
TECHNICAL EVALUATION 
OF 11U-2 POST-DE.f1JELINC MONITOJW) STORACE 

FACIUTY OPERATING UCENSE NO . DPR- 73 

CPU N\JCU:.U. CORPORATION 

DOCKET NO. 50-320 

February 199.l 



ABSTRACT 

Three Klle Island Unic 2 (TKI-2) ia a praaaurized-vacer reactor thee experi
enced a loaa-o!-raaccor-coolanc accidenc in 1979, vhich reaulced in aerioua 
daaa&• to cha raaccor fuel and cha apraad of radioacciva cont .. ination 
throuJhout the facility. Follovin& •itisation of the accident and atabiliza
tion of the facility , aajor afforta vera Dada to reaova the fuel and clean up 
the cont&Dlnation. In 1988 , cha licensee proposed to place the facility in 
post-defuelin& aonitored atora&e (PDKS) and to &Dend the facility license to 
a possession-only license (POL) . The basic criterion for transition to PDKS 
is assurance tbac the healch and safety of the public ia procactad by confora
anca to all applicable Comaiasion ra&ulationa . The evaluation of the aafety 
aisnificance of PDMS ia dependent on the conditions of the facility at the 
tiae che plant be&ina lons- tera atora&• and on the proposed actiona of the 
licensee durin& che stora&e period. 

Seven prerequisites !or placin& the TKI-2 facility into PDKS have been 
identi !ied. Each o! these prerequisitas is de!ined and the actions taken to 
ensure ita coapletion described. The Nuclear Resulatory Co=miaaion (NRC) 
ataff baa also identified aix environmental protection ayateaa that are 
iaportant in providin& reasonable assurance that the facility can be safely 
D&intained durin& PDKS . The NRC ata!f concluded (based on their reviev o! 
D&terial received fro• the licensee and on independent evaluation and aeasure
D&nts by the NRC staff) that the prerequi sites have been aet, end the environ
••ntal protection aysteas are aat is!actory. The eta!! further concluded that 
the propoaal to place TKI- 2 into PDKS con!oras to all applicable Comaission 
regulations and can be iapleaented vithout ai&nificant risk to the environment 
or the public . 
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EXEC\TTIVE StJMMABY 

The purpoae of thia technical evaluation ia to evaluate the aafety •iJnifi
cance of the licenaee ' a propoaal to place the Three Mile Ialand Unit 2 
facility into poat-defueling aonltored atorage (PDKS) . Thia avaluat1on for=s 
the beaia for the requireaenta and control• to be aainta1ned during atorage 
to enaura public health and aafaty and protection of the environment. A brief 
hiatory of the facility and ita current atatua ara providad. The prerequi
aitea for PDHS are given and the environmental protection iasuea that 
accoapany theae prerequisites duri ng PDHS are addressed in thia report . 

FACIUTY HISTORY A.~ CVBJlENT SIADlS 

Three Mile Island Unit 2 (THI- 2), a 890-aegevatt elec tric pressurized-water 
reactor , vas issued an operating license on February 8 , 1978. On Karch 28 , 
1979 , an accident at the IHI-2 facility involved a loaa of reactor coolant and 
reaulted in aerious daaege to the reactor fuel . When coolant vaa restored, 
radioactive contaainetion in the fora of core debris and fiasion products vas 
distributed by the coolin& water throughout the reactor coolant syatea. A 
portion of the veter, carrying core debria and fiaaion product• aa diaaol ved 
and particulate ••terial, escaped fro• the reactor coolant ayatea and flowed 
into the reactor building baseaent . Expoaed aurfacea in the reactor building 
and the auxiliary and fuel-handling building (AFH!) vera contaainated vith 
aateriel in the reactor coolant and froa radionuclidea that bacaae airborne as 
ate .. that had eacaped froa the reactor coolant ayataa and then had condensed 
durin& and ahortly after the accidant. 

On July 20, 1979 , the U. S. Nuclear R•&Ul•tory Coaaiaaion (NRC) iaaued an order' 
suaptndin& the authority of the licensee, Ceneral Public Utllitiea Nuclear 
Corporation (CPU or CPUNC), to operate the facility and requlrin& that the 
licensee •aintain the facility in a ahutdovn condition in accordance vith 
approved operatin& and contin&ency procadurea. Although ita authority to 
operata the facility vaa auspanded, the licenaee retained an oparatin& 
license, poaaeaaing a Clasa 103 (10 CFR Part 50. 22) licenae . The ataff 
initially aade the deciaion for the facility to retain the operating license 
because the exact axtent of the daae&• vaa unknown and aoae peopla atlll 
believed, in the abaence of a true underatanding of the extent of the da:age , 
that the facility could be refurbiahed and could operata •&•in. Later, when 
the true extent of the daaage vaa underatood, the NRC ataff concluded that 
peraitting the licenaee to ••intain an operating licenae during defuelin& 
and partial clean up allowed for the aoat affective retulatory overalght by 
the NRC. An order dated February 11, 1980, iasued new propoaed Technical 
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Specifications , which •odlfied or replaced a ll Technical Specifications in 
Appendix A and aectiona of Appendix I . Theae proposed Technical Specifica
tions became final on January 27, 1917. Since that time, the Technical 
Speci!lca ~iona have been amended 15 tl•ea . 

The NRC la responsible for rerulatin& the THI-2 cleanup operations to ensure 
the protection of the health and aafety of the public and the THI- 2 occupa
tional vork force and the protection of the environment. The cleanup activ
ities at the THI-2 facility vera conducted in compliance vlth the appropriate 
Federal and State re&ulations . h~C responsibilities include revievin& and 
approvin& the licenaee "a proposals for cleanup actions , overaeein& the 
licensee ' s implementation of approved activities , coordina tin& vith other 
Federal and State &overnmental a&enciea re&ardin& their activitiea in the 
cleanup, and inforain& local officiale and the public about the atatus of the 
cleanup . The h~C has reviewed the licenaee ' a cleanup activities end has acted 
upon license amendment requeata vhen appropriate . 

Follovin& aiti&ation of the accident and stabilization of the facility , the 
licensee ' s major effort s have included partial decontaaination of contaminat ed 
areas, removal of the fuel , and removal and treatment of the accident
&enerated vater . Current ly, the reactor vessel and the reactor coolant system 
have been defueled to the extent reasonably achievable (all fuel removed that 
ia reasonably accessible within technically practical methode) , and the possi
bility of criticality in the reactor buildin& has been precluded . The facil
ity has been extensively modifi ed to facilitate defuelin& and decontamination 
activities . The facility is not operable . All canistere conteinin& core 
materiel have been shipped to an offaite location. No canister• containin& 
core materi al remain in the reactor buildin&. Technical Specifications 
(includin& removin& the requirements for criticality aonitorin& and for the 
presence of operators in the control room) have also been reduced . 

The licensee has proposed placin& the facility in poat-defuelin& aonitored 
atora&e . In the Safety Analyaia Report (SAR) for Post- Defuelin& Monitored 
Store&• (PDKS ) , the licensee atatea that "TKI-2 haa been defueled and decon
taainated to t he extent that the plant ia in a aefe , inherently atable 
condition suitable for lon&-tera .. n•&eaent end any threat to the public 
health end safety has been eliainated. Thie lon&-tera ••n•&ement condition is 
termed Poet- Defuelin& Monitored Stora&e . • PDHS vas proposed by the licensee 
in a letter dated December 2, 1986 . In a letter dated Au&uat 16 , 1988, the 
licensee requeated that the THI-2 licenae (No . DPR- 73) be aaended to authorize 
implementation of the pr oposed PDHS plant confl&uration. Transaitted vith the 
Au&uet 16 , 1988, letter vere the propoaed amended facility licanae , proposed 
PDHS Technical Specification•, end the PDHS SAR. The raqueated action vould 
allov the licenaee to place the THI-2 facility in •onitored atore&e . The 
licenaee haa indicated that the propoaed •onitored etore&e of TKI-2 vould not 
extend beyond the operation of Three Kile Ialand Unit 1 (TKI-1) . In response 
to the licensee ' • request , the NRC evaluated the environmental impacta 
aaaociated vlth the licensee ' • proposal to place the THI-2 facility into 
atora&• at the conclusion of defuelin&. Thi s analyaia vaa published in August 
1919 aa Supplement 3 to the "Pro&r&aaatic Environmental Impact Statement 
Related to Decontamination and Dlspoaal of Radioactive Vaate Reaultin& from 
Karch 28, 1979 Accident , Three Klle leland Nuclear Station, Unit 2 . • The 
Pac ific Northveat Labora tory under the direct ion of the NRC ataff haa prepared 
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thi1 c.chnlcal avaluatlon to a11111 the llc•~••'• propo1al to place the TKI-2 
facility into PDKS an4 to e~ure that the propo1ed action i1 vithln the • cope 
of the Pro&r .... tic Environ.ental I.pact Stateaent (PElS) and it1 IUppleaents . 
the 1taff adopts this evaluation and vhere the tera ••taff• appear• in this 
docuaent it rafere to obeervatlo~, analy••• · or conclusio~ aad• by the 
Pacific Northve1t Laboratory and adopted by the NRC etaff. Thi1 report pro
•idal the technlcel basis for requireaent• iapo11d upon the lie•~•• and docu
.. nt• co .. itaents aade by the lie•~•• in support of their lice~• aaendaent 
for PDMS. The actual requireaent• vill be incorporated into the TKI-2 license 
with tbe i11uance of the PDKS aaendaent . 

DEREQillSII£$ fPR POSI-ptruEUNG MONIIOREP SIQBAGE 

The basic criterion for tra~ltlon to PDKS 11 coapliance vith all applicable 
Co.aission reaul•tiona and a11urance that the health and 1afety of the public 
il protected. The evaluation of the 1afety •i&nific•nca of PDKS i1 dependent 
on the conditions of the fecility at the tiDe the plant be&ine lon&-tera 
ltora&•· The NRC staff hes ev1luatad PDKS on the basis of the initial condi
tions idantified by the licensea (in the PDKS SAR) and described balov. 

Prerequlsltll for PDKS are based on tha NRC 1taff evaluation of inforaation 
provided by the licensea in the PDKS SAR, 1. 1. 2. 1. The prerequisite• are as 
follows : 

1. Defuelin& of the fecility to the extent reasonably achievabla and to 
1uch a da&ree thet a nuclear criticality i1 precluded. 

2. Sblpaent off lite of all fual and core debri• that have been reaove4 
fro• the re1ctor an4 a11ociated 1y1te ... 

l. leaaval of Vlter, to the extent practiceble, froa the reactor coolant 
IJitea; drainln& of the fuel transfer canal ; and i•olation of the fuel 
transfer tube•. To the extent that the 1pent fuel pool• are needed to 
etore the accldent-&ener•ted vater , vater ••Y reaain in the•• pool• 
after the 1tart of PDKS. 

4. A reduction of potentlel for relea1e of radioactive aaterial fro• the 
• facility above the deal&n objective• 1pecifie6 in Title 10 of the k2dt 

of Federal Bcculatlona, Part 50 (10 CFR Part 50), Appendix I, for 
offaite doaa consequence• and a reduction of the potential for 
in~tantaneoua concentration& of raleaaad aaterial vithln the llaitl 
1pecifiad in 10 CFR Part 20 . 

5. Sbipaent off lite or p•cka&in& and lta&in& for •hipaent of reaalnin& 
radioactive va1te froa the aajor TKI-2 deeontaaination activitial . 

6. Determination and reduction of radiation level• vlthin the facility to 
allov plant aonitorin&, aaintenance, and l~pectiona . 

A4ditlonally , the NBC ataff h•• identified a 1eventh preraqui1ite for PDKS : 
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7. Definition and eatabliahaent of an adequate eurvelllence pro&rAD for 
PDKS environmental protection eyateDI to enaure public health and 
n!ety. 

Each of th••• preraqulaltea ia diacuaaad balov. 

lrductfqn qf Pqtrntfal !pr Accidental Criticality 

The licanaee'a •De!ualin& Co~lation Report• (OCR) daacribas the aethods and 
effort• uaad to raaova fuel !roD the facility; epaciflas, 11 far •• poaalbla, 
location• and quantities of fuel reaa1nln&: and provldta the technical baala 
!or anaurln& that an accident al criticality le precluded . For the purpoaaa of 
thla docuaant, fuel 1• da!inad· aa U02 (uranlua dioxide) . Core dabrle ie a 

.a ixtura of fuel, etructural and adaorbar Dltarlale rasultin& froa the accident 
at TKI-2 and the eubaaquant cleanup . The NRC baa conducted an independent 
evaluation of the DCR to verify that an accidental criticality ia precluded. 
Thia evaluation included raviavln& calculation&, conductin& onaite inapec
tlona , and viavin& videotape& of defueled araea . The NRC ata!! aaraea vith 
the licensee that , conslderin& the location, fora, and quantity of fuel (i.a., 
uo2) and cora debris remeinin& ln the facility and the sa!eauarda enacted by 
the licenaea, an accidental criticality 1• precluded . 

Removal pf furl and Cpre prbrl• Frpg tbr tHI Site 

The ~~C ata!f baa verified that all fuel caniatara contalnin& cora dabria have 
bean removad froa _tbe reactor facility and abippad off alta . 

Rrmovel 0! Vater 

Before the bt&innin& of PDMS, the raector vaaael, the reactor coolant ayataa, 
the reactor bulldin& fuel canal, and the fuel trana!er tubaa vlll be drained 
of vetar. The reactor vaa,al vill be coverad to ainiai&e the potential for 
Vater entry. The eubmeraad deainarallzar eyataa and apant fuel pool I vlll be 
drained end ahielded, as required. The fire aalna vlthln the reactor bulldln& 
vill be cloaad vith valvaa end dra,ned, It ia estlaatad that tha reactor 
vessel vill contain approxiaately 10 &•llone (38 lltare) of raeidual vater. 
Hovevar, because of the diatrlbution, ADount , end physical etate of fuel 
located in the reector veatel, tbie quantity of Vater vlll not contribute to a · 
criticality. In addition, the quantity of vatar that vlll reaain in the 
reactor coolant aystea is not enouah to transport radioactive aatarlel within 
the facility. There aay be eoae Vater etored outelde containment avaltin& 
proceaaln& in the Accident Canerated Vater evaporator after PDMS be&lna. Thla 
vater ia considered to ba in teaporary atora&e prior to dlspoaal and aay 
reaain ln tbeaa locatlona until completion of the evaporation oparationa 
durin& the bealnnin& of PDMS. 

leductlpn 0! the Pptcntlal !pr Relrate of Rtdloactlye Hetcrial 

Tba potantial for releaae of any aianificant quantity of radioactive aatarlal 
!roa TKI-2 durin& PDMS baa been ainlalzed by the removal of aa auch of the 
fuel and core debrie aa ia reasonably achievable and the decont&alnetion of 
lara• aactlona of the reactor bulldln& and the aur!acea, aqulpaant , and pipin& 
ln the auxiliary and !uel -handlin& bulldln& (AFHI) . The aejor aource of 
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radioactive .. tariel ra .. inln& in the facility ie inside the reactor bulldln& . 
Thia buildin& conatitutaa a eaelad and leakti&ht ancloaura, except durin& 
entry for inapectlon end aeeauraaanta, and except far the uaa of a breather 
ayatea that 11 equipped vlth a hl&h-efficlency particulate alr (HEPA) filter . 
Rel••••• of radloactlva aatarial durin& PDKS are sovarnad by the Coda of 
Federal Rasuletiana (CFR) 10 CFR Part 20, Appendix I, Tabla II, and 10 CFR 
Part SO, Appendix I, a• referenced in the THI-2 propoa1d Technical Spaclfi
cationa for POKS (Chapter 9 of the POKS SAR) . The radioactivity concentration 
in saeeaue and liquid effluent• froa THI-2 to the environment durin& PDKS 
ehall not exceed the valuee epecifiad in 10 CFR Pert 20, Appendix I , Tabla II . 
In addition, the dell&" objective annual expa1ura value• apecified in 10 CFR 
Part SO, Appendix I, apply durin& PDKS . Relaa1e1 of radioactive aaterial to 
the atDolphera au1t alaa aeat the Environmental Protection Asency ' a (EPA'e) 
environmental atandarda far the uranium fuel cycle apecifiad in 40 CFR 
Part 190. Releasee for radlaactlve ••terial to vater au1t aeet EPA' e National 
Intarla Prlaary Drlnkln& Vater Standard& epeclfiad in 40 CFR Part 141. 

Appendix I to 10 CFR Part SO atatee •• a deal&n objective , thet the calculated 
annual total quentity of all r adioactive ladlne end radlaectlva aaterlal in 
particulate form above back&round to be released ln effluent to the atmosphere 
cannot result in an estimated annual daae or daae commitment to any individual 
in an unrestricted area in exceae of 15 millirem to any arsan. The deaisn 
objective also atatea that the calculated annual total quantity of all radio
active aaterial above backsround to be releaaed to the atmosphere cannot 
result in an estimated annual air do11 from saaeoua e·ffluent to an individual 
in an unraatrlcted area in axceaa of 10 aillirad for ~~a radiation and 
20 aillirad for beta radiation, except if reasonable assurance ie provided 
that the proposed hisher quantity vill not result in an estimated annual 
external dose from the effluent ln exceaa of S ailliraa to the total body or 
15 alll1rea to the akin. The doaa permitted by these deaisn objactivee 
compares to en eatlmated 50-year doae commitaent fro• a 1-year release of 
0 .22 aillirea to the total body and 2 .8 aillirea to the bone of the aaxiaelly 
exposed offaite individual at THI-2 durin& POKS. 

For routine (normal) activltlea , the desisn objective froa 10 CFR Pert SO, 
Appendix I, atatea that the annual total quantity of ell radioactive aaterlal 
above backsround that 11 ralea1ed in liquid affluent •hould be liaited auch 
that it vould not result in an ••tiaetad annual do1e or do1a commitment for 
any individual in an unre•tricted area (con•iderin& all pathways of exposure) 
in excess of 3 aillirea to the total body or 10 ailllrea to any orsan. Thi• • 
dose ie comparable to the eatiaated SO-year dole commitment of le11 than 
0. 0009 a illlraa to the tot1l body and 0 . 0009 alllirem to the bone of the 
aaxiaally axpo1ed offaita individual at TKI-2 durin& PDKS . 

10 CFl Part 100 applies to any accident at TKI-2 durin& PDKS. Thta resulation 
liaite the doae to an individual located at any point on tha aite boundary for 
2 houre immediately follovin& onset of the poatulated fia•ion product release 
to a vhole-body doae of 25 rea or a total radiation doie of 300 rea to the 
thyroid from iodine expoaure . The licensee evaluated eeven potential accident 
acenarlo• in the PDKS SAR . Four of these accidents vere baled on the 
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poee1b1lity that ainor or llaited decontaainatlon activity* aay be conducted 
to aa1nte1n the facility in reasonable condition. The seven accidents include 
(1) a vacuum canister {allure durin& decontaaination act1v1tiaa , (2) acci
dental aprayin& o£ concentrated contaa1nat1on vith hl&h-preaaure spray durin& 
dacontaa1nat1on activities, (3) accidental cuttins o£ contaainated pipe durin& 
decontaaination activities, (4) accidental break of a contaainated pipe durin& 
decontaaination activitlee, (S) a fire in the containment buildln&. (6) an 
open penetration durin& surveillance or aaintenance activities , and (7) rup
ture and releaae o{ contaainated resina o{ a einsle aakaup and purification 
daaineralizer . The eta!£ reviewed and per{oraed independent evaluations of 
the seven potent ial accidents identified by the licensee in the PDHS SAR. The 
eta££ also evaluated an ei&hth potential accident , a fire in the D-rin&• 
inalde containment . In all cases, the reeultin& doses vould be aisniflcantly 
lover then tho•• peraitted by 10 CT.l Part 100 {or deteraination of axclusion 
areas. Tha accident that vould result in the aaximua offaite dose ia the {ire 
in the containment buildlns. The estimated SO-year dose commltaent froa a 
!ira in the reactor bulldin& without operation of the ventilation system is a 
49-aillirea dose to the total body and a Sl-aillirea dose to the bone of the 
aaxiaally exposed offalte individual . 

Removal of Redloaetlve ~11te Rrsultlnc from Ke,or Decontamination Activities 

All of the radioactive vaate raaultin& !roa aajor decontaalnation activities 
h•• bean ahlppad off site or pecka&ed and atasad for ahipaent off site , except 
the vaate !roa the accidant-&anerated vater disposal activities . (The removal 
of vaate resultin& fro; accident-sanerated vater diapoaal activitiea ia 
discussed in the NRC staff ' • Safety Evaluation for the Accidant- Cenerated 
~ater , dated September 11 , 1989 . ) Some of these vestee aay remain on site 
avaitln& shipment after the comaenceaent of PDHS . Some radioactive components 
and equipment vill remain in the reactor buildin&. includin& the reactor head 
assembly , the upper plenum assembly , the upper end fittin&• • sections of the 
!lov distributor that contain incore instrument suide tubes , end fuel-removal 
toolins. These r eaaini n& components and aquipaent are not fl~able and do 
not add sisni ficant quant i ties of radioactive aateriel to the inventory in the 
reactor buildins . Consequently, they do not repreaent an increased riak to 
the health and safety o£ the public . 

Reduction of Radiation Level• To Allov Plant Halntenence and Surycillence 
Purine Post-Defuellnc Honltored Storece 

Durin& PDHS , entry into the reactor buildlns and into the AFHa vlll be aade 
periodically to conduct inspection• , eurvelllence , radiolosical eurveye , 
rad1olos1cal vaate proceaain&, remedial decontaainatlon, and aoae aaintenance 
to aupport these act ivi t ies , as vell as preventive maintenance on a limited 
number of operational eyet eaa . Durin& the initial period of PDHS , aonthly 
entriea vlll be aade . After facility stability has been verified end a 
database has been es t abliahed, the frequency of entry aay be reduced. 

• Althou&h fev activi t ies are exp•cted to be conducted durin& PDHS , routine 
surveillance , prevent ive maint enance , and stabilization activities vill 
be conducted 1£ aisratlon of radioact ive aaterlal ie detected. 



Decon~aaination and 1tieldin& have b1en perfor.ed to reduce radiation doae 
r•~•• in areal requirin& acce11 by per1onnel . RAdiation expo1ure1 ~o 
per1onnel will be aaintained within the lialta ••~abliahed by 10 CFR Part 20 . 

Ptfini~ion and E•tlbli•ba•n~ of a Suryeillaner Pro1raa 

Durin& PDKS, th• lic•na•• will b1 requlr1d to or baa coaaitt•d ~o conduct 
•urveillanc• prosr ... ~o •naure ~h• aalnt1nance of environa•n~al pro~•c~ion 
ayat1... Th••• prosr ... includ• aurv•lllance of r1actor containment bulldin& 
i1olatlon, •urveillance of the reac~or containment buildin& and the AFK! 
v1ntilation and filtration •Y•t•••· •urveillance of th1 fire prot1ction ay1tea 
and the aupport air •on1tor1n& ayataaa (1nclud1n& electrical, affluent aon
ltorln&, and •nvironaental aonitorin& ayat•••>. and overai&ht of adainia
trativ• ay•~•aa . Adainia~ra~ive ayateaa includ• orsanizational atructure , 
ataff qualifications , recorda, ind1p1ndent aafety ravieva, procedurea ; 
occupational radiation prot1ction, a quality a11urance plan, an •••rcrncy 
plan , and oth•r adaini1trativ1 control activitill . Op•rability and •urv•il
lanc• r•quir1aent1 for the1e •Y•tea• are contained or referenced in thi• 
document, which for.~ the licensing basis for PDKS . Refer•nced document• 
include, but ar1 not llait1d to , the PDKS SAR , the Fire Prot•ction Prosraa 
Evaluation, the Offsite Dose Calculation Kanual , th• Radioloclcal Environ
••ntal Monitoring Plan , the PDHS Quality A11urance Plan, and the TKI- 2 • 
Technical Specifications . Operability, 1urveillance, and aonitorin& require• 
••nts are described in this document and the referenced document• to ensure 
that th• facility is maintained in the configuration analyzed by thia 
evaluation. 

[NVIRONHENIAL PROIECIION ISSUES DUBING POSI-DEfUELING HOSIIQREP SIOBAGE 

Considerin& the post-accident, i noperable and essentially defuel•d condition 
of the r•ac tor , TKI-2 has no aafety-related atructure•, aysteas , or coapon
enta . Saf•ty-related structure•, ay•t••• · and component• ar• thoa• n•c•••ary 
to •n•ur• the capability of shuttin& dovn the reactor and maintaining it in a 
1hutdovn condition. Althoush there are no safety-related structure• , ayateas , 
or components at TKI-2, the lic1na1 for TKI-2 ensure• that the facility is 
.. intained in an acceptable condition and that the environment is protected 
durin& PDHS . In contrast to the concern of ensurin& •afe shutdown of an 
operatin& plant or aaintainin& aaf• ahu~dovn in the pre-PDHS TKI-2 facili~y . 
the principel 1afety concern durin& PDHS ia the inadverten~ relea1e of 
radioac~ive materials into th• environment . For thia reason, the ataff has 
identified atructures , systea1 , and components that provide reasonable 
a1auranc1 that the facility can be •aintained in a defueled condition without 
undue risk to the health and safety of the public . The11 1yatea1, called PDHS 
anvironaental protection ayate••· are (1) the reactor containment •tructur• ; 
(2) the reactor containment and AFH! purse , breather, ventilation, and 
filtration syateas ; (3) the fire protection aystea; (4) the reactor vessel ; 
(5) th1 flood prot1ction 1ystea; and (6 ) the 1upport and aonitorin& •yateas . 
A review of the11 •y•tea• by the NRC 1taff hal indica~•d ~hat ~he1e •yateal 
can provid• a reasonable as1urance tha~ the facility can be aain~ained in a 
defueled condition vi~hout undue riak to the health and 1afety of the public 
or the environment . 
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CQNCLQSIONS 

On the be1l1 of the aaterlal racelved fro• the llcen1ee and independent 
evaluation and aea1ureaent1 , the ataff conclude• that the propo1al to place 
TKI-2 lnto PDKS 1• v1thln applicable reJUlatory lla1t• and can be t.pleaented 
vlthout alsnlflcant rl•k to the envlronaent or the public . 
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1 INTRODUCTION 

Polt-defue1in& aonitored l tor•&• (PDKS) va1 initially propo1ed in a letter 
fro• the licenaee (Cenerel Public Utilitiea (CPU) Nuclear Corporeti~n (CPUNC)) 
to the U. S. Nuclear Resulatory Co .. i11ion (NRC) dated Deceaber 2 , 1986 (CPU 
1986) . However, the concept of PDKS va1 firat introduced by the Three Mile 
I1land Unit 2 (TKI-2) Adviaory Panel on April 12, 1984 (NRC 1984b) . The 
approach to PDKS va1 expended vhen the licenaee aub•itted ita environmental 
evaluation of PDKS on Karch 11, 1987 (CPU 1987a) . · 

In reaponae to the licenaee'a propo1al to place the TKI-2 facility into PDKS 
at the end of dafuelin&, the NRC ataff evaluated the environmental t.pacta 
a1aociated vith the licenaee'a propo1al . A draft 1upple•ent to the ori&inal 
pro&r ... a tic environmental iapect atate .. nt (PElS) related to the decontami
nation end diapo1al of radioactive va1te1 relultin& fro• the accident vee 
publi1hed a1 NUREC 0683, Suppleaent 3 , in April 1988 (NRC 1988b) . Thia draft 
1upple•ent vaa circulated to Federal , State , and local &overn.ent •&•nciea 
and to intereated •eabera of the public for co111ent. The final 1uppleaent, 
publi1hed in Au&ult 1989 (NRC 1989a), containa the NRC ataff ' a evaluation of 
the anvironaentel iapecta or the licenaee'a propo1al for PDKS , a1 ve11 a1 a 
nuaber of alternative1, and eatebliahed ran&•• for the expected plant condi
tione and the expected radiation expo1ure . 

By letter dated Ausuet 16, 1988 (CPU 1988b) , the licenaee requeated that TKI-2 
l.icenae No . DPR-73 be amended to a po11e1aion-only licenae end that the 
licen•• authorize iapleaentation of the propoaed PDHS plant confisuretion. 
The requeated action would allov the licen1ee to place the TKI-2 facility in 
aonitored atora&• · In a letter dated June 23, 1989 (CPU 19B9d) , the licen1ee 
indicated that the propoaed aonitored atora&e of TKI-2 would not extend beyond 
the operation of Three Mile I1land Unit 1 (TKI-1) . 

The licenaee trenaaitted the propoaed aaended facility licenae, the propoaed 
PDKS Technical Specification& , end the PDKS Safety Anely1i1 Report (SAR) vith 
ita letter of Ausuet 16 , 1988. The licenaee aupplied additional aupportin& 
inforaetion (CPU 1989a , 1989b, 1989c, 1989e , 19B9f, 1989&, 1990a , 1990b, 
1990c , 1991a, 199lb , 199lc , 199ld, 199le , end 1992) pertly •• a reaponae to 
NRC ataff reque1t1 (NRC 1989b, 19B9c, 1989d, 1989e, 1990a, and 1990b) 
reaultin& fro• NRC ' a detailed reviev of the licenaee'a propoaal foi PDHS of 
the TKl-2 facility . 

Pacific Northveat Laboratory under the direction of the NRC ataff haa 
evaluated the PDKS SAR throu&h Aaendaent 15 and prepared thia technical 
evaluation report . For the purpoaea of thi1 docuaent , the teraa •NRc ataff• 
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or •staffs• refer to evaluation& perforaed for this document by the Pacific 
Northvest Laboratory under the direction of the NRC staff and the results of 
Vhich are adopted by the NRC staff. Additionally, the staff has evaluated the 
PDKS proposal a&ainat the applicable raquireaents of 10 CFR Part 20 ; 10 CFR 
Part SO; 10 CFR Part SO, Appendix A (&eneral desi&n criteria); 10 CFR 
Part 100; and 40 CFR Part 190. 

lecau.e the TKI-2 reactor has been dafueled, there are no safety-related 
systeaa that pertain to safe shutdovn that are required to aaintain the unit 
durin& PDHS . Thu. , the purpose of this technical evaluation report is to 
evaluate the licensee ' s proposal to place the TKI-2 facility into PDHS and to 
ensure that the proposed action is vithin the scope of the PElS and its 
supple•ents . This document provides the basis for requireaents necessary to 
ensure public health and safety and protection of the environaent . 

Section 2 of this technical evaluation provides a brief re&ulatory history of 
the TKI-2 facility . Section 3 provides a description of PDHS . Section 4 
di1cusse1 the status of the facility before entry into PDHS , and Section 5 
liJtJ and describes the major prerequisites for facility confi&uration at the 
Jtart of PDHS . Section 6 provide• a detailed discussion of the structure• , 
syJteas, and coaponents that are u.ed to ensure that the environaental 
protection syJteas are satisfactory and that the facility can be safely 
aaintained durin& PDHS . The conclusion is provided in Section 7, and 
reference aatarial is listed in Section 8 . 
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2 REGULATORY HISTORY 

Three Mile leland Unit 2 vaa iasued an operating license on February 8, 1978. 
The accident on Karch 28, 1979, involved a losa of reactor coolant and 
resulted in serious damage to the reactor fuel . On July 20 , 1979, the ~~C 
iasued an order (NRC 1979a) suspending the licensee'a authority to operate the 
TKI-2 facility and requiring that the licensee maintain the facility in a 
shutdown condition in accordance vith approved operating and contingency 
procedurea. Initially, because the exact extent of the damage vas unkno~~. it 
appeared (in the absence of a true understanding of the extent of the damage ) 
that the facility could be refurbished and vould operate again. A subsequen~ 
order, dated February 11 , 1980 (NRC 1980), provided nev proposed Technical 
Specifications , which modified or replaced all Technical Specifications in 
Appendix A. These Technical Specifications vere contested by a member of the 
public and vere not issued in final form until January 27 , 1987 . The licensee 
retains a 10 CFR Part SO license aince the Atomic Energy Act of 19S4 , as 
amended, requires a license for po1session of a defueled reactor. 

On July 20, 1981 , the ~~C iJsued an exemption to the requirements of 10 CFR 
Part S0. 71 (e) for License No . DPR-73 . The exemption deleted the requirement 
to periodically update the TKI-2 FSAR to reflect true plant conditions. The 
exemption required the licensee to use instead Syatem .Deacriptions (SDs) and 
Technical Evaluation Reports (TERs) for documenting changes made to the 
facility during the cleanup. These doeuments are required to be updated 
annually. The licensee has proposed using the August 16, 1988, PDKS SAR as 
the licensing basis document for PDKS and vill periodically update the PD~S 
SAR to reflect current plant conditions . (See proposed Technical Specifica
tion 6.8 . 1 . 3b and CPU 199le , SAR 3 . 1. 1. 56 . ) 

Following mitigation of the accident and atabllization of th~ facility, the 
licensee's efforts have been focused largely on the removal and treatment of 
the accident-generated water, decontamination, and removal of the reactor 
fuel .* 

In 1988, Amendment 30 to the TKI-2 license (NRC 1988a) defined the plant 
conditions corresponding to three facility •odes. Kode 1 vaa defined as the 
condition wherein the reactor vaa subcritical vith an average reacrur coolant 
temperature of less than 200•F. The facility vas in Mode 1 shortly after the 

* A more detailed description of the facility's history and the cleanup 
efforts can be found in the Programmatic Environmental I~pact Statement, 
NUREC 0683 dated Karch , 1981 (NRC 1981) as supplemented . 
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accident and continued so to the end of active defuelins. Mode 2 vas defined 
as the facili~ condition in vhich (1) the reactor vessel and the reactor 
coolant systea vera defueled to the extent reasonably achievable , (2) the 
possibility of a criticality in the reactor buildin& vas precluded, and 
(3) all canisters containin& core aatarial vere reaoved from the reactor 
building. Mode 3 vas defined as aeeting the conditione of Mode 2 plus the 
reaoval of any canisters containing core aaterial from the THI-2 aite . The 
THI-2 facility is currently in Mode 3. The nuaber of Technical Specifica
tiona, including the need for criticality aonitorin& and for the presence of 
operator• in the control room, vas also reduced vhen the facility progressed 
into Mode 3 . 

All postaccident operations at THI-2 vera conducted under the folloving 
re~Ulatory objectives: (1) to aaintain reactor safety and control of 
radio£ctiva releases; (2) to ensure that environmental impacts of cleanup are 
ainiaized and that radiation exposures to vorkers, to the public, and to the 
environment are vithin resulatory liaits and as lov as is reasonably achiev
able ; and (3) to ensure interla safe storage and/or disposal of radioactive 
vastes fro• cleanup operations (NRC 1984a) . During cleanup activities, the 
~~C staff has , vhere appropriate, issued license amendments to the THI-2 
Technical Specifications requested by the licensee that reflected changin& 
plant conditions. 

Durin& the extended period of PDHS, the ~~C staff vlll conduct periodic 
inspections of the licensee's coapliance vith the licensing basis documents 
(including but not llaited to the licensee ' s Safety Analysis Report , the Fire 
Protection Program Evaluation (FPPE), the Offslte Dose Calculation Manual 
(ODCH), the Radiological Environmental Monitoring Prograa (R~~P) , the PDHS 
Quality ~surance Plan , and PDHS Technical Specifications) and the 
requireaents of the Code of fedrral Rr&ulotfons (CFR) . 

2-2 



3 DESCRIPTION OF POST~DEFUELINC MONITORING STORACE 

The lie•~•• propoaea to place the TMI~2 facility in lon&~tera aonitored 
etor•&• until TMI- 1 1a deco.aiaaioned. The lica~ee atated that TMI-2 vill 
reaain in aonitored atorege no later than the end of TMI-1 operation (CPU, 
1990a), at vhich ti .. both unlta vould be 4aco .. iaaioned . The preaent TMI-1 
lice~• axpirea on April 19, 2014. The lice~••• in a recent aaendment, 
requested a licenae extenaion for TKI-2 to April 19, 2014 (thla aaendment 
requeat ia bein& proceaaed ••R•rataly). Therefore , if PDKS be&ina in 1991 , 
and the licenaea ia alloved to de!er deco .. issioning until the expiration 
4ate of the TKI-1 licenae (2014), then the duration of PDKS vould be 23 years 
(the length of tiae between 1991 and 2014) . Thus , for the purpoees of~is 
technical evaluation, the etaff used a atorage period of 23 years . If the 
licenae extenaion requeat ia not granted, then the duration o! PDKS vould be 
1••• than 23 yeara . A atorege period of less then 23 yeara vould be encoa
pasaed by thia evaluation. A atorage period o! aore than 23 years would not 
neceaaarily invalidate thia technical evaluation , although additional analyse• 
(such as analyaes of surveillance prograaa ) aay be required for s i gnificantly 
longer storage periods . At the end of the storage period, the facility vould 
be daco .. iaaioned. Deco .. iaaioning ia not evaluated in thia technical 
evaluation. 

The licenaee haa atated (CPU 1987b) that a aonitorad atorage period vould be 
beneficial for aevaral reaeona : (1) occupational doae in the plant vould be 
reduced during aonitored atorage because of natural decay of radioactive 
contaaination; (2) a aonitored atorage period vould allow tiae for continued 
developaent of decontaaination technology eo that the aoat effective and 
efficient techniquea aay be applied; and (3) further reduction in occupational 
expoaure could be achieved through the use of advanced robotic technology, 
autoaatic cleaning and cheaical cleaning technique&, and advanced vaste 
traataent aethoda developed during PDKS . 

The licenaee baa further indicated (CPU 1988a) that durin& the PDKS period , 
both the developing technology for radioactive vaate peckagin& end voluae 
reduction could reault in a reduction in the total volUNe of radioactive ves t a 
generated following PDKS . ln addition, the licanaee haa atated that plecin& 
the TKI-2 facility in atorege until the deco .. iaaionin& of TKI-1 vould allow 
a aore efficient uae of the aite deco .. iaaionlng vork force and ellainate any 
poasible lapact of TKI-2 decontaaination and deco .. iaaionin& efforta on the 
operatin& TKI-1 facility . 
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Durin& PDKS, the TKl-2 facility would be in lon&- term aonitored stora&e , 
siailar to the decomaissionin& aode SAFSTOR , in which the facility is secured , 
aonitored, and aa i ntained in a aanner that ensures the protection of the 
public health and safety for an extended period. 
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4 STATUS OF FACILITY BEFORE POST- DEFUELlNC MONITORED STORACE 

The March 28, 1979 , accident at the TMI-2 facility involved a loss of reactor 
syste• coolant and reeulted in serious d&.a&• to the reactor fuel . Vhen 
coolant vas restored, radioactive contamination in the for. of core debris and 
fisr ' on products vas distributed by the coolin& vater throu&hout the reactor 
cool~nt systeD. A portion of the vater, carryin& core debris and fission pro
ducts as dissolved and particulate Daterial , escaped from the reactor coolant 
system and !loved into the reactor buil~in& basement . Exposed surfaces in the 
reactor buildin& and the auxiliary and fuel-handlin& buildin& (AFHB) vere 
contaminated vith .. terial in the reactor coolant and from radionuclides that 
became airborne as steam that had escaped from the reactor coolant system and 
then had condensed durin& and shortly after the accident. 

THI-2 cannot operate end has not operated since the accident . Follovin& 
aiti&etion of the accident a1.J stabilization of the facility , the licensee ' s 
efforts have focused lar&ely on the removal and treatment of the accident
&enereted vater, decontamination of the facility, end removal of the fuel . 

4 . 1 Disposal of Accident-Generated Yater 

Approxi .. tely 2 . 3 aillion &allons (8 . 7 aillion liters ) of the accident
&enerated vater (as defined in the February 27, 1980 , aareeaent between the 
City of Lancaster , Pennsylvania ; Metropolitan Edison Coapany ; and the ~~C) 
have been processed throu&h decontamination systems and placed in storage 
vhile avaitin& final di sposition , The NRC staff evaluated the environmental 
iapact of the disposition of the accident- generated vater in Final Supple
aent 2 to the PElS (NRC 1987) . A continuous effluent aonitorin& aystem vith 
an operatin& ventilation systea is bein& used to monitor releases durin& 
diaposition of the accident-aenerated vater . Diaposal of the accident
&enerated vater aay not be coapleted before the facility is ready to enter 
PDKS . AI of Deceaber 21, 1991 , over a aillion &allons (aore than 3. 79 aillion 
liters) have been evaporated. However, the disposition of the accident
aenerated water vill not have a significant effect on the PDHS configuration 
of the facility . The NRC staff evaluated the effect of disposin& of the 
accident-&enerated Vater in the safety evaluation for the accident-&enerated 
water evaporator (NRC l989f) and in PElS Supplement 2 (NRC 1987) . 

4 . 2 Decontaalnatlon of facilitiel 

The licensee has con~~cted an extensive decontamination pro&ram since the 
accident . The recr ~ery activities were pr imaril y focused on reaoval of the 
reactor fuel. L.tensive decontaminat ion vas undertaken to expand acce11 to 
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the f acility and to ensure that occupational exposures vare aa lov • • is 
reasonably achievable (ALARA). The decontamination activities to date are 
discussed for the AFHB, the reactor building, and other contaminated 
facilities. 

4 . 2 . 1 Auxiliary and Fuel-Handling auilding 

The interior of the AFHA and 26 piping ayate•• in the AFHB vere contaminated 
as a result of the accident, although l ess severely than the reactor building . 
Cleanup of the AFKa began shortly afte r the accident . Considerable amounts of 
debris and contaminated equip•ent have been re•oved, contaminated ayste• s have 
been flushed, and the building and equip•ent have been decontaminated . 
Decontamination of the .AFHB, vhich consists of 137 a reas (cubicles), has 
resul t ed in the radiation and contamination levels shown in Table 4 . 1 ._ 
Several of the cubicles contain air-handling units, in vhich the r adiological 
condition changes vith each regularly scheduled filter change . Likewise, the 
status of the truck bay cubicle varies because of the ongoing vork activities . 

As part of the decontamination program, the licensee has established 
contamination-level goals for entrance into PDKS for each area of the AFHB . 
The contamination-level goals to be reached for most areas before place•ent 
into PDKS have been established and are also given in Table 4 . 1. If the 
decontamination goals cannot be met because of the unique situation at TKI-2 
or ALARA considerations, the licensee vill provide an evaluation of the 
specific situation to the NRC . 

The radiological assessment of the facility vill be completed by the licensee 
and verified by the ~~C staff before entry into PDMS (CPU 199la, SAR 5.3 . 2). 
Radiological surveys vill serve as a baseline for PDMS . Vhen PDKS begins , 
moa t of the cubicles and the corridors vill have been decontaminated to levels 
similar to those in an undamaged reactor facility nearing the end of its 
operating life ; thus, these cubicles could be accessible . The licensee has 
indicated (CPU 199la, SAR 7. 1. 2 . 2) that the auxiliary building vill be locked 
but vill be accessible for periodic surveillance entries and other limited 
activities . 

The fuel-handling portion of the AFHB vas decontaminated and used during 
cleanup for handling of the defueling canisters. Defueling operations re
contaminated the facility . Now that fuel removal has been completed, the fuel 
pools vill be drained and the facility d· ntaminated. ine fuel-handling 
portion of the AFHa that is above elevatl· 347 feet 6 inches is in direct 
contact vith the fuel-handling building in the TKl-1 facility and vill r emain 
ventilated and filtered through the TKl-1 operations . 

Levels of residual removable contamination for the AFHB are given in 
Table 4 . 2 . The licensee has estimated (CPU 199ld , SAR Tables 5. 3- 5 and 5. 3-6} 
that less then 0.5 curie of removable contamination is present in the AFHB and 
in other contaminated buildings at TKI-2. No data is available for 17 of the 
areas for various reasons, including changing radiological conditions aa 
preparations are made for PDKS . However, the licensee has committed 
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Cubicle 
Nu.ber 

AXOOl 

AX002 

AX002a 

AX003 

AX004 

AX005 

AX006 

AX007 

AX008 

AX009 

AXOlO 

AXOU 

AX012 

AXOlJ 

AX014 

AX015a 

AX015b 

AX016 

AX017 

Table 4 . 2 Surface Contaaination in the A xillary and 
Fuel-Handlin& Buildln&(a) 

Area Description 

Reactor Bulldln& Eaeraency Coolin& 
Booster Pu.ps Area 

Acceas Corridor 

Nltroaen Pipln& Syste• 

Access Area 

Seal Injection Valve Roo• 

Makeup and Purification Pump lC Roo• 

Makeup and Purification Pump 16 Room 

Makeup and Purification Pump lA Room 

Spent Resin Storaae Tank 16 Room 

Spent Resin Storaae Tank lA Room 

Spent Resin Transfer Pump Room 

Auxiliary Bulldln& Sump Tank Pumps 
and Valve Room 

Auxiliary 6ulldln& Sump and Tank Room 

Evaporator Condensate Tanks , Pumps, 
and Demlnerali~er Room 

Reactor Coolant Evaporator Room 

Cleanup Filtera Room 

Cleanup After Filters Roo• 

Cleanup Deminerall~er 2A Room 

Cleanup Demlnerall~er 26 Room 

Principal 
hotopea(b) 

A 

A 

A 

A 

c 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

See footnotes a t end of table . 
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Curlea(c) 

2. 61£-4 

2. 90£-4 

(d) 

1.35£-4 

9 .41£-4 

7. 54£-4 

7 . 54£-4 

7 . 54£-4 

6. 82£-3 

3. 92£-3 

7. 33£-2 

8. 39£-5 

3 . 33£-4 

1.08£-4 

3 . 73£-4 

2 . 48£-4 

2 .48£-4 

4 . 23£-4 

4 . 23£-4 



CUbicle 
Nu.bar 

AX018 

AX019 

AX020 

AX021 

AX022 

AX02J 

AX024 

AX02S 

AX026 

AX027 

AXlOl 

AX102 

AXlOJ 

AX104 

AX lOS 

AX106 

AX107 

AX l OS 

Tabla 4 . 2 (cont'd) 

Area Deacription 

Waste Transfer Pumpa Room 

Vaate Disposal Liquid Valve Room 

Reactor Coolant Bleed Holdup 
Tanks lB and lC Room 

Reactor Coolant Bleed Holdup Tank lA 
Room 

North Stahvell 

Elevator Shaft (inside cab) 

Auxiliary Building Sump Filters Room 

Area Betveen Service , Control , and 
Reactor Building 

Seal Injection Filter• Room 

South Stairvell 

Radvaste Disposal Control Panel Area 

Reactor Building Sump Pump• Filter• Room 

Motor Control Center 2-llEB Room 

Motor Control Center 2-21E8 Room 

Substation 2- llE Room 

Substation 2-21E Room 

Motor Control Center 2-llEA Room 

Motor Control Center 2- 21EA Room 

See footnot e• at end of table . 

4-14 

Principal 
hotopu(b) 

A 

A 

II 

A 

A 

A 

a 

c 

A 

A 

Curiu(c) 

2. 99E-4 

6 . 94E-4 

7. 28E-J 

r . 20E-J 

J . BSE-6 

l.OBE-4 

2 . 27E-4 

9 . 36E- 5 

4 .85E- 5 

J . 89E-6 

B.JSE-5 

1.82E-4 

4 . 16E-5 

4 . 16E-5 

9. 58E-5 

l.OBE-4 

1. 16E-4 

8 . 86E-S 



Cubicle 
Nuaber 

AX109 

AXUO 

AXlll 

AX112 

AX113 

AX114 

AX115 

AX116 

AX117 

AX118 

AX119 

AX120 

AX121 

AX122 

AX123 

AX124 

AX125 

AX126 

AX127 

Table 4 . 2 (cont'd) 

Principal 
Area Description IsotopesCb) 

Nuclear Services Coolers and Pumps Area A 

Intermediate Coolers Area A 

Intermediate Cooling Pumps and A 
Filters Room 

Seal Return Coolers and Filter Roo• B 

Vaste Cas Analyzer Room A 

Kakeup and Purification Demineralize r A 
lA Room 

Makeup and Purification Dem1neralizer A 
lB Room 

Kakeup Tank Room B 

Kakeup and Purification Filters Room B 

Spent Fuel Coolers and Pumps Area A 

Spent Fuel Demineralizer Room A 

Spent Fuel Filters Room A 

Elevator Shaft (inside cab) A 

North Stairwell A 

Access Area A 

Concentrated Liquid Vaste Pump Room A 

Vasta Cas Decay Tank lB Room A 

Vaste Cas Filter Room A 

Vaste Cas Deeay Tank lA Room A 

See footnotes at end of table . 
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Curiu(c) 

2 . 36£-4 

1. 32£-4 

1. 11£-4 

3. 60£-4 

7. 20£-4 

4 . 23£-5 

5. 23£-5 

3. 80£-4 

2. 75£-1 

1.29£-4 

1.20£-5 

4 . 51£-6 

6 . 61£-6 

1.77£-6 

3 . 33£-4 

1. 96£-4 

5. 79£-4 

1.50£-4 

5. 79£-4 



-------------------------------------------------------------------------------------------

Cubicle 
Nllllber 

AX128 

AX129 

AX130 

AX131 

AX132 

AX133 

AX134 

AX135 

AX20l 

AX202 

AX203 

AX204 

AX205 

AX206 

AX207 

AX208 

AX209 

AX210 

AX211 

Table 4.2 (cont'd) 

Area Description 

Valve and Instruaent Roo• 

Deborating De•ineral1zer 18 Roo• 

Deboratins De•ineralizer 1A Roo• 

Miscellaneous Veste Holdup Tank Room 

Corridor Between Unit 1 and Unit 2 

South StaiNell 

Miscellaneous Vasta Tank ~ps Roo• 

Radwaste Disposal Control Panels 

North Stall'\lell 

Elevator Shaft 

4160V Switchgear 2-lE Roo• 

4160V Switchgear 2-2E Roo• 

Reactor Building Purge Air Supply and 
Hydrogen Control Exchange Area 

Reactor Building Purge Air Exhsust 
Unit 8 

Reactor Building Purge Air Exhaust 
Unit A 

Auxiliary Building Exhaust Unit B 

Auxiliary Building Exhaust Unit A 

Fuel Handling Building Exhaust Unit 8 

Fuel Handling Building Exhaust Unit A 

See footnotes at end of table . 
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Principal 
lsotopu(b) 

A 

A 

A 

A 

A 

A 

A 

" 
A 

A 

A 

A 

" 
A 

A 

A 

A 

A 

A 

Curlea(c) 

1.60E-4 

l.BlE-4 

1. 88E-4 

4. 62E-4 

(d) 

6 .05E-5 

3 .56E-4 

(d) 

3. 59E-5 

5.85E-6 

1.47E-4 

1.53E-4 

2. 69E-4 

(d) 

(d) 

(d) 

(d) 

(d) 

(d) 



Cubicle 
Nwabar 

AX212 

AX213 

AX214 

AX215 

AX216 

AX217 

AX218 

AX219 

AX220 

AX221 

AX222 

AX223 

AX301 

AX302 

AX303 

AX401 

AX402 

AX403 

AX501 

AX502 

Tabla 4. 2 (cont'd) 

Principal 
Area Deacription IaotopesCb) 

Decay Heat Sur&• Tank and Substation A 
Area 

Unit Subatations and Acceas Area A 

Decontamination Facility A 

Fuel Handlin& Buildin& Supply Unit A 

Auxiliary Buildin& Supply Unit A 

Access Area A 

Concentrated Yaste Star•&• Tank Room A 

Instrument Racks and Atmospheric A 
Monitor Area 

Caustic Liquids Kixin& Area A 

Caustic Liquids Kixin& Area Corridor A 

South Stairwell A 

Air Handlin& Units Ceneral Area A 

Elevator Shaft and Elevator Machine Room A 

North Stairwell A 

Elevator and Stairwell Access A 

Roo! A 

Coolin& Yater Surse Tanka Room A 

Damper Room A 

Reactor Buildin& Spray Pump 1A Room B 

~eactor Buildin& Spray Pump 18 Room A 

See footnotes at end o! table . 
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CuriesCc) 

4 . 22E-4 

3. 33E-4 

( d) 

(d) 

(d) 

3. 69£-4 

1.87£-4 

1. 11E-4 

6 . 29£-5 

1.68£-4 

3. 14E-5 

5 .28£-4 

(d) 

( d ) 

( d ) 

( d ) 

(d) 

( d) 

3. 93£-5 

6. 25£-3 



Cubicle 
N\lllber 

AXSOJ 

AX504 

moot 

moo2 

m003a 

moo3b 

moo4 

moos 

moo6 

moo7 

moos 

mo09 

moto 

mou 

mo12 

rnon 

f1(014 

m101 

ntl02 

m1o3 

Table 4 . 2 (cont'd) 

Area Description 

Decay Heat Removal Cooler and Pump lA 
RooD 

Decay Heat Reaoval Cooler and PuDp 1& 
Roo• 

Makeup Suction Valve Room 

Access Corridor 

Makeup Discharge Valve RooD 

Makeup Discharge Valve RooD 

Vestinghouse Valve Room 

Mint Decay Heat Vault 

Decay Heat Service Coolers Area 

Neutralizer and Reclaimed Boric Acid 
Access Area 

Neutralizer Tanks Pumps RooD 

l!eutralizer Tanks Room 

Reclaimed &oric Acid Tank RooD 

Reclaimed Boric Acid Pump Room 

Neutralizer Tanks Filters RooD 

Oil Drum Storage Area 

Annulus 

Makeup and Purification Valve Room 

East Corridor 

Sample Room 

See footnotes at end of table . 
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Principal 
botopu(b) 

A 

A 

8 

B 

8 

a 

A 

A 

A 

A 

a 

a 

A 

A 

A 

A 

A 

A 

A 

A 

Curiu(c) 

1.45£-3 

6 . 73£-4 

3.11£-3 

1 . 10£-4 

3. 84£-4 

6. 27£-4 

1.22£-3 

9 . 13£-5 

2 . 73£-4 

3 .03£-4 

6 . 03£-4 

4, 96£-4 

1.69£-S 

6 . 45£-5 

9. 20£-5 

2. 73£-5 

2. 90£-3 

5.09£-4 

1. 90£-4 

1. 85£-4 



Cubicle 
Huaber 

nt104 

nt105 

nt106 

nt107 

nt108 

ntl09 

ntllO 

ntlll 

nt112 

nt201 

nt202 

nt203 

nt204 

nt20S 

nt301 

nt302 

nt303 

Table 4 . 2 (conc'd) 

Area Descripcion 

IIese Corridor 

Kodel Roo11 

Monitor Tenks and Sample Sink Area 

Trash Coapaccor Area 

Truek Bay 

Spenc Fuel Pool A 

Subaer&ed Deaineralizer System Spenc 
Fuel Pool 

Fuel Cask Scora&e 

Annulus 

Ease Corridor 

llest Corridor 

Sur&• Tank Area 

Standby Pressure Control Area 

Annulus 

Upper Spent Fuel Pool A Area 

Subaer&ed Deaineraltzer System 
Operacin& Area 

Upper Standby Pressure Control Area 

See footnotes ac end of cable . 
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Principal 
botopu(b) 

B 

B 

Curies(c) 

1.72[-4 

3 .06[-4 

l.OOE-4 

8 . 62E-S 

(d) 

1.20E-l 

4 .49[-S 

8 . 36E-7 

1 . 72E-S 

1.88[- 4 

1.36E-4 

1.08E-4 

1. 63[-4 

1.43[-4 

1. 76E-4 

2 .01[-4 

4 .08[- 4 



Cubicle 
Nuaber 

FHJ05 

Table 4 . 2 {cont'd) 

Area Description 

Annulus 

Spent Fuel Pool ~ccess Area 

Principal 
lsotopeeCb) 

a 

A 

{a) Data were obtained from Table 5 .3-5 of CPU 199ld . 

CurieaCc) 

1.03E-4 

4 . 99E-4 

(b) The principal isotopes and their relative distribution are defined below : 
A a c 

Isotope Percent Isotope Percrnt Isotope Percent 
Sr-90 7 .44 Sr-90 39.4 Sr-90 82.5 
Cs-137 92 . 6 Cs-137 60 . 9 Cs-137 17 . 5 

Pu-238 0.0002 Pu-238 0.00006 
Pu-239 0 . 0023 Pu-239 0 .0007 
Pu-240 0 . 0006 Pu-240 0 .0002 
Pu-241 0 . 0288 Pu-241 0,0084 
Am-141 0 . 0004 Aa-141 0.0001 

{c) These are calculated values based on the specific decontamination goals 
given in Tables 5 .2-2 and 5.2-3 of CPU 199la . 

{d) No estimate available . 

(CPU 1990c, SAR 7. 2 .4 . 2) to performing a final radiological assessment before 
entry into PDHS . The ~~C staff will perform confirmatory measurements. 

4.2.2 Reactor auilding 

The primary decontamination effort has been focused on the reactor building 
and the reactor vessel itself. Extensive decontamination activities vere 
undertaken in the containment building to reduce dose rates to facilitate fuel 
removal . The accident-generated veter that had collected in the ba•ement has 
been removed to the extent practicable and processed to remove most of the 
radioactivity, and is awaiting final disposition (see Section 4.1) . Regions 
of the reactor building were decontaminated by high- and low-pressure flush
ing, hydroblasting, scabblin& of concrete, and removal of material and equip
.. nt . In addition , highly contaminated areas vere shielded to reduce dose 
rates in areas necessary for personnel access and work . The major sources 
of contamination remaining in the reactor building include core debris in 
crevices end plated on surfaces in the reactor vessel and reactor coolant 
system (discussed in Section 4 . 3) and sludge, core debris , and fission product 
material absorbed and plated onto surfaces in the containment building 
basement. 

Estimates of the amount of radioactive material inside the reactor building 
are given in Section 2 . 2 of PElS Supplement l (NRC 1989a) . Large·amounts of 
cobalt-60 may be present within the metal of the reac tor vessel and not easily 
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available for disposal . Strontlum-90/yttrium-90 and cesium-137 are the major 
radlonuclldes that could potentially be released from the reactor buildin& 
(see CPU 1990c, SAR 8 . 1.2). Table 4.3 provides the estimated quantities of 
these tvo Isotopes in the various locations in the reactor buildin&. 

Table 4 . 3 Estimated Quantity of Ceslum-137 and Strontium-9o(a) 

Cesium-137 Strontil.llll-90 
Location (curiea) (curies) 

Conerete block wall 19 , ooo(b) 9lo<c> 

Sludge on basement floor 35oCd) 4oo<d> 

D-rlngs 17,ooo<d> s3o<d> 

Floors, walls , overhead 
structures -2...22Q(d) ~(d) 

Total 43 , 350 2,440 

(a) Data were obtained from Table 4 . 3 of PElS Supplement 3 
(t."RC 1989a) . 

(b) An estimated 20,000 curies of cesium-137 ls present 
in the concrete block wall (CPU 1988b). However, 
since this estimate vas made , approximately 7 
percent of the activity in the concrete block vall 
has been leached from the structure , leaving an 
estimated 19,000 curies. 

(c) A ratio of 21:1 (based on leach rate tests [ANS 
1988)) vas applied to the ceslum-137 curie estimate 
before leaching (20,000 curies), and a conservative 
43 curies of strontil.llll-90 (CPU 1988d) vas assumed 
to have been removed during leaching of the concrete 
block vall . 

(d) CPU 1988b. 

4 .2 .3 Other Contaminated Facilities 

Ten areas (facilities) outside the AFHB and the reactor building were also 
contaminated during the accident : 

diesel generator •A• , elevation 281 feet 
service building , elevation 281 feet 
tendon access gallery 
service building, elevation 305 feet 
turbine building H-20 area 
turbine building H-20 area sump 
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turbine building, ~lavation 281 feet 
containment air control envelope building 
processed water storage tank sump 
borated water storage tank area . 

The licensee considers four of these areas to be decontaminated to their 
decontamination endpoint goals : diesel generator "A" , elevation 281 feet ; the 
tendon access gallery; the turbine building K-20 area ; and the borated water 
storage tank area. On the basis of measurements, the licensee has estimated 
that there is less than 0 .00038 curie of loose radioactive material available 
for release from 7 of the 10 contaminated areas (Table 4 ,4) . The licensee 
does not have final data for the aervice building, elevation 305 feet ; the 
turbine building, elevation 281 feet ; or the containment air control enve l ope 
building. However, the licensee has committed (CPU 199la, SAR Section 5 . 3. 2) 
to survey those facilities and provide the information in the PDKS SAR before 
entry into PDMS. The purpose of this survey is to establish a radiological 
baseline for the facility prior to entry into PDMS . Additional radioactive 
material is present i n closed systems within the listed areas that is 
considered to be conta i ned and not available for release . This material is 
not indicated in Tables 4 . 2 , 4 . 3, or 4 ,4 . 

The licensee has co==itted (CPU 199la , SAR 5. 3. 2) to complete the plant 
radiation and contamination surveys before entry into PDMS . Proposed PDMS 
license condition 2. F requires the licensee to submit the results of the 
cocpleted radiological survey to the ~~C pri or to entry into PDMS . The NRC 
staff will perform confirmatory measurements . 

4 . 3 Recoval o( thr fuel 

After extensive evaluation and study , the reactor head and upper plenum 
assembly were removed to permit access to the fuel in the reactor core . The 
internals indexing fixture vas placed on top o[ the reactor vessel , and a 
rotating , shielded work plat form vas placed on top ~r it . ~orking !rom this 
pl atform and using vacuum systems and long-handled tools, workers removed fro~ 
the reactor cost of the fuel (estimated by the licensee to be more than 
99 percent [CPU 1990c, SAR 4 . 3. 1}) . For the purposes of this document , fuel 
is defined as U02 (uranium dioxide) . Core debris is de(~ned as a mixture of 
fuel, structural material , and absorber material that resulted !rom the 
accident at TKI-2 and the subsequent c leanup . This material vas placed i n 
canisters and shipped off site . The quantity of fuel remaining in the TMI-2' 
facility vas measured using a variety of radiation measurement techniques , 
such as gamma dose rate and spectroscopy, neutron detection and activation/ 
interrogation, alpha particle detection, direct aampling and analysis , and 
visual inspection to determine the amount and location of remaining core 
debris . These techniques are described in detail in the •oefueling Cocpletion 
Report• (CPU 1989h, 1989i, 1989j , 1990d , 1990e, and 1990f) . Estimates based 
on measurements , sample analyses, and visual observations indicate that no 
more than 159 pounds {72 .4 kilograms) of residual fuel {i . e . , uo2) remains i n 
the reactor building, excluding the reactor vessel and reactor coolant system; 
less than 199 pounds {90 . 2 kilograms ) in the reactor coolant system; and l ess 
than 1339 pounds {609 kilograms) in the reactor vessel . Detailed estimates 
of t he quant i ty and l oca t ion of residual fuel (i .e ., uo2) in the teactor ' 
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buildin& end reactor coolant eyete• (includin& the reactor veeeel) ere &iven 
in Table• 4 . 5 end 4 . 6, reepectively . 

Table 4 .4 Surface Contamination - Other Buildinse<•> 

Cubicle 
Number Aree Description 

DCOOO Diesel Ceneretor "A" , Elevation 281 feet 

SBOOO Service Buildin&. Elevation 281 feet 

SB500 Tendon Ace••• Callery 

Service Buildin& , Elevation 305 feet 

SB002 K-20 Area 

SB002 K-20 Aree Sump 

RA101 

RA104 

Turbine Buildin&, Elevation 281 feet 

Containment Air Control Buildin& 

Processed ~eter Storese Tank Sump 

Borated ~eter Stores• Tank Area 

Curiu(b) 

3. 12E-4 

7 . 36E- 7 

6 . 39£-5 
Nl)(C) 

3 . 34£-6 

7 . 36E-7 

ND 

h'l) 

3.01E-7 

5. 52E-7 

(a) Data were obtained fro~ Table 5 . 3-6 of CPU 1990c . 
(b) The principal isotopes and their relative distribution ere 

defined below : 

Isotope 
sr-90 
Cs-137 

A 
Percent 

7 .4 
92 . 6 

(c) ND- no date . 
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Table 4.5 Final Raaidual Fuel Inventory Eatlaatea by Location 
ln the Reactor Buildin&(a) 

Location 

Reactor Veaael Head Asaembly 

Reactor Head Plen~• Asaeably 

Fuel Transfer Canal 

Core Flood Syatea 

Incore Instrument Cuide Tubes ln 
A D-Rln& 

Upper Endfittin& Storage Area 

Reactor Coolant Drain Tank 

Letdown Coolera 

Reactor Building Basement and Sump 

Tool Decontamination Facility 

Defuelin& Vater Cleanup Syatea 

Defuelln£ Tool Reck 

Teaporery Reactor Vesael Filtration 
System 

Reactor Building Draine 

Total 

2. 9 

4 . 6 

41.6 

9.7 

46 .2 

13 .0 

0 . 2 

8. 1 

2. 9 

0 . 2 

8. 1 

1.3 

9. 7 

<159.3 

Fuel Quantity 
(I.e . , uo2 ) 
(kllo&r&~~a) 

1.3 

2. 1 

18 . 9 

4 .9(b) 

21.0 

0 . 1 

3. 7(c) 

1.) 

0 . 1 

3 . 7 

0 . 6(d) 

4 .4 

<72 .4 

(e) Date vere obtained froa Table 4 . 3-1 of CPU 199le . 
(b) One fuel container containing three upper endfittinga v111 

remain atored in the deep end of the fuel tranafer canal and 
rather then in the endfltting atora&• container area •• atated 
in CPU 1990e . There are 1. 4 kllo&ram. of reaidual fuel in 
thi• container . The fuel value• in thi• teble have been 
chan&ed accordingly (CPU 199la) . 

(c) Miniaua detectable limit (KDL) 
(d) This value vaa changed from that given in CPU 1990e by CPUNC 

Calculation 4240- 3232- 90-066 , •Reactor Fuel Quantity on 
Defuelin& Toola,• Reviaion 0 , dated October 1990. 
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Table 4 . 6 . Final Residual Fuel Inventory Estimates by Location 
in the Reactor Coolant System and the Reactor Vessel<•> 

Location 

Reactor Veuel 

Ex-vessel Reactor Coolant System 

Pressurizer (including surge line) 

Once-Through Steam Cenerator A Side 
Upper Tube Sheet 
Tube Bundle 
Lover Head and J-Legs 
Hot Leg 
Cold Legs 
Core Flood Ltne 

Once-Through Steam Cenerator B Side 
Upper Tube Sheet 
Tube Bundle 
Lover Head and J-Legs 
Hot Leg 
Cold Legs 
Core Flood Line 

Reactor Coolant Pumps 

RCS Surface Films 

Decay Heat Drop Line 

Subtotal 

Total 

Fuel Quantity 

Pounds 
(i.e . , U02) 
(kilograms) 

1339 608 . 8 

1.1 0 . 5 

3 . 1 1.4 
3 .7 1.7 
9 . 7 4 . 0 
2 .0 0 . 9 

15 . 8 7 . 2 
1.3 0 .6 

79 . 2 36 .0 
20 .0 9 . 1 
22 . 2 10 . 1 
4 .0 1.8 
9 . 2 4 . 2 
0 . 9 0 .4 

13 . 6 6 .2 

10 . 1 4 . 6 

_u ---l...l 

199. 2 90 . 2 

1538 699 

(a ) Data were obtained from Table 4 . 3-1 or CPU 199le . 
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Table 4 . 7 Final Residual Fuel Inventory 'Estimates by Location 
in the Auxiliary (S~~) and Fuel-Handling Building<•> 

Cubicle 
Number<b) Area Description 

AX004 Seal Injection Valve Room 

AX006 Makeup and Purification PuDp lB Room 

AX007 Makeup and Pur1!1cat1on PuDp lA Room 

AX012 Auxiliary Building Sump Tank Room 

AXOlSafb Cleanup Filters Room 

AX019 

AX020 

AX021 

AX024 

AX102 
AX131 
AX134 

AX112 

AX114 

AXUS 

AX116 

AX117 

Vasta Disposal Liquid Valvo Room 

Reactor Coolant Bleed Holdup Tanks 
18 and lC Room 

Reactor Coolant Bleed Holdup Tank lA Room 

Auxiliary Building Sump Filters Room 

Reactor Building Sump Pump Filters Room 
Miscellaneous Vaete Holdup Tank Room 
Miscellaneous Vaste Tank Pumps Room 

Seal Return Coolers and Filter Room 

Makeup and Purification Demineralizer 
lA Room 

Makeup and Purification Demineralizer 
lB Room 

Makeup Tank Room 

Makeup and Purification Filters Room 

See footnotes at end o! table . 
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Fuel Quantity 
(l. a ., U02) 

Pounds (kilogrADs) 

0 . 07 0. 03 

0 . 2 0 07(c) 

o.s o.~J(c) 

0 . 2 0 . 10 

0 . 2 

0 .02 

7 . 7 

0 . 7 

0 .04 

0 . 22 

0 . 66 

2 . 3 

0. 3 

0 . 7 

0 . 13 

0 . 1o<c> 

0 .01 

3. 5 

0 . 31 

0 . 02 

0 . 10 

o . 3o<c> 

1.06 

0 . 13 

0 . 31 

0 . 06 



Cubicle 
Nwaber<b) 

AX128 

AX218 

AX501 

AX502 

AX503 

AXS04 

Fli001 

Fli002 
Fli004 
Fli014 

Fli003a 

Fli003b 

Fli101 

Fli109 

F1ill2 

Table 4 . 7 (cont ' d) 

Area Description 

Instrument and Valve Room 

Concentrated Vaste Storage Tank Rooa 

Reactor Building Spray Pump lA Room 

Reactor Building Spray Pump lB Room 

Decay Heat Removal Cooler and Pump lA Room 

Decay Heat Removal Cooler and Pump lB Room 

Makeup Suction Valve Room 

Access Corridor 
Vestinghouse Value Room 
Annulus 

Makeup Discharge Valve Room 

Makeup Discharge Valve Room 

Makeup and Purification Valve Room 

Spent Fuel Pool A 

Annulus 

Embedded Valves and Piping (Makeup System) 

Embedded Valves and Piping (Vaste Disposal 
Liquid Syste11) 

Total SNM Inventory 

Pounds 

0 . 02 

0 , 02 

0 . 02 

0 . 02 

0 . 02 

0 . 02 

1. 0 

0 . 35 

0 . 02 

0 . 2 

0 . 7 

8. 3 

0 . 02 

0 . 4 

0 . 9 

25 . 3 

(a) Data vere obtained from Table 4 . 3-2 of CPU 1991e. 
(b) All locations not listed contain less than 0 . 011 pounds 

(0 .005 kilograms) U02 per area . 
(c) Minimua detectable 11111t (MDL) . 
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Fuel Quantity 
(1. e . , uo2) 
(kilograms) 

0 . 01 

0 . 01 

0 . 01 

0 . 01 

0 . 01 

0 . 01 

0 .46 

0 . 16 

0. 01 

0 . 10 

0 . 32 

3 . 8 

0 . 01 

0 . 17 

0 . 04 

11 . 46 



During the accident , core debris vas transported by the cooling vater through 
the reactor coolant systea and into the AFH&, primarily through the make-up 
and purification system and the seal injection sylte=. Some of thi1 core 
debrl1 aay have further relocated Into other system• as part of the post
accident Vater proce11lng and cleanup activities . Core debris ha• been 
removed fro• tha1e system• . The licen•ee estiaates (CPU 199le, PDHS SAR 
Table 4 . 3-2) that less than 96 pounds (12 kilograa1) of fuel (i . e . , U02) in 
the form of plated aaterial on the Interior aurfaces of piping and aa particu
late aaterial in dead lege, tanks, and so forth, re .. tn in the AFH&. Of the 
137 cubicles in the AFH& , lOS have been determined to contain less than 
0. 005 kilograms per area of residual fuel (i.e . , U02) (PDKS SAR Table 4.3-2) . 
The altlaated quantity of residual fuel (i.e . , U02) ln the cubicles ranges 
fro• the ainiaum detectable limit to almost 9 pounds (3 . 8 kilograa1), vith 
less than 26 pound• (12 kilograa1) total . The esti .. ted quantity and location 
of residual fuel (i . e . , U02) in the AFH& are given in Table 4.7. 

The safe fuel mass limit (SFML) and the corre1pondlng criticality analysis for 
the TKI-2 facility are discussed ln Section 5. 1 of this report . 
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S PREREQUISITES FOR POST-DEFUELING MONITORED STORAGE 

The basic criterion for reviewing the proposed PDKS is complience vith 
co .. ission reJUlations regardin& radioactive releases and aaintenance ·of PDKS 
environmental protection 1y1tems, coaponents, and ltructurea. The first six 
prerequi1itea for placin& the THI-2 facility into PDKS listed belov are b1sed 
on NRC staff evaluation of information provided by the licen1ee in the PDKS 
SAR 1. 1. 2 . 1 (CPU 1989e) . The seventh prerequisite belov vas identified by the 
NRC staff. 

1. Defueling of the facility to the extent reasonably achievable and ~o 
1uch a desree that a nuclear criticality ia precluded . 

2 . Shipment off site of all fuel and core debris that have been reaoved 
froa the reactor and associated systems . 

3. Removal of vater , to the extent practicable , fro• the reactor coolant 
system ; draining of the fuel transfer canal ; and isolation of the fuel 
transfer tubes . To the extent that the spent fuel pools are needed to 
store the accident-senerated vater before di1posal, water may reaain in 
these pools after the start of PDHS . 

4 . A reduction of the potential for release of radioactive material from 
the facility vithin the desisn objectives specified in 10 CFR Part SO, 
Appendix I, for offaite dose consequences ; and a reduction of the 
potential for instantaneous concentrations of released material vithin 
the li~its specified ln 10 CFR Part 20. 

S. Shipaent of£ site or packagin& and ata&ing for shipment of remaining 
radioactive vaate !roa the aajor THI- 2 decontamination activltiel . 

6. Determination and reduction of radiation levels within the facility ao 
that neces•ary and required plant aonitoring, aaintenance , and 
inspection• can be performed. 

7. Definition and establishment of a surveillance program for PDKS 
environmental protection systems to ensure public health and aafety. 

Each of these prerequisites is discussed belov. 
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S. l Reduction of Potential (or Accidental Crltlcollty 

Defueling of tha THI-2 reactor and re•oval of fuel fro• tho reactor coolant 
syato• and aoaociatad co.ponenta hava been co•pleted to tha axtent raaoonably 
achiavable . The licenaee dafined dafueling to the extent reasonably 
achievable (CPU 1990d) aa iaple•entation of the following objactivea : 

1. All fuel vill be removed that ia reaoonably a cceasible within 
technicelly practical methode; 

2 . Sufflclent fuel vlll be removed to ensure the absence of a potential 
criticality regardlesa of degree of acceasibility and level of 
difficulty; and 

3. Raaidual !uel that is not reasonably accessible by practical meana and 
ha1 been dotermined to hove no aignificant impact on public health and 
aafety DIY remain. 

The NRC staff concurred vith the licensee ' s definition of "defueled to the 
-xtent reasonably achievable . • In asaessing technical acceasibility and 
practicality , the NRC staff evaluated vhether nev technology vould have to be 
developed to remove additional core debris . The NRC staff also evaluated the 
additional costs both in dollars and in person-rem of radiation exposure to 
remove i ncremental quantities of core debris . The average unlt colt per 
kilogr .. of core debri• ramoved during defueling, ba1ed on information given 
in the licensee's DCB (CPU 1990e) , vas $1900 and 0 . 02 person-rem . The staff 
determined, based on information given in the licensee ' s DCR (CPU 1990e), that 
to remove signifi cant quantities of additional core debris , it vould be an 
order of magnitude more expensive monetarily and tvo orders of magnitude 
higher in personnel exposure . 

Residual fuel is primarily distributed as plated material on the internal 
surf~cas of the reactor vessel and components, reactor coolant pipes , 
pressurizer, ate&D generators , and reactor coolant pumps ; as aolid and 
particulate Dlterial in the lovor portions of the reactor vessel ; as 
particulate material in tanks, demineralizers , and dead lege in the piping 
systems ; and as sludge i n the reactor building basement and the auxiliary and 
fuel-handling building (AFH8) floor drains . 

The licensee has provided the result• of its analysis of thl fuel quantitiea 
remaining in the THI- 2 facility . It aubmitted its initial report , •oefueling 
Completion Report• (CPU 1989h) , to the NRC by letter dated JulyS , 1989. It 
submitted three &Dend=ents and a final report (CPU 1989i, 1989j , 1990d, and 
1990e) by February 22, 1990. The report vaa supplemented by a letter dated 
April 12 , 1990 (CPU 1990f), documenting the results of tho final cleenup 
following the lover head S&Dpling program, and containing a revised critical 
ity anal ysia that Dido use of the January 1990 vi deo inspection results . The 
report a• supplemented provides the licensee ' s estimate of the quantity of 
fuel reDiining and itl location , form , potential for mobility , and potential 
for criticality. The ! acility i• divided into four major areas : ( 1) the 
AFH8 , (2) the reactor building (out1ide the react or coolant •ystem and the 
reactor vea1el), (3 ) the reac t or coolant 1ystem, and (4) the r eactor vessel . 
Indiv i dua l locations v i th ln t hese larger areas ver e eva l uat ed i n detail . The 
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fuel estimates (as shown in Tables 4 . S and 4 . 6) are based on accident flov 
•odels, radiation measurements, and visual observations . 

The NRC staff reviewed the licensee's "Defueling Completion Report,• including 
the quantification of the fuel and the analysts of the potential for a 
criticality . In addition to the independent analysts of the criticality 
potential at the THI-2 facility , the NRC staff independently verified, on an 
audit basis , the licensee's estimates of fuel remaining at THI-2 following the 
defueling effort . The staff examined the potential for the licensee to have 
overlooked significant quantities of fuel and concluded that the licensee had 
identified all locations containing significant amounts (more than 9 pounds 
(4 kilograms)) of Tesidual fuel, i . e ., uo2 (NRC 1990c). The NRC staff 
conservatively chose 4 kilograms of fuel as significant because lesser 
quantities vould not change the conclusions of the staff ' s and the licensee's 
criticality analyses . The licensee's measurement results and the h~C staff 
reviev were used (1) to provide information regarding the quantity of fuel 
remaining in the THI-2 facility during the PDMS period proposed by the 
licensee and (2) to ensure that the possibility o! •~ inadvertent criticality 
was precluded for both routine conditions and conditlons involving the 
accidental shifting or movement of fuel. 

The sta!f has also performed verification measurements of the fuel quantities 
remaining in selected areas of the THI-2 facility (~~C 199la) . 'These measure
ments were performed in five cubicles of the AFHB and on four incore instz·u
ment guide tube bundles in the reactor building . The goal of the measurements 
vas to provide an Independent verification of the licensee's measurement of 
residual fuel . 

On the basis of the results of the measurements , the staff concluded that 
the licensee's analysis methodology generally ensured a conservative fuel 
estimate . In all but one location , the licensee's estimates of the fuel 
quantities were higher than the NRC staff's central estimates . The single 
exception was incore instrument guide tube bundle 7; however, the licensee's 
estimate of fuel remaining in the guide tube bundle was vithin the range 
estimated by the h~C staff . 

To evaluate the potential for a criticality in the remaining fuel, the h~C 
staff reviewed the licensee's calculation of the safe fuel mass limit (SFML) 
for the THI-2 fuel , that is, the quantity of fuel below which there vould be 
no possibility of an accidental criticality . 

The licensee calculated the SFKL by assuming an optimum fuel geocetry (size 
and shape of the fuel), optimum moderation, and an infinite water ref~ector . 
These assumptions provide the optimum conditions for a criticality. The 
licensee assumed that the fuel vas uniformly mixed. The licensee calculated 
the average enrichment of the three regions of the core after burnup to be 
2 . 24 percent . Using these assumptions , the licensee calculated the SFKL to 
be 309 pounds (140 kilograms) . The staff has found the licensee's SFKL of 
309 pounds (140 kilograms) acceptable only for the fuel that was transported 
out of the reactor vessel during the Harch 28, 1979. accident and subsequent 
de(ueling activities . Fuel samples taken by the licensee in the reactor 
vessel during the defuellng process have shown localized areas vhere the 
fuel enrichment exceeded 2 . 24 percent. On the basis of an enrichment of 

S-3 



2.67 weight percent (wt\) uranlum-235 corresponding to the burnup of the more 
highly enriched fuel, the NRC staff determined the appropriate SFML to be 
205 pounds (93 kilograas) of fuel (i . e . , U02) in the reactor vessel (NRC 
1990c) and 309 pounds (140 kilograms) outside the reactor vessel. The 
assumption is that fuel outside the reactor vessel is well m1xed and the 
average enrichment value (2 . 24 percent) applies . Thus, two SFMLs apply : 
205 pounda (93 kilograms) Cor fuel (i . e . , U02) located in the reactor vessel 
and 309 pounds (140 kilograms) Cor fuel (i.e., U02) located outside the 
reactor vessel . 

The staff compared the appropriate SFHL vith the quantity of fuel remaining ln 
four areas in the TKI-2 facility (1) the AFHB, (2) the reactor building, 
(3) the reactor coolant system, and (4) the reactor vessel . It evaluated each 
area separately because each area is physically isolated from the others and 
there is no transport mechanism available to cause inadvertent transport of 
fuel and core debris from one area to the other. Each of the arees is 
discussed below . 

5. 1. 1 Auxiliary and Fuel-H~ndling Building 

The estimated quantity of fuel (i . e ., V02) in the AFHB as given in the PDMS 
SAR (CPU 199le) is less than 26 pounds (12 kilograms) (Teble 4 . 7) . The 
largest quantity of fuel in a single cubicle vithin the AFHB is 8 . 3 pounds 
(3 . 8 kilograms) in FH109 , spent fuel pool •A• . The total quantity (26 pounds 
(12 kilograms)) is 8 . 6 percent of the SFHL for areas outside the reactor 
vessel . Verification measurements performed by the h~C staff indicate that 
the licensee's estimate of fuel quantities in the AFHB is conservetively high 
and the ectual quantities of fuel (i . e ., U02) remaining in the areas measured 
by the NRC staff were lower or within the range of the quantities reported by 
the licensee , 

5 . 1 . 2 Reactor Building 

The estlaated quantity of fuel (i . e ., U02) in the reactor building (not 
including the reactor coolant system or the reactor vessel) as given in the 
PDMS SAR (CPU 199le) is less than 160 pounds (72 .4 kilograms) (Table 4 , 5) , 
The largest quantity of fuel in a single location is in the sections of the 
flow distributor removed from the reactor vessel that contained incore 
instrument guide tubes that were bagged and suspended in the •A• D- ring. The 
licensee's measurements and estimates indicate that there are 46 pounds 
(21 kilograms) of fuel (i . e ., U02) in this location. Verificat~on measure
menta performed by the h~C staff indicate that this is a conservatively h igh 
estimate of the remaining quantity of fuel and that the actual quantity of 
fuel remaining in this location is the same as, or less than, that reported 
by the licensee (h~C 199la) . This is 15 percent of the ex-vessel SFML of 
309 pounds (140 kilograms) , using 2 .24 wt\ uranium- 235 enrichment , for areas 
outaide the reactor vessel . If the fuel (i . e . , U02) from all locations vithin 
the reector building (less then 160 pounds (72.4 kilograms) not including the 
reactor coolant syatem or reactor vessel) were to be combined , the total would 
be only alightly over 50 percent of the ex-vessel SFML. 
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5. 1. 3 Reactor Coolant System 

The estimated quantity of fuel (i .e . , U02) in the reactor coolant system 
outside the reactor vessel (see Table 4 . 6) as given in the POMS SAR (CPU 
199le) is 199 pounds (90. 2 kilograms) . This estimated is below the SFHL of 
309 pounds (140 kilograms) for areas outside the reactor vessel using an 
enrichment of 2. 24 vt' uranium-235 . The largest quantity of fuel (i . e . , U02) 
in a single location is in the •s• once-through steam generator upper tube 
sheet, where an estimated maximum of approximately 80 pounds (36 kilograms) is 
located , This amount of residual fuel exists primarily as tightly adherent 
material and vas not readily removable using available dynamic defueling 
techniques and is not readily transportable to other locations for accumula
tion . The remaining residual fuel is dispersed throughout the reactor coolant 
system in the form of finely divided , small-particle-si:e material and adher
ent film on surfaces . It should be noted that even if the remaining fuel 
became mobile and non:echanist i cally accumulated in the lowest point of each 
half of the reactor coolant system , the greatest possible quantity that coul d 
accumulate would be less than the 309-pound ( 140-kilogram) SFML (for areas 
outside the reactor vessel) . The separation of the two sides (A and B sides) 
of the reactor coolant system provides an additional margin of safety in 
isolating the remaining quantities of fuel . 

The ~~C staff reviewed the l i censee ' s estimates, including videotapes of 
inspections of the inside of the reactor coolant system, and concluded that 
the licensee's estimates were reasonable and conservative (h~C 1990c) . 

5. 1.4 Reactor Vessel 

On the basis of the results of the licensee ' s post-lover head sampling program 
cleanup (CPU 199le), the estimated quant i ty of fuel (i . e ., U02) in the reactor 
vessel is 1339 pounds (608 . 8 kilograms) (see Table 4 . 6) . This amount vas 
sisnificantly greater than the SFML for the reactor vessel of 205 pounds 
(93 kilograms) . For this reason, the licensee performed a separate criti
cality safety analysis . For the analysis , the licensee used in-vessel 
inspections of core debris locations and quantities to develop a specific 
three-dimensional analytical model of the fuel in the reactor vessel rather 
than making worst-case assumptions regarding the geometry and reflectivity . 
For the purposes of the criticality analysis , fuel vas specifically modeled in 
the reactor vessel bottom head , the lover core support assembly, and the core 
former area (i . e ., the area between the core former baffle plates and the core 
barrel) in the uppe r core support assembly. Figure 5. 1 shows the location of 
the reactor components . In other areas of the reactor vessel , the fuel 
accumulations within the vessel were considered to be too small or were 
separated from those areas where fuel vas located by enough distance (the 
equivalent of approximately 12 inches (30 centimeters ) of water) so as not to 
cause a reactivity increase as a result of neutronic interaction be~ween the 
areas . 

Fuel vas modeled as if it extended radially in from the core barrel to the 
maximum distance where fuel vas observed on each lover core support assembly 
plate . Also , the full periphery of each pl a t e vas assumed i n the model to be 



,..---------------------------------------------

..:...--Rotating, Shielded 
Work Pllltform 

Indexing 

} 

U::~ce~Ccre 
Succcrt 

------- Assemcly 

1 :....~--Lower Core ea~"'•' 

ll!.!._!.o:l---B~· :1: Plates 

1~:....:.~--Core Suoport Structure 

------·} Lower Cere 
Support 
Assemcly 

-----

Figure S. l Cutaway Viev of TMI-2 Ve••el Follovlnt Comple<lon 
of Defueling Effort 

5-6 



loaded vith fuel even though aome areas did not contain fuel (this latter 
assumption probably had only a marginal effect on the reactivity of the 
system) . The amount of fuel (i .e . , U02) that vas assumed in this model , 
6400 pounds (2910 kilograms) , vas conservative vhen compared to that vhich is 
estimated to remain in the vessel (1339 pounds (608 . 8 kilograms)) . Additional 
asauaptions included a fuel enrichment of 2.96 vt' uraniua-235 before burnup, 
vith no credit allowed !or the presence of structural and solid poison 
materials in the fuel or for moderation vith unborated vater . A kerr* of 
0. 95 vas used as the NRC ' s acceptance criterion, based on the limit allowed 
in Standard Technical Specifications (~~C 199lb) !or spent fuel atorage . The 
results of the licensee's analysis gave a ke[[ of 0 . 945, indicating subcriti
cality . The ~~C staff raviewed the licensee ' s calculations and verified that 
the assumpt ions used vere highly conservative and that the model used and the 
calculations made were correct, thus verifying that subcriticality is .ensured. 

The staff reviewed the licensee ' s reactor vessel measurements . It selected 
several areas within the reactor vessel with the potential !or uninventoried 
fuel and examined videotapes of the locations in detail . It determined that 
there vas some additional fuel that the licensee had failed to include in the 
estimates ; however, the amounts vere insignificant (probably less than 
2 .2 pounds (1 kilogram )) relative to ;he reported quantity of fuel (i . e_, U02) 
in the reactor vessel (1339 powads (608 . 8 kilograms)) . The staff decided to 
enlarge the audit sample size and examine additional areas . After additional 
evaluation and reviev , the staff concluded that the licensee had looked at and 
characterized the remaining fuel in all locations vithin the reactor vessel . 
The staff determined after revieving the videotapes of the selected locations 
vithin the reactor vessel and the calculation of residual fuel based on the 
video inspections that the licensee ' s estimates of residual fuel (CPU 1990!) 
are reasonable and conservative . 

Given the type and physical condition of the fissile material present , 
criticality vould be possible only if this material vere to accumulate in 
greater quantities at some location. In all areas outside the reactor vessel 
the SFML of 140 kilograms has not been reached , and intermixin& of the fuel 
vithin these areas could only be accomplished by deliberute action . The only 
area where fuel might be able to accumulate is in the lover head of the 
reactor vessel. In its analysis of the result of a redistribution of the 
available material into the lover head, the licensee assumed that 772 pounds 
(350 kilograms) is available for redistribution (this is all loose , fine 
granular debris and surface films but not material that is fused to the 
reactor internals) . The licensee 's model calculations indicate that , using 
the aos t conservative assumptions, this redistribution vould result ln a 
aaxiaum kef! of 0 . 913 . The ~~C staff concluded that this ls a conservative 
analysis , since auth of this core debris is in the annular gap and thus vould 

* The kerf can be defined as the effective multiplication factor. For a kef! 
of 1, the reactor is just critical ; neutrons are produced at the saae rate 
as they are lost , and the system is balanced. If kerf is less than 1 , the 
fuel is subcritical, and more neutrons are consumed than are produced . In 
this case, the chain reaction is not self-sustaining. For a ke[f greater 
than l, the system is said to be supercritical , and the number of neutrons 
and the power level increase with each generation . 
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not be available to be redlatrlbuted into the lover head. In addition, a 
erltleallty la precluded evan under accident conditione by the abaenca of 
aufflclent vater and the praaence of neutron poleona , lncludln& (1) 1•pur1tiee 
in the realdual fuel, (2) boron in any re .. tnin& vater, (3) atructural 
.. tarial, and (4) a atable and lnaoluble-neutron poiaon, vhlch baa been added 
by the licenaee to the botto• head of the reactor veaael follovin& dralnin& of 
the reactor coolant ayata• (CPU 199le, SAR 4 . 3. 5) . 

In the criticality analysis, the llceneee also considered the possibility of 
neutronlc couplln& of the core debrie vithln the veaael and the core debrla 
located in other areas of the facility . However, thla poaaibility vaa 
discounted as the core debris in theae areaa is vall separated from the core 
debris in other locatlona and no identifiable •ethoda exist for transportln& 
the fuel into or out of the vessel . 

The reaulta of the analyses indicate that there ia no potential for a 
criticality in the fuel =emeinin& in the TKI-2 facility durin& either noraal 
or accident conditions . The conservatism built into the model and the aafe
&uarde contained in the licensee'• co .. ltment •• a prerequisite to POMS to 
remove vater from the reactor veseel, the licensee'• coaaitment (CPU 199le, 
SAR 4 . 3. 5) to add a neutron poiaon into the reactor vessel, aa vall ae licen•• 
reetrictions on deliberate fuel movement (proposed PDMS Technical Specifica
tion 3. 2. 1. 1 and 3 .2 . 1. 2), vould further preclude the possibility of a 
criticality. 

If any fuel la re•oved fro• the reactor vessel in the future, the 205-pound 
(93-kilo&ram) SFKL vill apply to that fuel . This 205-pound (93-kilo&ram) SFKL 
vould be applied based on the potential for an enrichment of 2 . 67 vt' uraniua-
235 of the residual fuel to exi1t aa a result of little or no mlxln& of fuel 
havin& occurred. Also, if the fuel in the reactor ve1sel la rearran&ed 
outside the analyzed &eometrles uead in the reactor vessel criticality 
analyst~. the 205-pound (93-kllo&ram) SFKL vlll apply to the rearran&ed fuel . 
To enaure that the criticality calculations remain valid and that the &eometry 
of the remalnln& fuel remains aa defined in the criticality calculation•, the 
license conditicns prohibit takln& any action that vould result in the move
Dent of more than 45 percent of the SFKL (93 pounds (42 kllo&rams)) from or 
vlthin the reactor ve1sel without 1pecific prior approval of the NRC (propo1ed 
POMS Technical Specification• 3 .2.1 . 1 and 3.2.1.2). 

Ba1ed on reviev of the licensee ' s e1timate1 of .reJidual fuel and calculation• 
of SFHL and independent evaluation, calculation• and verification, the staff 
concludes that the prerequisite that the facility baa been defueled to the 
extent reasonably achievable an~ to 1uch a de&ree that a nuclear criticality 
ia precluded has been •et . 

5. 2 Remoyel of fuel end Core Oebrl1 From the Ibrcr Hlle Island Site 

All defuelin& cani1tera containin& core debris from the reactor and ae1ociated 
•yatem• have been removed fro• the reactor buildin& and shipped off aite . 
Re1idual fuel (i .e . , U02) re•eln• in the facility in the form of core debrl• 
lod&ed in structural &•P• and crevices, or as pleteout in the pipe• and on 
1urfece1 in the reactor coolant system end associated structures.• The 
licensee e1tlmatea that the total quantity of fuel remaining in the THI-2 
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facility is less than 1723 pounds (783 kilograms) (CPU 1991e) . This is 
estimated by the licensee to be less than 1 percent of the original inventory 
of fuel . The NRC staff bas verified that all remaining defueling canisters 
containing core debris have been removed from the reactor facility (NRC 
1990d). 

lased on review of the licansee'a records and observation of activities , the 
staff concludes that the prerequisite that all fuel and core debris that have 
been removed from the reactor and associated systems bas been shipped off site 
bas been mat . 

5 . 3 Bcmoyal of Votrr 

Evaporation of the accident-generated vater vas begun in January 1991 , and 
removal and processing of the wa ter will be completed either before or near 
the start of PDHS . The NRC staff evaluated the processing and disposal of the 
accident-generated water in a safety evaluation (~~C 1989f). In addition to 
romoval of the accident-generated water, the fire mains within the .reactor 
building will be closed with valves and drained before PDMS to minimi:e the 
pctential for introduction of water into the reactor vessel . 

As far as possible, water in the reactor vessel , the reactor coolant system, 
the reactor building fuel canal, and the fuel transfer tubes will be removed . 
The reactor vessel will then be covered to minimi:e the potential for water 
entry . The licensee bas drilled holes in the canal seal plate to prevent the 
refueling canal from filling . The submerged deminerali:er system and •a• 
spent fuel pool will be drained and shielded to permit personnel to enter to 
conduct aurveill6uce artivities . Ho~ever , some residual water will reaain in 
the facility; it is estimated (CPU 199la, Section 6 . 2. 27 . 2) that the reactor 
vessel will contain less than 10 gallons (38 liters) of Vater. The quantity 
of vater that will remain throughout the reactor coolant system is not enough 
to transport radioactive material within the facility . 

lased on observation of the facility , and review of the licensee ' s actions and 
commitments specified in the PDMS SAR . the staff concludes that the prerequi
site to remove, to the extent practicable. water from the reactor coolant 
system ; drain the fuel transfer canal ; and isolate the fuel transfer tubes 
vill be met . 

5 .4 Beducrion of the Potential for thr Relrosr of Radioocrivr Horcriol 

The potential for release of any significant quantity of radioactive material 
from THI-2 during PDMS has been minimi:ed by the removal of as much of the 
fuel and core debris as reasonably achievable and the decontamination of large 
aections of the reactor building and AFH8 surfaces, equipment , and piping. 
The major source of radioactive material remaining in the facility is inside 
the reactor building (see Section 4 .2) . 8oth routine and accidental releases 
of the• remaining radioactive contamination by atmospheric and liquid pathways 
ore considered in this section . Transfer of contamina~lon by pests is also 
considered, although not quantified . 
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S. 4 .1 Routine Atmospheric Releases 

Caseous effluent released from TKI-2 is limited by 10 CFR Part 20 (Appendix B, 
Table II , Column I) and the design objectives of Appendix I of 10 CFR Part 50 , 
For gaseous effluent from TKI-2 , the dose from radionuclides (other than noble 
gaseous effluent) must not exceed lS . O millirem to any organ for the calendar 
year. The concentration of radioactive material in air released to the 
atmosphere must not exceed the values specified in 10 CFR Part 20, Appendix B, 
Table II, Column I . The U.S . Environmental Protection Agency's envi ronmental 
standards for the uranium fuel cycle given in 40 CFR Part 190 require that 
"the annual dose equivalent does not exceed 25 millirem to the whole body , 
75 millirem to the thyroid , and 25 millirem to any other organ of any member 
of the public as the result of exposures to planned discharges of radioactive 
materials , radon and its daughters excepted, to the general environment from 
uranium fuel cycle operations and to radiation from these operations . • The 
proposed PDHS Technical Specification limits are based on the design objective 
annual exposure values specified in 10 CFR Part 50 , Appendix I . Appendix I 
states that the total quantity of all radioactive iodine and radioactive 
material in particulate form above background to be released in effluent to 
the atmosphere will not result in an estimated annual dose or dose commitment 
to any individual in an unrestricted area from all pathways of exposure in 
excess of 15 millirem to any organ. The calculated annual total quantity of 
all radioactive material above background to be released to the atmosphere 
also will not result in an estimated annual air dose from gaseous effluent at 
any location near ground level that could be occupied by individuals in 
unrestricted areas in excess of 10 millirad for gamma radiation and 
20 millirad for beta radiation. 

As indicated in Section 4 . 2, the major portion (approximately 46 ,000 curies) 
of the remaining residual contamination is in the reactor building. Thus , the 
calculated annual dose from routine releases from the TKI-2 ~acility is based 
on activity released from the reactor building. The licensee has stated in 
the PDMS SAR (CPU 199la, SAR 7. 2.4 . 3) that during PDHS , the reactor contain
ment will not be actively ventilated except before a~d during entries . 
Periodic entries will be made during PDHS into the reactor containment and the 
AFHB for measurement and surveillance activities . Before entry into the 
containment, the containment will be ventilated (CPU 199la, SAR 7 . 2.4 . 3) using 
the reactor building purge system. Effluent from the reactor building will be 
routed through the reactor building purge system to the station vent and will 
pass through two high-efficiency particulate air (IlEPA) filter banks ln 
series , Maintenance of the operability of the HEPA filters is contained >n 
the PDHS SAR (CPU 199ld , SAR 7. 2, 1 . 3. 2) . The station vent will be 
continuously monitored during reactor containment ventilation by an effluent 
monitor in the vent ; HP-R-219 or HP-R-219A (CPU 199ld , SAR 7. 2 . 4 . 3) , Vhen the 
reactor containment is not actively ventilated , a containment atmospheric 
breather will be used to maintain pressure equilibrium between the atmosphere 
and the reactor building . The containment atnospheric breather is a 6- inch 
(15 . 2-centlmeter) former hydrogen control system line in which a HEPA f ilter, 
24 inches by 24 inches (61 centimeters by 61 centimeters), has been installed 
between the reactor building and the Ants exhaust fan . The breather thus 
provides a HEPA-filtered pathway for effluent from the containment . Because 
the breather terminates inside the Ants , rather than emptying directly to the 
atnosphere , some ma terial carried by the air will be deposited by impaction 
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and plateout as the air pasJes through the Ants . The breather is the most 
probable pathway for passive ventilation from the containment building because 
the line i• very large compared to other potential leak paths . There is an 
isolation valve between containment and the HEPA filter that vill automatic
ally close upon receipt of a containment pressure increase of 0 .2S psi. The 
purpose of this isolation iJ to protect the breather HEPA filter in the event 
of e significant fire in the reactor building (CPU 199lb). 

A total of SO discharges of reactor building atmosphere particulate content 
per year wa• conservatively estimated by the licensee (CPU 1991 , SAR 8.1.2 . 1) 
for routine release calculations. This included both active ventilation of 
the containment using the reactor building purge syseem before entry for 
aeeJureaent and Jurveillance activities, and passive air changes through the 
atmospheric breather as a result of atmospheric pressure changes (conser-
vatively e•timated by the licensee to be 10 per year), -

Although the amount of radioactive material in the AFHS that is available for 
release is auch smaller than the amount in the reactor building , there is 
soae potential for a small offsite release . Unlike the reactor building, the 
AFHS is not designed to be leak-tight . Early in the PDMS period, the AFHS 
ventilation system will be continuously operated and the release monitored 
(License Condition 20 of License OPR-73). This circu=stance will provide for 
real-time monitoring of the airflow from the reactor building and the Ants to 
the environment by way of the effluent monitors in the station vent (HP-R-219 
or HP-R-219A) . The staff has determined that the normal ventilation system 
should be operated and continuous effluent monitoring conducted until an 
appropriate database has been established . The licensee has committrd 
(CPU 199le , SAR 7.2.4 . 3) to conduct a special aonitoring program of AFHS 
airborne levels of radioactive material for at least a 1-year period before 
PDMS , and for at least l year after entry into PDMS ( see Proposed PDMS License 
Condition 2.0). This special monitoring program will be temporarily suspended 
when activities in the AFHS are expected to generate significant airborne 
levels of radioactive materiel . The assumption is made (with the exception of 
activities generating significant airborne levels of radioactive material ) 
that the operation of the ventilation systea will result in greater resus
pension of radioactive material as a result of the air aovement than If the 
ventilation system vera shut down. Thus , aeesurement of radioactive mater ial 
being resuspended and removed !roa the building by the ventilation system 
during nor.el P&HS operations vill provide a conservative indication of 
potential releases from the AFHS in the absence of ventilation. 

The licensee has estimated the offsite dose from a 1-year routine atmospher ic 
release from the TMl-2 fac ility (CPU 1990e , SAR Table 8 . 1-S)) assuming no 
operation of the AFHS ventilation aystem except before entry of personnel. 
The licenaee'a estimate vas baJed on measurements of air ... ples aade during 
the period of time prior to routine reactor building entries . A first order 
rate equation vas used to determine the souree and depletion paraae~ers which 
approximate the observed behavior of the alr concentrations follovln& the 
initial krypton purge . The sink and source estl~ates vere used to predict 
equilibr of 1. 0 x 10-8 ~Ci/cm2 of cesiua-137 and 3.0 x lo-9 ~Ci/cm2 for 
stront l~ ~0/yttriua-90. The licensee conservatively assumed a total of 50 
dlschar~ s of the reactor building atmosphere perttc•:late content.per year (as 
indlcated previously) . This resulted in 2. 8 x 10-4 Ci/year of ceslua-137, 
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8.5 x to-5 Ci/year of strontium-90/yttrium-90 and 3.7 x 10-8 Cl/year of 
transuranics . The licensee estimated a dose commitment of 0 .01 millirem/year 
to the total body of the maximally exposed o!!site individual and 0 .02 
ailliremfyear to the bone of the maxi .. lly exposed o!!site indlvidual . The 
licensee ' s estlDAtes are also considerably s .. ller than the desi&n objectives 
apeci!ied in 10 CFR Part 50, Appendix I ; the limite &iven in 40 CFR Part 190; 
and in the licensee's proposed PDHS Technical Specifications . 

The NRC ataff has also independently esti .. ted the of!site dose !rom a 1-year 
routine release from the TMI-2 facility . The staff identified four major 
sources of potentially sus?endible contamination in P£IS Supplement 3 
(~~C 1989a): (1) the enclosed stairwell/elevator structure ; (2) the sludge 
residue on the reactor buildin& basement floor ; (3) the re .. ining surface 
contamination on the concrete valls , equipment, overhead structures , and so 
forth ; and (4 ) the surface contamination on the valls and equipment located 
in the D-rings . A resuspension factor* of 0 , 000002/ meter (Clayton 1970; 
Dunster 1962) vas applied to the fraction of contamination deemed to be 
potentially suspendible. Credit vas taken for the presence of double-stage 
HEPA filters in the reactor building purge system and of double-stage HEPA 
filters in the station vent !or air that left the reactor building by vay of 
the at mospheric breather system. 

The ~~C staff has estimated the amount of r adioactive material to be released 
annually during the PDMS period as 0 .0012 curie of strontium-90/yttrium-90 and 
0 . 013 curie of cesium-137 . ** This estimate is based on the assumption that 
a fraction of the contamination present in the reactor building becomes resus
pended and is either released to the atmosphere dur ing active ventilation of 
the containment or by vay of the breather pathway during ventilation of the 
IJ1t! . 

The s:aff ' s estimated release !rom the reactor building during a 1-year 
period (assuming operation of the AFH! ventilation and filtration syst~m) 
vould result in a 50-year dose co=mitment*** of approximately 1. 6 millirem 
to the bone of the maximally exposed o!!site individual and approximately 
0. 16 millirem to the total body of the maxiDAlly exposed o!!aite individual . 
The estimated dose !rom a 1-year routine release from the THI-2 facility ia 
considerably amaller than the design objective specified in 10 CFR 
Part 50, Appendix 1; the limits given in 40 CFR Part 190; and in the 
licensee's proposed PDHS Technical Specifications. 

Although the licensee has commi t ted to initially operate the AFH! ventilation 
system, the ~~C staff has also evaluated the release of contamination for 
the situation in vhich the ventil ation system is not operating . In this 
case, credit vas taken for the HEPA filter in the a t mospheric breather, but 

* The resuspension !actor is the ratio of a ir contamination (~Ci/m3) to the 
surface contamination (~Ci/m2) . · 

** Additional isotopes may be released as given in PElS Supplement 3 (NRC 
1989a) . However , strontlum-90/yttriuc-90 and cesium-137 account for more 
than 95 percent of the dose . 

*** 50-year dose commitment, as calculated by the ~~c. cannot be airectly 
compared to an annual dose as calculated by the licensee . 
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no credit vas taken for the additional deposition of material in the AFH8 from 
i~~pactlon and plateout or for the HEPA filten in the atation vent ." Inatead, 
the breather vas modeled •• if it emptied direc~ly to the atmosphere to ensure 
a conservative evaluation. The ataff calculated a poaaible releaae of 
0. 0021 curie of strontiu.-90/yttriu.-90 end 0.023 curie of cesium-137 . Thia 
gives a SO-year do1e co ... ie.&nt* of epproxiaately 0.28 millirem to the total 
body of the aaxiaally exposed off1ite individual end approxiaately 2 .8 a illi
r .. to the bone of the aaxiaally exposed offaite individual . Again , the 
e1tiaated doae from a 1-year routine release from the TKI-2 facility i• con
aiderably a .. ller than the design objective• specified in 10 CFR Part 50, 
Appendix I; the limits given in 40 CFR Part 190; and in the licensee's 
proposed PDKS Technical Specifications . 

5.4 . 2 Routine Liquid Relea1es 

The Haiti for radioactivity in Hquid effluent released from TKI-2 are 
specified in 10 CFR Part 20 (Appendix 8, Table II , Column 2) and in the design 
objectives of 10 CFR Part 50, Appendix 1. These regulations limit the 
eati .. ted annual dose or dose commitment from the liquid effluent released 
from TKI-2 to the site boundary to a dose leas than or equal to 3 aillirem to 
the total body and leas than or equal to 10 .0 millirem to any organ for t~e 
calendar year . Alao , the concentration of radioactive material released at 
any time from TKI-2 to unre1tricted areas is limited to the concentrations 
specified in 10 CFR Part 20, Appendix 8 , T1ble II , Column 2 . Releases of 
radioactivity to any body of vater must also meet EPA ' s environmental stan
dards for the uranium fuel cycle specified in 40 CFR Part 190. These 
standards require that the annual dose equivalent not exceed 25 aillirea to 
the vhole body, 75 aillirem to the thyroid, and 25 aillirem to any other organ 
of the body. In addition, the release of radioactivity to vater must meet 
EPA'• National Interim Pri .. ry Drinking ~ater Standards specified in 40 CFR 
Part 141 that limit beta particle and photon radioactivity from .. naade 
radionuclidea in co ... unity water ayatema to that level that •shall not produce 
an annual doae equivalent to the total body or any internal organ greater than 
4 aremjyear. • Thia atandard applies to concentrationa at community vater 
intakes downstream of the discharge point. The licensee's current Technical 
Specification limits are baaed on the design objective annual exposure values 
specified in 10 CFR Part 50, Appendix I (aee Section 5 .4 . 1) . 

Routine liquid releases from THI-2 during PDKS are expected to be no more th-" 
5000 gellona (19,000 litera) each year (CPU 1987a) . These releases vould be 
from monitored aourcea and do not include the accident-generated vater that 
.. y be processed during the first years of PDHS . The impact of processing 
the accident-generated vate r is discussed in the safety evaluation for 
accident-generated vater (NRC 1989f) . The .. jor sources of liquids that 
could result in contaminated liquid releases from the facility (other then 
accident-generated veter) are expected to be from groundwater inleakage 
pri .. rily a t the interface (the cork aeal) betveen the AFH8 and the reactor 
building, collected precipitation, end occasional small quantities of fluids 
used for minor decontamination joba (during necessary maintenance or inspcc-

• 50-year dose commitment, as calculated by the NRC, cannot be directly 
compared to an annual dose as calculated by the licensee. 
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tion activities or as a result of the spread of contamination) . Collected 
liquide , other than eccident-&enereted vater, vill be analyzed for contami
nation and processed throu&h the EPICOR II system or the TKI-1 radvaste 
system, if necessary, to ensure that disch•r&es are less than those specified 
in resulatory requirements . The capability to process potentially contami
nated liquid vill be maintained during PDKS . 

The licensee estimated (CPU 1990c, SAR 8 . 1.2.2) the amount of radioactive 
material to be released by vay of liquid pathvays . Baled on pravioua 
experience, the ca•iwa-137 and strontium-90/yttriwa-90 concentration• achieved 
by the EPICOR proce11ing 1ystam are 4 x 10-i •Ci/ •1 and 1 x lo-5 •Ci/ml, 
ra•pectivaly (CPU 1992). Based on 5000 &•llons (19,000 liter•), this reaulta 
in a projected offsita do1e (CPU 1990c) of 0 .005 •illir••/year to the bone and 
0 . 002 •illire•/yaar to the total body of the maximally expo1ed offsit! 
individual . 

The NRC 1taff has also independently estiDsted (NRC 1989a) the amount of 
radioactive material to be released by vay of liquid pathvays as approxi•ately 
7. 6 x 10-4 curie/year as shovn in Table 5.1 . The 50-year dose commitment to 
the bone of the maxiD&lly exposed offsite individual fro• a 1-year release i1 
approxiDataly 0 .0009 •1llire•. A dose of 0 .0009 •illire• is al1o esti~ted 
for a 1-year release to the total body of the maximally exposed individual .* 
Both the ~~C staff and licensee ' s calculated doles resultin& from a 1-yaar 
release (as &iven here) are considerably sD&ller than the desi&n objectives 
cited in 10 CFR Part 50, Appendix I ; the li•its &iven in 40 CFR Part 190; the 
limits &iven in 40 CFR Part 141 ; and in the licensee ' s proposed PDHS Technical 
Specification• . 

5 .4 . 3 Accidental Atmospheric Releases 

For an accident situation, the &uidance provided in 10 CFR Part 100 for deter
mination of exclusion areas is used. This guidance statel that an exclusion 
area is required of such size that an individual located at any point on its 
boundary for 2 hours immediately folloving onset of the postulated fi1sion 
product relea1e vould not receive a total radiation do•• in exces1 of 25 rem 
to the vhole body or a total radiation dole in axces1 of 300 ram to the 
thyroid fro• iodinft expo1ure . 

The licensee estimated the dose that vould result from a number of accidents 
that could potentially relea1e radioactive •aterial to the environment. These 
accidents include (1) a vacuum canl1ter failure, durin& decontamination 
activitie•, (2) the accidental •praying of concentrated contamination vith a 

* The1e do1e1 are based on information &iven in PElS Supplement 3 (NRC 1989a) 
and are shown in Table 3. 6 of that document for releases lastin~ for 5, 23 , 
and 33 years . 
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Table 5. 1 Rates of Routine Liquid Release to the Susquehanna River 
During Poat-Defueling Monitored Storage<•> 

RadionucUde 

Tr1t1wa 
Carbon-14 
Seleniwa-79 
Strontiwa-90/Yttriwa-90 
Nloblwa-93• 
Technetiwa-99 
Rutheniwa-106/Rhodiwa-106 
Cadllliwa-113• 
Antiaony-125 
Telluriwa-125• 
Tin-126/Antiaony-126• 
Ceaiwa-134 
Ceaiwa-135 
Ceaium-137/Bariwa-137• 
Saaariwa-151 

(a) Data vere obtained fro• NRC 1989a. 

Release Rate , Ci/yrCb) 

3. o x 1o-8 
1. 7 x 1o-8 
3.6 x to-9 
3 . 9 x to-s 
7. 4 x lo-9 
1.2 x lo-7 
1.3 x lo-6 
2. 1 x 1o-9 
9. 0 x lo-7 
2. 5 x lo-7 
2. 5 x 1o-9 
s . 6 x 1o-6 
2. 5 x 1o-9 
1.0 x lo-4 
1.8 X 10-S 

(b) Release rate is for the first year of PDMS . Release rates for 
subsequent year, are based on the first-year release rates and 
account for radioactive decay. 

high pressure spray during decontaaination activities , (3) accident al cutting 
of contaainated piping during decontaaination activities, (4) an accidental 
break of contaainated piping during decontaaination activities, (5) a fire 
inside the contaainant building, (6) an open penetration, and (7) a rupture 
and release of resins froa the .. keup and purification deaineralizera . 

The NRC staff performed independent evaluations of the seven potential acci
dents identified by the licensee ln the PDKS SAR. The staff also evaluated an 
ei&hth potential accident, a fire in the D-ring inside containment . The staff 
analyzed each ~e of accident separately. The results of the accident 
analyses are shovn in Table 5. 2 and are discussed belov and coapared to the 
results obtained by the licensee . 

pocont&glnation Actlylty Accidents 

During PDKS , if aoveaent of radioactive aaterial is detected, soae decon
taaination activities .. y be conducted to aitigate the iapact and permit 
normal surveillance activities . Durin& these decontamination activities, an 
accident could occur . Such an accident in the reactor containment during the 
PDKS could result in an unanticipated release of radioactive .. terial to the 
environment. In ita PDKS SAR, the licensee evaluated four potential 
decontamination accident scenarios that could occur during decontamination 
activities . • 
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Table 5 . 2 Estl•ated Dose fro• Accidents Durin& Poat-Defuelln& Monitored Stora&e 

Haxl.um Indlvldual Dose. •re• 
vlth Operation vith Ko Operation 

o£ Ventilation Systc• of Ventilation Syatc• 
Accident Total llody !lone Total llody !lone 

1. Decontaaination Activity Accidents 

A. Vacuua Canister Failure 1.2 x to-4(a) 1.1 x 1o-l(a) 

II . Hi&h-Pressure Spray 1. 4 x to-5(a) l.l x lo-4(a) 
of Contaalnatlon 

c . Cuttln& Contaminated Pipe 7. 9 x to-8(a) 8 . l x to- B(a) 

D. llreak o£ Contaainated Pipe 4. 8 x 1o-8(a) 5 . 1 x lo-8Ca) 

2. Fire in Contaiu.ent 

A. Elevator/Stairwell 0 . 02 O. ll 1.6 ll 

II . D-rln&• 0 . 49 0 . 51 49 51 

) . Contalnaent Penetration Failure Not Applicable(b) 2.6 27 

4. Release of Resins fro• Makeup 0.20 0 . 25 20 25 
and Purification Deainerallzer 

(a) Fro• Murphy and Holter 1982. 
(b) Since the release la into the turbine bulldln&, the operation of the auxiliary buildin& 

ventilation ayate• ia not expected to have any eCCect on the offaite dose. 



The decontamination act i vi ty accidents include : (1) failure of a vacuum 
canister, (2) spraying of contamination vith high- pressure spray, ( 3) cutting 
of a contaminated pipe, and (4) a break in a contaminated pipe . The licensee 
developed scenarios for these accidents based on activities evaluated for the 
decommissioning of • generic pressurized-water reactor following an accident 
(Kurphy and Holter 1982) in a study performed for the NRC. For each scenario 
the licensee looked at three cases : ( 1) the reactor building purge system 
operating, (2) the reactor building isolated and at negative pressure, and 
(3) the reactor building under passive ventilation. In all cases, the 
licensee ' s estimate of the effects of these accidents is several orders of 
aagnitude greater than the effects calculated for a generic facility by Kurphy 
and Holter for purposes of comparison. The dose estiaates given in Murphy and 
Holter are shown in Table 5.4 . Although the activities analyzed by the 
licensee are not expected to occur, the licensee ' s analysis ia conservative , 
and in all four cases radiological emissions are aigni i icantly lover than 
those permitted by 10 CFR Part 100 for determination of exclusion areas (a 
total radiation dose to the whole body in excess of 25 rem or a total radia
tion dose in excess of 300 rem to the thyroid from iodine exposure) . For the 
vacuum canister failure , the licensee estimated 4 . 8 millirem to the maximally 
exposed individual (assuming the reactor building purge system is operating) . 
A dose to the maximally exposed individual of 4 . 0 millirem vas calculated by 
the licensee for the accidental spraying of contaminated liquid (assuming the 
reactor building is at slightly negative pressure and that the total source 
tera release is exhausted to the environment in the first react~r building air 
change subsequent to the activation of the reactor building purge system). 
The dose from the accidental cutting of a contaminated pipe and the dose !roo 
the accidental breaking of a contaminated pipe vere estimated by the licensee 
to be 0 . 005 millirem (assuming the reactor building is at slightly negative 
pressure and the total source term release is exhausted to the environment in 
the first reactor building air change subsequent to the activat i on of the 
reactor building purge system) . 

Fire in the Containment 

The licensee ' s analysis (CPU 1990c , SAR 8. 2. 5) of a fire in containment vas 
based on a fire occurring in the combined •A• and •B• D-rings (although the 
occurrence of such a fire is considered to be incredible) . It vas assumed 
that the D-rings contained 16 ,600 curies of cesium-137 , 830 curies of 
atrontium-90/yttrium-90 and 0 . 6 kilograms of residual fuel on the suspended 
defueling tools . One percent of the contamination and 100 percent of the fuel 
on the tools vas assumed to be loose , surface activity that is available to 
become airborne in a fire . A suspension factor of 0. 001 vas used for both 
contaminat ion and fuel . Plateout of the airborne source was not considered. 
The licensee calculated (CPU 1990c , SAR 8. 2. 5) a dose to the maximally expoaed 
individual of 13 . 8 millirem •• a result of a fire in the reactor containment 
building, assuming the reactor building ventilation system vas oper~ting. A 
dose of less than 13 . 8 millirem vas determined by the licensee for the case 
where the ventilation system vas not operating and the reactor building vas 
vented passively through the breather . 

In PElS Supplement 3, the NRC staff analyzed an accidental atmospheric rel ease 
that resulted from a fire in the stairwell/ elevator s t ruc ture of the reactor 
containment building. To evaluate the a ccident scenar i o i nvolving a fire , the 
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ataff uaed the fo11ovin& conservative a1suaptiona : the accident vould occur 
early in the atora&e period, before eppreciable decay of the radionuclides 
occurred; 20 percent of the atairve11/elevator atructure belov the 8-foot 
(2 .4-aeter) aark vould be involved in the fire; 20 percent of the activity in 
the stairwell/elevator structure vould be involved in the fire, although the 
contaaination in the structure is not distributed uniforaly: and the 
7.1 pounda (3 . 2 kilo&raas) of core dabria thou&ht to reaain on the floor of 
the baseaent after deslud&ing would also be involved in the fire (even though 
desludgin& haa occurred in the area of the atairvell/elevator atructure and 
aeaeureaenta taken before desludgin& indicate that core debris ie not located 
near the atairvell/elevator structure) . The fraction of radioactive aaterial 
to be released into the reactor buildin& ataoaphere durin& the burnin& of the 
contaainated aaterial vas assuaed to be 0 .0005, based on atudiea by Hishiaa 
and Schvendiaan (1973) . The aaount releaaed froa the building vould be 
further reduced becauae the HEPA filtera vould reaove at least 99 percent of 
the radioactive particulates .* The fraction of the radioactive particulate 
aaterial that vould penetrate the sin&le-stage HEPA filter uaed vhen the 
reactor building vaa aecured but not actively ventilated vas conservatively 
assuaed to be 0.01 (NRC 1978) . The aaount of redioactive aaterial calculated 
for releese durin& this accident is estiaeted to be 0.02 curie (Table 5 . 3) . 
The resultin& bone dole to the .. xiaua offsite individual ie 13 ai1lirem, and 
the total body dose ia estiaated to be 1.6 ail1irea. These dosea are 
significantly lover than those peraitted by 10 CFR Part 100 for determination 
of exclusion areas . Operation of the AFHa ventilation syste• during this 
accident vould further reduce the doses by a factor of 100.** 

* Each filter has an in-place tested efficiency of at least 99 . 95 percent for 
re•oval of particulates of 0 .3-aicron (0.0003-ailliaeter) diaaetar . There
fore , only a fraction (0. 0005) of the particulate• in the building atmos
phere vould pass throu&h the first ata&e to the ataoaphere . The staff, 
however, in evaluating the potential for release of radioactive aaterial 
used a aore conservative penetration factor of 0 .01 (corresponding to 
99-percent efficiency) . Regulatory Cuide 1. 140 (NRC 1979c) give1 guide
lines for operating nuclear pover plants, specifiyin& the conservative 
penetration factor of 0 . 01 (correspondin& to 99-percent efficiency) for 
filtration systa•• that test, in place, to an efficiency of 99 . 95 percent 
or aore . 

** The AFHA vill be ventilated throu&h tvo HEPA filtare in eeriea. Each 
filter hal an in-place teated efficiency of at laa1t 99 . 95 percent for 
reaoval of particulatel of 0 . 3-•icron (0.0003-ailliaater} di•aeter. There
fore, only a fraction (0 .0005) of th~ particulate• in the buildin& atmos
phere vould pass throu&h the first stage and a si•ilar fraction (0 .00000025 
of the initial particulates) vould pas1 throu&h the second 1tege to the 
atao1phere . The ataff , hovever , in evaluatin& the potential for release of 
radioactlve .. terial uaed a •ore con1ervative penetration factor of 0.01 
(correlpondln& to 99-percent efficiency) . Re~latory Cuide 1. 140 (NRC 
1979c) &lvel ~ldellnes for operatln& nuclear pover plantl, 1pecify1n& the 
conservative penetration factor of 0 . 01 \correspondln& to 99-percent 
efficiency) for filtretion syste•s that test , in place , to an efficiency 
of 99 .95 percent or •ore . 
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Table 5. 3 Postulated Accidental Atmospheric Release From a Fire 
in the Stairwell/Elevator Structure During Poat
Defueling Monitored Storage<•> 

Radionucl1de 

Tritium 
Carbon- 14 
Kansanue-54 
Iron-55 
Cobalt-60 
Nickel-63 
Selenium-79 
Krypton-85 
Strontium-90/Yttrium-90 
Zirconium-93 
Nlobium-93m 
Technetium-99 
Ruthenium-106/Rhodium-106 
Cadlllum-113D 
Antlmony-125 
Tellurium-125m 
Tin-126/Antimony-126m 
Cedum-134 
Celium-135 
Ceaium-137/Barium-137m 
Cerium-144/Praseodymium- 144 
Praseodymium-144m 
Promethlum-147 
Samarium-151 
Europium-152 
Europium-154 
Europium-155 
Uranium-234 
Uranium-235/Thorium-231 
Uranium-236 
Uranium-2J7 
Uranium-238/Thorium-234/Protactinium-234m 
P1utonium-238 
Plutonium- 239 
Plutonium-240 
PlutoniWI-241 
ADeridWI-241 

(a) Data vere obtained from NRC 1989a . 

Releaae Rate . Ci/yr(b) 

7.9 x to-7 
4 . 4 x to-7 
3. 2 x 1o-10 
8. 5 x lo-7 
3. 6 x to-6 
9. 5 x lo-7 
9. 7 x lo-B 
3. 0 x 1o-6 
1.1 x 1o-3 
2. 7 x 1o-9 
2.0 x 1o-7 
3. 3 x to-6 
3. 8 x to-5 
s.s x 1o-8 
2 . ~ x to-5 
i .1 x to-6 
6 .6 X lo-B 
1. 5 x lo-4 
6 . 6 x lo-8 
1. 9 x 10-2 
1.1 x 1o-6 
1.6 x 1o-8 
2.0 x 1o-5 
4 . B x 1o-4 
4 .0 x 1o-10 
s . 2 x 1o-7 
1.5 x 1o-6 
2. 0 x 1o-B 
6. 8 x 1o-10 
6. 1 x 1o-10 
3. 5 x 1o-10 
4 . 6 x 1o-9 
1.2 x 1o-7 
1 . 5 x 1o-6 
4 . 1 x 1o-7 
1.5 x lo-5 
4 .0 x 1o-7 

(b) Asaumea accident occur• during the fir1t year of P~~S . 
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The NRC staff performed an additional evaluation of the !ire for this tech
nical evaluation involving a fire inside the D-rings in the containment . The 
major source of combustible material during PDMS in the reactor building is 
the oil in the reactor coolant pump oil reservoir . For the evaluation, the 
staff assumed that half of the remaining oil in tvo of the four coolant pumps 
(a total of 138 Eallons [522 liters ) of oil) spilled onto the floor in the 
D- rings and vas aubsequently nonmechanistically ignited . The computer code 
FIRIN (Chan et al . 1989) vas used to model conditions in the reactor building 
during a fire . The FIRIN model simulated burning of the fuel, generation of 
smoke and combustion gases , plugging of filters , and transfer of heat to 
valls, ceiling, floor, and equipment in containment . Sufficient oxygen vas 
assumed to exist to fuel the fire . Plugging and failure of the HEPA filter in 
the passive breather line vere calculated to occur (the filter vas assumed to 
!all at 3 . 2 psig overpressure ( Burchsted et al . 1976) . ~ile the contain:ent 
atmospheric breather system is designed to provide automatic isolation of the 
filter in the event of a 0 .25 psi overpressure of the containment building, 
this protective feature vas not considered in calculating the impact of a !ire 
in the containment building . The activity release that resulted vas based on 
(1 ) 17 ,000 curies of cesium-137 and 830 curies of strontium-90 in the 0- rings , 
(2) an estimated 50 percent of the activity available for release , (3) an 
assumed release rate of 0 . 152 vt\, and (4) particles larger than 10 micro
meters (95 percent of particles) settling out in the reactor building or i n 
the AFHB downstream of the breather line . Assuming no ventilation of the ArnS 
during the accident, a release of 0 . 65 curie of cesiua-137 and 0 . 03 curie of 
strontlum-90 vould occur . The resulting dose to the maximum offslte 
indiv idual vould be 49 mlllirem to the total body and 51 millirem to the bone . 
~· ls dose is due only to external radiation from the plume and the ground and 
f1om inhalation; it does not include the food pathway or drinking vater. This 
dose is higher than that discussed above for the fire in the stairwell, 
although it is significantly l ower than that permitted by 10 CFR Part 100 f or 
the determination of exclusion areas . Assuming the AFHS ventilation s ystem i s 
operat ' ng during the fire , the caxicum dose~ would be decreased by a !actor of 
100 (considering the 99-percent efficiency of filtration of the air by the 
HEPA filters in the station vent) . This would result in the release of 
0.0065 curies of cesi~-137 and 0 .0003 curies of atrontium-90/yttrium-90 . The 
resulting dose to the maximum of!site indiv~dual vould be 0 .49 millirec to the 
total body and 0 . 51 millirem to the bone . Considering the relatively high 
flash point of the oil (450•F) (CPU Nuclear Calculation Sheet 4710-3220-87-
037 , "RS Fi re HEPA Filter AP/At , • dated December 16 , 1987 ), the removal of the 
majority of the combustible material from the building to minimize the 
potential for heating material, and the leek of potential ignition sources 
since systems will normally not be energized inside containment, the 
probability of this fire is extremely remote . 

Although operation of the AFHB ventilation system would reduce the offsite 
dose to the public by a factor of approximately 100 for either fire scenari o, 
the staff has concluded that operation of the Ants ventilation system is not 
required in the event of e fire in containment . This conclusion is based on 
the calculated dose to the public vithout operation of the ventilation sys tem 
which vould be a fraction of the 10 CFR Part 100 limits . 
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Contaln;rnt Penetration fallurr 

The licensee ' • analysis of an open penetration assumed that an unf i ltered 
pathway vas created to the environment. The licensee assumed that (1) the 
containment vas under passive ventilation, (2) an unfiltered pathway vas open 
for a quarter of a yaar , (3) there vere 2 . 5 reactor building air changes wi th 
the environment , and (4) 100 percent of the release vas through an unfiltered 
pathway . 

The licensee (CPU 1991b , SAR 8 . 2 . 6) calculated a dose t o the maximally exposed 
individual of 0 . 88 mi ll i rem . This resulted from 0 . 0014 curi es of ces i uo-137, 
0 . 0004 curies of strontium-90/ yttrium-90 , and lesser amounts of transurani cs . 

The NRC staff also analyzed the failure of a penetration betveen the con
tainment building and the turbine building. It vas assumed that a 14-inch 
diameter penetration between the tvo buildings nonmechanistically !ailed. 
This failure resulted in an unfiltered pathway to the turbine building and 
ultimately to the environment . The unfiltered pathway vas assumed to be open 
for one quarter of a year. It vas assumed that the reactor building vent i la
tion aystem vas not operating at thia time and that 100 percent of the air vas 
released ( i . e . , 2 . 5 reactor building air changes , based on the 10 reactor 
building air changes per year via the passive breather as disc~ssed in Sec
tion 5. 4 . 1) . It vas also assumed that there vas no settling or plateout of 
material within the turbine building but that the particulates vere released 
directly to the atmosphere . This scenario resulted in the r elease of 
0 .02 curie of strontium- 90 and 0 .22 cur ie of cesiua-137, and a dose t o the 
maximally exposed individual of 2 . 6 millirem to the tota l body and 27 milllrem 
to the bone , assuming all pathways . The resulting dose is significantly l ower 
than that permitted by 10 CFR Part 100 for the determination of exclusion 
areas . 

Relrasr of Rrsina from a Hakcup and pyriflcetlon Drmtnrraltzrr 

The licensee also calculated (CPU 199l b, SAR B.8) the dose resul t ing ! r om t he 
release of resins from a mekeup and purification demineralizer vessel 
rupturing non-mechanistically and the contents spilling onto the floor of the 
cubicle . The inventory of the demineral izer included 530 cur ies of cesium-
137 , 100 curies of strontium-90/yttrium-90 , and 1. 1 pounds (0 . 5 kilograms) of 
fuel . The licensee used an airborne release factor of 0 . 0001 . The licensee ' s 
calculation resulted in an estimated 0 .45-millirem dose to the maximally 
exposed individual . 

The ~~C ataff also analyzed the release of contaminated resins from a rup:ured 
demineralizer unit in the auxiliary building . The inventory of the demineral 
izer includes approximately 100 curies of strontium-90 , 530 curies of 
cesiua- 137 , and 500 grams of fuel . The primary isotopes in the fuel are 
plutonium-239 , plutonium-240 , plutonium-241, s&D&rium-151 , europium- 154, and 
europium-155 . An airborne release fraction of 0 .0005 vas used , I n addition, 
it vas assumed that all airborne activity vould be filtered by the HEPA 
filters in the AfHB ventilation system before it vas released into the 
atmosphere . The calculated doses to the maximally exposed individuel were 
0 . 20 milli r em for the t otal body and 0 . 25 mill ircm t o the cri t i c•! ~rgan (the 
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bone) from inhalation and external exposure . These doses are significantly 
lover then those permitted by 10 CFR Part 100. 

For the case in vhich the AFKB ventilation system is not operating, airborne 
activity vould be released directly to the atmosphere·, rather then being 
filtered through the ventilation ayatem. The calculated doaea vould increase 
by a factor of 100, resulting in eatimated doaes of 20 millirem to the total 
body to the maximally expoaed individual and 25 millirem to the critical organ 
(the bone) from inhalation and external expoaure . Theae doaea are atill 
•i&nificantly lover than those permitted by 10 CFR Part 100. 

5.4 .4 Accidental Liquid Releases 

In the PDHS SAR (CPU 199ld), the licensee postulated no accidental liquid 
releasee during PDHS . The NRC staff alao concluded that no accidental liquid 
releases vould occur during PDHS . During PDHS, water-processing capabilities 
vill be available to dispose of the amall amount of liquid produced by 
inleakage, condensation, and small amounts of decontamination. Liquids that 
are not directly releasable pursuant to 10 CFR Part 20, Appendix 8 , Table II, 
Column 2, vill be collected in the miscellaneous vaste holdup tank , trans
ferred to the chemical cleaning building, and then proceaaed through the 
EPICOR II system before final aampling and discharge . On the basis of the 
environmental assessment prepared by the NRC ataff in 1979 on the use of the 
EPICOR II aystem at THI-2 (NRC 1979b), there are no credible accident• that 
vould result in a liquid release to the environment during the transfer or 
processing of the liquids produced during PDHS . The operating hiatory of this 
aystem in the intervening time has not altered this conclusion. This pro
cessing ia the only activity during PDMS that will involve contaminated or 
potentially contaminated liquids . 

5 .4 . 5 Transfer of Contamination by Pests 

The staff has identified a potential for bird , rodent , bat, and insect 
intrusion into contaminated areea of the facility . If thia intrusion occurs, 
some potential exists for periodic transfer of contamination to uncontrolled 
areaa . Hovever , the licensee maintains a contract vlth a local peat control 
aervlce that provides insect, rodent, spider , and bird control and removal of 
live animals . This aervice vill be maintained during PDHS . Additionally , the 
licensee has committed in the PDHS SAR (CPU 199la, SAR Supplement ) , A-16) to 
a aurveillance program under which a limited number of carcasses , vhen 
available , vill be analyzed for gamaa-eaitting isotope• aa part of the non
routine Radiological Environmental Monitoring Program. 

5.5 Removal of Radioactive Yaste Resulting From Major Decontamination 
Actiyitlc• 

All the radioactive vaste resulting from aajor decontamination activities has 
been shipped off site or packaged and staged for shipment off aite , except the 
vaste from the accident- generated vater dispoaal activitiea . The accident
generated vater located in the reactor vessel, fuel poole, fuel transfer 
canal, and building sump1 vill be pretreated to remove the aajority of the 
particulate material before being processed as part of the accidept-generated 
vater disposal activities. The removal of the vaate resulting from the 
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accident-generated water disposal activities is discussed in the safety 
evaluation in support of TKI-2 license Amendment 3S dated September 11, 1989 , 
for the accident-generated water (h~C l989f) . Radioactive components, such as 
the reactor head assembly , upper plenum assembly, upper end fittings , sections 
of the flow distributor that contain incore instrument guide tubes, and fuel
removal tooling, remain in the reactor building . These remaining components 
and equipment are not flammable and do not add significant quantities of 
radioactive material to the inventory in the reactor building. Consequently , 
they do not degrade the level of protection of the health and safety of the 
'ublic. 

Based upon observation of activities and reviev of records , the staff con
cludes that the prerequisite that the remaining radioactive waste from the 
major TKI-2 decontamination activities be shipped offsite or packaged !nd 
staged for 5hipment has been met . 

S. 6 Rrduction of Radiation Levrls To Allow Plant Mafntenantr and 
Syryrtllancr Purin£ Post-Defurltn, Honirorrd Stor•Kr 

During PDMS , personnel will enter the reactor building and the AFH8 periodic
ally to conduct inspections , surveillance , radiological surveys, radiologica l 
~•ste processing , remedial decontamination, and some ma intenance to support 
these activities , as well as preventive maintenance on a limited nu=ber of 
operational systems . During the initial period of PDMS (a minimu= of 
6 months), the licensee has committed in Section 7. 2.4 of the PDMS SARto 
conduct monthly entries . After facility s:abllity has been verified and a 
database has been established, the frequency of entry may be diminished. 
Decontamination has been performed and shielding has been applied to reduce 
radiation dose rates in areas requiring access by personnel . It is expected 
that occupational radiation exposure rates would increase following the 
removal of water from the reactor vessel as a result of the cobal t-60 
ac tivation of the baffle plates in the reactor vessel . ~ovever, shielding 
will be applied in critical locations to reduce the dose rates . Radiation 
exposures to personnel will be maintained v ithin the limits es tablished by 
10 CFR Part 20 . 

8ased upon reviews of the results of decontamination efforts and radiological 
surveys and activities to be conducted during PDMS , the staff concludes that 
the prerequisite that radiation levels within the facility be determined and 
reduced so that necessary and required plant monitoring , maintenance and 
inspections can be performed has been met to allov commencement of PD~S . 

5. 7 Definition and Establish;rnt of a Suryrillancr Pro,ram 

During PDMS , the licensee vill be required to conduct surve illance programs 
to ensure the maintenance of environmental protection systems . These progra:s 
include surv,illance of reactor containment building isolation, surve illance 
of the reactor containment building and the AFH8 ventilation and filtration 
systems , surveillance of the fire protection system and the support air 
monitoring systems (including electrical, effluent monitoring, and environ
mental monitoring systems) , and oversight of administrative systems . 
A~inistrative systems include organizational structure, staff qualifications, 
records , independent safety reviews , procedures , occupational radiation 
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protection, a quality assurance plan, an emergency plan , and other 
administrative control activities . These surveillance !unctions are covered 
by the proposed POKS Technical Specifications , various review plans , 
coaaitmen:s given the licensee in the POMS SAR, and requirements in this 
technical evaluation report . 

Based upon review o£ the surveillance program specified by the PDHS SAR and 
the proposed POHS Technical Specifications , the sta££ concludes that the 
prerequisite that a surveillance program !or POMS environmental protection 
systems to ensure public health and safety be defined and es tablished has been 
mot . 
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6 POST-DEFUELINC MONITORED STORACE ENVIRONKENTAL PROTECTION SYSTEHS 

Considering the defueled status of the reactor end the aaxiaua potential for 
offsite dose fro• credible accidents, THI-2 has no safety-related structures , 
syste•s , or co~onents. Safety-related structures, syste•s , and co•ponents 
ere those that are necessary to ensure (l) the integrity of the reactor 
coolant pressure boundary , (2) the capability to shut down the reactor end 
to aalutaln it ln a shutdown condition, and (3) the capability to prevent or 
•ltigate the consequences of accidents that could result in potential offsite 
exposures co•perable to the li•its given in 10 CFR Part 100. 

AlthouJh there are no safety-related structures , systeas , or coaponents at 
THI-2 , the h~C staff has identified six structures, systeas , and co~onents 
that ere important in providing reasonable assurance that the facility can be 
safely aaintained during PDMS and that are used to provide environmental 
protection: 

1 . Reactor Vessel - to preclude the possibility of en inadvertent 
criticality. 

2 . Reactor Containment Structure - to ensure containment of the reaaining 
radioactive •aterial during the PDHS period. 

3. Reactor Containment end Auxiliary and Fuel Handling Building (AFKB) 
Purge, Breather, Ventilation, end Filtration Systeas - to control 
radioactive effluents . 

4 . Fire Protection Systea - to detect and aitigete any effects of e fire 
vithin the facility . 

S. Flood Protection - to ainiaize the intrusion of vater into the facility . 

6 . Support end Monitoring Syst••• - to support PDMS, includes such systeas 
as the electrical systea and the rediologicel aonitoring systea , to 
ensure fire detection end a radiological aonitorin& cepebility . 

Tha following sections present a description , the current licensing basis, the 
PDHS licensing basis , end the conclusions of the h~C staff as to the accept
ability of aach of these structures , systeas , and components to ensure pro
tection of the environment during PDHS . 
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6.1 Reactor Vessel 

6. 1. 1 Reactor Vessel • Syste• De1cription 

As a result of the accident at TKI- 2, aome reactor fuel and cora debris vera 
dlsparsed from the reactor vassal into the reactor coolant systeD, the reactor 
containment building, and the AFHB . As described in Section 5 . 1, the licensee 
has defueled the facility to the extent reasonably achievable, and this has 
been independently verified by the NRC staff. 

The reactor vessel is the only component within TKI-2 that contains 1ufficient 
residual fuel to exceed the safe fuel •ass liait (SFML). The licensee's 
Defuellng Coapletion Report (CPU 1990d and e), the NRC staff's analysis of the 
Defueling CoDpletion Report (NRC 1990c), and Section 5 . 1 .4 of this technical 
evaluation report provide an analysis and evaluation of the SFML for the 
reactor vessel and the potential for an inadvertent criticality in its current 
location and fora . All three analyses indicate that there is no potential for 
a criticality in the fuel remaining in the reactor ve$sel during either normal 
or accident conditions. Kuch of the remaining fuel (i . e . , U02) (approximately 
262 pounds (119 kilograms)) is in the annular gap and would not readily aove . 
However , rearrangement of fuel , either purposefully or as a result of an 
impact such as a heavy load dropped fro= the polar crane, may result in 
relocation of the reactor internal components and movement of the fuel . In 
addition, fuel and core debris may move to the bottom of. the reactor vessel as 
a result of long-tara degradation of re1ctor internal components or flaking of 
the surface films, fines , and granular debris . 

The PDHS SAR (CPU 199le , SAR 4 . 3 .6) states that •control of Sh~ at TKI-2 
during PDHS relies upon isolation boundaries and control of access to 
components which contain Sh~ . Isolation boundaries will be maintained, as 
necessary to prevent relocation of significant SNK quantities . • The PDKS SAR 
(CPU 199le, SAR 4 . 3. 6) further states that the reactor coolant system, which 
contains the largest quantity of SNK outside the reactor vessel , will be 
drained to the extent practicable and isolated within the containment 
bullding. 

The licensee has stated in the PDKS SAR (CPU 199ld, SAR 7. 2 . 2. 2) that fire 
mains within the reactor building will be closed with valves and drained 
before PDKS to miniDize the potential for introduction of water into the 
reactor vessel . In addition , the reactor vessel will be covered. Holes have 
been drilled in the canal seal plate to prevent it from filling and flooding 
the reactor vessel (see Section 5. 3 of this document) . 

Vater has been removed from the reactor ve11el and the reactor c~olant sy1tem 
to the extent practical . To the extent that the spent fuel po~ l& are needed 
to store the accident-generated water before di1posal , the wate r cay remain in 
the1e pools after the start of POMS. 
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6.1 . 2 Reactor Vessel - Current Llcenslng Baals 

Currently, no Technlc~l Specifications relate to the fuel remaining ln the 
TKI-2 facility . 

6.1.3 Reactor Vessel - PDHS Licensing Basis 

To aaintain the fuel in the reactor vessel in the analyzed &eometry durin& 
PDKS, the proposed PDHS Technical Specifications lialt activities that could 
alter the &eo•etry of the fuel in the reactor vessel . To ensure maintenance 
of the required conditions , the proposed PDHS Technical Specifications 
stipulate the folloving : 

1. Loads ln excess of 50, 000 pounds (22,700 kllograas) are prohibited 
from travel over the reactor vessel unless the activi ty is approved 
by the NRC by a docketed safety evaluation (proposed PDHS Technical 
Specifications 3. 3. 1) , and 

2. No more than 93 pounds (42 kilograms ) of fuel (l. e • • U02) aay be 
removed from the reactor vessel or rearranged outside the analyzed 
&eometries in the •Defuellng Coapletlon Report• (CPU 1990d, 1990e) 
vithout prior NRC approval . When more than 93 pounds (42 
kilograms) of fuel (l.e ., U02) in the reactor vessel have been 
reaoved or rearranged , the licensee aust suspend all further fuel 
removal or rearrangement activi ties and subait a safety analysis to 
the ~~C for approval of this activity and any further fuel removal 
or rearrangeaent activities (proposed PDMS Technical Specifications 
3 . 2 . 1. 1 and 3. 2. 1. 2) . 

3. The licensee vill notify the NRC if there is a change in conditions 
that could affect the geo•etry of the fuel in the reactor vessel , 
that ls , flood , selsmlc event , and so forth (proposed PDMS 
Technical Specifications 3. 2 . 1. 2) . 

Based on the results of the reactor vessel criticality analyses , no neutron 
polson is required to preclude an inadvertent criticality . Hovever , the 
licensee has stated in the PDMS SAR 4.3 . 5 t hat an insoluble neutron polson 
vlll be placed ln the bottom of the reactor vessel (CPU 199le ) . The licensee 
also hes the capability of inserting a video camera into the reactor vessel to 
verify fuel location if lt is determined at a later time that such an 
examination is required. 

6 . 1.4 Reactor Vessel - Conclusion 

The NRC staff finds that vith the proposed PDMS Technical Spec ifications 
limiting the mass of loeds over the reactor vessel and llmltlng the quantity 
of fuel (i.e., U02) that can be reaoved or rearranged, and vlth the licensee's 
actions to increase the margin of safety by addln& an insoluble neutron polson 
to the reactor vessel and •lnl•lzlng the potential for vater a ccumula tion in 
the reactor vessel , the possibility of an inadvertent crltlcali ty ls 
precluded . 
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6. 2 Rcaetor Containment Structure 

6.2. 1 Reactor Containment Structure - System Description 

Most of the remaining residual fuel and the remaining removable contamination 
(fission products and activation products) are located in the reactor build
ing. During PDMS, the reactor building and associated systems vil l be used 
as the environmental barrier for the residual contamination (which could 
potentially reault in offaite expoaure) that remain• inaide the containment 
atructure . 

The reactor building is a reinforced concrete atructure composed o! cylin
drical valls vith a flat foundation and a dome roof . The cylinder has an 
inside diameter of 130 feet (39 . 62 metera) , e vall thicknesa of 4 feet 
(1 . 22 meters), and a height of 1~7 feet (47 . 85 meters) from the top of the 
foundation slab to the spring line. The roof is a shallow dome vith a large 
radius of 110 feet (33 . 53 meters ), a transition radius of 20 feet 6 inches 
(6.2~ meters), and a thickness of 3 feet 6 inches (1.07 meters). The founda
tion slab is bearing on roek and is 11 feet 6 inches (3 . 51 meters ) thick 
reinforced vith conventional mild steel reinforcing. The cylindrical vall is 
prestressed vith a post-tensioning system in the vertical and hoop directions . 
The dome roof is prestressed using a three-way post-tensioning system. The 
inside surface of the containment structure is lined with carbon steel . The 
nominal liner plate thickness is 3/8 inch (0 . 9~ centimeter) for the 'Ylinder, 
l/2 inch (1.27 centil:wter) for the dome, and l/4 inch (0 . 635 centia~eter) for 
the base . A 2-foot- (0 . 61 meter-) thick concrete slab is above the base 
liner plate . The structure provides biological ahielding during normal and 
unanticipated conditions. The steel liner encloses the equipment and systems 
that rea~ain inside the contain=ent and ensures that the upper lia~it o! 
potential leakage of radioactive material will not be exceeded under the worst 
unanticipated conditions. 

A complete listing of contaiDIIIent penetrations is provided in Table 6 . 1, which 
also gives the service originally provided by the penetration, line sizes , the 
isolation valve or other isolation mechanism , and its status during PDKS . 
Twelve penetrations that vere a~odified after the accident to provide 1pecial 
functions for the cleanup period are listed in Table 6 . 2 . The piping penetra
tion modifications installed during the cleanup period vere designed to with
stand 5 psi of pressure and have been tested to hold 1. 2 to 1 .. 5 times this 
pressure for not less than 10 minutes (GPU 199lb, SAR 3. 7 . 1 . 2 and 7 . 2 . 1 . 1) . 
Seven penetrations that are considered operational during PDMS are shown in 
Table 6. 3. 

Containment isolation valves were designed to provide a barrier on the system 
lines that penetrate the contain~~~ent so that no event can result in lo11 of 
isolation or leakage in excess of Technical Specification limits . Except vhen 
not required by activities conducted under approved procedures, containment 
isolation is maintained by ensuring that all penetrations required to be 
closed during accident conditions , except thole listed in Table 6 . 4 , have a t 
least one deactivated autocatic valve secured 1n the isolated position , or a t 
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Table 6. 1 Containment Isolation<a) 

Penetration Operational Llne Size Isolation 
NWiber Service Syste• (lnch) Valve Status 

R-401 Reactor Buildin& Base•ent Yes 1/2 RBS-IV-1009 Operational 
Level Indication 1/2 RBS-IV-1011 Operational 

1/2 RBS-lV-1013 Operational 
1/2 RBS-lV-1014 Operational 

R-524 Fuel Transfer Canal Fill No 10 SF-Vl05 L. C. (b) 
Line 

R-525 Decay Heat Coolant Letdown No 12 DH-Vl Deener&ized-L.C. 
1/2 DH-V225 Hanual-L. C. 

R-526 Steam Cenerator •A• Sa•ple No 1/2 CA-VS Deener&lzed-L. C. 

... Line 
I ..,. 

R-527 Core Floodin& Tank Bleed No 1 CF-Vl44 Deener&ized-L.C. 
and Sample 

R-528 Steam Cenerator •a• s .. ple No 1/2 CA-V9 Deener&ized-L. C. 
Llne 

R-529 Reactor Coolant Drain Yes 4 \IDL-Vll25 Deener&ized-L.C. 
Pump Dischar&e (deactivated 

portion) 

R-530 Steam Cenerator Side No 2 sv-vs5 Deener&ized-L.C. 
Vent and Drain 1 SV- V66 Hanual-L.C. 

R- 5ll Decay Heat Closed Coolin& No 8 DC-Vl15 Deener&ized-L. C. 
Vater for Reac tor Coolant 
Leak Recovery Syste• 

-
See Cootnotee at end o( table. 



Table 6.1 (cont'd) 

Penetration Operational Llne Slze holatlon 
.N\IIIber Service Systea (lnch) Valve Status 

R-~32 Fuel Transfer Tube No 30 Fli-Vll~ L. C. 

R-~33 Fuel Transfer Tube No 30 Fli-VlA L,C, 

R-~35 Dealnerallzed Yater No 3 DII-V28 Kanual-L.C , 

R-536 Spare N/A(c) N/A N/A N/A 

R-537 Nitrogen and Flll to Core No 1 CF-Vl45 Kanual-L.C, 
Flooding Tank 1 CF-Vll48 Kanual-L.C. 

1/2 CF-Vl298 Kanual-L.C. 

R-538 Pressurizer Steam and linter No 1/2 CA-V10 Deenerglzed-L. C, ... Space Sample Line I ... 
R-539 Oefuellng \later Cleanup No 8 DC-Vl03 Deenergized-L. C. 

Systea Isolation 1/2 DC-Vll7 Kanual-L.C. 

R- 541 Letdown Llne to No 2 1/2 KU-V376 Deenergized-L.C. 
Purlflcatlon Dealnerallzer 

R-542 Oefueling Yater Cleanup No 3 DH-Vl87 L. C. 
Systea Borated Yater Flush 1 DH-V205 Kanual-L.C. 

R-543 Reactor Building Nitrogen No 1 NK-V52 Alr Disabled-L.C. 
Header 

R-544 Nitrogen and Fill to Core No 1 CF-V146 Kanual-L.C. 
Flooding Tank 1/2 CF-Vl29A Kanual-L.C. 

1 CF-Vll4A Kanual-L.C. 

-
See footnotes at end of table . 



Table 6. 1 (cont ' d) 

Penetration Operational Line Size bolation 
Nwaber Service Syate• (inch) Valve Statua 

R-545-A Building Spray Preaaure No 1 BS-Vl46 Hanual-L.C. 
Sendng 

R-545-B Defueling Water Cleanup No 3/4 DVC-V038 Kanual-L. c . 
Syate• s .. ple Iaolation 3/4 DVC-V040B Kanual-L. C. 

R-545-C Defueling Vater Cleanup No 3/4 DWC-V037 Hanual-L.C. 
Syate• s .. ple Iaolatlon 3/4 DVC-V040A Kanual-L.C. 

R- 545-D Reactor Coolant ~p No 2 KU-V377 Deenergized-L.C. 
Seal Water Return 

R-546 Preaaurizer, Reactor No 4 \IOG-Vl99 Deenergized-L.C . 

"' Coolant, Once-Through I .... Ste .. Generator, and 
Core Flooding Tank Vent• 

R-547 Reactor Building Swap No 4 VDL-Vll26 L. C. 
Pwap Dhcharge (Deactivated 

portion) 

R-548 Fire Protection Yu 4 FS-V639 Op..rational 

R-549 Reactor Building Inlet Yea 36 AH-VlB Operational 
Purge Line 4 AH-V90B L. C. 

1/2 AH-V149 Kanual-L. C. 

R- 550 Reactor Building Inlet Yea 36 AH-VlA Operational 
Purge Line 4 AH-V90A L.C. 

1/2 AH-V151 Kanual-L.C. 

. 
See footnote• at end of table . 



Table 6 . 1 (cont'd) 

Penetratlon Operatlonal Llne Slze holatlon 
Nwaber Servlce Syste• (inch) Valve Status 

R-·ss1 Reactor Bulldlng Outlet Yes 36 AH-V4A Operational 
Purge Llne 10 AH-VS2 Operatlonal 

4 AH-V120A L.C. 
1/2 AH-VUJ Hanual-L. C. 

R-SS2 Reactor Bulldlng Outlet Yes 36 AH-V4B Operatlonal 
Purge Llne 10 AII-V7 Alr Dlaabled-L. C. 

10 AH-V81 Alr Dlsabled-L. C. 
4 AII-Vl208 L. C. 

R-SSJ Defuellng Vater Cleanup No 2 IIDL-Vl092 Deenergized-L.C. 

... Syste• to Reactor 
I Bullding Isolation 

CD 

R-SS4-A Instrument Alr , Purge No 1/2 AH-V60 Deenergized-L.C. 

R-SS4-B Alr Sample Supply No 1 AH-VlOl Deenerglzed-L.C . 
(Radiation Detectlon) 1/2 AH-Vl69 K.anual-L.C. 

R-SS4-C Bullding Spray Pressure No 1 BS-Vl47 K.anual-L.C. 
Sensing 

R-S54-D Instrument Air to No 3/4 D\IC-V316 Hanual-L. C. 
Defueling Water Cleanup 3/4 D\IC-V318 Hanual-L.C. 
Syste• 

R-555-A Air s .. ple Supply No 1 AH-V10S Deenerglzed-L.C. 
(Radlation Detection) 1/2 AH-Vl68 Hanual-L.C. 

See footnotes at end of table . 



Table 6.1 (cont'd) 

Penetration Operational Llne Size holation 
Nuaber Service Syste• (inch) Valve Status 

R-SSS-a Air Saaple Return No 1/2 AH-V102 Deener&iud-L.C. 
(Radiation Detect ion) 1/2 AH-V171 Kanual-L.C. 

R-SSS-D Air Sample Return No 1/2 AH-V107 Deener&ized-L.C. 
(Radiation Detection) 1/2 AH-Vl70 Manual-L. C. 

R-SS7 To Reactor Coolant Pump No 8 NS-V72 Air Disabled-L.C. 
Oil and Motor Coolers l/2 NS-V210 Kanual-L.C. 

R-S58 From Reactor Coolant Pump No 8 NS-V8l Air Disabled-L.C. 
Oil and Motor Coolers 

"' R-S59 Intermediate Coolin& to No l IC-VS Air Disabled-L.C. 
I Roller Nut Drive Coolin& .., 

Colla 

R-561 Hi&h-Pressure Vater No 1 TDV-V001 Manua1-L.C. 
1 TDV-VOOl Hanua1-L.C. 

R-561 Decontamination Service No 1 DSA-V004 Kanual-L.C, 
Air l/4 DSA-V006 Kanual-L.C. 

R-562-A Instrument Alr Supply No 1/2 AH-V62 Deener&izad-L,C, 

R-S62- a Pressure Transfer Fans No 1 AH-V5 Deener&lzed-L.C. 
1/2 AH-Vl47 Manual-L.C. 

R-S62-C Buildin& Spray Pressure No 1 as-V148 Hanual-L. C. 
Sensln& 

--
See footnotes at end of table . 



Table 6.1 (cont'd) 

Penetration Operational Llne Size holation 
N11111ber Service syste• (inch) Valve Statu. 

R-562-D Reactor Building Sludge No 1 WS-fV612 Hanual-L.C. 
Transfer No 1 \IDS-fV614 Hanual-L.C. 

R-563 Inter.ediate Cooling No 6 IC-V4 Air Dieabled-L.C. 
Syste• 1/2 IC-V207 Hanual-L.C. 

R-565 Processed Water Supply No 3 PW-V69 Hanual-L.C. 
to Reactor Building 1 PW-V99 Kanual-L.C. 

R-566 Service Air No 2 1/2 SA-V20 L.C. 

R-567 lnter.ediate Cooling No 6 IC-V3 Air Diaabled-L.C. 
a. Syste• 
I .... 

0 R-569 Secondary System Flush No 3 sv-vu L.C. 
and Drain 

R-570 !Ugh-Pressure Injection No 2 1/2 KU-Vl6A Deenerglzed-L. C. 
Line 1/2 KU-V315 Hanual-L.C. 

R-571-A Integrated Leak Rate Test No 1 Blind Flange 

R-571-C Building Spray Pressure No 1 BS-Vl49 Hanual-L.C. 
Sendng 

R-571-D Integrated Leak Rate Test No 1 Blind Flange 

R-572 High Presaure Injection No 1/2 KU-V316 Kanual-L. C. 
Line and Kakeup 2 1/2 KU-Vl68 Deenergized-L.C. 

2 1/2 KU-Vl8 Air Dieabled-L.C. 

-
See footnotes at end of table . 



Table 6. 1 (cont'd) 

Penetration Operational Llne Siu Isolation 
NWiber Service Syste11 (inch) Valve Status 

R-S73 Reactor Coolant Pump Seal No 2 KU-V378 Deenersized-L.C. 
R-S74 \later Supply 3/4 KU-V330 Hanual-L.C. 
R-SIS 1/2 KU-V364 Hanual-L.C. 
R-S76 1 KU-V439 Deenersized-L. C. 

R- 577 Reactor Building Air No 8 RR-VSA Deenersized-L.C. 
Coolers 1 RR-V28A Hanual-L.C. 

l/2 RR-V86 Hanual-L.C. 

R- S78 Reactor Building Air No 6 RR-VllA Air Diaabled-L.C. 
Coolers 1/2 RR-V7SA Kanual-L.C. 

6 RR-V2SA Air Dlsablad-L.C • 
... 
I R-S79 Reactor Building Air No 8 RR-VSB Oeenerglzed-L.C. ... - Coolers l RR-V288 Hanual-L.C. 

1/2 RR-V88 Hanual-L. C. 

R-S80 Reactor Building Air No 8 RR-VSC Deenergized-L.C. 
Coolers 8 RR-V6C Deenergized-L.C. 

1 RR·V28C Hanual-L. C. 
1/2 RR-V90 Kanual-L.C. 
l/2 RR-V92 Hanual-L.C. 

R-S81 Reactor Building Air No 6 RR-VllC Air Diaablad-L.C. 
Coolers 1/2 RR- V7SC Hanual-L. C. 

6 RR-V2SC Air Dlaabled-L. C. 

R-S82 Reactor Building Air No 6 RR-Vll8 Air Dlsabled·L. C. 
Coolers 1/2 RR-V7S8a Kanud-L.C. 

6 RR-V2SII Alr Dlsabled-L. C. 

See footnotes at end of table . 



Table 6 . 1 (cont'd) 

Penetration Ope rat lonal Llne She Isolation 
Nuaber Service Syste11 (inch) Valve Statu. 

R-58) Reactor Building Spray No 8 BS-VlB Deenergized-L.C. 
Inlet Llne ) BS-VllOB Kanual- L.C . 

R-584 Reactor Building Alr No 8 RR-V6D Deenergized-L.C. 
Coolers 1 RR-V28D Hanual-L.C. 

1/2 RR-V94 Hanual-L.C. 
1 RR- V98 Hanual-L.C. 

R-585 Reactor Building Air No 6 RR-VUD Air Dieabled-L.C. 
Coolers 1/2 RR-V75D Kanual-L.C. 

6 RR-V25D Air Diaebled-L,C. 

0\ R-586 Reactor Building Spray No 8 BS-VlA Deenergized-L.C. 
I ... Inlet Llne ) BS-VllOA Kanual-L.C. 

N 

R-587 Reactor Building Air No 8 RR-V6E Deenerglzed-L. C. 
Coolers 1 RR-V28£ Kanual-L.C. 

1/2 RR-V96 Kanual-L.C. 

R-588 Reactor Bulldlng Air No 6 RR-VUE Alr Dieabled-L.C . 
Cool era 1/2 RR-V75E Hanual-L.C. 

6 RR-V25£ Air Diaebled-L.C. 

R-589 Decay Heat Coolant Supply No 10 DH-V4A Deenerglzed-L.C. 

R-590 Decay Heat Coolant Supply No 10 DH-V4B Deenergized-L.C. 

R-591 Hi&h-Preeeure Injection No 2 1/2 HU-Vl6C Deenergized-L.C, 
Llne No 1/2 HU-Vl66 H11nual-L.C. 

-
See footnote• at end of table. 



Table 6 . 1 (cont'd) 

Penetration Operational Lll"e Size holation 
Number Service Syste• (inch) Valve Statua • 

R-592 High-Pressure Injection No 2 l/2 KU-Vl6D Deenergized-L.C. 
Llne 1/2 KU-V368 Henual-L. C. 

R-593 Swap Penetration Sleeve No 18 DH·V6A Deenerglzed-L.C. 
and Drain Llne 

R-594 Swap Penetration Sleeve No 18 DH-V611 Deenergized-L. C. 
and Drain Llne 

R-616 Eaergency Feedwater No 6 EF-Vl2B Deenerglzed-L.C. 
to Once-Through Ste .. 4 EF-V33B Deenerglzed-L.C. 

0'> Generator •a• 3/4 EF-V36 Hanual-L. C. I ... 6 Blind Flange ... 
6 Blind Flange 

R-617 Feedwater to Once-Through No 20 FV-Vl7B Deenergized-L. C. 
Steam Generator •s• 6 FV·Vl9B Deenergized-L. C. 

3/4 FV·V68B Jtanual-L.C. 
3/4 FV-V35B Hanual-L.C . 
2 GR-V7B Hanual-L.C . 

R-618 Feedvater to Once-Through No 20 FV-Vl7A Deenerglzed- L.C. 
Steam Generator ..... 6 FV·Vl9A Deenerglzed-L.C. 

3/4 FV-V68A Hanual· L.C. 
3/4 FV-V35A Hanual-L.C. 
2 GR-V7A Hanual-L.C. 

See footnotes at end of table . 



Table 6. 1 (cont ' d) 

Penetration Operational Llne Size Isolation 
Nwaber Service SysteJa (inch) Valve Statu. • 

R- 619 Haln Steam to Turbine No 24 KS-V711 Deener&ized-L.C. 
10 KS-VlSII Deener&ized-L.C. 
3/4 KS-V224 Kanu.l-L.C. 
1 KS-VSlll Kanual-L,C. 

R-620 Kain Steam to Turbine No 24 KS-V411 Deener&ized-L.C . 
6 KS-V111 Kanual-L. C, 
3/4 KS-V211 Kanual-L. C. 
4 HS-Vllll Deener&lzed-L, C, 
1 KS-VSOII Kanual-L.C . 

"' 3/4 KS-V225 Hanual-L.C. 
I ·- 2 CR-Vlll Kanual- L.C. 
~ 

R-621 Kaln Steam to Turblne No 24 KS-V7A Deener&lzed-L.C. 
10 KS-V1SA Deener&lzed-L.C. 
1 KS-VSlA Kanual-L.C. 
4 KS-V11A Deener&ized-L.C. 

· 3/4 KS-V227 Hanual-L. C. 

R-622 Kain Steam to Turbine No 24 HS-V4A Deener&ized-L.C. 
6 HS-VlA Kanual-L.C. 
3/4 KS-V2A Kanual-L.C. 
1 KS-VSOA Kanual-L.C. 
3/4 KS-V226 Hanual-L.C. 
2 CR-VlA Kanual-L. C, . 

See footnotee et end of table , 
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Table 6. 1 (cont ' d) 

Penetrat ion 
NWibe r 

R- 623 

R- 626 

Service 

t.ersency Feedvater 
to Once- Throush Ste .. 
Generator "A" 

SWip Sucker Feedllne 
(SIIS- P- 1 Retas&ed VDL-P- 2C) 

Operational 
Syste• 

No 

No 

(a ) Data obtained fro• Table 7 .2- 2 of CPU 1990c. 
(b) L.C. - locked closed, 
(c) N/ A - not applicable . 

Line Size 
(inch) 

6 
4 
6 
6 

2 

Isolation 
Valve 

EF-Vl2A 
EF-VllA 
Blind Flans• 
Blind Flans• 

SIIS-FV-001 

Deenersiud-L.C. 
Deenersizad- L.C. 

Bllnd Flansed 



Table 6. 2 ~odified Containment Panatrationa<a) 

Penetration 
Number Modification 

R-401 The penetration vas modified in lata auaaer 1979 to allow access 
to obtain samples of the reactor building sump water. Following 
successful completion of the sampling prosram, further changes 
were aade to use the penetration for reactor building water level 
measureaant by addins a .. no .. tar syate• to the aaapling tube . A 
further modification vas Dade to provide a more peraanent closure 
in consiaeration of future potential increase of reactor building 
vater level to the extent of flooding che penetration. This final 
modification conaisted of removing the 12-inch (30.5-centimeter) 
gate valve and the special cover assembly outboard of the valve 
and welding a closure assembly to the penetration. 

R-537 The penetration vas modified to provide a flow path into and out 
of the reactor building for the defuelins vater cleanup system. 
This modification conaisted of adding a pipe for hose connections 
to the isolation test connections inside and outside the contain
ment and adding a blind flange on the outboard side to i1olate the 
1y1tem from the plant nitrogen. 

R-539 The penetration val modified t o provide a flow path into and out 
of the reactor building for the defueling vater cleanup system. 
This modification consi1ted of tying-in with pipeCbJ and adding a 
1econd containment isolation valve on the outboard side and 
providing piping for a hose connection on the inboard 1ide. 

R-542 The penetration vas modified to provide a flow path into and out 
of the reactor building for the defueling water cleanup •Y•tem. 
This modification con1isted of tying-in vith pipeCbJ and addin& a 
1econd containment isolation valve on the outboard 1ide and 
providing piping for a hose connection on the inboard side. 

R-544 The penetration vas modified to provide a flow path into the 
reactor building for a high pressure decontamination water 1upply. 
This modification consisted of replacing en existing l-inch 
(2 .5-centiaeter) line with a l-inch (2 . 5-centimeter) XXS carbon 
1teel pipe . 

R- 545 Thi1 spare penetration va1 modified to provide a flow path into 
and out of the reactor building for the defueling water cleanup 
ay1teD. This modification consisted of adding a double valve 
praa1ure boundary on the outboard aide and providing piping for a 
hose connection on the inboard 1ide . 

See footnotes at end of table . 
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Table 6.2 (cont'd) 

Penetration 
Number Kodificetion 

R-546 The penetration va1 modified to provide a flov path into and out 
of the reactor buildin& for the defuelin& vater cleanup system. 
Thia modification conaiated of providin& pipin& for a hose 
connection on the inboard side and tying-in vith pipe<bl on the 
outboard aide . 

R-553 The penetration vea modified to provide a Clov path into and out 
of the reactor building for the de!ueling vater cleanup systea. 
Thia aodificetion consisted of providing piping for a hose 
connection on the inboard side and tyins-in vith pipelbl on the 
outboard side . 

R-554 The penetration vas modified to provide a source of clean coa
pressed air for use vith pneumatic controls and operators . Thi• 
modification consiated of replacing tvo outboard containment 
isolation valves vith three valve• and adding a flov limiter and 
quick di1connect on the inboard side . 

R-562 The penetration vas modified to provide a flov path for sludge 
transfer from the reactor buildin& to the spent resin storage tank 
in the auxiliary buildin& . This modification consisted of addins 
a double-valve pressure boundary on the outboard side and piping 
for a hose connection on the inboard side . 

R-565 The penetration vas modified to provide a aeens of transferrin& 
shield vater to the containment sump . This modification consisted 
of addin& a piping apool assembly to the outboard side of the 
penetration. 

R-626 The penetration vas initially aodified to insert an antenna and 
camera arrangement into the containment. These vere aubsequently 
removed, and the penetration vas modified to ellov pumping out of 
the reactor building baseaent. Thi• modification consisted of 
installing a nev spool piece and piping. For PDMS , all existing 
pipin& vill be removed and a cover bolted over the penetration 
vith a aingle pipe centered in the cover. This pipe vill be blind 
flanged for future use . 

(a) Information vas obtained fro• CPU 199la, Supplement 1, Table 2-1. 
(b) •Tying-in with pipe• can be effected in one of tvo vays : (1) cutting 

the exiatins pipe coapletely and addin& a •T• fitting or (2) cutting a 
circular hole in the existing pipe and welding a nev pipe to it. In 
either case, the result i• tvo parallel flov paths where one previously 
existed . 
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Tabla 6 . 3 Penetrations Considered Operational During 
Poet-Defueling Monitored Storage 

Penetration Line She holation 
Nwaber Service (inch) Valve 

R-529 Reactor Coolant Drain 4 \JDL-Vll25 
Pwep Dhcharge 

R-548 Fire Protection 4 FS-V639 

R-549 Reactor Building Inlet 36 AH-VlB 
Purge Line 

R-550 Reactor Building Inlet 36 AH-VlA 
Purge Line 

R-551 Reactor Building Outlet 36 AH-V4A 
Purge Line 10 AH-V52 

R-552 Reactor Building Outlet 36 AH-V4B 
Purge Line 

R-401 Reactor Building 8ase11ent 1/2 R!S-IV-1009 
Level Indication 1/2 R!S-IV-1011 

1/2 R!S- IV-1013 
1/2 R!S-IV-1014 

Data obtained !ro11 CPU 1991, Table 7. 2. 2 
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Table 6.4 Penetrations That Maintain Isolation Usln& 
a Check Valve Inside the Contalnment(a) 

Penetration Outside Containment 
Nuaber Isolation Valve 

RS73 KU-V-379 

RS74 KU-V- 380 

RS7S KU-V-381 

RS76 KU-V-382 

R577 RR-V-5A 

R579 RR-V-511 

R584 RR-V-60 

R587 RR-V-6£ 

R580 RR-V-5C and 6C 

R583 BS-V-111 and 13011 

R586 BS-V-lA and 130A 

R589 OH-V-4A 

RS90 OH-V-411 

R591 KU-V-16C 

R592 KU-V-160 

R537 CF-V-11411 

R539 DC-V-103 

R542 OH-V-187 

R544 CF-V-ll4A 

R557 NS-V-72 

R559 IC-V-5 

R56J IC-V-4 

R566 SA-V-20 

R570 KU-V-16A 

R572 KU-V-1611 

(a) Data were obtained fro• Table B-1 CPU 1989!. 
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least one closed manual valva or a blind !lange. Tabla 6 .4 lists 25 penetra
tions that maintain isolation using a check valve inside the containment as 
the isolatiQn valve (although they also have associated outside containment 
isolation valves) and 14 penetrations that have single isolation valves . The 
remaining penetrations have double isolation valvea or welded or bolted 
!langea. Thera will be one exception during PDHS : the containment breather 
iaolation valva, whtch will nor-ally remain open to the AFHB atmosphere 
throu&h the breather filter and will generally be maintained at ambient or 
posaibly ali&htly negative pressure with respect to the atmosphere. (See 
Section 5.4 . 1 of this report . ) 

The containment structure also has two air locks to allow entry and exit of 
personnel and equipment . Both alr locks are manually operated and require no 
outside power to function . 

6 .2 . 2 Reactor Containment Structure - Current Licensing Basts 

Under the current Technical Specification requirements , primary containment 
isolation is maintained. Containment isolation exists when each penetration 
is closed by en accessible manual valve, a welded or bolted flange, or a 
deactivated automatic valve secured in the closed position. A containment 
penetration may be opened following an approved procedure , provided it can be 
closed as specified above . In addition, the equipment hatch must be cloaed 
and aealad and each containment air lock must be operable . Containment 
iaoletion is verified quarterly. However, penetrations that are closed by 
bolted or welded blind flangea are not requ i red to be surveyed . Containment 
air locks are demonstrated operable after each opening (if not demonstrated 
operable within the last 72 hours) by verifying the seal leak rate and at 
least once every 3 montha by performing a mechanical operability check of each 
air lock, including a visual inspection and lubrication if necessary. 

In addition, the current Technical Spec ifications require that the primary 
containment pressure be maintained between 0 psig to not less than 12 . 2 psia 
through the use of the containment purge system. 

6. 2 . 3 Reactor Containment Structure - PDMS Licensing Basis 

The proposed PDHS Technical Specifications specify that primary isolation be 
maintained. The proposed POKS Technical Specifications require quarterly • 
verification of containment laolation with the following exceptions : 

1. Isolation valves that are locked closed shall be verified annually 
on a quarterly staggered test basis . I! a valve is found to be out 
of position, a verification check of all locked-closed isolation 
valvaa ahall be performed . 

2 . An independent verification of all changes in isolation valve 
position ahall be performed. 
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3. Bolted or velded blind flanges that fora a containment isolation 
boundary vlll be vlaually lnapected for algna of degradation and/ or 
leakag•every 5 yeara on an annually ateggered test basta . If a 
problea la dlacovered vlth a flange , a coaplete verification shall 
be performed . 

The proposed PDKS Technical Speclflcatlona 3.1 . 1. 3 alao require that each 
containment air lock vlll be operable vlth at least one door closed. In 
addition, 4ach containment air lock vlll be deaonstrated operable once every 
3 aontha by a •echenlcal operability check, including a visual inapectlon and 
lubrication, aa neceasary, and vlaual inspection of the door seale for degra
dation (proposed PDKS Technical Specification 4 . 1. 1 . 3) . An exception to thla 
requlreaent on the operability of the doora la .. de vhen the air lock ia being 
used for transit entry and exit in £ccordance vith alee-approved procedures . 
Vhen both air lock doora are opened aiaultaneously, the following conditions 
ahould be verified (propoaed PDKS Technical Specification 4 .1.1. 3): 

1. The capability exlata to expeditiously close at least one air lock 
door . 

2 . The air lock doora and containment purge are configured to restrict 
the outflov of air in accordance vlth site-approved procedures . 

3 . The air lock doocs are cycled to ensure aechanical operability 
within seven days before the opening of both doors . 

The proposed PDKS Technical Specifications 3. 1. 1. 2 require that the unfiltered 
leak rate fro• containment vith the reactor building breather closed shall be 
less than 1/100 of the rate through the reactor building breather. If the 
unfiltered leak rate froa containment vlth the reactor building breather 
closed ls greater than 1/100 of the rate through the reactor building 
breather , or if the trend indicates thet the 1/100 value vlll be exceeded 
within 1 year, then the licensee i s required to 

1. Identify the exceasive leek path 

2 . Make necessary repairs or adjustaents 

3 . Perform an additional unfiltered leak rate test 

4 . Prepare end aubmit a special report to the NRC within the next 
30 days . 

To ensure that this leak rate is not exceeded, an unfiltered leak rate test 
vill ba conducted periodically (proposed POKS Technical Specification 3. 1. 1. 2 
and license condition 2£) to verify the leak-tightness of the reactor 
containment structure and that the breather is th~ primary leak pathway. 

6. 2. 4 Reactor Containment Structure - Conclusion 

The integrity of the reactor containment structure must be maintained during 
PDKS to ensure that releases of radioactive material are maintained as lov as 
is reasonably achievable and within the limits es t ablished in the proposed 
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PDKS Technical Spec1f1cac1o~ . The proposed aaintenance of containmenc isola
tion and roucine surveillance for verification provide a level of surveillance 
equivalenc ~ thac currencly implemented, excepc for an increaaed level of 
surveillance of bolted or welded blind flanges . The NRC staff agrees that an 
increase in surveillance for these items is appropriate , conaidering the 
reduced probabilicy for chance discovery of an open flange by personnel •• a 
result of fever encries loco the facility and the longer time periods between 
entries . 

Requirements for surveillance of the atmospheric breather filter are contained 
in the PDKS SAR 7 . 2 . 1. 2 (CPU l99lb) and discussed in Section 6 . 3 . 2 of this 
technical evaluation reporc . These requiremencs specify tescing co enaure 
proper seating and filtration efficiency, and verification that the integricy 
of the filcer is maintained. 

Thus, the NRC staff concludes that maintenance of the building in the current 
configuracion, •• described above and in Seccion 7 . 2 of the PDMS SAR, vill 
provide concrol of radioaccive material to ensure that potential releases are 
~intained within the limits required by the regulacions and prescribed in the 
~oposed PDKS Technical Specifications . The required surveillance vill 
.a~rther ensure thee containment isolacion capability is verified and 
Jr intained . 

6 . 3 Rrsctor Conta1paent tnd Auxiliary tnd furl Handling Bulldlnc Purgr 
Breather Ventilation and filtration Systems 

The ventilacion and filtration systems mtintain a negttive pressure on the 
buildings to ensure that any leakage is into the buildings , that potentially 
contAminated air is filtered before it is discharged to the atmosphere, and 
that this air is directed to the station vent , where it can be monitored and 
the concentration of radioactive material in the air measured . 

The capability !or active ventilation o! the reactor bui l ding, the auxiliary 
building, and the fuel-handling bui l ding vill be maintained during PDMS (CPU 
199ld; SAR 7 . 2 . 1. 3. 2, 7. 2. 6. 1, and 7. 2. 6 . 2) . A schematic of the ventilation 
system is given in figure 6. 1. Three systems, the reactor building purge 
system, the auxiliary building ventilation system, and the fuel-handling 
building ventilation system , vill be operational . The reactor bui lding purge 
systems vill be discussed first , followed by a discuss i on of the ventilation 
systems in both portions of the auxiliary and fue l-handling building. 

6 . 3 . 1 Reactor Building Purge System 

6 . 3 .1 . 1 Reactor Building Purge System- System Description 

Currently, the reactor containment building is normally ventilated contin
uously using the reactor building purge exhaust system. This system consists 
of tvo containment purge exhaust units and associated duct vork, da=pe r s , and 
filters . During active ventilation, the purge units ( 25, 000 cubic feet per 
minute [708 cubic meters per minute) each) drav air !rom the D-rings through 
HEPA fi l ters and discharge either to the station vent or back into the 
contai nment . As effluent !rom the reactor building is routed through the 
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FIGURE 6.1 . Ventilation System Durin& Post-Dafuelin& Monitored Storas• 

reactor buildin& purse syste• to the station vent , it pa•••• throu&h two HEIA 
filter banka in aeries . The atation vent ia continuoualy aonitorad durin& 
reactor containment ventilation by an affluent •onltor in the vent (HP-l-219 
or HP-R-219A) . A local differential preasure indicator la inatalled across 
each HEPA filter . These di!!erentia1 pressure indlcatora are checked .onthly 
vhi1a the ventilation ayate• 1• in aarvica . 

Durln& PDKS, the raactor buildin& pura• exhaust system vll l not be operated 
continuously. Periodic antriea v111 be .. de lnto the reactor bulldln& !or 
.. asure•ent and aurvalllance act1v1t1ea . Before reactor containment entry, 
the containment v111 be ventilated aa nacaaaary, ua1ns the reactor bu1ldln& 
purse ayat•• (CPU 1992, SAR 7. 2. 4 .3) . At other tlaes , the ventllatlon ayat .. 
v111 not be operated , a1thoush 1t vil1 be kept operational as apeclflad in the 
SAR 7. 2. 1. 3 (CPU 199ld) . Thua, durin& PDKS, lt la antlclpated that the 
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ventilation ayate .. could be out of service for extended periods, and, 
therefore , the HEPA filters would not be checked during this time . However, 
becau.e exheu.t lines fro• the reactor building are closed, there would be no 
releaae through the reactor building vent . The reactor building purge aystea 
vill not be returned to service to ventilate the containment for entry unleaa 
the applicable surveillance requireaente for the filter ayate .. have been aet . 
The HEPA filter ayate .. vill be leak-tested in place after they are inatalled 
and vhenever filters are replaced to ensure that they meet the required 
performance apecificationa . 

A containment atmospheric breather (CPU 199lb, SAR 7. 2.1 .2) vill be used to 
aaintain pressure equilibrium betveen the AFHB and the reactor building vhen 
the containment ia not actively ventilated. The system is designed to provide 
a specific pathway throu&h vhich the containment atmoaphere can be aspirated 
to maintain pressure equilibrium with the environment external to the con
tainment. The containment ataoapheric breather also provide• a HEPA-filtered 
pathvay for effluent from the containment . The breather is a 6-inch 
( 15-centimeter) former hydrogen control system line in vhich a HEPA filter 
(24 inches by 24 inches (61 centi~etera by 61 centimeters)) haa been inatalled 
betveen the reactor building and the exhaust fan (AH-E-34) , The containment 
atmospheric breather exhausts into and draws air from the interior of the 
AFHB. The breather is the most probable pathway for passive ventilation 
because the line is large compared to other potential leak paths . There vill 
be an isolation valve betveen containment and the breather HEPA filters that 
vill autoaatically close upon receipt of a containment pressure increase of 
0 . 25 psi (CPU 199lb , SAR 7 . 2 .1 . 2 .2) . The purpose of this isolation is to 
protect the breather HEPA filters in the event of a significant fire in the 
containment . 

During PDHS , vhen the auxiliary building ventilation system is operating but 
the reactor containment is not being actively ventilated, a alight negative 
pressure vill be aaintained on the reactor containment building through the 
breather line from the AFHB. Two sample filter papers will be placed 
dovnatreaa of the HEPA filter and before the location vhere it exheuata into 
the auxiliary building . Airflov in the containment atmospheric breather aay 
be continuously reversing direction, depending on the mode of operation of the 
ventilation systems and atmospheric pressure . The second filter paper dovn
streaa from the HEPA filter vill be used to protect the first filter paper 
from any extraneous radioactivity entering from the auxiliary building. The 
two filter papers will be removed semiannually, and the first paper dovnatream 
of the HEPA will be analyzed !or radionucllde content . The licensee will 
report the results of the assay of the first filter paper (assuming a filtra
tion efficiency of 50 percent , although the efficiency of the sample filter 
paper will most likely be greater) as though a like quantity of radionuclides 
vas released . This vill provide a quali t ative estimate of the amount of 
radioactive material exhausted from the reactor contair~ent bui l ding (CPU 
199ld, SAR 7.2 . 1. 2. 3) . Since the deposition on the filter paper will be 
cumulative, it will provide determinative (but not real-time) monitoring 
during PDHS as a result of changes in ambient atmospher ic pressure . 
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6. 3.1 . 2 Reactor Building Ventilation - Current Licensing Baals 

The current Zechnical Specification 3 .6.3.1 requirement ensures that at least 
one train of the reactor building purge exhaust system is operable at all 
times and capable of per!ormln& ita [unctions, includin& all necessary 
instrumentation, controls, normal and emergency electrical power sources , 
cooling or seal Vater , lubrication or other auxiliary equipment that la 
required for the system, aubsystea, train, component, or device . Requirements 
elao include flov tests and filter testa at specified frequencies and periodic 
verification of differential pressure . The current Technical Spec1f1cat1ons 
alao establish requirements for monitoring of the saseous effluent and 
verification of the operability and calibretlon of the monitorln& equipment. 
The HEPA filter ayatema vere leak tasted in place vhen they vera installed and 
whenever the filters are replaced to ensure that they meet the required 
performance apeclficatlona . The internal pressure of the reactor buildin& ia 
kept negative in relation to the atmosphere by active ventilation of the 
building. The atmospheric breather ls not currently ln use . The atmospheric 
breather system ls a modification planned specifically for PD~S . 

6 . 3. 1. 3 Reactor Buildin& Ventilation - P~~S Licensing Baals 

The licensee has committed in Section 7. 2. 1. 3 . 2 of the PO~ SAR (CPU 199ld) to 
aaintain the reactor buildin& pur&• exhaust system in an operational condition 
to support PDHS act ivities (surveillance and maintenance entries ) in the 
reactor containment building . Maintenance of an operational condition 
includes leak testin& of filters end monitorin& of the effluent durin& 
operation of the ventilation system. However , this system is not a safety 
related system necessary to miti&ate the consequences of an accident and limit 
offsite dose to within 10 CFR Part 100 limits considerin& the post-accident , 
inoperable essentially defueled condition of the facility . 

The licensee has also committed to ensure that the atmospheric breather 
system ia the predominant pathway for effluent and influent to the building 
(durin& those times that the reactor building ventilation system ia not being 
operated) and the effluent ia filtered and monitored . As described in 
Section 6 .2 . 3 of thia report and in the proposed PDHS Technical Specifica
tions 3. 1. 1.2 , periodic testing and surveillance will be conducted to verify 
that the atmospheric breather system remains the predominant pathway . The 
HEPA filter installation in the containment atmospher ic breather provides 
in-place leak tastin& of the filter and housing. The HEPA filter will be leak 
tasted before installation (SAR 7 . 2 . 1. 2. 2 and B-3 of Supplement 3 ; CPU 1990c 
and 199lb) . In addition, the HEPA filter installation will be tested in place 
before lt ia used and whenever the filter ia replaced. The frequency of 
reinstallation or replacement of the filter will depend on the results of the 
leek testing and other surveillance to ensure integrity of the installation. 

6 . 3. 1.4 Reactor Buildin& Ventilation - Conclusion 

The ~~C staff has concluded that the licensee's program will ensure that the 
effluent from the reactor bui l ding will be filtered and monitored durin& both 
active and passive ventilation, that the atmospheric breather system will be 
the most probable pathway durin& passive ventilation , that tests and 
surveillance activities will ensure that the atmospheric breather systea 
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remains the predoainant pathway , and that the operability of the reactor 
containaent pur&• eyete• vill be aaintained to provide ventilation before 
entry of pe~onnel into the encloeed reactor containaent buildin&. 

6. 3. 2 Auxiliary and Fuel Handin& luildin& Ventilation Syetea 

6. ) . 2 . 1 Auxiliary and Fuel Handlin& ! uildin& Ventilation - Syatea 
Deecription 

The auxiliary buildin&'• aide of the AFHI 'e ventilation ayetea exhauate 
throush dual HEPA filtera into the etation vent. The etation vent ie required 
to be continuoualy aonitored durin& ventilation eyetaa operation uain& an 
effluent DOnitor in the vent eteck, HP-R-219 or HP-R-219A. Operation of the 
auxil i ary buildin& ventilation eyete• provide• a nesative pressure on the AFH! 
and on the reactor containaent bulldin& throu&h the breather. The AFH! is not 
a leak ti&ht etructure . Currently, the potential aoveaent of radioactive 
material outeide the bulldin& ie ainialzed by ••lntainin& a nesative air 
pressure between the buildin& and the outside ataosphare . 

The fuel-handlin& buildin& side of the AFHI is •••entlally a four-floor 
buildin& that 1harea a coaaon vall vith the auxiliary buildin& aide of the 
AFHI . On all lavale, there are door• that allov the patsase of peraonnel 
throu&h the co .. on vall . The effluent fro• the fuel-handlin& bulldin& 
ventilation systea exhauete to the station vent, vhlch i• continuoualy 
aonitored durin& ventilation sy1te• operation . The space in the fuel handlln& 
buildin& above the 347-!oot elevation ia co~on to TKl- 1 and THl-2, ae are the 
truck bey (elevation 305 feet) and the standby pretsure control pit (elevation 
328 !eat) . The operatin& floor (elevation )47 . 5 feat) ia ventilated by the 
THl-1 ventilation systea , vhich aaintains a con1tant nesative pretsure in the 
area . Air vithdravn throush the THI-1 ventilation systea is filtered by the 
Unit 1 atation vent , vhich is continuoualy aonitored. 

The licensee has ttated in the PDMS SAR 7. 2 . 6. 1 (CPU 1990c) that durin& PDHS, 
the auxiliary buildin& ventilation •yatea and filters vill be kept in an 
operational condition to eupport POHS activitiee . However, they vill not 
be required to operate continuoualy . The llcentee has further etated (CPU 
1991e, SAR 7 . 2 .4 . )) that the ventilation 1yetea vill be operated durin& PDHS 
for a •lniaua of 1 year . Licente Condition 2D etates that prior to terainat
iro& continuoue operation of the auxiliary and fuel handlin& buildin& ven- • 
tilation eyete .. , the epecial aonitorin& pro&raa on particulate releasee vill 
be coapleted. The prosraa shall include at laatt 1 year of data prior to 
entry into PDHS and at least 1 year of data after entry into PDHS . A report 
containin& the result• of the prosraa and containin& sufficient data and 
analyses to deaonstrate that the release rate of particulates vtth half-lives 
sreater than 8 days fro• the AFHI vill be les1 than 0 .00024 ~Ci/sec vhen 
averased over any calendar quarter shall be 1ubaltted to the NRC staff a t 
least 60 day• prior to terainatin& continuoua operation of the AFHI 
ventilation syeteae . 

The ltcen1ee hae also ltated in the PDHS SAR 7. 2. 6. 2 (CPU 1990c) that the 
fuel hendlin& bulldin& ventilation systea and filter• vlll be kept in en 
operational condition and operated as required to support PDHS actlvitlel . 
The fuel handlin& bulldln& ventilation systea provides fresh air to and 
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filters effluent air !rom the portion of fuel handling building belov the 
spent fuel pool operating deck . The effluent from the fuel-handling building 
ventilation ~ystea exhausts to the station vent where it is continuously 
aonitored during system operation. The lover three floors of the auxiliary 
building and fuel handling building (281-foot, lOS-foot , and 328-!oot eleva
tions) are open to each other alloving Cor the free passage of air . ~~en the 
ventilation system is not operating, the AFKa ventilation vill equali:e to 
ataospheric praasure via the HEPA filtered exhaust line which vill remain 
open . 

The THI-2 spent fuel pool operating deck is open to the truck bay and THl-1 
spent fuel pool operating deck. This common volume vill be actively 
ventilated from the THl-1 fuel handling building ventilation system . The 
lover elevations of the THI-2 fuel handling building vill be isolated !rom 
thia common voluae by aaintaining doora which communicate between the tvo 
araas closed, aealing vall and floor penetrations, and closing leak tight 
iaolation daapera on the communicating portions of the ventilation system . 

6 . 3. 2.2 Auxiliary and Fuel Handling Building Ventilation - Current 
Licensing Basis 

The current TMI-2 Technical Specifications Cor the AFHB ventilation systea 
provide assurance that gaseous effluent from the facility is controlled, 
filtered, and aonl tored before release to the environment . The operation of 
the ventilation system provides a negative pressure within the facility to 
ensure that contADination is retained vithln the building . Thus, atcospheric 
control is maintained by active ventilation of the facility . The current 
Technical Specifications specify that the auxiliary building air cleanup 
system and the fuel handling building air cleanup exhaust system shall be kept 
operable , vith one of the (our system air cleanup exhaust Cans operable in 
each system. The operability requirement for these systems requires operabil
ity surveillance and testing of supporting components such as HEPA filters and 
differential pressure control . Both the auxiliary bui l ding and the fuel 
handling building exhaust systems discharge into the station vent , thus 
providing continuous monitoring of radioactive material concentrations in the 
effluent . The current Technical Specifications require operation of the 
effluent monitor and appropriate maintenance anw - r~!~raticr.. 

6 . 1 . 2 . 3 Auxiliary and Fuel Handling Building Ventilation - PO~S 
Licensing Basis 

Caaeous effluent released !rom the AFHB must be kept be l ov t he limits 
apecified by the licensee in the 0~~ and the PDMS SAR . License Condition 20 
states that prior to terminating continuous operation of the auxiliary and 
fuel handling building ventilation systems, the special monitoring progrAD on 
particulate releases vill be completed . The program shall include at least 1 
year of data prior to entry into PO~S and at least 1 year of data after entry 
into PDMS . A report containing the results of the program and containing 
lu!!icient data and analyses to demonstrate that the release rate of 
particulates vith half-lives greater than 8 days from the AFHB vill be less 
than 0 . 00024 ~Ci/sec vhen averaged over any calendar quar t er shall be sub
mitted to the ~~C staff at least 60 days prior t o terc ina t lng continuous 
operation of the AFHB ventilati on systems . In addi t i on. the licensee shall 
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operate the AFH& ventilation system until the accident-generated water is no 
longer being processed or transferred within the AFHS. Operability and 
surveillanc~requireaents for the AFHS ventilation systems are provided in 
the POHS SAR (CPU 1990c, SAR 7. 2. 6) . 

6. 1 . 2 .4 Auxiliary and Fuel Handling Building- Conclusion 

The operation of the auxiliary building air cleanup system during PDMS vill 
provide assurance that potential movement of radioactive material outside the 
AFHa is minimized and that gaseous effluent discharged from the facility vill 
be monitored . Demonstration by the licensee that the release rate of 
particulates vith half-lives greater than 8 days fro• the AFHB vill be less 
than 0. 00024 ~Ci/sec vhen averaged over any calendar quarter, v111 ensure that 
releases of radioactive material to the environment are less than the limits 
specified in 10 CFR Part 20. 

6. 4 F1rt Dctretion and Protection Systca 

Fire protrction for a reactor facility is of regulatory concern to ensure safe 
shutdown of tht reactor and to provide control of releases of radioactive 
material . Secause of the post-accident , inoperable, essentially defueled 
condition of TMI-2 , safe shutdown of the reactor is no longer of concern. The 
objective of the fire protection system during PDMS ls to llmlt o!fsite doses 
if a fire vera to occur . The quantity of radioactive material that could 
potentially be released to the public is dependent on the magnitude of the 
f1re. The ~~C staff analyzed the offslte release from !Ires that could occur 
during PDMS (Section S.4 . l of this report) . Offslte releases from any 
credible fire would result ln only a small percentage of the dose specified in 
10 CFR Part 100 for determination of exclusion areas . Nevertheless, because 
of the uniqut nature of TKI-2 , some !lre detection and manual suppression 
capability ts advisable . 

6.4 . 1 Fire Detection and Protection System- System Description 

The objective of a flre prottctlon system is to limit offsite dosts·if a fire 
vera to occur . This is accomplished by (1) provid ing zone detection systems , 
(2) providing automatic fire suppression to areas of the facility and systems 
vhlch contain significant amounts of combustibles and possible Ignition 
sources, (l) providing hose reel and hose cabinet stations in areas vlth 
combustiblts, and (4) providing a trained !Ire brigade to respond to !Ires. 

The staff concluded, based on the post-accident , Inoperable, essentially 
defueled condition of the facility , and the results o! analyses that demon
strate that the maximum credible !Ire would not result In offsite doses in 
excess of 10 CFR Part 100 limits, that a limited fire protection program vas 
appropriate for TMI-2 during PDMS . 

Fire protection ls provided during PDMS by a modification of the original 
TKI-2 fire protection system, as vall aa by flre potential reduction. During 
PDHS, the zone detection systems originally provided at TKI-2 vill be opera
tional in specific areas of the plant . A total o! 28 fire protection zone 
detection systems will be operational ln the TMI-2 facility during PDHS ; 
22 have bten deactivated . Deactivation of the 22 flre protection zones 
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reflect the co~pletion of the current cleanup activities and the reduction in 
five he:ard or in so~e cases the actual eli=ination of the structure that was 
monitored. A list of these systems and their status for POMS is given in 
Table 6 . 5 . The :one detectors will be present on all elevations of the 
reactor building and fuel-handling building . Only operational area ioni:ation 
detectors are listed in the table ; all duct smoke detectors have been deacti
vated . In addi tion, equipment-related detectors installed on various compon
ents within the plant to monitor a specific ha:ard and automatically trip the 
associated fire suppression systec have been deactivated for areas in which 
the hazard has been re~oved and the related water suppression system has been 
deactivated . 

Remote moni toring capab ilities will be provided in the TMI-1 control room , a 
continuously staffed location . by the POMS alarm and =onitoring syste~ which 
will identify the specific zone in which the fire is located . 

The halon systems protecting the a ir intake tunnel and relay room have been 
deactivated . Portable fire extinguishers and self-contained breathing 
apparatus (SCBA) for firefighting response are located throughout the 
facility. as shown on figures 6 . 2 and 6 J . Portable fire extinguishers are 
located in the control building south corridor (30~-foot elevation), along the 
west wall of the turbine building (30~-foot elevati on), in the control 
building north corridor (30~-foot elevation). in the aux!llary building 
(305-foot elevation Just outside the entry to the reactor building) . and Just 
outside the service building. Each o! these locations has !roc two to four 
20-pound (9-kilogram) ABC dry chemical extinguishers . In addition, the fire 
brigade lockers in the Unit 1/Unit 2 corridor, the laundry and respirator 
facility, end the waste-handling and packaeing facility are available for fire 
brigade use . 

The deluge systems for the auxiliary transformers and east turbine building 
wall are =alntained in the turbine building flre service systems in 
miscellaneous facilities will be =alntalned operable as required to support 
opera tions ( e . g . • the waste-handl ine and packaging facility, the respirator 
cleaning facility. and the ad:inistration building) . TI1e deluge systems in 
the auxiliary building and the control building will be deactivated . There 
are no deluge systecs in the reActor contai~~ent building 

All portions of the fire protection sys:em located lnslde buildings in areas 
where the flre hazard r1sk 1s small have been deactivated (CPU 199la. SAR 
7 . 2. 2. 2 (1)) . The system has been configured so that the deactivated portions 
c an be reactivated by valves . if necessary . 
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Table 6.S Fire Protection Zone Detection Systems<•> 

Build in& Elevation Zone 
lll~~ :i1:1f!o17 OS l DS c 

Auxiliary Buildin& 2S8' 6" and 280 ' 6" 2 X 
lOS' o· ) X 
328' o· 4A X 

4! X 
4C X 

328' o· and )47' 6" 40 X 

Chlorinator House s x<d> 

Circulatin& Vater 6 x<d> 
Pump HoWle 

Coa&ulator Bulldin& 7 X 

Control Buildin& 280' 6" 8A X 
sa X 

Mez:z:anine ac X 
280' 6" 80 X 

BE X 
)Sl ' 6" SF X 
305' o· and lSl' 6" 9 X 
305' o· 9A X 

9! X 
331" 6" 10 X 
lS1' 6" llA X 

lU X 

Control Buildin& Area 280' 6" 12A X 
12! X 

F1 re Pump House 312 ' o· lS X 

Fuel-Handl1n& Bulldin& 280' 6" 16 X 
lOS' o· 17 X 
3211' o· 18A X 

18! X 
347' 6• 19 X 

Mechanical Draft 20 X 
Coolin& Tover 

See footnote• a t end of table. 
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Tabla 6 .S (eont 'd) 

lluUdin& Elevation Zona 
~~~~ ~tlfWf OS J DS e 

Reactor lluildin& 328 ' o· 22A X 
2211 X 
22C X 

lOS' o• and 347' &• 220 X 
347' ,. 22£ X 
282' ,. 22F X 

Rive r Vater Puap Houaa 280' g• and 312 ' o· 23 X 

Service lluildin& 280' ,. 24 X 
305' o· 25 X 
322' o· and 331' 6• 26A X 

2611 X 
26C X 
260 X 
26E X 

Turbine lluildin& 281 ' 6• 27A X 
2711 X 

lOS' o· 28A X 
2811 X 
30 X 

331' 6• 29 X 

( a ) Data obtained !ro• Tabla 7. 2. 4 o! CPU 199le . 
(b) OS - operational atatua . 
(e) OS - deactivated atatua . 
(d) Except det ection circuits fro• • iacellaneoua yard structures and 

outbuildln&• to remain operetional •• required . 

The yard fire main v ill be kept preaaurized usin& the atation ~ire pu.pa in 
TKI-1 and the a ltitude t anka as a backup preaaure source . The TKI-2 !ire 
protection ayate• drava ita aupply vater fro• the tie-in to the ya rd fire 
.. in. Freeze protection has been added to applicable portion• of the fire 
•a1n beeauae of the l ack of nor.al heatin& and ventilation in part• of the 
facility. The principal •eana of freeze protecti on outaide of the reactor 
buildin& durin& PDHS vil l be electrical heat tracin&, vhlch vill be ••int a lned 
uain& approved •a1ntenence procedures . Lar&e pipin& •anifolda for the fire 
protection ays t e• •ay be enclosed in a roo• outside the reactor buildln& ln 
non-co• buatible areas and provided vith a ... 11 space heater . 
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FICVRE 6 2 . Portable Extin&uisher and Self-Contained Breathin& Apparatus 
Locations in the Turbine Buildin& and Control Buildin& 
South Corridor 

The 12-inch (30 . 5-centilleter) f ire service loop, which runs throu&h the diesel 
&enerator buildin&. the AFHB, the control buildin& area , and the turbine 
buildin& (east and vast), has been isolated . The diesel \lnerator build1n& 
has been redesicnated for use with TKI-1 . As part of the •odifications to 
support the licensee ' s usa of the diesel canerator buildin& for TKI-1 , the • 
fire systell Una vtll be cut and blanked of! at the .(uel-handlin& butldinc. 
where the fire systa• line runs fro• the diesel cenarator buildin& . This 
•odification ali•inatas the need for freeze protection of the fire syste• 
in the AFH! fro• this and of the f~ra aysta• loop . To prevent the pipe 
fro• repressur1z1n& as a result of seat leak•&• throu&h the isolation valva 
supplies on the east and vest turbine bulldin& headers , l - inch (2.5-canti
••ter) drain valves were installed and are piped to turbine buildin& sUIIps . 
These drain valves, which are normally open , will be inspected •onthly durin& 
freezin& veether [October thr~u&h April (CPU 199la , SAR 7. 2 .2 . 2k)J. 

Sufficient redundancy exists with other .ultiple !ire service loops and 
sectional control• ao that only 11ultiple Jerious . impairmtnta would require 
placin& this fire loop in service to provide a nor•al flow path . The loop can 
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FIGURE 6 l . Port able Extln&uish~r and S~lf-Contained ! rea thln& Appara tua . 
Locations in the Control S~rvice and Auxiliary !uildin&s 

be placed in service by openln& valva FS-V6S2 and closin& the dratn valves . 
There is auff1c1ant flov in the 12-lnch (lO .S-centiaeter) fire service loop so 
that the drain valves do not have to be closed for the fire suppression system 
to be functional . 

River va t e r and fire puap houses are deactivated for PO~S but v ill provide a 
passive pathvay for intake Va ter to dlesel fire pu:p FS-P-1, which vill be 
u.ed only ae an eaer&ency backup vater-supply source . This reserve pump vill 
be placed in eervlce , lf necessary , to aainta in systea operability require
aentl (there ar e three other fire puaps ; only tvo a re needed for systea 
operability) . Durin& freezin& veather, the pu:p vill be in l ayup or heat v ill 
be ava ilable by heat trace or by the buildin&' s hea tin&. ventila tion, and a ir 
conditionin& (HVAC) eystea . 

The TK1•2 Fire Protection Pro&raa eetabllshes administrative controls to 
a inia iza the praeenca of flamaabla or combustible liquids and aaterlals in the 
TKI·2 facility . In addition , the licensee has t aken the follovin& specific 
actions to reduce the fire potential durin& POMS : 

1. Tranalent coabustiblea ins ide the conta inment end th~ AFH! v lll be 
reaovad to the e11tent practicable (CPU l99la , SAR 7 . 2 . 2. 2&) . This 
include• aost plant iteas installed a fter tht accident Fir~ 
loadin& of transient coabu•tibles vtll be aalntalned a t less than e 
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1-hour loadin& of 80,000 !TU/aquara foot (2.2 million !TU/aquare 
meter) . 

2. The oil haa been drained fro• the main turbine, main !eedvatar 
pumpa, emer&ency !eedvater pumpa , ateam &enerator !eedwater pumpa , 
condanaate booater pump reaervoira, and hydro&en aeal oil unit (CPU 
1991a, SAR 7 . 2 . 2 . 2h) . 

Each of the four reactor coolant pumpa haa tvo aumpa containin& 
120 &allona (454 litera) each of oil (flaah point 4SO•F) in the 
upper reaervoir and 18 &allona (68 litera) each in the lower 
reaervolr, for a total o! 138 &allona (522 litera) per pump . 
Approximately SO percent of thia oil haa been removed. Thua, 
approxi .. tely 276 &allona (1048 litera) of oil will re .. in. The 
oll ln the reactor coolant pump• will be at ambient te•perature and 
preaaura. Any leak would be a alov leak. The pump• are equipped 
vith drip pane vi th flaah acreens to prevent the collected all from 
becomln& involved ln a fire . The pumpa are separated eo that only 
tvo are adjacent thua decreasin& the probability that the whole 
inventory of oil would be involved in one fire . !ecause of ALARA 
conaidarationa, the licenaee currently has no plana to re•ove the 
remainder of the oil (CPU 1990c , SAR 6, 3. 51) . 

3 . The charcoal filter• have been re•oved fro• all HVAC systems in 
THI-2 (CPU 199la , SAR 7. 2 . 2. 2i) . 

4 , Kost electrical ayatems have been deener&l~ed , thus removln& the 
major i&nltion source (CPU 1990c, SAR Supplement l , Number 17) . 

6. 4 . 2 Fire Detection and Protection Syetem - Current Licensin& aaala 

The current Technical Specifica tion& provide requlre•enta for aurvelllance 
activities and for de•onatratln& operability of the fire suppression water 
syetema and for the fire hose atatlona . The licensee prepared a Fire 
Protection Pro&raa Evaluation !or THl-2 , vhlch vaa reviewed and approved by 
the NRC staff ln Aurust 1987 . 

6.4 . ) Fire Detection and Protection System - PDMS Ll censln& Baals 

The llcenaee's requirements for maintenance end surveillance of the fire 
detection and protection system are apecl!led ln the PDMS SAR 7. 2 . 2 (CPU 
199la) and vlll be apeclfled ln the PDMS ln the Fire Protection Pro&ram 
Evaluation (FPPE) . The FPPE apeclflea fire detection , followed by .. nual 
suppresalon of the fire . Vlth moat of the electrical circuits deener&l~ed and 
leee frequent occupancy durin& PDMS , there vlll be a al&nlflcant decrease ln 
poaelble aourcea of fire . In addition , there vlll be !ever combustibles ln 
the facility . 

The llceneee has atated ln the PDKS SAR (CPU 199ld, SAR 7. 2 . 2. 2b) that the 
operable portion of the fire detect ion end alarm syste•• vlll be tested every 
6 •onths by channel functlonel tests and testa of supervised circuits . 
Nonsupervlaed circuits between the local panels and the remote monltorln& 
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station in tha THI-1 control room will ba tasted avery ll day• to demonstrate 
operability (CPU 199ld, SAR 7. 2 . 2 . 2b) . 

The licensee he• stated 1n the FPP£ that responsibility for the THI-2 fire 
protection 1ystea and re1ponae to fires has been aJsuaed by THI-1 staff and 
will be aalntained and controlled under the FPP£ requirements for both THl-1 
and THI-2. The station fire brigade, aaintalned at THI-1 , will be fully 
trained and faailiar with 1yatem configurations, plant layout , and procedures 
for THI-2 . The station fire brigade vill be under the superv1•ory control of 
THI-1 staff. Upon detection of a fire, the station fire bri&ade will respond 
to the specific location in THI-2 . 

6.4 .4 Fire Detection and Protection Syatea - Conclusion 

On the ba1is of the low probability of fire durin& PDHS and on the very low 
consequence if a fire were to occur (see PDKS TER Section 5. 4 .3), the NRC 
staff concludes that ~~· fire detection and prevention 1ystem is acceptable 
and provides reasonable assurance of early detection and suppression of a 
fire . However , there 1s still some risk that a fire could occur . 
Therefore , the fire detection capability described 1n the PDMS SAR and the 
FPP£ will be DA1ntained durins PDHS , and the licensee has coDDitted to aanual 
auppresaion of fire by the fire brigade •• indiceted in the FPP£. The TKI-2 
Fire Protection Program will be updated before entry into POMS . 

6. 5 Flood Protection 

The THl al t a vas desisned to be protected •&•inst the probable maxiaua flood 
established by the U. S. Army Corps of Engineer• . The island on which both the 
THI-1 and THI-2 reactors a re located is within the 500-year flo~d plain 
(0 . 2 pe~cent chance of flooding in any given year) but not within the 100-year 
flood P/•1n as determined by the U.S. Army Corps of Engineers (~~C 1987) . 

6. 5. 1 Flood Protection- System Description 

Althoush the station srade is above the water surface profile for the probable 
aaxiaua flood , dikes are provided around the site to protect the station fro• 
wave action associated with the desisn basis flood . In addition . structures 
are completely protected at the exterior faces rather than the individual 
equipment or ayatema within. The water ltop• between adjacent building wall• 
and mat1 were designed to withstand a aaximua water head in excess of that 
associated with the probable flood level . The exterior alidin& doors and 
flood panels are provided vith vater-ti&ht seals (CPU 1990c , SAR 7 . 1.4 . 2) . 

The following items are specific desi&n features for flood control (CPU 1990c, 
SAR 7 . 1.4 . 2) : 

1. There are no external openings in the reactor containment building 
below the probable maximum flood level . 

2 . There are no external openin&s in the THI-2 fuel-handling buildin& 
that require flood protec tion . The railroad door In the Unit 1 
portion of the fuel-handling building is design~d to be 
water- tight . 
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3. Flood panels are provided for all entrances to the control 
bulldln& • . 

4. A flood panel is provided for the entrance to the auxiliary 
buildin&. 

5. The openln&s in the air intake tunnel are located hl&her than the 
probable aaxl.ua flood level . 

6. Doors and entrances (not flood-protected) to the control buildin& 
area are either vater-ti&ht or are provided vlth flood panels. All 
openin&• tha t are potential leak paths (e.,. , duets, pipes, 
conduits, and cable trays) are sealed. 

In addition to the specific flood protection deai&n proviaiona, such •• the 
bulldln& flood panels, site dikin&, and portable, &as-driven flood pumps, the 
alta is included in an early varnin& system provided by the Federal-State 
River Forecast Center, National Veather Service, Harrisbur&. Pennsylvania (GPU 
1990e, SAR 7 . 1.4. 3) . Upon not1!1cat1on by the center o[ potential high !lver 
!lows, THI-1 personnel implement site emer&ency flood protection procedures 
that include the entire THI site . 

6. 5. 2 Flood Protection - Current Licensin& Besis 

The current Technical Specifications define measurement requirements at 
various river vater levels and specify the level at vhich flood protection 
measures are to be impleaented to enaure protection of the facility and 
prevent an inadvertent release of radioactive material [roa the facility. The 
current Technical Specifications also require that the dike be inspected for 
potential de&radation. 

6. 5. 3 Flood Protection - PDKS Licensin& Basis Specifications 

The license has coaaitted to provide flood protection !or the THI-2 facility 
in Section 7 . 1.4 of the PDKS SAR. In addition, the licensee will prepare a 
revised site flood protection plan that will be completed in late 1992. Many 
of the flood protection requireaents are applicable to the entire THI site and 
era included in the THI-1 Technical Specifications (e . , . , THI-1 Technical 
Specification 3. 1.4.1 requires inspection of the dikes around the THI site 
every six aonths) . In addition, requireaents have been established in the 
administrat ive control section 6 . 7. 1 of the proposed PDKS Technical 
Specifications to provide procedures and pro&rams [or maintenance of the PDKS 
condition lncludln& impleaentation or the flood protection pro,ram. 

6 . 5 .4 Flood Protection - Conclusion 

The NRC staff has concluded that because the THl-2 f acility hes been defueled 
and the facility hae been si&niflcantly decontaainated, the quantity of radio
active material that could be released as the result of a flood is sl&nifi
eantly reduced !roa that of en operatln& reactor . Hovever, because there is 
still a potential !or 1 release , the requirements for flood protection have 
been kept in place . The staff finds that the flood protection requireaents 
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are adequate to ainiaiza the probability of an inadvertent relaa1a of 
radioactive aaterial froa the facility. 

6 . 6 Support end Honitorlnr Syateaa 

The eteff he1 identified five aupport and aonitorin& ayataaa that are related 
to paraonnel and envirou.ental protection and aurveillance durin& PDKS : 
(1) electrical ayataaa , (2) effluent aonitorinr ayateaa , (3) environaantal 
aonitorinr ayateaa , (4) adainiatrative ayateaa, and (S) aurveillance prorram . 

6 . 6. 1 Electrical Syat••• 

6 . 6. 1. 1 Electrical Syateaa - Syatea Deacription 

The follovinr electrical ayateaa vill be partly or fully operational durin& 
PDHS : 

1. Moat of the exiatinr lirhtinr ayateaa vill be operational . 

2. In the reactor containaent, reactor buildin& circuit• vill be 
daanerrlzed except for thoae neceaaery for PDHS aonitorinr. inapection, 
end aurveillance equipaant. Durin& entry to the reactor buildinr. 
circuit• for lifhtin& and pover for required equipaent vill be 
enerrized . 

3. In the auxiliary building, the 480/277- voltare alternatinr currant (Vee) 
pover to li&htlnr, fire detectora, and auap level indication circuit• 
vill be enerrized. Selected loeda to veldin& receptacla1, heatera, puap 
aotora, and fan aotora vill be enerrized. 

4 . In the fuel-handline buildtnr, lov voltare circuit• (120/208 Vee) to 
lishtinr end fire detection vill be enerrized. 

S. Portion• of the TKI-2 auxiliary electrical diatribution ayatea vill be 
operational and enerrized to provide pover fot the PDHS aupport aya tea1 
and their •••ociated control• and inatruaentation. Pover vill be 
available for area ll&htinr, receptaclea, heatinr, and ventilation to 
aupport PDKS activitiea (CPU 199ld, SAR 7 .2 .5 . 1. 2). 

Inatalled eaeraency li&htin& vill not be aaintained durin& PDHS. Noraal 
li&htin& vill be available throurhout the TKI-2 facility (CPU 199lc, 
SAR 7.2 . 5. 2. 1) . Personnel enterin& the buildin11 vill carry fla1hlishta for 
uae durin& lo11 of noraal li&htinr. Eaerrency reapon1e peraonnel vill carry 
1-hour portable ••errancy li&ht• vhen anterior the buildin&• · These eaerrency 
lifhtl vill be at ered vith eaerrency reaponae crev equipaent . 

Durin& PDHS , certa in electrical ay1taa1 are iaportant for the appropriate 
functionlnr of the ventilation and fire detection 1yateaa, •• vall •• for 
lifhtinr for routine IUtveill ance and eaerrency firefi&htin& ra1ponae . The 
ventilation ayateaa require electricity to operate and vill be uaad •• 
apacifiad in Section 6 . 3 of thl1 report . Electrical ayatea1 ere alao required 
to operate the aonltora for aeasurlnr the radioactive aaterial concentrations 
in both liquid and r••eoua effluents . Alao , the noraal operation of the fire 
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detection ayate•• require• the 1upport of the electrical paver ayat••· 
Althouzh the loas of pov1r to the fire protection eyate• vould not increase 
the potential for a fire, it could increa11 the potential conaequences of a 
fire , if one vera to occur, by delayin& ita detection . 

Durin& PDHS , •oat of the electrical faedl, particularly to the reactor 
buildin&, vill be daener&izad to •ini•ize the potential for providin& an 
i&nition aource for firea , lecauae the ra .. inin& ener&ized ayateaa could 
cauae a fire , the ataff haa analyzed the aaxi.u. credible fire and haa found 
that the offlita doae conaaquencaa era acceptable and are within 10 CFR 
Part 100 li•ita (aea POKS TER aection 5 .4. 3) . Syate•• uaad for PDKS aur
veillance activitiea .. y require an•r&izin& fro• local control atation• before 
they are uaed. The THI-2 auxiliary electrical diatribution ayat•• conaiata of 
tvo full-1ized auxiliary tranaforaara (2A and 21) connected to tvo aaparata 
230-kV buaea (CPU 199ld, SAR 7 .2 .5.1.2). The atation direct curr•nt (de) 
battariel are deactivated. However, de povar durin& POKS vill be auppliad 
through a sroup of four atatic rectifier• to the 2-1dc and 2-2dc bu••• · 
Direct currant backup power auppliea are provided to 1upport radiation 
aonltorln& and fire protectio~ ayateaJ durin& a taaporary lo11 of paver . 
Loads have been consolidated where practicable, ualn& bua tie-braakera to 
reduce the nuaber of enerstz•d circuita , 

6 . 6 .1.2 Electrical Syste•• - Current Licenain& Ieala 

Electrical power i• required to provide fire detection capability, aonltorin& 
of radioactivity, operation of ventilation ayateal , lizhtin& for entry and 
layup activitiaa, and for aiti&ation of accidenta , The current Technical 
Specification• require that the deteraination of operability of apecified 
electrical buae1 be deterained at le11t once every 7 daya by verlfyln& correct 
breaker alisnaant and pow1r availability. 

6, 6. 1. 3 Electrical Sy1tea1 - PDHS LicenJin& laaia 

Durin& PDHS, electrical paver will not be required to aiti&ate the con••
quencaa of an accident . However , electrical paver vill be nece1aary for fire 
det•ction capability, aonitorin& of radioactivity, and lizhtin& for .. in
tenanca and aurveillance activitiea . The licenaee h1a co .. itted in the PDHS 
SAR (CPU 1991d, SAR 7 . 2.5) to aalntaln portlona of the THI-2 auxiliary 
electrical diatribution ayatea operational and ener&izad to provide reliable 
paver for the PDHS aupport ayataal and their •••ociatad controla and 
inatruaentatlon. The1e ayat••• are not conaidarad aafety related ay1tea1 
nece1aary to alti&ate the conaequencea of an accident and lialt offaite do1e 
to within 10 CFR Part 100 lialta conaiderin& the poat- eccident, inoperable, 
aasentlally defueled condition of the facility. leceuae of the deactivation 
of the reactor and ita aaaociatad aupport ayateaa , C1a•• 1! eaar&ency dleael
backed power •yateaa are no lonsar required. 

6.6.1 , 4 Electrical Syate•• - Concluaion 

Conliderin& the po1t- accident , inoperable , and eaaentlally defueled condition 
of the facility, electrical paver ia not required to aalntain the aafety of 
the facility . The need Cor electrical paver to aalntaln non-•e!ety related 
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ayate .. durin& PDKS vill be eaeentially the a .. e •• it ia currently, and the 
llcenaee hae co .. ttted to .. tntaln that electrical power capability . 

6 . 6. 2 Effluent Konltorln& Syate .. 

6. 6. 2. 1 Effluent Konltorln& Syate .. - Syatea Daecrlptlon 

The reactor bulldln& pur&• ayatea and the AFKB ventilation ayat ... exhaust 
throu&h HEPA flltera into the atation vent. The atation vent ia continuously 
aonltored durin& operation of the ventilation ayatea uain& an effluent aonltor 
in the vent atack (HP-R-219 or HP-R- 219A) . The operation of the ventilation 
ayate .. le deacrlbed in Section 6 . 3 of thla report. 

6 . 6 . 2 . 2 Effluent Konitorin& Syatea - Current Llcenain& Baala 

Keaaure .. nt of radioactive .. terlal concentration~ in effluent fro. the facil
ity le required to quantify releaeee to the enviro~ent and to de.onatrate 
that releaeee froa the facility are within the current Technical Speciflca
tlona and Federal resulationa . The current Technical Speclflcationa apeclfy 
requireaente for effluent aonltorln&, both &aaeous and liquid, lncludin& the 
type of a .. plln&, frequency, and analyeee •• apeclfiad ln the Recovery 
Operation• Plan. 

6 .6 .2 . 3 Effluent Konltorln& Syatea - PDKS Llcensln& Baala 

Durin& PDKS, radioactive aaterlal releeaed in liquid and &••eous effluent• · 
.uat be ••••urad to enaure that the llaita epeclfied in 10 CFR Pert 20 , and 
the deai&n objectives of 10 CFR Part 50 , Appendix 1, are not exceeded and that 
the licenaae co.pllae vlth the requireaenta of the Radiolo&lcal Envlronaental 
Konltorln& Plan (REKP) and the Offalte Do•• Calculation Manual (ODCK) <••• 
Licen•• Condition 2. F) . Konitorin& equipaent , calculational aethodoloJY, and 
a .. plin& and aonitorin& frequency are epecified in the REKP and the ODCK. 

6. 6. 2.4 Effluent Konitorin& Syatea - Conclusion 

The NRC ataff conclude• that the propo1ed effluent aonitorin& and analyaia 
apecificationa for PDKS •• provided in the REKP and the ODCK vill enaure that 
radioactive releaaaa froa TKI-2 vlll be adequately aeaaured and quantified. 

6.6 . 3 Enviro~ental Konitorin& Syateaa 

6, 6. 3 ,1 Environaental Konitorin& Syate•• - Syatea Deacription 

Appendix 1 , 10 CFR Part 50, apecifiea that releaaea of radioactive aaterial to 
unreatrlcted area• .uat be kept •• lov aa 11 reaaonably achievable (ALARA) and 
provldea nu.erlcal suidea for coaplyin& vlth the AlARA require•enta in 10 CFR 
Part 50, 34a and 10 CFR Part 50, 36a . The suidea are dafined in taraa of an 
eatiaated annual doae or doae co .. itaent for any individual in an unreatricted 
area froa all pathvaya of expoaure . The licenaee .U.t verify that the lapact 
on the enviro~ent fro• the radioactive aateriela releaaed la within the 
sutdeltnea eatabliahed. Thia ver ification ia accoapliahed by ••••urin& 
quantitlea of radioactive aaterlala relea1ed to the envtronaent and the 
concentration of radioactive aateriala in the actual environaent and 
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calculating the potential doses to members of the public from the materials 
released. 

6 . 6. 3. 2 Environmental Honitoring Systems - Current Licensing Basis 

Appendix B of the current Technical Specifications contains the specifications 
for the licensee's radiological monitoring program for the THI site . The 
program consists of collecting samples from the environment , analyzing the 
samples for radioactivity , and interpreting the results . Samples of air, 
soil , vater, fin fish , milk , fruita, vegetables, groundwater , and 
precipitation are collected and analyzed to assess the critical pathways to 
man and to estimate potential doses . Thermoluminescent dosimeters and a real
time gamma monitoring system ere placed in the environment to measure ambient 
gamma radiation levels . 

Sampling locations have been established that take into consideration 
meteorology , population distribution , hydrology, and land-use characteristics 
o{ the area . Both indicator and control sample locations have been 
established to ensure the validity of the data collected. The THI sta{{ 
routinely reviews and evaluates the results of sample analyses and conducts 
investigations i! levels requiring administrative action or anomalous values 
are discovered . 

Radiologicel environment operating reports are sub~itted annually to the NRC 
{or reviev (proposed PDMS Technical Speci{lcation 6 . 8 . 1 . 1) . 

6 . 6. ) . ) Environmental Honitoring Syste~s - PDMS Licensing Basis 

The Radiological Environmental Moni toring Program (R~~P) for the THI site vi ll 
remain fully operational and will undergo continuous review and revision as 
necessary to ensure adequate evaluation o{ the environmental impact . Because 
rodent activity could result in the movement o{ radioactive material out o{ 
the !acility buildings, the licensee hes committed (CPU 199la , SAR S)- 7) to 
analyze a limited number of carcasses for gamma-emitting isotopes as part o! 
the non-routine radiological environmental monitoring program . The carcasses 
will be obtained from catch-all traps near the THl cafeteria . The licensee 
also maintains a contract with a local pest control service, on an as-needed 
basis , that controls insects, rodents, spiders , and birds and removes live 
animals . 

6. 6. 3.4 Environmental Honitoring Systems - Conclusion 

The sta!f finds that the licensee ' s program of environmental surveillance ia 
adequate to verify THI ' s compliance vith environmental release requirements . 

6. 6 .4 Administrative Systems 

6 . 6 .4.1 Administrative Systems -System Description 

Administrative systems are required to ensure implementa t ion o{ the require
ments !or organizational structure , sta!f qualifications , records , independent 
safety revievs , procedures, occupational radiation protection, a quality 
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aaaurance plan, an emersency plan, and other administrative control 
activitiea. 

6 . 6.4 , 2 Administrative Systems - Current Licensing Basis 

The currant Technical Specifications provide requirements for organizational 
atructure and responaibilitiea, ataff ,quallfications for radiation protection, 
aanase•ent and review peraonnel, records, independent safety reviews, pro
cadurea , a radiation protection plan, a quality assurance plan, en e•ersency 
plan, and other administrative control activities , 

6. 6.4 . 3 Administrative Systems - PDKS Licensing Basis 

During PDHS, administrative controls will be required to ensure that organiza
tional atructure and responaibilitles, staff qualifications for radiation 
protection, aanage•ent and review personnel, records, independent aafety 
reviewa, procedurea, a radiation protection plan, a quality assurance plan, an 
e•ergency plan, and other administrative control activities are maintained as 
appropriate for the defueled end nonoperating monitored storage status of the 
facility. Occupational radiation protection during PD~ is defined in the 
radiation protection plan described in the PDKS SAR and required by the 
proposed PDKS Technical Specifications . The limited scope quality assurance 
program for PDKS is docu=ented in the TMI- 2 PDKS Quality Assurance Plan (CPU 
1988c) . Specific security provisions for TMI-2 are documented in the TKI 
Modified Amended Physical Security Plan . Because of the post-accident, 
inoperable and essentially defueled condition of TMI-2 during PDKS, there ia 
no potential for any significant of!site radioactive releasea . Because of the 
axlstance of TKI-1 on the same site , emergency planning requirements for the 
alta are dominated by TKI-1 . Emergency planning necessary for TKl-2 haa been 
incorporated in the integrated corporate emergency plan, which has been 
reviewed and approved by the NRC . 

6 . 6 .4 .4 Administrative Systems - Conclusion 

The NRC ataff finds that the administrative controls specified ln the 
licensing basta documents are adequate to ensure acceptable administrative 
control during PDKS . 

6 .6 . 5 Surveillance Program 

6 .6 . 5.1 Surveillance Program- Syste• Description 

The licensee vlll conduct aurveillance programs during PDKS to ensure the 
maintenance of environmental protection systems including surveillance of 
reactor containment building isolation (proposed PDKS Technical Specifications 
4 . 1. 1. 1, 4 . 1. 1. 2, and 4 . 1. 1.3), surveillance of reactor containment building 
and AFHB ventllatlon and filtration systems (CPU 1992 , SAR 7 .2 . 1. 3, 7. 2 .4 . 3, 
7. 2. 6. 1, and License Condition 2D) , surveillance of the !ire protection ayste• 
and support and •onltorlng syatems (including electrical, effluent •onitoring, 
and environmental monitoring systems) , ODCK (proposed PDKS Technical Specifi
cation 6 . 7 .4), and oversight of administrative systems (proposed PDKS Tech
nical Specification Section 6) . Administrative systems include organizational 
structure, staff qualifications , records , independent safety reviews, 
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procedures , occupational radiation protection, a quality assurance plan, an 
e .. rgency plan, and other administrative control activities • . 
The licensee has atated (CPU 1991a, SAR 7. 2.4) that routine radiological 
surveillance of the AFH! and the reactor containment buildings will be 
conducted to verify the stability of the conditions . Radiological surveil
lance activities include air seapling to deter.ine levels of airborne 
conteaination, wipe surveys to dateraine levels of loose surface conteaina
tion, and radiation dose rata survey• to dater.ina potential changes in 
radiological status . 

The licen1ee has also 1tated (CPU 1990c , SAR 5. 3) that radiological surveys 
performed in aupport of work activities during the cleanup were u1ed to 
astabliah the pre- POHS radiological status . Section 5. 3 states that~he 
sumaary of the radiological condition• as contained in the POHS SAR will be 
updated when final radiological conditions have been determined and final 
decontamination results become available . The licensee has also stated 
(CPU l99la, SAR 7.2.4) that radiological surveys will be conducted 
periodically in the AFHB and the reactor contai~ent building to monitor 
radiological condition• . Preselected locations for contai~ent surveys are 
shown in Figures 6.4 and 6. 5. Fixed dosimeters may also be placed in various 
locations and replaced periodically to measure dose rates over a longer 
period. The licen••• will review the result• of the radiological surveya and 
evaluate them for trends in ch•nges in contamination levels , movement of 
contamination, and changes in dose rates . The radiological aurveys will also 
detect changes in the radiological status of the facil1t1ea that may require 
corrective action . 

6 . 6 .5.2 Surveillance Program - Current Licensing Basta 

The currant facility surveillance requirements included in the REKP, currant 
Technical Specifications, and Recovery Operation• Plans provide for the 
environmental protection systems necessary to preclude criticality ; ensure 
reactor containment building isolation; ensure ventilation, filtration, and 
measurement of gaseous affluent being released to the environment ; ensure 
collection end monitoring of liquid effluent being released from the facility ; 
en1ure prevention or detection and mitigation of fires ; ensure the oversight 
of necessary administrative sy1tems ; and ensure monitoring of the facility to 
determine radiological conditions . 

6. 6. 5. 3 Surveillance Program- POHS Licensing Baals 

During POHS, THI-2 will conduct surveillance programs to ensure that environ
mental protection i1 maintained . The1e surveillance program• will ensure 
iaolation of the reactor containment building (proposed POHS Technical 
Specification• 4 . 1. 1. 1, 4 . 1. 1. 2, and 4 . 1. 1. 3) , operabi l ity of reactor 
containment building and AFHB ventilation and filtration systems (CPU 1992, 
SAR 7 . 2 . 1 and 7 . 2 . 6) , operability of the fire protection system (CPU 1991a , 
SAR 7.2.2, License Condition 2F, and the PDHS FPP£} , and functioning of 
support and monitoring systems (proposed POMS Technical Specification 5 . 2 . 1. 2, 
Section 6 , License Condition 2F, and CPU 1992, SAR 7.2.4.2) (including 
electrical , affluent monitoring , and environmental monitoring systems) , 
oversight of administrative systems , and periodic meAsurement of rAdiation 

6-42 



Fleur• 6.4 Radiacion Survey Locecions in the Reaccor luildin& 
Elevacion 347 Feec 

and contaaination levels co verify radiolo&ical condicions . Administrative 
aysteas include or,anizational atructure , scaff qualifications , r ecorda , 
independent safety revieva , procedures , occupacional radiation proteccion, a 
quality assurance plan, an eaer&ency plan, and other adainiatracive concrol 
activities . 

The PDKS aurveillance pro&raaa deacribed in the precedin& aectiona are 11ated 
below: 

Maintenance of reactor veaael &eoaecry, Section 6 . 1. 3 

Reactor containment iaolation, Section 6. 2. 3 

Reactor bui1din& breather and ventilation aya tea , Section 6. 3. 1. 3 

Auxiliary and fuel handlin& buildin& ventiletion aystea, 
Section 6 . 3 . 2. 3 

Fire protection ayatea, Section 6.4 . 3 

Flood protection, Section 6 . 5. 3 

Support en~ aonitorin& aysteaa , Section 6 . 6 . 1 . 3 , 6 .6 . 2. 3, 6. 6 . 3 . ) , 
and 6 . 6 .4 . 3 
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6. 6. 5. 4 

Fl&urc 6 5 Radiation Survey Locations in the Reactor Buildin& 
Elevation 305 Feet 

Surveillance Prosraa - Conclusion 

The NRC staff finds that these surveillance pro&rams vill ensure •a1ntanance 
of the environmental protection systems durin& POKS . In addition, the NRC 
s t aff finds that the licensee's radiolo&ical surve illance activities durin& 
POKS v111 be adequate to verify continued stability of radioactive •aterial 
vithin the facility and to identify conditions that aay require corrective 
action. 
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7.0 CONCLUSION 

On the beala of the aatertal received fraa the ltcaneee and independent 
evaluation and aaaaureaanta by the NRC ataff , the NRC ataff conclude• that the 
entry of TMI-2 lnta PDKS vtll nat deere••• the aarcln of aafety far varkera 
and the public . 

The ataff aakaa the fallavln& ftndln&• : 

1. Defualln& of the reactor haa bean accaapllshed to the extant r•••anably 
achievable . 

2. All fuel (t . e ., UOz) and care debrta reaoved froa the reactor and 
aaaoclated ayate .. have been shipped off alta . 

3. The reaulta of analy••• indicate that there la no potential far a 
crltlcallty tn the fuel re .. lnln& tn the THI-2 facility durin& either 
naraal or accident candltlana . The canaervatlaa built into the .adel · 
and the addltlanal aeaauraa beln& taken by the llcanaee lncludln& 
reaaval of Vater , addltlan of a neutron palaan into the veaael , and 
reatrlctiana an deliberate fuel aoveaant , vauld further preclude the 
paaalblllty of a crltlcellty. 

4 . Ra .. lnln& radioactive vaate fraa the aajar THI-2 decontaainatian 
actlvltlea haa been ahlppad off alta or packa&ad and ata&ad for ahipaant 
off alta . 

S. Radiation laval• vlthln the facility have bean reduced to auch level• 
that nece11ary and required plant aanltorln&, aalntenanca , and 
tnapactlona can be perforaad. 

6 . Radloloctcal control of ectlvltiea durin& PDMS vill be conducted tn 
accordance vlth the approved Radiation Protection Plan and ln coapllanca 
vlth the ra&ulatary requlreaenta of 10 CFR Part 20. This procaaa vill 
anaura adequate control of occupational expaaure and protection of 
vorkera . 

7. The ltcanaee ' a propoaed surveillance pro&raa ls adequate to aonltor the 
PDKS environmental protection ayatea1 . 
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8. The environmental •onitorin& for TMI- 2 durin& PDHS vill be included in 
the TMI Site Radiolo&ical Environmental Honitorin& Plan and vill ensure 
adequae. anvlronaental aurveillance and control . 

9 . Fire protection at the THI-2 facility durin& PDHS vlll be acco.pllahed 
accordlna to the approved TMI-2 Fire Protection Pro&raa Evaluation 
(FPPE) and vill enaure that the riek of fire ie vlthln the bounda 
analyzed by thia evaluation . 

10. The require .. nta delineated in the propoeed PDHS Technical Specifica
tion• provide aeaurance that tha facility vill be .. intained in an 
anvironaantally aafe condition . 

11 . Tha TKI-2 facility can aafely be placed in lon&-ter. •onitored atora,e , 
and the facility confi&uretion durin& etora&e under both routine and 
accident conditione vill not reeult in i•pacte that exceed thoee 
i dentified in the etaff' a PElS Supple•ent J (NRC 1989a) . 
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