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Dc.1r Sir: 

By NRC letter dated October 17, 1985. GPU Nuclear was granted exemption from cenain 
requirements for periodic inventory and reponing of the SJX..>cial nuclear materials (SNM) balance 
for ·n,rec Mile Island Unit 2 (Thfl-2). As a condition of the exemption. GPU Nuclear was 
required to conduct an assessment of the SNM remaining at ThU-2 following the completion of 
the defucling eifon. TI1is assessment was referred to in the exemption as the *post-defucling 
survey." GPU Nuclear letter +$10-88-L-0162 datl!d September JO. 1988. submitted the initial 
Post-Defueling Survey Rcpon (PDSR) !>Ub-n:pons. 

A� stated in that submittal. the PDSR documents the GPU Nuclear assessment of the amount of 
residual SNM in the various facilities. systems. and components of the plant and describes the 
methodology utilized to dctennine the quantity of SNM in �ch case. The attached PDSR 
(Enclosure I) transmits the post-<.lefueling survey results for the Thfl-2 Reactor Vessel (RV). 
In additio11, Enclosure 2 provides n.'J>lacements for the ·overview/Summary" (properly titled the 
"Executive Summary·). ·sNM Plan Summary." and "Introduction" sections of the PDSR 
document. 111e PDSR document is officially complete. 

TI1e RV PDSR sub-repon completes the final assessment of the quantity of residual SNM at 
Thtl-2 for accountability purposes. A total SNM accounting is ongoing: submittal of the 
Material Balance Repon (DOE/NRC Fonn 7.t2) is scheduled for April 30. 1993. 
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111c C\lim.uc of re;:-nrd of thc amount of urJnium dioxtde ( U01) remain in� in the Reactor Ves-.cl 

tR\') i� 925 �g with an uncertainty of ± .. H)'i" expreso;ed ;" lllle·\tandard de\ iation. The c�tim:uc 

11f record i\ ha\cd llll undcrwater \ideo insJX-ction.; and pas<;ivc nl!utnlll me<t!\urcmellls of the 

n:stdual fitcl adju,ted to aCCllllllt for me<!'urcment hia'> .  Thl' p:t'i'>iv�: neutron rneasurcmcnt 

technique utili1cd the.' rc'>uh'> of thc \ idco in'>Jll!l'tion\ h' divide the RV into nine 70111.!.\ whil.:h 

<.ep:tr.llcd thl· major fuel depo'>ih h) de\ation.. Water \\:tS n:mmcd from the flooded RV in 

<.tagn that corrc'Jx•tHkd w the 1oncs so that the water r0uld he u\Cd a-; a �hado" !�hick! to 

\cparate the luc:l tlcpmit� b)' 1onc. 11ti\ h:dmiqul." 'implifictl anal)�i' aml11npro\1."d thl." accur.tq 

ot thl· pa\\1\l' n.:utnlll trh.:a�un:mcm 

Bccau'>e ul tht.: h:dwical Lomplc\itic' ill\ohl."d in thl" pa-.!.i\c ncmron mca\url!mcnt pmgrJm, 

including �.·nmplt:\ gcometril!'i. \tntrturJI intcrfl!rCnLc,, the prc�nrc of neutron absorbers and 

homn induu:d (<•.n) n:actiuth . .t dhtinguhhcd group of �kntisl\, chaired by Dr. N. R.1\musscn, 

�1:1�-.;tdttt\CW> lthtitutc t'f Tcchnoll'f!Y· and inc luding Dr. H. Mcnlovc, Los Alamo� National 

L1horatol"). and Dr G 1-:m,ll. Uni\t:l"\ity l'f Midngan. \\a� commis�ioncd tn conduct an 

indq�nd�:nt rt.'\ 1,.,, 1•f th� mc;,,urcnh:nt d;ua and th� c\timatc of rc�tdual fuel. Till! RV c\timat�.: 

11f n:l·,•nl \\'a' d:.:t�:nninc:d h� ;uliu,tin� the: pa\\iH� nl'Utwn mca�urclliCnt l!\timatc to rnnsidcr the 

m�:a,urcnu.:nt hia'c' idcntiticd h) the R:t�nllt,-.cn Commillcc. 



..---------------------------------------------------

Titc total amount of n:sidual UO: (i.e • 925 kg) as about 50% larger than the video estimate. 

Titc difference l'l\!tu ccn the earlier \ iJeo estimate and the.: c�timate of n.-cord is attributed to the 

indctenninate unccnaint} "�"--dated with the.: vi,ual c timate� that were developed from review 

of the \ uk·otapc' collcch:d during the \ideo iii\(X."Ctton cffnn. 
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TMI-2 POST-DEFUEUNG SURVEY REPORT 

FOR 

1.0 INTRODUCTION 

THE REACTOR VESSEL 

TI1is rcpon pre�nts the analpis of the Thn!l.! Mile Island Unit 2 {11.11-2) Reactor Vc:ssd 

(RV 1 uranium dioxide ill\ entory. It is the final repon in a series of repon!t gcncratl'd to 

fulfill the requirements of tht: ThU-2 SNM Accountability Program. Unless noted. all 

st<�ti�tical data unct:nainties arc cxpres� in tcnns of one standan1 dc,iation (one sigma 

0r I 11). 

A 'ide(l impc<.:tion of the fl<Xxlcd Reactor Vl!s�l (RV) internals was complch:d in early 

1990. The result� of that 'Iurvey and othcn. '� crl! presented in the Dcfucting Completion 

Rcpon (DCR) (Reference I) which was supplemented following the NRC-sponsored 

Pll!>t-Lowcr Head Sampling Program (Reference Ia). While the fuel estimates were 

acccptahlc for the purposes of the OCR. the video insp!.'Ction of the RV was not 

considl!rcd to be of sufficient quality for final Special Nuclear Material (SNM) 

accountahility. For thi� rc.1son. pas�ive neutron measurements were perfonned to 

prm ide the final estimate of the quantity of residu·tl fuel within the RV as wdl as to 

e'tirnatl! thl! unccnainty. lkcau� of thc k-chnical complexities involved in the passive 

neutron mc;t!lurement pr,•gram. including compkx gt:omctries. stmcturnl interferences. 

J 



the pf'C.)C.ncc of neutron absorber!. and boron-induced (n,n) reactions. a distinguished 

�roup of �cientim. chain.'\� by Dr. N. Rasmus�n. Mas.�chuseus Institute ofTt.'Chnology. 

and including Dr. H. Mcnlovc. Lo!> Alamos Nationa·l L.1bor.uory. and Dr. G. Knoll. 

Uni\er.itl) of �lichigan. wa:. cummir,�iont.-d to wnduct an independent review of the 

me;,,urcrnent data and the c'timate of residual fuel. 

11ti'> d1>ClllllCI11 ,1utline� the: rc,ul! and unccnaintics, as � ell as the specific me.asurcmc:nt 

and .m.ll)tt,JI t\l(ll'> u'c:d tP.lC'hlt:\e the e\tunate of record of the residual fuel in the RV. 

In tins rt'JXll1, rc'idual tud rcfa, Ill UO; ami fud dchris n:lcr.. to a wmpositc material 

that \\a� thl' pm<I1Kt c,f the a�cidt.:nt 

St.:ctHm :! . " Bad .. gmund." dt.:\Cril"k:'> the accident scenario and 'lllh�cqucnr cleanup 

.u:ti\ itic.;. Aho dio;cu,scd arc the location and condition of fuel that was relocated during 

the accii.knt. 

Scc:ti(m 3. "!\lctho<h." di.''>Crihc� the \'ideo analy�is. the passive neutron measurement 

technique and equipmcf'lmcd. and the re'ult' of the Ra'mmo;cn Committee's review that 

�a' ir��.:orpor.lled in the c\tirnatc (If record of residual fuel in the TMI-2 RV. 

Sc,·titln .J. "Anal) 'i ,"explain\ in detail how thl.! estimate of record of fuel in the RV wa!> 

calculat�d and discu\<ie\ the �upponing data, assumptions made, and the assigned 

um:cnaintic\. 



Section 5. "Conclusion.� prc�nto; the estimate of record and uncertainty fClr the amount 

nf residual UO: remaining in the RV and supjl(>rting r.1tionalc leading lo a t:onclu,ion that 

the e�timate b. rca�nablc based upon the a\ailahlc data and analy�is JX:rfonncd. 

2.0 BACKGROUND 

During the 1\tarch JQ7Q ;Kcidcnt, the Th0-2 nudcar fuel wa-; tt\'Crhcatcd due to a lo�'i 

11f C00iant. Con: ternpcmtun:� \\en: 'uffh:icnt to n:mm c the cladding h) melting or 

gn"' ''�idation. 1l1is pmccss :td\:tnccd fM about 17-t minutes after initial loS!> of 

lOOiant. At thi\ timl.'. the "28" reactor coolant pump (RCP) opcr.ttL-d for a fe'' minute.\ 

tran�porting cold water to the core causing further thcmlal·mL-chanical degradation of the 

claddlll!! and JX!Ilcts. About 30 minute\ later. the En1crgenc} Core Coolant System was 

u\Cd to refill the RV. Reference I. 

At about :!25 minutes. in�tnuncnts indicated. and later analy'li!. revealed. a major con! 

relocation. \'i\ual in<;pection� conducted during dcfuding indicatL'd a flow of molten 

wn.· matcnal to the Lo•.�ocr Con: Support Asscmbl) (LCSAJ. Approximately 16 hours 

alter the stan of the accident. the RCP "I A� \\as restarted cffccti,ely ending the thcnnal 

tkgr.1dauon procc""· 

One effect of the ;u�dtknt wa' to .;hatter the cer.unic uranium dio�idc pclleh. UO;. and 

to mi\ UO: '' ith tllher llll'tal o�it!c' Cl'l!<lling a gr.l\ d-like dcbrir, hed covering a mass of 
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n:o;ohdifit-d compol>ite rnataial Suh-.cquem defuding OJll!r.Uion!. shauen.-d the 

n:<.olid•lied material into gr.nd li�c material \i\ually indJ'>tmguishablc from the other 

.lchn' 

After dcluehn�. the rc\idual fud "a' oh\CT\cd to he l:OIIlJlO\Cd of finely divided 

material, thin (nJ\1'>. and \Oird· ma"'ie\. Small :unount\ of debris were left in hard to 

••�·"e" kl\:ation ... and a lrght �dll,ting" of n:'iidual fine� wa� widely deposited on 

h11ritnm.11 \llr1.Ke' alter the la\t undc�ater \amum dt:-1ning operation. Cmsty 

n:,o!Jthlkd m;ttenal w a' di,tribut�·d along \llr1ace\ that tended W channel the molten fuel. 

Suhd m:l\"-'' nf the -..1me material wen: oh\CT\ cd in a fl'\� LCSA pcripher.tl coolant flow 

hulc\ tl1.1t wuld Ill'! he dduckd. The l'O: content of the lines and crust) material is 

\imilar: "1th .t 1.1rgcr hul� Jen,ity fm the t'nt'>t) material. 

.' 0 ME'Il!OU 

1 \'ISl'AL h:XA�tll'ATIC)N �tETIIOD 

o\ h�cn-.c wmlition fl'r trJrhition lnun Fatilit) Mode I (i c .. actiH� dcfucl ingJ to 

Fal·rht> �t(lt.le\ 2 and 3 1 1.e. final preparation '' r PDMS) wa' c<mfimlatinn that 

the RV had tx:cn dcfudcd t(l. the extent n:ao;unahly achievable. Video 

c"<aminat•on\ of the R\' Jll!rlonn cd during and suh\Cqucnt to the completion of 

dc luclrng \\ cl"\: IJ\cd to quanti f) the amount of fuel h:ft in the Thtl 2 RV. TI1c 

(J 
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rc-.ult1> (lf tlmsc visual examination� \\ere presented in Reference� I and Ia. 

Appmximatd) 1 33.000 kg of core debris. includin!! approximately 9�.000 kg 

l '0:. remainl!d in the RV after the a�cidcnt. Extcnshc dcfucling operations were 

pcrfonncd in the RV to rcmO\C core dehri� n .. sulting from the accident. l11c 

dctcnnination of residual quantities of con: debris and its location in the RV was 

an ong_Cling pnx-e's fn1111 the \tan of defucling. Tl.'chniqu� included vith.:o 

insJX·,:tion and o;amph! acqni'-ition and ;mal) !li!>. 

E\tcn�i\c visual l.'xamination Clf nearly all accessibk pam of the RV internals 

\\en: made during and lollo\\ ing RV dcfuclin;. lltc rec;ulting vidcotarcs were 

analyt� to infer the amount. fom1. and location of the residual fucl in the RV 

1Rdercncc5 I and Ia). The phy�ical extent of dcbri� deposits was mapped in 

three dimcmion!l, U\ing knn.,.. n refcren�·e points or landmarks as d imensional 

indicator�. Ghl'n good lighting conditions, the \Cnical and latcr.tl cxtl!nt could 

� c'tnnatcd fairl) accurately. but depth \i.e . •  d imension along the line of sight) 

\\a' much k's e:tsil) dctcnnmcd. llte physical distribution was then used to 

c.'>timatc \Oiuml!. Surfau! tl!xturo and tlther subtle factoN were used tl� identify 

and compare thl.' o;;uhjc,·t dl'hrb tkpo,it touther similar matl!rial for which <;ample 

anal���' data c\i,te.l. llte \.1111pll! data for fuel material \\a!. then US<.'d to e.stim.tte 

the dcn.;ity and \.Ullll)('"ith'n of thl! dl!po it. 

7 



·n,e cnJ!tllt:CI"'i �h11 w0rkcd on the pn��t tkvclopcd a cun..cl"\:tti\c, yet n:.Jiistic. 

c�tunatc ot the quantlly of .c,idual fud Fnr in,taucc, if a lltl\\ hole in an LCSA 

plate l.'ould not he -.ccn hy the 'ideo ..::uncr""· the engineer wa'l to a'i.\UIIle that the 

hole\\ .I\ Ctllllplctdy full ttf fud UChrl\. for this TCa\On, \1. hen thl' VI�UaJ residual 

fud 'aluc ""� 1\'IXlned. 11 u;t, a�\lllllt:d IQ n:prc\Cnt a cOtbcl"\a tiH: upper hound 

Ill the quantny of 1\'\iilual ful'l in the TMJ-2 RV. Jl(lwcvcr, the visual estimate 

''a' tlt.lt prc\Cntcd a\ the final 1\!'idual fuel \alue for tlu: T�U-2 RV due to ib 

llldctcnninah.: r.lllf!l' t,f uncenaint). Rather, pa\�ivc ncutnm IIIC:I\UI\!IIU.:nts wen: 

conducted a' pan t•f the S!\�t At:l'ountahility Progr.un. 

3 � PA'lSJ\'E NEl'TRON :'-tEASUREMENT TECHNIQUE 

P;'"'' c ncutnm lllc.J\urcmrnt' "cl\! pcrfonncd Ill provide the final c�timatc of the 

quantity of 1\!\idual fucl "ithin the TMI � R\'. Titc pa<,�i\'t.: method equates the 

rnc:t,ttn:d nutnhcr nf ncutrom rclc:t..cd hy the cure debris to the remaining fuel 

tJUantlly. Pa,,ivc ncutmn' an.: gcncmtcd h) SJXlntancous fission of the fuel debris 

ami hy (n,n) !\!action� with o'iy!!en and homn. Tile alpha panicles are largely 

pnxlulcd h) till' tkC:.t) tlf the tr�m!.ur.min. 

It \\a\ l)(l�tulat�:d tint th� 'tdetl c�tirnat�\ could Ill: u'\Cd to pr�dict ne111ron yields 

ti1r tlw 'i'ualt/l'd d�pmil\. Rc,idual fuc:l quantitic' could then Ill! a�\Csscd by 

l·omp:tring nt:tllron mc:l\un:Jncnh with pn:dktion,. for simple '>}'Stems, the 



"'"""------------------------------------���-

prt�du�t of the mc�tsurcd neutmn/wcond (n/,) and the predicted kg UO: per n/\ 

wc,uld pm\ ide the fuel quantity of record. Unf(lrtunatcly thi'> �imple analy'i' ""' 

l:<llllplic:ttcd h) �eomctry. and hy the re\olution of the video inspc�tiun method 

(Reference� 2 and :!a). 

The \ id�o:o·e\tllllatcd fuel (h,:po<;it' \\ere not unifonn. C(1rrclating dcpo�ih with 

l<x:ati<lll\ revc.aled that the thicknc<,o; of �tainlcss steel -.hiclding the fuel wa� also 

\:triable. Partially known. nun-unifnnn dcpmit!> behind ah!lorhen. of \itrying 

thicknc-.:-. pruvidc a compk� fuel/source di!'ltrihution and neutron absorption 

4uality. Therefore. it wa� dch.:nniru .. 'd that a single llll.'asurcmcnt made ncar the 

center uf the dry RV would not be u�ful to rcwh·e the complex source tcnn for 

an appropriate fuel c�timatc. 

The vio;ually-dctcnnincd fuel distrihution was used to divide the vessel into 

regions that could � usefully scpar.ttcd hy water level. 1l1c implementation (If 

a contrullc:d draindown divided the RV internals into nine vertical zones as shown 

in Figure I. Zone elevations arc given in Table I. Multiple passive neutron 

measurements. assisted by the RV water shield. were used to reduce the 

complexity for a �Iter fuel assay. 1111! water shield was crc;lled hy dr.tining the 

RV to succeso;ivc i'onc elevations. 

C) 
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lltc dist.tnccs het\h."Cn the cntryway into the RV. the top of the �:himncy. and 

various wnc!l \\ere h�d on phy<oical mcasuremcnts and engineering drawings of 

the pre�surc 'cso;cl �nd \'C:.<>CI intcmal components. 

3.3 PASSIVE NEUTRON �tEASUREMENT BIASES 

lltc passi\'c neutron measurement technique i!i subjiX't to systematic hiascs that 

could signilicanlly affl!ct thl! resultant C!itimatc of n.-cord. 1l1c technical 

compll!�ities ill\ ohcd in the paso;ivc neutron rn�tc;urcment program. including 

complex gc<nnctric,. "tn:�tural inh.:rferencc'>. the prc!ll!ncc of neutron absorbcrc; 

;md homn-induced (o.n) re<�cttcm\. make these o;ysternatic hia�s difficult to 

quantify '' ith any rc<t,unabk :u.:t:ur.t�o:y. 

A dbtinf.!ui hed group of scientists. chaired hy Dr. N. R.1smus�n. Mass.1chuscus 

Institute llf Technology. and including Dr. H. Mcnlove. Los Alamos National 

Lahomtory. and Dr. G. Knoll. University of Michigan. was commissioned to 

conduct an independent re\·icw of the mca!>uremcnt data and the estimate of 

re�idual fuel. The Ra•mu�o;cn Committee concluded that mcac;urcment biases 

w..:re pre.;cnt in thl! pa!.'iivc neutron IIIC:I\uremcnt tcchnique (Reference 3). lltcsc 

bia�cs �•nd their impact on the pa'>sh e ncutrun mc:tsurcment estimate arc diSCU'i"C<I 

in S�Xtion -l.3. 
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3.-l IIARDW ARE FOR TI-lE PASSIVE NEUTROI': 1\JE.-\SUREMEI-:T 

Four asscml:llics compri'iC the hardware u'iCd for the p:tS<;ivc neutron 

mcao;un:mcnt\ tRcfen:ncc 2). ll1cy arc the dctt.'<.:tor and �land a�-.cmbly; the 

wntaminatinn control �J\; thl'l-.tlibr.ttil)n �oun:e dc:piO)Illcnt -;ystcm; and the RV 

liquid "=' c.:l monitor. 

J . . u DETECTOR AND STA�D A�SE.\IBL Y 

111c: detector •l-'�l!mhly �:tm�i�ted of three llc--l dl!tcctor� and coupled 

preamplifiers that were :o.hiddl!d by arout 15 em of lt:ad and steel. The 

'>hidd was u..ed to rcducc the radiation level ncar the detectors to about 

0.5 Rlh. llll assembly "as designed to be deplo)cd by the RB polar 

l'r:.tlll' using a 50' long ·tccl chain. A s�cial signal/power cable bundh: 

"a� lahricatc:d to intcrconn�o.-ct the dctt.>ctor'o; prc:unplificrs to their 

:unpliticrs. JXl\\ cr �upplic�. and a C(lmputcr. 

A �tantl a-...cmhl� \l a' Jc,ignc.:d to �uppon the 2 ton dl!tc.:ctor as�rnbl). 

l11c �land ''as loca1ctl on the 3-lT El. hc:twt.'l!n the tool dc..'l"'n facility· and 

the "B. D ring shidd wall. Close proximit) and clear 'i�ual pace 

t!\!twc.:cn the �land and a <;�>eiatcd ch:clrw1ics kx::ttl'LI in the cont:uninati<'n 

Cllntrol lx1\ aided adjuslml!ll!\. 

I I  



3.�.2 CONTA!\flNATION CONTROL BOX 

A housing IUS provided for a comput�r. a l\1M·bin containing scver.tl 

moduk!l, an RS23:! modem. and an clc.::trkal c-.tblc tcnninator plate. TI1c 

h{1Using was dctinc..-d a'i the contamination control box (CCB). 

11u:. main purpo\C of the CCB was to .. hicld against dc<.:trically-gencr.llcd 

nui�c and to aJil)W flcxihility in tenninatin.g the various �ignal!powcr 

cahlcs in a contamination fn.-e cn\'irunmcnt. 

3 �.3 CAUBRATION SOURCE DEPLOYME!\;"T SYSTEM 

For calihr.ttion ami opcrathmal ch,,:cks. an Am-2� 1-& n�utmn source 

":t'> l(lwcrcd inh"' the RV thnnagh three stainless Sll:cl tube:-.. Th� tubes 

cxtcnJc..'d down from the .shielded work platfonn to the bottom of th� RV. 

l11c tube u�-d for calibration was loc;ttcd inboard of the Core Support 

Stnacturc (CSS)-Uppcr Core Support As�rnbly (UCSA)-LCSA. 

An liS- �tainll!\!. �11 • .-d hall <tnd l!<!;ad chain was used to �uppon the source. 

Jncrcmcnt:tl chain kngth diMancc uncertainties were less than 1/4". Th� 

pusition of the Stlurc� was monitored by calibrnting th� ball and bead 

chain for length. The calibration mark<i were white balls against a flat 

12  
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black paintL'tl chain. Readout of \Oun:e pmition wa.<t hy a video monitor 

located in the comnMnd center \\hich wa� connL'Ctcd to a camera attached 

to the n:cl a<;�mhl). Readout in the RB wa� not needed as the S()Urt:c 

controller wa'5 k�-;th:d within dear 'ight of the wun:e reel. 

3.-l..t HV UQUlD LEVEL INDICATOR 

ANALYSIS 

A !lt:tgcd pn.'Cision huhhla was uo;cd for liquid lc\'el rcadoul. 1l1c heart 

of thio; device wa' a prc�'inrc tr.m�luccr that was r.m:d for an accuro�cy of 

0.1 t;;.. A w:11::r depth tll about II 5' w:t� covered by a 5 psig tran�uccr. 

anrj the li4uid level \\ :t\ fuJIO\\ cd Juring pump-tlUt by r.,O\ ing the bubbler 

ekvatitm in lar!!c �t:tge!\. 1l1e em1r dctcnnined by quadrature•. anywhcn: 

;n thi\ span, was 0.23 inchc�. 

-l I \'ISUAL ESTIMATE 

1l1c vi,u.si c�timatc of the rco;idual fuel in the TMI-2 RV was 630 kg. 1l1c 

tk..:umcntation in References I and Ia pruvid.:s a description of the analytical 

Sltuar.: fll('l llf thc \11111 of the <;quarcs (lf the individual errors. 
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resulls of the.: video examination of the .TMI-2 RV. The data presented showed 

a residual fuel inventory of 609 kg. However, for comparison with the passive 

neutron measurement estimate and the estimate of record. the 21 kg c�tant in the 

hot and cold leg nozzles (Reference 4) was added to achieve the stated 630 kg 

(Figure 2). 

As shown on thc.: :1rchivcd videotapes, the residual fuel in the Thfi-2 RV consists 

primarily of finely divided. small particle-size sediment in inaccessible holes. 

crevices. and comers� surface films� and resolidified material either tightly 

adherent to the RV comp(lncnts or inaccessible for dcfueling. Approximately 50 

samples of residual core debris were analyzed for dc.:nsity and fuel ti.e., UO:) 

content. An average density and representative fuel content was deterntined for 

e�cl1 type of material. A computer model of the RV and its internal components 

was developed which defined the dimensional characteristics of the remaining RV 

internals and. more importantly, the spaces where core debris could n•c;idc. 

l11en. based on observation, the actual core debris was spatially represented in 

the computer model. 

Computer software was developed which used the infomtation contained in the 

geometry modello calculate the volume of modelled debris. Other visual factors 

such as surface texture, shape, apparent hardness or porosity. friability, color, 

and location were used to categorize the residual core ·debris into one of the three 

I..J 
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types discussc.'d above. A mass estimate was then obtained by multiplying the 

estimated core debris volume by the average density and UO! (>\!tccntagc 

corresponding to the panicular type of material (i.e .. resolidified material. loose 

debris, or surface film). 

1111! benefit of the video a�1y wa.� not only in identifying where fuel dcposiL� 

...,ere located but also in identifying where no fuel deposit greater than the video 

canu.:rd resolution of about I rnm existed. However. the video as�ay lt:td its 

limitations. such as. lack of ac�c�s to all an..:a� of the RV. tran�lation of a two­

dimensional image into a thrcc-dirncn�innal ponrait. and the resolution of the 

video camcms. For theM: reasons, no uncenainty was ascribed to the video 

estimate and, more imponantly, the video estimate was not considered sufficiently 

accurate to be uSI!d as the sole basis for the estimate of record for SNM 

accountability purposes. 1l1e SNM Accountability Progmm required a. more 

t<:chnically exact measurement technique; thus. the passive neutron measurement 

h:chniquc was tkvclopcd. 

4.2 PASSIVE NEUTRON MEASUREMENT ANALYSIS 

1l1e passive neutron measurements produced raw neutron count rates for a series 

of location� within the RV under known conditions. Fuel increments in each zone 

were determined by sathfying coupled simultanc.-ous sets of equations that 
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represented the series of m�:asun:ments made in each wne (Reference 2). A 

neutron m�:a!lurcment was made with the water level at the bottom of one zone 

(e.g . .  Zone 3) and the dctc.-ctor located within that zonc. 1l1c water level was 

then dropped to the bottom of the next zone (e.g .. Zone 4) and with the dctc.:ctor 

in the s;une location (e.g .• within Zone 3), another neutron rneac;urement was 

made. 1lu.: detector wa� then lowercd tu the next zone (e.g .• within Zone 4) and 

the measurement proces� was 1\:llt!:ltcd. Neutron attenuation in stainless steel, 

h:ad, and water was rcprcS<!ntcd by !!.implc cxponemials with increasing thickness. 

Gamma ray tr.mspon codes were used with material and dcnsity selected to force 

the codes to match the empirical attenuation l'har.1ctcristics. 

TI1c fuel locations and a ponmit of the remaining RV internal stmcture defined 

by the video inspection were used to produce minimum and maximum fuel 

values. 11te minimum fuel \aluc was attaiued by adding fuel to arcas nearcst the 

detector until the actual measured neutron count rate equalled the computer­

modelled count rate. Convcrc;cly, the maximum fuel value wao; detennined by 

adding ful!l tCl areas furthest from the detector until the same match was achieved. 

The iiVcragc of the minimum and maximum values for each zone was the passive 

neutron measurement estimate. 1l1e passive neutron measurement estimate of 

residual fuel in the Thll-2 RV was 1322 kg. 

ll i  
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4.3 EVALUATION OF MEASUREM8ff BIASES 

Since the pa!.sivc n�:utron \!Stimatc was more than twice the visual estimate. " hich 

was CClnsitkrcd cun')Crv�ttivc. the R.1srnus�n Committee wa\ commissioned to 

evaluate the measurement data, the pa\sive neutron mcas11n:ment technique, and 

residual f11l'i estimate. 

Titc Rasmussen Committee concluded that then: were five sy�tcmatic 

mc;t�urcmcnt bi;tses in the passive neutron mcasun:mcnt technique and analysis. 

Titese biases. related to boron variationo;, UO: particle \ii'e, calihmtion error. data 

analysis, and in-scattering of nl!utron'i, were difficult to quantify with any 

rca!>Onahlc accuracy. 

4.3. 1 BORON VARIATIONS 

Neutnm yield from the Thtl-2 col'\! debris is primarily a f11nction of three 

distinct components: l>JlOntanoous fi�sion of tmnsumnics, (n,n) reactions 

from oxygen, and (o,n) reactions from boron. Tiu.: dominant neutron 

source tcnn is (u.n) reactions from boron; the neutron yit!ld from this 

component i!. proportional to the thickness of the boron laya on the 

surface of the UO:. TI1c Rasmussen Committee concluded that �• bias in 

the pasc;i\'C neutron 111\!aMII'\!IIlCnt was the inability to fully drain the 

boratoo water without a h11ildup of boron on the residual f11d. TI1is 

1 7  
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re ulh:d in an increase in th.: neutron yield from residual fuel in Zones I 

through 5. 1l1c Rasmussen Committee ascribed an estimated bias uf 

+ 15% for this dfL'Ct in Zones I through 5. 

-U.2 UO: PARTICLE SIZE 

f-uel p;utich: �i1c ha� a 'trong affect on neutron yield. A UO: pellet will 

yield un.lcf\ uf magnitude lc�' neutrons per gram than U02 powder with 

a surface coating of boron. Funher, small dust-si7e panicle� would 

adhere to all surfaces; wherea�. larger panicles would tend to drop to the 

bottom of the \ CS\CI. 1l1crcfore, the Ra�musscn Committee concluded 

tl�;�t the pac;�ive neutron mca!>urcments were biased because the neutron 

yield calibr.ttions uc;cd Thfl-2 fuel sample� that were comprised of a non­

representative lesser quantity of fine panicles. Dcfueling videos provided 

extensive observations of fine powder deposits in Zones I through 5. 

111crcforc. the Ra"nuso;cn Committee ascribed a total estimated bias of 

+--l5� fmrn thco;c effect' to Zones I through 5. 

-l.3.3 CAU' n \110' R 

A measurement bias was introduced by using an AmBc source for the 

primary calibrations. The calibration technique caused the detector to be 

more efficient for the larger-size panicles extant in the bottom regions of 
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the.: RV. An additional source.: of calibration c.:rror was the variation in 

angular distribution of the.: neutrons from the AmBc sourt"c as compared 

to the U02 s;unplc. l11e hias for these effects was estimated at -5 ';(. 011 a 

total Vt.!'>SCI basis. 

4.3.-t DATA ANALYSIS 

Nine gr.tb s;unples of fuel dehris were used for neutron calibr.ttion. l11e 

result' from one.: of the.: �unph;, was omitted frurn the calculation of 

neutron yield. Including thi\ sample in the avcr.tgc would incrca� the 

neutron yield by .1ppruximatcly 5 st .  l11creforc. thl! bias for this effect 

was estimated at + 5 %  on a total vessel basis. 

4.3.5 NEUTRON IN·SCAITERING 

The passive.: neutron measurement technique corrected the data for neutron 

absorptiofl and nut--.cattcr. but no credit was given fur neutron in·sc-c.ttter. 

A bias wa� introduced through the usc of gamma-ray computer codes that 

do not account for neutron scatter in non·linc·of-sight structural stt..-cl. 

l11c Rasmussen Committee ascribed an estimated bias of + 20% on a total 

vessel hasis for this effect. 
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.t I ESTIMATE OF RECORD 

Sim·l• the rc'idual fud n:'ull of the pa,\ivc neutron mca!'lurcmenb wa� �o much 

larger than the vi\ual c�timatc and ton,idering the R.tMnus-;cn C(>llllllittCI!'l> 

Ji.,cm�ion of �y�tcmatk tua'c�. it was dccidctl that the 1!\timate of rc('ord of the 

n.'\idual fuel in the TMI· � RV f\1r SN�t accountability purpo�!\ would be 

detcnnmed h} ;tclju�t ing the rc'>ulh of the pa.'l�ive neutron nh:asurcmcnts to 

.u.count fur the hia\t!s di'>cll'i\cd in Sl!ction 4 . 3. ·n,c hia�') were assigned tn 

'lll:eific RV toll\!'> and then 'ummcd pc.r t.onl! (Tahk 2). Thl! pa'>!>ive neutron 

mc;t,urcmcnt cstimah! \\as adju .. tcd accordingly n:sulling in a tonal estimate of 

n.·wrd (Table 3). ll1c e�timate of rcl·ord <1f the n:!>idual fuel in the TMI-2 RV 

j., ns kg. Fij!llf\! 2 provide� a compariS<lll of the three file) C!>timates. i .e  . •  visual 

.:'>timatc. pa.,.,i, c neutron Clltimatc and c�timatc of record. for the TMI-2 RV on 

a pa tone ha'i'> 

-t.5 ANALYSIS OF UNCERTAINTY 

Thl.' pa'>'i\c neutron mc;tsurcment report (Reference 2) includes an uncertainty 

c\timate of appnnimatcly ::r 15 � for the e�timated non-hias adjusted RV content 

of 1 322 kg. TI1e Rasmu!>scn Cornrnit!l.:c judged the uncertainty to be ± 40% 

"hen hia� adju,tmcnts arc made to the pa'>sivc ncutnm cstimatl!. TI1is uncertainty 

wa� ha\cd on the following as�umptinn�: 
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I .  Approximately two-thirds of th� neutrons counted are not related to th.: 

amount of uranium present: 

2. The fuel source material is  in a wide variety of fom1c;; each with a 

different neutron yield per gr.un of uranium: 

3. 111e highly asymmetrical location of the !>tt.-cl complicates evaluation of the 

in-scalll.!ring effect; and 

.t. l11c distribution of boron changes during water removal. 

It b noteworthy that if two-�igma uncertainties (i.e . •  95% confidence level) arc 

comidered, the estimate of record (925 kg) with its estimated two-sigma 

uncr:rtainty of 80 'X· certainly bounds the visual estimate (630 kg) plus any 

reasonable associated uncertainty. and essentially bounds the unadjusted passive 

neutron estimate of 1 322 kg plus its two-sigma uncertainty (30% ). Figure 3 

provides a visual representation of the uncertainty evaluation. 

11u:refure, it appears rcawnable to :1dopt the Rasmussen Committee's assignation 

of an uncertainty of ± -tO% to the ThU-2 RV Cl.timatc of record. 

5.0 CONCLUSION 

111c estimate of record of the amount of uranium dioxide (UO:) remaining in the ThU-2 

RV is 925 kg. l11is estimate has an associated uncertainty of ± -tO% .  Since the RV has 
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I�'\! II dr.um:d I l l  thc C\lcnt that ko;\ than I 0 gall(ln� of water remain. no fuel 1110\emellt 

ultu t'r uut (lt the RV ·' antio.:1pated. :md th1' quantity of n:'idual fuel i\ c<tn,idcn:d fixed. 

rtm c'tun.th: of n:conl h ha\Cd on a detailed. ;�on·de\tnacti\c.: "i'ual examination and 

ph� , ..... 11 me;t\Un:llll'llt of the: RV rc\iJual hac I that '�a' aJju\tcd in :Kcordancc.: with the 

rc .. tnnmctHbllon� of a p;mcl nt dl\t ingul\hctl \l:i..:nti\t\ and C.:\aluatcd hy a group of 

indqx:mknt e\tc.:mal n:\ ic\\ c.:r<.. It j, untfcr,hKI\I th:tl the hi a' adju,t rnenl\ an: 'itllllewha• 

ftHJ!!cuacnr:tl due tu thr.: difli..:uh) t.!\J>cric.:n�.;c.:d in thr.:ar quantifio.:atinn . Huwe\er. thc 

rc' tt:\\ cr. "'en: in gc.:ncra l agr�.-c.:nh:lll regard ing 1!\•th the e'tirnate of n.:curd and its 

·"",_,,,ted unccnaint}. Cunc;idcnng thl.! anfunnation prm idr.:d hy the vi\ual C.:.\lim:llc<> and 

the ur�.um\l;lllcc.:\ umkr \\ hich the pit<.'il\e neutron mc.::tc;un:mcnl\ \\l.!n: made. the 

c\l llnatc of rc'-nnl nf l)25 kg rcpn:<>ent\ a n·ali\tic c\t imate of th..: quantity of n:�idual fuel 

c\tant 111 the T�tl 2 Rc;tctor Vc,.,d and the con�n\U\ of the.: rc' icw..:r� conuni,sion..:d to 

,,,\C,, the: rc\ult' fnr the 11\fl 2 SNM an:ountahi lity projccl. 

22 

I 



REFERENCf:S 

GPU Nud�tr lt.:th.:r +.t 10-90-L IXH :! .  WDcfud ing Ctunplctiun R�:pon .  Finai Suhmitt:t l ." 

dated Fehntal)' 21, 1 990. 

I a  G P U  Nuclear kttcr .W IO 90 L 002b. "Re�ult� Of Pm.t·ltl�er Hl!<ld Sampling Program 

Ch:;tnup." dated April 1 2 . IQIJO. 

2 GPU Nud�tr memorandum, 424(} 92 1 1 4 .  "Re,ulls of P.l\'ii"e Neutron Mcasurcment 

Pmgram • dat.:d Augu�t 2 1 .  1 9Q2. 

:!a. Lt.:tt.:r. C. D•,t.:nfdd to R .  Rogan. dated September I X. J902, transmitting the rcpon . 

"T:\11 2 Reactor Vcs'd Fuel A'l'>:t) . " 

J GPU Nuc ll!<lr memorandum. 541)().t(!.()(W5. " Final Trammittal of Ra\mu��n Review 

Cmnmlltl"C Rcpon�. • d�ucd Au�u�t 2�. 1492 

GPU Nucl�tr memorandum .  4W) () 90·00S. ''Fuel A�s'imcnt Of Hot, Cold. and Core 

Flooding Nollie\. Tool. Tool R<tck. and TtlOI Dccon Facility. • dated February I 2. I C)<)(). 

5.  G P U  Nucl�tr letter. C31 2-92-20XO. "TMI-2 Rcactur vc,�cl Criticality Safety Analy\i\, H 

dated Dccemlk!r 1 8. I 992. 

23 

I 



TABLE I 

ZONE ELEV ATI()NS 

W�E Jii.EV ATION DEPTH 

l) tup 1•f chimnl.!y .U7A3' ()(). ()()' 

I .  tllp of nangl.! 322.-l!r 14.95' 

... top uf hl)t leg 3 1 7.0(f 20A3' -· 

3. hottom of cold kg noo II.!� 3 1 3  %' 23A7' 

.t. hc.lltom of CSS 3 1 2 .0h' 25.36' 

'i .  nud plane (If UCSA 30'i . I T  32.25' 

(), bottom of USC A 29lU9' 39. 1-l' 

7. top uf forg111g 296. 9 1 ' -l0.52' 

H .  tllp of IGSP 295.7-l' 4 1 .69' 

I 
9. empty 291 .07' .t6.36' 
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TABLE 2 

CORRECTIO!S FACfORS FOR �IEASURE.\IEI'IT BI6S 

APPUCABLE 

COR RECTION FACTOR BIOS ZQN� 

Borun \'ariatiom + l 'i ';; I - 5 

UO: P;1nidc Site ·+ .t5 � I - 5 

Calibration Error - 5 � I - 9 

Data Analysi"> -t- 5 t:f  I - 9 

In Scattering +20� I t) 

S.VMMATION OF BIASES 

Zmh.!c; I 5 Bias = RO'X 

Zone� 6 - 9 

25 



TABLE 3 

R_F .. A.(TOR Vf�F.I�l,(' LA_llO!'\ OF TilE E$11MATE OF RECORD 

PASSIVE NEl.iTR0:-.1 

MEASUREM ENT CORRECTION ESTIMATE 

FSOMATE fACTOR OF RECORD 

1 0  1 .8 6 

:!2' I H 125 

3 1 50 1 . 8 83 

9Q 1 . 8  55 

5 1 54 1 .8 Stl 

387 1 .2 323 

7 1 1 3 1 .2 94 

s 89 1 . 2  74 

1)5 1 .2 79 

TOTALS 1 322 
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·na: 111111.11 Tim.-c �ltlc hlamllJnll 2 ITMI 21 wn: mnt.tim:d q4 0 tonne' (9-Ul()(J l.gl olur.tnmrn 

dut\ltlc tl'O:l. Three mor1th' uf full J>lmcr opcr.ttlllll\. 1lcfuchng. and fuel 'hipml'nt to the 

Idaho N.ttumal Engutccnn!! Lahor.ttor} rcdm:cd thl' ill\l'IIIOI) to appnl\imatd) I JOo l.g l '0.' 

prnl'..:" u-.cd ltl detcrnunc.: the l<ttal .mwunt l•l lJO. n:maining in the Tf\11 2 t�tl'illl). ami tn 

douum:nt the lin.d tud e�tintate (lf n·�·onl 

n.\IJual lud wa' ·tpproxim.ttd) 1100 l.g �A-IIh .tn uncenailll) of about ::. 370 k!! Tile 

unn:namt) Cone \tand:ml <kviatnlll ltJJ \\a\ ,·akulated a' the 'tJUan: mot of the \um nf <;quare\ 

nl thl.! indidclual unccnaintic�. In !!l.!lh:ral. thl.' tndt\ tdual uncenaintie\ wen: the standarJ 

Ill'\ 1ati<1ll!llll th�.: �c,timate!ll.tf 1\:t:(lrd. • Fl'l' thl.! Au,ilial') ami Fuel Handling Building' (AFIIH), 

and lmn:r aror lxltnHh ''en: taken as the \tandanl de\ iation. TI1e uncenaint) in thc n:\idual 

fuel in till' R\" dominated the total unu:naint). It i\ u�ful to note that the tot:tl quanti I) ,,(' 

n:'idual ful'll•lll,idc of the RV wa' alxtut 170 kg: an arrroum lc'" than unc·half llf the 'tandard 

tic\ iation of the n:\idual fud in the RV 

·nu.: cnllcl'tion <If PDSR -.uh-n:IXJn'i prm ide a comprchcn,hc and \)'\tcmatic an:(lunting (If all 

Gi,en an :t\Crage fuel �.:nriduncnt (ll 2.24 ,q •;; ll 23'i. the l<ltill quantity of Clllltairll.:d 
ll 2J5 at T�ll-l j, Jc-;, than 22 lq.!. 



n:'tdu.d tud tn th.: T;\tl 2 l;��.:iht}. lltl.' n:'ultc; nl c.tdt 'li"C) of an arc.t. ')'Item. ('r ..:umpunent 

l�'nt.llnmt-: '1"-''-'·'1 nulk'-tr llt.th:n.tl •S�;\11 .trc dct.ulcd 111 a 'l"(lar<lll' PDSI< '"h rcpun ,nul ;1 

l."ltlllllll.ltlnll ol thc'l" n·'""' fonn' th.: h:t"'' lor thc final SNl\t .tl'U'untmg tor T:'.U :!. 

Tu 1.11 tht.lll' tit.: rl'\ 1.:\\ .md uHupr.:h.:n,inn 111 thl\ ..:I•IIIJlllation 1ll 'lnh r.:pon\. a ,._.ction 

d�.:,uthtn� till' SN�t Prll�r.llll Plan .md the 'lll.'l.'llk rcquin·mcnh and ,;('11\ideratiun' lor 

m.:.l'll'l'lll.:nh qu.tllt) ·"'ur.mLe. and pn•!!r.tm management i' irw'u(h:d. 1l1e Introduction 

'l.'..: ti1•n ,fl--..:nlx·' t h.: h>nuat 1 1t thl· PDSR "'" R'('•Or1\, Jll'l" idl'' a gr.tphic ilhl\tr.lliun of the SNl\t 

.trl'·'' ') ,,._.'"'· .tnd colliJlllllcnh l��:ing '"" C)L:d, a nil e\pl:tin' the 'a rim" metlu'<h and 

ll'diiiHJIIl"\ 11\l'd h\ IIIL\I"Ir\: S:-.;:\1 illld .m.tl�/1: th..: d.tt,l. 8u:h \Uh n:pnn [>r<l\ idl.'!> �pcdfic 

.m.tl}tll:tl .wd ur lllCil\llr\:1111.'111 n:\ull\. th.: ".:,tml.lh.: 1lf n:..:.,rtr of the n:�idual fud forth.: gi\e11 

.u.: .•. '�'t1'111. nr llllllp..m..:nt. Jnd a dt'-'U\\U\11 \II th.: llll:;t.,urcrn.:nt m..:thod!> and anal)th.:al 

ll.:duuquL'' ullhJcd. a' ,, ... n ,,, thc k'd ut unl·cnainty of thl.l 1\:\Uit\ 8tch 'IUh-rcpon rel·.:ived 

all null'pt.:1Hkrll e\h.:nt.tl n·' IC\\ hy Dr R. Brodlln,J..i. Battdlt: Pacific Nonhwe't Ltlxmllories. 

Dr r. Tllll,!e}. l'niH;r,ity of Idaho. and �:ither Dr. T. S:tlllJ!MIIl or Dl. P. Ru�su. Lo' Al:tmm 

:"ational l..;tlxrr:tlnf). 

11tc fud .t,..:ty pn'l\:c.,, l'"(ll:rll.kd mer ,e,er.tl )C:tr\ 111.: .:artier PDSR \Uh·l'\.'[>011' tcnd.:J t() 

ll''a thl.' lud a'-.:ty n: .. ult' for �rcdfic cnrnJXlncnh (c g .. th.: RV Plenum). More 1'\.-ccnt n:pons 

\c" l'U to t:rt'liP IO!!..:thc:r llllllponcnt' lOmnwn to a �rl\:cific location. !luch as the AFIIB and the 

k�::tctor Coobnt S) 'tcm. For ca-.c and continuity nl di"·u�'>inn. the detailed d:tta. mcasun:ment 

mtonnattllll. cakul:ttron\, and analy�i\ \\Crl.' 11111 mdudcd rn the \Uh-rcJX'"'· The individually 

rdcn·r��:cd 'uppor1 material "·" ar\:hh cd for n·tric,al hy inten:,t::d p:.nie ... 



I.ABI.IL!
. 

POST-DEFUEUNG DISTRIBtmON OF RESIDUAL UO: 
IN TIIE Thtl 2 FACIUTI' 

PDSR. llO: UNCERT A INn· 
SECTION l..g kg 
TITLE 

Plenum 2.1 ± 1.9 

Lctd<n\ n Cooler\ 3.7 ± 2.0 

Pn:\\uriter 03 ± 0.2 

Rea�:tur Vc\\CI Head 1.3 :r: 0. 9 

Reactor Building Basement 1.3 ± 0.7 

"A" and "B" OTSG 62.3 ± 9.7 

Au�iliary and Fuel Handling 11.5 ± s.s 
Building� 

Reactor Building Mi�ccll�lllcouo; 6-t.O ± 26.9 
Components 

R�tctor Coutant Sy�tcm 25.8 ::rll.l 

Reactor vc,\1.:1 <)25 ± 370 

DII-2 Farilit) Total Fuel 1097 ± 371 . 
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St �1:'\1.\RY OF T\11-! SI'ECI:\1. :"lTI.E:\1{ -�tATER(t\1. :\C.TOJ'�'lj\IUI.ITY_I'I A� 

l't 'IU'OSJ-. 

Th.: '>JII.'• •·•' :"\u, lear �laten;d IS:-.;:\lj Al.:nuntahlill) Plan"'"' anataall� 1\\IH.'d 10 April I1JX7. The 

JllllfHI\l' Ill the s��t A�nllllllahilit) Plan \\jl\ '" tkltrw the.: llll'thnd ul S!'JM :tt'(Oiflltahilit). tht' 

t)u.thl) A"ur.111u: Pwrr.un llllllll"'r.lll'd 111 the SNM Au·uuntalulity Pn•gr.un. the an.:;l\, 

']'ICIII\, .mtllumpuncnh tu ut.t.lcf1!o hmnal SN�t mc:t\111'\:lllcnt. ant! tho'..: tla;tt did IIIli require 

S:-.:!\t .1\'1:\'-lllellt The Pl.m .tl\tl de"<.nll\."d the anh:gration ut Jlnl!!l':tlllmatk ALA�\ in SNM 

·\' ddtn,·d 111 th.: S!'J�t ,\c�ou•mt.thaht) Plan. the pmt t!ctuehng 'ur-.ey Wil'> a pn�c \\ h) \\ hkh 

thl' I..'IIIIIC J'�tf :' pf.1111 \\,1\ 'llf'l')l..'l! Ill lti.:llllf) .11'\:il'> j..ll(l\1.!1 to llllllaill, or that Cllllftf lUillillll, 

rc-.•du.tl \N�t .tnt! to qu:.1111f) that SN!\t 1111.: quantity uf SN�t 111 t:<tdl applicthlc arc:t wa' 

tkll'l 111111\'11 111\.' ollllllll(lh\hlllcrtl olthe rcqurretl SNM IIIC.I\III'elliCIII\ anti <1\\0Ciah:d t:rtginccrill).: 

.111.11� ,e,, .111d ,, detcrrnnaatiPn ,,r thc c'tun.uc of rcct•ul of tlu.: ltlt:tl qnantity of n:�idual fud at 

1"\tl 2, ,ort\tllutl' •"llll•kltun ot the pmt tkluchnc ,unq The SNM An.ountthilit) Plan 

lin ... nil\."\ 111,. pro .. c'' h) \\ hidr the JX>\1 dduchn!! \Ill"\ c� "a' nmdut:tcd 



The �lard1 I •17•1 ·•ccid�nt n:�tllted in 'il!nifilant d;uuagc H• thl' core and the �uh\ettucnt n.:lc;1,c 

11! fud and li"ion pnl(ltH.:I\ in Ill the Rc<1llnr Coolant Sy<.tem I RCS) and other dmd) n:lated 

'}'tl.!lll'>. The J)("t a�..ndcnt T�ll :? wn: ron-.i,tc:d of lti(N! ful'IJ>�.:IIctl>. o;olithlicd fud, �tn1ctural 

rnctal�..,.mJI(IIII.!nl'l k.f! .. cnlltitting�). l<>t•<.c mhhk. and pan•al fuel a\'>l.!lllhlil's. ·n,j, l'Plkction 

(11 matcnal I' !!encncall� rl'fnn:d ll' a\ n•n· <k·hr". A" .1 rc:�ult of the curt• condition. fud 

:��:t••untahlfll) h� rh .. · n•Hmal uwth<l(l ,,, a .. c,'llllllll!! l••r indi\ idual tud a'semblic' .. a\ not 

P"''ihk 

Ct•rc dehri' "·'' re1111l\Ctl !rom the TMI 2 re.Jllor. l0adcd in \Jli.:CJat ... ·ontaincr\. and 'hip(ll.:d w 

the Dep.1nmcnt ,,f Energ) Idaho :-.:ational En;!illl't'ring 1.:11)\lr;ttol') CDOE I NELl facility in ldah1•. 

Eadt 'hipmeut \\a' acunnp:mi.:d h� a �uckar �latcrial Tr.m..:��:ti<•n Rqxm (DOE/NRC Fonn 

741 1 "luch I'CI:M<kd the net \H'Jght ol the ,·ontent' of e:1ch ,·;mi�tn .111,1 a l�e'it avail<lhfc ph) sica I 

de'' riptiun of tht• wntenl\, :\ ,t.ltemc:nt that quant1tication of the amount of SNM in c.1d1 

c:umtcr "••' not JX"'ihlc al'o an:mnp;uucd each 'hipmcnt a' an annutation on tht: DOf:.iNRC 

h tnll 74 I. 

Then: " ;" 1111 k.t,ibk mctlh'd at T�tl ::! lll<ktenninl' th1.· c-.:act comcnt of fuel in each cani�ter 

by i-.otopc "·irh j.!ram 't>�.:cilicit). Thacfun·. SNl\1 ac(·(luntanility lt'r f:\11 2 wa!> based on the 

total mca,urcd S!\:�1 remaining in tlw plant aticr tkfuding \\:1\ l'(lmpktc. A final plant 



In I k.lnhn 14'''· CiPl' :-.:mk<tr, the { S Dl:p.tt1111l'111 ol Encr)!y I DOEr and the US. Nudc:rr 

up<�n ,, thntnu�h po\1 dc:ludJng ""'C) ul T�ll 2 Till\ P"'' rlcludm� ""'C) would quantify. 

lwplrctl 111 '"" .t!!n···m,·nr "·•� rhc rllltlcr,r.mthu� rh.tl rho: Jlt l\1 dduchnp \lii'C) \HIItltl imohc 

Sl \I�IAH\ 

h" m.tl � =--. �1 ·'' 'l'"llll'lll .K II\ lite' hq•.rn 111 I '1'\7 and lllllllllucd tlllltl Jll<l:!. SNM lllC.I\IIfCIIICIII\ 

\\tllli�UI,tlhlll lh.tl l'll\llfi.'<J nnfuo.:Jir.lll\I'KIIl Ill l'fl'UI :tflctlhe S�:..J \Uf\0.:) W:t\ COIIIplch.!d 1 'lltC 

rnll'IH ol rh" "''l.11111n ll•nlrgur.lllllll ''·'' 111 cn,urc 1111 tr:tn\J'Klt1 c•l SN�I 111111 or 0111 of an arc;r. 

') '1\.'tll or, lllllfi\Hil'lll prn "'"'')' 'llf\I.')L'd '' htdt c nultl "�nrti�:rnll) .rhcr the SN�t a\\C\\IIICIII 

/,nn,qllumro rhi' ''"'rho: RV dr.tindt•\\11 ltllhc htcllr.rn,fcr canal (FTC). No 'JlCCial 
prnaurioll\ \\ere taken ro prcH·nr lucl 1r.rmpo11 lo the FrC. llmH·vcr, lillie fuel wa' 
'" l;r, 1 lr.HI\ft:rrcd. 



Sorn..: SNM m..:a,urenll:nt "..:n.· p..:rfonned 1111 ar...:;t.,. ') \tem\. <'r t·nmp<.mcnh that �ere not in 

an i,oJated cPnfigur.tlliHl. ·nti\ approach "a\ n11t pref..:mxl and thcSI! mca:.uremcntl. ''ere 

utilltcd for s:-.:�t aCC(IIJilt:thilit) (llll} �hen anaJy ..... dcllll)ll\trated that thae Clluld II\! no 

\lgnilicant tr.tn'Jl(m of SN�1 into or nut of the :1�1. '>) \tl!lll: or cump<.mcnt after the compktion 

nlthc mc;t,urcnu.:nt. Wh..:n area'>. ') \tCnh, or componerth coulc.lll\! ph) '>ically i!>nlatcd prior to 

SN:\lmc:t,un:mcnt. the i'>lll:ttion c,,nli!!ur.ttann �a' .,elected to..:nhancc SNM detcctil)n with due 

reg,ml f<•t 'Y'Ih:m lk'Uildane\. piping confi!!ur.ttinn. and mca<;urcmcnt n:quircmelll'>. Folio� ing 

SN:\1 mc:t\lth:menl',. the contigur,llillll ''·I'> ami '' 111 �ominue Ill oc adminhtr • .ll hcl� ami 

ph� \1�.111) \.(lll(flllh:d 

A tl'\ ll''' <'I tit..: l'lltlrc Titl 2 lacilit) "·1'- wutludl'd ll' <ktcnninc ''here SN�I 1113) ha\e lx.-cn 

dqllt\ltc:d ''' J n:,ull ol the 111711 :tludcnt artd 'ull,equelll ck·anup al·th iu..:o;. u'll:ati,,n, \\ere 

pl.tled 1111(1 lhfl!l' �·ar�!!llfil:': Cat�:glll') A lcllatlllll!> \\here s��� i� dclinitd) dl'jX1!>tted: 

Catcg<'f} B · hx·:IIHlll'> "here it �·an he rc;t,ortahl) ptl\tulaH.'\1 that SNM may he dcpt,�ited: ;and 

C'all'!!llf} C hl\..'01111111\ "h�·rt· it <:an he 'huwn that SNM wa' nnt dc(>O'ited. Aprx·ndi\ I 

�.ttc�orile' eada an·.1. \)\I ern . .  111<1 C\llllponcnt ul ronn.:m 

All C.ltl'l!<'f) A and B are,l\ under\\ cnt SN;\1 ·'''e"ment C .ttc:wf} C area' \\en: identified "' 

rwt n·quanng SN�I :J\\C'>\nll'nt h.l,cd IIJll'll authorrtallH' anal)"' of the T:\11 :! acdllcnt 

1 Rl·krett.l' J l .11111 .1 rc' ic'' ''' 'uh�ocquent ckanup :ll'ti\ till'\ 

I 



....-------------------- -----

SN�t acc(lunt;thihty at TMI-2 wa<. a complex ta,k. lmtccc,o;ihility nf !>tllliC ar�t�. sy-.tem!.. and 

c<uuponcnl\, high arc:t r.uliatiun had.grourHJ..., complc.:x geometric-;, and the I"C{JIIirctl imlirc .. ·t 

m�t,urcmcnt of fuc:l wmplkatcd phy�ical mc;l,urcment of SNM quantitic<.. Titercforc. �ver.tl 

altcmati' c ll.'Chnique� for pcrfunuing mc;t�urcntent of SNM quantities were used. Rcfcrcm.:c 5 

tlc,t:rihc' thtl\C tcdtnique\. 

SN�t .1\\C\\Illcnt \\a\ an lrnponant tn Safety (ITS) :tc.:tivity; therefore. the TMI-2 Recovery C)A 

·n,c SN�t Acc.:,,untahility Plan, SNM 

rm•1\llrcllh.:nt pn>re<hm�-. . •  uul Unit \\'wl fn,tructiun\ underwent Quality As .. urancc/Quality 

Control 1 ()A '()C) rc\ u.:v. ami concurrence. I\ka�urcmcnt equipment was maintained and 

c.tlrlmttt:J in a.:cordance with VAiQC rcquircml.!nt:>. lndh idual SNM as�cso;ment activities 

included QJV()C \l.!nfi..:atitlll Df l'S<ocnti:ll par.unctcrs. "" deemed ncces�try. Record-; of SNM 

a'<ocWncnt activitil.!� ;utd a�w..:iatetl analyse' were �uhject to QA/QC munitoring and auditing. 

EnJ:ineenng c<tlculatitlll' for SNM :t\���mcnt were pcrtonned in al·cord;mcc with the TMI-2 

Enginccrmg Pnl\·cdnrc .tOOO ENG· 7310.02. "Engineering Calculation,." 

POST-I>EFt:ELI�G Sl'ln'EY REPORTS 

The C\,llc<"tHlll lll Po,t·Dcfuclrng Suf\ey RcporH (PDSRs) dtiCUmcnts the estimates of record of 

rc�iclu:rl SNM in cad1 Catcgury A and B arc:1. 'Y�tcm, ;uul component at Tl\tl-2. TI1c quantity 

of n:sidual SNM \\a� dctennincd thn111!!h tlle<l\urcment�. '>ampling. and engineering analysis. 

E.1d1 PDSR �uh-n:port contain'. as a minimum. a dc,,criptiun Df the ll<llllldaric11 uf the suh-

5 
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n:pon. a 1ktailcd dc">criptum of the an;;t. '}'telll. ur �:omponent 10 he 'ur.c�cd. a tll!\niptiun 

uf it' mle in the :u.:dllcnt and/or �uh,equent dcanup .t�th itic�. �pet:tli� mca�un:mcnt n:,uJh . . m 

c:-.planatiuu of the tll�t\Uremcnt methtltlt,J u-.cd tn ohtain fuel mc:l\un:ment data, a di-.cu\!.11111 

of the anaJy,i� technique' utihtcd. the c�timah.: of rct.•ord Clf re'>idual fuel, anti it\ a-.�ociated 

uncl.!n.timy. 

I>ETER�Il�ATIO� OF S:'\1�1 1:'11 RAiliOACTI\'E WASTE A:'IID S:\:\II'I.E Sllli':\JE.'\;l'S 

·n1e ltltaJ :tiiiOIIIIt Ol S;\:�f \hipped oft\;itC :1\ r.u.Jttl:tCti\e \\:t<;tc anJiM a� <;;tmpJc\ W<l'i dctt.'nllillc.'d 

111 at:Ctlrdam:e \\ ith appn1\cd ITS prt.>\:ctlun:\. This amount Clf SN�t <;hip(J<:d w:t'i then n:cordcd 

••n the appn1priatc \hipping funm ami the OOE.INRC Fonn 7� I. ll1c quantttic'\ of Sl:':M 

n.-pon�.·d :t\ 'hipped wa' included in the.: c:tkulatilln "hich iinali1cd the.: Sl\'M accuuntahility 

pm.:c'' at TMI 2. 

FI:'IIAL S:'\1:\1 ACCOt;�TAniJ.IT\' 

Final SNM acc@ntalulity tor the T�tl-2 tadlit� '>':t'i <h:tcnnirh.:,J hy compiling the rc\ults of 

indi,·illual 'uh fCJ1(lt1\ (i.e .. "c,ttmatc\ nt n: .ml�) \ll the.: quantity of rc'lidu:tl SNM for each an.-:1. 

'Y'tcm. or component The :uuount of fuel 'hipped to th..: DOE INEL wa' <ktcnnincd hy 

�ubtra�:ting th·· 'IIIII uf the final pl.mt im cntory and the.: ;unnunt of SNM \hip(J<:d ao; r.tdiu:tl·tiv..: 

w.J'itc from the total plant im emory of SN�t "' n:poncd on the mo�l n:cclll SNM !\tat erial 

Balanl·c Repon (DOE/NRC Fnnn 742) "' C'(lrrc�·tl'd for dc<:ay. 

6 
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S:'\.\1 .\JE.\Sl'RE.\IE .. YrS 

La'' n:pun�..-o im cnlnl) 

Dt.."C'l> �..orn.x.tinn 

Final plant in,cntol) 

��M ' rip�cl : ' 'l!llllk� ar t1 ra 1�: h,; 

SN�I \hipped tn INEL in fuel, lihcr ;uul 

SN�J mc:s\111\:mcnl\ "ere pl'rfonncd on TMI-2 Call:gor y A :rnd B areas. <5ystcms. and 

WlllJltmcnl\ (Appcndi'l: I), A dctcnnination lll the rc\ldual SNM in each location wao; ha\Cd 

UJlllll 1111h' idu,rl S�\1 mr.:;,,urcmcnt� pcrfonucd ming <rJIJlnl'cd pn�Ccdun:'i, llr lly cxamin:nion 

:urd aP ';. �;, ot pre' iuu\ly performed fuel char:u:tcril.:ttion lllC:I\uremcnl\. SNM IIIC.:I\urcnh.:nt� 

\I.Crc J>CI1onncc.J in :tu.:lHdan.:c with an apprmcd pnxcdun: M Unit W11rk lnl>tructiun when 

eXJ\IIng d.lla from pre\ iou\ fud char.tcten/atillll mea,uremcnts '�.ere in\ufficicnt for final SNM 

:tCl:Ollntahilit). Gclh!riC proccdun.:� \�.ere util itl!d rur mea�urcmcnts .... hich applied standard 

teduuquc\ (C.!! • •  g;unrna 'I�Imscnp)) Unit WNk. Jn\tnsctrons were utili1�1 for measurement\ 

rhal n:qmrctl 'J>ecr;tl, one-of a kind lc� lmitJUC\ (c g , C J'fSG tulle film SNM mc;\\urcmcnt). Dat;� 

,heel.\ <tllilthcd Ill t:;Jdl SNM lllt:;t'IUn:rncnt dc��.:urn�nl were u-.cd tu n:cuulthc data rcquin:d fnr 

J)(J\1 mc:•�un:rncnt analy!.i,. 
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Sr\�1 nh:a-;un:ment tlt>CUnh!lll �ere rc\·icwt:d and appro,cd in accordance � ith Thtl-2 Unit 

Prtl\:cdun: 4000 :\DM-1:?18.0:?. "TMI-2 Dvcumt:nt c\aluatiun, Rc,h:w and Apprmal." SN�I 

m�L.�un:mcnt dcx:umento; n:quircd intem;tl <.·nnt·urn:ncc in acC(lrdancc with TMI-2 Procedure 

.l000-I'Lr\-l.l�0.02. "SN�l Ac�ountahility Plan. M SN�t llle<t�un:ment dnctnncnb wen: archived 

in CARIRS. 

S�:\1 :\IEASCRE.\IE�T TECII�IQLES 

P\.1\Hicfucling S:'-!�1 �1\'-C�'-ntcnt at T�ll-2 ''a' a \lllllpk.-; ta,�;. S�:,cr.tl diffcn:nt llli:<Nm:ment 

t�·chniquc., "en: u.,c,l. Tcdmique �ckcttun for c.tdt mc;t�un:mcnt depended upon the 

..:onfi!!ur;niun of the an:a. !.tntctun:, or comJx1ncnt as�ycd, physical access limitations, area 

radiation dO'-c r.ncs. and the likd) nature of the fonn of SN�I deposits. Extensive usc was 

made of gamma �intillation counting. neutron detectors. vidoo inspt.:ctions. r:tdiochemical 

;utal�si'> of samples. and alpha detection. Sc\cr.tl areas wen: surveyed utilizing two or more 

tt>chniqucs. A dc�ription of the rno�t common measurement tedmiques ·and measurement 

tcdmiqut· 'clc�tion nitcria c:m he found in Refen:m:c .t. 

Qt:ALITY ASSt:RA�CE FOR S:\')1 ACCOu�TABII.ITY 

The rcsulh .>f the SNM Accountabilit) Program were the basis for final SNM accountability at 

T�tl-2. Th�n:flll\', the SN�t accountability :�c:ti' itk.� wen: clas�ilicd a.s � lmJXlnant to Safety" 

and ClllllJllicd with the 1':0.11 2 Rt>..:oWI)' QA Plan. 



-----------------:--------------------- -- -- �- --�- -

Final SNM accoumability was based on a dctcnninmion of the quantity of residual SNM 

rcmaining in TMI-2 arcas. systems. and components after dcfueling was completed. nu.: 

lktennination of the residual SN�I quantities was based upon mcasurcments_perfonncd utilizing 

QA/QC approved procedures or upon mcasun:mcnt packages that contained previously 

pt:rfonncd fud charactcri1ation measurements reviewed and approved by QAJQC on an after­

the-fact basi\. 

S:"JM rnca�urcrncut acti\'itics pcrfonned via approved pmccdurcs or Unit Work Instructions wen: 

rc\ ic\\ �_"t} h� QMQC for inclusion of hold/witness points. Specific activities (e.g . •  critical items) 

'"ere also idcntificd by the document prcparcr which required QA!QC verification. Activities 

requiring QAIQC observation requircd coordination to ensure that QNQC support was timely 

ami ava!la!llc for the specific activity. 

s:--:�1 cn1!ina:cring c:alcul:ttinns were perfonncd in accordance with Thll-2 Engineering Procedure 

-l!X.l0-E."l'G·7310.02, �Engineering Calculations." Data utilized in the engineering calculations 

"crc obt . .tincd from the completed QA approved procedure or Unit Work Instruction data sheets 

,,r from QA rc\ icwcd and approved data acquisition measurement p.1ckages. Calculations were 

. inch:pcndcntly vcrifi�:.d in accordance with the referenced procedure. SNM measurement 

pac.:kagc' th:tt identified residual SNM deposit� grc.1tcr than I kilogram were submitted for an 

intkpcndcnt n;\ icw. 

I 
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Computer codes utilized to quantify residual SNM were verified by the Fuel Measurement and 

Analysis Section hy benchmarking with accepted industry codes. Verification was docurnemcd. 

Only verified and approved computer codes were utili7cd. Approved code vc�ions were 

controlled to preclude unauthori1.1!d modification. Code versions utilized in engineering 

cakulations were SJX"'Cifically identified. 

Equipmelll utili7cd to quantify residual SNM via a QA-approved procedure or Unit Work 

lnstmction was calibrated and opcr.1ted in accordance with these procedures. Essential 

equipment identification infonnation (e.g., type. !>ilc, configur.ttil)lt) and pcrfonnancc data (e.g .. 

counts, dur.uion of count. location of detector) were n.-corded on the data sheets. 

C07\FIGl'RA TIO� CO�TROL OF AREAS, SYSTE.\IS, OR CO�lPO:"\'E.'\;TS 

CO�TAL�L'\;G RESII>UAL S��l 

In order II) ensure that the SNM mca!iuremcnt proce!>S was accumte, controls were �tahlishcd 

to ensure that SNM was not "double counted." Double counting could have occutTI!d if St-.''M 

was relocated out of an area, system, or component that had already tx�n measured into a 

radioacti\'c waste shipment or an area. system. or component still n.-quiring SNM assessment. 

Where po ·sihlc. areas. systems. and components were physic.11ly isolated prior to SNM 

measurement. Huwever. some SNM measurements were pcrfonn\!d on areas. systems, or 

comp()ncnto; that wc:re. not in an isolated configuration. In these instances, the mc�surcments 

10 
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were accompanied by an analysis which demonm:ut:d that !hen: could he no significant transport 

of SN�I into or out of the ai"C<I. system. or component after the completion of the measurement.' 

Admini,tr.tthe C(lntrol'i wen: utilited, a� n:yuircd or appropriate, to maintain physical bolatiun 

uf area-;, sy�term, or COIIIJX>Ilelll� that have undergone SN�t mcasurcmcm �o that tr..tnsport of 

Smt intu or 0111 of the arc;:1. 'iystem, or C<llllpont:nt was precluded. lltc type of administr.ltive 

Clllltftlls depended upon tlu: nature of the area, c;y�t..:m. (If component. 

Piping !>)'�h:m\ and component-; connected to piping sy,tems (e.g., pumps, tanks) were isolated 

utili1.ing "red" tags via the "Thll-2 Admini•arativc Proct:tlurc 4000-ADM-3020.0-t, "Switching 

ami Tagging Safe!)." Red tags prohibit the changing of position of a component (e.g., valves, 

d:ctric.ll breakers). "Red tagged" componcms served as isolation barriers intcmh:d to prevent 

the tran�port uf rcc;idual SNf\1 into ur out <If arcac;, �yMems. or C(11111X111Cnt'i. If an isolation 

harrier wac; n:rno\ed (e.g., a valve was opcm:ll), the need fur a repe:rt IIIC<i�urcmcnt of SNM in 

the affected piping wa� evaluated. 

Open an:as (t!.g., reactor building bas..:n11:111 n�'or, auxiliary building !>lllllp) were controlled by 

one of I\\(\ m..:thod-; tel pre\ em fuel tr.tmport. Ar..:as w..:rc maintained in a dry condition so that 

liqu•d� could not tli�place re\itlual SN�l or. if suoji.X·tcd to liquid llow. the liquid was 

An ..:-:ception to thi� wa' thL� RV tlmindown tu the fuel tr.m�fcr canal (FTC). Nu special 
precaution<. "ere taken to pn.:Vl:lll fuel tr:ui\IXlrt to the FfC. However, little fuel was 
in fat:! tr.rmferrcd. 

II 



�unpled. Sampling of the liquid for the presence of residual SNM was J")l!rfonncd i n  accordance 

with QA approved proccdun:s. 

ALARA FOR Sl'i:\t ACCOU�TAllU.ITY 

The SNM Ac.:uuntability Program W<t'i conducted in accordance with the MAs .Low As Js 

Reasonably Achievable" (ALARA) principle for r:tdiatiun CXIX)sure. Conduct of the post­

dcful!ling su"·cy, as an integral eh:ment of the SNM Accountability Program, resulted in tlh! 

cxposurc.: of pc.:rsonncl to ionizing r.tdiation as SNl\1 measurements were pcrfonned in the 

auxiliary. fuel handling and ruactor buildings. Pcrsonncl r.Hliation exposures were maintained 

ALARA by limiting the nmnhcr of me<t�uruments to thus.! c�ntial for SNM accountability and 

by planning each mca�urcment to minimi:rc pcrsonnel exposure. 

The numlx:r of required SNM measurements was limited by utilizing, when possible, pruviously 

pcrfonncd fuel characteri1�1tion mc.1suremcnts. In addition, SNM measurements were limited 

to those areas. systems, or components which conceivably contained fuel. 

The r.tdiation exposure received by personnel pcrfonning SNM measurements was maintained 

ALAIV\ b) propcr planning. Individual lllt!.1�uremcnts were designed to include efficient usc 

of time in r.tdiation areas, incorporate kssons !canted on dose minimi:r"'1tion fmm previous 

measurements. and include the usc of remote equipment, if possible. 

1 2  
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AREA 

AXOOJ 

AX002 

AX003 

A:·WO-J 

AX005 

AX006 

AX007 

AXOOS 

AX009 

AXOJO 

AXO I J 

AX0 1 2  

AXO J 3  

AXO I .t 

AX015a 

AXOJ5b 

AXOJ6 

AX017 

AXO I �  

AXGI9 

AX020 

AX02 1 

AX022 

AX023 

AREA CL£\SSIFICA TIO�S 

I>ESCRIPTIO� 

RB Emergency Booster Pump 

Access Corridor (Dr.t;ns) 

·\cccss Area (Dr.tins) 

Sc.11 Inj�tion Valve Room 

1\f U  Pump - I C 

MU Pump - I B  

MU Pump - I A 

Spent Resin StorJge Tank - I B  

S(>\!nt Resin Stomge Tank - I A 

Spent Resin Storage Tank Pump 

Aux. Sump Pump Vah·c Room 

Aux. ntdg. Sump Tank Room 

Evap. Cond. Tanks. Pumps 

RC Evapur.stor Room 

Cleanup Filters Room 

Cleanup Filter After Room 

Cleanup Dcmincmli7cr - 2A 

Cleanup IA:mineralizcr - 2B 

Wash.: Tmnsfcr Pump Room 

Wa�tc Disposal Liquid Vai\'C'\ 

RC Bleed Tanh - I B. I C 

RC Bleed Tank - I A 

Nonh Stairwell 

Elevator Shaft 

l.t 

S��� CATEGORY 

c 

c 

c 

B 

A 

A 

A 

B 

B 

B 

A 

A 

c 

c 

c 

c 

c 

c 

c 

A 

A 

A 

c 

c 

I 

I 



AREA 

AX02-' 

AX026 

AX027 

A X I O I  

AX I02 

AXIU3 

AX Jil-l 

AXI05 

AXIOfl 

AXI07 

AXI08 

AX I09 

AX I IO 

AX I l  I 

AX I I 2 

AX I I 3 

A.X l l-' 

AX I I S 

AX I I 6  

AX I I 7 

AX I I 8 

AX I I9 

AX I 20 

AX I 2 1  

A X I 22 

APPENDIX 1 (cont'd) 

AREA CLASSIFICATIONS 

J>E.SCRWTI01' 

Aux. Bldg. Sump Fi lters 

Seal Injection Filter; (MU- F.tA. 48) 

South Stairwell 

&1dwa�h! Disposal Panel 

RB Sump Pump Filters 

MCC 2-I I EB 

MCC 2 · 2 1 Ell 

Suh\tation 2- 1 1  E 

Suh,tation 2-21 E 

MCC 2- I I EA 

MCC 2-2 1 EA 

Nuc. Sl·rviccs Coolers and Pumps 

Jntcnncd iatc Coolers 

lntcnncdiate Cooling Pumps and Filter� 

Seal Relllm Coolers & Filters (MU-F-3) 

Waste Gas Analytcr 

MU&P Dcrnincmli:tcr - I A 

MU&P Dcmincrali:ter · I B  

M U  Tank 

MU&P Filters (MU-F2A&B and MU-F5A&B) 

Spent Fuel Coolers 

Spent Fuel Dcmincrali:tcrs 

Spent Fuel Filter\ 

Elevator Shafl 

Nonh Stairwell 

1 5  

SN:\1 CATEGORY 

B 

B 

c 

c 

B 

c 

c 

c 

c 

c 

c 

c 

c 

c 

B 

c 

A 

A 

A 

A 

c 

c 

c 

c 

c 

I 

I 



AREA 

A X I 2 3  

A X I 2� 

A X I 25 

AX I 26 

A X I 2 7  

,.\}� 1 2 8  

AX I 29 

AX I JO 

AX I 3 1  

AX I 32 

A X I 33 

A X I J.t 

AX I 35 

AX201 

AX202 

A.X203 

AX20� 

AX205 

AX206 

;\."{207 

AX208 

AX209 

AX2 1 0  

AX2 1 1  

AX2 1 2  

APPK,lliX 1 (cont'd) 

AREA CLASS I FICA TIO�S 

I> ESCRJII'TIO :\ 

Acccso; Area 

Concent. Liquid Wa!>te Pump 

Wa�te Gas [' .:cay Tan!.. - I B 

Waste Gas Filter Room 

Wa�h: Gas IA!cay Tank · I A 

Valve and lnstnnncnt Room 

Deborating Dcmincralin:r - I B 

Dchor.1 ting Ocmincr.tl itcr - I A 

Mi,c. Wa'itc Tank tWDL-T2l 

Corridor hctwccn Unit I and Unit 2 

South Stairwell 

Misc. Waste Tank Pump!l 

R:1\lwastc Disposal Control Panel 

Nonh Stairwl.'ll 

Elevator Shaft 

� 1 60V Swill.:hg�.!<tr - 2 - I E  

4 1 60V Switchgear - 2-2E 

RB Purge Air Supply and H) . Cml. Exh. 

RB Purgl.! Exhaust Unit B 

RB PurJ!I.! Exhaust Unit A 

Aux. Bldg. Exhaust Unit B 

Aux. Bldg. Exhaust Unit A 

Fll Bldg. E.•dJaust Unit B 

Fll Bldg. E:�hauo;t Unit A 

Decay llc;1t Surge Tank and Substation 
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S��� CATEGORY 

c 

B 

c 

c 

c 

c 

B 

B 

B 

c 

c 

B 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

i 
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APPE.�J>lX 1 (cont'd) 

AREA CLASSIFICATIO�S 

AREA J>ESCRIJYI'IO� S��� CATEGORY 

AX2 1 3  Unit Substations and Accc�� Arc<t c 

AX2 1 -t Dccon Facility c 

AX2 1 5  FII Bldg. Supply Unit c 

AX2 1 6  Aux. Bldg. Supply Unit c 

AX2 1 7  Accc\s Area c 

AX2 1 X  Cunccnt. Waste Stomgc Tank Room B 

AX2 1 9  ln\t. R:tcks & Atmosph. Monitor c 

AX220 Caustic Liquids Mixing Arc<t c 

AX22 1 Caustic Liquids Mixing Area Ct'rr. c 

,\,\:222 South Stairwell c 

AX223 Air l landling Units General Area c 

AX301 Elevator Shaft and EIC\ ttur r.tachinc Rm. c 

AX302 North Stairwell c 

AX303 Elcv:llor ami Stairwell Ac.:cc\'> c 

AX ..tO I Roof c 

AX-102 Cooling Watt:r Surge Tanks c 

AX-103 Damper Room c 

AX501 RB Spray Pump - l A  c 

AX502 IU3 Spray Pump - I B c 

AX503 DJI Rcrmw. Cooler and Pump - l A  c 

AX50..t DH Rcmov. Cooler and Pump I B  c 

1 7  
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AREA 

FHOOI 

FH002 

FII003a 

FII003b 

FHQO.l 

AI005 

FI I006 

F11007 

FII008 

FH009 

FIIOIO 

FIIOI I 

Fl-10 1 2  

Fl l01 3 

FIIOI.t 

FH I O I  

Fil l  02 

AI IOJ 

Fl l l O.t 

FI-1 1 05 

Fl l l06 

F1 1 1 07 

F1 1 1 08 

FII I 09  

Al'PE:'\DIX. 1 (cont'd) 

AREA CLASSIFICATIO:'\S 

UESCRII'TIO:'\ 

Makeup Sm:tiun Valve Room 

Access Corridor 

Makeup Discharge Valve Room 

Makeup Discharge Valve Room 

Westinghouse Val\c Room {.Mini-Decay Heat) 

Mini-Decay Heat Vault 

Decay Heat Scn·icc Coolers 

Nl!utr.al & Rt...-claimcd Bork Acid 

Ncutralitcr Tank Pump Room 

Ncutrali7cr Tank Room 

Reclaimed Boric Acid Tank 

Rcclainu.:d Bnric Add Pump 

Ncutrali1cr - Tank Filters 

Oil Drum Stumgl.' An:a 

Annulus 

�1U&P Valve Room 

E:t'>l Curridor 

Samplc Room 

West Corridor 

Model Room A 

Monitor Tanks & Sample Sink Arc.1 

Tra�h Compactor Area 

Tmcl. Bay 

Spent Fuel Pool A 
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S��l CATEGORY 

A 

c 

A 

A 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

B 

A 

c 

c 

c 

c 

B 

c 

c 

B 



ARJ-:A 

FII I IU 

FH I I I  

Fi l i i :! 

FII101 

FH202 

FH203 

FH20-t 

Fll205 

Fll301 

FH302 

Fll303 

FH3o.t 

FH305 

Al•P.E�IHX 1 (cunt'd) 

AREA CLASSIFJCATIO�S 

DESCRII"fiO� 

SDS Spent Fuel Pool 

Fuel Ca�k Stomgc 

Annulus 

E;"t Corridor 

West Corridor 

Surge Tank An!;t 

SPC A�t 

Annulu\ 

Upper Spent Fuel Pool An::t 

SDS Operating An:a 

UpJ�r SPC Area 

Annulus 

SJ)\!nl Fuel Pool Access 

S�!\1 CATEGORY 

B 

B 

B 

c 

c 

c 

c 

c 

c 

B 

c 

c 

c 



AREA 

RBOI 

RB02 

RBOJ 

RBO.t 

RB05 

RB06 

RBI I 

RB21 

RB22 

RB23 

RBJI 

RB32 

RB33 

RB3-t 

RB35 

RB36 

RB37 

RB38 

RB39 

RB-lO 

API'E.."'\IllX 1 (cont'd) 

AREA CLASSIBCA TIO�S 

DESCRIJYfiQ;\; 

letdown Coolers Cubicle 

Reactor Buildir;g Sump 

Rc:1ctor Coolant Drain Tank Cubicle 

R�1c1or Building Ba!>elllenl (Floor) 

Unckr Rcac10r Ve�sd 

letdown Line 

Decay Heal Drop 1 inc 

Reactor C01.1lant Pumps 

Hori;ror.tal RCS Piping 

Rc..'lctor Ves.;cl 

Pn:ssurizcr 

Steam Generators 
Upper Tuhc Sheet and Tuhc Blockages 
OTSG Tube Surfaces 
OTSG Lower Hcad/J-Lcgs 

Core Flood Tanks - A&B and Drain Lirws 

lncoru Guide Tubes 

Plenum 

Re<ICIOr Veo;S�.:I llc.td 

Rc:lctor Coolant Hot legs 

Pressurizer Surge Line 

Pressurizer Spray Line 

Fuel Transfer Canal 

20 

S:\"�1 CATEGORY 

A 

A 

A 

A 

A 

B 

A 

B 

A 

A 

A 

A 
A 
A 
A 

A 

B 

A 

A 

A 

A 

B 

B 



l'OST-DEtl}ELI�G SURVJo;)' REI'ORTS 

UACK< ;ROC:\1) 

On Ouoha 1 7. I IJS), thl! Nud!.!:tr Rl!�ulawry c,>nunis<;ion granted GPU Nucll!ar Tlm:c M ill: 

1 '>land Unit 2 <Thtl· 2J an exemption from ccnain requirements for periodic inventory and 

rct-x'ning ol '-fl\:Cial nuclear material (SN�1) balance ( Rcferen�e I ) . As a condition of thc 

C'l(elliiHt<•n. GPll Nuclc;tr '' a required to conduct an aS\C'>\IIlcnt of the �NM remaining at 

T�ll-2 f(tl ltm ing the l'OIIlplction or the lldnding effun. Thi� ao;o;cNnent is refcrrcd tel in the 

l''I(CIIlption a' the "po�t-dcfuding �nrvcy. " 

Po'l ll..:fuding !.Uf\C)'S \\\!!\! pcrfonneJ h; conducting measurement!. for residual fuel in those 

area!i. 'Y'tcm'i. and compuncnts in \\ hich residual SNM was assumed to exist and for which no 

funlu.:r Jducling was plannl.'d. A compil:!tion l'f theo;e sun·ey n:pon packages, entitled "Post­

Dd ucling Sun c:y RI.'JX>rh • ( PDSRs). documented the estimate of record of the amount of 

re�idual SN�t and the methodtllogy utili;ed to detennine the quantity of SNM in eotch e<t�c. 

I'DSR .. uh rcrx•n' hJ\'C 1'1\:cn prepared and suhmittcd for al l  an:<t\, 'Y!-h:ms, and cotnponcnt!­

li,ted in Attachnlc:nt I .  Attachment 2 graphically illu\lr.ttc:� the an:<ts, structure!., and 

l'OIIlJXlllCIII'I CU\crcd hy the PDSR suh·l\!pom 

1111.: 'nn·cy rc\ults <kx:umcntcd in the PDSR suh·n:port'l "en: not intended to dcmonstmtc the 

m era I I  adequacy of TMI·2 defucling progrc\s, nor should they he constmcd as a detennining 



factor fur trano;ition to a dcfuekd st.ttc as ddincd in Section 1 .3 of the Thfl-2 Technical 

SpeLilic:Hi<'ns: transition wa<; b.1sed on the TMI-2 !Xfucling Completion Report which 

dcmon�trJtcd thc O\'cr..tll a(kquacy of the defucling progrcs!> in the wntcxt that inadH:rtcnt 

criticality is no longer pc.l!l'>ihlc and dcfucling has pmgrcsscd to a poim which. ba!lcd on current 

technology and ALARA CoJhitkration'>, j, defined as. the logkal cndpc.Jint ft>r curn:nt defucling 

:u:tivitics. 

Btch PDSR !>Ub-rcpc.Jrt wa!> submitted to the Nudcar Regulatory Cornmi�siun ( NRC) as 

mca,urcmcnts. analy'iis and the intcmal n:,·icw and approval process were comph:tcd. 

I'I>SR FOR�tAT 

A �tandard fonnat wa!. utilizl't.l fur all PDSR l>Ub-rct1\'rt�. Certain adaptations were rc4uircd 

ha\ed 011 the type of llll!;l!.liCCIIlCilt h:chniqucs applied and the \':ll")rillg l)'J)(!S Of data generated. 

In !!encr.tl. each PDSR 'uh-n:port \"ontains the following sc(·tions: 

" Summary 0 Conclusion 

0 Introduction 0 References 

0 Bad: ground 0 Tahlcs (as necessary) 

" �lcthP<h 0 Figure'> and (lthcr attachments 

0 Anal)�i!. (3), neccS'I<try) 

2 



The Sununary �ection uf c.:ach sub· repon pn.:ccdcs the Introduction l>Cc:tion and cons ish of a brief 

Matcmcnt induding thl! estimate of rc.:cord Clf the amount of fuel remaining. the physical fonns 

uf the li•cl. the loc-.tions of the fud, a brief statement of the measurement method-. used to 

mca�un.: the fuel, th.: ana lytical tedmiquc'> utilit.cd to detcnninc the estimate of record. and a 

-,tatem.:nt ,_,f any penincnt c:onclu�ion' and n!L'onunend:uions for confannatory nu:a�uremcnts, 

if appropri:ttl!. 

·n1c Introdullion �cction of l.!alll <>ub·ri.!JX'n e:\plainl> that the individual �uh-rcpon is one in a 

o;cri�:" of repono; gcnl.!rJtcd tn fulfi ll the requirement\ of tht.: SNM Accountahility Program. This 

\l'rt ion a hn dc\Cribes the com em of 1 he .<;ect i<ln" to folt(lw. 

Th�: BackgruuJH.I <,cction of each -,ub- rcpon tlc!.crihcs the relevant area. �ptcm, or ctllll(M.lnent 

hy it� phy�ical dimensions and location. the boundaricl> of the suh-n:pon. the inh.:nded function 

t)f the area. sy,tcm. or component, its OJ)\!r.tt ions and relationship to the accident andlor 

sub'>cqucnt ckanup activities, and how the fuel may have n:locatl.!d to that area. 

The �kthod\ �cction of each 'uh- rl!pon briefly explain'\ the mcth<MI(s) utilized to measun.: fuel 

in t:;Jl h area, �y,tt.:m. or cmiiJll.llh.:nt . Due to the compte:-: \lnJcture of t he compnncnts surveyed. 

the rc�idu.tl SNM 411antity may he Jr:tcnnincd utilit.ing a combinat ion uf din.:ct llll!<l�uremcnts, 

samplt: anaty�c'>. \Ohllnt:trk mca�un.:mcntl., and engineering analy!>es. The suh-rcpons are 

WJlJ><tnl'd hy dt:tatl cnginl'cring calculations. vendor rcpons. and rc'>t!:trch data. 

I 
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1111! Anal)'>i'> �ction of �ach PDSR explains how thc �estimate of n:conJ" of the amount of 

n:maininl! fuel was cakulat�d. 1l1is �ction describl:s the tcchniqucs util ized to analyze the 

available data and discusses supporting data. assumptiClnS. calculation's. key ohscrvationo;, \"arious 

model�. aml thc alkquacy of the data. 1l1i\ �ction al\ll addn:�c;cs the lmnspon ;maly�b. when 

applirahk. for non-isolated an::t'>, sy�tcnh. and colllp<llh!nt�. 

The Cum.:lu\i11n �ection of each �uh- n:pon !>tat!!� the cstimatc nf n.:corJ of th!! amount of fuel 

n:maining in th.tt an:a. ll)!ltl!m or comtlOIII.'nt; assignl. an appropriah.: unrcrtainty: discusses the 

a<.kq•aac) and confi<knc� h:vcl of the C(lndu�ion: and make'> a statement defining why the 

estimate of n:rord i� n:a'><lnablc ba,cd upon the availahk data. 

:\ tETIIOI>S L'SEH TO ASSA \' Fl:EL 

The complex configumtion of the TMI-2 plant and re�tricted accc!-.s in certain an:.1s increased 

the difficulty of accomplishing residual fuel assc'>smcnt at T�ll-2. Scvc!ml diftcn:nt 

mca\urcmcnt meth<.xls were rcquin:d in order to :�sscs'i the n:sidual fuel for diffcn:nt :Jn:as. 

S) '>ICIII'i. anti <.:ompuncnt�. Gamma detection. neutmn deH.:ction, video inspections. 

mdinchcmical analy'i� of -.:unplcs. and alpha detc<.:tilln wen: among the methods used to pcrfonn 

thi' a"es\nl.-rll. Rricf summaries of the!-.c methods an: providl.'d below. 

Gamma D�h:ction · Gamma dct�o.'Ction usc� cithl.'r sodium iodide (Nal) scintillation or high 

purity germanium ( I IPGc) llctcctor methods. Nar !>cintiltatiun i� used to dctcct thc Ce-14-l 2 . 1 85 



�leV �amma r.ty. Till! H PGe tktector <lctl'Cts both Cc- l +l  and Eu-154 gamma rays. The� 

isotopl!s arc suitable tracers for fuel dchrh at Thll-2 and th� quantity of fuci is bascc on either 

the Cc- 144 to fuel r..tio or the Eu- 1 54 tn fuel ratio (Reference 5). The�e r.llios change by the 

mdinal1ivc decay of Ce-1 +l (284.3 days) and Eu-154 (!-1.8 years). The gamma detection method 

\\a' generally u'ed whcrc, cr the level M background r.tdiation was modemtc to low (50 m R  

hr 1 ). 

NcJH!Pn Dct�.£t!Qu · There arc t\\ �l J.. imh of 111.:utmn lktcction methods: pas�ive counting and 

active neutnlll nllcrrogntillll. llu.: pa,o;ivc counting method detects neutrons din..-ctly. employing 

Hc·-l detector\ for fast neutron<;, and He-3 and BFJ detectors for th�nnali7cd neutrons. The 

acti\1.: ucutrun intl!rrogation method tkh.:ct!. inducl!d fts�ion neutrons. Sb-Bc photoneutrons 

induce lis!\ion reactions. ·n,e induced fts!lion nl!utrons arc deh!cted by an He-4 neutron counter. 

111i� phutoncutron sysh.:m is cal ihr..tcd \\ ith a known amount of fuel placed at various locations 

ill a mock·up. l11c neutron detection methcxl i� gcncmlly used whcrc,·cr background r.tdiation 

level'> arc high in order to conlinu measurements made hy other method!>. 

Vi\ual ln<.pection and R:tdioch.:mical Analysis pf Sample<; - If residual deposits arc found, 

visual inspections and (1\:bris sampling and analyses may be pcrfonned. The quantity of fuel is 

a�'iessl'd h) 1h:hris Hllumc and r.ltio of fm:l to debris. Debris volume i s  estimated by visual 

inspections and configumtion of components. Ratio of fuel to debris is estimated by debris 

o;;unpling and analy�es. l11ese analyses include vohm1c estimates. weight measurements. and 

sample analysis f11r fuel. ll1is method is r..rcly used alone, hut is used in conjunction with other 
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counting method� in order l<l hdp int�rpn.:t those rc,ults. 

6Jnh:t Q�tcctimJ - A pmporti1liMI alpha counter is a g•l\·lilled chamhcr with two electrode.'). 

Thi-; cuuntcr dctcctc; current bet" cen the electrode\ in .til amount proportional to the amuunt of 

ionitati110. TI1is dctL'Ctor readout a\sernhly i:. ahlc t�1 select alpha particlc� from other ioni7ing 

radiation hy pulse height discrimination. ·n,e fud mtio of alpha activit) is 1 5 1  1tCi/!! of fud. 

and ha' a hall-life long cnou!!h to n:quin.· only a small decay com-ction. TI1e alpha detection 

rm:thod i� u'cd only t11r thin fihm. dne to th�· \hUrt r.mg..: of an alpha p;trtid . .: . 

FUEL �JEASURF .. \IE�T L'�CERTAI�TIES 

Where po�!.ihlc . SNl\1 :tC(OUntahility nwa�un:nH:Ills were conducted in arcas that had been 

physically i�olatcd to prevent tr.t nsport (lf SNM into or out of the art•:t. system. or component. 

Howc\ er. in �omc cases. it was not possible or fcasihk to conduct an SNM measurement of an 

area. 'Y'tern. or Clllllpom:nt in an i'olated omfigumtion. In thc�c c<t\C<;, the PDSR inchukd an 

anal) -;j, which dcmon\trated that there nm ld he no !>igniticant tr.111�pnn· uf SNM into or out of 

the area. sy�tcm, or componcnt after the complt�tion of the SN�I measurement.' 

Some ol the c\timate of n:'-'ord lJUantitic� n:poned for n:�idual SNM qtr:t!:!ities arc referred to · 

t\n l'Xteptiml to thb wa� the RV dr.1inJown to the fud tramfcr canal ( FTCJ .  
:--.:o �pedal pn:cautiom wen: taken t o  pn..:vent fuel tr.mspon to the FfC .  
l lll\\ ever. littli.: fuel wac; i n  fact transfl'rrcd. 

h 

I 

I 
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"' the minimum tletcctahlc level (MDL). Titi'i mean-; that thr.: me<t'iurenh!nt technique did not 

detect a \t.'ltbtically �ignifkant number of c\·ems (counts) rclall .. 'tl to SNM. Thacfon;, the true 

quantity ol SNM belh.:vcd to be in the applicable area, S)Stcm. or component is equal to or less 

than tit�: n:poned l\tDL. For example. if the residual SNM quantity is reported to b.! an l\IDL 

of 3 1-g, the 1n1e 4uantit) nf n.:-;idual Sl\:l\1 wuld he any \alue fmm 0 to 3 kg. 

Ph) 'ical mC.t'>UI\:lllerll\ of fuel quantitic\ arc \ttbjcct to impn;cision<;. TI1c accuracy of post· 

�.kfuding ,urvey SNM mc�tsurcments \\;t� significantly impal·tcd b) the inaccc.s�ihility of SN�I 

hx:ation\. lugh hackgmunJ gamma ratliation d{l\l' rate-;, unkncm·n SJI.:l\1 di,trihution 

c-har.Ktl·ri,tin and low neutron emi,'>ion r.llc\ for T!\11-::! fuel. The preci'iion {If thc 

llh::t,urcmcnl\ was negatively impat.::;.:d hy thl.! �hurt half life of the pn.:fern.:d high cncrgy fuel 

tr.tcer j,otopc Cl.!rium-1 -l..t (2. 1 l\fi.!V gamma emitter} as compared tn thc lower l.!ncrgy of 

Europnuu- 1 5-l ( 1 . 1  l\JeV gam.ua emitter). whidt is a fuel tracer i-.otope with a longer half l ife 

(i .e . . X.S } t.:.tr�). Uncenaintic' "en.: al\o due in part to the combined effec:s of count ing 

-.tati\liC'>. rcpn:scntatiH·nc�o; of \:tlllplcs tn thc whole, high radiation interference backgrounds 

which clcvatc �I DL'\, romplcx and undefined fud di�tribution geometries. lack of perwnncl 

accc" n.:quirin)! u'c of remote mea�urcrnent tcchniqtu.:,, ;md varying o;ignal absorption rates dul! 

to the prc,cnec of \lntctural mernhers and hlankct ing laye,..... Tit!! uncert<�inty of thl! total 

nc,tintale of nxord" tcmh Ill he dominated by thl! largest \inglc measurement aggregate error 

or large't �IDL. l�tboriou-. nll.:a .. urcnH.:nt\ at prcci,il)n value" much smaller than the largest 

aggregate l.!rmr would have cono;urncd m�t,uremcnt rc�ourcc..\ unnecessarily. The principle\ of 

ALARA '-Ul:!ge\t that mea\urement cffon he proportioned accord ing 10 thc ahsulutc uncertainty 
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uf fuel in any m�:a�urcmcnt location. The analysis of the Reactor Ves��l residual fud quantity 

yidt.letl an uncertainly of ± 370 kg. Therefore. statc·of-the art measurements of other reactor 

coolant anJ ;tU�iliary system comJXIftent\ of much !>m:tller fuel content (e.g . . 3 k!!) Wl'Uid have 

included emm; that were dimmi �hingly !llllall compan:d tv the ovemll uncertainty set hy the 

Reactor V-:!s�cl. Since the component bias estimate ..:rror:-. were ind..:l'll!nckm, they were 

combined in quadrature (i .e . . the SlJnare root of the sum of the squares of the individual hiasc�) 

to obtain their wntribution to the O\'er.tll error. 

Because of the inability to control some of the variables <h:scribed above. pmH.Iefucling survey 

mea�urcmcms at Thll-2 werc attend�d hy significant uncertainti�. 11tesc unccrt::intic" were 

u•inimi;rcd tn the extent possihk hy the jud icious selection of measurement tcchnique.s and a 

�raded appl ication of re<;ourccs. Area�. �ystcms. and components known or believed to contain 

SNl\1 quantities grcatcr than I kg were suhjc..-ch:d to significantly greater mcasurcmcnt resources 

than locations " h::rc less than ! kg of SNl\1 was indicated. Nonetheless. the variables which 

negati' ely impact pn:dsion and accuracy <'f post-dcfucling survey SNM measurements resulted 

in �llliiC relath·ely large uncertainties. 11•e PDSR sub-reports include the estimate of record of 

residual SNM and a:.�ociatcd uu,·cnainty . Therefore. measurement TC!XlrtS contain a calculated 

unccnaimy :md/ur qual itat i\'c discu�sion of the adequacy of the measurement and identify 

poh.:nt ial suurcc(s) of lllL'asun:ment error. The usc of the tcnn "estimate of record" i n  this  

com�:xt conveys that the quantity rl'l)\�rtcd is the mmt real ist ic value for the quant ity of SN11 in 

the ;m·a. syo;tc•"· or comp<mcnt has�d U!Xln the availahlc mcasun:m..:nt data. 
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SECTIO� TITLE 

Plenum 

L!tdown Coolc!"'i 

Pressurizer 

Reactor Vl!s�l Hl!3d 

Rl'Jctor Building Basl!ntcnt 

'A' and '13' OTSG 

Auxiliary and Fud Handling 
Building\ 

Rc:tctor Bui!diug 
Miscellaneous Compont.!nts• 

Reactor Coolant System•• 

Reactor Vcs�cl 

AITACHMENT I 

LIST OF SECTJO�S 

GPU� LETTER :'\U�lllER DATE OF SUB�liTTAL 

44 10-88-L-0162 09-30-88 

44 10-89-L-0097 09-22-89 

4410-89-L-O<N7 09-22-89 

441 0-90-L-OOJ Q  03-1 4-90 

44 10-89-L-0097 09-22-89 

C31 2-92-206-t 08-20-91 

C312-91 -2045 06-07-91 

C3 12-tl l -2052 06- 1 8-91 

C31 2-92-2055 07-03-91 

C3 1 2-'-)J-20<M 02-01-93 

l ncludco; I neon: Guidi! Tubl!s in "A" D-ring, Fuel Transfer Canal/Transfer Tubes, Upper 
Endtittings. c,,rc Flood System, Tool Dl."Con Facility and the Drain Line from the Tool 
Dct:(lll Facility. Tempor.try RV Filter Sy�tcm, Dcfucling Water Cleanup System, Rl!actor 
Coolant Drain Tank. and Defueling Tools. 

lndudc\ Cold Legs, Hot L!gs, Rl'actor C(lolant Pumps, Decay Hl!3t Line. Core Flood 
Lines. and Pn:ssurizl!r Lines. 
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