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SOL_ ID STATE TRACK RECORDER NEUTRON DOS IMETRY 'MEASUREMENTS FOR FUEL DEBRIS 
ASSE.SSMENT OF TMI-2 DEM INERAL IZER-A 

· Frank H. Ruddy, James H. Roberts, Raymond Gold, Christopher C. Preston, and 
• James H. Ulseth 

. ABSTRACT 

Solid State Track Recor,der (SSTR) neutron dosimetry measurements have been 

made in TM I-2 ·makeup Demineralizer A _Cubicle in order to assess the amount 

of fuel debris present by means of the specific neutron activity of TM I-2 

fuel. Based on recent calibration data and the results of the TM I-2 SSTR 

neutron dosimetry, the amount of fuel present is estimated to be 1.7 ± o·. 6 

kg. This value is in excellent __ agr�ement with·a value determined independently 

by Compton recoil gamma-ray spectrometry. Sources of uncertainty in and 

proposed refinements of the pres·ent SSTR measurements are discussed. 
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SOL I D  STATE TRACK R ECORDER N EUTRON DOS I METRY MEASUREMENTS FOR FUEL DEB R I S  
ASSESSMENT OF TMI -2 DEM I N ERAL I ZER ..:A 

Fra n k  H. Ruddy, James H. Robert s ,  Ra ymond Gol d ,  Chris tophe r C .  Preston, and 
"James H. Ul s eth 

1.0 Introduction 

As a r psul t of the Three Mil e I sl and Unit 2 (TMI-2) acc iden t  on March 28, 

1979, fuel debris was d is persed-into the prima ry cool ant s ys tem. of  the reactor.  

Two makeup a nd pu rif ica tion de mineral izers , A and B ,  .whkh main t a in cool ant water 

p ur it y, were in operat io n  a t  the - time of the accident . Due to the  high gamma 

ra y inten s it ies in the  l oc a t ion of these demineral �zers , fuel wa s pre sumed to 

be l ocated in the deminera l izers . As p art of the TM I -2 recovery t a s k  and WHC 

TMI -2 Demineral izer Res in Removal Program , t he amount of fuel  debri$. i� the se 

�demineral izers requ ired quantification before other pha s e s  of the ion exchange 

res in remova l  program coul d proceed . 

The presence of  fuel ma y be traced by u s in g  the ra dia t ion emitted b y  the fuel 

or fuel  prod w::ts . TMI -2 fuel e m.its . two . e a s ily detectabl e forms  o f  r-ad iatio n  

-which  are (1) gamma ra ys from fission products , a nd (2) neutro n s  f rom actin ide 

�buil dup in the fuel.  

A. compa -nion pa�er(l) descr ibes the·· u s e · .ef Comp ton recoil el e ·c t ron gamma . na y · · -

spectrometry to detect l�+_�+ce (which is correl ated with. the fue l } �137C s ,  an d  13�+Cs 

absol ute gamma ra y fl u x e s  • Th is report describes n �utron ·detec t ion  u s ing ·sol id 

state trac k  recorders  (SSTR s ) .  TMI -2 fuel h a s  an e s t imated a v erag� n eutrorr s pecif ic 

activ ity of a bout 300 n /sec /kg , (2•3 )  wh ich re sul t s  ma inl y from Pu bu il du p .  A s suming 

·: . . i 
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that Pu  is a good c hemical  tracer fo r u ra n ium, SSTR n e 'utron dos imet ry c an b e  

u sed  t o  a s s e s s  the l oc a t ion and quantity o f  fuel p re sent.  

The u se of SSTRs fo r fuel  detec t ion appl ica t ions has been described p re v io u s l y. (3) 

• B rie fl y ,  en riched 235U foil s a re p l aced in f irm contact with mica SSTRs ,  and 

the neutron induced f is s ion  f ra gments from 235U reg is t e r  a s  reg ions of damage 

(t ra c k s ) in the mic a .  Thes e  tracks a re c h emic a l l y  d evel oped t o  a s ize  t h a t  is 

v is ibl e with a mic roscope.  The n umbe r  of  t racks per  u n it a rea in the m ica is 

p ro po rt io na l  to the numb e r  of f is s ions pe r u n it a rea in the a d jacent u ra n ium 

fo il . U s ing app rop ria te c a l ib rat ion da ta , th is f is s ion rate can be u s e d  to d�duce 
!' 

t he neu t ron fl uence.  · The ·neu.tron··fl uence a nd dura ti -on of expo �.ur� of the SSTRs 

ca n then be u sed to a sce rta in the amount of fuel  pre s e nt .· 

- . . 
Th is report d esc ribes the SSTR neut ron do s imetry mea surements that we re ma de 

in the TMI - 2  Deminera 1ize··r ·A Cubicl e and the rel evant c a l ibrat ion meas u r emen ts 

that we re made at Hanford Engineering Devel o pment laboratory (HEDL }. On t he 

bas is of these mea s u rements and -.c a lib ra tio n s , t h e  amou .nt of fuel present in TMI - 2  

Deminera l izer A is est imate d . 
. . . . : . 

2 .0 TM I -2 Measurement s 
-·. 

SSTR neutron dos imeters were cons tructed a s  s hown in F igures l and 2 .  Two 3 1 1 

x 1 1 1 s heets of 0 . 0041 1  t h ick 93 -% enriched 235U were s an dwiched between two p i-ec e s  

·of mi ca .a nd p res sed  in f'i'rm . con ta -ct a :ga in st -a n ·a luminum s u ppo r-t plate b e tween 

two 0. 2 511 t h ick p ieces of l uc it e. The l uc ite was used  to enhance the neutron 

s ignal  v ia �he a l bedo effect wh ich  has been reported prev iou sl y. 13 } The tota l  

S STR a r.ea o f  this neutron do s imete r is a pproximatel y 85 cm2 . The se dos imet e rs 

were a s s embl ed at TMI - 2  immed ia tely prio r  t o  the  exposure (Figure s � nnci 4) to 
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reduce background due to cosmic ray neutron induced fission and from spontaneous 

fission of the 238U in the uranium. Also circular (111 diameter) CR-39 SSTRs 

were attached to the outer surface of each dosimeter (see Figure 4) to measure 

the high energy (E > �o.5 MeV) neutron flux. 

An overview of TMI-2 Demineralizer A and B Cubicles is shown in Figure 5. Due 

to the intense gamma ray fields present near the demineralizers, neutron dosimeters 

had to be placed remotely from outside the cubicle. The demineralizer A cubicle 

was accessible through penetration #891 shown in Figure 5. 

A vertical s�ringer was prepared by fastening together SSTR dosimeters at measured 

intervals using fishing line. This stringer was enclosed in plastic tubing to 

protect the dosimeters from contamination inside the demineralizer cubicle. A 

horizontal set of dosimeters was prepared by attaching the dosimeters-to a pipe 

which was then enclosed in plastic tubing. Both the horizontal and vertical 

stringers were inserted into the cubicle through penetration #891 as shown in 

Figures 6, 7 and 8. The dosimeters were inserted at 11:55 p.m. on September 14. 

1982, and occupied the positions shown in Figure 9. The location of the vertical 

stringer was confirmed during a robot entry of the ·cubicle. The dosimeters were 

left in place for twenty-nine days and removed on October 13, 1982, at 6:20 p.m. 

Some difficulties were encountered during removal, resulting i� a maximum uncertainty 

of 3% in the vertical stringer exposure time. In order to measure the detector 

�ackground,· control dosimeters were assembled at the same time and exposed in 

a demine:alizer cubicle (D) where fuel was not present. Assembly and disassembly 

of all of the dosimeters required a few hours so that background cosmic ray neutron 

exposure is approximately the same for all detectors. A summary of the detector 

positions and labels is given in Tables 1 and 2. After exposure, the SSTRs were 

• I 
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TABLE 1. SUMMARY OF DETECTOR LABELS AND LOCATIONS FOR VERTICAL STRINGERS 

De minera 1 i zer 
'Holder Number SSTR Labels location Elevation 

� . 1 TMI-253-253'* A 317'011 
.•. 

-254,254' 

2 TMI- 255,255' A 313'611 

-256,256' 

3 TMI-257,257' A 313'011 

-258,258' 

4 TMI-259,259' A 312'6" 

-260,260' 

5 TMI-261,261' A 312'0" 

-262,262' 

6 TMI-263,263' A 311'0" 

- 264,264 ' 

7 TMI-265,265' A 310 '0" 

-266,266' 

8 TMI-267,267' . A  309'0" 

-268,268' 

9 TMI-269,269' A 308'0" 

-270,270' 

10 TMI-271,?.71 I A '307'6" 

-272,272 I 

11 TMJ.;.273,273' A 307'0" 

- 274,274 1 

12 TMI-275,275' :A 306'0" 

-276,?_76' 

13 . TMI-277, 277 I :•-: A :·- 305'9" 

-278,278' 

21 TMI-293,293' D 307'6!' 

- 294 , 294' 

23 TMI-297 ,297' D 311'6" 

� Mica SSTRs were numbered in sequence. Unprimed numbers correspon-d to 
SSTRs nearest to lucite. Primed numbers correspond to.·ssTRs nearest to 
aluminum. 

: .i 
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' TAB LE 2. SUMMARY OF DETECTOR LABELS AND LOCATIONS FOR HORIZONTAL STRINGERS 

Holder Number 

14 

15 

16 

17 

18 

19 

20 

SSTR Labels 

TMI-279,279' 

-280,280' 

TMI-281,281' 

�282,282' 

TMI-£83,283' 

-284,284' 

TMI -285' 285 I .  

-286,286' 

TMI-287,287' 

-288,288' 

TMI-289,289' 

-2_90,290 I 

TMI-291,291 I 

-292,292' 

Denijneral i zer A 
locat i on 

-2 I 
,011 

-1' �4" 

-01 8" . ' 

0 

+0 I >an 

+1' ,4" 

. +2' ,0" 
! .• 1 
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t ra nsported to HEDL where they were proce ssed by etch ing with 49 %  H F  at  room 

temperature for 90 minu t e s. The devel oped tracks from se l ected do simeters were 

ma nua l l y  cou nted with the . a id of a microscope. The mea sured 23 5U t ra c k  densit ies 

for th is exposure a re g iv e n  in Tab l e 3. 

3. 0 A na l ysis a nd Resul t s  

The SSTR . 235 U track de nsit ies from Tabl e 3 a re pl otted in F igure  10. Shown for  

co mpa r iso n is a c urve resu l t ing from ga mma · sca nning ( 1) of the l,l+�ce a c t iv ity 

· pre se nt in the deminera l iz e r  t ank . Wit h in experime nt � l l imit a t io ns, the po sit io ns 

>·:oft t h e  two pea ks a re the sa nfe , ;i-ndt.cating t he prese nce of fuel  a t  the 309' e l e ­

vatio n. The a ssumpt ions a re ma de here t h at·���ce and P u  both a re c l o sel y a ssoc ia ted 

with the fuel , resul t ing in fuel t raceabl e g am�a rays a nd neu t ro ns,  respectivel y .  

Al though the bac k g ro u nd mea su reme nt s  g ive a track  density of a bout  ·5 tra ck s/cm2 

d ue to cosmic rad ia t io n, the basel ine for t he mea sureme nt s  in the demineral izer 

c u b icl e is about 10 trac k s  cm/ 2 . The 5 trac k s/cm2 d iffere nc e  is due  to room 
. -

return neu tro ns re su l t ing from therma lizat io n· of sou r ce ne utro ns in t h e  wal l s  

o f  the cubic le .  Th is effec t ,  wh ich wil l be d iscu ssed in deta il in Sectio n  4.2, 
h a s  bee n  o b served before in th is type of mea sureme nt . F igure s 11 a nd 12 , wh ich 

are taken from Reference 3 ,  show rad ial  a nd axial  fissio n rate d istr ibut io ns 

·i·n the v ic inity . of a spe nt fuel suba ssembl y  hou se.
d in a h o t  c e 11 .. :The isotopes 

- wlth ·t hreshol d neu t ro n  re spo nse · ( 238 U ,- 237Np , · 232Th ) .-re spo nd to fa st neu tro ns 

fro m the sou rce a nd sh ow the e·xpected spa tial d istr ibut i.o ns:.:* cHowe .v,e r ,  t he 23 5U 

*C R-39 S STRs were incl u ded wit h  the TMI- 2  SSTR neu t ro n do simeters to pro v ide 
a mea sure of the h igh e ne rgy neut ro n  inte nsity in Demineral izer  A ·C u b ic l e .  The 
··CR-39 SSTR h a s  a h igher se nsit iv ity tha n  the 238 U ,  237Np , a nd 232Th .  The CR-39  
. SSTRs have  not as  yet  bee n a na l yzed . 
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TABLE 3. MEASURED SSTR TRACK DENSITIES AT SELECTED LOCATIONS ALONG THE 
VERTICAL TRAVERSE (DATA'TAKEN IN'TMI-2 DEMINERAUZER'A CUBICLE ) 

Measured Measured 
Elevation Tracks/cmz Tracks/cm2 

TMI# (Ft.) ·obs: 1 · · Obs: 2 Avg.* - B. G. 

253 317 11.1 6.1 ± 2.0 

261 j12 lb.l ll.l ± 2.8 

263 311 25.2 27.0 20.2 ±'2.7 

265 310 30.1 30.6 25.3 ± 3.2 

267 . 309 36.8 36.1 31.5 ± 4.2 

269 308 13.3 12.4 .].9 ± 1.7 

273 307 10.2 5.2 ± 1.9 

Demineralizer D 
Measured Background (B. G.) 4.8 5. 3· 

(B. G. Average = 5.0 ± 1.1* ) 

* Average of Observers 1 and 2. 

·: . .l 
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fis s ion rates tend to be c o ns tant a t  al l pos it io ns , s ince the 235U res ponds ma inl y 

to room return therma l neu t ron s .  The rpom return neutron intens it y ,  which  is 

p roportional  to the total s ource neutron intens it y ,  c a n  b e  used to determine  

··--· · · the amo u nt · of  fue =l,pre s ent as  wil l be shown · in Sect io n  4.2 • .  

The SSTR intensity d is t r ibution in F igure 10 is a s ymmetric , decreas ing l e s s  

.. ·.:�.�..,_-.... r-ap ·idly a bove the -3091 e leva -tio n than  bel ow ·. A proba b l e explanatio n. is that  

the  tan k  is d ry abov e the  3091 e levation and cont a in s  degraded res in and pos s ibl y 

boronated water b elow th is level . The .res in atte nuat e s  fuel neutrons b eJow 3091, 

whe-r-ea.s :,:;the s low fal l o ff in ' inte ns·i-ty- a bove . 3091 is due · to the increase in dis ta nce 

between the S STR n.e utron do s imeter s  and the neutro n s ource . 

The· tra c k- d�ns Hi·e s· ob served in the SSTR neutron ;  d o s ·imeters correspond to ext reme ·ly · 

lo w neut ron fluxes .  U s ing c a lib ra t ions des cribed in Sec t ion 4.0, t he tota l neutron ,_; 

emis s ion rate in the de mineralizer A Cub icle is found to be a b ou t  500 n ·eutro ns 

per s eco nd �  ·corres p onding -t o···a ·flu x···of:':le s s ··tha n -· · 3-·-x ·lEJ- 3 n /i:m2 /sec ·at .the pos ition 

of the SSrR neutro n d o s imeter with t he ma ximum s igna l.  "The pre s e nt SSTR neu tro n 
-

dos imetry .is the only k nown method capa b Te of detec ting s u c h  a low neu t ro n  flux . 

Dur ing u n loading of t h �  dos imeters , t he luc ite a lbedo blocks  were ob serv �d to 

have bee n discolored by ra d iation da niage . The int e ns it y  of the discolor at,1-on 

a p p·ea _rs ·to· he ·p ·ro .p 'ort io nal to �he inte ns it Y"))f· the ···gamma ray dose a t  the 1-o cat .io R 

of ea .ch do s imete r ,  as c a n  b e  seen in' Figure .13. Qu ant ita t ive l ig ht absorptio n  

o r  tra n �mis�io ri measurement s s h ould be made o n  the s e  luc ite blocks  t o  determine 

if us ab le g am ma· ray·d o s e  information .. can·b e  derived ·;·· 
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4.0 ·Calibration Studies 

4.1 SSTR Neutron Dosimeter Response 

In order to convert observed fission track density into neutron fluence, calibration 

. 

Neutrons from the source (fuel in the demineralizer) will be moder_ated, absorbed; 

and··reflected by the su'rround:ing·s·;-···and' the .. resultant neutron spectrum will be 

sensitive to the presence of moderators such as water or materials with high 

nautron absorption cross sectionsr ·Calibration data had been obt�ined previously(3) 

us·;·ng· a· 252Cf ·sourc;e·d.n an experimental··conf'iguration desi-gned to 11mock-up" ·the" · 

.demineralizer and its surroundings. Unfortunately, at the time these calibrations 

were carried out it was believed that the demineralizer was filled with 1100 

ppm borated water. -"·· -� 

On the basis of the present work aJld· the related gamma ray spectrometry.- measure-

.:,_ � ·· -ments)l) .. the demineralfz�r··-cc:l.'l'f b� a·ssumecl�to be dry above the .. ·309J- elev&tion. 

Below this elevatio�, degraded resin is present containirt� unknown amounts of 

water and boron. Nevertheless, the previous dosimeter calibrations(j) provide 

insight into the response of the _255U 'fission ·rate as· a function of moderation 

·and absorption of source neutrons. Figure 14 shows the response of SSTR·dosimeters 

·to a 25'2Cf source immerse-d in borated water at various depths. Note that.tf-le 
' . 

SSTR res-pdnse peaRs dfr··ectly a-bove the saarte but drops·· off· rapidly for other 

·:·, . . ·-positions as a resu)t .. of ·the attenuation·(�bsorption)·Qf. source neutrons by __ .the­

borated water. This effect�is also shown in Figure 15 where.the peak intensity 

�· .,._ .. ·· · is .:plat ted as a· furict ion ·ar-wa·ter depth . This respons.e is the ba·s·i s of the argu-· 
. 

ment presented in Section 3.0 that the tank is dry abov.e the 3091 level. Jf 

water were present, the response curve plotted i·n Figure 10 would decrease much 

· more rapidly above the 309'1 1 evel. 

·: . .l 
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The dos i meter des i gn shown i n  F i g ure 1 d i ffer s  f rom the d es i gn _.us .ed for pre _v i ou s  

ca li bra t i on s ( 3 ) i n  that two layers of 0 . 00 4 " ura n i um are u s ed t o  i nc rea s e  the 

detector surface area and luc i te a lbedo b loc k s  are u s ed to i ncrea se the  neut ron 

response .. of ·-the · 2 �-5U ,,by. contri buti n g" furth e r -mod e ra t i on of the neutron .. s pectrum. 

·= I n  -o rder to . .  calc u late the· relati ve respon s e  of t he two SSTR neutron dos i meter�,5 

-ad di ti on a l  2 5 2Cf exposures  were carr i e d  out . For reasons deta i led i n  Secti on 

· · --
·· 4;2, the ��2Gf ca -li brat i on-s -:we re ca :rri e d  o utc.-·-i ·n a concrete wa. lle d :  cubi c le ·. Both 

types  of dos i meters were expo sed to the s ource wh i ch was s u s pended at h e i ghts  

of 2 .' and 3 . 5' i n  th e .. c e !'lter of the room . The room has  overa ll d i men s i o ns o f  

:1: 11. 5 '  x a•· 'a 'nd : a:·hefg:��t·',of a!. Ax i a l·res ponse··di -s tri bx.rti ons at a ra di a l- d i s ta nce  .... ,-�· .. · 
of 4 ' fro� the source we �imea sured a s  we ll a s  s i ngle rad i al loc a t i o n s  a t  2' 

and a• from the source . Mea s urement s were ma de  both w i t h  no water present i n  

·-"P :.:�"<t·tfe� .. r'hdni 'ci"hd , abov e··a "41.·.'ai ame ter7'·tet-n i<"'fi lle·d·to a d e pth of. · 2>.!.,.wi th .--:water ;. · Since -

these res u lts  were domi nated by room ret u rn .effects , they a re s ummari zed . i n  the : .i 

' 
fo llowi ng secti on . 

4 . 2 SSTR ·Room Ret urn Res ponse 

Whenever n·eutron do simetry i s  con ducted i n  a labora tory bound ed by wa ll� conta i n i ng 

- .. .. ::. :mo de ra -to ·r mate ·r.�i :a-ls . ( hydrogene et:�s::eo ne¥'ete i n · th e·�: present ca :se :)�_the.- s o u rce neutr.ons: 

wi 11 be t ra n s ported , scattered , and ab so rbe� . . t h ro ughout the env i ronment and part i c ­

u la.rly i n  �the wa lls �·i f  the di men s i ons of:;th e laboratory a re sma ll . .. Room ret u rn 

· · · :heutron s a re .::th e� 1 a st ·'·ve s ti g e s - of:�neutrons o r;i.gi na lly emi tted b y� the�.-sour .ce,  
·.·� 

a nd , i nde�d ,  . . the �e neutrons have been s c attered  s o  often that they have atta i ne d  

therma l e qui li bri um with the i r  en vi ronment. They perva d e  t h e  enti re la boratory 

· ' · '"" · · --··- ··· .Js:p-a·ce · 1 i ke · a· u ni form· homogeneous;>mist=-:o r fog -:;:. They-retai n n oc.kJlQWledge of t h �ir· .  

o ri g i n  wi th the excepti o n  o f  the i r  i nten s i ty� wh i ch i s  proporti on a l  to the tota l 

emi s s i on ra -te of t he source . Th i s  phenomenon i s  a p parent i n  the data referred 

,. ._�_ .. ,to prev i ous·ly-·:1-n·· .s·f?c t·i on 3.·0 ·a Rd.,s·h own · i n � · F i g ur.e-s ,·10 , · . . -1J., and-.12· . .  ::�·._.:· ,·H· .! .�·fl····--�.-.· :: .... . . . . 
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A d e ta i led analys i s of ·the room retu rn p he nomenon h a s  been gi ven by Whi te ( 4 ) 

who u s ed d i ffus i on theory to d .escr i be experimenta l  d a ta obta i ned i n  a laboratory 

bounded by concrete wa lls . Accordi ng to thi s  a na lys i s ,  the therma l neu tron flux  

can be expressed as  

� = C ·S /R2 n . [1] 

whe re Sn i s  the neu tron emi s s i on of the sou rce in neutro n s /sec,  C i s  a con s tant 

and R i s  the effecti v e  radi u s  of the laboratory gi ven by 

[2] 
i =1 

whe re Di ' i = 1 ,  . .  6 a re the s i x  d i s ta nces f rom the source . to each wa ll of 

the labora tory . A value of R that i s  perti ne nt to the TMl-2 Demi n e ra li zer A 

Cub i c le ca n be deri ved from the known d i me ns i o ns of the c ub i c le and the approx i -

mate loca ti on of the.  fue l a s  derived from the Compton gamma ray s pectrome te r  

data . ( 1 )  These gamma- ray res u lts s how that  the source c a n  be approx i mately repre ­

sented by a po i nt source wh i c h li e s  two feet from the bo ttom of the demi ne ra li zer 

tctllk ctr1u V'Cr·y clu�e to the north s i de of the tank. On th i s  b usi s, o ne f i nd �  

a value o f  �pprox i ma tely 4�27• for R. 

I n  order to experi me ntally determi ne the room r e tu r n  respons e  of the SSTR d o s i meters , 

cali bra ti o ns were carr i e d  out i n  a cub i c le whe re s i mi la r  v a lue s of R wou ld be 

obta i ned . Wi th the 2 5 2Cf source at 2• a s  desc r i b ed i n  Secti on 4 . 1 ,  the corre-

s p end in g va lue of R i s  3.591 a nd wi th the source a t  3.5•, the correspond i ng value 

of R i s  4. 33 • . 
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The radi al . res po ns e  resu l t s  for.source hei ghts of 2 '  a nd 3 . 5 '  a re shown i n  F i gures 

16 a nd 17 . · ·Here , 2 3 5U dos i meters w.i th no al bedo dev i c es were used, a nd the res po ns e  

i s  seen to b e  roughl y  co nsta nt for both cases  wi th t he excepti o n o f  the 2 '  rad i al 

mea sureme nt wi th t he source a t  2 '  whi ch.corre s po nd s  to the smal l es t  s o urce to 

�os imeter d i sta nce a nd t he h i g he s t  respons e .  Axi al ·respons e  d i s tr i b ut i o ns a t  

a radi a l d i sta nce o f  4 '  a re shown for the 2 '  a nd 4 '  s ource hei ght s  i n  Fi g ure 

18. In both cases , t h e  response i s  fla t  a nd c o ns ta nt for both  s ource hei ght s .  

Appa rent l y , equati nn [1] i s  no t val i d  for the sma l l . room d i me ns i o ns addre s sed  

here , a nd the consta nt respo ns e  of t he two c a l i b rat i on cases  mus ·t be appl i ed 

to the demi neral i zer data.  

In  .. a s e parate mea sureme nt , the  i ntens i ty of  the 252Cf s ource was cal i b ra ted a nd 

found to be(3 . 08 ± 0 . 42)x 108 n/sec by mea s u r i ng the i nduced fi s s i o n  rate i n  

a 238U-SSTR dos i meter .  The res po ns e  to t h i s source of a n  a l bedo-type dos i meter 

i dentical  to that used at TMI - 2 Demi neral i zer A i s  74. 8 ± 7 . 5  track s /cm2 /mi n.  

I n  a n  expo sure of s l i ghtl y l es s  tha n i9 days , a room return res po ns e  of 5 . 2 ± 

1 . 9  tracks/cm2 wa s obta i ned  or  1 . 26 x 10- � tra c k s /c m2 /mi n .  Th i s  res po nse co rre­

s pond s to a tota l neutron source i n  the demi ne ra l i zer A Cubi cl e of 517 neutro ns / 

second . If an a verage neutro � s peci fi c acti v i ty of 300 n/sec/kg i s  a s s umed for 

the TMI-2 fuel , an SSTR neutron source i ntens i ty derived  val u e  of fuel debri s 

of 1. 72 ± 0 . 63 kg i s  obta i ned.  

Th i s  SSTR estimate i s  s ubject to error fro m  a nu mbe r  of  sourc e s . The mo s t  i mporta nt 

effects that have not been taken i nto a ccount a re t he a b sorpt i o n  a nd moderati o n  

of neutro ns i n  the l a boratory .  These  effects a re part i cul arl y s i g ni f i ca nt when 

h omogeneous me di a exi sts i n  t he l aboratory a� i n  the  case for the Demi neral i zer  
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DOS IHETER RESP O N S E  RADI AL 

D ISTRIBUTI O N  WITH THE SOURCE 
AT A HEIGHT OF TWO FEET 
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Res po ns e  as  a Funct i on of Rad i a l  Locati on for SSTR Neutro n. Dos i meters  
Ex�osed to a 252Cf Source Suspended �t 2' from the Fl o o r  i n  the 
Center of a Concrete Cub1cl e with Overa l l  Dimens i ons 11.5' x 8' 
a nd a H e i g ht of a•. 
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AXIAL DO S I M ETER RES P O N SE 

DISTR I BU T I O N  AT A R A D IAL 

DJ S T A N CE OF 4 F E E T  FROM A 
Cf -2 52 S O U R CE ( NO H A T E R l 
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SSTR Neut ron Dos i meter Axi a l  Res ponses  at a Rad i a l  D i s tance of 
4'  from a 2 5 2Cf Source . 
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A cubi cl e .  Neutron a b sorpt i on decrea ses the number of ne utro ns wh i c h  a tta i n 

the rmal equ i l i br i um i n  the cubi cl e .  On the other h a nd ,  modera t i o n  by a hydrog.­

e neous  med i um produces a softer neutron s pectrum i nc i d e nt upo n the l aboratory 

wal l s ,  thereby i ncrea s i ng neutro n  refl ecti o n  a nd t h e  thermal neutro n  room retur n  

fl ux . Conseque ntl y ,  t he se two effects wor k  i n  oppo s i te d i recti o ns a nd te nd to 

c a ncel each othe r .  Obv i ou s l y , the s pec i fic� l aboratory e nv i ro nme nt a nd geometry 

wi l l  pl ay a domi na nt rol e i n  the rel ati ve wei q ht i nq of. the�� effects .  

I n  order to · expl ore the effect of hav i ng hydrogeneou s  med i a present ,  SSTR c a l i ­

bra t i o n  mea surement s  were done wi th the 2 5 2Cf s6urce s u s pe nded at a h e i g h t  of 

2 '  at  the surface of t he water i n  a 2' h i gh by � ·  d i ameter ta nk .  The rad i a l  

dos i meter res po nse data a re shown i n  Fi gure 1 9 .  The respons e  i s  l e s s  by a factor  

of  about two from that s hown i n  F i gures 1 6  a nd 1 7 ,  b ut it  i s  s t i l l  fl a t .  The 

decrea se i n  i ntens i ty i s  due to thermal i za t i o n  a nd absorpt i o n  of s ource neu t ro ns 

i n  the water wh i ch subtends about 50% of t he g eometry of the source . The a x i al 

res po ns e  d i stri but i o n  at a d i sta nce of 4 '  i s  s ho�n i n  F i gure 20 . As i n  the corre­

s po ndi ng ax i al d i stri but i o ns of F i gure 1 8 , no a l bedo d ev i ces were u sed . Bel ow 

the l evel of the wate r , the res po nse i s  qu i te l ow due to neutron a b sorpt i o n  i n  

the water . From 2 '  to 5 '  the respo ns e  i s  rea s o na b l y  fl at a nd above 5 '  i ncrea ses  

sl i ghtl y a s  the  8 '  ce i l i ng of the cub i cl e i s  a pproa ched . Th i s  mea sureme nt wa s 

repeated u s i ng al bedo dos i meters i dent i cal  to those  u s e d  i n  the mea sureme nt s  

i n  the Demi neral i zer A cub i cl e , y i el d i ng the data pl otted i n  F i g u re 21 . The 

s h a pe of thi s al bedo res po ns e  i s  qual i tati v e l y  s i mi l ar to the ax i a l  d i str i but i o n  

of F i g ure 1 0  obta i ned for Demi neral i zer A .  

The peak to room return rat i o  obta i ned i n  the demi ne ral i zer cubi cl e i s  muc h  h i gher 

tha n the rat {o obtai ne d  i n  F i gure 21 , i nd i ca t i ng t hat the HEDL cal i brat i o n  experiment 
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DOS H I E TER RESP O N S E  RAD I AL 

D I STR I BUT I O N W ITH THE S O URCE 
AT A HEIGHT OF T WO FEET 

AND AT H A TER SURF A C E  

1 . 6  4 C• 
' ... 6 . 4  

RAD I AL DIST ANCE IN F E E T  
8 . 0 

- F I GURE 19 . Respo n s e  a s  a Fu nc t i o n  of Rad i a l  Locat i o n for SSTR Neutron Dos i meters 

Exposed · to a z !j 2Cf Source Su s �.H:!r1tleLI a t  the Cent e r  of the Surface 
of a 2 '  H i g h  by 4 ' Di ameter Ta nk of Water .  
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A XIAL F I S S I O N  RATE D I S T R I ­
BUT ION A T  A R A D I AL DISTANCE OF 
4 fEET FRON R Ci'-2 52 SOURCE AT 
THE SURFACE o r  2 FEEl or &·iATER 

1 . 8  4 0::• . u 13 " 4  

HE I GHT ABO\.'[ fU)o:)R l N fEET 

F I GU R E  20. SSTR Neut ron Do s i me t e r  Ax i a l  R e s�on s e  at a Rad i a l  Di sta nce of 
4 '  to a 2 5 2Cf Source S u s pended at the Center of the s·urface of 
a 2' H i gh by 4 '  Di amet er Ta n k  of Wat e r . 
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AX IAL R ESPONSE D I S l � iHUl ldN 
FOR ALBEDO D O S I METERS 
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HE I GHT A B O V E  FLOOR l N  FEET 

FIGURE 21 . As in Fi gure 20 but wi t h  Albedo Dosi meters of the Design Shown 
i n  Figure 1 .  
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o nl y  qual i ta t i vely moc k s  up the dem i neral i zer measureme nts . A d i rect c a l i brat i o n  

o f  the peak dos i meter res po ns e  i s  not attempted he re beca u s e  of uncerta i nt i es  

i n  the neutron s·pect r um a nd correspond i ng s pectrum averaged c r·o s s  s ec t i o n  for 

the fi s s i o n respons e  of t he dos i mete r .  O n  the bas i s  of . the c a l ibra t i o n  data 

pbta i ned , the room return ne ut ro n  e s t i mate of the amo u nt of f uel debri s i n  TMI - 2  

bemi neral i zer A shoul d be reg a rded a s  a l ower l i mi t ,  wi th a n  upper l i m i t that 

. does nQt exceed th i s  val ue by mor.e than a factor of two . 

5. 0 Summary 

Based on the room return res p o ns e  of the SSTR neutro n dos i meters the amo unt of . 

fuel present i n  TMI - 2  Dem i ne ral i zer A i s  e s t i mated to be 1 . 7  ± 0 . 6  kg . Th i s  

e s t i mate a ssumes that the demi neral i zer  i s  dry a bove the 309 1 _ l evel , a n  a ssumpt i o n  

that i s  supported by t he s hape o f  t h e  axi al respo ns e  d a ta . The prese nce of u nknown 

amou nts  of water a nd boro n bel ow the 309 1  l evel coul d i ncrease th i s  e s t i mate 

by a max imum of a factor of two . 

Th i s  e s t i ma te i s  cons i ste nt . w1 th the val ue 1 . 3 ± 0 . 6  kg obta i ned  i n  i ndependent 

Compto n reco i l  gamma ray s pectrometry mea s ureme nt s .  ( 1 )  Sou rce d i stri but i o n  data 

from these gamma ray mea s urements  were used  to gui de the d i rect i o n a nd pl a nni ng 

of  the SSTR cal i brat i o n  mea sureme nts . · I n  turn , SSTR e v i dence that the demi neral i zer 

ta nk i s  dry above the 309 1 l evel prov i ded gu i da nce for reduct i o n  of the Compton­

recoi l spectrometer data . Thu s , the two methods prov i de i ndepend e nt but 

compl emen ta ry uo.ta . 

The present SSTR e s t i mate of the fuel qua nt i ty coul d be refi ned by the fol l owi ng :  

( 1 )  · Improved k nowl edge of the  neutro n  s pec i f i c  acti v i ty of TMI - 2  fue l . Th e 

300 n/sec/kg e s t i mate  i s  ba sed o n  c a l cul a t i o ns .  P rev i ou s  e x peri e nce ( S , 6) 



. ' 

- 37 -

h a s  shown that s uch e s t i mates a re l ower than what i s  found experimental l y .  

Al so , the neutron s pec i f i c  act i v i ty w i l l  v a ry wi th a s  i rrad fa te d  fuel reactor 

core l ocat i on . S i nce an  e s t i ma ted avera ge v a l ue has been u s ed for t h i s 

analys i s ,  measurements o f  the neutron  s pec i f i c a cti v i ty of repre s entati ve 

sampl es of TM I - 2  fuel  s houl d be ma de . 

(2 ) Further cal i b rati ons u s i ng expe r i mental  mockups  conta i n i ng moderators and 

absorbers that a re mor� c hara�teri s t i c of t he content s of the demi n e ra l i zer  

tank . · 

( 3 )  Further .scann i ng of t he m i ca SSTR dos i meters to obta i n  more t racks  and the 

concomi tant h i g her  s tati s t i cal  accu ra cy .  Al so , the CR- 39 SSTR coul d be 

processed , scanned , and anal yze� to obta i n  d ata on the h i g h  ene rgy 

( E  > 0 . 5  MeV )  neut ron fl u x .  

( � )  Neutron trans port cal cul at i on s  us i ng a rea l i sti c model of t he demi neral i ze r  

cubi c l e , tank and content s . Th i s  cou l d prov i de furthe r i ns i ght  i nt o  the 

actua l content s i n  the demi nera l i zer. A bel ow the 309 1 el evat i on .  

The present fuel e s t i mates res u l ted from neutron dos i metry mea s urements i n  a 

fi el d \'Jh ere the neut ro.n fl ux was l e s s  t han 3 x 1 0- 3 neut ron s /cm 2 / sec . Thu s , 

the h i gh sens i t i v i ty and cos t  effec t i vene s s  of the  SSTR me thod make s i t  an ,·-excel l ent 

cand i date · for  further  TM I - 2  a ppl i c at i on s  i nvol v i ng fue l debri s traci n g  by neutron  

do s i metry .  
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