSA, flushed, and 
transferred to Core Flood Tank •A• for storage. 

4.4.3.3.7 Flow Distributor Plate Re.aval 

4.4.3.4 

4. 4.3.5 

Following ca-pletlon of the lncore guide support plate 
r.-oval, loose debris and s .. tt pieces of fuel rods were 
vacuUied from above and below the flow distributor plate. 
long-handled tools wert used to pick-and-place larger pieces 
of dtbrls, -uch of which had originated In the core region and 
had accu-ulated on the flow distributor plate as the result of 
defuellng operations . 

In late February 1989, the cutting of the flow distributor 
began. The plas .. arc torch .ade 104 cuts , with nu~rous 
recuttlngs needed to ensure severance. The flow distributor 
was cut Into 26 pieces. By the end of Mlrch, the cutting was 
ca.plete . The sections of the flow distributor plate that did 
not contain lncore guide tubes were re.aved from the RV and 
placed Inside Core Flood Tank "A• . The sections of the plate 
that contained lncore guide tubes wert bagged and stored 
Inside the •A• D-Ring . 

lower Head 

<To Be Published later> 

Upper Core Support Asseably Defuellng 

<To Be Published later> 

4.4.4 Reactor Vessel Fuel Re.aval Assessment 

<To Be Published later> 
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5.0 RESIDUAL fUEL QUANTifiCATION AND CRITICALITY ASSESSMENT 

This section provides A chArActerization of residuAl fue l by quantity and 
locAtion within THI-2 . To fAcilitate discussion . this section Is 
subdivided to address the AfHB , RB, RCS, And RV. 

The criticality Assess .. nt for those ex-vessel locations within Uni t 2 
that art dt-onstrAted to have residuAl fuel quantities significantly 
below the SFHL Art not re-evaluated In this docu.,nt, except to 
dt-anstratt the lAck of A credible .,Ans for fuel Dlttrlal to bt 
relocAted . Tht SfHL was developed with consideration for optl~ 
moderation And Infinite water reflector <worst case> conditions . These 
moderator and reflector considerations bound expected conditions within 
the AfHB, RB and RCS. For those locations And co.ponents <I .e. , 
essentially In-vessel> which contAin residual fuel quantities greater 
than tht SFHL , a ~re detailed criticality assesseent 1nd an1lysls will 
be provided. 

5. 1 Auxiliary and Fuel Handling Buildings 

During the accident , residual fuel was transported to the AFHB as 1 
result of the core degradation event and the concurrent RCS HU&P SysteD 
optrltlon . Section 2.0 reported that lpproxl-.tely 25 kg of fuel 
D~ttrlal w1s tr1nsported to the AFHB during the accident sequence . 
Section 4. 1.1 IndicAted that up to 15 kg of fue l .ay have been relocated 
Into tht AFHB as part of water processing and defutllng operations <I .e., 
potential ly 1 total of 40 kg> . Based on these estl.ates , It could be 
concluded that AFHB residual fuel cond itions wert aalntalntd 
slgnlflc1ntly below the SFML during the accident and subsequent cle1nup 
period . Nonetheless, a significant cleanup and decont1•ln1tlon effcr t 
w1s urdertaken (IS described In Section 4. 1> to reduce dose rates 1nd 
re10ve fuel where pr1ctlcal . These efforts h1ve further reduced the 
reaalnlng rtsldull fuel content In the AFHB . 

The fol lowing sections provide the current estiDitts of resldu1l fuel 
wi thin the AFHB. These estiDitts 1re blstd on extensive evalu1tlons of 
the plant syste•s 1nd building configurations, fuel 8elsureeent within 
var ious syste• p1thway sources and tank loc1tlons , 1nd 1 syste•s 1nalysls 
approach for bounding fuel quantities In groupings of cubicles and/or 
system boundaries . The basis for each 1pproach Is provided within each 
sect ion . 

5.1. 1 Auxiliary and Fuel HAndling Buildings Cubicles 

All of the cubicles In the AFHB <ste Figures 5-1 through 5-4> were 
reviewed to deter•lnt If futl could have been trAnsported Into the 
cubicle 1nd/or the piping And tanks located In the cubicle as a 
result of the TMI-2 1ccldent and subsequent defuellng or 
deconta•lnatlon activities . It was concluded that the AFHB 
lreAs/cublcles listed In Table 5- 1 contain no resldull fuel . 

It was Also conc luded that the AFHB cubicles l isted In TAble 5-2 
potentially contain residuAl fuel . The results of 1ctual fuel 
.. asure .. nts art listed In Table 5-2 . The rationale for Inferring 
the fuel content In those areas/cubicles where fuel mtasurements 
wert not perforeed <I .e., respective bounding fuel estiD~tt > Is 
presented In the following discussion. 
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water transferred fra. the AB su~ to the MNHT . Thus, a sm&ll 
quantity of fuel could have been transferred fra. the AB su~ 
to the su.p filters or associated piping . Therefore, the 
total .. asured content of the AB su~. less than 300 gr&Ms, 
vas selected as the bounding estl~te for the current residual 
fuel Inventory for AX102 . 

Cubicle AX131 - Miscellaneous Waste Holdup Tank 
Cubicle AX134- Miscellaneous Waste Tank Pu~s 
Cubicle AX124 - Concentrated Liquid Waste Pu~s 
Cubicle AX218 - Concentrated Waste Storage Tank 
Cubicle FHOOB- Neutralizer Tank Pu.ps 
Cubicle FH009- Neutralizer Tanks 
Cubicle FH012- Neutralizer Tank Filters 

All of the cubicles listed above have been Identified as 
potential locations of s .. 11 quantities of residual fuel 
because either filtered reactor coolant and/or surface 
deconta•lnatlon vastt water has been stored In or pumped 
through each cubicle . The residual fuel content has not yet 
been .. asured In these cubicles because the tanks, piping, 
and/or filters In each cubicle are still In service. 

These cubicles have been grouped together as a single section 
In the OCR because, for the .ast part, they have been 
prl .. rlly used to hold and transfer surface decont~mln&tlon 
waste v&ter and the bounding estl .. te for the rtsldual futl 
content In e&ch cubicle has been developed based upon a single 
logical approach . 

Cubicles AX131 and AX134 are located In the AB and they 
contain the MWHT CAXlJl>, the Miscellaneous Naste Tank pu~ 
CAX134> , and associated piping . The HWHT Syste• has been used 
since the TMI- Z accident as a holding tank for water effluent 
fra. the SDS off-gas separator tank, water generated during 
the dewatering of SDS filters and ton exchangers , and waste 
water from system flush and surface decontamination activities . 

Cubicles AX124 and AX218 are located In the AB and they 
contain the Concentrated Liquid Waste Pumps CAXI24>, the 
Concentrated Haste Storage Tank CCWST> CAX218> , and associated 
piping. The CHST has been used since the accident as a 
holding tank for decontamln&tlon waste water . 

Cubicles FHOOB, FH009, and FH012 contain the Neutralizer Tank 
Pumps CFHOOB> , the Neutralizer Tanks CFH009>, and the 
N~utrallzer Tank Filters CFH012> . The Neutralizer System has 
been used as a batch t&nk which received the effluent from the 
HWHT and fed It Into the EPICOR II Syste• for filtration and 
purification via ton exch&ngers . Although originally Intended 
to be used to chemically treat waste liquid , · the Neutralizer 
System has not been used In th&t .. nner since the TMI-2 
accident . 
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A bounding estlute of the reslduil fuel content for. uch of 
the cubicles ISSOCilted with the MNHT, the CNST, and the 
NeutrAlizer Syste• h1s been developed b1sed upon a comp1rlson 
of e1ch syste• t1nk volume with the AB su•p &nd the 
extrApolation of the fuel ch1r1cterlzatlon .. •sure .. nt of the 
AB SUIP to t&ch systea. This 1ppr01ch for developing the 
bounding estlute Is believed to be conservAtive bec&use the 
MNHT, the CNST, 1nd the NeutrAlizer T1nk 111 received 1nd held 
surfiCt 1nd systea flush decont~alnltlon liquids for a 
subst1ntl1l portion of the cle&nup period. These s& .. liquids 
were also held 1nd stored In the AB suap for 1 subst1nt111 
portion of the cle&nup period. Blslng the estlute on 1 
coap1rlson of tank volu .. s Is believed to be adequ&te bec1use 
fuel chlrlcterlzltlon .. &sure .. nts of the resldu&l fuel In the 
a&keup syste• found the preponderAnce of the fuel deposited In 
t1nks 1s coap&red to piping . This Is due to the conditions In 
the l1rger t1nks which 1re auch aore conducive to settling of 
suspended fuel 1s coap&red to those conditions In the syste• 
piping. T1nks h&ve relltlvely low effluent flow r1tes and 
consldtribly aore residence time for liquid contents th&n 
piping. 

The bounding estla&te of the reslduil fuel content In the two 
<2> MNHT cubicles Is I kg of fuel . This estla&te w&s 
developed by coap1rlng the volu .. of the MNHT <•pproxla~tely 
20,000 g1llons> to the AB sump (&pproxla&tely 7600 gallons> . 
The MNHT holds approxla~tely three <3> tl .. s the volu .. of the 
AB suap . The a~xl~ ... sured fuel content of the AB sump 
<less th&n 300 gr1as; Reference 5. 4) was then aultlplyed by a 
factor of 3 1nd rounded up to 1 kg !or conservative purposes . 

The bounding est1a~te of the residual fuel content of the CWST 
cubicles Is 0.5 kg of fuel. This estimate w&s developed by 
coap&rlng the holding volume of the CNST <•pproalutely 9600 
g1llons> to that of the AB sump <approxla~tely 7600 glllons> . 
The CNST holds about 1.3 times the volume of the AB suap . The 
a~xlaua .. 1sured fuel content of the AB sump <less than 300 
gra•s> was then aultlplled by 1.3 and then rounded to 0.5 kg 
for conservative purposes . 

The bounding estimate of the residual fuel content of the 
Neutralizer Tank cubicles Is 1 kg of fuel . This estimate was 
developed by comparing the tot1l volume of the two <2> 
Neutralizer Tanks <Approximately 19,300 gallons> In FH009 to 
the volu .. of the AB suap (&pproxlaately 7600 g&llons>. The 
NeutrAlizer T1nks hold &bout three <3> tl .. s as auch 1s the AB 
suap. The ~•tau• .. asured fuel content of the AB suap <I .e. , 
less th&n 3~J grams> w1s then aultlplled by three <3> 1nd 
rounded to 1 kg for conservative purposes. 

All of the three <3> bounding estlaates are believed to be 
highly conservative bec&use the fuel content of the AB suap Is 
below the alnlaua detectAble level of the .. asure .. nt. Also, 
the estlaates 1re conserv&tlve bec&use of rounding up of &11 
v&lues • 

5-6 Rev . 110461P 



5.1.2.6 

• 

5. 1.2. 7 

• 

Another benc~rk for co-parlson of the bounding nature of the 
estlaates of residual futl In the HNHT, CWST. and Ntutrallzer 
cubicles Is the .. asured residual fuel content In tht MU Tank 
cubicles. The aakeup tank vas used to rtcelvt and hold 
unfiltered reactor coolant for a considerable portion of the 
post-accident period. Measure .. nt of the residual fuel 
content In the aakeup tank cubicle <Refertnce 5.5> found 
approxlaately 300 gra•s deposited In the cubicle, virtually 
all of It In the tank <volu .. approxl-.tely 4500 gallons>. 
Although the tank volu .. Is saaller than the volu-. of the AB 
su~. the water held was unfiltered reactor coolant, which Is 
known to have a significantly greater fuel content than the 
surface decont .. lnatlon and syste• flush wast& water which was 
In the AB su~. 

Cubicle FH014 - Annulus 
Cubicle FH112 -Annulus 
Cubicle FH205 - Annulus 

These cubicles represent the annulus area between the RB and 
the FHB. The area contains piping that runs betwten the RCS 
and MU&P System. The piping In the annulus could contain 
residual fuel because It Is In the letdown and makeup pathway. 

Tht annulus has not been Measured for residual fuel content 
because the piping Is still In use . Htasure.,nts will be 
perfor.ed after RCS dralndown. 

A bounding estimate of the residual fuel content of tht 
annulus has been develop!d based upon fuel characterization 
musure111nts of the Makeup '/alve R~. FHlOl, the Makeup 
Suction Valve Room, FHOOl, and the Makeup Discharge Valve 
Cubicles FH003a and FH003b . The piping In the annulus 
connects the RCS letdown path to the AFHB and the makeup pump 
discharge back to the RCS . By extrapolation of the results of 
fuel characterization mtasuremtnts perforMed In those cubicles 
which art In the letdown flowpath l ... dlately downstrean of 
the annulus <FH003a, FHOOJb> and In the cubicles which contain 
the piping fr~ the Makeup Pump discharge to the annulus, a 
bounding tstlmate of less than I kg for the residual fuel 
content In the annulus was obtained. This estimate Is 
conservative since It Is based on an upward rounding of the 
su~tlon of the mtasured fuel content of the referenced 
cubicles . These cubicles contain piping flowpaths for reactor 
coolant lmmedlattly upstream and downstream of tht annulus and 
contain .any more locations favorable for fuel deposit than 
the piping In the annuhs . 

Cubicle FH106- Subeerged Demlnerallztr Syste• Monitor T1nks 
Cubicle FHllO- Spent F~el Pool •a• 
The Spent Fuel Pool •a• contAined the SDS piping and tanks . 
The SDS -anltor tanks were used to collect water processed by 
the SDS . Because the SDS was specifically designed to remove 
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5.1.2.8 

5.1.2.9 

all Insoluble particles and ln~ludes prefllters, post-filters 
and ton exchangers, the effluent vater sent to the ~nltor 
tanks contained little or no residual fuel . Due to the 
extensive fl ltratlon, It Is conservatively estluted that the 
residual fuel In the Spent Fuel Pool •a• and Monitor Tanks Is 
exptcted to be .uch less than 1 kg. 

Tht Spent Fuel Pool •a• and Monitor Tanks have not been 
.. asured to date for their residual fuel content because the 
SDS vas In strvlct until August 1988. The residual fuel 
Inventory viii be .easured as part of the SDS Isolation and 
cleanup actlvltlts . 

Cubicle FH109 - Spent Fuel Pool •A• 

The vast .ajorlty of the fuel In Spent Fuel Pool •A• Is 
contained Inside the fuel, filter, and knockout canisters 
stored In tht fuel racks. The exact nu.Oer of filled 
canisters vlll vary until all fuel bearing canisters have been 
shipped frOM THI-Z to INEL for long-term storage . The 
canisters are Inherently subcrltlcal by design <Reference 5.6) 
and are stored In a subcrltlcal array vlthln the fuel storage 
racks . Further, the THI-2 Technical Specifications require 
that during Hodes 1 and 2. the vater tn Spent Fuel Pool •A• 
vlll be borated betveen 4350-6000 ppm. Therefore , 
subcrltlcallty Is ensured under all credible conditions . A 
very s-ail a~nt of fuel Is accu~latlng at the bottom of the 
Spent Fuel Pool •A•. This material has been transported from 
the RV to the Spent Fuel Pool •A• as debris adherent to the 
outside of the fuel bearing canisters . 

Due to the ongoing canister transfer activities In Spent Fuel 
Pool •A•, It Is not possible to ascertain the exact amount of 
the uncontalned residual fuel . Thus, for purposes of the OCR, 
a residual fuel quantity has not been assigned to the Spent 
Fuel Pool •A•. H~ever, since each canister Is flushed prior 
to transfer, the quantity of uncontalned residual fuel In 
Spent Fuel Pool •A•, as a result of canister transfer 
operations, Is expected to be a very small fraction of the 
SFHL and viii pose no criticality concern. Additional ly, the 
fuel In Spent Fuel Pool •A• does not pose a potential for 
comMUnicating vlth other fuel locations In the AFHB . Prior to 
dralndown of the Spent Fuel Pool ~A·. the residual fuel 
quantity In this cubicle vlll be deteralned and subcrltlcallty 
vlll be assured . 

Cub icle FHlll - Fuel Cask Storage 
Cubicle FH302 - SDS Operating Areas 

These are the locations where the supporting equlp~ent for SOS 
proctsslng and the fuel transfer cask are located. Basically 
composed of access walkways and equipment operating locations, 
these two <2) areas are routinely kept clean and , In .ast 
cases, are not contaminated. There Is currently no known 
residual fue l In these two areas . 

S-8 Rev. 1/0461P 



• 

• 

5.2 Reactor Building 

During the accident, fuel vas transported to the RB as a result of the 
core degradation event and coolant flov fro. the RV through the PORV and 
RCS MU&P Syste•. Table 2-1 reported that approxl.ately 11 ·kg of fuel vas 
transported to the RB during the accident sequence . Subsequent to the 
accident, fuel vas relocated to the RB as a result of several cleanup 
operations Including: transfer to and storage of structural RV 
ca.ponents In the •A• CFT and •A• D-ring: storage of upper end fittings: 
flushing of defutllng tools: and transfer of the defutllng canisters Into 
tht FTC. Even thoUgh fuel vas relocated to the RB during cleanup 
operations, RB residual fuel conditions vert -.tntalned significantly 
belov the SFHL. Further, a significant cleanup effort vas undertaken Cas 
described In Section 4.2) vlth the prl.ary purpose of reducing exposure 
rates but vhlch also resulted In the re.aval of Additional core debris . 

The follovlng sections provide the current tstla~tts of residual fuel 
re.alnlng vlthln the RB , not Including the RCS and RV. These estl.ates 
are based on fuel -.asure-.nts , visual Inspections, and extensive 
evaluations of RB structures , systems, and components. The basts for 
each estimate Is provided . As noted In Section 3.6, some of the reported 
residual fue l quantities are referred to as HDL Indicating that the 
actual quantity of residual fuel Is less than or equal to the reported 
value. 

5.2.1 Reactor Vessel Head Assembly <Reference 5.7> 

The AV head assembly vas re~ved from the RV and placed on Its 
storage stand on the 347 ' elevation In July 19B4. Portions of the 
head structure that vert exposed to reactor coolant Include the 
dome, flange, leadscrevs, leadscrev support tubes, an~ leadscrev 
motor housing. Only these components vere considered vhen 
calculating fuel content In the head assembly. During and after 
the core degradat ion portion of the accident , the control rod 
assemblies vere fully Inserted Into the core region . The 
leadscrevs vere , therefore, extended Into the plenum area Inside 
their support tubes . Because of the close proximity of the 
leadscrevs to the head surfaces, leadscrev fuel deposition data Is 
taken as an analog for fuel deposition on head surfaces . 

In November 1982, three CJ) leadscrevs vere removed for analys is. 
Fuel analyses vert perfor.ed on tvo C2) of the samples by Batte ll e 
Columbus Laboratories, Science Applications, International 
Corporation , and Babcock and Wi lcox . Also , a sample of a 
leadscrev support tube vas analyzed for radlonucllde activity on 
both Internal and external surfaces . 

The fuel content of the leadscrevs vas extrapolated from direct 
fuel assay of the leadscrev samples . The fuel content of the 
other RV head assembly components vas calculated by: 
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• deter•lnlng the Ce-144 activity on leadscrew surfaces by gamm~ 
spectroscopy and the fuel activity on the leadscrew surfaces 
by direct assay; 

• adjusting the activity distribution as evidenced by the 
Internal/external contamination ratio on the leadscrew support 
tube sa~le; 

• dividing by the average Ct-144/fuel ratio deter•lned for the 
leadscrews to get a fuel to surface area value : 

• .ultlplylng the fuel/area ratio by the corresponding surface 
area for the RV head asselbly c~ent In question. 

VIsual Inspection was done of the RV head asselbly and no 
desposlts wert observed In tht structure. Considering the force 
of gravity and the RV head asse•bly geoeetry, gravel-like 8&terla1 
Is not expected to be on the RV head. 

su .. lng the component fuel values produced the total fuel estimate 
for the RV head assembly . The prell~lnary estimate of fuel In the 
RV head asse.Oly Is 1.4 kg, prl .. rlly In the form of surface fll•s . 

s.z.z Reactor Vessel Upper Plenu. Asse~ly <Reference 5.8> 

During reactor operation, the plenu• Is located directly above the 
reactor core and below the RV head asstlbly. It consists of a 
cover, CRA guide tube asstlbllts <guide tubes>. upper grid <at the 
botto. of the plenu•>. and the flanged pltnu. cylinder with 
openings for reactor coolant flow <see Figures S-5 and 5-6> . CRA 
guide tube asselblles provide CRA allgn.,nt, protect CRAs fro
coolant cross-flow, and provide structural attach.,nt of the grid 
asselbly to the plenu. cover. The leadscrews, which -ave the CRAs 
In and out of the core , wert Inside the guide tubes during the 
accident . The 69 guide tubes are vertical cylinders that 
constitute the 8&jorlty of the surface area In the plenu• asseMbly . 

During the accident, fuel particles were transported to the plenum 
when large amounts of reactor coolant flow, stea•. and hydrogen 
passed through lt. Fuel was deposited In sediment and surface 
films on the plenum surfaces. In May 1985, the plenum was lifted 
from the RV and placed on a storage stand In the deep end of the 
FTC . The plenum was flushed to re.ove loose surface debris, prior 
to Its removal from the RV. 

The calculation of fuel loading In the plenu~ Is based on analysts 
of sa~lts from two <Z> ltadscrews and one \1 ) leadscrew sup~rt 
tube which art coaposed of sl•llar .aterlal to the plenu• and 
whose fuel deposition Is believed to be representative of the 
plenum. The two <Z> ltadscrews wert In the plenum during the 
accident and were removed before plenu• 11ft . The fuel activity 
found on the leadscrews was extrapolated to t he total surface area 
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or the pltn~ c~ents txpostd to coolant flov. Data fron the 
leadscrew support tube was ustd to correct for high and lov flow 
areas In the plenu• asse~ly . 

A s .. ll fraction or the total surface area or the plenu• consists · 
or upward-facing horizontal surfaces . To account for the settling 
or flnt stdl .. nt on these surfaces , the dlfferenct between 
threadtd and non-threadtd leadscrew surface activity vas applied. 
Higher activity levels on threaded surfaces vert assu..d to be the 
result of settling of fine debris In the threads . A high and low 
flov correction vas also applied to this portion of the 
calculation. 

A conservative estl.ate of the residual fuel quantity In the 
plenu• Is : 

Surface Fllss 
Silt/Sediment 
TOTAL 

5.2 .3 Fuel Transfer Canal 

1.5 kg 
0.6 kg 
2. 1 kg 

The vast .. jorlty of the fuel In the FTC Is contained Inside the 
fuel , filter , and knockout canisters located In the fuel racks . 
The txact nuaber of filled canisters will vary unti l all fuel 
bearing canisters have been transferred to Spent Fuel Pool •A• for 
shipment to INEL. The canlsttrs are stored In an Inherently 
subcrltlcal array within the fue l storagt racks . Further , during 
Mode 1 the THI-2 Technical Specifications require that the water 
In the FTC will be borated to a concentration or 4350-6000 ppm. 
Therefore, subcrltlcallty Is currently ensured under all cred ible 
conditions notwithstanding that a very small &.aunt of uncontalned 
fuel .ay be accu.ulatlng at the bottom of the FTC, having been 
transported fr~ the RV to the FTC as debris adherent to the 
outside of the fuel bearing canisters . 

Since each canister Is flushed pr ior to transfer from the RV, the 
quantity of uncontalned res idual fuel potentially accumulating In 
the FTC, as a result of can ister transfer operations , Is expected 
to be a very small fraction or the SFHL and wil l pose no 
cri t icality concern. Addit ional ly, the residual fuel In FTC will 
not pose a potential for communi cating with other fuel locations 
In tht RB. GPU Nuclear Is currently perfor•lng fuel measurements 
of the FTC. Results of these measure.ents will be provided In a 
subsequent OCR su~lttal . 

5.2.4 Core Flood Syste• <References 5.9 through 5. 13> 

The core flood syste• consist s of two <2> tanks and piping Into 
the RV <see Figure 2.4> . During LCSA defuellng, the top of the 
•A• CFT was re.aved and the tank was used for storage of LCSA . 
conponents . Additiona l ly, the piping from the "A" CFT to the RV 
was cut and f langed wh ich wi ll prevent t he possibil i ty of fuel 
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transport. Storage of the LCSA ca-ponents outside but In 
proxl•lty to the RV <e.g., In the "A" CFT> vas det .. d necessary t~ 
per•lt continuous pr09ress In the RV dtfuellng activities . Prior 
to reaoval froa the RV, the LCSA sege .. nts vert flushed and 
brushed to rtaovt fuel . Tht se~nts vtre thtn vldto Inspected to 
tnsure that no visible fuel vas present. Sa~lt sections of each 
platt vert .. asurtd by g .... spectroscopy and/or alpha 
.. asur ... nts to dtter•lnt the quantity of residual fuel . 
Extrapolation of futl content In othtr sections vas deter.lned 
bastd on tht futl quantity of tht .. asured sections . For exa~le, 
tvo <2> of tht four <4> quadrants of the lower grid distributor 
plate wtrt .. asurtd for futl conttnt and dtter•lntd to contain a 
total residual fuel quantity of 163 gr .. s . Thtst .. asure .. nts 
wtrt txtrapolattd for the othtr two (2) quadr1nts 1nd 1 tot1l 
residual fuel quantity of 320 gra•s of rtsldull futl vas 1sslgned 
to tht lovtr grid distributor grid <Rtference 5.10) . likewise, 
ont <1> of the 11 pieces or the flow distributor plate vas 
.. asured for fuel content <Reference 5.13> . Its residual fuel 
value <I .e. , 10 gr1•s> VIS dte .. d to bt rtpresentltlvt of the 
remaining segments and a total resldull fuel quantity of 110 gr1ms 
w1s 1sslgned for the flow distributor pl1te . 

Based on the 1bove 1pproach, the "A" CFT , which contains the LCSA 
c~ents , his been ISSigntd 1 tot1l of approxlmttely 2.4 kg 
<Referencts 5.9 through 5. 13) of resldu1l fuel , distributed as 
follows : 

Co!pontnts 

Lovtr Grid Rib Section 
Lower Grid Distributor Plitt 
Lover Grid Forging 
lncore Guide Support Plitt 
Flow Distributor Plitt 
TOTAL 

•• HDl VIIUe 

Fuel <ltq) 

<0. 1 
<0. 3• 
1.7 

<0.2• 
0.1 
2.4 

The portion of the •a• core flood line between the CFT 1nd the 
check valve vas measured for fuel debris using both 1 directional 
gammt probe and a cadmium te l luride g1mma spectrometer . This 
me1surement determined a maxlmu• residual fuel quantity of 130 
gra•s <Reference 2. 12). 

Measurement of the resldu11 fuel In the •a• CFT and the "A" core 
flood line 1re planned and will be provided In 1 subsequent OCR 
su~lttal . Based on the residual fuel content In the •a• core 
flood line, the residual fuel quantity In these areas Is not 
expected to substantll11y Increase the current core flood syste• 
estl .. te. There are no post-defue11ng plans to reaove the LCSA 
c~ents stored In the "A" CFT due to the relltlvely s .. 11 
quantity of residual fue l Involved • 
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5.2.5 0-Rings <Reference 5.1 3> 

The only residual fuel In the 0-rlngs above the basement level 
<base .. nt Is discussed In Section 5.2.9> Is located In the flov 
distributor plate sections stored therein. Sections of tht flov 
distributor plate r..oved fro- the RV which contained IIGTs were 
too large to be placed In the •A• CFT . These sections were bagged 
and suspended In the •A• 0-rlng In order to prevent Interference 
vlth continued progress In the RV defuellng efforts . These 
sections were brushed and flushed prior to re-oval fro. the RV. 

~ spectro..try performed on 13 of the 14 seg-.nts placed In 
the D-rlngs, containing a total of 30 IIGTs deter.lned that these 
seg.ents contain 21 kg of residual fuel. The re .. lnlng seg .. nt 
which vas not .. asured for residual fuel, contains three <3> 
IIGTs. Blsed on a sl~le arlth-.tlc average of the a-aunt of fuel 
per IIGT of the un-.asured seg .. nts <I .e., 21 kg per 30 IIGTs>. It 
Is reasonably estl .. ted that the un .. asurtd seg .. nt contains 
approxl .. tely 2 kg of residual fuel <I . e. , 0.7 kg per IIGT 
.ultlplled by 3 IIGTs>. This estimate Is believed to be 
conservative because the unmeasured seg .. nt vas In the northwest 
quadrant of the flov distributor plate whereas the measured 
seg.,nts which contained the largest quantities of residual fuel 
were generally located In the southeast quadrant of the flov 
distributor plate . Thus, the total estl.ated amount of residual 
fuel In the "A" D-ring Is 23 kg. Further assess .. nt of the LCSA 
co-ponents In the "A" D-rlngs Is provided In Section 6.0. 

S.2.6 Upper Endflttlng Storage Area 

As described In Section 4.4.3.2.1, during RV defuellng , loose 
upper endflttlngs vert removed fra. the surface of the RV debris 
bed to allow access for defuellng. These endflttlngs vert too 
large to be Inserted Into fuel canisters; thus, they vert placed 
In shielded dru•s filled vlth borated water <I.e. , 43S0-60<>0 pp•> 
and stored at elevation 347' In the RB. Storage of these upper 
endflttlngs Is described In an NRC-approved SER <References 5. 14 
and 5.15>. 

Currently, there Is a total of 18 upper endflttlngs stored In a 
total of five <5> containers In the endflttlng storage area . The 
maxlmu• nu•ber of endflttlngs In a single container Is six <6>. 
Reference 5.14 conservatively estimated that each endflttlng could 
contain up to 3 kg of fuel If fuel vert packed solidly within the 
flow spaces In the endflttlng casings. Based on the maxlmu• of 
six (6) endflttlngs per container, the .axl.um estlaated fuel In 
any container would be 18 kg . This amount Is significantly less 
than the SFHL. Additionally, If all of the 18 endflttlngs were 
loaded vlth fuel to the .. xl.u• theoretical value <I . e. , 3 kg of 
fuel>, the total .. xl~• amount of fuel Is conservatively 
estl .. ted to 54 kg. This quantity Is also significantly less than 
the SFHL. Furthermore, the upper endflttlng storage area Is 
neutronlcally decoupled fr~ any other fuel bearing location; 
thus, subcrltlcallty Is assured • 
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CPU Nuclear Is planning to .. asure the upper endflttlng storage 
containers In order to quantify the a.ount of fuel In each . 
container <Rtference 16> . This section will be updated In a 
subsequent vCR sub~lttal to reflect the results of the survey 
prograa. 

5.2.7 Reactor Coolant Drain Tank <Reference 4.20> 

As described In Section 2.2.3, fuel was deposited In the ROOT as 1 
result of the accident. This tank provided a settling point for 
particles escaping froa the POAV before release to the RB 
base .. nt . The ROOT has been Inaccessible for defuellng operations 
due to the high dose rates In the RB base .. nt . 

In 1983, sludge sa~les were collected and video Inspections wert 
perfor .. d. Analysts of the saeples yie lded a uranlu• 
concentration of 3.7 .g/g In the sludge . This, coablned with an 
estlaate of the quantity of sludge In the tank <2 .6xlo4 g), 
adJusted to UOz, produced an estl.ate of fuel In the ROOT of 
approxlaately 0 . 1 kg . This residual fuel quantity Is deemed to be 
valid since there have been no defutllng or deconta~lnatlon 
activities performed In the RCDT . 

5.2.8 Letdown Coolers <Reference 5. 17> 

The letdown cooler cubicle , located In the RB base.,nt, contains 
the letdown coolers <HU-C- lA and lB> and associated piping . This 
systea was designed to cool the reactor coolant before It entered 
the rest of the MU&P System for processing . Portions of the HU&P 
Systea ran continuously before and during the accident, and have 
run since the accident , potentially transporting saall aaounts of 
core debris throughout the syste•. Residual fuel In aost HU&P 
coaponents Is discussed In Section 5.1. 

Fue l In the letdown cooler syste~ was .easured with a col l l.ated, 
shielded sodium Iodide ga~ s~ectr~ter . calculations were aade 
us ing c~uter codes to aodtl the associated piping, coolers, and 
detector configurations . The calculated residual fuel content of 
the letdown coolers system Is less than or equal to an MOL value 
of 4 kg . 

5.2.9 RB Base.,nt and Sump <Reference 5.18) 

The RB basement consists of the space between the floors of 
elevations 282'6• and 305' of the RB, the RB sump, and the f loor 
drains . Excluded fro. this section and treated elsewhere In this 
report Is equlp-.nt <e . g., the letdown coolers and RCDT> located 
In the base.,nt. 

During the accident , reactor coolant was discharged froa the RCS 
Into the ROOT and then Into tht RB base-.nt. Table 2-1 lndlcatts 
that the RB basement/su~ contained approxlaately 5 kg of fue l as 
a result of the accident. The rtactor coolant that was discharged 
Into the RB became mixed with sedl.ent-bearlng r iver water, RB 
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spr1y w1ter, decont.-lnltlon w1ter, condens1tlon, 1nd 1ddltlon11 
le1k1ge fra- the ACS. The base .. nt re .. lned flooded for 
approxl .. tely tvo <2> years . During this period, sedl .. nt 1nd 
fuel fines settled Into a sludge on the base .. nt floor . As 
discussed In Section 4.2, a significant portion of this sludge vas 
re-aved during cleanup oper1tlons In the AB blse .. nt . · 

The sludge re .. lnlng 1fter desludglng oper1tlons w1s 1n1lyzed by 
sa-pling 1nd 9 .... spectroscopy .. thods . Ur1nlu• concentr1tlons 
.. 1sured In three (J) s.-ples vert ca-blned with estl .. tes of 
resldu11 sedl .. nt volu .. to calculltt the total residual fuel on 
the blse .. nt floor excluding the RCOT dlschlrge are1 . A ga ... 
scan vas perfor .. d In the ACDT 1rea since the .. xl.u. amount of 
fuet vas lnltl1lly expected to be located In the ACDT . The total 
fuel contained In the re .. lnlng blse .. nt sludge following cleanup 
oper1tlons Is estl .. ted to be lpproxl .. tely 1. 1 kg. 

Additionally, fuel p1rtlcles fra. v1shdovn of defuellng tools w1s 
transported through the AB drain syste• to the AB su~ . Reference 
5. 18 provides an Initial estimate that 0.2 kg of fuel could have 
been added to the base .. nt Inventory froa this activity . Thus, 
the tot1l fuel In the AB base .. nt Is currently estl-ated to be 
1.3 kg. 

5.2.10 Miscellaneous Systems and EqulpMtnt 

In addition to the residual fuel quantities reported In Sections 
5.2.1 through 5.2.9, residual fuel Is expected to be contained In 
various syste•s/equlpment located In the AB which were utilized 
during the defuellng effort . Included are the owes and the 
Dtfuellng Tool Rack vhlch contains the various long-handled tools 
used to defuel the AV. Residual fuel contained In these operating 
cleanup syste•slequlpment Is expected to a.aunt to a very s-ail 
fraction of the SFHL and will pose no criticality concern . For 
exa.ple, the NRC approved owes Technical Evaluation Report <TEA> 
<Reference 5.19> states that the DMCS has been designed to prevent 
a possible critical configuration of fuel . Further , the DMCS will 
be Internally flushed and partially disassembled prior to being 
deconmlssloned. This action viii re.ave a portion of the Internal 
deposits of residual fuel contained In the DMCS . Additionally, as 
discussed In Section 5.2.9, defuellng tools are generally flushed 
prior to re-aval fro. the AV In order to re-ave any loose residual 
fuel . The estl .. te of residual fuel In these cleanup systems viii 
be provided In a subsequent OCR su~lttal . 

5.2. 11 Criticality Assess .. nt 

Table 5-3 lists the total quantity of residual fuel In the RB 
exclusive of the RCS and RV. This table will be updated following 
the c~letlon of remaining fuel .. asure .. nts . As Indicated, the 
total fuel .. ss re .. lnlng In the AB Is well below the SFHL of 140 
kg presented In Appendix B. Subcrltlcallty Is furthe~ enhanced 
since -ast of the residual fuel Is tightly adhered to AV 
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cOIPQftents or In Isolated areas within the RB. Fuel In this 
configuration Is significantly less reActive than In the opt l~• 
conditions assu .. d In Appendix 8 <I .e., fuel pellets , optl.u• 
.aderatlon with unborated water, And spherical geo.etry> . 
Additionally , the current configuration prevents any s ignificAnt 
debris transport, thus •lnt•lzlng any Interactive effects of the 
various fuel accu.ulatlons . The .. jortty of residual fuel In the 
RB <I . e., •A• D-ring, letdown coolers, and upper endfltttng 
storage containers> Is located In areas which are neutronlcally 
decoupled fr~ other fuel btartng locations and, consequently, 
there Is no potential for a criticality event due to fuel 
transport . Thus , subcrltlcallty wtthtn the R8 Is assured . The 
potential for fuel transport and Interaction with the RCS and RV 
will bt described In Sections 5.3 and 5. 4. 

5.2.12 su ... ry 

The collective evaluation of the .. terlal presented In this 
section de.onstrates that an acceptAble end to fuel removal 
Activities has been achieved In the RB . 

The total estl .. ted quantity of fuel In the RB, l isted In Table 
S-3, Is significantly tess than the SFML which assu .. s optt.u• 
.aderatton and Infinite water reflector <worst cAse> conditions . 
Additionally, It Is expected that the total quAntity of residual 
fuel In the RB following the coapletton of re .. tnlng fuel 
.. asure .. nts In the RB will continue to be significantly less than 
the SFML. Thus, subcrtttcaltty Is assured • 

The current estt .. te of residuAl fuel content In the RB Is 
prl .. rlly concentrated In: 

o seg .. nts of the f low distr ibutor plAte containing llCTs which 
are stored In the "A" D-ring; 

o upper endflttlng storAge contAiners ; and 
o letdown coolers . 

Each of these areas are addressed be low. 

"A" D-Ring 

Residual fuel Is attached to the sections of the flow 
distributor plate located In the "A" D-ring . CPU NucleAr 
decided to place these c~ents In the •A• D-ri ng since 
there were too large to placed In the •A• CFT . The residual 
fuel quantity In the "A" D-ring does not pose a criticality 
concern. Additionally, It Is anticipated that so.. of the 
LCSA components In the "A" D-ring .. Y be shipped off-si te for 
analysts ; thus , the total residual fuel quantity In this area 
.. Y be reduced . Section 6 of the OCR provides a further 
assess .. nt of the LCSA components In the "A" D-ring • 
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Upper £ndflttlnq Storaqt Containers 

As stattd In Sections 4.4.3.2. 1 and 5. 2.6, during the early 
dtfutllng efforts loose upper endflttlngs ••r• re~vtd fro. 
the surfact of the core debris bed to ptr•lt the continuation 
of RV defueltng . These endftttlngs were too luge to be 
lnstrttd Into fuel canisters; thus, they ••r• placed In 
shielded dru•s filled with borated •ater and stored at 
tltvatlon 347' In the RB. As stated In Stctlon 5.2.6, It Is 
conservatlvtly tstl.attd that the .axl.u. &.aunt of residual 
futl contained In the upper endflttlng storagt containers Is 
54 kg which Is .uch ltss than the SFML. CPU Nuclt&r currently 
plans to perfor• fuel •uure•nts of tach ·upper endflttlng 
storage container as described In Atftrtnce 5. 16. It Is CPU 
Nucltar•s btltef that the rtsldual fuel quantity dtttr•lntd as 
a rtsult of these .. asure .. nts will be significantly less than 
54 kg. The disposition of tht upper endflttlng storagt 
containers will be deter•lned following their ~asure .. nts . 

Let~ Coolers 

Section 2.2.3 states that fuel •as tr&nsported to the letdown 
cooltrs, which are located In the AB bast .. nt, as a result of 
the TMI-2 accident. Out to tht high dose rates In the AB 
bas~nt, tht l ttdown coolers art lnaccesslblt and perfor~nct 
of dtfutllng or water processing actlvltlts has been 
precluded. Fuel .,asure .. nts of tht lttdo•n coolers have 
deter•lned that their residual fuel quantity Is less than or 
equal to an MDL value of 4 kg which Is significantly below the 
SFHL. Thus . the residual fue l In the letdown coolers dots not 
po!J a criticality concern . 

The residual fuel In the re.alnlng areas of tht AB consists of 
finely divided small particle size sedl .. nt .. terlal •lth •lnor 
a-ounts of fuel found as adherent films on ~tal oxide surfaces. 
Deconta•lnatlon activities In the AB served to remove residual 
fuel, especially In the AB basement where the residual fuel 
quantity was reduced by approximately 75t <set Tables 2- 1 and 
5-3>. Post-defuellng activities <e .g. , flushing tanks/pipes, 
syste• dralndowns> may result In the removal of addit ional small 
quantities of fuel . Thus, the quantity of residual fuel In the RB 
.ay be further reduced . 

Based on the above analys ts of the total est imated quantity of 
residual fuel , there Is no potential for transport of fuel within 
tht RB which could result In a critical mass . Thus, 
sub ;rltlcallty Is assured. The pottntlal for fuel transport and 
Interaction with the RCS and AV wi l l bt described In Sections 5.3 
and 5.4. CPU Nuclear has determined that no further efforts for 
the specific purpose of re~v lng futl fro. the AB art appropriate 
or necessary to preclude criticality or otherwise de10nstrate that 
defuellng has been c~leted to the extent reasonably achievable • 
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Howtver, a few ca.ponents will be flushed/drained or reMOved as 
part of post-defuellng activities which .. Y result In the reMOval 
of additional s.all quantities of fuel. Thus, the quantity of . 
residual fuel In the RB may be further reduced • 
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DESJCIIATION 

AXDOl 
AXD02 
AXDOJ 
AXOIJ 

AX022 
AX02J 
AX027 
AXlOl 
AXlOJ 
AX104 
AX lOS 
AX106 
AX107 
AX lOS 
AX109 

AXllO 
AXlll 
AXllJ 
AX118 
AX120 
AX121 
AX122 
AX12J 
AX125 
AX126 
AX127 
AX128 
AX1J2 
AXIJJ 

TABLE 5-1 

AFHB CUBICLES WHICH CQNTAJN NO RESIDUAL FUEL 

NAME 

RB r.trgency Pu.ps 
Access Corridor 
Access Ana 
Evaporator Condtnsate 
Tank Pu111ps 

North Sta I rvtll 
Elevator Shaft 
South Sta I rve 11 
Radvaste Disposal Panel 
HCC 2-11 EB 
HCC 2-21 EB 
Substation 2-IIE 
Substation 2-21E 
HCC 2-11 EA 
HCC 2-21 EA 

Nuclear Service Coolers 
and Pu111p 

Intereedlate Coolers 
Intermediate Cooling Pump 
Haste Gas Analyzer 
Spent Fuel Coolers 
Spent Fuel Filters 
Elevator Shaft 
North Stairwell 
Access Area 
Haste Gas Decay TK-IB 
Haste Gas Filter Roor 
Haste Gas Decay TK-IA 
Valve and Instrument Room 
Corridor Between Ul & U2 
South Stat rwe 11 

5-20 

EXPLANATION 

No fuel transport pathway 
No vaste piping In area 
No vaste piping In area 
All pathvays Isolated prior to and 
following the accident 

No vaste piping In area 
No vaste piping In area 
No vaste piping In area 
No waste piping In area 
No waste piping In area 
No waste piping In area 
No waste piping In area 
No waste piping In area 
No waste piping In area 
No waste piping In area 
All pathways Isolated since accident 

All pathways Isolated since accident 
All pathways Isolated since accident 
System design prevents fuel transport 
All pathways Isolated since accident 
All pathways Isolated since accident 
No waste piping In area 
No waste piping In area 
No waste piping In area 
System design prevents fuel transport 
System design prevents fuel transport 
System design prevents fuel transport 
System design prevents fuel transport 
All pathways Isolated since accident 
No waste piping In area 
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TABLE 5-1 <Cont ' d) 

AFHB CUBICLES WHICH CONTAIN NO RESIDUAL FUEL 

DE~IGIIATION NAME EXPLANATION 

AX135 Aadvaste Disposal 
Panel 

Control No vute piping In art& 

AX201 North Stalrvett No waste piping In area 
AX202 Elevator Shaft No vaste piping In area 
AX2'3 4160 Svltchgear 2- IE No vaste piping In area 
AX204 4160 Svltchgear 2-2E No waste piping In area 
AX205 AB Purge Air Supply Syste• design prevents fuel transport 
AX206 AS Purge Exhaust - S Syste• design prevents fuel transport 
AX207 AS Purge Exhaust - A Syste• design prevents fuel transport 
AX208 AS Exhaust Unit B Syste• design prevents fuel transport 
AX209 AB Exhaust Unit A Syste• design prevents fuel transport 
AXZIO FHB Exhaust Unit B Syste• design prevents fuel transport 
AX211 FHS Exhaust Unit A Syste• design prevents fuel trusport 
AX212 Decay Heat Surge Tank No fuel transport pathvay 

• AX213 Unit Substation No waste piping In area 
AX214 De con Fac lllty No fuel transport pathvay 
AX215 FHS Supply Unit Syste• design prevents fuel transport 
AX216 AB Supply Unit Syste• design prevents fuel transport 
AX217 Access Area No vaste piping In area 
AX219 Instru .. nt Racks Syste• design preve~ts fuel transport 
AXZZO Caustic Mixing Area All pathvays Isolated since accident 
AX221 Caustic Mixing Area All pathways Isolated s ince accident 
AX222 South Stairwel l No waste piping In area 
AX223 Air Handling Units Syste• design prevents fuel transport 
AX301 Elevator Shaft No waste piping In area 
AX302 North Stairwell No waste piping In area 
AX303 Elevator and Stairwell 

Access 
No ~aste piping In area 

AX401 Roof No waste piping In area 
AX402 COOling Water Storage Tanks No fuel transport pathway 
AX403 Dutpe r A00111 Syste• des ign prevents fue l transpor t 
FHOOZ Access Corridor No waste piping In area 
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DESIGNATION 

FH004 

FH005 

FH006 

FH007 

FHOlO 
FHOll 
FH013 
FH102 
FH103 
FH104 
FH105 
FH107 
FH108 
FH111 
FH201 
FH202 
FH203 
FH204 

FH302 
FH303 
FH305 

TABLE S-1 <Cont'd> 

AFHB CUBICLES WHICH CONTAIN NQ RESIDUAL FUEL 

NAME 

West Valve R0011 

Hint Decay Heat Sevlce 
Coolers 

Decay Htat Service Coolers 

Neutrallztr and Rtclal .. d 
Boric Acid 

Reclal.,d Boric Acid Tank 
Reclaimed Boric Acid Pump 
Oil Dru• Storage 
East Corridor 
Sa•ple Room 
West Corridor 
Mode 1 ROOII A 

Trash Collpactor 
True~. Bay 
Fuel cask Storage 
East Corridor 
West Corridor 
Surge Tank Area 
Standby Pressure Control 
Area 

sos Operating Area 
Upper SPC Area 
Spent Fuel Pool Access 
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EXPLANATION 

All pathways Isolated since accident 

All pathways Isolated since accident 

All pathways Isolated since accident 

All pathways lsolattd since accident 

All pathways Isolated since accident 
All pathways Isolated since accident 
No waste piping In area 
No wastt piping In area 
Syste• flushed periodically no deposits 
No waste piping In area 
No waste piping In area 
Ho waste piping In area 
No waste piping In area 
See Section 5. 1.2 .9 
No waste piping In area 
No waste piping In area 
All pathways Isolated since accident 
Syste• design prevents fuel ~ransport 

See Section 5.1 .2.9 
Syste• design prevents fuel transport 
Syste• design prevents fuel transport 
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TABLE 5-2 

AFHB CUBICLES WHICH POTENTIALLY CONTAIN RESIDUAL FUEL(l) <2> 

FUEL 
QYANTITY (kg> DES I !iNA TI ON NAME 

0.13 AX004 Stal Injtctlon Valve Room 
0.003 .. AXOOS Makeup Pu~p - lC 
0.066 AX006 Makeup Pump - lB 
0.062"" AX007 Makeup Pump - lA 

AXOIJ8 Spent Resin Storagt TK-18 
AX009 Spent Resin Storage TK-IA 
AXOlO Spent Resin Storage Tank Pump 

o.8 

0.00200 

o.3oo•• 
o.ot•• 

AX014 
AX015a 
AXOlSb 
AXOI6 
AXOI7 
AX114 
AX115 
AX119 
AX129 
AX\30 
FIIOOI 

AXOII 
AX012 
AXOI8 

Reactor Coolant Evaporator 
Cleanup Fl lters 
C1 eanup F I Hers 
Cleanup Demlnera11zer - 2A 
Cleanup Demlneral lzer - 2B 
HU&P Demln - lA 
MU&P Demln - lB 
Spent Fuel Demlnerallzer 
Deboratlng Oemlneraltzer -
Deboratlng Demlnerallzer -
HU Suction Valves 

AB Sump Pump and Va lve 
AB Sump Pumps and Tank 
Waste Transfer Pump 

• - TB refers to a TMI-2 Technical Bulletin 
•• - Dtnotes Minimum Detectable Level 

IB 
lA 

REFERENCE 

Stctlon 5. 1.2 .1 
TB SNM 89-03" 
TB SNM 87-02 
Eng . Calcu lation 
4550-3211-87-027 

Section 5.1.2.2 
Section 5.1.2.2 
Sect ion 5. 1.2.2 
Section 5. 1.2.2 
Section 5. 1.2.2 
Section 5.1.2.2 
Section 5.1.2.2 
Section 5.1.2 .2 
Section 5. 1.2.2 
Section 5.1.2.2 
Section 5. 1..!.2 
Sect I on 5. 1.2 .2 
Section 5. 1.2.2 
Section 5.1. 2.2 

TB 86-28 
TB 86-28 
TB 86-38 

<1>- Bastd on current available data, this tablt will be updated as necessary 
as further data become available . Wherever uncertainties exist as to 
the quantity of fuel, tht upper bound estl~te Is ustd . 

<2> - The prtdomlnant form of rtsldual fuel ldentlfltd In the AFHB Is f inely 
dlvldtd, sMall particle size, sediMent .atertal with ~lnor amounts of 
futl found as adherent films on metal o•lde surfaces • 
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TABLE 5-2 (Cont'd) 

AFHI QJBICLES NHICH POTENTIALLY COIITAifl RESIDUAL FUELW (2) 

FUEL 
~fiTITY <kg> DE~ICNATIQ! flAME REFERENCE 

o.oosu AXOI9 NDL ValYu TB 86-38 
14 AXOZO RCBTs 18 and IC TB 87-12 
I AX021 RCIT lA Sect\on 5.1.2.3 
0_. 005 AX024 AB SUIIP Fl 1 ters TB Sill 89-o2 
o.oozu AX026 Stat Injection Filters TB Sill 87-04 
0.300 AXIOZ RB S~ Pu.p Filters Section 5.1.2.4 
0.292 AX112 Seal Return Coolers T8 Sill 88-03 
0.309 AX116 Makeup Tank Eng. Calculation 

4550-3211-87-038 

0.04 AX117 MJ&P Filters T8 86-38 

AXIJI Miscellaneous Waste Holdup Tank Section 5. 1.2 .5 
AXI34 M\scellaneous Naste Tank Pumps 

0.5 AX124 Concentrated Liquid Waste Pump 
AX218 CHSTs 

0.002 AX 50 I R8 Spray Pu•p - lA 
0.002 AX502 RB Spray Pu~ - 18 
0.002 AX503 DHR Cooler & Pump - lA 
0.002 AX504 DHR Cooler & Pump- 18 
0.008** FH003a MU Discharge Valves 
0.060 .. F'H003b HU Discharge Valves 

• - T8 refers to a TMI-2 Technical Bullet\n 
•• - Denotes Mlnl.u• Detectable Level <MDL> 

Section 5.1 .2.5 

Section 5. 1.2.5 
Sect\on 5.1.2.5 

TB 86-47 
TB 86-47 
T8 86-47 
TB 86-47 
TB 86-38 
TB 86-38 

<I> -Based on current available data, this table will be updated as necessary as 
further data beca.e available . Wherever uncertainties exist as to the quantity 
of fuel, the upper boUnd estl .. te Is used. 

<Z> - The pred~lnant for• of residual fuel Identified In the AFHB Is finely divided, 
s.all particle size, sediment .. terlal with minor amounts of fuel found as 
adherent films on metal oxide surfaces . 
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TABLE 5-2 <Cont'd) 

AFHB CUBICLES WHICH POTENTIALLY CONTAIN RESIDUAl FUEL(l) <2> 

FUEL 
OOANTITY <kg> 

<1 

0.71 

DESIGNATIOit 

FKOOB 
FH009 
FH012 
FH014 
FH112 
FH205 

FH101 

FH106 
FH110 
FH109 

<23 ltg • TOTAL 

NAME 

Neutralizer Tank Pu~ 
Neutralizer Tank 
Neutralizer Tank Filers 
Annulus 
Annulus 
Annulus 

lli&P Valve ROOII 

SDS Monttor Tanks 
Spent Fuel Pool •a• 
Spent Fuel Pool •A• 

REFERENCE 

Section 5.1.2.5 
Stctton 5.1.2.5 
Section 5.1.2.5 
Section 5.1.2.6 
Section 5.1.2.6 
Section 5.1.2.6 

TB 86-38/86-21 

Sectton 5.1.2.7 

Section 5.1.2.8 

<1> ~ Based on current available data, this table will be updated as necessary 
as further data bec01e avatlable . Wherever uncertainties exist as to 
tht quantity of fuel, tht upper bound estl .. tt Is used . 

<2> - Tht prtdollnant for• of residual fuel Identified tn tht AFHB Is flntly 
divided, s .. 11 particle size, sedl.,nt .. terlal wtth •tnor •~nts of 
futl found as adherent fll•s on .. tal oxldt surf&cts. 

<3>- No Value Assl9ned; See Section 5.1.2.8 for detAils. 
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TABLE 5-3 
·. 

RESIQUAL FUEL QUANTIFICATIQ! IN THE REACTOR IUILDING(&) 

RESIDUAL FUEL 
g!!PO!!ENT QUANTITY <IC!i> 

AV Hud 1.4<b> 

RV PlenUII 2.1 

Fuel Transfer canal (I) 

Core Flood Syst .. 2.4<b> 

D-Rings 23 

Upper Endflttlngs < 54(b) 

Reactor Coolant Drain Tank 0.1 

Letdown Coolers ( 4 (C) 

RB Basement/Sump 1.3 

Cleanup Syste•s/Equlp~ent (b) 
Ce.g. DMCS> 

TOTAL ( 88 kg<b> 

<a> - Excluding the RV and ACS . 

<b> ~To Be Updated In a Subsequent OCR Subllttal . 

<c> - MOL 
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FIGURE 5-5 

• · TMI-2 REACTOR- UPPER HALF 
(Simplified) 

• • • • • • 

=~~= 

• 
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FIGURE 5-6 

• LEADSCREW AND LS SUPPORT TUBE 
(Simplified) 

Coolant Flow 

• 
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