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INDOS - CONVERSATIONAL COMPUTER CODES TO IMPLEMENT ICRP-10-1OA 
MODELS FOR ESTIMATION OF-INTERNAL RADIATION DOSE TO MAN 

G.  G .  Killougha and P. S .  Rohwer 

ABSTRACT 

INDOSl , INDOS2, and INDOS3 ( the INDOS codes) a re  conversational 

FORTRAN IV programs, implemented fo r  use in time-sharing mode on the 

ORNL PDP-10 System. These codes use ICRP-10-10A models t o  estimate 

the radiation dose t o  an organ of the body of Reference Man resulting 

from the ingestion or inhalation of any one of various radionuclides. 

Two patterns of intake are  simulated: intakes a t  discrete times and 

continuous intake a t  a constant rate.  The INDOS codes provide tabular 

output of dose ra te  and dose vs time, graphical output of dose vs time, 

and punched-card o u t p u t  of organ burden and dose vs time. 

of internal dose calculation are  discussed and instructions for  the 

use o f  the INDOS codes are provided. The INDOS codes are available 

from the Radiation Shielding Information Center, Oak Ridge National 

Laboratory, P .  0. Box X ,  Oak Ridge, Tennessee 37830. 

The models 

1 .  INTRODUCTION 

INDOSl , INDOS2, and INDOS3 (hereinafter referred t o  col l ec t i  vely 

as the INDOS codes) compute the radiation dose to  an organ of the body 

of Reference Man result ing from a deposition in the organ of any 

aEast Tennessee State  University, Johnson City, Tennessee. 
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one of a number of  radionuclides. These codes, written i n  FORTRAN 

and implemented on the ORNL PDP-10 System, are  conversational and 

depend on the time-sharing mode o f  operation. 

While they d i f f e r  i n  de t a i l s ,  the INDOS codes are computationally 

similar.  INDOSl depends ent i re ly  on i n p u t  by the user, whereas INDOSZ 

and INDOS3 access an on-line data-base f i l e  for  parameter values. 

INDOSl offers only tabular output of dose ra te  and dose as functions 

of time; i n  addition t o  the foregoing, INDOS2 also provides graphs 

of dose vs time; whereas INDOS3 gives only punched-card output of 

organ burden and dose as functions of time. 

Section 2 of th i s  report describes i n  some detail  the mathe- 

matical models on which the INDOS codes are  based; t h i s  section, 

together w i t h  references 4 ,  5,  and 6,  serves as an introduction 

to  the models used fo r  internal dose calculations. The user may 

prefer to  read only subsection 2.1 and re fer  t o  the remainder of 

the section t o  whatever extent he deems necessary. 

Section 3 serves as a brief user 's  manual fo r  the codes; detai ls  

of interaction a t  the terminal and examples of actual runs are  given 

for  a l l  three codes. Subsection 3.4 discusses the numerical methods 

employed by the subroutines which 'perform the calculations. 

2. THE MATHEMATICAL MODELS OF INTERNAL DOSE 

2.1 Patterns of Intake 

In general, we are  concerned w i t h  the ingestion or  inhalation 

of a def ini te  quantity of a radionuclide into the body of Reference 

Man, result ing i n  the deposition of a l l  o r  part  of th i s  material i n  
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an organ of reference (sometimes thought o f  as the c r i t i ca l  organ for  

the par t icular  radionuclide). We wish t o  estimate the quantity of 

the radionuclide i n  the reference organ as i t  yields to  radioactive 

decay and to  the metabolic processes of the organ, and as i t  i s  possibly 

replenished by subsequent depositions; and we wish to  calculate the 

dose to  the organ which resul ts  from i t s  exposure t o  this  varying 

burden . 
The two patterns of intake considered are: 

Discrete intakes. A t  specified times 0 - < tl < t2 <... < t N ,  a. 

amounts al , a*, . . . , a N ,  respectively, of the radionuclide are 

taken into the body and resu l t  i n  corresponding depositions i n  

the reference organ. The ti are measured i n  days and the ai are 

measured i n  microcuries . 
no contamination other than that  result ing direct ly  from these 

speci f i ed i n takes. 

In i t i a l  burden p l u s  a continuous subsequent intake a t  a specified 

constant ra te .  

body is the quantity a pCi , where a i s  a nonnegative number; 

throughout the period o f  observation, the body experiences a 

continuous intake a t  the constant ra te  of c pCi/day ( c  - > 0 ) .  

We assume tha t  no other contamination i s  experienced. 

I t  i s  assumed that  the organ experiences 

b.  

I n i t i a l ly  the burden of the radionuclide i n  the 

Of these modes of  intake, the single intake i s  an important special 

case [ (a )  w i t h  N = 1 or ( b )  w i t h  c = 01. 
the International Commission on Radiological Protection ( I C R P )  presents 

recent parameter values and other information for the s ingle  intake 

Publication 10 ( r e f .  5) of 



4 

model for one or more radioactive isotopes of each of 24 elements. From 

this  information for the single intake case, i t  i s  possible t o  derive 

models fo r  the more general patterns of intake described i n  ( a )  and 

( b )  . 
10A of the ICRP;6 essentially the same equations , arrived a t  independently 

Such derivations have been treated recently i n  Pub l i  cati  on 

by the authors of this report before they had access to  Publication 

10A, are the basis of the INDOS codes. We shall  consider these models 

i n  detail  i n  subsections 2.2,  2.3, and 2.4.  

The two modes of intake we consider are inhalation and ingestion. 

W i t h  each of these modes there is associated a fraction f of each 

u n i t  (pCi) intake which will be deposited i n  the reference organ 

or whose uptake will  expose the reference organ. Often these fractions 

are ,  respectively, fa (inhalation) and fw (ingestion) which are  published 

fo r  each r a d i ~ n u c l i d e . ~  Thus, i f  the body experiences a s ingle  intake 

of  a pCi of  a radionuclide, i t  i s  assumed tha t  the associated deposition 

i n  the reference organ is f - a  pCi,  where f i s  the appropriate fraction; 

and an intake ra te  o f  c pCi/day into the body would resu l t  i n  a 

deposition rate  o f  f - c  pCi/day i n  the reference organ. 

codes, which access a stored data base (INDOS2 and INDOS3), the fraction 

f is  a parameter which depends only on the particular radionuclide, 

I n  the INDOS 

the reference organ, and the mode of  intake. The fractions stored i n  

the data base f i l e  were derived from information published i n  references 

4 and 5. 
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2.2 Retention and Dose Functions f o r  the Single 
Intake Case 

Publication 10 of the ICRP bases i t s  presentation on the single 

intake model. If  a t  time t = 0 a deposition of a U C i  of a radionucl ide 

- i s  introduced i n t o  the reference organ, the retention of the material 

i s  governed by the different ia l  equation 

where 

q ( t )  = the amount ( V C i )  o f  the radionuclide retained by the 

reference organ t days a f t e r  uptake, 

A r  = the radioactive decay constant (days-’) of the radionuclide, 

and 

E ( t )  = the ra te  (yCi/day) a t  which the reference organ i s  

excreting i t s  burden of the radionuclide a t  time t .  

The cumulative burden Q(t)  (pCi-days) of  the organ i s  defined 

as the time integral of q ( t ) :  

where u i s  a time variable of integration w i t h  upper l imit  t. The 

dose t o  the reference organ i s  

51.2 Q(t)  (rems), ( 2 . 3 )  
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where 

E = the effect ive absorbed energy (MeV) per disintegration, and 

m = the mass (9) of the reference organ. 

The quantity 51.2 (E/m) q ( t )  (rems/day) i s  the dose rate .  

codes compute dose ra te  and dose as functions of time. 

The INDOS 

The two basic retention models can be derived from the d i f fe r -  

ential  equation ( 2 . 1 )  by making appropriate state-dependent assumptions 

about the excretion ra te  function E :  

(1 ) S i  ngl e-compartment exponenti a1 . 

where f3 is a posit ive constant. 

( 2 )  Power function. 

where 0 < n < 1 and x l i e s  i n  the range [O,lO]. 

Substitution of Eq. (2.4) into Eq. ' (2.1) and integration of the 

resulting l inear  different ia l  equation gives 

for  the single-compartment exponential case, from which the dose ra te  

and dose may be computed. 

Similarly, from the different ia l  equation and (2.5) one derives 

q ( t )  = a exp(-Art)A(t + x ) - ~  (t  1 . O ) ,  (2 .7)  

, 
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where t h e  constant  A = xn i f  x # 0; t h i s  i s  t h e  r e t e n t i o n  f u n c t i o n  f o r  

t h e  power f u n c t i o n  model. 

When t h e  reference organ i s  regarded as t h e  sum o f  M compartments, 

each compartment has a r e t e n t i o n  func t i on .  

v- t h  compartmen t s a t i  s f i es 

The burden q v ( t )  o f  t h e  

where 

E v ( t )  = t h e  r a t e  (uCi/day) a t  which t h e  v - t h  compartment i s  

e x c r e t i n g  i t s  burden o f  t h e  r a d i o n u c l i d e  a t  t ime t, and 

Kv = t h e  f r a c t i o n  o f  t h e  t o t  1 uptake o f  a pCi which reaches fl 
t h e  v - t h  compartment; Kv = 1.  

v= 1 
The most common mult ip le-compartment model i s  based on t h e  assumption 

t h a t  each compartment excretes i t s  content  exponen t ia l l y  : 

= B v q v ( t L  

which by analogy w i t h  Eq. (2.6) leads t o  

(2.9) 

q v ( t )  = aKve-(’r + ( t  - > 0) .  (2.10) 

, The r e t e n t i o n  f u n c t i o n  f o r  t h e  organ i s  t h e  sum o f  t h e  p a r t i a l  

r e t e n t i o n s  namely 

M 
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for  the mu1 t i  ple-compartment exponential model. 

For some radionuclides, i t  i s  convenient t o  add an ( M + l ) - t h  

For such a case, compartment which does not excrete i t s  burden. 
M 

v=l 
Kv < 1 ,  and 

M 

v= 1 

while 

Bpl+1 = 0. 

Accordi,ngly 

If  a1 1 other compartments are exponential we have for  the total  

reten ti on equation 

( t  2 0 ) .  (2.12) 

We may regard Eq. (2.11) as a special case o f  Eq. (2.12) for  which 
M 

v=l 
Kv = 1. W i t h  this understanding, we adopt Eq. (2.12) as 

our prototype for  the mu1 tiple-compartment exponential model. 



We may use a s imilar  device t o  add a nonexcretory compartment 

t o  the power function model. 

ments which i n i t i a l l y  receive fractions Ax-n ( < l )  and 1 - Ax-n o f .  

Accordingly, we conceive of two compart- 

the t o t a l  uptake of  a $ i ;  we assume that  the l a t t e r  fraction i s  

associated w i  t h  the nonexcretory compartment. These assumptions imply 

- that  
1 

- A  t q ( t )  = ae r [l - Axen + A ( t  + x ) - ~ ]  
(2.13) 

( t  - > 0 ) .  

We may regard the simple power function model given by E q .  (2.7) as a 

special case of E q .  (2.13) for  which Axmn = 1. Equation (2.13) will 

serve as our  general power function model for  the single intake case. 

We should remark that  i n  many instances, published retention 

equations for power function models are of the form 

( t  ' 01, (2.14) q ( t )  = a e -Art t-n 

i . e . ,  x = 0.  

i n i t i a l  uptake or  i t s  actual retention a t  times t near zero; b u t  when 

they are integrated over a re la t ively long time interval for  dose 

calculation, the poor representation near the origin may be o f  minor 

concern. In this  s i tuat ion the INDOS codes p u t  q(0) = a and otherwise 

use E q .  (2 .14) ;  the integral Q(t)  o f  E q .  (2 .14)  ex is t s ,  for  0 < n < 1 ,  

as a f i n i t e  improper integral a t  0 .  

Such functions, of course, cannot approximate the organ's 

The final single-intake tha t  we consider i s  a mixture of exponential 

and power functions. We present i t  as a two-compartment model in 
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which the compartments excrete t h e i r  burdens according to  Eqs. (2.6) 

and (2.7), respectively. 

uptake which goes t o  the exponential compartment i s  K ,  where 0 < n < 1. 

We assume that  the fraction of the i n i t i a l  

These assumptions imply tha t  

- A r t  
q ( t )  = a e [KerBt + (1  - K ) A ( t  + x ) - ~ ]  

We shal l  refer  t o  this case as a -- mixed model . 
For l a t e r  reference, we res ta te  here the single-intake retention 

functions q ( t )  , together w i t h  their respective time integrals  Q(t) .  

These equations form the basis for  models o f  other intake patterns. 

Mu1 t i p l e  compartment exponential 

M M 

v=l v= 1 
q ( t )  = a e-',' [1 -C Kv + c Kv e (2.16) 

(2.17) 
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Power func t ions  

- A r t  
q ( t )  = a e [1 - Axmn + A ( t  + x , ) - ~ ]  (2.1%) 

Q ( t )  = a [$ ( 1  - Ax-’)(l - e - A  r t ) 

1 ( u  + . x ) - ~  du (2.19) 
-XrU 

+ e 

Mixed model 

where 

-(Ar + at 
.. q e ( t )  = a e (2.22) 

(2.23) 

and 

‘(2.24) q p ( t )  = a e - A - a t  r A (t + x ) +  

Q,(t) = a A I q t  e -A ru  ( u  + x ) - ~  du . (2.25) 
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The integral which appears i n  Eqs. (2.19) and (2.25) cannot be evaluated 

i n  closed form. The INDOS codes evaluate i t  numerically; these 

numerical methods are discussed i n  section 3. 

is undefined when x = 0; the INDOS codes replace this factor by zero 

i n  th is  event. 

Also, the factor  1 - Ax-n 

References 4, 5, and 6 ordinarily p r i n t  the fractional retention 
\ 

function for  a given radionuclide and reference organ. 

retention function r ( t )  is  defined by the equation 

The fractional 

where q ( t )  is the burden a t  time t result ing from a single intake a t  

time zero. 

organ's burden a t  time t resulting from the uptake of 1 U C i  a t  time 

If  t - > to, r ( t  - to) can be regarded as the reference 

to. 
t which resul ts  from more complex his tor ies  of deposition. 

r ( t )  will be useful, however, i n  subsections 2.3 and 2.4. 

We shall  continue t o  use the notation q ( t )  for the burden a t  time 

The function 

2.3 Multiple Intakes a t  Discrete Times 

We now assume tha t  a t  times 0 - < t, < tp... < tN (days) , intakes 
\ 

of a radionuclide i n t o  the body resu l t  i n  depositions al , a2, ..., 
aN ( p C i ) ,  respectively, i n  the reference organ [ (a )  of  Section 2.11. 

That part of the burden remaining a t  time t from the deposition a t  

time ti i s  

a i r ( t  - ti). 
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The total  burden q ( t )  i s  the sum of these partial  contributions: 

N 
q ( t )  = a i r ( t  - t i ) .  (2 .26 )  

i =1 

The cumulative burden is given by 

(2.27) 

where i t  should be noted that  each term i n  the sum for  which t - ti < 0 

i s  zero, because r(u) = 0 fo r  u < 0.  

'Equations (2.16) t o  (2.25)  of subsection 2.2 provide expressions 

for  r ( t  - t i)  and the integral of r( u )  which appears i n  E q .  (2.27). 

I n  each case, t i n  the r i g h t  member o f  the equation i s  replaced by 

t - t i ,  a by a i ,  and the r e su l t  i s  summed on i from 1 to  N. These 

operations produce the following equations: 

Mu1 t i  ple-compartment exponenti a1 

(2.28) I N - X r ( t - t i  ) M -6J t- ti ) 
q ( t )  = c ai e 

i =1 v= 1 v= 1 

(2.29)  
1 N M - A r (  t-ti ) 

Q(t> = ai 1: [i - C K d  [1 - e 
i =1 v= 1 

,+ 9 
v= 1 

KV 

'r + 'v 
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Power function 

I N - (1  - AP) f - e -Ar(t-ti)l 
Q(t)  = a i  { 

'r i = l  

Mixed model 

Equations (2.20) and ( 2 . 2 1 ) ,  where 

(2.31) 

(2.32) 

2.4 Continuous Intake a t  a Specified Rate 

Our next assumption i s  t h a t  throughout the time interval [ O , t ]  

(days) the body experiences a continuing intake o f  a radionuclide 

which results i n  an accumulating deposition i n  the reference organ a t  

N - A & t  - t i )  
q & t )  = 2 ai e A (t  - ti + x ) - ~  (2.34) 

i =1 

N t-ti -x ru  , 
Q,(t) = ai A 4 e ( u  + x ) - ~  du (2.35) 

i = l  
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the rate  of I ( T )  (pCi/day) (0 - -  T < t ) .  The rate  function I ( T )  

m i g h t  be f a i r ly  general, b u t  i n  the INDOS codes i t s  form has been 

restr ic ted t o  a constant. 

consider a varying rate  function before presenting formulas fo r  the 

cons tan t cas e. 

In th i s  discussion, however, we shall  f i r s t  

A t  a fixed time T i n  [ O , t ]  the material deposited i n  the reference 

organ between time T and T + d-r i s  I ( T )  d-r, and a t  subsequent time t ,  

the burden remaining from this  element is  I ( T )  r ( t  - T )  d.r. The 

total  burden a t  time t i s  the integral of  a l l  such elements for 

O < - r < t :  - -  

If a t  time zero' there i s  already a burden of a (pCi) i n  the organ, 

we must add t o  the integral in E q .  (2.36) the term a r ( t )  to  account 

for i t s  contribution: 

/ 

Thus a general expression f o r  Q(t)  i s  

Q(t)  = a dt r(u) du + it AU I (u  - T )  r ( T )  d.r du . 
(2.38) 

Further transformations of E q .  (2.38) are suggested i n  Appendix A of 

reference 6 ,  b u t  the formulas o f  in te res t  i n  this report are conveniently 

obtained from Eq. (2.38). 
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We now look a t  the special case 

I( 'I) = c(pCi/day) (0  5 'I t ) ,  (2.39) 

where c - > 0 is a constant. 

derived by s u b s t i t u t i n g  expressions for  the function r from Eqs. (2.16) 

through (2.25) i n t o  Eqs. (2.37) and (2.38) and t a k i n g  Eq. (2.39) i n t o  

account. 

Formulas used i n  the INDOS codes may be 

The following equations are obtained a f t e r  integration: 

Mu1 t i  Dle-ComDartment exDonentia1 

M -@J 
I q ( t )  = a e-''' 1 - 2 Kv + Kv e 

M K  p - e  -or + @,It 

v= 1 v= 1 

+ c [ t  t - f  v= 1 K 9 t - e  

+ c x, +uBv 11 
Q(t )  = a{< (1 - v= 9 1 K.)e - e -Art) 

v= 1 

Kv f - e  
+ c x r  + 8, 

v= 1 

r 

(2.40) 



. 
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(2.41) 

Power function 

+ A f ( u  + x ) - ~  d 4  

(2.43) 

(.2.45) 
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Expressions for q (t)  and Q ( t )  are identical t o  the r i g h t  members, P P 
respectively, of Eqs. (2.42)  and (2.43) w i t h  the factor 1 - Ax-n = 0.  

3. THE INDOS CODES 

3.1 INDOSl . 

INDOSl computes radiation dose ra te  (rems/day) and dose (rems) 

t o  the reference organ as functions of time (days); th i s  dose i s  

assumed to  resu l t  from the deposition of a specified quantity of a 

radionuclide i n  the organ. Inasmuch as INDOSl does not access a data- 

base f i l e ,  the user must specify a l l  parameters related t o  the 

radionucl ide and organ, together w i  t h  the appropriate mathematical 

model (exponential, power function, o r  mixture of the two) and informa- 

t ion concerning pattern of intake ( a t  discrete  times , or  continuous 

a t  a constant r a t e )  and i n i t i a l  values. 

requested by INDOSl during a dialogue phase w i t h  the user. 

Such information will be 

I t  should be pointed o u t  tha t  INDOSl deals with the quantity of 

radioactive material deposited i n  the organ of reference or  w i t h  an 

uptake which exposes the reference organ. I f  the user 's  inputs a re  

i n  terms of the amount of material inhaled or  ingested into the body, 

he must correct these by multiplying by the appropriate uptake fractions;  

otherwise, excessive dose estimates will occur for radionuclides w i t h  

uptake fractions less  than 1.0. 

INDOSl uses the term c r i t i ca l  organ i n  some of i t s  messages, b u t  

the user i s  i n  no way restr ic ted to  consideration of t h a t  organ which 

is  regarded as c r i t i c a l  for  a specified radionuclide. I f  the necessary 

-. 
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information i s  available, INDOSl can be used t o  estimate the dose t o  

any organ resulting from a deposition of the radionuclide i n  tha t  

organ o r  an uptake which exposes that organ. 

O u t p u t  by INDOSl consists of a tabulation, a t  equal time increments, 

of time (days), dose rate  (rems/day) , and dose (rems). 

res t r ic ted t o  tha t  which accumulates dur ing  the period covered by the 

The dose is  

current r u n ,  i . e . ,  from the time of the ea r l i e s t  intake; there is  no 

provision for adding a prior accumulation. 

The dialogue phase of INDOSl permits the user t o  supply ,  in  

answer t o  a succession of  questions, the following information: 

I .  Name of the radionuclide 

Name of the c r i t i ca l  organ 

Radioactive ha1 f-1 i f e  Tr (days) 

Effective absorbed energy per disintegration E (MeV) and mass m of 
c r i t i ca l  organ ( 9 )  

Choice of models: 

l-exponential model 

Number M of exponenti a1 compartments 

For each compartment, a fractional coefficient Kn and 
a biological ha1 f-1 i f e  (days) 

2- power f u n  c t i on mode 1 

Power function parameters n ,  x ,  A 

3-mi xed model 

Fractional coefficient K o f  exponential part  of 

Number M of exponenti a1 compartments (normal ly 
model ) 

mode 1 

for  the mixed 
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For each exponenti a1 compartment a fractional coefficient 
Kv and a biological ha l f - l i fe  (days); w i t h  a single exponential 
compartment in the mixed model, Q = 1 

Power function parameters n ,  x ,  A ;  normally, A = 1 fo r  
the mixed model 

11. Pattern o f  intake 

1 -di  s cre t e  

Number N of discrete  intakes 

Times ti (days) and corresponding intakes ai ($i) 

2-continuous a t  a constant ra te  

In i t i a l  burden of c r i t i ca l  organ a (pCi) 

Rate o f  deposition i n  c r i t i ca l  organ c (pCi/day) 

111. Specifications for tabulation: m i n i m u m  time, time increment, 
maximum time (days) 

Option of a typed summary of the information given d u r i n g  the 
d i  a1 ogue phase. 

After the run i s  complete, the user may choose one of the following 

options : 

l-more tabulation. Return t o  stage I11 of dialogue phase 

2-change intakes. 

3-change nuclides. 

Return to stage I1 of dialogue phase 

Return to  stage I (beginning) o f  dialogue 
phase 

4-exit. End the r u n .  

The following example shows the remote terminal record of a run  

The information used concerning the radionuclide 35S was of INDOSl. 

taken from reference 5 ( p p .  38-39). 

Numeric inputs by the user are  f ree  form. T h u s ,  he may specify 

real quantit ies w i t h  o r  without a decimal point, and multiple entr ies  

on a 1 ine may be spaced however he wishes, provided that  they are  
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separated by commas or one or  more spaces. 

free-form i n p u t  may be found i n  reference 2.  

the program may be ignored a t  the user 's  discretion. 

the computations are  carried out w i t h  the binary equivalent of  

approximately eight decimal d ig i t s ,  i n p u t s  w i t h  higher precision would 

be meaningless. The INDOS codes round o u t p u t  to  f ive-digi t  precision. 

Other detai ls  concerning 

The dashes typed by 

Since most o f  - 

The user's attention i s  directed to  the following points concerning 

tabulation. 

proceeds from minimum to  maximum time i n  intervals of  the increment. 

I f  the increment does not divide the time ranpe into an intearal number 

If  a positive tabular increment i s  specified, tabulation 

of par ts ,  as many l ines as possible w i t h i n  the time range will be 

typed, and the l a s t  l i ne  will correspond t o  the maximum time. 

user i s  not protected against the accidental specification of an 

excessively long table.  

The 

A time increment o f  zero i s  permitted. 

( 1 )  m i n i m u m  time < maximum time, i n  which case the table consists o f  

two l ines ;  ( 2 )  m i n i m u m  time = maximum time, and i n  th i s  instance the 

table i s  one l ine.  

larger  than the maximum time, an error messaqe w i l l  resul t ,  and he 

will be asked to  reenter the tabulation data. 

There are two poss ib i l i t i es :  

I f  the user specifies a m i n i m u m  time which i s  

3.2 INDOS2 

INDOS2 computes radiation dose ra te  (rems/day) and dose (rems) 

to  the reference organ as functions of time (days); this  dose results 

from the deposition of any one of a given l i s t  of radionuclides i n  

the organ, and the organ usually i s  the one which i s  regarded as 

c r i t i ca l  for  the radionuclide selected. Parameter values associated 
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SUMMARY O F  I N P U T S  
EXPONENT I A L MODE L ----------- ----- 

e 

HADIONUC L I  DE -- S - 3 5  

C R I T I C A L  ORGAN -- WHOLE BODY 

R A D I O A C T I V E  H A L F - L I F E  8 . 7 0 0 E + 0 1  DAYS 

I 

H A D I O A C T  I V E  DECAY R A T E  7 . 9 6 7 E - 0 3  PER DAY 

EFF.  ABSORBED ENERGY 5 . 6 0 0 E - 0 2  MEV 

MASS OF C R I T I C A L  ORGAN 7 . 0 0 0 E + 0 4  G 

B I O  LOG I C A  L CONV. FACTOR 4 . 0 9 6 E - 0 5  REMS/MICROCUR I E - D A Y  

PARAMETERS A S S O C I A T E D  W I T H  E X P O N E N T I A L  TERMS.. . 
COEFF I C  I E N T S  EXCRETORY EXCRET I O N  

H A L F - L I V E S  R A T E S  

1 8 . 0 0 0 E - 0 1  2 , 5 0 0 E - 0 1  2 . 7 7 3 E + 0 0  
2 2.OOOE-01 7 . 0 0 0 E + 0 0  9 . 9 0 Z E  -02 

D I S C R E T E  T I M E S  A N D  UPTAKES.. .  

T I M E  ( D A Y S )  U P T A K E  ( M I C R O C U R I E S )  

0 . 0 0 0 E - 0 1  1 . 0 0 0 E + 0 0  

T I M E ( D A Y S 1  RATE ( R E M S I D A Y  1 

0.OOOE-01 
5 . 0 0 0 E + 0 0  
l .OOOE+Ol  
1 . 5 0 0 E + 0 1  
2 . 0 0 0 E + 0 1  
2 , 5 0 O E + 0 1  
3 0 0 0 E + 0 1  
3 . 5 0 0 E + 0 1  
4,0OOE+O1 
4 . 5 0 0 E + 0 1  
5 0 0 0 E + 0 1  

4 . 0 9 6 0 0 E - 0 5  
4 . 7 9 8 1  2 E - 0 6  
2 . 8 1  0 2 6 E  -06 
1 . 6 4 5 9 8 E - 0 6  
9 . 6 4 0 5 5 E - 0 7  

3.307 1 8 E - 0 7  
1 . 9 3 7 0 3 E - 0 7  
1 . 1 3 4 5 3 E - 0 7  
6 , 6 4 4  9 6 E  -08 
3 . 8 9 1  9 8 E  -08 

5 e 6 4 6 5  1 E - 0 7  

TYPE 
1 -FOR MORE T A B U  LAT I O N  
2 -TO CHANGE I N T A K E S  
3 -TO CHANGE NUC L I  DES 
4 - T O  E X I T  
4 

DOSE (REMS)  

0. OOOOOE - 0 1  
4 . 3 5 0 7 0 E  -05 
6.208696 -05 
7 . 2 9 6 9 2 E  -05 
7 . 9 3 4 3 0 E - 0 5  
8 . 3  076 2 E  -05 
8 . 5 2 6 2 7 E  -05 
8 . 6 5 4  3 4 E  -05 
8.7 2 93 4 E -05 
8.7 7 3 2 8 E  -05 
8.7 990 1 E -05 
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w i t h  each radionuclide on the l i s t  and t h e i r  respective reference organs 

reside i n  a direct-access f i l e  i n  the user 's  disk area of the PDP- 

10 System. This stored d a t a  base i s  one of the principal features 

that  distinguish the capabi l i t ies  of INDOS2 from those of INDOSl. 

Once the user has designated his choice of radionuclide by entering 

a code number, INDOS2 will re t r ieve from the d isk  f i l e  the necessary 

parameter information associated w i t h  radionuclide and c r i t i ca l  organ, 

along w i t h  information related to  the proper mathematical model (exponential, 

power function, or  a mixture of the two). The user, i n  a dialogue 

phase, then specifies the pattern of intake ( a t  discrete times, o r  

continuous a t  a constant ra te )  and output options. 

Inputs t o  INDOS2 should be i n  terms of the quantity of material 

inhaled o r  ingested into the body; the user indicates whether the 

mode of intake i s  inhalation o r  ingestion, and the prorlram converts 

the intake t o  a proportionate uptake i n  the c r i t i ca l  organ. This 

feature i s  another major difference between INDOSl and INDOS2. 

O u t p u t  options fo r  INDOS2 are:  ( 1 )  a tabulation of time (days), 

dose ra te  (rems/day), and dose (rems) i n  intervals of a specified 

time increment, and ( 2 )  a typewritten graph of dose (rems) vs time 

(days); e i the r  o r  both may be requested for  a given r u n .  

The information which the user must be prepared to  supply t o  

INDOS2 dur ing  the dialogue phase is summarized below: 

Code number o f  radionuclide (see Appendix C )  

Mode of  intake 

l-ingestion 

2-i nhal ation 
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Pattern of intake 

1 :discrete 

Number N of discrete intakes 

Times ti (days) and corresponding intakes ai ($i) 

2-continuous a t  a constant ra te  

In i t i a l  body burden a (pCi) 

Rate of intake into body c (uCi/day) 

O u t p u t  option 

1 -tabulation 

Minimum time, time increment, maximum time (days) 
c 

2-graph 

Minimum and maximum values for  time axis (days) 

Three l ines of commentary to  appear on graph 

Option of a typed summary of input and data-base information 

After each run, the user will have the option of returning to  

e a r l i e r  points in the program fo r  additional tabulation or graphing, 

fo r  changing radionuclides, o r  changing modes of intake; or he may 

end the run. 

The following example shows the remote terminal record of a r u n  o f  

INDOSZ. A graph i s  included. 

The remarks o f  subsection 3.1 concerning free-form numeric i n p u t  

and tabulation apply verbatim to  INDOS2. 

The user 's  attention i s  called to  two points concerning the 

graph. 

The dose axis i s  horizontal, and the direction of increasina dose i s  

( 1 )  The time axis i s  vertical  and time increases downward. 
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E N T E R  C O D E  N O .  OF r l U C L I 3 E .  
3 2 3  

MODE OF I l J T A K E  6 

T Y P E  
1 - F O R  
2-FOR 
1 

I I J G E S T  I OTJ 
I tJHA L A T  I O N  

T Y P E  
1 - F O R  01 S C R E T E  I I J T A K E S  
2-FOR C O N T  I N U O U S  I N T A K t  A T  C U N S T A N T  R A T E  
1 

T Y P E  
1 - F O R  T A O U L A T I O I J  , 

2 -FOR G R A P H  
1 

0 .  5. 80. 

T Y P t  1 - F O H  I I J P U T  S U ~ ~ I ~ A F I Y  

1 
2 - T O  S U P P F l E S S  
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HADIOF. IUC L I  DE 2 7  C O - 6 0  

R E F E R E I J C E  O R G A N  I O T A L  3,ODY 

R A D I O A C T  I V L  H A L F - L I F E  1 . 9 0 0 E + 0 3  D A Y S  

H A 0 1  O A C T  I V E  D E C A Y  R A T E  3 . 6 4 8 E - 0 4  PER D A Y  

E F F ,  F \ B S O i l B E D  E t J E R G Y  1 .500E+00 MEV 

U I O L O G I C A L  C O > J V .  F A C T O R  1 . 0 ‘ 3 7 E - O 3  H E A S / M I C R O C U R  I E - D A Y  

1-1ODt 3 F  I N T A K E  I I J G E S T  I OIJ 

U P T A K E  F R A C T  I O N  3. OOOE -01 

C O E F F  I C  I E I J T S  E X C H E T O R Y  E X C I - < E T  I O N  
H A  LF- L I  ‘ J E S  R A T E S  

1 6.50c)E-01 1 . 0 0 0 E + 0 1  6 .93 1 E - 0 2  
2 3 . 5 O O E - 0 1  1 . O O O E - 0 5  6 .93 1 E + 0 4  

01 S C R E T E  T It.1E.S AIJD I t J T A K E S  . 

l1Al)J O N U C  L I  DE -- 2 7  C O - 6 0  

R E F E f i E I J C E  O R G A N  -- T O T A L  O O D Y  

MODE O F  I ? . I T A K E  - -  I N G E S T  I0;J 
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0.000E-01 
5 , 0 0 0 E + U 0  
1 .000E+01 
1 ,500E+01 
2.000E+i>l  
2.5UOE+Ol 
3,000E+31 
3.50i)E+Ol 
4 .000E+01 
4.500E+01 
5.000E+U1 
5.500E+01 
6,000E+01 
6.500E+01 
7.000E+i>l 
7.5OOE+Ol 
8.000E+01 

3 .29  1 4 E - 0 4  
1 . 5 1 0 0 t - 0 4  
1 . U658E - 0 4  
7.5227E-05 
5 .3097E-05 
3 . 7 4 7 7 E - 0 3  
2 .6452E-05 
1 ,867OE-05 
1 ,3178E-05 
9.301 1E-06 
6 .5649E-06 
4 .6336E-06 
3 .27 OS E - 06 
2 .3084E-06 
1 .6293E-06 
1.150OE-06 
8.1168E-07 

T Y P E  
1 -FOR MORE T A B U  U T  I ON 
2 - T O  CHANGE I N T A K E S  
3 - T O  CHANGE NUC LI DES 
4-FOR G R A P H  
5 - T O  E X I T  
A 

DOSE ( REMS 

0.0000E-01 
9.0325E-04 
1 .5408E-03 
1 . 9 9 0 8 E - 0 3  
2 .3084E-33 
L.532SE-03 
i1.6908E-03 
2.8024 E -03  
2 . 8 8  1 3 E -03  
2.9369E - 0 3  
2.9762E-03 
3 .0039E-03 
3 .0234E-03 
3.03 715 E -03  
3.04 7 0 E  - 03 
3 .0539E-03 
3 .0587E-03 

c 
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R A D I O N U C L I D E  -- 2 7  C O - 6 0  
R t F E H E N C E  ORGAN -- T O T A L  B O D Y  
I N T A K E  B Y  I IdGEST I Oi4 

TYPE 
1 -FOf< MOFtE G H A P H S  
;w:w : w i ~ ~ < ~  T A W  LAT I ON 
3 - T O  C t iAIJGE I t JTAKES 
4 - T O  CHAEJGE NUC L I  DES 
5 - T O  E X I T  



t o  t h e  r i g h t .  

such a w a y  as t o  keep t h e  graph a f i x e d  s ize .  

(2) The scales on both axes are always computed i n  

3.3 INDOS3 

INDOS3 i s  computational l y  equ iva len t  t o  INDOSZ. These codes 

d i f f e r  on l y  w i t h  respec t  t o  t h e  ou tpu t  o f f e r e d  and t o  the  d ia logue 

necessary t o  spec i f y  the  outputs.  

output ,  which can be used as i n p u t  t o  programs i n  batch-run jobs 

(e.g., graphing programs). 

f o r  t he  use r ' s  choice o f  t he  rad ionuc l ides  inc luded i n  t h a t  data- 

base f i l e  ( r e f e r  t o  Appendix C ) ,  INDOS3 punches a t  s p e c i f i e d  t ime 

i n t e r v a l s ,  the  t ime (days),  t he  burden ( $ i )  o f  t h e  reference organ, 

and t h e  dose (rems) t o  t h e  organ. Burden replaces dose r a t e  because 

o f  an observed preference f o r  graphing t h e  former q u a n t i t y  i n  many 

instances . 

INDOS3 provides on ly  punched-card 

INDOS3 shares t h e  data base o f  INDOS2; 

The punched-card deck cons is ts  o f  (1)  a t i t l e  card o f  35 characters  

o r  fewer, (2) a card con ta in ing  a s i n g l e  i n t e g e r  NCARD (punched i n  

format I3), which i s  t he  number o f  data cards t o  f o l l o w ,  and (3) t h e  

NCARD number o f  data cards, each con ta in ing  t ime ,  burden, and dose 

[ format  3(1PE10.3)]. 

t i t l e  t o  be punched i n  t h e  f i r s t  card and s p e c i f i e s  the  i n t e a e r  NCARD, 

which must l i e  i n  t h e  range 11 t o  501. 

Dur ing t h e  d ia logue phase, t h e  user w r i t e s  t h e  

The in fo rma t ion  requ i red  o f  t h e  user o f  INDOS3 dur ing  the  d ia logue 

phase i s  s i m i l a r  t o  t h a t  o f  INDOSZ. 

s p e c i f i c  i n d i c a t i o n  : 

The f o l l o w i n q  l i s t  g ives a 

Code number o f  rad ionuc l i de  (see Appendix C )  
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Mode of intake 

1 -ingestion 

2-inhalation 

Pattern of intake 

1 -discrete 

Number N of discrete  intakes 

Times ti (days) and corresponding intakes a i  ($i> 

2-continuous a t  a constant ra te  

In i t ia l  body burden a (pCi) 

Rate of intake into body c (pCi/day) 

Option of typed summary o f  i n p u t  and data-base information 

Minimum and maximum time values t o  be included (days) 

Number of  data cards t o  be punched (range 11 t o  501) 

T i t l e  card (no more than 35 characters) 

Option t o  revise the l a s t  three items 

After punching, the user i s  offered the opportunity to  change 

time l imi t s ,  t i t l e ,  or the number of data cards; t o  change intake 

information; t o  change radionuclides; o r  t o  end the run. 

The following example consists of the teletype record of a 

r u n  of INDOS3. 

Remarks about free-form input that  have been made i n  connection 

with INDOSl (subsection 3.1) are applicable without modification t o  

INDOS3. 
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PUNCHED CARD OUTPUT FOR CRT GRAPHICS 

ENTER CODE NO. OF N U C L I D E .  
330 

MODE OF INTAKE..  . 
TYPE 
1 -FOR INGEST I ON 
2-FOR I N H A L A T I O N  
2 

TYPE 
1 -FOR D I S C R E T E  I NTAKES 
2-FOR CONTINUOUS I N T A K E  AT CONSTANT RATE 
1 

HOW MANY D I S C R E T E  I N T A K E S ?  ( 1  TO 5 0 )  
1 

ENTER THE 1 T I M E S  ( D A Y S )  AND THE 
CORRESPONDING INTAKES.  ( M I C R O C U R I E S )  

0. 1. 

TYPE 1-FOR I N P U T  SUMMARY 

2 

---------- -_____-___ 

2 - T O  SUPPRESS 

ENTER M I N .  AND MAX. T I M E S  ( D A Y S )  FOR T I M E  A X I S  
T M l N  TMAX 

0. 15.  

HOW MANY DATA P O I N T S  DO YOU WANT PLOTTED? 
M I N .  I S  1 1  , MAX. I S  5 0 1  
5 1  

_-_------- ---------- 

YOU HAVE SPEC I F  1ED.B 

GRAPH T I T L E  
N P - 2 3 9  IN DONE. 1 U - C I  I N T A K E  

NO. OF CARDS -- 5 1  

T I M E  RANGE FROM 0 . 0 0 0 E - 0 1  TO 1 . 5 0 0 E + 0 1  

TYPE 
1 - I F  THESE I N P U T S  ARE CORRECT 
2 - T O  R E V I S E  THEM 
1 

TYPE 
1-TO CHANGE T I M E  L I M I T S ,  T I T L E ,  OR NO. OF DATA P O I N T S  
2 - T O  CHANGE I N T A K E S  
3 - T O  CHANGE NUC L I  DES 
4-TO E X I T  
4 
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3.4 The Numerical Methods 

The o v e r a l l  design o f  t h e  computational subrout ines which serve 

t h e  INDOS codes has been based on t h e  dec i s ion  t o  at tempt  t o  r e t u r n  

answers t h a t  a r e  c o r r e c t  t o  s i x  s i g n i f i c a n t  d i g i t s  and t o  f l a g  any 

answers t h a t  m igh t  n o t  be supported by t h i s  p r e c i s i o n .  

c a l c u l a t i o n s  i n v o l v e  s t r a i g h t f o r w a r d  e v a l u a t i o n  o f  a l g e b r a i c  formulas 

and present  no obstacles.  Only two spec ia l  problems seem t o  warrant  

d iscuss ion i n  some d e t a i l .  

Most o f  t h e  

The f i r s t  problem concerns e v a l u a t i o n  o f  expressions o f  t h e  form e-' 

- U  and 1 - e 

underf low e r r o r  r e s u l t s  i f  t h e  c o n d i t i o n  i s  n o t  detected and t h e  

exponent ia l  s e t  t o  0 by t h e  program. 

t h e  loss o f  a l l  s i g n i f i c a n t  d i g i t s ,  b u t  t h i s  e f f e c t  i s  n o t  be l i eved  

t o  propagate; i n  some instances i t  leads t o  t h e  o u t p u t t i n g  o f  zero 

f o r  p o s i t i v e  u. I n  e i t h e r  case, i f  u i s  l a rge ,  a system 

The r e s u l t  o f  t h i s  expedient i s  

dose ra tes ,  a s i t u a t i o n  t h a t  i s  e a s i l y  i n t e r p r e t e d  by t h e  user. 

t h e  INDOS codes e-u i s  s e t  t o  zero when u exceeds 75. 

I n  

On t h e  o the r  

hand, i f  u i s  small ,  convent ional  c a l c u l a t i o n  o f  1 - e-' w i t h  t h e  

exponent ia l  sub rou t ine  leads t o  c a n c e l l a t i o n  o f  s i g n i f i c a n t  d i g i t s  

g h t  n o t  be obv 

by us ing  

and a poss ib le  propagated loss o f  p r e c i s i o n  which rn 

i n  outputs .  Avoiding such a loss i s  e a s i l y  managed 

u = z - -  U u2 
2! 

ous 

- U  i n  p lace  o f  1 - e i f  u i s  l e s s  than 0.01. This  handl ing o f  exponent ia l  

expressions has been employed c o n s i s t e n t l y  i n  t h e  subrout ines.  
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The second problem concerns the evaluation o f  integrals of the 

form 

which occur i n  the power function models. 

one can show tha t  

W i t h  a change o f  variable 

where a = X r  (tl + x )  and B = A, (t2 + x ) .  

t o  evaluating the integral 

Thus the problem reduces 

- u  -n  F(a, B ,  n )  = 1’ e u du . a 
(3.1) 

The integration indicated i n  Eq.  (3.1) cannot, i n  general, be carried 

out i n  closed form. 

and i n  combination, t o  approximate the integral .  

Three numerical methods have been used, singly 

The f i r s t  method, applicable when a and B are re la t ively small, 

employs the ser ies  

03 

c 
k =O 

( -1 k [-k-n+l - a  k-n+l  
k! ( k  - n + 1 )  

which i s  obtained by expanding the integrand of Eq. (3.1) in powers of 

u and integrating term by term. 

5 (p.  28). 

This approach i s  suggested i n  reference -, 

The ser ies  i s  evaluated by subroutine SER; w i t h  t h i s  
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technique a manageable range f o r  a and B i s  0 - < ~1 < 6 - < 2, and t h i s  

range i s  used by t h e  subrout ine  INTEG which coord inates t h e  i n t e g r a t i o n .  

When 2 - < a < 6 5 20, a composite s i x t h - o r d e r  Newton-Cotes 

quadrature r u l e  i s  a p p l i e d  t o  sub in te rva l s  o f  t h e  range [a,B]; t h i s  

quadrature r u l e  may be w r i t t e n  i n  t h e  form 

where M i s  a m u l t i p l e  o f  4 and h = (b - a)/M. We have w r i t t e n  f j  

f o r  f ( u j ) ,  where u j  = a + j h ,  j = 0, ..., M (see reference 2, p. 73 

f f ) .  For t h i s  a p p l i c a t i o n ,  f ( u )  = e-' u . - U  

Subrout ine NEWCO implements t h e  r u l e  (3.2) i n  such a way t h a t  

t h e  r e l a t i v e  e r r o r  does not exceed a p resc r ibed  to le rance Erel i n  

absolute value. 

absolute value o f  f ( 6 )  over  t h e  i n t e r v a l  [a,b], i t  has been found 

t h a t  cons iderable computat ional  economy i s  achieved by subd iv id ing  

t h e  range [a,B] i n t o  sub in te rva l s  o f  no more than u n i t  length,  

Because o f  t h e  necess i ty  o f  us ing  a bound f o r  t h e  

app ly ing  (3.2) t o  each sub in te rva l ,  and summing t h e  r e s u l t s .  

INTEG app l ies  NEWCO i n  j u s t  t h i s  w a y  t o  t h a t  p o r t i o n  o f  t he  range o f  

i n t e g r a t i o n  t h a t  l i e s  i n  [2,20]. 

e r r o r  i f  each Erel i s  s u i t a b l y  chosen and s u f f i c i e n t  p r e c i s i o n  i s  

a v a i l a b l e  t o  p revent  t h e  accumulation o f  rounding e r r o r s .  

Subrout ine 

This approach c o n t r o l s  t h e  t o t a l  
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In  the case 20 - < a < B ,  an asymptotic ser ies  can be used t o  

approximate the integral : 

where a = 1 - n [reference 1 ,  p.  263, Eq. (6.5.32)]. 

sums the number of terms needed for the desired accuracy. 

Subroutine ASYMP 

A master subroutine INTEG coordinates SER, NEWCO, and ASYMP and 

returns a value of the integral (3.1) for  arbi t rary a and B .  

the event that  e i the r  limit o f  integration exceeds 65, INTEG returns 

a warning f lag t o  the call ing program. T h i s  i s  relayed t o  the mainline 

and resul ts  i n  the p r i n t i n g  of an aster isk beside the corresponding 

dose and dose rate .  

truncation is not l ikely t o  result i n  loss o f  precision. 

In 

For the parameter ranges usually involved, this 
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Appendix A. 

L i s t i n g  o f  Computer Codes 
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C *****e I N D O S l  ****le* 
C AUTHORS... 6. G. KILLOUGH 
C EAST TENNESSEE STATE UNIVERSITY 
C DEPARTMENT OF MATEEMATICS 
C A N D  D I V I S I O N  OF CORPUTER SCIENCE 
C JOHNSON C I T Y I  TENNESSEE 
C 
C PAUL S. ROHUER 
C ENVIRONMENTAL SCIENCES D I V I S I O N  
C OAK RIDGE NATIONAL LABORATORY 
C OAK RIDGR, TENNESSEE 
C 
C **** H A I N  PROGRAM **** 
C 
C THE INDOS CODES ARE S P E C I A L  PURPOSE CONVERSATIONAL PBOGBAMS 
C WRITTEN TO FUNCTION I N  A TIME-SHARING ENVIRONMENT. TEEY H A V E  BEEN 
C IMPLEHENTED ON T E E  ORNL PDP-10. 

C I N D O S l  COMPUTES DOSE RATE A N D  DOSE TO A N  ORGAN AS FUNCTIOUS 
C O F  TIRE.  THIS DOSE RESULTS FROM DEPOSITION OP A S P E C I F I E D  
C QUANTITY OF A RADIONUCLIDE I N  THE ORGAN. THE USER HOST SPECIFY 
C ALL PARAIlETERS RELATED TO RADICNUCLIDE A N D  OBGAR, HIS CHOICE OF 
C HATHEMATICAL UODEL (EXPONENTIAL OR POWER FUNCTION) I A N D  INTAKE 
C INFORMATION AS THESE ITEPIS ARE REQUESTED BY TEE CODE. 
C 
C THE TERM 'INTAKE' I N  MESSAGES OUTPUTTED BY I N D O S l  REFERS TO 
C QUANTITY O F  MATERIAL DEPOSITED I N  TRE ORGAN, NOT TOTAL QUANTITY 
C INTRODUCED INTO THE BODY. 
C 
C OUTPUT IS A TABULATION OP T I R E S  ( D A Y S )  DOSE RATES (REHS/DAY)# 
C AND DOSES (REMS). 
C 

C 

C 
C THE DIMENSION OF ARRAYS K N U ,  TB, A N D  BETA L I H I T S  THE NUMBER OF 
C TERMS I N  A N  EXPONENTIAL MODEL. I F  THIS IS INCREASEC BEYOND 9, 
C CERTAIN STATEMENTS I N  THE DIALOG PHASE U I L L  NEED TO BE CEANGED. 
C 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REAL LflBDA,LOG2,HASSIN 

REAL K , K N U ( 9 )  , T B ( 9 )  ,BETA(9)  
INTEGER ERCOD 

,c 

c PHASE n I L L  NEED TO BE C H A N G E D ,  

C THE DIMENSION OF ARRAYS T I  AND A I  L I M I T S  THE NUHBER O F  DISCBETE 
C INTAKES. I F  T H I S  I S  CHANGED, CERTAIN STATEMENTS I N  THE DIALOG 

C 
D I H E N S I O I  N A R N ( 4 )  ,NAHCB(4)  , T I ( 2 0 ) , A I ( 2 0 )  
DATA IBLNK/' '/, ISTAR/ '*I/ 
LOGZrALOG (2.0) 

C 
C ***** BEGINNING OF DIALOG PHASE. 
C 

500 FORHAT ( I  I C R I T I C A L  ORGAN RADIATION DOSE CALCULATICB'/ 

C 
C INPUT ALPHARERIC INFORPIATION FOR SUBSEQUENT OUTPUT LABELL1UG.W. 
C NAME OR FORMULA OF RADIONUCLIDE (20  CHARACTERS OR LESS)  
C A N D  NARE O F  ORGAN (20 CEARACTEBS OR L E S S ) .  
C 
1 TYPE 501 
501 FORPIAT(' ENTER NAME OR POPMULA O F  NUCLIDE (20 CHAR. OR LBSS) '/) 

TYPE 5 0 0  

// 1 $'  .......................................... 
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ACCEPT 502, ( N A U N  ( I )  , I = 1 , 4 )  

TYPE 503 

ACCEPT 502, (NAPlCR (I) , I = 1 , 4 )  

502 FORMAT (YA5) 

503 FORMAT(' TYPE NAllE OF CRITICAL OBGAU (20 CHAR. O R  LESS)  * / )  

C 
C INPUT RADIOACTIVE HALF-LIPE (TBALP) .  TEST FOE NEGATIVE VALUE. 
C 
11 TYPE 504 
504 FORMAT(' ENTER RADIOACTIVE HALF-LIFE (DAYS) '/) 

505 POEMAT ( 3 P )  
ACCEPT 505, TH ALP 

IF(THALP.GT.0) GO TO 1 2  
TYPE 506 

GO TO 11 
506 F O R I A T ( '  ?? INPUT ERROR ?? TRY AGAIH.'/) 

C 
C 
C 
12 
C 
C 
C 
C 
13 

COMPUTE RADIOACTIVE DECAY RATE (LHBDA) 

LUBDA=LOG2/THALF 

INPUT EPP. ABSORBED ENERGY PER DISINTEGRATION (EPSLR) 
A N D  HASS OF O R G A N  (HASS). TEST FOR 0 OR NEGATIVE VALUE. 

TYPE 507 
507 FORHAT(' ENTER EPSILOU (REV) A N D  IASS (G) OF C R I T I C A L ' /  

S ' OEG AN I/) 
ACCEPT 505,EPSLN,UASS 
I F  (EPSLN.GT.0. .AND. CIASS.GT. 0.) G O  TO 1 4  
TYPE 506 
GO TO 13 

C 
C 
C 
C 
1 4  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

COIPUTE CONVERSION PACTOR (BIFAC) TO CBANGE PROU 
CUMULATIVT BURDEN (UICROCURIE-DAYS) TO DOSE (REMS). 

BI FAC=5 1 2*EPSL N/M ASS 

INPUT FLAG SETTING (UODEL) F O E  CHOICE OF HODEL... 

MODEL = 1 FOR EXPONENTIAL 
= 2  POHER FUNCTIOA 
= 3  IYIXFD 

TEST FOR ERRONEOUS VALUE OF UODEL. 
THEN BRANCE TO APPROPRIATE INPUT SEGMENT. 

1 4 1  TYPE 5071 
5071 PORIAT( '  TYPE ' / '  1-FOR EXPONENTIAL HODEL'/' 2-FOR POUER FUNCTION I 

SODEL'/ '  3-FOR HIXED MODEL'/) 
ACCEPT 5 IO, UODEZ 
I F  (RODEL. GE. 1. AND. MODEL .LE . 3) 
TYPE 5 0 6  
GO TO 141 

G O  TO (1 U2 1 , 1 5 , 1 4 2 3 )  , IODBL 

C 
C ****** BEGIN IIXED-MODEL SEGHENT.. . 
C 
C INPUT CIIXTORE COEFFICIENT (K). TEST FOR LESS TEAN 0 OR 
C GREATER THAN 1. 
C 
1 4 2 3  TYPE 5072 
5072 PORiYAT ( '  ENTER COEFFICIENT OF EXPONENTIAL PART OF NIXED HODEL'/) 

ACCEPT 505,R 
IF(K.GT.O..AND.K.LT.l.) GO TO 1421 
TYPE 506 
GO TO 1423 

c '  
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C ****** BEGIN EXPONENTIAL HODEL SEGHENT 
C (ALSO PART OF HIXED HODEL SEGIENT) ,.. 
C 
C INPUT NUHBER OF EXPONENTIAL TERNS I N  HODEL (a). TEST 
C FOR LESS THAN 1 OR GREATER THAN 9. 
C 
1 4 2 1  TYPE 5073 
5073 FORHAT('  HOW H A N Y  EXPONENTIAL TERHS? ( 1  TO 9, NO DECIIBL)  I/) 

ACCEPT 510,H 
I P ( I . G E .  l.AND.H.LE.9) GO TO 1 4 3  
TYPE 5 0 6  
GO TO 1 4 2 1  

C 
C INPUT I COEFFICIENTS (KNU(N0) )  A N D  BIOLOGICAL 
C HALF-LIVES (TB(NU) ). TEST EACH FOR 0 OR NEGATIVE. 
C 
143 TYPE 5074,N 
5074 FORHAT(I ENTER 2 PARAHETERS FOR EACH O F  TEE'/  

S *  I , I l ,  * EXPONENTIAL TERHS... *// 
$I C O E F F I C I E N T ' , T 1 6 ,  'EXCRETORY HALF-LIFE'/  

/I $' ---------- I , T 2 0 ,  I-,--,-,-,* 
DO 1 4 4  N U = l , N  

I F  (KNU(NU) .GT.O..AND.TB(NU) .GT.O.) GO TO 146 
TYPE 506 
TYPE SO75 

GO TO 145 

145 ACCEPT 5 0 5 , K N U  (NO) ,TB(NO) 

* / I  I , T 2 0 ,  I ------I-- 5075 FOBHAT ( @  ---------- 
C 
C CONPOTE BIOLOGICAL EXCRETION RATE (BETA (NU) ) , 
C 
1 4 6  BETA (NU) =LOG2/TB (NU) 
1 4 4  CONTINUE 
C 
C COHPUTE SOH ( S U N )  OF COEFFICIENTS (RNU(NU), NU=l ,B) .  
C TEST S U H  FOR GREATER TEAN 1. 
C 

S U H = O .  
DO 1 4 7  N U = l , H  

IF(SUN.LE.1,)  GO TO 148 
TYPE 506 
TYPE 5076 

GO TO 1 4 3  

147 SU?l=SUH+RNU ( N U )  

5076 FORHAT s u n  OF COEFFICIENTS G R E A T E R  T E A N  I. e / )  

C 
C IF HODEL I S  EXPONENTIAL, BRANCE AROUND POUEE FUNCTION SEGBEWT. 
C OTHERYISE I T  I S  MIXED, SO GO INTO PORER FUNCTION SEGHENT. 
C 
148 GO TO ( 1 7 1 , 1 7 1 , 1 5 )  ,HODEL 
C 
C ****** BEGIN POYER FUNCTION HODEL SEGMENT 
C (ALSO PART O F  NIXED HODEL SEGHENT). ,. 
C 
C INPUT POWER FUNCTION PARAHETERS S I A L L  N ( N ) ,  
C SHALL X ( X )  A N D  CAPITAL A (BCAP) 0 TEST 
C F O R  ERRONEOUS VALUES. 
C 
15 TYPE 508 
508 FOR?lAT(l ENTER I?, X ,  A N D  CAPITAL-A FOR POWER FUNCTION'/) 

ACCEPT SOS,N,X,ACAP 
IF(N.GE. l..OB.N,LE.O.) GO TO 16 
IP(ACAP.LE.O, .OR,X.L¶' .O. )  G O  TO 16 
GO TO 171 

16 TYPE 506 
GO TO 15 
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C 
C ****** E N D  OF INPUT PEASE FOR MODEL PARAMETERS. 
C 
C ****** B E G I N  INPUT OF INFORHATION RELATED TO PATTERN O F  INTAKE. 
C 
C INPUT FLAG SETTING ( I D )  TO DETERPIINE BASIC INTAKE PATTERN... 
C 
c I n = i  FOR INTAKES AT CNE O B  NORE DISCRETE P I H E S  
C = 2  CONTINUOUS INTAKE AT A CONSTANT RATE 
C 
C TEST FOR ERRONEOUS VALUES OF I N .  TEEN BRANCH TO THE APPROPRIATE 
C SEGNENT ACCORDING T O  THE VALUE OF IH. 
C 
171 TYPE 5081 
5081 FORHAT ( '  TYPE */ ' 1-FOE DISCRETE INTAKES'/ '  2-FOB CONTINUCUS INTAKE 

$ AT CONSTANT RATE'/) 
ACCEPT 5 10, IN 
I F ( T R . E Q .  1.OR.Ifl.EQ.2) GO TO ( 1 7 , 1 9 2 )  , I n  
TYPE 506 
GO TO 171 

C 
C ****** DISCRETE INTAKES INPUT SEGMENT, 
C 
C INPUT NUMBER CAPITAL N (NCAP) CF DISCRETE XNTAKES. 
C TEST FOE A N  ERRONEOUS VALUE (LESS THAN 1 OR GREATER THAN 20). 
C 
17 TYPE 5 0 9  
509 PORNAT(' HOU H A N Y  DISCRETE INTAKES? ( 1  TO 20, NO DECIIJAL) '/) 

510 FOEHAT (I) 
ACCEPT 510,NCAP 

I F  (NCAP,LE.2OOAND,NCAP,GE.  1 )  GO TO 18 
TYPE 506 
GO TO 17 

C 
C INPUT TEE DISCRETE T I N E S  ( T I ( 1 ) )  A N D  INTAKES ( A I ( I ) ) ,  I=l ,NCAP. 
C TEST FOR NEGATIVE T I R E S  A N D  ZERO OR NEGATIVE INTAKES, 
C 
18 TYPE S l 1 , N C A P  
511 FORHAT(' ENTER THE ' , I 2 , *  T I N E S  (DAYS) A N D  T E E ' /  ' 

8' CORRESPOUDING INTAKES (MICROCURIES) * /  
$ 1  ----- - ---- ---------- ' / I  
DO 19 I=?,NCBP 

I F ( T I ( 1 )  .GE.O..AND.AI(I) .GT.O.) GO TO 19 
TYPE 506 
TYPE 5111 

GO TO 181 

181 ACCEPT 5 0 5 , T I  (I) , A I  (I) 

/I 511 1 FORMAT (Q ---------- --,------e 

19 CONTIIUE 
C 
C BRANCH AROUND CONTINUOUS INTAKES SEGMENT, 
C 

C 
C ****** CONTINUOUS INTAKES INPUT SEGNENT, 
C 
C INPUT I N I T I A L  CONTENT (AO) A N D  DAILY INTAKE RATE ( C ) .  
C TEST FOR NEGATIVE VALUES. 
C 
1 9 2  TYPE 5091 
5091 FORMAT(' ENTER'/' I N I T I A L  BODY BURDEB UPTAKE RATE'/  

GO TO 191 

8' ' # T 7 # '  (MICRO-CI) ' , T 2 5 , '  (IJICR*CI/DAY) '/' ',T7,'---------', 
$~27,'--------- '4 

ACCEPT 505 ,AO,C 
IP(AO,GE,O..AND.C.GE.O.) G O  TO 191 
TYPE 506 
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GO TO 192 
C 
C ****** B E G I N  OUTPUT OPTIONS SEGWENT. 
C 
C INPUT l I I B I H U 8  TIME! (THIN) , T I H B  INCBEHENT (DELT) ,  
C A N D  H A X I M U M  T I R E  (TflAX) FOR TAELE OF OUTPUT. 
C TEST FOR ERRONEOUS VALUES. 
C 
C NOTE... I F  THIN = THAX, TABLE IS  O N E  L I N E  FOR THAT T I H E  VALUE. 
C I F  DELT = O.,  TABLE IS TWO LXISES FOR TWIN A N D  TWAX, IF 
C THESE A R E  DIFFERENT'. 
C 
191 TYPE 512 
512 FORHAT(' FOR TABULATION, ENTER (DAYS) I /* B I N .  TIBE1,3X'INCREHENT' ,  

$ 3 X * M A X .  T I H E ' /  
$ I  --------- ---------- -------- * / I  

ACCEPT 5 0  5, THIN, DELT,TMAX 
I F  (T!!IN.LE.THAX.AND. DELT.GE.0.) GO TO 2 0  
TYPE 506 
GO TO 1 9 1  

C 
C INPUT A FLAG SETTING (INSUU) TO ACCEPT OR REJECT 
C A S U H M A R Y  OF INPUTS... 
C 
C INSUPl = 1 'IO ACCEPT 
C = A N Y  OTHER VALUE 'PO REJECT 
C 
C CONTINUE I N  SEQUENCE OR BRANCH A R O U N D  ACCORDING TO VALUE OF INSUB. 
C 
20 TYPE 513 
513 FORHAT(' TYPE 1-POR INPUT SUBPlARY*/' * ,T7 , ' 2 -TO SUPPRESS' / )  

ACCEPT 510 , INSUM 
IF(INSUPl.NE.1)  GO TO 3 

C 
C ****** OUTPUT A S U B H A R Y  O F  INPUT INPOBUATIOA. 
C 

TYPE 5 1 3 0  
5130 FORHAT(///* S U B M A R Y  OF I N P U T S ' )  

GO TO ( 2 0 1 , 2 0 2 , 2 0 3 )  ,HODEL 
201 TYPE 5131 

GO TO 2 0 4  
202 TYPE 5 1 3 2  

GO TO 2 0 4  
203 TYPE 5133 

5131 FORHAT ( *  EXPONENTIAL PlODEL'/* ----------- I--- ' / I  

5 1 3 2  FORHAT ( *  POWER FUNCTION HODEL'/ '  ---- -------- -----* / I  

5133 FORHAT(' M I X E D  MODEL*/' ----- ----- ' / I  
2 0 4  TYPE S l 4 ,  (NAMN (I) , I = l , U ) ,  (NABCR(1) , 1 = 1 , 4 )  ,THALF,LRBDB,EPSLN, 

5 1 4  FORHAT(~ORADIONUCLIDE -- * ,4AS/ 'OCRZTICAL ORGAN -- ' , 4 A 5 /  
$ HASS , BIPAC 

$*ORADIOACTIYE BALF-LIPE',T31,1PE10.3,' D A Y S ' /  
$*ORADIOACTIVE DECAY R A T E * , T 3 1 , 1 P E 1 0 . 3 ,  PER D A Y ' /  
$*OEFF.  ABSORBED ENERGYt ,T31 , lPE1O.3 , '  HEV'/*OlIASS OF CRITICAL OBGA 
$ N * , T 3 1 , 1 P E 1 0 . 3 , '  G*/ 'OBIOLOGICAL CONV. FACTOE' ,T31,1PE10.3,* REf lS /  
8 HICROCUR I E- DA Y /) 

GO TO ( 2 0 5 , 2 0 6 , 2 0 5 )  ,HODEL 
205 TYPE 5 1 3 4 ,  (NU,KNU(NU),TB(NU) ,BETA(NU) ,NU=I ,B)  
5 1 3 4  FORHAT( 'OPARAHETERS ASSOCIATED WITH EXPONENTIAL TERHS. .. I// 

$ *  ',T5, ' C O E P F I C I E N T S ' , T 1 9 ,  'EXCRETORY',T32, 'EXCRETION*/ 
8' ~8T19,*HALF-LIVES*,T34,'RATES*//(' ' , 1 1 , 2 X , l P B 1 0 . 3 ,  
8 2 ( 3 X , l P E 1 0 . 3 ) ) )  

GO TO ( 2 0 7 , 2 0 6 , 2 0 6 )  ,flODEL 
206 TYPE 5135,N,X,ACAP 
5135 FORRAT ( *  OPOYER FUNCTION PARAHETERS.. . * /  

$ * O N  * , T l l , l P E l o .  3/' O X '  , T I  1 , 1 FE10.3/ '  OCAP. A '  ,T 1 1 , l P E l O .  3/) 
207 GO TO ( 2 1 , 2 2 ) . ~ n  
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21 TYPE 5 1 4 1 ,  ( T I  ( I )  , A I  (I) ,I=l ,%CAP) 
5 1 4 1  FORUAT('OD1SCRETE T I l E S  A N D  UPTAKES... ' / 'OTIHE (DAYS) ' , T 2 1 ,  

$ '  UPTAR E (HICROCURIES) '// ( '  
GO TO 3 

', 1 P E  1 1 , 3 , T 2 3 , 1  PE11 .  3)) 

22 TYPE 5142,AO.C 
5 1 4 2  FORMAT ( / ' O I N I T I A L  BURDEN',T31,1PE10.3,  l I C E O C O R I E S ' /  

C 
C ****** BEGIN COWUTATION A N D  TABULATION PHASE. 
C 
C TYPE HEADINGS FOR TABULAR OUTPUT. 
C 
3 TYPE 515 
515 FORHAT(/// '  TABULATION OF DCSE RATE A N D  DOSE'/ 

S'OUPTARE R A T E ' , T 3 1 , 1 P E 1 0 . 3 , '  HICROCUEIES/DAY') 

// $'  ---------- -- ---- ---- --- ----I 
$'  TIHE (DAYS) , T 1 6 , '  RATE (BEMS/DAY) ' , T 3 4 ,  ' D O S E  (REUS) * / )  

C 
C I N I T I A L I Z E  EEFORE TABULATION LOOP... 
C 
C f lSG H I L L  NORHALLY CONTAIN A BLANK CHARACTER, BOP USG='*'  
C WILL SIGNAL POSSIBLE LOSS OF SIGNTPICANT D I G I T S  I N  OUTPUT 
C DATA. H S G  B I L L  B E  TYPED WITH OUTPUT. 
C 
C ICODE = 1 AT END OF LOOP MEANS CONTINUE 
C = 2  HEANS EXIT  
C 
C T GOES PROH THIN TO T l A X  Ilo INCREUENTS OF DELT. 
C 

HS G=I B L N R 
ICODE= 1 
T=TBIN 

C 
C ERCOD I S  RESET TO 0 AT BEGINNING OF LOOP EACE TINE.  
C ERCOD = 1 IS A FLAG SET B Y  COHPUTAPIONAL SUBROUTINES I F  A 
C POSSIBLE LOSS OF SIGNIFICANT D I G I T S  IS DETECTED. 
C 
C B E G I N  LOOP. 
C 
31 ERCOD=O 
C 
C DETERHINE MODEL A N D  INTAKE PATTERN A N D  BRANCH TO AEEROPEIATE 
C SUBROUTINE FOR COflPUTATIOB OF EURDBN (QSHAL) A N D  CUMULATIVE 
C BURDEN (QCAP) AT T I f l E  T. 
C 

GO TO ( 3 1 1 , 3 1 2 , 3 1 1 )  ,HODEL 
311 GO TO ( 3 i i i , 3 i i 2 ) , 1 n  
C 
C CALL SUBROUTINE FOR DISCRETE INTAKES, EXPONENTIAL ICDEL. 
C 
31 11 

C 
C CALL SUBROUTINE FOR CONTINUOUS INTAKES, EXPONENTIAL HODEL. 
C 
31 1 2 
C 
C I F  MODEL IS UIXED, S A V E  QSRAL AND QCAP P R O l l  EXPONENTIAL 
C SUBROUTIAE A N D  CALL APPROPRIATE POYBR FUNCTION SUBROUTINE. 
C 
3 1 4  GO TO ( 3 1 3 , 3 1 3 , 3 1 4 1 )  ,HODEL 
3 1 4 1  QS=QSUAL 

CALL DIEX ('P ,NCAP, T I ,  A I  , L H B D A , H , K  NU,  BETA, QSMAL ,QCAP) 
GO TO 3 1 4  

CALL C I E X  (T, A 0  , C, LH BDA , l , K N U  ,BET A ,  QS HAL, QC AP) 

QC=QC AP 
312 GO TO ( 3 1 2 i , 3 1 2 2 ) , 1 n  
C 
C CALL SUBROUTINE FOR DISCRETE INTAKES, POUER PUNCTICN. 
C 

. 
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. 
3121 CALL D I P P  (T,NCAP,TI,AI,LUBDA,N,ACAP,X,QSHAL, QCAE,ERCOD) 

C 
C CALL SUBROUTINE FOE CONTINUOUS INTAKES, POWER FUNCTION. 
C 
3122 
315 GO TO ( 3 1 3 , 3 1 3 , 3 1 6 )  , MODEL 
C 
C FOR NIXED HODEL COMPUTE COHBINATION OF EXPONENTIAL AND 
C POWER FUNCTION CONTRIBUTIONS. 
C 
316 QSHAL=R*QS + (1.-K) *QSNAL 

C 
C COIPUTE DOSE RATE (DRATE) AND DOSE (DOSE) ,  
C 
313 DRATE=BIFAC*QSMAL 

C 
C I F  POSSIBLE LOSS O F  S I G N I F I C A N T  D I G I T S  H A S  BEEN DETECTED, 
C CHANGE VALUE OF H S G  PROH B L A N K  TO '**. TYPE DRATE A N D  DOSE, 
C LABELLED BY HSG. 
C 

GO TO 315 

CALL C I P P  (T, A O ,  C, LHBDA , N, ACAP, X , QSHAL, QCAP, ERCOD) 

QCAP=R*QC + (1.-R) *QCAP 

DO S E= B I P A C * QC A P 

I F  (ERCOD.GT.0) IISG=ISTAR 
TYPE 51 6 ,T, DR ATE,USG,DOSE, HSG 

516 F O R H A T ( *  *,1PE10.3,Tl7,lPE12.5,Al,T33,lPEl2.5,A1) 
C 
C A NORNAL TABLE H A S  TWO OR MORE ENTRIES P I T H  DELT POSITIVE.  
C BRANCH I F  T H I S  TABLE I S  MOT NCBIJAL, 
C 

C 
C NORRAL CASE. INCREHENT T A N D  PEST. 
C 

IF(.NOT. (THIN.LT.TUAX.AND,DELT.GT.O.)) GO TO 3 2  

T=T+DELT 
IF(T,LT.TUAX) GO TO 31 

C 
C INCRBHENTED T GREATER THAN OR EQUAL TO THAX. I F  ICCDE = 2 
C SIGNALS THAT THIS I S  LAST PASS,  EXIT,  OTHERWISE, NEXT 
C PASS SROULD BE LAST, SO BESET ICODE=2, T=TNAX, A N D  ERANCH 
C TO BEGINNING OF LOOP. 
C 

IF(ICODE.EQ.2) GO TO 33 
ICODE=2 
T=TllAX 
GO TO 31 

C 
C ABNORHAL CASE. 
C 
32 IF(TRI#.EQ.THAX) GO TO 33 
C 
C THIN IS LESS THAN TUAX. RESET ICODE=2 TO SIGNAL LAST PASS 
C NEXT T I H E  THROUGH, H A K E  DEL" POSITIVE SO TEAT NEXT PASS 
C F I N I S H E S  A S  NORMAL CASE. RESET T=THAX A B D  RETURN TO 
C BEGINNING OF LOOP. 
C 

I C  ODE =2 
DELT=THAX-T#IN 
T=THAX 
GO TO 31 

C 
C INPUT FLAG SETTING ( IANS)  TO INDICATE USER OPTION.., 
C 
C I A N S  = 1 FOR ADDITIONAL TABULATION 
C = 2  CEAAGING INTAKE PATTERN OR PARAMETERS 
C = 3  CEANGING RADIONUCLIDES 



4% 

C = 4  ENDING RUN 
C 
C TEST FOR ERRONEOUS VALUE OF IANS. ERANCH TO APPROPRIATE OPTION. 
C 
33 TYPE 517 
517 FORMAT (///' TYPE'/ '  1-FOR MORE TABULATION'/' 2-TO CHANGE INTAKES'/ 

$' 3-TO CHANGE NUCLIDES'/ '  4-TO EXIT' / )  
ACCEPT 5 10 ,  IANS 
I F  ( I A  NS. GE. 1 .  AND, I A N S .  L E . 4 )  
TYPE 506 
GO TO 33 

GO TO ( 19 1 , 1 7  1,1 ,34)  ,I A N S  

34 CALL E X I T  
C 
c ************9********************************************************* 

END 

e 

-_ 
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C ****** INDOS2 ****** 
C AUTHORS,.. G. G, KILLOUGH 
C EAST TENNESSEE STATE UNIVERSITY 
C DEPARTMENT O F  NATHINATICS AND D I V I S I O N  OF 
C COHPUTER SCIENCE 
C JOHNSON CITY,  TENNESSEE 
C 
C PAUL S. ROHHER 
C ENVIRONHENTAL S C I E N C E S  D I V I S I O N  
C O A K  RIDGE NATIONAL LABORATORY 
C OAK RIDGE, TENNESSEE 
C 
C ****** M A I N  PROGRAN ****** 
C 
C THE INDOS CODES A R E  SPECIAL PURPOSE COAVERSATICNAL PROGEAHS 
C HRITTEN TO FUNCTION I N  A TIHE-SHARING ENVIRONBENT. TREY U A V E  BEEN 
C IHPLEHENTED ON T H E  ORNL POP-IO. 
C 
C INDOS2 COHPUTES DOSE RATE A N D  DOSE TO A N  ORGAN AS FUNCTIONS 
C OF TINE. TUIS DOSE RESULTS PRO8 DEPOSITION OF A S F E C I P I E D  
C QUANTITY O F  A N Y  ONE OF SEVERAL RADIONUCLIDES I N  THE ORGAN, A N D  
C THE ORGAN I S  THE ONE WHICH IS REGARDED AS C R I T I C A L  FOR THE 
C RADIONUCLIDE SELECTED. ONCE THE USER DESIGNATES HIS CHOICE OF 
C RADIONUCLIDE, INDOS2 SECURES PARAMETER VALUES ASSOCIATED P I T R  
C THE UATERIAL A N D  I T S  C R I T I C A L  ORGAN FROH A DIRECT-ACCESS F I L E  
C STORED I N  THE USER'S D I S K  AREA. T H I S  STORED DATA BASE IS  ONE 
C PEATURE WHICH DISTINGUISHES THE C A P A B I L I T I E S  OF INDGS2 FROU THOSE 
C O F  INDOS1. 
C 
C A SECOND DISTINCTION I S  THE HEANING OF THE TEBU 'INTAKE.' 
C FOR INDOS2,  THIS TERM REFERS TO THE QUANTITY OF MATERIAL INHALED 

C INDOSZ CONVERTS THE INTAKE INTO A PROPORTIONATE DEPOSITION I N  THE 
C C Q I T I C A L  ORGAN FOR THE CALCULATIONS. 
C 
C AT TBE USER'S OPTION, INDOSZ I S  CAPABLE O F  OUTFUTTING A 
C TYPEURITTEN GRAPE OF THE DOSE VS. TIHE. STANDARD OUTPUT IS II  
C TABULATION OF T I n E S  (DAYS) , DOSE RATES (RENS/DAY) , A N D  DOSES 
C (REUS). 
C 
c **********************~***************~*************************** 
C 
C THE DIMENSION OF A 9 R A Y S  K N U ,  TE,  AND BETA L I H I T S  THE NUBBER CF 
C TERNS I N  A N  EXPONENTIAL MODEL. INCREASING T H I S  BEYOND 9 R E Q U I R E  
C CHANGING CERTAIN OUTPUT POENATS. 
C 
C THE DIHENSION OF A R R A Y S  T I ,  AI, AND AA LIHITS THE NUUBER OF 
C DISCRETE INTAKES. INCREASING T H I S  BEYOND 99 REQUIRES CHANGING 
C CERTAIN OUTPUT FORUATS. 
C 
C THE ARRAYS NABN, NAHCR, AVENUE, IBAB, IBORD. L I N E ,  CUHNTS, DOSE, 
C AND T I N E  ARE OP C R I T I C A L  S I Z E  AND SHOULD NOT BE REDIHENSIONED. 
C 

C OR INGESTED INTO THE BODY {THE USER CHOOSES THE ROUTE OF INTAKE). 

REAL LN BDA , LOG 2 , M ASS N , K K N U (9) 
INTEGER ERC 
INTEGER HYPHEN 
DINENSION T B ( 9 )  ,BETA (9) , N A H I  ( 4 )  8NAHCR (4) 8 

$ AVENUE (2,2) 
s T I ( 5 0 )  ,AI(50)  , A A  ( S O )  

8 T I H E  (41) 
DIMENSION IBAR ( 4 1 )  , I B O R D ( 2 )  ,L INE ( 4 1 )  ,CUUNTS(3,8)  , D O S E ( I ) l )  # 

DATA IBLNK/'  '/,ISTAR/'*'/,AVENUE/'INGES* , ' INHAL*,  'TION I, 'ATION*/ 
DATA IBORD/'-----' , '---- 1 ' / HY PEEN/ ' - I/ I P L U  S/ I + I/, I C  E AB/ ' I /, 
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3 TIME/*T* , 'TI,* n e  , 8 E ' ,  * * , 1 I 8 , 1 N I , 1 * , * D  * , * A  1 , * Y  * , * s  9 , ' .  * , 
8 *.*, ' . ' ,26** */  

LOGZ=ALOG ( 2 . 0 )  
TYPE 5 0 0  

500 PORHAT ( ' IREPERENCE ORGAN RADIATION DOSE CALCULATION'/ 

C 
C INPUT A N  INTEGER CODE NUMBER (NCODE) TO SELECT THE CESIREC RADIO- 
C NUCLIDE FOR CALCULATION. 
C 
1 TYPE 5 0 1  
501 PORNAT(* ENTER CODE BO. OF NUCLIDE. * / )  

502 FORMAT (I) 
C 
C S P E C I F Y  TWO DIRECT-ACCESS D A T A  FILES... 

' C  
C *** 1NDEX.DAT *** 
C SERVES A S  A N  INDEX FOR THE M A I N  DATA F I L E  NUCPAR.DII. EACH 
C RECORD I N  INDEX.CAT CONTAINS ( 1 )  THE CODE NUHBER OF A R A D I O -  
C NUCLIDE (5 CHARACTERS) A N D  ( 2 )  A POINTER (10 CEARAC2ERS) TO 
C THE PHYSICAL RECORD OF NUCPAR-DAT PHICH BEGINS TEE LOGICAL 
C RECORD CONTAINING DATA ON THE RADIONUCLIDE A N D  I T S  CRITICAL 
C ORGAN. TRUS EACH PHYSICAL RECORD OF 1NDEX.DAT I S  15 CBARAC- 
C TERS. THE ASSOCIATED FORTRAN VARIABLE FOR T H I S  F I L E  IS I I D X .  
C 
C *** NUCPAR.DAT *** 
C CONTAINS THE DATA BASE FOR THE RADIONUCLIDES AVAILABLE TO 
C INDOS2. EACE PHYSICAL RECORD OP THE F I L E  I S  10 CHARACTERS, 
C BUT THE INFORHATION IN THE F I L E  I S  ORGANIZED INTO LCGTCAL 
C RECORDS OF VARIABLE LENGTH, EACR LOGICAL RECORD CORRESPONCING 
C TO A RADIONUCLIDE. A LOGICAL RECORD CONTAINS THE N A M E  O F  
C THE RADIONUCLIDE (20 CEARACTERS), THE NAHE OF I T S  CRITICAL 
C ORGAN (20 CHARACTERS) , THE RACIOACTIVE HALF-LIFE, EFFECTIVE 
C ABSORBED ENERGY, MASS OF THE CRITICAL ORGAN, FRACTICNS OF 
C INTAKE REACHING CRITICAL ORGAN PROM INGESTION A N D  INHALATION, 
C RESPECTIVELY, A N D  AN INTEGER CODE TO I D E N T I F Y  THE BODEL. 
C THE FOREGOING QUANTITIES  REQUIRE 10 CHARACTERS EACB. THE 
C REMAINDER O F  THE F I L E  CONTAINS INFORNATION APPROPRIATE TO 
C THE PARTICULAR NODEL, NAflELY... 
C 
C FOR EXPONENTIAL UODEL, THE NUHBER O F  EXPONENTIAL TERMS 
C (10 CEARACTERS) A N D  FOE EACH 'PERU A COEFFICIENT A N D  BIOLOGICAL 
C HALF-LIFE (10 CBARACTERS EACH). 
C 
C FOR POWER FUNCTION MODEL, TEE PARAMETERS SHALL N ,  SMALL 
C X, A N D  CAPITAL A (10 CHARACTERS EACH). 
C 
C FOR MIXED MODEL, THE MIXTURE C O E F F I C I E N T  CAPITAL K (10 
C CHARACTERS) , THE NUHBER OF EXPONENTIAL TERMS ( 1 0  CRBRACTERS) 
C A N D  FOR EACH T,ERM A COEFFICIENT A N D  BIOLOGICAL HALF-LIFE 
C (10 CHARACTERS EACH), THEN THE POWER FUNCTION PARAlETERS 
C SNALL N, SMALL X I  A N D  C l P I T A L  A. 
C 
C THE ASSOCIATED FORTRAN VARIABLE FOR NUCPAR.DAT IS C I A I N .  
C 

// 1 $I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ACCEPT 502,NCODE 

CALL DEFINE F I L E  (1,15,INDX,'INDEX.DAT',O,O) 
CALL DEFINE F I L E  (2, lO,MAIN,'NUCPAR.DAT',O,O) 

C 
C COMPARE INPUTTED CODE NUMBER RCODE UITH EACH CODE NUHBER 
C (NCO) IN F I L E  1NDEX.DAT. X F  EQUALITY IS DETECTED, READ 

C I N  CASE OP DISK I / O  ERROR, G I V E  USER OPTION OF TEYING THE 
C READ OPERATIOA A G A I N ,  TRYING A DIFFERENT CODE NUMBEfi, OR 
C CALLING EXIT.  
111 I N D X = l  

C CORRESPONDING POINTER ( M A I N )  TO LOCATE RECORD I N  NUCPAR-DAT- 
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1 1 READ (1 INDX,5025,  ERR= 1 2  , END= 1 3 )  NCO, N A I N  
5025 PORNAT (15 ,110) 

12 TYPE 503 
503 PORNAT(//I A D I S K  1-0 ERROR H A S  OCCURRED. TYPE' /  

IF (NCO-NCODE) 11,l 4, 11 

$ '  1-TO TRY A G A I N ' / '  2-TO TRY A DIFFERENT NUCLIDE*/ 
$ I  3-TO CALL E X I T ' / )  

ACCEPT 5 0 2 , I A N S  
I F  (IANS-GE. 1. A N D . I A N S .  LE. 3 )  
TYPE 506 

GO TO 1 2  

GO TO ( 1  1 1 , 1 , 3 4 )  , I A R S  

506 PORNAT(* ?? INPUT ERROR ?? TRY AGAIN.'/) 

C 
C I F  CODE NUUBER H A S  NOT FOURD I N  P I L E  INDEX.DAT, ADVISE USER 
C A N D  BRANCH TO EEGTNNING TO ALLOW H I H  TO TRY ANOTHER. 
C 
13 TYPE SO4 
5 0 4  FORHAT(//' TRERE IS NO SUCR CODE NO. I N  TBE F I L E . * /  

$ *  TRY ANOTRER. I / )  

GO TO 1 
C 
C INPUT PRON DATA F I L E  NUCPAR.DAP... 
C 
C TRE NANE (ALPHANERIC) O F  THE EADIORUCLIDE (NAHN(1) , 1 = 1 , 4 )  
C 
C THE NAME (ALPHAUERIC) OF THE C R I T I C A L  ORGAN 
C (NAMCR(1) , I = 1 , 4 )  
C 
C R AD10 ACTIVE H ALP-LIP E (T HALF) 
C 
C EFFECTIVE ABSORBED ENERGY PER DISIIPEGRATIOW (EPSLI?) 
C 
C HASS OF C R I T I C A L  O R G A N  (UASS) 
C 
C FRACTIONS O F  INTARB REACHING C R I T I C A L  ORGAN B Y  
C INGESTION (Pi?) ABD BY INHALATION (FA) 
C 

C 
C UODEL = 1 FOB EXPONENTIAL 
C = 2  POWER FUNCTION 
C = 3  UIXED 
C 
C I N  CASE OF D I S K  1/0 ERROR, BETURN TO START OF PROGENY. 
C 
14  READ(2'!!AIN,5051,ERR=l5) ( N A N N  (I) , I = 1 , 4 )  , (RAXYCR (I)  . I=1,4) , 
5051 
505 PORUAT ( 3 F )  
C 
C CONPUTE CONVERSION FACTOR (BIPAC) TO CHARGE F R O I  CUMULATIVE 
C BUBDEN (HICROCURIE-DAYS) TO DOSE (REHS) . 
C 

C 
C CONPUTE RADIOACTIVE DECAY RATE (LHBDA). 
C 

C 
C BRANCH TO APPROPRIATE INPUT SEGMENT ACCORDING T O  VALUE OF 
C MODEL. 
C 

15 TYPE 507 
507 FORHAT(//* A FATAL D I S K  1-0 ERROR BAS OCCURRED.'/ 

C CODE (NODEL)  TO INDICATE nmcR NODEL... 

$ THALF,EPSLN,NASS,PU,FA,UODEL 
PORHAT (4 (2A5/) ,5 (P10.0/) ,I 1 0 )  

BIPAC=51.2*EPSLN/HASS 

LMBDA=LOGZ/TRALP 

GO TO ( 1 6 1 , 1 6 2 , 1 6 )  ,RODEL 

$ *  R E T U R N  TO START OF PROGRAIJ'/) 
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GO TO 1 
C 
C ****** MIXED UODEL ****** 
C 
C INPUT NIXTURE COEFFICIENT (K) PEON P I L E  NUCPARODAT. 
C 
16 READ (2 '  NAIN,SO8,ERR=15) R 
508 PORUAT ( P 1 0 . 0 )  
C 
C ****** EXPONENTIAL (OR NIXED) MODEL ****** 
C 
C INPUT FROM F I L E  NUCPAR.DAT THE NUMBER (U)  OF EXPONENTIAL TEEMS 
C A N D  FOR EACH TERfl (NU=l,M) A COEFFICIENT (KNU(NU)) END A 
C BIOLOGICAL HALF-LIFE ( T B ( N 0 ) ) .  
C 
161 
5099 F O R M A T ( I 1 0 / ( F 1 0 . 0 ) )  
C 
C FOR N U = ' I , M  COMPUTE BIOLOGICAL DECAY RATES (BETA (NU) ) . 
C 

DO 163 N U = l , I I  
163 BETA (NU) =LOGZ/TB (NU) 
C 
C IF MODEL I S  EXPONENTIAL, BRANCB ABOUND POliER FUNCTION 
C OTHERWISE I T  IS MIXED, SO CONTINUE I N  SEQUENCE, 
C 

C 
C ****** POWER FUNCTION (OR MIXED) MODEL ****** 
C 

READ(2~MAIN,5099,ERR=lS) M, (KNU (NU) ,TR ( N U )  ,NU=l,H) 

I F  (MODEL-I) 162,170,162 

SEGHEIST. 

C INPUT FROH F I L E  NUCPAR.DAT THE POWER FUNCTION PARAHETEES 
C SMALL N (N) , SMALL X ( X ) ,  A N D  CAPITAL A (ACAP). 
C 
162 READ(2 'MAIN,508,ERR=lS)  N, X,ACAP 
C 
C ****** BEGIN USER DIALOG PHASE... 
C 
C INPUT A CODE ( IAV)  TO CHOOSE BETWEEN INGESTION ( I A V = l )  A N C  
C INHALATION (IAV=2). TEST FOR ERRONEOUS VALUE. SET FORTRAN 
C VARIABLE FP EQUAL TO FY OR FA ACCORDING TO VALUE OF I A V .  
C 
170 TYPE 5 0 8 0  
5080 FORFIAT(' MODE OF INTAKE... I / '  TYPE' / '  1-FOR INGESTION' / '  2-FOR I N H  

$ALATION '/) 
ACCEPT 502,IAV 
IP(IAV.EQ.l.OR.IAV,EQ.2) G O  TO ( 1 7 0 1 , 1 7 0 2 )  , I A V  
TYPE 5 0 6  
GO TO 170 

1701 FF=FW 
GO TO 171 

1702 FF=FA 
171 TYPE 5081 
SO81 FORBAT( 1 TYPE'/ '  1-POI! DISCRETE INTAKES'/ '  2-FOR CONTINUOUS INTAKE 

$ AT CONSTANT RATE'/) 

INPUT CODE ( IM)  FOR BASIC PATTERN OF INTAKE,.. 

I M  = 1 FOR INTAKES AT ONE OR NOBE DISCRETE 
= 2 FOR CONTINUOUS INTAKE AT A CONSTANT 

TEST FOR ERRONEOUS VALUES OF IH, THEN BRANCH TO 
SEGBENT ACCORDING TO VALUE OF I M .  

ACCEPT 5 7 0, I n  
I F ( I N , E Q .  l.OR.Ifl.EQ.2) GO TO ( 1 7 , 1 9 2 )  , I N  
TYPE 5 0 6  

T I N E S  
RATE 

TBE APPRUPEIATE 
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GO TO 171 
C 
C ****** DISCRETE INTAKES INPUT SEGNENT. 
C 
C INPUT NUHBER CAPITAL N (NCBP) OF DISCRETE INTAKES. TEST FOE A N  
C ERRONEOUS VALUE (LESS THAN 1 OR GREBTER THAN 50) .  
C 
17 TYPE 509 
509 FORHAT(' HOY MANY DISCRETE INTAKES? ( 1  TO 50) '/) 

5 1 0  FORHAT (I) 
ACCEPT 510,NCAP 

IF(NCAP.LE.5O.AND.NCAP.GE. 1 )  GO TO 18 
TYPE 506 
GO TO 17 

C 
C INPUT TEE DISCRETE T I n E S  ( T I ( 1 ) )  A N D  INTAKES ( A X ( I ) ) ,  I=l ,NCAP. 
C TEST FOR E R R O N E O U S  NEGATIVE T I N E S  A N D  ZERO OR NEGATIVE INTAKES. 
C 
18 TYPE 511,NCAP 
511 FORMAT(' ENTER THE ' , I 2 , '  TIMES (DAYS) A N D  THE'/  

S' CORRESPONDING INTAKES (HICEOCURTES) '/ 
' / I  $'  --------- ---------- 

DO 1 9  T=l ,NCAP 

I P ( T I ( 1 )  .GE.O..AND.AI(I) .GT.O.) 60 TO 182 
TYPE 506 
TYPE 5111 

GO TO 181 

181 ACCEPT 5 0 5 , T I  (I) , A I  ( I )  

/I  51 11 FOBHAT ( I ---------- --------- 
C 
C COllPUTE DEPOSITIONS I N  C R I T I C A L  O R G A N  (AA (I) , I = l , N C A P )  RESULTING 
C FROB CORRESPONDING INTAKES. 
C 
182 A A  (I) =FP*AI  (I) 
19 CONTINUE 
C 
C BRANCH A R O U N D  CONTINUOUS INTAKES INPUT SEGMENT. 
C 

C 
C ****** CONTINUOUS INTAKES INPUT SEGMENT. 
C 
C INPUT I N I T I A L  BODY BURDEN ( A O )  A N D  DAILY RATE OF INTAKE IATO 
C BODY ( C ) .  TEST FOR ERRONEOUS NEGATIVE VALUES. 

GO TO 2001 

C 
192 
5091 

C 

TYPE 5091 
PORNAT(' ENTER'/' I N I T I A L  BODY BURDEN INTAKE RATE'/ 

$' ',T7,' (HICRO-CI) ' , T 2 5 , '  (HICRO-CI/DAY) '/' ',T7,'---------', 
$'p27,*-------- -- '1) 

ACCEPT 505,AO,C 
IP(AO.GE.O..AWD.C.GE.O.) G O  TO 190 
TYPE 506 
GO TO 192 

C COMPUTE I N I T I A L  BURDEN (AOA) OF CRITICAL ORGAN BAD EAILY RATE 
C OF DEPOSITION (CA) I N  CRITICAL ORGAN.  
C 
190 AOA=PP*AO 

C 
C ****** BEGIN OUTPUT OPTIONS SEGNENT. 
C 
C INPUT CODE ( IGT)  TO CHOOSE BETWEEN TABULATION ( IGT-1)  OR GRAPH 
C OF DOSE VS. TINE (IGT=ANY OTHER VALUE). 
C 
2 0 0 1  TYPE 5121 

CA=PF*C 
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5 1 2 1  FORHAT(' TYPE ' / '  1-FOR TABULATION'/ '  2-FOR GRAPB'/) 
ACCEPT 5 0 2 ,  IGT 
I F ( I G T . N E . 1 )  GO TO 2 0  

C 
C ****** TABULATION PHASE. 
C 
C INPUT H I N I N U H  T I H E  ( T H I N ) ,  T I B E  INCBEHENT (DELT) ,  A N D  M A X I f l U H  
C TIHE (TNAX) FOR OUTPUT TABLE. TEST FOR ERRONEOUS VALUES. 
C 
C NOTE... I F  THIN = THAX, TABLE IS ONE L I N E  FOR THAT T I M E  VALUE, 
C I F  DELT = O., TABLE IS TWO L I N E S  FOR THIN A N D  THAX I F  
C THESE ARE DIFFERENT. 
C 
191 TYPE 512 
512 FORHAT(' FOR TABULATION, ENTER (DAYS) I/ 

$' R I N .  T I H E ' ,  3X'INCREHENT' , 3 X '  HAX. T I R E ' /  
$ 1  ---------- --------- --------- ' /I  

ACCEPT 50  5 ,  T N I  a , DELT , T I  A X  
IP(TMIN.LE.TNAX.AND.DELT.GE.0.) GO TO 20 
TYPE 506 
GO TO 1 9 1  

C 
C INPUT FLAG SETTING (INSUH) TO ACCEPT ( I N S U M = l )  OR REJECT 
C (INSUH = AUY OTHER VALUE) A SULIHARY OF XNPUTS. 
C 
20 TYPE 513 
513 FORRAT(' TYPE 1-FOR INPUT S U N M A B Y ' / '  ' .T7, '2-TO SUPPRESS' / )  

ACCEPT 510,INSUH 
IF  (INSUH.NE.1) GO TO 301 

C 
C ****** OUTPUT A SUHUARY OF INPUT INPCRI¶APION. 
C 

TYPE 5 1 3 0  
5130 FORMAT(///' S U H H A R Y  OF I N P U T S ' )  

G O  TO ( 2 0 1 , 2 0 2 , 2 0 3 )  ,MODEL 
201 TYPE 5131 

GO TO 2 0 4  
202 TYPE 5132 

GO TO 2 0 4  
203 TYPE 5133 

2 0 4  TYPE 5 1 4 ,  (NANN(1) , I = 1 , 4 )  , (NAMCR(1) .I=1,4),T8ALP,LRRDA,EPSLN8 

5 1 4  FOEMAT( tOBADIONUCLIDE',T31 ,4AS/'OREPERENCE ORGAN',T31 . U A 5 /  

5131 POBflAT( '  EXPONENTIAL HODEL'/' ---------- ----' / I  

5132 FORHAT ( '  POUER FUNCTION HODEL'/' ---- -------- ----- ' A  

5133 FORMAT(' MIXED HODEL'/' ----- -----' / I  

$ BASS, BIFAC, (AVENUE(IAV.1) , 1 = 1 , 2 )  ,FP 

.$'ORADIOACTIVE HALP-L1PE',T3l81PE10.3,' D A Y S ' /  
S'ORADIOACTIVE DECAY R A T E ' , T 3 1 , 1 P E 1 0 . 3 , '  PER D A Y ' /  
S'OEFP, AESOBBED E U E R G Y ~ , T 3 1 , 1 P E 1 0 . 3 , '  HEV'/ 'ONASS OF REFEBENCE ORG 
$AN',T31,  l P E 1 0 . 3 , '  G'/ 'OBIOLOGICAL CONV. FACTOR' , T 3 1 8 1 P E 1 0 . 3 , '  RERS 
$/HICROCURIE-DAY'/'OHODE OF 1NTAKE',T3l82A5/'0iJPTAKE FRACTION', 
S T 3 1  , 1 P E  10.3)  

GO TO ( 2 0 5 , 2 0 6 , 2 0 5 )  ,NODEL 
205 TYPE 5 1 3 4 ,  (NU,KNU(NU) ,TB(NII) ,BETA(NU) ,NU=l,M) 
5 1 3 4  FOR?lAT(/tOPARAHETEItS ASSOCIATED P I T E  EXPONENTIAL TERHS.,.'// 

8' ' 8 T 5 , ' C O E F F I C I E W T S ' , T 1 9 , ' E X C R E ~ O R Y ~ , T 3 2 , ' E X C R E T I O ~ ~ /  
$'  '.T19,'8ALF-LIVES',T34,'RATES'//(' ' , 1 1 , 2 X 8 1 P E 1 0 . 3 ,  
$ 2 ( 3 X @ l P E 1 0 . 3 )  ) )  

GO TO ( 2 0 7 , 2 0 6 , 2 0 6 )  ,HODEL 
206 TYPE 5135 ,N8X8ACAP 
5135 FO%MAT(/~OPOWEB FUNCTION PARAHETERS.. . '/ 

$'ON' ,TI  1 ,1PE10 .3 / 'OX '  , T I  1,1 € E 1  0.3/' OCAP. A '  ,T 11 , 1PElO.  3 / )  
207 GO TO ( 2 1 , 2 2 )  , I n  
21 TYPE 5 1 4 1 ,  ( T I  ( I ) , A I ( I )  , A A ( I )  , I = l , N C A P )  
5 1 4 1  FORHAT(/ 'ODISCRETE T I H E S  A N D  INTAKES... ' / 'OTIHE (DAYS) ' , T 1 6 ,  'TOTAL 

$ INTAKE' , T 3 5 ,  'UPTAKE'/ '  ' , T 1 9 ,  'TO B O D Y ' /  
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$' ',T16,' ( I ICROCURIES)  ' ,T32, ' (MICROCURIES)  *//( '  ' ,1PE10.3.T17,  
S l P E 1 1  . 4 , T 3 3 , 1  PE 11 . 4 )  ) 

22 TYPE 5 1 4 2 , A 0 ,  AOA,C,CA 
5 1 4 2  FORHAT('OIN1TIAL BURDENS... '/'OINTAKE',T31,1PElO.~,' MICROCURIES'/ 

GO TO 301 

S'OUPTAKE' , T 3 1  , 1PE10.3 ,  ' LIIC60CURIES'/ / 'OCONSTANT RATES.. . '/ 
S'OINTAKE R A T E 8 , T 3 1 , 1 P E 1 0 . 3 ,  LIICROCURIES/DAY'/ 'OUPTAKE RATE' ,T31,  
$1 P E 10.3 , ' LI I C  ROCURI ES/ D A Y  ' ) 

301 IP(IGT.NE.  1) GO TO 4 
C 
C ****** BEGIN COHPUTATION A N D  TAEULATION PHASE. 
C 
C TYPE HEADINGS FOR TABULAR OUTPUT. 
C 
3 TYPE 515, (NANN(1) , I = 1 , 4 )  , (NAMCR(X) , I = l , U ) ,  (AVENUE(IAV,I) , I = 1 , 2 )  
515 FORHAT(///' TABULATION OF DOSE RATES A N D  DOSES'/ 

'// $' ---------- -- ---- ----- -- --- 
$ @  RADIONUCLIDE -- ' ,4AS/ / '  REFERENCE O R G A N  -- ' ,4A5//  
$'  NODE O F  I N T A K E  -- ' ,2AS// /  
$' T I N E  ( D A Y S )  RATE (RELIS/DAY) DOSE (REMS) ' / )  

C 
C I N I T I A L I Z E  BEFORE TABULATION LOOP.. . 
C 
C HSG WILL NORMALLY CONTAIN A BLANK CHARACTER, BUT nSG='*' 
C WILL SIGNAL POSSIBLE LOSS CF S I G N I F I C A N T  C I G I T S  I N  OUTPUT 
C DATA. H S G  U I L L  BE TYPED ON EACH L I N E  OF TABLE. 
C 
C ICODE = 1 AT END OF LOOP MEANS CONTINUE 
C = 2  HEANS EXIT.  
C 
C T GOES FRON THIN TO TLIAX I N  INCEEHENTS OF DELT. 
C 

MSG=IBLNK 
ICODE=l 
T-THIN 

C 
C ERC I S  RESET TO 0 EACH T I I I E  TEROUGH LOOP. ERC-1 I S  A FLAG SET 
C BY COHPUTATIONAL SUBROUTINES IF A POSSIBLE LOSS O F  S I G N I F I C A N T  D I G I T S  
C IS DETECTED. 
C 
31 ERC=O 
C 
C BEGIN LOOP.,. 
C CHOOSE COMPUTATIONAL SUBROUTINE ACCORDING TO LIODEL A N D  INTAKE 
C PATTERN. 
C 

311 GO TO ( 3 1 1 1 , 3 1 1 2 ) , 1 ~  
C 
C CALL SUBROUTINE FOR DISCRETE INTAKES, EXPONENTIAL LIODEL. 
C 
31 1 1 

C 
C CALL SUBROUTINE FOR CONTINUOUS INTAKES, EXPONENTIAL MODEL. 
C 
3 1 1 2 
C 
C I F  HODEL IS llIXED, S A V E  VALUES OF QSNAL A N D  QCAP PBCM EXEONENTIAL 
C SUBROUTINE A N D  CALL APPROPRIATE POWER FUNCTION SUBROUTINE. 
C 
314 GO TO ( 3 1 3 , 3 1 3 , 3 1 4 1 )  ,HODEL 
3 1 4  1 QS=QSLIAL 

312 GO TO ( 3 1 2 1 , 3 1 2 2 ) , 1 1 1  
C 

GO TO ( 3 1 1 , 3 1 2 , 3 1 1 )  ,MODEL 

CALL DIEX (T ,NCAP,TT, AB, LMBDA, II, K N U ,  BETA , QSIIAL , Q C  AP) 
GO TO 3 1 4  

CA LL C I  E X (T , A 0 A , C A , LHBD A , M , R NU , BETA , QS MAL , QC A P) 

QC=QCAP 
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C CALL SUBROUTINE FOR DISCRETE INTAKES. POWER FUNCTION. 
C 
312 1 CALL D I  P P  ( T  ,NC AP, T I  , A A  , LWBD A,N , ACAP, X , QSH AL, QCAP , EBC) 

GO TO 315 
C 
C CALL SUBROUTINE POR COHTINOOOS INTAKES, POAER FUNCTION. 
C 
3122 
315 GO TO ( 3 1 3 , 3 1 3 , 3 1 6 )  , HODEL 
C 
C FOR HIXED MODEL, COMPUTE COMBINATION OF EXPONENTIAL A N D  
C POWER PUNCTIOB CONTRIBUTIONS~ 
C 
316 QSHAL=K*QS + (1.-K) *QSHAL 

C 
C COBPUTE DOSE RATE (DRATE) A N D  DOSE (DOS). 
C 
3 13 DR ATE=BIFAC*QSHAL 

C 
C I F  POSSIBLE LOSS O F  S I G N I F I C A N T  D I G I T S  H A S  BEEN DETECTED, CHANGE 
C VALUE OF H S G  PROM BLANK TO ' * *  A N D  TYPE DRATE A N D  DOSE, LABELLED 
C BY MSG. 

CALL C I P F  (T,AOA,CA, LHBDA,N ,BCAP,X,QSHAL,QCAP,ERC) 

QCAP=K*QC + (1.-K) *QCAP 

DOS=BIFAC*QCAP 

C 
I F  (ERC. GT.0) MSG=ISTAR 
TYPE 516,T,DRATE,HSG,DOS,RSG 
FORHAT ( 516 

C 
C UE CONSIDER A TABULATION NORHAL I F  THE TABLE H A S  TU0  OR MORE L I N E S  
C A N D  DELT I S  POSITIVE.  BRANCH IF T H I S  TABULATION IS NOT NORMAL. 
C 

C 
C NORMAL CASE. INCREPIENT T A N D  TEST. 
C 

1 8 1 P E 1  0.3 , T 1 7  , 1 P E  11.4, A 1,T 33, l P E 1 1 . 4 ,  A 1 )  

IF( .NOT-  ( T H I N . L T . T f ¶ A X - A N D - D E L T . G T . O . ) )  GO TO 32 

T= T +DELT 
IP(T.LT.TlAX) GO TO 31 

C 
C INCREHENTED T GREATER TEAN OR EQUAL M THAX. I F  ICCDE=2 SIGNAL THAT 
C T H I S  IS LAST PASS, EXIT. OTEEEUISE, NEXT PASS U I L L  B E  LAST, SO 
C RESET ICODE=2, T=TMAX, A N D  BRANCH TO BEGINNING OF LOOP. 
C 

I F  (ICODE.EQ.2) GO TO 33 

T=THAX 
GO TO 3 1  

I C  OD E= 2 2 

C 
C ABIOBHAL CASE. 
C 
32 IP(THIN.EQ.TMAX) GO TO 33 
C 
C THIN IS L E S S  THAN TUAX. RESET 
C AROUND. MAKE DELT P O S I T I V E  S O  
C CASE. RESET T=TUAX A N D  RETURN 
C 

ICODE=2 
D E L P T H  AX-THIN 
T=TIAX 
GO TO 31 

C 

ICODE=2 TO SIGNAL LAST PASS NEXT TIME 
THAT NEXT PASS F I N I S H E S  AS NOBlAL 
TO BEGINNING OP LOOP. 

- 
C INPUT CODE ( IANS)  TO INDICATE USER OPTION... 
C 
C I A N S  = 1 FOR ADDITIONAL TABULATION 
C = 2 TO CHANGE INTAKE PATTERN 
C = 3 TO CHANGE RADIONUCLIDES 
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C = 4 TO BRANCH 'PO GRAPH PHASE 
C = 5 TO CALL EXIT 
C 
C TEST FOR ERRONEOUS VALUE. BRANCH TO APPROPRIATE OPTION. 
c 
33 TYPE 517 
517 FORMAT (///' TYPE'/ '  1-FOR MORE TABULATION'/' 2-TO CRANGE INTAKES'/ 

$' 3-TO CHANGE NUCLIDES' / '  4-POR GRAPH'/' 5-TO EXIT '/) 
ACCEPT 5 1 0 , I A N S  
I F  (IANS. GE. 1. A N D - I A N S .  LE.5) GO TO (19 1 , 1 7 0 , l  4,34) , IANS 
TYPE SO6 
GO TO 33 

34 CALL E X I T  
C 
C ****** GRAPH PHASE, 
C 
C INPUT H I N I N U M  TIME (THIN)  A N D  H A X I I J U H  TIME {THAX) FOR TIHE AXIS. 
C TEST F O R  ERRONEOUS VALUES. 
C 
4 TYPE 600 
600 PORNAT(/' ENTER M I N .  A N D  M A X ,  TIHES (DAYS) F O E  TIME AXIS ' /  

' / I  $' TnIN ' ,T14 , 'TMAX' / l  ---------- ---------- 
ACCEPT 5 05 ,Tn  I N  ,TMA X 
IF(THIN.GE.0.  .AND.TMAX.GT.TBIN) GO TO U 1  
TYPE SO6 
GO TO 4 

C 
C SET UP A N  A R R A Y  OF 4 1  CHARACTEBS A S  FOLLOWS... 
C 
c 
C 
C INDEXED FROM 1 TO 4 1  B E G I N N I N G  PITH '1'. 
C 
4 1  DO 4 2  I = 2 , 4 1  
4 2  I B A R ( 1 )  =RYPREA 

DO 43 1 = 1 1 , 4 1 , 1 0  
4 3  I B A R ( 1 )  = I P L U S  

IBAR ( 1 )  =ICRAR 
C 
C COHPUTE INCREHENT (DELT) TO GIVE GRAPH 4 1  ABSCISSAS. 
C 

C 
C B E G I N  DOSE CALCULATION LOOP. 
C 

I -------- + --------- + -------- + --------- + 

DEL% (TRAX-THIN) /40 .  

T=TUIA 
DO 4 4  I T I M E = 7 , 4 1  

C 
C BRANCH TO APPROPRIATE COMPUTATIONAL SUBROUTINE ACCOFiDING TO MODEL 
C A N D  PATTERN OF INTAKES. 
C 

711 GO TO ( 7 1 1 1 , 7 1 1 2 ) , 1 M  
C 

C 
71 11 

C 
C CALL SUBROUTINE FOR CINTINUOUS INTAKES, EXPONENTIAL IJODEL. 
C 
71 12  
C 
C IF MODEL I S  RIXEI), SAVE VALUE OF QCAP PROP! EXPONENTIAL SOEROUTIlE 
C A N D  CALL APPROPRIATE POYER PUNCTION SUBROUTINE. 
C 

GO TO ( 7 1 1 , 7 1 2 , 7 1 1 )  ,HODEL 

c c n u  SUBROUTINE FOR DISCRETE INTAKES, EXPONENTIAL HCDEL. 

CALL DIEY (T,NCAP,TI,  A A  e LHBDA ,M , KNU,  BETA, QSHAL, QCAP) 
GO TO 7 1 4  

CALL C I E X  (T, A OA,CA , LMBDA,M , K N U ,  BETA ,QSHaL, QCAP) 
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7 1 4  GO TO ( 7 1 3 , 7 1 3 , 7 1 4 1 )  ,MODEL 
7141 QC-QcAP 
712 GO TO ( 7 1 2 1 8 7 1 2 2 ) , I H  
C 
C CALL SOBROUTINE FOR DISCRETE INTAKES, POWER FUliCTION. 
C 
7 1 2  1 

C 
C CALL SUBROUTINE FOR CONTINOOOS INTAKES , POYER FUNCTION. 
C 
7122 CALL C I P P  (T,AOA,CA, L M B D A , N , A C A P , X , Q S R A L . Q C A P I E R C )  
715 GO TO ( 7 1 3 , 7 1 3 , 7 1 6 )  ,HODEL 
C 
C FOR UIXED MODEL, COMPOTE COHBIBATION O F  EXPONENTXAL A N D  POYEB 
C FUNCTION CONTROOBTIOWS. 
C 
716 QCAP=K*QC + (1 . -K)  *QCAP 
C 
C COMPUTE DOSE A N D  STORE I N  A R R A Y  ( D O S E ( I T 1 U E ) ) .  
C 
713 DOSE(IT1ME) =BIPAC*QCAP 

T=T+DELT 
44 CONXINUE 
C 
C I F  NO DOSE H A S  ACCUUULATED, TYPE ERROR UESSAGE A N D  EYPASS TYPING 
C GRAPH. 
C 

C 
C INPUT A R R A Y  OF ALPHAHERIC INFORMATION (CUUNTS ( 1 , J )  ,J=1,8, 1=1,3) 
C TO BE TYPED UNDER GRAPH AS 3 L I N E S  OF COUUENTARY. 
C 

608 FORHAT(' ENTER 3 L I N E S  OF CGHHENTARY TO APPEAR ON GRAPH'/ 

CALL D I  P F  (T , NC A P, T I  , A A , LU B D A , N , ACAP , X , QSU AL, QC A F , E RC) 
GO TO 715 

I P ( D O S E ( l ) . E Q . D O S E ( 4 1 ) )  GO TO 63 

TYPE 608 

8' (NOT TO EXCEED 4 0  CHAR. PER LINE)  '/ 
' / I  $ 1  --------------------______I___________ 

ACCEPT 609, ( ( C U H N T S ( 1 , J )  ,J=188) , I = l , 3 )  
609 POBUAT ( 8 A 5 )  
C 
C TYPE GRAPH T I T L E  IBPORHATION A N D  DOSE A X I S .  
C 

601 F O R H A T ( ' l ' , T l 7 , ' P L O T  OF RADIATION DOSE AGAINST TIME'/ 
TYPE 601, ( b l A H N ( I ) , I = 1 , 4 ) ,  (NAHCR(1) ,X=l ,U) 8 (AVENUE(IAV,I)  , I = 1 , 2 )  

'// ~ 1 7 ,  '----,,,,------------------------- $' '. 
$'  ' ,T17,'RADTONOCLIDE -- ' ,4A5/' ' ,T17 , 'REFERENCE ORGAN -- ' , 4 A 5 /  
$' ' ,T17 , ' INTAKE BY ',2A5//' ' ,T17, 'DOSE I N  REOS. . .  '/) 

DHIW=DOSE ( 1 )  
DHAX=DOSE (4 1 )  
DU EAN=O.  5* (DNIN+DUAX) 
TYPE 602 , D U I N  , DMEAN, DHAX,TIBE ( 1 )  ,THIN, ISTAE,  

$ I BOR D, I BOR D , I BORD , I EOR D 
6 0 2  PORnAT ( '  ' ,2X8 3 ( 1  l X ,  1 P E 9 - 2 )  /' ' # A t #  1PE13.3,1X,A 1.4 ( a s ) )  
C 
C COUPUTE NUBEER O F  SPACES PER REM OF DOSE (SPOWIT).  
C 

SP 0 NIT= 4 0 .  / ( D  MAX- D UI N) 
T=TMIA 

C 
C ENTER PLOTTING LOOP. 
C 

DO 61 I T I H E = 2 , 4 1  
T=T +DEL T 

C 
C COUPUTE NUNBER O F  ORDINATE SPACES NEEDED TO REPRESENT DOSE (HSP).  
C 

C. 
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N S P = l + I F I X  (0.5 t SPUNIT*  (DOSE(IT1HE)  -DRIN) ) 
C 
C HOVE POSITIONS 1 TO NSP OF A R R A Y  IBAR INTO A R R A Y  LIRE.  
C I F  NUHBER O F  L I N E  TO BE PRINTED I S  A RULTIPLE OF 10, BRANCH 
C TO LABEL ABSCISSA WITH CURRENT VALUE OF TIHE.  
C 

05 L I A E ( 1 )  = I B A R ( I )  

C 
C OTHERWISE PUT A N  ASTERISK I N  POSITION COBBESPONDING TO POIAT TO BE 
C PLOTTED A A D  TYPE LINE. CONTINUE LOOP. 
C 

DO 4 5  I=l,NSP 

I F  ( ( I T I R E - 1 )  /10*10. EQ. ( I T I H E - 1 )  ) GO TO 5 

L I N E  (NSP) =ISTAR 
TYPE 6 0 3 , T I M E  ( I T I N E )  , ( L I N E  ( I )  , I = I , N S P )  

G O  TO 61 
603 FORHAT(' ' , A 1 , 1 4 X 8 U l A 1 )  

C 
C R A K E  TICK H A R K  (HYPHEN) OR TIWE A X I S ,  PLACE ASTERISK IB P C S I T I O N  
C CORRESPONDING TO POINT TO BE PLOTTED, A N D  TYPE CURRENT TIME. 
C TYPE LINE. 
C 
5 L I N E  ( 1 )  =HYPHEN 

L I N E ( N S P )  =ISTAR 
TYPE 6 0 4  ,TIME ( I T I n E )  ,T, ( L I N E  ( I )  ,I=1, NSP) 

604 FORRAT(* ' , A I ,  1PE13 .3 ,1X841A1)  
61 CONTINUE 
C 
C TYPE CORHENTS POLLOHING GRAPH. . 
C 

605 FORHAT (//(I * ,T17 ,8A5)  ) 

C OFFER USER OPTION ACCORDING TO INPUT CODE NUHBER (IANS)..,  
C 
C TANS = 1 FOR HORE G R A P H S  
C = 2  FOR FURTHER TAEULATION 
C = 3 TO CHANGE INTAKE PATTERN 
C = 4  TO CHANGE RADIONUCLIDES 
C = s  TO CALL EXIT  
C 
C TEST I A N S  FOR ERRONEOUS VALUE A N D  BRANCH TO INDICATED O P T I O I -  
C 
62 TYPE 606 
606 PORMAT (' ITYPE ' /*  1-FOR MORE GRAPES*/* 2-FOR MORE TABULATION'/ 

3' 3-TO CHRNGE I N T A K E S * / *  4-TO CHANGE NUCLIDES' /*  5-TO EXIT*/ )  

TYPE 6 0 5 ,  ( ( C R H N T S ( 1 , J )  , J = 1 , @ ) # 1 = 1 , 3 )  

I G T  = 1 

ACCEPT 510,IANS 
I F  ( IANS,  GE. 1. AND. IANS-LE-  5 )  
TYPE 506 
GO TO 6 2  

GO TO ( 4  , 191 , 1 7 0 , 1 # 3 U )  , I A N S  

C 
C ERROR HESSAGE FOR SUPPRESSION CF G R A P H  I N  ABSENCE CP DOSE 
C ACCUHULATION. 
C 
63 TYPE 607 
607 PORMAT(//' ** ERROR CONDITION -- NO ACCUMULATED DOSE **I/ 

$ 1 ** GRAPH SUPPRESSED ***)  
GO TO 33 

C c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- c  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

*****e INDOS3 ****** 
AUTHORS... G. G. KILLOUGE 

EAST TENNESSEE STATE UNIVERSITY 
DEPARTMENT O F  HATHEBATICS A N D  

JOHNSON C I T Y ,  TENNESSEE 

PAUL S .  ROHWER 
ENVIRONHENTAL SCIENCES D I V I S I O N  
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OAK RIDGE, TENNESSEE 

D I V I S I O N  OF COHPUTER S C I E N C E  

****** H A I N  PROGRAM ****** 
INDOS3 COMPUTES BURDEN A N D  DOSE T O  A N  ORGAN AS FUNCTIONS 

O F  TIME, T H I S  DOSE RESULTS FROR DEPOSITION OF A S P E C I F I E D  
QUANTITY OF A N Y  ONE OF SEVERAL RADIONUCLIDES I N  THE ORGAN, A N D  
THE ORGAN I S  THE ONE W H I C H  I S  GEGARDED AS C R I T I C A L  FOR THE 
RADIONUCLIDE SELECTED. COMPUTATIONALLY, INDOS3 IS  IDENTICAL TO 
INDOSZ, A N D  THESE CODES ACCESS THE SAUE DIRECT-ACCESS P I L E S .  
THE CODES DIFFER ONLY I N  THE FORM O F  OUTPUT, I N D O S 3  PROVIDES 
PIJNCHED-CARD OUTPUT HHICH CAN SERVE A S  INPUT TO OTEER CODES 
SUCE AS GRAPEICAL PROGRAMS, EXPLANATORY COHRENTS ARE INCLUOED ONLY 
AT POINTS UHERE INDOS3 D I P P E R S  SUBSTANTIALLY PROH INDOSZ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE DIUENSION OF A R R A Y S  K N U ,  TB, AND BETA L I H I T S  THE NUNBER OF 
TERMS I N  A N  EXPONENTIAL MODEL. INCBEASING T H I S  BEYOND 9 GEQUIRES 
CHANGING CERTAIN OUTPUT FORMATS. 

REAL LHBDB8LOG2,NASS , N ,  K , K N U  (9) 
INTEGER ERC 

THE DIRENSION OF ARRAYS T I ,  A I ,  AND A A  L I R I T S  THE RUPlBER OF 
DISCRETE INTAKES. INCREASING T H I S  EEYOND 99 REQUIRES CHANGING 
CERTAIN OUTPUT FORMATS. 

ARRAY INCBAR I S  USED FOR 3 5  CHARACTERS WHICH UOULD SERVE AS A GRAPA 
T I T L E ,  T H I S  DInENSION COULD EE INCREASED TO 80 I F  THE APEROERIATE 
STATEHEBTS WERE CHANGED. A R R A Y S  DOSE, BURDEN, A N D  TIME HAVE BEEN 
ARBITRARILY DIHENSIONED 501, T H I S  IS THE PIAXIMUM NUMBER OF CATA 
CARDS THAT U I L L  BE PUNCHED ON A GIVEN PASS, THIS GINENSION CAN BE 
INCREASED IF THE APPROPRIATE STATEMENTS ARE MODIFIED, 

THE A R R A Y S  N A U N ,  N n n c R ,  A N D  A V E N U E  RRE OF CRITICAL SIZE A N D  SHOULD 
BOT BE REDIHENSIONED. 

DIMENSION T B ( 9 )  ,BETA (9) ,NA#N(4)  ,NAMCR(4) , 
T I ( 5 0 )  , A I  (50) , A A  (50) 

8 AVENUE(2,Z) , 
$ 

DIHENSION INCHAR(35)  , D O S E ( 5 0 1 )  ,BUBDEN(501) , T I H E ( 5 0 1 )  
DATA AVENUE/*INCES*,'INHAL*,'TION ' , 'ATION*/ ,  

3 IPUNCH/7/ 
LOGZ=ALOG ( 2 . 0 )  
TYPE 500 

500 PORHAT ( *  IREFERENCE ORGAN RADIATION DOSE CALCULATION*/ 
* // $ *  ........................................ 

8' PUNCHED CARD OUTPUT POB CRT GEAPEICS' / / )  
C INPUT A N  INTEGER CODE NUHBER (NCODE) T O  SELECT THE CESIRED RADIO- 
C NUCLIDE FOR CALCULATION. 
1 TYPE 501 
501 FORHAT(* ENTER CODE NO, OF  NUCLIDE. * / )  
C 
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ACCEPT 502,NCODE 
502 FORMAT ( I )  
C 
C 
C S P E C I F Y  TWO DIRECT-ACCESS DATA PILES., . 
C 
C *** 1NDEX.DAT *** 
C 
C *** NUCPAR.DAT *** 

CALL DEFINE P I L E  (1,15,INDX, 'INDEX. DAT', 0.0) 
CALL DEFINE F I L E  (2,10,flAIN,'NUCPARIDAT',0,0) 

111 INDX=l 
11 READ (1  INDX, 5025. ERR=12, EN D=13) NCO, EAIN 
5025 PORNAT (15,110) 

12 TYPE 503 
503 FORMAT(//* A DISK 1-0 ERROR H A S  OCCURRED. TYPE ' /  

I F  (NCO-NCODE) 11 ,14 ,11  

$ I  1-TO TRY AGAIN*/* 2-TO TRY A DIFFERENT NOCLZDE'/ 
8' 3-TO CALL E X I T ' / )  

ACCEPT 502,IANS 
IF(IANS.GE.1.AND.IANS.LE.3) GO TO (111,1,34) , I A N S  
TYPE 506 

SO6 PORNAT('  ?? INPUT ERROR ?? TRY AGAIN.'/) 
GO TO 1 2  

13 TYPE 504 
504 FORHAT(//* THERE I S  NO SUCH CODE NO. I N  THE PILE, ' /  

$ *  TRY ANOTHER.'/) 
GO TO 1 

14 READ(2'HAIN,5051,ERR=15) (NAEN(1) , I = 1 , 4 )  , (NAFICR (I) , I=1 ,4 )  , 
5051 fORNAT(4(2AS/ )  , 5 ( P 1 0 . 0 / )  ,110)  
505 PORNAT (3P) 

$ THALP,EPSLN,MASS,PW,FA,flODEL 

B I  PAC=5 1 . 2*EPSL N/ClASS 
CNBDA=LOGZ/TH AL P 
GO TO ( 1 6 1 , 1 6 2 , 1 6 )  ,!lODEL 

15 TYPE 507 
507 PORNAT(/ /*  A FATAL DISK 1-0 E R R O R  H A S  O C C U R R E D . ' /  

$'  RETURN TO START OF PROGRAfl'/) 
GO TO 1 

16 READ(2*HAIN, 508 ,ERR=15)  K 
508 FORHAT(P10.0) 
161 BEAD(2'NAIN,5099,ERR=l5) a, (KNU (NU) ,TB(NU) ,NU=l,M) 
5099 FORMAT(I10 / (F10 .0 ) )  

DO 163 N U = l , N  
163 BETA (NU) =LOGZ/PB ( N U )  

162 READ(2'  HAIN,508,EBR=15) N, X,ACAP 
170 TYPE SO80 
5080 FORBAT(' MODE OF INTAKE... */ '  TYPE'/* 1-POR INGESTION' / '  Z-POR I N H  

IT (HODEL-1) 162,170,162 

$ALATION I / )  

, IP(IAV.EQ.l.OR.IAV.EQ.2) GO TO ( 1 7 0 1 , 1 7 0 2 )  . I A V  
ACCEPT 502,IAV 

TYPE 506 
GO TO 170 

1701 PP=FW 
GO TO 171 

1702 FP=PA 
171 TYPE 5081 
5081 FORMAT( ' TYPE'/ '  1-FOR DISCEETE INTAKES'/ '  2 - P O R  CONTINUOUS INTAKE 

$ AT CONSTANT BATE'/) 
ACCEPT 510,IH 
IP(IH.EQ.l.OR.Ifl.EQ.2) GO TC (17,192) ,IFI 
TYPE 506 
GO TO 171 

17 TYPE 509 
509 FORHAT ( *  8061 M A N Y  DISCRETE INTAKES? (1 TO 50) I / )  
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ACCEPT 510,NCAP 

IP(NCAP.LE.2O.AND.NCAP.GE. 1 )  GO TO 18 
TYPE 506 
GO TO 17 

18 TYPE 511,NCAP 
511 FORHAT(' ENTER THE ' , I 2 , '  T I H E S  (DAYS) A N D  THE' /  

5 10 PORHAT (I)  

$'  CORRESPONDING INTAKES (NICEOCORIES) '/ 
/ I  $ 1  ---------- --------- 1 

DO 19 I = l , N C A P  

I F ( T I ( 1 )  .GE.O..AND.AI(I).GT.O.) G O  TO 1 8 2  
TYPE 5 0 5  
TYPE 5111 

GO TO 181 
182 AB ( I )  =PF*AX (I) 
19 CONTINUE 

192 TYPE 5091 
5091 FORUAT ( *  ENTER'/' I N I T I A L  BODY BURDEN INTAKE RATE'/ 

181 ACCEPT 5 0 5 , T I  ( I )  , A I  ( I )  

A 51 11 PO BnAT ( 1 ---------- ---------- 1 

GO TO 2 0 0 1  

8' 9 ,T7,' (HICRO-CI) 1 , T 2 5 , '  (MICRO-CI/DAY) I/' ' .T7 ,  '---------' , 
~~27,i---------- ' /I  

ACCEPT 505,AO ,C 
I F  (BO-GE. 0. .AND.C. GE.0.) GO TO 190 
TYPE 506 
GO TO 1 9 2  

190 AOA=FP*AO 
CA=PF*C 

2001 CONTINUE 
2 0  TYPE 513 
513 FORMAT(' TYPE 1-FOR INPUT S U N H A B Y ' / '  ' , T 7 , ' 2 - T O  SUPPRESS ' / )  

ACCEPT 510 , INSUM 
IF(INSUM.NE.1) GO TO 3 0 1  
TYPE 5 1 3 0  

5130 FORHAT(/// '  S U H H A R Y  OF INPUTS ' )  
GO TO ( 2 0 1 , 2 0 2 , 2 0 3 )  ,MODEL 

201 TYPE 5131 

GO TO 2 0 4  
2 0 2  TYPE 5132 

GO TO 2 0 4  
203 TYPE 5133 

2 0 4  TYPE 51U, (HANN(1) , 1 = 1 , 4 ) ,  (FIAHCR(1) , 1 = 1 , 4 )  .THALF,LHBDA,EPSLH, 

5131 FORHAT(' EXPONENTIAL HODEL'/ '  ---------- ----- ' A  

5132 FOBHAT ( *  POWER FUNCTION HODEL'/' ----- ------- ---- * A 

5133 POBRAT('  MIXED NODEL'/' ----- ----- ' / I  

$ 

$' ORADIOACTIVE HALF-LIFE'  ,T 3 1 , 1 PE 10.3 , 
S'ORADIOACTIVE DECAY R A T E ' , T 3 1 , 1 P E 1 0 . 3 , '  PER D A Y ' /  
$'OEFP.  A E S O R B E D  ENERGY',T31,1PE10.3, '  REV*/'OHASS OF REFERENCE O R G  
$ A H t , T 3 1 1 1 P E 1 0 . 3 , 1  G'/ 'OBIOLOGICAL CONV. FACTOR' , T 3 1 , 1 P E 1 0 . 3 , '  R E M  
$/HICBOCURIE-DAY*/'ORODE OF I N T A K E 1 , T 3 1 , 2 A 5 / ' O U P P B K E  PRACTIOU', 

MASS,BIFAC. (AVENUE (IAV.1) , I = 1 , 2 )  8PP 

DAYS'/ 
5 1 4  F O R H A T ( ~ O R A D I O N U C L I D E ' . T 3 1 , 4 A 5 / ~ O R E F E R E N C E  ORGRN' ,T3 l84A5/  

$ T 3 1 #  1 PE1O. 3 )  
GO TO ( 2 0 5 , 2 0 6 , 2 0 5 )  , U O D E L  

205 TYPE 5134 , (NU8KNU(NU)  ,TB(NU),BETA(NU) ,NU=l,M) 
5 1 3 4  FORflAT ( / 'OPARAIETERS ASSOCIATED YITH EXPONENTIAL TERMS.. . I// 

8' , T 5 , ' C O E P P I C I E N T S ' , T 1 9 ,  'EXCRETORY' ,T32, 'EXCBETION'/  
8' ' , T 1 9 ,  'HALF-LIVES' , T 3 4 , ' R A T E S 1 / / ( '  ' , 1 l 8 2 X 8  1 P E 1 0 . 3 ,  
$ 2 ( 3 X , 1 P E 1 0 . 3 )  ) )  

GO TO ( 2 0 7 , 2 0 6 , 2 0 6 )  , MODEL 
206 TYPE 5135,N,X,ACAP 
5135 FORLlAT(/'OPOUER FUNCTION PARAHETERS...'/ 

$'ON ' , T l l , l P E l  0.3/* OX' , T l l  , l P E l O . 3 / '  OCAP. A '  ,T 11 , l P E 1 0 . 3 / )  
207 GO TO ( 2 1 , 2 2 ) , 1 1 4  
2 1  TYPE 5 1 4 1 .  ( T I  (I) . A I  ( I )  .AB ( I)  . I= l ,NCAP)  
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5 1 4 1  FORHAT(/*ODISCRETE T I H E S  A N D  INTAKES... ' / ' O T I I E  (DAYS) ' ,T16, 'TOTAL 
$ I#TAKE' ,T35,  'UPTAKE'/' ' , ' I19 , 'TO B O D Y ' /  
$ @  ' , T l h , '  (BICROCURIES) ' , T 3 2 , '  (HICROCURIES) ' //(I ' , 1PE10.3 ,T17,  
8 1 P E  11 .4 ,  T 3 3 , l  P E  11.4) ) 

2 2  TYPE S142,AO,AOA,C,CA 
5 1 4 2  FORYAT('OINIT1AL BURDENS... '/'OINTAKE',T31,1PE10.3, ' MICROCURIES'/ 

GO TO 301 

$ 'OUPTAKE' ,T31,1PE10.3,  MIC~OCURIES~//~OCONSTANT RATES.. .'/ 
$I OINTAKE RATE' ,T3111PE10.3 ,  HICROC URIES/DAY'/' OUPTAKE RATE' , T 3 1 ,  
8 1 P E 1 0 . 3 ,  flICROCURXES/DAY' ) 

301 CONTINUE 
C 
C ACCEPT H I N I I Y U B  A N D  H A X I H U U  T I H E  VALUES (THIN, TUAX) FOR PUNCHED-CARD 
C DATA. TEST FOR ERRONEOUS VALUES. 
C 
4 TYPE 600 
600 FORHAT(/' ENTER F i I N .  A N D  I A X .  TIHES (DAYS) FOR T I H E  A X I S ' /  

/) $ 1  THIN1 ,T  1 4 ,  I TIAX I/ I ---------- -,----,-,-I 

ACCEPT 505,THIN,THAX 
IF(THIN.GE.0. .AND.Tl!AX.GT.PMIN) GO TO 4 1  
TYPE 506 
GO TO 4 

C 
C INPUT NUHBER (NCARD) OF DATA CARDS TO EE PUNCHED FOR TEE INTERVAL 
C TIJIN,TIYAX, TEST FOR INCORRECT VALUE. IF NCARD EXCEEDS 501, RESET 
C VALUE TO 501. 
C 
4 1  TYPE 6 0 1  
601 P O R I A T ( '  HOW M A N Y  DATA POINTS DO YOU YANT PLOTTEE?*/ 

$I M I N .  I S  11, HAX.  I S  S o l ' / )  
ACCEPT 502, NCARD 
IF (NCARD. LT. 1 1 )  NCARD=11 
I F  (NCARD. GT.50 1 )  NCARD=501 

C 
C INPUT UP TO 35 CHARACTERS TO E E  PUNCHED INTO A CARD. T H I S  C A N  SERVE 
C AS GRAPH T I T L E  I F  CARDS A R E  U S E D  AS INPUT TO A PLOTTING PROGEAR. 
C 

6 0 2  FORHAT(' ENTER T I T L E  FOR GRAPH ( 1  L I N E ,  35 CHAR. O R  L E S S ,  DO NOT U 
TYPE 6 0 2  

' / I  5s E $) I / 1 
---- - ----- ------ - - --- -- --- ------- -- 

ACCEPT 6 0 3 ,  (INCHAR ( I )  ,I=l, 35) 
603 PORRAT ( 8 O A l )  
C 
C G I V E  RESUHE OF GRAPH T I T L E  CEARACTERS, WCARD, T H I N ,  TNAX, ALLOW 
C USER TO R E V I S E  THESE XP HE YISEES.  
C 

6 0 4  FORNAT('OY0U HAVE SPECIFIED... '/'OGRAPH T I T L E ' / '  ,35A1/ 
TYPE 6 0 4 ,  ( IRCHAR(1) , I = 1 , 3 5 )  ,ACABD,THIN,T?lAX 

S'ONO. OF  CARDS -- * , I ~ / * O T I R E  R A N G E  P R a n  1, I P E I O , ~ , . '  TO ' , l P E 1 0 . 3 /  
$/' TYPE'/ '  1 - I F  THESE INPUTS A R E  CORRECT'/ '  2-TC REVISE T B E R ' / )  

ACCEPT 5 0 2 , I A N S  
I P ( I A I S . N E . 1 )  GO TO 4 

C 
C CONPUTE TIHE INCREUENT (DELT) . 
C 

C 
C COMPUTE DOSE ( D O S E ( I T 1 f l E ) )  A N C  ORGAN B U R D E N  (BURDEN ( I T I H E ) )  . 
C 

DELT= (TH AX-TMIN) /FLOAT (NCA RD-  1 ) 

T=THI N 
DO 4 4  ITIHE=l ,NCARD 
GO TO ( 7 1 1 , 7 1 2 , 7 1 1 )  ,flODEL 

CALL DIEX (T,NCAP, T I ,  AB, LIJBDA, I, U N O ,  BETA, QSHAL, QC AP) 
GO TO 7 1 4  

711 GO 'PO ( 7 1 i i , 7 1 1 2 ) , 1 n  
7 11 1 

7112 CALL C I E X  (T,AOA,CA,LHBDA,R ,KNU,BETA,QSNAL,QCAP) 
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7 1 4  GO TO ( 7 1 3 , 7 1 3 , 7 1 4 1 )  ,HODEL 
7 1 4 1  QC=QCAP 

QS= QSn AL 
712 GO TO ( 7 1 2 1 , 7 1 2 2 ) # 1 ! !  
7121 CALL D I P P  (T,NCAP8TI,AA8 L H B D A , N ,  ACAP, X, QSHAL, QCAP, ERC) 

7122 
715 GO TO ( 7 1 3 , 7 1 3 , 7 1 6 )  ,HODEL 
7 1 6  QCAP=K*QC + ( l , -K)*QCAP 

QSHAL=K*QS + ( 1  .-IC) *QSHAL 
713 DOSE(IT1HE)  =BIPAC*QCAP 

BURDEN ( I T I H E )  =QSHAL 
TIME ( I T I H E )  =T 
T=T+DELT 

4 4  CONTINUE 
C 
C I F  NO DOSE H A S  ACCUHULATED, BRANCH TO TYPE ERROR MESSAGE A N D  
C SUPPRESS PUNCHIIG. 
C 

C 
C PUNCH CARD F I L E  I N  POLLCWING PORHATS,.. 
C 
C F I R S T  CARD -- UP TO 35-CHARACTER T I T L E  FOR DATA SET 
C SECOND CARD -- VALUE O F  NCARC ( 1 3 )  
C EACE REMAINING CARD -- TIME, DOSE, BURDEN ( 3 ( l P E 1 0 . 3 ) )  
C 

GO TO 715 
CALL C I P P  (T,AOA.CA, LMBDA,N , A C A P 8 X 8 Q S ~ A L 8 P C A P 8 E R C )  

I F ( D O S E ( 1 )  .EQ.DOSE(NCARD)) GO TO 63 

WRITE (IPUNCR, 6 0 3 )  INCHAR 
WRITE (IPUNCH, 6 0 6 )  

606 F O R H A T ( I 3 / ( 3  ( l P E 1 0 . 3 ) ) )  
C 
C INPUT A VALUE ( I A I S )  TO INDICATE USER OPTION... 
C 
C I A N S  = 1 TO CHANGE PUNCHING S P E C I F I C A T I O N S  
C = 2 TO CHANGE INTAKE FATTERNS 
C = 3 TO CHANGE RADIONUCLIDES 
C = 4 TO CALL E X I T  
C 
C TEST FOR ERRONEOUS VALUE A N D  ERANCH ACCORDING TO VALUE OF IAIS. 
C 
62 TYPE 605 
605 PORNAT(' TYPE ' /*  1-TO CBANGE TIHB L I H I T S ,  TITLE, OR NO. CF DATA PO 

$ I N T S ' / '  2-TO CHANGE INTAKES'/ '  3-TO C H A N G E  NUCLICES*/ '  4-TO E X I T ' /  

#CARD, ( T I R E (  I )  ,DOSE ( I )  , B U R D E N  (I) I=l ,#CARD) 

$1 
ACCEPT 50 2, I A N S  

TYPE 506 
GO TO 62 

34 CALL E X I T  
63 TYPE 6 0 7  
607 FORHAT(//' ** ERROR CONDITION -- NO ACCUHULATED COSE **I/ 

IP(IANS.GE.l.AND.IANS.LEo4) GO TO ( 4 , 1 7 0 , 1 , 3 4 )  n I A N S  

$ ' ** GRAPH SUPPRESSED **I) 

GO TO 62 
C 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E N D  
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SUBROUTINE CIEX ( T , A , C , L U B D A , ~ ,  K N U , B E T A , Q S H A L , Q C A E )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * AUTHORS... G. 6. KILLOUGH * .  
c *  EAST TENNESSEE STATE UNIVERSITY * 
c *  DEPARTNBNT OF MATHKHATICS A N D  * 
c *  D I V I S I O N  OF COMPUTER SCIENCE * 
c *  JOHNSON CITY,  TENNESSEE * 
c +  * 
c *  PAUL S. ROAWER * 
c *  ENVIRONHENTAL SCIENCES D I V I S I O N  * 
c *  OAK RIDGE NATIONAL LABORATORY * 
c *  OAK R I D G E ,  TENNESSEE * 
c *  * 
c *  * 
C * C I E X  STANDS FOR CONTINUOUS INTAKE, EXPONENTIAL HODEL. 
c *  * 
C * INPUT ?ARAUETERS ARE... * 
c *  * 
C * T.......*....TIHE (DAYS) * 
c *  * 
C * A....-.-.*..oINITIAL BURDEN (UICROCURIES) O F  O R G A N  * 
c *  * 
C * C.........-..RATE (BICROCURIES/DAY) OF DEPOSITION OF * 
c *  RADIONUCLIDE INTO ORGAN * 
c *  
C * LHBDA~....~..RADIOACTIVl? DECAY RATE (FRBCTION/DAY) OF * 
c *  RADIONUCLIDE * 
c *  * 
C * Uo.-.....-...SIZE OF A R R A Y S  K N U ,  BETA * 
c *  * 
C * KNU..........ARRAY O F  U PRACTIONAL COEFFICIENTS GOVERNING TRE * 
c *  DISTRIBUTION OF THE RADIONUCLIDE EBTERING T E E  BODY * 
c *  TO THE VARIOUS COHPARTHENTS * 
c *  * 
c * BETA.. .... .. . A R R A Y  OF n EXCRETION RATES (PRACTICI/DAY) , EACH * 
c *  RATE BEING ASSOCIATED UITH A CO!!iPAEIUEAT OF THE * 
c *  HODEL * 
c *  * 
c *  * 
C * OUTPUT PARAUETERS,.. * 
c *  . * 
C * QSI lAL. . -~ - -~ .BURDEN (8ICROCURIES)  O F  THE ORGAN AT T I H E  T * 
c *  * 
C * QCAP.........CUHULATXVE BURDEN (HICROCURIE-DAYS) OF THE O R G A N  * 
c *  AT T I H E  T * 
c *  * 
c *  * 
C * SUBROUTINE CIEX EVALUATES EQS. (2.40) A N D  (2.41) * 
c *  * 
c *  * 
C * SUBROUTINES CALLED... * 
c *  * 
C * NONE * 
c +  * 
c * *********** ***** ******* *** *** * t ** ******** ********+ * ***** ** ****** **** 

BEAL LMBDA,KNU (H) 
DIWENSION BETA (a) 

C 
C COHPUTE EHLT = EXP(-LUBDA*T) IP LHBDA*T IS LESS TRAN O R  75. 
C 
C = 0. OTB E R YIS E (U ND E RPLOY ) 
C 

U-LHB D A * T 
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IF(U.GT.75.)  GO TO 10 
EMLT=EXP (-U) 
GO TO 11 

10 EMLT=O.O 
11 TEMPK=l.O 
C 
C I N I T I A L I Z E  FOR SUtlHAT1ONo.o 
C 

snnl=o.  o 
SUM2=0.0 
SUH3=0.0 
SUMU=O.  0 

C 
C COtlPUTE SUBS, N U = l , H  
C 

DO 2 NU=l ,#  
RATE=LMBCA+BETA (NU) 
V=BETA (NU) *T 

C 
C COMPUTE TERHl  = KNlJ(NU)*EXP(-BETA(NU) *T) I F  BETA (NU)*T IS LESS 
C THAN O R  = 75. 
C 
C = 0. OTHERYIS E (UND EB F LOU) 
C 

IF(V.GT.75.)  GO TO 2 1  
TEBHl=KNU (NU) *EXP(-V) 
GO TO 22 

2 1  TERM1=0.0 
22 TERU3=KNU (NU) /RATE 
C 
C I N  THE POLLOPING SEQUENCE, TERM2 A N D  TERM4 DEEEND (38 THE QUANTITY 
C 1. - EXP(-RATE*T). TO A V O I D  UNDERFLOW A N D  POSSIBLE CANCELLATIOA OF 
C S I G N I F I C A N T  U I G I T S ,  T H I S  QUANTITY IS CALCULATED AS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

231 

2 32 

23  

C 

TEUC = 1. 

= Y + Y**3/6. - U**2/2. 

= 1. - EXP(-RATE*T) 

Y=R ATE* T 
IP(W.GT.17.0) GO TO 2 3 1  
IP(W.LE.O.07) GO TO 2 3 2  
GO TO 2 3  
TERM2=TERM3 
TE R MU=T E RH2/R  AT E 
GO TO 2 4  
TEtlP=II+W**3/6.0-1**2/2.0 
TERM2=TER?l3*TEHP 
TERPM=TE B B 2 / R  AT E 
GO M 2 4  
TEHP=l.O-EXP ( - a )  
T E R M2=T E R t13 *T ECIP 
TE RUU=TEBM2/R ATE 

C ACCUHULATE TERtlS INTO SUMS... 
C 
2 4  TEMPK=TEMPK-KNU (NU) 

SUtll=SOM l + T E R U l  
SUM 2= S U M 2 *T ER PI 2 
SU fl3= SO U 3 +T ER U 3 
SUtlI)=SUH4 tTERM4 

2 CONTINUE 

I F  RATE*T EXCEEDS 75. 
(UNDEBFLC?U CASE) 

I F  Y (= EATE*T) IS L E S S  
THAN OR = 0 . 0 1  (LCSS O F  
S I G N I F I C A N T  D I G I T S  CASE) 

OT BE B Y 1  SE 
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C 
C THE QUANTITY 1 .  - EX!?(-LMBDA*T) I S  COUPUTED UITH 
C SIMILAR TO THOSE OUTLINED I N  A PRBVIOUS COMMENT 
C 

IF(U.GT.17.0) GO TO 41 
I P ( U . L E . O . 0 1 )  GO TO 4 2  
GO TO 43  

GO TO 4 4  

GO TO 4 4  

4 1  TEMPE=I.O 

42 TEMPE=U t 0**3/6.0 - 0**2/2.0 

43 TERPE=1.0 - EXP(-U)  
44 TKEL=TEPlPK*TEUPE/LflBDA 
C 
C COUPUTE QSMAL A N D  QCAP. 
C 

QSHAL=A*EMLT* (TERPR + SfJf41) + C*fTKEL + SUPlz) 

CO IS IDER AT IONS 

QCAP = A*(TREL + SUf l2 )  + C*((!l!EflPK/LUBDA t SUN3)+T 

RETURN 
END 

1 - TREL/LHBDA - SUMU) 



SUBROUTINE C I P F  (T.AO,C, LMBDA,N, ACAP. X,QSMAL,QCAE ,ERCOD) 
c ****************************+)+****************************************** 
C * AUTHORS.., G. G. KILLOUGH * 
c *  EAST TENNESSEE STATE UNIVERSITY * 
c *  CEPARTMENT OF NATHEMATICS A N D  * 
c *  D I V I S I O N  OF COMPUTER S C I E N C E  * 
c *  JOHNSON CITY.  TENNESSEE * 
c *  * 
c *  PAUL S. ROHWER * 
c *  E N V I  RONMENTAL SCIENCES D I V I S I O N  * 
c *  CAR RIDGE NATIONAL LABORATORY * 
c *  OAK RIDGE, TENNESSEE * 
c *  * 
c *  * 
C * C I P F  STANDS FOR CONTINUOUS INTAKE, POWER FUNCTION UODEL. * 
c *  * 
C * INPUT PARAMZTERSooo * 
c *  * 
C * T.....o.o...*TIRE (DAYS) * 
c *  * 
C * AO.....--..o.INITIAL BURDEN (MICROCURIES) I N  ORGAN * 
c *  * 
C * C. 0. 0 - m . 0  RATE (NICROCURIES/DAY) O F  DEPOSITICN OF * 
c *  RADIONUCLIDE INTO ORGAN * 
c *  * 
C * LfiBDA.. ...... RADIOACTIVE DECAY RATE (FRACTION/DAP) OF * 
c *  RADIONUCLIDE * 
c *  * 
C * N (REAL) ,  * 
C * ACAP. X. - 0 .  POWER FUNCTION PARAMETERS FOR EXCRETION-RATE * 
c *  MODEL * 
c *  * 
c *  E (T)  = N/ (T+X) *QSMAL ( T )  . . . * 
c *  * 
c *  ACAP IS A DISTRIBUTION FACTOR BETREEN COMFABTHENTS * 
c *  * 
c *  * 
C * OUTPUT PARAUETERS... * 
c *  * 
C * QSHAL........BURDEN (MICROCURIES) OF THE ORGAN AT T I N E  T * 
c *  * 
C * QCAP.....o...CUBULATIVE BURDEN (HICEOCURIE-DBYS) OP TAE O R G A N  * 
c *  AT T I f l E  T * 
c *  * 
C * ERCOD........INTEGER FLAG RELAYED TO CALLING PROGRAR PROM * 
c *  SUBROUTINE IBTEG, ERCOD=l BEANS A POSSIBLE LOSS * 
c *  OF ACCURACY I N  INTEGRATTON PROCESS * 
c *  * 
c *  * 
c *  * 
c *  * 
C * SUBROUTINES CALLED... 0: 

c *  * 
c *  * 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C * SUBROUTINE C I P P  EVALUATES EQS. (2.42) A N D  (2.43) * 

C * fNTEG........EVALUATES THE INTEGRAL OF EXP(-U)*U**(-N) D U  * 

INTEGER EBCOD 

EBCOD=O 
XL=Lf¶BDA*X 

REAL NtLNBDA 

C 
C COIPUTE EXP (-LflBDA*T) A N D  1.-EXP (-LMBDB*T) UITH SAME R E G A R D  FOR 
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C UNDERFLOW A N D  CANCELLATION O F  S I G N I F I C A N T  D I G I T S  AS I N  PREVICUS 
C SUBROUTINES CIEX A N D  DIEX. 
C 

1 

2 
3 

31 

32 
3 3  

U= L HB DA * T 
EL T=O . 
I F  ( U . L E . 7 5 , )  ELT=EXP(-U) 
IF (U. LE. 17..AND.U.GE.O,01) 
IF(U.GT. 17.) TEI¶PE=1.0 
IF(U-LT.O.01)  TEnPE=U+U**3/6.-0**2/2. 

ONAXN=O. 
GO TO 3 
ONAXN=l .-ACAP*X** (-N) 

PNT=PNT*EXP (XL)  /LHBDA** (1. -N) 
PACT=ONAXN*TEnPE/LHBDA + ACAP*PNT 
I F ( T + X )  3 1 , 3 2 , 3 1  
QSNAL=AO*ELT* (ONAXN+ACAP* (T+X) ** (-a) ) +C*PACT 
GO TO 33 
QSEIAL=AO 
QCAP= A0 *PACT+ C* (ON A X N *  (T-T E NPE/LBBD A) /LU BD A 

IEnPE=l . -EXP (-U) 

I F ( X )  1 * 1 * 2  

CALL INTEG (XL ,XL+U, NIPNT, ERCOD) 

8 +ACAP* ((T+X- ( I  .-N) /LNBDA) *FNT- (X** (1.-#)-ELT* (X+T) ** ( l . - N )  
B)/LFIBDA) ) 

RETURN 1 

END 

\ 
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SUBROUTINE DTEX (T, N I T I I  A I ,  L H E D A , H , K N U , B E T A , Q S f l A L , Q C A P )  
c *********************************************~*******#*********** 
C . AUTHORS... G. G. RILLOUGH * 
c *  EAST TENNESSEE STATE UNIVERSITY * 
c *  DEPARTHENT O F  NATHEHATICS A N D  * 
c *  D I V I S I O N  OF COMPUTER SCIENCE * 
c *  JOBNSON CITY,  TENNESSEE * 
c *  * 
c *  PAUL S. BORRER * 
c *  ENVTRONHENTAL S C I E N C E S  D I V I S I O N  * 
c *  OAK RIDGE NATIONAL LABORATORY *** 
c *  OAK RIDGE, TENNESSEE * 
c *  
c *  
C * DIEX STANDS FOR DISCRETE INTAKES, EXPONENTIAL RUDEL. * 
c *  * 
C * INPUT PARARETERS,,. * 

* * 

c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  

* 
T.. * .......... T I H E  ( D A Y S )  

N, NURBER OF INTAKES 
* * * ........... 

TI.-.....-...ARRAY OF N T I H E S  (DAYS) AT WHICH INTAKES CCCUR * * 
AT..... ...... ARRAY O F  N CONTRIBUTIONS TO BURDEN (MICROCUBIES) OF * 

ORGAN DUE TO INTAKES AT RESPECTIVE T I R E S  T I  

L R B D A . . . , . . , . R A D I O A C T I V E  DECAY RATE (PRACTIOW/DAY) OP 
RADIONUCLIDE 

\ 

H.,.......-o.SIZE O F  ARRAYS. K N U ,  BETA 

KNU..........REAL ARRAY OF M FRACTIONAL C O E F F I C I E N T S  GOVEBNING 
THE DISTRIBUTION OF T B E  RADIONUCLIDE ENTERING THE 
BODY TO THE VARIOUS COIYPARTHENTS 

BETA...,.....ARRAY OF H EXCRETION RATES (FRACTION/DAY) . EBCB 
RATE BEING ASSOCIATED WIT0  A COHPASIRENT 09 'THE 
HODEL 

C . OUTPUT PARAHETERS... 
c *  
C . QSHAL........BURDEN (HICROCURIES) OF THE ORGAN AT TIHE T 
c *  
C . QCAP......,,.CURULATIVE BURDEN (flICROCURIE-DAYS) OP THE ORGAN 
c *  AT T I U E  T 
c *  
c *  
C * SUBROUTINE DIEX EVALUATES EQS- (2.28) A N D  ( 2 . 2 9 )  
c *  
c *  
C . SUBROUTINES CALLED... 
c *  
C * NONE 
c *  

* * * 
* 
* * * 
* 
* * * * 
* 
* * 
* * 
* * * 
* 
* * 
* 
* * 
* 
* * * 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C COMPUTE TEBPK 
C 

REAL LflBDA,K@lU ( f l )  
DIf lBNSIOB BETA(H) , T I ( N )  , A I  (It) 
TEUPK=l.O 
DO 1 N U = l , H  
TEH PK=TEB PK-K N U  ( N U )  
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1 CONTINU E 
C 
C I N I T I A L I Z E  FOR SUNHATION OVER THE T I ( J ) ,  J = l , N . . .  
C TERnS ARE 0. WHEN T I S  LESS THAN T I ( J )  
C 

QSUAL=O. 0 
QCAP=O. 0 
DO 2 J = l , N  
IF (T-TI (J) 2 4 , 2 0  , 20 

C 
C COUPUTE S U H l . . .  
C 
20 S U H l = O . O  

C 

C I F  B E T A ( N U ) * ( T - T I ( 3 ) )  I S  LESS THAN OR = 75. 
C 
C OTHERWISE, TERN IS 0. (UNDERPLOW) 
C 

D O  2 1  N U = l , H  

c POB TEEM OF s u n 1  , CONPUTE K N U  (NU) + E X P  (-BETA ( N U )  * (T-TI (J) 

U=BETA (NU) * (T-TI  ( J )  ) 
I F  (0-75 . )  2 3 , 2 3 , 2 1  

23 SUH1=SUNl+KNU (NU) *EXP(-U) ' 
21 CONTINUE 
C 
C DEAL WITH EXP (-LUBDA* ( T - T I ( J )  ) I N  BANNER OF PREVIOUS EEH ARK. 
C ACCUUULATE QSUAL 
C 

U=LHBDA* ( T - T I  ( J ) )  
I P ( U - 1 8 0 . )  2 2 , 2 2 , 2 4  
QSflAL=QSUAL+AI (J) *EXP (-U) * (TENPK+SUnl)  2 2  

2 4  I F  (T-TI  ( J ) )  2 , 2 , 2 5  
C 
C COHPUTE 1. - EXP (-LABDA*(T-TI ( J ) )  I N  A HANNER SIMILAR TO THEIT 
C EflPLOYED IN SUBROUTINE CIEX,  TC A V O I D  UNDERFLOW A N D  POSSIBLE 
C CANCELLATION O F  S I G N I F I C A N T  DIGITS. 
C 
25 U=LUBDA* (T-TI  ( J ) )  

I P  (0- 17.0)  
26 TEMPE=1.0 

GO TO 2 9 0  
2 7  I P ( U - 0 . 0 1 )  2 8 , 2 8 , 2 9  
2 8  TEflPE-U+U**3/6.O-U**2/2.0 

2 7  , 2 7 , 2 h  

GO TO 290 
2 9  TEHPE=l .  0-EXP (-U)  
C 
C CONPUTE SUN2, DEALING WITH 1. - EXP(-(LClBDA+BETA (NU)) * ( T - T I ( J ) ) )  A S  
C INDICATED IN PREVIOUS R E H A R K .  
C 
290 SUN2-0.0 

DO 2 9 9  N U = l , f l  
U= (L!lBDA+BETA (NU) ) * {T-TI ( J )  ) 
I F ( U - 1 7 . )  2 9 2 , 2 9 2 , 2 9 1  
SUn2=SUR2+KNU (NU) / (LHBDA+BETA (NU) ) 
GO TO 2 9 9  

291 

292 I P ( U - 0 . 0 1 )  2 9 3 , 2 9 3 , 2 9 U  
293 0 SUN2=SUB2+KNU (NU)/(LREDA+BETA (NU)) * 

2 (U+U**3/6.0-0**2/2.0) 
GO TO 2 9 9  

2 9 4  0 SUH2=SUU2+KNU (NU)/(LHEDA+BE'J!A (NU)) * , 
1 (1.0-EXP (-U) ) 

299 CONTINUE 
C 
C ACCUUULATE QCAP 
C 

QCAP=QCAP+AI [J) * (TEMPK*4EHPE/LUBDA+SUN2) 

RETURN 
E N D  

2 CONTINU E 

c 
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SUBROUTINE D I P P  (T,NCAP,TI,  AI,LABDA, N,ACAP,X, QSflAL,QCAP,ERCOD) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * AUTHORS... G. G. KILLOUGH 
c *  EAST TENNESSEE STATE UNIVERSITY 
c *  DEPARTMENT OF NATHEPIATICS A N D  
c *  D I V I S I O N  O F  COHPUTER SCTEWCE 
c *  J O H N  SON C I T Y  TENNESSEE 
c *  
c *  PAUL S. ROBBER 
c *  E N V I  RO N U  ENT AL SCIENCES D I V I S I O N  
c *  O A K  RIDGE NATIONAL LABORATORY 
c *  O A K  RIDGE, TENNESSEE 
c *  
c *  
C * D I P P  STANDS FOB DISCRETE INTAKES, POWBR FUNCTION HCDEL. 
c *  
C * INPUT PARANETERS... 
c *  
C * ' T o ~ - - - - - - ~ ~ o o T I U E  (DAYS) 
c *  
C * NCAP.........NUMBER OF INTAKES 
c *  
C * TI...........ARRAY O F  NCAP TIMES (DAYS) AT WHICH INTAKES CCCUR 
c *  
C * AI......o.o..ABRAY OP NCAP CONTRIBUTIONS TO BURDEN (UICROCUBIES) 
c *  OF ORGAN DUE TG INTBKES AT RESPECTIVE TIMES TI 
c *  
C * LHBDA.. . . .. . .RADIOACTIVE DECAY RATE (PRACTION/DAY) OF 
c *  RADIONUCLIDE 
c *  
C * N (REAL) , 
C * ACAP. X. .. ... POWER FUNCTION PBRAHETERS FOR EXCRETION-RATE 
c *  MODEL 
c *  
c *  E (T) = N/ (T+X) *QSAAL ( T )  9 0 

c *  
c *  ACAP I S  A DISTRIBUTION FACTOR BETWEEN COMPARTAEWTS 
c *  
c *  
C * OUTPUT PARAMETERS.,. 
c *  
C * QSNAL........BURDEN (BTCROCURIES) O F  THE ORGAN AT T I R E  T 
c *  
C * QCAP.........CUUOLATIVE BURDEN (HICROCURIE-DAYS) OF THE ORGAN 
c *  AT TIHE T 
c *  
C * ERCOD..,...,.INTEGER FLAG RELAYED TO CALLING PROGRAH PROM 
c *  SUBROUTINE INTEG, ERCOD=l NEARS A POSSIBLE lOSS 
c *  OF ACCURACY TR INTEGRATION PROCESS 
c *  
c *  
C * SUBROUTINE DTPF EVALUATES EQS, (2.30) A N D  (2 .31 )  
c *  
c *  
C * SUBROUTINES CALLED... 
c *  
C * INTEG.. . . . .. . EVALUATES THE INTEGRAL OF EXP (-U) *U** (-N) DO 
c *  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REAL A, T I  (NCAP) A I  (NCAP) ,LflEDA 
INTEGER ERCOD, ERC 

C 
C I N I T I A L I Z E  FOR SUUPIATION OVER THE T I ( J ) .  J= l ,NCAC 

* * 
* 
* 
* * * * 
* 
* * * * 
* 
* * * 
* * * 
* 
* 
* 
* * * 
* 
* * 
* * 
* * * * 
* * * 
* 
* 
* 
* 
* 
* * * * * * * 
* * * 
* * * 
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C 
QS P! AL=O. 
QCAP=O. 
EECOD=O 

I P ( X )  1,1,3 
- XL=L!YBDA*X 

1 ON A XN-0 . 
.I GO TO 4 

3 ONAXN=l.-ACAP*X** (-N) 
U I DO 2 J = l , N C A P  

U=LHBDA* ('E-TI (J)) 
I P ( T . L T . T I ( J )  .OR.U.GT.75..) G O  TO 2 1  
IP(X.EQ.O..AND.T.EQ.TI(J)) GO T O  5 
QSHAL=QSflAL + A I  (J) *EXP (-U) * (ONAXN + ACAP* 

GO TO 2 1  
$ (T-TT(J )  +X)  ** (-8) ) 

5 QSClAL=QSBAL + A I ( J )  
C 
C CONPUTE 1. - EX!?(-LNBDA*(T-TI(J)) I N  A PlAANER YHICH AVOIDS UNDERFLOW 
C A N D  LOSS OF S I G N I F I C A N T  D I G I T S  THROUGH CAACELLATTOI, AS I19 PREVIOUS 
C SUBROUTINES CIEX,  DIEX, A N D  C I F F  
C 
2 1  I P ( T . L E . T I ( J ) )  GO TO 2 

I F  (U.LE. 17. .AND.U. GE.O.01) 
IF(U.GT.17.)  TEIIPE=1.0 
I F  ( U . LT . 0.0 1 ) 
CALL INTEG (XL, XL+U, N , F I T ,  ERC) 

. IEflPE=l.-EXP (-U) 

T EN P E= U + U* * 3/ 6 .- U * * 2/2 

PNT=PNT*EXP (XL)  /LBBDA** (1.  - N )  
IF (ERCOD. LT.ERC) ERCOD=ERC 
QCAPQCAP + AI(J) * (TEUPE*ONAXR/LUBDA 

s + ACAP*FNT) 
2 CONTINUE 

RETURN 
END 
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SUB RO UT I R E INTEG ( A  , E, N , I NT GL , E RCOD) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * AUTHORS... G. G. KILLOUGR * 
c *  EAST TENNESSEE STATE UNIVERSITY * 
c *  DEPARTNENT O F  HATREflATICS AND * 
c *  D I V I S I O N  OF COBPUTER S C I E N C E  * 
c *  JORNSON C I T Y ,  TENNESSEE * 
c *  * 
c *  PAUL S. ROBWER * 
c *  ENVIRONHENTAL SCIENCES D I V I S I O N  * 
c *  OAK RIDGE NATIONAL LABORATORY * 
c *  OAK RIDGE, TENNESSEE * 
c *  * 
c *  * 
C * SUBROUTINE INTEG EVALUATES THE INTEGRAL PROH U=A TO U=B OF THE * 
C * FUNCTION EXP (-U) *U** (-N) . * 
c *  * 
C * INPUT PARAHETERS... * 
c *  * 
C * A......,.....LOUER L I M I T  O F  INTEGRATION. IF A I S  NEGATIVE, THE * 
c *  SUBROUTINE USES ZERO I N  PLACE OF A * 
c *  * 
C * B............UPPER L I M I T  OP INTEGRATION. ' I F  E EXCEEDS 6 5 . ,  THE * 
c *  SUBROUTINE USES 65. I N  PLACE O F  B * 
c *  * 
C * N..........,.POUER FUNCTION PARAHETER, ASSUHED T O  L I E  I N  (O.,l.) * 
c *  * 
c *  * 
C * OUTPUT PARAflETERS... * 
c *  * 
C * INTGL.,......REAL VALUE OF THE INTEGRAL * 
c *  * 
C * ERCOD........INTEGER FLAG TO INDICATE P O S S I B L E  LCSS OF PRECISION.* 
c *  IN PRESENT VERSIOlS ERCOD=l IS RETURNED ONLY WHEN * 
c *  UPPER L I n I T  O F  INTEGRATION EXCEEDS 65 .  OTHERUTiSE * c *  ERCOD=O IS RETURNED * 
c *  * 
c *  * 
C * SUBROUTINES CALLED... * 
c *  * 
C * SER..........USES A S E R I E S  FOR THE PART O F  T H E  INTEGRA'SIOl RANGE * 
c *  PBUH 0. TO 2. * 
c *  * 
C * I?EWCO........APPLIES SIXTU-CRDER CONPOSITE NEUTQN-COTES * 
c *  QUADRATURE RULE TO THE PART O F  TRE INTEGRATION * 
c *  RANGE BETWEEN 2.  AND 20. * 
c *  * 
C * ASYflP........USES A N  ASYMPTOTIC S E R I E S  TO APPROXINATE THE INTE- * 
c *  GRAL OVER TRE PART O F  I T S  RANGE BETYEEN 20. AND 6 5 .  * 
c *  * 
c ***********************+************************************************ 

REAL N, I l iTGL 
INTEGER ERCOD 
D A T A  BREI,/. 5E-8/ 
ERCOD=O 

C 
C CONPUTE A 1  AS T E E  LARGER OQ A AND 20. 
C 

1 A 1.120. 

11 A l = A  
C 

IP (A-20 . )  1,1,11 

GO TO 2 
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c 

C 
C 
2 '  
21 

C 
C 
C 
C 
2 2  

C 
C 
c 
3 
C 
C 
C 

31 

3 2  
C 
C 
C 
4 
33 

34 
C 
C 
C 
C 
C 
C 
5 
51 

5 2  

C 
C 
C 
6 
61 

62 
C 
C 
C 
63 
64 

65 
C 
C 
C 
C 
66 

COMPUTE B 1  AS THE SHALLER OF B A N D  65. 

I F  (8-65.)  2 1 , 2 1 , 2 2  
Bl-R 
GO TO 3 

S I N C E  B EXCEEDS 65., SET ERCOD=l TO INDICATE TRUNCATION OF THE 
INTEGRAL. 

81165. 
ERCOD=I 

APPLY ASYNPTOTIC S E R I E S  TO THE RANGE FRON 20. TO 65. 

CALL ASYflP ( A l , B l ,  N ,  ERELIINTGL) 

COMPUTE AI AS THE LARGER OF A A N D  2 .  

I F  (A-2.) 3 1 , 3 l ,  32 
A 1=2. 
GO TO 4 
A l = A  

COMPUTE B 1  AS THE SNALLER OF B A N D  20. 

I F ( B - 2 0 . )  33,33,34 
B l = B  
GO TO 5 
B1=20. 

WORKING BACKWARD FROH UPPER TO LORER LIElIT O F  THAT PART OF THE 
RANGE LYING BETWEEN 2. A N D  2G,, APPLY CORPOSITE NEWTON-COTES RULE 
TO SUBINTERVALS O F  NO RORE T H A N  UNIT LENGTH A I D  SUM THESE PARTIAL 
CONT BIBUTION S . 

I F  ( A I -  ( B  1-1.) ) 

INTGL=INTGLtANS 
GO TO 6 
CALL NEWCO (Bl-1.. B 1  , N ,  E%EZ,ANS) 
I NTGL=INTGL l A N S  
B l = B l - 1 .  
GO TO 5 

5 2 , 5 1 , 5 1  
CALL NEWCO ( A  1 B 1 * N 8 ERELIANS) 

COMPUTE A 1  AS THE LARGER OF A A N D  0. 

IF (A) 61,61,62 

GO TO 63 
A l = A  

A l=O.  

COMPUTE B 1  AS THE SHALLER O F  E A N D  2. 

I F ( B - 2 . )  64,64,65 
B l = B  
GO TO 66 
B1=2. 

APPLY S E R I E S  HETHOD TO CALCULATE INTEGRAL OVER SUEBAWGE EETPBEN 0. 
A N D  2. 

CALL SEE (A1,B 1 , N ,  EREL, A M )  
IATGL=INTGL+ANS 
RETURN 
EN D 
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S U BRO UT I N  E AS Y H P ( A , B , N , E RE L , INTG L) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * AUTHORS... G. G. KILLOUGH * 
c *  EAST TENNESSEE' STATE UNIVERSITY * 
c *  DEPARTMENT O F  HATHEHATICS A N D  9: 
c *  D I V I S I O N  OF COMPUTER SCIENCE * 
c *  JCHNSON CITY,  TENNESSEE * 
c *  * 
c *  PAUL S. ROHUER * 
c *  ENVIRONHENTAL SCIENCES D I V I S I O N  * 
c *  O A K  RIDGE NATIONAL LABORATORY * 
c *  O A K  RIDGE, TENNESSEE * 
c *  * 
C * SUBROUTINE ASPnP  USES THE ASYFIPTOTIC S E R I E S  * 
c *  * 
C * EXP(-Z)*Z**(-N)*( l .  - N/Z + N*(N+l . ) /Z**2  - + ...), * 
c *  * 
C * AHICR, FOR LARGE Z, REPRESENTS THE INTEGRAL PROM U=Z TO I N F I N I T Y  * 
C * OF EXP(-U)*U**(-N) DU. TRE S E R I E S  I S  EVALUATED AT Z=A A N D  Z=B, * 
C * A N D  THE DIFFERENCE OF THE RESULTS IS RETURNEE AS I I T G L .  * 
C * SUIIHATION CONTINUES UNTIL EITHER (1) THE NEXT TERH EXCEEDS THE * 
C * CURRENT TERM I N  ABSOLUTE VALUE OR (2 )  THE NEXT TERR DOES NOT * 
c * PRODUCE I N  T H E  s u n  A RELATIVE C H A N G E  WHICH EXCEEDS E R E L  IN * 
C * ABSOLUTE VALUE. I F  Z IS 20.0 OR H O R E ,  THE S E R I E S  * 
C * APPROXIRATES THE INTEGRAL FROM Z TG I N F I N I T Y  TO AT LEAST 6 * 
C * S I G N I F I C A N T  DIGITS ,  * 
c *  * 
C * INPUT PARAMETERS.., * 
c *  * 
C A.,,.........LOYER LIPITT O F  INTEGRATION (SHOULD EE AT LERST 20,) * 
c *  * 
C * B...........,UPPER L I n I T  OF INTEGRATION ( I F  B EXCEEDS A ,  T H I S  * 
c *  SUBROUTINE RETURNS THE VALUE 0, FOR INTGL. T H I S  * 
c *  PEATURE IS ESSENTIAL TO THE LOGIC CF SUBRCUTINE * 
c *  INTEG) * 
c *  * 
C * N..........,.PORER FUNCTION PARAMETER * 
c *  * 
C * EREL- - -  0 0 0 0 0 RELATIVE ERROR TOLERANCE. ASYHPTOTIC S E R I E S  DOES * 
c *  NOT PERNIT ARBITRARY ACCURACY. SUPERFLUOUS * 
c *  SUMMATTOW I S  AVOIDED B Y  STOPPING W H E N  THE NEXT * 
c *  TERM DOES NOT EXCEED EREL IN ABSOLUTE VALUE * 
c *  * 
C 4 OUTPUT PARAFlETER... * 
c *  * 
C * INTGL.....,..REAL VALUE O F  INTEGRAL FROH U=A TO U=B OP * 
c *  EXP (-U) *U ** (- N) DU * 
c *  * 
C * SUBROUTIUES CALLED.,. * 
c *  * 
C * NONE * 
c *  * 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C IF B IS GREATER THAN OR EQUAL TO A ,  RETURN THE VALUE 0. 
C 

1 INTGL=O . 
2 Z=A 

C 

REAL N ,  INTGL 

IF (B-A) I ,  1,2 

RETURN 

I R  ET= 1 
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C 
C 
C 

21 

C 
C 
C 

2 2  

C 
C 
C 
3 
31 

32 

325 
33 
3 4  

4 1  
C 
C 
C 
4 

BRANCH TO SUNMATION ROUTINE WITH Z=A, I R E T  I S  A RETUBN ADDRESS 
VARIABLE 

GO TO 3 
INTGL=SUH 
z= B 
I R E -  2 

BRANCH TO SUMMATIOW ROUTINE UITH Z=B 

GO TO 3 
TNTGL=IN TGL-S U M 
RETURN 

SUHHATION ROUTINE. - 
IF (2-65.) 32,31,31 
SU N=O . 
GO TO 4 
SUM-1  .-N/Z 
T E R # l = N *  ( N + l . ) / Z * * 2  
TERM2=-TERS1* (N+2.)  /Z 
K= 2 
I F ( A B S ( T E R R 1 )  -EREL) 4 1 , 4 1 , 3 3  
I F  (ABS (TEEPI1) - B B S  (TERM2) ) 
SUH=SUM+TERMl 
TERRl=TERM2 
K = K + l  
TERH2=-TERH2* (W+PLOAT(K) )/Z 
G O  TO 3 2 5  
SUM=SUfl*Z** (-N) *EXP (-2) 

rC 1 , 3 4 , 3 4  

EXIT FRO# SOHMATION ROUTINE 

GO TO ( 2 1 , 2 2 )  , I R E T  
E N D  
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SUBROUTINE NEWCO(ALPHA,BETA,N, EREL, INTGL)  
c ************************************************************************ 
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  
c *  

AUTHORS.,. G. 6. KILLOUGH 
EAST TENNESSEE STATE UNIVERSITY 
CEPARTUENT OF HATHEMATICS A N D  

JOHNSON CITY,  TENNESSEE 
D I V I S I O N  O F  COMPUTER SCIENCE 

PAUL S .  RORUER 
ENVIRONMENTAL SCIENCES D I V I S I O N  
O A K  RIDGE NATIONAL LABORATORY 
OAK RIDGE, TENNESSEE 

SUBROUTINE NEVCO A P P L I E S  THE COHPOSITE SIXTH-ORDER NEYTON-CCTBS 
QUADRATURE RULE O F  EQ- (3.2) TO APPROXIHATE THE INTEGRAL PBCM 
U=ALPHA TO U=BETA O F  EXP(-U) *U****( -N)  DU. THE NUNEER OF S U E C I V I -  
SIONS OF THE INTERVAL ALPHA TO BETA IS CHOSEN I N  SUCH A UAP THAT 
THE RELATIVE TRUNCATION E B R O R  DOES NOT EXCEED EREL I N  ABSOLUTE 
VALUE. 

INPUT PARANETERS... 

ALPHA.,.....,LOWER L I M I T  OF INTEGRATION 

BETA.........UPPER L I H I T  O F  INTEGRATION ( I F  BETA EXCEEDS ALPHA, 
T H I S  SUBROUTINE RETURNS THE VALUE 0. FOR INTGL. 
T H I S  FEATURE IS ESSENTIAL T O  THE LOGIC O F  
S U BRO UT I N  E I N  T EG) 

N.... ........ POPER FUNCTION PARAMETER 

EREL.....,...RELATTVE TRUNCATION ERROR TOLERANCE 

OUTPUT PARAMETER. .. 
INTGL.-..-...REAL VALUE OF THE INTEGRAL FRCH [ISALPHA TO U=BETA 

OF EXP (-U) *U** (-N) D U  

SUBROUTINES CALLED. .. 
NONE 

* 
* 
* * 
* 
* 
* * 
* * * 
* * * 
* .  
* 
* * * 
* 
* 
* * 
* 
* 
* 
* 
* 
* 
* * * 
* 
* * 
* 
* 
* 
* * 

C 
C 
C 

C 
C 
C 

1 

C 
C 
C 
C 
2 

REAL N, IBTGL 
P (T)=EXP (-T) *T** (-N) 
P6 (T) = ( ( ( ( ( (N+5.) /T+6. ) * (N+4.) / T + 1 5 .  ) * (N+3.) /T+20. ) * (8+2. ) / T + l 5 .  ) 

$ * (N+l . ) /T+6 . )  *N/T+l.  

D 6 P ( T )  I S  THE S I X T H  DERIVATIVE OF I R E  FUNCTION P ( T )  

D6P (T) =F (T) *P6 (T) 

IF BETA IS LESS THAN OR EQUAL TO ALPHA, RETURN TRE VALUE 0 -  

IF (BETA-ALPHA) 1,1,2 
IWTGL=O . 
RETURN 

COMPUTE NUHBER M O F  SUBINTERVALS NECESSARY TO CONTFCL RELATIVE 
TRUNCATION ERROR 

I = I F I X ( l . +  (BETA-ALPBA)* (2 .0*D6P(ALPHA)/(945.0*EBEL*P( (BLPAA+BETA)/ 
8 2.1 1 )  ** ( 1 - / 6 * )  1 

c 
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C 
C 
C 
C 
C 

21 
C 
C 
C 
22 
C 
C 
C 

C 
C 
C 
3 

COMPUTE UU = THE SNALLEST INTEGER FOR WHXCE U*M4 I S  GREATER THAN 

SUBINTERVALS NUST BE A MULTIPLE OF 4 
OR E Q U A L  TO n. USE 4 * n 4  IN PLACE OF n SINCE T E E  N U M B E R  OF 

N U = M / U  
IF (4*H4-U)  2 1 , 2 2 , 2 2  
M4=84+1 

COHPUTE B = LENGTE OF EACE SUEINTEBVAL 

A= ( B E T A - A L P H A )  ( F L O A T  ( u * n u )  

I N I T I A L I Z E  FOR SUIIHATICN LOOP 

PO=F (BETA) 
X=BETA+4,O*H 
INTGL=O . 
I = O  

SUHUATIOW LOOP... 

I = I + 1  
X=X-4.0*8 
INTGL=INTGL+7.0*P0+32.o*F (X-H) +12 .0*P(X-2 .0*8)  +32.0*F ( X - 3 . 0 * H )  
FO=F(X-U.O*H) 
INTGL=INTGL+7.  o*PO 
I P ( I - I I 4 )  3,U,U 
INTGL=INTGL* (2.0*H/45.0)  
RETURN 
END 
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SUBROUTINE SER (A, B, N,EREL, INTGL) c * * * * * * * * * * *+9*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C * AUTHORS.., G. G. KILLOUGH 
c *  EAST TENNESSEE STATE UNIVERSITY 
c *  DEPARTMENT OF MATHEUATICS A N D  
c *  D I V I S I O N  O F  COUPUTER S C I E N C E  
c *  JOHNSON C I T Y ,  TENNESSEE 
c *  
c *  PAUL S. ROHWER 
c *  ENVIRONMENTAL SCIENCES D I V I S I O N  
c *  O A K  RIDGE NATIONAL LABORATORY 
c *  OAK RIDGE, TENNESSEE 
c *  
c *  
C * SUBROUTINE SER SUUS THE S E R I E S  
c *  
C * S O U  FROB K=O TO I N F I N I T Y  OF (-l)**K*(B**(K-N+l) - A**(K-B+I)) 
c *  /((K-PACTORIAL)*(K-N+1)), 
c *  
C * W H I C H  REPRESENTS THE INTEGRAL PROM U = A TO U = E GP THE 
C * FUNCTION EXP(-U)*U** (-N) DU (SEE SECTION 3.4) . 
c *  
C * INPUT PARARBTERS... 
c *  
C * A.....,,.....LOWER LIMIT OF INTEGRATION 
c *  
C * B.,,.,.....,.UPPER L I U I T  O F  INTEGRATION ( I F  B EXCEEDS A, T H I S  
c *  SUBROUTINE RETURNS THE VALUE 0. FOR INTGL. T H I S  
c *  FEATURE IS ESSENTIAL TO THE LOGIC OF SUBROUTINE 
c *  INTEG) 
c *  
C * N.......,....POUER FUNCTION PARABETEE 
c *  
C * EREL.. . . . . . . . RELATIVE ERROR TOLERANCE, SUUUATIGA CEASES WHEN 
c *  THE FIRST TERM NOT TAKEN IS L E S S  TBAN OR EQUhL IN 
c *  ABSOLUTE VALUE TO EREL AS A FRACTION OF THE 
c *  ACCUflULATED S U M  
c *  
C * OUTPUT PARAMETER.., 
c *  
C * INTGL........REAL VALUE OF THE INTEGRAL PROPI O = A  TO U=B OF 
c *  EXP(-U) *U**(-N) D O  
c *  
C * SUBROM'INES CALLED... 
c *  
C * NONE 
r *  

* 
* * * 
* 
* 
* 
* 
* * -  * 
* 
* 
* 
* * * 
* 
* 
* 
* * 
* 
* 
* * 
* * 
* 
* * * 
* 
* .  * * * 
* 
* * 
* 
* 
* * 
* + .  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REAL N ,  INTGL 
C 
C RETURN VALUE 0. IF B I S  L E S S  T H A N  OR EQUhL TO A 
C 

1 INTGL=O , 

2 X= B 

C 
C BRANCH TO SUBNATION ROUTINE T C  EVALUATE E-PART O F  SERIES .  
C I E E T  IS A RETURN ADDRESS VARIABLE 
C 

21 INTGL=SUM*B** (1.0-N) 

I F  (E-A) 1,1,2 

RETURN 

IRET= 1 

GO TO 3 
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X= A 
I R E T = 2  

. 
C 
C 
C 

22 

C 
C 
C 
3 
31 

3 2  

3 3  

C 
C 
C 
U 

B R A N C H  T O  S O U I l A T I O N  R O O T I A E  TO E V A L U A T E  A - P A R T  O F  SERIES 

G O  T O  3 
I N T G L = I N T G L - S O W * A * *  ( 1 . 0 - N )  
R E T U R N  

B E G I N N I N G  OF S U H H A T I O N  R O U T I N E . .  . 
I F ( X )  3 1 , 3 1 , 3 2  
S U l l = O .  
GO T O  U 
S U R = l .  O/ ( 1 - 0-N) 
TERM= 1. 
K= 0 
K = K + 1  
T E R H = T E R H *  ( - X ) / P L O A T  ( K )  
S U R = S U M + T E R M /  ( F L O A T  ( K + l ) - N )  
I F  (ABS ( T E R ? l / S U H )  -EREL) U,U , 3 3  

E X I T  PROH S U M H A T I O N  R O U T I N E  

GO T O  (21,22)  , I R E T  
E N D  

\ 



J -  
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. 

Appendix B 

Organizat ion of Data F i  1 e NUCPAR. DAT 



. 
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ORGANIZATION OF DATA FILE NUCPAR.DAT 

I/O: formatted 

Physical records : 10 characters 

Logi cal records : vari ab1 e 

Format Number of 
Characters Content of physical record 

2A5 10 Name of radionucl i de (formula) 
2A5 10 

2A5 
2A5 

10 
10 

Name of c r i t i ca l  organ 

1 PE10.3 10 Radoiactive ha l f - l i fe  

lPE10.3 10 Effective absorbed energy per 
disintegration 

1 PE10.3 10 Mass of c r i t i ca l  organ 

1PE10.3 10 FW, FA -- fractions o f  intake reaching 
1PE10.3 10 c r i t .  org. 

I10 10 Integer code t o  identify model : 
1 -exponenti a1 ; 2-.power function ; 3-mi xed 

1 -exponential model 

I10 10 Integer M (1 to  9 )  giving number of 
exponenti a1 terms 

1PE10.3 20M Coefficients and biological half-1 ives 

2-power function model 

1PE10.3 10 N 

1PE10.3 10 X 

1PE10.3 10 ACAP 
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3-mixed model 

1PE10.3 10 Coefficient K of exponential term . 
I10 10 Integer M (1 t o  9 )  giving number of 

exponential terms 

lPEl 0.3 20M Coefficients of exponential terms and 
corresponding biological half-l ives 

1 PE10.3 10 N 

1PE10.3 10 X 
1PE10.3 10 ACAP 

The above out l ine shows the actual order of information within a 
logical record. No special character i s  written to  fa lg  the beginning 
or  end o f  a logical record. 

ORGANIZATION OF FILE 1NDEX.DAT 

1/0 = formatted 
Physical records = 15 characters 
Logical records = 15 characters 

INDEX.DAT serves as an i n d e x  of NUCPAR.DAT. Each record of 1NDEX.DAT 
contains two integers.  The f i r s t  represents the code number of a 
radionuclide, and the second gives the number of the physical record 
in NUCPAR.DAT where the information about the radionuclide begins. 
Each record of 1NDEX.DAT may be read i n  format 15, 110. 



87 

Appendix C. 

Dosimetric Information f rom ICRP 
Publications 2, 6, 10, and 10A 

. 





APPENDIX C 

Dosimetric Informstion from ICRP Publications 2.6, IO, and 10A 

Exponential parameters Power 
Referenrr Radioactive Eff. absorbed Marc Of 

half-life energy 
(days) 

Excretory function refercnce Uptake fractions ~ 

( M ~ v )  Organ Coefficients half-lives 
(9) (daw) n x A 

organ Radionuclide 

303 1 H-3 (oxide) Body tissue 4.5 x IO’ 
3141 6 C-14 (a) NaHCO,CO, Bone 2.03 X IO6 

and carboxyl-hbelled 
fatty acids 

glycine and acetate 
3142 6 C-14 (b) C2-labclled Total body 2.03 x IO6 

312 I 1  Na.22 Totalbody 950. 

310 ISP-32 Bone 14.2 
318 16s-35 Total body 87. 

317 L7Q-36 Total body 1.1 X 10’ 
311 20Ca45 Bone 165. 
308 26 Fe-59 Spleen 45. 
323 27Co.60 ~Ota ibody 1.9 x 10) 

325 30Zn-65 Total body 245. 

332 37 Rb-86 Total body 18.7 

346 38Sr-85 Total body 65. 
38 38st-89 
42 38 Sr-90 
191 52Tc-132 

187 531-131 
210 55cs-137 

221 56Ba-140 
238 58Cc-144 
288 79Au-I98 

347 84Po-210 

348 88Ra-226 

349 9OTh-232 
352 9OTh-228 
353 92U-233 
354 92U-234 
330 93Np239 

281 94Pu-239 
283 94Pu-241 

Bone 
Bone 
Total bod) 

Thyroid 
Total bady 

Bone 
Bone 
Kidneys 

Kidneys 

Bone 

Bone 
Bone 
Bone 
Bone 
Bone 

Bone 
Bone 

51. 
I .  x IO‘ 
3.25 

8.04 
1.1 x lo4 

12.8 

2.7 

138.4 

285. 

5.913 x lo5 

5.15 x IO” 

5.9 x 10’ 
9.1 x 10’ 

4.7 x 10’ 

700. 

2.3 

8.92 X IO6 

0.01 
0.27 

0.054 

1.6 

3.5 
0.056 

0.26 
0.43 
0.34 
1.5 

0.32 

0.70 

0.33 
2.8 
5.5 
1.9 

0.23 
0.59 

4.2 
6.3 
0.41 

55.  

110. 

270. 
970. 
250. 
240. 

0.98 

270. 
14. 

4.3 x IO‘ 1.0 1 .O I .o 10.0 
7. x 10’ 0.3 0.24 1.0 0.4 

7.x LO‘ 1.0 0.75 0.2 0.12 
0.2 0.9 
0.3 6.0 
0.3 35.0 

0.5 I 13.5 
7.x IO‘ 1.0 0.75 0.49 8.5 

0.27 x IO* 44s. 
7 .x  10’ 0.375 0.32’ 1.0 

7. x LO‘ 1.0 
7.x 10’ 0.54 0.5 

7. x IO‘ 1.0 0.75 0.8 
0.2 

0.75 1.0 

150. 2. X 6. X IO-’ 1.0 
7. X IO‘ 0.3 0.4 

7. x 10. 0.1 0.3 

7.x IO‘ 1.0 0.75 

7. x io4 0.3 0.4 
7.X IO’ 0.3* 0.4* 
7. X IO’ 0.3t 0.4t 
7. x 10‘ 0.25 0.38 

20. 0.3 0.23 
7. x 10’ 1.0 0.75 

7. X IO’ 0.035 0.19 

300. O.l* 0.3t 
7. x lo3 3. x 10-I 0.075 

300. 0.06 0.25 

7. x 10’ 0.3 0.4 

7.x 10’ 7. x IO+ 0.18 
7.x 10’ 7.x IO+ 0.18 
7. x 10’ 1.1 x IO-’ 0.0~8 
7. x 10’ 1 . 1  x IO-’ 0.028 
7. x 103 4.5 x 10” 0.11 

7. x 10’ 2.4 X io” 0.2 
7. x 10’ 2.4 X io” 0.2 

0.65 
0.35 
0.25 
0.75 
0.1 
0.9 
1 .O 

0.5 
0.5 
1.0 
0.15 
0.85 

I .o 
0.03 
0.97 
0.1 
0.9 
0.54 
0.29 
0.11 
0.04 
0.02 
1 .O 
I .o 

0.5 
O S  
O.Ot 
O.Ot 

257. 
0.25 
7.0 

10.0 
0.15 0.0 1.0 

700. 
10. 

I .  x 
14. 

380. 
4. 

95. 
2.4 0.2 0.0 1.0 

0.2 0.0 o s  
0.2 0.0 0.5 

0.5 * 
20. 

100. 

1 IS. 
1 .O 

0.2 0.0 1.0 
3750. 

1.59 
I .  x 1 0 j *  

I .  x IO”. 
40. 

0.398 
4.95 

57.75 
693. 

5330.8 
7.3 x 104 
7.3 x lo4 

0s 0.0 1.0 
0.5 0.0 1.0 

*A dummy exponential term is used to gdin the effect of fractional coefficients whose sum is Inu than unity without the introduction of a noncxcretory compartment. 
For C040 the effect ir no greater than 1/10,000 of one per cent o r a  SO-year d o r ;  in the cay of Au-198, the contribution of this term is less than l / lOOO of one per cent of a 
50yrarhose: and with Po-210, the dummy term contributa leu than Z/lO,OOO of one pcr cent of a 50ycar dow. It should be pointed out. however, that initial dow rates 
will be inf luend by the dummy terms. 

tThh arrangement permits total retention in a noncxcretory compartment, Any positive numbers could be urcd for the excretory half-lives. 
tRcpretcntr uptake to blood. 

. 
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