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Tables of i n f i n i t e  medium gamma-ray dose and energy 
absorpt ion build-up f a c t o r s  given i n  var ious  re ferences  
have been co l l ec t ed  toge the r ,  
l i u m ,  carbon, aluminum, i ron ,  t i n ,  tungs ten ,  l ead ,  uran- 
ium, water, ord inary  concre te ,  magnetite concre te ,  and 
bary tes  concre te  have been i n t e r p o l a t e d  l i n e a r l y  on 
energy t o  g ive  va lues  a t  31 energy l e v e l s  i n  t h e  range 
0.25 t o  10  MeV. Shor te r  t a b l e s  are given f o r  a i r ,  wood, 
sand, and l i t h i u m  hydride,  Parametric f i t  c o e f f i c i e n t s ,  
which represent  t h e  build-up f a c t o r s  as smooth func t ions  
of o p t i c a l  d i s t ance ,  have been determined f o r  a l l  ener- 
g i e s  and materials included i n  t h i s  r e p o r t .  
exponent ia l  f i t  c o e f f i c i e n t s  are given except f o r  those  
cases  where both  l o w  energy and low atomic number occur 
simultaneously; under t h e s e  condi t ions cubic and q u a r t i c  
polynomial f i t s  were found t o  be more accu ra t e .  The 
accuracy of t h e  parametr ic  f i t s  givea here  i s  gene ra l ly  
b e t t e r  than  10 percent .  
f a c t o r  d a t a  obtained by l i n e a r  and log-log i n t e r p o l a t i o n  
of known d a t a  wi th  r e spec t  t o  atomic number a r e  included.  

The d a t a  t a b l e s  f o r  beryl-  

Taylor 

Brief t a b l e s  of dose build-up 

GAMMA-RAY DOSE AND ENEZGY ABSORPTION BUILD-UP FACTOR 
DATA FOR USE IN REACTOR SHIELDING CALCULATIONS 

0. J. Wallace 

I. GENERAL INFORMATION 

The numbers known as gamma-ray build-up f ac to r s "  are used t o  account f o r  t h e  

s c a t t e r i n g  of gamma rays  as they  are a t t e n t u a t e d  i n  passing through sh ie ld ing  

ma te r i a l s .  The s c a t t e r e d  gamma rays  s u f f e r  degradation i n  energy, b u t  con t r ibu te  

very s i g n i f i c a n t l y  t o  t h e  dose rate or  energy absorp t ion  rate at  the detector 

p o i n t .  The gamma-ray dose rate bui ld-up f a c t o r  a t  a d e t e c t o r  p o i n t  F (Figure 1) 

i s  def ined by  t h e  r e l a t i o n  

(1) 
t o t a l  dose ra te  a t  de t ec to r  po in t  F 

% = uncol l ided dose rate a t  de t ec to r  po in t  F 

A po in t  i s o t r o p i c  source and an i n f i n i t e  medium are assumed as boundary condi- 

t i o n s  i n  most publ ished build-up f a c t o r  da t a .  

*Note on nomenclature: The nomenclature used throughout t h i s  r epor t  i s  based 
on, and compatible wi th ,  t h a t  used by Goldstein and Wilkins (Reference 1). 
This nomenclature has been r e t a ined  because it i s  familiar and meaningful t o  
those sh i e ld ing  engineers  f o r  which t h e  r epor t  i s  intended.  The author  i s  
aware of t h e  recommended changes i n  build-up f a c t o r  terminology and t h e  con- 
t roversy  t h a t  has been engendered thereby (References 1 through 5 ) .  

1 
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ATT E N U AT ION FACT OR 
FOR MATERIAL i 

Figure 1. Model f o r  Determining Opt ica l  Distance between 
Gamma-Ray Source Poin t  and Detector  . 

Obviously BD depends on t h e  energy E of  t h e  source gammas, t h e  materials 
0 

between t h e  source po in t  ( S )  and t h e  de t ec to r  po in t  ( F ) ,  and t h e  o p t i c a l  d i s -  

t ance  (b)  between S and F. 

If only one element in te rvenes  between S and F,, t h e  build-up f a c t o r  may be 

r e l a t e d  t o  t h e  atomic number of t h e  element. When s e v e r a l  materials are present  

between S and F ,  b i s  given by 

N 

b = p J . t  i i  
i=l 

b i s  measured i n  mean-free-path (MFP) lengths  (see Reference 1). 

t h e  number of d i f f e r e n t  materials encountered between S and F ,  t .  i s  t h e  d i s t ance  

through material i ,  and p 

c o e f f i c i e n t  . 

Here, N i s  

1 
i s  t h e  corresponding macroscopic gamma-ray a t t e n t u a t i o n  i 

Gamma-ray build-up f a c t o r s  are usua l ly  given i n  t a b l e s  as func t ions  of t h e  

o p t i c a l  d i s tance  b (measured i n  mean-free-path lengths  ) , t h e  i n i t i a l  gamma-ray 

energy E (measured i n  MeV) and, f o r  elements,  t h e  equivalent  atomic number Z .  

For compounds such as water and mixtures such as concre te ,  an equivalent  atomic 

number may be assigned by comparing t h e  build-up f a c t o r s  of t h e  mixture or com- 

pound t o  those  of var ious  elements. 

may be energy dependent or dependent on t h e  i n t e r p o l a t i o n  scheme. 

0 

However, such an equivalent  atomic number 

For i n s t ance ,  Goldstein (Reference 1) gives 7.5 as a reasonable  equivalent  

atomic number f o r  water, bu t  Engholm (Reference 6 )  found t h a t  a lower equivalent  

atomic number f o r  water w a s  i nd ica t ed  a t  low energ ies .  

number of 16 may be used f o r  ord inary  concrete  i f  linear i n t e r p o l a t i o n  of bu i ld-  

up f a c t o r s  on atomic number i s  t h e  method used t o  f i n d  bui ld-up f a c t o r s  of mater- 

ials not given i n  t h e  tables (Tables 3A, 4A, lOA, and 20); however, some o the r  

i n t e r p o l a t i o n  scheme such as log-log would r equ i r e  assignment of a d i f f e r e n t  

equivalent  atomic number t o  ordinary concre te ,  e spec ia l ly  at low energ ies .  

An equivalent  atomic 

. 

2 



1 r 

The gamma-ray energy absorpt ion build-up f a c t o r  i s  def ined s i m i l a r l y  t o  t h e  

dose build-up f a c t o r  

( 3 )  - t o t a l  energy absorpt ion ra te  a t  de t ec to r  po in t  F - 
BE uncol l ided energy absorpt ion r a t e  a t  de t ec to r  po in t  F 

and m a t e r i a l  (or equiva- 
E O )  

and these  d a t a  are l ikewise  given as func t ions  of b ,  

l e n t  atomic number, Z ) .  

These gamma-ray build-up f a c t o r s  are important i n  sh i e ld ing  ca l cu la t ions  

s ince  they  permit t h e  s h i e l d  designer  or engineer t o  ob ta in  c o l l i d e d  dose r a t e s  

and energy absorpt ion rates using t h e  s t ra ight forward  poin t  ke rne l  technique,  

which assumes exponent ia l  a t t enua t ion .  The po in t  ke rne l  equat ion may be w r i t t e n  

where t h e  source po in t  (S) has coordinates  and s t r eng th  S and t h e  f i e l d  

poin t  or de tec to r  po in t  F has coordinates  r .  

r from t h e  source S at 

0 )  -+ 
$un($) i s  t h e  uncol l ided f lux a t  

-+ - + - +  
d = Ir - r'l , and b i s  def ined by Equation ( 2 ) .  

0 

The t o t a l  dose r a t e  i s  then  given by 

where % i s  a flux-to-dose conversion f a c t o r  and B 

S imi la r ly ,  t h e  t o t a l  energy absorpt ion ra te  i s  given by 

i s  t h e  dose build-up f a c t o r .  D 

where k i s  an energy absorpt ion c o e f f i c i e n t ,  and B i s  t h e  energy absorpt ion 

build-up f a c t o r .  
ea E 

I1 PARAMETRIC REPRESENTATION OF GAMMA-RAY BUILD-UP FACTORS 

The po in t  ke rne l  given by Equations ( h ) ,  ( 5 ) ,  and ( 6 )  may be i n t e g r a t e d  

numerically over a r b i t r a r y  source volumes. 

atomic number ( Z )  a r e  known, a build-up f a c t o r  may be found corresponding t o  each 

value of b ca l cu la t ed  during t h e  i n t e g r a t i o n  process .  

used t o  f i n d  t h e  build-up f a c t o r s  i s  simply t o  look i n  e x i s t i n g  t a b l e s ,  and t o  

spec i fy  some i n t e r p o l a t i o n  scheme so  t h a t  build-up f a c t o r s  not e x p l i c i t l y  given 

i n  t h e  t a b l e s  may be found. 

(Reference 7 ) ,  which has a library of build-up f a c t o r  dat'a (as given i n  Refer- 

ence 1) s to red  as an i n t e g r a l  p a r t  of t h e  program. 

po la t ion  whenever i n t e r p o l a t i m  on b ,  Eo, or Z i s  requi red .  

If t h e  energy (E ) and equivalent  
0 

One technique t h a t  may be 

This technique i s  used i n  t h e  SPAN-4 program 

SPAN-4 uses l i n e a r  i n t e r -  

Two of t h e  reasons 

3 



t h i s  method i s  used i n  SPAN-4 are ( a )  it provides b e t t e r  accuracy than  t h a t  which 

could be achieved by any one of t h e  parametr ic  r ep resen ta t ions  a v a i l a b l e  a t  t h e  

time SPAN-4 w a s  wr i t t en ,  and ( b )  it i s  easy t o  input  d a t a  f o r  new materials, s ince  

parametr ic  c o e f f i c i e n t s  need not  be der ived.  

Another technique t h a t  i s  widely used t o  f i n d  build-up f a c t o r s  r equ i r e s  

In  a given prublem t h a t  t he  build-up f a c t o r s  be represented  paramet r ica l ly .  

i n t e r p o l a t i o n  with respec t  t o  energy ( E )  and atomic number ( Z )  i s  done only once, 

bu t  i n t e r p o l a t i o n  with r e spec t  t o  o p t i c a l  d i s tanoe  ( b )  i s  done r e p e t i t i v e l y ;  

t h e r e f o r e ,  many r ep resen ta t ions  with b as t h e  parameter have beep proposed 

(Reference 8 ) .  

v 

Such parametr ic  r ep resen ta t ions  are convenient f o r  many hand c a l c u l a t i o n s ;  

they  are a l s o  u s e f u l  i n  computer programs s ince  fewer da ta  need t o  be input  and 

manipulated, and ca l cu la t ing  a build-up f a c t o r  paramet r ica l ly  may be simpler 

than searching o r  i n t e r p o l a t i n g  ava i l ab le  t abu la t ed  information.  However, un less  

t h e  parametric f i t  c o e f f i c i e n t s  a r e  c a r e f u l l y  der ived ,  t h e  build-up f a c t o r s  ca l -  

cu la t ed  may not be accu ra t e ,  and t h e  use of build-up f a c t o r s  f o r  a new material 

r equ i r e s  t h a t  parametr ic  f i t  c o e f f i c i e n t s  be der ived f i r s t .  

A convenient and widely used parametr ic  r ep resen ta t ion  of build-up f a c t o r s  

i s  given by the  Taylor exponent ia l  f i t  (References 8 ,  9 ,  1 0 ,  11, and 1 2 )  which 

uses t h r e e  parameters 

-a b -a2b 
% = Ae + (1 - A ) e  

i 

where 

% = BD(b,Eo,Z) 

A = A ( E ~ , z )  

a 1 = al(Eo ,z 1 

a = a ( E  ,Z) 

Equation ( 5 )  then  becomes 

2 2 0  

(8  1 
So(:* )% -(1 + al)b -(1 + a2)b  

+ (1 - A ) e  
2 {Ae 

D,,,(f) = 
4n d 

which i s  convenient i n  many hand ca l cu la t ions  and i s  a l s o  adaptable  f o r  use i n  
computer programs. Since t h r e e  c o e f f i c i e n t s  cover t h e  complete range of b va lues ,  

fewer d a t a  i t e m s  need t o  be input  and/or s to red  t o  descr ibe  t h e  build-up f a c t o r s  

f o r  a given material and energy. Also,  no e x p l i c i t  i n t e r p o l a t i o n  on b i s  

nec es s a r y  . 
4 



This technique was used i n  t h e  SPAN-3 program (Reference 11). The t a b l e  of 

Taylor exponent ia l  f i t  coe f f i c i en t s  used by SPAN-3 i s  given i n  Reference 11 

When t h e  poin t  ke rne l  (Equations (b), ( 5 ) ,  and ( 6 ) )  i s  i n t e g r a t e d  over a 

volumetric source region i n  any of t h e  geometric s i t u a t i o n s  t h a t  may be t r e a t e d  

a n a l y t i c a l l y ,  t h e  build-up f a c t o r  should be included i n  t h e  in tegrand .  

Taylor f i t  c o e f f i c i e n t s  are a v a i l a b l e ,  t h i s  requirement may be immediately sat is-  

f i e d  by using Equation ( 8 )  as t h e  in tegrand ,  s ince  t h i s  rep laces  an i n t e g r a l  

zontaining an exponent ia l  wi th  two similar i n t e g r a l s .  

When 

(See Reference 9 ,  p 412 f f . )  

When build-up f a c t o r  r ep resen ta t ion  f o r  t h e  SPAN-4 program w a s  being inves- 

t i g a t e d ,  an e f f o r t  w a s  made t o  improve t h e  Taylor exponent ia l  f i t  c o e f f i c i e n t s  

of Buscaglioni and Manzini (References 8 and 1 2 ) .  

w r i t t e n  t o  a i d  i n  t h i s  endeavor,.were used t o  eva lua te  and improve c o e f f i c i e n t s  

Several  small computer programs, 

f o r  many ma te r i a l s .  

It w a s  found t h a t  t h e  Taylor exponent ia l  f i t  w a s  not s u f f i c i e n t l y  accura te  

f o r  those  cases  having simultaneously low energ ies  and low atomic numbers ( s e e  

Appendix). Another parametr ic  r ep resen ta t ion  w a s  need f o r  t hese  cases ,  and it 

w a s  requi red  t o  be uncomplicated, A polynomial r ep resen ta t ion  w a s  chosen f o r  

s impl i c i ty  and ease of use.  I n  most ca ses ,  a cubic  polynomial r equ i r ing  only 

t h r e e  c o e f f i c i e n t s  i s  s u f f i c i e n t .  A few extreme cases  r e q u i r e  a q u a r t i c  

r ep resen ta t ion .  

The cubic and q u a r t i c  polynomial r ep resen ta t ions  a r e  

( 9 )  2 3 + 
a2b % = 1.0  + Ab + a b 1 

and 

(10) 
1 . 0  + Ab + alb2 + a2b3 + a3b 4 

BD 

If t h e  polynomial fit f o r  some s p e c i f i c  E and Z i s  such t h a t  a or a i s  nega- 

t i v e ,  t h a t  f i t  should not be used f o r  b > 20. 
0 2 3 

Tobias (Reference 13) and Capo (Reference 1 4 )  have a l s o  publ ished ex tens ive  

t a b l e s  o f  polynomial f i t s  of ,bu i ld-up  f a c t o r  c o e f f i c i e n t s .  

The t a b l e s  given i n  Sect ion IV, t h e r e f o r e ,  g ive  ( a )  Taylor exponent ia l  f i t  

c o e f f i c i e n t s  i f  they  are reasonably accura te  r ep resen ta t ions  of t h e  corresponding 

build-up f a c t o r  d a t a  and ( b )  cubic o r  q u a r t i c  polynomial f i t s  f o r  those  cases  

( Z  5 13 ,  E 5 2.2 M e V )  where Taylor exponent ia l  f i t s  are not s a t i s f a c t o r y .  
0 
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In  genera l ,  t h e  accuracy requirement e s t ab l i shed  f o r  t hese  t a b l e s  i s  t h a t  

build-up f a c t o r  ca l cu la t ed  build-up f a c t o r  
from parametr ic  c o e f f i c i e n t s  from t a b l e  s 

build-up f a c t o r  from t a b l e s  x 100 5 10% .-5% I 

f o r  each of t h e  seven s tandard b values  (1 .0 ,  2.0,  4.0,  7 .0 ,  1 0 . 0 ,  1 5 . 0 ,  and 

20.0 mfp) f o r  which build-up f a c t o r  da t a  are usua l ly  t abu la t ed .  

111. SOURCES OF DATA 

Reference 1 (Goldstein and Wilkins)  has been t h e  primary source of  build-up 

f a c t o r  da t a  s ince  it w a s  publ ished in .1954.  

aluminum, i r o n ,  t i n ,  tungs ten ,  l e a d ,  and uranium a r e  based on d a t a  from 

Reference 1, except t h a t  d a t a  f o r  water a t  0 .5  and 1 . 0  Mev i s  drawn from t h e  

newer work 'of Berger (Reference 15) and Morris and Chil ton (Reference 1 6 ) .  

The t a b l e s  given here  f o r  water, 

Bui ld-up-factor  d a t a  f o r  ord inary  concrete  have been publ ished by Chil ton 

(Reference 17) and Clarke and Trubey (Reference 18). 
reasonably w e l l .  Engholm (Reference 6 )  a l s o  ca l cu la t ed  r e l a t e d  concrete  bui ld-  

up f a c t o r s  and obtained good agreement w i t h  Clarke and Trubey and w i t h  Chi l ton .  

Clarke and Trubey a l s o  obtained build-up f a c t o r s  f o r  magnetic and ba ry te s  con- 

c r e t e s .  The t a b l e s  given here  for ordinary ,  magnet i te ,  and ba ry te s  concre tes  

Their  r e s u l t s  agree 

are based on Reference 18. 

Engholm has a l s o  ca l cu la t ed  build-up, f a c t o r s  f o r  beryl l ium and carbon a t  

low ene rg ie s ,  and has checked some of Golds te in ' s  r e s u l t s  using a gamma t r a n s p o r t  

program. 

Fhgholm a l s o  g ives  ( i n  Reference 6) log-log p l o t s  of dose build-up f a c t o r s  versus  

atomic number. These p l o t s  g ive  smooth and r e l a t i v e l y  f l a t  curves ,  which he 

recommends f o r  f ind ing  build-up f a c t o r s  f o r  in te rmedia te  atomic numbers. The 

t a b l e s  of  d a t a  f o r  beryl l ium and carbon come from t h e  log-log p l o t s  of Refer- 

ence 6. 
higher  energ ies  (>2  Mev) they  were t h e  r e s u l t  of ex t r apo la t ion  ( log- log)  of 

Golds te in ' s  da ta .  

I n  a l l  cases  Engholm's results agree reasonably we l l  wi th  Golds te in ' s  

A t  l o w  energ ies  t h e  values  p l o t t e d  were a c t u a l l y  ca l cu la t ed ,  and a t  

Data f o r  sand, a i r ,  and wood come from t h e  work of  Clarke (Reference l9), 
and t h e  dose build-up f a c t o r  t a b l e s  f o r  l i t h i u m  hydride given here  were published 

by Kam and Clarke i n  Reference 20. 

The s t a r t i n g  poin t  f o r  t h e  ca l cu la t ion  of t h e  Taylor expcnenzial f i t  coef- 

f i c i e n t s  given here  w a s  t h e  exce l l en t  s e t  of da t a  published by Buscaglioni and 

Manzini i n  Reference 12 .  Without t hese  d a t a ,  t h e  t a s k  of ob ta in ing  t h e  r e s u l t s  

set f o r t h  i n  t h i s  r e p o r t  would have been much more d i f f i c u l t .  

t 
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Build-up f a c t o r  daT-a a r e  o r d i n a r i l y  t abu la t ed  f o r  e i g h t  s tandard  energy 

values ( 0 . 5 ,  1 . 0 ,  2 .0 ,  3 . 0 ,  4.0,  6 .0 ,  8 .0 ,  and 10 .0  Mev); b u t ,  f o r  t h e  

u s e r s '  convenience, t h e  t abu la t ed  da ta  f o r  beryl l ium, carbon, aluminum, i r o n ,  

t i n ,  tungs ten ,  l e a d ,  uranium, water, and concrete  were ex t rapola ted  and l i n e a r l y  

i n t e r p o l a t e d  t o  g ive  values  at  31 energy l e v e l s  i n  t h e  range 0.25 t o  1 0 . 0  MeV. 

(Build-up f a c t o r s  a t  0 .25  Mev are given only f o r  water i n  t h e  l i t e r a t u r e ;  there-  

f o r e ,  t h e  use r  should be aware t h a t  t h e  build-up factors given here for o the r  

ma te r i a l s  a t  0.25 Mev are not based on independent ca l cu la t ions  o r  experiment. ) 

Parametric c o e f f i c i e n t s  were derived for a l l  energy l e v e l s .  Linear i n t e r p o l a t i o n  

on energy w a s  used because of i t s  s i m p l i c i t y  and because it g ives  reasonably 

accurate  intermediate  values  f o r  most cases  of i n t e r e s t  i n  sh i e ld ing  c a l c u l a t i o n s .  

P l o t s ,  t a b l e s ,  and much a d d i t i o n a l  u s e f u l  information can .be  found i n  most 

of t h e  re ferences  a l ready  c i t e d ,  e spec ia l ly  References 1, 6 ,  8,  9 ,  1 5 ,  and 19. 
I n  add i t ion  much information and theory are summarized i n  Reference 21. 

I V .  TABLES OF DOSE AND ENERGY ABSORPTION BUILD-UP FACTORS AND COEFFICIENTS 



TABLE 1 A .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR BERYLLIUM 

Energy 
(Nev ) . 25 

050 
060 
070 
080 
090 
i .oo 
1.25 
1.50 
1.75 
2.00 
2.20 
2.50 
2.75 
3.06 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.30 
6.50 
7. 00 
7.50 
7.65 
8.00 
8.50 
9.00 
9.50 

10.00 

Error Magnitudes Greater than 5% 
b(mfp) Paired with Corresponding o values 

1.00 2.00 4.00 7.00 10.00 15.00 20.00 A & H A ~  ALPHA2 ALPHA3 Type* -----  A (% Error ,  b(mfp)) 

*T s i g n i f i e s  Taylor exponential  f i t  coe f f i c i en t s  
Build-up f a c t o r  = A*exp(-alphale ) + (1-A )*exp(-alpha2q ) 

C s i g n i f i e s  cubic polynomial f i t  coe f f i c i en t s  
Build-up f a c t o r  = 1.0  + A*b + alphal*b**2 + alpha2*b**3 

Q s ;gnif ies  qua r t i c  polynomial f i t  coe f f i c i en t s  
Build-up f a c t o r  = 1.0 + A*b + alphal*bY*2 + alpha2*b**3 + alpha3*b**4 



TABLE 1B. GAMMA-RAY..ENEFiGY ABSORPTION BUILD-UP FACTORS FOR BERYUIUM 

Error  Magnitudes Grea te r  t h a n  5% 
Energy b(rnfa) Pa i red  with 'Corresponding b va lues  
(i4ev) ) - A. ALF'HAl ALPHA2 ( %  E r r o r ,  b ( m f p ) )  

*T s i g n i f i e s  Taylor exponent ia l  f i t  Coef f ic ien ts  
Build-up f a c t o r  = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b) 

C s i e i f i e s  cubic polynomial f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = 1.0  + A*b + alphal*bi*2 + alpha2*b**3 



TABLE 2A.  GAMMA-RAY DOSE BUILD-UP FACTORS FOR CARBON (GRAPHITE) 

Error Magnitudes Greater than 5% 
Energy b(mfp) Paired with Corresponding b values 
(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHAl ALPHA2 Type* - - - - - - -  (% Error, b(mfp)) 

W signifies Taylor exponential fit coefficients 
Build-up factor = Alexp(-alphal*b) + (1-A)*exp(-alpha2*b) 

C signifies cubic polynomial fit coefficients 
Build-up factor = 1.0 + A*b + alphal*b**2 + alphaZ*b**3 



. 

L n e r a  
(Nev) 

0.50 
1 .00  
2 .00  

TABU 2B. GAMMA-RAY ENERGY ABSORPTION BUILD-Up FACTORS FOR CARBON (GRAPHITE)  

Er ro r  Magnitudes Greater  than 55 
Paired with Correspondng b values b(mfp) 

0. 1.00 4.00 2.00 7.00 10.00 15.00 20.00 A A L P H A 1  ALPHA2 Type' ( %  Erro r ,  b (mfp) )  

1.00 2.39 4.73 12.80 35.60 71.30 163.00 295.00 .820 .49776 .01032 C 

1.00 1.85 2.98 5.56 10.30 15.10 23.50 31.30 1.0283 .03326 0. C ( 1 1 . 4 4 , 1 ) ,  (7 .04 ,2) ,  ( 1 1 . 4 1 , 2 0 )  

- -  

1.00  2.08 3.73 8.45 18.90 31.80 59.60 93.50 .9010 .280 - .0050 C 

*T s i g n i f i e s  Taylor exponential  f i t  coe f f i c i en t s  

C s i g n i f i e s  cubic polynomial f i t  coe f f i c i en t s  
Build-up f a c t o r  = A*exp(-alphal'b! + (l-A)*exp(-alph&*b) 

Build-up f a c t o r  = 1 . 0  + A*b + alphal*b**2 + alpha2*b**3 



Energy 
(MeV 

25 
.SO 
060 
70 

080 

1.00 
1.25 
1.50 
1.75 
2.00 
2.20 
2.50 
2.75 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.30 
6.50 

.90 

7.00 
7.50 
7.65 
8.00 
8.50 
9.00 
9.50 
10.00 

- 
0. - 
1.00 
1.00 
I.00 
1.00 
..oo 
1.00 
1 *oQ 
1.00 
1.00 
j .00  
1.00 
1.00 
1.00 
1.00 
i.00 
1.00 5 000 
1 .OQ 
l a 0 0  
1.00 
1.00 i 000 
1.00 
1.00 
1.00 
j.00 
1.40 
1.00 
j .00 
1.00 
1 000 

- 
1.00 

2.72 
2.3y 

2.23 
2.16 
2.09 
2.02 
1.95 
1.88 
1.82 
1.75 
1.73 
1.76 
1.67 
1.64 
1.59 
1.53 
1 e56 
la48 
1.65 
1.42 
1.45 
1.40 
1.38 
1.36 
1.35 
1.34 
1.31 

1.30 
1.28 

- 

2630 

1.31 

2.00 

5.21 
4.24 
4,05 
3.87 
3.68 
3.50 
3.31 
3.13 

- 

2.96 
2-76 
2.61 
2.55 
2.46 
2.39 
2.32 
2.?0 
2.08 
2.02 
1.97 
1.91 
1.85 

' 1.82 
1.81 
1.77 
1 m72 
1 e71 
1.68 
1.65 
1.61 
1.58 
1.55 

TABLE 3A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR ALUMINUM 

10.00 

63.99 
38.90 
35.36 
31.82 
28.28 
24.74 
2 1  a20 
18.87 
16.55 
14.22 
11 0 9 0  
.11 25 

9.46 

7.76 
6.88 
6.53 
6.19 
5.84 
5.49 
5.35 
5.26 
5.03 

4.14 
4.58 
4 0 4 2  
4.27 
4.11 
3.96 

- 

10.27 

8.65 

4.81 

15.00 

150.89 
80.80 
72.22 
63.64 
55.04 
46.4A 
37.9n 
330 10  
28 a 30 
23.50 
18.70 

- 

17.56 
15.85 

13.00 
11.55 
10.10 
9.57 
9.03 
8.50 
7.97 
7.76 
7.6% 
7.26 
6.91 
b.81 
6.56 
6 . 3 3  
6.09 

16.42 

5.86 
5.63 

.- 
20.00 

290.44 
141.00 
124.50 
lO8.00 
91.50 
75.00 
58 050 
50 45 
$2.60 
34 . 35 
26.30 
24 . 58 
22.00 
19.85 
17.70 
15.55 
13.40 
12.65 
11.90 
11.15 
10.60 
10.12 
9.93 
9.66 
8.99 
8.85 
8.52 
8.22 
7.92 
7.62 
7.32 

- 

*T signifies Taylor exponential fit coefficients 

C signifies cubic polynomial fit coefficients 
Build-up factor = A*exp(-alphalQ) + (l-A)*exp(-alphQ*b) 

Build-up factor = 1.0 + A*b + alphal*b**2 + alpha2*b**3 

A 

1.171 
0 , 9 7 6  
0 .983  
0 .990  
0.99R 
1 . o o q  
1 . 3 1 3  
0.961 
0.910 
n.nSa 

16.6*1 
15.430 
13,61? 
1 2 . 9 9 ~  
10 .583  
9 055 
7 .526  
7 . 0 7 7  
h .620  
6.166 
5.717 
5 , 5 6 7  
5.464 
5.214 

4 , @ 9 n  

Q .577 
4 . 3 5 7  
b.17R 
3 .999  

6 - 9 6 ?  

4 .716  

ALPHAl ALPHA2 

Error Magnitudes Greater than 5% 
Paired with Corresponding b values 

( %  Error, b(mfD)) 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
T ( 5 . 0 , l )  
T (5.4.11, (5.2,20 
T (5 .1 .1)  
T 
T 
T 
T 
1 
T 
T 
I 
f 
T 
1 
T 
T 
1 
T 
1 
T 
1 



TABLE 3B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR ALUMINUM 

*T s i g n i f i e s  Taylor exponent ia l  f i t  c o e f f i c i e n t s  

ALPHA2 - 
o.ilr4 
0. 
C 
I). 
I). 

I. 
0 .  
0. 
0. 

0 

- n o  4 128 
- o . n l u i  
-3.(r060 
- 0 . 0 0 2 7  

0 . n 0 4 7  
0 . n n i v  
9.0934 
o.no4o 
1 )  no44 
Q.flP4R 
n. ig52 
0.nn*9 
rl.nO4R 
o.n' )44 
( ) .noun 
0-ri03q 
o . n n 3 7  
7 . n n 3 6  
0.0036 
n . n n 3 5  
9 . n n 3 5  

Erro r  Magnitudes Zrea te r  than 5; 
Pa i r ed  with Ccrresgonding b values  

Type' ( %  Erro r ,  b(mfu)) 

Build-up f a c t o r  = A*exp(-alphal*b) + (1-A )*exp(-alpha2*b) 
C s i g n i f i e s  cubic  polynomial f i t  c o e f f i c i e n t s  

Build-up f a c t o r  = 1 .0  + A*b + alphal*bs*2 + alpha2*bi*3 



Energy 
(:lev) 

25 

e 6 0  

.80 

.96 
1.00 
1.25 
1.50 
1.75 
2.00 
2.20 
2.56 
2.75 
3 - 0 6  
3.50 
4.00 
4.50 
5.00 
5.50 
6-00 
6.30 
6-56 
7.00 
7.50 
7.65 
8.00 
8.50 

9.50 
10.00 

- 5 0  

.70 

9.00 

TABLE 4A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR IRON 

bimfu) - -  0. 1.00 9 4.00 7.30 - 15.30 20.x 

e o 0  2.06 
e 0 0  1.9R 
000 1.96 
-00 1.99 
* O F  1.91 
. O C  1.89 
. O C  1.87 
- 0 0  1.84 
- 0 0  i.8i 
-00 1.79 
- 0 0  1.76 
- 0 0  1.72 
-00 1.67 
- 0 0  1.60 
e 0 0  1.55 
. o n  1.50 
a 0 0  1.45 
- o n  1.42 
0 0 0  1.40 

e o 0  1.34 

- 0 0  1.32 
a 0 0  1-30 

- 0 6  1.24 

e o ?  1.37 

* O O  1.33 

e00 1.29 

e 0 0  1.27 
e o 0  1.25 
e 0 0  1.23 
-00 1.22 
r o o .  1.20 

12.85 
11070 
1 1  - 4 0  
11.10 
10.80 
10.50 
10.20 
9.46 
8.72 
7.99 
7.25 
6-97 
6.55 
6.20 
5-85  
5.38 
4-91 
4.72 
4.52 
4.33 
4.16 
4 .04  
3.98 
3.81 
3-65 
3-60 
3.49 
3.36 
3.24 
3.11 
2.99 

21.73 
19-20 
18-60 
18.00 
17.40 
16.80 
16.20 
14-87 
13.55 
12.22 
10.90 
l(r.42 
9.70 

8.51 
7.81 
1.11 
6.84 
6.56 
6.29 
6.02 
5.88 
5.78 
5.54 
5.31 
5.24 
5.07 
6.89 
4.71 
4.53 
4-35 

9.11 

42-17 
35.4r) 
33.94 
32.56 
31.14 
29.72 
28.30 
25,6? 
22-95 
20.27 
7.60 
6.7R 
5.55 
6.52 
3.50 
2-35 
1.20 
0.87 
0.54 
0 * 2 ?  
9.89 
9.68 
9.54 
9-19 
8.85 
8.74 
8.56 
8.26 
8.07 
7.74 
7.54 

59-22 
55.60 
53 02 
50.44 
67.86 
45-28 
4 2 . 7 0  
39-30 
33-90 
29-50 
25.10 
23-90 
22.10 
20  60 
19-10 
17.55 
1 6 ~ 0 0  
15.67 
15-35 
15-02 
14.70 
14-44 
14.27 
13.85 
13.42 
13.30 
13.00 
12.85 
12-70 
12-55 
12.40 

*? s i g n i f i e s  T a y l o r  e -qonen t i a i  f i t  coe f f i c i en t s  
Build-up f ac to r  = A*exp(-al?hal*o) + ( l -A)*eq(-algna2%1 

A 

48.63800 
40.43700 
38.04OUO 
35.64300 
33.246UU 
30.84800 
28,45100 
25.80500 
23.16000 
2 0.5 1400 
17.97400 
17.02300 
15.596Ui) 
14.4U70U 
13.2 11100 
11.421OU 

9.62400 
8.68500 
8.13225 
6.80600 
5.867OO 
5.47300 
4.95045 
4.32725 
3.89900 
3.33180 
3.2430u 
2.58210 
L.370L5 
2.12100 
1.74700 

4 25ul 1 

- . 0 7 L L O  
- .06410 
- .063u0 -. 0 6  180  
- .06070 
-e05960  

0 5 8 4 0  
- e 0 5 5 4 0  

-e04920  
-e04630  -. 045YL) - . u 4 5 3d 
- .044U0 -. 044343 
-.04>bd 
-.047UO 
- - 0 5  060 
- .05149 -. 0 5  790  

- .06330 

-.05230 

-e06150  

-. 064Y 0 
- e 0 6 8 2 0  
-.0716U -. 0 162  3 
- .075u0 
-.085U5 -. OA7UO -. 093UO 
- .09900  

-.U5130 
-.U3940 

-.U3410 
-.U3140 
- .32880  
- e 0 2 6 1 0  -. u 2 100 
-.U1580 
- . d l 0 6 0  
- .00570 
-.UO470 
-.u0330 
-.u021u 
-.UOOY0 

. U O O 4 U  

.UOl80 

.U0080 
- .00006  
- .uo100  
-.U0190 

.U0160 
- 0 0 5 4 6  
.U1018 

U0930 
.U1978 
. J L l L O  
.U3087 
- 0 2 6 2 2  
.U3?00 
eU6630 

U 3 6 0 3  

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
1 
T ,  
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
1 



Energy 
(Mev) - 

TABLE 4 ~ .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR IRON 

Error Magnitudes Greater than 5% 
Paired with Corresponding b values 

(% Error, b(mfp)) 

*T signifies Taylor exponential fit coefficients 
Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b) 



TABLE 5 A .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR TIN 

Error Magnitudes Greater than 5% 
Paired with Corresponding b values 

( %  Error, b(mfp)) 

*T s i g n i f i e s  Taylor exponential fit coef f ic ients  
Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b) 



TABLE 5B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR TIN 

Energy 
(MeV) 

.25 

.so 
60 

a70 
-80 
.90 

1.00 
1.25 
1.50 
1.75 
2.00 
2.26 
2.50 
2.75 
3 00 
3.50 
@ W O O  
4.50 
5.00 
5.50 
6.00 
6.30 
6.50 
7.00 
7.50 
7 . 65 
8.00 
8.50 
9.00 
9.50 

10.00 

1 9.1 SSP 
-0, J G l 4  9 . 1  l 0 R  
-0. 1 6 9 1  1i.n.(79 
- 6 .  ,774 1 . 6 4 6 7  

-u .u431 0.0735 
-0. " 759  1.n229 
- U . ~ G O J  ' f3*02J1 
- 3  l . n l  73 
- 0 .  ,627  n . c ~ * h  
-n. ,6+3 1.n 1 l A  
-0. ,653  - ~ . n q i l  
- i . u ~ 4 3  0 . n n l 6  
- 0 .  ,472  -0.00 79 
-0. ,774 - d . n 7 ~ 0  
-0.J773 - n . n 2 * 5  
-n.,15lj4 -Q.*?52 
- 0 . ~ 6 2 3  -0.q319 
-0. ~ 7 1 3  - 0 . n 4 l h  
- ~ . ~ , o o 7  -Q.n7r3 
-0.1,+eg -1."?79 
n ,  7 ,  -0.n1 ~h 
-0.1737 -o.n1,+0 
-q. 1769  -n.n 1 7 0  
-!,ioca -n.nq>3 
- n , l q 2 7  -n.nn25 
-n.1550 -n.n?19 
-0.16 16 1 .  
-0.1636 1 a 0 1  16  

*T s i g n i f i e s  Taylor exponential  f i t  coeff ic ients  
Build-up f a c t o r  = ~*exp(-a lphalcb ) + ( 1-A )*exp (-alpha2*b ) 



TABLE 6A. GAMMA-'RAY DOSE BUILD-UP FACTORS FOR TUNGSTEN 

Jbergy b(mfp) 
00.--4 1.00 2.00 .oo 7.00 10.00 15.00 20.00 A ALPHAl ALPHA2 rype* 

1.20 
1.28 
1 . 3 i  
1.34 
1 . 3 ~  
1.41 
1.44 
1.43 
1 a43 
1.42 
1.4? 
1 - 6 1  
1.39 
1.38 

,1.36 
1.32 
1.29 
1.27 
1.24 
1 * 2 3  
1.20 
1.19 
1.19 
1.17 
1.16 
1.15 
1.14 
1.13 
1.13 
1.13 
1.11 

1.33 
1 .so 
1 .57 
1 0 6 3  
1 e70 
1 e76 

1 a 8 3  
1 .A4 
1 a 8 4  
1 .85 
1 e83 
1 . R O  
1.77 
1.74 
1 .68 
1.62 
1 e57 
1.52 
1 .48 
1.43 
1.41 
1 e40 
1 - 3 6  
1 e35 
1 .34 
1.32 
1 e30 
1.28 

1.25 

1.83 

1 .27 

1.55 
2.24 
2.52 
2.79 
3.07 
3.34 
3.62 
3.74 
3.86 
3.97 
4.09 
4.07 
4.04 
4.02 
4.00 
4.01 
4.03 
3.92 
3 - 0 1  
3.71 
3.60 
3.52 
3.46 
3.32 
3.19 
3.15 
3.05 
2.94 
2.83 
2.73 
2.62 

1 e60 
2.61 
3.02 
3.42 
3.83 
4.23 
4.64 
4.80 
4.95 

5.27 
5.40 
5.59 
5.76 
5.92 
6.09 
6.27 
6.28 
6.28 
6.28 
6.29 
6.16 
6.07 
5.84 
5.62 
5.56 
5.40 
5.21 
5.02 
4.84 
4.65 

5.11 

1.65 
3.12 
3.75 
4.37 
5.00 
5.62 
6.25 
6.70 
7.16 
7.61 
8.07 
8.39 
8.86 
9.26 
9.66 

10.83 
12.00 
12.92 
13.05 
14.77 
15.70 
15.62 
15.57 
15.45 
15.32 
15-29 

14.90 
14.60 
16.30 
14.00 

15.20 

1.71 
3.59 
4.34 
5.09 
5.85 
6.60 
7.35 
8.16 
8.97 
9.79 

10.60 
11.30 
12.35 
13.22 
14.10 
17.50 
20 90 
24.75 
28.60 
32.45 
36.30 
37.14 
37.70 
39.10 
40  . 50  
40  92 
41.90 
41.25 
40.60 
39.95 
39.30 

1.574 
2.575 
2.746 
2.916 
3.087 
3.25A 
3.42a 
3.553 
3.679 
3 . 0 0 4  
3.924 
4 .084  
4.323 
4.523 

5.121 
5.52n 
0.0244 
1.69RS 
1. R6Pn 
1 e273 
1.182 
1 . O U R 9  

,8712 
.7346 

4.727 

0.771 
0.66h 
0.625 
0.687 
0.549 
0.509 

VT signifies Taylor exponential fit coefficients 
Build-up factor = A*exp(-alphal*b) + (l-A)*exp(-alpha2*b) 

T 
T 
T 
1 
T 
T 

T 
T 
1 
T 
T 
T 
1 
1 
T 
T 
T 
T 
T 
T 
1 
T 
T 
T 
T 
T 
1 
T 
1 
T 

r 

Error Magnitudes Greater than 5% 
Paired with Corresponding b values 

(% Error, b(mfp)) 

(5.3,4),(6.4,7), (5.8,10), ( 7 . 9 , 2 0 )  

(6.5,7), (7.0,lO 1, (5.4,20 1 



TABLE 7A.  GAMMA-RAY DOSE BUILD-UP FACTORS FOR LEAD 

none 

*T s i g n i f i e s  Taylor exponential  f i t  c o e f f i c i e n t s  
Build-up factor  = ~ " e x p  (-alphal*b ) + (1-A)* exp (-alpha2'b ) 



N 
0 TABLE 7B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR LEAD 

Energy b (mfp) 
(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 - - - - - - - - -  

s i g n i f i e s  Taylor exponent ia l  f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal'b ) + (1-A)*exp(-alpha2*b ) 

1.644 O.unZ4 
2.030 -0.;37u 
2.467 -0. J7H4 
2 . 7 5 ~  -0.3615 
3. l e i  -n. 2475 
3.76n - 0 . ~ 6 1 5  
4 - 1 9 ?  - 0 . ~ 4 2 6  
4,775 1A.4413 
4 * 5 5 q  -0.3640 
4.456 -n.uo3f 
6.507 -;. J 7 7 5  
6.640 -i.u79b 
6,RbQ -0. Jb77 
7.02i  - 0 . ~ 4 5 4  
7.194 -0.1~480 
4 - 1 3 ?  - 0 . ~ 6 9 4  
2.520 - 0 . ~ 9 0 9  
1 - 6 7 ?  - 0 . l l q 2  
1.237 -:.I348 
1 .029 -0.1072 
0.777 -6.1660 
0.713 - 0 0 1 7 1 6  
0.676 -0.1754 
0.576 -? . l a47  
0.470 -n. 1 9 4 1  
0.449 -0.1O6Q 
0.381 -0.2035 
0.320 -0.21 13 
0.276 -n.2192 
0.729 -n.2?71 
0.171 -0.d35D 

Type' 

T 
T 
T 
14, 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Error  Magnitudes Greater than 5 %  
Paired with Corresponding b values 

(% Error ,  b(mfp))  



Energy 
(MeV) 

25 
e50  
a60 . 79 
.EO 
.90 

1 .oo 
1.25 
1 a 5 0  
1.75 
2.00 
2.20 
2.50 
2.75 
3.00 
3.50 
4 .00  
4.56 
5.00 
5.50 
6.00 
6.30 
6 .50  
7 - 0 0  
7.50 
7.65 
8.00 
8.50 
9.00  
9.50 

10.00 

0. 

1 moo 

- 
j .00 
1 moo 
1.00 
I moo 
i *OQ 
1 moo 
1.00 
1 m o o  
i.00 
1 .o9 
1 .00 
l.09 
1 .06 
1 .OO 
j .00 
1 m o o  
j . o o  
1.00 
1 *OQ 
I r O O  
j . 0 0  
I .09 
j .00  
!.OO 
I r o o  
IWOO 
1.00 
1 . O O  
1.00 
1.00 

TABLE 8A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR URANIUM 

b(-) 
1.00 a.oo h.oq 7.00 - - -  10.00 15.00 20.00 

l * U O  1.17 
1 .17  1.30 
1.26 1.35 
1 .23  1.40 
1.25 1.46 
1.29 1.51 
1.31. 1 .56 
1.31 1.58 
1.32 1.60 
1.32 1.62 
1.33 1.64 
1 .33  1.63 
1.31 1.61 
1.30 1.59 
1.29 1.58 
1.27 1.54 
1.24 1.50 
1.22 1.46 
1.20 1.63 
1.18 1.39 
1.16 1.36 
1.15 1.35 
1.15 1.34 
l e 1 4  1.31 
1.13 1.29 

1 . 1 1  1 .25 
1.16 1 .23  
1.10 1.22 
1.09 1.20 

1.13 1.29 
1.12 1.27 

1 e26 
1 a67 
1 .e* 
2.00 
2.17 
2 .33  
2.50 
2 - 6 5  
2.79 
2.94 
3.09 
3 - 1 3  
1 - 1 8  
3.22 
3.27 
3.24 
3.21 
3.15 
3.08 
3.02 
2.96 
2.91 
2.87 
2.78 
2.70 
2.67 
2.61 
2.52 
2.43 
2.35 
2.26 

1.29 
1.85 
2107 
2130 
2.52 
2.75 
2.97 
3.21 
3.46 
3.70 
3.95 
4.06 
4.23 
4.37 
4.51 
4.58 
4.66 
4.69 
4.73 
4.76 
4mRO 
4.73 
4.69 
4.58 
4.47 
4.44 
4.36 
4.21 
4.07 
3.92 
3.78 

1.28 
2eOR 
2.40 
2.72 
3.03 
3.35 
3.67 
4.09 
4.51 
6.94 
5.36 
5.6n 
6.16 
6.57 
6.97 
7.49 
8.01 
8.71 
9.40 

10.10 
10.80 
10.86 
10.90 
11.00 
11.10 
11.13 
11.20 
Il.02 
10.85 
10.67 
10.50 

1.30 
2-36 
2.79 
3.21 
3.64 
6.06 
4.49 
4.99 
5.48 
5.98 
6.46 
7.16 
8.18 
9 .03  
9108 

11.29 
12.70 
15.27 
17.85 
20162 
23.00 
23.75 
24 . 25 
25.50 
26-75  
27.12 
28.00 
28.12 
28.25 
28.37 
28.50 

*T s i g n i f i e s  Taylor exponent ia l  f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphalab) + (l-A)*exp(-alph&*b) 

A 

1.13n 
1.444 
1 .S?l 
1 .hQQ 
1.426 
1.955 
2.081 
2 . 4 5 t  
2.821 
3,194 
3.S5n 
3.P17 
4.216 
4.9517 

3.441 
2 . 8 q n  
1 , R O ?  
1.369 
1.0913 
0.979 
0 . 9 1 0  
0.983 
6.7AR 
0 , 6 9 5  
0.667 
0 . 6 0 7  
0.551 
0 . 5 0 0  
0.45n 
0.399 

4.AA3 

rype. 
T 
T 
T 
T 
I 
T 
T 
T 
T 
T 
1 
T 
T 
1 
T 
T 
T 
T 
t 
1 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
r 

Error  Magnitudes Greater  than 5% 
Pai red  wi th  Corresponiinq b values  

( R  Error .  b(mfD)) 

(7.?,20) 



N TABLE g A .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR WATER 
N 

Ehergy 
(Nev) 

. 25 

.SO 
60  

a 7 0  
.BO 
.90 

1 . 0 0  
1 .ze; 
1 .sa 
1.75 
2.00 
2.20 
2.50 

3 . 0 0  
2 . 7 5  

3.50 
4 . 0 0  
4 - 5 0  
5.00 
5.50 
6 . 0 0  
6 . 3 0  
6 . 5 6  
7.00 
7.50 
7.65 
8.00 
8.50 
9.00 
9 .50  

10 .00  

b(mfp) 
0. 1.00 2.00 4.00 7.00 - - - - -  
i.00 
1.09 
1.00 
1 .oo 
1.00 
1.00 
1.00 

m o o  
1.00 
1 .oo 
1 .oo 
1 .0o 
1.00 
1 r o o  
1 .oo 
1 e 0 0  
! . O O  
1 . O n  
1 .OQ 
1.00  
1.00 
1.00 
1 r o o  
1 . O O  
1 .Of 
1 .oo 
000 

1.00 
1 . O O  5 . O o  
1 . O O  

3 . cq  
2. i 6  
2.3Y 
2 . 7 3  
2 .?6 
2 - 2 0  
2 . 1 3  
2 , ’ 5  
i . q a  
1 - 4 0  
1 . ?3  
1 , a f l  
1 .74  
1.72 
1.69 
1 . c3  
1 . k d  

1 * c s  
I .‘2 
1 . u 9  
1 , C b  
1 . 4 5  
1 . C *  

1 - 4 2  
I .‘4 : 
1 .a ’ )  
1 . 3 6  
1 . 3 7  
1.3s 
1 . 3 4  
1 .33  

10.00 

166.00 
6 3 . 1 0  
55.9r1 
4 b . 7 0  

39 .50  

2 3 . 6 2  
1 9 . 7 5  

4 1 . E O  

2 7 . 1 ~  

1 0 . 0 7  
12*4’J  
1 1 . 6 5  
l d . 5 1  

9 .57  
B.63 
I .78 
4.94 
0.50 
0.~6 
5 . 6 2  
5.18 
5 . c 4  
4.95 
v .71  
4 . 4 8  
4 .41  
4 . 2 5  

3 .98  
3,PS 
3 . 7 2  

4 . 1 1  

15.00 20.00 -- 

9 ~ 2 . 0 0  
2 5 2 . 0 9  
21 H,O* 
l R 4 . 0 9  
1 5 0 . 1 ?  
1 1 6 . 1 6  

n 2 . 2 0  
6 8 . 5 7  
54.95 
61.32 
77 .70  
75.56 
72.35  
19 .67  
17,017 
1 4 . 9 5  
1 2 . 9 0  
1 1 . 6 9  
1 0 . P 7  

9 . P 6  
9,P5 
9.56 
a . 3 7  
7 . 9 r  
7 .42  
7.79 
6.95 
6 .71  
6.46 
4 . 7 ?  
5.99 

A 

1 , 335 
0,98S 
0,993 
1,001 

1,002 
1 e 048 
1,007 
0,966 

13 e 3 6 9  
12,917 
12,230 
11 , 675 

1,004 

rl , 920 

11 ,110 
11,137 
11,163 
10 , 469  
9 , 774 
9,070 
8 , 385 
7 , 822 
7,447 
6,510 
S , 5 7 2  

’.LPFAl 

0 , 6924 
0,4805 
0 , 4 1 9 5  
0 , 3386 
0,2845 
0,2215 
0,1575 

0,0907 
0 , 0 5 7 4  

-0,0521 
-0,0488 
- 0  , O43R 
-0,3397 
* O  , 0355 
- 0  , 0305 
w o  ,0254 
-0 , 0234 
-0,0218 
Y O  e 0200 
-b,5182 
-0,3194 
* a  ,0202 
-0.0223 
- 0  , O Z 4 S  
-0,0249 
90,0263 
-0 , 0272 
-0,0261 

00 , 0299 

0.1241 

- 0  , 0290 

AL?€iA2 

0 , 0 8 3 5  
0 e 0052 

0 , 0036 
0,0021 
0 , 0 0 1 ~  
0 , o o  
0 , o  
0 , o  
G ,o  
0,0166 
0,0197 
0,0243 
0,0282 
0 , 0321 
0 0312 
0,0303 
0 , 0331 
0,0359 
0 , 0388 
0 e 0416 
C , 0460 
0.0490 
0 , 0562  
0 , 0636 
0.0658 

o ,004a 

0;071Q 
0,0750 
0,0791 
0 , 0831 
0 , 0 8 7 2  

Error Magnitudes G r e a t e r  t h a n  5 %  
? a i r e d  w i t h  Corresponding b v a l u e s  

( 5  E r r o r ,  b(nfo)) TvpeY- 

C 
C 
C 
C 
e 
e 
C 
C 
C 
c 
T 
T 
T 
T 
I 
T 
T 
T 
T 
I 
T 
T 
T 
I 
T 
I 
T 
T 
I 
T 
T 

YT s i g n i f i e s  T a y l o r  e x p o n e n t i a l  f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal*b)  + ( l -A)*exp(-alpha2*b)  

Build-up f a c t o r  = 1.0 + A*b + alphal*b**2 + alpha2*b**3 
C s i g n i f i e s  c u b i c  polynomia l  f i t  c o e f f i c i e n t s  



TABLE 9 B .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR WATER 

Error Magnitudes Greater t h a a  j% 
Ehergy b (mfp ) Paired .with Corresponding b -ralues 
(Mev) 0 .  1 .00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHA1 .%FHA2 Type' - - - - - - - - - - -  ( %  Error, b ( n f p ) )  

*T s i g n i f i e s  Taylor exponential f i t  coef f ic ients  
Build-up factor = A*exp (-alphal*b ) + ( 1 -A  )*exp (-alpha2*b) 

C s i g n i f i e s  cubic polynomial f i t  coef f ic ients  
Build-up factor = 1 .0  + A*b + alphal*b**2 + alpha2*b**3 

None 



IU 
C 

TABLE 1 0 A .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR ORDINARY CONCRETE 

"T s i g n i f i e s  Taylor exponential f i t  coef f ic ients  
Build-up factor = A*exp (-alphal*b ) + (LA )*exp (-alpha2*b ) 

C s i g n i f i e s  cubic polynomial. f i t  coef f ic ients  
Build-up factor = 1.0 + A*b + alphal*b**2 + alpha2*b**3 

Error Magnitudes Greater than 5% 
Paired with Corresponding b values 

( %  Error, b(mfp)) 



TABLE 10B. GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR ORDINARY CONCRETE 

Er ro r  Magnitudes Sreattr tzar  5 -  -. - b ( n f p )  Pa i r ed  wi th  Correspon6;q - ; r l , e -  

-. 1.33 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHA1 ALPHA2 TypeY ( %  E r r o r ,  S ' ~ , f o ) ,  - -- - - - - - - - 
. fi j 656 

I. 

P .  

" . 
I. 

1 .  

'l. ". 
'l. - . C ) ' + 7 2  - . O B ? ~ T  - * r ) O 1 5 0  - . c o z 9 3  

.0@07t: 

.ao.?76 . n 7 . 4 6 ~  . C U 9 4 C '  
o Q h l e  . r ? h a p  
. Y O  r7p . @ " r i R &  

. p ~ r h 7 2  . p . ~ 5 7 2  . o t ~ s b c  
CC487 
i)t'499 
.(I c504 

G 5968 
C P Y 9 C  

*oouqc 

*- z L  - r 2 i f i e s  Taylor  exponen t i a l  f i t  c o e f f i c i e n t s  
Euild-up f a c t o r  = ~ * e x p ( - a l p h a l * b  ) + (1-A )*exp (-alpha2*b ) 

C s i g n i f i e s  cub ic  polynomial f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = 1.0 + A*b + alphelYb**2 + alpha2*b**3 



N 
cn TABLE 11A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR MAGNETITE CONCRETE 

Error Magnitudes Greater than 50, 
Energy b(mfp) Paired with Corresponding b values 
(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 ALPHA1. ALPHA2 Type* ( 5  Error ,  b ( m f p ) )  --------  A 

*T s i g n i f i e s  Taylor exponential  f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal*h ) + (1-A)*exp(-alpha2"h) 



I 

TABLE 1 1 B .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR MAGNETITE CONCRETE 

Error Magnitudes Greater than 5% 
Energy b(rnfp) Paired with Corresponding b values 
(MeV) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPFA ALPM2 ( %  Error ,  b(!nfDj) - - - - - - - -  

25  . so 
60  
70  

0 8 0  

1.00 
1.2s 
1.50 
1.75 
2.00 
2.20 
2.50 
2.75 
3.00 
3.50 
4.00 
4.50 
5.00 
5 - 9 0  
6.00 
6.30 
6.50 
7.00 
7.50 
7.65 
8.00 
8.50 
9.00 
9.50 

10.00 

.90 

30 .38  
20.90 
19.38 
17.86 
16.34 

13.30 
12.01 
10.72 
9.44 
8.15 
7.76 
7.17 
6.69 
6.20 
5.68 
5.17 
4.90 
4.63 
4.36 
4.09 
4.01 
3.97 
3.84 
3.72 
3.68 
3.59 
3.51 
3.44 
3.36 
3.28 

14.02 

55  56  
36.10 
33.18 
30.26 
27.34 
24.42 
21.50 
19.15 
16.80 
14.45 
12.10 
11045  
10.49 
9.68 
8.87 
8.06 

6.82 
6.41 
5.99 
5.57 
5.46 
5.38 
5.20 
5.01 
4.96 
4.83 
4.72 
4.60 
4.49 
4.38 

7.24 

213.96 
118.00 
106.06 

94.12 
82.18 
70.24 
58.30 
50  52  
42.75 
34.97 
27020  
25.46 
22085  
20 67 
18.50 
16055  
14060 
13.62 
12.65 
11.67 
10.70 
10.46 
10.31 

9.91 
9.52 
9.40 
9.13 
8 0 9 0  
8.67 
8.45 
8.22 

61.9615 - 
37.5751 - 
81.h937 - 
44,2056 - 
41.5unl - 
51.5673 - 
33.nln2 - 
3 n . 8 ~ ~ ~  - 
24.977n - 27.P869 - 
27.9076 - 
2 7 . 6 6 ~ 3  - 
24.73R7 - 
72.20q4 - 
1R.7572 - 
15.867@ - 
15,0859 - 
13.64p7 - 
l l , P 9 7 6  - 

8.A9R6 - 
8.3079 - 
8.3079 * 
8.3079 - 
8.67517 - 
8.1711 - 
8.1711 - 
7.7171 - 
7,9657 - 
7.5465 - 
7.2632 - 
6.8092 - 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
1 
T 
T 
T 
T 
T 
T 
T 
1 
1 
T 
T 
T 
T 
T 
1 

(6.0.20) 

*T s i g n i f i e s  Taylor exponential f i t  coef f ic ients  
Build-up factor = A*exp(-alphal*b) + (l-A)*exp(-alphaZ*b) 



rU 
0 3  

TABLE 1 2 A .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR BARYTES CONCRETE 

Energy 
(:,!ev ) - 

YT signifies Taylor exponential fit coefficients 
Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2*b) 

Error Magnitudes Greater tnsc 5; 
Paired with Corresponding b val~es 

( %  Error, b(mfp)) 

T 
T 
1 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
1 
T 
r 
T 
T 
T 
T 
T 
T 
T 



TABLE 1 2 B .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR BARYTES CONCRETE 

P r o r  Yagni~udes ires-.-r ::.A? 1; 
Energy b(mfp) Paired with Zcrrespondrng 3 *rslses 
(Mev) 0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 .A ALDHA1 AUHA2 Type' - - - - - - -  ( %  Errx  , b(n:> ) I 

*T s i g n i f i e s  Taylor exponential f i t  coeff ic ients  
Build-up factor = A*exp(-alphal*b ) + ( l - A )  *exp ( -alpha2*b ) 



w 
0 

Energy 
(b!ev) 

0.50 
1.00 
2.00 
3.00 
4.00 
6.00 
8.00 
10.00 

TABLE 1 3 A .  GAhDIA-RAY DOSE BUILD-UP FACTORS FOR A I R  (N 0 ) 78 22 

Error  Nagnitudes Greater  than 5% 
Paired with Correspondicg b vaiues b(m@S) 

(2 . 1.03 2.00 q.00 7.30 10.00 1= ,."_ O- A. 1 _-- " -  ' J W 2  r& ( %  Erro r ,  '6(1-f*,)) 
- ." - 

1.00 2 . 4 2  4 , 6 5  1 1 , 5  2 7 , 9  5 2 , b  
i . c o  2 . 0 6  3 . 4 9 .  7 .18  14.5 23,R 

1.03 1 . 6 8  2 , 4 l  3 . 9 4  6838 8 , 9 3  
1.00 1 - 8 0  2 s 7 2  4 . 7 9  d o 3 1  1 2 9 2  

1.00 1.60 2 , 2 2  3 . 4 7  5 , 4 1  7,38 

1.00 1 . 4 7  1 . 9 2  2 , a i  4 , 1 4  5 , 4 4  
1.00 1 . 5 2  2 . 0 7  3.02 4150 5 8 9 7  

1.00 1 - 4 3  l a 0 4  2 . 6 6  3.86 5,Ob 

0 . 9 1 3  0 , 4 4 5 6  1 1 4 ,  2 0 5 ,  

1 9 8 3  2 6 , 8  1 9 , 9 6 9  * 0 , 0 4 2 1  
13,s 1 7 , 6  1 4 , 0 1 6  -0,0305 
10,b 1 3 , R  1 0 , 1 6 0  - 0 , 0 2 9 8  
8 , 3 1  1 0 1 7  7 , 7 1 2  - 0 , 0 2 7 5  
7 , 5 6  9 , 6 9  6 . 6 0 2  - 0 , 0 2 8 8  

43,l 6 5 , 6  1,012 0.1200 

7 , 0 2  8 , 9 7  5 , 5 9 8  . 0 , 0 3 1 2  

None 

*T s i g n i f i e s  Taylor exponent ia l  f i t  c o e f f i c i e n t s  

C s i g n i f i e s  cubic  polynomial f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal*b) + (l-A)*exp(-dph&?*b) 

Ecergy 
::e v ) 

7.50 
1.30 
2.00 
3.00 
1.00 
6.00 
8.00 
10.00 

Build-up f a c t o r  = 1 .0  + A*b + dphal*b**2 + alphQ*b**3 

- 
0. 

1.00 

1.22 
1. ;c  
1.33 
1.7: 
1.30 
1.oc 

- 

1.C3, 

TABLE 13B.  GAMMA-RAY ENERGY ABSORPTION BUILD-@ FACTORS FOR 

1.00 

2.38  
2 . 0 4  
1 . 1 9  
1.67  
1.60 
1.51 

1 . 4 3  

- 

1 , 4 6  

2 . 3 3  

4 , 5 1  
3 , 4 3  
2 . 7 0  
2 . 3 9  
2 . 2 0  
2 . 0 1  
1 e 9 1  
1 . 8 5  

- 
b(EP3) 

4.03 7.00 

11,O 2 6 . 4  
?,31 1 4 , l  
4 . 7 4  8 , 2 0  
3 , 8 9  6 .30  
3 , 4 4  5 , 3 6  
3 1 0 0  4 , 4 7  
2 1 7 9  4 , l O  
2 , 6 7  3 , 8 @  

-_ - 

*T s i g n i f i e s  Taylor exponent ia l  f i t  coe f f i c i en t s  

C siganifies cubic polynoIr5al f i t  c o e f f i c i e n t s  
Zuild-up f a c t o r  = A*exp(-alphal*b) + (l-A)*exp\-alp.?Q%) 

Build-up f a c t o r  = 1 . 0  + A*b + alphal*b**2 + alph&*b**j 

Zrrcr Magnitudes Greater  thaq 5% 
? a i r e a  with CorresFor.~iir.g 6 vai-es 

7 -$* ( S  xr ro r ,  .~(df-s;) 

C 
C 



zY? ir P V I  -- 
0.50 
1.00  
2 .oo 
3.00 
4.00 
6.00 
8.00 

10.00 

TABLE 14A. GAMMA-RAY DOSE BUILD-UP FACTORS FOR WOOD (CELLULOSE, C6HioO5) ' 

1.oc 2.43 
1.00 2.07 
1.00 1.81 
1.00 1.69 
1.30 l m 6 1  

1.00 1.48 
1.00 1.44 

1.00 1.52 

*T s i g n i f i e s  Taylor exponent ia l  f i t  coe f f i c i en t s  

C s i m i f i e s  cubic polynon;Fal f i t  coe f f i c i en t s  
Build-up f a c t o r  = A*exp(-alphal*b) + (l-A)*exp(-alph&*b) 

Build-up f a c t o r  = 1.0 + A*b + alphal*b**2 + alpha2*b**3 

TABLE 1 4 B .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR WOOD (CELLULOSE, C H O ) 6 i o  5 

Energy 
(Mev) 

0.50 
1.00 
2.00 
3.00 
4.00 
6 .oo 
8.00 

10.00 

None 

*T s i g n i f i e s  Taylor  exponent ia l  f i t  coe f f i c i en t s  
. Build-up f a c t o r  = A*exp(-alphal*b) + (l-A)*eq(-alpha2*b) 

C s i g n i f i e s  cubic polynomial f i t  coe f f i c i en t s  
Build-up f a c t o r  = 1.0 + A*b + alphd*b**2 + alpha2*bY*3 



TABLE 1 5 ~ .  
w 
[u 

0.50 
1.00 
2 .oo 
3.00 
4.00 
6 .oo 
8.00 
10.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 .oo 
1.00 

2 . 3 4  4 . 2 7  
2.02 3 . 3 3  
1 . 7 9  2 . 6 4  
1 . 6 6  2,37 
1.58 2,lA 
1 . 4 9  1 . 9 7  
1 - 4 3  1.67 
1 . 3 9  1 . 7 7  

*T s i g n i f i e s  Taylor exponent ia l  f i t  coe f f i c i en t s  

C s i g n i f i e s  cubic polynomial f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal*b) + ( l -A)*eq(-alphQ*b) 

Build-up f a c t o r  = 1 . 0  + A*b + alphal*b**2 + alph&*b**3 

Energy 
(MeV) 

0.50 
1.00 
2 .oo 
3.00 
4.00 
6.00 
8.00 
10.00 

TAB- l 5 B .  GAMMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR SAND ( S i 0 2 )  

Error  Magpitudes Greater  than 5% 
Paired with Corresponding b values b(-.tp) 

A .4LsHA1 ALPHA2 ( 5  Erro r ,  b(rnfp)) 0. 1.00 2.00 4.00 7.00 ic.00 15.00 20 .00  - - - - - -  
1.00 
1.00 
1.00 
1 .oo 
1.00 
1.00 
1.00 
1.00 

2 . 5 0  4 , 7 8  
2 . 0 9  3 . 5 2  
1 . 8 0  2 , 7 2  
1.67 2 . 3 8  
1.58 2 9 1 7  
1 . 4 7  1.95 
1 . 4 2  1.83 
1-38 1 . 7 6  

0 . 4 0 4 9  
0,1146 

-0 I 3330 
-0,0734 
-0.0155 
- 0 , l ~ O l  

- 0 , 0 1 5 2  
-0,0114 

None 

*T s i g n i f i e s  Taylor exponent ia l  f i t  c o e f f i c i e n t s  
Build-up f a c t o r  = A*exp(-alphal*b) + (l-A)*exp(-alphQ*S) 

Build-up f a c t o r  = 1.0  + A*b + alphal*b**Z + alph&*b**3 
C s i g n i f i e s  cubic  polynomial f i t  c o e f f i c i e n t s  



Energy 
(Kev) 

0.50  
1.00 
2.00  
3.00 
4.00 
6 . 0 0  
8.00 

10.00 

TABLE 1 6 ~ .  GAMMA-RAY DOSE BUILD-UP FACTORS FOR LITHIUM HYDRIDE (LiH) 

Z r r o r  Magitudes Greacer thar, 5 %  
?aired w i t h  correspofiding S n l u e s  

( %  Error. b ( r . f i ) )  
S(mfP) 

AE'FAl A X W 2  0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 A - -  

*T s igni f ies  Taylor exponential f i t  coefficients 

C s igni f ies  cubic polynomial f i t  Coefficients 
Build-up factor = A*exp(-alphal*b) + (l-A)*exp(-alpha2*b) 

Build-up factor = 1.0 + A*b + alphal%**2 + alphd*b**3 

w 
W 



V. EXAMPLES OF LINEAR AND LOG-LOG INTERPOLATION OF DOSE BUILD-UP FACTOR TABLES 
ON ATOMIC NUMBER 

Linear i n t e r p o l a t i o n  of  build-up f a c t o r  t a b l e s  on atomic number i s  allowed 

by SPAN-4 (Reference 71, while Engholm recommends (Reference 6 )  log-log i n t e r -  

po la t ion .  

support h i s  recommendation, p a r t i c u l a r l y  a t  low atomic numbers. 

Engholm gives- p l o t s  of build-up f a c t o r s  versus  atomic number t h a t  

The t a b l e s  given here  were obtained using both i n t e r p o l a t i o n  schemes, and 

If da t a  from t h e s e  t a b l e s  are used i n  t h e  r e s u l t s  may be e a s i l y  compared. 

sh i e ld ing  ca l cu la t ions  t h e  user  should remember t h a t  t h e  numbers were obtained 

by i n t e r p o l a t i o n  and not  by ca l cu la t ion .  

The atomic numbers chosen here  f o r  i n t e r p o l a t i o n  are p r imar i ly  those  t h a t  

i d e n t i f y  sh i e ld ing  materials included i n  t h e  SPAN-4 a t t e n u a t i o n  c o e f f i c i e n t  

l i b r a r y .  A notable  except ion t o  t h i s  i s  t h e  equivalent  atomic number 5.75, 
which w a s  found t o  g ive  a reasonable  approximation of t h e  dose build-up f a c t o r s  

of l i t h ium hydride (Table 1 6 ~ )  when l i n e a r  i n t e r p o l a t i o n  was appl ied  t o  t h e  

d a t a  for beryllium and carbon (References 6 and 20) .  

t h e  atomic numbers 1 6  and 2 3 ,  which w e r e  chosen because t h e  tables that are 

obtained by l i n e a r  i n t e r p o l a t i o n  on these  numbers g ive  values  c lose  t o  those  

found by Clarke and Trubey (Reference 18 )  f o r  ord inary  and magnetite concre te ,  

r e spec t ive ly .  

Two o ther  except ions are 

34 



TABLE 1 7 .  DOSE BUILD-UP FACTORS FOR BORON: EQUIVALENT ATOMIC NO. = 5 

Linear Interpolat ion,  H-C 
Energy b (mfp 

(Mev) 0 .  - 1.00 - 2.00 - 4.00 7.00 10.00 15.00 20.00 

Log-Log Interpolat ion , H-C 

35 



TABLE 18. DOSE BUILD-UP FACTORS FOR LITHIUM HYDRIDE: EQUIVALENT 
ATOMIC NO. = 5.75 

Linear Interpolation, Be-C 

4.00 
Energy b(mfp) 

15.00 20.00 - 10.00 - 7.00 - - 2.00 - 1.00 -- (Mev) 0. 7 

.25 1.00 2 . 8 7  6.76 2 6 * 2 7  88.07 247.68 
,50 i . o n  2 . 4 9  5 , 4 5  1 7 . 0 2  4 7 . 5 4  108.i~ 

1 . 0 0  1 . 0 0  2 . 1 7  4.13 10.15  23.35 4 0 , l O  
2 . 0 0  1 , 0 0  1 .dB 3.12 6.08  1 0 e 7 6  16,45 
3,Oo 1 , P o  2 ,62 4.38 7.13 
4 . 0 0  i ; o n  1 . 7 1  2 . 2 2  3.62 5 .56  b,B4 

6.00  i , o o  1 . 5 2  mi 2.60 3 . 4 0  4 , 0 9  
6 . 0 0  1 , O O  1 . 6 1  2 ,O l  2.92 4 , l O  5 . 0 1  

1 0 , o O  1 , o b  1 . 4 1  l e 7 1  2 * 2 t  3 . 0 0  3 , 3 9  

1 6 5 1  46 

120 8 75 

18,OO 
1 2 . 4 4  

7,30 
5 .49  
4 .70  

494,.?5 

53.56 

Log-Loa Interpolation, Be-C 
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TABLE 19. DOSE BUILD-UP FACTORS FOR OXYGEN: EQUIVALENT 
ATOMIC NO. = 8.0 

Linear In t e rpo la t ion ,  C-A1 
Energy b (mfp ) 

1.00 2.00 4.00 7.00 10.00 15.00 20.00 - - (MeV 0. 

025 

1.00 
2.00 

4.00 
6.00 
8.00 

10000 

0 5 0  

3.06 

Log-Log I n t e r p o l a t i o n ,  C-A1 
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TABLE 20.  DOSE BUILD-UP FACTORS FOR SULPHUR: EQUIVALENT 
ATOMIC NO. = 16.0 

Linear Interpolat ion,  A1-Fe 
Energy b (mfp) 

(MeV)  0. - 1.00 - 2.00 4.00 7.00 10.00 15.00 20.00 

Log-Log In t e rpo la t ion ,  AI-Fe 

.25 

1.00 
2.00 

6 .00  
8.00 

10.00 

s o  

3.00 
4.00 



TABLE 21. DOSE BUILD-UP FACTORS FOR VANADIUM: EQUIVALENT 
ATOMIC NO. = 23 

Linear In t e rpo la t ion ,  A1-Fe 
Energy b (mfp ) 

1.00 2.00 4 . 00 7.00 10.00 15.00 20.00 - 0 .  (MeV ) - 

Log-Log I n t e r p o l a t i o n ,  A1-Fe 

a 

39 



TABLE 22.  DOSE BUILD-UP FACTORS FOR CHROMIUM: EQUIVALENT 
ATOMIC NO. = 24 

Linear Interpolat ion,  A1-Fe 
Energy b(mfp) 

0. 1.00 - 2 . 0 0  * 7.00 10.00 15.00 20.00 (MeV ) - 
25 

.50 
1.09 
2.00 
3.00  

6.00 
8.00 

10.00 

4.00 

48.86 
38.94 
39 21  
17.72 
13 .44  
11.07 

9.65 
8.25 
7.20 

Log-Log In t e rpo la t ion ,  A1-Fe I 
25 

.so 
1.00 
2.00 
3,. 0 0 
4.00 
6.00 
8.00 

10.00 

3.53 
3.27 
2.95 
2.46 
2.18 
1-96 
1.74 
1 - 5 8  
1.44 



I 

TABLE 23. DOSE BUILD-UP FACTORS FOR NICKEL:  EQUIVALENT 
ATOMIC NO. = 28.0 

Linear  I n t e r p o l a t i o n ,  Fe-Sn 
Energy b ( m f p  

7.00 10.00 1 5 . 0 0  20.00 -- 1.00 2.00 4.00 - - - 0 .  (MeV) 

Log-Log I n t e r p o l a t i o n ,  Fe-Sn 

095 
.SO 

1.00 
2.00 

4.00 
6.00 
8.00 
10.00 

3.00 

, 



TABLE 24. DOSE BUILD-UP FACTORS FOR COPPER: EQUIVALENT 
ATOMIC NO. = 29.0 

Linear In te rpola t ion ,  Fe-Sn 
Energy b (mfp 

1.00 2.00 - 4.00 7.00 10.00 15.00 20.00 - - - 0 .  (MeV 

0 25 
050 

L O O  
z o o ! ,  

h o g  
6.00 
8.00 

10.00 

3.09 

Log-Log In te rpola t ion ,  Fe-Sn 
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TABLE 2 5 .  DOSE BUILD-UP FACTORS FOR ZIRCONIUM: EQUIVALENT 
ATOMIC NO. = 40.0 

Linear InterpoLation, Fe-Sn 
Energy b ( m f p  ) 

(MeV ) 0. 1 .00 2.00 4.00 7.00  10.00 15.00 20.00 - 

Log-Log 1nterpol.ation , Fe-Sn 

32.01 
29.47 
28.76 
21.72 
19.68 
19.03 
23.10 
25.25 
24.65 

15.01 
18.89 
24.87 
21.11 
19.75 
19.26 
23.05 
24 . 69 
23 . e2 

43 



TABLE 26. DOSE BUILD-UP FACTORS FOR HAFNIUM: EQUIVALENT 
ATOMIC NO. = 72.0 

Linear In te rpola t ion ,  Sn-W 
Energy b(mfp) 

(MeV) 0. - 1.00 - 2.00 - 4.00 - 7.00 - 10.00 15.00 20.00 

. 25 
0 5 0  

1.00 
2.00 
3000 
4 . 0 0  
6.00 
8.00 

10.00 

025 
*so 

1.00 
2.00 
3.00  
4 . 0 0  
6.00 
8.00 

1o;oo 

1.0Q 
1.00 
1.00 
1.00 
1.09 
1.00 
1.00 
l o o n  
1.00 

1.85 
2.90 
4.99 
5.54 
b.09 
6.37 

5.47 
*.70 

6.34 

Log-Log In te rpola t ion ,  Sn-W 

44 
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APPENDIX. WATER, ALUMINUM, AND ORDINARY CONCRETE BTJILD-UP FACTORS 

CALCULATED USING TAYLOR EXPONENTIAL COEFFICIENTS (WITH ERRORS ) 

Since t h e  use r  may have compelling reasons f o r  using Taylor exponential 

build-up f a c t o r  c o e f f i c i e n t s ,  even i n  cases  where they  a r e  markedly inaccura t e ,  

t h e  following d e t a i l e d  t a b l e s  a r e  given f o r  t h e  use fu l  materials water, 

aluminum, and ord inary  concrete ,  Using t h e s e  t a b l e s ,  a good es t imate  of t h e  

e r r o r  introduced i n t o  a ca l cu la t ion  by using Taylor c o e f f i c i e n t s  ( e . g . ,  t o  

r ep resen t  water buildup at  0.55 MeV) may be obtained. 
Taylor c o e f f i c i e n t s  given here  f i t  t h e  middle range of b-values b e s t .  

t h e  c o e f f i c i e n t  A i s  l a r g e  compared t o  u n i t y  i n  a l l  cases  where t h e  e r r o r s  

a r e  extreme, t h e  use r  may reduce t h e  e r r o r  at  e i t h e r  end of t h e  range (a t  t h e  

expense of more e r r o r  i n  t h e  middle) simply by changing t h e  c o e f f i c i e n t  A i n  

an obvious way. 

The main tab les  of  

Since 

Such c o e f f i c i e n t s  are a l s o  given i n  t h i s  Appendix. 
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F- 02 TABLE 27. DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION 

OF DOSE BUILD-UP FACTORS FOR WATER 
i 

Dose Build-up Factors 

I 

Coefficients Energy 
A 

0.50 2.46 
1.00 2.13 
2.00 1.83 
3.00 1.69 

6.00 1.46 
8.00 1.38 
10.00 1.33 

4.00 1.58 

- (MeV 1 
0.50 3.31 
1.00 2.43 

3.00 1.72 
4.00 1.59 
6.00 1.46 
8.00 1.37 
10.00 1.32 

2.00 1.92 

4.91 
3.71 

2.42 
2.17 
1.91 
1.74 
1.63 

2-77 

12.90 32.80 
7.68 16.20 
4.88 8.46 
3.91 6.23 
3.34 5.13 
2.76 3.99 
2.40 3.34 
2.19 2.97 

63.10 
27.10 
12.40 
8.68 
6.94 
5.18 
4.25 
3.72 

141.00 252.00 
50.40 82.20 
19 50 27 * 70 
12.80 17.00 
9.97 12.90 
7.09 8.85 

4.90 5.98 
5.66 6.95 

Calculated Dose Build-up Factors (with Percentage Errors) for  f4inimum Errors at; Middle of b-Range 
% A Alpha 1 Alpha 2 - % - 7 - 7 - % - % - 7 - 

34.5 6.12 24.67 13.60 5.5 31.17 -5.0 60.02 -4.8 150.82 7.0 339.86 34.86 98.81319 -0.11604 -0.oggg4 
13.9 4.03 8.6 7.84 2 . 1  15.39 -5.0 25.74 -5.0 51.67 2.5 93.59 13.9 34.17618 -0.08059 -0.04255 

1.8 2.45 1.0 3.91 0.0 6.17 -1.0 8.51 -1.4 12.67 -1.0 17.27 1.6 11.11000 -0.03550 0.03206 

-0.3 1.90 -0.5 2.77 0.2 4.01 0.4 5.19 0.2 7.06 -0.4 8.86 0.1 8.38500 -0.01820 0.04164 

-0.7 1.63 -0.3 2.20 0.4 2.99 0.6 3.72 -0.1 4.86 -0.7 6.00 0.4 3.54500 -0.02ggi 0.08717 

4.9 2.87 3.7 4.90 0.3 8.25 -2.5 12.04 -2.9 19.59 0.4 29.06 4.9 i3.36670 -0.05214 0.01662 

0.7 2.18 0.4 3.35 0.4 5.11 -0.3 6.89 -0.8 9-89 -0.8 13.01 0.9 11.16300 -0.02543 0.03025 

-0.5 1.73 -0.5 2.41 0.5 3.36 0.6 4.24 -0.2 5.63 -0.6, 6.97 0.3 4.63500 -0.02633 0.07097 

I Calculated Dose Build-up Factors (with Percentage Errors) f o r  Minimum Errors at  Ends of b-Range 

Energy b(mfp) m Coefficients 
% 20.0 A Alpha.1 Alpha 2 (MeV)  1.0 % 2.0 % 4.0 % 7.0 % 10.0 % 15.0 --------------- 

0.50 2.73 11.2 4.85 -1.2 10.50 -19.0 23.60 -28.0 45.14 -28.4 112.80 -20.0 253.60 0.6 73.20000 -0.11604 -0.09594 

1.00 2.26 6.0 3.67 -1.0 7.00 -8.5 13.70 -15.6 22.80 -16.0 45.60 -9.5 82.4 0.3 30;00000 -0.08059 -0.04255 
0.50 2.55 3.8 4.44 -9.5 9.50 -26.7 21.20 -35.4 40.38 -36.0 100.70 -28.6 225.90 -10.4. 65.00000 -0.11604 -0.09594 

I 



7 .  :I: P r gy 
( X W )  

0.50 
1.00 
2.00 
3.00 
4.00 
6.00 
8.00 
10.00 

TABLE 28. DETAILED EVALUATION O F  TAYLOR EXPONENTIAL C O E F F I C I E N T  REPRESENTATION 
OF DOSE BUILD-UP FACTORS FOR ALUMINUM 

Dose Build-up Fac tors  

b ( n f p )  Coeff ic ie r - t  s 
-- 1.0 % 2 . 0 - 4 2  % .o 0 ------- 7.0 % 10.0 % 15.0 % 20.00 2- 0 A Alpha 1 Alpha 2 

2.37 
2.02 
1.75 
1.64 
1.53 
1.42 
1.34 
1.28 

d%%. 70 
1.00 2.22 
2.00 1.84 
3.00 1.68 
4.00 1.55 
6.00 1.43 
8.00 1.35 

10.00 1.28 

4.24 
3.31 

2.32 
2.08 
1.85 

2.61 

1.68 
1.55 

9.47 21.50 
6.57 13.10 

3.78 6.14 
3.22 5.01 
2.70 4.06 
2-37 3.45 
2.12 3.01 

4.62 8.05 

38.90 80.80 141.00 
21.20 37 90 58.50 
11. go 18.70 26.30 
8.65 13.00 17 70 
6.88 10.10 13.40 
5.49 7.97 10.40 

3.96 5.63 7.32 
4.58 6.56 8.52 

Cl-lculated Dose Build-up Factors  (wi th  Percentage E r r o r s )  f o r  Minimum Er ro r s  a t  Middle of b-Range 

T3% 4.68 10.3 9.62 % - % 7 % % $6 20.16 35.82 -7.9 79.18 -2.0 157.54 
% 

10.1 3.57 7.9 6.68 1.6 12.53 -4.3 20.14 -5.0 37.91 0.0 64.37 10.0 48.06200 -0.06207 
5.0 2.71 3.9 4.58 -0.8 7.73 -4.0 11.33 -4.8 18-52 -0.9 27.57 4.8 16.64140 -0.04680 
2.3 2.37 2.0 3.79 0.2 6.03 -1.8 8.44 -2.4 12.90 -0.7 18.07 2.1 10.58300 -0.04066 
1.4 2.11 1.3 3.23 0 . 3  4.96 -1.0 6.76 -1.7 10.00 -1.0 13.64 1.8 7.52600 -0.03973 

0 . 0  1.56 0.8 2.13 0.6 3.01 -0.1 3.92 -1.0 5.56 -1.2 7.41 1.2 3.99900 -0.03goO 

0.7 1.86 0.5 2.73 1.0 4.05 -0.3 5.42 -1.4 7.85 -1.5 10.57 1.7 5.71300 -0,03934 
0.l: 1.69 0.7 2.39 0.7 3.44 -0.2 4.54 -1.0 6.47 -1.3 8.63 1.3 4.71600 -0.03837 

-0.03865 
0.00255 
0.02514 

0.04347 
0.04431 
0.04130 

0.03860 

Calcula ted  Dose Build-up Factors  (wi th  Percentage E r r o r s )  f o r  Minimum Er ro r s  at Ends of b-Range 

Energy h (mfp) Coef f i c i en t s  
(!.lev) 1.0 F 2.0 5 4.0 % 7.0 F 10.0 % 15.0 5 20.00 % A Alpha 1 Alpha 2 --------------- 
0.50 2.5 5.3 4.2 -0.1 8.6 -9.4 17.80 -17.0 31.6 -18.8 69.6 -13.8 138.30 -1.9 43.00000 -0.39610 -0.06548 
1.00 2.1 4.7 3.3 1.0 6.2 -6.0 11.50 -12.1 18.4 -13.0 34.6 -8.6 58.70 0.4 43.70000 -0.06207 -0.03865 



wl 
0 TABLE 29. DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT REPRESENTATION 

OF ENERGY ABSORPTION BUILD-UP FACTORS FOR WATER 

Energy  A b s o r p t i o n  Build-up Fac tors  

C o e f f i c i e n t s  Energy b ( m f p  
(Mev) 1.0 $2.0 ----I_---- % .o % 7.0 % 10.0 % 15.0 % 20.0 % - A A l h a l  a h a 2  

0.50 2.44 
1.00 2.07 
2.00 1.85 
3.00 1.74 
4.00 1.59 

8.00 1.38 
10.00 1.31 

6.00 1.46 

4.81 
3.59 
2.82 
2.52 
2.18 
1.89 

1.60 
1.74 

12.50 31.30 59.60 130.00 
7.59 1 5 . 5  25.6 46.7 
4.99 8.67 12.90 20.00 
4.10 6.57 9.12 13.40 
3.37 5.18 7.01 10.10 
2.76 3.98 5.18 7.07 
2.42 3.36 4.28 5.70 
2.13 2.88 3.60 4.73 

232.00 
72.3 

1 7  * 90 
28.60 

13.00 
8.83 
7.00 
5.76 

Calcula  d Energy Ab o r p t i o n  Bui l  -up Factors  (with Percen age E r r o r s )  f o  Minimum Err rs at Middle of b-Range 
{ A  Alpha 1 Alpha 2 

0.50 3.26 33.5 5.99 24.5 13.18 5.4 29.78 -4.9 56.64 -5.0 139.62 7.4 309.17 33.3 58.77966 -0.11812 -0.08478 
1.00 2.41 16.5 3.98 10.9 7.66 1.0 14.79 -4.6 24.34 -4.9 47.59 1 .9  84.00 16.2 30.99818 -0.76930 -0.03497 
2.00 1.94 4.7 2.91 3.3 5.00 0.2 8.48 -2.2 12.43 -3.6 20.25 1 . 3  29.92 4.6 22.08190 -0.04212 -0.00064 
3.00 1.77 1 . 6  2.54 0.8 4.11 0 . 1  6.51 -0.9 9.00 -1.3 13.36 -0.3 18.06 0.9 16.32600 -0.02728 0.02080 
4.00 1.60 0.5 2.19 0.6 3.38 0.4 5.16 -0.3 6.96 -0.8 9.99 -1.1 13.14 1.1 11.33000 -0.02527 0.03027 
6.00 1.46 -0.2 1.90 0.6 2.76 0.0 3.99 0.1 5.15 -0.5 7.03 -0.6 8.88 0.6 6.28000 -0.02610 0.05658 

10.00 1.30 -6.6 1.59 -0.5 2.14 0.5 2.90 0.6 3.60 -0.1 4.70 -0.7 5.78 0.3 3.61000 -0.02790 0.07ggo 

- B - B - % 7 ;% - s - (MeV) - Y 

8.00 1.38 -0.2 1.74 -0.0 2.43 0.2 3.38 0.5 4.26 -0.5 5.66 -0.8 7-04 0.5 4.31400 -0.02914 0.07839 

C a l c k a t e d  Energy Absorption Build-up Factors  (with Percentage E r r o r s )  for M i n i m u m  Errors  a t  Ends of b-Range 

Energy b(mfp) Coe f f i c i e n t  s 
( M e V )  1.0 % 2.0 % 4.0 % 7.0 .% 10.0 % 15.0 % 20.0 % A Alpha 1 Alpha 2 --------------- 
0.50 2.71 11.1 4.8 -0.6 10.20 -18.3 22.70 -27.3 43.0 -27.9 105.4 -18.9 232.8 0.3 44.00000 -0.11812 -0.08478 
0.50 2.52 3.6 4.4 -9.0 9.20 -26.3 20.40 -34.9 38.4 -35.6 93.8 -27.8 206.9 -10.8 39.00000 -0.11812 -0.08478 
1.00 2.23 7.9 3.6 0.5 6.80 -10.1 13.10 -15.8 21.4 -16.4 41.7 -10.8 73.4 1.6 27.00000 -0.07693 -0.03497 



t 

TABLE 30. DETAILED EVALUATION OF TAYLOR EXPONENTIAL C O E F F I C I E N T  REPRESENTATION 
OF ENERGY ABSORPTION BUILD-UP FACTORS FOR ALUMINUM 

E n e r g y  A b s o r p t i o n  Build-up Fac tors  

Energy b ( m f p  1 Coefficients 
(MeV) 1.0 $2 .oL---L 4.0 % 7.0 o ------ 10.0 % 15.0 % 20.0 % A Alpha 1 Alpha 2 --- 

C . 5 0  2.61 
1.00 2.15 
2.00 1.80 

4.00 1 . 5 4  
6.00 1.40 
8.00 1 . 3 1  

10.00 1.25' 

3.00 1.66 

4.92 
3.64 
2.74 
2.37 
2.09 
1.81 
1.62 
1 . 5 1  

11.40 
7.40 

' 4.93 
3.88 
3.24 
2.63 
2.26 
2.02 

26.90 
15.00 

8.63 
6.35 
5-05 
3.92 
3.25 
2.83 

49.20 
23.20 

8.94 
12.80 

6.93 
5.27 
4.28 
3.70 

104.00 185.00 

20.20 28.30 

10.20 13.50 

6.10 7.88 
5.22 6.74 

44.10 69.10 

13.40 18.20 

7.62 9.92 

Calcu-ate Energy ..-sorption Bu -up Factors (with Percen age Errors) for  M-.iimum Errors a t  Middle of 'b-Range 
A 1  ha 1 Alpha 2 

1.00 2.38 10.7 3.91 7.4 7.46 0.8 14.24 -5.0 23.17 -0.1 44.37 0.6 76.51 10.7 59.31546 -0.06398 -0.04261 
2.00  1.89 5 . 1  2.83 3.3 4.84 -1.8 8.24 -4.5 12.15 -5.1 19.97 -1.1 29.72 5.0 35.91120 -0.03671 -0.01282 
3 .00  1.70 2.3 2.41 1.7 3.89 0.2 6.23 -1.8 8.75 -2.2 13.34 -0.5 18.48 1.6 28.58100 -0.02343 0.00073 
4.00 1 . 5 5  0.6 2.11 0.7 3.24 0.1 5.01 -0.7 6.87 -0.9 10.15 -0.5 13.69 1.4 25.36400 -0.01800 0.00361 

10.00 1.25 0.2 1 . 5 1  -0.2 2.03 0.5 2.84 0.3 3.69 -0.4 5.18 -0.8 6.78 0.6 12.40700 -0.01695 0.00351 

A %  
(MeV 1 % % % % P % % 
0.50 3.10 18.9 5.58 13.5 11.89 4.3 25-68 -4.5 46-72 -5.O 106.98 2.9 219.91 W 76.57370 -0 0995 -0.07533 

6.00 1.40 0.3 1 . 8 1  0.1 2.64 0.5 3.92 0.0 5.24 -0.5 7.55 -0.9 9.99 0.7 19.77700 -0.01543 0.00516 
8.00 1 .31  0.1 1.63 0.4 2.27 0.2 3.25 0.0 4.27 -0.2 6.05 -0.9 7.93 0.6  17.52800 -0.01421 0.00366 

Calculated Energy Absorption Build-up Factors (with Percentage Errors) for Minimum Errors a t  Ends of b-Range 

Coefficients Energy b(mfp) 
2.0 o 4.0 % 7.0 10.0 15.0 0 20.0 % A Alpha 1 Alpha 2 (:,:ev) 1.0 7 7 s/ __L 2- - I 

0.53 z.78 6.7 4.9 -0.7 10.2 -10.3 21.9 -18.6 39.7 -19.3 90.6 -12.9 185.90 0.5 64.50000 -0.09956 -0.07533 
1.30 2.25 4.6 3.6 -0.2 6.8 -7.5 13.0 -13.5 21.0 -9.3 40.2 -8.8 69.20 0.2 53,50000 -0.06398 -0.04261 



TABLE 31. DETAILED EVALUATION O F  TAYLOR EXPONENTIAL C O E F F I C I E N T  REPRESENTATION 
O F  DOSE BUILD-UP FACTORS FOR ORDINARY CONCRETE AT LOW E N E R G I E S  

D o s e  B u i l d - u p  Fac tors  

Znergy b (mfp) C o e f f i c i e n t s  
I (Mev) 1 . 0  2.0 4.0 i 7.0 5 10.0 5 15.0 % 20.0 i. A Alpha 1 Alpha 2 

1.00 1.97 3.18 6.22 12.2 19.6 35.0 53.6 

L1 - - - - - - - - - - - - - - -  
0.50 2.25 3.94 8.58 18.9 33.7 69.1 119.0 

Ca lcu la t ed  Dose Build-up F a c t o r s  (wi th  Percentage  E r r o r s )  f o r  Minimum E r r o r s  a t  Middle of b-Range 

C.50 2.56 13.8 4.37 10.9 8-84 3.0 18.25 -3.5 32.0 -5.0 69.3 3.3 135.0 13.5 66.34600 -0.08797 -0.06717 
1.00 2.15 9.3 3.40 7.4 6.30 1.5 11.70 -4.0 18.7 -4.7 34.8 -0.6 58.6 9.3 28.54000 -0.06635 -0.02881 

Ca lcu la t ed  Dose Build-up F a c t o r s  ( w i t h  Percentage  E r r o r s )  f o r  Minimum E r r o r s  at Ends of b-Range 

h e r g y  b (mfp)  C o e f f i c i e n t s  
(Mev) 1.0 % 2.0 % 4.0 % 7.0 % 10.3 % 15.0 % 20.0 % A Alpha 1 Alpha 2 - - - - - - - - -  - - - - - -  
0.50 2.37 5.5  3.96 0.5 7.9 -8.0 16.1 -14.5 28.2 -16.3 60.9 -11.9 118.5 -0.4 58.00000 -0.08797 -0.06717 
1.00 2.05 4.2 3.20 0.8 5.8 -6.0 10.8 -11.6 17.1 -12.6 31.8 -9.1 53.5 -0.1 26.00000 -0.06635 -0.02881 



TABLE 32. DETAILED EVALUATION O F  TAYLOR EXPONENTIAL C O E F F I C I E N T  REPRESENTATION 
O F  ENERGY ABSORPTION BUILD-UP FACTORS FOR ORDINARY CONCRETE AT LOW E N E R G I E S  

Energy A b s o r p t i o n  Build-up Factor 

Energy b(mfp) Coefficients 
----1457.oz-- (:.:ev) 1.0 P 2.0 .o 15 .O 20.0 % A Alpha 1 Alpha 2 10.0 I - 1 - - 

0.50 2.54 4.74 10.90 24.8 44.9 93.5 162.0 
1.00 2.09 3-50 7.02 13.9 22.7 40.7 62.5 

0.50 3.00 18.2 5.34 12.7 11.20 2.9 23.8 -3.9 42.7 -4.9 95.4 2.0 191.40 18.0 64.89000 -0.09620 -0.06874 
1.00 2.31 10.6 3.76 7.4 7.09 1.0 13.4 -3.8 21.5 -5.1 40.6 -0.1 69.17 10.7 40.10600 -0.06522 -0.05494 

Calculated Energy Absorption Build-up Factors (with Percentage Errors) for  Minimum Errors at  Middle of b-Range 

Calculated h e r =  Absorption Build-up Factors (with Percentage Errors) for  Minimum Errors at  Ends of b-Range 

Energy b(mfp) Coefficients 
- - L 2 . O P k S 7 . 0 "  (xev)  1.0 .o l o . o E - 6 - L  15.0 20.0 A Alpha 1 Alpha 2 

s 
0 0.50 2.71 6 .8  4.71 -0.5 9.7 -1.0.7 20.5 -17.3 36.6 -18.5 81.5 -12.8 163.3 0.8 55.00000 -0.09620 -0.06870 

1.00 2.20 4.L 3.50 -0.5 6.5 -7.6 12.1 -12.7 19.5 -14.2 S . 6  -9.9 62.3 -0.4 ?,~.OOOOO -0.06520 -0.03490 
z 
i5, 
-I 
-u 

-I 
z - 
51 
R 
r 

? 

P 8 

wl 
w 


	GENERAL INFORMATION
	PARAMETRIC REPRESENTATION OF GAMMA-RAY BUILD-UP FACTORS
	SOURCES OF DATA
	AND COEFFICIENTS
	BUILD-UP FACTOR™ TABLES ON ATOMIC NUMBER
	REFERENCES
	(WITH ERRORS)
	Source Point and Detector
	for Beryllium
	for Beryllium
	(Graphite)
	for Carbon (Graphite)
	for Aluminum
	for Aluminum
	Gamma-Ray Dose Build-Up Factors for Iron
	for Iron
	Gamma-Ray Dose Build-Up Factors for Tin
	Gamma-Ray Energy Absorption Build-Up Factors for Tin
	Gamma-Ray Dose Build-Up Factors for Tungsten




