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L E G A L  NC]TIT,F 

T h i s  r e p o r t  was prepared as an account o f  Government sponsored work. N e i t h e r  t he  u n i t e d  
Sta tes ,  no r  t h e  Commission, n o r  any person a c t i n g  on b c h a l f  o f  t he  Commission: 

A. Makes any w a r r a n t y  o r  r e p r e s e n t a t i o n ,  exp ressed  o r  imp1 ied,  w i t h  r e s p e c t  t o  t h e  
accuracy.  comple teness.  o r  u s e f u l n e s s  o f  t h e  i n fo rma t i 011  c o n t a i n e d  i n  t h i s  r e p o r t ,  o r  t h a t  
t h e  use o f  any i n f o r m a t i o n ,  apparatus ,  method, b r  process d i s c l o s e d  i n  t h i s ' r e p o r t  m.ay n o t  
i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

0.  Assumes any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  use o f ,  o r  f o r  damages r e s u l t i n g  f r om 
the  u;e o f  any i n fo rma t i on ,  apparatus, melllud, or process d i sc losed  i n  t h i s  r epo r t ,  

As used i n  t h e  above, "person a c t i n g  on b e h a l f  o f  t h e  Commission" i nc ludes  any employe 
o r  c o n t r a c t o r  o f  t h e  Commission, o r  employe o f  such c o n t r a c t o r ,  t o . t h e  e x t e n t  t h a t  such 
employe o r  c o n t r a c t o r ' o f  t h e  Commissi'on, o r  employe o f  such c o n t r a c t o r  prepares,  d i s s e m i -  
n a t e s ,  o r  p r o v i d e s  acce'ss t o ,  any ' i n f o r m a t i o n  pu rsuan t  t o  h i s  employment o r  c o n t r a c t  w i t h  
t h e  Commission, o r  h i s  employment w i t h  such c o n t r a c t o r .  . .  
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The SPIC- I  code c a l c u l a t e s  t h e  f a s t - n e u t r o n  dose r a t e  o r  t h e  . 
t h e r m a l  n e u t r o n  f l u x  a t  a  p o i n t  o u t s i d e  a  r i g h t  c i r c u l a r  
c y  I  i n d r  i c a  I  source  w h i c h  i s  su r rounded  by  c y  I  i n d r  i c a  I  she 1 1  
s h i e l d s  and i s  capped by p lane s l a b  s h i e l d s .  The f a s t  neu t ron  
a t t e n u a t i o n  k e r n e l  i s  e m p i r i c a l  and i s  i n  the  form o f  a  l i n e a r  
c o m b i n a t i o n  ,o f  s i n g l e  e x p o n e n t i a l s  wh ich  has been f i t t e d  t o  
t h e  exper imen ta  I  f a s t - n e u t r o n  dose r a t e  d i s t r i b u t i o n  i n  pu re  
w a t e r .  E m p i r i c a l  n e u t r o n  removal c r o s s  s e c t i o n s  a r e  used t o  
represent  ' the a t t e n u a t i o n  by she1 Is o f  non-hydrogenous m a t e r i a l s  
locat'ed i n  t h e  wa te r .  Typica I  computing and e d i t i n g  t ime f o r  'a 
2 0 - f i e l d - p o i n t - p r o b l e m ,  i n  which t h e r e  a r e  10 s i d e  and 10 t o p  
s h i e l d s ,  i s  6 . 5  minutes. The code requ i res  an IBM-704 EDPM w i t h  
a  memory o f  3 2 , 7 6 8  w o r d s .  

SPIC-1-AN IBM-704 CODE T O  CALCULATE THE NEUTRON 
DISTRIBUTION OUTSIDE A RIOIJT -CIRCULAR CYLINDILICAL SOURCE 

I. INTRODUCTION 

The SPIC-1 code is designed to calculate the fast-neutron dose r a t e  o r  thermal-neutron flux in '  

water  outside a co re  in  the shape of a r ight c i r cu la r  cylinder.  The  cylinder contiins a source  of 

f ission neutrons which va r i e s  in  the radia l  and axia l  directions only. F-ield points may  be located 

outside the co re ,  i n  a plane through the .axis of the cylinder.  The intended application of the code is 

to the design of power r eac to r  shields which a r e  predominantly hydrogenous. The  method of calcu- 

lation and preparation of i r~put  is s imi la r  to that of SPAN-2 ( s e e  Ref 1). 

11. THE CODE FORMULATION 

The code finds the fast-neutron dose r a t e  o r  the thermal-neutron flux a t  a field point outside a 

r ight-c i rcular  cylinder of'finite height which contains a source  distribution S ( r ,  z) i n  up to three  

concentric cylindrical  regions.  The source  cylinder is surrounded by cylindrical  shel l  shields of 

infinite height and is capped by plane s lab  shields.  It is assumed  that: 

1) The field points, a t  which the dose r a t e  o r  flux is to be computed, a r e  lo'cated within o r  beyond 
hydrogenous regions,  s o  that the use of effective removal  c r o s s  sections is valid. 

2)  The sourcd distribution is independent of the azimuthal angle. The units for the source  a r e  

fission neutron/cubic centimeter-second. Note that the units of distance must  be cent imeters  

and the units of t ime must  be seconds. 

3)  All field points must  be in  the plane 0 = 0. 

The origin of the cylindrical  coordinate sys tem is placed a t  the center  of the co re  and the follow- 

ing notation is used: 

Radius of the co re  

Outer ~ * a J i u s  of Lhe r l t h  cy l i i~dr ical  shield ~,agioli  



H Height of the core 

hO = HI2 Half-height of core (z  coordinate of all  points on the upper face Of the core) 

Pf ( r f ,  0, zf) Field point 

hm 
Height (from the c7nter of the core) of the upper face of the mth Blab shield region 

P ( r ,  0, Z) Point in core 

Ns Number of cylindrical shield regions passed through in moving from P to Pf 

Nt 
Number of slab shield regions passed through in moving from P to Pf 

Distance from P to Pf 

Distance traveled through the nth cylindrical shield region in moving from P to Pf 

t 
Dm ~ i s t a i c e  traveled through the mth slab shield region in moving from P to Pf 

S 
)In Factor used to indicate the attenuation of neutrons in the nth cylihdrical shield region 

t 
' IJ.m Factor used to indicate the attenuation of neutrons in the mth slab shield region 

If exponentiai attenuation is assumed, the uncollided flux a t  the field point P f ( r f ,  0, zf) is 

L 
The assumption of exponential attenuation in water i s  not valid for fast-neutron dose rate or  thermal- 

neutron flux. However, these quantities can be approximated by a fit of the form 

where q, q2, and cp3 have the same form a s  cp in Eq ( I ) ,  and a l ,  a2, and a3  a r e  empirically deter- 

mined constants. 

'Thus, for both the fast-neutron dose rate  and thermal-neutron flux, the code forms the integral 

where 

s L' ' J 
The numbers pnt and pk a r e  calculated for each exponential by the formula 

where NS is the number of elements in the nb cylindrical shield region, d!, is the number density 
11 

i 
of the jth element in the nth cylindrical shield region, and A .. is  equivalent to a microscopic cross  

n* .l 
section for the jth element in the nth'cylindrical shield region. (The A ' s  a r e  contained in the library; 

the d's a r e  part of input.) 



Three sets o f  numbers may  be used to calculate the p's. The f irs t  i s  for the fast-neutron dose 

rate i n  water, the second for the thermal-neutron flux i n  low temperature water, and the third i s  for 

the thermal-neutron flux i n  high temperature water. For all elements except water (and consequently 

hydrogen), the X's are ef fect ive  removal cross  sections, and their use i n  this case depends upon the 

assumption that all regions containing non-hydrogenous elements are backed by a sufficient amount o f  

water. The values o f  the X's for water and hydrogen are determined empirically and are related to 

a l ,  a2,  and a in  each case ( s ee  Re f  2 ) .  * 3 

The integrals are approximated numerically b y  Gaussian quadrature. For details of  the integra- 

tion and the calculation o f  distances, see Ref  l .  

The units for  the output (.which i s  labeled f lux)  are mil l irem/hour for  fast-neutron dose rate and 

neutrons/cm2-sec for thermal-neutron (2200 m / s e c )  f lux. 

111. PREPARATION OF INPUT 

The input for SPIC-1 i s  the same as  that o f  SPAN-2 with the following exceptions: 

1 )  Columns 66 and 67 o f  the problem title card should contain the digits 01, 02, or 03, depending 

on whether the fast-neutron dose rate in  water, the thermal neutron flux i n  low temperature 

water, or the thermal neutron flux i n  high temperature water i s  desired. 

2) Columns 68, 69, 70, 71, and 72 should contain the characters SPIC-1. 

3) On card 1000, word 2 o f  the SPAN input should not appear, and therefore the SPAN words 3,  

4 ,  5 ,  6 ,  and 7 become words 2, 3, 4 ,  5, and 6 ,  respectively,  in  the SPIC deck. 

4 )  Card 2002 does not appear. 

The source deck i s  prepared i n  exactly the same way i n  SPIC-1 as  i n  SPAN-2. In the thermal- 

neutron flux calculation, low temperature water i s  water at 20°C, and high temperature water i s  

water at temperatures between 23(L°C and 290°C. 

IV. OPERATING INSTRUCTIONS 

The operating instructions are the same in  S P I C - 1  a s  i n  SPAN-2. 

V .  CODE LIMITS 

The  limitations o f  SPIC-1 are the same a s  those o f  SPAN-2. 

APPENDIX I :  T H E  LIBRARIES 

There  are three libraries attached to SPIC-1; one must be selected by  placing 01, 02, or 03 i n  

columns 66 and 67 o f  the problem title card. The kernel for l ibrary 02 (thermal-neutron flux i n  low 

temperature water) was derived for water at 20°C. The kernel for l ibrary 03 (thermal-neutron flux 

i n  high temperature water) was derived for water at 260°C and has been determined to be valid for 

water at temperatures f rom  230°C to 290°C. 

The attenuation factor for each region and each exponential i s  calculated by  the use  o f  material. 

numbers ( f r o m  card series  4000 and 4500) and the number densities ( f r o m  card series  6000 and 6500). 

The units o f  the numbers i n  the libraries are barns. Thus ,  the units o f  the number densities must  be 
3 x (atoms or molecules/cm ). The resultant units o f  the attenuation factors are l / c m ;  An 

2 exception i s  concrete. For concrete, the units o f  the numbers in  the libraries are c m  / g  and the in -  
3 put densities for concrete must  be mass  density ( i .e . .  g / c m  ). 

::: Also f rom  unpublished work by K .  Shure of  Bettis Laboratory on fast neutron penetration (1958). 



,The mater ials  contained in the Library and their associated l ibrary numbers are: 

Hydrogen 

Oxygen 

Zirconium 

Carbon 

Iron 

Nickel 

Aluminum 

Chromium 

Uranium 

Lead 

Ordinary concrete 

Water 

The data for water and hydrogen have been obtained from Ref 2. " The data for ordinary concrete 

have been obtained from Ref 3. The data for a l l  other materials have been obtained o r  inferred from 

Ref 4. These data a r e  listed in Table I. 

L ibrary  Number 
and Element 

1 Hydrogen 

2 Oxygen 

3 Zirconium 

4 Carbon 

6 Iron 

7 Nickel 

TABLE I 

Library No. 02 
Library No. 01 (Low Temp 
(Fas t  Neutrons) Thermal Neutrons). 

1 2 ' - 3 1 2 3 - - - --- 
0.9'1 1.84 3.57 1.867 0.9611 0 

Library No. 03 
(High Temp 

Thermal Neutrons) 

9 Aluminum 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 

11 Chromium 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83 

18 Uranium 3.6 3.6 3.6 3.6 3.6 3; 6 3.6 3.6 3.6 

18 Lead 3.53 3653 3.53 3.53 3.53 3.53 3.53 3453 3.53 

75 Cu~~cl .e le  0.0397 0.0397 0.0397 0.0397 0.0397 0.0397 0.0397 0.0997 0.0397 

77 Water 2.934 4.79 8.47 4.662 2.847 0 3.338 5.699 8.344 

Multipliers 0.0316 0.221 -0.1275 17.2 0.357 0 2.83. 59.5 -117.0 

* Also from unpublished work by K. Shure of Bettis Laboratory on fast neutron penetration (1958). 
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T E S T  PRORLEM FOR SPIC--  2 1  S I D E  SHI.ELOS AND 5 TOP SHIFLDS  ISP PIC: 
PRODUCT SOJRCE 2 2  RY 50 VESH 

+ioo+22+5o+~onono~oo0nnnnnn0nonnonnnonoononnno~oonnonnoonoono~on~nonoono 
+ 2 0 o + 5 1 i 1 9 + 5 1 ~ 1 9 + j l ~ 1 9 + 5 1 ~ i 9 + s 1 z i 9 + ~ ~ 7 i 9 + o 0 n n n o 0 o n ~ n ~ o o o n ~ 0 D n o o 0 n o o o n ~ o ~  
+ 2 0 1 + 5 1 2 1 9 + 5 1 2 1 9 + 5 1 2 1 9 + 5 ~ ~ 1 9 + 5 1 2 1 9 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D ~ 0 ~ 0 r ) 0 0 0 0 0 0  
+2O2+51i19+51219+51215+51~15+51215+51Z15+OOOoooOOOQoocnOoOoOnoonnnonnonn 
+203+51i1.5+51215+~1215+51127+512i5+OOoOOooOOOOnOo?noooOOOoO~oOOnnnoonnon 
+35o+5o~35+~ooooo~~ononnonoonnoononr)~ooooooonnnn0onoooonnon~onnonnnoon~no 
+400+50?302+509303+509313+509919+5C9324+509~~6+00~00000000000000~~00nn~0 
+401+509347+509353+509390+509397+509430+509492+00~0000000000~000~0000000 
+ ~ o ~ + 5 0 ~ 6 ~ 3 + 5 i i o o ~ ~ + s i i o o 9 i 5 i i 0 4 ~ + 5 i i ~ + ~ ~ i 0 o i + 0 o o n o o ~ ~ o o o n ~ ~ o n ~ o n n o n o o ~  
+~o3+5o~553+~o9i5i+5iin84+~ii~t75+oooonooonooooono~noonoooooonooonooonooo 
+soo+5oi98o+5o2733+so2~39tso2378+5o223o+~o~o~~+o~noooooonoooc~onoonooooo 
+501+50f983+503946+503~66+504028+504120+504234+000000000~00000000000o000 
+502+504365+50450.3+504661+504820+504985+505155+C0~00000~~000~~0~~o00~0~0 
+ 5 0 3 + 5 0 ~ 3 2 7 + 5 0 5 5 0 3 + 5 0 5 6 R 1 + 5 D 5 8 6 1 + 5 0 6 0 4 3 + 5 0 6 ~ 2 6 + 0 0 0 Q 0 0 ~ 0 0 0 3 0 ~ r ) ~ 0 ~ ~ ~ 0 0 ~ 0 ~ 0  
+ 5 o 4 + 5 o t 4 i ~ + 5 o 6 5 9 9 + 5 0 6 7 ~ ~ - s o 6 9 7 ~ + 5 o 7 i 7 o + ~ o ~ ~ ~ ~ + 0 o n n ~ o n o n n 0 o ~ o n ~ o n ~ o o n ~ n n  
+505+50i561+507760+507962-508167+508376+50$589+00000o000000000000000n00~ 
+ 5 o 6 + 5 o e 7 9 9 + s o 9 0 0 a + ? 0 9 z ~ ~ - ~ o ~ ~ 3 i t s o 9 ~ ~ 7 + ~ n 9 ~ ~ o + 0 o n o 0 o n o o n 0 o n o n n ~ n n o n n n o n  
+ s o 7 + 5 1 ' i o o 4 t 5 i i 0 ~ ~ + 5 i 1 n ~ ~ ~ 5 i ~ o 6 6 + s i i ~ ~ 7 + ~ ~ i i i ~ t @ o o n n o ~ c n ~ ~ o r ) o n ~ ~ ~ n o o n n n n  
+5o8+5'ii~3nc5iii47+5i1i~9-5i1i~~+sii7o~+5ii7~itoononooooo~nnnnonnnor?nnnr) 
+ i o n n + ~ i + 5 + ~ o ~ 3 5 + 5 n 6 ~ 5 + 5 ~ ~ 1 ~ + 0 0 o o o ~ o o n o o ~ o o n n o o o o o o n ~ n o n ~ o n n o o ~ n n n o  
+2ono+oc~o+n~o+ooo+ono+nnn-oon+ooo0nn0oononnnoon0oonoooon~or)n0onnonoonooo 
+ ~ o o i + i + 5 2 4 ~ 9 ~ + o n ~ o n o o o n o n o o n o n o n o n n o n n o o n 0 o n ~ n 0 o n n o o n o o n 0 ~ o o ~ o ~ n o ~ o n o o ~  
+ 3 0 0 0 + 2 t i + i + l + l + l + l + ~ + ~ + i + ~ t i + 0 + l c ~ + ~ + ~ + o + o + o + o o o n o o o n o ~ o n o o o n n o ~ o  
+4000+3t77+77+77+6+77+6+77+6+77+6+77+6+6+6+6+77+6+77+11+00000000000000~0 
+~~oo+77+77+6+77+~+77+moonoo~or)no~no0oooooonnoooonnnooooooonooonnoonon 
+ 5 o o ~ + 5 ~ i 3 3 ~ + 5 i ~ ~ ~ ~ + 5 i 4 7 6 + 5 i 2 3 8 + 5 i ~ 5 4 + 5 i 3 ~ ~ + o o o o 0 o c o o o o o n o o o n o ~ ~ n n n o o n o o o  
+ 5 o o i + 5 i 2 5 4 + 5 ~ 8 + 5 1 z 5 4 + 5 o 3 ~ + s z i ~ ~ ~ + ~ i ~ 7 6 + n n o o n o o o o o o o 0 o o n n n n n o o n n o ~ o o n o n o  
+ 5 0 o ~ + 5 c ~ 8 + 5 ~ 9 2 2 + ~ i i 5 9 + 5 ~ ~ ~ ~ ~ + 5 2 8 0 6 ~ + o o o o ~ 0 o n o o o n o o n o o ~ n n c n n n o o o o o o  
+ 5 o o 3 + 5 ~ 3 4 9 + s 2 1 5 ~ ~ + ~ i i ~ 7 + o o n o o 0 n o 0 n o o o o o o o o ~ ~ n o ~ o n ~ ~ n o n o n o o o o o ~ n n n o o n o o n  
+5500+5i1125+5163+51254+5o7R7+5Z2166+oooooOoCoooon~no~onDoOODnononn~nnno 
+ 6 0 0 0 + 4 9 2 4 6 5 + 4 9 1 1 3 7 + 4 9 ~ 7 1 5 + 4 9 A 4 8 + 4 ? 7 7 l ~ + o n n o ~ n n n n n ~ o o n n o n n n o o ~ n ~ n  
+ 6 O O 1 + 4 9 8 4 8 + 4 9 2 7 1 5 + 4 9 8 4 8 + 4 9 2 7 1 5 + 4 9 8 4 8 + 4 9 ~ 7 l S t O O O O ~ O O O O O ~ O C O O C ~ O O ~ O O @ ~ O ~ O  
+6002+49848+49848+49848+49848+49334+49848+00000~0~~00~0000000O~~0~00~0~D 
+6on3+4~35~+~9675+oooooooooooo0ooonon0oooonooooo~nooooon~oo~onnnn0nnnnno 
+ 6 5 o o + ~ ~ ~ 7 i ~ + 4 9 2 7 ~ ~ + 4 ~ 8 ~ ~ + 4 9 ~ 7 i 5 + ~ ~ ~ 4 ~ + ~ 9 ~ 7 i 5 + 0 o o n o o o o o n n o o o o o n o n o 0 o n 0 n 0  
+ 7 O 0 0 + 5 ~ ~ 2 6 7 2 1 + 5 2 5 ' 3 4 3 6 + 0 0 0 + O O + O O O + O C ~ O O ~ O ~ @ O ~ O ~ @ ~ O 0 O O O ~ O O ~ O C O O O ~ ~ ~ O ~ ~ ~ O ~ O ~ ~ ~  



TEST PR33LE;.; FCX SPIC- -  ? I  SI3E SHiELgS A'13 5  TO? SHIELDS 0 1 S P I C 1  
?.IOD!JCT jOU?CE '2  E Y  5 2  :<EZ!i 

2 b b a  2 5 1 3  267:  
2?39 2 2 1 1  2 3 1 1  
3 7 6 3  37.25 3 7 5 0  
3 3 ~ 4  3 ? 4 5  3 9 5 8  
4 5 : s  4 5 5 1  4 5 6 ;  
5 5 L 5  5 5 2 7  533:  
655-3 65% 555: 
7 6 i ' 5  7 7 0 3  7 7 1 1  
a 7 ~ 1  0 7 5 5  876 :  
9 5 7 5  9 5 ' :  9 5 1 -  

1  1Ci .5  1 1 3 2 6  1  102 ;  
1  ice.:: 1 1 3 t 9  1 105:  



TEST -PROaLEI.i FaR SPIC-- il SIDE 

SIDE REGIONS 

IEGICX TiilChrlESS OUTER RADIUS 
45.9000 4: .9803 

1 2.1503 49. ?300 
2 13.3500 52.4803 
3 1.5900 5L.0700 
4 4.76130 56.8300 
5 2.3800 71.2103 
6 2 5403 73.7503 
7 3.8 1'33 7'. 560U 
6 2.5433 8D.lOC" 
9 8.0030 88.1003 

.1 0 2.5433 90  5403 
11 - 3 2 3 3  90.9503 
1 2  13.3430 10s. 3200 
1 3  4..7533 139.0533 
1 4  .9030 1C9.8500 
i 5 9.723:: 113.C023 
1 6  1.5903 122.5703 
1 7  44.4500 155.1203 

3.4900 153.6100 : "s 83.6500 243.2523 

2 0 3.4900 252.7500 
2 1 15.2403 257.9903 
2 2 1.27CO 253.2590 

TOP REGIO?IS 

SHIELDS AND 5 TOP SHIELDS 

ATTENUATIO?I FACTORS 
.0904 . I 1 1 4  . I 5 3 1  

- 0 7 5 7  - 1 3 0 0  e2300 
- 9 7 5 7  .a1303 ,2300 
- 1 5 7 9  ,1579 - 1 5 7 9  
aC797 a1303 m2300 
. l 5 i 9  ,1579 ,1579 
.!I797 ,1300 .2300 
- 1 5 7 9  -1579 a1579 
.3797 - 1 3 0 0  - 2 3 0 0  
. 1 5 i 9  ,1579 - 1 5 7 9  
.37?7 .1300 .2330 
. I 5 7 9  1579 ,1579 
-1579 - 1 5 7 9  . I 5 7 9  
.CCC3 -03C3 ,0030 
. I 5 7 9  ,1579 . I 5 7 9  
. C 3 M  .C033 .OOCO 
.1579 ,1579 ,1579 
.C9Y0 .1500 - 2 8 2 9  
.1b79 ,1579 . I 5 7 9  
.2285 ,2950 - 4 2 5 8  

REGION THICKNESS UPPER HEISHT ATTENUATION FACTORS 
1 .5350 15..1925 - 9 7 9 7  - 1 3 0 3  - 2 3 0 0  
2 11.2503 27,4425 -0797 .1300 ,2300 
3 6.3CC3 33.7425 - 1 5 7 9  - 1 5 7 9  ,1579 
4 .  2.5400 35.2825 .0737 -13CO - 2 3 0 0  
5 - 7 8 7 0  37.0595 ,1679 . I 5 7 9  . I 5 7 9  
5 21.5603 53.7295 .C7?7 .13OC e2300 

MATERIAL NUl4EER DENSITY 
.0247 
.0113 
- 0 2 7 1  
,0271 
- 0 6 4 8  
.0271 
.OF!48 
,0271 
- 3 8 4 8  
.0271 
.OE48 
.0271 
.0843 
.0848 

- 0 8 4 8  

,0848 
.0334 
,0848 
- 0 3 5 8  
- 0 5 7 5  

NUMBER DENSITY 
,0271 
- 0 2 7 1  
.0848 
.0271 
- 0 8 4 8  
a0271 
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