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- L E G A L  NOTICE 

T h i s  report wos prepared as an account of Government sponsored work. Neither the Uni ted Stotes, 

nor the Commission, nor any person ac t i ng  on behal f  o f  the Commission: 

A. Makes any warranty or representation, expressed or implied, w i th  respect t o  the accuracy, 

completeness, or usefulness of the information contained i n  th is  report, or t ha t  the use of 

any information. apparatus, method, or process d isc losed i n  th i s  report may not  in f r inge 

pr ivate ly  owned r ights ;  or 

0 .  Assumes any l i ab i l i t i es  w i t h  respect to  the use of, or for damages resul t ing from the use of  

any information, apparatus, method, or process d isc losed i n  th is  report. 

As  used in the obove, "person act ing on behalf of the Commission" inc ludes ony employee or 

contractor of the Commission, or employee of such contractor, t o  the extent  that  such employee 

or contractor of the Commission, or employee of such  contractor prepares, disseminotes, or 

provides access to, any information pursuant t o  h i s  employment or controct w i th  the Commission, 

or h i s  employment w i th  such contractor. 



INTRODUCTION 

I n  reactor evaluation work extensive use i s  made of calculations i n  

which the reactor core i s  subdivided illto un i t  c e l l s  which a re  representa- 

t i v e  of the  l a t t i c e  arrangement. The nuclear calculations a re  then con- 

cerned with the  neutron balance within t h i s  un i t  c e l l .  I f  such calcu- 

l a t i ons  a r e  rapidly performed on high-speed electronic  computers, they 

a r e  very u s e m  i n  survey studies.  

In  these calculations it i s  desirable t o  know the  spa t i a l  d i s t r ibu t ion  

of the  thermal neutron f l u  within the c e l l  i n  order t o  obtain an accurate 

neutron balance. One of the  most widely used methods for  obtaining t h i s  

f lux d i s t r ibu t ion  is  the  P approximate solution of t he  one-velocity 
3 

Boltzmann transport  equation i n  cyl indr ical  geometry. This report  de- 

scribes one such calculation which has been found very u s e m .  

The P calculation described here was wri t ten by C .  R .  Richey of the  
3 

Hanford Laboratory as  a subroutine t o  the  l a t t i c e  parameter code, IDIOT. 
1 

An IDIOT Fortran deck was obtained from M r .  Richey, and the  P subroutine 
3 

was simply l i f t e d  from t h i s  program and assembled with new input-output 

routines t o  make C@DB P3 and NTP3. 

The input-output routines were programmed by T. B. Fowler and C .  D. 

Gr i f f ies  . 

DESCRIPTION OF CALCULATION 

Since the  P calculation i s  described i n  References 2 and 3, no de- 
3 

t a i l e d  description w i l l  be given here, The input-output options w i l l  be 

explained m l y  i n  order t h a t  the  code may be eas i ly  u t i l i zed .  

This calculation w i l l  t r e a t  up t o  17 concentric cyl indr ical  regions 

with a maxirrnun of 237 spa t i a l  f lux points.  The calculation described here 

w i l l  not t r e a t  void regions, although the IDIOT code does make provisions t o  

handle voids. The outermost region. cannot be a fue l  (heavy absorber) region; 

otherwise, the  region assignment may be completely a rb i t ra ry .  

Two d i f fe ren t  versions of t he  code are  described i n  t h i s  report ,  CODE P3 

i n  Part  A and CODE NTP3 i n  Part B. CODE P3 requires t h e  user t o  input macro- 

scopic nuclear properties for  each region, while CODE NTP3 contains a s e t  of 

equations from which nuclear data i s  calculated a s  a f'unction of moderator 

temperature and nuclide concentrations. 





Part A --- CODE p3 

Input 

The items l i s t e d  below are  required as input t o  CODE P3. Most of the  

items must be input for  each of the  regions i n  the c e l l .  These quantit ies 

are  indicated under the  t i t l e  "ITEM" with argument 17 since there i s  a 

maxirmun of 17 regions. They are  written in f i e lds  of ten  with seven num- 

bers per card. Each new item starts on a new card rather  than u t i l i z ing  

any vacant f ie lds  on the  l a s t  card of the  preceding item. 

Table 1. Input Format for  CODE P3 

It em - 
TITLE 

M 

R (17 1 

Card No. 

1 

1 

2+ 

5 (17 1 Begin on new 
card 

AMASS (171 d i t t o  

POINTS (17) d i t t o  

d i t t o  

d i t t o  

d i t t o  

Format 

7no .  o 

d i t t o  

d i t t o  

d i t t o  

d i t t o  

d i t t o  

Description 

Any desired t i t l e  

Number of regions 

Radii of all regions, 
beginning a t  center, 
cm; as many cards as 
needed 

Log mean energy decre- 
ment for  each region 

Effective atomic mass 
number for  each region 

Number of thermal f l u  
points desired i n  each 
region i n  traverse 

Macroscopic absorption 
cross section i n  each 
region, cm"l 

Macroscopic scat ter ing 
cross section i n  each 
region, cm-l 

Average cosine of scat-  
te r ing  angle i n  each 
region 



output 

The output l i s t i n g  from CODE P3 consis ts  of t h e  following: 

1. A one-page summary l i s t i n g  the  radius, average flux values, 

thermal u t i l i za t ion ,  cross sections, atomic mass number, 

and source term for  each region. 

2. One or  more pages containing the  thermal f lux  t raverse .  

The input and output for  a sample problem a re  i n  Appendix C.  

Part  B --- CODE NTP3 

One approach t o  obtaining average thermal cross sections t o  use i n  

making a neutron balance is  the  concept of an e f fec t ive  temperature fo r  

thermal neutrons. This concept assumes t h a t  t he  thermal neutrons have 

an energy d is t r ibu t ion  corresponding t o  a Maxwellian d i s t r ibu t ion  about 

some mean temperature. One then has t h e  problem of t ry ing  t o  determine 

t h i s  mean temperature such t h a t  the  react ion r a t e  given by a Maxwell- 

Boltzmann energy d is t r ibu t ion  closely approximates t he  actual  react ion 

r a t e  of t he  thermal neutrons. 

CODE NTP3 obtains the  s p a t i a l  d i s t r ibu t ion  of t he  thermal f lux  i n  a 

un i t  l a t t i c e  c e l l  from the  P calculation and calculates  thermal f lux  
3 

disadvantage factors .  These disadvantage factors  a r e  then used t o  homo- 

genize, the c e l l  and an e f fec t ive  neutron temperature i s  calculated using 

t h e  neutron temperature model of ~ o v e y o u , ~  e t  al. 

This version of the  P calculat ion does not require  nuclear data  t o  
3 

be input by hand. A l l  t he  necessary cross sections and other data  have 

been programmed i n  equation form a s  a f'unction of temperature (see Ap- 

pendix A ) .  The only input required are: moderator temperature, moderator 

mass number, number of regions and points per region, r a d i i  of a l l  regions, 

and material specif icat ions  fo r  each region. The input format fo r  NTP3 

is  given below. 



Table 2. Input Format fo r  CODE NTP3 

Card 1: Any Desired Ti t le ,  columns 2-72 

card 2: T~(ELo.O), %(El0.0), ~(131, POINTS (13) 

Card 3+: ~ ( 1 7 )  (7EX0.0), as  many cards as  needed t o  specify M regions 

Card 4+: Element No. (12); Mass ( a . 0 )  I 
Region 1 

Blank card t o  signal end of region 
Element No .; Mass 'I 

i Region 2 
Blank card t o  signal end of region 

Continue u n t i l  all regions a r e  described 

I f  several cases a r e  being run together, end the  l a s t  region of each 

case with one blank card i n  the  normal manner, then follow with the  next 

case. The end of a s e r i e s  of cases i s  signalled by placing a t o t a l  of 

th ree  blank cards a t  t he  end of the  l a s t  region of the  l a s t  case. 

output 

The output l i s t i n g  from NTP3 consis ts  of the  following: 

1. A one-page summary l i s t i n g  the  radius, average f lux values, 

thermal u t i l i za t ion ,  cross sections, atomic mass number, 

and source term for  each region. 

2. One or more pages containing the  thermal f lux  t raverse .  

3. A one-page l i s t i n g  of t he  thermal flux disadvantage fac tor  

for  each region, the  moderator temperature used, and the  

calculated neutron temperature. 

The input and output for  a sample problem a r e  included i n  Appendix D. 



Eauations Used 

The following se t  of equations are  used i n  the cal l ing program for  

NTP3 t o  prepare the average nuclear data needed by the P subroutine. 
3 

(4 1 IT a j = f'unction of TN; see Appendix A 

(51 usJ = us j from Table A-2 

all j 

C a l l  P Calculation; calculate average thermal f lux i n  
3 i' 

each region 

=: - , flux disadvantage factors 



Notation Used i n  NTP3 

Region identification, i = 1 - M 

ELement identification, j = 1 - 40 

Number of regions i n  problem, M = 1 - 17 

Radius of region i, cm 

Volume of the c e l l  per uni t  length, cc/cm 

Volume of region i per un i t  length, cc/cm 

Mass of element j i n  region i per uni t  c e l l  length, grams/cm 

Molecular weight of element j 

Microscopic absorption cross section for  element j, barns 

Scattering cross section, barns 

Average cosine of the  scattering angle 

Average logarithmic energy decrement 

Average mass number for  region i 

Moderator mass number 

Moderator temperature, OK 

Average neutron temperature, OK 

Thermal flux disadvantage factor fo r  region i. 
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APPENDIX A 

Nuclear Data Used i n  CODE NTqj 

All the  nuclear data needed i n  CODE NTP3 has been included as  part  

of the program. The relationship between absorption cross section and 

neutron temperature has been approximated by simple f'unctions for  the  

isotopes of general in teres t  i n  reactor evaluation work. 

For most of the  nuclides, the relationship between cross section 

and temperature was assumed t o  be of the  form: 

where T i s  i n  degrees Kelvin 

Table A-1 l i s t s  the appropriate value for  a and b for  the  nuclides con- 

sidered. Table A-2 l i s t s  additional nuclear data used i n  the  code. 



Table A w l o  Values of a and b for  the Isotopes 

Element No. (J ) 

1 

2 

3 
4 

* 
Isotope 

Thorium (232) 
Uranium (234) 
Uranium (236) 
Uranium (238) 
Protactinium (233 ) 

Uranium (233) 
Uranium (235) 
Neptunium (239 ) 
Plutonium (242) 
Americum (243 ) 
Plutonium (239) 
Plutonium (240 ) 
Plutonium (241 ) 
Light water 

Heavy water 
Sodium 

Oxygen 
Helium 
Beryl1 ium 

Boron 
Carbon 
Magnesium 
Aluminum 

Stainless Steel 
Manganese 
Copper 
Nitrogen 
Sulf'ur 
Iron 
Chromium 
Zircalloy-2 
~ i r ca l l oy -4  

a b 

114 .683 - 0.5 
2240.0 - 0 . 9 2 1  

3317 0 - 1.0703 
41.110 - 0.5 

773 657 - 0.5 
7144.0 - 0.4633 
13,250.0 - 0..976 
1061.27 - 0-5  

455-092 - 0.5 
23 96.41 - 0 -5  
See Equation (A-2) 
See Equation (A-3 ) 
See Equation (A-4) 
10.06494 - 0.5 
0.027 901 - 0.5 

7 95952 - 0.5 
0 0 

0 0 

o .1%66 - 0.5 
11,383 -0 - 0.5 
0.056487 - 0.5 

1.0479 - 0.5 
3 -66309 - 0.5 
43.82013 - 0.5 
200.24 - 0.5 
9 .40 - 0.5 

28 519 - 0.5 
7.888 - 0.5 

39.745 - 0.5 
47 03 - 0.5 
2.80723 - 0.5 

2,76961 - 0.5 



Table A-1 cont 'd 

Element No. ( j  ) 
* 

Isotope 

Nickel 

Fluorine 

(Blank) 

(Blank) 

* 
When the part icular  isotope i s  not indicated, the naturally occurring 
mixture i s  implied. 



Table A-2.  Other Nuclear Data for the  Isotopes 

Element No. ( j  ) 



Table A-2. cont'd 

Element No. ( j  

The nuclear properties not sa t i s f i ed  by Equation (A-1 ) or given i n  

Tables A-1 and A-2 a re  given below. 



APPENDIX B 

Lists  of Fortran Programs 

Table B-1 . Calling Program for  C$DE P3 

Table B-2. Calling Program for  C#DE NTP3 

Table B-3. Lis t  of the  P Subroutine 3 
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A(I1+5rI2+3)=2**AB/RADIUS 068-0514 
A(I1+5,12+4)=-Ab/Rk0IUS 068-0515 
A(I1+5~12+51= A~/(RADIUS*RADIUS*RADIUS) 068-0516 
GO TO 124rL519JSW 068-0517 

24 D(I1+61= -Q5A( 1-1 1 068-0518 
11=I 1+6 068-0519 
J= I1+4 068-0520 
K= I1+3 068-0521 
L= I1+5 068-0522 
AB=-AB 068-0523 
I2=1 068-0524 
IR=IR+l 065-0525 
RAUIUS=RAbI(IR) 068-0526 
JSW=2 068-0527 
GO TO 21 068-0528 

25 I=I+1 068-0529 
I2=7 068-0530 
AB=-AB 068-0531 
GO TO 1 068-0532 

2026 D(I1+6)= -QSA( 1-11 068-0533 
26 KEY=O 068-0534 

CALL sClL ( h t Y  ~ ~ ~ v ~ 1 ~ 1 A l s I ~ ~ C )  06b-0535 
BOX(3*M)=U*O 068-0536 
3On(4,M1=0*0 068-0537 
DENOM=O.O 068-0538 
DO 105 I = ~ v M  068-0539 
L=M+l-I 068-0540 
IF(SIGT(I))100*100~104 068-0541 

100 ALO=RADII I1**2 068-0542 
IF(I-M)101~102q102 068-0543 

101 ALl=RADI ( I+1)**2 068-0544 
GO TO LO3 068-0545 

102 ALl=O*O 068-0546 
103 PHIBkR(L)=C(6*1-5)-1.25*C(6*1-4)*(ALO+ALl) 068-0547 

GO TO lU5 068-0548 
104 P H I D A ~ ( L ) = W ~ H ( ~ ) + ~ ~ ~ & ~ ~ U / ~ ~ O L ( I ) - X ~ I ( ~ T ( I ) ) * ( ~ ( ~ * ~ - ~ ) * ~ ~ ~ ( ~ ~ I ) + ~ ~ ~ * I U ~ ~ - O ~ ~ ~  

~ - 4 ) * b o ~ ~ 2 ~ I ) - c ~ 6 * I - 2 ) * t j O ~ ~ 3 ~ I ) - C ~ 6 * 1 - 1 ) * b o x ( 4 ~ i ) )  068-0550 
105 DENOPI=DEI\U~~~+~OL(I )*SIGA(I)*PHIBAK(L) 068-0551 

WRITE OUTPUT TAPE 9,746 18059907 
hHITE OUTPUT TAPE 9,797r(HOL(11JJ)~IIJJ=1,121 18039909 

796 FORMAT(lH1) 18059911 
7 9 7  FORMAT(12hb) 18059913 



v " R I I E  OUTPUT TAPE 9 9 9 0 4  1 8 0 5 9 9 1 5  
9 u 4  F O l l f Y i ~ 7  ( i l r l u  P 3  O u  ~ P ~ T / ~ ~ L I R E G ~ A ~ ~ ~ ~ K A U I U ~ C ~ A ~  1 8 0 5 9 9 0 1  

1 1 2 H A V t i i r i b t  F L U X ~ X , ~ ~ H T ~ I Z ~ ~ ~ . I A L  UTLL*  7X 9 1 8 0 5 9 9 0 3  
27Hb IGivlA-A1 UX 97l is  IGI'J~A-s7X 9 1 8 0 5 9 9 0 5  
3 1  1HiviASS NUIVIBLI~~X,  11HSOUliCE TEKlYi) 18059907  

TOTO=OaO 068 -0556  
DO 1 0 6  I = ~ V M  066-0557 
L = M + ~ - I  068-0558 
T O T Q = T O 7 ' U + i ; 5 A I , I ) * ~ I G A ( I ) * : - i / O L ( I )  0 6 8 - 0 5 6 1  
S H E K ~ L ( I ) = ~ O ~ ~ L ) * ~ I G A ( L ) ~ P ~ ~ I ~ A R ( I ) / O E N O M  068-0562 

l d 6  ~ V R I I E  Oc i lPu l  '['APE 9 9 9 v 5 9 1 9 K ( I ) 9 P H I B A R ( I ) 9 ~ H E R M U ( I ) 9 b I ( ; A ( L ) 9 S I G S ( L ~ 1 8 0 5 9 9 1 9  
l , A M A s b ( I ) ? U b A ( L I  068 -0564  

9 0 5  FOKrdjkT!lM b 2 , F 1 Z . 4 ~ F l o . 4 ~ F 1 6 . 8 , t 1 9 . 5 ~ t l 7 0 ~ ~ F 1 5 0 3 ~ F 1 8 0 3 )  068-0565 
ki l l1 1 E OIII'PuT ' IAPE 9 9906 9 ii)lLi,DENOiLM 1 8 0 5 9 9 2 1  

y t i 6  F o k p ~ ~ r (  i H u 1 5 n 9 Z 4 d  1 0 7 ~ ~ ~  i'qEuTKOiu P i i j i U C j C j  I O I ' . I F ~ ~ . ~ ? ~ ~ \ ~ ~ ~ ~ ~ R C I U L D  EGUAL 068 -0567  
1TOTAL i \ l t U ? ~ ~ O i ' i  CkPTi)REF11*4)  068-0568 

L I ra~=4o-i.1 068-0569 
DO l u 7  I = l g M  068 -0570  
L=POINTs611 0 6 8 - 0 5 7 1  
I F ( L ) l Q ? , l C 7 , 1 0 8  068-0572 

1 0 6  1 F [ L I N L - 4 - L ~ 1 0 9 ~ 1 1 0 ~ 1 1 0  068 -0573  
1 0 9  W H I T E  OGTPbT TAPE 9,907 1 8 0 5 9 9 2 3  

WHITE OaTPuT TAPE 9 , 7 9 7 ~ ( H O L ~ I I J J ) r I I J J = 1 ~ 1 2 )  1 8 0 5 9 9 2 5  
9 0 7  FORFIAT ( 1 H 1 )  068-0575 

L I  l\iL=45 066 -0576  
1 1 0  L I  N L = L I N L - ~ - L  065 -0577  

d K I T E  OUTPUT TAPE 4,908 9 I 1 8 0 3 9 9 0 1  
9U8 F O K M A T ( ~ ~ H U F L ~ A  IRAdEKat I N  R ~ G I O N I ~ / ~ H U ~ A ~ ~ H R A ~ I L J J ~ ~ A ~  1 8 0 5 9 9 0 9  

14HFLUX 1 1 8 0 5 9 9 1 1  
K.=~JI+ 1- I 0 6 8 - 0 5 6 1  
I F ( 1 - 1 1  1 1 5 9 1 1 5 9 1 1 6  068 -0582  

1 1 5  u E L R = K ( l J i P C I i \ l T b (  I) 068-0583  
KSTAR=O 10 068 -0584  
GO TO 117  068-0585 

1 1 6  DELK=~K6IB-K6I-l))/POINT~~I) 068-0556 
R S T A K = K ( I - 1 )  068 -0587  

117 D t i  111 J = l a L  066 -0588  
D E L A ~ = D ~ - L : < % S I G T ( ~ <  )*CAP1 ( K . 1  068-0589 
D ~ L A 2 = b c ~ i i ~ s I c l , J  ( K ) ~ - C ~ P P Z K I  068 -0596  
A!<Gl=K; ! kn%s ~ ( J T  ! K !+:CAP1 [ Y,) 0 6 8 - 0 5 9 1  
kzGZ=l32 ! & k . , % s  1 G . r  { K )%CAP2 ( k )  068 -0592  
H ~ T A ~ < - , T ; d ' r ~ ; - a + i j t L [ <  06b -0593  
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8 ( 2 2 s J S W ) ' o K l ( A R G Z )  
B ( I ~ ~ J S V Y ) ~ ~ ~ / A K G ~ * B ( ~ ~ , J ~ L J ) + E ! ( ~ ~ , J ~ ~ ~ ~  
B 6 2 1 , J S W l = 4 e / k K G 2 * b I 1 5 3 J S i r J l + i j ( 2 2 b J S W )  
B !  1 8 , J S w ) = b K O ( A R G 3 1  
8 ( 2 4 , J b r l ) = ~ K l ( A R G 3 )  
B ( 1 7 ~ J S ~ ~ ) = L e / k R G 3 ~ B ! 2 4 ~ J ~ ~ ~  ) + B (  1 8  9 J b i : i )  

B(23~JSN)=4e/AKG3*bI17~JSWl+bI24~JSW~ 
6 RETURN 

END 
9 T Y P E ( F O R T K ~ N )  

FUNCTIOIP b I O  ( X )  
I F  ( X - 3 . 7 $ / 2 9 2 ~ 3  

h Z = t X / 3 e 7 5 1 * * ~  
BIO=lc0+Z*(3.5156229+Z*~3eO8~9424+Z*(,le2O67492+ 

iZ'~(e265973i+~*(.036076ij+z* e 0 0 4 5 8 1 3 )  1 ) ) )  
GO TO 4  

3 Z = 3 . ? 5 / X  
B I O = ( E X P F ~ X ) / S W R T F ! X ) ) * ~ ~ S ~ ~ ~ ~ Z ~ ~ + Z * ( . ~ ~ ~ ~ ~ ~ ~ ~ ~ +  
11*(eb0225~18?+i~(-eO01575649+Z*(eO09162808+Z* 
~ ~ - . ~ 2 ~ 5 7 7 0 ~ 3 + Z * ( e 0 2 6 3 5 5 3 7 2 + Z ~ ~ - c 0 1 6 4 7 0 3 ~ ~ + Z *  
3 e 0 0 3 9 2 3 7 6 7 ) ) ) ) )  1 )  1 

4  RETURN 
END 

$2 T Y P E I F O ~ T ~ A N )  
FUNCTIOIQ B I 1  ( A )  
I F  ( X - 3 e 7 5 J 2 s 2 9 3  

2 Z = . i X / 3 e 7 5 1  '*++2 
B I 1 = [ e 5 + % ~ ~ ~ e d 7 d 9 ~ 3 ~ ~ 9 ~ % ~ e ~ 1 4 9 j b b ~ + z # ( 0 1 i j o 8 4 ~ 3 4 +  

l~*(~~Z653733+i*(~~ii3d153Z+i*~cjti032411)) ) ) ) ) * A  

GO To 4 
3 Z = 3 e 7 5 / X  

~ 1 1 = ( E X P F ~ ~ ~ ~ ~ Q R i F ( ~ ~ ~ * ~ ~ 3 9 8 9 4 2 2 S + Z ~ i - ~ O 3 ~ 8 8 0 2 4 2 + Z * ~ - ~ ~ ~ ~ 3 6 2 ~ ~ 8 ~ +  
~ Z ? ? ( o Q 0 i b 3 o 0 : 4 + ~ * ~ - , ~ ~ ~ j ~ ~ ~ ~ + z ~ i C ~ ~ ~ ~ 2 ' 1 ~ 7 ; + ~ ~ ~ - . ~ ~ ~ ~ ~ ~ i ~ ~ +  
3 2 - > !  e 0 1 7 0 7 6 > 3 5 - L < -  - e 0 0 4 2 0 0 5 6 7 l ~ l ~ J ! E l  

4 pJ.1 ui ' .  a 11 
t, , !D 

-2. TYPE I FOI<T!-..AN 1 

FbNCTiOI.,< D & G  ( X !  
IF I . X - ~ + ! J ~ L . ~ S ~  
Z =  ( X / Z a k ;  %*2 
S-;RIES=-~ , > 7 7 2 1 5 b L + Z % (  . 4 2 ~ 7 < 3 4 Z t z + + [  d2300377566* 

1 7 . * !  i -- e , j : . h , j b  j$+i:: i , f , i , ~ 1 ; ~ f , 9 ~ + ~ %  ,> j ,90~1375+/-% 





APPrnIX C 

Sample Problem for CODE P3 
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650 DATA SHEET 

REQUEST 



T E s T  C A s c  FOR CUUE NTP3- -Gns  COOLED G R A P H I T E  REACTOR 

P 3  OUTPUT 

F L U X  TRAVERSE I i q  R E G I O N  1 

F L U A  T R A V E R s E  I l l  REGIOt\I  2 

R A D I U S  
4.8640 
5.6000 

F L U X  T R A d E K a C  I N - R E G I O N  3 

R A D I U S  
0.3000 
700000 

F L U X  
9.755 

10.785 

F L U X  
11.627 
12.239 

F L U X  
12.6bl 
13.025 

F L U X  
13.311 
13.528 

F L L X  T R A V E K ~ E  I P d  R E G I O N  5 

HAD I U b  F L U X  
9.2500 13.669 

10eOOOO 13.802 

FLUX TRAVERSE IN REGION 6 

RADIUS FLUX 
10.7322 13.873 
11.4645 13 -915 

S H O U L b  EQUAL T O T A L N E U T R O N C A P T U R E  22.9791 





Distribution 

1. DTIE, U C  
2. M. J.  Skinner 

3-23. L.  L. Bennett 




