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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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TITLE: Shielding Computer Program 04-0, Reactor Shield Analysis 
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J, E. MacDonald 
ANPD - Shielding U n i t  

Bernice Goldberg 
Kay P a h e  
F l i g h t  Propulsion Laboratory Bepartment 

DATE SUBMITTED: May 1, 1958 

ABSTRACT: Shielding Computer Program 04-0 i s  ava i lab le  f o r  computing 

reactor-shi e ld  weight and f a s t  neutron and gamma ray dose r a t e s  

i n  and around complex reactor-shield assemblies. 

Reactor and shield '  geometries are  described by combinations of 

regions fomed by r o t a t i n g  rectangles o r  tr'apezoids about t h e  

reactor a d s  or by t r ans l a t i ng  r e c t a n a e s  pa ra l l e l  to  t h e  reac- 

t o r  axis. Compositions a re  e&~&sed  a s  vol- f rac t ions  fo r  each 

material  i n  t he  reactor-shield assembly. 

A cy l indr ica l  coordinate system is  used t o  descr ibe  the locat ion 

and dimensions of a volume souree , .Source. d i s t r i bu t i ons  a r e  assumed 

separable be.-$described by , cosi  ne functions.  
. . . .. 

A modif i ea t ion  of t he  Albert-welton theory of neutron a t t enua t i  on 

is  used f o r  f a s t  neutron dose r a t e  calcula t ions .  Combination of 

buildup f ac to r s  i s used wfth exponential a t tenuat ion t o  compute 

gamma ray dose rates .  Tho program i*equlres four magnetic tape 

un i t  s and two f pames af magneti c core. memory on an  IBM 2,04b Mag- 

ne t i e  drum m&ory. i s not r e q i  red, 
' 

. . 
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1. INTRODUCTION. 

Shielding,-Computer Program 04-0 computes reactor-shield weight, an3 f a s t  

neutron and gamria .ray dose r a t e s  i n  and around complex reactor sh i e ld  assem- . . - 
b l i e s .  This program i s  coded f o r  use on an IW-704 having two frames of 

I magnetic core memory. No magnetic drum memory is  required. A t o t a l  of fdur  * 

tape u n i t s  a r e  used by the program. 

Reactor and sh i e ld  geometries a r e  described by combinations of regions formed 

by ro t a t i ng  rectangles  or  trapezoids about the  r eac to r  ax i s  or by t r ans l a t i ng  

r e c t a n d e s  p a r a l l e l  t o  the reac tor  axis. Compositions a r e  expressed a s  volume 

f r ac t i ons  f o r  each mater ia l  i n  the reactor-shield assembly. Compositions a re  

associated with t h e  appropriate geometrical regions by reference t o  code 

numbers. 

Source loca t ion  and dimensions a re  described i n  cy l indr ica l  coordinates. 

Source region nodal points a r e  located i n  r ings formed by i n t e r s ec t i on  of 

concentric s h e l l s  and planes normal t o  the  a x i s .  There may be two t o  f i f t e e n  

equally spaced planes and she l l s .  Source region nodal points a r e  located i n  

two t o f i f t e e n  equally s p c e d  l i n e s  i n  each s h e l l .  It is necessary t ha t  each 

s h e l l  contain t he  same number. 

Source d i s t r i bu t i ons  along the  ax i s  and 'radius are assumed s e p r a b l e  and a r e  

des cribed by cosine f unc t i  ons. Point -point a t t enua t ion  functions ( point 

kernels)  a r e  used f o r  a l l  dose r a t e  calcula t ions .  A modification of t he  point 

kernel suggested by Albert and ~elton' '* i n  t h e i r  theory of neutron a t t en-  

uation i n  hydrogenous media is usbd f o r  calcula t ing d i r e c t  beam f a s t  n e d m n  

dose ra tes  around f i s s i o n  sources. Effect ive  ranoval cross sec t ions  a r e  used 

f o r  elements other  than hydrogen. 

U N C L A S S I F I E D  
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Gamma ray  dose r a t e s  may be computed f o r  posi t ions  around sources emitt ing 

photons of a madmum of twenty i n i t i a l  energies. An uncollided point kerqel 

is  used i n  conjunktion with an expression providing severa l  optional. methods 

f o r  combining buildup fac tors .  

In tegra t ion  over source regions i s  performed by the  trapezoidal  method. 

U N C L A S S I F I E D  
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2. PHYSICAL DBCFUPTXON 

2.1 Geometry Description 

Reactor and shie ld  geometries a r e  described by combinations of regions i n  

e i t he r  a cy l indr ica l  coordinate system ( r ,  @, Z )  o r  a rectangular coordinate 

system (x, Y, 2). The Z-axis must be t h e  reactor  axis ,  and i t  may be posi- 

t i v e  in e i t h e r  d i r ec t i on .  Orientation of the  X- and Y- axes and t h e  o r ig in  

and d i r ec t i on  of measurement of @ a r e  shown i n  the following sketch: 
X 

Regions may be formed by ro ta t ing  rectangles  or  trapezoids about the  reactor 

a x i s  o r  by t r ans l a t i ng  rectangles  p a r a l l e l  t o  t h e  reactor  axis. Ehd surfaces 

of a l l  regions must be normal t o  the reac tor  ax i s .  Sides of t h e  rectangular 

p r a l l e l o p i p e d  must be p a r a l l e l  or normal t o  t he  X-2 and Y-8 planes. The 

shield i s  enclosed by ,a cylinder of radius Rmax and length 2 ( h a x ) .  It is 

not necessary t h a t  a l l  space k t h i n  t he  enclosing cyl inder  be contained i n  

regions. Space between regions i s  recognized a s  bulk mate r ia l .  



2.2 Material  Descript'ion 

Material  descr ipt ion of the  reactor-shield assembly is  accomplished by asso- 

c i a t i ng  a specified composition with each region by means of a code number. 

Compositions a r e  expre4sed a s  volume f r ac t i ons  %(g)m fo r  each mater ia l  

contained i n  the  assembly. The subscr ip t s  h and m ind ica te  composition and 

material  numbers respectively.  The composition number is  indicated t o  be a 

function of the region number g a s  discussed above. The volume f r ac t i on  f o r  

each mater ia l  must be specified f o r  each composition even though some may be 

zero. Bulk mater ia l  must be e n t i r e l y  mate r ia l  one. 

U N C L A S S I F I E D  



3. SOURCE DESCRIPTION r 

Radiation sources may be defined by t h e  function s(?~,  E)dE a s  t he  source 

strength per u n i t  volume a t  Fs f o r  pa r t i c l e s  o r  photons of energy E i n  range 

dE f o r  continuous s p a t i a l  d i s t r i bu t i on  of sources with continuous energy 

spec t ra .  I f  the energy spectrum is constant throughout t he  volume, t h e  func- 

t i o n  is. separable i n  t he  space coordinates and energy may be wr i t t en  

-L 3 where S(rs)  may represent power densi ty ,  watts/cm , o r  f i s s i o n  r a t e  densi ty ,  

3 fissions/see-an , and B(E) 'may represent  pa r t i c l e s  or photons of energy E per 

sec-watt or  per f i s s i on .  The subscript  s i n  the  above expression ind iaa tes  

source. . . .  .. . 

It was assumed i n  the  coding of t h i s  program tha,t the source dens i ty  would 

be independent of the angle gs because of t he  usual  symmetrical reactor loading. 

Hence, s(TS) becomes S(rs9 Zs). I n  addi t ion,  the  function was assumed separ- 

able  i n  rs and 2, $8 t h a t  

. . , + . .  . '  .._. :: . I .  

The functions fo r  descr ipt ion of &a1 neutron o r  gamma ray source d i s t r i bu t i ons  
. . .  

a r e .  .. . .  : 
, . ... , 

. . 

funct ions  f o r  descr ip t idn  of r a d i a l .  neutron or  gamma r a y  source dis t r ibut$ons  

a r e  
* .  , . 

~ ( r , )  = el. cos c E ~ ( ~ ~  - k 3 D  

g"$;$. , 

U N C L A S S I F I E D  



The coef f ic ien t s  appearing i n  the above may be t he  same or  d i f f e r en t  f o r  

neutrons and gamma rays except t h a t  t h e  ~ o e f f i c i e n t 7 ~  f o r  gamma rays  and the 

coe f f i c i en t  g1 for  neutrons must alkys equal one. Source loca t ion  and dimen- 

s ions  a r e  described, in  cy l indr ica l  eooPdinates. 

- Point-point a t tenuat ion funct ions  used i n  t h i s  program f o r  dose r a t e  chlcula- 

t i o n s  a r e  evaluated for  t he  s t ra igh t - l ine  paths connecting a specified receiver  

point  ( r r 9  @r9 Er) and specif ied points  i n  the  source region. These source 

* 
region nodal points  a r e  located i n  the  r ings formed by in te r sec t ion  of concen- 

t r i c  s h e l l s  and planes normal t o  the  a e s .  There may be two t o  f i f t e e n  equally 

spaced planes and s h e l l s .  There may. be two t o  f i f t e e n  l i n e s  of source points 

i n  each s h e l l .  The numbers per  s h e l l  a r e  the same, and they a r e  equally 'spaced 

i n  the  she l l s .  

* Hereafter, source region nodal points w i l l  be ca l led  simply, although 

somewhat incorrect ly ,  source points. 
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4. WEIGHT CALCULATION 

The weight of each mate r ia l  i n  the reactor-shield assembly i s  automatically 

computed by 

w, = S, &-- ~ m a x f : P x  -+ 2 (%( )z 
8'' oP 

where - g .= region number 

G = number of regions i n  reactor-shield assembly 

= mater ia l  dens i ty  

V g .  = computed volume of region' g 

The t o t a l  reactor-shield assemb.7.y j s  given by 

where M equals t he  number ofmaterials  present. Other symbols used above have 

the  same meaning presented previously. 

U N C L A S S I F I E D .  



GEOMETRY 
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CALCULATION 

The length of the  s t r a i g h t  l i n e  path between a source point and a receiver 

point  i s  required i n  the evaluation of the f a s t  neutron and gamma ray  point- 

point  a t tenuat ion functions f o r  the  source-receiver path. Also, the dis tance 

traversed along t h i s  path i n  each matepial i s  required. Actually, the f r a c t i o n  

of t h e  path contributed by each mater ia l  i s  computed. Then, these  path frac- 

t ions  t3d a r e  mult iplied by the path l e n g t h y  t o  y ie ld  t h e  desired thickness 

of each mater ia l .  

The dis tance traversed i n  each shie ld  region i s  determined by a stepping pro- 

cedure which i s  explained i n  d e t a i l  i n  Section 10. These distances a r e  used - 

i n  t h e  following equation t o  compute;. t h e  path f r ac t i 0n  f b r  m > 1. 

where P = t o t a l  d is tance from source point t o  receiver point 

,+ dis tance traversed by source-receiver path in region g. 

f4 = dis tance traversed.-'by source-receiver path outside, sh ie ld  

6 dkm = volume f r ac t i on  of mate r ia l  rn i n  cornpoiition d ~ j  which e x i s t s  

outside t he  shie ld  boundaries 

Other symbols" were defined p ~ e v i o u s l y  . 

The path f r a c t i o n  f o r  mater ia l  one is given by 

' U N C L A S S I F I E D  
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If a source-receiver path encounters no mater ia l  one, the machine may compute 

a negative 8, because of the way t h e  o ther  6m's a re  rounded o f f .  When t h i s  

happens, t h e  machine w i l l  stop. Obviously, mater ia l  one should be chosen 

with some d i s ~ r e t i o n .  Possible d i f f i c u l t y  can f r e h e n t l y  be avoided by speei- 

fying the  material  surrounding the  sh i e ld  a s  mater ia l  one. - 

- 

U N C  L A S ' S I F I E D  340 012 



6. ATTENUATION FUNCTIONS 

6.1 General 

The method used i n  t h i s  program t o  determine f a s t  neutron and gamma ray  dose 

r a t e s  combines the  use of point-poht  a t tenuat ion functions with i n t i g r a t i on  

over source regions. Since ne i ther  neutrons nor gamma rays a r r iv ing  a t  a 

receiver  from separate sources i n t e r a c t  appreciably, t h i s  method can be assumed 

correct  i f  the  point-point a t tenuat ion funct ion is, i n  general,  a complicated 

funct ional  which i s  defined f o r  a l l  possible paths of the  p a ~ t k l e  between the  

source and receiver  points.  This func t iona l  can only be approximated i n  any 

ac tua l  s i tua t ion .  

It i s  assumed i n  the program, t h a t  t o  a reasonably good approximation, the 

point-point a t tenuat ion function depends only on t he  quant i ty  of each mate r ia l  

encountered by t he  primary ray  proceeding from t h e  source point d i r e c t l y  t o  

the  receiver  point .  This condition i s  reasonably wel l  s a t i s f i e d  i n  many cases 

i n  which the  important par t  of the  sca t te red  radia t ion i s  wel l  collimated along 

the path of the primary ray. The point-point a t tenuat ion fuhction can be 

expressed a s  a function of the  path lengthf, the  path f r ac t i on  em fo r  each 

material ,  the  soUrce energy E, and the  macroscopic cross sect ion (k-) a s  
I. 

Henceforth, t h i s  function w i l l  be y r i t t e n  

It i s  assurhed t h a t  the  radia t ion is  emitted i so t rop i ca l l y  by a point source. 

It is fu r the r  assumed t h a t . t h e  function B can be wr i t t en  as a product of a 



material  a t tenuat ion function p( 2, (E),  B,, E,? ) and a geometric a t tenuat ion 

I 

More spec i f i c a l l y ,  &(z (E( $I c f )  equals the  f l u x  a t  the rece iver  point - m 

due t o  pa r t i c l e s  of energy E emitted by a point source of u n i t  s t rength .  

6.2 Fas t  Neutron 

A modifioation of the  point kernel  suggested by Albert and Welton i n  t h e i r  

theory of neutron a t tenuat ion i n  hydrogenous media i s  used f o r  ca lcu la t ing  

d i r e c t  beam f a s t  neut m n '  dose r a t e s  around f i s s i o n  sources. This ..,theory com- 

bines a t heo re t i c a l  hydrogen c m s s  sec t ion  with an in tegra t ion  over an approxi- 

mation t o  an experimentally-determined f i s s i o n  spectrum t o  obtain the  uncol- 

l i ded  f l u x a s  a funct ion of penetration dis tance i n to  t h e  medium. The a t tenua-  

t i o n  e f f e c t s  of mater ia ls  o ther  than hydrogen a r e  included by assuming. exponen- 

t A  ab at& mus t ion  and t ~ . d a , t i i l ~  ..t;ht? crags sectiond as energy-independent. ad jus t -  

ab le  parameters t o  be determined by best  f i t  t o  experimental data.. This t r e a t -  

ment i s  based on t h e  assumption t h a t  a l l  heavy mater ia ls  a r e  followed .by su f f i -  

c ien t  hydrogenous materials  t h a t  t h e  use of e f f ec t i ve  removal cross sect ions  

i s  val id .  .. . . . . . . . .... ,.. 

The point-point mater ia l  a t t enua t ion  function used f o r  f a s t  neutrons i n  t h i s  

program i s  

where dL ,, 4' , 4' and dt R P P  mnst.ants and 4 ia the r&Llu of the h p r o -  
/"" . .- - - 

gen densi ty  i n  mater ia l  m t o  t ha t  i n  water, The hydrogenous mate r ia l s  must be 

among t h e  f i r s t  ,!- mater ia ls .  'he above equation i s  not  energy dependent, s ince  

the  method of obtaining t h i s  func t ion  r e su l t s  i n  a n  in tegra t ion  over t he  f i s s i o n  - 

neutron energy spectrum. 



6.3 Gamma Ras 

The ,point-poiht material  a t tenuat ion functions f o r  computing the  uncollided 

contribution of a point  source of gamma rays having an i n i t i a l  energy E t o  
j 

t he  flux or  dose r a t e  a t  a receiver  is M 

0- 2 ..&:-) 
/w 

(-4 
by several  absorption k d  sca t te r ing  

processes. Photons scattered from the  beain may be subsequently scat tered 

back t o  t h e  receiver ,  thus' increas ing the  f lux o r  dose ra te .  ~hotons. ,  of 

course, lose  energy in .each  sca t te r ing  co l l i s ion .  NDA used a moments method 

solut ion of t h e  Boltzmann t ranspor t  equation t o  compute the sca t te red  contri-  

butions to energy f lux ,  energy absorption ra te ,  and d'ose r a t e  i n  several  inf in-  I 
. . 

i t e  homogeneous mater ia ls  from sources of various i n i t i a l  energies.  . , They did 

t h i s  f o r  severa l  mater ia l  ' thicknesses i n  re laxat ion lengths.  NDAthen computed 

r a t i o s  of t o t a l  f l u x  t o  uncollided f lux,  e t c .  These r a t i o s  a r e  known aa build- 

up fac tors  and a r e  dependent on material ,  mate r ia l  thickness, and i n i t i  a 1  

photon energy. Buildup f ac to r s  a r e  ava i lab le  i n  NYO-3075' f o r  energy f lux ,  

energy absorptioi ra te ,  and dose r a t e ,  .. Uncollided contributions t o  f lux ,  e tc . ,  ~ 
a r e  mult iplied by t h e  appropriate buildup f ac to r  t o  obtain the  sum of the ~ 
,uneollided and sca t te red  contributions.  Therefore, the point -point material  

a t tenuat ion function becomes 4 
2 e 2 ( ~ 2 . l  -P/n== - 

( 1.3-1 
Actual sh ie lds  can seldom be considered i n f i n i t e  and homogeneous. Shields 

usual ly  a r e  composed of l i g h t  and heavy mater ia ls .  Because of the  r e su l t i ng  

uncertainty i n  t h e  proper use of the  NDA i n f i n i t e  buildup f ac to r s ,  the  program 

o f f e r s  the  two follawing choices of gamma ray  kernels:  1 

U N C L A S S I F I E D  



Long Form 

~ y k b o l s  ' appearing i n  the above wh i eh  have not previous1 y been def i ned. have 

the  .following meaning; 

. = thicknesses of various mater ia ls  encountered by a source receiver 

path, re laxat ion lengths .  

p = coef f ic ien t  evaluated by f i t t i n g  cubic t o  NDA buildup data.  

), < 9 J coef f i c . i a t  determining manner of use of buildup f ac to r .  These 
J 

coefficients always liaire t l ~ e  values 0, -1, or 1. 

U N C L A S . S I F  I E D  
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... . 

>&= A) = macroscopic cross s e c t i o n  f o r  gamma rays  i n  material ' .d. ,  
a6 
.p I number of buildup f ac to r s .  

The complexity of Equations 16 and 1 8  a r i s e s  fmm t h e  uncsrtainty,which ex i s ted  

a t  t he  time the  program was coded, regarding the  .use of buildup f ac to r s  f o r  

multi-regioned shie lds .  C o n s ~ e ~ r a b l e  v e r s a t i l i t y  is achieved by wri t ing t he  

point kernel  i n  ' th i s  form. FOP example, it may be desi red t o  est imate t h e  

buildup along the  en t iye  path of a ray ,by calcula t ing t he  buildup' fo r  the last 

region encountered, g = u,  I f  only 'region g = u .contains t h e  composition . 

labeled h = t, then 

P = l  

Z A =  g h ( g ) m  I 0 f o r  a l l  hCg) and m 

/ Z k g ~  = $4 f o r  a11 m 

Equation 18 then becomes 

It can be seen, immediately t h a t  t h i s  result:. gives . the  t o t a l .  number of relax- 

a t i on  lengths  along the  path of t h e  ray i n  region u.  

. 
Ambiguity,can .occur when several  regions i n  a shie ld  contain t h e  s&me composi- . 

. . 

e 
t i on  sinbe'-the screening constants y and ( a r e  ordered according t o  h(g)m " 

r a the r  than gm. Such Bmbiguities can be avoided by speciff lng a composition 

f o r  each region i n  t h e  shie ld  even though some regions have the same composi- 

t ion .  Buildup i n  a multi-regioned shie ld  is f requentlg approximated by 

buildup i n  a s i ng l e  material  f o r  a th ickness  equal t o  the sum of the  Chick- 

nesses i n  re laxat ion lengths of a l l  mater ia ls  encountered by a ray, Equations 

340 01% 
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16, 1 7 9  and 18  can be used t o  accomplish t h i s  calcula t ion,  However, the same 

r e su l t  can be achieved by use of Equations 19, 20, and 21 without t he  use of 

screening eons t an t s  . The second method r equires l e s s  inputdata and shor te r  

computing times, A control  word i n  input  data  ind ica tes  t o  t h e  machine which 

of the methods i s  t o  be used. 

6.4 Attenuation Function Print-Out 

Control words i n  the  inputS.data may be used t o  request print-out of e i t h e r  

$+" o r  $ /pd or  both f o r  eachsource-receiver path. These 

a r e  printed i n  the same sequence followed i n  t h e  computatioils. This sequence 
a/ 

w i l l  be discussed i n  Section 1 0 ;  Knowlkdg6%of and $$ // 
fo r  each source-receiver path i $  f requent ly  very valuable i i i  i t e r a t i v e  sh ie ld  

design procedures,. 



The response of an i so t rop i c  detector  t o  radia t ion , from a small element of 

source volume dPs emitting pa r t i c l e s  o r  photons of energy E i n  range dE i s  
L 

The calculated detector  respdnse rbll obviously be i n  u n i t s  determined "by t h e  

u n i t s  of t h e  source, mater ia l  a t t e n u a h o n  function, and s p a t i a l  dimensions. 

The de tec tor  response from an e n t i r e  source region which i s  emitt ing radfa- 
. .. . . 

' t i on  with a continuous energy spectrum i s  gEven by 

sh:, t;, V(Z-/E~ 0, 5 pl ' 5- d & 
. . . . 

used i n  t h i s  pro:gram 

f o r  computing f a s t '  neutron dose r a t e s  from cy l indr ica l  volume sources: 

zsi =su, psl rsu, Osl and @sU a r e  lower and u p r  limits of in tegra t ion  

respect ively  on t he  . souroe . space coordinates Zs,, rsr and A. The equation 

f o r  Dn above wa? wr i t t en  with t h e  assumption t h a t  t he  in tegra t ion  over  g1 

would be ca r r ied  out f rom -rb t o  '+qd. Consequently, multiplying by two 

2 '  
because of syhmetry resu l t s s  i n  ;a f a c t o r  of 2 ~ j  in the  denominator ra ther  

L. 
than J77jP A correction i s  necessary i f  in tegra t ion  i s  not carr ied out 

between these limits. 'The source function,  a s  discussed in Sect ion 3 , is 

assumed irdependent of as and separable,  i n  ES and rs. Since the f a s t  neudon 

point  kernel  is energy independent, t h e  source funct ion and t h e  dose' r a t e  

equation a r e  a l so  energy ' independent. 

U N C L A S S I F I E D  r- "GO 
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The equation coded f o r  computing t he  t o t a l  dose r a t e  from a cy l i nd r j ca l  volume 

source of gamma rays of J descrete  energies is 

In  addi t ion t o  being separable i n  Zs and rs, the source funct ion i n  t h i s  equa- 

t i o n  is ass-d separable in energy. A conversion f ac to r  K ( E ~ )  i s  included to 

convert from f l u x  due t o  photons. of i n i t i a l  energy E j t o  any desi red units. The 

f l u x  OP dose r a t e  i s  computed and printed f o r  each i n i t i a l  energy.' F inal ly ,  

t he  t o t a l  dose r a t e  i s  computed and p ~ i n t e d .  

In tegra t ion  of these  equations is  accomplished by t h e  t rapezoidal  method. 

Detai ls  of the  program'logic a r e  explained i n  Section 10. 

. U N C L A S S I F I E D .  
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8 .  LIMITATLONS 
( 

Care should be exerkiseciin the  appl icat ion of the  point kernels used i n  .%h.is 

program, s ince  t hey  a r e  a l l  i n f i n i t e  homogeneous medium kernels. The Albert- 
2 

i 
Welton kernel , ,  i n  addit ion,  i s  r e s t r i c t ed  t o  hydrogenous media or to sh ie lds  i n  

which non-hydrogenous materials  a r e  backed with s u f f i c i e n t  thickness of hydro- 

genous mater ia ls  t o  va l ida te  the use of the kernel. 

The use of an i n f i n i t e  medium kernel  has the, e f f e c t  of surrounding t h e  source 

and receiver  points  with an i n f i n i t e  medium of the  saqe composition as t h e  

shie lding which l i e s  along the  'source-receiver path. ?he constants used i n  the 

kernel  a re  those determined f o r  such an infinite-medium case, and include t h e  

e f f e c t s  of sda t te r ing  t o  t he '  receiver  from a l l  regions i n  the. medium. The den- 

s i t y  of each inater ia l  i n  t h i s  medium is e f f ec t i ve ly  t h a t  determined by distri- 

buting t he  intervening shie ld  rniiterial uniformly o v e r  the  t o t a l  d is tance between 

source and receiver  points.  Consequently, a shield-air  boundary (assuming, a i r  
. .  . 

outoihe t h e  sh ie ld )  may cause the actual  dose r a t e  t o  be subs t an t i a l l y  d i f f e r -  

ent  f   om t h a t  computed by t h e  point kernel technique assuming an i n f i n i t e .  homo- 

geneous . medium, . 

The e f f e c t  of the shie ld-ai r  bburdary is  simplest,  f o r  the  case of a re'ceiver 

point on the sh ie ld  surface. . Here a point kernel  ca lcula t ion of the dose pate 

a t  t h e  receiver  includes sca t te r ing  t o  t h e  receiver  from regions of the medium 

which a r e  outs ide  the  sh ie ld  boundaw and which do not, of course, e x i s t  i n '  the  

real s i t ua t i on .  The dens i t i e s  of t h e  mater ia ls  i n  the  medium w i l l  be the same. 
, , 

i n  the calcuia t ion '  as i n  t h e  r e a l  shie ld ,  obviously, s ince  the e n t i r e  source- 

receiver  path i s  f i l l e d  with shie lding material .  The shie ld-ai r  boundary has 

- t h e  e f f ec t  of removing part of t he  material  assumed to be present i n  the  cal-  

cula t ion,  'The material  removed is  from regions which do not a f f e c t  the' d i r e c t  

U N C L A S  S I F I E ' D  . 
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beam at tenuat ion,  but can only a c t  t o  increase the  computed dose r a t e  through 

sca t te r ing ,  Hence, t he  point kernel  calculat ions f o r  t h i s  case w i l l  y ie ld  a 

dose r a t e  which i s  too high. 

The same e f f e c t  is  present f o r  a receiver  point  located i n  the a i r  a t  some d i s -  

tance f  mk the shie ld-ai r  boundary. Here, however, o ther  e f f e c t s  occur a s  a 

1 eonsequenci of the  "smearing outn of the shie ld  m t e r i a l  i n t o  a unif  orm d i s t r i -  

bution along the source-receiver path, and t he  subsequent use of t h e  resu l t ing  

reduced dens i t i e s  i n  t he  i n f i n i t e  mdium which i s  assumed f o r  t h e  calcula t ion,  

1 The point kernel; ca lcula t ion w i l l  p red ic t  fewer sca t te r ings  than w i l l  a c t u a l l y  

occur i n  t he  regions f i l l e d  by the  ac tua l  sh ie ld ;  and it w 5 1 1  p red ic t  f o r  such 

' sca t te r ings  an a t tenuat ion which is too  high, s i nce  t h e  calculation assumes 

some mater ia l  i n  the  regions a c t u a l l y  &empied b y ' a i r  space. Both of these  

e f f e c t s  tend t o  make +&he calcula ted dose r a t e  too low. Whethel" the n e t  r e s u l t  

of all these  e f f e c t s  i s  t o  make the calcula ted dose r a t e  t o o  high o r  too low, 

appears impos~ ib l e  te answei* for the general ease, 

I f  t h e  buildup of the s cat tered rad ia t ion  can b e eonsi dered t o  be well co l l f  - 
mated along the source-receiver path, t h e  eff e e t s  j u s t  described can be ignored 

and the  i n f i n i t e  medium point kernel ca lcula t ion can be used with some eonfi- 

dence.,   he success of t h e  method depends on t h e  v a l i d i t y  of t h i  s assumpti on 

of good coll imat ion. 

.Tfie above discussion r e l a t e s  t h e  e f f e c t  of the f i n i t e  extent of the shie ld  t o  
b .  

the  dose ra te  predic t ion by the point  k e i e l  method, Inhomogeneous regions in 

the  sh i e ld  a l s o  may present d i f f i c u l t i e s  t o  the method. Obviously, the greater  

the di f ference i n  t he  a t t enua t ion  cha rac t e r i s t i c s  of the  various regions of 

inhomogeneity, t h e  g r ea t e r  t h e  uncertainty i n  using homogeneous point kernels,  



U N C L A S S I F I E D  24 

Tnus, t he  appl icat ion of t he  f a s t  neutron kernel t o  inhomogeneous sh ie lds  

would be expected to  lead t o  reasonably good r e s u l t s  provided a l l  non-hydro- 

genous mater ia ls  were backed by su f f i c i en t  hydrogenous material .  On the other 

hand, t he  gamma ray kernel  could conceivably lead to  l a rge  e r rors ,  especia l ly  
, - 

i n  those cases where sca t te r ing  of the gamma rays around highly at tenuating 

regions can occur (shor t -c i rcui t ing)  . 

The foregoing discussion regarding t h e  v a l i d i t y  of th e point kernel techniques 

i s  by no means exhaustive, but it i s  given to  i l l u s t r a t e  t h e  need for  caution 

i n  applying the  techhique and in te rpre t in& r e s u l t s  bf calcula t ions  based on it. 
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9.  EQUATIONS  CODE^ 

9.1 Weight 

9e3 Fast Neutron Dose Rate 

1 

,PI. 
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9.5 Source Functions 

Axial 

Radial 
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10. PROGRAM LOGIC 

Equations and functions i n  t h i s  program a r e  coded a s  subroutines, s o  t h a t  

individu a1 equati  ons o r  functions may be changed without ser iously  a l t e r i n g  

t he  l o g i c  af t h e  main program. Control words a r e  used t o  ind ica te  which 

calcula t ions  a r e  t o  be made and which funct ions  a r e  t o  be used. 

The W subroutine computes the  weights of the  illdividual materials  i n  the reac- 
.. .. 

t o r  sh i e ld  assembly and then sums these  weights ' t o  ob ta io  t he  t o t a l  weight. 

The CHPT subrcutine computes t h e  coordinates of source points  equally spaced 

between i n t eg ra t i on  limits. Coordinates f o r  equal spacing a r e  obtained by 

adding. calcuIated increments t o  coordinates of preceding points. The s i z e  of 

t h e  increment f o r  any space var iable  i s  obtained by d iv id ing  the di f ference 

between in tegra t ion  limits f o r  t h a t  var iable  by t h e  specif ied number. -of equally 

spaced points minus one. Consequently, a t  l e a s t  two points must be used on 

each variable.  Extreme points a re  located a t  the  i n t eg ra t i on  l i in i t s .  Only 

equal spacing on t he  i n t eg ra t i on  var iables  is  allowed f o r  i n  Program ,044. 

A modif i c a t i o n  of 04-0 perniitt ing unequal spacing has been incorporated i n  

Program 04-2.. 

The GEOM subroutine computes t h e  t o t a l  d is tance between a source point and. 

a receiver  point and the penetra t ion dis tance in each region t raversed,  The 
. . 

. , . .  : . E 

t o t a l  d is tance i s  computed by P 

where Xs3 Ys3 Zs , and .Xr, Yr:, iSr a r e  computed rectangular coordinates of the  

source and receiver  point respectively.  The subroutine then computes t h e  

rectangular components of an inpu t  s t e p  s i z e  ot , f o r  use i n  a stepping pmce- f . . .  
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dure. The NEPT subroutine proceeds by stepping along t he  source-receiver path. 

The s u b b u t i n e  adds the  rectangular  components of A/ t o  t h e  coordinates of t h e  

previous point on t h i s  path. It then determines whether the  l a s t  s t e p  passed 

the receiver  point  or t he  sh i e ld  bounda'ry. I f  ne i t he r  of these  events occurred, 

t h e  subroutine determines i f  t h e  s t e p  crossed a boundary of t he  region. If 

the  point i s  s t i l l  i n  the region, another s t ep .  is taken. I f  t h e  step crossed 

a boundary of t h e  region, the coordinates of the  point of crossing a r e  computed 

by one of t h r ee  subroutines, depending upon the region type. 

The NXI subroutine i s  used f o r  regions formed by t r ans l a t i ng  rectangles;  the 

MlCO subroutines a r e  used f o r  regions f o r m d  by m t a t i n g  trapezoids;  and the  

NRCY subroutine i s  used f o r  regions formed by ro ta t ing  rectangles.  The d i s -  

tance t raversed i n  t h e  region is  compcted and stored with t he  region code num- 

ber. The program then searches t he  region descr ipt ion t ab l e  t o  deternine which 

region now contains t h e  point ,  alld the  above process is repeated. I f  i t  i s  . 
found i n  ' the MEPT subroutine t h a t  t he  receiver  point was passed, the coordin- 

a t e s  of t h e  . receiver  point  and t h e  previous point -on t h e  path a r e  used t o  

compute t h e  exact  d is tance between t h e  two. The s u b r k t i n e  then  ret+rns t o  t he  

main program. When t h e  MEPT subroutine determines t h a t  a shie ld  boundary was 

crossed, the. d is tance i n  t he  last- regton and the  f i n a l  distance t o  the receiver 

point a r e  computed. The stepping procedure i s  discontinued a t  the  sh ie ld  boun- 
'L- 

dar ies .  

. . . .  . 

I f ,  a t  any ,  time during the search of the region descr ipt ion tables: ' a  point is 
;' < . < ,  ,? .! 

not found i n  any of t h e  described regions (a point on a boundary is  not i n  a 

region unless it is on t he  axis i n  a s o l i d  c y l i n d r i c a l ' o r  conical  region) the 

point i s  considered t o  be i n  bulk m a t e r i a l .  The NEPT subroutine searches the 
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complete region descr ip t ion  t a b l e  a f t e r  each s t e p  from a point  located i n  

k I I I I  addil;.ion, it makes the iisual t e s t s  t o  determine whether the  

rece iver .po in t  o r  a shield boundary was reached. 

The VFRAC subroutine mul t ip l ies  t h e  computed penetrat ion distance'  i n  each 

- .  region by t he  volume~fract ion of each mater ia l  i n  t he  composition contained i n  

t he  region. Volume f r ac t i ons  f o r  t he  composition a r e  located by means of the 

region code number stored with the  computed dis tance.  Thus, the 

penetrat ion dis tance through each mater ia l  i n  each region i s  computed. A l l  

na t e r i a l  outside t he  shie ld  boundary is  recognized as composition h and bulk A ,  
mater ia l  i s  recognized a s  material  one. The end r e s u l t  of t h e  VFRAC subroutine 

is t h e  t o t a l  thickness of each mater ia l  t raversed by a source-receiverJpath. 

, .  . 

The KWNA subroutine computes t h e  f a s t  neutron point -point a t tenuat ion function.  
. . 

Gamma r a y  point -point a t tenuat ion functions a r e .  computed by the K&NB .subroutine. 

A cont ro l  word determines which'of t h e  two forms of the gamma ray kernels  to use. 

The r a d i a l  source d i s t r i bu t i on  function i s  evaluated a t  source point r a d i i  by 

the  PWRR subroutine, The PWRB subroutine evaluates the  axial source d i s t r i b u t i o n  

function.  

In tegrat ion over the  source region i s  performed by the  INTEG subroutine. 

Although t h e  INTEG subroutine i s  coded t o  handle trapezoidal  in tegra t ion  with 

unequal spacing of integrand points,  t he  comple t e  pmgram i s  capable of handling 

only equal spacing of integrand points.  

The program f i r s t  computes weights of individual  materials  and the t o t a l  reac- 

t o r  shie ld  assembly weight. The program next computes and s to r e s  coordinates 

of t he  planes,  she l l s ,  and l ines '  of source points.  The. program then determines' 
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what other computations a r e  des i red and proceeds t o  the proper i n i t i a l i z a t i o n  

f o r  the  computations. The f i r s t  receiver point and t h e  source point located 

a t  t he  lower l i m i t  on Bs, the  lower limit on r,, and t he  lower l i m i t  on fls a r e  

se lected and the required computations i n  the  GEOM, VFRAC, KERNA, and KERNB 

submutines a r e  performed. Results  from t h e  KERNA and KERNB subroutines a r e  

s tored on tape u n t i l  required i n  the I N T M ;  subroutine. The procedure i s  then  

repeated f o r  the  source pojnt  i n  t h e  same r ing a t  the next l a rger  value of fls# 

When t h i s  procedure i s  completed f o r  all values of fis i n  the f i r s t  r ing  of 

source points,  t he  procedure i s  repeated f o r  successively l a r g e r  values of rs 

and the  same value of 3,. When t h i s  procedure is completed f o r  a l l  values of 

rs and (ds and the  lowest values of Bs, t h e  program s e l e c t s  t h e  next l a r g e r  value 

of Z, and repeats t h e  e n t i r e  procedure. This procedure is  continued u n t i l  

r e s u l t s  from the  KWNA and KWNB subroutines a r e  s to red  f o r  t he  p t h s  connec- 

t i ng  the  receiver  point and each source point .  

The INm subroutine then d i r e c t s  the machine t o  in tegra te ,  separate ly  f o r  

neutrons and gamma rays ,  over @s f o r  the  lowest values of rs and Zs. The 

resu l t  of t h e  in tegra t ion  i s  s tored,  and t he  in tegra t ion  i s  repeated f o r  

successively l a rge r  values of rs and the same values of 89. The in tegra l s  over 

Ib, a re  then mul t ip l ied by rs and t h e  r a d i a l  source d i s t r i bu t i on  function, and 

in tegra t ion  is performed over - rs , , 

This in tegra t ion  procedure is  repeated success ively  f o r  l a r g e r  values of Zs. 

. The double i n t eg ra l s  a re  then  multiplied by the a x i a l  source d i s t r i b u t i o n .  

function,  and in tegra t ion  is  performed over Z . 
S 

Tkc r e s u l t  of t l i t  t r i p l e  i u L u g r a L l u n  for  neutfons is Multiplied by & t o  

obtain t h e  f a s t  neutron dose r a t e  a t  s i ng l e  receiver  point .  The r e s u l t  of the 

U N C L A S S I F I E D  340. 030 
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t r i p l e  in tegra t ion  f o r  gamma rays of i n i t i a l  energy E is multiplied by $p , 3 
, K ( E ~ ) ,  and B(E -)  t o  obtain t h e  dose r a t e  due to those gamma ' rays. The dose 3 

r a t e  due to  gamma rays of a l l  i n i t i a l  energies i s  f i n a l l y  obtained by summa- 

t ion .  

After computing t he  dose r a t e  a t  a  receiver point ,  the  program s e l e c t s  t he  

next rece iver  point and again performs a l l  t h e  above calcula t ions .  After a l l  

ca lcula t ions  are completed f o r  the  f i n a l  receiver  point, the  machine s tops .  



11. DIPUT INSTFUJC~O~S 

Control Data ' 

KDATES Date specif ied as follows: 

AAAA f 1 )  XX, XXXX 

A M e  (1)  XX, XXXX 

A h .  ( 2 j  X, XYXx 

KCHGN~'  Charge number (an in teger  up t o  f i v e  d i g i t s )  

MMAXGD Code number f o r  geometry of shie ld  . 

1' =: cyl indr ical  

*F IXPC Fixed point  control  in tegers  

IDENTIFICATION - Iden tSSka t ion  number (an in teger  up t o  1 0  d i g i t s )  

G - Number of regions (G C 100) 

hb : - Number of composition outside sh i e ld  

- Number of eompos5tions (M x H L 400) 

M - Nwnber of mater ia ls  (M 5 20) 
- .-- 

P - Number of buildup f ac to r s  i n  t he  gamma ray a t tenuat ion 

function (0 5 P 5 5 )  

J - Number of gamma ray  energy l e v e l s  (J -C 20) 

Nrs - Number of s h e l l s  of source points ( a f l  ' 1 5 )  

N@s 
\ -  - Number of l i n e s  of source points i n  each she11 (3. 5 /'J 5 15) 
\ 

Nes - Number of of sourk\e points (2-L N L 15) 

6- - Number of values of 7( t o  be bsed i n  neutron i t t enua t i on  



~ e u t r o n  = 0 - Do not compute neutron dose r a t e .  

1 - Compute .neutron dose r a t e  

Gamma = 0 - Do not compute gamma ray dose r a t e .  

1 - Compute gamma ray dose r a t e .  
. . 

f l e r n e l  = 0 - Use shor t  form f o r  gamma ray  dose r a t e .  
. . .. .. . 

1 - Use long form f o r  gamma ray dose r a t e .  

2 
P R T t / P =  0 - Do not p r i n t  $-h 

' 1 - Print  (L_// '- f o r  each source-receiver path. 

PET el/'= 0 - Do not a n t  gr @ 2 

1 - Pr in t  %If f o r  each source-receiver path.  

NUTAU = 0 - U.U1s  and TAUY s a r e  not included 'in the  d e ~ i m a l  data  t o  
5 .  

.follow. 

1 - N U s s  and TAU'S a r e  included i n  t he  decimal data  t o  :follow. 

Material  Densit ies 

General Data . . 

LMAXBD Rmax-maximumshield radius  

]%ax \ - magnitude of madmum axial dimension of sh ie ld  

LFL~PC rsl - lower in tegra t ion  l i m i t  on rs 

rSu - upper in tegra t ion  l i m i t  on rs 

gS1 - lower in tegra t ion  l i m i t  on fls  

gsu - upper in tegra t ion  l im i t  on fis 

Zsl - lower in tegra t ion  limit on Bs 

Bsu - upper in tegra t ion  l i m i t  onLEs 

U N C L A S S I F I E D  
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Note; Upper an l  1,ower i n t eg ra t i on  limits for  a var iable  cannot be equal. 

UlELTA bf - s t e p  s i ze  

I Region Description 

IRED= Region descr ipt ions .  One card per region with the  

following information 

cy l indr ica l '  1024 f h 

1 

. . 
conical  2048 # h 

. , 

where h i s  the number of the  composit ion contained: i n  'the 

t 

1.' Code number . 

If region i s  rectangular 512 f h 

region. A l l  regions which contain the same composition should 

have the &me h. 

I 2. Description 

Rectangular '19 '29 '19 Y2, s2 
. . 

Cylindrical  R1, R29 % 
Conical 

Material  Volume F rac t i  ons 

LPFRAC: Volume f r a c t i o n  of each 'mater ia l  in each composition. I f  

possible,  place volume f rac t ions  f o r  each mater ia l  on a s ingle  

'?, L' i ; & .,: ; card. 

U N C L A S S I F  I E D  
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Neutron Data 

L C ~ S A ;  Constants forneutronatte~uationfunction 

d 2 , d A 1 5 , d ~ , x ~ L - l % , 2 1 3 ,  , - n L 

Neutron Removal Cross Sections 

LCSECT Neutron removal dross sectidns f o r  m mater ia ls  

Neutron Axial Source Function Data 

L C ~ N Z A  Constants 2; 51, ?; f o r  cosine: a x i a l  neutron source f i nc t i on  

Neutron Radial Source Function Data 

&NU Constants 5, g2, (. f o r  cosine r ad i a l  neutron source funct ion 
J 

cz must equal 1. 

I 
Gamma Ray Conversion Factors 

LC&J G-a ray  conversion f ac to r s  f o r  J energy l eve l s  

I K ( E ~ ) ,  ~(8~1, , K ( E ~ )  

Gamma Ray Source Data 

I/ L C ~ N B J  Gamma ray source s t reng ths  f o r  J energy l e v e l s  



Garnrna Ray M a 1  Source Funct ion Data 

LC&ZB Constants , , f o r  cosine a x i a l  gamna ray source 

function 
\ .  

T must equal 1, 
2 

< .  
1 - . * 

Gamma Ray Radial Source ~ .une t ionJ la ta  

LC&RB Constants El, 65, € f o r  cosine r a d i a l  gamma r ay  saurce 3 
function 

Gamma Ray Linear ~bsopp t ion  Coef f  id ent s 

BICEJ Gamma Pay l i n e a r  .absorption coe f f i c i en t s  f o r  M mater ia ls  

and J energy leve l s .  

f 

Gamma Ray Buildup b e f f  i c i e n t s  

LBETAS .Buildup coef f ic ien t s  (4 x P x J values) 

U N C L A S S I F I E D  
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Gamma Ray Buildup Materials  

LMD JGG Number of material  used i n  computation of buildup f a c t o r  p. 

3d9 qd, 5d 

. Gamma Ray Buildup Lambdas 

LLAMDA Constant used i n  computation of buildup f ac to r  p. 

Gamma Ray Screening Constants 

LTAFRA ' Gamma ray screening constants lT,- and ' entered 
lp'- 

f o r  each p i n  the following order. Each group begins with 

i n i t i  al address LTAFU.. 

LTAFRA, I 
2.2 

Receiver Point Coordinates 

#RECPT r,, jdr , 5+, of receiver  point .  

C 

Not?: Input da t a  f o r  t h i s  pkgrarn must be entered a s  f l oa t i ng  point  

data  except where specif ied a s  f ixed point da ta  i n  these  ins t ruc-  

t ions .  Floating point  da t a  may be wr i t t en  i n  the  following manner: 

U N C L A S S I F I E D  ' 



The l im i t a t i on  i s  e igh t  digits and t h a t  representa t ion which used the l e a s t  

number of characters (numbers, period, s lash,  and minus signs are considered 

characters)  i s  preferable.  Do not include ins ign i f ican t  zeros such a s  

0.0354. o r  .0354% - 

Each pjece.:of informati,on must be separated by a coma and t h e  l a s t  one must 

be followed by a comma. Sixty-five characters,  . including commas, a r e  Permit- 

ted on a l i n e  f o r  data .  
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12. INPUT 1NTE;RNAL CONSISTENCY CHECKS 

1. Region descr ipt ions  must be entered f o r  t h e  number of regions entered 

a t  G o  

2. The in teger  entered a t  hb cannot exceed t h e  in teger  entered a t  H, 

but it may be any i n t ege r  1 t o  H. 

3.  Material  volume f rac t ions  must be entered f o r  each: materikl f o r  t h e  

number of compositions entered a t  H. 

4. The t o t a l  number of volume f rac t ions  entered must equal M x H. 

5. The sum of t he  d a t e r i a l  volume f r ac t i ons  f o r  any composition h must 

not exceed 1, 

6. Matierial dens i t i e s  must be entered., f o r  t he  number of mater ia ls  entered 

. . 
.* . 

7. I f  a zero ii entered under NWTRQEil; t h e  input  under cASA, CSECT, 

C 4 RA, and C ~ Z A  may be omitted (except t h a t  El must always be a one). 

I f  a one appears under NEUTRON, the  above da ta  must be included. 

8.  The number of values f o r  ?f entered i n  the  C&SA t ab l e  must equal t he  

in teger  entered i n  Lo 

9.  I f  a zero i s  entered under GAMMA,the input  under BETAS, MDJGG, LAMDA, 

TAFRA, C ~ N R B ,  C ~ Z B ,  C ~ B J ,  C&KJ, SZGEJ may be omitted (except 

t h a t  must always be a one). I f  a one appears under G M A ,  portions 

of t h e  above must be included. 

U N C L A S S I F I E D  3 G O  039 
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I 

i .  
10. The in teger  entered under J must equal the number of gamma ray 

conversion factors  entered. under C&KJ and t h e  number of ray 

source strengths entered under C ~ B J .  

ll. The number of gamma ray  absorption coef f ic ien t s  entered i n  the  

SIGW . tab le  must equal M x J , 

I f  a zero appears under Y-KERNEL, the  input under MDJGG, TAFRA, may 

b e omitted. I f  a o'ne appears 'under 'fKERNEL, portions of t he  above 

da ta  must be included. 

The number of buildup coef f ic ien t s  i n  t h e  BETAS t ab l e  must equal f&n 

times t h e  in teger  under J times l%e in teger  urder P .  

U N C L A S S I F  1 E . D  
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13. PROGRAN OPERATING INSTRUCTIONS 

13.1 Make-up of Binary Deck (168 Cards) 
. . , . 

1 BILD 1 and 2, (2  cards) 
~- . 

2 GEPRO deck, (71 .  cards) 

3. program deck. 
. . 

4. Transit ion c a r d ,  (31008) 

13,2  Make-up of"~ec ima1  Deck (which i s  placed d i r e c t l y  behind- binary deck). 
. . 

1, If L/ g s and 1s a r e  included i n  da ta ,  they a r e  f i r s t  i n  deci-  

m a l  deck. Each group i s  followed by an end of f i l e  card. 

2.' Date and charge-number, (2 cards) 

3p Fixed point constants with end of  record punch. . ( 1  card) 

4. A l l  other da ta  (excepting receiver points) .  Groups of input 

data  may be i n  any order, but within a group cards must f d l o w  

order given on data  sheet .  

5. Enct'of f i l e  card. 

I 6 .  A l l  receiver points,  one card f o r  each, each card with an end 

of record punch. 

7: End of f i l e  card.  

8. I f  the re  is more than one shie ld ,  each is. s e t  up a s  i n  (1)  - (7) 

and placed d i r e c t l y  behind the  preceding sh ie ld .  

13,3 Console and Tape Units 

2. Tapes 3 ,  5 ,  and 6 ready. Tape 4 ready i f  L/ I s  and y's used. 

3 .  Ready cards i n  reader and depress load card button t o  start program. 

U N C L A S S I F I E D  



4. Program wri tes  answers on tape 3 if sense switch 3 up. I f  
1 '  

sense switch 3 down, answers on d i r e c t  l i n e  p r i n t e r .  

13.4 General Description of Program a s  Seen by Machine Operator 

. .. . . 
1. Read binary dez':" 

2 ,  I f  t ape  4 requested w i l l  read groups of cards and wr i t e  on tape 4. 

3. Reads 3 cards. 

4. Writes small record on tape 5 and 6. 

5. Reads cards up t o  end of f i l e  card. 

6. Computes and wri tes  small  record on t ape  3. 

7. Reads receiver  point.  

8 .  Alternates computing and wri t ing on both tapes  5 and 6 from 8 - 125 

times, depending on input  da t a  

(a)  w i l l  sometimes wri te  on tap& 3 a f t e r  each period of com- 

puting. 

(b )  w i l l  a l so  read t ape  4 i f  it i s  used. 

9 .  Rewinds t ape  5, computes, and wr i t es  on t ap$  3 fmm 1 - 21  times. 

10.  Follows (7) - (9) f o r  each r eceiver  point .  
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STOP (oc ta l )  - REASON 

Error  i n  data  card 

Tape e r ror  on 4 

Error i n  da t a  c a d  

.Tape e r r o r  on 6 

Tape e r r o r  on 5 

Tape e r r o r  on 4 

Tape e r r o r  on 5 

Tape e r r o r  on 5 

INSTRUCTIONS 

Pul l  deck 

See A. 

Pu l l  deck 

See A.  
. . .  . . . . . . .. . . " .  s&. ?"$;::- 2. .z . . 

,See A .  

See A. . , .  . .  

See A .  

4467 Tape e r r o r  on 5 See A .  

4471 Tape e m o ~  on 5 See A .  

Error i n  receiver  
point da t a  card 

Shield  Completed 

11616 Error i n  GEOM SRT 

11674 Error i n  VFRAC SRT 

11754 . !  Error i n  K.&N SRT 
.z 

- 
Any other Re cord ; Pul l  ; 

Do not get  PM 

A. Pu l l  any receiver  points t h a t  have already run. 

Switch Tape Units. Clear and. reload deck. 

Push s t a r t  

I f  another 
shie ld ,  push 
S t a r t ;  i f  not ,  
pu l l  deck. 

Pu l l  deck 

Pu l l  deck 

Pul l  deck 

Pull deck 
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15. APPE;NDIX. 

15.1 Sample Problem 

The following sample problem was ac tua l l y  run on t h e  IBM-704. The out,put 

masters were printed by the IBM .pr in ter .  

Regions of a l l  types permitted by Program 04-0 were used i n  this 'problem. 

Cross sec t iona l  views of the  f i c t i t i o u s  reactor  shield.assembly a r e  shown i n  

Problem 1040 involves in tegra t ion  over t he  cy l indr ica l  core (region 1 )  f o r  

ca lcu la t ion  of f a s t  neutron and gamma ray dose r a t e s .  

Materials  assumed f o r  t h i s  problem were H ~ O ,  11, Be, ~ b ,  U, and wid. A l l  composi- 

t i ons  except t h a t  of the  core (composition 1) were composed of s ing le  materials .  

Energy, l eve l s  assumed f o r  the  gamma ray source were 2.5, 3.5, 4 5 ,  5°5,  and 

The a x i a l  source function f o r  Problem 1040 was 

S(8,) = 150 cos [ 00349 (5 - 0 1 1  
. . 

The rad ia l  source function was 

S( r s )  = 1 cos [ .0261 ( r S . -  0) 1 
The above source functions were applied f o r  both neutrons and gamma rays. 

The above funct ions  a r e  presented with t he  hope t h a t  they may make understanding 

of t h e  input  da t a  a l i t t l e  e a s i e r .  It i s  hoped t h a t  the remaining input da t a  

w i l l  be understood without such de ta i l ed  presentation.  



FIGURE 1 

SAMPLE PROBE M CONF IGURA TION 
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15.2 Sample Problem Input 
, . 
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SHIELDING. COMrmrW PROCRAM 04-0 

DrnA INPUT s m  

Problem Originator 

E x t  . 

Date 

Charge N u m b e r  

Must be Verified 



PROGRAM 04-0 

Control Data 

K 

K 

blabrial Densities 

2' DATES, 

* 

Date 

Feb.  5. / 7.q 9 

CHGN~', 

FIXFC, 

L DENSY, 'F- 
i 

1, 

C h a r g e  N u m b e r  

70050 

35, 

* 

-- 
El 

I , 
% 

- 0 I 

611 

, 
616 

I 

NZ, 

I - I  Y ,  

Identification 

/ o U O  9 

Neutron 

1 ,  
L 

1 ,  

62 

a , 7  , 
S7 

- 
- 612 

J 

61 7 

I 

G 

1 7  , 9 

G m m  

63 

/ a.7 , 
68 

I 

61 

9 

61 8 

1 

hb 
Y 4- * 

7 Kernel 

64 

/ .  83 , 
fh 

614 - 
9 

61 a 

' , I  O11-2 I 

H 

I 9 1 0  > I m 2  

6 9 

l3-t .@n/p2 

65 

11. 4 9 ,  

610 

61 5 

J 

6 4  

- 

D E L ~  

DEL2 

E L 3  

4 

M 

I 
1 j mu 

't Y -. m l  

~. 

I 
P 

5 
Prt  .b,/~p NUTAU 

J Nr., N& 



. . . . 
. . 

. .. . 
. . . . 

' 

. GAMMA RAY .BUILDUP MATEZlI3.T.S . . 

Col. 2-7 

GAMMA RAY BUILDUP LlMBDAS 

. . 
Col. 8 Col. .73 



PFwRAM 04-0 

GENERAL DATA 

ICol 
1 

L 

C01.2-5 

m, 

Col. 8 C O ~ .  73 

%ax 

/ Y o  > 

Ikl 
/ao t 



PROGRAM 04-0 

'fl* Col. 2-7 . Col. 8 Col. 73 
: c o b  NO. Regton Dcscriptlons 

L mJ 1.0 a 5 J o j 40 J - 3 0  J 3 4  J J RO1 
/od6 9 0 3 S O  * 3 0  9 YO 9 s R02 

/02/ J Y O  > SO J - 30 J 30 > J R03 



PROGRAM 04-0 

I 

Col. 73 i 
IL7- -- - - .- - - - - - - . - - - - 
1 I Cole 2-7 i Cole 8 I + - - - - - - + -  +-.- - 

1 '  
i j i Code No. 1 Region 
I. 

- 

Descriptions 

3 

I 

9 

D 

P 

o 

I 

1 

1 

r 

¶ 

I . I  i 

I ; 
i I 
I 

I p 

1 J 
i 

7 

j 

II 

? 

I 

> 

J 

¶ 

. 

J 

I 

r 

I 

J 

Y 

J 

I 

I 

r 

f 

9 

J 

I 
J 

J - 
J 

. ' J  

. . 

--. J 

J 

. . I 

J 

J 

I 
i J 

, . 
. I 
I Y 

J- 

J 

9 

-------.---- 

! 1 g3 
I c-3 
i 
! 

-- 9 

- 
I 

I 

J 

I 

J 

r 

J 

I 

I 
- .  

J 

J 

J 

> 

I 

J 

J 

J 

a 

3 J 

J 

r 

9 

9 

I. 

I 

.. > 

2 

J 

J 

L 

J 

r 

9 

J 

I 

. 
J 

I 1 
I I 

-.--- 

J 

J 

I 

i 

1 

- I - ---.-!------- 

I 

J 

I 

. '  

> I 
I 

I 
I 

J I 

I 

r 4 J 

3 

1 

J 
--7 

J' 

J 

> 

I 

r 

J 

J 

) j 
1 

I f 

-----.--.- -2 t 
I 
t------ 

a 

..----....-- J 

9 .  

J ¶ . , !  

a 

I 

' 9  

r 

I 

I ,  I 

I I I 

J : J 

. J  
i J j 

I 

. 
I 

I 

J 

I 
I 

J 1 J 

J . J J 

f 



MATERIAL. VOLUME FRACTIOmS 

~~ 

i 

7 

L 

C~-'*CO~. 2-5 

PFRAC, 

1 CAY 1 bh 
C 3  '19 * %9 

i --- -- - 
c.3 
CJl - - 
G.2 1 

C O ~ .  8 

% l +  %Il 

, 5 8 3  . 0 ,  0.0. 

4 / 5 .  0, 0. o. - - --A 

813 + $3 I 

Col. 73 

MO1 

M02 

M03 

M04 ,; 

M05 

l a  

M07 

I a. 040.0. 

M08 I 
--1 

i 

I 
i 

M09 

Mlo 

014 +'% ' 
O,/. 0, 0. 

d 

91, $5 
J / 

I 

I 
i 
i 
I 
I 

I 
i 
1 

I 
i 

0. 0 ,  0. /. 

a; " 67' 
-!?l132a-.-.-- 



1 W I A r . ,  VOLrnrn FRACTIONS 

C~)'~ol. 2-7 1 Col. 8 Col. 7 



PROGRAM 04-0 

 ON DATA 

NErnON REMOVAL C R m s  SECTIOmS 

NEUI'ROM 'AXIAL SOURCE FUNCTION DATA 

NEVllRON RADY-L SOURCE FUNCTIQJ DATA 



PRWJFWJI 04-0 

GAMMA RAY CONVERSION FACTORS 

CAMMA FAY SOURCE DATA 

I .... GAMMA RAY AXIAL SOURCE FUmCTION DATA 

Col. 73, 

K J ~  

KJ2 

KJ3 

KJ4 

Ic?'* 
I 
L 

Col. 2-7 

c b ,  

GAMMA RAY RADIAL SOURCE FUNCTION -- DATA 

-- 
Col. 8 -- 

e3 El 

K(E9 

3 

-- K ( E ~  4)  

9 

~ ( E 8 1  

9 

K ( E ~ ~ )  

- > 

K(E6 ) - 

> 

~ ( ~ 1 1 )  

-- 
€2 

~ ( E 1 0 )  

,. 
K(E& 

Y 

1 
9 

K(EI P) 

3 

L 

K(E=) I 
9 I 

K(E4) 

/ . / 8  / - 6  / . a  5 / - 6  

K(E1) - 

/ . ~ 7 / - 6  , 
~ ( ~ 5 1  

/-I/ / - 6 I 

> 
3 

~ ( 3 2  

/ # 3 5 / - 6  9 

K!& 1 
Y 

M 

--L 

O 9 . 0&'6 / > c&, / 5 0  t 



P R W  '04-0 

GAMMA RAY BUILDUP COEWICIENTS 

Col. 73 

. Brml l  

.B2.1 
L I BETAS, 

1 
I 
I 

I 
! 

i I . BOA p3.~ - ~s1.1~ 

I 

# 

9 

I 

I 

, 

I , 
/ Y 

/ 3 

--L- , 
1 J 

J - -- 

J 

J 

, 
, 
Y 

2 

1 J 

I 

2- 

-- 

I 3 
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