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Introduction In t h z  f i r s t  few hours following the  TWI-2 accident  large  
var ia t ions  ( f a c to r s  of 10-100) i n  the source rar?ge (SR) detector  response were 
observed. These var ia t ions  a re  2vident in  t he  T>lI-2 SR response depicted i n  
Figure 1. 

The purpose of t h i s  analys is  was t o  quantify the various e f f ec t s  which 
could contr ibute  t o  these large  var ia t ions .  The e f f e c t s  evaluated included, 
the  transfi ission of neutrons and photons from th? core t o  detector  and the re- 
daction i n  the  mul t ip l ica t ion or" the Am-Be s t a r t up  sources, and subsequent re- 
ducticn in  St7 detector  response,.due t o  core voiding. 

Arialysis A onz-diiiiensional APJISBI slab node1 o f  the  TivII-2 core ,  core ex.- 
ternal  s ,  pressure vessel and contai nnent has been constructed f o r  ca lcula t ion 
of the SR detector  response and i s  present2d in  Table I .  The f ixed sp s t i a l  
source fo r  b o t h  neutrons and photons, based on an expected radial power d i s -  
t r i  bution, i  n p u t  t o  th i  s model i s  presented i n  Tabl,? I I .  Th? .Ai\IISN t ranspor t  
ca lcu la t ions  were perfomled in  t i l e  S3-P3 approximaticn using the  RSIC 
DLC-37/EPR (100 group, ENDF/B-IV cross sacl icn  1 i brary and the spa t i  a i  m25h 
g,iven in Table I .  This mcsh has been tnstad and fouzd accurate t o  wi'thin 71% 
in the  f lux solut ion.  

1. Fixed Source Calcul atiofis 

In order t o  determine the  e f f e c t  of core and/or d~~ i l co , : ) e r  void<i:g on the 
t ranspor t  o f  neutrons and photons from the  core t o  the SR datectors ,  fixed 
source AN1S)i ca lcu la t ions  were performed. Cai cu'latioils w r e  p~rs"or.i!:.red a t  the 
nminai  operating moderator density and reduced dens i t i e s  of .40.0 and 0.0% of 
noixiilal. Four cases in :./liich the exter ior-core  waT.er was varied were con- 
sidered;  Case ( 1 )  - the  core barrel (Region 4 )  and downco~ner (Region 6 2nd 8) 
a r e  flooif?d, Ti4 = 16 i n . ,  Case ( 2 )  - the cor? barrel i s  voided and t he  doyn- 
comer i s  flooded, TH = 11 i n . ,  Csse ( 3 )  - the  core barrel  i s  f1oede.d and the 
do~,smcr,i;ier i s  vsi??r.i, T,, = 5 i n .  and Case ( 4 )  - the  core barrel and  da;;ncsmer - a r e  b0ti7 voided, Ti.1 = 0.0 in .  1 he SII detecti;r nei:troi! :resi!onse f o r  -ei.;ese 
cases i s  presented in  Tab1 e I I I anci in. f i  ggre 2 .  I t  i s  seen t h a t  voiding the  
core i-esu! t s  iii a fac to r  of  -3 increase f n  d2tec tor  respans2 i i ~  Case (1.1, 'rk,! 
= 15 i n . ,  arid s f?.c-tor of -10 i i i ~ r s a s ~  in  Case (4), T!.! .=  9.0 in.  Si:!cc   no st 
0.F the source a t tenzat inn t&es  place o ~ ~ t s i d c  oi' ti:.? cora ,  the SF; cie.Z?ctor 
rcspc,!lsz i  s ~ r ; s i t i \ i ?  .to changes in t h i s  7;~.;5r; \:~.idincj t he  
b .x ~ . - a l  7 - 

n l  ! , I  and dovincaner recu!ts i n  a .factor of -?0-' increasz iii ,SR zign.21 x i t h  
t h e  core  a t  the nonji nal n!od?ra.tor densl t y  . T i ~ i  s ci  gnal at tenual i 'on 
(SfIV/SR) m y  be desct'ihed by .the s p p r ~ ~ i i i ~ a l ~  ?;<p;.~ssiun, 



n where TN i s  the exterior-core water thickness and .IR is*an average 
neutron renoval cross section for water, 11 = .17 cm-1. 

i r l  ~;.,ior t3 ( ! o t . > r ; 7 ; j l : ~  - ~ f j . ~  seligj-ii:li.;;:~ ~f <i1.353 r e s [ l l s  .LQ C ~ O ~ S  5i3c'tj071 - ,  . b .\- -b 

treatment, calculations were a1 so performed for Case (1) and Case ' ( 4 )  using 
the RSIC DLC-23EICkSK (22 Group; EMDF/B-11) cross section set .  In Table IV 
the resu l t s  of these calcuiations are presented and are seen to  agree witti the 
DLC-37/EPR resul t s  (Table 111) to  within 20%. This differeiic? has been traced 
to  a difference i n  the f a s t  hydrogen reinoval cross section between the two 
1 ibrar ies .  

In Tables V and VI and in Figure 3 the relat ive S4 detector Smna (photon) 
responsz i s  presented for Cases ( 1 )  - (41, Voidfng the core resui t s  i n  an 
-10% increase in ti12 detector Y-respcnse for  a l l  cases. Voiding the core 
barrel and do:\;nsomr r e s ~ ! l t s  in a factor cf -3.0 increase in ganma response. 
with the core a t  the ncminal  loder rat or density. This signal s t t e n ~ a t i o n  
(SRy/SS&) may be described by the approximate re1 at ion,  

Y - 1 where IR i s  an averacje photon renoviil cross section for  ivaicr, 1; = .027 cn; . 
2. Source Mui tip1 ication C;.lcul ations 

In orcilr to  d?.termin? the effzc't of reduced source mult.iplication wnzn the  
core i s  voided, AMISM i terated source calculations have O~cn peri'o~rned. . For 
convenience in these calculations,  the CASK 22 group neutronics l ibrary was 
used.. As a f i r s t  step,  the boroi?. concentration and fuel enrichment vier? 
adj~;s.ixCf t o  obtain an i n i t i a l  subcrit ical  target  eigenvalue of k,ff = .92. 
The Am-Be start-up source was represented as a planar source in the center of 
the outer-core region (corresponding t o  the p~r iphera l  asserfiblies) acd the 
spectrcrn was obtained from Reference 1. 

In Table VII and in Figure 2 the S!? detector n e ~ t r o n  response i s  presented 
for Cases (1) - (4). Voiding ti;? core bai-re1 and do~rnconer resul ts  in a 
factor of 5 x 102 increase in the detector response for  the nosinal core. 
Th i s  source i t tenuation ( S R A B / S % ~ ~ )  i s approximately represented by the  re1 at ion,  

i rz 
k. & ,. 7 .  /-\!J - 1 i. , e L ,  i s  3 i i  at:erane neu t ron  re~g . i i  C Y O S S  ~ ~ i i i ~ t l  f o ~  ~ ~ t e r ,  St" = - 1 5  . 

, i + I: 
T l l i  s c : -~~ss  sec.t.io;: and source at-tcnuil.cion i s  s! is\!tl y red~cnd re1 8ti:ic i::? the  , 

i'issicn scurce (";!.!ittion (J.) ) due .Lo the hc.,,rdcr spectrum 
- - .  

;k In t h e  a : o ~ s t  caepief:r l y  f looded Case ( 2 )  t ns  tiarsi;llt:t~d ne!itron sorctriii; i s  - 1 
.ilii.rip;;~d i.elakive to  the vgjdcd czs.2~ al;d L i s  reiil;ced jll'ii:l!:!: ih - .?I CF . 

FC - 1 R 
. I . i k f  -\m .is sl.i g,,L?y i.." 1Gi:er. f f i j -  Case ( 2 ) .  pAe = cr.: . 

L ~ '  2 . L~ 



cha rac t e r i s t i c  of tht. Am-6e source. Voiding the  core r e s u l t s  i n  a' reduced 
soirrce mult ipl icat ion and an increaszd transmission, the  r,et e f f e c t o f  vrhici.~ 
i s  a de l i~c to r  signal increase of -5053-i in the compl c te ly  flooded Case ( I ) ,  
T\,I El 16 i n . ,  and a fac to r  o f -2  in.crease in the  voided Case ( 4 ) ,  TW = 0 
in .  In Table VIII the system eigenvalue and nu l t ip i  ied neutron source i s  
p r ~ s e n t c d  togathet* with the one-sro?;p .psi n t  mu1 is pl  ica t ion for these cases. 

In order t o  determine the e f f e c t  of pa r t i a l  core voidi 119, the completely 
flooded Case (1) and cornpl e te ly  voided Case ( 4 )  have been cal culated ir~i t h  the 
outer-core a t  noninal  oder rat or density and the inner-core a t  various stag% 
of voiding. In Figure 2 and i n  Table IX the r e su l t s  a re  presented and indi- . 

c a t s  t he  SR detector  neutron response will increase by 110% when only the cen- 
t r a l  corit i s  voided. 

Su!r,aary D ~ t d i l  ed one-dimensional At.IIShI neutron and p'hoton ' transport cal-  
. cu la t ions  o f  the  Tbi i-2 sour-ce range d2tector response have bezn performed. 
For a f ixed source t he  SR detector neutron respanse was found t o  increas2 by a 
fac.tor of -3-10 as a r e s ~ l t  of core voiding s n d  by a fac to r  of -1090 d ~ ~ e  t o  
the  voidi'ng of the  core barrel and downcoiner. The photon response was l e s s  
s ens i t i ve  with an -10% increase resu l t ing  from core voidi2g and a fac to r  of 
-3.0 increase due t o  voiding of the core barrel and dovinccnier. The e f f e c t  of 

core voiding on neutron swrce .  mu1 t ip1  ica t ion and transn~ission has a1 so been . 

cvalsated fo r .  the AWE? s t a r tup  socrces and found t o  r e s u l t  i n  a n9-t increase 
of a f ac to r  of 1 2  in SR dztector  i12uiron re.sponse. 

Reference 

1. D. Boyart, D. F .  Shook and Daniel Fieno, "Transport Analysis of Measui-ed 
Neutron Leaksge Sp?ctra frcn S p k r e s  as Tests of Eva1 ga ted  High-Energy 
Cross S?c.tions," NSE, - 53, 285 (1974). 



Table I 

ONE-DIMENSIONAL S8-P3 ANISN MODEL 

REG I ON 

Inne r  Core 

Outer  Core 

L ine r  

145. t e r  

Bar re l  

Water 

Thermal 
S h i e l d  

P r e s s u r e  
Vessel 

Fuel and 
Moderator 

Fuel and 
Modera t o r  

THI CKi4ESS (cn) 

144.24 

1 0  Air Gap Air 49.37 

11 Containment Concrete 52.59 
(.Type-04 1 





TABLE I11 

RELATIVE SR TOTAL NEUTRON FLUX 

T - Thickness of Exterior-Core \later ( i n . )  l+! 

Relative Core 
Moderator Density, p 



T A B L E  IV 

CASK RELATIVE SR TOTAL NEUTRON FLUX 

TLsl - Thickness of Exterior-Core Water ( i n , )  

1 6 .  0 

Rela t ive  Core 
tloderator Densi'ty , p 



TABLE V 

TW - Thickness o f  ~ x t e r i o r - c o r e  Mater ( in.) 

16 11 5 0 

Re1 a t  i v e  Core 
Roderator  Dens i t y  , p 



TABLE V I  

2 RELATIVE SR TOTAL GAl'liilA FLUX (Photon/cn -sec) 

TN - Thick:icss of  E x t e r i o r  ioi-e ! - iatei  ( i n .  j 

16 11 5 0 

Re1 a t ive  Core 
Fi:oderator Density, p 

1.0 1.00 1.40 2.12 3.04 

0.4 1.06 1.49 2.26 3.25 

0.0 1.11 1.56 2.37 3.41 



TABLE V I I  

RELATIVE SR TOTAL NEUTRON FLUX RESULTING FROM 

THE @,z-Be STARTUP SOU2CES 

T w - Thickness of Exterior-Core Water ( i n .  ) 

Re1 a t i v e  Core 
Moderator Density, p 



TABLE V I I I  

. C O R E  E I G E N V A L U E  A'ID i 4 U L T I P L I E D  N E U T R O N  SOURCE V S .  CORE 

i4OiiiRATOR DEiiSiTY (TN = i 6 . O  i n . )  

Re1 at i .ve 
Neutron 

Source (1 -ko) / ( l -k)  k-Ei genval ue 

Re1 a t i  ve Core 
Moderator Densi ty ,  p 



TABLE I X  

RELATIVE SR TOTAL NEUTRON FLUX RESULTIEiG FROM THE 

k;i-2e STARTU? SOURCES 

T W  - Thickness o f  Exterior Core Water ( i n . )  

16 0 

Re1 a t i  ve Inner-Core 
Moderator Density , p 
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