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FLUX DISTRIBUTIONS AND LEAKAGE CURRENTS FOR SRE, P-16 

BY 
R. BALENT 

A. TWO-GROUP FLUX DISTRIBUTION 

U S I N G  THE L A T T I C E  CONSTPiNTS G I V E N  I N  NAA-SR-MEMO-700, P. 22, 

TWO-GROUP, TWO-REG I ON c d i  T I  C A L I  T Y  C A L C U L A T I O N S  W E R E  M A D E  F O R  IO FT. A N D  

11 FT.  D I A M E T E R  T A N K S .  THE C O N S T A N T S  W E D  I N  T H E S E  C A L C U L A T I O N S  A R E  A S  

FOLLOWS:  

CORE C O N S T A N T S  R E F L E C T O R  C O N S T A N T S  

K * o  = 1.264 

2 7; 353 CM 

I; = 350 CM' 

L2 = 4177 CM* 

L2 = 21'2 CM2 D, = 1.113 

FAST D I FFUSGON DTH = 0.901 
C O E F F I C I E N T ~ D ~  = 1.113 C M  

THERMAL DIFFUSION P 2  1 
COEFFICIENT; D,,=0.901 C M  

P = 0.82 

A40 C E N T I M E T E R  A X I A L  R E F L E C T O R  S A V I N G S  WAS ASSUMED S O  T H E  U N R E F L E C T E D  

HEIGHT W A S  T A K E N  T O  BE 263 CM. THE A X I A L  B U C K L I N G  TERM, ( T / H ) 2  = 1.43 x 

-d 
CM , WAS ACCOUNTED FOR I N  T H E  R A D I A L  COMPONENTS OF THE TWO-GROUP E Q U A T I O N S .  

THE 10 FT.  T A N K  REQUIRED A C O R E  R A D I U S  OF 102 C M  FOR C R I T I C A L I T Y  (I.E., 

D I A M E T E R =  6.7 F T ) ,  WHICH C O R R E S P O N B S  %TO A 1.65 FT. R A D I H L  R E F L E C T O R  A N D  A 

R E F L E C T O R  S A V I N G S  OF 42 CM. THE 11 FT. T A N K  REQUIRED A C O R E  R A D I U S  OF 

95 C M  FOR C R I T I C A L I T Y  ( t . ~ ,  D IAMETER = 6.2 FT) ,  WHICH C O R R E S P O N D S  T O  A 

2.4 F T .  R A D I A L  R E F L E C T O R  AND A R E F L E C T O R  S A V I N G S  OF 49 CM. 

I N  T H E  TWO-GROUP, T W O - R E G I O N  C R I T I C A L I T Y  C A L C U L A T I O N S  T H E  F L U X E S  

A R E  ASSUMED T O  G O  T O  Z E R O  A T  THE EDGE OF THE G R A P H I T E  R E E C E C T O R .  REFERENCE 

T O  FIG. SRDP-9-20033 D A T E D  DECEMBER 18, 1953 SHOWS T H A T  T H E  G R A P H I T E  H A S  AN 

E Q U I V A L E N T  D I A M E T E R  ONLY S L I G H T L Y  G R E A T E R  T H A N  10 FEET.  HOWEVER, SINCE THE 
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CORE TANK, T H E R M A L  AND CONCRETE S H I E L D S  W I L L  H A V E  SOME R E F L E C T I N G  P R O P E R T I E S ,  

C A L C U L A T I O N S  OF T H E  NEUTRON L E A K A G E S  ARE B A S E D  ON T H E  11 FOOT D I A M E T E R  

CASE,  ALSO, THE C A L C U L A T I O N S  A R E  F O R  A F U L L Y  L O A D E D  CORE.  SINCE A HIGHER 

u235 E N R I C H M E N T  T H A N  USRD I N  T H E S E  C A L C U L A T I O N S  W I L L  B E  LOADED I N T O  THE 

CORE, THE REACTOR S H O U L D  GO C R I T I C A L  BEFORE R E A C H I N G  T H E  F U L L Y  LOADED 

C O N D I T I O N  AND THUS T H E  R E S U L T I N G  NEUTRON L E A K A G E  WILL  B E  REDUCED SOMEWHAT 

FROM T H E  C A L C U L A T E D  V A L U E S .  

THE E Q U A T I O N S  G I V I N G  THE FLUX D I S T R I B U T I O N S  A R E  A S  F O L L O W S :  

I N  CORE: 

I N  R E F L E C T O R :  

N V ( F A S T ) =  F Z (  a( l R , ~ )  

N V ( T H E R M A L  = G Z ( K & , R ) + S 3  F z (d lR, 'R) 

WHERE 

z =  I o  ( A R )  K O ( Q C 4  

THE NUMERICAL V A L U E S  F O R  THE 1 1 '  T A N K  A R E  

oc= 0.01 64 d l ~  5 0.0548 A = l  

p : 0.0900 s 2 ,  = 0.0195 C = -0.193 x 

Si : 0.5594 F z -0.362 x 

S2 r-0.8841 R, : 168 C M  G = -0.0267 

S ~ S  -1.313 

6. FOUR-GROUP FLUX DISTRIBUTION 

THE F A S T  GROUP OF THE TWO-GROUP C A L C U L A T I O N  W A S  B R O K E N  D O W N  INTO 

3 F A S T  GROUPS AS SHOWN I N  T H E  F O L L O W I N G  T A B L E  ALONG W I T H  THE S L O W I N G  DOWN 

A R E A  ( A G E )  A N D  SLOWING DOWN CROSS S,ECTION FOR E A C H  GROUP: 

(THIS I S  A C O P Y )  
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1 2 X l o 6  TO 8 X 10' 85 C M ~  1.312 x 1F 

2 3 X lo4 T O  10' 22.4 CM2 4.9 x 1s 

3 10' T O  0.058 245 C M ~  0.455 x lom2 
THE F L U X  F O R  E A C H  OF THE T H R E E  F A S T  GROUPS C A N  BE T A K E N  A S  A S IMPLE R A T I O  

OF T H E  S L O W I N G  DOWN AREA OF T H A T  GROUP TO THE T O T A L  AGE T I M E S  T H E  F A S T  

F L U X  OF THE TWO-GROUP SOLUTION.  THUS: 

( S I M I L A R L Y  FOR N V 2  AND N V 3 )  

I T  I S  ASSUMED T H A T  A L L  RESONANCE C A P T U R E  T A K E S  P L A C E  BETWEEN T H E  3 R D  AND 

T H E R M A L  GROUPS. 

C. LEAKAGE - 
THE L E A K A G E  OUT OF T H E  C O R E  A N D  R E E L E C T O R  F O R  T H E  4 E N E R G Y  GROUPS 

I S  G I V E N  I N  FOLLOWING TABLE.  THE F I R S T  COLUMN G I V E S  THE L E A D A G E  F O R  THE 

C A S E  WHERE T H E  T H E R M A L  F L U X  HAS B E E N  N O R M A L I Z E D  TO U N I T Y  A T  R = 0. 

FOR T H I S  POWER L E V E L .  

L E A K A G E  OUT O F  C O R E  LEAKAGE OUT OF R E F L E C T O R  
(I.E., R = 95 C M )  (I.E., R 3 168 C M )  

ENERGY GROUP NE UTRONS/CM2/SEC. N E U T R O N S / C M ~ / S E C  . 
1[2 X l o6  T O  3 X lo4 E V ]  -9.85 X -5.9 X -2.74 X lo-' -1.65 X l o l o  

2[3 x lo4 T O  lo4 E V  ] -2.6 x -1.56 x 10l1 -.721 x 10-4 -.433 x 1O1O 

3[ 104 T O  0.058 E V  ] -28.4 x -1.71 x 10I2 -7.9 x loe4 -4.75 x 1O1O 

THERMAL GROUP 4.12.5 10-3 +7.53 x 1011 -9.1 10-3 -5.45 x 1011 

I T  I S  HOPED THE ABOVE WILL B E  U S E F U L  I N  S H I E L D I N G  C A L C U L A T I O N S .  
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DISTRIBUTION:  

ABBOTT 
BOWMAN 
COH E N 
EGGEN 
F A R I S  
FILLMORE 
HALLETT 
HE I S L E R  
HOWE 

LAUBENSTE I N 
LOF T N E S S  
MARTIN,  A. 
MOTTA 
OLSON 
PARK INS 
PEAR LMA N 

S I  E G E L  
STARR 

WE I S N E R  
W O O L S E Y  

I NMAN 

R I CHTER 

SYROVY 
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