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SOCID STATE TRACK RECORDER NEUTRON DOSIMETRY :MEASUREMENTS FOR FUEL DEBRIS 
ASSESSMENT OF TMI-2 DEMINERALIZER-A 

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

ABSTRACT . 

Solid State Track Recorder. (SSTR) neutron dosimetry measurements have been 

made in TMI-2makeup Demineralizer A Cubicle in order t o  assess the amount 

of fuel debris present by means of the specif ic  neutron a c t i v i t y  of TMI-2 

fue l .  Based on recent cal ibrat ion data and the r e su l t s  of the TMI-2 SSTR 

neutron dosimetry, the amount of fuel present i s  estimated t o  be 1.7 f 0i6 

kg. This value i s  in excel 1 ent,-agreement w i t h  . a value determined independently 

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

- .  proposed ref.inements of the present SSTR measurements a r e  discussed. 
-. - 
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1.0 Introduction 

As a rczsul t of the  Thrce Mile Island .Unit 2 (TMI-2) accident on March 28, 

1979, fuel debris was dispersed. into the primary coolant system. of the reactor. 

Two makeup and purifica-tion demineral izers ,  A and B ,  w h i c h  maintain coolant water 

purity,  were in operation a t  the time of the accident.. Due, t o  the high gamma 

ray in t ens i t i e s  in the location of these demineralizers, fuel was presumed to  

be located in the demineral izers .  As part  of the TMI-2 recovery task and WHC 

TMI-2 Demineral i ze r  Resin Removal Program, the amount of fuel debris in these 

-demineral izers  required quantification before other phases of the ion exchange 

resin removal program coul d proceed. 

-.The presence of fuel may be traced.-by using the radiation emitted by the fuel 

0.r' fuel products. TMI-2 fuel em.i.t.s .two. eas i ly  detectable forms o f  radiat ion 

which are (1) gamma rays from f iss ion products, and (2)  neutrons from actinide 

buildup in the fue l .  
. .  . 

-. 

. . . . 

A companion pa'per(l). describes the- use.. o f  Compton recoi l  electron gamma ray., .- 

spectrometry to  detect  .14Ve (which i s  correlated w i t h '  the fuel ) ,13'Cs, and .134Cs 

absolute gamma ray f luxes . This report describes neutron' detection using. sol id  

s t a t e  track recorders (SsTRs). TMI-2 fuel has an estimated average neutron specif ic  

ac t iv i ty  of about 300 n/sec/kg, ( 2 y 3 )  which r e su l t s  mainly from Pu buildup. Assuming . 



'i. 

t h a t  Pu i s  a good chemical t r a c e r  f o r  uranium, SSTR neutron 'dosimetry can be 

used t o  assess t h e  l o c a t i o n  and q u a n t i t y  o f  f u e l  present .  

The use o f  SSTRs f o r  f u e l  d e t e c t i o n  appl i c a t i o n s  has been described p rev ious l y .  (31 

B r i e f l y ,  enr iched 2 3 5 U  f o i l s  a r e  placed in f i r m  con tac t  w i t h  mica SSTRs, and 

t h e  neut ron  induced f i s s i o n  fragments f rom 2 3 5 U  r e g i s t e r  as regions of damage 

( t r a c k s )  i n  t he  mica. These t r a c k s  are  chemica l l y  developed t o  a s i z e  t h a t  i s  

v i s i b l e  w i t h  a microscope. The number o f  t r a c k s  p e r  u n i t  area i n  t h e  mica i s  

p r o p o r t i o n a l  . to t h e  number of f i s s i o n s  pe r  u n i t  area i n  t h e  adjacent uranium 

f o i l .  Using app rop r ia te  c a l i b r a t i o n  data, t h i s  f i s s i o n  r a t e  can be used t o  deduce 

the: neut ron  fl ience. The -neutr.bn..fl uence and duraf i.on of exposure o f  t-he SSTRs . 

can then be used t o  a s c e r t a i n  t h e  amount o f  f u e l  present .  

- . .  

Th i s  r e p o r t  descr ibes the  SSTR neutron dosimetry measurements t h a t  were made 

i n  t h e  TM1.-2 Demineral i z g r  'A Cubic le  and t h e  r e l e v a n t  c a l  i b r a t i o n  measurements 

t h a t  were made a t  Hanford Engineer ing Development Labora tory  (HEDL). On t h e  
-- 

basis- of these measurements and-.cal. ibrat. ions, t h e  amount o f  f u e l  p resent  i n  .TMI-2 , 

- - 
Deminera l i zer  A i s  est imated. 

, . . : .  

2.0 TMI-2 Measurements 

SSTR neutron dosimeters were cons t ruc ted  as shown i n  F igures 1. aid -. 2. TWO 3"  

. . x  1" sheets o f  0.004" t h i c k  93.% enr iched 2 3 5 U  were sandwiched between two pi-eces 
. .. . . . . .  . 

., of m+ca .and pressed i n  ffi;rm. con-tact a g a i n s t  -an..aluminum suppor-t p ' late between 

two 0.25" t h i c k  p ieces o f  l u c i t e .  The l u c i t e  was used t o  enhance t h e  neu t ron  

s i g n a l  v i a  t h e  a1 bedo e f f e c t  which has been r e p o r t e d  previously.-(3) The t o t a l  

SSTR ar.ea o f  t h i s  neutron dosimeter  i s  approx imate ly  85 cm2. These dosimeters 

were assembled a t  TMI-2 immediately p r i o r  t o  t h e  exposure (F igures 3 and 4) t o  
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reduce background due to cosmic ray neutron induced f ission and from spontaneous 

f ission of the 238U i n  the uranium. Also circular (1" diameter) CR-39 SSTRs 

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

the high energy ( E  > 4 . 5  MeV) neutron flux. 

t 

An overview of TMI-2 Demineral izer  A and B Cubicles i s  shown i n  Figure 5. Due 

t o  the intense gamma ray f ie lds  present near the demineralizers, neutron dosimeters 

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

was accessible through penetration #891 shown i n  Figure 5. 

A vertical stringer was prepared by fastening together SSTR dosimeters a t  measured 

intervals  using fishing line. This stringer was enclosed i n  plast ic  t u b i n g  t o  

protect the dosimeters from contamination inside the demineral izer  cubic1 e. A 

horizontal se t  of dosimeters was prepared by attaching the dosimetersstd a pipe 

which was then enclosed i n  plast ic  t u b i n g .  Both the horizontal and vertical 

s tr ingers were inserted i n t o  the cubicle through penetration #891 as shown i n  

Figures 6, 7 and 8. The dosimeters were inserted a t  11:55 p.m. on September 14, 
-* 

- 
1982, and occupied the positions shown i n  Figure 9. The location of the vertical 

s tr inger was confirmed du r ing  a robot entry of the 'cubicle. The dosimeters were 

l e f t  i n  place for  twenty-nine days and removed on October 13, 1982, a t  6:20 p.m. 

Some dif f icul t ies  were encountered during removal , resulting in a maximum uncertainty - 
of 3% i n  *he vertical stringer exposure time. In order to  measure the detector 

background,' control dosimeters were assembled a t  the same time and exposed i n  

a demineralizer cubicle ( D )  where fuel was not present. Assembly and disassembly 

of a l l  of the dosimeters required a few hours so t h a t  background cosmic ray neutron 

exposure i s  approximately the same for  a l l  detectors. A summary o f  the detector 

positions and labels i s  given i n  Tables 1 and 2. After exposure, the SSTRs were 
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TABLE 1. SUMMARY OF DETECTOR LABELS AND LOCATIONS FOR VERTICAL STRINGERS 

'Holder  ~urnbbr SSTR Labels  
Deminera 1 i zer  

Locat ion  E l e v a t i o n  

* Mica SSTRs were numbered i n  sequence. Unprimed numbers correspond t o  
SSTRs nearest t o  l u c i t e .  Primed numbers correspond to,-SSTRs nea res t  t o  
a1 umi num. 



TABLE 2. SUMMARY OF DETECTOR LABELS AND LOCATIONS FOR HORIZONTAL STRINGERS 

Ho 1 de r  Number 

14 

15 

16 

SSTR Labe l s  
Demjneral i z e r  A 

L o c a t i o n  



t r anspor ted  t o  HEDL where they  were processed by e t c h i n g  w i t h  49% HF a t  room 

temperature f o r  90 minutes. The developed t racks f rom s e l e c t e d  dosimeters were 

manual ly counted w i t h  the .  a i d  o f  a microscope. The measured , 2 3  'U t r a c k  d e n s i t i e s  

f o r  t h i s  exposure a r e  g i ven  i n  Table 3. 

3.0 Ana lys is  and Resul ts  

The SSTR. 235U t r a c k  d e n s i t i e s  f rom Table 3 are p l o t t e d  i n  F i g u r e  10. Shown f o r  

comparison i s  a curve r e s u l t i n g  f rom gamma scanning(') o f  t he  '-"Ce a c t i v i t y  

p resent  i n  t he  demineral i z e r  tank.  W i th in  experimental  1 i m i t a t i o n s ,  t h e  p o s i t i o n s  

. I-.':b%i; t h e  two peaks a r e  t h e  same, 4-riei'icating the  presence o f  f u e l  a t  , t h e  309,' e l e -  

va t i on .  The assumptfons a r e  made here tha.t':144Ce and Pu ,bo th  a r e  c l o s e l y  assoc ia ted  

w i t h  the  fue l ,  r e s u l t i n g  i n  f u e l  t r aceab le  gamma rays  and neutrons,  r e s p e c t i v e l y .  

Al though the  background measurements g i ve  a t r a c k  d e n s i t y  o f  about '5 tracks/cm2 

due t o  cosmic r a d i a t i o n ,  t h e  base1 i n e  f o r  the  measurements i n  t he  demineral i z e r  

c u b i c l e  i s  about 10 t r a c k s  cm/2. The 5 tracks/crn2 d i f f e r e n c e  i s  due t o  room 

r e t u r n  neutrons r e s u l t i n g  f rom t h e r m a l i z a t i o n  o f  source neutrons i n  t h e  w a l l s  
- - 

of the  c u b i c l e .  Th i s  e f f e c t ,  which w i l l  be discussed i n  d e t a i l  i n  Sec t ion  4.2, 

has been observed be fo re  i n  t h i s  t ype  of measurement. F igu res  11 and 12, which 

a r e  taken f rom Reference 3, show r a d i a l  and a x i a l . f i s s i o n  r a t e  d i s t r i b u t i o n s  

i n  t he  v i c i n i t y .  o f  a spent f u e l  subassembly houseb i n  a h o t  ce l l . ,  T h e  iso topes 
-. 

" w i t h  ' t h resho ld  neutron response. (238U,- 2 3 7 ~  p, ' 232Th) .respond t o  f a s t  neuf rons  

..: . f r o m  the  source and show the expected s p a t i a l  d is ' t r ibu t i .ons ; *  -Howe,v~er, t he  235U 

*CR.-39 SSTRS were i n c l u d e d  w i t h  t h e  TMI-2 SSTR neut ron  dosimeters t o  p rov ide  
a measure o f  the  h i g h  energy neutron i n t e n s i t y  i n  Demineral i z e r  .A Cubic1 e. The 

fR-39 SSTR has a h i g h e r  sen .s . i t i v i t y  than the  238U, 237Np, and. 232Th. The CR-39 
.SSTRs have n o t  as y e t  been analyzed. 



TABLE 3. MEASURED SSTR TRACK DENSITIES AT SELECTED LOCATIONS ALONG THE 
VERTICAL TRAVERSE(DATA'TAKEN IN'TMI-~DEMINERALIZERA'CUBICLE) 

Measured Measured 
E l e v a t i o n  Tracks/cm* Tracks/cm2 

TMI# (F t .  'Obs; 1 "Obs. 2 Avg.* - B. G. 

273 30 7 10.2 5.2 + 1.9 

Demi n e r a l  i zer  D .. . 

Measured Background (B. G.) 4.8 " 5 . 3 .  
(B. G. Average = 5.0 + l . l * )  

* Average o f  Observers 1 and 2. 



' ELEVATION, f t  HEDL 8212-092.2 

FIGURE. 10. Track Densi ty  as a  Funct ion of;.Axial Locat ion  f o r  SSTR heut ron  
",. Dosimeters Exposed i n  TMI-2 Demineral i z e r  A Cubic le .  
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f i s s i on  r a t e s  tend t o  be constant  a t  a l l  pos i t ions ,  s ince  the 2 3 5 U  responds mainly 

t o  room return thermal neutrons. The room return neutron in tens i ty ,  which i s  

proportional t o  the  t o t a l  source neutron i n t ens i t y ,  can be used t o  determine 

. : .- -.. . . the  amount. of frued: pre-sent a s  wil l  be shown . i n  Section 4.2. 

The SSTR in tens i ty  d i s t r i b u t i o n  i n  Figure 10 i s  asymmetric, decreasing l e s s  

. . - - - - - 
. . . . .- . . . - , , rapidly  above the 309' e-lewa-t-ion than below-. 'A probable explanation i s  t h a t  

the  tank i s  dry above the  309' e levat ion-and contains degraded res in  and possibly 

boronated water bOlgw t - h i  s 1 eve1 . The .resin a t t enua t e s  fuel  neutrons be1 ow 309' , 

whe~ea~s  ,the slow fa1 lo.ff in. intens-i-ty above 309' i s  due t o  the  increase i n  d i s tance  

., . . 
between the  SSTR ne.utron dosimeters and the neutron source. 

The. t r a ck  d.wsi.t.i.es- observe'd i n  the  SSTR neut~on;dos.imeters correspond t o  extreme'ly. - . 

low neutron fluxes.  Using ca l i b r a t i ons  described i n  Section 4.0, t he  t o t a l  neutron : ., 

emission r a t e  in the  demineralizer A cubicle i s  found t o  be about 500 nkutrons 

. . .  .- 
- .  per second; eo.rrespondirig-to---.a -flux.~.bfi' less-t.han.-.3-~1.0.-3 n./cm2/.sec - a t  fhe  posi t ion -. - .  

. . + - of the  SSfR neutron dosimeter with the  maximum s igna l .  -The present SSTR neutron 

dosimetry i s  the only known method capabTe of de tec t ing  such a low neutFon f l ux .  

. .. - 
.. , . During unloading of t he  dosimeters, the  luc i  t e  a1 bedo .blocks were observed t o  
. . 
.. . ' have been di scoTored by rad ia t ion  damage.  he i n t e n s i t y  of t h e  d i sco lora t ion  

. . -- 
. 

.+.. . . a p p e a r s t u . b e  .p.ropbrtiona'l to--the in tensi tyapf- the.- , i%mma ray dose a t  the.locat-ion - -. 
. . 

]' .-. of each, dosimeter, .~as can be seen i n :  F.igure -1.3. Quant i ta t ive  l i g h t  absorption 

o r  transmis5ion measurements should be made on these  l u c i t e  blocks t o  determine 

, i f  us.ab1.e gamma, .ray -dose information.-can.. be derived; .- . . .  . % .  - .--, .. .. ,.- .. 
. . 
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F I G U R E  13. Lucite Blocks from SSTR Neutron Dosimeters tha t  \.:ere Exposed i n  
Denineral i zer cubicle A.' Discoloration i s  t h e  Result of Accumulated 
Radiation Damage from Gamma Ray Exposure. Thg t4axirruii: Discoloration 
Corresponds to  the Location of Highgst Gamma Ray Cose. 



4.0 ' Cal ibration Studies 

4.1 SSTR Neutron bosimeter Response 

In order to  convert observed f i ss ion  track density into neutron fluence, ca l ibra t ion  

. - . . 
,- -d.ata-;.on the .response of the SSTR.:neutron:.dos.-i.meter i s  required, - This response- - - . - . 

=will deipend on the energy spectrum as wel.1 as  the in tens i ty  of the incidettt neutrons. : 

Neutrons from the source (fuel in the dernineralizer) will  be moderated, absorbed; 

and-reflected by the surround,ing%,-and. t h e r e s u l t a n t  neutron spectrum will  be 

sens i t ive  to  the presence of moderators such a s  water or  materials with high 

neutron absorption cross sections .. . Cal i bration data had been obtained previously (3) 

., - - us-i-ng. a' 52C+ .-s~ou.r.~.e *,<i.n an experimental -.conf'i.gurati on designed t o  "mock-up" .the-!. . .::.- . .  ?., 

- 

demineralizer and i t s  surroundings. Unfortunately, a t  the time these ca l ibra t ions  

were carried out i t  was believed that  the demineralizer was f i l l e d  with 1100 

. .  . . ppm borat'ed water. . .../ . . .  . 4 .  

' . On the basis  of the present work a.nd. the related gamm ray spectrometry..measure- 

- '.- - ' jnents ,-('I t h e  &mineral iz&--cJfi be'aisumed7to be dry above the.-309'- e l  e ~ a t i o n .  

Below t h i s  elevation, degraded resin i s  present containfng unknown amounts o f  . . 

- 
water and boron. Nevertheless, the previous dosimeter cal ibrations ( 3 )  provide 

- -  insight  into the response of' the , 2 3 5 U  . f i ss ion  . ra te  as. a 'function of moderation . . 

- and absorption of source. neutrons. Figure 14  shows ' the response of SSTR..dosimeters 
. :  
-3  < 

t o  a 2 5 2 ~ f  source iners l id  in borated water at various depths. Note t h a t '  the 
. . -- 

;. . 
: SSTR r03-pdtise d i - ~ e c f l y  abdite the sdilPSe but drops-.of f r a p i d l y  ' fo r  other . . .. . 

. . 

,* . . .  . . .- 
:-y7.posi t ions as a resul t  . .of'  the attenuation . (absorpti,on) ,.of. source neutrons by;.the . .. . . ,  -. 

borated water. ThiS e f f e c t ; i s  a lso shown in Figure 1 5  where-the peak in tens i ty  
_-, . -. - 

' ' i s  ;plotted as a. furiction ^oTf.-ma-t-er depth. This resp0ns.e i s . ~ t h e  bas-is ,of the argu- 

ment presented in Section 3.0 tha t  the tank i s  dry above the 309' l e v e l .  I f  

water were present, the response curve plotted i~n Figure 10 would decrease much 
? . . 

' more rapidly above the 309' level .  
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- ,,The dosimeter design. shown i n  Figure 1 dif fers  from the design.-us.ed fo r  pre-vious 

 calibration^'^) i n  t h a t  two layers of 0.004" uranium are used t o  increase the 

detector  surface area and luc i t e  albedo blocks are used t o  increase the neutron 

. . . ... , -:. response".of .,the. ? .5~Jby l  contri b u t i n g d  fur ther -  moderation of the neutron.spectrum. 

'- I n o r d e r  t o .  calculate the-  relative response of the two SSTR neu t ron  dosimeters., 

- a d d i t i o n a l  2 5 2 ~ f  exposures were carried o u t .  For r.easons de ta i l ed  i n  Section 

. . -- . ' -  . -: 4:2, the 2 5 2 ~ - f  ca.1 ibrations.:were -ca:rr.ied ou-t-:.+n a .concrete wa.1-led: cubic1 e.. Both 

types of  dosimeters were exposed t o  the source w h i c h  was suspended a t  heights 

of 2.'. and 3.5' i n  the.!  center of the room. The room has overall  dimensions of 
-. 
ct: . - .11.5' x 8'"and::a:Re-i'g:)ilx'i6f 8!. Axial-respon-se-~di.s-t .r . ibgt ions a t  a r a d i a l  .. distance.;...::? . 

-. 
of 4 '  f rom the source were-measured a s  well as  single radi 'al '  locat ions  a t  2 '  

and 8 '  from the source. Measurements were made bo th  w i t h  no water present i n  

' , - ' .k ;.. , ;fh-g. .,+o-oyfi ; ." .-- .* .:., - ah& ab0vv-a: .;Q ' . ' . '~ iamef t&~~: . -~~.n l ( " f  i l  1 e'd. t o  a d e p t h  .Gf; z.! 7with:wat.er; .. Since .. 

these results were dominated by room return effects ,  they are summarized. i n  the .: ., 

fol  lowing s e c t i h .  

. .  . . 

4.2 SSTR .Room -Return Response . . 

Whenever n'eutron dosimetry i s  conducted i n  a 1 abora tory  bounded '  by wall s c o n t a i n i n g  
.' . -- - .---.--- .mod'era-t;o-r mate'54a-1s - ( h y d r o g e n e o u ~ i : ~ o n ~ ~ e t e  in. thkr:present.. casel);.-the- source .neutr.ons: . .. . 

wil l  be transported,'  scat tered,  and abso.rbed_ , t h r o u g h o u t  the environment and part ic-  
. .. 

ulirly i n  %he wallsl.if the dimensions of .;$,he l a b o r a t o r y  are small. .- Room return 
. . -. 

. . I'neuf rons are.:the'; 1 astL';vest.i ges- of::neutrons or6.gi nal l y  emi t.t.ed by- the..-source, . . . . .  , ...- . . 

a n d ,  in.deed.,..'these neutrons have been sca t te red  so of ten  t h a t  they h a v e ' a t t a i n e d  

thermal eq'wil ib r ium w i t h  their environment. They pervade the  entire labora'tory 

- :. r.: .,. . ,,..- .., . . 
"space -1 i ke. a- uniform- homogen.eou.s~km.i.st~,or fogs : . They - r e t a i n  noL..kn.oul.edge of .their.. . . 

o r i g i n  w i t h  the exception, of t h e i r  i n t e n s i t y ,  w h i c h  i s  propor t iona l  t o  the  t o t a l  , - 

emission ra-te of the source. T h i s  phenomenon i s  apparent  i n  the d a t a  referred 

.-,. :,-:-.' , t o  previous.l.y-';$.n s&ct.ion 3=0 .and. . jhown. i n  .,Figure.s,. 10,,..1~, and  . 12.,:!,.;. ,. - . .> . . O .  ; . . . :. . .. : 



A detai led analysis of t h e  room return phenomenon has been given by White (4) 

who used diffusion theory t o  describe experimental data obtained i n  a laboratory 

bounded by concrete walls. According to  th i s  analysis ,  the thermal neutron flux 

can be expressed as 

where Sn i s  the neutron emission of the source in neutrons/sec, C i s  a constant 

and R i s  the effect ive radius of the laboratory given by 

where D i ,  i  = 1, . . . 6 a re  the s ix  distances from the source. to  each wall of 

the laboratory. A value of R that  i s  pertinent t o  the TMI-2 Demineralizer A 

Cubicle can be derived from the known dimensions of the cubicle and the approxi- 

mate location of the. fuel as derived from t h e  Compton gamma ray spectrometer 

data. These gamma-ray resu l t s  show that  the s?ur,ce can be approximately repre- 

sented by a point source which l i e s  two fee t  from the bottom of the demineralizer 

ldrrk drld v e r y  cluse t o  'the tsor~th s ide of the tank.  On t h i s  basis,  onc f inds 

a value o f  approximately 4.27' for  R .  

In order t o  experimentally determine the room return response of the SSTR dosimeters, 

cal ibrat ions were carried out in a cubicle where s imilar  values of R would be 

obtained. With the 252Cf source a t  2 '  as described in section 4.1, the corre- 

spond.ing value of R i s  3.59' and with the source a t  3 .5 ' ,  the corresponding value 

of R i s  4.33'. 



The radial response results for source heights of 2' and 3.5' are shown in Figures 

16 and 17. ,Here, 255U dosimeters with no albedo devices were used, and the response 

is seen to be roughly constant for both cases with the exception of the 2' radial 

measurement with the source at 2' which.corresponds to the smallest source to 

dosimeter distance and the highest response. Axial response distributions at 

a radial distance of 4' are shown for the 2' and 4' source heights in Figure 

18. In both cases, the response is flat and constant for both source heights. 

Apparently, equation [I] is not valid for the small room dimensions addressed 

here, and the constant response of the two calibration cases must be applied 

to the demineralizer data. 

1n.a separate measurement, the intensity of the 252Cf source was calibrated and 

found to be(3.08 t 0.42)~ 10' n/sec by measuring the induced fission rate in 

a 238U-SSTR dosimeter. The response to this source of an albedo-type dosimeter 

identical to that used at TMI-2 Demineralizer A is 74.8 + 7.5 tracks/cm2/min. 

In an exposure of slightly less than 2'9 days, a room return response of 5.2 + 

1.9 tracks/cm2 was obtained or 1.26 x lo-'+ tracks/cmZ/min. This response corre- 

sponds to a total neutron source in the demineralizer A'Cubicle of 517 neutrons/ 

second. If an average neutron specific activity of 300 n/sec/kg is assumed for 

the TMI-2 fuel, an SSTR neutron source intensity derived value of fuel debris 

of 1.72 t 0.63 kg is obtaiped. 

This SSTR estimate is subject to error from a number of sources. The most important 

effects that have not been taken into account are the absorption and moderation 

of neutrons in the laboratory. These effects are particularly significant when 

hamogeneous media exists in the laboratory as in thc casc for thc Dcmineralizer 



DOSIMETER RESPONSE RADIHL 
DISTRIBUTION WITH THE SOURCE 

AT R HEIGHT OF TWO FEET 

RADIAL D~STHNCE IN FEET 

FIGURE 16.  Response as a Function of dadial  Location f o r  SSTR Neutron Dosimeters 
Exrj~sed t o  a 2 5 2 ~ f  $ Q V ~ C ~  51)spended a t  2'.frqm t h e  Floor i n  the 
Center o f  a Concrete Cublcle w i t h  Overall Dlmensiuri.; 11.5' x 8' 
and a Height o f  8 ' .  



DOSIMETER RESPONSE RHDIAL 
OISTRIBUTION WITH THE SOURCE 

AT fl HEIGHT OF 3.5 FEET 

HAIiIHL 13i~~fl t .4~~ IN FEET 
f 

FIGURE 17. As i n  Figure 16, with a Source Height o f  3 .5 ' .  



AXIHL DOSItiETER RESPONSE 
DISTRIBUTION AT fi RAOIHL 
DlSTRNCE OF 4 FEET FROM A 

286.0 Cf-252 SOURCE ( N O  HATER)  

HEIGHT ABOVE FLOOR I N  FEET 

FIGURE 18. SSTR Neutron Dosimeter Axial Responses at a Radial Distance of 
4' from a 252Cf Source. 

X Source Height 2' 
0 Source Height 3.5' 



A cubicle. Neutron absorption decreases the number of neutrons which a t t a i n  

thermal equilibrium in the cubicqe. On the other hand, moderation by a hydrog- 

eneous medium produces a so f t e r  neutron spectrum incident upon the laboratory 

walls,  thereby increasing neutron reflection and the  thermal neutron room return 

flux. Consequently, these two ef fec ts  work in opposite directions and tend t o  

cancel each other. Obviously, the specif ic : laboratory.  environment and geometry 

will play a dominant role  in the re la t ive  weighting of.  these effects .  

In order to-explore the e f f ec t  of having hydrogeneous media present, SSTR c a l i -  

bration measurements were done with the 252Cf source suspended a t  a height of 

2 '  a t  the surface of the water in a 2 '  high by 4 '  diameter tank. The radial  

dosimeter response data a re  shown in Figure 19. The response i s  l e s s  by a fac tor  

of about two from that  shown in Figures 16 and 17, b u t  i t  i s  s t i l l  f l a t .  The 

decrease in intensity i s  due to  thermalization and absorption of source neutrons - - 

in the water which subtends about 50% of the geometry of the source. The axial  

response distribution a t  a distance of 4 '  i s  shown in Figure 20. As in the corre- 

sponding axial dis t r ibut ions of Figure 18, no albedo devices were used. Below 

the level of the water, the response i s  qui te  low due to  neutron absorption in 

the water. From 2' to  5 '  the response i s  reasonably f l a t  and above 5' increases 

s l ight ly  as the 8 '  cei l ing of the cublcle i s  approached. This measurement was 

repeated using albedo dosimeters identical t o  those used in the measurements 

in the Demineral izer  A cubicle,  yielding the data plotted in Figure 21. The 

shape of t h i s  albedo response i s  qua l i ta t ive ly  s imilar  to  the axial dis t r ibut ion 

of Figure 10 obtained fo r  Demineralizer A.  

The peak to room return r a t i o  obtained in the demineralizer cubicle i s  much higher 

than the rati'o obtained in Figure 21, indicating tha t  the HEDL cal ibrat ion experiment 



DOSIMETER RESPONSE RADIAL 
OISTRIBUTION WITH THE SOURCE 

AT R HEIGHT OF TWO FEET 
AND AT HRTER SURFRCE 

RRDIAL DISTANCE 1N FEET 

FIGURE 19. Response as a Funct ion  of Radial  Loca t i on  f o r  SSTR Neutron Dosimeters 
Exposed t o  a '5'Cf Source Suspr r~drd  a t  t he  Center  o f  t h c  Surface 
o f  a  2 '  High by 4 '  Diameter Tank o f  Water. 



R X I A L  FISSION RATE D I S T R I -  
B U T I O N  HT H RRDIRL DSSTRNCE OF 
4 FEET FROM R Cf-252 SOURCE AT 
THE SURFACE OF 2 FEET OF kIFlTEF: 

FIGURE 20. .SSTR Neutron Dosimeter Axial ~ e s b o n s e  a t  a Radial Distance of 
4 '  t o  a "'Cf Source Suspended a t  . the  Center of the  Surface of 
a 2 '  High by 4 '  Diameter Tank of Water. 



RXIRL RESPONSE U P S I  HLHUI i b ~ i  
FOR ALBEDO DOSIMETERS 

HE I GHT AB GIVE FLOOf; 1 N Ff  ET 

FIGURE 21. As i n  F igu re  20 b u t  w i t h  Albedo Dosimeters o f  the  Design Shown 
i n  F igure  1. 



only qualitatively mocks up the demineralizer measurements. A direct calibration 

of the. peak dosimeter response is not.attempted here because of uncertainties 

in the neutron spectrum and corresponding spectrum averaged cross section for 

the fission response of the dosimeter. On the basis of the calibration data 

pbtained, the room return neutron estimate of .the amount of fuel debris in TMI-2 

Demineralizer A should be regarded as a lower 1 imit, with an upper 1 imit that 

does not exceed this value by more than a f ac to r  of two. 

5.0 Summary 

Based on the room return response of the SSTR neutron dosimeters the amount of 

fuel present in TMI-2 Demineralizer A is estimated to be 1.7 + 0.6 kg. This 

estimate assumes that the demineral izer is dry above the 309' , 1 eve1 , an assumption 

that is supported by the shape of the axial response data. The presence of unknown 

amounts of water and boron below the 309' level could increase this estimate - - 

by a maximum of a factor of two. 

This estimate is consistent.with the value 1.3 + 0.6 kg obtained in independent 
Compton recoil gamma ray spectrometry measurements. Source distribution data 

from these gamma ray measurements were used to guide the direction and ~lanning 

of the SSTR calibration measurements.. In turn, SSTR evidence that the demineralizer 

tank is dry above the 309' level provided guidance for reduction of the ~ompton- 

recoil spectrometer data. Thus, the two methods provide independent but 

co~llpl ellie11 tary da t d  . 

The present SSTR estimate of the fuel quantity could be refined by the following: 

(1) ' Improved knowledge of the neutron specific activity o f  TMI-2 fuel. The 

300 n/sec/kg estimate is based on calculations. Previous experience (596) 



has shown that  such estimates a re  lower than what i s  found experimentally. 

Also, the neutron specif ic  ac t iv i ty  will  var.y with as i r radiated fuel reactor  

core location. Since an estimated average value has been used fo r  t h i s  

analysis, measurements of the neutron spec i f ic  ac t iv i ty  of representative 

samples of TMI-2 fuel should be made. 

(2) Further c a l  i brations using experimental mockups containing moderators and 

absorbers tha t  a re  more charac ter i s t ic  of the contents of the demineral i z e r  

tank. ' 

(3) Further .scanning of the mica SSTR dosimeters to  obtain more tracks and the 

concomitant higher s t a t i s t i c a l  accuracy. Also, the CR-39 SSTR could be 

processed, scanned, and analyzed to  obtain data on the high energy 

( E  > 0.5 MeV) neutron f lux.  

( 4 )  Neutron transport calculations using a real i s t i c  model of the demineral i z e r  

cubicle, tank and contents. This could provide fur ther  insight  in to  the 

actual contents in the demineralizer A below the 309' elevation. 

The .present fuel estimates resulted from neutron dosimetry measurements in a 

f i e ld  where thk neutron flux was l e s s  than 3 x neutrons/cm2/sec. Thus, 

the high sens i t iv i ty  and cost effectiveness of the SSTR method makes i t  an,-excellent 

candidate.for fur ther  TMI-2 applications involving fuel debris tracing by neutron 

dosimetry. 
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