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HIGHLIGHTS

.
'

RAGTIME is a FORTRAN IV program that calculates radionuc ide con-
centrations in food -crops, beef, and milk which are contaminated as a*

result of deposition -of radioactivity on an agricultural area. Con-

tamination of these foods is assumed to occur as a result of the depo-

| sition of radioactivity onto the surface of above ground food crops,
'

pasture grass, the soil surface below crops, and the soil surface or
; root mat below pasture grass, with ingrowth of radioactive daughters

being computed explicitly. The input source of radioactivity may be
prescribed by the user as a step function for each nuclide in the
chain. The model employs time-dependent interception fractions for
deposition of activity on food crops; the interception fractions for

; deposition on pasture grass or pasture soil are at present constants,
but the facility for use of time-dependent values is provided. Season-

i al aspects of the transfer of radionuclides between various compart-
,

ments of the model include the provision for specifying the dates of
emergence and harvest for various crop categories.*

[ The system of differential equations describing the model is
solved by use of a discrete-variable numerical integration (the GEAR
package), and the accuracy of this solution is monitored by comparing
the total radioactivity in the system as calculated by the numerical
procedure with that calculated by use of an explicit solution of the

,

Bateman equations.

| This report discusses the development of the model which is pres-
ently on going, and thus, does not represent the final version envi-
sioned for implementation. Output for a sample run of the current
version is provided in this report.

!
'

:
.

! vii
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1. INTRODUCTION

.

A number of terrestrial food-chain transport models have been

developed over the past several years for use in assessing ingestion-

dose to man from aerially deposited radionuclides.1 Included among

these is a transport model described in the U. S. Nuclear Regulatory
Commission's (USNRC) Regulatory Guide 1.109, a model which NRC consid-

ers acceptable for assessing terrestrial transport of radionuclides

released during normal operation of light-water-cooled nuclear power
plants.2 Limitations of these models with respect to dynamic seasonal
considerations as well as radioactive daughter ingrowth prompted model
development work, the initial progress of which is reported here.

RAGTIME (Radionuclides in Agricultural systems: a TIME-dependent

model) computes radionuclide concentrations in food crops, beef, and
milk which are contaminated lay radionuclide deposition. The model

assumes a known rate of deposition of radioactivity (microcuries per
.

square meter per day, pCi m-2 day-1) at a given environmental location
and uses interception fractions S , S , S , and S to calculate radio--

i 2 3 4

activity input rates to the model compartments representing above-
ground food, the soil surface below the food crop, pasture grass, and
pasture soil or root mat, respectively, at that location. RAGTIME is

basically an adaptation of the previously developed TERMOD code to3

consider both seasonality of agricultural processes and the dynamics of
daughter ingrowth of radionuclides during food-chain transport. Be-

cause the development of RAGTIME is still in progress, some parameters
and concepts believed to be inadequate for the intended use of this

code. have been carried over from TERMOD until appropriate revisions can
be made.

The system of linear ordinary differential equations describing
the model accounts explicitly for ingrowth of radioactive daughters and

,

provides for an input source of each member of a radionuclide chain.
' 4This system is solved by use of the GEAR package for solution of sys-

tems of ordinary differential equations. A subroutine, CHECK, of RAG-
,

TIME provides a check on the accuracy of this solution. At each output I

lt

|

1

1

1

1



2

time, CHECK mahs use of an explicit solution of the Bateman equations
to calculate the total amount of radioactivity in the system; this

,

value is compared with the total obtained by summing the amounts of
radioactivity in all model compartments as computed by the GEAR sub- '

routine.
In Sect. 2 of this report, we describe in broad outline the RAG-

TIME methodology and present the equations which describe the model.
Sections 3 and 4 provide details concerning the interception fractions
S , S.2 , S, and S and the transfer coefficients of the system. Sec-i 3 4

tion 5 is devoted to a discussion of the use of the GEAR package in
solving the system of differential equations of the model and to a
description of the way the Bateman equations are used. Finally, a

description of the RAGTIME computer code is provided in Sect. 6, giving
details regarding input, logical structure, and calls to the GEAR sub-
routines as well as the procedure employed by subroutine CHECK to moni-
tor the accuracy of the numerical solution.

As mentioned previously, there are a number of limitations of the
present version of the RAGTIME model which remain to be addressed. *

Principal among planned refinements is the inclusion of the seasonal
cycle in the dairy and beef pathways. Aside from an example run for
the 9"Sr 'doY chain, this report will not present a data base, the
development of which is presently in progress. The present code uses
an array of output times with a fixed size; whereas the integration
interval may be of indefinite length, this fixed array limits the out-
put density which is possible without recompilation. it may be desir-
able to remove this dependence on a fixed array in a future version.

Among planned revisions is the conversion of the RAGTIME code to

the International System of Units (SI), thus effecting a change in the
expression for radioactivity from curie (Ci) to becquerel (Bq), where

.

1 Ci = 3.7 x 10108q. (1.1)
.

The current version of the code uses Ci to represent activity, and the
following documentation is consistent with this convention although the
output may easily be converted to Bq using the relationship given above.

t.



2. DESCRIPTION OF THE MODEL

.

The RAGTIME model is represented schematically in Fig. 2.1. The

subscript i associated with the compartments E , S , P , etc. refers to'

j j j
the ith nuclide of a radionuclide decay chain. Certain of the transfer
coefficients are nuclide , or element , dependent; this is also signi-

fied by the use of the subscript i, [e.g., (Tp,t)i]. The deposition

source F$ represents the input source of radioactivity corresponding to
the ich nuclide of a radionuclide chain. This source strength may vary

with time and may be represented in the computer code as a step func-
tion for each nuclide in the chain. The fractions of input radioactiv-
ity which are intercepted by above ground crops, soil surface below the
food crop, pasture grass, and pasture soil are represented by S , S .i 2

S, and S , respectively. These fractions may be time-dependent with3 4

respect to growth dynamics of the crop land or pasture. In Sect. 3.1,

we describe models for calculation of time-dependent interception frac-
,

tions Si and S . The present version of the code uses values of S3 and2

which are constant with respect to time; however, the same subrou-*

S4

tine is used to return values for all interception fractions, so that a
convenient method is available should the user desire to prescribe

time-dependent values for S3 and S .4

A general outline of the terrestrial pathways considered in RAG-
TIME follows, along with a brief description of parameters used in
implementing the computer simulation. A more rigorous Jefinition and
the rationale behind the particular quantifications used for each

parameter are given in Sects. 3 and 4 of this report.

2.1 Radioactivity Transfer to Crops

Radioactivity deposited on the surface of the above ground food
.

crop passes to the soil surface below the food crop with an environmen-
tal - half-time of usually less than 30 days.5 We have used 14 days for-

In 2/(14 days) = 0.0495 day-1] . 3 > 8 For transferthis value [r =
e,s

.

i

3
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Fig. 2.1. Schematic representation Of radioactivity transfer to
food crops, milk, and beef as simulated by the RAGTIME computer code.
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from the soil surface below the. food crop to the subsurface soil pool,
we have assumed a 1000-day environmental half-time, giving i =

s,p,

In 2/(1000 days) = 6.93 x 10-4 day-1 Radioactivity in the subsurface
soil . pool is available for uptake by plant roots. The plant interior

*

compartment Tj . simulates radioactivity which is transferred to the
edible parts of crops as a result of root uptake.

In Sect. 3.2 and Appendix B, we describe-a model for calcultion of-

j a nuclide-and time-dependent rate coefficient (tp,t)i representing this
transfer of activity. We have assumed a loss rate of 4% per year from

the subsurface soil compartment P; to the soil compartment below the
roots, H , giving rp,h = 0.04/(365 days) = 1.096 x 10-4 day-1 (Refs.j

! 3,7). The dotted lines from compartments E (surface of above groundj

food crop) and Tj (plant interior) to (EH); (crop holdup compartment)
represent harvest of crops.

The level of radioactivity in all compartments associated with

crops at a given time is dependent on the histories of both the deposi-
,

tion source strength and on the growth of these crops. The effect of
i crop growth upon the activity level on crop surfaces (compartment E )-

j
is ~ simulated through use of the time-dependent interception fraction

si. The time-dependent transfer coefficient (tp,t)i serves this func-
tion with regard to the plant interior compartment T . Before thej,

emergence of plants, the value of Si is zero, as is that for (tp,t)i-
At harvest time, the entire food crop is assumed to be stored in a

holdup compartment (EH);, after which time the radioactivity concentra-
tion level in this food is assumed to be affected only by the radio-
activity decay process. Thus, the activity level in the compartments
representing crops in the field (compartments E and T ) is zero exceptj j
at times between the emergence and harvest of crops. Harvest of crops
is simulated numerically by reinitialization of the state variables

representing these compartments at harvest time, [i.e., the compart-, .

ments E and T which represent activity associated with crops in thej j
'

field are set to.zero, and the compartment (EH); representing harvested<

.

crops- is assigned' a value (in microcuries per kilogram) to reflect its
receipt of all radioactivity from E and T ].j j

!

|

,

, , er , - - - , - - - - . - - . - n--- . - - . ee . .,,n-,
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2.2 Radioactivity Transfer to Beef and Milk

As in the case of transfer from the surface of the above ground .

food crop to the soil surface, we have assumed a 14-day environmental,
,

or retention, hal f-time for the loss of radioactivity from pasture
grass to pasture soil [r = In 2/(14 days) = 0.0495 day-13,3,c Tog,p
account for uptake of radioactivity by pasture grass from soil, we have
assumed a transfer rate of 1% per year from R g to G; [t = 0.01/(365r,g
days) = 2. 74 x 10-5 day -1] . 3 > 7 As in the determination of T

p,h'
transfer rate of 4% per year from the pasture soil compartment R to

$

the soil below the roots D [tr,d = 0.04/(365 days) = 1.096 x 10-4j
day-1] was assumed.3>7 The rate coefficient for loss of activity from

pasture grass resulting from grass consumption by a cow is denoted by
The derivation of a value for this coefficient is discussed inIgy.

Sect. 4.1. The beef compartment B; represents the concentration of
activity in the muscle of a steer and C simulates the concentration ofj
activity in milk in the udder of a cow. It is not assumed that the -

total loss from the pasture grass compartment, G , due to a cow's grassj
,

consumption is accounted for by gains to the beef and milk compartments

B; and C;. Rather, the transfer coefficients (Tg,b)i and (tg,c)i
account for only portions of the total activity transferred to the cow
through consumption of grass, those portions being the activity trans-

ferred to beef (B ) and milk (C;), respectively. The remainder of thej
loss from G due to a cow's consumption is considered only for the pur-j
pose of allowing a mass-balance check of total radioactivity in the
system. This remainder, being the complement of (Ig,b)i and (Ig,c)i
with respect to tgy, is indicated in Fig. 2.1 as a dashed line drawn
tothecompartmentMj, The compartment Mj is used only in connection
with the performance of a mass-balance check. Details concerning the
procedure used by the code to perform this check are given in Sects.
5.2 and 6.3. *

The dotted lines from the beef and milk compartments B; and Cj to
.

the holdup compartments (BH); and (CH)g , respectively, represent the
effect of storage on the radionuclide concentration in these foods. At

;
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each output time, the computer prints, in addition to the activity con-
centrations of beef (B ) and milk (C ) at the given time, the concen-j j

,

tration levels which these foods would reach if stored for a user-
h

specified period of time (t for beef, t for milk). Thus, at a given-

c

output time t, (BH)j represents the activity concentration (pCi kg-1)
h

of nuclide i in beef at time t + t which was stored from time t to
b

time t + t , assuming a concentration level B; at time t. The defini-

tion of (CH); (pCi liter-1) is similar. Since the determination of the

values of (BH); and (CH); from those for Bj jand C involves only the
application of the process of radioactive decay (using the Bateman
equations), the system of differential Eqs. (2.1) through (2.11) repre-
senting the model depicted in Fig. 2.1 does not contain equations cor-
responding to these holdup compartments. In Sect. 6.2 we present

details concerning calls to a subroutine, RESDNS, which uses an explic-

it solution of the Bateman equations to calculate values for (BH)j and
(CH)j.

,

.

2.3 The System of Equations

The following system of equations aescribes the transfer of de-
posited radioactivity to food crops, beef, and milk as depicted in Fig.
2.1. As pointed out in Sect. 2.2, the compartments (BH)j and (CH)j are

not represented by differential equations since their values are cal-

culated using only the Bateman equations (see Sect. 6.2). Furthermore,

thedifferentialequationforthecompartmentMj,whichisusedonlyin
connection with a mass-balance check, is not included here but is dis-
cussed in Sect. 6.2. Definitions of the compartments used in the RAG-
TIME model follow the system of equations. Descriptions of all other

quantities used in these equations along with the values used for
certain of those which represent constants (at present) are given in

'
*

Table 2.1. Values of nuclide-dependent and crop-specific parameters
for a sample run of RAGTIME are given in Appendix B (Table B.1) along-

with a description of how these values are derived from empirical data.
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Crop curface
I'1dE. .

i( ) ~ (^ e,s) i * ^ O E (2.1)* Idt 1
. ij j
J:1 .

Crop soil surface
i-1dS.

-(Af+13,p)Sj+Af { BF (t) + t E s (2.2)=
dt 2 j e,s j jj )

j=1

Crop soit pool
i-1dP

At ~ (^ + (Ip,t)i + rp,h i*A b P (2.3)dt s,p i ij )

j=1

Pactura rjrase
I~1dG.

p,g$+Af{Bi(t) - (A +I *I g,*) G5+r R Gdt 3 jj jg,r

j=1 .

(2.4)

Pasture soil

I-1DR

r,d)R; + Af { Bi( ) + Ig,r ; - (A +r +TG Rdt 4
jj )p,g

j=1

(2.5)

Pasture soit sink
I-ldD.

j+Af{B;jj"I R -AD D (2.6)dt r,d j

j=1
.

Milk .

I-ldC.

milk)C;+Af{B= (Ig,c)i i - (A *Ib C (2.7)dt jj )

j=1
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Beef
I-I

dB.

G beef * (Texc)i Ni*A ij )= (tg,b)i 5 - [A +I B (2.8)dt
j=1'

Interior of cropa

i-1
dT

(Ip,t)i j -AfTj + Af E BP T (2.9)jj )dt
j=1

Crop coit cink
i-1dit .

" (I /A)P;-Afil +A EB il (2.10)j jj jdt p,h
j=1

Stored cropo
1

d( Eli) .
'

dt = -A (Efi); + A EBj j(Ell)) (2.11)
.

j=1

The RAGTIME compartments are described as follows:

E. Radioactivity present on the surface of the above-
I

ground food crop per square meter of surface on
which the crop is grown (pCi m-2)

S '.
Radioactivity present at the soil surface below
food crops (pCi m-2)

P. Radioactivity present in the subsurface soil pool' associated with one man's food supply (pCi)

Radioactivit present in the pasture grass compart-G.
ment (pCim-{)I

.

R. Radioactivity present in the pas + ore soil from
I ground surface to the root depth of the grass

,

(pCi m-2)

D '. Radioactivity present in the pasture soil below G,e
root depth (pCi m-2)
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C Concentration of radioactivity in the milk (pCi. j^

li ter -1)
'

B Concentration of radioactivity in heef (pCi kg-1)j
'

T.; Radioactivity present in the interior of plants
produced for human consumption (pCi)

H. Radioactivity present in the crop soil below the4

I root depth (pCi- m-2)
,

(EH)I Concentration of radioactivity in food which is.

stored following harvest of crops (pCi kg-1)

(BH); Concentration of radioactivity in the beef holdup;

compartment (pCi . kg-1)

(CH)l Concentration of radioactivity in the milk holdup-
.

j compartment (pCi liter-1)

i

.

e

'

i -

!

!

,

l. .

, . .

<

1-

[

4

!

'
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Table 2.1 Description of symbols used in the RAGTIME model
*

|

.

FORTRAN

i Symbol Name Description Type #
1

2A A . Soil surface area (m ) required to
i furnish food crops for one man

! A ASUBG Pasture area per cow (m )2

4 9

? B- B(I,J) Radioactive branching ratio from bj3
species j to species i (j < i)

,

B .- BSUBlV(I) Concentration of nuclide i per b
iv

'

unit fresh weight in plant (pCi
kg-1) divided by concentration

j of nuclide per unit dry weight
in soil (pCi kg-1)

i

; d SMALLD Depth of plow layer (cm)
,

D DSUBG Dry weight areal grass density
9 (kg m-2)-

i

F (t) F(I,T) Input rate (pCi m-2 day-1) for b, o
9 i th nuclide at time t (days)

(F )$ FSUBF(I) F*.iction of the daily intake of b;-
7 nuclide i by a beef cow which

appears per kg of flesh at time
of slaughter (day kg-1)

.(F,)g FSUBM(I) Fraction of the daily intake of b
nuclide i by a dairy cow which,

'

appears per liter of milk at
equilibrium (day liter-1)

,

A LAMRR(I) Radioactive decay rate for ith bj
nuclide (day-1)

. M MSUBB Mass of muscle on a steer at time
b

: of slaughter (kg)
| ' ' ~ Density of the soil (g cm-3)p RHO

,

S S1 Interception fraction for surface e, d
3

of above ground food crop

m

f

s

, .,. , -

- - - . - , , , , , -- r
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Table 2.1 (continued)
.

FORTRAN
Symbol Name Description Type" .

S2 S2 Interception fraction for soil e, d
surface below food crop (1 - S )1

Sa S3 Interception fraction for pasture
grass (0.25)

S S4 Interception fraction for soil4

surface or root mat below pasture
grass (0.75)

T TAUBEF Fraction of the beef herd slaughteredbeef
pe" day (day-1)

t TAUES Transfer coefficient from E to S.g Ie,s
(day-1)

(texc)1 TAUEXC(I) Excretion rate of stable isotope b.

of the nuclide from the muscle of '

a steer (day-1)
.

9'a Rate coefficient representing losst

of radioactivity from pasture grass
due to cow's consumption of grass
(day-1); defined to be V /(A D )

g

(tg b)i TAUGB(I) Transfer coefficient from G to B. b.

2 j I(m kg -1 day-1)

(Tg,c)1 TAUGC(I) Transfer coefficient from G to C. b.

j I(m2 liter-1 day-1)

t TAUGR Transfer coefficient from G to R.
$ Ig,r (day-1)

TAUMLK Transfer rate of milk from the udderTmilk
(day _ )

1 TAUPH Transfer coefficient from P to H.p,h 5 I .

(day-1)
.

(tp,t)1 TAUPT(I) Transfer coefficient from P to T. b, e, d.

$ I(day-1)

,
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Table 2.1 (continued)
'

FORTRAN
aSymbol Name Description Type

,

t TAURD Transfer coefficient from R; to Djr,d (day-1)

t TAURG Transfer coefficient frca R 4 to G;p,g (day-! )

t TAUSP Transfer coefficient from S to P.j Is,p (day-1)

t TIMBH Holdup time for beef (days)

t TIMCH Holdup time for milk (days)

U U Milk capacity of the udder (liters)

V VSUBC Dry weight consumption per day by
c a cow (kg day-1)

.

"No type specified means parameter is nuclide- and time-independent.
b-

Nuclide-dependent.

#Time-dependent.

dCrop-specific parameters necessary to derive these quantities are
described and quantified in Appendix B of this report.

;

.

.

t

.- - -
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3 .- PARAMETERS DESCRIBING TRANSFER TO CR0PS

.

Modes of contamination of edible portions of crop plants include
the interception and retention of aerially depositing radionuclides by'

crops as well as root uptake following deposition onte crop soils. In

| addition, interception and retention by crops of radionuclides resus-
pended from soil may contribute to the contamination of foodstuffs,
although this pathway is not represented in the model at present. TheJ

relative importance of each of these modes of contamination will depend
on many factors including the mobility of the radionuclide in soil, the
availability of the .>'clide for root uptake, the radiological half-life
(-lives) involved, a:, well as the types of crops being considered.

In developing a model to describe these pathways of contamination,
it is ncessary to consider seasonal cycles of crops (i.e. , when the
crops are and are not present during the year) as well as the time
dependency of parameters describing contamination. Much of this time

,

dependency is due to physiological and morphological changes in plants
'l

due to growth and maturation, and to changes which may be occurring in*

1 the chemical form of the radionuclide which is deposited either on
plant or soil surfaces. Although time dependency due to chemical
transformations has not been considered to date, the present model can
potentially incorporate parameters of this type. At present, the time
dependency of the interception parameters si and S2 (see Fig. 2.1) and

of the root ptake parameter (Tp,t)i have been r,tudied, an'] preliminary
approaches to characterizing the dynamic nature of these parameters are
discussed below.

'

A holdup compartment, (EH)j, is utilized in this model in order tod

account for radioactive ' decay and daughter buildup that may occur
between harvest of crops and consumption by man (Fig. 2.1). The length

of this interval is left to the user's discretion..

.

J

Y

15
1

!
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3.1 Time-dependent Aerosol Interception (Si and S )2

The interception of airborne radionuclides by edible portions of
.

crop plant will depend on these major factors:
.

1. the surface area exposed to depositing particles,
2. the shape of the edible portion and its orientation to

depositing particles, and
3. the particle density of the depositing material.

Because some of these parameters are specific for different plant
species, edible crops have been divided into ca:e ., ries representing
plant parts with similar morphological characteristics. The following
categories have been recognized:

/

1. root crops and other crops with protected edible
parts,

2. leafy vegetables,
3. exposed grain crops,
4. cylindrical vegetables, and
5. spherical vegetables. *

Ideally, empirical data regard;ng interception of airborne particles
over the growth cycles of crops should be used to represent the time
dependency of this mode of contamination. However, because data of
this type are not readily available, certain signplifying assumptions
were mad <: to account for the factors af fecting interception. It is

hoped that the adequacy of these assumptions will be tested at a later
date through validation studies and sen itivity analyses.

At present, we have attempted to model the dynamics of intercep-
tion by assuming that interception is a direct function of the project-
ed surface area of the edible portion, and that interception occurs at
a 90 angle to the plane of the projected surface area. The time
dependency of interception thus relies cn the relationship of the pro-

[ jected surface area of the edible portion to the mass of that portion .

during plant growth. This relationship may be characterized either
I through the use of empirical data - for example, that obtained by the

Stanford L eech Institute" for several crops - or by assuming the
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; density of the vegetative matter remains constant during growth and
: using geometric procedures to derive projected areas as a function of
I .

J. plant growth.
j'. The mathematical representation of the crop compartment E , whichj

intercepts depositing radionuclides, was given in Sect. 2.3 [Eq. (2.1)]
as

,

I'1
dE' " 8 F (t) - (A

-

e,s)Ej+A EB E+t
dt 1 j jj j .

j=1

The fraction Si of depositing radionuclides intercepted by the edible
portion may be defined in two ways, depending on whether this fraction
represents an empirically derived or theoretical (geometric) relation-

,

ship with time. An empirical approach is
1

Si=Sm w, (3.1)

where.

i

S and ng = empirical c.onstants,

m = time-dependent mass of the plant part (g dry- I

weight), l

i

w = number of plant parts per square meter.

An example of a time-dependent curve for m is given in Appendix B.
This representation of S t is adapted from a document prepared by the

]
LStanford Research Institute,9 which supplies values for the empirical
constants Si and n for certain plant species. The empirical constants ig

j were derived for considerations of specific surface area (m g-3)2 ,

alone, for a given planting density w, and thus may be appropriate only,

,.

for similar planting configurations. A geometric approach for estimat-.

;, 'ing the relationship of Si with time is provided by Miller,8 where the j

change in projected surface area with time may be calculated by assign-
! ing a geometric configuration that best approximates the plant part.of

interest.

. . . .._ . . __ - . . _ _ - - _ _ , _ . . __ ___ _ - --
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4

! The output for a sample run of RAGTIME, which considers grains in

compartment Ej (surface of above ground crops) and is listed in Appen- .

dix B, was obtained by. using the empirical approach for estimating the
'time dependency of S . Empirical constants, used in Eq. (3.1), aret

also available for edible parts of a few other plant species, including
beans,-cabbage, peppers, and squash.D

The value of S , shown in Fig. 2.1, representing deposition of2

airborne radionuclides onto the soil surface below the food crop (5 ),
9

is calculated by assuming that
,

i S2=1-81 (3.2).

It is recognized that this approach may overestimate the soil deposi-;

tion since inedible parts of food crops will intercept depositing

radionuclides. Radionuclides intercepted by inedible portions may all,

eventually reach the soil when the field is plowed following harvest,
j less any radioactive decay during retention on plant surfaces.
. . .

3.2 Time-dependent Root Uptake (rp,t)i

Time dependence of root uptake is especially important when con-.

sidering radioactive daughter ingrowth and soil depletion of a particu-
lar radionuclide. It is expected that root uptake will be a function

'' of the increase in biomass of a plant or plant part over time as well
~

as of the phyciological stage in the life cycle of the plant. Both'

biomass increase and physiologic maturation may involve active and;

| passive processes by which plant tissues incorporate elements. Many

; essential elements are both actively and passively acquired, while
i

other elements may only be passively acquired. Because many radionu-e

| clides are radioactive isotopes- or chemical analogs of essential ele-
,

ments,-root uptake rates should be described in an element , as well as
time ,-dependent sense.i *

i Literature reviewed to date indicates a paucity of data regarding
l time-dependent root uptake of most elers.ents. What is available indi-

cates that the shape of the uptake curve, however, is similar to that
'

l

.

. . _ .. ._ . - _ _ _ . . - , ___ , _ _ . . _ , _ _ - .-
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of the growth curve for some elements and crop species stnMed. to-is
Therefore, the approach adopted in RAGTIME is either to enaracterize

,

uptake rates by edible portions of crops on the basis of any empirical
data available, or to assume that the uptake rate follows growth curve'

for the edible portion in the absence of empirical uptake data.
The uptake curve obtained via either of these two approaches is

then adjusted such that the concentration in the edible portion for a
chosen harvest time is related to the soil concentration at that time

The value forby the empirically derived concentration factor, Bjy.
B is obtained from empirical studies which measure the final cropjy
concentration with respect to a soil concentration believed to be
approximately constant throughout the growth cycle. Thus. for elements
whose concentrations are significantly decreased in ;he root zone

either by movement downward into the soil sink uptah by crops, con-

centration factors derived from initial soil concentrations and final
crop concentrations may not be appropriate.

,

.

nd Tpy)3.3 Time-independent Parameters (teJ' Ibp
Retention, both initial and long-term, of intercepted radio 7u-

8clides will depend on

1. the surface characteristics of the edible portion,

2. the particle size,

3. the wind velocity, and
4. the relative humidity and amount of rainfall.

The effect each of these will have on retention will vary frcm site to

site, and thus, the value of re p , the retention coefficient, may vary
greatly. For the present, we have assumed an average, time-dependent
value of t of 0.0495 day-1, consistent with that provided in TER-e,s
MOD,3 until further research into this parameter can be undertaken.*

The movement of radionuc; ides deposited on surface soil to the
.

root zone has been characterized in TERM 0D as I The definition and.

p
value of this parameter has been carried over to RAGTIME, pending
future investigation into its appropriateness. It is possible that
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this parameter might best be described in a time-dependent sense, with
empirical data being derived from soil distribution coefficients, or

,

K 's, available in the literature. Beccuse these K S I' 'I'**" ~

d d
specific, it may also be necessary to incorporate nuclide-specificity *

into the definition of ts,p'
The downward movement of radionuclides out of the root zone into

the soil sink is again characterized by a time- and nuclide-independent
parameter, rp h, adopted from TERMOD. As with 1 further research

3 p,
inte the appropriateness of the value and interpretation of this param-
eter is pending.

.

6

e
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i 4. PARAMETERS DESCRIBING TRANSFER TO BEEF AND MILK

.

Contamination of beef and milk may occur as a result of the inter-
ception or root uptake of depositing radionuclides by forage crops, and*

the subsequent ingestion by beef or dairy cattle. The RAGTIME code, to

date, considers that this contamination occurs only through grazing of
exposed pasture grasses by cattle. Thus, the loss and/or buildup of

radionuclides present in stored feeds and hay, upon which cattle may
depend for a large portion of the year, are not considered at this

time. Furthermore, inhalation of radioactivity by cattle is not yet

treated explicitly.

' 4.1 Contamination of Pasture Grass
1

As with food crops (Sect. 3), pasture grass (G ) may be contami-j
nated through interception of depositing radionuclides, including re-
suspended particulates, a.M through root uptake of nuclides deposited.

; on the soil or root mat (R ) below the pasture grass. At present, a
$

'

pasture exposed to depositing radionuclides is assumed to maintain an
approximately constant plant biomass throughout the year, and that the
interception fraction for grasses, S , remains constant. The assumed3

.

value of S , equal to 0.25, is equivalent to the value originally useda

in TERM 0D,3 and falls in the range of empirical measurements reported
17t by Chamberlain for initial retention (where sampling is done immedi-

1

ately af ter contamination) by grasslands. This parameter would be'

expected to vary with plant density and other environmental factors,
and thus represents an average value here. The fraction, s , isa

applied directly to the aerosol source term, F (see Fig. 2.1), andj
thus the model does not explicitly account for interception of radio-
nNiides resuspended from the soil or root mat below the pasture grass.

- The fraction s4, in Fig. 2.1, represents the fraction of deposit-
ing activity not initially intercepted by grass leaves and thus the

,

fraction deposited on the surface soil or root mat below the leaves.

Therefore, this.value is assigned a constant value of 0.75, being de-
fined as follows:

21
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1

;

S4=1-S3 (4.1).

'

.

The value of the parameter t representing additional inputp,g,
into the pasture grass compartment from surface soil, is consistent -

with the TERM 00 values adopted from a paper by Menzel,7 which indicates
i that an upper limit for uptake of radionuclides in the surface soil by

a single crop is 1%. Considered on an annual basis, t bccomes 2.74
r,g

x 10-5 day-1

; Three aspects of root uptake by pasture grasses have not been con-
sidered at present. First, the element dependency of this parameter,

7 g, has been neglected, yet may be quite important when root uptake1

; is significant with respect to foliar contamination. Second, an addi- i

tional mode or root absorption of radionuclides which does not involve
| the soil may be quite significant. This latter mode of uptake involves

the radionuclide availability for uptake from the root mat, which is a
" thatch" of dead and decomposing tissues around the plant-base region4

,

in which grasses may root.7 Finally, the time dependency of I hasp,g
not been investigated. All of these aspects will be addressed as work -

i continues on KAGTIME.
t

j. toss of radionuclides from the grass compartment, G; (see Fig.
2.1), may occur through ingestion of grass by grazing cattle (tg,i),,

3

! radioactive decay (A.), and by weathering of surface-deposited radio-

nuclides (rg,7). The value of I is assumed to be equivalent to tMgr
weathering coefficient, te,s, discussed in Sect. 3, and thus represents

14 day half-time for retention of intercepted materials. This valuea

is consistent with data reported by Chamberlain 17 for grasslands,

although it may vary with seasons and climatic factors. In particular,

this weathering coefficient, when measured, will incorporate loss of4

surface' material due to shedding of the protective leaf cuticle during
# plant growth,17 thus suggesting a seasonal and species dependency of-
I

t As with T is assumed to be time independent until fur-
g,7 e,s' Ig,r

. ther research dictates that a different approach should be taken.
!

:

i
,
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i

(day-1) will depend on the rate of loss ofi The value of tg,,
radionuclides 'in pasture grass through consumption by grazing beef and

.

dairy cattle. For this model, an average ingestion rate, V , f 10 kgc
day'1 dry matter was assumed, consistent with the value used in TER--

M00.3 Using this ingestion rate and a dry-weight areal grass density,
D , of 0.15 kg m-2 (Ref. 3), we define the value of I to be

g g,i
.

Vc _ 6. 67 x 10-1 day-1; (4.2)_ =
; g'* AD A '

] g9 9

where
i

2i A = pasture area per cow (m ),
9

1

4

At present, it is assumed that rg , is constant throughout the year.
Further work on incorporating sea'sonal aspects into the model will

i modify this approach.
I The rate of loss of radionuclides from the surface soil (R ) be-j.

'

neath pasture grass is represented by the parameter T As with the
r,d.

'

similarly defined parameter, Tp,h, f r crop soil (Sect. 3), an element-
i independent rate of 1.096 x 10-4 day-1 is used, as given in documenta-

tion of the TERMOD code.3 Again, further research may indicate a more
appropriate value or representation of this preess.

1

4.2 Contamination of Beef and Milk

Transfer of radionuclides from pasture grass to beef or milk is

parameterized by (Ig y)g, in m kg-1 day-1, or (Tg,c)i' I" *2 *

| day -1, respectively (see Fig. 2.1). These parameters represent trans-
fer rates and are assumed to be time independent pending further inves-
tigation into data available regarding their time dependency. Element-

specific values'of (Tg,b)i and (T c)i were calculated from empirically1
, ,

derived transfer coefficients,18 (F ); and (F,)$, which characterize'

f

the ratios between beef- or milk concentrations of an element and the'

4

equilibrium concentration of that element in pasture grass or feed. By

definition

J

,

., , , .- , y -.-- _ - - - - - - - - - . , _ _ _ _ . _ _ , , - .-y. . .
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F
7 the fraction of the daily intake of an element by a=

beef cow which appears per kg of flesh at time of -

slaughter (day kg-1), and
.

F, the fraction of the daily intake of an element by a-=

dairy cow which appears per liter of milk at equilib-
- rium (day liter-1).

Therefore, the empirical coefficients represent the theoretical coeffi-
cients only if pasture grass (or feed) is the only source of the ele-
ment in question in the cow's diet. The parameter (I b)i was derived
by assuming that the concentration in beef at time of slaughter approx- j

imates an equilibrium concentration, given an equilibrium concentration
|

in pasture grass. Thus, if (B],); is taken to represent the equilib-
bium concentration of an element, i, in the muscle of a single cow
(pCi kg -1), and Gj9 is the equilibrium concentration in grass (pCi
m-2), then from the equilibrium equation

d(B ).
g,b)iy9-(Texc)i(B[g,);G 9(I 0, (4.3)* =

.

it follows that

(0 w)i ; (Ig,b)i
(4,4)

GY9 (Texc)i
'

I

where

(Texc)i = 1 ss rate of the elemeno, i, from the muscle of a steer

(day ~1). Since

(B['9)(Ig,b) * (Texc)i (") '

1

.

and

.

+-.g _**---
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(B89 )icow
(F )'. = (4.6),

. (Gj9 xV U)c g

where
,

V = dry-weight grass consumption per day by a cow (10 kg
c day-1),

D = dry-weight arer. grass density (0.15 kg m-2),
g

it follows that the expression for (Ig,b)i is related to (F ); by:f

(F );(rexc)i cYf

(tg,b)i (4.7)=
D

,

9

Assuming the anir.al's diets to consist solely of pasture grass, the

loss rate of the element from the muscle of a steer, (texc)i, may be
interpreted to represent both the element-specific metabolic turnover,-

as well as the element-independent dilution of the concentration due to
,

increase in muscle mass during growth. This approach has been adopted

from the TERMOD code 3' for the present, but will probably be revised to
reflect a dynamic, rather than steady-state, approach to modeling this
pathway as model development progresses. In doing so, the dilution due
to growth rnav be handled explicitly rather than incorporated into a

term such as (Texc)i'
Similarly for (tg,c)i, representing transfer of element, i, to

milk (C ),
9

(F,)j(tmilk)Vc (4.8)(tg,c)i *
D

,

9

.

where

milk = the element-independent loss rate from the udderI

(2 day-1).
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The value of i in this case corresponds to the frequency of milk-milk
ing, assumed to be twice daily, and other losses are considered negli-
gible. Equation (4.8) was derived in a manner similar to Eq. (4.7),
from -

g,c)if tmilk( w)i = 0, (4.9) |= (t G
dt

1

and

e
(C q )icow

(F*)'. = (4.10).

(Gj9 x V /D )c g

1

Again, dynamics related to maturation and milking practices for a
single cow have been neglected at this time, but will be conddered as
model development progresses. '

The equation describing radionuclide concentrations in the beef
,

compartment as whole [Eq. (2.8)], given in Sect. 2.3 of this report, as

dB I'1

* (Ig,b}i ; - [A +tbeef * (Texc)i 30i*A b #j )G Bdt i
j=1

differs from that for a single cow given in Eq. (4.3) due to the pres-
ence of an additional element-independent loss parameter, I TheMef.
interpretation of this aspect of the beef compartment has been adopted
here from TERM 00,3 in that the compartmental equation considers losses
from beef in the herd as a whole by including the term, I tUbeef'
account for slaughter of contaminated cattle. This interpretation then
implies instantaneous replacement of the slaughtered portion with un-
contaminated cattle and a subsequent reduction or loss of-radioactivity '

from the compartment. The unccr.i.aminated cattle then begin .to accumu-

late radioactivity at a rate determined by (Ig,b)i. If, however, the

|

:

I

._ ._ _. _ _ . _
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radionuclide concentration in the beef compartment is to be used as an
indication of man's radiation exposure via ingestion of beef, the

,

present methodology may underestimate concentrations in beef of cattle
being slaughtered. That is, this latter portion of the herd will like--

ly be the more mature segment which has been exposed to contaminated
pasture for the greatest length of time, although the concentration
calculated will be an average of all members of the herd. In light of

this potential deficiency, work is ongoing to revise the homogeneous
herd concept, where uncontaminated and contaminated beef are indiscrim-
inately mixed to produce an average concentration in the beef which may
be lower than that in cattle ready for slaughter.

The milk compartment may also be interpreted to represent concen-
trations in milk obtained from the dairy herd as a whole. In this

case, however, instantaneous replacement of milk removed from the udder
by uncontaminated milk does not result in a reduction in concentration
below that to which man might be exposed, because each lactating cow,

.

as well as the herd, is subject to this same removal process. That is,

while slaughtering will not affect the radionuclide concentration in-

beef of any particular cow, milking will affect the concentration in
milk of each individual lactating cow in the herd, and thus can be con-
sidered when considering the herd as a whole.

For both milk and beef compartments, radionuclide loss and buildup
of daughters due to radioactive decay during storage prior to human
consumption is considered. Compartments (CH); and (BH)$, representing
concentrations of each nuclide in milk and beef, respectively, follow-

ing storage were devised to provide this information.

.

e

I
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5. SOLUTION OF THE SYSTEM OF DIFFERENTIAL EQUATIONS
i

-
,

5.1 Use of the GEAR Subroutine
,

4 ,.

The system of dif ferential Eqs. (2.1) through (2.11) is solved in
'

;
4

! the RAGTIME code by use of the GEAR package for solution of systems of
ordinary differential equations. The subroutine CALC of RAGTIME makes

a call to the subroutine GEAR of the GEAR package at each output time
to determine the values of the state variables,

f
1

E , S , P , G , R , D;, C , B , T , H , and (EH)j ,j $ j j $ 5 j j j

where i = 1 to n (the number of nuclides in the chain) at the given>

time. In the notation of the GEAR package, the system of differential'

Eqs. (2.1) through (2.11), with i varying from 1 to n, has the form
i

dY/dT = F(Y,T)
'

4

where Y = [Y(1), Y(2), ..., Y(N)] is the state vector at time T, with N' -

representing the number of state variables. The present version of
RAGTIME uses N = 12 x n state variables (n = the number of nuclides in

the chain). The correspondence between RAGTIME state variable names
,

and those used in the GEAR package is show.i in Table 5.1.
The user of the GEAR package furnishes a subroutine DIFFUN(N,T,Y,'

; YDOT) which computes the function YD0T = F(Y,T), the right-hand side of

! the system of ord;;:3rv differential equations, where N, T, and Y are as
| described above. The correspondence indicated above between RAGTIME

| state variable names and those used by the GEAR package implies a simi-

! lar correspondence between the two notations for derivatives (Table
! 5.- 2 ) .

The notation used in subroutine CALC of RAGTIME for a call to the.

; . GEAR subroutine -for values of the state variables at the time TOUT is
1

'
,

CALL GEAR (DIFFUN, PEDERV, N, T0, HO, Y0,. TOUT, APS, MF, INDEX).

:-
!

! 29 ,

'

i

_ . _ _ _ _ _ . . - -- _ _ . _ . . . __ _ __ __ . _ -
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Table 5.1 Definition of RAGTIME state variables
in terms of GEAR package notation

RAGTIME GEAR
state variable package notation

a

E Y[12(i - 1) + 1]j

S Y[12(i - 1) + 2)j

P Y[12(i - 1) + 3)j

G Y[12(i - 1) + 4]j
,

R Y[12(i - 1) + 5]j

D Y[12(i - 1) + 6)j

C; Y[12(i - 1) + 7]
B Y[12(i - 1) + 8]j

(EH)j Y[12(i - 1) + 9]
T Y[12(i - 1) + 10]j

H Y[12(i - 1) + 11]j

.
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.

Table 5.2 Definition of RAGTIME derivatives in
terms of GEAR package notation

-.

RAGTIME GEAR

derivatives package notation

dE /dt YD0T[12(i - 1) + 1]j

dS /dt YD0T[12(i - 1) + 2]j

dP /dt YD0T[12(i - 1) + 3]j.

dG;/dt YD0T[12(i - 1) + 4],

dR;/dt YD0T[12(i - 1) + 5]

dD;/dt YD0T[12f 1) + 6]

dC;/dt YD0T[12(i - 1) + 7]

dB /dt YD0T[12(i - 1) + 8]j

d(EH)g/dt YD0T[12(i - 1) + 9]

dT /dt YD0T[12(i - 1) + 10]g

dH;/dt YD0T[12f,i - 1) + 11]

.

O
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where the parameters have the following meanings:

(1) DIFFUN is the name of the subroutine described above,
which is declared external in subroutine CALC.

(2) PEDERV is also a subroutine which is declared external
.

in CALC. Under certain options available to the user
of the GEAR subroutine, this subroutine is used to de-
fine the N by N Jacobian matrix of partial derivatives.
However, under the option used by RAGTIME, PEDERV is a
dumpy subroutine.

(3) N is the number of state variables (i.e., N = 12 x n in
our case).

(4) TO is the initial value of T, the time variable (used
only on the first call).

(b) H0 is the step size for T (used only on the first call).
(6) YO is a vector of length N (= 12 x n) containing the

initial values of Y. This vector is used for input -

only on the first call.

(7) TOUT is the value of T at which output is desired. .

(8) EPS is the relative error bound (used only on the first
call unless INDEX -1).

(9) MF is a parameter used to indicate the basic method to
be used for integration (Adams method or the stiff
method of GEAR) and the method of iteration.

(10) INDEX is an integer used to indicate the type of call.
Initially, INDEX is set to 1. The value returned for
INDEX is 0 unless the integration was halted for some
reason. For meanings of the vaires -1, -2, -3, or -4,

for an output value of INDEX, see a listing of the GEAR
package.

.
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5.2 Use of the Bateman Equations as a Check

Since RAGTIME uses a numerical method for solution of the system.

of dif ferential Eqs. (2.1) through (2.11), it is desirable to have a

p:ocedure for checking the accuracy of this solution. Fortunately, it

is possible to calculate the total amount of radioactivity in the sys-

tem at any given time using an explicit solution of the Bateman equa-
tions. This value can then be compared with the corresponding value
calculated by summing the amounts of radioactivity in the various com-
partments of the model as calculated by use of the GEAR package. Close

agreement of these two values is a necessary but not sufficient condi-
tion that the numerical soluticn of the model equations is accurate to
the degree desired. In particular, one should keep in mind that a

' large relative error in a compartaient whose radioactivity contribution
is small compared to other compartments would be masked by this summing
procedure. Nevertheless, the comparison of total radioactivity as cal-
culated in these two ways provides valuable assistance in evaluating.

the numerical method since, as most practitioners of numerical analysis
'

would admit, the use of such methods is still largely an empirical
science. In particular, this compari ,on can provide guidance for the
selection of appropriate options anc, parameter values to be used in
calls to the GEAR subroutine.

The Bateman equations describe the decay process of a radionuclide
chain. Consider a chain of radionuclide species indexed i = 1, .. . , n
in a comparment into which the exogenous inflow rate of the ith species
is given by I (t)(pCi day-1) and which is subject to first-order re-j
moval processes with removal constant, A (day -1 ) . Then the following
system of differential equations describes the decay process in this
compartment:

i-1dA.-

-(A + A )Aj + Af E Bjj j + I (t), i = 1, ..., n (5.1)A= jdt
,

j=1
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where

A;(t) radioactivity (pCi) of the i ch nuclide at time t=

(day),

decay constant (day-1) for the ith nuclide,A =

removal constant (day-1) for the ich nuclide,A =

B. =
9J

radioactive branching ratio from species j to
species i, j < 1,

I (t)j exogenous inflow rate for species i (pCi day-1).=

For the purpose of checking the total amount of activity in the RAGTIME
compartments against the value as predicted using the Bateman equa-
tions, we may regard the total exogenous inflow rate for species i into
the system to be the product of the deposition source F (t) (uCi m-2j
day-1) and the quantity

.

SA+SA+S A +SA = (S i + S )A + (S + S )A (5.2)i 2 3 4 2 3 4g g g, ,

where

2A soil surface area (m ) assumed for the above-surface=

food crop,

soil surface area (m ) assumed for the pasture grass2A =
9 compartment.

Subroutine CHECK of RAGTIME makes a call to subroutine TRAFUN for the
purpose of calculation of the total radioactivity in the system at
various times. TRAFUN requires that the function representing the
exogenous input rate be a step function of time, which dictates that
F (t) be a step function. Furthermore, TRAFUN requires that the exoge-j
nous input rate be prescribed as a doubly dimensioned array rather than
as a FORTRAN function. We thus reserve for Sect. 6.3 an explicit
description of the call by CHECK to TRAFUN, in order to make use of our
description in Sect. 6.1 of the doubly dimensioned inflow rate matrix
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i

FF which is defined in subroutine INPUT and whose values are used to
define both the deposition source function F (t) [in FORTRAN, F(I,T)]j,

and the doubly dimensioned exogenous input rate matrix P which is used
as an input parameter to TRAFUN.''

1

s

.

.

9

i

w



6. THE RAGTIME CODE

.

6.1 Input
*

The subroutine INPUT reads values for user-supplied data required
by RAGTIME. The first value read is that for NUMNUC, the number of
nuclides in the chain. Next read are the names of the nuclides
[NAMNUC(I), I = 1 to NUMNUC] and the initial ground deposition source
(microcuries per square meter) for each nuclide [F0(I), I = 1 to NUM-
NUC]. Following these steps values are read for MP and for the arrays

11MEP(KP), KP = 1 to MP

and

FF(1,KP), I = 1 to NUMNUC, KP = 1 to MP

where

FF(I,KP) inflow rate of species I (microcuries m-2 day-1)- =

for the time interval TIMEP(KP) to TIMEP(KP+1)
if KP < MP,.

FF(I,MP) inflow rate at times subsequent to TIMEP(MP).=

The matrix FF defines the exogenous input of radioactivity into the
system. This matrix is used to define values of the fallout source
function F;(t) [in FORTRAN, FUNCTION F(I,T)]. Also FF is used in sub-
routine CHECK to define the exogenous input rat'e matrix P as discussed
in Sects. 5.2 and 6.3. Next read are the number (NUMBRA) of and values

,

for the radioactive branching ratios. The FORTRAN notation B(I,J) is
used to denote the radioactive branching ratio from species J to spe-
cies I(J < I). If NUMBRA = 0, no branching ratios are read. If NUMBRA

> 1, then one card is read for each nonzero branching ratio, the READ
'

statement and its associated FORMAT being
.

READ (RDR,50) PARNUC,DAUNUC,BRATIO

50 FORMAT (A8,5X,A8,5X,E13.6)

37
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i

1 *

where PARNUC is the name of the " parent" and DAUNUC the name of the
; "da ughte r. " For example, the card
2

81210 P0210 1.0
.

t t -

col. I col. 14 cols. 27-40 '

;

is used to input the branching ratio 1.0 from 2toBi to 21 Po. The in-
| put subroutine assigns the value BRATIO to the element B(I,J) of the

matrix of -branching ratios in such a manner that B(1,J) represents the
! branching ratio from the nuclide NAMNUC(J) to NAMNUC(I).

Following input of the branching ratios, information regardingi

desired output times is read. The entire integration interval is spec-
: ified as consisting of a number (NINTVL) of subintervals, with INCR(I)

| denoting the interval between successive output times for the subinter-
I val indexed by I. The right endpoint of the subinterval indexed by I
' is denoted by ENDTIM(I). The READ statement and its associated FORMAT

statement for input of these quantities is *

.

READ (RDR,90) INCR(I),ENDTIM(I)

90 FORMAT (E13.6,16)

i

In subroutine CALCIN, the arrays INCR and ENDTIM are used to define
j values for the entire array of output times TIM (I), I = 1 to NTIM.

Values for the radionuclide-dependent parameters listed in Table
6.1 are read next. For definitions of these parameters, see Table 2.1.
One card is read for each of these parameters, the cards being read in
the order indicated in Table 6.1 for each value of I, with I varying

4

from 1 to NUMNUC. The format for each card is (10X,E13.7).
We now consider the input of nuclide-independent parameters. The

main program of RAGTIME handles any number of radionuclide chains. The

first executable statement of MAIN is
:

READ (RDR,10) NCHAIN>

10 FORMAT (10X,12)
,

;

;

;

'
- _ . , . --- __ -_. - _ . _ , -- -. - - . - - --
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Table 6.1 Radionuclide-dependent input
parameters for RAGTIME-

*

Parameter symbol FORTRAN name

Af LAMRR(I)

(F,)j FSUBM(I)

(F )j F5UBF(I)
7

B BSUBIV(I)jy

(texc)i TAUEXC(I)

where NCHAIN is the number of chains to be considered. Following this
read statement, the main program makes calls to the subroutine INPUT,
OUTDAT, CALCIN, HARVST, CALC, and CHECK in this order for each chain

, ,

under consideration. In order to avoid the necessity of inputting the;

nuclide-independent parameters for each chain, a flag, IFLAG, is set in*

MAIN and passed as a parameter in the call to INPUT [ CALL INPUT (IFLAG)]

to enable a branch co be made around the input of these parameters for
calls subsequent to the first one. Values are read for the nuclide-
independent parameters listed in Table 6.2. For definitions of these
parameters, see Table 2.1. One card is read for each of these param-
eters, the format being (10X,E13.7).

The final segment of code in INPUT reads values for certain GEAR
subroutine parameters (see Sect. 5.1).

6.2 Logical Structure of the Code

After calling subroutine INPUT for input of data related to a

given chain, the main program calls DUTDAT for a printout of these*

data. Next a call is made to subroutine CALCIN, which calculates the
.

values of certain coefficients used in the system of differential Eqs.
(2.1) through (2.11). These coefficients, the numbers of the equations
in which they occur, and their FORTRAN designations are as follows:
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.

Table 6.2 Nuclide-independent input -

parameters for RAGTIME

Parameter symbol FORTRAN name
_

A A

A ASUBG
g

d SMALLD

D DSUBG
g

N MSUBB
b

P RHO

T TAUBEFbeef ,

I TAUMLKmilk
.

t TAVESe,s

I TAUGR
g,r

I TAUPHp,h

T TAURD
r,d

t TAURG
r,g

i TAUSPs,p

U U

V VSUBC
c
h

t TIMBH
b

t TIMCH
c

.

,
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1

'

Occurs in FORTRAN
Coefficient equation name

*

'

A +T 2.1 LAMA (I)e,s

Af + T 2.2 LAMS (I)3,p

AR+t +A 2.4 LAMG(I)
'

1 g,r g,,

Af+'r,g+t 2.5 LAMR(I)r,d

f A +I 2.7 LAMC(I)milk
i

} Subroutine CALCIN also defines values of the array of output times

{ TIM (I), I = 1 to NTIM as discussed in Sect. 6.1. Following the call to
CALCIN, the main program calls subroutine HARVST in which emergence andj .

! harvest times for crop plants are specified. The FORTRAN name for the
*

number of harvests considered is NHARV. Subroutine HARVST assigns;

values to NHARV and to the arrays EMERGE (I), I = 1 to NHARV, and HAR-
i TIM (I), I = 1 to NHARV, where
1

i

EMERGE (I) = date (days) for Ich emergence time for plants,

HARTIM(I)'= date (days) for Ich harvest time for plants.
;

j After calling HARVST, Mt ' calls subroutine CALC which serves the
j following functions [(1)-(4)]:

)

| (1) Initializes and prints definitions of compartments

E , S , P , G , R , C , B , T , (EH);, (BH);, and (CH)$.z $ j j j $ j j
,

(2) ' Assigns values to GEAR subroutine parameters INDEX, T0,
1
^

'

H0, and N (Sect. 5.1).

.(3) Assigns values to the arrays TR(INUC), TB(INUC), and
| PRORAT (INUC), INUC = 1 to NUMNUC, where

- - - . .- - - . - -, _ _. -. . ..- -
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r

TR(INUC) radioactive half-life (days) of=
'

nuclide INUC, . ,

,

i TB(INUC) biological half-time (days) of=
.' nuclide 'INUC (a large value is

assigned to approximate a biolog-
ical removal factor of zero),

1 PR0 RAT (INUC) (constant) production rate for=
i nuclide INUC.

These arrays are used as input parameters to the sub-4

routine RESDNS, which is called by CALC for calculation
(using an explicit solution of the Bateman equations) of

,

the radioactivity level in the holdup compartments (BH)j
j and (CH); as discussed in Sect. 2. 2. The array PR0 RAT

is used to specify the production rate in compartment
(BH)j and is therefore assigned zero values since no

j exogenous input is assumed for this compartment.
,

*

(4) Following steps (1) through (3), subroutine CALC executes
$ a loop,

00 4 I = 1,MTIM

in which the values of the state variables defined by
Eqs. (2.1) through (2.11) as well as the holdup compart-

ments (BH)9 and (CH)9 are computed and printed. At each
time TOUT = TIM (I), a call is made to the GEAR subrou-

'
tine,

:f

CALL (DIFFUN,PEDERV,N,TO,HO,Y0, TOUT,EPS,MF,INDEX)
:
4

for calculation of values of the state variables E , S ,j j ,

P ,G ,R ,D ,C ,8 ,T ,-Hj j j j $ 9 j j and (EH)j, where i = 1 to
the number (NUMNUC) of nuclides in the chain. These;

values are returned in the array Y0, with the same
.

16

, - . - _ . - - - . . - . . . - - - - - - . . ., , - , - . . - . . . . , . ~ - - - .
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correspondence between RAGTIME state variable names and

GEAR package names as indicated in Sect. 5.1; for exam-
.

ple, the value of E is given by Y0[12(i - 1) + 1].j
.

At each output time, CALC calculates and saves in the array TOTUCI
the total activity in the system corresponding to each nuclide. We

define

TOTUCI(1,INUC) = total activity (microcuries) in the system
corresponding to nuclide INUC at time

TIM (I).

If we assume A square meters of land devoted to crop production and A
g

square meters of pasture grass, the appropriate multiplicative factors
for converting the values in the various compartments to microcuries
are given in Table 6.3. The values of these conversion factors are,

obvious for all except compartments C , B , and (EH);. For the milkg j
* compartment C , we assume one cow for each A square meters of pastj g

grass, with an udder capacity of U liters per cow. Similarly, the con-
version factor for the beef compartment follows from our assumption of
M kilograms of muscle per steer, with one steer per A square meters

b
0

g
of pasture grass. The conversion factor M /1000 for the crop holdup

compartment (CH)j is based on the definition

M0 = total mass (grams) of crop per A m2 at harvest time.

The compartment Mj is used only in connection with a mass-balance
check. This compartment serves to account for the loss to the system
of activity from the beef and milk compartments B j and C; as well as
the complement of the activity represented by transfer coef ficients.

(t ); and (tg,c)i with respect to i j. The differential equation
g g

forMjis
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.

Table 6.3 Conversion factors used to convert compartmental

concentrations to total activity

Compartment Ur.i ts FORTRAN name Conversion factor
,

E pCi m-2 Y0[12(i - 1) + 1] Aj

S pCi m-2 Y0[12(i - 1) + 2] Aj

P pCi Y0[12(i - 1) + 3] 1j

G pri m-2 Y0[12(i - 1) + 4] A (ASUBG)j g

R pCi m-2 YO[12(i - 1) + 5] A (ASUBG) ,
.

$ g

D. pCi m-2 Y0[12(i - 1) + 6] A (ASUBG)
i g

C; pCi liter-3 Y0[12(i - 1) + 7] U

B; pCi kg-1 Y0[12(i - 1) + 8] F1(MSUBB)b
0

(EH); pCi kg-1 Y0[12(i - 1) + 9] M /1,000

T; pCi YO[12(i - 1) + 10] 1

H pCi m-2 Y0[12(i - 1) + 11] Aj

M pCi Y0[12(i - 1) + 12] 1j
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dM

beef"b j milkUC; - M; + D - (Tg,b)i"bB TI
dt c g

.

- (Ig,c)i G, (6.1)j

mass of muscle on a steer at time of slaughter (kg),M =
b

milk capacity of the cMer (liters).U =

The other parameters were defined and diccussed in Sects. 2, 3, and 4
)f this report. The first two terms on the right-hand side of this
quation represent gains to M' resulting from losses to capartments Bj;

and C; through slaughter of cattle and milking of cows, respectively.
The third term accounts for radioactive decay inMj. The last term

represents the loss to compartments G; which is not accounted for by

the terms (tg,b)i i and (1 )j j in Eqs. (2.7) and (2.8), respective-U G
,

ly.
OWith MF0 as the FORTRAN name for M , the FORTRAN statement defin- --

ing TOTUCI(I,1) is therefore

TOTUCI(I,1) = YO(1)*A + Y0(2)*A + Y0(3) + YO(4)*ASUBG

1 + YO(5)*ASUBG + YO(6)*ASUBG + Y0(7)*U + Y0(8)*MSUBB

2 + Y0(9)*(MF0/1000.) + Y0(10) + Y0(11)*A + Y0(13),

(6.2)

the generalization for TOTUCI(I,INUC) being obvious.
Af ter defining values of the array TOTUCI(I,1NUC) for a given I

and for INUC = 1 to NUMNUC, calls are made to subroutine RESDNS for the

calculation of values of the beef and milk holdup compartments (BH);
h

and (CH)5
The statements executing these calls are

.

CALL RESDNS(TIMBH,NUMNUC,TR,TB,B,PRORAT,QOBEF,QBEF,QWIGL,IDIM)
'

CALL RESDNS(TIMCH,NUMNUC,TR,TB,B,PR0 RAT,QOMLK,QMLK,QWIGL,IDIM)
l

|

i
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where TIMBH, TIMCH, NUMNUC, TR, TB, B (matrix of branching ratios) and
FR0 RAT are as defined previously. On input, the arrays Q0BEF and Q0MLK

.

contain the values in the beef and milk compartments Bg and C , respec-5

tively, at the current time TIM (I). The concentration levels (pCi kg-1) .

which beef and milk would reach if stored for the period of time (days)
specified by TIMBH and TIMCH are returned in the arrays QBEF.and QMLK,
respectively. The array QWIGL contains residence values (pCi-days) on
output and is not used by RAGTIME. The parameter IDIM specifies the
maximum dimensions for the matrix of branching ratios as defined in
RESDNS (REAL BRANCH (IDIM,IDIM)). Following these calls to RESDNS,
values of the various compartments, including the holdup compartments'

'

for beef and milk, are printed for the current time.;

The final section of code within the I-loc determines whether or1

not the current time, TIM (I), is a harvest tin.m, and if so, reini-.

tializes the state variables E , T , and (EH); to simulate harvest.j j
j First the following call is made to subroutine QUERY:
'

.

4

CALL QUERY (TIM (I),IANS) -
-

This subroutine searches the array of harvest times, HARTIM, and
k returns IANS = 1 if TIM (I) is a harvest time, IANS = 0 if not. If

TIM (I) is a harvest time, the crop holdup compartment (EH)$ is reini-;

tialized to the value
,

,

;

{
total activity (pCi) in compartments E; and T; _ j0 x 0.001

AEj+Tj
total mass (kg) of crop at harvest time;

I (6.3)
:

af ter which the compartments E9 and T9 are set to zero. After comple-
tion of the I-loop,' control returns to the main program.

.

As pointed out in Sect. 5.1, the system of differential Eqs. (2.1)
through (2.11) is defined in subroutine DIFFUN. The GEAR package makes

'

calls to DIFFUN for values of YDOT at various times as described in
} Sect. 5.1. The deposition . source function F (t) of Eqs. (2.1), (2.2),j

s

., . _. c . .m,.....~y ----,m - _ _ . , . _ _ _ ,-
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(2.4), and (2.5) is defined by means of the FORTRAN function F(I,T).
This function is defined in terms of the inflow rate matrix

~

, ,

; FF(I,KP), I = 1 to NUMNUC, KP = 1 to MP*

as described in Sect. 6.1.

The final subroutine called by MAIN is subroutine CHECK. Details
concerning this subroutine are discussed in the following section.

1

I 6.3 Subroutine CHECK
;
'

The last subroutine called'by MAIN is subroutine CHECK. This.sub-
routine calculates and prints values of'

total activity (pCi) due to nuclide INUCTOTUCI(ITIM,INUC) =

at time TIM (ITIM) as calculated in sub-
.

! routine CALC by calls to the GEAR sub-'

i
2 routine (discussed in Sect. 6.2).

4

ACT(INUC,ITIM) total activity (pCi) due to nuclide INUC=

at time TIM (ITIM) as calculated by sub-
routine TRAFUN, using the Bateman equa-
tions,

j and the percentage error
e

!

(TOTUCI(ITIM,INUC)) - ACT(INUC,ITIM)*100./ACT(INUC,ITIM)

for times TIM (ITIM), ITIM = 1 to NTIM. The call to TRAFUN is as fol-
i lows ~:

.

CALL TRAFUN(NUMNUC,TR,TB,B,MP,TIMEP,P,NTIM,RTIM,AWIGL,ACT,IDIM)
, .

The meanings of NUMNUC, TR (radioactive half-lives), TB (biological
half-times), B (matrix. of branching ratios), MP (Sect. 6.1), TIMEP

f- (Sect. 6.1), NTIM (number of output times), 'and IDIM are as defined
.

4

,,. , , - _,y.. , _ _ _ , _ ..-_m . -, - - _ __-,.c
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previously. The array RTIM is a real array whose values are the same
as those for the double precision array TIM of output times. The

matrix
.

P(INUC,KP), INUC = 1 to NUMNUC, KP = 1 to MP

defines the total exogenous input rate of each nuclide to the system
for each of the time intervals TIMEP(KP), KP = 1 to MP. From the
definition of the inflow rate matrix FF (Sect. 6.1) and our assumption
of A square meters of crop production land and A square meters of

9
pasture Iand, it follows that the correct expression for P(INUC,KP) is

P(INUC,KP) = FF(INUC,KP)*((S1 + S2)*A + (S3 + S4)*ASUBG)

Subroutine TRAFUN returns in the array ACT the total activity levels as
computed using the Bateman equations. Af ter the call to TRAFUN, the
values of the arrays TOTUCI and ACT as well as the percentage errors
are printed.
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LEVEL 21.6 ( JUN 74 1 05/300 FORTRAN H

C OMPI LE R OPfl1N S - N A'4E= MAIN,0PT=02.LINECNT=60,5!2E=0000K,
51UR CE , E BC 0l t, N1LI ST ,NO3E CK ,L O AD H A P,NGEDI T , l 0.NOXP EF

,

ISN 0002 SUBR OU T INE INDUT (IFLAG)'

C
C

*
C SU3R OUT INE INPUT INPUTS ALL THE DATA
C
C

ISN 0003 COMMON /HOLTIM/ TIMBH,TIMCH
ISN 0004 C3MMON /INFLOd/ MP. T14Ep(301, FF(15,301
ISN 0005 COMMON / BRANCH / B(15,150
!$N 0036 COMMON /DEP/ L AM RR ( 15 8,F SUeM (153, TAUE XC ( 15 3,F SU9 F t 15 8,B SUB l V ( 151

ISN 0007 COMuG4 /INDEP/ A,ASUBG,05UBG,MSUBR,TAUBEF,TAUMLK,*AUES,TAUGR,
T AUPH, T AUR D, T AURG, TA US P, U,VSU BC , $M A L LD,R HO*

ISN 0008 COMMON /N AMES/ N AMNUC(15)
ISN 0009 COMMON /NUMBRS/ NUMNUC
ISN 0010' COMMON / TIME / T I M ( 3 6 5 ) ,1 NCR ( 301. E NDT ! M( 30 8,N IN TVL,4TI M
ISN 0011 COMMON / SOURCE / F0(151
ISN 0012 CouMON /GP AR AM/ EPS,MF

TSN 0013 COMMON /IODEV / PTR,ROR
C

C
C*

ISN 0014 DOUBLE PRECISION NAMNUC.PARNUC,DAUNUC, TIM EPS
ISN 0015 INTEGER ENDTIM PTR,ROR

159 0016 REAL MSU38,1NCR,LAWRR
C
C
C

*
C***
C*** NU 4NUC - THE NUMBER OF NUCL10ES IN ,THE CHAIN BEING STUDIED*

C***
ISN 0017 READ ( R CD ,10 ) NUMN'JC

* ISN 0018 10 FORMAT (IS I
C***
C*** N AMNUC - ARR AY nF THE NAMES OF THE NUCLIDES IN THE CHA!N.
C*** FO - INITI AL GROUND DEPOSITION SOURCE FOR NUCLIOE(Il
C*** WHERE i VAR IES FROM 1 TO THE NUMBER OF NUCLIDES
C*** (MICDCCUQ tES PER SQUARE METERI
C***

ISN 0019 00 33 I * 1,NUMNUC

ISN 0020 RE AC (RDR ,20 8 NAMNUC(II,F0(Il

ISN 0021 20 FORMAT (A3,E13.6)

ISN 0022 30 CONTINUE
C
C*** INFLOW RATES FOR VAR IOUS SPECIES
C***
C*** READ VALUES FOR THE ADRAYS

'
C***
C*** T IME P( KFI, KP=1 TO 19, AND
C*** FF(1,KPl. I= 1 TO NUMNUC, KP= 1 TU MP , WHERE
C***
C*** FF(I,KP) = INCLOW RATE OF SPECIES I (UCI/M**2-04YI FROM
C*** TIMEP(KP) TO TIMEP(KP*1l IF KP .LY. MP
C*** AND FF(1,Mol IS THE 0. ATE AT TIMFS RU9 SEQUENT TO
C*** TIMEp(MPl.

ISN 0023 R E AD ( R DR ,200 5 MP
ISN 0024 200 FORMAT (ISI.

'

.

f
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I SN 0025 00 201 !=1,NUMNUC4

iSN 0126 00 201 Kp=1,MP
ISN 002 7 201 R E AD (P C',202 8 TIMEP(<DI,FF(1,%PI
ISN 0028 2 02 FnR* AT( E13.6. 2X , F13.61

C .

C
C MATRfX CONTAINING 904NrHING RATIOS INITIALIZE 0 TO ZERO
C ****************************************************** *

C
C
C***
C*** 9 - * ATo f X C"NT AINING THL RR ANCHING R AT!PS.
C*=*

ISN 0029 90 40 I= 1,NUwNUC
ISN 0010 D3 40 J= 1,4UMNUC
ISN 0031 9(I,Ji =00
ISN 0032 40 C01 INUE

C
C,

C BDiNCHING R ATIOS FILLED IN MATOIX ,

C *********************************
C

C
1 C***

C*** PARNUC DARENT NUCLIDE
C*** OAUNUC - 040GHTER HUCLIOE
C*** 9 RATIO - BPAllCHING RATIO
C*** PARNOO - INDEX INTO MATRIX 8
C*** ocPDESENTS PARENT NUCLIDE

'

C*** D AUMOD - INDEX INTO MATRIX B
C*** RFARESENTS DAUGHTER NUCLIDE
C*** Nut 48 R 4 - NUMBER Or NONZ ERO BR ANC HING p .17105

1 Ce*e
isN 0033 R E A D ( R CQ ,10 ) NUMBRA,

ISN 0034 IF ( NUM 9R A . EQ.0 3 GO TO 160a

15N 0036 00 70 1 = 1,NUM3RA
.

ISN 0037 RE AD (ROR,50) PARNUC.DAUNUC,9EATIO
; [SN 0038 50 FORMAT (48,5X,A8,5X,E13.6)

C
C

C LOOP TO SE' %APonPRI ATE INDICE S INTO '44TR IX R
C e*******e*****e************************e****e,

* C
C

154 0039 00 60 J = l e f4UMNUC
[SN 0040 IF(PARNUC .EO. NAMNUC(Jil D AD NO D = J
ISN 0042 IF(DAUNUC .EQ. NAMNUC(Jll O t9N00 = J

; ISM 0044 60 CONilNUE
ISN 9045 6(DAUN00,PARNODI = BRATIO

. ISN 0046 70 CONTINUE
159 0047 80 CONTINUE

C***
C*** NINTVL - NUMBER Or INTERVALS SPECIFYING Output T!HES,

| C*** INCR(Il - STEPSIZE FOR INTERVAL I
C*** ENOTIM(!) - R IGHT EN0 POINT OF I N TE R V AL ! (DAY)

i C*** NOTE TH AT ENOTIM t il SHOULD B E AN INTEGOAL MULTIPLE OF INCR(1)
Ce** AND FOR I GRE ATFP T H AN 1. ENDT IM( Il - ENDTIM(I-1) SHOULO RE ANi

] C*** INTEGR A L MULTIPLE OF INCA (II.
l

.

<
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C***
I%N 0048 100 READ (RCR,10) NINTyt
159 0049 90 100 I = 1, *lI N T VL

799 0050 RE A D (ROR ,900 INCA t I I ENDTIM( Il

154 0051 90 FOR*AT (E13.0,le!
*

ItN 005? 100 CONT INUE
ISN 035 3 110 CnNTINUE

C
*

C
r****e*************,**********,************************e.***************

***
C***
C*** QA91040CL10E DEPENDENT PAGAMETERS ***

***C***
C*********=*************************************************************
C***
C***

,

C***
r*** B SUB I V - C ONC E NT P R T I ON O F PUCLIOE PER UNIT FRESH WEIGHT IN PLANT
C*** (MICROCUR!ES DER KILOGEAMI DIVIDED BY CONCENTQATION Oc
C*** NUCLIOE PER UNIT GRY WEIGHT IN Sqlt (MICROCUo.IES PER
C*** KIL9GaAMI
C*** FSURF - THE ERACTION OF THE ANIM AL* S D AILY INTAKE 3F NUCLIDE(Il
C*** kHICH APPFApS IN EACH KILOGRAM OF FLESH (NAYS PER KIL OGR AM )*

. C*** FSuaM - FRACTION OF THE DAILY INTAKE OF NUCLIDE I BY A COW
C*** WHICH APPEtRS DER LITER OF MILK AT EQUILIBDIUS
C*** (9AYS PER L IT EQ l .
C*** LAMRR - RADI0 ACTIVE DECAY DATE OF THE NUCLIDE UNDER STUDY
C**= (PER DAY)
C*** T AUE XC - EXCRFTION R ATE nF A STABL6 ISOTOPE OF THE NUCLIOE FROM
C*** THE MUSCLE OF A 91EER (PER DAY),

C***
C

C
*

C

ISN 0054 00 130 I= 1,NUMNUC

ISN 0055 RE AC (RDR 1209 LAMOR(Il
I(N 0056 RE AC (RDR,120) F SU9M ( 1 )*

ISN 005 T RE AD (RDR,120) FSU9F(l)
ISN 0058 DEAD (RDR,1208 B SU BIV( I l

ISN 0359 RE AC (RDR.120) TAUEXC(Il
ISN 0060 120 FORPAT (10X,E13.71

159 0361 130 CONT INUE
C
C

ISN 006 2 IF (IFLA3 .FQ. 1) GO TO 140
ISN 0064 IFLAG = 1

C
C

C************************************=**********************************
***C***

C*** RADIONUCLIDE INDEPENDENT PARAMETERS ***
***C***

i C*****************************.******************************************
C***
C***

_
C*** A - SOIL SUPF ACE APEA REQUIRED TO FURNISH FOOD CRODS FOR ONE

1 C*** MAN (500ARE METERSI
C*** ASUBG - PASTURE ARE A PE# COW (SQUARE METER $1

.

6

!
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C*** SMALLD - DEATH OF THE OLOW L AYED (CENTIMETERSI.
C*** RHO - DENSITY OF THE Sott (GPAMS PER CUSIC CENTIMETERI.
C*** MSUBB - M ASS OF MUSCLE ON A STEER AT THE TIME OF SLAUGHTEF
C*** (<!LOGPAMS PER STEER)
C*** TAUBEF - FRACTION OF THE BEEF HERD SL AUGHTERED (PER DAY) *

C*** tar 4LK - TRANSFER RATF OF MILK FROM THE UDDER (PER D AYS
C*** TA'ES - TRANSFER COEFFICIENT FROM E TO S (PEP DAYI
C*** TALiR - TRANSFEP COEFFICIENT FROM G TO R (PER DAY) *

C*** TAU"H - TRANSFER COEFFICIENT F20M P TO H (PER DAY)
C*** T AU'<D - TRANSFER COEFFICIENT FROM R TO D (PER DAVI
C*** TAURG - TRANSFEn COEFFICIENT F90M R TO G (PER DAY)
C*** TAUSP - TRfNSFSR COEFFICIENT F2 0'4 5 TO P (PER DAYS
C*** U - MIL < CAPACITY OF THE U3 DER (L I T EF S I
-C*** VSUSC - DRY WEIGHT GR ASS CONSUMPTION PER DAY 8Y 4 COW
C*** (KILOGR AMS PER DAY)
C*** TIMBH - HOLDUP TIME (DAYS) FOR BEEF
C*** TIMCH - HOLDUP TIME (DAYS) FOR MILK
C***
C
C
C

ISN 0065 READ (RCR,001) A
ISN 0066 READ (RCR,001) ASUSG
ISN 0067 RE AD (R CR,001) SMALLD
I SN 016 8 RE40 (DCR,0011 RH"
ISN 0069 READ (RCR,0011 05U9G
ISN 0070 , READ (RCR,001) 45U88
ISN 0071 READ (RCR,001) TAUBEF
ISN 0072 READ (RDR,001) TAUMLK
ISN 0075 READ ( R CR ,001 ) TAUES ,

ISN 0074 READ (ROR,00ll TAUGD
ISN 0075 ' E A D ( R CR ,001 ) TAUPH
ISN 0076 R EAD ( R CD,001) TAU 1D -

ISN 0077 RE AD (R CD ,001) TAURG
j ISN 0078 READ ( R DR ,001 ) TAUSP

ISN 0079 READ (RCR,001) O *

ISN 0080 READ ( R CR ,001 ) VSUSC
ISN 0081 READ (R04,0011 TIM 9H
ISN 0082 READ ( R DR ,0011 TINCH

C
ISN 0083 001 FOR'4 AT (10X,E13.7)

C
C
C************************************************************
C*** ***
C*** GEAP SUPROUTINE PARAMETERS ***
C***

,

***
C************************************************************
C

ISN 0084 RE AD (R CR,0021 EPS
ISN 0085 002 FORMAT (10X,013.68

C'

ISN 0086 READ (RDR,005) MF
ISN 0087 003 FORM AT (10X,121

C
ISN 0088 140 CONTINUE
ISN 0089 RETURN
ISN 0090 END

!
.

I
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LEVEL 21.8.( JJ N 74 5 05/360 FORTR AN H
,

COMPI LE R OPTIONS - NAME= W AIN,OP T=0 2,L INECH Ta b0,5 I Z E=0000K ,
SOUQCE .E BC0l C. NOLIST ,N00ECK, LOAD HAP NOEDI T e l D,NOXR EF

ISN 0002 SUB#CUTINE OUTDAT.

C
C
C SUBROUTINE OUTnAT ECHOS THE DATA INPUT IN SUBQOUTINE INPUT*

C
C

isN 0003 COMMON / INFLOW / MP TIMEP(30), FF(15,508
154 0004 COMMON /HOLTIM/ TIMBH,TIMCH
ISN 0005 COMMON /Bo4NCH/ B(15,153
ISN 0006 COMMON /0EP/ L AMRR(158,F SUBM(15), T AUEXC(15 3.FSU8F (158,BSUS IV(15 6
ISN 0007 COMMON /INDEP/ A. ASU6G,05U0G,M SU36 T AUBEF T AUMLK.T AUE S. T AUGR,

* 1 AUpH.T AdRD T AURG, T AUSP.U,VSUBC,SMALLO, AHO
ISN 0008 COMMON / NAMES / N AMNUC(ISI *

ISN 0009 COMMON /NUM*R 3/ NUMNUC
?SN 0010 COMM ON / TIME / TIM (365) INCR(309,ENOTIM(303,NINTVL,NTIM
150 0011 COMMON / SOURCE / F0(15)

j 154 0012 COMMON /GP AR AM/ EPS MF ,

ISN 0013 COMuGN /IODEV / PTR,ROR

C

i
C
C -

ISN 0014 000BLE PR ECI S I ON NAMNUC,PARNUC.DAUNUC, TIM.EPS
: ISN 0015 INTEGER ENOT!w,PTR,RDR

| ISN 0016 PEAL MSUB8,1NCR.LAMRR
; C

| C
C
C NUCL IOE DEPENDENT PARAMETERS
C eeee eee ees se ss eee ee e eeeeee es
C

194 0017 WRITE ( PT R ,40 3
ISN 0018 40 FORMAT ('1',53X,'NUCL10E DEPENDENT PARAMETERS 8 /////.

- * * ',49X,'*** DEFINI TION OF P AR AMETERS **** ///
',28X,' BSUBT V - CONCENTR AT ION OF NUCLIOE PER UNIT '* ' ,

4

' * ' FRESH WEIGHT IN PL ANT (MICRO ' /
',3 7X. ' CUR I ES PER KILOGRAMI O1VIDED BY CONCtNTRATION-

'* - ,

* )F NJCLIOE PER UNIT' /
e ' ',3 7X, 'ORY WE IGHT IN SOIL (MICROCUalES PER KILOG* AMl 'l

C
ISN 0019 WRITE (pTR,603

'ISM 0020 60 F09 MAT (, e,28X,'F0 - INITI AL GROUND DEPOSITION SOURCE ,
* * (MICR0 CURIES PER SQUARE METERI' /
* * ',28X,'FSUBF - THE FQACTION OF THE ANIMAL *'S DAILY ' i,

,

' INT AKE OF NUCLIOE WHICH APPEARS ' /' *

',37X,'lH E ACH KILOGR AM OF FLESH (D AYS PER W ILOGR AM I '/| * *

* ' ',T30,'FSUBM - FR ACTION OF THE DAILY IHTAKE OF ' ,

* ' NUC L I DE I BY A COW WHICH APPEAR $' /

* * 8,T39,'PER LITER OF MILK AT EQUILIBRIUM ',
* '(OAYS PER LITERI.' I

C
ISN 0021 WRITE (PTR,708

ISN 0022 70 FORMAT (' ',28X,'LAMRR - R ADIDACTIVE DECAY PATE OF THE NUCL10f ' ,

* 'UNDER STUDY (PER D AYI' I
C

ISN 0023 WRITE (PTR,80)
ISN 0024 80 FORM AT (' 8,28X,' \UEXC - EXCR ET ION R AT E OF A STABLE ISOTOPE OF ' ,

,

i

9

s

,
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a 'THF NUCL IOE FR9M THE MUSCLE OF' /
a * ',37X,'A STEER (PER DAYl' I

C
ItN 0025 WAITE (PTP,90)
ISN 0026 90 FOAM AT t////' ',51X,'*** VALUES OF D4pAMETERS **** /// .

* ' ',28X,'BSURIV',12X,'F0',12X,'FSU8F',11X,*FSURM',11X,
* ' L AM R A ' ,11 X, ' T AUE XC ' /t,

C .

ISN 0027 00 110 I = 1, NUMNUC
ISN 0028 WRITF ( PTR ,100 3 N A*NUC (!), BSUBIV t I I, F0t I I, F SUBF( !) ,FSU3M( ! ) ,

* L AMD RIII, T AU EXC(I l
ISN 0029 100 FORM AT(17X A8,6( E13.e,3X I /l
ISN 0130 110 CONT INUE

C
C PPANCHING DATIOS
C ****************

.C
ISN 0031 Ik ( NUMNUC .EO. Il GO TO 35

C
ISN 0033 WRITE (PTR,100
ISN 0034 10 F09M AT ('1',54X, 'BR ANC HING R AT ilS ' / //

* ' ' ,4 8 X , ' r2 0 M ' ,7 X , ' T O' ,9 ?. . ' F P AC T ! ON ' //* +

| C

ISN 0035 00 30 != 1,NUMNUC
ISN 0036 00 30 J= 1,NUwNUC
ISN 0037 IF (B(I,JI .FO. 0.08 Gn TO 30
ItN 0039 WRITE (PT8,208 94MNUC(J ) ,N AMNUC( II B( I,J I

,

ISN 0040 20 FORMAT (49X , A S,2 X ,4 8,2X, E13.6, / 3'

i ISN 0041 30 CONTINUE
- ISN 0042 35 CONTINUE
4 g

C
. .

C NUCLIOE INDEPE*10ENT p AR AM E TE RS
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C

ISN 0043 WRITE (PTR,140) A ,

ISN 0044 140 F 09" AT ( ' I ' ,5 ?X , ' NUC L I DE INDEPENDENT OARAMETERS' ////
* ' ',27X,'A',eX,'- 50f t SURF ACE ARE A #EQUIR ED TO FUD l!SH ',
* 'F000 CROPS F00 ONE ' /
* ' ',36X,' MAN ( SQUAR E MET EO S I ',38 X,E 13.6 0

C
ISN 0045 WRITE (PT4,145) ASUPG

.YSN 0046 145 F99M AT (' ',27X,'A5UBr. - P ASTU'E AR EA PER COW (SQUARE ME TER io ',
* 21X,E13.61

C
ISN 0047 WRITE (PTR 1468 SMALLO
ISN 0048 146 FORMAT (' ',2 TX, 'SM ALLO - DEPTH OF THE PLOW LAYER (CENT METERSI',

* 20 X , F 13. 6 3
C

ISN 00',9 WRITE (PTR,147) RH3
ISN 0050 147 FORMAT (' 8,27X,'PHO - DENSITY OF TME SOIL (GRAMS PER CUBIC ',

* * C E NT IMETER I' ,9X , E 13.6 I
C

154 0051 We!TE (PTA,1503 05USG
ISN 0052 150 FORMAT l' ',27Xe'DSUBG - ORY WEIGHT ARE AL GP ASS DENSITY (KILO',

* ' GRAMS PER S QU AR E ' /
* * ' ,36 X, ' ME T ER l ' ,5 2X ,E 13. 6 9

C

.

4
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.

MSUBB
( D T,R ,16 5 8ISN 0053 WoITE

( ,27x,,MSUB3 - MASS OF MUSCLE ON A STEEP AT THF TIME ',
1*N 0154 105 FORM %T

* '0F SL AUGH TE R' /

',36X,'(WILOGRAMS PER STEERI',37X,E13.61*=

! C*

151 3U55 WRITE (P'D,190) TAUREF'

ISN 0156 190 FORM AT (* ',27X,'TSU3EF - FR ACTION OF THE BEEF HERS SLAUF,HTEREO ',
' (PER DAYl',10K,E13.65, , *

C

!S1 0157 WRITE (PTR,1951 TAUMLK

ISN 0058 195 F7PMAT (' ',27X,'TAUMLK - TPANSFER DATE OF MILK FR14 THE U93E1 ',
* *(prR D AY l e ,11 X, E 13. 61

C

!<N 0059 WRITE (PTR,2001 TAUES
159 0060 200 FORM AT (' ',2TX,'TAUFS - TRANSFER COEFFICIENT FR O*4 E TO S ',

: * '(PER 0%Yl',15X,E13.6%

C
ISN 0361 WRITE (PTR,295) TAUGR
ISM 0162 205 FORM AT l' ',27X,'TAUGQ - TRANSFER COEFFICIENT FROM G TO R 8,

' ( P E R D AY l ' ,15X, E 1J. 6 9*

r.

154 0963 WPITE (PTR,2101 TAUPH

ISM 0U64 210 FORM AT (' 8,2fX,'TAUP4 - TPANSTER COEF FICIENT FROM P TO H ',
'(PER DAYl',15X,E13.69*

C

ISN 0065 WR IT E ( P T P. , 215 ) TAUPO

ISN 0066 215 F 00.W A T l' ',27X,'TAUDD - TP ANSF ER COEFFICIENT FROM R.TO O ',
'(PER DAYl',15X,E13.61*

*
C

154 0067 WRITE (PTD,220) TAURG
ISN 0068 270 FORMAT l' ',27X,'TSURG - TR ANSF E R COEFFICIENT FRO'4 R TO G ',

'(PFP DAYl',15X,E13.ol*

C*

I S'l 0069 WRITE (PTR,22El TAUSP

ISM 9070 225 FORM AT (' ' ,2 7X, ' T AU SD - TR ANSF ER COEFFICTENT FROM S To e ',
* * '(PFR D AY l ' ,15 X , E 13. o f

C

ISN 0071 WRITE (PT9,2351 U

ISN 0072 235 FORMAT (' ',27X,'U',6X,'- MILK CAPACITY OF THE UDDER (LITERSl',2

* 22X,F13.61

C
WRITE IPTR,240s VSURC(SN 0973 -

iSN 00T4 240 F 094 AT (' ',27X,'VSUBC - DRY WEIGHT GR ASS CONSUMPTION DEP ',
* ' DAY BY A COW (KILOGRAMS' /

8,36X,'PER DAYl',50X,E13.69* '

C

ISN 0075 WRITE ( PTR ,303 ) T!MAH
! TSN 0076 300 FORMAT (' ',2TX,'TIMBH - HOLDUD TIME (DAYS) FOR B EEF ' ,31X , E 13. 6)1

C

ISN 0077 WRITE (PTR,305) TIMCH
ISM 0078 305 F0aM AT (' ',27X,'TIMCH - HO LO UD TIME (DAYS) FOR MILK',31X,E13.61

C
C OUTPUT SOE CI F IC ATION TIMES
C **************************
C

ISN 0079 WRITE (PTR,2601

ISN 0080 260 FORMAT (* 1',52X,'00T PUT SPECIFIC AT ION TIMES' / ///
',54X,' INCREMENT',4X,'END OF INTERVAL' /* '

*
1

e

%

!

- .- - . . .
, . . _|
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60
!
l
;

; * ' ' ,56 x,8 (O AYl ' ,11 X, '( DAY l ' //l
'

C
ISN 0081 00 200 I = 1,NINTVL
ISN 0082 WRITE (PTQ,270) INCR(1) ENOTIMill
ISN 0083 270 F03 MAT (53W E13.6,6X,163 *

ISN 0004 283 CONT IN9E
f. C

| Co** ' INFLOW WATES FOR VARIOUS SPECIES
,

C
C************************************************************

ISN 0085 WRITE ( PT R ,400 3
ISN 0086 400 FOR M AT l'1',20X,' INFLOW PAIES FOR V AR IOUS SP EC IE S ' l

C
ISN 0087 WRITE (PTR 4018

-159 0088 .401 FORMAT (' O',26X, ' INI TI AL T !4 E' ,22X , 'R ATE' l

C
ISN 0089 WRITE (PTR 4021
ISN 0090 402 FORMAT (' ',8 X , ' NUC L 10 E ' ,14X , ' (D AY S I ' ,2 0 X , ' ( UC l / SO . M/ D AY l ' l

C
i ISN 0091 00 406 !=1, NUMNUC
' ISN 0092 WRITE ( PTR ,40 7 )

ISN 0093 407 FORM AT( ' 'l
; ISH 0094 DO 406 KP=1, MD

ISN 0095 IF (KP .E Q . Il WPITE (PTR,404) NAMNUC(II TIMEP(KPI,FF(I,KPI
ISN 0097 IF (Kp .GT. Il WRITE (PTR,405) TIMEP(KP),FFil,KPI
ISN 0099 406 CONTINUE
ISN 0100 404 FORMAT l' '.8X,A8,9X,E10.3.18X,E10.31
ISN 0101 405 FORMAT (* ',25X,E10.3.18X,E10.31

C

C ' GEAR SUPDOUTINE PADAMETERS
i C **************************
! C

ISN 3102 WRITE IPTR,4100
ISN 0103 410 FORM AT (*1',54X,' GEAR SU BR OU TI NE PARAMETERS'l

C
ISN 0104 WRITE (PTR 4201 EDS *

ISN 0105 420 FORMAT ('O',55X,'EPS = ',013.68
C

I SN 0106 WRITE (DTP,4218 MF
ISN 0107 421 FORM AT ('0',T57,'MF 8,12 i=

C
ISN 0108 RETURNi

I ISN 0109 END
!

|

!

l

!

! -

i

e

|

I
i

|
r
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|
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LEVEL 21.8 ( JJN T4 I 05/360 FORTRAN H

COMPILER OPT ION S - N AME= MAIN,0pT=02.LINECNT=60 SIZE =0000K,

| . SOURCE.E BCDIC NOLI ST,N995CK,LO AO,M AP,NCEDI T ID.NOXREF
ISN 0002' SUBR OUT INE .C ALCI N*

C
C

i C*

C CALCUL ATES THE V ALUES OF CERTAIN PARAMETERS WHICH ARE USED IN
C DEFINING THE COEFFICIENTS OF THE SYSTEM OF DIFFEDENTIAL EQUATIONS.
C

f C
C,

ISN 0003 C0480N /T if4E / TI M ( 365) ,INCR( 30 ), E NOTI M( 30 3,u!N TVL,N TI M
ISN 0004 COM M O*l / CROPS / MFC
ISN 0005 COMMON / LM04/L AMR (15 9,t AMC(15 9,L AM 9(15),L AM A( 15),

C L AMS( 15 3,L AMG( 15 8

| ISN 0006 COMMON /I NDE P/ A. ASUBG,050BG.MSUBB.T AUBEF T AUMLK T AUES.TAUGR ,
T AUPH, T 4UR D.T AllRG , T AU S P, U, VSU BC , $M AL L D,R HO*

j ISN 000T COMMON /NUMBRS/ NU4NUC
' ISN 0008 COMMON /P AS AM/ T AUGC (15 8, T AUGB (151

159 0009 COMMON /DED/ L AWR R ( 15 8 , F SU BM ( 151, T AU E XC ( 15 ) , F SUB F( 15 3 .BSUB I V t 15 8
;

C4

'

C

l C
ISM 0010 09UPLE PSECTSinN TIM

,

ISN 0011 INTEGER ENDTIM
ISN 0012 DEAL MSUBB L AMR R.INCR , LA"R, L AMC L AM3,L AM A L AMS,LAMG,MF04

C
C MF0 = TOTAL MASS (GR AMS) nF CROP AT H ARVEST TIME - USED IN SUBROUTINES
C CALC AND T I M9E p ( RAS ED ON A SQUARE ME TERS OF LAND, 250 PLANTS PER

,
C SQutRE METER, 1 GaAM PER PLANT).

'
C.

ISN 0013 MF0 = A * 250.0;

C
C*

! ISN 0014 00 1 i=1,NUMNUC ,

. ISN 0315 TAUGC([1= ( T AU ML K*F SU9 M( I I *V SU BC ) / DSUBG
| ISN 0016 TAUGB(!!= ( V S U9C= F S UB F ( l l * T AUE XC ( I l l / OSUBG

C.
C DEFINE LAMCAS

ISN 001T LaMR(II= LAMRPlil + TAURG * T AUR D
ISN 0018 LAMC(Il= LAMRR(Il + TAUMLK
ISN 0019 LAMBills LAMRR(!) + T AtlBEF + TAUEXC(Il
ISN 0020 LAMA (II= LAMRR(!) + TAUES
ISN 0021 LAMS (Il= LAMRR(Il + TAUSP<

{ ISN 0022 LAMG(Ils LAMRR(Il + TAUGR * VSUBC/(ASUSG*DSUBGB
4 154 0023 1 CONTINUE
i C

C
C

'

C
C DEFINE TIME ARRAY FROM THE FOLLOWING INPUT I N F OR M A T I ON .

i C
'

C NINTVL = NUMBER OF SU91NTERVALS.
C
C ENDTIM(Il = THE RIGHT ENDPOINT OF SUSINTERVAL I.

THE TIME INCREMENT FOR SUSINTERVAL 1.C INCR(Il =

ISN 0024 NPREV = 0
ISN 0025 NTIN = 0

3 ,

.

I
2

1

J

T
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C
C

151 0026 00 2 !=1.NINTVL
!<N 0027 111 = 1-1
ISN 002a IF(I.EO.ll S T 4 0 T= 0. 0 -

ISN 0030 IF(1.NE.11 START = ENDTINtIMI3
I(N 0032 NUMSUB ( E*iO T I u l I l-ST 40 T I / I t4C P. ( I I=

ISN 0333 NTIM = NTIM + SUMSUB -

C
ISN 0034 00 J J=1.NUMSUA
ISN 0035 11 = NPCE V + J
ISN 0036 i T!*(Ill STAoi + J * ! *JC R i l l=

C
ISN 0037 NOAEV = NUMSU3 * NPDEV
ISN 0038 ? CT4T INUE

O

C

ISN 0039 RETUDN
ISN 0040 ?NO

.

.
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LEVEL 21.9 I HJ N 74 1 05/360 FORTRAN H

COMPILER OPTIGNS - NAMES M A!N,0p T =0 2,L INECNT=60.SI ZE=0000K,
SOUoCr !RCOI C.PDL IS),NUJECK, LOAD MAP NDEDI T I D NOXR EF

ISM 0002 SU8POUTINE C ALC-

C

C
*

C
C CALLS GEAR SU9900TINF 70 CALCULATE AND PRINT VALULS OF ST ATE VARI ABLES
C
C
C

10; 03J3 EXTE RN AL PEDEov,DirrON

ISN 0004 OIME NS I CH TD (15 6,'0 (15 9, PRON AT ( 15 ),0 0 30 F t 15 ) ,QOML v t 15 8,
* QBEF(151,04LK(153,0WIGL(l'1

ISN 0005 COMMON /DE P/ L AM RR ( 15) ,F SUBM (15) , T AUE XC ( 15 ) , F SUBF ( 15) ,B SUR I VI I S I
ISN 0006 COMMON / AD ANCH/ B(15,151

ISN 000 7 COMMON /HOLTIM/ TIMBH,TIMCH
!SN 0008 COMMON /GP AD AM/ EPS,WF

I SN 0009 COMMON /MCHFC K / TOTUCI(365,153
I StJ 0010 COMMON /NUMBRS/ NU'4NUC
ISN 0011 COMNON /T I:4F / TI M( 36 51,1NCR( 30), E NDT IM(101,N !NTVL NTIM
ISN 0012 COMMON /500eCE/ F0(151
ISN 0013 COMMON /NAMFS/ NAMNUC(158 ,

] 154 0014 COMMON /INDEP/ A, ASUBG,0SUBG.MSUBS, T AUBEF,TAUMLK, T AVE S, TAUGR,
* TAUPH,TAURD,TAURG.TAUSP U,VSUBC SMALLD. OHO

ISN 0015 CnWMON /HRVST / H A0TI M(3]),NH ARV
'

'SN 0016 COMMON / CROPS / MF0
154 0017 COMMON /I GOE V / pTR,ROR

C
C THE DIMENS ION OF THE APR AY YO MUST BE AT LE AST 12*NUMNUC
C

ISM 3018 000RLE PRECI S I ON LOG 2, T l 4, TOU T, Y O ( 72 ) ,N A'4NUC , TO, HO , E PS. T I ME ,-

* HARTIM
ISN 0019 INTEGER ENOTIw.PTR,RDR
I SN 00?O REAL L AMRR,1NCR 4F0,MSUB9*

C

ISN 0021 DATA I D IM /15/
'

C
C

ISN 0022 WRITE ( PT R ,1001

ISN 0023 100 F7RM AT l' 1',T 55, 'R AGTI ME C OM PARTM ENT S ' //// I
C

ISN 0024 WRITE (PTR,105)
ISN 0025 105 CORMAT (' ',28X,'E - R ADI0 ACTI VITY ORESENT ON ABOVE-SURF ACE ',

* ' FOOD PER SQUADE METER OF SURFACE' /
* ' ',34X,'ON WHICH F000 CROP !$ GROWN (MICROCURIES PER ',
* 'SQU ARE METE RI .'l

C

ISN 0026 WRITE (PTR,1071
ISN 0027 107 F00 MAT ('O',28X,'S - R ADID ACTIVITY PP ESENT AT THE S0lt 8,

* ' SURFACE (MICR0 CUR IES PER SQU AR E METERI. ')
C

ISN 0028 WRITE (PTR,110)
ISN 0029 110 FORM AT l'O'e28X,'P - R ADI0 ACTIVITY PRESENT IN THE SUBSURFACE '.:

! * ' POOL ASSOCIATED WITH ONE MAN''S'/
* * 8,3,X,8 F000 SUPPLY (MICPOCURIESI.')

C'

ISN 0030 WRITE (PTR 1151
ISN 0011 115 FORMAT ('O',28X,'G - R ADI0 AC TIVITY PR ESE NT IN THE GRASS COM',

, ,

.

I

!

l

!
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* ' PAD TMENT ( MICROCURIES PER SQUARE' /
* ' ',34X,' METFRI.'l

C
'

ISN 0032 WRITE (PTR,120)
tTN 0033 120 FORMAT ('08,28X,'R - R ADID AC TIV ITY PRESENT IN THE S0ll FROM ',4 *

. * 'rROUNO SURF ACE TO THE ROOT DEPTH' /
2 * ' ' ,3 4 X , ' nF THE CRASS (MICR0 CURIES PER SQUARE METERI.'l"

C *

IS'4 0034 WRITE 197R,1308
ISN 0035 130 FORM AT ('0',28X,'C - CONCENTR ATION OF P ADIOACT!YITY IN THE ',

* ' MILK (MICR0 CUR IES PER L ITER I. 'l
C

ISN 0036 WRITE ( PTD,140 8
ISN 003 7 140 FORMAT ('O',28X,'B - CONCENTRAT ION OF R ADIDACTIVI TY IN THE ',

.

* 'PEEF (MICR0 CURIES PE P. KILOGRAMI.'l
C

ISN 0138 WRIT E ( PTR ,150 3
ISN 0019 150 F01 MAT ('0',28X,8T - R ADI0 AC TI V IT Y PR E S E NT IN THE INTERIOR ',

* '0F Pt ANTS PRODUCED FOR HUMAN CON '/
* ' ',34X,'SUMPTION (MICROCURIESI.'l

C
ISN 0040 WRITE (PTP. 152)
159 0141 152 FORMAT ( n o e ,2 8X, ' EH - CONCENTRATION OF RADIOACTIVITY IN FOOD 8,

* 'WHICH IS STORED +FDLLOWING' /
* ' ',34 X, 'HAR VE ST OF CROPS ( MICROCURIES PER KILOGR AM).' l

C
f%N 0042 WRITE (PTR,1541
ISN 0043 154 FORMAT l'O',28X,'BH - CONCENTRATION OF RADI0 ACTIVITY IN BEEF ',

* 'HOL DUD COMPARTMENT (MICROCURIES' /
* ' ',34X,'PER KILOGRANI.'l,

ISN 0044 , WRITE (PTR el569
.

ISN 0045 156 FORMAT (' 0 ',2 8 X , ' CH - CONCENTRATION OF RADIDACTIVITY IN MILK ', '

a
' HOL DUP COMPARTMENT (MICROCURIES' /* ' ',34X,' PEP LITERI.')

C .
'

C
. C
1 C

C INITIALIZE STATE VARIABLES
C Y(ll = E, Y(2 3=S, Yl3)=P, Y(4) =G, Y( 58 = R, Yl68=0, Y(78=C, Y(81=B,
C Y t 98 = EH, Yt10l=T, Y(Ill=H -Y(123=MPRIME

] C
i C

C

C DETERMINE S VALUES AT TIME ZERO.
ISN 004e TZERO = 0.0
ISN 0047 CALL SV ALITZERO S1,$2,53,S4 8
ISN 0048 DO 5 I=1,NUMNUC

C NPREV= NO. OF PREVIOUS STATE VARIABLES. F0(Il= DEPOSITION SOURCE (NUCLIDE II.ISN 0049 NPREV = (I-II*12
ISN 0050 Y0 ( N PR E V+ 1 t = 51 *F 0 ( l )
1%N 0051 YO(NPREV+23=S2*F0(Il
ISN 0052 YOINPREv+51=0.000
159 0053 YO(NPREV+49=S3*F0(!)
ISM 0054 Yo(NPREV+59=S4*F0(!)
ISN 0055 YO(NPREV+61=0.000
ISN 0056 YO(NPREV+71=0 000

|
*

'
.

,

|

i

1

|
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l
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'
ISN 005 7 YOI N PR E V+ 8 3 =0.000
ISN 0038 YO(NPREV+9)=0.000
ISN 0059 YO(NPREV+10l=0.000
154 0060 Y0tNPPEV+11)=0.000

'

ISN 0061 YO(NPREV+121=0.000,

ISN 0062 5 CONTINUE
C

'

C INITIALIZE BEEF AND MILK HOLDUP COMD ARTMENTS BH AND CH RESPECTIVELY.

C
C OREF(Il BORDEN OF N'JCL I D E IN!JC IN COMPARTMENT BH (UCI / KGB.=

C QMLK(I) = BURDEN OF NUCL IOE INUC IN COMPARTMENT CH (UCI / L 1.
C

ISN 0063 00 350 !=1,NUMNUC'
ISN 0064 QBEFill = 0.0
ISM 0065 QMLKlil = 0.0
ISN 0066 350 CONTINUE

L
C DEFINE GE AR SU6000 TINE P AQ AMETERS
C
C

I SN 006 7 IN9Ex = 1
C T0= INIT I AL T IME (DAYl.

ISN 0068 TO = 0.000
C H0= NEXT STEPSIZE IN T (DAYS), USED ONLY ON FIPST CALL.

ISN 0069 90 = 1.00-6
C

*
C

i C CALCULATE AND PDINT VALUES OF E , S, P, G , R . C ,8, T , EH ,8 H,CH A T TIMES
| C TIM (II, I=1,NTIM.

C
C
C N* NUMBER OF EQUATIONS.,

ISN 00TO N= NU4NUC*12
C
C.

C *** P AGING DE SCRI PTION ***
C
C KOUNT I S THE NUMBER OF OUTPUT SPECIFICATIONS TO BE PRINTED PER PAGE.
C ITS VALUE IS DETERMINED BY USING AN INTEGER FUNCTION 0F THE
C NUMBER OF NUCLIGES IN THE CHAIN BEING STUDIED PLUS ONE FOR SPACING
C DIVIDED INTO THE TOTAL NUMBER OF AVAILABLE LINES PER PAGE AFTEu
C HE ADINGS HAVE BEEN PRINTEO. K IS INITIALLY SET EQUAL TO KOUNT,
C THUS EN ABLING THE HE ADINGS TO BE PPINTED THE FIRST TIME THROUGH
C THE LOOP. ONCE THE HEADINGS ARE PRINTED K IS SET TO ZE00 AND IS
C INCREMENTED BY ONE ON E ACH PASS THROUGH THE LOOP UNTIL K IS EQU AL
C TO KOUNT. THEN THE P40 CESS OF PRINTING THE HE ADINGS AND SETTING
C K EQUAL TO ZERO CONTINUES.

1 C
C

). ISN 00TI
~

KOUN T = 5 8 / (NUMNUC + Ll
ISN 00T2 K= KOUNT.

C
C
C DEFINE PARAMETERS FOR CALL TO RESDNS. THE FOLLOWING PARAMETERS
C ARE NOT TIME-DEPENDFNT AND ARE THEREFORE DEFINED BEFORE ENTERING THE
C ITIM LOOP.

! C
,

.

4

s

!
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f TP(INUCl= PAD. HALF-LIFE (OAYS OF NUCLIDF IN UC .
C TP(INUCl = BIO. H8L F-L IFE (OAYS OF NUCLIDE INUC. USE L AE GE VALUE To
o APPROXIM ATE A BIO. D FMOV AL F AC TOR OF ZERO.

ISN 0073 LOG 2 = DLCG t 2. 0001
ISN 0074 00 300 INUCal NUMNUC .

!SN 0075 TR ( I NUC l= LOG 2/ Da LF t L A 48 R ( l'IUCI i
191 0076 T3 ( I NUC l= 1.0E 5 0

C PPOR AT(INUC l=CONST ANT Pa n00CT ION P AT E FOR NUCL10E INUC. .

ISN 0077 PROD A T( INUCl= 0.0
ISH 0078 300 CO*lT INUE

C
ISN 0079 00 4 !=1,NTfH

ISN 0080 tF (K .NE. KOUNT I CO TO 160
C P9 TNT HE 40! NG

I$9 0092 WRITE (PTD,il INAMNUCtJ),Jal,MU1NUC4 *

ISN 0083 1 FORM AT ('1 CONT ENTS OF COMP AR TMENT S AT VAR ICUS TIME S', // ,
* ' NUCLIOE S IN T HE CH AIN. .. ',14ASI

ISN 0084 WRITE (PTR,25
ISN 008 5 2 F 00M A T ( 'O T IM E ' , T 17, ' E ' , T 2 8,' S' , T 3 9, ' P ' , T 5 0,' G' T61, ' a ' , T 7 2. ' C' ,

C T 8 3, 8 8 ' , T94, ' T ' , T 105, ' E H ' , T 116, ' BH ' ,T 12 5, ' CH ' l
ISN 0086 WRITE (pto,38

!$N 0087 3 FORM AT(' (OAY SI ' , T13,' (UC I /SQ.13 ' , T24,' (UCI / 50.M I ' , T 3 7, ' (UC i t ' ,
C T4 6, ' (UC t / SO.M a ' , T S T. ' ( UCI /SQ. M I ' , T 68, ' (UC I/ L1 ' , T 30, ' (UC I / KG l '
C . . T91, ' (UC I l ' . T103.'(UCI/KGl* ,T114,'(UCI/KGl',T123,'(UCI/Li'8

C IF ist, PRINT VALUFS OF COMP AR TMENTS AT TIME ZERO.
ISN 0088 IF ( 1.NE.11 GO TO 200

0.000iSN 0090 .
?!MF =

C FIRST NUCLICE IN CHAIN
ISN 0091 WRITE (DTD,119 i IMF ,YO(11 YO (2 4,YO(3) ,Y0(4 8,YO(5),Y0( TI,

YO(81,YO(101,YO(91,0BEF(ll,QMLKill*
9

ISN 0092 IF (NUMNUC.EQ.1) GO TO 200
C REMAINING NUCLIOES IN CH AIN

(SN 0094 00 201 INUC=2,NUMNUC
~

ISN 009 5 NORE V= 12* ( INUC- 18
ISN 0096 WRITE (PTR.124 Yo(NP9EV61),Y0(NPREv+28,YO(NPREV+35.

C YO ( N P REV+4 ) ,YO (NOR EV + 51,YO (N OR EV + 7 ) , Y0(NOREV+85, ,

* YO ( N p 0EV+10) ,Y O (NP REV+9 9 ,0 BE F( INU Cl ,Q ML K t INUC)
ISN 009 7 201 CONTINUE
ISN 0098 200 K=0

C IF !=1, ADO 1 TO K TO ACCOUNT FOR PRINTING COMPARTMENT VALUES
C AT TINE ZERO.

ISN 0099 IF ( 1.E C.19 K=K+ 1
ISN 0101 160 CONTINUE

TIMlliISN 0102 TOUT =
I SN 0103 TOWT = TOUT
I SN 0104 C ALL GE AR (0!FFUN,PE0ERV,N, TO,HO,YO, TOUT ,EPS ,MF ,1NDEt t
I SN 010 5 !F (INDEX.EO.0) GO 70 6
ISN 0107 WRITE (PTR,71. TOWT.INDEX
ISN 0108 7 SaRM AT( '0!NTf1G. W AS NOT COMPLE TED TO TOWT=',E10 3,', INDEX= ',I 31

ISN 0109 GOTO8
C
C
C THE FOLLOWING ST ATFMENTS ARE USED TO CALCULATE THE TOTAL AMOUNT OF
C o AnIDACT!VITY (MICROCURIESI IN THE SYSTEM FO R EACH NUCLIOE IN THE
C CHAIN.
C

RADI0 ACTIVITY FOR NUCLIOE WITH INDEX JNUCC TOTUCI( t , JNUC) =

C

!
i
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C THESE VALUES ape r0MpaoEn TO V ALUES CALCULATED USING THE B ATEM AN
C EQUATIONS IN SU3000T INE CHEC K.
C
C

' ' ISN 0110 6 CONTINUE
ISN 0111 IN3EX = 2
ISN 0112 00 20 J' luc =1,NUMNUC

154 0113 HPREW = 12 * (JNUC-11'

ISN 0114 T O T9CI ( ! , J NUC I = YO( NPR EV + 18 * A * YO(NPREV+21*A + YO(NPREV+3) +
YO(NPR EV+4)* AiUBG + YO(NPREV* 5)* ASUSG + YO(NPREV+6 8 * ASUBG*

* + YO(NDPEV+Tl*U + YO(NPREV+8)*MSUSB + Yo(NPREV+12) +

* YO(NPRFV*10l*1. * YO (N PR EV + 11) * A + YO(NPREV+93*(MFO*.001)
C

159 0115 20 CONTINUE
C

C OErlNE TIME-DEPENDENT PARAMETERS FOR CALLS TO RESONS.
C
C 009E F(INUCl =lNIT I AL BU1D EN OF NUCLIOE INUC IN BEEF COMP AR T ME NT .
C 00MLKtlNUCI= INITIAL Buo0EN OF 9UCL l3 E INUC IN MILK COMPARTMENT.

IS*f 0116 00 301 IN9C=1,NUMNUC
159 0117 N8mEV=(INUC-II*12
159 0118 009EF(INUCl=YO(NPREV+38
ISN 0119 00"L K(I N9Cl= YO( NPR EV+ 7 8

2

ISN 0120 101 CONT!*lUE
ISM J121 C A LL # E SnNS ( T IM BH,NUMNUC,TR ,T9,8, P ROR AT, Q09EF ,QBE F,0WIGL,10lM)
ISN 012 2 C ALL RE SONS (T IMCH,NUMNur TR ,T3.B.PRORAT,QOMLK,UML K,QWIGL,10lMi

C

C DQ!NT V ALUES OF COMP AS TMENTS AT TIME TIM (Il
! C

| C
i ISN 012 3 WRITE ("TRell) TOUT, YO ( 1 ) ,YO ( 2 ), YO ( 3 ) , YO ( 4 ' ,YO ( 5 ) , YO( 7 3,

* Yo(8),YO(10),YO(9),QBEF(1),QMLKlil
ISN 0124 11 FORM AT ( 'O ' ,12 (010,3,' 'll-

ISN 0125 IF (NUMh0C .EO. 13 GO TO 170
C
C PRINT V A LUE S OF E , $, P ,G, R. C ,8, T, EH BH, AND CH FOR REMalNING NUCL10E S.*

C
ISN 0127 00 9 INUC =2 NUMNUC

i IS9 0128 NPRE V= 12* (INUC-18
I SM 012 9 WRITE ( PTR,12 8 YO(NPREv+ 13 Yo( NPR Ev+ 21,YO( NPREV+3) ,

,' C YO (NPREv+4),YO(NPR EV+51,YO(NPR EV+71, YO( NPREV+83,
* Y0 ( *! PR E V +10 5 ,Y O (N P R F V +9 ) ,0 BE F i l NU C l ,QM L K ( INUC l

l ISN 0130 9 CONTINUE
i ISN'0131 12 FORMAT (' ', T13, 11 (010.3 ' 'll
1 C '

j- ISN 0132 170 CONTINUE
i C IS TIM (t ) A H ARVEST TIME 7 QUERY RETURNS 1 IF YES, O IF NO.

' ISN 0133 C ALL QUERY (TIM (1),l ANSI
ISN 0134 IF ( I ANS.EO.0 3 GO TO 171

j C AT HARVEST TIME, REINITIALIZE ST ATE VARI ABLES.
ISN 0136 TO = Tirtil
159 0137 H0 = 1.00-5
154 0138 INDEX = 1 ,

I SM 0139 00 250 I NUC = 1, NUMN UCd

ISN 0140 NPREV = ( I NUC- II * 12
C
C FOR THE PURPOSE OF M ASS BALANCE CHECK. TRANSFER TOTAL ACTIVITY
C FROM CROP HCLOUP COM P AR T ME't' (EH) T3 COMPARTMENT MPRIME.

.

4

i
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ISN 0141 YO(NPPEv+121 YO(1PRFV+121 + tuFO * .001) * Y0tNPREV+9)=

C

C OIVIDE TOT AL ACTIVITY (UCII TRANSFERRED TO CROP HOLDUP COMPARTMENT
C EH FROM E AND T BY TnTAL MASS (KGB 0F CROP AT HAP. VEST.

ISN 0142 YO( N PR E v&91 (&*VotNPREV+11 + Y 3 (N PR EV +10l l / (MF0 * .001) '=

IS't 0143 YO(N Po E V+14 = 0.0D0
ISN 0144 YO (N PC E V+ 10l = 0. 000
ISN 014 5 250 CONT INUE *

ISN 0146 171 K=K+1
ISN 014 7 4 CONTINUE

C

C
C
C UPON COMPLETION OF I LOOD, RETURN.

1%N 3144 GO TO 10
C IF GEAR SU3P30 TINE RETUR NS INDEX OTHER TH AN 0. STnp.

ISN 0149 8 STOP
C
C

TSN 0150 10 RETURN
ISN 0151 END

.
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LEVEL 21.R ( JUN 74 0 05/360 FORTR AN H

{ COMPILER OPTIONS - NAMES 88 AIN, OPT =02 L INECNT =60,5 !Z E=0000K,
SOU'CE ,E BCDIC, NOLI ST,Nfl9ECK,LO AD, MAP,NOFDIT, ID NOXR EF

ISN 0002 FUNC TION F(I,T).

C F(I,Tl SCURCE STRENGTH (UCI/SO.M/ DAY) FOR NUCLIDE I AT TIME T (DAYSt.=

C
CF 15 DEF INED IN TERMS OF THE INFLOW R ATE MATRIX,-

C
C FF(I KP3 , !=1,NUMNUC, KP=leMP
C,

C WHICH IS DEFINED IN SU6ROUTINF INPUT.
ISN 0003 COM40N / INFLOW / MP, TIMEP(30),FFi15. Sol
ISN 0004 COMMON / NAMES / N AMNUC(151
ISM 0005 DOUBLE PRECISION NAMNUC
ISN 0006 F = 0.0

I ISN 0007 IF (T.GE. TIMEP(MP) .OR. MP.EQ.1) GO TO 3
I SN 0009 MPMI >P-1=

ISN 0010 00 1 KP=1,MPM1
ISN 0011 IF ( T.G E.T IMEP (KP ) .ANO. T .LT. TIMEP(Kp+19 8 GO TO 5
ISN 0013 1 CONTINUE
ISN 0014 WPITEl3,23 NAMNUCIII, T

: 154 0015 2 FORM AT ('0F (I,T ) NOT DEFINED FOR NUCLIDE ' , A 8, ' TIME ',E10.3,
4 C ' (D AYSI' I
! ISN 0016 STOP

ISN 0017 5 F= FF(I,KPl
ISN 0018 GO TO 4
'ISN 0019 3 F=FF (I, MP)

* ISN 0020 4 RETURN
ISN 0021 END

;
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:

L EV EL 21.9 ( JUN 74 9 05/363 FORTRAN H

C OMPI LE P OPTIONS - N AME. M AIN,0p T=02 L INECNT=60,5! ZE=0000K,
SOUDCEer BCDIC NOL IST N00E CK,LO AD MAP,N0roli, t o,NOt4EF

ISN 0002 SUBROUTINE nIFFUN(N, T,Y,YDOT l .

C
a ig

*

C
C COMPUTES THE RIGHT HAND $10E OF VDOTsF(Y,T)
C

*
C
C

I SN 000 3 OIMENSICN TAUPT(ISI
159 0004 COMMON /INDEP/ A . ASU aG,05UaG,M Sj a 3, T AU3 E F,T AUMLK, T AUF S, T AUGo ,

T AUPH,T AURO.T AURG, T A U'*,0, VSUet ,SM A L LO,C HO*

! ISN 0005' C04 MON / LMOUL AUR (15 ) ,L AMC( 15 0, L AM 9( 15 8,L AM A( 15 8,
C L AMS(151 L AMG( 15 8

IS*4 0006 CO'4'404 /DE P/ L AM R R ( 15) , r SUBM ( 15) , T AU EXC ( 15 ) , r SUBF ( 151,9 5UB I V( 15 3
ISN 000 7 COMMON /PARAM/ TAUGC(15) TAUG3(153'

ISN 0008 C04 MON /NUMBRS/NUMNUC
ISN.0009 COMNON /9 RANCH / B(15,159

I SN 0010 COMMON /10)EV / PTR.RDR
C
C

C

!$4 0011 000BLE PRECISION T,YtN),YOOTINI
ISN 0012 REAL L AM9H,L AuCH.MSU3a, L AWR R 11, L AMP .L AMC.L AM B L AM A, L AMS ,

* L AwG,11 PR I M.L A Ma l
ISM 0013 INTEGER R0p pTR

C
C<

C
C THE STATE VARIA9tFS 4RF -

C Y t *1P R EV +11 = E
$C YtNPREVt2) =

= PC YtNPREV+3)' .

G-C Y t NP R EV +4 ) =

C YtNDREV+58 = R

C Yt4 PREV +61 = 0
C Y(NPREV+7) C=

C Y(NPREV+81 = 9
C Y ( *!p R EV +9 9 = EH

= YC YINPRFV*108
C Y t NPR EV +11) = H
C YtNPREV+12) = MPRIME
C WHER F NP R EV = 0,1,2, . . . , NUh MUC-1 ,

C
C

. C
i C TIMF (Tl IS SOMETIMES REQU[ RED TO BE IN $1NGLE P4ECISION (XI.

ISN 0014 X=T
ISM 0015 CALL SV AL ( X,51,5 2,5 3, S41
ISN 0016 CALL T!woEP(X,TAUPTl

C

ISN 0017 00 1 !=1,NUMNUC
C NPRry = NO. OF PREVIOUS FQUATTONS

i ISN 0018 NPRE V= - (1-1 t *12
1 C C ALCULAT E CCNTRIBUTION FROM PREDECESSORS IN THE CHAIN.
i_ I SM 0019 SUM 1 = 0. 0

ISN 0020 SUM 2 = 0.0
.

.
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ISN 0021 50'4 3 = 0.0
ISN 00?2 SUM 4 0.0=

ISN 0023 SUMS = 0.0
1%N 0)2 4 SUM 6 = 0.0
ItN 002S SUM 7 = C.0-

ISN 0026 $Uw8 = 0.0
ISN 0027 SUM 9 = 0.0
ISN 0029 SU"10 = 0.0.

ISN 0029 50411 = 0.0
ISH 0030 50412 = 0.0
ISN 0131 IF ( 1.LE.13 GO TO 3
ISN 3033 IMl= I-I

C
C

ISN 0034 00 2 J=1,lMI

liN 00J5 JPRE V= ( J-11* 12
SUM 1 + L AMWR ( 18 * B(I ,J a *Y( J P* EV +13ISN 0136 SUM 1 =

SUM 2 + LAMRR ( II *B(1,J imV( JPR EV+2 3ISN 0037 SUM 2 =

ISN 0038 SUM 3 = SUM 3 + LAMRR(II*9(I,JI*YtJPREV+3)
SUM 4 + LAMOR(tl*B(1 Ji*Y(JPREV+4)ISN 0019 SUM 4 =

ISN 0040 SUMS = SUM 5 + L AMRP ( II* Bll .J l* Y( JPREV+5 B
SUM 6 + L AMR0 (II* B(1 J i*Y( JPREV+61I SN 0 341 SU'46 =

ftN 0042 SUM 7 = SUM 7 + L A8eD ( II* B(I,J i*Y(JPREV+7 8

I%N 0043 SUM 8 = SUM 3 + LAMRR(1)*B(1,Ji+YtJPREV+8)
SUM 9 + L AMER ( Il* Bl l, J i=Y( J PREV +9 8ISN 0J44 SUM 9 =

ISN 0045 SUM 10 = SUM 10 +L AMOR (ll * B( 1, Ji+Y l JPREV+ 10)
I SN 0046 $UM11 = SUMll + L AMRR (I I* B(1, J1 *Y ( JPR EV+ 118
ISN 0047 SUM 12 = SUM 12 +LAMRalll*B(1,Ji*Y(JPREV+121

C
ltN 004R 2 CONT INUE

C
C CALCULAT E YDnT

ISN 0049 3 YOOT ( NP REV+11 =S1 *F( I , XI-L AM A (I I* Y tNPR EV+1) + SU41.

ISN 0050 YDOT (NPRE V+2 )=T AUES *Y(NPR FV+ 11 -L AMS (I I* YIN PP EV+2 t + S2* F( 1, X I + SUM 2
C LAMP! 15 T!*E DEPENDENT.

ISN 0051 LAMPI = LAMRR(!!+TAUPT(Il + TAUPH.

ISN 0052 YOOT (NPREV+3 | = A* T AUSP*YI NPREV+ 21-L AMPI *Y(NPREV+33+5UM3
ISN 0053 YDOT ( NP RE V+4 8 = 53 *F ( 1, X I-L AMG (l l *Y (NPR EV+ 4 ) +T AUE G* Y ( NP R EV+ 51 + 5UM 4
ISN 0054 YDOT (NP GE V+ 5 9 = S4*F ( I, XI +

C TAUG1*Y(NPREV+49-LAMR(II*YINPREY+53+ SUMS
ISN 0055 YOOTINPDEV+6)=TAUn0*Y(NPREV+59

C -LAMRplil*YINPREV+6)+ SUM 6
ISN 0056 YDOT(NOREV+ff=TAUGC(Il

C * V t NDR E V+ 41 -L AMC ( I I*Y ( N PR EV +7 3 + 5UM 7
ISM 0057 YDOT(NPREV+81=TAUGB(Il

C * Y ( NPR E V+ 4 3 -L AMB ( I I *Y ( NPP EV + 8 ) + SUM 8
C

ISN 0058 YOOT(NPREV+9) = -LAMRR(Il * Y(NDREV+9) + SUM 9
C

ISN 0059 YDOTINPPEV+10l=TAUPT(Il * Y( NPREV+ 3) - L AMPR(1) * YINPREV+10)
C + SUM 10

C
( T AUPH/ A l * yin PR EV+ 3) - LAMRP(II*Y(NPREV+118ISN 0060 YOOT ( NO RE V+ 111 =

* + SUM 11
C
C THE COMPARTMENT MPRIME (YtNPREv+1231 RECEIVES ALL RADI0 ACTIVITY
C F00M B AN D C. THE TR ANSFER COEFFICIENTS FROM B AND C TO MPRIME
C ARE TOTEM AND TOTCM RESPECTIVELY AND AR E DEFINED A S FOLLOWS.

.
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i
t

I
i ISN 0061 TOTB M=1 AU9EF*MSUBB

( ISN 0062 TOTC M=T AUMLK*U
! I S'1 0063 IIPDIM = TOTBM * Y(NPREV+8) + TOTCM * YtNPREV+7)

IIPRIM -L AMRRill *Y (NPREV+12) +ISN 0064 YDOT ( NP REV +12 ) =

| C (VSUBC/DSUBG - T AUG9t! l*MSURB - T AUGCill*UI * YtNPREV+43 .

C + SUM 12
C

| I SN 006 5 1 CONTINUE -

! C
C

1571 0066 *ETURN
ISN 0067 END

i

|

|
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t. F VE L 21. 8 JtlN 74 1 05/36) FODTRAN H

C OM PI LE R Opf!ONS - N4MFs M AIN,0p T=07,L INECH T =6 0.SI Z E =000 0K .
5 01R C E .F RC 01 C. Not t ST .'MD E CA , L O &D . M t P , NDE D I T .10, NOX P E f

* ISN 0302 SUBR ollt INE PEDE R Vf 9, T, Y, PD,NOI
C
C

I SN '000 3 00'JP LE PRECISION T, V(NJ,1)), pm*

C
C

ISN 0104 RETURN
15N 030 5 END

*
1
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L EVEL 21.8 ( JJ N 74 ) 0$/360 FORTRAN H

C OMPI LE R OPTIONS - NAME= M 41N. opt =0 2,L INECN T= 6 0,5 f Z E =000]K ,
$ 70R CE , E BC01 C. N9L I S T .N 00E CK , LO 40, '1 A P, NSE0 l i e l D NOXR EF

ISN 0002 SUBPOUTINE CHECK .

C C ALCUL ATES AND PR INTS VALUES OF
C
C TOTUCI(ITIM,INUCI = TOTAL AC TIVITY DUE TO NUCLIOE INUC AT TIME ITIM .

C AS C ALCULATFD BY SU9 ROUTINE CALC USING TH"
C GEAR SUBROU'INE

TDTAL ACTIVITY HUE TO NUCLIDE INUC 4T TIME ITIMC ACT(INUC,lTIMI =

C AS C ALCULATED BY SU990VTINE To 4 FUN, US ING T HE

| C BATFMAN EQUtTIONS
C AS WELL AS THE PERCFNT AGE EpanR

,

C,
'

C ( TOTUC I ( I T IM ,1NUC I - ACT(INUC !TIMile100 / ACTIINUCetflui
Ci

q C FCR TIMF S TIM (ITIM), ITIP=1 TO NTIM.

| C

1 ISN 0003 OIME NSICN TR (15 3.T B( 151,4C T( 15.3 65 6 P (15,309,R EL E* ( 15 ),R T! Mi loS I,
* AWIGL(15,3650

ISN 0004 COMHON / INFLOW / NP,TIMEP(30),FF(15,309i

ISN 0005 e n'4M ON /9 RANCH / alliel51
; ISM 0006 COMuoN /Mr. HECK / TOTUCiti65.151

154 000T COMMON /0EP/ L AM R R ( 15 8 , F SUBM ( 151, T AV E XC ( 15 ) , F SUH F ( I S I ,8 5U91 V( 151
ISH 0008 COMMON /INDEP/ A. ASUBG.DSUBG.H SU28, T AUBEF.TAUMLK, T AUE S,T AUGR,s

I * TAUPH T49RD.TAURr,,TAUSP,U,VSUAC.5MALLO,8HO
ISN 0009 COMMON /NUM88 5/ NU4NUC2

ISN 0010 COMMON / TIME / TIM (365t e t NCR( 30), ENOTIM(30),NINTVL,NTIM

'ISN 0011 CowMON /IODE V / PT', RO A
C

ISN 0012 0009LE PRECISION TIM. LOG 2
ISN 0313 INTEGER E NOT IH .P TP ,p DR ,

ISN 0014 DEAL HSUBBetNCR LAMRO
C IDIM 15 THE MAXIMUM FIRST O!MrNSION FOR THE ARRAYS ACT, P. AND AWIGL.,

C IT CORRESPONOS TO THE MA XIMUM NUMB ED Or NUCL10FS IN A CHAIN. ,

ISN 0015 OATA 1014 /15/
C
C PRINT HE ADINGS FCR TIME, TOT AL ACTIVITY COMPUTED BY THE GE AR
C SURROUTINE. TOT AL ACTIVITY COMPUTED USING DATEMAN EQUATIONS, AND
C RFLATIVE E9ROR.
C

ISN 0016 WRITE ( PT# 100 5
154 0017 100 FORMAT l'I' 52X,' COMP 4RISON OF TOTAL ACTIVITY' /,

' O',10 X , ' TI ME (O AY SI ' ,12X , ' TOT AL ACTIVITY ( M I C00 CUR I E S I ',*

12X,' TOTAL ACTIVITY (MICROCURIFSI',8X,' PERCENTAGE ',! *

i * ' ERROR 8 /
i * ' ',35X,'*** GF AR SUBR OUT INE ** * ' ,17X, '* * * SATEMAN ',

* ' EQUATIONS ***'t.

C
C
C DEFINE INPUT PAR AMETERS FOR SUBROUTINE TR AFUN
C
C TP(INUCI =R ADI0 ACTIVE liAL5-LIFE (DAYI 0F NUCLIDE !.
C TBf!NUCI =B IOLOGIC AL HAL F-LIFE ( DAY) 0F NUCLIDE I (USE LAROE VALUE
C 1C APPROXIM ATE A R10 LOGICAL REMOVAL FACTOR OF ZERO.)
C P(INUC.KPl= SOURCE STPENGTH (MICR0 CURIES /DAYI FOR NUCL10E I
C FROM TIMEP(NPI TO TIMEP(KP+11 IF KP .LT. MP AND PIINUC,MP) =

C SOURCE STRENGTH AT TIMES SURSEQUENT TO TIMEPIMPl.
C BR&MCH(I,JD

.

.

i

|
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C =RFiNCHIMG ##T10 FDPM SPECIES J TO SPrCIES 1, J trs$ tit AN 1.

C =B(1,J) (INPUT D AT A - C3MMTl/ 39 AtiCH/ I
C

ISN 0918 L902= DL9G(2 000)-

ISN 0319 n9 1 IAUC=l,NUuNUC
ISN 0020 TR(INUCI = lng 2 / 09LEjl AMRk(INUCil
1%N 0321 74(INUCI = 1.0550*

ISN 0022 00 6 KD=1,MD
TSN 0923 CALL SVAL(TIMEP(FPI,51,52,53,548
I SN 0024 6 pilNUC,Kol = FF(INUC,KP) * ((St+S21*A + ( 5 3+ S4 3 * ASUr.G l
ISN 0025 I cot 4T INUE

C

C R il'd !% 4 REAL ARD AY WH95F ViLUES A*E THE SAME AS THOSE FOD T!".
1%N 002t. 00 7 ITIMel,NT!"

T!d(ITIMIISN 0027 ? RTIM(ITIMI =

C THE CALL TO TcAFU't,
C CALL TD A F UN IN,Tu , T B, PR A CCH MP, T[ ME P, P,M A, TIME A. AWI GL , AC T I
C B FCo* E S

ISN 0128 Citt TR Ar t!N( NUwNUC,T P .T 9, P ,MP, TI ME P P.HT I M,R T I M AW IGL , ACT 10l MI
C 9EGIN I T 1" LO1P TO C AL CUL ATE PERCENT AGE ER80& S.-

1,NTIM!%1 0029 00 2 ITIM =

1%N 00hn 00 4 TNUC=1 HUuNUC
(TOTUCl(ITIM,1NUCl - iC T( I feUC , lT I M l l * 10 0. /ISN 0011 4 #FLER(INHCl =

C AC T ( I NUC , I T I M I

ISN 0032 2 WR I T E ( Pi o. 3 8 TIM (I T IM I, ( TOT UC I( i flM ,1NUC l , AC T (I NUC, I TIMI,
C RELErilNUCl,INUC=1,NUMMU"I

I%N 0133 3 FCEMAT (' ' ,9 X ,013. 6.18 X , F 13. 6. 2 6 X, E 13 6.20 X ,F 12.3 / ' ',

14 (40X,E 14 6.26 X, E 13 6.20X,F L2.3 / ' 'll=

ISN 0034 *ETURN
ISN 9035 END

.
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.

LEVEL ? 1. 8 ( JUN 74 I OS/350 FO*TRAN H

C CMDI LE R OPTION S - N AMEs M A IN ,0P T=0 2.L INEO NT= 6 0. SI Z E=0 00cK.
S OUR C F , E BCD I C , NO LI ST .N00E CK , LO AD, M AP. NDE D I T , l D, NO XE EF

ISN 0002 SUB ROUT INS R E S DN S( T .H, T* , T B,80 ANC H, P,00,0,0W IGL, ;318 )
C THIS SUBROUTINE CouPUTES THF MICRUCURIES 0 AND THE
C NICROCURIE-CAYS OWIGL OF N SPECIES OF A R ADIONUC-LIDE
C CHAIN. EVALUATION IS AT TIME T (DAYS) IN A CnMPARTHENT .

C WITH FIp ST-CROE# P FMOV AL PROCE SS ES WI TH H ALF-TIME TR(Il
;C (PAYSI FOR THE I-TH MUCL IOE AND CONST ANT PRODUCT ION

C # ATE P(Il (NICROCUR|ES/ DAY). TR (! ) (DAYS) IS THF
C # ADinACTIVE HALF-LIFE OF THE I-TH N'JCLIDE. THE INITIAL
C SUR0EN IS 00(18 fulCROCURIESB. BRANCH (I,J) I S THE
C FoACTION OF SPECIES J WHICH DI SI NTEGR ATE S TO SPECIES I,
C WHERE J IS LE SS TH4N I. THUS ALL NON-ZERG ENTRIES IN,

1 C BR ANCH A R E PE LOW THF MAIN DIAGONAL.
1 L

C ALL DIMENSICf.S CF SIZE 20 CORDESPUNO TO N. THE NUMPER OF,

C R A010ACT IVE SPECIES IN T FE CHAIN.,

C,

: C 1D14 !$ THE MAXIMUM FIRST DIMENSION F09 THE ARPAYS ACT, P, AND AWIGL,
! C IT CORRESPONDS TO THE M AXIMUM NUM9ER OF NUCL10ES IN A CHAIN.
i C
i ISN 0003 REAL TR(NI,TB(NI,PDANCH(IDIMe!OIND,PINI,00lNI,0(NI,0WIGL(Ni

i ISN 0004 00U8LE PRECI SI ON LM( 20), LMR( 20), D( 20 8,C( 20,201,

i t L OG2,T ENPQ,TE MPOW, E XL I, EX 1L I, E XPFUN. E X PF 1

| ISN 0005 IF ( T.G T.O.0) GO TO 10
ISN 0007 DO 5 !=1.M
ISN 0008 Q(ID=00(!)

| ISN 0009 OWIGL(14=0.0
! ISN 0010 5 CONTINUE
| ISN 0011 GO TO 120
. ISN 0012 10 LOG 2=nLOGt 2.000) ._

I C COMPUTE DECAY AND REMOVAL CONSTANTS FROM HALF-TIMES.
I !$N 0013 '00 20 !=1,4

) ISN 0014 LMR(Il= LOG 2/DBLE(TR(fil .

! ItN 0015 LM ( Il = LOG 2/D BL E( TB ( I l l + L MR il l
ISN 0016 20 CONTINUE

C IF TWO LM(!) ARE NEARLY EQUAL, SEPARATE THEM.j^
C
C SKIP SEP AR ATION ROUT INE IF N=1.t

j ISN 0017 IF(N.FO.11 GO TO 45 t

C 9EGINNING OF SEPARATION ROUTINE..
C

| ISN 0019 N1=N-1
~

C KODE IS A SWITCH FOR WHICH THE VALUE 1 ME ANS ANOTHER
f C PAS $ SHOULD BE MADF.
! ISN 0020 . Kn0E =1
! ISN 0021 25 IF ( KODE.NE.13 GO TO 45

ISN 0023 KODE=0
C BEGIN PASS.

ISN 0024 00 40 K=1,N1;

J ISN 0025 K1=K+1
i ISN 0026 DO 35 L=K1,N
; C IF L4(LI AND LM(K) ARE NEARLY EQUAL, SEP ARATE THEM.

ISN 0027 IF (DASS( L M(Ll /LM(Ki-1.000 0.GE.1.00-6) GO TO 35
ISN 0029 L M( L l = LM I Kl * l . 0000100
154 0030 KODE=11

ISN 0031 35 CONTINUE
,

.
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ISN 303 2 40 CONT ! hue
| C QETN#N FOR POSSIRLY ANOTHER PASS.

ISN 0033 GO TO 25
C ENO OF SEPaR ATInN EnUTINE.

ISN 0034 45 CONTINUE
: C

C COMDUTE COEFFICIENTS O(ll, C(1,J).
ISN 0035 0(11= Pill /LM(1).

!$N 0036 IF (N.EO.11 GO TO A0
+ ISN 0038 09 55 !=2 N

ISN 0039 0(Il=0.0,

ISN 0040 11=l-1
| ISN 0041 00 50 J=1,Il

ISN 0042 0(11=0(II+bE4NCH(I,Ji*0(J)
IPJ 0043 50 CONTINUE
ISN 0044 O(Il=LM*(ll* Dill /LMill + P(II/LM(Il;

i ISN 0045 55 CONTINUE
ISN 0046 60 C(1,1 t = 00(ll-0(1 )

ISN 0047 IF ( N.EQ.11 GO TO 90
,

159 0049 DO 65 !=2.N4

ISN 0050 11=t-1
ISN 0051 DO TS J=1,11

ISN 0052 C(I,Ji=0.0

t ISN 0053 DO 70 K=J,!!

! !$N 0054 C(1,Ji=C(1,J) + BRANCH (1,Kl*C(K,J) j
ISN 0055 70 C ON TI NUF'

ISM 0056 C( I J i=C(1, JI* (LMP (II/( LM( Il-LM(Jlli

ISN 005 7 T5 CONTINUE,

j ISN 0058 C(I,I1=00(Il-D(!)
ISN 0059 00 80 J=1,Il
ISN 0060 C ( 1, I l =C ( 1, I l-C ( I , J I
TSN 0061 80 CONTINUE
ISN 0062 85 CONTINUE

,

; C FND OF C ALCUL ATION OF O( !) , C(I,J).

ISN 0063 90 CONT INUE
C CowPUTE 0(II, OWIGt(II, !=1,N

,
I ISN 0064 D0 110 !=1,N

ISN 0065 TEM 00=0.0
ISN 0066 TE MP QW= 0. 0
ISN 0067 EXLI=EXPFUN(-LM(II *DBLE (Ta l
!$4 0068 EX1LI=EXPF1(Lulil 00LE(Til
ISN 0069 11=l-1
ISN 0070 00 100 J=1,Il
ISM 0071 TE M PQ= TF M PQ+ C ( I , Ji * ( E XPF UN (-L M ( J i *DR L E ( T i l-EXL I I
ISM 0072 T E M PQW=T E M PQN +C I I , J i * ( EX P F 1( LM( J ) ,08 tE ( T i l-E X1 L I I

ISM 0073 100 CONTINUE
ISN 0074 Q( I l= TE MpQ +0( I I *LM( I I* E X 1L I + Q0( I I * E XLI
ISN 0075 QW IGL (I l=T EM PQW +0 ( I I * ( DB LE ( T I- EX1L I I * Q0 ( I I * E X1L I
ISN 0076 110 CONTINUE
154 OOTT 120 RETURN
ISN 0078 END

l
I
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LEVEL.21.8 ( JUN F4 4 0 5 / 3'30 F 08tTR A'; H

COM p! LE tt opt I ON S - N t'4E = WAIN,0pT=02,LINECNT=60.SilE=0000K,
5009 CE E P C0 ! C. NOL I ST N1DE CK .LO AD. N A P,*l0EDI T ,10,NO X o E F

ISN 0002 000BLE PRECISION FUNCTION EXPruN t il ,

ISN 0005 OquRLE PR ECT SION T
ISN 0004 5 X DF UN = C. 000
ISN 0005 fFIT.LT.-180.0001 GO TO 10
ISN 0007 EXPFUN=3ExP(TI
ISN 0008 10 RETURN
ISN 0009 ENO

.
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LFvEL 21. d ( JU N 74 3 05/353 FOP.TRAll H

CCMPI LE R ODTION S - N AMF = M al* ,007=02 L INEC *lT=60, $1 Z E=0003K,
Sn'IRCF F PCDIC,NOLIST ,N00E CK LO AD,M AP,NOFDIT,10,NOXREF

IS'l 000? 00tlB LE p*ECISION FUNCTION EXPF1(LM,T)-

ISN 0003 00!!BLE PPECI510N LM,T,LMT,6 PFUN
ISN 0034 LMT= LM* T
ISN 000". I F I L M T. LT. O. 0 3 00 3 GO 70 10
!%N 000T GO TO 20
I S'd 00J8 10 ;XPr l =T * t t l t i t tu T/ 7. 030-1.000) *LM T/ 6. 000 + 1.000 9

* L MT / 5.000-1.0D0l * L4T/4. 000+ 1 0 D0 l * LMT / 3.0 DO-1.0DO I
t *L M T / 2.000 + 1.0001

194 0009 GO TO 30
ISN 0010 20 EXPF l= 11.000-E XPF tl'lf-LMT i l /L M
ISN 0311 30 RFTUPN
3%N 0012 EN3

.

S

9
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L E Vt'l ?!.8 ( JU N T4 1 05/360 FORTRAN H

CCwPILER OP110N S - N AME= M A IN ,0P T=0 2,L INEC N T= 6 0. SI Z E= 0000K,
SOURCE E BC0!C N0 LIST,NO3ECK,LOADe MAP,NOEDITe lD,NOXREF

I SN 0002 SU82 00 T l9/ T R AFUN (N, TR T B, BR ANCH , MP, T I ME P , P, PA T I ME A. AW IGL ,4CT, ,

* IDIMI
C TR ArtfN SUGGESTS TR ANEFER FUNC T I ON.
C WE ARE CONSIDERING N RADIDACTIVE SPECIES IN A CHAIN IN A BIOLOGICAL .

C CCMpARTMENT. TRitt AND TB(Il AR E THE R ADICACTIVE HALF-LIFE (DAYS)
C AND BIOLOGICAL HALF-TIME (DAYS), CESPECTIVELY, OF THE I-TH SPECIES
C IN THE COMP aR TMENT. BP A NCHi l , J ) IS THE 3 RANCHING R ATIO DF SPECIES
C J TO SPECIE S I, WHER E J IS LESS THAv I. THE INFLOW RATE OF EACH
C %PECIES IS GIVEN AS A DISCRETE FUNCTION OF TIME BY THE ARPAYS
C T I ME P (OAYS9 AND P (MICROCURIES/DAYl. P(I,KP) IS THE INFLGd R ATE
C or SPECIES T FPOM TI MEP ( KP ) TO TIMEP(KPell, AND P(1,MPI IS THE
C R AYE AT TIMES SUBSEQUFNT TO TI ME P( MPl . AWIGL(I,KAl IS THE
C CU+R ATED ACTIVITY (MICR0 CURIE-DAYSt IN THE COMPARTMENT UP TO
C T IME A(K A ). T HE T I MF ARR AYS MUST BE ARR ANGED IN INC#E ASING ORDER.
C ACiti,Kal I S THE ACTIVITY F3R NUCLIDE I (MICROCURIESI IN THE
C CCuPARTMENT AT TIMFA(Kal.
C

C IDIM IS THE M AXIMUM FIRST DIMENSION FOR THE ARRAYS ACT, P. AND A WI G L.
C I T CORP E SPONOS TO THE M A XIMUM NUMBER OF NUCLIDES IN A CHAIN.
C THE max lMUM DIME *!SION 20 FqR THE ARRAYS PTEMP,ATEMP AND AWTEMP COR RES-
C PONDS T U N (THE NUMBER OF PAD 10 ACTIVE NUCLIDES IN THE CHAIND.

I SN 000 3 #EAL TH (N),T B (N) ,BR ANCH( IDIM,IDIM I ACT( IDIM,3653
isN 0004 REAL TI"E P(30 9,P (IDI M,301. TIME A(M Al, AWIGL( IDIM 365 8
154 'J00 3 REAL PTEMP(20),ATEMP(208,AWTEMP(20)

C
C

C FOR EACH TIMEP(KP) AND THE CORRE SPONDING COLUMN Pt *,KPI 0F
C R ATE S, USE RESID ITER ATI VELY TO CALCULATE THE CONTRIBUTION
C TO AWIGL t *, KA) AT TIME TIMEA(KAl. FIRST INITI ALIZE AWlGL AND ACT
C TO ZEPO.

159 0006 COMMUN /I N3E P/ A, ASURG.0SUBG,M S' sob, T AUSEF,T AUMLK, T AUES, TAUGR ,
* T AUPH ; &URD,T AUF J, TAUSP,U,VSUBC,$M ALLD RHO

,

ISN 000 7 COMMON /SquRCE/ F0(151
IsN 0908 C Alt ZEROM(IDIM,MA,AWIGLI
ISN 0009 CALL ZEROM(IDIM,MA,ACTI
ISN ODIO 00 2 5 K P=1,MP
ISN 0011 00 10 !=1,N
ISN 0012 PTEMP(19=PIf.KPD
154 0013 10 CONTINUE
ISN 0014 00 20 KA= lema
159 0015 CALL ZEROVtN,ATEMPI

C IF N P = 1, SET INITIAL TOTAL ACTIVITY IN THE SYSTEM EQUAL TO THAT
C DETERMINED BY F0(II, !=1 TO N AND S1,52,53,54.

ISN 0016 IF (KP .NE. Il GO TO 40
C

C C ALCULAT E TOT AL INITI AL ACTIVITY (MICRGCURIESI IN RAGTIME COMPARTMENTS
C E ,5,G AND R .

ISN 0018 TZERO = 0.0
ISN 0019 CALL SV Al( TZER O. S 1,5 2,53,54 9
ISN 0020 00 41 !=1,N
ISN 0021 41 ATEMP(() ( ( S t+ S21 * A * ( $3+ S4)* ASUBGl * F0(!)=

159 0022 40 CALL ZEPOVIN,AWTEMP)
ISN 0023 T1=TIMEP(KPI
ISN 0024 IF (T1.GT.TIMEA(KAll GO TO 20
ISN 0026 IF (KP.LT.MP) T2=TIMEP(KP+1)
I S'l 002 8 IF ( K P. E Q. M P ) T2=TIMEA(KAl

,

i

. , - - - , ,. _ ,--4 . - -
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ISN 0050 C ALL RE SID IN ,T4, TB , BR A NCH, AT EMP, PTEMP,T 1.T 2,
$ AWTE*P.Tl*E AI K A l, IDIM )

ISN 0031 00 15 ! = 1, N

!$N 0032 A WIGli t K Al=4WIGLi l,K41+ AWTEMPill

ISM 0033 ACTil,%45 = ATEMPfll + ACTil,KAl*

159 0034 15 CON TINUE
ISN 0035 20 CONTINUE

*
ISN 0036 25 CONTINUE
ISN 003 7 RETURN
ISN 0038 ENO

.

9

|

9

6
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LFVEL 21. R ( JUN 74 5 05/363 FORTo4N H

C CMPI LF R OSTICPt s - N AME= MAIN,OnT=32 LINECraT=60, SIZE =0000K,
( 599P C E .C BC0l C. NOL I ST , N17 E EK ,L C AD, MA P,'ICEDI T, f D.Na ts E F
' ISN 0002 $UeROUTINE ZEROMIN.M.Al .

ISN 0003 OI'iE NS T CN 4(4,u)

ISN 0004 00 10 I=1,N
ISN 0005 00 10 J=1,4 .

j ISN 0006 A(1,J)=0.0
ISN 0037 to CONT Irl'JE4

'
ISN 0008 RETURN
ISN 0039 ENO

4

e

O

|

!
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L E V F.L 21.8 ( JtJ N 74 1 05/363 F ORTR At. H

r 084Pi t c R Op?fo*45 - NAME= M A I N,0pT= 0 2 L I*tEC NT= 60, S ! 2 E =0000K ,
50'JS C E . E RCO f C . N7L I ST ,N00 E CK . L OAD, N A P,NOE DI T, I O,NOXR E F

i YJ 0102 s93pnUTitlE ZEcqvtN.VI*

159 0003 O! 4E NSIC'4 VtNI
fSN 0004 90 10 f = 1, P4

ISN 0005 10 V(ll=0.0*

101 0006 RETURN
1 94 ')00 1 E N*)

.

.

4

i

,

i

|-

f
i

- - -- ,. ,
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LEVEL 21.8 | JtlN - T4 1 05/360 FORTRAN H

COMPI LE R OPTIONS - N AME= MAIN,0pT=02,LINECNT=60,$1ZE=0000K,
SOURC E ,5 9CDI C , NOL I ST ,40DE CK ,LO AD , MA P , NDED I T. I O.NOXR EF

ISN 0002 SU3R OUT INE R E SIGI N, TP. T B. BR ANCH, A P . T1. T2. AW,T. IDI MI *

C COMSUTES MIC#' CURIE-DAYS *ES10ENCE AWill OF THF I-TH PADIDACTIVE4

C SPECIES IN A CHAIN OF N NUCLIOES. P AP AME TERS TR , TB, AND
C 9R ANCH AR E AS IN SUSPbOT INE TRAFUN. INPUT IS A PULSE VECT04 *

CP ( M ICROCUR IE S/D AY I Fo0M TIME T1 TO T2 (DAYSt. INITIAL VECTOR
C OF ACTIVITIES IS A (MICPOCURIES). AN D A IS UPDATED TO SHOW
C FINAL ACTIVITIES. AW IS EVALUATED AT YtHE T. IN CASE T IS
C LESS THAN T 1, S IS UNCHANGED AND Ad IS ZERn.
C IntM IS THE MAXIMUM FIRST OIMFNSION OF THE ARRAY PRANCH.
C THE MAXIMUM DIMENSinN 20 FOR THE 40R AYS Al,P1 AND AW1 CORMESPONOS TO
C N (THE NUM8ER OF NUCLIDES IN THE CHAirfl.

ItN 0003 REAL TR INI.TB (N), AINI, PINI, AWINI . BR ANCH(IDIM,lDIMI
'

ISN 0004 REAL Al(20s,Pil20),AWil208
ISN 3005 CALL ZEPOVtN Pil
1%N 0006 IF ( T 1. GT. T2 B GO TO 20
159 0008 TTEMP=AMAX110.0,4 MIN 1tT.T21-T11
ISN 0009 CALL RESONSITTEMP,N,TR,TB.B9ANCH,P.A,41.AW,IDIMI
ISN 0010 no 10 I=1,N
ISN 0011 10 A(ll=41(Il
ISN 0012 IF ti.LF.T2) GO TO 30

; ISN 0014 TTEMP=T-T2
' ISN 0015 C ALL R ESDN$ t TTEwP.N. TR,T 9, BR ANCH, P1. A. A1, AWI, IDIM I

ISN 0016 DO 15 !=1,N
ISN 0017 A(Il=A1(Il
ISN 0018 AW(le=AWill+4W1tII
ISN 00!9 15 CON TI NUE
ISN 0320 20 CONTINUE
ISN 00?! TTEMP=AMAX1t0.0,T-Til
ISN 0022 C ALL PE SDNSI T T EMP,N, T4,T B, BR ANCH, Plc A, A1, AW)
ISN 0023 00 2 5 ! =I,N
ISM 0024 25 AII D= Altil
ISN 0025 30 PETURN
ISN 0026 END

|

1

0

0

9

k

t

i

t
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LEVEL 21. 8 ( JUN 74 5 05/363 FORTRAN H

C O'4 PI LE R OP f l0N S - N AM E = M AIN,0P T= 0 2,L I:tECN T= 60, $ 1 Z E=0000K ,'

SOUSCE, EBCDIC, NOLIST NT)ECK LO ADeftAP,NOEDI T. IO,NOKREF
ISN 0002 SUBROUTINE SV ALI T S 1,52,53,$41

,

C' C RETURNS VALUES 08 INTERCEPTION FRACTIONS St 52,53,54 AT TIME T (DAY St.
C.

ISN 0003 COMMON /HRVST / HARTIM(30s,NHARV
ISN 0004 COMM0r4 /EME0G/ EMERGE (308
ISN 0035 0008tE PRFCI SION H AP TIM
154 0006 REAL M,MFOS1
I SN 000 7 450$1 = 1.0
I SN 000 8 SLO =0.00075
ISN 0009 ATAU=1.24E-4
ISN 0010 $1=0.0

'ISN 0011 00 1 I=1,NHAPV
ISN 0012 IF( f .GE .E MER GE (I I. AND. T. LT.H AR TIM il l i GO TO 2
ISN 0014 1 CONTINUE

C IF T DOE S NOT LIE BETWEEN EME8GE(Il A*10 H ARTIM(Il FOR ANY !=1 TO
C NHARV, THEN Sl=0.

!$N 0015 GOTO3
ISN 0016 2 T0=EMERCEt!)
ISN 0017 M= MF0 51* t l .0-E XP(- AT AU * ( T* *2-T 0 * * 219 9
ISN 0018 51= SLO *(M**0.5453*250.0
ISN 0019 3 CONTINUE
ISN 0020 IF(St.LE.1.03 GO TO 4

| C 51 SHOULD NCf EXCEED 1.
ISN 0022 WRITE (3,5) 51
ISN 0023 5 F00M AT( '051 V ALUE l ' ,810. 3, ' l TOO L ARGE'l

ISN 0024 STOP
191 0025 4 S2= 1.0 -SI
ISN 0026 S3= 0.25
ISN 0027 S4= 0.75
ISN 0028 RETUPN
ISN 0029 END

,

i

.

.

%

4

|
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LEVEL 21.8 I JU N 74 ) 05/361 FORTR AN H

C OMPI LE R OSTIONS - NAME= M AIN ,0D T =0 7.L INEC N T = 6 0.SI Z E =0000K,
Squa CE E BCDI C, NO L I ST.N00E CK.L940,MA P,NDEDI T, ! D,NOXE E F

ISN 0002 SURROUTIN" HA*VST .

C
C DEFINES HARVEST TIMFS (D4YS)
C
C H42TIMill, !=1 TO NHAk,

'
C

C ANS COMMUNIC ATES THESE V ALUES TO SO9 ROUTINE C ALC V!A
C COMMON BLOCK /H4VST/.
C

ISN 0003 DnUBLE PRECISInN HApTIM
ISN 0004 COMMON /EMEDG/ EMEPGE(301
ISN 0005 COMMON /HRVS T / H AR T T Ht 331,'eH AR V
ISN 0006 NHARY = 1
ISN 000 7 Euf RGE lit 70.=

ISN 0008 HaPTIM(1) = 175.000
ISN 0009 - QETURN
ISN 0010 EN3

.

.
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LfVrl 21.8 ( J1N 74 ) 0S/360 FORTRAN H

COMPILER 08TIONS - NAMF= M AIN,0pt=02 L INECNT=60,SI ZE=0000K,
$7U*CE ,E RCDIC,N7 LIST NODECK ,LO AD MAP,NoEDI T,IO,NOERF F'

ISN 0002 SUR000f!NE TIMOEP (T,Taupil-

C
C***************************
C * (U9900 TINE TIM DF P **

^

C ***************************
C

TRANSFER COEFFICIENT FROM P TP T (SUBSUR-C TIMOED R E T UD NS T A US T i l l =

C F ACE SnI L Pont TO PLANT INTF#10RB FOR NUCLIDES NAWNUC ill,1=1,NUMNUC.
C TAUPT I S B ASED ON THE TIME INTERVAL CONTAINING T.

| C
ISN 0003 OIMENSICN T AUpT (15)

C;

151 0004 C OMM ON /HRYST/ HapTIM(301,NH A0 V>

ISN 0005 COMMON /EMEP G/ EME8GE( 308
ISN 0J06 COMMON /CRODS/ 4F0
ISN 0007 cow 40N /N4*E S/ N AMNUC(159
ISN 030 8 COMMON /NUMapS/NUwNUC
ISN 0009 COMMON /D E P/ L AM R R ( 15 8,F SUBM ( 151, T AU E XC ( 151. F SUB F ( 15 ) , BSU9 t V t 15 )

1 51 0110 COMMON /INDEP/ A, ASUBG,05UBG.MSJ BB,T AU9EF T AUMLK.T AUES.T AUGR,
TAUPH,TA9RD TAURG TAUSD,U,VSU9C,SMALLO, RHO*

C

ISN 0011 DOUBLE DRECISION NAMNur,HARTIM
ISN 0012 aEAL L AMRR,MSUaB,MF 0

C
ISM 0013 ATAU = 1.240-4

C
C FIND THE TIME IN'ERV AL (EMERGE (J) TO H ARTIM(J) I CONTAINING T.

!$N 0014 00 10 J=1,NHLOV

ISM 0015 IF (T .GE. EMERGE (JB .AND. T .L T. HARTIM(Jia GO TO 20.

ISN 0017 10 CONTINUE
C
C T I S NO T IN ANY OF THE GIVEN TIME INTERVALS (EM ER GE(J ) TO HARTIM(JI is

159 0018 09 15 !=1,NUMNUC
ISN 0019 TAUPT(1) = 0.0
ISN 0020 15 CnNTINUE

C
C FNO OF P90 CESS IF T IS OUTSIDE OF THE GIVEN TIME INTERVALS.

l ISN 0021 GO TO 30
] C

| C T IS IN THE TIME INTERV AL EMERGE (JB TO HARTIM(J). TO IS E0 VAL
C TO THE EMERGENCE TIME FOR THE CROP INTERVAL.'

TSN 0022 20 TO = EMERGE ( JI
C

C CALCULATE TAUPT FOR EACH NUCLIDE IN THE CHAIN.
ISt 0023 no 25 ! =,1,N U M N UC
ISN 0024 UDOT = 2.0 * ATAU * T * EXP(-ATAU * ( T * *2 - T0** 2 ) )

( MF 0 * U3ni * B SUSI VII I I / ( 10000.0 * A * SMALLD*DHDIISN 002 5 TAUPT(!) =

ISN 00?6 25 CONTINUE
C

ISN 002 7 30 RETURN
ISN 0028 ENO

,

9

- - __ -, - . m
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LEVEL 21.8 I JJ M T4 8 05/363 FORTRAN H

C OMPI LE R OPTIONS - NAME= M A I N ,0p T = 0 2, L I NEC N T= 6 0, S I Z E = 0000K ,
SOUS C E .E PC DI C , NOL I ST , N01E CK , L O% D, M AP , NGE DI T , I O.NOXR E F

ISN OJ02 SUBOOUTINE QUERY (T, IANSI ,

C
C IS C ALLED BY SUBROUTINE CALC TO DETERMINE WHETHER 00 NOT TIME T (DAYS) IS
C A HARVEST T IME. THE V ALUE OF I AN S I S SET TO .

C

C 1 IF T IS A HARVEST TIME,
C 0 IF NOT.
C
C OUEaY SEARCHES THE ARRAY HARTIM, WHICH IS DEFINE 0 BY SUBROUTINE H48 VST,
C IN ORDEP TO DETERMINE WHETHER OG NOT T IS A HARVEST TIME, I.E. WHE T HE R
C OD NOT T= H44 TIM (J) F00 SOME J=1 TO NHARV.

ISN 0003 C OMM ON /HRVST/ HARTIM( 30),NH ARV
ISN 0004 00VRLE #RECISION HAD7iN,Y
ISN 0005 !aNS = 0
ISN 0006 00 1 J=1,NHARV
ISN 0007 IF ( T.E C.HA*T IM( Jl l I ANS= 1
I SN 000 9 IF(IANS.EQ.ll GO VO 2
ISN 0011 1 CONTINUE
ISN 0012 2 RETURN
ISN 0013 END

.
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LEVEL 21.8 ( JU N T4 3 05/363 r nP.TR AN H

COMPf LER OPTIONS - NAME= M AIN,0PT=02,L INECNT=60 SI ZE=0000K,
5 00D C E , E RC D I C, N7t ! ST.N10 E CK , LO AD , MAP , NCE D I T, I D.H3X R E F

C*

C #AGTIME
C----------- - ===-----== - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*
C
C PPnGpaw AUTH0nS : J.C. PLEASANT, L.M.MCDOWELL-BCYER, AND G.G.KILLOUGH
C HEALTH AND SAF ETY RESEARCH O! VISION
C OAK RIDGE N A TI ON %L LA9 ORATORY
C naK p!DGE, TENNESSEE 37830
C
C-- = = = - ~ ~ - ----- -~~--= ------ - - ~ ~ - - - - - - - - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ - -

C
C PTD IS USEC 70 REPRESENT THE UNIT NUMBER ASSOCIATED WITH THE LINE
F PR I N TE R , R OR !$ USED TO 1EPRE SENT THE UNIT NUMBER ASSOCIATED WITH
C THE CADD READE*.
C

ISN 0002 COMMON /!q0FV / PTR,RDQ

ISN 0003 INTEGER PTR ,pDR
I SP4 0004 RDR 5=

ISN 000 5 PTR =6
C

ISN 0006 IFLAG = 0
C
C IFLAG I S A P AR AMETER PASSED IN SU9POUTINE INPUT WHICH O!pECTS
C THE FLOW OF THE PROGRAM. IF IFLAG IS SFT TO ZEen, THE ENTIRE
C SU9R OUT INE IS FX ECUTED SNO IFLAG IS SET EQUAL TO ONE. THIS
C FN AB LES A bo A*1CH Tn 9E M ADE ARQUND THE PORTION nF CODE THAT INPUTS
C THE NUCLIOE INDEPENDENT DAR AME TER S ON SUCCESSIVE C ALLS FOR THE
C V ARIOUS CHAINS BFING STUDIE0.
C

ISN 0007 READ (RDR,10) NrHAIN

IST 0008 10 FORMAT (10X,12)
C

ISN 0009 00 20 I = 1,NCHAIN

ISN 0010 CALL INPUT (IFLAGI
ISN 0011 CALL OUTDAT
ISN 0012 CALL CALCIN
ISN 0013 CALL HARVST
ISN 0014 CALL CALC
ISN 0015 CALL CHECK
ISN 0016 20 CONTINUE

C

ISN 0017 STOP
ISN 0018 ENO

.

t

- - ,
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Job Control Language (JCL) fe RAGTIME

.

Job control language varies from one computer installation to
'

another. For execution of RAGTIME on the IBM 360/91 at Oak Ridge
National Laboratory, the following JCL arrangement has been used:

//jobname JOB (charge no.),'X-10 7509 PLEASANT'
//* CLASS CPU 9I=445,IO=2.8, REGION =270K
/* ROUTE XEQ CPU 91-

// EXEC FORTHCLG, REGION.G0=270K,PARM.G0='EU=-l'

// FORT.SYSIN DD_*

source decks (RAGTIME MAIN and subroutines)

'/*
//LKED. GEAR DD DSN=T.GGK05716. GEAR, DISP =SHR, UNIT =SPDA,
i// DCB=(RECFR=FB,LRECL=80,BLKSIZE=800)

1//LKED.SYSIN_DD *
INCLUDE GEAR '

,/*
~

//GO.FT03F001 DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137,BLKSIZE=1000)
//GO.FT01F001 DD-

-

.

data deck

/*

//

The underline ( ) is used to indicate a space. The JCL shown above
_

makes use of compiled code for GEAR stored in the system as a cata-
logued data set and made available to the Linkage Editor through the
JCL statements comprehended by the brace. If the subroutines of the

GEAR package are to be compiled along with RAGTIME, they should be
included with the source decks and the JCL statements in the brace
deleted. The additional compilation time would require that the limits
on the CLASS card be revised. We note also that other sets of input

data (e.g. , radionuclide chains with more than two species or multiple
,

problems within one job) will require longer running times. Moreover,

the running times will vary greatly with the model of IBM system and'

other local factors.
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APPENDIX B

.

Output from a sample run of the currently implemented version of
RAGTIME is provided in this appendix. Values for all state variables-

are listed, and concentrations in grains, milk, and beef are plotted

versus time in Fig. B.1, B.2, and B.3. A number of parametric values

had to be specified and options chosen to complete this run (see
Table B.1). Table B.2 exhibits a listing of the data cards used for

the sample run.
Following is a brief descript. ion of values and options specified

for the sample run conducted, which considers a chronic deposition term
(F ) of 1 pCi '30Sr per m2 per day, beginning ~/0 days prior to emergencej
of the grain. Compartment E , representing direct contamination of thej
surface of above ground food crops through interception of depositing
radionuclides, was considered to consist only of grain crops. In doing

so, the time-dependent intercepting efficiency of the edible portion of
.

the crop, the grain, was modeled using empirical values describing
projected surface area as a function of plant mass, rather than using.

the geometric approach (see Sect. 3 discussion). Both empirical values
and plant growth curves were obtained mainly from work. documented by
Millert of the Stanford Research Institute. An equation describing the
mass m of the grain per plant (grams / plant) was adopted from Miller; at

any time t g t '0

2-
[ -a (t2 _t)

7 00 (B.1)[1-e ,

m=m ,

where m0 = final mass of grain at harvest (grams / plant); t = time of
0

emergence of grain (days), and a = growth coefficient (day-2). All of
7

these input parameters represent averages for a number of grain varie-
ties. For the rample run of RAGTIME, the following values were used:-

0 1 gram / plant
'

m =

70 dayst =
0

1. 24 x 10-4 day-2a =
7
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Fig. B.3. Predicted concentrations of 90Sr and 9 Y in beef vs time (1 pCi m-2 day-1
deposition of 9"Sr).
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Table B.1. Values of parameters and other quantities used in sample
Crun of RAGTIME for the 90Sr, 9 Y decay chain

Reference or section
FORTRAN Specific of report containing

Parameter name for Value used discussion

A A 1,000 m 42

A ASUBG 10,000 m 42

g

a ATAU grains 1.24 x 10 4 day 2 App. B

%1 B(2,1) 1 (= radioactive branching Sect. 6.1
radio from '30Sr to '30Y)

e
*

B ". BSUBIV(I) 0. 290 for '30Sr, 2, 3 ,

I

0.00430 for *0Yf

d SMALLD 20 cm 4

D DSUBG 0.15 kg m.2 4
g

F;(t) F(I,T) F (t) = 1 pCi m-2 day-1 App. G
t

F (t) = 0 pCi m-2 day-12

(F )'. FSUBF(I) 3.0 x 10 4 for 90Sr 2
f 5.8 x 10 3 for '30Y

( F,) '. FSUBM(I) 2.4 x 10-3 for sosp 2

2.0 x 10-5 for '30Y
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Table B.1 (continued)

Reference or section
FORTRAN Specific of report containing

Parameter name for Value used discussion

A LAMRR(I) Ai = 6.66 x 10-5 day -1 6
A2 = 0. 26 day-1 :

4

o a (t2-
.

~

to)
m M grains m

7 ,1 e
,

, t > to, 1

where t represents time (days),

M MSUBB 200 kg 4b
o

M MFOS1 grains 1 g/ plant App. B y7
o

M MF0 grains 250,000 g App. B i
7

n NSUBL grains 0.455 1L

p RHO soil 1.4 g/cm-3 4

S S1 grains 0.00075 m 54Sw I
0 '

i

S 52 grains 1-S Sect. 3.1
#

2 i

S 53 pasture 0.25 Sect. 4.1a

S 54 pasture 0.75 Sect. 4.14

S SL grains 0.00075m-o.4ss 1L

S SLO grains 0.00075 1

-
. . . . -

-__ ._ _ . _ - _ , - - . _ - _ _ _
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Table B.1 (continued)

Reference or section. .

FORTRAN Specific of report containing
Parameter name fo- Value used discussion

I TAUBEF 3. 81 x 10-3 day -1 4
beef

T TAVES 0.0495 day 1 4, 7
e,s

,

;
I TAUEXC(I) 2. 0 x 10-3 day-1 for '3 Sr, 4

2.0 x 10 3 day-1 for 90Y |
< exc
, ,

'

I,, V /(A D ) = 6.67 x 10-3 day-1 Sect. 4.1
6, c gg

exc)i c] D Sect. 4.2[(F )j(t(Ig,b)i TAUGB(I) V
f g

8
'(Ig,c)j TAUGC(I) [(F,)$ milk c]/D Sect. 4.2Yi

g,

I TAUGR 0.0495 day-1 4, 7
g,r

T TAUMLK 2 day-1 4milk
r TAUPH 1.096 x 10-4 day-1 4, 8
p,h

(rp,t)$ TAUPT(I) grains [Mf0(t)B;y]/(10,000xAdp) App. B
'

T TAURD 1.096 x 10-4 day-1 4, 8
r,d

I TAURG 2.74 x 10-5 day-1 Sect. 4.1
p,g

t TAUSP 6.93 x 10-4 day-1 Sect. 2.1
.s,p

h
t TIMBH 20 days 5

b
,

k

. - - _ - _ _ _ _



Table B.1 (continued)

Reference or section
FCRTRAN Specific of report containing

Parameter name for Value used discussion

t TIMCH 2 days App. B

to TO grains 70 days App. B

U U 5.5 liters 4

2
-a (t2 - to)

O(t) UDOT grains 2a te t > to, I
'

,
7

where t represents time (days)
~

V VSUBC 10 kg day-1 4 8c

w W grains 250 plants m-2 App. B

"The subscript i used with parameter names refers to the ith nuclide (i = 1 for 90Sr,
i = 2 for 9 Y).

-
. . . . .
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Table B.2. Format of input parameters for RAGTIME
*

*ic H A l s i
P

Sw90 0.0.

Y90 0.0
1

0.0E0 1. 0f 0
0.0L0 0.0E0

1

SH90 Y90 1.0
1

1. 3o5
lAMDP SR906.66 E-05
F Silbk SR902.4 E-03
F SilHF SR90 5.0 t~04
RSilaivsR902.9 L-01
T Al'E XCS9900.002
iAMRW Y90 P.60 E-Ol
F SilHP Y90 P.0 F-OS

'F SilHF Y90 5.8 E-03
HSlJHIVY90 4.3 E-03
T AtlE YCY90 0.002
A 1000.0
A S t> H G 10000.0
D StlH F 0.1
D SilH C, 0.15
S" All D Po.O
D1 0.75
DP 0.25* D3 1.0
D4 1.0
MSlihH 200* Ptt0 1.4
i AllHF F 0.0038)
T Al6MI M P.0
T AtlRu 0.3
T AlltM 1.0
T At'E S 0.0495
T Ai!GR 0.0495
T AtiPD 0.0001096
T AllPO 0.0001096
T AtlWG 0.0000274
T AliSP 0.000693
i AllT M 00
11 5.5
V 0.25
VSilhC 10.0
VSllHS P80000000.0
LANEH 1.0E+01
tAMTH 1.0F+01
LAVHH 5.0E-02
LAMCH 5.0L-01

.

e
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The specified values were derived from a minimum of data, for the grain
of one variety of wheat, and thus may not be the best values to use for

,

other simulations.
We have made use of Eq. (B.1) in deriving time-dependent values -

for the interception fraction S and a normalized version of this
i

equation in the derivation of values for the transfer coef ficient

(Tp,t)i. The fraction Si may be viewed as the ratio of +he projected
2 2surface area (m ) of the grain to the area (m ) of the land on which

the crop is grown. Thus, Si is related to the specific area,

2projected surface area of grain (m )g ;

L mass of grain (grams)

by the equation

S, = s mw (B.2)L

where m = mass of grain per piant (grams), and w = number of plants per -

square meter of land. The specific area, SL, may be fitted to an
,

equation of the form

-n g
0

S = S m- (B.3)L

0in which S and n are empirical constants and m is the time-dependentg

mass of the grain per plant as given in Eq. (B.1). This model is
adopted from ref.1 (p.177). Using the values S0 = 0.00075 and n =

g l

0.455 from this document, the value of S is calculated from Eqs. (B.2)i
,

and (B.3) to be

0.00075 m 545 w0S =
i

,

For the root uptake compartment T , again only grains were con- '

j
sidered in the sample run. The rate (microcuries day-1) at which
radioactivity is absorbed by plant roots is represented in Eq. (2.9) by

4

n. ,
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the term (t );P , where Pj represents the radioactivity (pCi) presentjp
in the subsurface soil pool associated with one man's food supply. As

e

in our discussion of Eq. (B.1), it follows that the total mass (grams),
as time t>t, f 9r in in C mPartment T is given by M U(t), where'

, 0 j

2 2

0)U(t) 1e (B.4)=

and 'M0= total mass (grams) of crop at harvest time grown on land
associated with one man's food supply. The rate of root absorption of

radioactivity,(Ipg.P$ (microcuries day-!) is assumed to be the prod-
Ouct of the rate of inc ' ease of grain mass M U(t)(grams day-1) and the

radioactivity concentration in grain (microcuries gram-1), the latter
quantity being approximated by

jyP;
_

jy i (B.5)
B PB-

rass (grams) of soil - 10,000 x Adp
* in compartment P

g

where B = concentration of nuclide i per unit fresh weight in plantjy
(pCi kg-1) divided by concentration of nuclide per unit dry weight in
soil (pCi kg-1); A = soil area used for crop production, chosen as 103

2m here; d = plow depth, assumed to be 20 cm; and p = soil density,
assumed to be 1.4 g cm-3 (dry weight). This derivation then leads to
the equation

OM 0(t) B.
(tp,t)i * 10,000 x Adp (B.6),

.

where
.

2 2

Y~0
Oct) 2a t e (B.7)=

t

e
-_
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Factors describing growth rate [i.e. , 0(t) and t] were again derived
,

f rom empirical data available for grains 1 and are consistent with those
used in estimating interception of airborne radionuclides by grains. *

Values of B (see T:?% B.1) were derived from empirically obtainedjy
data for the elements Sr and Y.2,3

' For compartments 0 and C;, respectively representing beef and9

milk concentrations of 90Sr and 9 Y, all parameters were defined and
assigned values in Sect. 4 of this document, with the exception of

h(texc)i, (F );, (F,)$, t, and t . A constant value of 0.002 day-1,7 c

adopted from TERMOD,4 has temporarily been assigned to (Texc)i. This

value for (Texc)i represents the fractional weight gain per day for a
mature steer, and thus implies that dilution of the elemental concen-
tration is due only to growth. In this sense, it represents the lower
limit for (Texc)i, and thus may underestimate loss from the beef com-
partment because metabolic turnover, which may be element specific, is
neglected. Values for F and F, (Table B.1) were taken f om a review7

of literature concerning uptake of these elements by cattle and subse- -

quent transfer to meat and milk, respectively.

The holdup times for compartments B; and C4 were specified using
values either given in, or derived from, the U. S. Nuclear Regulatory
Commission's (USNRC) Regulatory Guide 1.109 (October, 1977).5 The

assumed time between slaughter and consumption of beef (t ) was 20
hdays, and between milking and milk consumption (t ) was 2 days, the
c

latter representing one-half of the total time given for transfer from
feed, thrcugh milk, to man. For compartments E j and T;, holdup times
were not specified, but rather the concentrations af ter harvest are
printed at each output time so that the value of this parameter is left
to the user's discretion.

.

.
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