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NUCLEAR REGULATORY COMMISSION 
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Hr. T .  Gary Broughton 
V i ce President 
GPU �uclear Corporat i on 
Post Off ice Box 480 
M i ddletown, Pennsy l vania  17057-0191 

Dear Hr. Broughton: 

�iovcmiX'r 4, I CJ94 

SUBJECT: POST-OEFUElltlG SURVEY REPORT REVIEWS 

The Nuclear Regul atory Comm i s s i on staff has performed a review of your 
Oefuel ing Comp l e t i on Report and Post-Defuel i ng Mon i tored Storage Safety 
Ana lys i s  Report . The measurement s  you made and your subsequent analyses were 
genera l l y  wel l  done and conservat ive. I n  several cases we bel i eve that the 
uncerta inty of the measurement i s  greater than what you had est i mated . 
However, i n  no case have we found a reason to change the est imate o f  the fuel 
quant i ty remaining at THI-2 . 

The staff i n  conducting the review used the informat i on contained i n  10 
Pos t-Defuel ing Survey Reports wh ich were developed by our consul tant , Battel l e  
Pac t f i c  Northwest Laborator i e s .  T h e  fol l ow i ng Pos t-Defue l ing Survey Report 
reviews are attached for your informa t i on .  

A & B Steam Generators (OTSGs) 
Aux i l i ary and Fuel Handl i ng Bu i l d i ngs 
Letdown Coolers 
Pl enum Structure 
Pressurizer 
Reactor Bu i l d i ng Basement 
Reactor Bu i l d i ng M i sce l l aneous Components 
Reactor Coolant System 
Reactor Vessel 
Reactor Vessel Head. 
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Hr. T. Gary Broughton -2-

A copy of these Post-Defuel ing Survey Report reviews wil l  be pl aced in the 
docke t .  

Docket No. 50-320 

Attachment: 
As s tated 

cc: See next page 

S i ncerely,  

!'�� 
Lee H .  Thonus ,  Project Manager 
Non-Power Reactors and Decommission i ng 

Project Di rectorate 
D i v i sion of Operating Reactor Support 
Office of Nuclear Reactor Regu l a t i on 
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T. G .  Broughton 
GPU Nuclear Corporat i on Un i t  No . 2 

cc: 

Reg i onal  Adm i n i s trator, Reg ion l 
U . S .  Nuclear Reg u l a tory Comm i s s ion 
475 Al l endal e  Road 
K i ng of Prus s i a ,  Pennsylvania  19406 

Or. Jud i th H .  Johnsrud 
Envi ronmental Coal i t ion on Nuclear 

Power 
433 Orl ando Avenue 
State Col lege, Pennsylvan i a  16801 

Ernest l. Bl ake, Jr . ,  E s q .  
Shaw, P i t tman , Pot t s ,  and Trowbridge 
2300 N S t reet , N . W .  
Wash i ngton,  D . C .  20037 

Sec retary 
U . S .  Nuclear Regulatory Comm i s s ion 
Washington, D . C. 20555 

Hr. Russe l l  Schaeffer, Chai rperson 
Dauph i n  County Board of Comm i s s i oners 
Dauph i n  County Cour�house 
Front and Harket Streets 
Harr i sburg, Pennsylvan i a  17120 

W i l l iam Dorn s i fe, Ac t i ng D i rector 
Bureau of Rad iat i on Protec t ion 
Department of Envi ronmental Resources 
P. 0. Box 2063 
Harrisburg, Pennsylvan i a  17120 

Hr. Ad Crable 
lancaster New Era 
8 West K i ng Street 
lancaster, Pennsylvan i a  17601 

Ms. M i chel e  G .  Evans 
Sen ior Res i dent Inspector (TMI -1) 
U . S .  Nuclear Regul atory Commis s i on 
P. 0. Box 311 
M i ddl etown , Pennsylvan i a  17057 

Hr.  Eric  Epstein 
2308 Brandyw i ne Drive 
Harr i sburg, Pennsylvania 17110 
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Hr. Robert Rogan 
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P .  0. Box 480 
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Hr. David J .  McGoff 
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U . S .  Department of Energy 
Wash i ngton,  D . C .  20545 

Hr. Wythe Keever 
The Patriot 
812 Market Street 
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Mr.  Robert B .  Borsum 
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Suite  525 
1700 Rockv i l l e  P i ke 
Rockv i l l e ,  Maryland 20852 
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Harr i sburg, Pennsyl van i a  17127 
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June 28. 1994 

Mr. Leo Thonus 
U.S. Nuclear Regulatory Commission 
fhrec M tle Island 
Mtddll!town. PA 1705 7 

Dear Mr. Thonus: 

()Battelle 
PJtalac Norrltwt:�r Labor .awrw• 
H.tn'"llt.• Kuuft'\ .u,f 
P 0 Brn 'I?'} 
�•<. h nd. \\'o�\htn�fnlt 'J'IJS! 
ft•lr•p• 'n•' tStlol 37�·2454 

PNL compll!ted reviews of ten Post-Defuelmg Survey Reports (PDSRs) submitted by the 
TMI· 2 licensee. We submitted draft v,pies of these reviews to you and Dr. Masnrk 
prev10•1Siy for your revrew. Since your reviews of these writeups did not result rn any 
rnator chan!)cs. we are now prepared to submit our reviews tn final form. Enclo!.cd please 
find :h� followrng ten PDSR reviews: 

A t. 8 Steam Generators IOTSGs) 
Au •rllary and Fuel Handling Burldi�gs 
'.!;tdown Coolers 
Pl•·num Structure 
Pressunzcr 
Rcc�ctor Burldrng Basement 
Reactor Burldang Miscellaneous Components 
Reactor Coolc�nt System 
Rr Jctor Vec;c;el 
:"l·!otctor Vessel Head 

�i•''.l"'ill g•1n!'ral conclusrons have become apparent from our study of the llcens.:e's 
I·DSR<: We feel that tha measurements and analyses were generally well done. The 
wmlo..mu crwrromncnt lor these studros was extremely harsh, and in many cases rt drctated 
il lnmt on th� type of measurement that could be pP.rformed or the thoroughness of a given 

rrw 1surcmcnt. The licensee was able to work within thesa hmrtations to arrive at a 
CH•tllt•ln csttrnato of the fuel remaimng in tho TMI-2 plant. We found the analyses to be 
tiH,rourJh and well-documented. For most of the efforts wo agreed with the methods 
cho•;en !.>{the ltcensee: in some cases we have had minor drsagreements with the 
teclmt tuc or method of analysis, and rn several mstances we disagreed with the 
w ccrta•ntv attached to a fuel estimate. In no case. however. dtd our review ftnd a reJson 
t J ct 'mqo the ostrmate of the Quantrty of fuel remaining in or rcrnoved from the TMI· 2 
r·I;Jr t \'Je concur wrth the licensee's contention that A LARA considerations make rt 
uw:: •;e to perform nny addrtional !:itudy, and we agree that the fuel rematning in the 
uu!r;mlu 11 loc�ltlons arc unltkely to move out of thosa locations. 
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Juno 28, 1994 
Pago 2 

Wu have enjoyed working on these reviews and we ho;>e that you will feel free to call us 

at tho above number if you have any questions or comments. 

Smccrcly, 

�� ��� 
Senior Resear�h L:ist Techntcal Group Leader 

Rad1at10il Measurements and Assessments 
HEALTH PROTECTION DEPARTMENT 

RIS/blh 

Enclosures 

cc: Or. Michael Masnik 

Instrumentation and Dosimetry Development 
1-iEAL TH PROTECTION DEPARTMENT 
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JtHROOUCT l":l 

REVIEW OF THE THI-2 POST-OEFUELING SURVEY REPORT 
FOR THE 'A' and '8' ONCE-THROUGH STEAH GENERATORS 

lhis review of the licensee's Post-Defueling Survey Report (POSR) (GPU 
Nuclear, 1989) discusses the process for estimating the amount of U07 
remaining in the two Once-Through Steam Generators (OTSGsj. The quantity of 
fuel estimated to be present in these components is 55.5 kg with an 
uncertainty of 1 5%. 

For this study, several different measurement-techniques were used. For the 
OTSG lower heads and associated J-legs, small Geiger-Muller (GM) tubes were 
enclosed in polyethylene tubing to measure the garm1a exposure rates. A 
computer code was then used to model the fuel deposition and estimate the 
quantity that would cau,e the recorded signal. Gross gamma measurements with 
a �mall GM tube were also used to quantify fuel remaining in the tube bundles. 
Computer modeling was again used to determine the fuel. 

for the OTSG upper tube sheets, copper foils were exposed, and neutrons 
�mltted by the fuel created radioactive copper in the fo1ls. The em1tted 
radioactivity could then be used to determine the neutron flux at the copper 
foil, and the fluxes could be used in conjunction with computer mou�ting to 
determine the fuel mass in the region. 

Mf.B.S.VHfMFNT MFTHOOOLOGY 

Low�>r OTSG Heads 

For quantifying the fuel remaining in the OTSG lower head regions, 
d�tector str1ngs were made by placing small GM detectors inside a 
polyethylene tube. lhe tube wa� inserted into the lower head and 
exposure rates were measured at a number of positions in the lower head. 
Exposure rates were measured at 10 locations at one-foot intervals over 
a 12·foot distance, and the measured r·ates ranged from a low of 0.8 R/h 
to 17.5 R/h in the 'A' OTSG. In the 'B' OTSG, the exposure rates were 
measured at four locations separated by one-foot intervals, and these 
mea�urements ranged from 7.8 to 17.0 R/h. Uuring the measurements, 
v1deo cameras were used to verify the positioning of the d�lector·s. 

Aftrr measuring exposure rates in the lower head regions, the measure
ment strings were pushed an additional f1fteen feet tu measure rxposure 
rates in the associated J-legs (the large pipes that carry water from 
the bottom of the OTSGs into the Reactor Coolant pumps; two J-legs are 
connected to each OTSG's lower head). The measured exposure ral�s 
ranged up to 76 R/h in the 'A' legs and up to 700 R/h in the '0' legs. 
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Tube Bundles 

A measurement string containing GH tubes was assembled to measure 9ammas 
emitted by cl umps o f  fuel debris l odged in the tube region. The 
measurement str i ng consi sted of six smal l GH detectors spaced at one
foot inUrvals inside a polyethylene tube." The string was deployed i n  
52 different OTSG tubes, carefu l l y  chosen to ensure the detect i on ot any 
fuel blockages that may be present in the 9.5-foot-d i ameter tube bundle. 
For each OTSC tube, measurements of gamma exposure rates were taken at 
f1ve-foot intervals over the ent ire 56-foot tube length. The measured 
exposure rates could th�n be translated i nto fuel quant i t i es usin9 
computer model i ng. 

QTSG Upper Tube Sheets 

Copper fo i l s  were exposed in the upper tube sheets of the 'A' and 'B' 
OTSCs to measure the neutron fluxes and thus determine the fuel 
rema i n i ng in the upper tub� sheet regions. Four foi ls were exposed at 
d1fferent pos i t ions above the 'B' upper tube sheet and two were exposed 
in 'A'. An add i t i onal foi l  was exposed elsewhere in the Reactor 
Build ing (RB) to give a background read ing. ln order to properly 
account for the effect of neutron scattering and neutron lo�s. an AmBe 
�ource was pl aced i n  the 'A' upper tube sheet region to prov i de neutrons 
f or cali brat i on purposes during the exposure of one of the 'A' foils . 

After the foils were exposed i n  the OTSCs, they were pl aced i n  a low
level coinci dence count ing system to measure the �· parti cles emitted by 
the rad i oact i ve copper atoms created by neutron act ivat i on .  The 
measured radioact i v i ty was used to determ ine the neutron fluxes exposi ng 
the fo i ls. 

Compar ison of the first fo i l  exposed i n  'A' to the background foi l  
exposed i n  the RB showed no net neutron s i gnal, i nd i cat ing that the 
quant ity  of depos i ted fuel was too low for th is  type of measurement . 
Ganma exposure rates measured above the 'A' and ' 0 '  tube sheets were 
thus used to arrive at the est i mate of fuel rema i n ing i n  the 'A' OISG 
upper tube sheet . 

A��lVSJS METHODOLOGY 

lower OTSG lleads and J-l�c;s 

The measured exposure rates were used to est i mate the quant i ty of fuel 
rema i n i ng i n  these regions by computer model i ng with the M i crosh i eld 
computer code. The computer calculations modeled the fuel debr i s  
deposits  based on v i sual i nspect i ons o f  the debris. The model i ng 
est i mated the exposure rates that would resu lt from a g i ven quant i ty of 
fuel deposited in the regi ons, and the actual quant i t ies of fuel 
cal culatr.d by scal i ng accord i ng to the measured dose rates. lhe fuel 
masses consi dered to be the est i mate of record were: 

2 
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'A' OTSG lower Head 
' B' OTSG lower Head 
'A' J-legs: 
'B' J-legs: 

0.29 kg U02; 
0. 46 kg U02; 
o. 67 kg uo2; and 
5. 79 kg uor 

Copper foils had also been used with these GH measurements, and the 
quantities estimated by these means were compared to the estimates of 
record. The foils in the lower head regions did not measure significant 
neutron fluxes. but the foils in the J-legs measured f1 uxes that 
resulted in fuel estimates of 5.36 kg for the 'A' J-legs and 5.14 kg for 
the 'B' J-legs. The agreement between the gamma measurements and the 
copper foil measurements were good for the 'B' J-legs, but not for the 
' A' J-lcgs. 

Tube Bundles 

The study o f  fuel in the tube bundles i nitially assumed that the fuel 
depos i ts consisted of l-inch long clumps that plugged a tube. The 
Hicroshleld code was used to model gamma emiss1ons from these blockages 
and use the results of this modeling to plan the p:acement of the 
detector strings. The modeling concluded that each string could cover 
an eight-inch effect i ve horizontal radius, so this  effective rad1us led 
to the cho ice ot 52 tubes for the measurements. 

For analysis of the measured exposure rates, Hicroshield calculations 
were performed in which a one-inch long debris  plug was placed at a 
position displaced 5 . 5  inches vertically and e i ght inches horizontally 
from the detector. This posi tion resulted In a conservative e�timate . 
The model assumed that the debris plug was similar in density and fuel 
concentration to debr i s  material in the 'B' OTSG upper tube sheet. !he 
measurement data were then entered into a spreadsheet for analysis and 
vertical exposure rate profiles were plotted for the tube bundle 
regions. lhese profil es showed that no significant radiation sources 
from fuel blockages were detected. 

llext these exposure rates were adjusted for background radiation 
�iynals. l�e primary co�ponents of the background si�nal were: 

I) cosmic rays; 
2) contamination outside the OTSG; 
3 )  contamination on the outs ide of the polyethylene tube 

�aiding the GH detectors; 
4) 11'Cs activity on the Inside surface of the OTSG tubes; and 
S) IJ'cs contamination 1n the water i n  the lower part of the 

tubes. 

When the background s i gnals were subtracted, the measurement data showed 
no significant posi tive readings for 'fuel i n the tube bundles. lhu� a 
lower-l1m1t-of-detection (LLO) analysis was performed on the measurement 
datJ, and this analys1s resulted in estimates of 1.7 kg UO, in the 'A' 
OTSG tube bundle, and 9.1 kg U07 In the 'U' tube bundle. lhc LLO 
analy�is gave a higher fuel mass for ' U ' because of the higher g;unma 
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background levels in '8'. The uncertainties associated with these 
estimates were both ±48�. 

Upper Tube Sheets 
Before the copper foil measurements were made, tw� other methods hdd 
been used for estimating fuel remaining in these regions: video 
inspection and gross gamma counting. The video Inspection g�ve �n 
estimate of 28.9 kg fuel, and the gross gamma measurements gave an 
estimate of 53.9 kg for the sum �f both OTSGs. The copper foil was seen 
as a means of increasing the accuracy, and its resells were meant to be 
used for the estimate of record. 

The four foils exposed in the '8' OTSGs were counted in the coincidence 
system, and since two of the foils exhibited low activation levels, only 
two foils were actually used to determine neutron fluxes. The foil 
exposed in the R8 gave a background rate that was subtracted from the 
'B' foils' signals. One foil exposed in 'A' was activated by neutrons 
emitted from an AmBe source, and this was also the calibration for the 
'8' foils. The calibration was necessary to know what quantity of fuel 
would produce a given flux at the foil. This analysis led to an 
estimate of J6 kg !6.5 kg (18�) of fuel in the 'B' OTSG upper tube 
sheet. 

The foil exposed in the 'A' upper tube sheet (with no AmBe source) gave 
a zero reading after the background signal was subtracted. Thus the 
results of the gross gamma measurements were used to estimate the fuel 
in 'A '. lhe exposure rate measured at one foot above the 'B' upper tube 
sheet was 126 R/h, and at two feet above the 'A' tube sheet it was 3 
R/h. This 'A' reading was normalized to a one-foot position, based on 
Microshield calculations, to S R/h, and the ratio of 5/126 was 
multiplied by 36 kg to arrive at a fuel cslimJte of 1.4 kg U01 for the 
' A ' OTSG upp�r tube sheet. lhe uncertainty assigned to this measurement 
is 18�. which is identical to the uncertainty assigned to the 'B' 
estimate. 

RfVIEW OF MEASUREMENTS AND ANALYSIS METHODOLOGY 

!.ower OTSG l!rads and J-leqs 

The methods of gross gamma measurements and c ... mputer modeling used .to 
estimate the fuel in these regions is �imilar to methods used 1n a 
number of other POSRs, and it appears to be properly applied here. It 
is unfortunate that the measurement locations in the 'B' regions had 
fewer data points measured than in the A' locations (only four in the 
'B' lower head versus 10 in the 'A' lower head; only five in the '18' J
leg versus 11 in the other three J-legs), because 'B' contained more 
fuel: the best quality data should be taken where there is the h1qhest 
1 ikel ihood of fuel. llowever, the number of data points were �uff 1C1ent 
to arrive at the estimate of record, and the uncertainty bound� of 47 to 
49% arc sufficiently large. 

4 
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Tube Bundles 

It is unfortunate that so many individual measurements were made in the 
tubes and that the subsequent data analysis showed that the signals were 
no• significantly above background. The measurements showed, however, 
tha� there are no significant fuel debris blockages in the tube region. 
The measurements also provided the data used to determiue minimum 
detectable levels that were used for the estimates of record. lhese 
estimates appear to be properly derived and have sufficiently large 
uncertainty bounds. 

Upper Tube Sheets 

The method of neutron activation for measuring fuel deposits has one 
advantage over gamma measurements; since there are very few neutron· 
emitting background sources, any detected neutrons have a good 
likelihood of coming from the fuel. The disadvantage of neutron 
measurement is that the neutron emission rate from a kilogram of fuel is 
very low, so the sensitivity of th1s technique is poor. In this study, 
the 1 . 4  kg of U07 concluded to be in the 'A' upp�r tube sheet region did 
not produce enough activation in the copper foil to give a signal above 
background, so the foils exposed there gave no estimate of fuel. In the 
'8' region, 36 kg U01 were identified, and two foils gave readings 
sufficiently above background to arrive at this estimate. 

One problem with the foil activation study is the use of a small number 
of measurements. four foils were exposed in the '8' upper tube sheet 
region, but only two gave meaningful data. S1nce the tube sheet is over 
nine feet in diameter, the analysis must rely heavily on an assumption 
of the even distribution of fuel in the tube sheet. The 36 kg value is 
probably not too far off the mark, and confirming evidence is given by 
the visual inspection which gave a value a bit lower. However, the 
stated 181. uncertainty bound is too small to account for the assumption 
made in the fuel �istribution. 

lhc study used an AmBe source as a known source of ncutron5 to account 
for the neutron scattering and neutron loss effects of neutrons emitted 
by the fuel. llowever, the gPometry of the calibration is a point source 
and the geometry of the fuel distribution Is an area source, so the 
calibration uncertainty must be higher. Also, the distribution of 
energies of neutrons emitted by the AmBc source is higher than the 
energies of neutrons emitted by the fuel, so activation of th£ foils 
will not be iJentical for the calibration case versus the fuel 
measurement case. Again, a higher uncertainty band should be stated to 
account for this. 

lhe measurement of fuel in the 'A' upper tube sheet was done by gross 
gamma measurements, using analogy to the '8' ·measurements. The analogy 
relies on the assumption that fuel distribution in the 'A' tube �heel is 
identical to the distribution assumed for the 'B' tube sheet and that 
back�round �ffects arc Identical. lhesc assumptions should lead to 
larger uncertainties. 
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SUMMARY AND CONCLUSIONS 

The following table summarizes the estimate of record for U02 remaining in the 
two OTSGs. 

'A ' QTSG 'B' OTSG 

Upper Tube Sheet 1.4 kg ±21� 36 kg ±181. 

Tube Bundle 1.7 kg ±48� 9.1 kg ±48% 

Lower Head 0.29 kg ±48� 0.46 kg ±48% 

RCP-1 J-Leg 1.4 kg ±48� 1.5 kg ±47% 

RCP-2 J-Leg 1.4 kg !.4� 4.3 kg ±4� 

TOTAL 4.1 kg ±22% 51.4 kg !.161. 

The techniques chosen for fuel estimation were generall y aprropriate, given 
the d1fficult environment and the necessity for ALARA considerations. lhc 
bigge�t shortcoming that we see is the small uncertainty assigned to the 
neut ron activation foil measurements in the 'B' upper tube sheets, and the way 
that this small uncertainty (assigned to the largest component of the fuel 
cst1mate) propagated through the entire analysis. The foil measurements 
rel1cd on exposure of only two foil�, requiring assumptipns about fuel 
d1�tr1bution, and used a calibration system with a higher neutron energy 
c.l1-:tribulion and a point calibration geometry. Thus we feel that the 
uncer tainty for the upper tube sheet estimates should be on the order of 501., 
and the uncertainties for the entire estimates of record should be about the 
same size. 

The values chosen for the estimates of record, on the other hand, appear to be 
�ourHJ. Where available, other measurement methods tended to confirm the 
value$ chosen, lending credibility to the anal yses. 
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REVIEW OF THE THI - 2  POST-DEFUELIHG SURVEY REPORT. 
FOR 

THE AUXILIARY AND FUEL HANDLING BUILDINGS 

J N TROOIJCT I 011 

This review of the licensee's Post-Defueling Survey Report (PDSR) (GPU 1991) 
for the Auxiliary and Fuel Handling Buildings (AFHB) discusses the procedures 
used to estimate the amount of UO

� 
remaining in the React�r Vessel Head 

Assembly. The ArtiBs are divided 1nto 131 individual areas. The Jluxil iary 
Building contains the tanks, pumps, piping, and equipment for processing and 
storing water for the Reactor and primary cooling system and for the treatment 
of radioactive wastes. The Fuel Handling Building contains the fuel handling 
and storage equipment and a limited number of tanks, filt�rs, pumps and 
coolers. 

To perform thr malysis of the fuel content remaining in the AHIB, the ArttB 
was considered by systems rather than by individual areas. There are 26 
systems in the MIIB. An engineering analysis was performed to determine the 
areas where the flow paths were during the accident and tl1e areas where the 
total quantity of UO, in the system was believed to be insignificant . 
Decisions to measure"the fuel remaining in each specific area was based on the 
analysis of the system. Four different types of measurements were made on 38 
of the areas as discussed in the next section. 

!i[.ASI)BJMftiT METIIOOOL_OGY 

lhe selection for· analysis of those areas of the AfiiB that could contain fuel 
deposits was based on the Rogovin Report (Rogovin 1980). Measurements were 
made on 38 of the areas, using the techniques described above. The re�aining 
ar�a� were analyzed using an engineering analysis as discu�sed further in the 
next sect1on. 

lhe following four different measurement methods were used : 

I ) 

2} 

3) 
4) 

gumma scintillation usin9 a sodium iodide 
d�tector (Hal(Tl)); 
gamma scintillation using a high-purity ger�anium (ftPGe) 
spectrometer; 
gross gamma survey; and 
individual sample analysis. 

Gamma Spectroscony- Hai(Tll 

Twenty·two areas were surveyed using a Nal(Tl) detector with a thallium 
activated scintillation crystal and gamma spectrc�copr. This device 
measured fue 1 by detcc t i ng the 2. 19 HeV gamma r.•v u f 

HCe, which has 
been shown to be an analog for the UO? fuel (Bab�l 1988). The problems 
of a high backt)round gamma do!;e were resolved !Jy us i ng the smallest 
detector that could sec the 2.19 HeV gar�ma {l/2·inclt diameter by 3/t.-



inch long crystal) and the maximum �ractical amount of shielding (35 to 
80 pounds of tungsten shielding) as�cmbled i n  various con figurations. 

High-Purity Germanium Spec trometer 

Bec�·Jse o f  the d<!cay of wee (half-life of 284 days). the tlai(Tl) 
detector was unable to distinguish its small peak from the background, 
so it was necessary to use a IIPGe detector with much better resolution. 
Six areas were measured using the HPGe detector which was housed in a 
two-inch tr.ick cyl indrical lead shield. The IIPGe detector used both 
144Ce and 1 �£u as ana 1 ogs for the residua 1 fue 1, and were ca 1 i bra ted 
using s landard and 144Ce and 154£u sources. 

Sample Analysis 

The analyses for four areas were based on individual samples of resin 
media that were analyzed by a radiochemical laboratory at Oak Ridge 
National laboratory or at a lMI laboratory. 

Gross Gamma Surveys 

Gross gamma directional surveys were �sed in six areas to determine the 
quantity of fuel by using a portable gamma survey instrument with a 
directional probe. A correlation between gross gamma-ray output and the 
quantity of fuel present was �ased on measurements from a sam�le o f  
reactor core debris. lhe field measurements that were made were 
compared with a computer model of the exposure rates for a given volume 
o f  fuel under the appropriate geometry. lhe results were used to 
determine the quantity of fuel present in any area or component. 

ANAl YS f S MFTIIODOlOGY 

The analysis of each of the systems for fuel content was performed before, or 
1n conjunction with, measurements of specific individual areas. lhere arc 26 
systems in the AfiiB. An engineering analysis was performed to determine the 
areas wh re the flow paths were during the accident and the areas wh�rc the 
total quuntity of UO? in the system was believed to be insignificant. Eighl 
pl.111l systems (69 individual areas) were evaluated for fuel content: 

1) Makeup and Purification System (MU&P): 
2) Liquid Radwaste Disposal System (WOL); 
3) Solid Radwaste Disposal System (WOS); 
4) Waste Disposal Gas System (WDG); 
5) Spent fuel Cooling System (SFC}; 
6) Nuclear Sampling System (S�S); 
7) Submerged Oemineralizer Sy�tem (SDS); and 
8) Oefueling Water Cleanup System (OWCS}. 

The remain i ng systems ��re judged as either not requiring any special nuclear 
materials (SNM) assessment (43 indiv idual areas) · based on an analysis 
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show i ng that there was no means to transport the fuel i nto these areas, ( i .e., 
no p i ping connected to any o f  the processi ng systems that support operat ion o f  
the Reactor Coolant System), o r  were analyzed as areas that were assessed to 
be free of fuel, but could conta in  quantlttcs of fuel i f  the ir  normal function 
ha� been ml�us�d {19 areas). 

The determi nation that certain  areas did not requ ire an SNH assessment was 
lJHed on the Rogov i n  report's analys i s  o f  the accident (Rogov i n  1980). These 
43 areas conta i n  non-water process i ng equl�ment such as electr ical swi tchgear, 
unit substations, IIVAC blower and duel i ng, or they may have no equi pment and 
just serve as an access corr idor to service other areas. Because there was no 
means for transporting fuel fnto these areas, (In other words, no pip i ng 
connected to any processi ng systems that supported operati on of the Reactor 
Coolant System) there was no expectati on that fuel would be present. 

During the review o f  twelve of the systems, i t  was concluded that 19 areas d i d  
not conta i n  fuel. Some o f  these arNs arc part o f  the SNS, SOS, Standby 
Prc�surc Control System, M iscellaneous Decay Ileal Removal System, temporary 
clean i n� fac i l i ty, or the mod ified fuel handlin� bri dge - which were 
constructed after the accident and i nstalled as part of the lHI-2 Cleanup 
Pro•JI·am. Others were part of the s i x  systems, Chem ical Add i t ion, 011 Closed 
Cool ing Water, Health Physi cs,  Inter im Clo�ed Cool i ng Water, Uuclear Service 
Closed Cool1ng Water, and the Reactor Bu ild i ng (mergency Cool ing Systems -
that were er i g i nally i nstalled when lHI-2 was constructed. The 19 areas were 
analyzed based on the i r  vulnerabi l i ty during the THI-2 acci dent and the i r  
serv1ce h i story dur i ng the THI-2 Cleanup Program. The determ i nation was made 
that 1l i s  improbable that any rema i n ing fuel not already analyzed and 
accounted for elsewhere exists i n  any of those areas. 

lhe HU&P conta ins 18 areas - 12 of wh i ch were measured using e i ther a Nal(Tl) 
or IIPGe detector. 1 he tuce i sotope was t.sed as a tracer· for· the he 1. If 
th1� :44Cc was not found. 1�4(u was used. In four cases nc i ther 144Ce or 1 s�[u 
were identified, and a mi ntmum detectable level (MDL) calculat ion was 
performed. In one case, (makeup pump IC), a tun9slen-shi elded d i recti onal 
probe was usud to obta i n  a gross gamma coun l. Gamma -ray spec lromel ry was 
1ntti ally used for the two areas AXll4 and AX115 (HU&P deminerali zer lA and IG 
respecti vely). However, the number of records was based on resi n/fuel samples 
ta�cn a year earl ier. The analy s i s  of the rema i n i ng areas was based on the 
�crvtce record of those areas and the fuel deposits measured i n  s i m i lar areas. 
Thr rslimate of record for the MU&P i s  2.61 kg U07 w ith an uncerta inty of 
� 77�. lhe MDL values were 0.60 kg. Uncerta i nt i es for spec i f i c  areas ran9cd 
from !75� to !100�. The largest quanti ty of fuel (1.06 kg) was i n  the MU&P 
dcm1neral tter lA. 

lhe WOL conli i ns 29 areas - 20 of which were assayed for fuel. A Uai(TI) 
detector was used for the assays o f  17 of the 29 areas, and aga i n  the spectra 
I or 144Ce or 1�4(u were used to ldenll fy the presence of fue I. If a peak was 
not 1dentifi able (as occurred in seven areas), a MOL calculation was performed 
by dclerm � i ng the gross counts i n  the region of i nterest for the Cc or [u, · 
and convc1 Ltng th i s  number to a MOL value wh i ch was d i v i ded by the measured 
1fctcctor effic iency, calculated photon fluence per kg of fuel, and the count 
ttfll••. Gro,s �;u:una exposure r11te measuremrnts were pet· forrned on the Auxil i<�ry 
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Building sump f ilters (AX024), and d irect samples were obtai ned for the 
deborating dcmi neral izers. N i ne areas were not measured, instead an analysis 
of the fuel depos i ts was made based on measured fuel deposits in areas w i th 
s i milar flow or i g i n  and water process ing history. The est imate o f  record for 
the WDL was 4.13 kg U02, w i th an uncerta i nty of± 711-. The MDL values were 
0.11 kg. Uncertainti e s  for speci fic areas ranged from ±461. to ±1047.. The 
largest quanti ty of fuel (3.5 kg) was located in the Reactor Coolant bleed 
holdup tanks B and C. 

The functi on of the WDS pr i or to the accident was to store and trans fer bead 
type resins, concentrated liqui d  wastes and reclaimed bor i c  acid. Th i s  system 
i s  composed of two independent subsystems, the res i n  waste subsystem and the 
concentrated l i qu i d  waste subsystem. Two areas of the WOS were measured 
d i rectly for fuel content. The f i rst area · concentrated waste tank (AX218}, 
was measured u s i ng an HPGe detector. The second area - concentrate liqu i d  
waste pump room (AX124), was measured using the tungsten-shi elded d i rectional 
probe to obta i n  a gross gamma survey. The rema i n ing f i vr• areas were appt·a i sed 
based on their serv i ce history and fuel deposits measureJ in s im ilar areas 
wh1rh were exposed to s i m i lar serv i ce condit i ons. The (Stimatc of record for 
the sol i d  radwaste disposal system was 0.01 kg UOl w ith an uncertainty of !577. 
on the measured values. The MOL values were �et to 0.0. 

The rema i n i ng f i ve systems i nclude the DWCS, WOG, SUS, src, and the SOS. 
Specific areas of the SOS, and SNS systems were d i scussed previously. Only 
three areas from these f i ve systems were formally assayed for fuel. The three 
areas i nclude the model room (FI!l05}, mon i tor tanks and sample s i nk (FI1106}. 
and the spent fuel pool A (FH109}. All three areas were as sayed for gross 
gamma counts u s i ng a tungsten-sh1elded d i rectional probe. The rema i n i ng 14 
;.H·eas were analyzed based on their service h i story and the i r  s i m ilarity to 
other areas that were measured. The estimate of record for these systems was 
3.80 kg UO,. lhis was based on the fuel 1ocated i n  spent fuel pool A. All 
other area� conta i ned fuel quant i t i e s  IP.ss than 0.005 kg. The uncertainty on 
the fuel value i n  spent fuel pool A was �357., -92%. 

Approximately lOr. of the process p i ping was as sumed to be embedded in concrete 
walls and floors and was not Included i n  the analy s i s  of those areas of the 
AFIIU where fuel was thought to be. The contr i buti on for each of these systems 
was determ i ned as surrrning up to 0.21 kg tJased on 107. of the fuel i n  the 
process p i p i ng that was measured. 

R[_Vlf\.1 QLM[A<;URfMfNT ANO ANALYSIS MfTIIOOOI OGY 

lhe methodology used to determtne the quant i ty of fuel rematn1ng in th� AfiiB 
�� tonventi onal and appropr i ately applied. A number of areas were not 
d irectly measured, but rather the csttmate fuel was based on the i r  
stmilar1ty to other areas or equ i pment that was measured. Although a thorough 
analys i s  of the fuel would have d i ctated that every area be measured, tor· 
Alf\RA purposes th i s  would not have been appropr i ate, and thus the l i nk i ng of 
simi lar areas was� good i dea. 
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The method of c a l c u l a t i ng the error and add i ng the e rrors from separate 
measureme nts appears to be val id .  

Append i x  [ (wh i c h  d i scusses t he AFHB areas that were analyzed t o  not have 
fue l )  does not expl a i n  the absence of fuel i n  the fll007 acce s s - area north, 
FIIJ07 trash compactor,·a nd the Fli108 truck bay. However, the possib i l i ty of 
fuel appears very unl i ke l y .  The e xp l ana t i ons for t he rema i n i ng 16 areas 
appear to be appropri ate, and the conc l us i on that none of these 19 areas 
c onta i n  fuel i s  not questi oned . 

SUMMARY AND CONCLUS lOllS 

The a na l y s i s  methodol ogy was found to be approp r i a te ,  i n  that a systems 
approach to the AFIIB was devel oped,  where the fl ow of fuel during t h e  
acc i d ent , a nd the movement o f  fuel d u r i ng the c l eanup process w a s  used t o  
determine wh i c h  areas needed further ana l y s i s  and measurement a nd w h i c h  areas 
cou l d  be assumed to not conta i n  fuel any l onge r .  The measurement techni ques 
were a l s o  found to be approp r i at e l y  used. T h us ,  the fue l  e s t i mate of 11.5 kg 
U07 w i t h  a range from 4.2 t o  15.8 kg U02 was found t o  be acceptabl e .  A 
suwmary of the d i s t r i bu t i on of the fuel by area i s  shown be l ow: 

Spent fuel Pool A (rtll09) 
RC B l eed Holdup Tanks B&C (AX020) 
MU&P Ocmi nera l i zcr lA (AX114) 
MU&P Demi ncral izer JB (AX115) 
MU Suct i on Val ves {FIIOOl) 
Seal Return Coo l e rs (AX112) 
Makeup Tank (AX116) 
RC Diced ll bl dup Tank A (AX021) 
MU?.P Valv!.'S (fll lOl) 
Makeup Pump lA (AX007j 
Other Area� of Arllll (78) 

ArHB TOTAL 

5 

3.8 kg 
3.5 kg 
1.1 kg 
0.1 kg 
0.5 kg 
0.3 kg 
0.3 kg 
0.3 kg 
0.3 k g  
0.2 ky 
1.1 kg 

II. 5 kg 
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REVIEW OF THE THI-2 POST-DEFUELIHG SURVEY REPORT 
FOR 

THE LETDOWN COOLERS 

T h i s  review of the l i censee ' s  Pos t -Defuel i ng Survey Report ( PDSR) ( GPU 
lluc l ea r ,  1 989) d i scusses the process for c s t ima t � ny the arnouu t o f  UO re
ma i n i niJ in the l etdown coo l ers and assoc i ated p i p i ng in the Letdown too l er 
Room. The quan t 1 ty of fuel e s t i mated to be present a t  t h i s  l ocat ion i s  less  
than  3 . 7  �9 w i th an uncerta i n ty o f  531. 

In t h i s s tudy, a col l i ma ted Ha l detector was used to coun t 2 . 1 9  MeV photons 
from tHe e .  I n  conJunc t i o n  w1 t h  the measurcn•ents , computer c a l cu l. l l i ons were 
used to mode l the p i p i ng and coolers and the detec tor geomet r i e s .  l h e  
model t n!J e l fort wa s des i gned t o  determ i ne the quJn t i ty o f  fue l , d i s l r i !Juted i n  
l 1 kc l y l oc.t t i on s  i n  the Le tdown Coo l e r  Room , that wou l d produCl' the mcJ�ured 
144t:e � icJuJ l .  Dur i ng the ac tuJl  mea s u remen t s ,  no couu t � from tHee >ll•rc 
rcLurdcd , �o the fuel quan t 1 ty was dl!tcnni ncd u � i rHJ J m i u unum dl.'tect.t h 1 e  l ev e l  
(HIJ L )  .111.d ys i s .  

f h c  room conta i n i n!) the l e tdown coo l ers has a very h t !Jh background dOS(l r.1 t e  
( 1 0  llfh or rJ n�all" r ) , preven t t n<.J pl"r:;unllc l en try . l hu � .  l lw l uc• l n•eJ·.Hrem�.:lll 
h.nJ tu n· l y  on n:•nulc mcJs urcnwn t s .  l h e  mc:.t:.Ut'(•me n l '>  t nvo l vc:d p l JC i lt'.J ,, 
·. h l l' l d•·J ll.t l de lL'C tu r t u lo Jll .�cc c o; s  IJOrt 1 11 the Lctdowu Cuu l c r Huom w.1 1 1 .  
J t,c :..lw· l J i niJ Jrouud the dete c t o r  had an opcn t n!J wh 1 ch prov i ded tile ddi!Ctor 

w t l h J wt• l l ·uet  1 nccJ f 1 e l d  of v 1 cw .or eQu i puten t 1n tile room. 

l h "  co l l wt.1 ted detec tor w:ts pl ac ed i n  two •, l i <.Jh l l y  d i fferent pos i t 1 0ns to 
ol.lt. t l n  two u 1 l fere11t 1 1 c l d � of ll l l'W uf llle room. Al l!JCh pu<> i t 1 011 , .1 v e r y  
l onq LOu11t  w .� o;  !Jcr fortned (43  hours for t h e  f t rs t  p o  .. i t t O n ,  G 7  hour-. l o r  ll tl.' 
�rcunJ ) .  lh�· rccot"dl"l �PL'Ctrurn fc·om each coun t cou l d  tJc an .t l y/ ed t o  dl'll' nu i nc 
l h••  numiH•r o l  even t -; 1 11 the ?. . 1 9 -MeV IJ t' J k .  

T he g,urun.l mea!;uremrnt� rel i ed on determ i n i ng the qu.1nt i ty o f  tHee ,)•; an 
. tn. tlo'.J l or the fue l that wa s rl!d i ·. tr i bu tcd dur i ng the acc i dl!n l . The: t '>olope 
:ol' r ,  a p ru•JPny r.�d i onucl 1dc of tHe e ,  em i ts .t IJJnliTla w i t h  enert.Jy o f  7 .  19 MeV .  
fhu:. , ,, LOUnl o f  the 2 . 1 9  HcV ganvna� Cotrl !Jc c onverted t o  a n1a�� o f  1 1 \ c ,  and 
t11 1 �  m .• :.·. l :tn uc conve rted to a ma:.s of U07 u :; 1 ng a measured C e - t o - ftH:l r.1 t 1 o .  

An:t l y� l �  o f  the recorded qamma �pectra showed n o  even t s  a t t r i bu t a b l e  t o  t he 
? . l<J MeV photon l.'m t t ted by 1 uC.: e .  Counb were reconlt.:d 1 11 t h e  l"t'�l 1 011 o r  
t n lL're ... t corTcspoud l ltiJ t o  t h e  pea k ,  b u t  tiii'Y were p.1 r t  o r  ,, bad ,cp·ountl 



conti nuum o f  events and d i d  not form a s tat i s t i c a l l y i de n t i f i ab l �  peak. T h u s ,  
no d 1 rec t e v  i dl!nce o f  the presence o f  144Ce w a s  produced by the ganuua 
measurement s .  

S i nce the rad i a t i o n  background i n  the letdown Cool e r  Room was h i g h ,  i t  i s  
poss i b 1 c tha t garrrnas em i t  ted by 144Ce I n  the room cou l d  have bec•n 1 os t i n  the 
background and not detected by the Ual det ec tor .  l h e  l i censee .took the 
conserva t i ve approach o f  cal cul a t i ng the max11num quant i ly of 1 4  \.C that cou l d 
be pre�cnt i n  the room but masked by the background s 1 gnal at the tlc t c c t ot·. 
MUL ana l ys i s  was used to f i nd the e � t imate of record . 

The MDL an al ys i s  started by c a l cu l a t i ng the h i ghest garrrna flux a t  the detectot· 
that cou l d g 1 ve a s i gna l that would be l o s t  in the b�ckground . The ana l ys i s 
then app l i ed the computer codes I SOSHL0- 1 1  and QAO-Ul to model the room w i th 
an as sumed fue l  d i s t ri but i on . The f i rs t  c a l cu l .lt i on used an Improbab l e  ful!l 
con f igura t ion chosen t o  g i v e  a l ow HUL, and determi ned the quan t i ty o f  fue l 
that wou l d produce the MDL gamma flux at the detector. l h i s  qu .1n t a ty was 
J.q k� . A d i fferent fuel d i s t r i b u t i o n ,  chosen to g i ve a h i g h  MOL qu Jn t i ly , 
wo1s then mode l ed ,  and gave a MOL fuel quant i ty o f  25.6 kg . 

The 1 . 9 kg and 2 5 . 6  kg represented boundar i e s for the MOL fue l quant i ty ,  s i nc e  
1 t represented �xtremc ( a n d  i mprobab l e ) fuel d i � t r 1 but 1uns . T h �  f u e l  quJn t i ty 
o f  r·ccord w.1s found by model 1 ng the mo�t 1 i ke l y  d i s t r i bu l l on of fue l i n  the 
room, w 1 th a un i form d i s t n b u t ion of fuel 1n the cooler 1 11 l c t  d i s t r s bu t i un 
header , and i n  the bottom quadrant of th� f i r� t  sp i ra l s of the lubes i r1 t he 
coo l e r .  W 1 th t h i s  d i s t n bu t i on ,  a n  MDL qua.1t 1 ty of 3 . 7  ky w a s  dcterm10ed. 

An error e s t imate o f  ±53Z ( one a )  was chosen for the fuel quan t i ty .  T h i s  
unce r t a i n ty v a l ue i s  based o n  uncerta i n t ie s a�soc 1 �ted w 1 t h  the c a l i bratton 
a�d measurement coun t i ng , phy s i ca l measurement s ,  c a l i bra t i on � . and the 
s tandard sou rce . 

RC.VJ..I)LQLI:lJ_fi<;URrMrtHS AND fltiAL Y <; J S  MrTIIODOl OGY 

T h e  met hod � chosen for anal ys i s  o f  the quan t i ty of fuel i n  the letdown Coo l er 
Room � �  b d � i c a l ly appropr i a t e .  I t  would seem bene f i c i a l  t o  have d u p l i c at�d 
the llil' J !; uremcn t w1 th a HPGe detec tor ,  w h i ch wou l d g t ve be t ter· n: s o l u t  •on and 
probably l ower MOL va l ues than the N <� l  dl!tCctor, but as the repon � t a t cd , 
�pace re s t r i c t i ons 1 n  the pene tra t i on precluded usc o f  the HPCc . l he mra�ure
mcnt cond 1 t 1 on s were very d i f f i cu l t w i th the h i gh gamma background � .  anJ the 
cxpcnmentcn d i d  a f u 1 e  job in <lea l i niJ w 1 th these cond i t i o n -. .  Wheu thl' CJamn1.1 
nn•.1•.url•mcnt� fa i l ed to f i nd i den t 1 f 1 ab l c peak-. for the fue l :mal o•) , an MOL 
:sn.1ly� 1 :.  w.t s performed . U s i nCJ tl\ \ �  MOL v� l uc fur tlw e s t i ma te c t  re�.un.l a s  a 
prud1•11 l and conserva t 1  ve approach. 

The s t ated unce r t a i nty o f  �53Z (one o )  docs not adequa t e l y  address two 
tmportMit f.1ctun 1 n  the ana l ys t s : the fac t l h J t  an tiUL v .d ut • i s  J m;tximum; 
.111d the t ac t  that a s s umpt t o n s  wen� rn�dc .11.luut the d i :. t r i llu t i on of fo1• l ' "  the 
roum. � o1 111.e lhc q.1nun� n:cJ�urcmenl� �huwcd r\0 c v t d c m : c  u t  fu e l I ll  tlw r·uom , .1 
V d l uc o t  0 �IJ shou l d  be a l i �c l y pos� i b l l l ty .  bul J �  \ t dlcd , the v .� l uc u l  U �IJ 
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l i es 1.9o away from the most probabl e v a l u e ,  so there i s  l ess than a 37. p�ob
aiJ t l i ty that there i s  no fuel i n  the room. A l og i ca l analys 1 s  of the trans
l oc a t i on o f  fuel wou l d  Ind icate that the presence o f  fuel  1 11 the room wou l d  be 
pOH i b l e ,  bot the measurements g i ve no e v i dence for the presence .  l hu � . a 
va l ue o f  zero �hould be incl uded i n  the error bound. 

The .u �ump t i nns about fuel d i s t r i but i on that are necessary to arr i ve .l t the 
QuJn t 1 ty of f uel are no t  reflected 1 n  the !53X uncertJ i nty. The mdx i mum MUL 
model ed wa s 25.6  k g ,  whiCh i s  almost 6a above the ue�t e s l l ma t c .  l hc repor·t 
s t a ted that t h i s  WJs an improbabl e  d i � tr 1 but i on , but no a t tempt wa� made to 
f 1 nd a -probabl e •  max1mum con f i gurat 1 on . 

Rather than s t a t i ng the errors a s  a Gauss i an d i s t r i bu t i o n ,  i t  wou l d  have been 
lH:l l t• r  to ident i fy a 1 ikcly range o f  fuel v a l ues , w i th the bes t  e :> t i m.l l c  o f  
3 . 7  kiJ Jtld a n  unct.'rta l llty ranl) i ng from 0 kq up t o  the v a l ue match i ng the 
max i mum cred i b l e  con figura t i o n .  

l he l i censee ' s  best e s t i mate of the quan t i ty o f  fuel rcma 1 n 1 ng i n  the Le tdown 
loo l cr lloorn i s  3 . 7  k'J U01, w i th an uncerta i nty of !53r., rang i ng from 1 . 7  �'J to 
5 . 7  k'J uor 

The usc o f  gamma measurements for determ i n i ng the fuel quan t i ty i s  appro
p n a t c ,  al though the h i gh gamma background was s u f f i c i e n t  t o m.1sk any 11eak 
lltJt mJy have come t rom the 2 . 19-HcV garmras that would have been e m i t t ed by 
1HCc.  I n  t h e  Jbscncc o f  recorded d a t il ,  i l  i s  conscrvJ t l vc to pe r f orm ,, 
m i r t t mum detectable l evel  a n a l ys i s  a�d usc t h i S  Vd l uc a� the e s t imate o f  
r�:cunJ . 1 he � ta ted error d i d  not appear to be an apprupr i ate method o f  pre
svn t i ng the uncerta i n t i es ,  because i t  d i d  not adequately re f l ec t  the fJc t that  
� MUL 1S  a max imum v a l ue ,  and a v a l ue o f  zero is  a �ef 1 n i te p o s s i b i l i ty .  !he 
error d i � l r r but i on a l so d i d  not adequately ru f l e c t  the necessary a � sum11 t ions 
dbOut f u� l  d 1 s tr r bu t 1 on s  that occurred 1n  the modt.'l l ng e f for t .  However,  lhc 
l.' '. l lmate of fue l l oJd t ng 1n the Le tdown Coo l er Room 311pear� bas i c .l l l y •,uuut.l . 

3 

I 



GPU Nuc l ea r .  September 29 , 1989. 
Rcwm \NM fl, rnunt.1h1  I i ty 5urm�ary. 

REFERENCES 

TMI-Z T�rhn i c a l  Oul l � t i n :  
St/11-88 - 0 7 ,  Rev . 1 .  

4 



RfVIfW OF THE TMT-2 PQST-OfFUfliNC SURVfV RFPORT 

.E.9B 
THE UPPER PLENUM ASSEMBl Y 

l h i s  rev i ew o f  the l i censee ' s  POSR (GPU Nuc l ear , 1988) de sc r i bes the p roces s 
for CS t l m.lt i ng the amoun t  o f  U01 rema i n i ng i n  the upper p l enum !o t ruc ture o f  
t h e  I M I - 2  reactor. llle rema i n i ng amount o f  fuel i n  t h i s  s t ructur-e WJS 
e s t i ma ted to be l.l kg w i th an uncertainty o f  -45% to -t- 140�. 

l h i s  e s t imate wa s based on the analy s i s  of contam i na t i on found on two 
l e.�dsc rew SJmp l e s  and a samp l e  from a control rod assembly support tube. 
Con tam i nat i on l eve l s  found on these samp l e s  were appl i ed t o  surface� in the 
res t  of the pl enum reg ion t o  derive an e�t imJtc of the total  fuel content 1 11 
the who l e  s truc tu re. A video exam i n a t i o n  of Jpprox im.lte l y  so� o f  the p i CilUifl 
i n tern� ! �  y.�ve no ev i dence of l odged debr i s .  

l hc e� t i m.ltc o f  the fuel l oad i ng i n  the p l enum i s  ba sed on an ana l y s i s  o f  
cottt.IIIJ l lt J t t on on two l e adscrews and one control  rod !J U i de tube sec t i on . l he 
I c•ac.J-:crcws were removed from the re ac tor be fore head and p I  t.'num were removed 
from the re.actor ves �e l .  Sur f.lce depos i t · • • wd f i l111s we re d i r.so l vPd frum 
vJnous  l oLJ t J On s  on the l cadscrcws MH.l mca·. u �·�:d u � i n'} dcl aycd lleu t r·on 
Clll l \ '; i On .w.1 l y � i s  tO de termi ne the .:mOunt of , J 'U .  ftw .unuunl of U07 i n  each 
ol llw:.� !1•�110:. t l :.  was then de ter·m t ncd u s  t n!J the avera<Je core cnr ictuuent v.t l uc 
o f .  ? . �7"!. · ' 'U .  fhe deri ved v a l ues o f  UO, contami n a t i o n ,  111 un i t s  o f  JL'J per 
cm1, wen� u�ed a s  repre!: cnta t i vc con t am in .t t i on val ues for the cnt i r·e �u,· f .tce 
Jrl'.l o f  till! uvpc r p l enum, U i fferl.'nt V J i u c s  werc d e r i v�d fur �urfacc f i l m·; 
( t'L"o i d t ll!J 011 bo th horilon t a l  tlrtd VCI"t 1C J I  �udaCC!. ) ,  .llld fOt" �CJ I IUL'fll uepu� i l S  
( rt". tli HIIJ on l y o n  llu r l /ont:d  '.ur·f;acc� ) .  

fl con tro l rod d r i ve mechan i sm gu ide tube ( a h ;o known a s  a l ead�c rcw suppor·t 
tuuc) wa� a n a l yled to .tfe termi n� contarn i n a t t on V J i uc s .  l it i s  ana l y s i s  w.t•, u;ased 
on conccnlrat t ons  of 1J1C s  and 13•c s  on the i n s i dc Jnd outs i de of the tuh� . 
l he rl'su l t s  o f  t h i s  analys i s  were as sumed to be repre�cn t a t i ve o f  thc f ue l  
d i � t r t bu t t o n  on the gu t de tube and we re used to account for the d i t. f erenc es i n  
cort t am t nd l ton l ev e l  be tween i n tern a l  and external  con t ro l  rod !JU t dc tube 
r.urf.1ccs . l ite ..anal y <> i s  found an ac t i v i ty r..a t i o o f  2 : 1  l or ou t � i dc surl .tce� 
ver�u\ t n s iJc surfJce� . Th i s  act t v . ty rJt i o  was Js�umed to be due to Loo l allt 
I l ow r a t e ,  w t th the h H Jher f l ow o u t s 1 de the tuu� c a u s HHJ h i gher �urfacc 
con t :tm t nJ t i on .  l h u s  the l cadscrcw fucl contam t na t t on value!. were doub l rtl for· 
._u,.f .1Ces uu ts t de the con tr·o l  rod g u i d e  t ube :: where t hcr·e was a h i ytH:r· f l ow .  

four types o f  surfaces were pre sent i n  the . p l cnum: hor i 1o n t a l  surfaCe$ exposed 
tu l ow f l ow, hor l /on t .l l surfJces exposed to l1 1 1)h f l ow ;  vcr t t c a l  s u r· f ..acc:. 
expos�d to l o� f l ow Jnd vert t c a l  sur f aces �xpo�cd to h i �l• f l ow .  



V i deo i n�pect i on of a l arge frac t i on of the upper p l enum surfaces i nd i cat ed 
that there was no e v 1 dence of l odged debr i s  or granu l a r  part i c l e s  on the 
sur face s , !.O the method of depos i t ing contam i n a t ion on the su rface :; w,\s 
as sumed to �e idcnt 1 c a l  to the method of depos i t i on on the lcadscrcws. Thus 
the fuel l oad i ng val ues based on the l eadscrew analyses were then appl i ed to 
the total surface areas i n  each of the four catego r i e s  to a r r i v e  at a total 
U01 i nven tory for the upper p l enum structure. 

AN [II Y<\ I c; MFTIIODOl OGY 

As desc r i bed i n  the prev i ous sec t i o n ,  the fol l ow i ng fuel l oad i ngs were 
c .d cu l a ted : 

I )  U01 f i l m  on l ow - f l ow surfaces 2 1 6  pg/cm1 .. 337 g 
based on same fuel l oad i ng as l eadscrew s ;  

2) UO� f i l m on h i gh- f l ow surfaces 432 p<./cm? " 1 1 66 9 
based on twice fuel l oad i ng on l eadscrcw s ;  

3 ) U01 sed i ment on l ow - f l ow surfaces • 2520 p!J/Cm� 1 64 y 
based on average U01 l oad i ng on smooth sec t 1 �n o f l eadscrew, 
�ubtracted from uol l oa\Jtng on thrC.ltled :.cc t i on d i v ided by 0 . 2  to 
ali J u S l  for 201.. o f  thread t hat i !;  hor t Lont a l ; and 

4 ) U07 sediment on h i gh - f l ow surfaces "' 5040 SJ.9/cm1 432 g 
�ascd on average U01 l oa d i ng on non- threaded sec t ion o f  l e:u.Jsucw. 

These contam i na t i on l eve l s  were used to f i nd a t o t a l  quan t i ty of 1 . 5  kg UO, i n  
:.urface f t l ms and 0 . 6  kq U01 I n  :.edimen t s ,  l or a t o t a l  o f  2 . 1  �9 UQ, i n  thJ 
upper plenum. 

• 

l hr Oll!asurcmcnt and anal y� i !;  methodol ogy appears appr·o p r i a t e .  l h i �  an .t l yt i c a l 
methotl a � $ UIIIL·S th.1t the four fuel  l oJll i ng v .t l ucs wuc rcpre�cnl.t t l v c  o l  .I l l  
upprr p l Pnum �url ace contam i n a t i o n ,  and th.n these four l oJtl i n u s  wt•re 
ur1 1 l tlrmly d i s t r i buted over the four· typ(!:. of �uf"face!;. llowcvc r ,  the fue l 
l oJd i n9� wou l d  have v a r 1 c d :  

1 ) 

7 ) 

3 )  

i f  t h e  a x i a l  pro f i l e s  o f  U07 concentrat i on s  on the l cadscrew s u r f Jccs 
v.t r t cd ;  

i f  the two l eadscrews stud ied  were not represen t a t i v e  o f  the uppct· 
tl l enum concentr·J t i ons ; 

t f  the d i f ference i n  mea�ured UO, concentra t i ons on the l cJd,c rew\ wa� 
due to :.ornct h t niJ other than the \.hn•.tded v.•rsu-; nun - t hrcatlctl rPIJ t on· . .  
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4 ) t f  the surface concentra t i ohs were not u n i form i f  ( i . e . ,  "bl o tchc�· o f  
h t <)hcr conccnt rJ t ions o r  l ower concen trJt lons were presen t ) :  

5) i f  the flow pa tt erns d i d  not just i fy depos i t i on based o n l y  on a 
s tmp l t s t t c model o f  h i gh-versu s - l ow f l ow ;  and 

6) i f  the depo s i t ion of Cesium on t h e  c ontr,q l rod d r i v e  mechan i sm gu ide 
tube d i d  not re f l ec t  the depos i t ion o f  J •u .  

Thc�c � i x  i tems may represent add i t ional factors t h a t  c o u l d  have i ncreased the 
s t a tt•d uncer·ta 1 nty for the U07 e s t imate. l he s tated unccr t a 1 n ty a�soC l a tcd 
w t t h  the l . l  kg fuel i nventory ( -4 51., +1401.) is ba�ed on the uncerta r n ty "' 
the d e l  1ycd -neutron analys i s  o f  ll�u on the l eJd�c rcw SJmp h .·s .md on 
po� t u l .t ted d i s t r i bu t t on extremes for the pl enum contam i nJ t i on .  

The accepted val ue changed from 3 . 2  kg (Rev i s ion 1 o f  SNM-87-07, 3/8/80) t o  
2 . 1  kg 1 n  the f 1 n a l  vers ion (Rev i S IOn 2 )  o f  the PUSH .  I n  the o r i g i n a l  
JnJly� � � .  the l 1 censee had used a modf l w i th a surface l oad ing of 400 �9/cm7, 
and a h i i.Jh f l ow reg i on w i th 800 �9/Cm , but they d 1 d  not cons i der 
sedimen t a t i on .  for Rev i s i on 2,  they f i ne - tuned the surface l oad i ng v a l ues to 
7 1 &  Jnd 4 32 �g/cm1 , but added sedtmtntat iort . The e f fe c t  of these chJnge� wa� 
to l ower the best e s t imate o f  fue l from 3 . 2  kg to 2.1 kg UO . As they mJde 
th i s  CltJn•J•' , however ,  they re -evJl u J tcd the error lJOunll· • •  cftan<) t llCJ them fnun 
1 . 1  k•J to 4 . 7  ki.J ( l!ev i s ion 1) to 1 . 2  kg to S . O  I..'J ( Hev i � 1 on 2 ) . l hu <; ,  C'vcn 
thoufJI• the bes t  e :. t 1mate dccrca�cd, the l ower and upper· bound� wHe t racn·.t�rd 
on l y  s l iiJit t l y .  

The l icensee ' s  best e s t imate o f  the quan t i ty o f  fuel rem.1 1 n t ng i n  t h e  Upper 
P l enum � �  2 . 1  kg UU2 , w i th an uncerta i n ty rang i ng from 1 . 7  kg to 5 . 0  kg UOJ . 

rhe u � e  o f  measured uran i um concentrati ons on l f �dsc rews should be a good 
t nd i c J t i on o f  con t am i n a t i on on other surfJcc � ;  J •u i s  luc best i sotope to 
� tully. Add 1 t ionJl mea � u rcme n t s  of other l ea<hcrews or of other p.11·t·, ut Uw 
p l enum arc uuw.srr·o�nled due to the d i ff i C u l ty and per�onnel exposure t nv o l vcJ 
1 11 the .sdd i t i ona l work and the sma l l  amount o f  f ue l  present i n  tlte�c areJS , 
desp i te lite concern regard i ng the reprcsen ta t • vcne�s o f  the l eadscrcw� 
stud i e d .  I t  may b e  appropri ate t o  1ncrease t h e  error boun d s ,  o�nd perhap� t o  
thoo�e a h 1 �her v a l ue w i th i n  t h e  bound s ,  to Jccount for t h e  poss i b t l t ty t h J t  
tnc two l eJJ�crew� stud i ed had J owcr· than - reprc�en t a t l ve conccn t rJ t t on �  un 
litem. llowc v 1: r ,  the e s t 1mate o f  fue l l oJd t OIJ 1 n  the upper p l enum Jppcar$ 
ba � t ca l l y !.ound. 

J 
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CPU Nuc l ear.  October 18, 1988. TMI-Z Trchn ical IJu l l t't i n :  Upp••r P l Pn�l.!l• 
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REVIEW OF THE THI-2 POST-OEFUELIHG SURVEY REpORT 
FOR 

THE PRESSURIZER 

T h i s  rev i ew of the l i censee ' s  Pcs t -Oefue l i ng Survey Report (POSR) (GPU 
Nuc l ear ,  1 989) d i scus ses the proces s for es t i ma t i n9 the amount of U07 re-
ma 1 n 1 ng in the pr�ssuri zer. fhc quant i ty �r fuel � s t imated to be present at 
t11 1 �  l oca t i on i s  0 . 3  k.g w i t h  an uncertawty of 52:. 

I n  t h i s  study, the vol ume of debr i s  rema i n i ng in the botto� of the prc�sur , zcr 
was de term i ned by exam i n i ng v i deotape s .  ! he dens1 ty o f  the  tlctw i � ,  dctcrm1 11Ct.l 
f rom prev i o u s  s tud i e s ,  was appl ied to the vol ume to dcte•·m 1 nc the IIIJ�:;  o f  
debr i s .  The concentra t i on o f  UOZ i n  debr i s  WJS determi netl by cuun t i r•g d 
tlcbr 1 s  samp l e  that  had been re t r 1 eved from the pressuri zer, l h i s  sample was 
count ed u s i ng pas s i ve ganvna measuremen ts of the u�e and 1A[u conta uwd i n  
tl•c �.1mp l c  and ac t i ve neutron measurement o f  the 1""u. l\ concent rH i on ba::cd 
un lt •e�e meJ � urcmcn t � W J S  app l i ed to the dcb r t s  ma�� to arr ive  at d l l  e s t l m d l e  
u f  Lilt: rem.1 1 u i nu U O  • •  S i nce fuel n l t ke l y  tu cx i !. t  1 11 f d m-: cu:t t t r!C.J lhP 
wter· i or' � u d JCcS  u'f the pressu r i z e r ,  an c � t i m J tc o f  t h i �  fue l qu..rt t r ly wa· • 
. t ho nt tde , h u t  1 l  was J ll!: i rJn l f l C J n t  comp:lrct.l to the rna:.� o t' f ue l  Hl lht •  
dt•!Jr t •, .  

Thfl JIHOUIIt o f  rc� u.lu J l  uo7 i n  the pre-.�u n n· r  W.IS e<; t i mJ l('d by dcll'rm i n l ii<J t he 
rnJ·.� o f  l ur : l  dcbn s 1 11 the bottom of t he pre�su r i zer .:wd app l y i ng .1 fue l 
cuuct·ntr .• t l ort factor determined by rneasur.:mcrr t s  pet· forrn(!d oo J s.tmp l t: u (  
tldl f l � r<' t r i evct.l from the p r� s !:ur 1 1er .  lhc  vo l ume of rc!: i dua l  -.ol id;  w.t� 
Cll• t e nni n�:t.l IJy V l �U a l  iii';JlCC t l OII U S l lllj :1 remo te V H lCO CJmerJ . Thl• lllJ;,� of 
liL•lJr· • �  w . a �  r ound lly app l y t nt.J a dcn � i ty v a l ue t o  the e � l r ruatcd vo l urn1· . 

I\ I OO·IJr .. m 'i :lmp l c  of fuel deb r i �  had been ret r i eved from the Jlfl' � � u n 7 e r ,  ;tnll 
til l '.. � JIOJ. d C  WJ'; J n J I } :ed US II HJ both I)JIPJIIJ spec t ro�COpy and :l C t t v e  lli:Ul r'Oil 
lf i lt:rroiJ.ll 101 1 .  In  the yamma �pectro·.copy nh!a!.uremcn b ,  IJ;.rruua·; c m i  tteu tJy 
: uce aml 1 '·4[u  were uetc,tcd and used to detcnn li H? the quJn t 1 ty o f  thc'il' two . 
• �otopc·; prc�enl 1 n  the samp l e .  S l llCt' thec;c two i c;otopes had bo t h  !Jet•fl 
l iJ!lt l  .. l f tt•d as a n : ll O<.JUC� o f  fuel , the '\uan t t ty o t  fuel cou l d  t.Jc dctcnn 1 1tt'd from 
tilt• Jr.(•,j',Ur't'\.1 QU,lJll l l l C !.  O f  !H(e JIIU I', [U . 

I n  the ac l t ve neutron i n terrog a t i o n ,  a thermal neutron source was used to 
l rrJd l 3 tc the fue l �amp l e .  l ht> neutrons wou l u  c .. u�e f i �s i on t o  occur in the 
' '•u conta i ued in the fuel samp l e ,  and fast  rll' u l rOil$ emi t ted by the f i '. '> lOn 
r<•JC t t Ort were coun ted uy a 4He de tec tor . Pte neut ron dct<:c t i on �ystem w., •. run 
tn J Lon f t t.JIIfJ l l on s :  w t th no urJn l UJn presen t ,  to otl l a t rt d backqrounrl count 
r.t t t• ( p r t m.11· l l y I rum the source neutron � ) j ,w 1 th :.t uo, ! :l.llld.trd 1 11 p l .1ce t o  
•J I Vl' ,, cuurtt r a t e  from a 1-..nown source o t  3 ' U ;  and w 1 t h thi! debr i o;  !;amp l e  i n  
p l J( I:!  for' •t!!: J � u r..:mc n l  o f  the U con t J i ncd 1 n  the �amp l t? .  



Allfll YS IS HrTIIOOQlOGY 

The volume of deb r i s  rema 1 n 1 ng i n  the bottom of the pressurizer wa s determined 
by hav 1 ng f i ve engineers I ndependent l y  exam i ne the v i deotapes '>f the pl·essur-
1 / er ' s  i nt e r 1 o r .  [ach one arri ved at a vo l ume . The va l ue o f  record (900 cm 1 ) 
w�s the mean o f  thcie f i ve est imate s ,  and a s tanddrd dev i at i on o f  !35% w�s 
d�r i ved from the ranCJe of the f i ve e s t imate s .  A bu l k  dens 1 ty of 4 . 4  CJ/<.m3, 
pre v • ou� l y  determined for T H I - 2  core debr i S ,  was app l ied to the v o l ume . 

Catrna �pec t roscopy was performed on the 100- gram samp l e  o f  debr i s  that h�d 
been r e t r i eved f�om the pressurizer. Thh meas urement found 420 Ji( i of 141Ce 
.111d 204 J-4( 1 of 4[u i n  the samp l e .  Prev ious s tud i es had determ1 ncd tha t 
these I Sotopes stayed w i t h  the fuel as 1 t  was transported dur i ng the acc i dent 
dnd recovery , and concent ra t i on rat i oi 1 or these nuc l i des in fuel had been 
determined. These concentrat i on rat ios  were appl i ed to thl' re su l t s of the 
gamma mea surements to g i ve val ues of . 0051 kg U01 ( 1 n the debr i s  samp l e )  based 
on the 1 44Ce mea su remen t , and . 0070 kg U01 b;ned on the • ·

·•cu measuremen t .  

I n  the a c t i ve neutron i nterroga t i on measurement ,  the fuel samp l e  was exposed 
to therma l neutrons em 1 t ted by a modHatcd Sb · UI.! �ource. The thermal neutrons 
1 nduccd 1 1 $ \ I On i n  the f i s s i l l.!  I Sotopes o f  the fue l , w h 1 c h  CJu�ed the cr.l i � <: ion 
o f  t.�·.t neutron s .  After determ i n i ng the cm 1 s :. iun I"Jtl.! from a s t andard \Ourcc 
of .J U ( 1 n a U03 sam�J l e ) ,  thl.! quan t 1 ty of UO, i n  the debr i s  samp l e  was 
c ' t lnJtcd to be 0 . 0097 kg. 

• 

The t h ree d i fferent val ues for uo? i n  the debr i s  samp l e  Wl.!re •averaged" ( u � i nCJ 
J we • •Jh l l niJ scheme) to arrive at J v a l ue o i  0 . 0067 k� UO, 1 11 the S .ln.p l c .  l h c  
quan l 1 ly i n  t h e  sampl e WJS then sca l ed u p ,  u � 1 nq t h e  ra t l o  o f  t h e  pres�ur i 1e r  
llc!Jn � rnJ � :.  t c  t h e  samp l e  mJs s ,  to obta i n  a v. d ue o f  0 . 267 lc. g  UO� 1 11 t h e  
)JI"I.'"• �UI" l / e r .  

l he nrc�ence of fuel  i n  thin  f i l ms on t h e  i n ter i or s u r f  .tce o f  the pn.'s•.ur i 7er 
Jlld 1 11 t e  rn.1 I corr.pont•n l s was taken into a.:coun t.  Meo��ur·�men l '>  h.ld been llorh' to 
l" S l l rn.J l l' l h c  quaut 1 ty o f  ! �.te l  1 11 f 1 l ms a\.lher i ug t o  the i n t e n o r  of the pn.•·. 
·.u•· l lt•t·' s m.111way cove r .  Th h concentr·a t • on p�•· un i t .trea w a  � thcn ·•PI' l 1  eLl to 
the tota l ;ur l a1..e a rea of the 1 fr t e r i or o i  the p r c s s u r l l••r· an\.1 1 t �  COIIIJlOilt•n t ",. .  
l h e  r<>-.u l t • n'J m.l '> s  o l  fuel i n  !>Urf ace f i l ms wa� <'St l lnJtcd t o  b e  1 11 t h  ···'"'Jl' 
o f  I •Jr.lm.  l h n  qu ant i ty WJS 1 n S i1Jn i f 1 cant <.umparcd to Lhl' quJn t i ty o f  l u�· l 
1 11 the Jcbn ·, ,  �o i t  was es�ent i a l l y i lj nored . 

The e s t i m a t e  o f record was repo rted to one s 1 q n i f i c a n t  d i g i t  as 0 . 3  lg UO • .  
/\n ovt•r .t l l un<.crt J i nty o f  iS?� WJS a � s i •Jnl·d t u  tin s qu an t i ty . The unu•n:1 1 n ty 
WH u.1wd on the coun t i niJ uru:c r t a 1 n t H!� and the v o l uml'-llelcrm i n a t i o n  unccr·· 
l.t l ll t  1 c ·  . .  
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llfV I !}I_Or Hf/\<;UilfMftHS AND ANALYStS HfTIIOOOlOC:Y 

The a n a l y s i s  techn i que was appropr i ate for t h i s  s i t u a t i o n .  Oeterm i n i nq the 
vol ume o f  debr i s  by I nspec t i ng v i deotapes , and u s 1 nq the e s t im;ates or f i v.: 
1 ndepcndcn t observers i s  a good approach .  I t  appear·s that the uncerta 1 11 ty 
analy!; i s  d 1 d  I'Ol 1 ncl ude any uncert a i n ly aHoC. • <� tcd w i t h  the debr i s  dcll!. l ty -
• t  ���<·ms l l �e l v  tha t there wou l d  be some van aiJ i l r ty 1 11 dcn s i t 1 e s  lho�t wou l d  
1 n f l ul'nce t h e  ove ra l l  unccrt; u nty. 

U � i ng gamma �pectroscopy to count the qa�a- em i tt i ng fuel a n a l ogue s ,  then 
compJr • �g these v a l ues to a c t i v e  neutron cou n t i n g ,  I S  a g�od approach to 
detcnn 1 n t ng the c�uan l i ty o f  fuel in the rctnevcd samp l e!. .  Thl! fact thJl the 
lhn!l! error !Jars ove r l a p ,  l ends c redence tu the an<� l ys 1 s .  The neu tron 
mca�urcmen ts would <;cern t o be more rcl i a b l �  th.ln the ganvna measurement s ,  s i nce 
thl·�c  arc d 1 rcct l y measur i nq uran i um as oppo�cd to JOJ l ogue� to the f uel . l l tr 
neutron me .t s u r·ernent .. , huwev··�· u sed UO

l 
f or J t !. s taud<�nl source . l hc uo, has 

only one f � � � i l e  i sotope - n.u, wh 1 l e the deb r i s  samp l e  wou l d  con t a i n  ott1cr 
f 1 � � i  l c  i �otope<.: �uch as 139Pu . l h 1 s  wou l d  c.:o�u'!te some uncertJiuty 1 11 com
Jl.l r l rtCJ the :.tandard to the unknown, but lll i :.  uncerta i nty i s  proiJo�bly Slll.t l l  
com11Jrcd to the other unccrt. l i n t i es 1 n  the meo�surelilc n t s .  

The l i cen<.:ce ' s  b e s t  e s t imate of t h e  quan t 1 ty of fuel r.:ma 1 n 1ng i •i the 
Jlrc s <; u r u c r  i s  0 . 3  leg U01 , w i th an unccrt<nuty of !.52r.. lhe pr�· � <; u r i 7 f't· wo�c; 
c.hu�cn l or 5p�c 1 a l  nuc l e J r  mater t a l  (SUM) study bccau�e of th� 1 i �� l ihood u f  
l h c  depo � i l t on o f  fue l 1 0  the sy5tt•m. lhc .t n . .. J y •. 1 s  p roved that the fJU.Ht l l lY 
o4 fue l w.�� very �mJ l l  compared to the r•! � t  o f  the T H I - 2  t nvenlot·y. l tw 
method for dt'lcrmul l ntJ the qua n t 1 ty o t  r.:m.1 1 1 1 1 n•J f u1• l � �  ba� 1 c a l ly soun•l. 

J 
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REVIEW Of THE TMI-2 POST-OEFUELIHG SURVEY REPORT 
for 

THE REACTOR BUJLDIHG BASEMENT 

T h i s  document revi ews the TMI - 2  l i censee ' s  Post-Oefue l i ng Survey Report (POSR) 
(CPU Nuc l cJr , 1 989) descri b i ng the measurement s  and ana l y t i ca l  methods u�ed to 
determ i ne the qu ant i ty of fuel rema i n i ng in the Heactor Uu 1 l d i ng ( RU ) 
bJseme n t .  lhe est imated quan t i ty o f  U01 i s  ! . 3 kg ! 541, almost al l o f  wh i c h  
w a s  l oc a t ed o n  the basement f l oo r .  The mea surement  methodo l og i e s  i nc l ude 
ga�m�a !>pcc t roscopy, and analyses of sed iment s , wat�r and concrete �amp l e'> .  
l he maJOr port i on o f  the measured fue l i s  i n  the reactor coo l a n t  d ra i u  tank 
( RC O f )  d i scha rge a re a .  The amount o f  U01 in t h 1 s  ,rea wa s determ1ncd by 
o�pply tn!J a known 1 44Ce/fuel ra t i o  to the amount o f  44Ce dctcrmi nt'd I rom the 
IJafiiiiiJ �pec t ro scopy measuremen t .  

l h rec g.unma spec troscopy scans were per formed i n  d i  ffercnt parts o f  the RIJ 
b.Jsente n l .  lwo o f  thc�c measureme n t s  were not used i n  the eva l u a t i o n ,  howl'vc r ,  
d u e  to t h e  l .,ck o f  a tHee p e a k  a nd a 1t 1gh m t n imum detccLtbl e l eve l (MOL) 
v.t l ue cau�ed bJ h t gh water l< .'vel s .  The th t rJ gamma spcctro:;copy mc01 sur·cmenl 
w.t:. pef" f o r111ed u s t rt!J a tla l  detector i n  the llCUT d 1 �charge area, Jnd th i -.  
lllt'.lSurcrnl• n l  was u�ed for the e s t imate o f  record . 

l hc U01 con t a i ned i n  t he sediment was mPa!:urccl by ana lyz i ng samplt•s o f  t he 
'•t•tl imen l .  Rad i ochem i c a l  ana l y s 1 s  was ust•d to e :. t i ln.t le the U01 cort t c n l' ; .  
,\ l t houl)h m.lny sJmp l c5 o f  s<:d 1 1ncn t  were oltta t ucd , o n l y  three o f  the :;Ju•tl l c :. 
c u u t .t l lt('d enuuCJh ma�s to be u � c d .  One o f  lhc�e t !trec �ample:. , t o� kcu 1 11 t h e  
IICOI , WJ\ not  t n c l udcd s i nce i t  w a s  nut rcpn::.enta t i ve u f  t h e  rcJl lOr b.t·.rmcnl 
I I (1(11". 

To quan t i fy the UO� con ten t of the water on the f l oor of the reac tor bJ�rrnc n l ,  
) /  WJll'r' �Jmp l c s  w�re taken t n  l'J88. T h e  amount o f  uo7 i n  the Wol ler :,.unp l c� 
w.t<; d e l l'rnt l lh:d by bo l l  i nl) o f �"  the I i q u 1 d ,  and subJeC t i ng the rcma i n i ntJ <.:u l t LIS 
t o  a I plla count i ug us wg a . n t  1 1 )  a t  i on proltc . 

G.1mml .. pectro <;copy measurements of concrete cores removed from thl' ba�cment 
w.1 l h  Wt!1 C perfo11ncd but d t d  not �huw the prc�e11ce of 1 4 1C e .  The UO, conteut 
1 11 the wJ i h  WJS there f ore a Hurned bo�scd 011  c:. t t m.tlccl par-.ame l <:r:. r o ;· ltll' 

d t f fL � t on o f  w�ter t n t o  the concrete . 



ANAl Y S I S  MrTHOOQLQGY 

The analys i s  o f  the gamma spectrometry measurement res u l ted i n  an e s t imate o f  
1 . 2  k g  o f  U01 for the RCOT d i scharge area, w i th a n  uncerta i n ty o f  �sst. l h t s  
amoun t  was determined by quanl l (;; l ng the amount o f  1 44Ce based on the 2 . 2  Mt.>V 
photopeak and a pply 1 ng a known 4Ce/fuel rat 1 0 .  

The quan t i ty o f  UOz i n  the rema i nder o f  the R B  Basemen t  sed iments { t n areas 
o u t s 1 d e  the RCUT d t scha rge area) was est lm.tted by detcrm l lt t nq t he uran t wn 
concen tr.t t ions t n  the sediments ( 3 . 7x l o·b 9 U01 1•er 9ram o f  sediment so�mJJ I C) 
.111d mu l t i1Jl y i ng by the sediment mas s .  Th 1 s a n a l y s h  yavc an est imate o r  0 . 05 
._9 :�..om�. The total quan t i ty o f  fuel I n  the sed 11 nen t  was the refore c s t i rn.ttcll 
t o  be 1 . 3 kg ±54�. 

lhe a l pha coun t i ng o f  the basement water samp l e s showed very l ow 
concentrJ t i ons o f  fuel i n  the water , and the analys i s  gave an e s t i mate o f  l e s s  
th�n 0 . 3  � o f fuel d i ssol ved t n  the total vol ume o f  water. l h t s  sma l l  
quan t 1 ty d i d not af fec t  the es tima te o f  1 . 3 kg for the RB Basement fuel 
tnventvry. 

Gamma �pect rometry of concrete cores taken from the basement wa l l s  d i d  not 
�how tltl' prcsrnce o f  144C e ,  the gammJ-cm i t t i ng ana l og for fue l . Thus the 
quan t t ly o f  fuel con t a i ned 1 11 the w.sl l s  W.JS e st imated trom the conccnt r  .•  t t on 
o f  f ue l  ' "  thc water (wh 1 c h  was very �ma l l )  and as�ump t tons about the 
.tb�orpt i o n  o f  water into the concrete. l h t s  a n a l y � 1 �  resul ted i n  a n  c � t i ma te 
o f  0 . 003 9 of U01 1 n  the wal l s .  l h i s  f i gure d t d  not a t  feet the v a l ue o f  1 . 3  
kiJ .  

Corrrc t i on s  t o  these measuremen t s  were necessary because some o f  the sed iment 
was removed .s fter the measurements were made. One corr�c t i on was based on a 
measun•d .1mount o f  U07 ( 0 . 2  kg) removed d u r t ng the des l ud q i tHJ opera t i o n .  l he 
rcmovcd quan t i ty o f  f ue l  w.1s based on v i deo t n spec t t on s (wh i c h  were the ba S t \  
for .HI e s t i m.tle o f  the! mas s  o f  s l ud')e removed ) ,  and measured concentra t i oll'> o f  
Utl' f ue l  1 11 !.ed imen t .  1 t1 1 �  correc t i on l owered the ma s s  o f  U01 by 0 . ?  �CJ . 

l he l t c.en!.CC a l so accounted for the reactor fuel that may have been depu'.. i tcd 
1 11 the dra 1 11 �ystem a s  a r·e su l t  o f the dccontamlflJt i on o f  re.1ctor dc l ul· l • n•J 
too l �  a t  the 3-17 foot e l ev a t i o n  i n  thc p o � t  dccontam i nat 1on l ac d i ty .  l hc 
.11nount uf f ue l  depo!> t ted i n  the d ra 1 n w.ss es t una tcd from the num!Jcr o f  tooh 
drlontam l nJtcd , an apparent l y  measured surf.tle �ct t v t ty ,  and an a�sumed 
average � u r f.1ce area. fhe resu l t 1 ng f ue l  was as ... umed to have been wa'..hcd i n to 
the �ump.  l h 1 s  \ J i u c ,  0 . 2  kq , wa� .sdded tu b r t ng the t I II J I  e s t im.Jtc of r ClOI'd 
up to 1 .  J �!J l1U2• 

? 



llrV I ( \./_Or Hf ASVRrMfNT AND Atlf\LY<il<i HfTHODOLOf.Y 
The measurement methods used in th i s  study shou l d  have provided a reasonable 
cst i mat� of the amount o f  UO rema i n i ng 1n the RO basement .  I f  the study had 
any I OJdequJc i .: S ,  they res u l ted from the d i f f i c u l ty of workinCJ i n  .t vcr·y h i •Jh 
rau 1 .t l 1 on a rea . 

One cause for . concern a r i ses from the e s t i mate o f  fue l i n  the sed i men t .  fhe 
<Jencr.d :-.cd 1 mcnt concentra t 1 on was found to !Je 3 . 7  p.<J of UU7 per g r·am o f  
�e<.l unl•n t .  Th 1 s  v.1 l ue i s  very c l ose t o  the avcr.uJe concen tr.1t ion o f  ur.t n i um i n  
-. o 1 l ,  and 1ndccd, much o f  the sed 1ment i s  a s surne<.l t o  come from i- i vcr wo� tcr.  
l huo;  tl tc  measured ur.1 n i urn could be natura l (env 1 ronmen ta l )  u ra n i um rather than 
fue l .  II I! I <JIJer concern, however, i s  whether· lh1s concen t ra t i on i s  
rcpn:scn t.at 1vc o f  the ent i re basement .  The c :. t 1 matc i s  based on two samp l e s ,  
both taken from the • I mp i ngement Area • .  these measured concentra t i ons for 
th<:�e two s amp l e s  had a h i yh standard dev . a t 1 on ,  8 1 1. !  Thus i t  i s  hud to 
just 1 fy the assump t i on that 3 . 7  p.<J/9 i s  representat i ve o f  the ent i re ba'>ement .  
I t  wou l d  be prefera b l e  t o  select sampl e s  from areas a l l  over the basement to 
get o1 l!c t tc r c -. t i mate of the fuel in the s l udge . Of course , the rad i a t i on 
envi ronment i n  the basemen t  i s  so severe tlut a 1 i m i tcd sampl i n') scheme wJs 
necessary, and the m.lSs of fuel was so �ma l l  that 1 t  d i d not meri t a more 
<.lcta l l ed � tully . 

llnother concern a r i ses concern i ng the ganvnJ spectrum measurement o f  the ncor 
c.l l �lhJrcJc area. The mass of fuel dete rn 11 ncd by t h i S  measurement cons t i tuted 
the bu l k  of the fue l  In the basemen t ,  yet the determ i nat i on was based un only  
on� me.t � urcment .  !he concen tra t i on of fuel 1 n  th 1 s  seu 1mcnt was  much greo�tcr 
th�n 1 11 �ed t ments 1n o ther ared s .  The analy-. i s  a-.�um�s that a l l  tlte h 1 yh·  
concer1 lrJt 1 on sediments were encl osed i n  the  U .t l  detector ' s  v i ew ing  a re d :  
however·, 1 1  any h 1 gh · conccntrat ion sediments were m 1  sscd by the spcc tr.1 I 
mcJ � u rcme n t ,  fue l  wou l d  have been m 1 s�cd . 

1hc gamma spec troscopy measuremen t s  o f  the RCDT d i scharge area resul ted i n  a 
QUJn t 1 ty o f  1 . 2 kg !SU1. o f  uo2 est imated to be present 1 n  the RU ba semen t . 
/\ l thourJh the reported amount I n c l uded an associ Jtcd standard dev i a t 1 on o f  587., 
th i � s t andard dev i a t iOn was based only  on coun l 1 ng errors and the error 
JSSOC I J tcd w 1 th the 14�Ce/fuel ra t i o  (ne1 ther of these errors were s ta ted 
�cparJte l y ) . Po5 s 1 b l e  errors assoc i .ated w 1 th geometry or cal  ibra t 1 on were not 
m•·n l 1 0ned . UeCJu�l! deta i l s  reCJardwy lite count i ng ueomctry were no t prov 1 ded , 
the m�1Jn 1 tude o f  the pot«:n t i  J 1 error assoc i a ted w 1 th the uucerta i n  mea surcnten t 
geome try can o n l y  be conjectured. However, consider i ug the l ayout o f  the areo� 
that wa� scanned and the h i gh l oc a l  dose rates , t h 1 s error could l1avc been 
'> l !Jil i f lc.lll l .  

Om 1 t t i ng an uncert a i nty e s t i mate for the quan t i ty o f  fuel a t t r i bu ted t o  tool 
deconlatn l n o� t i on i s  � 1 gn i f i c a n t ,  s i nce t h i s  cont n butor .tccoun t s  for I S1. ot thl' 
f ue l  e � t 1J n.1tl• and the analy s 1 -.  i n c l udet! L t r•JC as �um)> l i on s .  Some too l 
• lecont.un l n .t l l on act i v i ty occurred after t11 1 -.  e o. l lmatc wa'. mad e ,  and th i t;  
JC t t v t ty shou l d  have been i nc l uded 1 11 the e o. t 1m 1LC.  

3 



The: methods o f  Measuremen t and analys i s  for determ i n ing the amount o f fuel t n  
the HU basement water and the RB basement wa l l s  seems rCJ son a b l e . I n  botl t  
case s ,  the amount o f  U01 detenm1ned to be present wa� negl t g i b l c .  

SUMMARY /,.,,J_iillKlV5 fOilS 

/\1 1 measurement methods used to de termi ne the amount o f  U07 rema i n ing "' the 
RU ba!;emcnt appeared t o  be reasonJbl e .  However , the ana l y s i s  mcthotl:; fa i l ed 
to account for several potent i a l ly 1mportant source� of crrot·. lhe mo!:t 
prom i nent o f  these was the apparent fa t l ure to as �c�s the geome t r i c  
unce r t a i nty as soc i a tcd w i th the rJanrnJ spectroscopy mca�urerncnt o f  t h e  RCOT 
d t �ChJr')c .trN . l h i s  measuremen t accounted for over 801. o f  the f i nJ I c -. l t ll'lle 
of 1 . 3  k� �07 !541 in the HB basement .  /\s a resu l t , t l  is poss i b l e  thJl the 
uncerla t n ty assoc 1 a ted w i th the measurement shou l d  be greater than thJt 
i ntl t catcd by the s lated error. 
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HITROOUCT f  Dtl 

REVIEW OF THE TH J -2 POST-OEFUEL J HG SURVEY REPORT 
FOR REACTOR BUILDING HJSCELLANEOUS COMPONENTS 

T h i s  review cr the l i censee ' s  Pos t -Oefuel i ng Survey Report ( POSR) (GPU 
Nuc l ea r ,  1 99 1 )  d i scusses the process for e s t i ma t i ng the amount o f  UO? 
rema i n ing i n  m i scel l aneou� components o f  the Reactor Bu i l d i n g .  T h e  quan t i ty o f  
fue l  e � t imated to b e  present i n  these components tota l s  64 . 0  kg . Add i ng the 
uncer t � i nty e s t imate, which i s  asymme t r i c a l  for the eval uat i o n ,  g i ves a range 
o f  3 l .  6 kg to 85 . 4 kg . 

The componen t s  i nc l uded i n  t h i s  study were eva l uated u s i ng several  d i fferent 
techn iques , i nc l u d i n g :  

mea s u r i ng gross gamma exposure rates;  
gamma spectroscopy; 
neutron i n terroga t i o n ;  and 
d i rect samp l i ng and analys i s .  

The cho i ce o f  anal y t i c a l  method used for each samp l e  depended o n  the nature o f  
the componen t ,  the acces s i b i l i ty and t h e  bac�ground rad i a t 1 on f i e l d .  

The components addressed i n  t h i s  survey i n c l ude : 

l ) Reactor Coo l an t  d ra i n  tank ; 
2) fuel transfer cana l ( F TC )/transfe r  lures 

fuel t hat dropped from c a n i sters trans ferred through 
the cana l 
fuel rema i n i ng i n  the fuel transfer tubes 
l oose fuel on the Upper Pl enum assembly 
rubber hose s tored in the FTC 
fuel was hed i n to the FTC d u r i n g  reactor vessel  
d r a i ndown s ;  

3 )  core fl ood system; 
4) upper end f i t t i ng s ;  
5) lool Decontam i n a t i on fac i l i ty (TOF ) ;  
6 )  d r a i n  l i n e  from TOF ; 
7) defuel i ng water c l eanup system ; 
8 )  temporary R V  f i l ter system; 
9 )  1 ncore g u i d e  tubes;  and 

1 0 )  defue l i ng tool s .  

!:!fASURfMENT M [ l llOOOLOGY 

RPac t or Coo l a n t  Ora i n  Tank 

lhe mass of UO. rem a i n i ng i n  the Reac tor Cool ant  d ra i n  tank was 
e s t i mated ba seil on v i deo i nspec t i on� o f  the i n te r i o r .  A sma l l  camera 
was l owered 1 nt o the tank and operated a t  one end. The images were 



eva l uated to determine the depth o f  the depos i t s  on the bottom, and t h i s  
v a l ue was used t o  c a l cu l ate a vol ume o f  depo s i ted debr i s .  Samp l e s  o f  
the debr i s  were a l so c o l l ��ted, and the samples were a n a l yzed to 
determine the den s i ty � (  the debr i s  and the uran i um compos i t i o n .  These 
v a l ues were then use� w i t h  the vol ume t o  c a l c u l a t e  the mass of U02 • 

fuel Tr1n�fer Can . I/Transfer TuhP� 

l h 1 s  survey e s t imated the fuel rema i n i ng in the FTC resu l t i ng from f i ve 
d 1 fferent source s :  

fuel that dropped from cani sters trans ferred through t h e  cana l ; 
fuel rema i n i ng i n  t h e  fuel trans fer tubes ; 
l oose fuel on the Upper Pl enum a � semb l y ;  
rubber hose stored i n  the FTC ; and 
fuel washed i n t o  the F TC dur i ng Reactor Ves s e l  ( RV )  d r a i ndown s .  

I )  Measurement s  o f  fuel debr i s  1 n  the transfer canal were made after 
3 0 1  c an i s ters had been transft·rred. Garrvna spectroscopy was used 
to e s t imate the quan t i ty of 1 �'cs in the F TC ,  and t h i s  v a l ue was 
then tran s l a ted i nto a fuel quan t i ty u s i ng a lJlC s · t o - fu e l  ra t i o  
that had been delt'rmined prev iou s l y .  An add i t i on a l  4 1 c a n i :.ter s 
were trans ferred through the cana l a f t e r  these measuremen t s  had 
been made, so the fue l debr i s  contr; buted by these t r a n s fers • 1 s  
found by rat i o i ng from t h e  measured quunt i ly .  

2 )  The quan t i ty o f  fuel i n  the fue l trans fer tubes was determined 
u s i n� gross gamma measureme n t s .  A G e i ge r - Mu l l e r  ( G H )  tubt' was 
user to measure the gamma exposure rate, and these measuremt'nls 
were used t o  determine the fuel in  the tubes u s i ng lhe assump t i o n  
that the fue l was depos i ted o n l y  i n  t h e  l ower 60° o f  arc . 

3 )  l h e  upper p l enum assemb l y  i s  � tort'd i n  the F T C .  V i deo images were 
used to e s t i mate the sma l l  quan t i ty of l oose fue l that res ides un 
the a-.semb l y .  

4 ) fl'lprox imate l y  700 feet of rubber hose i s  stored i n  the F f C .  The 
1 nner surface of these hoses have been exposed t o  fue l .  The fuel 
con t a i ned i n s i de the hoses was e s t imated by c u t t i ng short l cnuths 
o f  the hoses and determ i n i ng the fuel concent r a t i o n  per un i t  area.  
T h i s  concen t r a t i o n  was then app l i ed to the ent i re i nner area to 
gel a depos i ted fuel mas s .  

5 ) At t h e  t i me that the PDSR was w r i t t e n ,  add i t i on a l  d r a i ndown o f  the 
RV wa� sched u l ed to occur i n  the future . I t  was certa i n  that 
add i t i on a l  fuel  wou l d  be washed i nto the FTC dur i rg these 
operat i on s ,  but o f  cours� it  was not poss i b l e  to make any 
measuremen t s .  lhe quant i ty of fuel  that wou l d  be depos i t ed i n  the 
F l C  was therefore e s t imated u s i ng eng i neer i ng judgement . 
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Core F l ood System 

This PDSR addresses fuel depos ited in the A side flood tank, B side 
tank, 1 n  the a ssociated p i p i n g ,  and in pieces of the lower core support 
assembly ( LCSA) stored in the A core flood tank. Video inspections were 
perfcrmed on the· LCSA p i eces to ensure that no fuel was adhering to the 
sur f aces . Gamma measurements were made on the LCSA p i ec e s ,  tanks and 
pipes to estimate fuel quantities. T h e  gamma measurements were a l l  
gross exposure rate measurements rather than gamma spectral 
mea surements. Measurements on the piping were made with UP-220A probes 
i n � ide a hemispher i c a l tungsten col l imator to m i n i m i z e  background. 

Upper fnrl f i t t i ngs 

Six storage containers hold i ng a t o t a l  o f  1 7  upper end fi t t i ng s  were 
a n a l yzed for fuel content using a neutron i n terrogat i on system. The 
detec t i on system used a SbBe photoneutron source t o  i rrad i at e  a storage 
container with neutrons. The neutrons would cause fis s i on in the iJSu 

· a toms contained in the fuel , and the emi t ted neutrons were then counted 
by 

4tle detectors as an ind i c ator of the quantity o f  fuel presen t .  

For each storage contai ner measured, the detectors were f i r s t  operated 
w i th no SbBe source i n  p l ace to gel a background read i n g .  A second 
measurement was then made with neutron i rrad i a t i o n .  A thi rd count was 
then made with a known quan t i ty o f  natural  ura n i um in t he conta i ner t o  
produce an i ncrease i n  t h e  count rate.  T h e  i ncrease wou l d  b e  d u e  to the 
known quan t i ty of the s p i ke ,  and t h i s  rate wou l d  then be used to f i nd 
the c a l i brat i on factor. 

Neutron \ n terrogat ion measurements wer.e per formed on f i ve of the s i x  
storage con t a i ners . 

T�o l Orcon t am i n a t i o n  Fac i l i ty 

The quantity o f  fuel rema 1 n 1 ng in the three rooms o f  the TDF was 
e s t imated u s i nl] l)ama exposure rate measuremen t s  in each of t h e  rooms . 
! h e  contam i n a t i on was as sumed to be spread on t h e  f l oor o f  each room, 

w i t h no contam i n a t i on on t he wal l s  or c e i l i ng s .  Gamn•a exposure rJte'> 
wet·e measured a t  a number o f  p o i n t s  in the room to determi nE! the 
u n i f o rm i ty o f  the garr.ma f i e l d  and to prov ide the data for mode l i ng the 
fuel con taminat i on . 

Dra i n  l i ne from the Tool Decontam i nat i on F a c i l i ty 

ruc l that had been depos i ted i n  the dra i n  line that extended from the 
!Dr down to the basement was quant i f i ed u s i ng a m i n i ature ( " peanu t " )  GM 
tube.  t he GH tube, s h i e l ded w i th a cadmium cover t o  Improve t t s  energy 
r�sponse.  was scaled i n s ide a l ong polyethyl ene tube and pas sed t h rough 
the p i pe s ,  measur i ng the gamma exposure rate at i nterva l s  t h rough t h e  
p i p e .  The exposure rates were very h i g h :  the genera l background d o s e  
r a t e  w a s  5 R/h, a n d  t h e  G "'  t u b e  h a d  read i ngs i n  the p i pe rang i ng up to 
4� R/ h. l he detector was used i n  a 3 3 - foot s t retch o f  the hot· i t o n t a l  
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dra i n  l i nn that runs beneath the fl oor of the 282- foot l evel , but not 
through the horizontal p i pe that runs under the 3 4 7 - foot l evel . 

Oe fuel i ng Water C leanup Svstcm 

V i deo i n r pect i ons were used to est im�te the quan t i ty o f  fuel  rema 1 n 1 ng 
i n  two c i rcul at i ng water pumps that had been used to rL�ove fuel f i ne �  
from the reactor coo l ant system water. The i nspect ions ident i f i ed fuel 
• n  several  areas of the pump s ,  i nc l u d i ng the horizontal  surfaces of the 
p�mp trans i t i on areas, and two other areas. The v i deo images were 
inspected to est imate the fuel quan t i t i es there. 

The d e fuel i ng water c l eanup system (OWCS) man i fo l d ,  cons i st i ng o f  
p i p i ng ,  val ves and other component s ,  were assessed u s i ng gross gamma 
measurement s .  A d etec tor w i t h  a hemispherical tungsten c o l l ima tor was 
pos i t i oned on. top o f  the A D-Ring,  pointed a t  the man i fol d . T h i s  
detector read 5 . 48 mR/h,  i nc l ud i ng a background o f  5 . 0 5  mR/h . The 
detector was then moved to the top of the B D- R i n g ,  and pointed at the 
man1 fo l d  to g 1 ve a read i ng of 6 . 59 mR/h,  w i t h  a background of 2 . 3 7 mR/h . 
lhese detector l oc a t i ons were approx imate ly 24 fe( l from the man i fol d . 

The t h 1 rd component of the OWCS analys i s  cor : i sted of 6550 feet o f  
hose s .  One - foot segments o f  these hoses we; e counted u s i ng gamma 
spectrome t ry . A second method used gross �Jmma measurement s to a 1 r· i ve 
�t an i ndepende� t  fuel mass est imate . 

T�mngrary Reactor Ves�el f i l t�r Sys t rm 

The e s t i mate of fuel rema i n i ng i n  the two f i l ters was e s t imated by 
t a k i n9 a samp l e  o f  d i a tomaceous earth from one of the f i l lers , and 
performing an i sotop i c  ana l y s i s  in the l abora tory .  The fuel con t e n t  o f  
the samp l e  was then appl i e d  t o  the ent i re contents of both f i l ters . 

l ncore Cu i de Tubes 

Gamma spectrometry u s i ng a l ead -sh i e l ded h i gh - pur i l� german i um (IIPGe) 
detector was used to measure the gammas em i t ted by 44Ce conta i ned i n  
1 ncore i n s t rumt.•t gu i de tubes ( l l G T s )  that were contai ned i n  1 3  
d i f ferent p l ates that were c u t  from the flow d i s t r ibutor assemb l y .  The 
• �•ce was used as an ana l og for the fuel contai ned in the I I G T s .  

Ocful'l i nq lool s 

A total  of 1 1 7  defuel i ng tool s were eva l ua t ed for t he i r  fuel conten t .  
l h e  Hudy f 1 rs t  used gamma spc,ctrometry w i t h a sh i e l ded IIPGe detector to 
count the gammas emi tted by c.Ce on f 1 ve too l s .  Data from t h i s  
measurement was used t o  e s t i ma t e  the fuul quan t i ty on these f i v e  too l s .  
A gros s gamma exposure rate measurement was a l so per formed on these f i v e  
too l s  to arr i ve a t a c a l i br a t i o n  fac tor. Gross gamma measurements were 
then performed on 69 add i t i on a l  too l s  to a r r i ve at the . r  fue l  quan t i ty 
u s 1 ng the ca l 1 br a t i on factor d�r1 v�d prcv 1 ou s l y .  
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ANAL YSIS METHODOLOGY 

Reactor Cool ant Ora i n  Tank 

The v i deo i nspect ion of the i nterior of the tank gave an e s t i ma t e  � f  
0 . 1 6 e m  for the t h i ckness o f  the debr i s  depos i ted o n  the bottom o f  the 
tank. Th i s  e s t i�ate was based on i nspec t i ons performed a t  on l y  t h e  west 
end o f  the tank. The debr i s  was as sumed to cover one - e i ghth o f  the 
i n terior surface o f  the tank, which woul d  have a s�rface area o f  52, 000 
em: . T h i s  depth, assumed to be u n i form over thj depo s i t i on a re a ,  
mul t i p l ied by the area gave a vol ume o f  8320 em . T h e  ma s s  o f  the 
debr i s  was then c a l cu l ated u s i ng the dens i ty o f  6 . 2  g/cm1 , detennined 
from analys i s  of the debr i s  samp l e ,  and an a ssumed water content o f  507. 
i n  the debr i s  vol ume. The debr i s  mass was thus e s t imated to be 26 kg . 

The t o t a l  quant i ty o f  U02 i n  the debr i s  was found by app l y i ng a factor 
o f  3 . 7  mgU/g . T h i s  factor was deri ved from the resu l ts of neutron 
ac t i va t i on analys i s  stud i e s  performed on the debr i s  samp l e  that was 
retri eved from the tank.  App l y i ng t h i s  factor to the 26 kg o f  debr i s  
mass gave a total  ma5s o f  0 . 1  kg uol i n  the tank.  

1 h c  uncert a i nty in  the fuel  mass was as sumed t o  come from two 
componen t s :  the uncerta i n ty i n  the l aboratory analyses o f  the deb r i s  
samp l e  { a ssumed t o  b e  207.) , and an uncerta i nty i n  the debr i s  volume, 
wh i ch was much grea ter. The overa l l  uncerta i n ty in the fuel mass i s  
54�. 

Fuel Transfer Canal/Transfer Tuhes 

I )  A measurement o f  the FTC was performed i n  1 990,  after �01 
c �n i s ters had beeJ transferred through the cana l . The ac t i v i ty o f  11 C s  was e s t imated, based on gamma measuremen t s ,  and a 

1J1C s - to 
fuel act i v i ty ra t i o  o f  1800 �C i/g was a pp l i ed t o  g e l  a fuel 
quant 1 ty of 1 2 . 2  kg . The 1 C s - lo - fuel a c t i v i ty rat i o  has s i nce 
been rev i sed t o  1 355 pC i/g , wh i c h  caused a rev i s i on in the 
uncer t a i n ty value to +24%, - 1 00%. After the measurement s ,  4 1  
add i t i onal  c an i s ters were moved through the canal , presumably 
depos i t i ng add i t ional fuel during the transfer. S i nce the f i rs t  
301 can i s ter movements depo s i ted a presumed 1 2 . 2  kg , the average 
depos i t i on per c an i s ter wou l d  be . 04 1  kg . The 4 1  add i t i onal  
can i ster movemen t s  would depos i t  4 1  x . 0 4 1  kg • 1 . 7 kg UOz - The 
total fuel depo s i ted in the FTC by movement o f  can i s ters t s  
therefore e s t imated as 1 3 . 9  kg , w i th an uncert a i nty o f  t24%, 
- 1 007.. 

2 )  I t  was a5 sumed t h a t  t h e  fuel i s  depos i ted i n  t h e  fuel transfer 
tubes was l ocated in t � e  l ower 60° rf arc . T h i s  produces a fuel 
e s t imate of 0 . 5  kg w i th an uncerta i n ty o f  +347., -92�. 
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3)  The Upper Reactor Pl enum assembly i s  currently s tored in  the fuel 
transfer cana l .  T h i s  POSR addresses only l oose debr i s  that may 
res ide on the a ssembly and may fa l l  i nto the FTC, wh i ch was 
estimated by v i deo inspect ion at l e s s  than 0 . 1  kg . Add i t i onal 
fuel is  f i xed to the surfaces of the pl enum, but t�ese depos i ts 
were addressed i n  a separate POSR. 

4 )  The l aboratory analyses o f  the rubber hose sec tions currently 
stored in the FTC , determined a fuel mass of . 0 1 5  grams depo s i ted 
on an i nner surface ?f 48£ tm2• Applying t h i s  concen tration to 
the ent i re 3 7 , 700 em of i nner hose surface g i ves a total  fuel 
estimate of 0 . 0 1  kg, w ith  an uncertainty of 100�. 

5) The addi t i onal fuel that woul d  be added to the FTC during 
drai ndown was e s t i mated based on est imates o f  the quan t i t i es o f  
fuel i n  other areas and estimates o f  the fuel quant i t i es that 
would wash i nto the FTC . These est imates were made for each part 
o f  the dra i n i ng and refi l l i ng cyc les  as stated below .  

During the f i r s t  draindown cyc l e ,  done to accommodate the RV 
neutron measuremen t s ,  i t  was estimated that most of the fue l 
would wa�h i n  from the l ower head reg i o n .  There was an 
e s t i mated 8 . 1 kg uo7 in  the l ower head reg ion,  and the jet 
pump wou l d  be put in a pos i t ion to col l ec t  about 13% of 
t h i s ,  so the study a t t r i buted a 1 . 1 - kg transfer o f  fuel to 
the FTC . 

The s tudy as�umcd that the Reactor woul d  be re f i l l ed during 
the ueutron measurement program, and then drai ned aga 1 n .  
The RV wou l J  be re f i l l ed w i t h  water from the hB" makeup 
l i ne,  and thi s procedure would wash l oose fuel out of the 
· 1 B· cold l eg and nozz l e .  As the water fi l l s  the RV, there 
wi l l  be add i t i onal s l osh i ng ,  and more fuel cou l d  be 
rel ocated to the l ower head. The second d ra i n i ng would then 
relocate 1 . 9 kg U02 to the F TC .  

The water i n  the steam generators (OTSGs) wou l d  al so be 
drai ned to the RV,  and the study e s t i mated that t h i s  would 
cont r i bute another 1 kg fuel to the RV . As the OTSGs are 
being drained, water from the RV w i l l  be per i od i c� l l y 
drained to the f T C ,  and th i s  process could contr i bute 0 . 1  kg 
U02 to the FTC . 

The f i nal drai ndown of the RV wi l l  tran s fer about 1 . 4 kg 
fuel to the F T C ,  so the total quant i ty of fuel trans ferred 
from the RV to the f TC wou l d  be ( 1 . 1  + 1 . 9 + 0 . 1  t 1 . 4 )  = 
4 . 5 kg U02 , w i t h  an uncertainty of ±78%. 

The f i na l  est imate of record of fuel in the FTC i s  a sum of the 
f ive components l i s ted above, total ing 1 8 . 9  kg uo2. w i th an 
asymme t r i c a l  uncertainty of +37%, -95%. lhus a t·angc from 2 . 4  kg 
to 26 . 2  kg bounds the e s t i mate o f  record . 
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Core Flood System 

The results o f  the gaJTma measurements we·re used to estimate fuel 
quant i t ies by computer model ing, u s i ng a source geometry for fuel 
depc s i t s  ins ide a p i pe .  Host of the pip ing on the A s i de was 
inaccessible ,  so ·measurements were made on the B s i de ,  and the resul t i ng 
1 in, •r fuel estimate was appl i ed to the l ength o f  p i p ing on the A s ide 
to a1·r i ve at a total fuel est imate . The est imate o f  fuel depos i t s  
i n s i de the p i p i ng were 0 . 89 kg for the A s i de and 1 . 67 k g  for the 0 
s i de .  

Bes i des depo s i t s ,  the i ns i des of the pipes and tanks were a l s o  a ssumed 
to be coated w i th a f i l m  s i m i l ar to the fuel f i l m  i n s ide the Reactor 
Coo l an t  System (RCS ) .  The average mass o f  fuel per u n i t  area i n s ide the 
HCS was mu l t lpl  fed by the i n� ide surface area of the core flood system 
to g i ve a total fuel mass due to f i lms.  The mass  of fuel in  f i l ms on  
the A s i de was  estimated at 0 . 008 kg,  and the mass  o f  f i l ms i n  the 0 
s ide  i s  0 . 0 1 0  kg . 

lhe mass o f  fuel f i xed to the LCSA p i eces i n  the A s i de core flood tank 
was determined by the analy s i s  o f  gamma and al pha measurements per formed 
on the p i ece s .  The e s t i mate o f  fuel o n  the LCSA p i eces i s  2 . 3  kg. 

The est imate of record for the U01 in the core fl ood system i s  the sum 
of the components menti oned i n  the preced i ng paragraphs ,  4 . 9  kg . The 
uncerta i nty est imate i s  �77�. 
�Qr F.ndfi t t i nqs 

f i ve endfi t t i ng storage con t a i ners,  a l l  o f  wh i ch are s tored on the 3 4 7 -
foot l evel , were measur�d u s i ng the neutron i n t errogat i on techn i que. 
The measurement showed that these con t a i ners , hol J i ng 14 end f i t t i ng s ,  
conta ined 4 . 85 kg o f  fuel . The s i xth con t a i ner 1 s  stored i n  the deep 
end of the F f C ,  where i t  was i nacce s s i b l e  for neutron i n terrogat ion . 
! he average fuel mass per endfi t t i ng ,  0 . 346 kg, that was determined i n  
the f i ve other measurements,  was appl i ed to the three endfi t t i ngs i n  the 
s i xth storage cont a i ner.  The est i rr. l t e  of record for a l l  s i x  cont a i ners 
was 5 . 89 kg UOl. The uncertainty was e s t i mated at  !85%, w i th the major 
components being system e ff i c i ency and measurement error. 

Some of the measurements experi enced count rates that were l ow compared 
to the background s igna l , and Chavene t ' s  cri ter i on had to be app l i�� to 
determine wh ich counts above backqround were s i g n i f i c ant . l h i s  
technique i s  a useful s ta t i s t i cal technique that i s  somet imes app l ied i n  
l ow count rate appl i c a t i ons . 

I t  �hould be noted lhJt one storage con t a i ner res i des i n  the FTC , but 
the con t a i ned U01 i s  i ncl uded i n  the endf i t t i ng total , not i n  the F l C  
est imate. 
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Tool Decontaminat ion Faci l i ty 

Measured dose rates i n . the first  room o f  the TOF were fai rly uni form 
throughout the room, so the room was modeled as a u n i form area source 
w i th d im�n s i ons matching the floor d i mens i on s .  The computer code 
Mi cros h i e l d  was then used to estimate the quant i ty of fu�l spread over 
the area source that woul d  g i ve the measured dose rate, ��d the 
resu l t i ng cal cul a t i on gave l es s  than 0 . 1 g of UO i n  the room ( the 
reeasured dose rate was essen t i a l l y  equal to the background dose rate) . 
The second room was a l so model ed a s  a uni form area source, and i t s 
h i gher measured dose rate gave a fuel est imate o f  5 g U02 • 

The th ird room had variable exposure rates , so H i crosh i e l d  calcu l a t i ons 
were performed separately for s i x  d i fferent dose points  throughout the 
room. The resu l ts of the s i x  val••es were combined to g i ve a room 
e s t i mate of 0 . 1 1  kg U02 • 

The sum of the estimated masses i n  the three rooms,  rounded off, gave an 
est imate of record of 0 . 1 1  kg U02 The uncertainty ass igned to th i s  
est imate was !1001.. 

Dra i n  Line from Tool Decontaminat i on Fac i l i ty 

The measured exposure-rate data from the p i p i ng under the 282- foot l evel 
were smoothed us ing a spl i ne f i t ,  and corrected for background ( 5 . 2  R/ h )  
t o  obta i n  a net exposure rate for each one - foot segment o f  the p ipe .  
The  M i crosh i e l d  code was run to  model a sludge depos i t  on the  ins ide 
bottom o f  the p i pe con tai ning 137C s ,  produc i ng a dose rate a t  the 
detector pos i t i on.  The 1 3  Cs- to- fuel fract i on was then used w i th the 
M i crosh i e l d  resu l t s  to g i ve an exposure-rate-to-fuel mass factor of 0 . 2 1  
R/h per 9 U02 , and th i s  factor was then used t o  convert the f i t ted next 
exposure rate val ue for each p i pe segment to a mass of fuel for the 
�egment .  The ma�ses were then summed to g i ve a value o f  2475 9 U02 i n  
the measured segment o f  the dra i n  l i ne. 

Measurements were not taken in the 16-foot stretch o f  p i pe running under 
the 347- foot l evel , but engineering analys i s  of the flow and 
sed iment a t i on ch�racter i s t i cs i n  the dra i n  p i p i ng conc . uded that the 
resul ts of the measurements of the f i rs t  16-foot stretch i n  th� 282-foot 
� t pe cou l d  be appl ied to the 347 - foot p i p i ng .  S i nce 1944 g fuel were 
measured i n  the f i rst 16 feet of the 282- foot p i pe ,  1944 g could be used 
as an upper estimate of the fuel i n  the 347 - foot run . 
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The sum o f  the two values gave an estimate o f  record o f  4 . 4  kg U07 , w i th 
an uncerta i nty o f  87�. 

Oefyellng Water Cleanuo System 
The mass o f  fuel depos i ted i n s i de the pumps was e s t i mated by v i ewing 
v ideo i�ages to get an estimate of the fuel debr i s  vol ume. The vol ume 
could t��n be mul t i pl ied by the debri s den s i ty ( 4 . 7  g/cm3 , a v a l ue found 
in other samp l es col l ected outside the RV} and the r a t i o  o f  U01 i n  the 

· debris ( 0 . 72 ) . V i deo inspections were made in only one pump, w i th the 
assumption that fuel depos i t i on was ident i c a l  in both pump s .  0 . 86 kg 
fuel was est imated to res i de on the horizontal surfaces o f  both pump 
tran s i t ion areas. 0 . 78 kg per pump was e s t i mated i n  the two other areas 
cont a i n i n g  fue l . Thus the total quantity of fuel e s t i mated in the pumps 
was 2 . 4  kg, and the correspond i ng uncertainty was 100%. 

for measuring the man i fold  u s i ng gross gamma measurement s ,  H i cros h i e l d  
c a l cu l a t ions were performed that a l l owed the conversion o f  exposure rate 
to mass o f  fue l . lhe model i ng used s i mpl e  geome t r i c  approx i m a t i ons of 
l i nes and p o i n t s  for the rad i o ac t i ve sources and s impl e  s l a b s  for the 
sh i e l ds .  The most probable s h i e l d i ng and geometry model gave an 
e s t imated fuel quan t i ty o f  1 . 1  kg U07 , w i th a SO% uncerta i nty.  

for e s t i ma t i ng the fuel  on the owes hos e s ,  gamma spectral measurements 
were made on one- foot segment s .  U s i ng 2 - inch d i ameter hose s ,  a one foot 
segment gave an e s t i mated mass of 0 . 0 1 5  g .  T h i s  hose segment 
corresponded to 486 cm2 of I n s ide surface a re a .  The total col l ect ion o f  
hose s ,  w i th d i ameters ranging from .5  �o 4 inche s ,  h a d  a caJ cu l ated 
total i nner surface area o f  6 1 4 , 986 in• ( about 3 , 968,000 em· ) .  l h u s ,  
assuming that t h e  fuel concentra t i on measured i n s ide the measured hoses 
was represent a t i ve of a l l hose s ,  a mass o f  0 . 122 kg was e s t imated i n s ide 
the hose s .  

A second e s t imate was made o f  the fuel i n  the hoses by performing a 
gross gamma exposure rate measurement and u s i ng a gamma s h t e l d i ng code 
to convert the reading i nto mass of fue l . Th i s  e s t imate was 0 . 295 kg . 
for the e s t imate o f  record , the POSR averaged these two v a l u e s ,  to 
J rr i ve a t  0 . 2 1  kg . After th i s  e s t imate was made, sec t i on s  o f  hose were 
moved to the rTe for storage, and the quant i ty o f  fuel cont a i ned in the 
moved hoses we• � i nc l uded in the total w i t h  the fTC, as d i scussed above. 
T h i s  quant i ty ,  0 . 0 1 2  kg was subtracted from the 0 . 2 1  kg , to g i ve a 
f i n a l  e s t i mate of 0 . 20 kg U02 i 1 00%. 

The f i nal e s t i mate of record for the owes i s  the sum of the three 
components ( 2 . 4  t 1 . 1  t 0 . 2 } ,  or 3 . 7  kg.  The uncerta i n ly was deri ved 
from a comb i na t ion of the three other uncerta i n t i e s ,  !67%. 

Trmporary Reactor Vessel F i l te r  System 

The ana l ys i s  a s sumed that the fuel l o ad i ng measured on the ana l y7cd 
samp l e s  of d i atomaceous earth were app l i c a b l e  to both f i l te r s .  I t  
app l 1 ed these v a l ues to the ent i re f i l ter contents and e s t i mated 3 . 80 �9 
o f  U07 i n  one f i l te r  and 0 . 59 kg i n  the other, for a total  o f  4 . 4  kg 
U01. The uncerta i nty a s s igned to th i s  e s t imate o f  record i s  !90\. 



L __ 

lncore Guide Tubes 
A 144Ce-to - fuel ration of 152 . 5  �C1/g on 8/1/87 was decayed to each 
measurement date to use as the basi s  for the estima t i on of fuel i n  the 
IIGTs. The gamma s h i el d ing codes H i croshield and QAD were used to model 
the measurement setups, assuming that the source region ( the Ins ide of 
each I JGT) was uni formly f i l l ed w i th fuel . The comb i na t i on of 
measurement data and mode l i ng gave a total  fuel mass of 23. 8 k g  i n  the 
IIGTs that were assessed, w i th 1 . 42 kg fuel found a s  the h i ghest 
quant i ty in any one guide tube. After the measurements,  two of the 
IIGTs were cut o·: t  o f  the surrou'ld i ng pl ates and s h i pped offs i te ,  so 
fuel had to be deducted from the total est imate to account for these 
two. The · maximum value o f  1 . 42 kg was assigned to each of these tube s ,  
s o  2 . 8  kg was subtracted from the 23 .8  kg figure to g ive a final  
est imate of 2 1  kg U02 , with  an uncertai nt \ v i  !54%. 
Oe fuel i ng Tools 

The gamma spectrometry performed on the f i rs t  f i ve tool s determined 144Ce concen trations on the too l s  w ith  the help of H i crosh i e l d  model i n g .  
The 144Ce-lo-fuel rat i o  was then used to arrive at a n  e s t i mate o f  G l  
grams uo2 !60% for the f i ve measured tool s .  

After the fuel concentra t i on was determ i ned for the f i rs t  f i ve too l s ,  a 
gros s ganvna exposure rate measurement was performed on these f i v e ,  and 
the measured exposure rate was combined by the fuel quan t i ty t0 get a 
factor o f  0 . 094 R/h per g U07 • Gross gamma exposure ra te measurements 
were then performed on 69 adi:J i t i onal  tool s , and the factor of . 094 was 
app l i ed to the measured exposure rate to get a total fuel mass of 3 1 8  g 
uol !70� for these 69 measured tool s .  

Due t o  rad i ol og i cal  rest r i ct i ons , 43 add i t i onal too l s  could not be 
measured, so the average fuel mass per too l , 5 . 1  g ,  der i ved from the 74 
measured too l s ,  was app l i ed to the unmeasured tool s .  Th i s  gave a fue l 
e s t i ma t e  of 220 g !85% for the f i n a l  group o f  43 .  
The est imate o f  record for the 117 defue l i ng tool s i s  the sum o f  the 
three groups above, or 0 . 6  �g U02 • The associ ated uncerta i nty i s  !75%. 

RFV J FW OF MFASUREMENTS AND ANALYSIS METHODOLOGY 

B�� c t o r  Coolant Dra i n  lank 

The e s t imate o f  fuel rema i n ing in the tank re l i ed on some gross 
assump t i ons . The debr i s  t h i ckness was e s t i mated based on v i deo 
I n spec t i on s  taken on a sma l l  part of the t a n k ,  and the cond i t i on s  were 
as sumed to be i de n t i c a l  over the ent i re tank i nterior.  l he ma s s  of 
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debris and the fuel content both relied on factors derived from the 
laboratory analysis o f  debris samples ,  and it requ i res an assumpt ion 
that the samples were collected from a suffi ciently large number of 
locations to ensure that the samples represented debris in the entire 
tan�. The deri ved mass was small, however (0. 1 kg fuel} and the 
a ssi�ned uncerta i nt i es were large enough to ensure that any resulting 
inac�urac l es would be i n s ignificant. 

Fuel Transfer Canal/Transfer Tubes 

The estimate of fuel mass i n  the FTC was based on several thing s ,  
including garrma measure.:1ents, video inspection, and engineering 
judgemen t .  The flcasurement o f  fuel mass dropped from transferred 
canisters used 1 Cs as a tracer for fuel, and it used a M i nimum 
Detectable level argument. S i nce the measurements were made before all 
the cani sters were transferred through the FTC , they had to assume that 
similar quantities wou l d  be dropped by the additional canisters and 
ratio the i r  estimate upward accordingly. A major part o f  the estimate 
for this fuel quantity was based on informed judgement, making estimates 
of how much fuel would relocate from one reactor component to another as 
water is drained in and out o f  the RV. One is tempted to usc the term 
" guess 1 ng• to describe the method of estimation , but in fact the 
guessing was guided by knowledge of how much fuel current l y  resided in 
each component, of what the water velocities would be , and what routes 
rel ocated fuel might follow . While the methods of estimation were 
definitely inferior to actual measurement, the estimates had to be made 
before measurements were possible , and the study used the best methods 
avail able. Appropriately large uncertainty bounds were assigned. 

One matter for concern i s  that the study est i mated relocation o f  fuel 
out o f  components such as the c o l d  leg and the OTSGs. The estimate o f  
fuel relocating out o f  one component could lead to double counting. The 
quantities affected are sma l l .  

Core Flood System 

The techniques used in measuring these components are similar to those 
used in other fuel assessment e f forts . Some assumptions had to be made 
about the uniform i ty of fuel distribution inside the pipes , and the POSR 
report sta tes that the fuel film concentration in the core f l ood system 
1s probably lower than the value use�. which was determined t nside the 
RCS. The uncertainty bound of 77� 1s a reasonable means of covering the 
estimates. 

yppPr fndfittinq� 

The neutron interrogation technique is a useful technique for measuring 
uranium, particularly because o f  the usual absence of interfer1ng 
sources of background neutrons. I n  this case the s i gnal neutrons gave 
v c r·y l ow count rates, wh1ch produced a l arge error bound around lhl.' 
measured •a I ut>s . 
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The appl i c a t i on of the average mass per f i t t i ng for the f i ve measured 
cont a i ners to the s i x t h ,  unmeasured contai ner shou l d  have resul ted in a 
l arge uncertainty. The �ass per f i t t i ng varied from 0 . 06 kg to 0 . 78 kg 
i n  the f i rs t  f i ve casks,  g i v ing a standard dev i a t i on o f  98� i n  the f i ve 
val ues o f  fuel mass per f i t t i ng .  Thus there should be a l arger error 
bound on the mas' of fuel in the s i xth cask.  

Tool Onrontami natjon faci l ity 

The general method o f  measuring a dose rate , then mode l i ng the deposi ted 
quant i ty of fuel that produced the dose rate, i s  a s tandard technique 
that has been succes s fu l ly appl i ed in a number o f  POSRs . The 
appl i ca t i on to th i s  analy s i s  appears to be correc tly done. 

Dra i n  li ne from the Tool Decont amina t i on facility 

T h i s  est imate was al so based on gamma measurements and M i crosh i e l d  
mode l i ng. The measurements were d i f f i c u l t  because of the very h i g h  
background dose rates and the var i ab i l i ty o f  the d �tector read i ng s  a s  
the detector progressed down the p i pe.  There was some specu l a t i on about 
the poss i b i l i ty that the detector pos i t i on was not accurate l y  known for 
each �easurement pos i t i on ( t he polyethylene tube may have been " snak i ng "  
rather than l ay i ng f l a t ) , but t h i s  uncertainty shou l d  have averaged out,  
espec i a l l y  w i th the spl 1 ne f i t t i ng .  

The analys i s  had to as sume that there was no add i t i onal fuel i n  the 
unmeasured segments o f  p i p i ng under the 282 - foot l e ve l . T h i s  assump t i on 
was based on assump t i ons about the movement o f  the fuel i n  the p i pe ,  and 
i t  was confi rmed by the fact that measured exposure rates were h i g h  at 
the beg i nn i ng of the p i pe but dropped off to background rates as the GM 
tube moved down the p i pe. The analys i s  a l so had to assume that the 
depo s i t i on of fuel in the p 1 p ing under the 347- foot l evel matched the 
depos i t i on in the 282 - foot p i p e .  There i s  no e v i dence to the contrary, 
but o f  course there is no con f i rming measuremen t .  The l ow quan t i t ies  o f  
fuel invol ved d o  not just i fy a con f i rmatory measurement,  however. 

O�fue l i ng Water C leanup Svstcm 

The est imates of fuel i ns i de the pump s ,  found u s i ng v i deo i nspec t i o n ,  
used a technique that i s  used i n  other parts o f  the p l a n t .  The e s t i mate 
o f  debr i s  vol ume i s  probably good . The appl i c a t i on o f  a fuel debr i s  
dens 1 ty val ue and fuel concen tra t i on fract i o n ,  however, are based on 
samp l e s  that d 1 d  not carne from i n s i d e  the pump. The l i censee had to 
assume that these values were i ndeed app l i cab l e  to the debr i s  that was 
seen 1 ns ide the pump . l h i s  analys i s  a l so as sumed that the two pumps 
were ident ical  i n  terms o f  U01 contam i na t i o n ,  s i nce i n spec t i ons were 
only performed 1 n s ide one pump. 
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The gross gamma measurements of the man i fold were performed w i t h  the 
detector at a d i s tance of about 24 feet from the man i fo l d .  Thus the 
col l imator, w i th i 90• field  of v i ew, acce�ted rad i at i on from a much 
l arger area than just that o f  the man i fo l d .  The analys i s  assumed that 
the rad i at i on, above background , that was detected by the probe was 
emi tted only by the man i fo l o  and not by other rad i at i on sources seen by 
the detector. Another weakness of the study i s  the s i mpl e geometry used 
in the model i ng of detected rad iation .  The l a rge error bounds in the 
est imate shou l d  account for these assumpt i on s .  

The measurement of fuel i n  the hoses used two d i fferent approaches .  lhe 
f i rst approach, us i ng gamma spectrometry on short hose sampl e s ,  re l i ed 
on the assump t i on that the measured segments were represent a t i v e  of a l l  
the hoses.  The second approach rel i ed on a somewhat cruder measurement 
system. The two e s t i mated val ues were 0 . 1 2 2  kg and 0 . 295 kg , which 
ju s t i f ied the 100% uncert a i nty. 

Trmporarv Reactor Vessel F i l ter Systrm 

The major a s sump t i on in t h i s  analys i s  was the appl i c abi l i ty of the 
measured samp l e  of d i atomaceous earth to the ent i re conten t s  of the 
f 1 l ter .  Th is  was not  ln unreasonable  assump t i o n ,  so the  analys i s  shou ld 
be val i d .  

Jncore Guide fubes 

The usc of gamma spectrometry to measure the contai ned 144Ce,  and the 
subsequent mode l i ng with  M t crosh i e l d  and QAD, i s  a techni que that has 
been used in other stud i e s  and seems to have been properly appl i ed here . 
lhe error bound of 54X i s  suffi c i ent ly  l arge to cover the measurement 
and analys i s  uncert a i n ty .  

Qr fue l i nq Too l s  

The scheme devel oped for these measurements was a good one. lhe usc of 
gamma spectrometry sho� l d  g i ve a better est imate o f  the fuel 
concentra t i on on the contaminated too l s  than gross gamma measuremen t s ,  
s o  they w ise ly  eval uated the f i rst f ive too l s  u s i ng t h i s  techn i que.  
l hese eva l uated too l s  could  then be used as a cal i bration for the  gross 
gamma measurements , wh ich  could then be appl i ed to the other too l s .  The 
appl t cat ion of the resul ts of these measurements to the unmeasured tool s 
requ 1 rcd an assumption that there was no unusua l ly h 1 g h  contaminat ion ·on 
the unmeasured one s ,  but such an assumpt ion i s  not unreasonabl e .  

1 3  



SUMMARY ANO CONCLUSIONS 

The l i s t i ng o f  components and assoc i ated masses o f  UOz i s  g i ven below: 

Incore Guide Tubes ( i n  •A• D-Ring)  
fuel Transfer Canal/Transfer Tubes 
Upper (ndfi t t i ngs 
Core F l ood System 
Dra i n  l i ne from Tool Decon Fac i l i ty 
Temporary RV F i l ter Syste� 
Defue l i ng Water C l eanup System 
Other Components 

TOTAL 

2 1 . 0  kg 
1 8 . 9  kg 

5 . 9  kg 
4 . 9  kg 
4 . 4  kg 
4 4 kg 
3 . 7  kg 
0 . 8  kg 

64 . 0  kg uoz 

Sev�ral d i fferent techn i ques were used i n  these analyses , i n c l ud i ng gamma 
�pectrometry , gross gamma measurement s ,  neutron i nterrogat ion ,  v i deo 
1 n�pec t i o n ,  and l aboratory analyses. The techn i ques were appropriately 
appl i �d - good judgement was shown in  selecting the analys i s  techni que that 
w a s  appropri ate for each s i tuat ion .  

I n  some case s ,  measuremen ts cou l d  not be  taken because o f  phys ical  constra i n t s  
such as i nacces s i b i l i ty o r  severe rad i ologicJl  cond i t i ons . I n  these cases , 
the resu l t s  o f  s i m 1 l ar measurements were app l i ed to g i ve fuel est imate s .  I n  
thto eva l uat ion o f  fuel i n  the Fuel Transfer Can�l . the e s t i mate had t o  b e  made 
before a l l  the fuel was trans ferred into the canal , and th i s  i s  probably the 
most �pccu l a t i vc e s t i mat i on in t h i s  POSR. An appropr i ately l arge uncert a i nly 
WJS a s s i gned to the e s t i mate to reflect the specu l a t i on ,  however. 

lhc est imate o f  64 . 0  kg UO� i s  a s s i gned an uncerta inty o f  126 . 9  kg. l he fuel 
e � t imates determined in t h 1 s  study account for 371. of the fuel that was found 
out� 1dc the RV . 
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REV I EW OF THE THI-2 POST-OEFUELING SURVEY REPORT 
FOR THE REACTOR COOLANT SYST£H 

T h i s  r e v i ew o f  the l i censee ' s  Post-Oefuel i ng Survey Report ( PDSR} (GPU 
Nuclear,  1 99 1 )  d i scusses the process for e s t i ma t ing the amount of UO, 
rcma i n i nl) i n  the Reactor Coo l an t  System ( RCS ) . The quan t i ty o f  fue r e s t i mated 
to be present i n  the RCS i s  2 5 . 8  kg, w i t h  an uncerta i nty of i43r.. 

The major componen t s  o f  the RCS were analyzed u s i ng the fol l ow i ng techn i qu e � :  

v ideo i nspect i o n ;  
gamma spect rometry; 
gross gamma exposure measurement s ;  
l aboratory ana lyse s ;  and 
eng i neer i ng analyse s .  

! he componen t s  o f  t h e  RCS that are addres$ed i n  t h i s  POSR i n c l ude t h e  
f o l l ow i n g :  

1 }  Reactor Cool ant pump s ;  
2 )  core f l ood l i nes ;  
3 )  4 c o l d  l eg s ;  
4 )  2 hot 1 eg s ; 
5 )  decay heat drop l i n e ;  
6 )  pre s sur 1 zer l i n e s ;  and 
7 )  surface f i lms . 

A number o f  major components o f  the RCS were addressed i n  other POSRs, so they 
arc n o t  1 nc l uded i n  t h i s  repo rt . These i nc l ude the c o re f l ood tanks , c o l d  l ey 
and h o t  l eg nozz l e s ,  s team generators , pressu r i z e r ,  RC dra 1 n  t a n k ,  l e tdown 
c o n l e r 5  and the Reactor Vesse l .  

Mrii<;UR f Mf N f  M f l HOOO L OGY 

Rl' a c t o r  Coo l a n t  Pumpo; 

The qua n t i ty o f  fue l  rema i n i ng 1 11 t he Reactor Cool ant pumps was 
e s t imated by the i nspec t i on of v i deo r�cord l ng s  taken i n s i de the pwnp 
c a s 1 ng s . l he v i deo i n spec t i o n s  used were made I n  on l y  one pump, R C - P 
? A ,  to determ i n e  t h e  v o l ume o f  sed iment 1 11 t h e  pump. The quan t 1 ty o f  
lucl 1 11 t h 1 s  pump was then e s t imated by correl a t i ng t h e  debns v o l u:ne 
w i th the mass and vol ume o f  a fuel sampl e from i n  the a s s oc i a ted c o l d  
l eg to o b t a 1 n t h e  fuel mass I n  t h e  pump . Fue l masses 1 n  t h e  other pumps 

w�re t hen found by rat i o i ng t h e  fuel e s t imates In t he i r  a�soc 1 a t ed co l d  
l l'•J S  to the fuel found HI pump RC - P - 21\ .  



CorP F lood li n�s 

Th� fuel rema i ning i n  the core flood l i nes was cst imat�d u s i ng a GH tub� 
to m�asure gross gamma exposure rates i ns ide the l i nes . The CM detec
tors were · pos i t i oned i ns ide the p i pe ,  about two em above the bot tom o f  
the p i pe .  I t  was used t o  make dose rate measurements 1 n  one-foot i ncre
ments over an e ight - foot l ength o f  the p i pe on the A s i de,  and was then 
p l aced ins ide the B p i pe to aga i n  make measur�ments over an e i ght - foot 
l ength at one- foot i n terva l s .  These measured dose rates cou l d  then be 
used i n  conjunc t i on w i th M i crosh i e l d  model i ng to est imate the fuel 
masses. 

4 Cold Legs 

The est imate of fuel i n  the cold  l egs was performed by mak i ng gross 
gan;ma measurements i n s ide the cold leg p i p i ng w i th a GM tube . The GM 
t ube was i n serted i ns i de the p i pe and used to measure dose rat�s at one
foot interva l s  over the 2 5 - foot l ength of each cold  l eg .  V i deo i nspec 
t \ ons w�re a l so made i n s ide th� p i p�s to ass�ss the sediment l ayer on 
the bottom of the p i p� s .  These images were used t o  deve l op the mode l i ng 
o f  the source reg i on i n  the Hi crosh i e l d  code. 

? !lot t egs 

The est imat i on of fuel rema 1 n 1 ng i n  the hot l eg s  used techniques that 
were very s i rn i l ar to the study o f  fuel i n  the cold  l eg s .  fl. GM tube was 
i n �erted i nto the hot l eg p i p i ng and used to mak� dose rate measurements 
at a number o f  interval s ins ide the p i pe .  These rtad ings wer� used w i t h 
computer model ing to est imate the fuel quant i ty i n  t he p i pe s .  

QPcay Ileal Drop l i nP 

Fuel rema i n i ng in the decay heat drop l i ne was measured u s i ng a GM lube 
ins ide the p i pe ,  as in  other stud ies i n  th i s  POSR. Gross gamma exposure 
rates were measured over a three-foot sec t i on of p i p i ng , and used w i th 
computer mode l i ng to cetermine the quant i ty o f  fuel i n  the p i pe .  T h i s  
mode l i ng effort used samp l e s o f  debr i s  that were extracted from the p ipe  
be 1 ng measured to ensure a more accurate model i ng of the fuel depos i t s .  

Pressu rizer L1nes 

A portabl e d i rect i onal  gamma survey meter (IIP- 220A) was used on the 
outs i de of the surge l i ne p i p i ng to detect the presence of fuel in the 
p 1 p i n g .  rrr the north-south surge l i ne sec t i on ,  the measured dose rates 
here not el evated above background, so it was assumed that no re s i du a l  
fuel was present 1 n  t h 1 s  l 1 ne .  lhe ea stward sect ion o f  the surge l i ne 
qave pos i t 1 ve read i n g s ,  so i t  was stud i ed for fuel content . The H P - 2 201\ 
d�tector was exposed t? the p i pe a t  a number o f  d i screte l oc a t i ons and 
the dose rates were recorded. Two - i nch th ick  l ead br1 cks were u�cd to 
prov ide add i t i ona l s h i e l d i ng for the meter to l ower the back�round from 
�Jmmas em i t ted from the pressurizer. 
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Surface F i l ms 

Three I ndependent measurement methods were used ' o  analyze the surface 
f i lms that adhere to the Internal surfaces of the RCS. Radi ochem istry 
was performed on scrape samples to determi ne the uranium content, d i rect 
alpha counti ng was performed to measure alp��s emittV� by the fuel, and 
gamma )pectrometry was used to measure the Ce and £u analogs for 
fuel. Of these methods, the radiochemistry was considered the most 
rel i abl e. The anal ysis of the scrape samples led to an average f 1 l m  
thi ckness and fuel concentra t i on that could be appl ied to t he ent 1 re 
inner surface o f  the RCS to g i ve a fuel estimate. 

ANAl Y S I S  METIIOOOlOGY 

RP.actor Cool ant Pumps 

Tile v i deo inspect i on of pump RC-P-2A gave an est i mate for t he deb r i s  
d�pth of 0 . 25·inch. Apply i ng - this depth t o  the area o f  the �ed 1 mcnts 
found on the pump ' s  i nternal surfaces yave a debr 1 s  vol ume of 1 1 . 7  
l i te r s .  The ana l y s i s  assumed that the debris i n s \de t h i s  pump wou l d  
!lave the same den s i ty and ura n i um concen t ra t i on a s  the debr i s  found i n  
the assoc 1 ated cold leg p i p i ng. The volume o f  deb r i s  found 1 n  Cold  leg 
2A was 2 1 . 6  liters, and the assoc i ated fuel mass  was 3 . 9  kg UO,. 
Mul t i p l y 1 ng the rat i o  of 1 1 . 7/2 1 . 6 by 3 . 9  kg gave an est i mat�  o f  2 . 1  kg 
U02 for  the i n s ide of pump RC - P- 2A .  

The fuel contents of  the other three pumps were found by a s s u m i ng that 
the fuel content of the corresponding cold l eg was a l so d i rec t l y  
proport ional  t o  the ma ss o f  fuel i n  th� pump. l�us fue l ma s � e s  for the 
rema 1 n i ng pumps were found by mul t i p l y 1 ng the assoc 1 atcd c o l d  l eg ' s  fuel 
m � � 5  by ( 2 . 1/3 . 9 ) , wh 1ch  i s  the rat 1 0  o f  the fuel 1 n  pump RC-P -2A t o  the 
m J S S  of fuel 1 n  cold  l eg 2A. lhe fuel mas ses  ass igned to the four pump� 
arc l i sted be l ow .  

RC · P - 1A 
RC - P - l B  
RC-P-2A 
RC - P - 2 U  

lOTAL FUEL 

1 . 8  kg uo, 
1 . 0  �y uo: 
2 . 1  kg uo� 
1 . 3  kg uo1 

T he uncer t a i nty as soc i a ted w i th t h i s  mass e s t i mate i s  • 55�. 

Core f l ood lines 

A one- foot segment of fuel debr i s  on the i ns i de of a p i pe was modeled i n  
Mi crosh 1 el d  to arr i ve a t  the exposure rate that wou l d  resu l t  from the 
1 3 1Cs  in  a s tandJrd amount of fue l 1n the debr 1 s .  lhe d�n� 1 ty an� 
compo s i t ion  of the deb r i s  were chosen to match �amp l e s  ret r 1 eved fro� 
the RV l ower head . l hes� calcu l ated v a l ues  were then used 1 n  conJunc-
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l i on w i th the dose rates measured by the GH tubes to e s t imate the fuel 
rema i n ing in the p i pe s .  The fuel quan t i t i es est imated i n  the core flood 
l i nes were 0 . 6  kg for the A s i de (CF -A) , and 0 . 4  kg for the CF-B  l i ne . 
The total fuel was 1 . 0  kg U01, w i th an associ ated uncerta i nty o f  iSS%. 

4 Cold legs 
The .easured dose rates ins ide the cold l egs were used i n  conjunc t i on 
w i th Htcrosh i e l d  calcu l a t i ons to arrive a t  the fuel est imate. I n  the 
computer model the source reg ion was as sumed to cover the bottom 1 20° of 
the i ns i de o f  the p i p i ng .  Calcul ated dose rates resu l t i ng from s tandard 
amounts o f  fuel were then compared to measured dose rates to arr i ve at 
fuel quanti ty est imates. The study concl uded that the fuel contents 
were as l i sted bel ow.  

Cold leg IA 
Col d Leg lB 
Cold Leg 2A 
Cold leg ZB 

TOTAL FUEL 

3 . 3  kg 
1 . 8 kg 
3 . 9  kg 
2 . 4  kg 

1 1 . 4 kg 

Note that these est imates were a l so used to est imate the quan t i ty of 
fuel  tn  the assoc i a ted reactor pump s ,  as described above . 

Fol l owing the measurement s ,  water was moved through the I B  cold l eg in  
order to dra i n  the RV , perform neutron measurements in  the RV , and dra i n  
the once-through steam generators (OTSGs ) .  I t  was assumed that th i s  
water f low would dra i n  a l l  the fue l - bear t ng sediment out o f  the I B  cold 
l eg .  Thus the fuel est imate for the I B  cold leg was reduced to 0,  so 
the est imate of record for the cold l eg s  i s  thus 1 . 8  kg less than shown 
above . 1he est imate o f  record for the cold l egs i s  9 . 6  kg uol , w i th an 
uncert a i nly of 55�. 

? Hot Leg� 

H i crosh i e l d  model i ng was used a l ong w i th the readings i ns i de the ho t  l eg 
p t p i ng to est imate the fue l rema i n t ng t n  these p t pe s .  T he techniques 
�rre very s t m t l ar to the methods used for e s t i ma t i ng the fue l in the 
t o l d  l e g .  The study determtned that 0 . 9  kg fuel rema i ned in the A hot 
l e � .  wh t l c 1 . 8 kg rema ins  in the B hot l eg .  lhus the est imate of record 
� �  2 . 7  kg UO�, w t th an uncerta t nly of !55%. 

�� Hrat Drop Line 

l h c  gawma dose rate measurements were taken i n  a three- foo t - l ong �cc l i o n  
0 1  the 1 2 - t nch-d t ameter p i p e .  M i cro�h t e l d  was then used to mo,lel the 
tucl dcpos 1 t s that  wou l d  cause these dose rate s .  for t h i s  s tudy, 
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samples o f  debr i s  taken from the decay heat drop l i ne were analyzed and 
found to cont a i n  81. U0

1 
by we ight.  T h i s  fract i on was used in the 

model i ng to properly handle the gamma emi s s i on and a t tenuat ion  charac
ter i s t i c s  of the fuel debr i s .  Al though measurements were taken over 
only three feet of the p i p i ng ,  the resu l t s  were appl i ed to an add i t i onal 
1 5 - foot l ength o f  p i p i ng that had not been measured but conta i ned fue l 
debr i s .  Thus the est imate o f  record for th i s  1 8 - foot l ength o f  p i p i ng 
i s  1 . 5  kg U0

1
, w i th an uncerta i nty o f  !55�. 

Pre�surizer Lines 

Eng i neering analys i s ,  i nc l ud i ng a review of the water flows through 
p i p i ng sec t i ons during the accident and during subsequent c l eanup 
e fforts ,  determined that no fuel should rema i n  in the pressurizer spray 
l i ne, or the s a fety and rel i e f  l i nes connected to the top of the 
pressurizer. S imi l arly, i nspect i ons o f  the dra i n  l i nes to the Reactor 
Coo l ant dra i n  tank showed no s i gn i ficant fuel depos i t s .  Thus the only 
l i nes connected to the pressurizer that were surveyed for fuel depo s i t s · 

were the surge l i nes . lh� north-south l i nes show�d no gamma read ings 
above background, so i t  was assumed that no fuel depos i t s were there. 

The eas tward segment of the pressurizer surge l i nes were checked w i th a 
IIP-220A d i rec t i onal survey meter at a number o f  d i screte l oc a t i ons on 
the out s i de of the p i pe .  Us i ng an assumed u n i form depos i t i on patt ern 
I n S ide the p i pe ,  the total fuel COntent WaS est imated tO be 0 . 2  kg U02 • 
l he study d i d  not expl i c i t l y  assess the uncertainty o f  t h i s  measuremen t ,  
\ O  the POSR ass igned a n  uncertainty v a l ue o f  ±601.. 

Surface F i l m s  

Surface f i lms were col l ected frorn a number o f  l ocat ions i n s i de the RCS ,  
i nc l ud i ng the i n spec t i on port cover p l a tes i n  the pressuri zer and i n  the 
O T SG manway . The nature of the fi l m  sampl es varied, both i n  c o l o r  and 
thicknes s .  throughout the RCS . Based on these sampl e s ,  an average f i l m 
th 1cknes s of 0 . 0019- inch was ass igned to the RCS i nner surfac e s .  The 
rad i ochemical  analyses of the f i lms l ed the study to ass ign  an average 
fuel �ontent of 18 �gjcm1 of UO

z
. Thi s concentra t i on was then appl i ed 

to the ent i re area o f  the 1nner surfaces of the RCS to g i ve a total fuel 
est imate of 4 . 6  kg U02• The uncerta inty for t h i s  est imate was !60r.. 

RfVIfW OF M(ASURfMENT� ANO ANALYSIS METHODOLOGY 

Reactor Coolant Pumps 

The est imates of fuel i n  these u n i t s  were based on m i n imal mea�urements 
and a l arge amount o f  rat 1 o i ng . V 1 deo i nspec t i ons were eval uated to 
f 1 nd the vo lume of the deb r i s  for only one pump - fuel contents of the 
other pumps were found s t r i c t l y  by ana l ogy . 
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The est imate as sumes that the nature of the debri s  i ns i de the pump 
(den s i ty and uran i um content} t s  Iden t i cal to the debri s  i n  the c o l d  
l eg s .  I t  a l so as sumes that t h e  quant i ty of debr i s  i n s i de each pump can 
be found by measuring the debri s  t n  the assoc i a ted cold l eg .  The 
eng ineer i ng est imate for th i s  analys i s  thus depended on some major 
assump t i on s .  

Core Flood li nes 

Th i s  analys i s  rel ied on gross gamma measurements coupled w i th computer 
model i ng .  The cri t i cal parts o f  the mode l i ng were the cho i ce o f  source 
geometry and t he a ssumed c e s i um-to-fuel rat i o .  These methods have been 
used succe s s fu l l y  however ,  and appeared to be properly app l i ed here .  

4 Cold legs 

Thr assessment o f  fuel i n  these areas were aga i n  performed u s i ng gamma 
l• (;  sure rate measuremen ts and H i crosh i e l d  mode l i ng .  Th i s  a s se s sml'nt 
�as enhanced by the use o f  v i deo i n�pec t ion to make sure t h a t  the 
mode l i ng o f  the fuel depos i ts were accura t e .  T h i s  e s t imate rel i ed o n  a 
maJor assump t i on when i t  subtracted the fuel from the l B  c o l d  l eg due to 
an t i c i p ated f l u s h i ng duri ng the d ra i n i ng procedures . No measurement s  
were made t o  check u p  o n  t h i s  assump t i on .  However, mass subtracted from 
t h i s  reg i on was a s s i gned to other reg i on s ,  such as the fue l transfer 
canal , s o  the ent i re p l an t ' s  spec i a l  nuc l ear mate r i a l  accou n t ab i l i ty 
should be unaffec ted by t h i s  assump t i on .  

2 Hot lt>l)'> 

The a s sessment o f  fuel i n  t h i s p 1 p 1 ng was perforn • .:d u s i ng the gross 
gamma measurements and Hi crosh i el d mode l i ng ,  as i n  other s t ud i e s .  The 
techni ques appeared to be properl y  appl i ed and the uncert a i nty bound o f  
55% seems appropr i a t e .  

Qpcay Heat Drop t i ne 

Aga i n ,  gross gamma exposure rate measurement s  were made i n s ide the 
p 1 p i ng and used w i th H i crosh i e l d  c a l cul a t i on s  t o  arr i ve at an e s t imat e .  
S t nc e  measurements were made i n  o n l y  a three-foot sect i on o f  p i pe but 
app l i e d  t o  an I S - foot l ength, the analys i s  rel i ed on the as sump t ion that 
the depos i t i on was uni form in the ent i re 1 8  fee t .  T h i s  study had the 
Jdvantage of us i ng a debr i s  sampl e from the measured p i pe i t s e l f for the 
computer mode l .  lhe  fuel e s t i mate and the associ ated uncer t a i nty appear 
to be appropr i a tely chose n .  

Pre�surizer lines 

The dose rate measurements performed on these l i nes were done w i th a 
survey i ns trument held on the outs ide of the p i pe .  T h i s  techni que woul d  
be l e s s  accurate than measurements performed i n s 1 de the p i pe ,  s i nc e  
l)<�tr.ma attenuat i on by t h e  p i pe wal l is  import ant ,  a n d  background 
r'.1d t .J t i on from other parts of ti.e p l an t  arc more � t gn i f i c .m l .  S i nce the 
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e s t i mated quan t i ty of the fuel i s  sma l l ,  however ,  the add 1 t ionJI  
uncerta i hty shou l d  n o t  be Importan t .  

c;urfar(' r i l ms 

The radiochemical analys i s  o f  scrape samp l es i s  an appron r i ate method o f  
determ i n i ng the I Sotop i c  content o f  the f 1 l m s .  l he f i lms !..howcd a (Jre . •  t 
dea l o f  var i ab i l l ty i n  t h i cknes:. .wd color from p l .tcc to rt l o.�cc i n  the 
RCS, s o  1 t  wou l d  seem t o  be a s iqn i f i cant assump t 1 on t o  a s s 1gn an 
average fuel concentra t i o n  per u n i t  a rea to the ent i re i nner su r f ace o f  
the I(( S .  The number o f  samp I e s  taken a I s o  seems srna I I  compared t o  the 
l arge �urface area that the conccntr·ation i s  a :. !.urncd to cover.  I t  I S  
conce i v abl e  that some surfaces have no s ur face f i l m ,  and others �H:rhaps 
have a h i 9her concent r a t i on than a�sumed. lhe uhcerta i nty i u tcrv J I  o f  
60% should bc l arge enough t o  cover these uncerta i n t i es ,  however. 

S.V.MMII_RY Mm CONCLU<; TQNS 

The components anal yzed i n  th i s  POSR and the as�oc i ated fuel mas ses and 
UIILC r l d l ll t 1 eS are IJ I VCII b e l ow. 

Reactor Coo l an t  Pumps 
Core f l ood l • ncs 
4 C o l d  Legs 
2 tlot Le9s 
Uecay Hc.tt Drop l i ne 
l're � su r t 7 cr L i n c s  
SurfJcc I i l ms 

6 . 2  k9 UO, 
1 . 0 �·J uu� 
II 

• :.1 . tJ  kg uu, -: . 7  ky uo1 
1 .  � kiJ uo7 
0 . "  klj uo, 
4 .  6 klJ uo1 

+ 55�� 
.!.�5�, 
.. • !,�,; 
.!.5�% 
:.t!>!>% 
.!.60�� 
.!.601. 

B�sed on the�e e s t i mates , the e s t i mate of record for these RCS componen t s  i s  
� 5 . 0  k9 UO.. l h e  uncerta i n ty that they as� 1 g n  t o  th i s  e � t imJte 1 :.  !43:, w h 1 c h  
W J ', dl• r i vl:;] frorn t h e  • nd 1 v u.!ua l uncerta i nty l.' :o t imates . 

ScvPrJ I d i f fe rent techn i ques were used to a r r i v e  a t  these e s t imates , i nc l ud i ng 
•J ro�-; IJanrnJ mea�urcme n t s ,  rad i ochenn c a l  an:� l y ! .J !; ,  v i d eo 1 n �pcc t 1 on and cn� p 
Jtl'•'r"l ll'.J JnJl ys i s .  l h e  techn i que mo�l con�uon l y  u :.cll Wd'> a gross 'Jlnuu.l expo!.ure 
r.1tc mcl �uremcnt per f o rm�d i n :.  ide " p i pt! ,  u�cd w 1 t h  cumputer mod e l  "'rJ of thl' 
f ut> l dl"pO\ i t s .  1 he methods were appropn a tc I y JPP I i cd .wd the e� t 1 mJ tc o r  
rr�orll, 2 5 . 8  kg U01 • 4 3�. "ppears t o  be re l 1 abl c .  
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I tiTROOUC T I Otl 

REVIEW OF THE TKI-2 POST-O[FUELIHG SURVEY REPORT 
FUR TilE RCAC lOR VlSSll 

lh i -.  rev i ew of the l i censee ' s  Post-Oc fuel iny Survey Repo r t  ( PO�ll) ( GPU 
lluc l e o1 r ,  J ')9)) d i SCU!;SeS the proceSS for C :O l l lll:a l l niJ lht: oiiiiOUIIl "( UU , 
rc·m.J I II I II9 1 n  the l H I - 2  Reac tor Ve s s e l  (RV) . l lw qua n l l ty o f  fue l  c:.b rn.� ted t o  
b(• Jll"c·.!'nt 1 n  t h e  R V  I S  9 2 5  k<J , w 1 th a onc· !; l �rna uncerLu nty o f  40':.. 

lh 1 s  � t ully I n i t i a l l y  used a v i deo inspect i on and a na l y � � �  s tudy to J r r i v e  at d 
t ue l e � l w1ate ol !iJU kg . When 1 t  bec.Jmc Jpparent l h J t  t h i s  v 1 dco e�t 1 m. ac was 
I IOl $Uf  I lC l l'll t J y  aCCUI'J t e ,  a method of  V<l','• l Y e  neu t ron llle<I!;UI"COIC:Ilt•. W,J', 
Jtl.iplt·d. l t.l':.e measurement �  were perfo rnu·d wu i l c· the lh! JC to r  w.ts tu' t ii!J 
tl r .I I IICU o f  WJ t e r ,  o11ld the W.Jlcr dra l n l l'" Wo�S U�(!d t O hO l .l ll' till' RV I I I l O  li l lie 
1nd 1 v 1duJ I 1oncs th.ll c o u l d  be a n a l yrcd

-
scp<�rJ t c l y .  l h1: <�II J l y � l '>  u f  thl'',c 

mcJ�u•·cnu.: u l s  ·d to Jn e st i ma te of 1 322 k•J . A rcv 1 cw conun 1 t tcc wa:. a � � .• ·d t o  
rt:V I t:W the d olla from the neutron r.>CHurcment -; t ully, ;1nlf th i S cu��r1 1 t tce 
r'CI.OIIlln!'ndl'd !.cvera l correct ions t.o the mt: J surcrlcnt s . l tw <�VP I I C.I l i OII o f  lhP·�r 
con N t i cm .  1 c•.u l ted 1 11 tile f i n a l  c � t l m."l lc o f  record o t  •J?t.J HJ . 

l hc rr.l'.l ur.·m<'n t o f  rcs 1 dual fuel rcml i O I IIIJ 11 1  the HV WL o r H J H�ol l l y  performed 
ll'. I IIIJ 'J l lh'O l n terprc ll t l Olt . ( he l ll l l'ln.t l l'l'IJ IUll', O f  tlw 1\V ... l•ft' lhOt OUIJh l y  
•,u r v••y�:tl u·. I IHJ v 1Jeu l.o1mcr.1:. wh i l e  till! H V  w.s� f u l l o f  Wo!lt·r·,  Jlhf tl••• v t deu 
l nt.tlje , wet e JflJ l y t ctl tJy cn•J l necr� t o  dcterttt l ltC the vol umc ut f Ul'l 1.h'pu� 1 l · • .  

f ll lltOU!Jh the V I deo e � t l m J l c �  d • d n u t  r't:�u l t  I ll the l l ltJ I  c·. t itno!U! o r  J'l•tunl, 
lltl' rctOrtll.'t! lmJ�CS o.llld JII J l y� C �  Wt'I'C 1 111purtant I ll �u id l fl� tiH• lll:Ull'OII 
ntt' .l ':.ur cmt:n l '. thill were pcr t or'med L H t• r .  

r.,., .. I VI.' m:utron ml.'asurcmcnts dur i ng RV dra i udown were u�cd l o  a rr i ve .tt t he.• 
, •.• t t m.l tC o l  record . t he mcJsurcml!n t s  U!.Cd thrcl.! �lie: neutron d t: l e c tor·� tu 
tr., l '. u n• r�o·utr·un� emi tted by res H lu a l  fue l . � t uc.c the 'JJP�nJ r .llf L ll l un I 1 1 • l d 
..,.,, ., \' �' I Y h i i.Jh 1 n  t he HV , t l  W.l'. m:c.cs·  • .sry to pr uv 1 de <.J..tll�na s h H : l tl l r••J arountl 
lltl' ck t l•C lOI  • .  Thu-. a :. h 1 c l d  l.!rrp l o y l lliJ 1 5 · un u f  l t:Jd .srHI Hcl'l w.t<: f.IUt' I C .Itt•J 
• n  ·,u, r uuruJ the dl!lc<. tor� . l hl! re�u H 1 n1J dltc�.tor J!.SI.:fi•IJ l y ,  c.ort . • <:. t t • • J  o f  

, h l •· l •h ,  th'tt·ctor � • ..  w t.!  e l e c t ron i C '> ,  WL 'I •JhcJ ..tpprOX I !IlJlc ly two lun<:. .lr.d ho.�tf 
to �c h o�nlf l cd by cran�. 

T he p J , '. I ve neut ron mco1suremcnts were pe r formrd wh 1 l c  t ill' RV was bc·i ny tlra ull'd 

o f  w.t t c r .  T h e  \. ' tc r  wou l d  b e  dr; u ncd down to a prcv 1 ou � l y  d e l  1 11Cd I L'vC I , and 
IH: I d  .1t l h l \  l e v e l  wh i l e the detectors counted neutron'>.  Th • :.  tcthi1 1 4Ul' 
l �o i . H ••d t h�: detL'C t o r s . to J l an;c t.le<J r e c ,  ! rom n t:u t rort \ cn1 1 t t ed by l u•· l bt· l ow 
till' w •• t l r  l e v�: l .  l ho! rr.ethod o f  l nC rcnu.!ll t.i l i J  l owo.!r' I IIIJ the w.1ter· lt :v c l  t hu, 
.l l l owed the n�:uu·on mCJ�urcment s to be mJdl.' tn .l nuo:ller of i lld t v i du.d / n n e •, ,  
Il l Ill' :unl· �  1oe1 .: ChO:.t•n to conven i en t l y  h.tr;tl l c  Ute m�.· J � U n·rner. l . . ) l lo C C  1 l  w.l� 
1 mput'lJ.nl to know t:A:JCt l y  whl!l'o! t h e  wo�ler l c� c l  W J �  1 11 urder to pt up••r  l y  
Hll'll l l l j  lhl' /OIIl' � .  ,, :. t .t<]ctl prCc.. I S I UII tJutJh l t·l' WJ� t,!n. p l OJ I'U tlt.st Cou l d  t t•,!d 
ll lo t  thl' W,ltl'r I C'Il'l ,\CL Uf.lt C lO W I th I ll  0 . 2J litChi.'� 



At each o f  the n i ne measurement l oc a t i o n s ,  the detec tor was f i rs t  ope ra ted 
w 1 t h  the water l evel at the bottom of the m��surcment zone .  Count L i m�\ were 
l o n g ,  typ 1 c a l ly more than a day, to co l l ec t a s ign i f i c an t  number of coun t \ .  
lhe neutron source was then l owered I nt o  pos i t i on and the detectors operat�d 
agJ 1 n  t o  en sure correct neutron dete c t i o n .  The neu tron source was then ra i sed 
out af th� RV, and the RV water l evel  was l owered to the bottom of the next 
zon e ,  and the detector aga 1 n  opera ted . f i na l l y ,  the neut ron source was 
returned to po� i t i on ncar the detector and the det ec to r a9a i n  opera t�d for a 
source chec k .  T h 1  s procedure provided two :> e t s  o f  counb i n  c.\Ch Lone:  the 
f 1 r <: L  w i th the wat�:r l evel at the bottom of the zone , and the �ccond w 1 th the 
water l ev e l  a t the bottom of the next l ower Lone . ! h i s  coun t i ng s cheme 
prov i der! a means for subtract i ng out the e ffec ts o f  f ue l  i n  other tone !: . 
Aft er· thc)c four measureme n t s ,  the detector w.1s l owered to the coun t i niJ 
poS i t i on 1 n  �he next zone and the cyc l e o f  four measurements were rcpe d t ed . 
l h 1 r.  pr·ocedure wH repeated f o r  a l l n 1 0e zonl• s ,  and the count d a t a  were u-.l'd 
to d e t cnn t nc the fue l  quan t i t i e s .  

ru!AL Y \ 1 �  MFTHOOOLOCY 

lhe v i deo images were a n a l yzed Ly eng i neers who est i ma ted the vol ume o f  fu�l 
tlcpo � 1 t �  that were i d en t i f t ed in the v 1 dco.  t he l l! � pcc t 1 ons gcnPra l l y an· i v�d 
.� t  ttood e·. l 1 ma tes for two of the d i rnen s l Uu.tl :. i 1 es of i!.JCh dCIJO� I t ,  I.Jut the 
d e p t h  W.1<; U!.ual l y  d • ff 1 cu l t t o  d e '.er'lll l n c  f rom the i n �pcc t i on s .  lur'�'�'·v.l t i ve 
c:. t ll'la te� o 1 depth were used . I he .1ppe.1rance o I the dl'pu:; 1 t:. wer�.• then 
compJred to �am� I L> s  that had bL>cn an.� l yted,  and s 1 1n d a r  �amp l e �  were u�ed to 
convert the observed depos i ts to a m.�ss o f  UOZ . l he sampl e ' s dcn : i ty and 
urJII l un 1.ontcnt were u�cd tu m.�k.e t h i s  deu•rm 1 11at ion . T h e  f 1 n a l  re-:u l t  o f  the 
·• Hll:o 1 n .p�t t 1 uo� wa� Jn C!. t i ma t c o f  601) "-'J o f  U01 rcrna i u t nCJ 1 11 tlu� reactor 
VC'.. ',c l . tm Jdd i t i ou.t l  ?1 kiJ wen� e :. t lmJlL·d to r�:·; i de i n  the hot Jtld c o l d  l ei] 
no/l l l"; ,  �o th 1 �  (lU.111 t i ty wol:; added 1 11 t u  •J i Ve Jrt e� l i m., tc o f  &JO I>.IJ o f  t uc l  
i n  ll11• I{V . 

l h e  v i deo a�<;ays had several l i m i ta t i on s ,  i n c l ud i ng d i ff i cu l ty o f  acces� i n to 
;omt' M••.ls o r  the HV t h a t  c ou l d  co11 t a i n  fue l ,  rc•; o l u t wn o f  the v i ut!u c.tnwr.1•. 
opl.' r J t i iHJ undcro�o� t e r ,  and the d i f f i cu l ty of u s i ii <J two - d i m.;n: • oua l llhl<J•!� to 
dt•r· r v r! three ·tl ! mcii '. I U n J I  vo l ume:. . l hu ·, no e :. t l m  .• lt• o f  the u••ccrlil l ll ty w.1:. 
lnJdl.' l ot· t t1 1 o;  e :. U iu.,te, a11d J neu t ron n•CJ \ U rcmcnt tet.hn 1 que w.l!> �uu·>t:qut·ll t ly 
u��d to 3rr1ve a t  the e s t imate o f  r�cord. 

( x trns i v c  Jnalys 1 �  wls requ i red t o  convert the recorded detector count datJ to 
t h e  l uc l  m.IS'> for CJCh rel) i on .  l flc .�na l ys h  hJd t o  Jccount fur the f ac t  t h a t  
t h e  court t s  1ecorJcd a t  any detector l ocat i on were d u e  t u  neut roh� �m 1 t tcd f rom 
f tw l  1 11 the llll! J '.u rcntt:nt  zone and neutruu� em i t ted f rom f ue l  I ll the 1onc� :!bovt� 
tlw ddcctor.  l n  Ol'dLr to corn:ct for t11 1 �  e f fect , two counts  were t a �.1·n w 1 t h 
l11P dt• t P c tor a t  Clch l oc a t i o n :  one w l t h the W.ltcr l e v e l  .Jt the I.Jot tom u l  the 
lrt•o�Surcu iOrll',  and One W i th the Wlter l e v e l  .1 t the bu t t OIIt Of t h\! llt.:Xl l llWCI. 
lone . A l l o t  the�e count� g.we .1 � e t  o f  Luup l r.d equ,l l ! UIIS th.H cou l d  tht·u be 
�ohed to f 1 nd the n l nt• count r a t e •. ,  L' ·lCh r't'�u l t i riiJ f rom the llt'Utrom l'lll l l lt•d 
lJj t uc l  1 0  the lP iirO(lr l J t e  O!!.! ;t$Url:llli.!Ot £Uill!. 
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After corrected zone count rates were determ i ned , the compuier code� 
M i crosh 1 c l d  and QADCP were used t o  model a zone ' s  fuel depo S i t S artd 
i n terven 1 ng s h i e l d i n g ,  then e s t i mate the number of neutrons that would reach 
the detec tor. At  f i rst g l ance 1 t  would seem t o  be a poor app l i c a t i o n  of 
softwJrc, u s 1 ng a qarm1a �h i e l d iny code to model the transport of ncutr<m � .  
lhu�e too l s  were choscrt a s  an ca�y means o f  c .a l c u l a t inq exponen t i. : ll  
a t tcnu J t l on .  A neutron at tenu<�t lon s tudy had been pcrfonued by p l .ac i nt; 
vary i ng t h i cknesses o f  steel and l ead between the �nUc neutron source .and the 
detector:;. l h e  study found that the c hange in neut ron count rate CJUSl.'d by 
both the l ead and the steel fo l l owed an exponen t i a l  rel .1 t i onsh i p ,  i den t i Ca l  to 
the exponen t i a l  a t tenuat i on o f  qarm�a rad i. 1 l i o n .  l hu s ,  liy can�fu l ly choo:. i ng 
the at tcnua t 1 on l�ctor 1 n  the computer code s ,  the codes cou l d  be u� ed t o  
pred 1 c t  the neutron count r.1tes caused by modeled amoun t s  o f  fuel ilnd 
� h 1 c l d ing . l he advantage o f  t h i s  techn i que over trJd l t i on a l  neutron t ransport 
cadi':. 1 s  t he s i mp l i C i ty o f code i nput and speed of eAecu t i o n .  Jhc  
d i :.JdVolll t.tqe of l11 1 5  techn i que i s  t h e  om i s � ion o f  ncu t rou scattcrl ltCJ e f fec t s .  

The computer model i ng for each zo�e s tarted w i th mode l i ng the fue l  dc�os i ts 
that  were i den t i f ied d u r i ng the v i deo inspec t i o n  and u s 1 ug this  rudd lb 
ca l cu l a te the count ra t e .  In  al l n 1 nc c ases t h i s  mod� l 1 ng pred i c ted a l ower 
couut r J l C  th an actua l l y  measured. I n  order to incr�a�e th� mod e l ed Lount 
rJtc for .1 g i ven Lone, fuel was added to th� mbdel  uut 1 l  the prcd t c ted count 
rate re.tcheu the mc.:��ured v.1 l ue .  l wo d 1 fferent schemes were used for add t rliJ 
tltc add i t i ona l fue l : p l ac i ng the adJ 1 t i on.:� l fuel 1 n  a cred i b l e  l ocJ t i ou c l o � e  
t o  t h e  dl!lector, a n d  pl ac i ng 1 t  i n  J cred i bl e  l oc a t i o n  far f rom lhc tlctec t o r .  
P l a c 1 ng l ucl ncar the dc:tcc tor wou l d  rcqutr·c a �tn;) l l amount o f  add i t 10fi ;J l  l u c l  
t o  meet the mea�urcd count rate , whereas fii .Jc I O•J the fuel far fr·om the 
deli'Ctor wou l d  requ i re a l a rCJcr add i t i ona l qu.an t i ly .  T hus  a l ow e s t i ma t e  for· 
fue l • n  a g 1 vcn /one wH dc t� rm i ncd by suiMii ru; the v i deo cst imHe p l us tile 
fue l Jtldcd c l o�e to the detec to r s ,  aru.! a h1gh  est 1mate  was foum.l a� the �um o f  
the v t dco es t i ma te p l us the fuel added t ar f rom the detec tors . The 1 n 1 l 1 J l  
e s t i ma t e  o f  record was t a ken a s  the average o f  the l ow and h i gh e�t i mJtl' � .  
l ite re�u l t s o f  th i s  i n i t i a l  an.!l y� i s  are •J i Vcll 1 n  T.1b l e  I .  

l ab l c  I .  fu�>l Mac:<o pr•r RV ?on(', l n i t i : ll ly f <; t i m ;t t Pd Q.Y_�v : s i v£. 
tl.•ut run Mr1.l'.UI'"f•mPnt <; 

Zonp Numher r -. t  im:Jt l'd fu£>1 Mass L� 
I l U  
2 2 'H •. :I 
J 150 
4 99 
!> 1 5 .,  
(, JU7 
I I I J 
u II'J 
') fj� 

RV TOTAL 1 32? 
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The mode l i n g  s tudy ' s conversion of fuel quan t i t i e s  to neu tron count rate� 
depended on an a s � umed va l ue for the neutron crn 1 � s i o n  ro.�te t ro111 fuel dt•po s i t s .  
The I i ccnsce detcnn 1 ncd t h 1 s  v a l uc cxpcnmcn ta l l y ,  by coun t 1 ng tht! ueu t •·uus 
em i t ted by fue l debr i s  s.1mp l e s  extracted from the cure. t he va l ue o f  O . GG n/s 
per IJ U07 W'IS der i ved from t hese ·nr(!OI!>UI'cmenlS Jlld U�Cd tO f i nd tfte e s t  lm.ate O f  
rcco • d .  A n  uncert.a 1 11ty o f  .!.6:4 wa s ass i gned to t h i s va l ue . 

The pass i vc neu tron measurements were rev H !wcd by a tJI s t � ngu i shed comm i t lc c ,  
and th 1 s ,·cv 1 cw 1dent 1 f 1 ed f i ve b i  .. �es tho.�t af fected t h e  i u i t 1 a l  a n a ly -. a s .  
t hese b • a �e� I nc l ude : 

Ooron V.1 r i a t  i on<> 

lhe COITVTi i t tee fe l t  that the res i du a l  fuel i n ·  the llV c on ta i ned more boron 
lh.ln the fuel i n  the s.1mp l c s  a n a l ytcd f o r  the ncutrou Cln l l. S I On r.1 t e  
:.tully. T h i s  mean-; t h a t  the rcs 1 dual  fuel em i t s naore ncutrou:. t h .1n 
J'.�utnl.!d by the l i censee ' s  !; tudy , so the 1 n i l 1 J l  mea�urCIIIL'Ill � tully OVt'f· 
t.'', l u n.lted the fuel i n  the ltV by ! 5% 10 zones 1 - 5 .  ( t he coullTl i t t c c  
n·port ' !.  COnVCII l l On WJ:> t O  l ab\!1 J b 1 as a s  pos i t i VI.' I f  i t  I'C'. U l ted HI J 
h l •Jh c � t im .s t e ,  so th 1 s  w.ts ,, l.n as o t  d S% . }  

l he part i c l e  s i 7e o f  fuel dehr i s  i n  the RV was probably f i ne r  than the 
� .•• ::p i c �  u�cd tn the neutron emi S S i o n  s t udy , d l so J ffec t i n!J neutron 
y t e l tJ .  lhc rcvic� e s t unatl.!d th:tt ltd :. ll t .s setJ the s n t t 1 a l s tudy l>y t 4 5% 
1 11 ;ones 1 · 5 .  

l he c or.mi l tce fel t that u s i ng the funUe c a l i bra t i on source cau�ed a 5�� 
unJcr-eo;lH1Jte i n  a l l n i ne l.une s .  l h 1 s  b 1 JS was due t o  the lmpe r l e c l  
m,. tch o f  energ i e s  tJetwcen the Amlle :.ourcc neu t ron s .1nd neut ron s e m 1  t ted 
by the fue l .  

When the neutron emi s s i on rate s tudy was performed, the l i cen see om i t ted 
the d J t a  f rom one of the fuel s;unp l c s  bcclu!)c the u ran 1 um fue l  content 
uf ti re �amp l e  l ollked unrel i ab l e . l hc rcv 1 <:w couuni l tee f e l t  that th s �  
�J�p l � ' s  re�u l t  �hou l d  not have been rejec ted , Jnd that the rt!JCC t i u rr 
r Ju�cd a t �� b t a � 1 0  .� 1 1  n i ne zone� .  

1/rut ron l n - <;t:t l t P r i nC] 

l hc model i ng performed fo r est i ma t i ng the fuel d i H r i bu l i on tl i d  not 
.account for no.'u t ron s  em1 tted by the f ue l that reached the detec tor·; by 
� L . I t t c r i n y .  l h s s  e f fect caused d 20% b 1 a �  1 n  .1 l l  n t ne /one� . 

1he numel' i c a l  b i a s e s  i dent i f ied by the rev i ew corr.m i llce .... ere a !: o; igncd to tlw 
l uc1 m.a � )t' � �hown i n  l .. b l e  1 on a 7onc-by- tone bJ!i i S  to . � r n v c  .1t the e; l l nr.atc 
of rcLurd. l hl! cot·,·ec t l on t a1�tor c.Jcf l vcd f rom thc:..e l n a•.t:.. w.H UO% l or· /urlt."• 



----�-----------�----����������-

1 - 5  and 201. for zones 6 - 9 .  Tabl e 2 shows the fuel ma�ses i n  the e s t i mate o f  
record. 

Ta�le 2 .  fstimate o f  Record fo,· t hP Rl'actor Vt>sc;l'l 

ZonP NumhPr I<: t i mat Nf fm•l M a � c;  (k.!IJ. 

l 6 
2 1 2 5  
3 U3 
4 5!> 
5 86 
6 323 
7 94 
u /4 
9 11) 

RV lOTAL 925 

f o r  t h e  1 n i l i a l  measurement e s t i mate , t h e  l i cen�ec h a d  a s s i gned an unce r t a i nty 
of .'. 1 57.. UJlOn the rev 1 cw corrm i t l ee ' s  reconvuen<l a l t o n ,  the f � na l unccrt.n n t y  
wJs .!.407.. l h i s  uncer t a i nty was ba�ed on the t h f f l cul ty of accoun l i tHJ f ur 
neutrons scattered I n  the I<V , the v a r i c ly o f  forms l o r  the c.Jci.Jr i s ,  the 
d t f f t c u l ty 1 11 mode l 1 n9 the neutron s c a t ter and absorp t i on in the comp l e x  s t e e l  
s t ru c t ure� . and t h e  uncer t a i nty 1 n  t h e  quant i ty o f  boron d u r i ng th� 
mea•. u remen t s .  

The u�e o f  the v i deo i nspec t i on and the careful a n a l ys i s  o f  the v i deotapes 
were unput"l.lnt contr i butors t o  understJnd i ny the d h t r t iJu t i on or fuel 1 11 the 
ltV .md for y u 1 d 1 ng the neutron measurement � tudy. lhc v i su a l  e s t uuate w.1:; 
a l so v a l u ab l e  as a · � 1 l l park• f 1 gure for yu l d t ny the study: when the pa s s t ve 
neutron mea�urcment study gave a rc�u l t  more than doub l e  the v i �u a l  e s l t m a l c ,  
t h i �  was J s i qnal  to search for b i ases i n  the measurement s .  

lite pas s i ve neutron measurement scheme was a good one for deve l op i ng a more 
lCcu•··• tc cs t i rna t e .  1 he hardware and count i 119 �chemc were we 1 1  t.lc� i•Jn£:(.1 , and 
the uo.c of the ltV d r a i ndown to d i v ide the RV 1 n t o  measurement 7onc� wa� an 
cxcc l l cu t  s t rateyy. Perform i ng two counts a t  each l ocat i on w i llt the Wdlcr 
l ev e l  a t  t w o  t.l t f l crent pos i t l o n s ,  then su l v 1 n g  t h e  system o f  coup l ed equa t i on s  
f u r  ca�h tone ' s  e f fec t i ve count rate wac; a l �o good procedure. l hc detec tors 
were a l l owed l o  count a t  each l oc a t i on f o r  lony t 1 mc per i ods lo cusurc 
� t .1 l i ·. t l c .t l l y !> i •Jn t l l c a n t  data c o l l e c t i o n .  
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The use o f  gamma s h i �l d ing codes for model ing fuel d i s t r i bu t i on was one 
weakness of th i s  analys i s .  I t  i s  true that neutron a t tenu a t ion by sh i e l d i ng 
fol lo\WS an exponent i a l  rel a t i onsh i p ,  wh ich can be c a l c u l ated i n  a gamma 
S h i e l d ing code, but neutron scatter does not behave i n  t h i s  manner and cou l d  
n o t  b e  mode l ed by the codes u s e d  i n  t h i s  study. Us i ng a neu tron tr.1nspo!'l 
code �uch as HCNP wou l d  have been a more d i ff1cul t mode l i ng t a s k ,  but i t  wou l d  
haYc aYo i ded many o f  the prob l ems caused by the resu l t i ng routjh t rea tmen t  o l  
sca t ter i ng effec t s .  

l h e  determ i na t i on o f  neutron emi s s i on rates was another weak po i n t  i n  t h e  
3 n a l y � i s ,  b u t  1 t  was probably a weaknrss t h a t  cou l d  not b e  e a s i l y  reso l ved . 
l rw method o f  measuring the neutron em i ss i On rates from tne fuel s .1mp l cs was 
the be � t  poss i bl e  sol u t i o n ,  but i t  was essent i a l ly Impo s s i b l e  to f i nd �amp l e s  
t h a t  wou l c.J b e  represen t a t ive o f  the rcs i du.l l ltV fuel i n  terms u l  par t i c l e :: i ze 
and boron conten t .  On the other hand, the b i .1 �es that were iden t i f i ed dnd 
4uan t i f 1 cd uy the rev i ew comm i ttee to account for these e ffec t s arc 
approp r i a t e .  One shortcoming of the l i censee ' s  neutron emi s s i on study was the 
ass i iJnment of 3 very sma l l uncert 3 i nty,  :t..67. to the meHured em i s s i on t·3 t c :  onl� 
of the c n t i c a l  components o f  t h i s  fil)ure was the ur01n i um ma�� i n. the �amJi l e s ,  
and the�l! va l u es were no more accurate than 1 57.. An uncerta i nty i n  the 
neu t ron em 1. � <; i on ra te of 25'1. would haYe been more appropr i JlC.  

Mo s t  o f  the b i ases idenl i f i ed by the rev i ew cornn i ttce were pcr·t i ncnt and 
rcJ,OnJ b l y  quan t i l i cd , but we d t s agree w i th the ·oa t a  An3 1 y s i s ·  b i as . l he 
d J t. l  po t n t that wa s rejected by the I i ccnsce <l i d  l oo k  su�p t c 1ous , !.Jollt t n  
terms o f  the con-. t s tency o f  i t s  mass w i th rt:S!JeCt t o  the o t he r  e li Jhl S3tnp l c �  • 

• trtd 1 11 t erm� o f  the mea::ured count rate . The reJeC t i on o f  th i s  SJI!Itl l e  w.\S 
J u � t t f t. lb l c .  the b i a s ,  o f  cou rse , was only !>�. !.O t t  w:.:. a ne•J l i 1J i O l t• e f fec t .  

l he e s t i mat e o f  record o f  fuel rerna 1 n 1 ng i n  the l H I - 2  RV i s  97 5 k9 uo • •  w i t h J 
one · ', t iJma erro r bJr ol .!.40�. Th i s e s t imate w.H de term i ned u :. t ng v ic..lt'o 
t ll';pcc t t on and pJ:. s i vc neutron mcasu rcmcnt5 t h J t  were IH: r l orrucd wh t l c t h e  RV 

w a -.  "' J 'J rJdu3 l ,  i llc r·emcnta l ,  wa te r dra i mlown. I he count dat.1 wcr·c u:.cd w r l h  
t.oruputcr model i nCJ to d e te rm i ne the quo1nl t ty o f  fuel i n  the rc o1ct o r· ve�-.c l .  1\ 
:.ub ·.cqtwn t n:Y t cw by the rcY i ew comm i t tee he l ped tdent i l y  b i a :. c �  1 11 llw 
oniJ i n.l l  s tudy and correct for the bl .t!.C� to .1r·r i ve J t  ,,  mon� n•a l  i s t t l: 
I IIJUfl'. 

lhc mea su rement scheme was appropri a t e  for the probl em bc i n9 so i Ycd and tire 
lOnduct of the mcasu rt·rnc n t s  d t sp l 3ycd a IJOOd deq rce o f  t:II!.J i llccr· t i iiJ :.� 1 1 1  Jnd 
t nrJcnu t ty .  Some p a r t s  o f  the a na l ys i s wct·e wc;-�1-., part i c u l a r l y  the U ':. (! u f  

t_pnuna !. h i c l d l OIJ codes t o  model the neu t ron t rJIIO:pO r t . rhe 'iuhm r $ :: i on o f  t h e  

� tudy n• :.ul t s  t o  a rcv 1 cw conmi t tce showed t.Jood J UtliJcmenl 3tHJ i ncorpur.1t i tHJ 
tlrt• <.:Om111 1 Ltce'  � correct t On factors wJS apiJ•·u p n a t c .  

T h e  'l ? S  Y.tJ o f  fuel C\ t ima tcd t o  res i de i n  t h e  R V  rrpre scn t s about 04% o f  the• 
l 01J 7 i•J l" .. t l ma teiJ to rema t n  i n  thl! 1 M ! - �  f.tc t l t ty .  l ite I!V i <.  t he u11 l y  I H I - ?  
l u <.: J l t u n  th.t t  h a s  enouijh fuel t o  warr.111t J c n t t c,il i ty s.tit:ly ·. tudJ. 



Consequ�nl l y  the analys i s  that i s documented i n  t h i s  POSR i s  .an importJnt one . 
On the other hand, ctpproxlm.llcly 94 . 000 kg U01 rt:ma 1ncd 1 n  the RV o� l  l11e end 
o f  the acc 1den t ,  so the e s t imated res idua l quJn t i ty dcrnonstrcttcs the cnonnous 
task th.lt w.1s per formed 1 n  dcfuc l i ng the HV. I t  i s  rco�sonab l c  to a�sumc th.ll 
tlw c�t •mat�d quan t i ty of res i dual f ue l  w i l l  not move from tlu.� HV f o r  the 
dura t i on of the Po�t -Uefue l 1 ng Moni tored Stor.1gc pcr 1 od .  
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REV I EW OF THE THI-2 POST·DEFUELIHG �URVEY REPORT 
FOR THE REACTOR VCSSCL 11£AO ASSEHBLY 

Th i s  rev i ew of the l i censee ' s  Post -Oefue l i ng Survey Report on the React 
Ve � s e l  (kV)  head (CPU, 1 990) d i scus�es the procedures used to e s t ima te �ne 
dmount o f  U01 rcma 1 n 1 ng I n  the RV ncad a�scmb l y .  The kV head assembly 
o r i g i na l ly covered the RV and served as a con t a i nment bar r 1 e r  for the Reac tor 
loo l a n t .  I t  was removed from the RV 1 n  J u l y  1984 and i s  :urrcn t l y s tored on 
t he 3 4 / ' 6 "  e l evat ion of the Reactor Bu l l d i nCJ ,  on a head stora9e s tand . 

The �uan t i ty o f  fuel est imated to be p·�sent in the RV head assembly i s 1 . 3 kCJ 
w i t h  an unccrta i n  ty o r  -t80: and -65r.. lin s c!.l ima tc was obta wed by p c r fot·m· 
HIIJ garrrna scann l n!J mcd su rement s on three l cad�c rew� , conab i n i ng the d a t a  t o  
c r�alc a compo s 1 tc f 1 gure o f  a l cadscrew and extrapo l a t i ng t h e  d a t a  t o  the 
cn l t re head . 

1hP P.V head assembly cons i st s  o f ·  

I )  69 l eadscrcw motor hous i ngs that ex tend from the tlac rm.l l 
IJ.trn c r  t n  to the undcrheatJ arc.� ; 

? )  u9 l cadscrcw lubes ( LS i s ) ; 
J )  6') l callscrews ( 6 1  an! CoJuaected t o  cont rol rods and c i qht 

arc connec ted t o  a x i a l  power shap t ng rods) that t� tcnd f rom 
the thermal bJrr i er to the t i p  of the i r  buyonct c;; ; 

4 ) a do:nl' ; and 
!> )  J 1 I anqc 

The RV head assembly <; t t s on a head s toraC)e �land l oca ted on the 3 4 7 ' - 6" 
c l cv J t t o n  o f  the Re Jc tor Conta i nment Uu i l d t n � .  Occ ausc o f  t h �  h i �tt d o ) c  rate� 
uut.l t · r l lt>c�lh the ltV hc.> d  a s scrnu l y ,  d i rect meo��urcmc n t s  ot  the fuel  wen• uut 
mall«• .  l n � lt• a d ,  the t o t a l  quJn t • ty o t  fuel w..ss e!. l t matcd based o n  racl l O 
tlu.:m a cal J •, •. ay� o f  three o f  the 6 'J  I Nd scrcw� ( l9 ,  US and 118) t h a t  were 
r�mov�d from the UV head assembly and a �ma l l s�c t i on ( approximate l y  11 1 ne 
i nchc� ) o f  l cad�crcw support tube (H6) . l hc l cJdscrcw� and the l�T\ wcr� 
t'Jd l uLhenc a ca l l y an.1lytcd by Bdltcl l e  t.:ul umbu s L.)bo r a to r i c s ,  �c t cn t 1 t i c 
Arlpl i C ..s t J O n -. ,  I n c .  ( Vd )  and u.�ucox and W d cox ( lu.'.J ) . A � u :ap l t f 1 c ll model wa s 
u ,c(l t o  dd crm t nc the lJU3n t • ty o f  fuel rcntJ l ll t ncJ ,  whc•re the HV head .�-. :.cr.ab ly 
� u r i JL�\ wcr� d t v l d�d 1 nto three c a t cqo r t C \ :  

I ) 
.' ) 

3 ) 

l ead screw; 
' " � •t.le �urfaccs ( those o�rc. n encomra� � t nq lht> 1 .-.::�dscn•w•, , 
tnt• t n �  a uc o f  t he h•au � c n•w -:uppo r l  tube-. .and the• c n •, l \l t • a t  
Uu: l co�d:.c r�.:w mo to 1· hou :. a nv� J ;  and 
O U t S  Hie �uri JCe'. ( t'0(01rp..s �:. I IIIJ the f1 .:InC) ('I S ,  the done, the 
o u t :. tdc of the l c  .. d�cn·w nautor hu u '> l ii•J'• aut.l tlcc o u t �  hit• of 
the l e..sd�crcw s uppor t  t u b e � ) .  



lh� measurements o f · the l e adscrcws were used to es t imate the fuel content on 
the rc�:�a in i n9 l eadscrcws. l he measurements of the l cadscrew support tube were 
used a s  lhe means to rel ate measured and Inferred sur face fuel v .1 l ue s  for the 
l ead screws to the other surfaces: the exposed underhead surfaces and the 
h idden o•· i n s ide under,head surface s .  

The fuel content o f  the l eadscrews was taken d i rectly from the compo s i t e 
lcadscrew. lhc 61 l tad screws connected to the control rods were fu l ly 
extended through the p l enum during the acc i de n t .  l h c  e i ght l eadsc rcws 
connected to the a x i a l  power shap i ng rods were on ly extended 75�. 
Uecause thc [9, 88 and 118 lcadsc rcws that were used for the measu rement s 
arc cont ro l  rod l cadscrews , u ' i ng the average fuel amount s for thc�c 
l c..td�crews was deemed conservat i ve , thus overe s t imat i ng the fuel 
qu,lfl t i ty on the a x i a l  power shap t ng rod l eadscrcws. 

lhe e s t imate of the quant i ty of fuel on the l eadscrews w�s determ i ned by 
c a l c u l a t i ng the average 144Ce ( a  k•town fu e l  ana l og ) acti v i ty on the 
threaded sect i o n s  of the l eadscrews and d w i d t ng by the average cerium· 
t o - fuel (Uabel 1988) rat i o  for the threaded part of the l eadscrcws . l he 
66 ) edd- �crcws curren t l y i n  the RV head assemb l y  were e s l tmatcd to 
cunta1n 0 . 39 kg o f  fuel . 

l n c; icl<> and Out s i ct<> Surface'> 

Becau�e the rad i ochem i cal anal ys i s  that was �erfor�ed on the l eadscrew 
-;upport tube d i d  not a lways rcuort 1HCe or 1 4[u (the known fue 1 
ana lo9� ) . the u�e o f  a d t ffsrc nt i sotope was chosen. lhe assumpt i on was 
made by the l i censee that 13 Cs ac t i v i ty fol l ows the sarne trend as t Hee . 
! h e  rad i ocltem t c a l  analys i s  o f  the sec t i o� of the l eadscrew support tube 
1 nv catcd that the out s i de act t v t ty of ll C s  was approximately twice 
thll on the i n s t de .  Thus , th i S  rat i o  was used t o  determ i ne the QUJnt i ty 
o f  fue l rern.1 1 n t ng on these surfaces . Th� e ffect i ve average fuel area 
dens i ty of 628 Jl!J/cm1 was calcul ated for i ns i d e  surface s of the RV h!!ad 
as semb l y areas.  The e ffec t i ve aver.1ge fuel area dens i ty for out s i de 
�urfaces was ca l cu l .1ted to be 125� �IJ U01/cm

1
, s i nce the outs ide surface 

..tc t 1v 1 ty was conservJt i vc l y  e s l i mJted to be twice that of the i n s  ide 
JC t t v t ty .  

l hc areas of the R V  head assembly were c a l cul ated to res u l t  i n  a tota l surface 
area o f  1 . 44[6 em! . lhc area w3S detcrnnned by approx i m a t i ng the HV head 
..�s sembly components by geometri cal �hapc s .  lhe area s  were than categor i zed as 
1 n s 1dc or ou t s ide surf<1cc s .  Those comp011en t s  that were con s idered lu llL' 
t n � • t!e �urfaccs i nc l uded the area encompass i ng the l cadscrcw� . the ut s t de o f  
the l ca<hc rcw �uppor t tubes and the ins ide o f  the l ea•l'>crcw motor hou � t u•J s .  
l hc oul\ Hie �urface areas  1 nc l ude the f l ..ri!Je� . the dumc, the outs ide o f  t h e  
h • Jd'.tl'l"..l mo tor hou) t nrJ s a n d  the o u t s  ide o f  the LST s .  lhe  est im.1te of' rPcm·d 



• 

of the �mount of U01 remaining l n  each of the componen t s  w�s determ1ned by 
mul t i ply 1n9 the total surface area of the component by the corre�pond l iHJ fue l  
value per square centimeter. The e ffective average fuel area dens i ly ol G20 
�9 U07/cm7 was calcul ated for Ins ide surfaces o f  the RV head assembly areas 
and tile e ffective average fuel area dens i ty o f  1256 �9 UO /em� was u:.ed for 
the outside surface activity. 

' 

The l icen �ee determi ned that the pos s i b i l i ty o f  gravel - l i ke depos i t s bc i n� 
t rapped i n  the nv he ad assembly components was h lghly u n l i ke l y  due to �rav i ty 
.1 11d HV head a!>sembly o r i en t a t i o n .  Therefore the c o n t n tJUt l on frorn lll i ::  typ!.! 
o f  depos i t  was deemed to be i ns i gn i f i c ant , however, a va l �e of 0 . 0 1  kg Wd:. 
ass iqned. 

The e s t im.1le o f  record was determi ned to be 1 . 3 kg, ba sed on the fo l l ow i nrJ 
d i :. t r· 1 but i o n :  

leadscrew Motor Hou s i ngs 
Lead�c rew SupporL T ube � 
Ootne and F l ange 
Lr .1d screws 
GrJve l · l i ke Mate r i a l  

TOTAL 

0 . 1 2 kg 
0 . 4fi krJ 
0 .  2tl k.IJ 
0 . 39 k'j 
0 . 0 1  kiJ 

1 . 3  kg 

T h i s  e � t im� te was q i Yen w i th �n uncerta i n ty o f  +001.. �nd -651... 

R f V ! f W  OF MfA<iUilfHfNT<i J\110 t.IML Y S I S  MrTIIOOOLOGY 

T h e  measurement methods used to determine the amount of UO, rem� i n 1 ng on the 
l PJdscrcw� i n  t he HV head as semb l y were reJ sonab l e . lhe i � ab i l 1 ty to u:.e 
144Cc or • '•c u  as an ana l og for fuel on the rema i n i ng surfaces o f  the I�V ht'ad 
as sembl y was however unfortunate, s 1 nce ce� 1 um has never been shown to be J 
qood Jll.llO'.J for fue l .  I t  h a s  been shown that ces t um tended to d h .s o l ve i n  the 
Heactor Cool ant wat�r and thus to become d i s t r 1 but�d to a l arqe �xtcn t 
throu9hout the Reactor Bui l d i ng and part s of the auxi l i ary and fue l · hJndl i ng 
bu t ld • nqs ( Lhose areas where the water trave l ed ) .  Uecause o (  the re l a t i ··e 
s o l ub 1 l 1 ty o f  the ces t um as opposed to the c�r 1 um, t l  1 s  more l i kely tu 
ovcre s t 1mate the qulnt i ty of fuel in t he RV head assembly when u�ed a\ an 
.wa l o!J fot· the f ue l .  Th t s  i s  based on the as sumpt 1 011 that the ces 1 um in the 
Wltcr wou l d  h.s·.e phted out on the component!> o f  the RV head as semb l y ,  whereas 
the f�el not be t .,� so read i l y  d i s s o l ved,  wou l d  not have p l ated out to a\ yre.st 
Jn e\tcn t .  Another way t o  val idate the usc o f  the ces 1 um a �  a fuel .sn a l og 
wou l d  tJc to a c. sumc t hat the quan t i ty o f  fuel 1 s  the same a s  that on the, non · 
t h r eJdcu �eel ton o f  the cornpos 1 te l cadscrcw. l h i s v a l u e ,  2 1 5  WI UO/cm· , i s  
:.ull .. t a n t i. .l l l y smaller tha n the e l fcc l 1 ve average (u(• l  <:�rca den s i ty o f  G?S 1-'CJ 
UO,.fcr,• for the i ns i de surface s ,  or 1256 �Y UO/cm· for the outer \urfac c '> .  

3 
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The anal y s i s  methods o f  determi n i ng the surface area o f  the component and then 
mu l t ip lying by a fuel den s i ty number based on measurements of a l eadscrcw 
support tu�e were reasonab l e .  There is no r�ason to bel ieve that  the l ead
screw support tube was not typical  of the suriaces i n  the RV head assembly ,  or 
that removal of the LST al tered the amount of surface contaminat i on on thl.! 
tube. 

· 

The method used to obtain an est imate o f  the error d i d  not appear to appro
r - i ately reflect the uncert a i nt i e s .  A more conservat i ve approach would be t o  
add 6 x  and oy as the upper bound. Howev<r, for these val ues ,  the exact 
hanc l i ng of errors i s  not cruc i a l . 

The measurement and analys i s  methods used to determine the amount o f  U07 
rema i n i r.q i n  the RV head a ssembly were reasonab l e ,  a l though i t  wou l d  have been 
prcfcraL l e  to have based the e s t i mate of fuel on the i n� i de and out�r surfaces 
of the HV hc�d assembly on an i sotope that showed a hnk w i t h  the fuel , rather 
than us i ng 13 C s .  However , as d i scussed above, t h e  u s e  of 131Cs i n  determ i n i ng 
fuel quant i t ies  appears to be conservative.  l h e  method used to obt a i n  Jn 
C § t i mate of the error did not appear to appropr1 ately reflect the uhccr t a i n 
t t e s :  however,  t h e  exact handl i ng of errors t s  not cruc i al . 

4 
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