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ABSTRACT

A dynamic food chain model and computer code, named "COMillA," has been developed to
estimate radionuclide concentrations in agricultural food products following an acute fallout
event. COMillA estimates yearly harvest concentrations for 5 human crop types (Bq kg-1

crop per Bq m-2 deposited) and integrated concentrations for 4 animal products (Bq d kg-1

animal product per Bq m-2
) for a unit deposition that occurs on any user-specified day of the

year. COMillA is structurally very similar to the PATHWAY model and includes the same
seasonal transport processes and discrete events for soil and vegetation compartments.
Animal product assimilation is modeled using simpler equilibrium models. Differential
transport and ingrowth of up to three radioactive progeny are also evaluated. Benchmark
results between COMillA and PATHWAY for monthly fallout events show very similar
seasonal agreement for integrated concentrations in milk and beef. Benchmark results
between COMillA and 4 international steady-state models show good agreement for
deposition events that occur during the middle of the growing season. COMillA will be
implemented in the new Department of Energy (DOE) version of the MELCOR Accident
Consequence Code System (MACCS2) for evaluation of accidental releases from nuclear
power plants.
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1. INTRODUCTION

Radionuclide fallout on agricultural systems can be a significant pathway for dose to

humans via ingestion of contaminated crops and animal products. The fallout may occur as a

result of routine atmospheric emissions from nuclear facilities, nuclear weapons testing, or

accidents involving atmospheric release of radioactive material. Mathematical models that

predict radionuclide transport in the food chain and resulting human ingestion doses have

been developed for dose reconstruction of past fallout events and for prospective assessments

required for regulatory compliance, facility design, and safety analyses. Many of the food

chain models currently in use employ equations similar to those used in U.S. Nuclear

Regulatory Commission Regulatory Guide 1.109 (1977), which assume a chronic release

scenario and equilibrium conditions between vegetation, soil, and animal products. These

"quasi-equilibrium models" do not account for daily changes in plant biomass, livestock

feeding regimes, or ingrowth and differential uptake of radioactive progeny during food chain

transport. They are generally not appropriate for assessment of critical short-term impacts

from acute fallout events that may occur during different times of the year.

We have developed a dynamic food chain model and computer code, named

COMIDA, to support the new U. S. Department of Energy (DOE) version of the MELCOR

Accident Consequence Code System (MACCS) (Jow et al. 1990), a severe reactor accident

environmental code. COMIDA was developed for the following reasons:

1. A single MACCS run evaluates many randomly-selected fallout dates during a

calendar year. A dynamic food chain model was needed that could, with one input

file, evaluate the resulting variations in radionuclide concentrations in foods that will

occur due to the temporal relationships between fallout, current plant biomass, and

site-specific discrete agricultural events such as tillage, planting, and harvest.

Al~ough well-established dynamic food chain models exist (Whicker and Kirchner

1987), none were found that could be easily interfaced with MACCS.
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2. The MACCS code requires a food chain model that predicts radionuclide

concentrations in a wide variety of food products at selected annual intervals after an

acute deposition. Yearly food product concentrations and the resulting ingestion doses

can be used for decisions on mitigative actions, such as deep plowing and food

product disposal. In general, most food chain models are integrated into code

packages that either do not output individual food product concentrations from specific

pathways or do not allow selection of different integration times.

3. A model was needed to account for the in-growth and environmental transfer of

radionuclide progeny after deposition.COMillA evaluates up to 3 progeny for each

parent radionuclide and allows input of either parent or progeny element-specific

parameter values. Therefore, progeny that may behave differently than their parent in

the environment (e.g. ~o -99mJ'c) can be simulated using their own properties.

4. A model was needed that has simple input data requirements, is easy to operate, and

is fully transportable. COMIDA requires 2 relatively small input files: a

nuclide-specific variable input file and a site- and scenario-specific parameter input

file. These parameters are obtained or derived from data commonly reported in the

literature and may be developed for diverse site locations. COMIDA is written in

FORTRAN 77 and operates on a personal computer with a DOS operating system or

a UNIX based workstation.
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2. MODEL DESCRIPTION

2.1 Output

For a unit acute fallout deposition, CaMillA estimates radionuclide concentrations in

human crops at yearly harvest intervals (Bq kg-t crop per Bq m-2 deposition) and integrated

concentrations in animal products (Bq d kg-1 animal product per Bq m-~. Five different crop

types are simulated: leafy vegetables, root vegetables, grain, fruit, and legumes. For animal

products, COMIDA calculates integrated concentrations in milk, beef, poultry, and a

user-defined "other animal" (e.g. pork, lamb). Four animal feed sources are

evaluated--pasture grass, hay, grain, legumes (soybeans)-in addition to soil ingestion.

Animal product concentrations from each feed source are provided for any selected 365-d

human consumption period(s) after the accident in addition to a cumulative total (e.g. year 1,

year 5, and 0 to 5 y). For milk, a short-term (less than 1 y) integration time may also be

selected.

2.2 Conceptual Model

A generalized conceptual representation of the CaMillA model is shown in Fig. 1.

The model is very similar to the PATRWAY model developed by Whicker and Kirchner

(1987) for assessment of weapons test fallout in southeastern Utah. Time-variable

concentrations are dynamically modeled for 5 compartments-vegetation surface (Qvs),

vegetation internal tissues (Qvi), surface soil (Qss), labile (active root zone) soil (Qrs), and

fIxed soil (Qfs). The depths of Qss and Qrs are user-specifIed to account for different site

characteristics. The vegetation/soil model is used to calculate: (1) human crop inventories at

harvest; (2) integrated pasture grass inventories while animals are grazing; (3) harvested

animal feed storage inventories; and (4) integrated surface soil inventories for animal soil

ingestion.

For simplicity and due to lack of biological elimination rate data for all radionuclides

and animal products, the model does not dynamically treat the transfer of activity between

vegetationIsurface soil and animal products. Rather, it assumes that animal product

concentrations are some equilibrium fraction of the time-variable pasture grass, stored feed,

3
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Figure 1. Conceptual Model for the COMillA food chain model.
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and surface soil concentrations. This is accomplished using published values for the

feed-to-animal product transfer coefficient which is the fraction of the daily intake of a

specific radionuclide (or element) that is transferred to a particular animal product at

equilibrium. In addition, the model assumes negligible depletion of the pasture grass and

surface soil comPartments by grazing. These assumptions introduce a conservative bias in

the model, especially for radionuclides that are not rapidly equilibrated in animal products or

for areas with high livestock density. However, the calculated animal product concentrations

are still considered to be more realistic than those estimated by simple equilibrium models

because they are a function of the time-variable vegetation and soil compartment

concentrations.

In order to explicitly treat the ingrowth and differential transport of radioactive

progeny, an additional set of modeling compartments are defined for each decay chain

member (4 members, including Parent, maximum). Each decay chain model is identical to

that shown in Fig. 1 with the addition of transport (ingrowth) from each Parent compartment

to the same progeny compartment. The model therefore evaluates up to 20 compartments--5

compartments (Qvs, Qvi, Qss, Qrs, Qfs) for each of the 4 decay chain members.

2.2 Modeling Kinetics

COMIDA's vegetation and soil model simulates both continuous and discrete transport

processes in order to move radioactivity between modeling compartments. The continuous

processes are assumed to be first-order where the rate of transfer of radioactivity from a

compartment is proportional to the amount of radioactivity remaining in that compartment.

As such, they may be described mathematically by a rate constant which is the fraction of

radioactivity that is removed from a compartment per unit time (units of time-I). Except for

the root uptake process, the rate of transfer of radioactivity between compartments

(in Bq mo2 dol) is calculated by the product of the current radioactivity in the source

compartment (Bq m-2) and the rate constant (d-l). Root uptake rate <R,.p) is assumed to be a

function of the plant growth rate (dB/dt) which is calculated in COMIDA using a logistic

biomass growth model. The time rate of change of radioactivity in a particular compartment
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(dQ/dt, in Bq m-2 dOl) may be described by a first order differential equation that is simply

the sum of the rates into that compartment minus the sum of the rates out of that

compartment:

Vegetation surface(Qvs): d~S =(Kr +Krs) Qss - (Kw + J.. +Kab) Qvs

Vegetation internal (Qvz): d~ =KabQvs+R,.p- (J..+Ksen)Qvi

Surface soil(Qss): dQss =KwQvs-(Kr+Krs+Kp+J..)Qss
tit

lAbile soil(Qrs): dQrs =KpQss+KdeQfs-(Kl+Kad+J..)Qrs-R
tit Y

Fixed soil(Qfs): dQfs =KadQrs -(](de + J..)Qft
tit

where

Kr = resuspension rate constant (d-l)

Krs = rainsplash rate constant (d-l)

Kw = weathering rate constant (d-l)

A = decay rate constant (d-l)

Kab = foliar absorption rate constant (d-l)

Rup = root uptake rate (Bq kg-l dol)

Ksen = senescence rate constant (d-l)

Kp = percolation rate constant (d-l)

Kde = fixed soil desorption rate constant (d-l)

K1 = leach rate constant (d-l)

Kad = fixed soil adsorption rate constant (d-l)

6
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In order to evaluate progeny ingrowth, COMillA evaluates compartment

concentrations in terms of atoms rather than radioactivity. To do this, the initial fallout

concentrations in the Qvs and Qss (Bq m-2 dol) compartments are converted to atoms m-2 by

dividing by A (d-l). Prior to output, COMillA converts atom concentrations back to activity

concentrations by multiplying by A. The equations for radioactive progeny (decay chain

member j) are the same form as eqns. (1) - (5) with the addition of an ingrowth term from

the parent (decay chain member j-I). For example, the equation describing the time rate of

change of atoms in the surface soil compartment for progeny j (dNsSj/dt) is

(6)

Numerical integration of these compartments is accomplished in COMillA through

the implementation of a fourth order Runge-Kutta routine with adaptive stepsize control

(press et al. 1987). The adaptive stepsize control allows the routine to select the optimum

time step to take between integration limits. The integration limits are defined between

various discrete events (e.g. fallout, tillage, harvest dates) as input by the user.

2.3 Code Implementation

COMillA is written in FORTRAN 77 and implemented on a personal computer with

an DOS operating system. The source code, with minor modification, is compatible with

most FORTRAN compilers on UNIX operating systems. Input to the code is through two,

free format ASCII files, one with site- and scenario-specific values and one with

nuclide-specific values (see APPENDIX). Output is written to two ASCII files. The first

file contains a formatted listing of selected output. The second file contains a dump of

intermediate calculated values which can be useful for benchmark purposes or in

understanding the code.
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3. TRANSPORT PROCESSES

The following discussion describes suggested or previously used methods and

parameter values that can be used to calculate the rate constants needed for COMIDA input.

Alternative methods may be employed by the user, and appropriate site-specific values are

recommended.

3.1 Resuspension (Kr)

Wind transport of deposited radioactivity from surface soil to vegetation surfaces is

simulated using a resuspension rate constant, which is the fraction of surface radioactivity

removed per unit time. Values for Kr range from l()"7 to 10-1 d-l (10-12 to 1()-6 S·l) for various

locations, particle types, and wind speeds (Healy 1980; Sutter 1982). A value may also be

calculated from the product of a resuspension factor (RF, mol) and deposition velocity

(V, m dol). RF values range from 1 X 10-10 to 1 X 10-2 m-l , depending on the location,

source material, and type of resuspension stress (Sutter 1982). A Kr value of 1.7 X 10-3 d-l

was used in the PATHWAY model and is based on a RF of 1 X 10-5 m-l for Utah farm areas

and an average deposition velocity 173 m dol. More recent measurements from the

Chernobyl experience indicate lower initial RF values ranging from 3.6 X 10-9 to

4.9 X 1(t3 m-l for European climates (!ABA, 1992).

3.2 Rainsplash (Krs)

In addition to resuspension by wind, rainsplash may be a significant process for

resuspension of radionuclides from the surface soil to vegetation surfaces, especially for

low-lying foliage Oess than 4D-cm high) or areas with intense rainstonns (Dreicer et ale

1984). To simulate this process for rangeland and agricultural areas in Southwestern Utah,

PATHWAY derived a value of 8.6 X lQ4 d-l from experimental data (Dreicer 1984). For

human crops, COMIDA sets the rate constants for resuspension and rainsplash to 0 before

and after the growing season.
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3.3 Weathering (Kw)

This process moves radioactivity from vegetation surfaces to the soil surface as a

result of wind and water removal, growth dilution, and herbivorous grazing. A value of

4.95 X 10-2 dol is generally used for all radionuclides except radioiodine, which is removed at

a faster rate of 8.67 X l()"2 dol (Miller and Hoffman 1983).

3.4 Foliar Absorption (Kab)

Surficial contamination on plant foliage may be absorbed internally and, therefore, not

be affected by the weathering process. This process is more dominant early after fallout

while root uptake becomes increasingly more important with time. The formulation used in

PATRWAY to calculated Kab is

where

Kab= faKw
I-fa

fa = fraction of a surface deposit that is absorbed

(7)

Foliar absorption generally increases with element solubility. The following values

for Kab were estimated for PATRWAY:

1.0 X 10-3 dol for Sr, Ba (Middleton 1960)

5.5 X 10-3 dol for Cs, Te, Mo (Middleton 1960; CEC 1979)

8.5 X 10-3 dol for I (Hungate 1963)

o dol for Ru, Ce, Zr, Rh, Nd, Np, Pu (relatively insoluble)

Other elements may be estimated based on their relative solubilities. In COMillA, foliar

adsorption is active only during the user defined growing season; otherwise, the rate constant

is set to zero.

9



3.5 Pasture Senescence (Ksen)

Senescence transports biomass from aging pasture vegetation to soil after the growing

season is completed. Since weathering rapidly reduces the vegetation surface inventory,

senescence is practically treated in COMIDA by first-order transfer of internal vegetation

radioactivity to the pasture soil at the end of the livestock grazing season (TEL). Biomass is

discretely reduced to a user-defined minimum value on 1 January of the following year. The

senescence rate constant may be calculated based on the assumption that 99.9 % of the

inventory in the plant will fall to the soil between TEL and 31 December (to half-times):

where

ln2Ksen=-
T$

(8)

T. = senescence half-time = O.l(number of days from TEL to 31 December) (d)

3.6 Percolation (Kp)

This physical process transfers radioactivity from the surface soil to the labile soil

compartment, thereby decreasing the surface soil inventory and, as a result, the rate of

resuspension to plant surfaces. PATHWAY uses a first-order rate constant of 1.98 X to-2 d-l

which is based on a 35-d half-time observed for declines in resuspension (Langham 1972;

Anspaugh et ale 1975).

3.7 Soil Adsorption (Kad) and Desorption (Kde)

Many elements may become fixed in soil by adsorption to clay particles thereby

making them less available for root uptake (Schulz 1965). For most of these elements, the

fixation process is fairly rapid and is generally accounted for in model simulation by low

observed plant-to-soil concentration ratios. However, 137Cs has been observed to become

increasingly unavailable for root uptake over longer periods of time. In one 5-y growth

experiment (Squire and Middleton 1966), root uptake of 137Cs decreased by approximately

90% in four soils ranging from 3.2% to 19.5% clay. To simulate Cs fixation, both

PATHWAY and COMIDA use frrst order adsorption and desorption rate constants (Kad,

to



Kde) between the labile soil compartment, where root uptake occurs, and a fixed soil

compartment, where root uptake does not occur. PATRWAY assigned Kad and Kde values

of 1.9 X 10-3 dol and 2.1 X 1()4 dol respectively, which removes approximately 90% of the

Cs from the labile soil compartment after a 5-y period. For these processes, radioactive

progeny are assumed to behave similar to the parent, and therefore, the same rate constants

are used.

3.8 Soil Leaching (Kl)

Leaching moves radioactivity from labile root zone soil to deep soil where it is

unavailable for root uptake. This is a long-term process and is, therefore, based on annual

average parameter values. A leach rate constant (K1;, dOl) for decay chain member j may be

calculated by (Baes and Sharp 1983):

Kl = _P_+_I_-_E_-_R_

1 6Xrs[1+P:J]

where

P = annual average total precipitation (m dOl)

E = annual average evapotranspiration (m dol)

I = annual average irrigation (m dol)

R = annual average surface runoff (m dol)

Xrs = depth of labile soil layer (m)

(J = annual average volumetric water content of the soil layer, xr (m3 m-3)

p = soil bulk density (g cm-3)

Kdj = soil-water distribution coefficient for decay chain member j (Ml gol)

(9)

Element-specific Kd values are given by Baes et ale (1984); therefore, a nuclide-specific Kl

value must be calculated for each decay chain member and input into COMillA by the user.
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3.9 Radioactive Decay and Ingrowth (THALF)

This process decays and in-grows radioactivity in all model compartments. COMIDA

calculates the radionuclide decay constants for up to four decay chain members based on the

user input of half-life (THALF).

3.10 Tillage

Tillage is a discrete process that transfers radioactivity on the surface soil into deeper

soil layers, where it cannot be resuspended or splashed onto vegetation. This process may

significantly reduce concentrations on crops if the fallout occurs just prior to the tillage date.

COMIDA accounts for tillage at a user-specified tillage date (TT) by redistributing the total

radioactivity in the surface (Qss) and labile soil (Qrs) compartments according to the relative

mass of soil in each compartment (Whicker and Kirchner 1987):

Qrs=(Qss+Qrs)( Mrs ) when t=1T
Mss+Mrs

where

Mss = mass of surface soil (kg m-~ = Xss (m) Pss (kg m-3)

Mrs = mass of labile soil (kg m-l) = Xrs (m) Prs (kg m-3)

12

(10)



4. PLANT GROWTH MODEL

COMillA uses a logistic growth model (Odum 1971) to estimate time-variable plant

biomass and growth rate. The plant growth rate at each time step is used to calculate the

root uptake rate from the soil to the internal vegetation compartment. The current plant

biomass at the deposition date is used to calculate the fraction of fallout allocated between

vegetation and soil compartments.

The change in biomass as a function of time (dBldt in dry kg m-2 dol) is given by

dB =KgB (BMAX-B)
dt BMAX

(11)

where

Kg = growth rate constant for crops, pasture (0.12 dol) and hay (0.27 dol) (Whicker and

Kirchner 1987)

B = the current biomass (kg dry m-Z)

BMAX .= maximum edible crop biomass (kg dry m-2
)

Eqn. (11) may be solved in terms of B to give plant biomass as a function of time [B(t)]:

B(t) = BMAX and a =In( BMAB~ - BI)
1+e 4 -Kgt \

(12)

where

BI = initial biomass for crops and grain (0.015 kg m-2, dry) and minimum winter biomass for

pasture (0.07 kg m-2, dry) and hay (0.08 kg m-2, dry) (Whicker and Kirchner 1987)

a = constant of integration defining the position of the curve relative to the origin

(unitless)

As can be seen in Fig. 2, the rate of increase in biomass (growth rate) and the general shape

of the growth curve are dependent upon the value assigned for the growth rate constant (Kg)

in addition to the values assigned for BI and BMAX.
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Plant biomass is calculated in COMillA only during the growing season. From 1

January to the start of the growing season, the biomass is assumed to be at a user-defined

minimum value (BI). After the pasture growing season until the end of the year, biomass is

allowed to remain at its maximum value, although the model dynamically treats loss of

radioactivity from pasture to soil via senescence (Ksen) during this time. Loss of biomass

due to animal grazing is not accounted for.

4.1 Interception Fraction (FV)

An empirical relationship developed by Chamberlain (1970) is used in COMillA to

calculate the fraction of total fallout that is intercepted and initially retained on vegetation

surfaces (FV).

FV= l-e -1&8(1) (13)

where

B(t) = standing crop biomass at the time of deposition (Bq kg-2, dry)

ex = foliar interception constant (m2 kg-I), measured as the ratio of vegetation concentration

(Bq kg-I) to the total deposition (Bq m-~

Using this formulation, a time-variable interception fraction is calculated which

depends on the amount of biomass that is present at the time of deposition (B[t], eq. 12).

Chamberlain's relationship applies to the entire exposed, above-ground plant (not just the

edible parts); therefore, COMIDA requires user-input values for maximum standing biomass

(BSTAND) for each vegetation type in order to calculate B(t) in this case. The foliar

interception constant (ex) can be considered to vary as a function of vegetative surface area as

well as the fallout particle size, type of deposition (wet vs. dry), and the physicochemical

form of the contamination (Hoffman et al. 1984; Hoffman et al. 1992; Pinder 1988).

PATHWAY used an ex value of 0.39 m2 kg-I for the larger particulate fallout associated with

weapons testing (Romney et al. 1963; Anspaugh et al. 1986). For general safety assessments

of fallout smaller than a few micrometers, an ex value of 3 m2 kg-I is suggested for all
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vegetation except fruit based on grass canopy (Miller 1980) and com plants measurements

(pinder et al. 1988). Observed interception fractions for orange trees (Pinder et al. 1987)

suggest a lower a value of 0.3 m2 kg-l for the fruit category.

During the growing season, the fraction of fallout that is allocated to the soil surface

(FS) is I-FV. For deposition on crops prior to the crop growing season, 100% of the fallout

is assumed to go to the surface soil compartment (FS = 1). For depositions on hay and

pasture prior to the growing season, the interception fraction is calculated using the minimum

biomass (BI). For depositions that occur after the crop growing season or livestock grazing

season, 100% of the fallout is assumed to go to the surface soil compartment.

4.2 Root Uptake Rate

COMIDA uses a formulation presented in PATHWAY to calculate the rate of uptake

into edible parts of plants ~, in Bq m-2 dol). This formulation is based on the assumption

that root uptake is directly related to plant growth rate (dB/dt) and a plant-to-soil

concentration ratio (CR):

where

R,q, _Qrsq<dB/dt)jCRij
f Xrs Prs

(14)

Xrs =
Prs=

radioactivity in labile soil compartment for crop type i and decay chain

member j (Bq m-~

concentration ratio for plant type i and decay chain member j

(Bq g-1 dry plant per Bq go1 soil)

depth of labile soil compartment (m)

bulk density of labile soil (kg mo3)

Radioactivity uptake into plants is, therefore, time-variable depending upon the seasonal plant

growth rate, dB/dt. For root uptake into human crops, COMIDA uses a growth rate that is

calculated using maximum edible biomass or yield (BMAX).
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The concentration ratio is dependent on the physicochemical form of the radionuclide,

plant species and location within the plant (leaves vs. seeds), soil, and other factors. For

each radionuclide decay chain member, COMIDA allows input of site-specific CR values for

each of the five human crop types, pasture grass, and hay. Baes (1984) has compiled

element-specific concentration ratios for vegetative CBv) and non-vegetative (reproductive)

(Br) portions of plants. If these values are used in COMillA, the Bv value is appropriate for

leafy vegetables, pasture grass, and hay, while the Br value should be used for all other

human crops (grains, root vegetables, fruits, and legumes). A detailed compilation of CR

values for various crops, soils, and contamination scenarios has been published by the

International Union of Radioecologists (1989).
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5. CALCULATION OF FOOD PRODUCT CONCENTRATIONS

5.1 Human Crop Concentrations at Harvest

The total edible crop concentration for crop type i and decay chain member j

(QCij, in Bq wet kg-I) is calculated at harvest by

_(Qvs;J.TEc) we, +Ovil-TEC)]QCiJ{TEC) - FD,
BMAX,

(15)

where

QvSjj =

Qviu=

TVC j =
BMAXj =
FD j =
TEC=

concentration on vegetation surfaces at harvest (Bq mo~

concentration in edible vegetation tissue at harvest (Bq mo2)

transfer factor from exposed to edible surfaces for human crops (unitless)

edible crop biomass at harvest (yield) (dry kg m-2)

ratio of dry to wet weight (unitless)

time of crop harvest (Julian day)

The vegetation surface concentration is multiplied by the fraction that is deposited on

edible tissues of human crops (TVC) to account for surface layers that are removed prior to

ingestion (e.g. corn husks). Currently, TVC is assumed to be 1 for leafy vegetables and 0.1

for all other human crops (Napier et al. 1988). The user may select any number of years for

which harvest concentrations are calculated. For these harvest concentrations to be used in

dose calculations, losses due to food processing (!AEA 1992) and radioactive decay during a

human consumption period must be accounted for.

5.2 Integrated Animal Product Concentrations

Animal product concentrations are calculated based on the assumption that they are in

equilibrium with the time-variable concentrations in vegetation and soil being consumed by

the animal. This is accomplished using published values for the feed-to-animal product

transfer coefficient which is the fraction of the daily intake of a radionuclide (or element) that

is transferred to a particular animal product at equilibrium. For beef, milk, and the optional
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animal product, four sources of animal feed are evaluated: pasture grass (or range

vegetation), stored hay, grain, and legumes. For poultry, only stored grain and legumes are

considered as a feed source. Soil ingestion is evaluated for all animal products. Because

animal slaughter and milk production occur on a somewhat continuous basis (as opposed to a

discrete crop harvest), COMIDA calculates integrated animal product concentrations for

consecutive 365-d "accident years" after the date of deposition (Fig. 3).

fallout

Figure 3. Integrated concentrations for feed crops include contributions from the
current year's crop (t1) and the remaining feed time on the prior year's crop (tzJ.

5.2.1 Pasture Grass. A pasture grass or grazing contribution to animal product

concentrations is evaluated by integrating current and/or the following year pasture grass

inventories only during the portion of the grazing season that occurs in each accident year.

If the deposition occurs prior to or after the grazing season, then the total integrated pasture

concentration (QTIP, Bq d kg-I) for the calculated accident year includes all of the upcoming

grazing season:
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where

QTIP=fTELQPt;(t)dt
TSL

(16)

TSL =
TEL =

time-variable pasture grass concentration for the grazing season that occurs in

the current accident year (Bq kg-I)

start of the livestock grazing season (Julian d)

end of the livestock grazing season (Julian d)

If the deposition occurs during the grazing season, then the 365-d "accident year"

pasture integration includes contributions from portions of the current and following year's

grazing seasons:

where

QTIp=fTELQp (t)dt + f 36
'-77QP (t)dt

77 t: TSL II
(17)

QPD(t) =

TI=

time variable pasture grass concentration for the grazing season that occurs in

the next accident year (Bq kg-I)

date of fallout (Julian d)

The integrated animal product concentration from pasture (or range grazing) for each

accident year for decay chain member j (QIAPj , in Bq d kg-I) is then calculated by:

QIAP
j

= RP Te. QTIP. e -1t,.
J J

(18)

where

RP = pasture ingestion rate while animal is on pasture (kg d-I)

TCj = pasture to animal product transfer coefficient (d kg-I)

~ = delay (holdup) time between animal slaughter or milking and human ingestion (d)

Values for animal product transfer coefficients (TCj ) are published in several reviews (Ng et

al. 1977; Ng et al. 1979a; Ng et al. 1979b; Ng 1982a; Ng et al. 1982b; Baes et al. 1984).
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5.2.2 Stored Feed. The model assumes that animals consume stored feed (hay,

grain, legumes) from local area harvests when they are not on pasture and that the animals'

diet may be supplemented by stored feed while the animals are on pasture. Each calendar

year harvest is assumed to be available for consumption for a 365 d feeding period, after

which it is replaced by a new calendar year crop. Since this feeding period is not necessarily

synchronized with the calculated accident year interval, COMIDA evaluates both the current

calendar year crop (integration time th Fig. 3) and the stored feed remaining from the

previous year's harvest (integration time tJ. After each crop harvest, feed concentrations

can be delayed for a holdup time (tJ that simulates the delay between harvest and the start of

the animal feeding period. Decay and ingrowth of radioactive progeny are evaluated during

both the hold-up time and the 365-<1 integration period. As an example, the total integrated

hay concentration (QTIH, Bq d kg-I) for a specific "accident" year is calculated by (Fig. 3):

Ql1H=f:1QHc(tJdt + !o"'QHpCt/t+t1)dt (19)

where

QHc(tJ = current (and first) year hay crop concentration after holdup time, ~ (Bq kg-I)

Q!4(tJ = prior year hay crop concentration after holdup time, ~ (Bq kg-I)

t l = integration time for current (and first) year hay crop (d)

11 = integration time for prior year hay crop (d)

Up to 3 discrete hay cuttings are evaluated in a single year by transferring individual

cut inventories (QCUT[k], in Bq kg-I dry weight) to a storage compartment which is

evaluated at the time of the last hay cutting. For parent radionuclides or single member

decay chains, each cutting is simply decayed (QCUT(k) x e'~ until the time of the last

cutting. To account for decay and ingrowth of progeny radionuclides while the hay is in

storage, each hay cutting is evaluated using the general solution to chains of linear first order

differential equations (Skrabel et al. 1974). For decay chain member j, the concentration in

hay cutting k is evaluated at the time of the last hay cutting by
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QCU7j(1c) ='AJ ~{t) and

J (J-l ) J
~{t)=~ !! 'A. ~

~(1c)e -l.tt

J

II ('-, -'A.),-I,-.

(20)

where

~i(k) = number of atoms of decay chain member j in QCUTj(k) at harvest

= QCUTj(k)/A; (atoms kg-I)

tt: = time between harvest of hay cutting k and the last hay cutting (s)

A = decay chain member decay constants (S-l)

Assuming each hay cutting produces the same mass of hay, the average concentration

in the storage comPartment (QHj, in Bq kg-I) from "n" total hay cuttings at the time of the

last hay cutting is

II

E QCU1j(1c)
QHJ=~k-....;;.l -

n

(21)

The integrated animal product concentration from ingestion of contaminated stored

hay for decay chain member j (QIAHj , in Bq d kg-I) is then calculated by

(22)

where

RH = annual average hay consumption rate by animal (kg dol)

~ = delay time between animal slaughter or milking and human ingestion (d)

Integrated animal product concentrations from stored grain and legumes are evaluated

in the same manner as eqn. 22 except that single crop inventories at harvest are used. These

single crop inventories are calculated using eq. 16 except that the transfer factor from

exposed to edible surfaces of crops (TVC) is not considered and the concentrations are not

converted to wet weight.
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5.2.3 Soil Ingestion. COMIDA calculates integrated animal product concentration

via soil ingestion (QIASj , Bq d kg-I) based on the integrated activity in pasture surface soil

for decay chain member j (QIPSj , in Bq d kg-I) for each calendar year:

where

(365 Qss tit
QIPS =)0 'j

J Pss Xs
(23)

RS =

QSSj =
PSS =
Xs =

animal soil ingestion rate (kg d-I)

time-variable surface soil concentration in pasture (Bq m-2
)

surface soil density (kg mo3
)

surface soil depth (m)

Recommended soil ingestion rates for dairy cattle are 0.50 kg dol when cows are on

full pasture (summer), 1.00 kg d-l when cows are on half-pasture (spring/fall), and 2.00

kg d-l when cows are not on pasture (winter) (Darwin 1990). Since COMIDA only allows

input of one ingestion rate, it is recommended that selection of the value be based on the

season in which the initial fallout deposition occurs. Although the model calculates intake

from soil over the entire year, the season of initial fallout is the most critical because the

surface soil inventory is reduced fairly rapidly by percolation. Soil ingestion rates used in

PATHWAY for dairy and beef cows, poultry, and sheep are 0.5,0.01, and 0.102 kg dol,

respectively.

5.2.4 Total Integrated Animal Product Concentrations. The total integrated

concentration (QIAT) for each of the four animal products (beef, milk, poultry, other

animal) and each accident year is calculated by summing the contributions from pasture

(QIAP), stored hay (QIAH), stored grain (QIAGj ), stored legumes (QIA.I,), and soil

(QIAS):
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6. MODEL PERFORMANCE

6.1 Benchmark Tests

An evaluation of COMillA's performance was performed by benchmark tests with

published output from the PATHWAY model as reported in Whicker et ale (1990) and four

other internationally recognized steady-state models as reported in Hoffman et ale (1984).

These models included AIRDOS-EPA (U. S. Environmental Protection Agency), IAEA

(International Atomic Energy Agency) Safety Series No. 57, ABG (Allgemeine

Berechnungsgrundlage, Federal Republic of Germany), and Regulatory Guide 1.109 (U. S.

Nuclear Regulatory Commission).

The four models compared by Hoffman provided concentrations in food products for

a unit deposition rate from a steady-state release while COMIDA and PATHWAY are based

on a unit acute deposition. To compare the two types of results, the acute concentration per

unit deposition must be integrated to infinity (Whicker et ale 1990). COMIDA food product

concentrations were integrated for 100 years for 137Cs and 90Sr and 1 year for 1311. This

accounted for about 90% of the mCs and 90Sr radioactivity and 100% of the 1311

radioactivity. The geometric mean of the default parameter values used in the steady-state

models were used in COMIDA where applicable; otherwise, values from PATHWAY

(Whicker and Kirchner 1987) were used. A value of 2.6 m2 kg- t was used in COMillA for

the foliar interception constant (a) which corresponds to the geometric mean of the rlY

(interception fraction/yield) values used in the steady-state models. This value is appropriate

for deposition of gases and particles smaller than a few microns. A value of 0.39 m2 kg-I

was used for a in PATHWAY runs to simulate larger fallout particles from weapons tests.

Time-integrated concentrations were calculated with COMIDA for deposition events

occurring each month of the year. Corresponding output values from PATHWAY were

interpolated from graphs reported in Whicker et ale (1990). Since the steady-state model

results were obtained using growing season input values (e.g. rlY values> 0), output from

these models are only compared for depositions that occur during the growing season (1 May

to 1 September).
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Comparisons of 1311 and 137Cs integrated milk concentrations from the various models

are shown in Fig. 4 and Fig. 5, respectively. Both COMIDA and PATHWAY show a

strong seasonal dependence relative to the date of fallout and, in general, exhibit similar

curve shapes. During the pasture growing season (March through September), the COMillA

results are very similar to those predicted by the steady-state models while the PATHWAY

results are almost an order of magnitude lower. However, the PATHWAY results would

have been about 5 times higher and very near to the COMillA results if the same ex value

had been used (Whicker et al. 1990). In COMillA, the largest source of 1311 intake and

subsequent transfer to milk during the pasture grazing season (10 May through 30

September) was from the consumption of fresh forage by dairy cows. During the late fall

and winter months, 1311 intake was primarily from soil ingestion. For 137Cs in milk (Fig. 5),

the difference between concentrations from accidents that occur during the pasture season and

those that occur in the fall and winter months was not as great as in the case of 1311. This is

due to the longer 137Cs half-life (30 y) which results in a greater contribution from the root

uptake pathway in subsequent years. The spike in the COMillA 137Cs milk concentration for

the August deposition was due to contamination of the third hay crop two weeks prior to

harvest. Previous deposition dates occurred much earlier than hay crop harvests, which

resulted in more weathering and smaller hay concentrations at harvest.

The time-integrated concentration in leafy vegetables for ~r is shown in Fig. 6. No

PATHWAY results were available for this comparison. The COMillA results show a strong

seasonal increase for fallout events that occur prior to harvest (31 August), after which, the

concentration drops to its pre-growing season value. This increase is due to: 1) the logistical

crop growth rate simulated in COMIDA and the resulting increase in the vegetation

interception fraction (FV); and 2) and the shorter weathering times for depositions that occur

prior to harvest. Direct deposition accounted for about 91 % of the total radioactivity

transferred to leafy vegetables for the August event.
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In another benchmark test, COMIDA results were compared to 4-year integrated l37es

beef concentrations predicted by PATHWAY for 13 Nevada Test Site fallout events in

southeastern Utah as reported in Whicker and Kirchner (1987) (Fig. 7). About 75% of the

4-year integrated amount calculated by COMmA was obtained during the first year. The

COMillA results follow the same seasonal trend as those from PATHWAY although

COMillA values are about 50% higher during the middle and latter part of the growing

season. For two early season events, COMIDA predicted slightly lower integrated

concentrations than PATRWAY.
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Figure 7. Benchmark results for l37Cs concentrations in beef.
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6.2 Differences Between COMmA and the PATHWAY model

While COMmA includes many of the processes modeled in PATHWAY and, in

general, was designed after PATHWAY, there are several significant differences between the

two models:

1) Both models use a logistic plant growth model (Fig. 8) to calculate vegetation

interception fractions and root uptake rates. However, PATHWAY adjusts the plant growth

rate constant (Kg) at each time step based on daily temperature and light growth rate

modifiers while COMmA does not (constant Kg throughout the growing season). The

growth rate modifiers reduce the maximum potential growth rate and result in a longer time

over which the plant is actively growing (plant growth rate curve is not as steep). For

accidents that occur during the initial period of the growing season, COMmA may estimate

a smaller vegetation biomass and, as a result, smaller initial deposition on vegetation surfaces

(Fig. 8). This will result in less radioactivity being fixed into the internal vegetation

compartment via foliar absorption. The effects on the vegetation surface compartment for

crops is negligible because, for both models, weathering will result in loss of most of the

surface activity by the time harvest occurs. The constant Kg used in COMmA also results

in a faster rate of root uptake that slows to an insignificant rate earlier in the growing season.

For depositions that occur later in the growing season, COMmA may predict less root

uptake than PATHWAY for the first year because the COMmA plant growth rate slows to

an insignificant rate earlier. However, root uptake is generally an insignificant pathway for

first year concentrations when compared to direct foliar deposition.

2) In the benchmark examples, PATHWAY evaluated a livestock diet consisting of

fractional intakes of different feed sources by month. In CaMillA, stored feed consumption

(hay and grain) is averaged over a 365-<1 feeding period. Also, COMmA accounts for up to

three hay harvests per year while PATHWAY considered five.

3) In order to account for transfer of radioactivity from plants to surface soil via

senescence, PATHWAY evaluates loss of biomass in vegetables crops, pasture grass, plants
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7. APPLICATION OF RESULTS IN DOSE CALCULATIONS

The food product radioactivity concentrations calculated by COMIDA may be used to

estimate human dose due to ingestion. For crops, harvest concentrations must be integrated

over a defined human consumption period (typically assumed to be 12 months). For

evaluation of a single member decay chain, the dose to organ k may be calculated by

where

Djk = dose to organ k from consumption of crop i (Sv) (dose is acquired over an assumed

consumption period, tc)

GC = initial ground concentration of radionuclide (Bq m'~

QTCi = COMIDA-ealculated concentration in crop i at harvest (Bq kg-i) per (Bq m-2
)

R; = average daily ingestion rate of crop i over the consumption period, tc (kg dol)

~ = fraction of crop i locally produced (unitless) .

FPj = radioactivity fraction remaining in crop i after processing (unitless)

OFt = dose conversion factor for organ k (Sv Bq-l)

tc j = human consumption period over which annual harvest of crop i is assumed to be

consumed (day)

~ = holdup (storage) time between harvest of crop i and the start of consumption (day)

During the consumption period, it is assumed that human consumption rate is uniform. The

daily ingestion rate of the crop (RJ during this time must therefore be averaged over this

consumption period.
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In order to evaluate multi-member decay chains, equation (25) becomes

(26)

where

QTCj(tJ = crop concentration of decay chain member j after the holdup period, ~, which

is evaluated by using the general solution to decay chains given in equation

(21):

QTCjtJ =AJ NjtJ and

. J ('1- J )1
~{tJ =f;t !! A. ~

N;O(t) e -A..'.

J
II (Ap -A.)
p-;p-.

(27)

where

Nj(t) = atom concentration at the end of the holdup period (atoms kg-l)

NJi(t) = atom concentration of decay chain member j at harvest = QTCj(t)/~ (atoms kg-l)

In order to obtain the integrated concentration for each decay chain member over the

consumption period, the integrated form of the above equation must be used:

N;O (1 -e -A.re)

1

A.IT (Ap - Alii)
p-;p-.

(28)

where

Uj(tJ = total number of transformations over consumption time, te (disintegrations kg-l)

Nio = Nj(tJ from previous steps.
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C = conversion factor [(Bq s dis·I)(1.16 X 10-5 d S·I)]

For animal products, the dose is calculated in a similar manner except that the animal

product concentrations, including decay chains, are already integrated in COMIDA over a

12-month consumption period.
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8. CODE~~ATION

COMIDA is written in FORTRAN 77 and implemented on a personal computer with

a DOS operating system. The source code, with minor modification, is compatible with

most FORTRAN compilers on UNIX operating systems. Input to the code is through two,

free format ASCII fues. The first file (COMIDA.PAR) contains value for all parameters

that are not nuclide or elemental specific. The second file (COMIDA.VAR) contains the

values for all parameters that are nuclide specific. Output is written to two ASCII files. The

"first file (COMIDA.OUT) contains a formatted listing of selected output. The second file

(COMIDA.DMP) contains a print out of intermediate calculated values. Data in this file is

useful for benchmark purposes and to help in understanding the code. A complete listing of

the FORTRAN code is contained in Appendix B.

8.1 Computational Methods

One of the primary tasks of a computer code application to a dynamic food chain

model is to perform the numerical in.tegration of the ordinary differential equations (ODE)

that mathematically describe the system. This task is accomplished in COMmA through the

implementation of a forth order Runge-Kutta routine with adaptive stepsize control (Press et

al., 1986, see subroutine RK4S0LVE). The adaptive stepsize control allows the routine to

select the optimum time step to take in order to achieve a predetermined accuracy in the

solution and results in a solution of fifth order accuracy. For example, in portions of the

solution curve where the slopes are steep, many small steps must be taken in order to achieve

the same accuracy as in smooth areas of the curve, where larger steps may be taken.

Therefore, this routine is very efficient in terms of providing a solution that is of consistent

accuracy and only requires an accuracy criteria be selected. Note that the input requirements

of COMmA do not require a time step for the Runge-Kutta solution. The time step is

automatically selected based on the hardwired accuracy limit of 1.0E-6, an initial stepsize of

2.5 d and a minimum step size of I.OE-20 d. A maximum of 50,000 steps are allowed

before the routine is terminated.
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The stored animal feed compartments (grain, legumes and hay) require calculation of

radioactive decay and ingrowth, and integration of the radioactivity during the 12 month

ingestion period. Inventories in these compartments are calculated outside of the Runge

Kutta solver using a generalized analytical solution to the sets of ODE's that describe

radioactive decay and ingrowth (Equation 27 and 28). This routine was adapted from a

BASIC program written and described by Birchall (1987). The routine was translated to

FORTRAN and is used to decay, ingrow, and integrate the activity present in the animal feed

storage compartments.

8.2 Program Flow

Program flow is controlled by the MAIN program unit (Figure 9). Parameter values

in the COMillA.PAR file are read by the INPUTPAR subroutine that is called by MAIN.

Variables that control the number of calendar years results are printed for are also read in the

INPUTPAR subroutine. First year results are always calculated and written to the output

file (COMIDA.OU1). The number of nuclides evaluated and nuclide specific data are read

by MAIN through the COMIDA.VAR file. First year concentrations, then subsequent year

concentrations are calculated for each nuclide. Concentrations for the year the accident

occurred are calculated in CROPl, HAYl and PASTUREl subroutines. These subroutines

account for the timing of the accident relative to the growing and livestock pasture season

and calculate the fallout fractions to vegetation and soil. Concentrations for subsequent years

are calculated in the CROPN, HAYN and PASTUREN subroutines. Concentrations in

animal products for any year (including the first year) are calculated in the BEEF, MILK,

POULTRY, and OTHER subroutines. Concentrations in crops and animal products are

written to the COMillA.OUT file after each call to ONEYEAR and NYEAR subroutines.

After concentrations for all nuclides present in the COMillA.VAR file have been calculated,

the program is terminated.
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Figure 9. Program flowchart for the COMmA food-chain model.
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8.3 Subroutines

MAIN: This program unit begins and terminates program execution (Figure 9). The

routine calls the subroutine INPUTPAR (reads parameter input data from the file

COMillA.PAR) and subroutines ONEYEAR (food product concentrations the first year) and

NYEAR (food product concentrations for all other years). Nuclide specific data is read from

this program unit from the file, COMIDA.VAR.

INPUTPAR: This subroutine reads non-nuclide specific data from the

COMIDA.PAR file and writes this data to the output file (COMIDA.OU1). Each data

record passed to the subroutine CHECK for validation. Called by MAIN.

CHECK: This subroutine receives a parameter value from the subroutine

INPUTPAR and assures that the value lies between the maximum and minimum acceptable

value (See Table 1.)

TIl\fECK; This subroutine checks the time variables for conflicts in the start and end

dates for growing seasons and pasture grazing season.

ONEYEAR: This subroutine calculates time flag variables that are passed to

subroutines CROPl, HAY1, PASTUREl, BEEF, MILK, POULTRY, and OTHER for

calculation of the first year food product concentrations. The subroutine, WOUT is also

called for writing output to the file COMillA.OUT. Decay rate constants (A) are calculated

for each decay chain member and leach rate constants (Kl) are assigned to a common block

variable. Called by MAIN.

NYEAR: This subroutine calls the subroutines CROPN, HAYN, PASTUREN,

BEEF, l\ffi.,K, POULTRY, and OTHER for calculation of food product concentrations for

years other than the first. Results are output through a call to the output routine, WOUT.

Called by MAIN.
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WOUl: This subroutine writes formatted output of the concentration in food

products for each year designated by the variables NTIMES and KYEAR to the file,

COMmA.OUT. Called by ONEYEAR and NYEAR.

CROP1: This subroutine calculates food product concentrations in crops for the first

year (see Figure 10). One of three options may be exercised depending on the timing of the

accident relative to the start of the growing season and harvest. The code variable, TYEAR,

calculated in the subroutine, ONEYEAR, controls these options. The options are 1) accident

oceurrs during the growing season, 2) accident oceurrs before the growing season and, 3)

accident oceurrs after harvest. Output from this routine includes concentrations at time of

harvest for each crop type. The subroutine, FEEDI, is called to decay feed inventories for

the feed hold up time and integrate the inventories during the consumption period. FEEDI is

called by ONEYEAR.

PASTURE!: This subroutine calculates the first (accident) year integrated pasture

inventory (Figure 11). Like the CROP! subroutine, one of three options may be exercised

depending on the timing of the accident. The integrated pasture inventory for the time

during the accident year the cows are on pasture and the accident year integrated soil

inventory are output. Also, a short term integrated pasture inventory (user input variable,

TINTM) is also output (see subroutine SHORT). Called by ONEYEAR.

HAY!: This subroutine calculates the first (accident) year hay inventory (Figure 12)

and integrates the inventory for the amount of time in the accident year that it is used as feed

(Equation 28). Like the CROP1 subroutine, one of three options may be exercised

depending on the timing of the accident. The integrated hay inventory is output. Called by

ONEYEAR.

BEEF: This subroutine calculates the integrated concentration in beef at the time of

consumption for the fIrst and subsequent 365 day periods following an accident. The
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ACTIVITY

INVENTORY

NO

RUNMODB.

FOR

OROWllVG

SEASON

SOLVE ODE'.

SETZKQ.
ZXABC, ZXR
ANDZXW
TO ZERO

FEEDI
INTEGRATE

STORED
FEED COM

-I'AImIENTS

NO

KEY

lSOuRCEI~

CALCULATE

TIME
REMAINING

)'!'All AFT9I
ACCIDENT

RUN MODEL
t------l~

FOR

GROWING

SEASON

SOLVEODF.

RlJNMODEI.

TO END OF

Y£4R

:

Figure 10. Flowchart of the CROP1 subroutine. Called by ONEYEAR.
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FIgUre 11. Flowchart for the PASTUREl subroutine. Called by ONEYEAR.
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FIgUre 12. Flowchart for the HAY 1 subroutine. Called by ONEYEAR.
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integrated beef inventory from pasture, grain, hay, legume and soil is output. Concentration

of the parent nuclide in beef is decayed for the holdup time from slaughter to consumption.

Progeny are not decayed or ingrown during this time period. Called by ONEYEAR and

NYEAR.

MIItK: This subroutine calculates the integrated concentration in milk at the time of

consumption for the first and subsequent 365 day periods following an accident. The

integrated milk inventory from pasture, grain, hay legume and soil is output. Concentration

of the parent nuclide in milk is decayed for the holdup time from production to human

consumption. Progeny are not decayed or ingrown during this time period. A short term

integrated milk concentration while cows are on pasture is also output. This time period is

defined by the code variable, TINTM and is calculated in the subroutine, SHORT. Called

by ONEYEAR and NYEAR.

POULTRY: This subroutine calculates the integrated concentration in poultry at the

time of consumption for the first and subsequent 365 day periods following an accident. The

integrated poultry inventory from grain, legumes, and soil is output. Concentration of the

parent nuclide in poultry is decayed for the holdup time from slaughter to consumption.

Progeny are not decayed or ingrown during this time period. Called by ONEYEAR and

NYEAR.

OTHER: This subroutine calculates the integrated concentration in the "other" user

defmed animal at the time of consumption for the first and subsequent 365 day periods

following an accident. The integrated animal inventory from pasture, grain hay, legume and

soil is output. Concentration of the parent nuclide in the other animal is decayed for the

holdup time from slaughter to consumption. Progeny are not decayed or ingrown during this

time period. Called by ONEYEAR and NYEAR.
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FEEDI: This subroutine calculates the integrated concentration in grain and legume

animal feed and decays these inventories for the hold-up times. The subroutine, RDK, is

called to perform decay and ingrowth calculations, and to integrate the concentrations.

Called by CROPl and CROPN.

CROPN; This subroutine calculates food product concentrations in crops for years

other than the first 365 day period following an accident (Figure 13). Output from this

routine includes concentrations at time of harvest for each crop type and integrated stored

feed inventories. The subroutine, FEEDI is called to decay feed inventories for the feed

hold-up time and integrate the inventories during the consumption period. Called by

NYEAR and ONEYEAR.

PASTUREN: This subroutine calculates the integrated pasture inventory for accident

years other than the first year following an accident (Figure 14). The integrated pasture

inventory for the time the cows are on pasture and the accident year integrated soil inventory

is output. Called by NYEAR.

HAYN: This subroutine calculates the integrated hay inventory for years other than

the first year following an accident (Figure 15). The integrated hay inventory is output.

Called by NYEAR and ONEYEAR.

RK4S0LVE: This subroutine calls the Runge-Kutta solving routine and performs the

activity to mass conversions necessary for calculation of radioactive progeny ingrowth.

Several subroutines are included in RK4S0LVE. The subroutines, ODIENT, RKQC, and

RK4 are adapted from Press et al (1986). The subroutine DERIVES is the user supplied

subroutine that defines the set of differential equations to be solved. These equations are

given by Equations 1 through 6 (see DERIVES description). Called by CROPl,

PASTUREl, HAYl, SHORT, CROPN, HAYN, and PASTUREN.
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Figure 13. Flowchart for the CROPN subroutine. Called by NYEAR.
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Figure 14. Flowchart for the PASTUREN subroutine.
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Figure 15. Flowchart for the HAYN subroutine. Called by NYEAR.
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TILL: This subroutine calculates the re-distributed soil inventories after tillage

(Equation 10). Called by CROPI and CROPN.

FALLOUT: This subroutine calculates the fallout fraction to vegetation and soil

(Equation 13). Called by CROPl, PASTURE1, and HAYl

SHORT: This subroutine calculates the integrated pasture concentration for a user

defined time period (usually shorter than the grazing season) for the year the fallout event

occurred on. The amount of time the pasture inventory is integrated over based on the

amount of overlap between the time of the accident (TI) plus and the value of TINTM, and

the time period when the cows are on pasture. Called by PASTUREI.

RDK: This subroutine is used to calculate radioactive decay and ingrowth in stored

feed inventories (hay, grain and legumes) (Equation 27). Activity inventories in stored feed

and food crops are also integrated (Equation 28) over the consumption period. Several

subroutines are included in this RDK. These subroutines (SI000 and S2000) have been

adapted and translated from the BASIC code presented in Birchall, 1986. Called by FEEDI,

HAY1, and HAYN.

DERIVES: The DERIVES subroutine contains the differential equations that define

the time variable inventories of each of the state variables (Equations 1 through 6). The time

variable compartments are the vegetative surface (Qvs), the soil surface (Qss), the labile soil

(Qrs), the vegetative internal (Qvi) and the fixed soil (Qfs). Three additional compartments

are used to integrate inventories in the vegetative surface (Qivs), vegetative interior (Qivi)

and soil surface (Qiss). The total number of compartments is therefore, eight. This basic

model is multiplied by the number of radioactive progeny (four) to make a total of 32

compartments that are solved for each time step (Figure 16). All calculations performed in

this subroutine are in units of number of atoms mo2
• Activity inventories are converted to

number of atoms in the subroutine, RK4S0LVE. Each compartment is assigned an array
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element (1 to 32). Rate constants are defined in terms of the parent compartmental array

element they operates on. For example, rate constant "Z21" represents the sum of the

rainsplash and resuspension rate constants. The first number in the variable identification (2)

designates the "donor" compartment and the last number (1) designates the "receiving"

compartment. This designation scheme is followed for each member of the decay chain.

Nuclide specific rate constants, decay rate constant (0), leach rate constant (Z3), and foliar

absorption rate constant (Z15) are defined as arrays of four elements. Array element 1 refers

to the first member of the decay chain (1=1, parent nuclide), array element 2 refers to the

second member of the decay chain (1 =2, first progeny member), array element 3 refers to

the third member of the decay chain (1=3, second progeny member) and array element 4

refers to the forth member of the decay chain (1=4, third progeny member). Called by

ODEINT, RKQC, and RK4.

8.4 COMIDA Input Files

Two input files are required for execution of COMillA. The names of these files

have been "hardwired" to COMillA.PAR and COMillA.VAR. The COMillA.PAR file

contains accident and scenario specific data and data that is not nuclide specific. The

COMillA.VAR file contains all nuclide specific data. These files are free format and

therefore do not require a specific numeric format or column position however, a value for

each input variable must be present in the file. Comments may follow the last value read on

a line. Line by line input to these files is given in Tables 1 and 2. A further explanation of

several of the input parameters follows.

The variable, TINTM, is the number of days from the time of the fallout event, that

the transfer of radioactivity from pasture forage and soil, to dairy products (milk) is

evaluated for. This computation (calculated in subroutine SHORT) calculates the integrated

pasture forage and pasture soil concentration while dairy cows are on pasture for the time

period, TI (time of fallout event) to TI +TINTM. This value is then passed to subroutine

MILK to calculate the "Short Term" integrated milk concentration. The calculation is

performed separately from the "accident" (first) year pasture forage and milk computations,

51



and may be used to evaluate the benefits of restricting grazing immediately following a

fallout event. The amount of time the pasture forage and pasture soil are integrated over

depends on the amount of time dairy cows are on pasture from the time of the fallout event,

to TINTM days past the event. For example, suppose TI is Julian day 100, TINTM = 60

days, TSL is Julian day 120, and TEL is Julian day 300. Dairy cow consumption of pasture

forage and pasture soil is evaluated from Julian day 100 (the day of the accident) to Julian

day 160 (TI+TINTM). Since grazing begins on day 120, the integration time for pasture

and soil inventories is 160 - 120 = 40 days. This is the amount of time cows are on pasture

from the time of the accident to time TI + TINTM. If the accident occurred on day 310,

then no "Short Term" integrated milk concentration would be calculated since dairy cows

would not be on pasture during the time period, TI to TI+TINTM. Values for the "Short

Term" integrated milk concentration from pasture are output for the first accident year only.

The NTIMES variable is the number of "accident" years that results are to be printed
\

for. The KYEAR variable is the array that holds the "accident year numbers" that results

are printed for. The value of, KYEAR(NTIMES), (the last value read by KYEAR) is the

number of years from the time of the fallout event, that results are calculated for. For

example if NTIMES=6, then results are printed for six separate accident years. The years

designated by NTIMES may be consecutive (1, 2, 3, 4 ...) or skip some years where results

are not preferred (1, 10, 20 ,30 ...). However the year numbers must be in increasing

order. In this example, six KYEAR values must be present, and the first year must be year

1. Suppose impacts out to 50 years from the time of the fallout event is desired with

intermediate results also printed. The KYEAR values may be 1, 10, 20, 30, 40 and 50.

Given these values for KYEAR and NTIMES, COMillA will calculate results out to 50

years from the time of the fallout event and print results for year 1, 10, 20 30, 40, and 50.

The NCUTOFF variable is the number of parent half-lives that code will calculate

results for before terminating. The variable, CUTOFF, calculated internally, is the number

of years from the time of the fallout event that the code will calculate results for before

terminating and is given by:
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CUTOFF = NCUTOFF x THALF.

For example, if a nuclide's half life is 3 years and NCUTOF=10 then results will be

calculated out to 30 years and zeros will be printed for results beyond 30 years. This

variable is used for nuclides with relatively short half-lives when compared to the time period

impacts are calculated for. A minimum value of at 10 and a maximum value of 70 is

recommended for NCUTOFF. Using a value of 10, only about 0.1 % of the original activity

remains in the system after this time. Beyond 70 half-lives, the numerical solver in

COMIDA becomes somewhat unstable due to rounding error and may result erroneous

output.

The animal feed consumption rates used in COMIDA are annual average daily

consumption rates for all feeds except pasture. For pasture, the average daily consumption

rate of pasture forage, while the animal is on pasture is required. The annual average feed

consumption rate is calculated by taking the total amount of a given feed type (grain, legume

or hay) consumed in a year and dividing by 365 days. For example if dairy cows consume

2000 kg (dry weight) of hay in a year, then the annual average daily ingestion rate of hay is

2000 kg

365 d
= 5.5 kg dol (dry weight).

Pasture forage consumption rates requires, the average daily consumption rate of

pasture forage while the animal is on pasture. For example, if a beef cow consumes 800 kg

of pasture (dry weight) during the grazing season, and the grazing season lasts 150 days,

then the average daily ingestion rate of pasture forage is

800 kg

150 d
= 5.33 kg d- l (dry weight).
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Table 1. Dell:lription of COMmA input parametera for the COMmA.PAR. file. The MlN and MAX ValllCll refer to the allowable minimum and
allowable maximum value. for that variable that the code will accept.

Card Record Variable Code Type DeIl:lription
Variable

TITLE CHARACTER. 80 character title of computer .imulation.

1 lto5 TVC TVC(I) REAL Tranafer factor from the expoaed to edible IUreace. of crop. for graina
(1-1), leafy veJelablea (1-1), root crop. (1=3), fruita (1-4), and
legumea (1..5). Amy of 5 elementa. (unitleu). MlN:O.O MAX:l.O

3 lto5 Kg ZKGC(I) Crop growth rate collltaDtl for graina (1= 1), leafy vegetable. (1=2),
root crop. (1-3), fruita (1-4), and legume. (1..5). Amy of 5
elementa. (dOl). MlN:O.O MAX: 10

4 lto5 BI BIC(I) Initial crop biomua for anini (1=1), leafy vegetable. (1=2), root

crop' (1-3), fruita (1..4), and legumea (1"5). Amy of 5 elementa.
<tI m-a, dry weight). MlN:IE-6 MAX: 100

5 lto5 BMAX BMAXC(I) REAL Maximum crop biomall for graina (I-I), leafy vegetable. (1=2), root

crop. (1=3), tiuita (1=4), and legumea (1=5). Array of 5 elementa.
(kg m-a dry weight). MIN:IE-2 MAX:l000

6 lto5 BSTAND BSTAND(I) REAL Maximum standing biomall for graina (1 ... 1), leafy vegetable. (1=2),
root crop. (1=3), tiuita (1=4), and legume. (1=5). Array of 5
elementa. (leg m-a dry weight). MlN:IE-1 MAX:l000

7 lto5 FD FD(I) REAL Ratio of dry to wet weight for grains (1-1), leafy vegetablea (1=2),
root crop. (1-3), fruita (1=4), and legumea (1-5). Array of 5
elementl. (unitleu). MlN:IE-I0 MAX:1.0

8 Kg ZKGP REAL Growth rate conatant for pUDIre (cta). MlN:O MAX:I0

8 2 ICIen ZSEN REAL Senell:lenc:e rate cooataDl for paature (ctl). MlN:O MAX: 10

9 BI BIP REAL Initial biomau for paature (leg m-a, dry weight). MlN:IE-6 MAX: 100

9 2 BMAX BMAXP REAL Maximum biomau for paature (leg m~, dry weight). MIN:IB-2

MAX:1000

10 Kg ZKGH REAL Growth rate coD8tant for hay (ctl
). MlN:O MAX: 10

10 2 BI BIB REAL Initial biomau for hay (leg m~, dry weight). MIN:IE-6 MAX:l00

10 3 BMAX BMAXH REAL Maximum biomall for hay (leg m~, dry weight) MIN:IE-2
MAX:1000

11 Nctrr INTEGER Number of hay cutting. in a year. MIN:1 MAX:3

11 2 TCtrf(K) REAL TUDe of K- hay cutting. Array of 3 elementa where NCtrf number
of value. are read. Qulian day) MIN:l MAX:365

12 RP RPB REAL Daily conaumption rate of pasture for beef cattle while on palllUre (leg
dol, dry weight). MIN:O MAX: 100

12 2 RH RHB REAL Annual average conaumption rate of hay for beef cattle (leg ctl , dry
weight). MIN:O MAX: 100
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Tablet. (coll1inued)•

Card Record Variable Code Typo DclCriptioG
Variable

12 3 RG RGB REAL ADDU&I average COIIIUmptloa rate of Jrain for beef cattle (kg ct', dry
-iabt). MIN:O MAX:l00

12 3 RS RSB ADDuaI averaae CODlUmptiOD rate of lOil for beef cattle (kg ct').
MIN:O MAX:100

12 3 RL RLB REAL Annua1 average CODIUmptiOD rate of lepmel for beef cattle (kg ct',
dry weiPt). MIN:O MAX:l00

13 RP RPM Daily cOnaumptioD rate of paature for dairy COWl while OD paature (kg
d". dry weipt). MIN:O MAX:l00

13 2 RH RHM Annua1 average COIIIUmption rate of bay for dairy COWl (kg ct', dry
weipt). MIN:O MAX:l00

13 3 RG RGM Annual average CODlUmption rate ofpin for dairy COWl (kg ct', dry
weipt). MIN:O MAX:l00

13 4 RS RSM Annual average cODlUmplioD rate of lOil for dairy cow. (kg ct').
MIN:O MAX:l00

13 5 RL RLM REAL ADDU&I average conaumptioo rate of lepmel for dairy COWl (kg ct',
dry weight). MIN:O MAX: 100

14 RG RGPL REAL Annua1 average COnaumptiOD rate ofpin for poultry (kg ct', dry
weiPt). MIN:O MAX: 100

14 2 RS RSPL REAL Annua1 average CODIUmptiOD rate of lOil for poultry (kg ct'). MIN:O
MAX:100

14 3 RG RLPL REAL Annua1 average COnaumpliOD rate of lepmes for poultry (kg ct', dry
weipt). MIN:O MAX:l00

15 RP RPO REAL Daily CODlUmptiOD rate of paature for optional other animal while OD
paature (kg ctl

, dry weight). MIN:O MAX: 100

15 2 RH RHO REAL Annua1 average CODlUmptioD rate of hay for optional other animal (kg
d", dry weight). MIN:O MAX:lOO

15 3 RG ROO Annual average CODlUmptiOD rate ofpin for optional other animal
(kg d", dry weipt). MIN:O MAX:100

15 4 RS RSO REAL Annual average COnaumptiOD rate of aoiJ for optional other animal (kg
dO'), MIN:O MAX:100

15 5 RL no REAL Annual average conaumptioD rate of legumes for optional other animal
(kg d", dry weipt), MIN:O MAX:l00

16 Kp ZKP REAL ~rcOlatiOD rate conatant (d"). MIN:O MAX:IO

16 2 Kw '1XW REAL Weathering rate conatant (dO'). MIN:O MAX:I0

16 3 Kr ZKR. REAL Re.uapcnaioD rate constant (dO'). MIN:O MAX:IO

16 4 Kra ZKR.S REAL Rainsplash rate constant (d"). MIN:O MAX:I0

17 Pas PSS REAL Surface lOil denaity (kg m''). MIN:l MAX:IE4
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Table 1. (continued).

Card Record Variable Code Type Deacription
Variable

17 2 P-r PSR REAL Labile lOil bulk density (ltg m"'). MIN:l MAX:IE4

17 3 Xr XR. REAL 1bickDe.. of rootina (labile) lOil zooe (m). MIN:IE-6 MAX: 100

17 4 Xa XS REAL 1bickDeaa of aurface IOil (m). MIN: 1E-6 MAX:100

18 lto7 a ALPHA(I) REAL Foliar inlerception conllaDl for grains (I-I), leafy veretablea (1=2),
root crop. (1-3), fNita (1=4), legume. (I-S), hay (1=6) and pallUre
(1-7). Array, 7 elementl (ar k:g. I

). MIN:O MAX: 100

19 TINTM REAL Short lenD integration time for milk: while cow. are on pallUre (d).
MIN:l MAX:(TEL-TSL)

19 2 IT IT REAL ltme of crop tillap (Julian day). MIN:l MAX:36S

19 3 TSC TSC REAL Start of c.rop growing aeaaon (Julian day). MIN: 1 MAX:200

19 4 TSP REAL Start ofpallUre ,rowing sealOn (Julian day). MIN:l MAX:200

19 S TSL TSL REAL Slart of livestock: grazinr sealOn (Julian day). MIN:1 MAX:36S

20 TSH REAL Start of hay ,rowing sealOn (Julian day). MIN:l MAX:200

20 2 TEe TEe REAL Crop harvell time (Julian day). MIN:l MAX:36S

20 3 TEL TEL REAL End of liveltock: rrazing sealOn (Julian day). MIN: 1 MAX:36S

20 4 11 11 REAL Day of rel.eaae incident (Julian day) MIN: 1 MAX:36S

21 T, THBEEF REAL Hold-up time for beef from time of slaughter to time of human
ingeltion (day.). MIN:O MAX:36S

21 2 T, REAL Hold-up time for milk: from time of production to time of human
ingestion (days). M1N:0 MAX:36S

21 3 T, THPOL REAL Hold-up time for poultry from time of .laughter to time of human
ingeltion (day.). MIN:O MAX:365

21 4 T, THOTHER REAL Hold-up time for ocher animal from time of slaughter to time of
human ingellion (day.). MIN:O MAX:365

21 5 T, THGL REAL Hold-up time for grain and legume animal feed from time of harvest
to atlrt of conaumption (day.). M1N:0 MAX:(365-TEC)

21 6 T, THHAY REAL Hold-up time for hay from time of harvest to start of conaumption
(day.). M1N:0 MAX:(365-TCUT(NCUT»

22 NT1MES INTEGER Number of yean resultlare to be printed for. MIN:l MAX:l00

22 1+NT1MES- KYEAR(I) INTEGER The year numben, following the releaae incident, resulla are to be
printed for. FIrIt value of KYEAR mull be 1. This corresponds to
the year the incident occurred. The lall value of KYEAR is the last
year reaultaare calculated for. M1N:1 MAX:IE6
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Table 2. DelCription of COMmA input parameten for the COMmA.VAR. tile.

Card Record Variable Code
Variable

NNUC

Typo

INTEGER

DelCription

Number of DIIClida in .imuiation

NOTE: Carda 2 through 10 are repeated NNUC IIUmber of timea

2 NUC(I) CHARACTER Cbaracter array identification for parent DIIClide (J =1)

2 2 NPIlOG INTEGER Number of propny (3 maximum)

2 3 to NPROG+3 NUC(J) CHARACTER Character array identification for NPIlOG number of propny
IlUClide. (J - 2 to 1-4)

3 lto4 THALF(J) Half life for parent (J-I) aDd NPROG (J-2 to I -4) number of
propny (d)

4 lto4 KI ZKL(J) REAL Leach rate constanl for parent (J "'1) and NPROG (J = 2 to 1-4)
number of progeny (d").

S KId ZKAD REAL Adlorption rate constanl for parent nuclide in fixed lOil (ct').

S 2 Kde ZKDE REAL DeIOrption rate co~nt for pareDl nuclide in fixed lOil (It').

S 3 NCUfOFF INTEGER Number of half-live. to compute conceDlratioDl for. (unitlCII)

NOTE: Card. 6 through 10 are repeated NPIlOG number of timea.

6 I to S CR CRC(I» REAL ConceDlration ratio for crop r aDd decay chain member I"

7 ltoS Klb ZKABC(I» REAL Foliar ablOrption rate co~nt for crop r and decay chain member r
(ct')

-f'.ov Pt:17{"-f~
8 CR CRP(J) REAL ConceDlration ratio for decay chain member "t

8 2 CR CRH(J) REAL Concentration ratio for hay for decay chain member "t

9 Kab ZKABP(J) .REAL Foliar ablOrption rate constanl for paltUre for decay chain member "t
(d").

9 2 Klb ZKABH(J) REAL Foliar ablOrption rate constanl for hay for decay chain member"t (d'
').

10 TC TCB(J) REAL BeeftraDlfer coefficient for decay chain member"t (d kg")

10 2 TC TCM(J) REAL Milk traDlfer coefficient for decay chain member r (d L"')

10 3 TC TCP(J) REAL Poultry traDlfer coefficient for decay chain member r (d kg")

10 4 TC TCO(J) REAL Other animal tnDlfer coefficient for decay chain member r (d kg-')

(a) The value ofI indicates the crop type: I = gram., 2-lcafy vegetable., 3 = root crop., 4=fruitl, S=legumes.

(b) The value of I indicate. the decay chain member: I-I,the parent, 1=2, the first progeny member, 1=3, the second progeny member, 1=4,
the third progeny member.
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8.5 COMIDA Output

A formatted printout of output produced by COMIDA is written to the

COMIDA.OUT file. The output file contains the following information:

1. Header and version number of code.

2. Accident scenario and site specific data read from the COMIDA.PAR file.

3. Nuclide specific data and results of calculations printed on a nuclide by nuclide

basis.

4. Execution time of the code

COMIDA output includes concentrations in crops at the time of harvest and 365 day

integrated animal product concentrations for the years selected for printing by the NTIMES

and KYEAR variables. Additional values are also reported. These values include

concentration in the soil compartments and cumulative integrated crop and animal product

inventories.

The concentrations listed under "VEGETAnON SURF" and "VEGETATION !NT"

are the concentrations on the crop surface and in the crop interior at harvest (Bq kg-1 wet

weight). The surface concentration has been corrected for translocation from the surface to

the edible portion of the crop. The "VEGETATION TOTAL" line is the sum of the crop

internal and external components. The line "CUMULAT TOT" is sum of the current and

all previous accident years harvest concentration. Each individual year's harvest

concentration is integrated for 365 d and added to all previous year's integrated harvest

concentrations to give an integrated concentration in crops from the time of the accident to

the year the results are printed for. The soil concentrations, SURFACE SOIL, LABILE

SOIL and FIXED SOIL, are the soil concentrations at the beginning of the next growing

season.

The animal feeds, grain, hay, legume, and soil, are integrated for the accident year

and include contributions from the current years crops and those from prior years. The grain
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and legumes concentrations are taken from the human food crop results (calculated in

CROPI and CROPN subroutines). These results are not corrected for surface translocation

and are converted to dry weight instead of wet weight. The pasture results represent the

integrated concentration during the accident year when animals are on pasture. The

"TOTAL" column represents the sum of all five contributions to the integrated animal

concentration.

8.6 Sample Problems

Four sample problems are presented in Appendix A for a 93Mo release event that was

assumed to occur during each of the four seasons. These examples illustrate the time

dependency of the accident on the food product concentration in addition to the treatment of

radioactive progeny in COMIDA. Input values for the parameters used in the sample

problems were obtained from Baes and Sharp (1984), Whicker, (1987), and some were

assumed. The values used in these examples should not be considered appropriate in for all

applications of COMIDA and were used only to demonstrate the code.

The sample problems were run on an ffiM Personal System 2, Model 76 486 with a

math co-processor. Results were calculated for 15 years past the date of the release event.

The execution time for these four cases (fall, winter, spring, summer) was around 60 seconds

per case. The same problems were run with a version of COMIDA compiled on a CRAY X

MP1216 and a SUN 4/110 workstation. The CPU run times were 6 seconds for the CRAY

X-MP1216 and 56 seconds for the SUN 4/110 workstation.
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APPENDIX A: Sample Problems

Four sample problems are presented in this appendix. These sample problems use a
99Mo source released at four different times of the year: spring, summer, fall and winter.
These sample problems demonstrate the radioactive decay and ingrowth features and the
seasonal sensitivity of COMIDA. Results were calculated for 15 years past the date of the
release event. Results for three of the 15 years are printed to the output fIle.

JKNUMBER OF PROGENY
I=TYPE OF CROP

IDUDA.VAR fne used far all Sllllple runs.

NNUC
NUC(l) NPROG NUC(J .. NPROG)
THALF(J)
ZKL(J)
ZKAD ZKDE ncutoff
CRC( I,J)
ZKABC(I,J)
CRP(J) CRH(J)
ZKABP(J) ZKABH(J)
TCB(J),TCM(J),TCP(J),TCO(J)
CRC( I,J)
ZKABC(I,J)
CRP(J) CRH(J)
ZKABP(J) ZKABH(J)
TCB(J) ,TCM(J),TCP(J) ,TCE(J)

1
'MO-93, 1, 'NB-93'
1.277E+06 5.329E+03
2.5E-04 1.45E-05
1.0E-9 1.0E-9 10
0.25 0.25 0.25 0.25 0.25
5.5E-9 5.5E-9 5.5E-9 5.5E-9 5.5E-9
0.20, 0.0016
1. OE-9 1. OE-4
6.0E-3 1.5E-3, 0.891, 0.912
0.01 0.01 0.01 0.01 0.01
5.5E-9 5.5E-9 5.5E-9 5.5E-9 5.5E-9
0.002, 0.0016
.023 1.0E-2
0.222 0.432, 0.891, 0.912

C(JCIDA.PAR input file far release event occurring in fall.

'SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY FALL ACCIDENT ' TITLE
0.10 1.00 0.10 0.10 0.10
0.12 0.12 0.12 0.12 0.12
0.015 0.039 0.039 0.039 0.039
0.73 0.628 0.628 0.628 0.73
0.73 0.628 0.628 0.628 0.73
0.15 0.27 0.15 0.15 0.15
0.035 0.120
0.07 0.30
0.27 0.08 0.628
3 170. 230. 290.
8.85 1.7 1.27 0.5 1.2e-1
8.85 1.7 1.27 0.5 1.2e-l
0.095 0.01 0.01
0.095 0.01 0.01 0.01 0.0
1.98E-2 5.7E-2 1.73E-3 8.6E-4
1000.0 1400. 0.25 0.001 0.39
2.60 2.60 2.60 2.60 2.60 2.60 2.60
71. 65. 75. 110. 111.
120. 290. 300. 285.
o. ,a. ,a. ,a. ,0. ,a.
3 1 2 15

TVC(I). I-I, 5
ZKGC(I). 1..1. 5
BIC( 1),1,,1. 5
BMAXC(I). I-I. 5
BSTANO(I). 1"1,5
FD(I).I=1,5
ZKGP ZSEN
BIP BMAXP
ZKGH BIH BMAXH
NCUT (TCUT(I),I=l,NCUT)
RPB RHB RGB RSB RLB
RPM RHM~SM RLM
RGPL RL PL
RPO RHHO RSO RLO
ZKP,ZKW,ZKR,Zkrs
PSS,PSR,XR,XS ALPHA
ALPHA( 1),1=1,7
TINTM TT,TSC,TSP,TSL
TSH TEC,TEL,TI
THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
NTIMES KYEAR
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COMIIlA output file for release event occurring in fall.

i(I)maln.f 1.4 1/19/93 09:59:00\0
i(I)lnputpar.f 1.8 10/25/93 10:24:34\0
TIME: 11:48:57.04
DATE: 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY FALL ACCIDENT

******************** COMIDA **********************
* A dynamic food chain model for use In the MACCS *
* reactor consequence code. *
* Arthur S. Rood and Michael L. Abbott *
* Idaho National Engineering Laboratory *
* EG&G Idaho PO Box 1625 Idaho Falls *
* 10 83401. *
* Version Control Copy *
* Version 1.01 October 25, 1993 *
***************************************************

ACKNOWLEDGEMENT OF GOVERNMENT SPONSORSHIP AND
LIMITATION OF LIABILITY

This material resulted from work developed under U.S. Department of
Energy, Office of Energy Research. DOE Field Office Idaho

Contract Number DE-AC07-76ID01570.
Neither the United States nor the United States Department of Energy
nor any of their employees, makes any warranty expressed or implied, or
assumes any legal liability or responsibility for the accuracy
completeness, or usefulness of any Information, apparatus, product or process
disclosed, or represents that Its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and ODEINT are Copyright (C) Numerical
Recipes Software. Reproduced by permission from the book, Numerical
Recipes, Cambridge University Press.

PARAMETER VALUES FOR COMIDA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

INTERCEPTION FRAC (m**2/kg): 2.60E+00 2.60E+00 2.60E+OO 2.60E+OO 2.60E+OO
FRACTION TO EDIBLE PORTION OF CROP: 1.00E-01 1.00E+00 1.00E-01 1.00E-01 1.00E-01
GROWTH RATE CONSTANT (d-1): 1.20E-01 1. 20E-01 1. 20E-01 1.20E-01 1.20E-Ol
INITIAL CROP BIOMASS (kg(dry)/m**2): 1. 50E-02 3.90E-02 3.90E-02 3.90E-02 3.90E-02
MAXIMUM CROP BIOMASS (kg(dry)/m**2): 7.30E-Ol 6.28E-01 6.28E-01 6.28E-01 7.30E-01
STANDING CROP BIOMASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
DRY WEIGHT TO WET WEIGHT RATIO: 1.50E-01 2.70E-01 1. 50E-01 1.50E-Ol 1. 50E-01

------ ANIMAL FEED PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

GROWTH RATE CONSTANT (d**-l):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
FOLIAR INTERCEPTION FRAC (m**2/kg):
SENESCENCE RATE CONSTANT (d-1):
ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+00
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+00
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02
* Ingestion rate only while animal Is on pasture

1.20E-OI
1.20E-01
1.00E-02
O.OOE+OO

2.70E-OI 3.50E-02
8.00E-02 7.00E-02
6.28E-01 3.00E-01
2.60E+OO 2.60E+OO

1.20E-01
1.70E+OO 8.85E+OO 5.00E-01
1.70E+OO 8. 85E+OO 5.00E-OI

1.OOE-02
1.00E-02 9.50E-02 1.00E-02

----- OTHER FEED PARAMETERS ----
NUMBER OF HAY CUTTINGS:
HAY CUTTING TIMES (JULIAN DAY):
SHORT TERM PASTURE INT. TIME FOR MILK (d):

3
170. 230. 290.
7.10E+01
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------ SOIL PARAMETERS -----
PERCOLATION RATE CONSTANT (d**-l):
WEATHERING RATE CONSTANT (d**-l):
RESUSPENTION RATE CONSTANT (d**-l):
RAINSPLASH RATE CONSTANT (d**-l):
SURFACE SOIL DENSITY (kg/m**3):
ROOT SOIL DENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

------ TIME PARAMETERS ------
TIME OF TIllAGE (JULIAN DAY):
START OF CROP GROWING SEASON (JULIAN DAY):
START OF PASTURE GROWING SEASON (JULIAN DAY):
START OF GRAZING SEASON (JULIAN DAY):
START OF HAY GROWING SEASON (JULIAN DAY):
END OF CROP GROWING SEASON (JULIAN DAY):
END OF GRAZING SEASON (JULIAN DAY):
TIME OF FALLOUT EVENT (JULIAN DAY):
HOLD-UP TIME. BEEF (DAYS):
HOLD-UP TIME. MILK (DAYS):
HOLD-UP TIME. POULTRY (DAYS):
HOLD-UP TIME. OTHER ANIMAL (DAYS):
HOLD-UP TIME. ANIMAL FEED GRAIN&lEGUME (DAYS):
HOLD-UP TIME. ANIMAL FEED HAY (DAYS):

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.00E+03
1.40E+03
2.50E-01
1.00E-03

65.
75.

110.
Ill.
120.
290.
300.
285.

O.
O.
O.
o.
O.
O.

Bq/kg (wet weight)
Bq/m**2 (dry weight)
Bq/m**2

UNITS: CROP CONCENTRATION:
ANIMAL FEED COMPARTMENTS:
SOIL COMPARTMENTS:
MILK: Bq-d/l
MEAT: Bq-d/kg

NUMBER OF NUCLIDES EVALUATED 1

PARENT NUCLIDE NAME: MO-93 NUMBER OF PROGENY: 1
SOIL ADSORPTION RATE CONSTANT (d**-l) 1.00E-09
SOIL DESORPTION RATE CONSTANT (d**-l) 1.00E-09
NUMBER OF HALF lIVES TO CUTOFF 10
CUTOFF TIME (years) 3.50E+04

DATA FOR MEMBER I 1 MO-93 HALF lIFE (d) 1.277E+06 lEACH RATE (d**-l) 2.50E-04
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+01 7.00E+Ol 7.03E+Ol 7.03E+01 7.03E+01 1.60E-03 2.00E-Ol
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-01 9.12E-01

DATA FOR MEMBER I 2 NB-93 HALF lIFE (d) 5.329E+03 lEACH RATE (d**-l) 1.45E-05
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-01 4.32E-Ol 8.91E-01 9.12E-01

eee======••=== RESULTS FOR ACCIDENT YEAR HUMBER 1=.=··••••••=====~
RESULTS FOR MEMBER I 1 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 1.32E-02 2.62E-Ol 1.45E-02 1.45E-02 1.32E-02
SURFACE SOIL (Bq/m**2) 1.71E-02 1.86E-02 1.86E-02 1.86E-02 1.71E-02
lABILE SOIL (Bq/m**2) 3.31E-Ol 3.63E-Ol 3.63E-Ol 3.63E-Ol 3.31E-Ol
FIXED SOIL (Bq/m**2) 3.72E-08 4.08E-08 4.08E-08 4.08E-08 3.72E-08
VEGETATION INT (Bq/kg) 4.19E-09 8.30E-09 4.61E-09 4.61E-09 4.19E-09
VEGETATION TOT (Bq/kg) 1.32E-02 2.62E-Ol 1.45E-02 1.45E-02 1.32E-02
CUMUlAT TOT+ (Bq-d/kg) 4.82E+00 9.55E+01 5.30E+00 5.30E+00 4.82E+00
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INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

3.17E+02 1.16E+02 3.17E+02 1.95E+01 5.04E+01 ---
2.41E+00 1.19E+00 2.28E-01 1.04E+00 1.51E-01 5.01E+00 5.01E+00
6.03E-01 2.96E-01 5.70E-02 2.59E-01 3.78E-02 1.25E+00 1.25E+00
2. 68E+01 --- 2.82E+00 --- 4.49E-Ol 3.01E+01 3.01E+01
2.89E+00 1.06E+00 O.OOE+OO 1.69E+00 4.60E-01 6.10E+00 6.10E+00

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/L): 2.53E-Ol
RESULTS FOR MEMBER I 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 8.58E-06 1.70E-04 9.45E-06 9.45E-06 8.58E-06
SURFACE SOIL (Bq/m**2) 3.41E-04 3.72E-04 3.72E-04 3.72E-04 3.41E-04
LABILE SOIL (Bq/m**2) 6.72E-03 7.36E-03 7.36E-03 7.36E-03 6.72E-03
FIXED SOIL (Bq/m**2) 7.47E-10 8.19E-I0 8.19E-I0 8.19E-I0 7.47E-I0
VEGETATION INT (Bq/kg) 2.72E-12 5.39E-12 3.00E-12 3.00E-12 2.72E-12
VEGETATION TOT (Bq/kg) 8.58E-06 1.70E-04 9.45E-06 9.45E-06 8.58E-06
CUMULAT TOT+ (Bq-d/kg) 1.16E-Ol 2.29E+00 1.27E-01 1.27E-Ol 1.16E-01

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME .PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (6q-d/L)
POULTRY
OTHER

7.50E+00 2.75E+00 7.50E+00 6.46E-02 4.00E-01 ---
2.11E+00 1.04E+00 2.00E-01 1.27E-01 4.44E-02 3.53E+00 3.53E+00
4. 12E+00 2.02E+00 3.89E-01 2.47E-Ol 8.64E-02 6.86E+00 6.86E+00
6.35E-Ol --- 6.68E-02 --- 3.56E-03 7.05E-01 7.05E-01
6.84E-02 2.51E-02 O.OOE+OO 5.59E-03 3.65E-03 1.03E-01 1.03E-Ol

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (6q-d/L): 7.78E+Ol
============== RESULTS FOR ACCIDENT YEAR NUMBER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 3.39E-06 7.76E-05 4.31E-06 4.31E-06 3.39E-06
SURFACE SOIL (Bq/m**2) 1.25E-04 1.36E-04 1.38E-04 1.36E-04 1.26E-04
LABILE SOIL (Bq/m**2) 2.87E-Ol 3.21E-01 3.21E-01 3.21E-Ol 2.89E-Ol
FIXED SOIL (Bq/m**2) 1.40E-07 1.56E-07 1.56E-07 1.56E-07 1.41E-07
VEGETATION INT (Bq/kg) 7.33E-03 1.33E-02 7.43E-03 7.43E-03 6.83E-03
VEGETATION TOT (Bq/kg) 7.33E-03 1.34E-02 7.43E-03 7.43E-03 6.84E-03
CUMULAT TOT+ (Bq-d/kg) 7.49E+00 1.00E+02 8.02E+00 8.02E+00 7.31E+00

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

2.21E+Ol 1.67E+00 2.09E+Ol 6.73E-02 7.69E-02 ---
1.68E-Ol 1.70E-02 1.50E-02 3.57E-03 2.31E-04 2.04E-Ol 5.22E+00
4.20E-02 4.25E-03 3.76E-03 8.93E-04 5.77E-05 5.10E-02 1.30E+00
1.87E+00 --- 1.86E-D1 --- 6.85E-04 2.05E+00 3.21E+Ol
2.01E-01 1.52E-02 O.OOE+OO 5.83E-03 7.01E-04 2.23E-01 6.32E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg)
SURFACE SOIL (Bq/m**2)
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

1.60E-07 3.67E-06 2.04E~07 2.04E-07 1.61E-07
8.24E-06 9.04E-06 9.04E-06 9.04E-06 8.27E-06
2.07E-02 2.30E-02 2.30E-02 2.30E-02 2.08E-02
9.64E-09 1.06E-08 1.06E-08 1.06E-08 9.66E-09
1.71E-04 3.25E-04 1.81E-04 1.81E-04 1.66E-04
1.71E-04 3.28E-04 1.81E-04 1.81E-04 1.66E-04
2.39E-Ol 2.52E+00 2.55E-Ol 2.55E-01 2.33E-01

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF

1.02E+00 7.94E-02 9.77E-Ol 3.79E-03 6.17E-03 ---
2.87E-Ol 3.00E-02 2.60E-02 7.44E-03 6.85E-04 3.51E-Ol 3.88E+00
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MILK (Bq-d/L)
POULTRY
OTHER

5.58E-01 5.83£-02 5.07E-02 1.45£-02 1.33£-03 6.83£-01 7.54£+00
8.61E-02 --- 8.71E-03 --- 5.50E-05 9.49E-02 8.00E-01
9.28E-03 7.24E-04 O.OOE+OO 3.28E-04 5.63E-05 1.04E-02 1.13E-Ol

•••••_•••••••• RESULTS FOR ACCIDENT YEAR NUM8ER IS.··..••••.......••
RESULTS FOR MEMBER' 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 2.69E-07 8.42E-06 4.67E-07 4.67E-07 3.01E-07
SURFACE SOIL (Bq/m**2) 9.98£-06 1.49£-05 1.49£-05 1.49£-05 1.12E-05
LABILE SOIL (Bq/m**2) 2.28E-02 3.49E-02 3.48E-02 3.48E-02 2.57E-02
FIXED SOIL (Bq/m**2) 5.81E-07 7.06E-07 7.05E-07 7.05E-07 6.01E-07
VEGETATION INT (Bq/kg) 5.83E-04 1.45E-03 8.04E-04 8.04E-04 6.07E-04
VEGETATION TOT (Bq/kg) 5.83£-04 1.45£-03 8.04£-04 8.04£-04 6.07£-04
CUMULAT TOT+ (Bq-d/kg) 1.89E+01 1.24E+02 2.10E+01 2.10E+01 1.84E+01

INTEGRATED ANIMAL PRODUCT AND FE£D INVENTORIES++ (8q-d/kg)
GRAIN HAY L£GUM£ PASTUR£ SOIL TOTAL CUMULATIV£

ANIMAL FE£D
BEEF
MILK (Bq-d/L)
POULTRY
OTH£R

1.43E+00 1.65E-04 1.49E+00 1.91E-02 1.92E-03 ---
1.09E-02 1.68£-06 1.07E-03 1.01E-03 5.77E-06 1.30E-02 5.88E+00
2.72£-03 4.20E-07 2.68E-04 2.53£-04 1.44£-06 3.24E-03 1.47£+00
1.21E-01 --- 1.33E-02 --- 1.71E-05 1.34E-Ol 3.93E+01
1.30E-02 1.50E-06 O.OOE+OO 1.65E-03 1.75E-05 1.47E-02 7.06E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 4.88E-07 1.26E-05 7.00E-07 7.00E-07 5.11E-07
SURFACE SOIL (Bq/m**2) 1.79E-05 2.22E-05 2.22E-05 2.22E-05 1.88E-05
LABILE SOIL (Bq/m**2) 4.93E-02 6.10£-02 6.10E-02 6.10E-02 5.16£-02
FIXED SOIL (Bq/m**2) 3.82E-07 4.54E-07 4.53E-07 4.53E-07 3.93E-07
VEGETATION INT (Bq/kg) 1.38E-05 3.55E-05 1.98E-05 1.98E-05 1.49E-05
VEGETATION TOT (Bq/kg) 1.42E-05 4.81E-05 2.05E-05 2.05E-05 1.54E-05
CUMULAT TOT+ (Bq-d/kg) 7.70E-Ol 3.68E+00 8.70E-Ol 8.70E-Ol 7.58E-Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

7.78E-02 1.42E-04 8.24E-02 3.43E-04 6.49E-05 ---
2.19E-02 5.36E-05 2.20E-03 6.73E-04 7.20E-06 2.49E-02 5.03E+00
4.27E-02 1.04E-04 4.27E-03 1.31E-03 1.40E-05 4.84E-02 9.78E+00
6.59E-03 --- 7.34E-04 --- 5.78£-07 7.32E-03 1.15E+00
7.10E-04 1.30E-06 O.OOE+OO 2.97E-05 5.92E-07 7.42E-04 1.47E-Ol

+ Cumulative 365 day integrated concentration in food products from the time of the accident.
++ Animal feed inventories are corrected for hold-up time from time of harvest to animal consumption time.

Animal product concentrations are corrected for decay of the parent nuclide from production (slaughter)
to human consumption.

EXECUTION TIME (seconds) 59

)\-5



CClCIDA.PAR input file for release event occurring in winter.

'SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY WINTER ACCIDENT ' TITLE
0.10 1.00 0.10 0.10 0.10
0.12 0.12 0.12 0.12 0.12
0.015 0.039 0.039 0.039 0.039
0.73 0.628 0.628 0.628 0.73
0.73 0.628 0.628 0.628 0.73
0.15 0.27 0.15 0.15 0.15
0.035 0.120
0.07 0.30
0.27 0.08 0.628
3 170. 230. 290.
8.85 1.7 1.27 0.5 1.2e-1
8.85 1.7 1.27 0.5 1.2e-l
0.095 0.01 0.01
0.095 0.01 0.01 0.01 0.0
1.98E-2 5.7E-2 1.73E-3 8.6E-4
1000.0 1400. 0.25 0.001 0.39
2.60 2.60 2.60 2.60 2.60 2.60 2.60
71. 65. 75. 110. 111.
120. 290. 300. 30.
O. ,0. ,0. ,D. ,D. ,D.
3 1 2 15

TVC(I),I ..1,5
ZKGC(I) , I-I, 5
BIC(I),I-1,5
BMAXC(I), I-I, 5
BSTAND(I),I=l,5
FD( I) , I-I, 5
ZKGP ZSEH
BIP BMAXP
ZKGH BIH BMAXH
"CUT (TCUT(I),I=l,NCUT)
RPB RHB RGB RSB RLB
RPM RHM RGM RSM RLM
RGPL RLPL RSPL
RPO RHHO RGO RSO RLO
ZKP,ZKW,ZKR,Zkrs
PSS.PSR,XR,XS ALPHA
ALPHA(I), 1"1,7
TINTM TT,TSC,TSP,TSL
TSH JEC. TEL. TI
THBEEF,THMILK.THPOL,THOTHER,THGL,THHAY
NTIMES KYEAR

CClCIDA output file for release event occurring in winter.

@(I)main.f 1.4 1/19/93 09:59:00\0
i(l)inputpar.f 1.8 10/25/93 10:24:34\0
TIME: 11:50:00.87
DATE: 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY WINTER ACCIDENT

******************** COMIDA **********************
* A dynamic food chain model for use in the MACCS *
* reactor consequence code. *
* Arthur S. Rood and Michael L. Abbott *
* Idaho National Engineering Laboratory *
* EG&G Idaho PO Box 1625 Idaho Falls *
* 10 83401. *
* Version Control Copy *
* Version 1.01 October 25, 1993 *
***************************************************

ACKNOWLEDGEMENT OF GOVERNMENT SPONSORSHIP AND
LIMITATION OF LIABILITY

This material resulted from work developed under U.S. Department of
Energy, Office of Energy Research. DOE Field Office Idaho

Contract Number DE-AC07-76ID01570.
Neither the United States nor the United States Department of Energy
nor any of their employees, makes any warranty expressed or implied, or
assumes any legal liability or responsibility for the accuracy
completeness, or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and ODEINT are Copyright (C) Numerical
Recipes Software. Reproduced by permission from the book, Numerical
Recipes, Cambridge University Press.
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PARAMETER VALUES FOR COMIDA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

2.60E+00 2.60E+00 2.60E+00 2.60E+00 2.60E+00
1. OOE-Ol 1.00E+00 1.00E-Ol 1.00E-Ol 1. OOE-Ol
1.20E-Ol 1.20E-Ol 1.20E-Ol 1.20E-Ol 1.20E-Ol
1.50E-02 3.90E-02 3.90E-02 3.90E-02 3.90E-02
7.30E-Ol 6.28E-Ol 6.28E-Ol 6.28E-01 7.30E-Ol
7.30E-Ol 6.28E-Ol 6.28E-Ol 6.28E-Ol 7.30E-Ol
1.50E-Ol 2.70E-01 1.50E-Ol 1.50E-01 1.50E-01

INTERCEPTION FRAC (m**2/kg):
FRACTION TO EDIBLE PORTION OF CROP:
GROWTH RATE CONSTANT (d-l):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
STANDING CROP BIOMASS (kg(dry)/m**2):
DRY WEIGHT TO WET WEIGHT RATIO:

------ ANIMAL FEED PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

3.50E-02
7.00E-02
3.00E-Ol
2.60E+00
1.20E-Ol

8.85E+00 5.00E-Ol
8.85E+00 5.00E-Ol

1.00E-02
1.00E-02

2.70E-Ol
8.00E-02
6.28E-Ol
2.60E+00

GROWTH RATE CONSTANT (d**-I):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
FOLIAR INTERCEPTION FRAC (m**2/kg):
SENESCENCE RATE CONSTANT (d-1):
ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+00 1.20E-01 1.70E+00
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+00 1.20E-01 1.70E+00
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 O.OOE+OO 1.00E-02 9.50E-02
* ingestion rate only while animal is on pasture

----- OTHER FEED PARAMETERS ----
NUMBER OF HAY CUTTINGS:
HAY CUTTING TIMES (JULIAN DAY):
SHORT TERM PASTURE INT. TIME FOR MILK (d):

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-I):
WEATHERING RATE CONSTANT (d**-I):
RESUSPENTION RATE CONSTANT (d**-I):
RAINSPLASH RATE CONSTANT (d**-I):
SURFACE SOIL DENSITY (kg/m**3):
ROOT SOIL DENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

------ TIME PARAMETERS ------
TIME OF TILLAGE (JULIAN DAY):
START OF CROP GROWING SEASON (JULIAN DAY):
START OF PASTURE GROWING SEASON (JULIAN DAY):
START OF GRAZING SEASON (JULIAN DAY):
START OF HAY GROWING SEASON (JULIAN DAY):
END OF CROP GROWING SEASON (JULIAN DAY):
END OF GRAZING SEASON (JULIAN DAY):
TIME OF FALLOUT EVENT (JULIAN DAY):
HOLD-UP TIME. BEEF (DAYS):
HOLD-UP TIME. MILK (DAYS):
HOLD-UP TIME. POULTRY (DAYS):
HOLD-UP TIME. OTHER ANIMAL (DAYS):
HOLD-UP TIME. ANIMAL FEED GRAIN&LEGUME (DAYS):
HOLD-UP TIME. ANIMAL FEED HAY (DAYS):

3
170. 230. 290.
7.10E+Ol

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.00E+03
1.40E+03
2.50E-Ol
1.00E-03

65.
75.

110.
111.
120.
290.
300.
30.

O.
O.
O.
O.
O.
O.

UNITS: CROP CONCENTRATION:
ANIMAL FEED COMPARTMENTS:
SOIL COMPARTMENTS:
MILK: Bq-d/L
MEAT: Bq-d/kg

NUMBER OF NUCLIDES EVALUATED 1

Bq/kg (wet weight)
Bq/m**2 (dry weight)
Bq/m**2

PARENT NUCLIDE NAME: MO-93 NUMBER OF PROGENY:
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SOIL ADSORPTION RATE CONSTANT (d**-l)
SOIL DESORPTION RATE CONSTANT (d**-l)
NUMBER OF HALF lIVES TO CUTOFF
CUTOFF TIME (years)

1.00E-09
1.00E-09
10
3.50E+04

DATA FOR MEMBER' 1 MO-93 HALF lIFE (d) 1.277E+06 lEACH RATE (d**-l) 2.50E-04
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+Ol 7.00E+Ol 7.03E+Ol 7.03E+Ol 7.03E+Ol 1.60E-03 2.00E-Ol
FOLIAR ABSORPTION 5.50E-09 5.50£-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 ~. 9.12E-Ol '2-9 of
______________________________________________ ·1'G-1. 1 Cw< !"..~~ b NtA/<.rit)C~~ c:;t1/ ~

DATA FOR MEMBER' 2 NB-93 HALF lIFE (d) 5.329E+03 lEACH RATE (d**-l) 1.45E-05
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) paUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-Ol 4.32E-Ol 8.91E-Ol 9.12E-Ol

.~•••••••••••• RESULTS FOR ACCIDENT YEAR NUMBER I··················
RESULTS FOR MEMBER' 1 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 9.68E-06 2.03E-04 1.13E-05 1.13E-05 9.69E-06
SURFACE SOIL (Bq/m**2) 3.59E-04 3.59E-04 3.59E-04 3.59E-04 3.59E-04
lABILE SOIL (Bq/m**2) 8.20E-Ol 8.39E-Ol 8.39E-01 8.39E-01 8.26E-Ol
FIXED SOIL (Bq/m**2) 3.10E-07 3.16E-07 3.16E-07 3.16E-07 3.12E-07
VEGETATION INT (Bq/kg) 2.09E-02 7.86E-02 6.31E-02 8.25E-02 9.05E-02
VEGETATION TOT (Bq/kg) 2.10E-02 7.88E-02 6.31E-02 8.25E-02 9.05E-02
CUMUlAT TOT+ (Bq-d/kg) 7.65E+OO 2.88E+Ol 2.30E+Ol 3.01E+Ol 3.30E+Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

1.47E+Ol 3.80E-Ol 6.34E+OI 5.65E+00 5.04E+01 ---
1.12E-Ol 3.88E-03 4.56E-02 3.00E-Ol 1.51E-Ol 6.13E-Ol 6.13E-Ol
2.81E-02 9.70E-04 1.14E-02 7.51E-02 3.78E-02 1.53E-Ol 1.53E-Ol
1.25E+00 --- 5.65E-Ol --- 4.49E-Ol 2.26E+00 2.26E+OO
1.34E-Ol 3.47E-03 O.OOE+OO 4.90E-Ol 4.60E-Ol 1.09E+00 1.09E+00

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): O.OOE+OO
RESULTS FOR MEMBER # 2 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 3.21E-07 6.74E-06 3.74E-07 3.74E-07 3.22E-07
SURFACE SOIL (Bq/m**2) 1.86E-05 1.87E-05 1.87E-05 1.87E-05 1.87E-05
lABILE SOIL (Bq/m**2) 4.56E-02 4.64E-02 4.64E-02 4.64E-02 4.58E-02
FIXED SOIL (Bq/m**2) 1.67E-08 1.69E-08 1.69E-08 1.69E-08 1.67E-08
VEGETATION INT (Bq/kg) 4.89E-04 3.05E-03 3.33E-03 5.45E-03 6.99E-03
VEGETATION TOT (Bq/kg) 4.89E-04 3.06E-03 3.33E-03 5.45E-03 6.99E-03
CUMUlAT TOT+ (Bq-d/kg) 3.53E-Ol 1.76E+00 1.72E+00 2.65E+00 3.26E+00

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

4.42E-Ol 1.80E-02 5.29E+00 1.75E-01 3.58E-01 ---
1.25E-01 6.80E-03 1.41E-Ol 3.43E-01 3.98E-02 6.55E-01 6.55E-01
2.42E-01 1.32E-02 2.74E-01 6.68E-01 7.74E-02 1.28E+00 1.28E+00
3.74E-02 --- 4.71E-02 --- 3.19E-03 8.77E-02 8.77E-02
4.03E-03 1.64E-04 O.OOE+OO 1.51E-02 3.27E-03 2.26E-02 2.26E-02

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): ~.27E+01

•••••••••••••• RESULTS FOR ACCIDENT YEAR NUMBER 2·~········=·=····=

RESULTS FOR MEMBER' 1 GRAINS lEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 7.96E-06 1.71E-04 9.50E-06 9.50E-06 8.05E-06
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SURFACE SOIL (Bq/m**2)
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

2.95E-04 3.03E-04 3.03E-04 3.03E-04 2.98E-04
6.75E-Ol 7.08E-Ol 7.07E-Ol 7.07E-Ol 6.86E-Ol
5.52E-07 5.70E-07 5.69E-07 5.69E-07 5.58E-07
1.72E-02 2.93E-02 1.64E-02 1.64E-02 1.62E-02
1.72E-02 2.95E-02 1.64E-02 1.64E-02 1.62E-02
1.39E+Ol 3.95E+Ol 2.90E+Ol 3.61E+Ol 3.89E+Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

4.86E+Ol 9.42E-01 1.68E+02 6.99E-02 6.65E-02 ---
3.70E-Ol 9.61E-03 1.21E-Ol 3.71E-03 2.00E-04 5.05E-Ol 1.12E+00
9.26E-02 2.40E-03 3.03E-02 9.28E-04 4.99E-05 1.26E-Ol 2.80E-01
4.11E+00 --- 1.50E+OO --- 5.93E-04 5.61E+OO 7.88E+00
4.43E-Ol 8.59E-03 O.OOE+OO 6.06E-03 6.07E-04 4.58E-Ol 1.55E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 6.51E-07 1.39E-05 7.73E-07 7.73E-07 6.56E-07
SURFACE SOIL (Bq/m**2) 2.94E-05 3.00E-05 3.00E-05 3.00E-05 2.96E-05
LABILE SOIL (Bq/m**2) 7.62E-02 7.85E-02 7.84E-02 7.84E-02 7.69E-02
FIXED SOIL (Bq/m**2) 5.67E-08 5.80E-08 5.79E-08 5.79E-08 5.70E-08
VEGETATION INT (Bq/kg) 4.02E-04 7.15E-04 3.99E-04 3.99E-04 3.93E-04
VEGETATION TOT (Bq/kg) 4.03E-04 7.29E-04 3.99E-04 3.99E-04 3.94E-04
CUMULAT TOT+ (Bq-d/kg) 6.44E-Ol 2.27E+00 2.01E+00 2.93E+00 3.54E+00

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

2.29E+00 6.57E-02 1.68E+Ol 1.78E-03 5.04E-03 ---
6.46E-Ol 2.48E-02 4.48E-Ol 3.49E-03 5.59E-04 1.12E+OO 1.78E+00
1.26E+00 4.82E-02 8.72E-Ol 6.80E-03 1.09E-03 2.18E+00 3.46E+00
1.94E-Ol --- 1.50E-01 --- 4.49E-05 3.44E-Ol 4.31E-01
2.09E-02 5.99E-04 O.OOE+OO 1.54E-04 4.59E-05 2.17E-02 4.43E-02

============== RESULTS FOR ACCIDENT YEAR NUMBER 15==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg)
SURFACE SOIL (Bq/m**2)
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

6.33E-07 1.85E-05 1.03E-06 1.03E-06 7.15E-07
2.35E-05 3.28E-05 3.28E-05 3.28E-05 2.65E-05
5.36E-02 7.68E-02 7.65E-02 7.65E-02 6.09E-02
1.59E-06 1.78E-06 1.78E-06 1.78E-06 1.65E-06
1.37E-03 3.18E-03 1.77E-03 1.77E-03 1.44E-03
1.37E-03 3.20E-03 1.77E-03 1.77E-03 1.44E-03
4.09E+Ol 9.11E+01 5.75E+01 6.46E+Ol 6.53E+Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

3.B6E+00 4.19E-04 4.03E+00 1.94E-02 1.83E-03 ---
2.94E-02 4.27E-06 2.90E-03 1.03E-03 5.50E-06 3.34E-02 2.87E+00
7.36E-03 1.07E-06 7.26E-04 2.57E-04 1.38E-06 8.35E-03 7.18E-01
3.27E-01 --- 3.59E-02 --- 1.63E-05 3.63E-01 2.73E+Ol
3.52E-02 3.82E-06 O.OOE+OO 1.68E-03 1.67E-05 3.69E-02 3.48E+00

;
RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.29E-06 3.07E-05 1.71E-06 1.71E-06 1.35E-06
SURFACE SOIL (Bq/m**2) 4.72E-05 5.40E-05 5.40E-05 5.40E-05 4.96E-05
LABILE SOIL (Bq/m**2) 1.30E-01 1.48E-01 1.48E-01 1.48E-01 1.36E-01
FIXED SOIL (Bq/m**2) 1.08E-06 1.19E-06 1.19E-06 1.19E-06 1.12E-06
VEGETATION INT (Bq/kg) 3.24E-05 7.83E-05 4.35E-05 4.35E-05 3.53E-05
VEGETATION TOT (Bq/kg) 3.37E-05 1.09E-04 4.52E-05 4.52E-05 3.66E-05
CUMULAT TOT+ (Bq-d/kg) 1.89E+00 4.84E+00 3.36E+00 4.28E+00 4.79E+00
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INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK CBq-d/l)
POULTRY
OTHER

2.14E-01 3.61E-04 2.26E-01 3.44E-04 6.30E-05 ---
6.02E-02 1.36E-04 6.03E-03 6.76E-04 6.99E-06 6.70E-02 4.93E+00
1.17E-01 2.65E-04 1.17E-02 1.32E-03 1.36E-05 1.30E-01 9.58E+00
1.81E-02 --- 2.02E-03 --- 5.61E-07 2.01E-02 1.38E+00
1.95E-03 3.30E-06 O.OOE+OO 2.98E-05 5.74E-07 1.98E-03 1.38E-01

+ Cumulative 365 day integrated concentration in food products from the time of the accident.
++ Animal feed inventories are corrected for hold-up time from time of harvest to animal consumption time.

Animal product concentrations are corrected for decay of the parent nuclide from production (slaughter)
to human consumption.

EXECUTION TIME (seconds) 58
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COMIDA.PAR input file for release event occurring in spring.

'SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY SPRING ACCIDENT ' TITLE
0.10 1.00 0.10 0.10 0.10
0.12 0.12 0.12 0.12 0.12
0.015 0.039 0.039 0.039 0.039
0.73 0.628 0.628 0.628 0.73
0.73 0.628 0.628 0.628 0.73
0.15 0.27 0.15 0.15 0.15
0.035 0.120
0.07 0.30
0.27 0.08 0.628
3 170. 230. 290.
8.85 1.7 1.27 0.5 1.2e-l
8.85 1.7 1.27 0.5 1.2e-l
0.095 0.01 0.01
0.095 0.01 0.01 0.01 0.0
1.98E-2 5.7E-2 1.73E-3 8.6E-4
1000.0 1400. 0.25 0.001 0.39
2.60 2.60 2.60 2.60 2.60 2.60 2.60
71. 65. 75. 110. Ill.
120. 290. 300. 120.
O. ,D. ,D. ,0. ,0. ,D.
3 1 2 15

TVC(I). 1-1. 5
ZKGC(l) ,1-1.5
BIC(l),I-l,5
BMAXC(I). 1-1,5
BSTAND(I). I-I, 5
FD(l),I-1,5
ZKGP ZSEN
BIP BMAXP
ZKGH BIH BMAXH
NCUT (TCUT(I),I=l,NCUT)
RPB RHB RGB RSB RLB
RPM RHM RGM RSM RLM
RGPL RLPL RSPL
RPO RHHO RGO RSO RLO
ZKP,ZKW,ZKR,Zkrs
PSS,PSR,XR,XS ALPHA
ALPHA(I). 1=1,7
TINTM TT,TSC,TSP,TSL
TSH TEC,TEL,TI
THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
NTIMES KYEAR

COMIDA output file for release event occurring in spring.

@(I)main.f 1.4 1/19/93 09:59:00\0
@(I)inputpar.f 1.8 10/25/93 10:24:34\0
TIME: 11:51:03.54
DATE: 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY SPRING ACCIDENT

******************** COMIDA **********************
* A dynamic food chain model for use in the MACCS *
* reactor consequence code. *
* Arthur S. Rood and Michael L. Abbott *
* Idaho National Engineering Laboratory *
* EG&G Idaho PO Box 1625 Idaho Falls *
* 10 83401. *
* Version Control Copy *
* Version 1.01 October 25, 1993 *
***************************************************

==========================================================================~
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This material resulted from work developed under U.S. Department of
Energy, Office of Energy Research, DOE Field Office Idaho

Contract Number DE-AC07-76ID01570.
Neither the United States nor the United States Department of Energy
nor any of their employees, makes any warranty expressed or implied, or
assumes any legal liability or responsibility for the accuracy
completeness, or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and ODEINT are Copyright (C) Numerical
Recipes Software. Reproduced by permission from the book, Numerical
Recipes, Cambridge University Press.
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PARAMETER VALUES FOR COMIDA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

INTERCEPTION FRAC (m**2/kg):
FRACTION TO EDIBLE PORTION OF CROP:
GROWTH RATE CONSTANT (d-l):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
STANDING CROP BIOMASS (kg(dry)/m**2):
DRY WEIGHT TO WET WEIGHT RATIO:

2.60E+00 2.60E+00 2.60E+00 2.60E+00 2.60E+00
1.00E-Ol 1.o0E+00 1.0oE-Ol 1. OOE-Ol 1.00E-Ol
1.20E-Ol 1.20E-Ol 1.2oE-Ol 1. 2oE-Ol 1.2oE-Ol
1.50E-02 3.90E-02 3.90E-02 3.90E-02 3.90E-02
7.30E-ol 6.28E-Ol 6.28E-Ol 6.28E-ol 7.30E-Ol
7.30E-Ol 6.28E-Ol 6.28E-Ol 6.28E-Ol 7.30E-Ol
1.50E-Ol 2.70E-Ol 1. 5OE-01 1.50E-Ol 1.50E-Ol

------ ANIMAL FEED PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

3.50E-02
7.00E-02
3.0oE-Ol
2.60E+00
1.20E-Ol

8.85E+00 5.00E-Ol
8.85E+00 5.00E-01

1.00E-02
1. 00E-02

2.7oE-01
8.o0E-02
6.28E-Ol
2.60E+00

GROWTH RATE CONSTANT (d**-I):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
FOLIAR INTERCEPTION FRAC (m**2/kg):
SENESCENCE RATE CONSTANT (d-l):
ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+00 1.20E-Ol 1.70E+00
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+00 1.20E-Ol 1.70E+00
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 O.OOE+OO 1.00E-02 9.50E-02
* ingestion rate only while animal is on pasture

----- OTHER FEED PARAMETERS ----
NUMBER OF HAY CUTTINGS:
HAY CUTTING TIMES (JULIAN DAY):
SHORT TERM PASTURE INT. TIME FOR MILK (d):

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l):
WEATHERING RATE CONSTANT (d**-l):
RESUSPENTION RATE CONSTANT (d**-l):
RAINSPLASH RATE CONSTANT (d**-l):
SURFACE SOIL DENSITY (kg/m**3):
ROOT SOIL DENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

3
170. 230. 290.
7.10E+Ol

1.98E-02
5.70E-02
1.73E-03
8.6oE-04
1.00E+03
1.40E+03
2.50E-ol
1. 00E-03

------ TIME PARAMETERS ------
TIME OF TILLAGE (JULIAN DAY): 65.
START OF CROP GROWING SEASON (JULIAN DAY): 75.
START OF PASTURE GROWING SEASON (JULIAN DAY): 110.
START OF GRAZING SEASON (JULIAN DAY): 111.
START OF HAY GROWING SEASON (JULIAN DAY): 120.
END OF CROP GROWING SEASON (JULIAN DAY): 290.
END OF GRAZING SEASON (JULIAN DAY): 300.
TIME OF FALLOUT EVENT (JULIAN DAY): 120.
HOLD-UP TIME. BEEF (DAYS): O.
HOLD-UP TIME. MILK (DAYS): O.
HOLD-UP TIME. POULTRY (DAYS): O.
HOLD-UP TIME. OTHER ANIMAL (DAYS): O.
HOLD-UP TIME. ANIMAL FEED GRAIN&LEGUME (DAYS): O.
HOLD-UP TIME. ANIMAL FEED HAY (DAYS): O.

UNITS: CROP CONCENTRATION:
ANIMAL FEED COMPARTMENTS:
SOIL COMPARTMENTS:
MILK: Bq-d/L
MEAT: Bq-d/kg

NUMBER OF NUCLIDES EVALUATED

Bq/kg (wet weight)
Bq/m**2 (dry weight)
Bq/m**2

PARENT NUCLIDE NAME: MO-93 NUMBER OF PROGENY: 1
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SOIL ADSORPTION RATE CONSTANT (d**-l)
SOIL DESORPTION RATE CONSTANT (d**-l)
NUMBER OF HALF lIVES TO CUTOFF
CUTOFF TIME (years)

1.00E-09
1.00E-09
10
3.50E+04

DATA FOR MEMBER # 1 MO-93 HALF lIFE (d) 1.277E+06 lEACH RATE (d**-l) 2.50E-04
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+01 7.00E+01 7.03E+01 7.03E+01 7.03E+01 1.60E-03 2.00E-01
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-01 9.12E-01

DATA FOR MEMBER # 2 NB-93 HALF lIFE (d) 5.329E+03 lEACH RATE (d**-l) 1.45E-05
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-01 4.32E-Ol 8.91E-01 9.12E-Ol

============== RESULTS FOR ACCIDENT YEAR NUMBER 1=··..··=··..·==.·.
RESULTS FOR MEMBER # 1 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 7.47E-05 1.56E-03 8.66E-05 8.66E-05 7.57E-05
SURFACE SOIL (Bq/m**2) 2.75E-03 2.74E-03 2.74E-03 2.74E-03 2.78E-03
lABILE SOIL (Bq/m**2) 9.30E-Ol 9.32E-Ol 9.32E-Ol 9.32E-Ol 9.32E-Ol
FIXED SOIL (Bq/m**2) 2.45E-07 2.45E-07 2.45E-07 2.45E-07 2.44E-07
VEGETATION INT (Bq/kg) 3.83E-04 2.34E-04 1.31E-04 1.31E-04 1.43E-04
VEGETATION TOT (Bq/kg) 4.57E-04 1.79E-03 2.17E-04 2.17E-04 2.18E-04
CUMUlAT TOT+ (Bq-d/kg) 1.67E-01 6.54E-01 7.92E-02 7.92E-02 7.97E-02

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

1.47E+00 4.33E+00 1.17E+00 4.07E+Ol 5.04E+Ol ---
1.12E-02 4.41E-02 8.42E-04 2.16E+00 1.51E-Ol 2.37E+00 2.37E+00
2.80E-03 1.10E-02 2.10E-04 5.40E-01 3.78E-02 5.92E-01 5.92E-01
1.24E-Ol --- 1.04E-02 --- 4.49E-Ol 5.84E-Ol 5.84E-01
1.34E-02 3.94E-02 O.OOE+OO 3.52E+00 4.60E-Ol 4.04E+00 4.04E+00

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): 5.25E-Ol
RESULTS FOR MEMBER # 2 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 1.63E-06 3.41E-05 1.89E-06 1.89E-06 1.65E-06
SURFACE SOIL (Bq/m**2) 1.12E-04 1.12E-04 1.12E-04 1.12E-04 1.14E-04
lABILE SOIL (Bq/m**2) 3.93E-02 3.93E-02 3.93E-02 3.93E-02 3.93E-02
FIXED SOIL (Bq/m**2) 1.01E-08 1.01E-08 1.01E-08 1.01E-08 1.01E-08
VEGETATION INT (Bq/kg) 7.43E-06 4.56E-06 2.54E-06 2.54E-06 2.77E-06
VEGETATION TOT (Bq/kg) 9.06E-06 3.87E-05 4.44E-06 4.44E-06 4.43E-06
CUMUlAT TOT+ (Bq-d/kg) 7.13E-03 2.91E-02 3.43E-03 3.43E-03 3.44E-03

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

4.90E-02 1.57E-01 3.95E-02 2.72E-Ol 3.64E-Ol ---
1.38E-02 5.94E-02 1.05E-03 5.34E-Ol 4.04E-02 6.48E-Ol 6.48E-01
2.69E-02 1.16E-01 2.05E-03 1.04E+00 7.87E-02 1.26E+00 1.26E+00
4. 14E-03 --- 3.52E-04 --- 3.25E-03 7.74E-03 7.74E-03
4.47E-04 1.44E-03 O.OOE+OO 2.35E-02 3.32E-03 2.87E-02 2.87E-02

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): 4.25E+Ol
==.=========== RESULTS FOR ACCIDENT YEAR NUMBER 2······=-=·========
RESULTS FOR MEMBER # 1 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 9.07E-06 1.90E-04 1.06E-05 1.06E-05 9.09E-06
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SURFACE SOIL (Bq/m**2)
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

3.36E-04 3.37E-04 3.37E-04 3.37E-04 3.37E-04
7.68E-Ol 7.87E-Ol 7.87E-Ol 7.87E-Ol 7.75E-Ol
5.21E-07 5.27E-07 5.27E-07 5.27E-07 5.22E-07
1.96E-02 3.27E-02 1.B2E-02 1.82E-02 1.83E-02
1.96E-02 3.2BE-02 1.82E-02 1.82E-02 1.B3E-02
7.33E+00 1.26E+01 6.73E+00 6.73E+00 6.77E+00

INTEGRATED ANIMAL PRODUCT AND FEED INVENTDRIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

2.69E+01 3.77E+00 2.50E+01 8.95E-02 6.77E-02 ---
2.05E-Ol 3.85E-02 1.80E-02 4.75E-03 2.03E-04 2.66E-01 2.63E+00
5.13E-02 9.62E-03 4.49E-03 1.19E-03 5.08E-05 6.66E-02 6.59E-Ol
2.28E+00 --- 2.22E-01 --- 6.03E-04 2.50E+OO 3.08E+00
2.45E-Ol 3.44E-02 O.OOE+OO 7.75E-03 6.18E-04 2.88E-01 4.33E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 6.22E-07 1.31E-05 7.26E-07 7.26E-07 6.25E-07
SURFACE SOIL (Bq/m**2) 2.91E-05 2.92E-05 2.92E-05 2.92E-05 2.92E-05
LABILE SOIL (Bq/m**2) 7.49E-02 7.58E-02 7.57E-02 7.57E-02 7.52E-02
FIXED SOIL (Bq/m**2) 4.69E-08 4.73E-08 4.72E-08 4.72E-08 4.70E-08
VEGETATION INT (Bq/kg) 4.58E-04 7.96E-04 4.44E-04 4.44E-04 4.44E-04
VEGETATION TOT (Bq/kg) 4.58E-04 8.09E-04 4.44E-04 4.44E-04 4.45E-04
CUMULAT TOT+ (Bq-d/kg) 3.38E-Ol 5.97E-Ol 3.17E-Ol 3.17E-Ol 3.18E-Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

9.90E-Ol 2.23E-Ol 9.37E-01 4.35E-03 4.00E-03 ---
2.79E-Ol 8.41E-02 2.50E-02 8.54E-03 4.44E-04 3.97E-01 1.05E+00
5.43E-01 1.64E-Ol 4.86E-02 1.66E-02 8.63E-04 7.73E-Ol 2.03E+00
8.38E-02 --- 8.35E-03 --- 3.56E-05 9.21E-02 9.99E-02
9.02E-03 2.03E-03 O.OOE+OO 3.77E-04 3.65E-05 1.15E-02 4.02E-02

.= RESULTS FOR ACCIDENT YEAR NUMBER 15··=·==··==========
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg)
SURFACE SOIL (Bq/m**2)
LA8ILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

7.21E-07 2.06E-05 1.14E-06 1.14E-06 8.07E-07
2.67E-05 3.66E-05 3.65E-05 3.65E-05 2.99E-05
6.10E-02 8.54E-02 8.52E-02 8.52E-02 6.88E-02
1.70E-06 1.87E-06 1.87E-06 1.87E-06 1.76E-06
1.56E-03 3.54E-03 1.97E-03 1.97E-03 1.63E-03
1.56E-03 3.56E-03 1.97E-03 1.97E-03 1.63E-03
3.80E+Ol 7.00E+Ol 3.85E+Ol 3.85E+Ol 3.65E+01

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

4.20E+00 4.04E-04 4.36E+00 1.98E-02 1.85E-03 ---
3.20E-02 4.12E-06 3.14E-03 1.05E-03 5.54E-06 3.62E-02 4.54E+00
7.99E-03 1.03E-06 7.84E-04 2.63E-04 1.39E-06 9.04E-03 1.13E+00
3.55E-Ol --- 3.88E-02 --- 1.65E-05 3.94E-01 2.42E+Ol
3.83E-02 3.68E-06 O.OOE+OO 1.72E-03 1.68E-05 4.00E-02 6.43E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.40E-06 3.30E-05 1.83E-06 1.83E-06 1.47E-06
SURFACE SOIL (Bq/m**2) 5.15E-05 5.80E-05 5.79E-05 5.79E-05 5.39E-05
LABILE SOIL (Bq/m**2) 1.42E-Ol 1.59E-01 1.59E-Ol 1.59E-Ol 1.48E-01
FIXED SOIL (Bq/m**2) 1.15E-06 1.24E-06 1.23E-06 1.23E-06 1.18E-06
VEGETATION INT (Bq/kg) 3.69E-05 8.72E-05 4.84E-05 4.84E-05 3.99E-05
VEGETATION TOT (Bq/kg) 3.83E-05 1.20E-04 5.03E-05 5.03E-05 4.13E-05
CUMULAT TOT+ (Bq-d/kg) 1.76E+00 3.45E+00 1.83E+00 1.83E+00 1.73E+00
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INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

2.33E-01 3.48E-04 2.4SE-01 3.48E-04 6.31E-OS ---
6.S6E-02 1.31E-04 6.S4E-03 6.84E-04 7.00E-06 7.30E-02 4.48E+OO
1.28E-01 2.S6E-04 1.27E-02 1.33E-03 1.36E-OS 1.42E-Ol 8.71E+OO
1.97E-02 --- 2.19E-03 --- S.62E-07 2.19E-02 1.14E+OO
2.12E-03 3.18E-06 O.OOE+OO 3.01E-OS 5.75E-07 2.16E-03 1.42E-01

+ Cumulative 365 day integrated concentration in food products from the time of the accident.
++ Animal feed inventories are corrected for hold-up time from time of harvest to animal consumption time.

Animal product concentrations are corrected for decay of the parent nuclide from production (slaughter)
to human consumption.

EXECUTION TIME (seconds) 61
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COMIDA.PAR input file for release event occurring in s.-r.

'SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY SUMMER ACCIDENT • TITLE
0.10 1.00 0.10 0.10 0.10
0.12 0.12 0.12 0.12 0.12
0.015 0.039 0.039 0.039 0.039
0.73 0.628 0.628 0.628 0.73
0.73 0.628 0.628 0.628 0.73
0.15 0.27 0.15 0.15 0.15
0.035 0.120
0.07 0.30
0.27 0.08 0.628
3 170. 230. 290.
8.85 1.7 1.27 0.5 1.2e-l
8.85 1.7 1.27 0.5 1.2e-1
0.095 0.01 0.01
0.095 0.01 0.01 0.01 0.0
1.98E-2 5.7E-2 1.73E-3 8.6E-4
1000.0 1400. 0.25 0.001 0.39
2.60 2.60 2.60 2.60 2.60 2.60 2.60
71. 65. 75. 110. 111.
120. 290. 300. 210.
O. ,0. ,0. ,0. ,0. ,D.
3 1 2 15

TVC(I). 1-1, 5
ZKGC(I). 1-1,5
BIC(I),I-1,5
BMAXC(I). I-I, 5
BSTAND(I).I-l,5
FD(I). 1-1.5
ZKGP ZSEN
BIP BMAXP
ZKGH BIH BMAXH
NCUT (TCUT(I),I=I.NCUT)
RPB RHB RGB RSB RLB
RPM RHM RGM RSM RLM
RGPL RLPL RSPL
RPO RHHO RGO RSO RLO
ZKP.ZKW,ZKR,Zkrs
PSS.PSR.XR,XS ALPHA
ALPHA(I),I-l,7
TINTM TT,TSC,TSP,TSL
TSH TEe,TEL,TI
THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY

NTIMES KYEAR

COMIIlA output file for release event occurring in sWIller.

i(l)main.f 1.4 1/19/93 09:59:00\0
i(I)lnputpar.f 1.8 10/25/93 10:24:34\0
TIME: 11:52:09.17
DATE: 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 AND NB-93 PROGENY SUMMER ACCIDENT

******************** COMIDA **********************
* A dynamic food chain model for use in the MACCS *
* reactor consequence code. *
* Arthur S. Rood and Michael L. Abbott *
* Idaho National Engineering Laboratory *
* EG&G Idaho PO Box 1625 Idaho Falls *
* 10 83401. *
* Version Control Copy *
* Version 1.01 October 25, 1993 *
***************************************************

ACKNOWLEDGEMENT OF GOVERNMENT SPONSORSHIP AND
LIMITATION OF LIABILITY

This material resulted from work developed under U.S. Department of
Energy, Office of Energy Research, DOE Field Office Idaho

Contract Number DE-AC07-76IDOI570.
Neither the United States nor the United States Department of Energy
nor any of their employees, makes any warranty expressed or Implied. or
assumes any legal liability or responsibility for the accuracy
completeness, or usefulness of any information. apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and OOEINT are Copyright (C) Numerical
Recipes Software. Reproduced by permission from the book, Numerical
Recipes, Cambridge University Press.
========s===aR==================Z==========================================
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PARAMETER VALUES FOR COMIOA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

2.60E+00 2.60E+00 2.60E+00 2.60E+00 2.60E+00
1.00E-01 1.00E+00 1.00E-01 1.00E-01 1. 00E-01
1. 20E-01 1.20E-01 1.20E-01 1. 20E-01 1.20E-01
1.50E-02 3.90E-02 3.90E-02 3.90E-02 3.90E-02
7.30E-01 6.2BE-01 6.2BE-01 6.2BE-01 7.30E-01
7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
1. 50E-01 2.70E-01 1. 50E-01 1.50E-01 1.50E-01

INTERCEPTION FRAC (m**2/kg):
FRACTION TO EDIBLE PORTION OF CROP:
GROWTH RATE CONSTANT (d-1):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
STANDING CROP BIOMASS (kg(dry)/m**2):
DRY WEIGHT TO WET WEIGHT RATIO:

------ ANIMAL FEED PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

3.50E-02
7.00E-02
3.00E-01
2.60E+00
1.20E-01

8.85E+00 5.00E-01
8.85E+00 5.00E-01

1.00E-02
1.00E-02

2.70E-01
8.00E-02
6.28E-01
2.60E+00

GROWTH RATE CONSTANT (d**-l):
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAXIMUM CROP BIOMASS (kg(dry)/m**2):
FOLIAR INTERCEPTION FRAC (m**2/kg):
SENESCENCE RATE CONSTANT (d-1):
ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+00 1.20E-01 1.70E+00
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+00 1.20E-01 1.70E+00
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 O.OOE+OO 1.00E-02 9.50E-02
* ingestion rate only while animal is on pasture

.---- OTHER FEED PARAMETERS ----
NUMBER OF HAY CUTTINGS:
HAY CUTTING TIMES (JULIAN DAY):
SHORT TERM PASTURE INT. TIME FOR MILK (d):

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l):
WEATHERING RATE CONSTANT (d**-l):
RESUSPENTION RATE CONSTANT (d**-l):
RAINSPLASH RATE CONSTANT (d**-l):
SURFACE SOIL DENSITY (kg/m**3):
ROOT SOIL OENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

------ TIME PARAMETERS ------
TIME OF TILLAGE (JULIAN DAY):
START OF CROP GROWING SEASON (JULIAN DAY):
START OF PASTURE GROWING SEASON (JULIAN DAY):
START OF GRAZING SEASON (JULIAN DAY):
START OF HAY GROWING SEASON tJULIAN DAY):
END OF CROP GROWING SEASON (JULIAN DAY):
END OF GRAZING SEASON (JULIAN DAY):
TIME OF FALLOUT EVENT (JULIAN DAY):
HOLD-UP TIME. BEEF (DAYS):
HOLD-UP TIME. MILK (DAYS):
HOLD-UP TIME. POULTRY (DAYS):
HOLD-UP TIME. OTHER ANIMAL (DAYS):
HOLD-UP TIME. ANIMAL FEED GRAIN&LEGUME (DAYS):
HOLD-UP TIME. ANIMAL FEED HAY (DAYS):

3
170. 230. 290.
7.10E+01

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.00E+03
1.40E+03
2.50E-01
1.00E-03

65.
75.

110.
111.
120.
290.
300.
210.

O.
O.
O.
o.
o.
o.

UNITS: CROP CONCENTRATION: Bq/kg (wet weight)
ANIMAL FEED COMPARTMENTS: Bq/m**2 (dry weight)
SOIL COMPARTMENTS: Bq/m**2
MILK: Bq-d/L
MEAT: Bq-d/kg

NUMBER OF NUCLIDES EVALUATED 1

PARENT NUCLIDE NAME: MO-93 NUMBER OF PROGENY: 1
SOIL ADSORPTION RATE CONSTANT (d**-l) 1.00E-09
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SOIL DESORPTION RATE CONSTANT (d**-I) 1.00E-09
NUMBER OF HALF lIVES TO CUTOFF 10
CUTOFF TIME (years) 3.50E+04

DATA FOR MEMBER' 1 MO-93 HALF lIFE (d) 1.277E+06 lEACH RATE (d**-I) 2.50E-04
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+Ol 7.00E+Ol 7.03E+Ol 7.03E+Ol 7.03E+Ol 1.60E-03 2.00E-Ol
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-Ol 9.12E-Ol

DATA FOR MEMBER' 2 NB-93 HALF lIFE (d) 5.329E+03 lEACH RATE (d**-I) 1.45E-05
CROP TYPE »> GRAINS lEAF VEG ROOT FRUITS lEGUMES HAY PASTURE

CONCENTRATION RATIO 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02

ANIMAL PRODUCT »> BEEF (d/kg) MILK (d/l) POUl (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-01 4.32E-01 8.91E-01 9.12E-01

•••••••••••••• RESULTS FOR ACCIDENT YEAR NUMBER 1········..&2······
RESULTS FOR MEMBER' 1 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 5.23E-04 I.07E-02 5.93E-04 5.93E-04 5.23E-04
SURFACE SOIL (Bq/m**2) 1.45E-02 1.43E-02 1.43E-02 1.43E-02 1.45E-02
lABILE SOIL (Bq/m**2) 9.20E-01 9.21E-01 9.21E-01 9.21E-01 9.20E-01
FIXED SOIL (Bq/m**2) 1.58E-07 1.59E-07 1.59E-07 1.59E-07 1.58E-07
VEGETATION INT (Bq/kg) 2.59E-08 4.09E-08 2.27E-08 2.27E-08 2.10E-08
VEGETATION TOT (Bq/kg) 5.23E-04 1.07E-02 5.93E-04 5.93E-04 5.23E-04
CUMUlAT TOT+ (Bq-d/kg) 1.91E-01 3.89E+00 2.16E-01 2.16E-01 1.91E-01

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

9.94E+00 4.27E+Ol 9.94E+00 3.69E+Ol 5.04E+01 ---
7.57E-02 4.36E-01 7.16E-03 1.96E+00 1.51E-01 2.63E+00 2.63E+00
1.89E-02 1.09E-OI 1.79E-03 4.89E-01 3.78E-02 6.57E-01 6.57E-Ol
8.41E-01 --- 8.85E-02 --- 4.49E-01 1.38E+00 1.38E+00
9.06E-02 3.90E-Ol O.OOE+OO 3.19E+00 4.60E-Ol 4.13E+00 4.13E+00

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): 4.95E-Ol
RESULTS FOR MEMBER # 2 GRAINS lEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 5.41E-06 1.10E-04 6.14E-06 6.14E-06 5.41E-06
SURFACE SOIL (Bq/m**2) 4.26E-04 4.20E-04 4.20E-04 4.20E-04 4.26E-04
lABILE SOIL (Bq/m**2) 2.78E-02 2.78E-02 2.78E-02 2.78E-02 2.78E-02
FIXED SOIL (Bq/m**2) 4.70E-09 4.73E-09 4.73E-09 4.73E-09 4.70E-09
VEGETATION INT (Bq/kg) 2.49E-I0 4.12E-I0 2.29E-I0 2.29E-I0 2.11E-I0
VEGETATION TOT (Bq/kg) 5.42E-06 1.10E-04 6.14E-06 6.14E-06 5.42E-06
CUMUlAT TOT+ (Bq-d/kg) 6.39E-03 1.30E-Ol 7.24E-03 7.24E-03 6.39E-03

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY lEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/l)
POULTRY
OTHER

2.83E-Ol 1.23E+00 2.83E-01 1.71E-Ol 3.98E-Ol ---
7.98E-02 4.62E-01 7.54E-03 3.35E-Ol 4.42E-02 9.29E-Ol 9.29E-Ol
1.55E-Ol 9.00E-Ol 1.47E-02 6.52E-Ol 8.60E-02 1.81E+00 1.81E+00
2.40E-02 --- 2.52E-03 --- 3.55E-03 3.00E-02 3.00E-02
2.58E-03 1.12E-02 O.OOE+OO 1.48E-02 3.63E-03 3.22E-02 3.22E-02

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/l): 6.20E+Ol
•••==._======= RESULTS FOR ACCIDENT YEAR NUMBER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS lEGUMES

VEGETATION SURF (Bq/kg) 9.08E-06 1.90E-04 1.06E-05 1.06E-05 9.10E-06
SURFACE SOIL (Bq/m**2) 3.37E-04 3.37E-04 3.37E-04 3.37E-04 3.37E-04
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LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

7.69£-01 7.88£-01 7.88£-01 7.88£-01 7.76£-01
4.35£-07 4.41£-07 4.41E-07 4.41E-07 4.36E-07
1.97E-02 3.27£-02 1.82E-02 1.82E-02 1.83E-02
1.97£-02 3.29E-02 1.82E-02 1.82£-02 1.83£-02
7.37E+00 1.59E+Ol 6.87E+00 6.87£+00 6.88E+OO

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

4.03E+01 1.20£+01 3.78E+01 7.74E-02 7.60E-02 ---
3.07E-01 1.23E-01 2.72E-02 4.11E-03 2.28E-04 4.61E-01 3.09E+00
7.68E-02 3.06E-02 6.80E-03 1.03E-03 5.70E-05 1.15E-01 7.72E-Ol
3.41E+00 --- 3.37E-01 --- 6.77E-04 3.75E+00 5.13E+00
3.68E-01 1.10E-01 O.OOE+OO 6.70E-03 6.93E-04 4.85E-Ol 4.62E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 5.17E-07 1.09E-05 6.03E-07 6.03E-07 5.18E-07
SURFACE SOIL (Bq/m**2) 2.53E-05 2.54E-05 2.54£-05 2.54£-05 2.54E-05
LABILE SOIL (Bq/m**2) 6.44E-02 6.52E-02 6.51E-02 6.51E-02 6.46E-02
FIXED SOIL (Bq/m**2) 3.42E-08 3.45E-08 3.45E-08 3.45E-08 3.42E-08
VEGETATION INT (Bq/kg) 4.59E-04 7.96E-04 4.44E-04 4.44E-04 4.44E-04
VEGETATION TOT (Bq/kg) 4.59E-04 8.07E-04 4.45E-04 4.45E-04 4.45E-04
CUMULAT TOT+ (Bq-d/kg) 3.38E-Ol 6.98E-Ol 3.21E-01 3.21E-Ol 3.21E-Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

1.69E+00 6.20E-Ol 1.62E+00 6.59E-03 4.37E-03 ---
4.78E-Ol 2.34E-Ol 4.32E-02 1.30E-02 4.85E-04 7.68E-Ol 1.70E+00
9.30E-Ol 4.55E-Ol 8.41E-02 2.52E-02 9.44E-04 1.50E+00 3.30E+00
1.43E-Ol --- 1.45E-02 --- 3.89E-05 1.58E-01 1.88E-Ol
1.55E-02 5.65E-03 O.OOE+OO 5.71E-04 3.98E-05 2.17E-02 5.39E-02

============== RESULTS FOR ACCIDENT YEAR NUMBER 15==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg)
SURFACE SOIL (Bq/m**2)
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (Bq/kg)
CUMULAT TOT+ (Bq-d/kg)

7.22E-07 2.07E-05 1.14E-06 1.14E-06 8.08E-07
2.68E-05 3.66E-05 3.65E-05 3.65E-05 2.99E-05
6.12E-02 8.55E-02 8.52E-02 8.52E-02 6.89E-02
1.62E-06 1.79E-06 1.79E-06 1.79E-06 1.67E-06
1.56E-03 3.55E-03 1.97E-03 1.97E-03 1.63E-03
1.56E-03 3.57E-03 1.97E-03 1.97E-03 1.63E-03
3.81E+01 7.33E+Ol 3.87E+01 3.87E+01 3.67E+Ol

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

4.00E+00 3.03E-04 4.16£+00 1.95E-02 1.89E-03 ---
3.05E-02 3.09E-06 2.99£-03 1.04E-03 5.66E-06 3.45E-02 4.91E+00
7.62E-03 7.72E-07 7.48£-04 2.59E-04 1.41E-06 8.63E-03 1.23E+00
3.39E-Ol --- 3.70E-02 --- 1.68E-05 3.76E-Ol 2.52E+Ol
3.65E-02 2.76E-06 0.00£+00 1.69E-03 1.72E-05 3.82E-02 6.62E+00

RESULTS FOR MEMBER # 2 GRAINS LEAF V£G ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.35E-06 3.19E-05 1.77E-06 1.77E-06 1.41E-06
SURFACE SOIL (Bq/m**2) 4.97E-05 5.61E-05 5.60E-05 5.60E-05 5.19E-05
LABILE SOIL (Bq/m**2) 1.37E-01 1.54E-Ol 1.54E-Ol 1.54E-01 1.43E-01
FIXED SOIL (Bq/m**2) 1.08E-06 1.17E-06 1.16E-06 1.16E-06 1.11E-06
VEGETATION INT (Bq/kg) 3.69E-05 8.72E-05 4.85E-05 4.85E-05 3.99E-05
VEGETATION TOT (Bq/kg) 3.83E-05 1.19E-04 5.02E-05 5.02E-05 4.13E-05
CUMULAT TOT+ (Bq-d/kg) 1.76E+00 3.54E+00 1.83E+00 1.83E+00 1.73E+00

INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
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GRAIN LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED
BEEF
MILK (Bq-d/L)
POULTRY
OTHER

2.2lE-Ol 2.6lE-04 2.33E-Ol 3.49E-04 6.40E-OS ---
6.22E-02 9.SSE-OS 6.21E-03 6.BSE-04 7.10E-06 6.92E-02 4.9SE+OO
1.21E-Ol 1.92E-04 l.2lE-02 1.33E-03 l.3SE-OS l.3SE-Ol 9.63E+OO
l.B7E-02 --- 2.0SE-03 --- S.70E-07 2.0BE-02 l.l7E+OO
2.01E-03 2.3SE-06 O.OOE+OO 3.02E-OS 5.B4E-07 2.0SE-03 l.SOE-Ol

+ Cumulative 36S day integrated concentration in food products from the time of the accident.
++ Animal feed inventories are corrected for hold-up time from time of harvest to animal consumption time.

Animal product concentrations are corrected for decay of the parent nuclide from production (slaughter)
to human consumption.

EXECUTION TIME (seconds) S9

A-20



APPENDIX B: COl\fiDA Code Listing

B-1



PROGRAM COMIOA
IMPLICIT REAL"S lA-H,o-Zl

C The loIIoinII int_ vwi_ ••~ .-d in I.. the PC vereion
INTEGEll0 4 ITiCKl,ITICK2,ITICK

Iclentfficetlon
PrClG'''' N_: COMIOA
Mod.. N_: mlin.f V_on 1.4
0 ••: 1I1111l13 rome: 011:1>11:00

Chw_ iclUyw°72
0.. idkrfw rOI#""_n.1 1.4 11111113 011:611:00\0'/

Concentretion 01 R-.lionuclidee In Food arld Anim" Products

.•........•..•.............••..............•.....•••..•..•..

.............•...........••.•••••.••...••....•••••.......•••.••
" Thie prClGfGrn w. cIeeigned to calcul•• concentr~on in food °
° producu I.. the MACCS code. A. S. Rood

" NOTE: Far eompiIMion on the INEL CRAY:
o~_ inl_ ITICK vwi_ wllh .... TICK vwi_ 0

• ~_ ·TlMER· luncIi_ with the ·SECONO· function

o Char>ge REALoS FUNCTION EXPF( to FUNCTION EXPF(

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C
C
C
C
C
C
C
C
C

C

C OEANITION OF VARIABLES USED IN COMIOA
C NOTE: I CORRESPONDS TO THE FOLLOWING 1- 1,GRAINS 1-2 LEAFY VEG
C 1-3,ROOT CROPS 1-4,FRUITS 1-6,LEGUMES, 1-8,HAY 1-7,PASTURE
C J CORRESPONGS TO THE NUMBEII OF PROGENY
C Deline Stet. V.i_
e
C-er_
C OVSCU,JI- ACTIVITY CONCENTRATION ON CROP SURFACE (ll0lM2'
C OSSCn,JI-ACTlVlTY CONCETRATION IN CROP SURFACE SOIL (ll0lM2l
C ORSCn,Jl-ACTlVlTY CONCENTRATION IN CROP ROOT ZONE IB0IM2'
C QVlCn,JI-ACTlVlTY CONCENTRATION IN CROP INTERIOR (B0IM2)
C QFSCn,J)-ACTlVlTY CONCENTRATION IN AXED SOIL COMPARTMENT (ll0lM21
C_..... Io'_1
C OVSPWI-ACTlVlTY CONCENTRATION ON GRASS SURFACE (ll0lM21, Y(6)
C OSSPlJI-ACTlVlTY CONCETRATION IN GRASS SURFACE SOIL IB0IM2), YISI
C ORSPlJl-ACTlVlTY CONCENTRATION IN GRASS ROOT ZONE (ll0lM2l, Yl7l
C OVlPlJl-ACTlVlTY CONCENTRATION IN GRASS INTERIOR IB0IM21 YISI
C QFSPWl-ACTIVlTY CONCENTRATION IN AXED SOIL COMPARTMENT (ll0lM2I
C-_n.v
C QVSHIJI-ACTlVlTY CONCENTRATION ON HAY SURFACE (ll0lM2I, YIII)
C QSSHlJl-ACTlVlTY CONCETRATION IN HAY SURFACE SOIL (ll0lM2l, YIlOI
C ORSHlJl-ACTlVlTY CONCENTRATION IN HAY ROOT ZONE (ll0lM2l, Yllli
C QVlHlJl-ACTlVlTY CONCENTRATION IN HAY INTERIOR (ll0lM21 Yl12l
C OFSHlJl-ACTlVlTY CONCENTRATION IN AXED SOIL COMPARTMENT (ll0lM2l
C C..cul8ted v-'- I.om 51_ Veri......
C
C - InteG'.-.I arld ........ v...-p.....
C OTIPWI-TOTALINTEGRATED ACTIVITY IN PASTURE GRASS FOR EACH ACCIDENTYA IBQ-DIKGl
C QSTlPIJI-SHORT TERM INTEGRATED PASTURE ACTIVITY (llO-DIKGI
C QSTlSlJl- SHORT TERM INTEGRATED PASTURE SOIL ACTIVITY (llQ-oIKGI
C OIPSWI-INTEGRATED ACTIVITY IN PASTURE SURFACE SOIL (llQ-oIKG)
C - InleG'.-.I arld ...,.,med v _
C OTlCn,JI-TOTAL (lnI arld M.Wf_) 386 D INTEGRATED CROP ACTIVITY (llQ-oIKG wet weightl
C QTlGIJ'-TOTAL (lnI arld M.Wf_IINTEGRATED ACTIVITY IN STORED ANIMAL FEED GRAIN (llQ-oIKG dry weight) FOR 1 ACCIDENT YEAR
C OTlLlJI-TOTAL (lnt arld ourt_IINTEGRATED ACTlVTlY IN STORED ANIMAL FEED LEGUMES (llQ-DIKG dry weightl FOR 1 ACCIDENT YEAR
C CTOTALn,.ll-TOTAL linl...... arld M.Wf_1 ACTIVITY IN CROPS AT HARVEST FOR '-I TO Ii (llQ/KG wet weightl
C CTOTALn,J)-TOTAL ACTIVITY IN GRAIN U-81 AND LEGUME a-71 ANIMAL FEEDS (llQ/KG dry weightl
C not.: CTOTALIO,JI arld CTOTAL17 ,JI •• not corrected f.. M.Wf_ tr_ocetion.
C TQCUI-CUMULATIVE TOTAL rom...... arld __I 386 DAY INTEGRATED CROP ACTIVITY (llQ-DIKG wet weiQhtl
C PGRAlN(JI-PRIOR YEARS ACTIVITY INVENTORY IN GRAIN (llQ/KG dry weiQhtl
C PLEGUMElJ) - PRIOR YEARS ACTIVITY INVENTORY IN LEGUME (llQ/KG dry weightl
C - inteG,.ed arld oummed v".-n.y
C QTlHIJI-TOTALINTEGRATED ACTIVITY IN STORED HAY (llQ-oIKGI
C PHAYlJl-PRIOR YEARS ACTIVITY INVENTORY IN HAY (llQ/KG)
C-bMl
C QIBPU,-INTEGRATED ACTIVITY CONCENTRATION IN BEEF FROM PASTURE GRASS IBQ-DIKGl
C OIBHlJ)-INTEGRATED ACTIVITY CONCETRATION IN BEEF FROM STORED HAY IBQ-DIKGI
C QIBGlJ)-INTEGRATED ACTIVITY CONCENTRATION IN BEEF FROM GRAIN (BQ-oIKGI
C OIBLlJl-INTEGRATED ACTIVITY CONCENTRATION IN BEEF FROM LEGUMES (llQ-oIKGI
C OIBSIJI-INTEGRATED ACTIVITY CONCENTRATION IN BEEF FROM SOIL IBQ-oIKGI
C QIBTIJI-INTEGRATED TOTAL ACTIVITY CONCENTRATION IN BEEF PASTURE,HAY.GRAlN (llQ-DIKGI
C TQB-TOTALINTEGRATED ACTIVITY IN BEEF FOR ALL YERAS CONSlOEIIED
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DIJI-IlADIONUCUDE DECAY CONSTANT ld-ll
NMEMBER-NUMBER OF MEMBERS OF DECAY CHAlN -NPROG. 1
crap

FVCIII - FALLOUT FRACTION TO CROP SURFACE
Fscnl- FAU.OUT FRACTION TO CROP SOIL SURFACE
p_tur.

FVP-FAU.OUT FRATION TO PASTURE SURFACE
FSP-FAU.OUT FRACTION TO PASTURE SOIL
hay

FVH - FAU.OUT FRACTION TO HAY SURFACE
FVS - FALLOUT FRATION TO VEG SURFACE

Food Product WId Nuclide Specific Inpul V_

C - milk
C OlMPlJI-ACTlVlTY CONCENTRATION IN MIUt FROM GRASS CONTRIBUTIONS IBQoOILI
C OlMHlJI-ACTlVlTY CONCETAATION IN MIUt FROM FEED CONTRIBUTIONS IBQoOILI
C OlMGlJl-ACTlVlTY CONCENTRATION IN MIUt FROM GRAIN IBQoOILI
C OlMLlJl- ACTIVITY CONCENTRATION IN MIUt FROM LEGUMES CBQoOILI
C OlMSlJl-ACTlVlTY CONCENTRATION IN MIUt FROM SOIL IBQoOILI
C OlMTlJl-TOTAL ACTIVITY CONCENTRATION IN MIUt PASTURE,HAY.GRAlN IBQoOA.1
C OlSMlJl-SHORT TERM INTEGRATED MIUt CONCENTRATION FROM PASTURE (Ilq-d/kgl
C TOM-TOTAL INTEGRATED ACTIVITY IN MIUt FOR AU. YERAS CONSIDERED
C- poUtry
C OlPLGlJl-ACTlVlTY CONCENTRATION IN POULTRY FROM GRAIN IBQoOIKGI
C OlPLSlJI-ACTlVlTY CONCENTRATION IN POULTRY FROM SOIL IBQoOIKGI
C OlPLLlJl-ACTlVlTY CONCENTRATION IN POULTRY FROM LEGUMES lBQoOIKGI
C OTlPLlJl-TOTAL ACTIVITY CONCENTRATION IN POULTRY IBQ-<IIKGI
C TOP-TOTAL INTEGRATED ACTIVITY IN POULTRY FOR AU. YERAS CONSIDERED IBQoOIKGI
C-_oni.....
C OlOGlJI-ACTlVlTY CONCENTRATION IN OTHER ANIMAL FROM GRAIN IBQoOIKGI
C OlOSlJ) -ACTIVITY CONCENTRATION IN OTHER ANIMAL FROM SOIL IBQoOIKGI
C OIOP(JI-INTEGRATED ACTIVITY CONCENTRATION IN OTHER ANIMAL FROM PASTURE GRASS IBQoOIKGI
C OlOHlJl-INTEGRATED ACTIVITY CONCETRATION IN OTHER ANIMAL FROM STORED HAY lBQoOIKGI
C OlOLlJl-INTEGRATED ACTIVITY CONCENTRATION IN OTHER ANIMAL FROM LEGUMES CBQoOIKGI
C OTlOlJl-TOTAL ACTIVITY CONCENTRATION IN OTHER ANIMAL CSQoOIKGI
C TOO-TOTAL INTEGRATED ACTIVITY IN OTHER ANIMAL FOR AU. YERAS CONSIDERED IBQoOIKGI
C 0_ C"cuIMed V.....
C
C
C
C
C
C
C

C
C
C
C
C

C
C
C NNUC-NUMBER OF NUCUDES IN SIMULATION
C NUC-IlADIONUCUDE 10

C NPftOG - NUMBER OF PftOGENY
C THALFlJ) - HALF UFE OF PARENT AND PROGENY
C ZKLlJ)-LEACH RATE CONSTANT ld-ll
C ZKAD - ADSORPTION TO RXED SOIL COMPARTMENT
C ZKDE-DESORPTION FROM RXED SOIL
C - crap

C CRCII.JI- CONCENTRATION RATIO FOR CROPS (dry weiclhtl
C TVCDI- FRACTION OF SURFACE CONTAMINANTION ON EDIAIlLE PORTION OF CROP
C ZKABCn.JI-FOUAR ABSORPTION RATE CONSTANT FOR CROPS ld-ll
C ZKGCnl-GROWTH RATE CONSTANT FOR CROPld-l1
C BICnl-INITlAL CROP BIOMASS AT START OF GROWING SEASON lKGldryl1M21
C BMAXCnl-MAXIMUM CROP BIOMASS lKG(dry11M21
C BSTANDD)-STANDING BIOMASS OF CROP lKG(dry11M21
C FOal- DRY TO WET WElGHT RATIO
C-~.gr_

C CRPlJI- CONCENTRATION RATIO FOR PASTURE (dry weiclhtl
C ZKABPlJl - FOUAR ABSORPTION RATE CONSTANT FOR PASTURE
C ZKGP-GROWTH RATE CONSTANT FOR PASTUREld-ll
C BIP-INITIAL PASTURE BIOMASS AT START OF PASTURE SEASON lKG(dry11M21
C BMAXP-MAXIMUM PASTURE BIOMASS lKGldryl1M21
C ZSEN-SENESANCE RATE CONSTANT 16011
C- hay

C CAHlJl-CONCENTRATlON RATIO FOR HAY (dry weiclhtl
C ZKGH -GROWTH RATE CONSTANT FOR HAYld-ll
C ZKABHIJI-FOUAR ABSORPTION RATE CONSTANT FOR HAY 16011
C NCUT - NUMBER OF HAY CUTTINGS A YEAR Imuimum 01 31
C BIH -INITIAL HAY BIOMASS AT START OF SEASON lKGldryl1M21
C BMAXH -MAXIMUM HAY BIOMASS lKGldryl1M21
C-bMf
C TCBlJl- BEEF TRANSFER COEFRCENT ld/kol
C RPB-BEEF DAlLY INGESTION OF PASTURE lkoIdl
C AHB - BEEF ANNUAL AVERAGE DAlLY INGESTION OF HAY lkoIdl
C RGB - BEEF ANNUAL AVERAGE DAlLY INGESTION OF GIIAlN lkoIdl
C RSB-BEEF DAlLY INGESTION RATE OF SOIL lkoIdl
C RLB-BEEF DAlLY INGESTION RATE OF LEGUMES lkoIdl
C-milk
C TCMlJl- BEEF TRANSFER COEFRCENT ldIkol
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C RPM - MILK DAlLY INGESTION OF PASTURE """dl
C RHM - MILK ANNUAL AVERAGE DAlLY INGESTION OF HAY """dl
C RGM - MILK ANNUAL AVERAGE DAlLY INGESTION OF GRAIN """dl
C RSM -MILK ANNUAL AVERAGE INGESTION RATE OF SOIL Ikg/dl
C RLM - MILK ANNUAL AVERAGE INGESTION RATE OF LEGUMES (kg/dl
C - poUtry
C TCPI.{J)-POULTRY TRANSFER COEFRCENT ld/kg)

C RGPI.-POULTRY GRAIN INGESTION RATE Ikg/dl
C RSPl-POULTRY SOIL INGESTION RATE """dl
C - _ o,oin led enimol

C TCOlJl- TRANSFER COEFRCNET FOR OTHER GRAIN FED ANIMAL ld/kg)

C RGO -OTHER ANIMAL GRAIN INGESTION RATE """dl
C RSO -OTHER ANIMAL SOIL INGESTION RATE """dl
C RPO-OTHER ANIMAL DAlLY INGESTION OF PASTURE """dl
C RHO - OTHER ANIMAL ANNUAL AVERAGE DAlLY INGESTION OF HAY """dl
C ALO-OTHER ANIMAL DAlLY INGESTION RATE OF LEGUMES """dl

C Input~_... _ SI>eciflc to C,ope 0#N~

C
C ALPHA-RATIO OF VEG CONC TO TOTAL DEPOSITION lM'2IKG)
C ZKP-PERCOLATION RATE CONSTANT Id-l1
C ZKW-WETHERING RATE CONSTANT Id-l1
C ZKR-RESUSPENTION RATE CONSTANT 1d-1l
C ZKRS-RAlNSPlASH RATE CONSTANT ld-l1
C PSS-SURFACE SOIL DENSITY 101m3)
C PSR - ROOT SOIL DENSITY 10/m31
C XR-OEPTH OF ROOTING ZONE Iml
C XS-THICKNESS OF SURFACE SOIL COMPARTMENT {ml
C-timev.n_
C TlNTM -SHORT TERM INTEGRATION TIME FOR MILK (dl
C TT-TiME OF TILLAGE IJUUAN DAY)
C TSC-START OF GROWING SEASON, CROPS (JUUAN DAYI
C TSP - START OF PASTURE GROWING SEASON lJUUAN DAYI
C TSl. -START OF UVESTOCK GRAZING SEASON lJUUAN DAY)
C TSH - START OF HAY GROWING SEASON (JUUAN DAYI
C TEC - END OF CROP GROWING SEASON lJUUAN DAY)
C TEL - END OF UVESTOCK GRAZlNG SEASON lJUUAN DAYl
C TCUTlK)-TlME OF HAY CUTTING "K" lJUUAN DAY)
C TI- TIME OF ACCIDENT lJUUAN DAY}
C THOLDM - HOLDUP TIME, MILK
C THOLDB-HOLDUP TIME, BEEF
C THOLDP-HOLDUP TIME, POULTRY
C THOLDO-HOLDUP TIME, OTHER
C THOLDG-HOLDUP TIME, ANIMAL FEED-GRAIN
C THOLDL-HOLDUP TIME, ANIMAL FEED-LEGUMES
C THOLDH - HOLDUP TIME, ANIMAL FEED-HAY
C ETlME - ELASPED TIME SINCE ACCIDENT
C NTiMES -NUMBER OF YEARS TO CALCULATE RESULTS
C KYEARlNTlMESI-YEAR NUMBER RESULTS ARE CALCULATED FOR
C CUTOFF-NUMBER OF HALF-LIVES CALCULATION IS TO BE PERFORMED OVER
C-P_..".,et1I Val...

C NMAX-MAXIMUM NUMBER OF VARIABLES IN SOLVER 132J
C MAXP-MAXIMUM NUMBER OF PROGENY 13+ PARENTI
C EPS-DESIRED ACCURACY OF RK4 SOLUTlON(1.0E·8J
C NCR-NUMBER OF CROPS
C-OtherVoI...
C ITICK1 - CODE START TIME (SECONDs/l001
C ITICK2-CODE END TIME (SECONDS/100)
C ITICK - CODE EXECUTION TIME (SECONDSI

C INITIUZE AND DERNE COMMON VARIABLES
PARAMETER lMAXP -4.NMAX - 32,NCR - 6.NCUTMAX - 3)
CHARACTER·S NUC
DIMENSION KYEARI201.NUCIMAXPl

C blrwn__ific block.l

C CROPPAR.BLK
COMMON ICROPPARITVC.ZKGC,BIC,BMAXC.BSTAND.FD
DIMENSION TVClNCRI,ZKGClNCRI.BIClNCRl.BMAXClNCR1,FDlNCRI.

IBSTANDINCRI
C PASTPAR.BLK

COMMON JPASTPARlZKGP,BIP.BMAXP,ZSEN
C HAYPAR.BLK

COMMON IHAYPARlZKGH,BIH.8MAXH.NCUT.TCUT
DIMENSION TCUTIO:NCUTMAX)

C BEEFPAR.8LK
COMMON IBEEFPARlRPB,RHB,RG8,RSB.RL8

C MILKPAR.BLK
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COMMON IMILKPARIIIPM,RHM,RGM,RSM,RLM
C POULPAR.BLK

COMMON IPOULPARIIIGPL,RSPL,RLPI.
C crop _ nuc:llde epecifoc blocks

C CROPNUC.BLK
COMMON ICROPNUC/CRC,ZKA8C
DIMENSION CRCINCR,MAXP1,ZKA8CINCR,MAXPI

C PASTNUC.BLK
COMMON IPASTNUC/CRP,ZKA8P
DIMENSION CRPlMAXP1,ZKA8P(MAXPI

C HAYNUC.BLK

COMMON IHAYNUCICRH,ZKABH

DIMENSION CRHlMAXPl,ZKABHfMAXPI
C BEEFNUC.BLK

COMMON IBEEFNUCITCB,TCM

DIMENSION TCBlMAXPI,TCMIMAXPI
C POULNUC.BLK

COMMON IPOULNUCITCPL,TCO
DIMENSION TCPLIMAXPl,TCOlMAXPI

C nuclide -atic blocks
C NUCPAR1.BLK

COMMON INUCPAR1INMEMBER,NPROG,THALF,ZKL
DIMENSION THALFlMAXPI,ZKLIMAXPI

C nMEPAR.BLK
COMMON mMEPARITT,TSC,TSP,TSl..TSH,TEC,TEL.n,nNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C nuclide _ bi"",_i~ per_en
C COMPAR.BLK

COMMON ICOMPA.RIZXP,'lXW,'lXR,'lXRS,ZkAO,'lXDE.PSS,PSR,XR,XS,ALPHA

DIMENSION ALPHAI"
C net. y";_ blocks

C CROPSTAT.BLK
COMMON ICROPSTATElQVSC,OSSC,QRSC,QV1C,QFSC,TQC,QnC,CTOTAL
DIMENSION QVSCINCR,MAXPI,QSSCINCR,MAXPI,QRSCINCR,MAXPI

I,QV1CINCR,MAXPI,QFSClNCR,MAXPI,TQCINCR,MAXPI,QnCINCR,MAXPI

I,CTOTALINCR+ 2,MAXPI
C PASTSTAT.BLK

COMMON IPASTSTATElQVSP,QSSP,QRSP,QV1P,QFSP
DIMENSION QVSPlMAXP1,QSSPlMAXP1,QRSPlMAXPI,QV1PIMAXPI

I,QFSPIMAXPI
C HAYSTATE.BLK

COMMON IHAYSTATEJQVSH,QSSH,QRSH,QV1H,QFSH
DIMENSION QVSHlMAXPI,QSSHlMAXPI,QRSHlMAXPI,QV1HlMAXPI

I,QFSHlMAXPI
C BEEFSTAT.BLK

COMMON IBEEFSTATElQJBP,QJBH,QJBG,QJBS,QJBT,QJBl.TQ8
DIMENSION QJBPlMAXP1,QJBHlMAXPI,QJBGlMAXPI,QJBSlMAXPI,QJBTlMAXPl

I,QIBLlMAXPI,TQ8lMAXPl
C MILKSTAT.BLK

COMMON IMILKSTATElQJMP,QJMH,QJMG,QJMS,QIMT,QJML,QJSM,TQM
DIMENSION QIMPIMAXPI,QIMHIMAXPI,Q/MGIMAXPl,QIMSIMAXPl,Q/MTIMAXPJ

I,QIMLIMAXPI,QJSMIMAXPI,TQMIMAXPI

C POULSTAT.BLK
COMMON IPOULSTATElQJPLG,QIPLS,QJPLL,QTlPL,TQP
DIMENSION QIPLGIMAXPl,QIPLSIMAXPI,QTlPLlMAXPl,QIPLLlMAXPl,

ITQPlMAXPI
C OTHERSTA.BLK

COMMON 10THERSTATE/QIOG,QJOS,QTIO,QJOP,Q/OL,QIOH,TQO
DIMENSION QJOGlMAXPI,QJOSIMAXP1,QTlOlMAXPI,Q/OPlMAXPI,QJOHlMAXPI,

IQJOLIMAXPI,TQOIMAXPl
C INPUT PARAMETER DATA AND OPEN OUTPUT RLE

OPEN 13, RLE - 'COMIDA.OUT',STATUS - 'UNKNOWN'I
OPENl4,RLE - 'COMIDA.DMP',STATUS- 'UNKNOWN'I

CALL nMERGTlCKll
nCK1 - SECONDO for INE!. crey
WRITEI3,·1 IDKEYW
CALL INPUTPARINnMES,KYEARJ

C BEGIN LOOP TO CALCULATE
OPENI2,RLE-'COMIDA.VAR',STATUS-'OLO'1

C CREATE LOOP TO INPUT NUCUDES, CALCULATE CF'S AND STORE RESULTS
REAOI2,·1 NNUC

WRITEl3,1ooo1 NNUC
WRITEI·, 10001 NNUC
DO 100,1-1,NNUC

REAOI2,·1 NUC" I,NPROG,lNUCtKl,K - 2,NPROG + 1I

REAOI2,·1 lTHALFIKl,K - 1,NPROG + 11
NMEMBER-NPROG+ 1
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READl2, °1 lZKLlKl,K - 1,NMEMBERl
READ12, °1 ZKAD,ZKDE,NCUTOFF
WIIlTEI3,2OOO1 NUCC11.NPROG
WRITEC4.2ooo1 NUCll ).NPROG
WIIlTElo,2OOO1 NUCC1l.NPROG
CUTOFF - FLOATlNCUTOFFloTHALFl1 1/3815
D012O,J-1.NMEM8ER

READI2. °1 ICRClK.Jl, K - 1,NCRI
READI2, °1 lZKA8CIK,JI, K - 1,NCR)
READ12, °1 CRPCJI,CRHlJl
READC2,O) ZKABPlJl,ZKABHCJI
READC2, °1 TC8lJ),TCMCJI,TCPlCJI,TCOCJI

120 CONTINUE
CALL ONEYEARlNM,NUC.TGROWP,CUTOFF.NCUTOFFl
K-2
00 130.J - 2.KYEARINTIMESl

IFlJ.EQ.KYEARCKIlTHEN
KFLAG-l
K-K+l
ELSE

KFLAG-O
ENDIF

CALL NYEARINM,J,KFLAG.NUC,TGROWP,CUTOFF,NCUTOFFl
130 CONTINUE

C _ oumuI_ lnlegrered ...0UI'IllI in tN TQI __

132 DO 136,J-1,NCR
DO 138,K - l,NMEMBER

TQClJ,Kl- O.
138 CONTINUE
13& CONTINUE

DO 138, K-l.NMEM8ER
TaalKl-O.
TOMlKI-O.
TQPlKl-O.
TQOCKI-O.

138 CONTINUE
100 CONTINUE

CALL TIMEROTICK21
C TICK2-SECONDll

rnCK - OTICK2-lTICK1111 00
C TICK-TICK2·TICK1

WRlTEl3,4ooo1
WIIlTEI3,3000) rnCK

CLOSEl3,STAruS - 'KEEP')
CLOSEI4.STATUS-'KEEP'1
CLOSE16,STATUS - 'KEEP')

1000 FORMATl1X:NUM8ER OF NUCUDES EVALUATED ',131
2000 FORMATl24X

1I,1X:PARENT NUCUDE NAME: ',.e,1X:NUM8ER OF PROGENY: ',121
3000 FORMATI2X:EXECUTION TIME e-cond8l ',181
4000 FORMATI2X: + C........_ 386 dey lnlOlllf.ted ConcenIrallon in lood

Iprodueta from the time of tN ecciclent..
112X: + + Mm. lMeI irwentoriee we corr_ lor hoIcMJp time fro
1m time of~ to "';m. conoumption Ii......
II6X,'Mm. produc1 conc:entrllti..... ... correeted lor decey of the
'_ent nuclide from production lat_ht_I'
II6X:to hum.. conoumplion'"

END

c·······························
C ° SU8ROUTINE INPUTPAR

c·······························
SUBROUTINE INPUTPARlNTIMES,KYEARI
IMPLICIT REAL°8 lA-H,Q-Zl
PARAMETER CMAXP -4,NCII - 6,NOA - 2,NCUTMAX - 3)

C BL-LOWER ACCEPTABLE BOUNDARY UMIT
C BH - UPPER ACCEPTABLE BOUNDARY UMIT
C VI-INPUT VALUE
C LNUM -UNE NUMBER IN INPUT DECK
C IIEC-RECORD NUMBER

ldentifieetion
Progr.." N : COMIDA
Mod..... N : inputp_.1 V_on 1.8
0_: 10/26113 T.....: 10:24:34

Ctw..,,_ idUyw°72
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D•• idkayw rOI"I~•.f 1.8 10/215/83 10:24:34\0'1
C CROPPAR.BLK

COMMON ICROPPARITVC,ZKOC,BIC,BMAXC,BSTAHD.Fe
DIMENSION TVClNCRI,ZKOCINCRI,B1ClNCR1,BMAXClNCRI,FelNCRI,

IBSTANDlNCRl
C PASTPAR.BLK

COMMON IPASTPARlZKGP,BIP,BMAXP,ZSEN
C HAVPAR.BLK

COMMON IHAYPARlZKOH,BIH,BMAXH,NCUT.TCUT
DIMENSION TCUTIO:NCUTMAXI

C BEEFPAR.BLK
COMMON IBEEFPARIRP8,RHB,RGB,RS8,RL.a

C MILKPAR.BLK
COMMON IMILKPARIRPM,RHM,ROM.RSM,1'lLM

C POULPAR.BLK
COMMON IPOULPARlRGPl..RSPL.RLPL

C OTHERPAR.BLK
COMMON 10THERPARlRGO,RSO,RLO,RHHO,RPO

C TlMEPAR.BLK
COMMON mMEPARITT,TSC,TSP,TSL,TSH,TEC,TEL.TI,TlNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C COMPAR.BLK

COMMON ICOMPARlZKP,ZKW.ZKR,ZKRS.ZI<AO.ZKOE,PSS,PSR.XR,xS,ALPHA
DIMENSION ALPHAl7l

C PLANT.BLK
COMMON /PlANTI ZKG,CR,THICK,RHO,BMAX,BSTART,GTlME
DIMENSION CRIMAXPI

C MOAAER.BLK
COMMONIMODIAERI ATlME,FMOD,NPOINTS
DIMENSION ATlMEl3861,FMODl3861
DIMENSION KYEARl201
CHARACTER080 TITLE
CHARACTER01 I TT1ME
CHARACTERo.DDATE
CHARACTER010 $PC

CHARACTER010 ALEIN
ALEIN - 'COMIDA.PAR'
SPC-' - '
CALL TlMErrnMEI
CALL DATElDDATEI
OPENll ,ALE - 'COMIDA.PAR',STATUS - 'OLD'I
READI1, °1 TITLE

C CROP PARAMETERS

READl1 ,oJ lTVcnl,l- 1,NCRI
LNUM-2
BL-O.O
BM-l.0
0010,NREC-l,NCR

VI-TVClNRECl
CALL CHECKlBL.BH,VI,LNUM,ALElN,NRECJ

10 CONTINUE

READll, °1 IZKGCnl.l-l,NCRl
LNUM-3
BH - 10.0
DO 20,NREC - 1,NCR

VI- ZKGCINRECl
CALL CHECKIBL,BH,VI,LNUM,ALElN,NRECI

20 CONTINUE

READl1, °1 (BICnl,l- 1,NCRI
LNUM-4
BL- 1.0E-8
BH - 100.0
DO 30,NREC - 1,NCR

VI-BIClNRECI
CALL CHECKIBL,BH,VI,LNUM,ALElN,NRECl

30 CONTINUE

READ 11 , °l lBMAXCnl,l- 1.NCRI
LNUM-6
BL- I .0£-2
BH - 1000.0
DO "O,NREC - I ,NCR

VI-BMAXCINRECl
CALL CHECKlBL,BH,VI,LNUM,ALElN,NRECl
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40 CONTINUE

READll. °1 18STANOOI,I- 1.NCRI
LNUM-8
00 6O,NREC - 1,NCR

VI- BSTANOlNRECI
CAU. CHECIt18L.BH,VI.LNUM ,RLElN.NRECI

60 CONTINUE

READl1.01IFDOI.I- 1.NCR)
LNUM-7
BL-lE·l0
BH-l.0
00 eo,NREC - 1.NCR

VI- FDlNREC)
CAU. CHECIt18L.BH,VI.LNUM,RLElN,NRECI

80 CONTINUE

C PASTURE GRASS PARAMETERS
READl1.0) ZKGP,ZSEN
LNUM-8
BL-O,O
BH-l0,O
NREC-l
CAU. CHECIt18L.BH.ZKGP.LNUM,RLElN.NRECI
NREC-2
CALL CHECItIBL.BH,ZSEN,LNUM.RLElN,NRECI
READll,ol BIP,BMAXP
LNUM-ll
BL-1.0E-e
BH-l00,O
NREC-l
CAU. CHECK18L.BH,BIP.LNUM,RLElN,NREC)
NREC-2
CAU. CHECIt18L.BH,BMAXP,LNUM.RLElN.NRECI

C HAY PARAMETERS
READll,ol Z1tGH,BIH,BMAXH
LNUM-l0
BL-O.O
BH-l0
NREC-l
CAU. CHECItIBL.BH,ZItGH.LNUM.FlLElN,NRECI
BL- 1.0E·8
IlH-l00.
NREC-2
CAU. CHECIt18L.BH,BIH.LNUM,F1LElN.NRECI
NREC-3
CAU. CHECIt18L.BH.BMAXH.LNUM,RLElN,NRECI
READll,ol NCUT,rrCUTfll,l- 1,NCUn
LNUM-ll
NREC-l
VI- FlOATlNCun
BL-l
BH-3
CAU. CHECKIBL.BH,VI,LNUM,FlLElN,NRECI
BL-l.0
BH-3116.0
00 70,NREC - 1,NCUT

VI- TCUTlNRECl
CAU. CHECKIBL.BH,VI,LNUM.RLElN.NRECI

70 CONTINUE

C BEEF, MILIt. AND OTHER ANIMAL PARAMETERS
LNUM-12
NREC-l
READl1, °1 RPB.RHB.RGB,RSB,RLB
BL-O.O
BH-l00.0
CAU. CHECK18L.BH,RPB,LNUM,FlLElN,NRECI
NREC - NREC • 1
CAU. CHECKIBL,BH.RHB,LNUM.FlLElN,NRECI
NREC-NREC.l
CAU. CHECK18L,BH.RGB.LNUM,FlLElN,NRECI
NREC - NREC. 1
CAU. CHECItIBL,BH,RSB.LNUM,RLElN,NRECl
NREC - NREC • 1
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CALL CHECKI8L.BH,RlB.LNUM,F1lBH,HRECI
HREC - HREC • ,
READC1,·1 RPM,RHM,RGM,RSM,RLM

LNUM-'3
HREC-'
CALL CHECKI8L.BH,RPM.LNUM.F1lBH,HRECl
HREC-HREC. ,

CALL CHECKlBl.BH,RHM,LNUM.F1lElH,HRECI
HREC - HREC. ,
CALL CHECKI8L.BH.RGM.LNUM,F1lElH.HRECI
HREC-HREC.'
CALL CHECKI8L.BH.RSM.LNUM.F1lElH.HRECI
HREC -HREC.'
CALL CHECKI8L.BH,RlM,LNUM.F1lElN.HRECI
NREC-NREC.'
READC1,·1 RGPl,RSPl,RlPl
LNUM-'4
HREC- ,

CALL CHECKtBL.BH,RGPl..LNUM,F1lElN.HRECI
NREC - HREC • ,
CALL CHECKIBl,BH,RSPl,LNUM.F1LElH,NRECI
HREC-NREC.'
CALL CHECKlBL.BH,RlPl,LNUM.F1lElN,NRECI
READC1,·' RPO,RHHO,RGO.RSO.RLO
LNUM-'6
NREC-'
CALL CHECKIBL.BH,RPO.LNUM,F1lElN,HRECI
HREC - HREC • ,
CALL CHECKIBl.BH,RHHO,LNUM.F1lElN,HREC)
HREC - HREC • ,
CALL CHECKlBL.BH,RGO,LNUM,F1LElN,NRECI
HREC - HREC • ,
CALL CHECKlBL.BH,RSO,LNUM,F1LElN.NRECI
NREC - HREC • ,
CALL CHECKIBL.BH.RLO.LNUM,F1LElH,HRECI

C SOIL AND WEATHERING PARAMETERS
READI',·1 ZKP,ZKW,ZKR,ZKRS
LNUM-lll
HREC- ,

BH-'O.
CAlL CHECKlBl.BH,ZKP.LNUM,F1LElN.HRECI
HREC - HREC • ,
CALL CHECKI8L.BH,ZKW,LNUM.F1lElN,HRECI
HREC - HREC • ,
CALL CHECKIBL.BH,ZKR,LNUM.F1lElH,HRECI
HREC - HREC • ,
CALL CHECKlBL,BH.ZKRS.LNUM,F1lElH.HRECI

READI',"' PSS,PSR.XR,XS
LNUM-17

HREC-'
BL-1.0

BH-'E4
CALL CHECKI8L.BH,PSS,lHUM,F1LElH.HREC)
HREC - HREC • ,
CALL CHECKlBl,BH,PSR,LNUM,F1LElH,HRECI
BL -, .OE-6

BH-'OO.O
HREC- ,
CALL CHECKI8L,BH,XR.LNUM,F1LElH.HRECI
HREC - HREC • ,
CALL CHECKI8L.BH.XS,LNUM,F1LElH,NRECI

READI',·' lALPHAOI.I-' .7)
LNUM-'B
BL-O.O
BH-'OO.O
DO BO,HREC - , ,7

V1-AlPHAlNREC'
CALL CHECKIBL.BH,V1,LNUM,F1LElN,HREC)

80 COHTlHUE

C TIME PARAMETERS
READt' ,.J TlHTM,TT,TSC,TSP.TSl
READI' ,.' TSH,TEC,TR,TI

LNUM-,a
HREC- ,

BL-'.
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8H-TEl.·TSl
CALl. CHECK18L,8H,TlNTM.LNUM,F1LElN,NRECI
NREC-NREC. I
CALL CHECK18L,8H,TT,LNUM.FILElN,NRECI
NREC - NREC • I
8H-200.
CALl. CHECK18L.8H,TSC,LNUM,ALElN,NRECI
NREC - NREC • I
CALl. CHECKl8L,8H,TSl,LNUM,ALElN,NRECI

NREC-I
LNUM-20
CALl. CHECKl8L,8H,TSH,LNUM,ALElN,NRECl
NI'IEC-NREC. I
8H-3e5.
CALl. CHECK18L.8H,TEC,LNUM,ALElN,NRECl
NREC - NREC • I
CALl. CHECKl8L.BH,TEL,LNUM,ALElN,NRECI
NREC -NREC. I
CALl. CHECK18L,8H,TI,LNUM,ALElN,NRECI

C check li....~_.. I.... "",..c...
CALl. TlMECK

8L-O.
READ!I,OI TH8EEF,THMILK,THPOL,THOTHER,THGL,THHAY
NREC-I
LNUM-21
CALl. CHECK18L,BH,THBEEF,LNUM.ALElN,NRECI
HREC -HREC. I
CALL CHECK18L,BH,THMILK,LNUM,ALElN,HRECI
HREC -NREC. I
CALL CHECKIBL,8H,THPOL,LNUM,ALElN,HRECl
HREC - NREC • I
CALl. CHECKl8L,BH,THOTHER,LNUM,ALElN,HRECl
HREC-NREC. I
BH-3aIS-TEC
CALl. CHECKIBL,8H,THGl,LNUM,FlLElN,NRECI
NREC -NREC. I
8H - 3fSIS-TCUTlNCUTl
CALl. CHECK18L,BH,THHAY,LNUM,ALElH,HRECI

READII, °1 NTIMES,CKYEARal,I-I,NTlMESl
LNUM-22
BL-I
8H-600
NREC-I
VI- FLOATlNTlMESI
CALl. CHECK18L.BH,VI,LNUM,ALElN,NRECI
IFCKYEARIII.NE.IITHEN

WRlTElo,ol 'ERROR: FIRST VALUE OF KYEAR MUST BE I'
PAUSE

ENOIF
8H-IEa
00 eo, NREC - 2,HTlMES

IFCKYEARlNRECI.LE.KYEARINREC·IIITHEN
WRlTElo, oJ 'ERROR: KYEAR VALUES MUST BE IN ASSENOING ORDER'
PAUSE

ENOIF
VI- FLOATIKYEARlNRECII
CALL CHECK18L,BH,VI,LNUM,ALEIN ,NRECI

eo CONTINUE

CLOSEII,STATUS - 'KEEP'I
WAITEC3,O)IOKEYW
WRlTEl3,ol 'TIME: ',TT1ME
WRlTEl3, °1 'DATE: ',OOATE
WAITEI3,O) 'TInE: ',TInE
WAITEI3, I 001
WAITEtO,lOOI
WRlTECo ,2001
WRlTElo ,260)
WRlTEl3,200)
WRlTEI3,2601
WAITElo ,°1 TInE
WRlTEI3,3001 (AlPHAU).I- I ,6l,lTVCRI.I- I,NCRI,IZKGCIIl,I- I,NCRI,
1181CRI,I- I,NCRI,18MAXCUI,I-I,NCRI,18STANOUI,I- I,NCRI,
IlFOU),1 - I,NCRI
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WRITEI3,400) SPC,SPC,ZKGH,ZKGP,SPC,
I SPC,SPC,BIH,BIP,SPC,
I SPC,SPC.BMAXH,BMAXP,SPC,
I SPC,SPC,ALPHAUll,ALPHAC7l,SPC,
I SPC,SPC,SPC,ZSEN,SPC,
I RGB,RLB,RHB,RPB,RSB,
I RGM,RLM,RHM,RPM,RSM,
I RGPL.fILPL,SPC,SPC.RSPl.,
I RGO,RLO,RHHO,RPO,RSO

WRITEI3,&OOI NCUT,lTCUTOl.l-l,NCun,TlNTM
WRITEI3,OOOI ZKP,ZKW,ZKR,ZKRS,PSS,PSR.xR,xS
WRITEl3,7001 TT,TSC,TSP.TSL,TSH,TEC,TEL,Tl.THBEEF,THMILK,
ITHPOL.THOTHER,THGL.THHAY

100 FORMATI2X: •••••••••••••••••••• COMIDA ••••••••••••••••••••••'

1I,2X: • A dyn8mic food cI\Iin model lor ... in the MACCS .'
1I,2X: + ,.ector "",-'*ICe code.
1I,2X • + AIttr.JI S. Rood _ Michael L. Abbott

1I,2X:· Id_ N8ti_ Engi.-ina L_etory
1I,2X: + EG&G Id_ PO Box 18261d_ F....
1I,2X: • 1083401.
1I,2X: + V Control Copy
1I,2X: + V 1.01 OCl_ 26, 1113
1I.2X.' •••••••••••••••••••••••••••••••••••••••••••••••••••,)

200 FORMAT(2X: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1- - - - - - - - - - - - - - - - - - - --'
119x: ACKNOWLEDGEMENT OF GOVERNMENT SPONSORSHIP AND'
lib: UMITATlON OF UASIUTY '
112X:
112x, 'TIW meteri. ,.-,jted f,om wort< developed ..- U.S. O....,un
I_of'
1I,2x:en.vv, Office of EnervY ~.ch, DOE FWd Office Id_'
1I,2x,' Contrect N..... OE·AC07·78ID01670:
1I,2x:Neithor the United St•• nor the United St_ Depanment
lofe-vv'
1I,2x:nor ..,. of thei, employ_, m_ ..,. w_onty expr-.ed or
limplied, or'
1I,2x:-...- ..,. leo. liability or ,__bility for the eccu'.
Icy'
1/2x:comlll-t...-, or"""',- of ..,. infonn8tion. _atue, pr
loduet or pr......'
112x:diecloeed, or repr_ tNt ita ... would nor infringe on p
Inv.eIy owned')

260 FORMAT(2x,'rightlo. Subrouti... RK4, RKOC _ OOElNT .. Copyright
IIC) Nunericel'
1I,2x:Reci_ S4ttw... fleproduced by permioIeion from the tJ-. N
lunericel'
1,/2x:Reci_, Cambridge Univereity~:

1/.2x,' - - - - • - - - - - - - - - - - - - - - - •• - - - - - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - - -
1- - - - - - - - _. - - _._'
112x: 'l

..

300 FORMAT(1X: PARAMETER VALUES FOR COMIOA'
l,lX
lI,lX:- CROP VALUES - LEAFY
I ROOT'
11,1 X: GRAINS VEGETABLES
I CROPS FRUITS LEGUMES'
11,1 X:

1.-:-:-::-:::====-:-=::-:-::-:-lI,lX:INTERCEPTION FRAC Im++2JkcI1: ',lPE9.2,lX,lPE9.2,l
IX,lPE9.2,lX,lPE9.2,1X,lPE9.2
lI,lX,'FRACTlON TO EDIBLE PORTlON OF CROP: ',lPE9.2.1X,lPE9.2,l
IX,lPE9.2,lX,lPE9.2,lX,1PE9.2
lI,lX:GROWTH RATE CONSTANT 1d-1l: ',lPE9.2,lX.1PE9.2.1
IX.1PE9.2,lX,lPE9.2,lX,lPE9.2
lI,lX:INITlAL CROP BIOMASS lkgldryllm·+2': ',lPE9.2,lX,lPEI.2.1
IX,lPE9.2,lX,lPE9.2,lX,lPE9.2
lI,lX:MAXIMUM CROP BIOMASS lkgldryl/m++21: ·,lPE9.2.1X.1PE9.2,l
IX,1PE9.2,lX,lPE9.2,lX,lPE9.2
11,1 X:STANDING CROP BIOMASS lkgldryllm++2l: ',1 PEI.2,l X, 1PEI.2. 1
IX,lPE9.2,1X,l PE9.2,lX,lPEI.2
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II, lX:DRY WEIGHT TO WET WEIGHT RATIO:
IX, I PEI.2, I X, I PEI.2, I X,1PEI.21

',1PEI.2, IX, lPEI.2, I

~oo FORMATllX,
1I,1X:- ANIMAL FEED PARAMETERS - GRAINS LEGUMES
I HAY PASTURE- SOIL
11,1 X:
I
l':'"/,':'"'X::-,7'G:::R:::O::WTH=:-:-:RA=T::E~C:::O:::N:":'ST=ANT Id o-·ll: ',.'0 ,.,0
I, lPEI.2, IX, ,PEI.2,.'0
1I,1X:INITIAL CROP BIOMASS lkoCdrl'J/m--21: ',.,0 ,.,0
I, lPEI.2, IX, ,PEI.2,.,0
1I.1X:MAXIMUM CROP BIOMASS lkotdryllm"21: ',.'0 ,.,0
I, lPEI.2, IX, ,PEI.2,.'0
1I,1X:FOUAR INTERCEPTION FMC 1m"2II<o1: ',.,0 ,.,0
I, lPEI.2, IX, ,PEI.2,.'0
1I,1X:SENESCENCE RATE CONSTANT ld-l): ',.,0 ,.,0 ,.,0
I, IX, ,PEII.2,.'0
1/,1 X:ANNUAL AVG BEEF COW CONSUMPTION IkaIdl: ',1 PEI.2, I X, I PEII.2,1
IX, lPEI.2, lX, lPEI.2, IX, lPEII.2
1I,1X:ANNUAL AVG MILK COW CONSUMPTION IkaId): ',1PEI.2,1X, lPEI.2, I
IX, I PEI.2,1X,1 PEII.2, I X, I PEII.2
II, I X:ANNUAL AVG POUlTRY CONSUMPTION IkaIdl: ',1 PEI.2,1x. I PEI.2,.' 0
1,.'0 ,1X,1PEI.2
1I,1X:ANNUAL AVG OTHER ANIMAL CONSUMP lko/dl: ',1PEII.2, lX,1PEII.2. I
IX, I PEI.2, I X, I PEI.2. I X, I PEII.2
II: 0 lno-tion rllta only while onimal ia on paatura'
1I,10XI

&00 FORMATllX'- OTHER FEED PARAMETERS-'
11,1 X:NUMBER OF HAY CUTTINGS: ',12
1I,1X:HAY CUTTING TIMES lJUUAN DAY): ',F•.O, I X,F4.
10,IX,F4.0
11,1 X:SHORT TERM PASTURE INT. TIME FOR MILK Idl: ',1 PEI.2
1,10X
II: 'I

800 FORMATllX:- SOIL PARAMETERS-'
1I,1X:PERCOLATION RATE CONSTANT (d--·ll: ',IPEI.2
1I,1X:WEATHERING RATE CONSTANT (d°-·ll: ',1PEI.2
1I,1X:RESUSPENTION RATE CONSTANT (d"·11: ',1PEI.2
1I,1X:RAINSPLASH RATE CONSTANT (d"'ll: ',1PEI.2
1I,1X:SURFACE SOIL DENSITY lko/m"31: ',1PEI.2
1I,1X:ROOT SOIL DENSITY lko/m"31: ',1PEI.2
1I,1X:DEPTH OF ROOTING ZONE (m): ',1PEI.2
1I,1X:SURFACE SOIL COMPARTMENT THICKNESS 1m): ',IPEI.2
1I,10X)

700 FORMATllX:- TIME PARAMETERS-'
1I,IX:TlME OF TILLAGE UUUAN DAY!: ',F4.0
1/,1X:START OF CROP GROWING SEASON UUUAN DAy!: ',F4.0
11, lX:START OF PASTURE GROWING SEASON UUUAN DAY!: ',F4.0
II, lX:START OF GRAZING SEASON UUUAN DAY!: ',F4.0
1I,1X:START OF HAY GROWING SEASON UUUAN DAy!: ',F4.0
1I,1X:END OF CROP GROWING SEASON UUUAN DAY): ',F4.0
1I,1X:END OF GRAZING SEASON lJUUAN DAY): ',F4.0
1I,1X:TlME OF FALLOUT EVENT UUUAN DAY): ',F4.0
11,1 X:HOLD-UP TIME, BEEF !DAYS): ',F4.0
1I,IX:HOLD-UP TIME, MILK !DAYSI: ',F4.0
II, I X:HOLD-UP TIME, POULTRY !DAY$): ',F4.0
11,1 X:HOLD-UP TIME, OTHER ANIMAL !DAYS): ',F4.0
lI,lX:HOLD-UP TIME, ANIMAl. FEED GRAlN&LEGUME !DAYSI: ',F4.0
1I,1X:HOLD-UP TIME, ANIMAl. FEED HAY !DAYS): ',F4.0
1I,1X: '
1I,IX:UNITS: CROP CONCENTRATION: IlqIkG lwllt weightl'
11,1 X: ANIMAl. FEED COMPARTMENTS: Bq/moo 2 (dry weightl'
II, IX: SOIL COMPARTMENTS: Bq/m"2'
11,1 X: MILK: Ilq-<IIL '

1I,1X: MEAT: 1lq-<I1kcI'1

III RETURN
END

C·······························
CO SUBROUTINE CHECK

c·······························
SUBROUTINE CHECKlBL.BH,vI,LNUM,ALElN,NREC)
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IMPLICIT REAl.°8 lA+I,o-Z1
C Thie ......oudne cMcka v..... ,.tId in INPUTPAA _ MAIN for ..........
C boundincI Ilmi1a. C...... by INPUTPAA _ MAIN

CHAAACTERo,O FlLEIN

1c*1tffic.lion
Pr.... N : COMIDA
Module N : check.f Venion 1.2
Oat.: 1/11/83 nme: 10:01:&3

Ct.-_ldUyw°72

D•• ldUyw rO«'Icheck.f 1.2 1/11/83 10:01:&3\0'/
ldUyw - idUyw
IFM.GE.BL.ANO.V1.LE.BHITHEN

RETURN
ELSE
WfUTElo,1001 LNUM,NREC,FlLElN,V1.BH,BL
PAUSE

ENOIF
100 FOAMATI1X,'ERROR: IN UNE NUMBER ',13,' RECORD ',12,' IN ',.'0

1I.1X,'VALUE OUT OF ACCEPTED BOUNDS'
lI,lX,'INPUTVALUE: ',lPEll.~

1/,1 X,'ACCEPTED UPPER VALUE: ',1 PE11 A
lI,lX,'ACCEPTED LOWER VALUE: ',lPEll.~'

RETURN
END

C·······························
C ° SUBROUTINE T1MECK

c·······························
SUBROUTINE T1MECK
IMPLICIT REAl.°8 lA+I,Q-Z1

C Thie ......ouli... checb the time v";_ ,.tId in INPUTPAA _ ....
C thet the begin _ or. before the _ timee for cr__ iv__

C _ thet the time of occident d_ not OCCI.I' on the ..... d., of the at.-t
C or _ of a llfowlng __on. C_ by INPUTPAA

ldantifleetlon
Proo'''' N : COMIDA
Module N : timack.f Venion 1.3
Oat.: "'1/83 nma: 11 :22:17

INCLUDE 'TIMEPAA.BLK'
Ct.-oct_ idkeyw'72
Data idUyw rOI#ltimack.f
ldk..,.. - idUyw

1.3 1111/83 11:22:1710'/

'.

IFlTSC.GE.TEC1THEN
WfUTEco,ol 'ERROR: TSC CANNOT BE GREATER THAN TEC IN UNE 11.

120'
PAUSE

ENDIF
IFlTSL.GE.TEUTHEN

WfUTECo,o, 'ERROR: TSL CANNOT BE GREATER THAN TEL IN UNE 11.
120'

PAUSE
ENDIF
IFlTSP.GE.TELITHEN

WfUTElo,ol 'ERROR: TSP CANNOT BE GREATER THAN TEL IN UNE 11.
120'

PAUSE
ENDIF
IFlTSL.GE.TELITHEN

WfUTElo,ol'ERROR: TSL CANNOT BE GREATER THAN TEL IN UNE 11.
120'

PAUSE
ENDIF

RETURN
END

c·······························
C ° SUBROUTINE CROPl

C·······························
SUBROUTINE CROP1lTGROW,NM,QTlG,QTlL,Tl1

C Thie .......ouli... c..culat. the c:onc:antration In cr_ for the .,..,
C the occident OCCU',tId.

IMPLICIT REAl. °8 lA+I,Q-Z1
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ldentiflc.tion
Proor_ N : COMIDA
Mod... N : cropl.1 V_on 1.2
D.c.: ",11113 nme: 10:11:38

C NIIDK-NUMBER OF COMPARTMENTS TO BE PASSm TO SUBROUTINE IIDK
C GTlME-TlME £LASPm FROM START OF GROWING SEASON
C FVCIIl-FALLOUT FRACTION TO CROP SURFACE
C Fscal- FALLOUT FRACTION TO CROP SOIL SURFACE
C OTlGlJl-INTEGRATm ANIMAL GRAIN INVENTORY
C OTlLlJI-INTEGRATm ANIMAL LEGUME INVENTORY
C dummy v....... given to BMAX and BSTART to avoid diwion by

C zero in DERIVS
C NM -NUMBER OF MEMBERS IN DECAY CHAIN
C TlG,T1L-ANIMAL FEm INTEGRATION TIMES FOR GRAIN AND LEGUME

PARAMETER CMAXP - 4,NMAX - 32,NCR - 61
C CROPPAR.BLK

COMMON /CROPPARITVC,ZKGC,BIC,BMAXC,BSTAND,Fe
DIMENSION TVCINCRl,ZKGCINCRl,BICINCRI,BMAXCINCRl,FDfNCRl,

IBSTANDINCRl
C CROPNUC.BLK

COMMON ICROPNUCICRC,ZKABC
DIMENSION CRCCNCR,MAXPl,ZKABCINCf\,MAXPl

C CROPSTAT,BLK
COMMON /CROPSTATElOVSC,OSSC,ORSC,OVlC,OFSC,TOC,OTlC,CTOTAL
DIMENSION OVSCINCR,MAXPI,OSSCINCR,MAXP),ORSCINCR,MAXPI

I,OVlCINCR,MAXPI,OFSCINCR,MAXP1,TOCINCR,MAXPI,OTlCINCR,MAXPI
I,CTOTALINCR + 2,MAXPI

C COMPAR.BLK
COMMON ICOMPAP.!lXP.ZKW,ZKR.ZKRS,ZKAD,ZKDE.PSS.PSR,XR,XS.ALPHA
DIMENSION ALPHA(7)

C T1MEPAR.BLK
COMMON mMEPAIVTT,TSC,TSP,TSl.,TSH,TEC,TEL.TI,TlNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL.THHAY
C PLANT.BLK

COMMON /PLANT/ ZKG,CR,THICK,RHO,BMAX,BSTART,GTlME
DIMENSION CRCMAXPI

C ANIMALF.BLK
COMMON /ANIMALF/ PGRAlN,PLEGUME,PHAY
DIMENSION PGRAlNIMAXPl,PLEGUMECMAXPI,PHAYCMAXPI
COMMON IRCONTANTS! Z1 2,Z1 6,221 ,223,Z34,Z3.Z43,D,Zli2
DIMENSION AINMAXI,DIMAXPI,Z3CMAXPI,Z16CMAXPI
DIMENSION OTlGlMAXPl,OTlLfMAXPI,DXlMAXP + II
Character idUyw·72
D~. iduyw rOI'lcrop1.f 1.2 '''11113 10:11:3810'/
iduyw - idUyw
WRlTEI·,ol 'CALCULATING FIRST CALENDER YEAR CROP INVENTORIES'

C Sot minimum and maximum biom_ to dummy v...... Sot julian day COU1ter

C to day of occidenl
BMAX-I.O
BSTART-O.I

C rote c_ont to z_o

262-0.0
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C check TGROW to _ if occident occurred durina growing ..-on lTGROW>OI

IFlTGROW.GT.O.ITHEN
C occidient occurred durina growina __,

XI-O,O
X2-TGROW
Z12-ZKW
Z21 -ZKR+ ZKRS
DO 20.1- 1,NCR

C initi.iz. ~~. v.i.....
DO 40,J - 1,NMAX

AlJl-O.O
40 CONTINUE

ZKG-ZKGCIII
BMAX-BMAXCnl
BSTART - BICal
BSHD - BSTANDal
ALPHAX - ALPHAnl

C colcul~. time .-.pod in growina __on

GTIME-Tl-TSC
C c.lcuote fraction of lollOU! to ¥OIl au'f_ and .oil ourt_

WRITEI4,O) 'CURRENT BIOMASS, FVC AND FVS VALUES FOR CROP' ,I
CALL FALLOUTIFVC,FSC,BSTART,BSHD,GTlME,ZKG,ALPHAXI
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Al1I-FVC
AC21-FSC

C __ lOtion .lOtio vel...

DO SO,J - 1,NM
CRUI-CRCn,JI
Z1 6UI- ZKABCO,JI

SO CONTINUE
CALl RK..SOLVElA,Xl,X2,NMI

C ..... r_ in _et. yorioblo motrix, convert to wet woioht
C end froction dopooitod to odioblo p«tion

DO 8O.,J - 1,NM
K-U'll"S
QVSCO,JI- AI1 + KI"FDUI"TVCOIIBMAXCOI
QSSCO,JI-A(2 + Kl
QRSCO,JI-AC3+KI
QFSCn,JI - AC<4 + KI
QVlCO,JI- A16 + KI+FDUIIBMAXCUI

SO CONTINUE
20 CONTINUE

ENDIF
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C chock TGROW 1« occidont oc....... bel« « eftor growing ..-.

IFfTGROW.LT.O.O.AND.TI.LT.TSCITHEN
C initi..iz. _. yori_

DO 9O,J - I,NMAX
AIJ}-O.O

90 CONTINUE
C run moclol to _ort of growing M...." aetting woathorinQ, r~on
C rei"_ end root upt....._. c__ to zoro. lnital end

C ma biom_ wor. _ to dLmmv y...... of 0.1 end 1.0 et _ort of routine

C All lniti.. f ..lout --.mod to go to aoiI.

A(2)-1.0
ZI2-0.0
nl -0.0
ZKG-O.O
XI-O.O
X2-TSC·TI
SoIy.~ guytl 1111111111111111

CALl RK"SOLVElA,X I ,X2.NMI
did occidont occur bel« tillog. n If aD then diotribut. octiYity

ev.....V botwOWl ou1_ "';1 (SURF) end root zone (ROOTZ) soil comp'-.
01 end 02 •• dLmmv vori_ !hot p_ tho init.. y...... In tho ourf_
aoiI end lobilo .oil to tho I<broutino TlU. Tho rodioVibutod oc:tiYity
ia roturnod in tho yori_ SURF end ROOTZ.

IFm.LT.mTHEN
Dl-AI2)
02 -A(31
CALl TlU(SURF,ROOTZ.Dl,D21
A(2)-SURF

AC31-ROOTZ
ENDIF
now c"cUet. concentrotiono 1« ooc:h food typo given initial aoiI
invontorioo incomp~ A(21, A(31 AND AC<4I, GTIME ia _ to
zoro oinco none of tho growing ......" Me oI00p0d.
Xl-0.0
X2-TEC·TSC
GTIME-O.O
DO 110,1-l,NCR

DO 116.,J-l,NM
QSSCO,J}-A(2+ U-ll+8)
QRSCO,J}-A(3+ U-ll"B)

QFSCO,J} - AI" + U·l }"SI
CONTINUE

CONTINUE
r_ roouopontion,w._ing end .ei"_ r_ c__

Z21-ZKRS+ZKR
Z12-ZKW
initi..iz. activity array

DO lIS, l-l,NMAX
A(I)-O.O

I I B CONTINUE
DO 120,1 - I,NCR

ZKG-ZKGCnl
BMAX-BMAXCn}
BSTART-BIClI)

C

C

116
110

C

C
C
C

C
C
C
C
C
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C

C
C

130
C

_ concentration ratio y..... -.d parwW -.d pr_ eoil i__

DO 130,J-l,NM
CRUl-CRCP,JI
Z1SUI-ZKABCP,J)
04/2 + U·lI°.I- OSSCP,JI
0413 + U-l 1°11- QRSCP.J1
A'" + U-ll+II-OFSCP.J1
CONTINUE

Sol... _ IIl1Y8 1111111111

CALL RK4SOLVElA,X I .X2.NMI
_ NMlIaI in at_ ylti..... mMrix. C-.rl 10 wet weigh!

KtiYity .... ko -.d 8CCOU"Il for wMhing
DO 14O,J-l,NM

OVSCP.JI-AI1 + U·ll°II°l'Onl+TVCPIIBMAXCPI
OSSCP,JI-AC2+ U·ll°11
QRSCP.Jl- 0413 + U·l loel
OFSCP.JI-AI4 + U·lloel
OVlCP.JI-AI6 + U-ll°11°F!>OII8MAXCOI

140 CONTINUE
120 CONTINUE

ENDIF
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C died< if ac:cidenl OCCU'eeI~ Ot-inlI _ m> TECI

IFm.GE.TECITHEN
C put -.. inventory in -..rf_ eoilc_ -.d alcul•• TEND
C which ilIlhe lime to atert of next gr_inlI _

DO 160,1 - 1,NCR
OSSCO.11- 1.0

160 CONTINUE
TEND-386-TI + TSC
ELSE

TEND - 386-TEC + TSC
c++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

C alculet. lot" integreteel ectiYity in cr_ for I ve-
C For ";m" 1_ tOI. ICTOTAL 18.JI -.d CTOTALI7 ,JII, ectiyity ill
C c_eneel beck to dry weight -.d not corrected for tr.....ocetion

DO 166.J-l.NM
CTOTALII.JI- OVSCl1,Jl/lFOl1loTVCll II + OVlCll ,Jl1l'0111
CTOTALC7.Jl - OVSCI6.Jl/ll'Ol6l°TVCI611 + OVlC16,JlII'0161
DXUI-DUI

161 CONTINUE
DO I eo,l - 1,NCR

DO 186,J-l,NM
CTOTALO.JI- OVSCP,JI + OVlCP.JI

I II CONTIN UE
180 CONTINUE

CALL FEEDICTI.T2,OTlG.OTlL,NM.DXI
WFUTEI4, l000110TlGUI,J - 1.MAXPI
WFUTE....20001 IOTlLUI.J - 1,MAXPI

ENOfF
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C C..cuI_ concentratione in ooil comeprtmerlla to next growing .._ f .... "I
C c_. Set r..""".... -.d root upl.... rat. conetanta to rero

Z12-0.0
Z21 -0.0
ZKG-O.O
XI -0.0
X2-TENO

C now c..cuIet. c...-mration in ooil comp..- to begiming of next Ot-inlI
C ...on -.d lIOY. in crop at_ ylti..... motrix. Fim, r_ ectiyity motrix.

DO 210.1- 1.NMAX
API-O.O

210 CONTINUE
C begin 1_ to alculot. Mil _atione ot end of v

DO 220,I-I,NCRC _ lniti.. 1",,__

DO 230,J - 1,NM
Al2 + !J·1I°11- OSSCP,JI
Al3 + IJ·ll+II-ORSCP,JI
AI4 + !J-ll°el-QFSCn,JI

230 CONTINUE
CALL RK4SOLVElA,X 1.X2,NMI

C lIOY. r_ in otot. ylti..... m_

OO 240.J - 1.NM
OSSCO,JI-AI2+ lJ·ll·el
ORSCP,JI-AI3 + IJ·1I°11
OFSCO,JI-AI4 + !J-lloll
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240 CONTINUE
220 CONTINUE

1000 FORMATI1X:INTEGRATED ANIMAL FEED fOTlGI GRAIN ACTIVITIES'
1/,1 X:OTlGlJl ',1 PEI.2,1 PEI.2, 1PEI.2,1 PEI.21

2000 FORMATl1X:INTEGRATED ANIMAL FEED IOTlU LEGUME ACTIVITIES'
11,1 X:OTlLlJl ',1 PEI.2, 1PEI.2,1 PEI.2,1 PEI.21
RETURN

END

c·······························
C· SUBROUTINE CROPH

c·······························
C Thie ......-..e calcuI__8li_ in cr_ f ... N .,... peri'"

CIft.-.
SUBROUTINE CROPHlHM,OTlG,QTlL,T1,T21
IMPLlClT REAL·I CA-H,Q-Z1

C GTIME-lime ....... of g.-ina ........ Mt eq.... to 1.0 ...... no lime ...
C _-.d.
C NM - num.... of ............ in dec:ey cNin
C NRDK - NUMBER OF COMPARTMENTS TO PASS TO THE RDK SUBROUTINE
C QTGlJI-TOTAL ANIMAL GRAIN INVENTORY
C QTlGlJl-INTEGRATED ANIMAL GRAIN INVENTORY
C OTLlJl-TOTAL ANIMAL LEGUME INVENTORY
C OTlLlJI-INTEGRATED ANIMAL LEGUME INVENTORY

PARAMETER lMAXP-4,NMAX-32,NCR-61

ldenlilieation

Progrllm N_: COMIDA
Mod.... N_: cropn.f Venion 1.2
Date: 1111/83 rll1le: 10:21:16

C CROPPAR.BLK
COMMON ICROPPARITVC,ZKGC,BIC,BMAXC,BSTAND,FD
DIMENSION TVClHCRl,ZKGCINCRl,BICINCRJ,BMAXCINCRl,FDlHCRl,

IBSTANDlHCRI
C CROPHUC.BLK

COMMON ICROPHUC/CRC,ZKABC
DIMENSION CRClHCR,MAXPI,ZKABClHCR.MAXPI

C CROPSTAT.BLK
COMMON ICROPSTATElQVSC,QSSC,QRSC,QVlC,QFSC,TOC,QTlC,CTOTAL
DIMENSION QVSClHCR,MAXPl,QSSClHCR,MAXPl,QRSClHCR,MAXPl

I,QVlCINCR,MAXPJ,QFSClHCR,MAXPl,TOClHCR,MAXPl,QTlClHCR,MAXPI
I,CTOTALlHCR + 2,MAXPI

C COMPAR.BLK
COMMON ICOMPARIZKP,ZKW,ZKR,ZKRS,ZKAD,ZKOE.PSS,PSR,XR,XS,AU'HA
DIMENSION AU'HAl7I

C TlMEPAR.BLK
COMMON mMEPARITT,TSC,TSP,TSL,TSH,TEC,TEL.T1,TlNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C PLANT.BLK •

COMMON /PLANTI ZKG,CR,THICK,RHO,BMAX,BSTART,GTlME

DIMENSION CRlMAXPI
COMMON /RCONTANTS! Z12,Z1 6,Z21 ,Z23,Z34,Z3,Z43,D,Z62
DIMENSION AlHMAXI,DlMAXPl,Z3(MAXPI,ZI6IMAXPI
DIMENSION QTlGlMAXPI,QTlLlMAXPI,DXlMAXP+ 11
Chwaet. idkeyw°72
Dati idkeyw rOI'lcropn.f 1.2 1111183 10:21:16\0'1
idkeyw - idkeyw
WRITEl·, oJ 'CALCULATING nTH CALENDER YEAR CROP'

C Mt __ .ate catWt.nl to 1.0

Z62-0.0
GTIME-O.O

C inilillize Olate vwilblee
DO 10,J_l,NMAX

AWI-O.O
10 CONTINUE

C Redistribution f.<Wn tillege ito pwf«med be,... the Olwt of growing ........
DO 20, l-l,NCR

DO 3O,J -I,NM
01 -QSSCn,JI
D2-QRSCn,JI
CALL TlLLlSURF,ROOTZ,Dl,D21
QSSCa,JI-SURF
QRSCa,JI- ROOTZ

30 CONTINUE
20 CONTINUE
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C N_ c.cuI•• c_etiono '0< .- ,_ type gi-. lnitl. eoiI

C i....-on- in c"'"'*'"** AI21, Al31 AND A141.
C"- r-.-.tion w_no ond roirwpleeh ret. conet_

Z21-ZKRS+ZKR
Z12-ZKW
Xl-0.0
X2-TEC·TSC
DO 4O,t - l,NCR

ZKG-ZKGCnl
BMAX-BMAXCnl
BSTART-BICnl

C eM _etion rMio ...... ond Iboorption '0< poronl ond
C progeny_on-

DO 60,.1 - l,NM
CRIJI - CRCn,JI
Z161J1- ZKABCO,JI
AC2 + lJ·lI"B) -OSSCO.J1
A(3 + lJ·ll"BI- QRSCO.J)
A14 + 1J·1 I"BI- OFSCO,JI

C .- crop 1m..... i_on- to ••0 CORRECTION MADE 10/271V2
A(6 + lJ-ll"BI -0.0

60 CONTINUE
C Sol... U- gOlY8 1111111111

CALL RK4SOLVEIA.X1,x2.NMI
C _ r-.n. In et_ ..eri.... momx, cOl'l¥Ort to wet weight

C activity ..... ko ond occount '0< woohlno
DO 80,J - l,NM

OVSCn,JI- A(l + lJ-ll"BI"FDOI"TVCnIIBMAXCOI
OSSCn,JI-AI2+ IJ·ll"BI
QRSCO,JI-A(3+ W·ll"BI
QFSCn.JI-A14 + (J-ll"BI
OV1CO.JI- A(6 + W·ll"B)"FDOIIBMAXCOl

60 CONTINUE
40 CONTINUE
C+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

C c81cuI•• tot. imog,etod ecti..ity in .ocI> crop type begin with onim.
C groin ond log..... 'ood thM •• c_wtod _ to dry weight ond not
C c_octod '0< tr__on

DO 166,J-l.NM
CTOTALI8,JI- OVSCll.JI/(FD(ll"TVCI1Il + OV1Cll,JIIFDI1I
CTOTALl7.JI- OVSCl6,JlIIFDI61"TVCl61l + 0V1Cl6.JIIFD(61
DXIJI-DIJI

166 CONTINUE
DO 180,t-l,NCR

DO 186,J -l,NM
CTOTALO,JI- OVSCO,JI + 0V1Cn.J1

186 CONTINUE
180 CONTINUE

CALL FEEDllTl,T2,OTlG,OTlL.NM.DXI
WRlTE14,10001 (OTlGWI.J -l,MAXPI
WRlTEI4,20001 IOTILIJI.J -l,MAXPI

c ••• + •• + •••• + ••••••••• + •••••••• +.+ •••••• ++ •••••••••••• ++++++++++++++++++
C C.culat. concontretiono in ooil c","pwtrn_ to _ of y•••

C Sot roifWllleeh ond root ""'.... rato conet_ to ••0 '0<
C c8IculMion 10 _ of y•••

Z12-0.0
Z21-0.0
ZKG-O.O
Xl-0.0
X2 - 386· TEC + TSC

C now c8Iculat. _etion in ooil c:ornport_ to _ of y_ ond

C _ in crop at_ ...i.... matrix. Firat, r'" activity motrix.
DO 210,1-l,NMAX

AOI-O.O
210 CONTINUE

C bogin loop 10 c.culOl. ooil concentretiono • _ of y_

DO 220, 1- 1.NCR
C eM inili. i_on-

DO 230.J - l,NM
Al2 + W·ll"SI-OSSCn,JI
AI3 + IJ·ll"SI-OASCII,JI
A14 + IJ-lI"SI-OFSCO.JI

230 CONTINUE
CALL RK4S0LVElA,Xl,X2,NMI

C ...,. reeutta in et~. v.,i8b6e mmix
DO 240,J-l,NM

OSSCII.JI- A(2 + lJ·ll"SI
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OIISCO••Jl-AI3+ lJ-n"SI
OFSCn.JI-Al4+ lJ-ll"SI

240 CONTINUE
220 CONTINUE

1000 FORMATI1X:INTEGRATED ANIMAL FEED (OTIGI GRAIN ACTIVITIES'
11.1 X:OTlGlJl '.1 PEI.2. 1PES.2.1 PEI.2. 1PEI.21

2000 FORMATllX:INTEGRATED ANIMAL FEED (OTIU LEGUME ACTIVITIES'
11,1 X:OTlLlJl '.1 PEI.2.1 PEI.2, 1PEI.2.1 PEI.21
RETURN
END

c·······························
C" SUBROUTINE TILL "

c·······························
SUBROUTINE TlLLISURF,ROOT.Dl.D21
IMPLICIT REAL·S lA-H,O-Zl

C !hie _outi.... ,ed~bul. activity in IIw ..~ mw
Ctill_.
C ZMS - TOTAL MASS IN SURFACE SOIL CDMAPRTMENT lkol
C ZMR-TOTAL MASS IN ROOT SOIL COMPARTMENT Ckol
C SII-SURFACE SOIL RATIO
C RR-ROOT SOIL RATIO
C T-TOTAL ACTIVITY
COl -INITIAL ACTIVITY IN SURFACE SOIL
C02 -INITIAL ACTIVITY IN ROOT SOIL

IcMntification
Prog,.", N : COMIDA
Mod... N : till.t V_on 1.2
Data: 1111"3 Time: 10:22:06

C COMPAA.But
COMMON ICOMPARlZXP,'ZXW.ZKII,ZKIIS.ZKAD,ZKDE,PSS.PSII.XR,XS.ALPHA
DIMENSION ALPHA(7)
Ct.-act. idkeyw·72
Dati idkeyw rO"ltill.f 1.2 1111"3 10:22:0610'/
idkeyw -idkeyw

C CALCULATE TOTAL MASS IN EACH SOIL COMPARTMENT
ZMS-XS"PSS
ZMR-XS"P$R

C CALCULATE MASS SOIL RATIOS
SII-ZMSlIZMS+ZMRl
RR-ZMII/(ZMS+ZMRI
T-Dl +02
SURF-SII·T
ROOT_RR"T
RETURN
END

C·······························
C· SUBROUTINE FEEDI

c·······························
SUBROUTINE FEEDICTI,T2.0TlG.aTlL.NM.DXl

C Thia _outi.... cllculat. the imlll,ated lnimll '-d c_atione
C far IIw currant y... C1'opa

IMPLICIT REAL"8 (A-H,Q.Zl
C NRDK-NUMBER OF COMPARTMENTS TO BE PASSED TO SUBROUTINE fIOK
C OTlGlJl-INTEGIlATED ANIMAL GRAIN INVENTORY
C OT1LlJI-INTEGRATED ANIMAL LEGUME INVENTORY

PARAMETER IMAXP-4.NCR-6l

Identification
Prog,.", N : COMIDA
Mod... N : t_i.f V_on 1.2
Data: 1111"3 Time: 10:23:00

C CROPSTAT.But
COMMON ICROPSTATElOVSC.OSSC,ORSC,OVlC,OFSC,TOC.OTlC,CTOTAL
DIMENSION OVSC(NCR.MAXPl.OSSClNCR,MAXPl,OIISClNCFI,MAXPI

I,OVlC(NCR.MAXPI,OFSC(NCR,MAXP1.TOClNCR.MAXPl,OTlClNCR,MAXPl
I.CTOTALINCR + 2.MAXPI

C TlMEPAII.But
COMMON mMEPARITT.TSC,TSP,TSL,TSH,TEC,TEl.TI,TlNTM,

I THBEEF,THMlut,THPOL.THOTHER.THGL.THHAY
C ANIMALF.But

COMMON IANIMALF/ PGRAlN.Pl..EGUME.PHAY
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C" Prior V... Cr_

DIMENSION PGRAlNlMAXPl,PLEGUMElMAXPl,PHAVlMAXPI
DIMENSION OlMAXP + 1l,QOXlMAXP + 1l,QlXlMAXP + 11,DXlMAXP + II,

ITGAAlNlMAXPl,TLEGUMEtMAXP1,OTlLlMAXPI,OTlGlMAXPl
C1w_ idUyw"72
D•• idUyw rOI'lf~.1 1.2 1118183 10:23:00\0'/
idkeyw - idkeyw
NAOK-NM+l

C·······································
C" Cal""'•• Total Intaor_ cr_ "

C·······································
T-311&
DO 10,I-l,NCR

DO 20..1 - l,NM
OUI - CTOTALO,JI

20 CONTINUE
CALL AOKIT,DX,NAOK,O,QOX,QlXI
DO 3O,J - l,NM

OTlCa,JI- QlXUI
TOCO.JI- TOCa,JI + OTlCO,JI

30 CONTINUE
10 CONTINUE

C prior ya.. cr_

c···························
"C···························

IFIT2.NE.0.ITHEN
C load grain _ log...... into q matrix _ intagr....... ingoetion timo

DO 40,J -l,NM
QlJl- PGAAlNlJl

40 CONTINUE
CALL RDKIT2,DX,NAOK,O,ODX,QIXI
DO 60,J-l,NM

TGAAlNlJI - QlXlJl
OlJl- PLEGUMElJl

&0 CONTINUE
CALL AOKIT2,DX,NAOK,O,QOX,QlXl
DO 70,J - l,NM

nEGUMElJl- QlXlJI
70 CONTINUE

ELSE
DO 80..1 - l,NM

TGAAlNlJl-O.O
nEGUMElJl- 0.0

80 CONTINUE
ENDIF

c···························
C" C.....ant V... Cr_

e···························
C load grain imanton.. into ADK matrix

DO 8&,J - l,NM
OlJl-CTOTALIIl.J1

86 CONTINUE
C ~ grain i""'antory lor hoId-up lima

T-THGL
CALL AOKIT,DX,NAOK,O,QOX,QlXI
DO 10..1 - l,NM

OlJl- ODXlJl
IlO CONTINUE

C N_ intagr•• grain invantorioa lor limo T1
CALL ADKIT1,DX,NAOK,O,QOX,QlXl
DO 1oo,J - l,NM

PGAAlNlJl- ODXWI
OTlGlJl - QlXWI

C _ up matrix lor lag.......

OWI- CTOTALI1,JI
100 CONTINUE

C cIocoy log...... '"",amory lor holdup lima
T-THGL
CALL AOKIT,DX.NROK,Q.QOX,QlXI
DO 120,J-l,NM

OIJI- QOXIJI
120 CONTINUE

C Now intagr•• log...... inventory lor lima T1
CALL RDKIT1,DX,NRDK,Q,QOX,QlXl
DO 130,J-l,NM

PLEGUMElJl- OOXlJI
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OTlLLlI- OlXLlI
130 CONTINUE

DO 140, J -I,NM
OTlGLlI-OTlGLlI + TGFIAlNLlI
OTlLLlI- OTlLLlI + TLEGUMELlI

140 CONTINUE
RETURN
END

c·······························
C 0 SUBROUTINE HAYI 0

c·······························
SUBROUTINE HAYI lTGROWH,NM,KCUT,OTlH,T11

C Thie oubroutine caI.u_ the c...-rtr.aon in hay du'ino the _ oIlhe
C_.
C V8ri_ l.IMd in HAYI Subroutine

C NCUTMAX - MAXIMUM NUMBER OF HAY CVTT1NGS 131
C GTIME-TIME ELASPED FROM START OF GROWING SEASON TO ACCIDENT
C K _ NUMBER OF HAY CVTT1NGS REAMfNING AFTER ACCIDENT
C KCUT _HAY SEASON DURING WHICH ACCIDENT OCCUMED
C KT-CURRENT HAY CUTING SEASON
C KFLAG - FLAG TO INDICAT WHETHER MORE HAY CUTINGS WILL OCCUR AFTER THE ACCIDENT
C OCUTlIC.,JI - ACTIVITY CONCNETRATION IN HAY CVTT1NG K (BOJKG'
C OTHLlI-TOTAl ACTIVITY CONCENTRATION IN HAY l80JKGI
C NRDK - NUM8ER OF COMPARTMENTS NEEDED TO BE PASSED TO ROK SUBROUTINE
C FVH - FRACTION OF FAlLOUT TO HAY SURFACE
C FSH - FRACTION OF FAlLOUT TO HAY SOIL SURFACE

IMPUCIT REALos lA-H,O-Z1

PARAM ETEA IMAXP -4,NMAX - 32,NCUTMAX - 31

ldentific.tion
Progr N : COMIDA
Mod N : hay1.f V..-ion 1.2
Date: 1/18/93 Ti....: 10:24:28

C HAYPAR.BLK
COMMON IHAYPARlZKGH,BIH,BMAXH,NCUT,TCUT
DIMENSION TCUTIO:NCUTMAXI

C HAYNUC.BLK
COMMON IHAYNUC/CAH,ZKABH
DIMENSION CAHlMAXPI,ZKAIlHfMAXPI

C TlMEPAR.BLK
COMMON mMEPARITT.TSC,TSP.TSL,TSH,TEC,TEL.TI,TlNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C COMPAR.BLK

COMMON ICOMPARlZKP,'lXW,'lXR,'ZXAS,ZKAO,ZKDE,PSS,PSA,XA.XS,ALPHA
DIMENSION ALPHAI1l

C HAYSTATE.BLK
COMMON IHAYSTATElOVSH,OSSH,ORSH,OVlH,OFSH
DIMENSION OVSHIMAXPI,OSSHlMAXPI,ORSHlMAXP),OVlHIMAXPI

I,OFSHIMAXPI
C PlANT.BLK

COMMON /PlANT1 'lXG,CR,THICK,AHO,BMAX,BSTART,GnME
DIMENSION CRlMAXPl

C ANIMAlF.8LK
COMMON IANIMAlFI PGFIAlN,PLEGUME,PHAY
DIMENSION PGFIAlNlMAXPI,PLEGUMElMAXP),PHAYIMAXPI
COMMON IRCONTANTSI ZI 2,Z1 6,Z21 ,Z23,Z34,Z3,Z43,D,ZS2
DIMENSION OTHIMAXPI,OTlHIMAXPI,OCUTlNCUTMAX.MAXPI
DIMENSION AINMAXI,DlMAXPl,Z3IMAXPl,Z16lMAXPl
DIMENSION OlMAXP + Il,OOXlMAXP + 1I,OlXlMAXP + 1I,DXIMAXP + 11
Character idkayw 0 72
Data idkeyw rOI#lhay1.f 1.2 1/11/93 10:24:28\0'1
idkayw - idkeyw

C rete conet_ to .ero _ remaining per_... to

C given v"'"
ZS2 -0.0
WAlTEIO,O) 'CAlCULATING ARST CALENDER YEAR HAY INVENTORIES'

NRDK-NM+l
BMAX-BMAXH
BSTART-BIH
TCUTIOI-TSH
KFLAG-O
Z12 -'lXW
Z21 - 'lXR + ZKRS
'lXG-'lXGIi

ALPHAX - ALPHAI81
DO 10,J-l,NM
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CRlJl- CRHlJl
Z16UI-ZKA8HlJl
OTHlJl-O.O
DXlJl-DlJl
DO 20,1- 1,NCUTMAX

OCUTO,JI-O.O
20 CONTlNUE
10 CONTlNUE

DO 40,J - 1,NMAX
AUI-O.O

40 CONTlNUE

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C check TGROWH 10 _If eccident 0CCUTed du'ing 1II'0wing .... lTGROWH>OI

IFlTGROWH.GT.O.ITHEN
C ..,cicIent 0CCUTed during lItowing TGROWH - lime ,-.nna in
C ...._ Ny crop "-I... Nrvwt

Xl -0.0
X2-TGROWH

C c..cui•• g,owing ti............. in ...._ Ny crop
GTlME-Tl·TCUTIKCUT·ll

C cllcui_ ,..lout Irem- b-.d on ...._ bi_
C _ iriti.. _ ..... inc~; Irection 10 "eo ourl_ IFVHI

C in A(1) .ndIrKtion to .oiI ourl_ CFSHI to Al21
CALL FALLOUTCFVH,FSH,BSTART.BMAX,GTlME,ZKG,ALPHAXI

A"l-FVH
AI21-FSH

C Sol". _ g...,. 1tI11111111
CALL RK4SOLVEIA.Xl,X2.NMI

C ..". ,.....,. in atat. "wi... mlltrix and RDK decay mlltrix
C convert to BqJkg dry weight

DO 6O.J - 1,NM
OVSHUI-An +IJ·lloBIIBMAXH

C ,_1 ourl_ ecti"ity to .ero
An + lJ·t)°el-o.o
OVlHlJl-AC6+ U·t)°eIIBMAXH

C ,_ im.nel activity to .ero

Alii + lJ·t)°el-o.o
QCUTlKCUT,JI- QVSHlJl + OVlHlJl
OSSHlJI- AI2 + U·' loel
QRSHlJI-AI3 + IJ·t)°el
QUI-OCUTlKCUT,JI

60 CONTlNUE
C A8aign " to KFLAG. KFLAG ia poeitlv. If mora Ny euttinga
C •• to t pl_ botor tho end of tho y_

IFlKCUT.LT.NCUTITHEN
KFLAG-l

C Docey QCUT and of g,owing ....
T - TCUTINCUTHCUTCKCUTI
CALL RDKlT.DX,NRDK.Q.QDX,QJXI
WRlTElo.o, 'DECAYING FIRST YEAR HAY AFTER ACCIDENT'
DO 80, J- 1,NM

QCUTlKCUT,JI- ODXIJI
80 CONTlNUE

ELSE
KFLAG-·l

ENDIF
WRlTEI4, '0001 KCUT,IQVSHIJI,J - , ,MAXPl.lQSSHUI,J - 1,MAXPI,

I IQRSHUI.J - I .MAXPI.IQVlHlJl,J - I ,MAXPI,IOCUTlKCUT,JI.J -, ,MAXPI

ENDIF

C
C
C

C

C

C
C

C_p•• Tl and TSH ,... eccident OCCU'onco bot....... ofter lI"owing ........
and KFLAG If ..,cicIent OCC\I'Tod during 1_ Ny euttincl period of y_.

IFlKFLAG.GT.O.OR.Tl.LT.TSHITHEN
If TGROWH ia ... than 0 then n.n model to lOt." of g,owing .........

IFlTGROWH.LT.O.ITHEN
celcui81. '''lout f'Kti.... b_ on minim.... bi__

TIME-O.O
CALL FALLOUTIFVH,FSH,BSTART,BMAX,TlME,ZKG,ALPHAX)

Anl-FVH
AI21-FSH
_ g,owth ,ete c__ and 'oli. __ion ,at. c__

to '.0 ,... c"cuiotion 10 lOt." of g,owing ....on
DO 70, J - 1,NM

Z16lJl-0.0
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70 CONTINUE
ZKG-O.O
Xl -0.0
X2-TSH·TI

C Sol".~ guya 1111111111111111
CALl AK4SOLVElA.Xl ,X2,NMI

C .- growth rete corwt_ -.d foil. obeorption rete c_
ZKG-ZKGH
DO 80. J-l.NM

Z1 &CJI- ZKA8HCJI
80 CONTINUE

ENDIF
C now calculete _Mi_ in hey cr.... f. NCUToltCUT number of lim.

C GTIME ;. Mt to '.0 Iinco no or-ino limo f. uch hey or-ino period

C hoa"~.
K-NCUToltCUT
KT-KCUT+l
GTlME-O.O
DO l00.I_l.K

Xl -0.0
X2 - TCUTlKTHCUTlKT·l I

C SoIw~ _"11111111111111
CALL AK4SOLVEIA.Xl,X2.NMI
DO 110,J-l.NM

C Save ourficl. component of hey imtentory in OVSH
OVSHCJI-Al1 +CJ·l1·81IBMAXH

C "- ourfici. imtentory on hey to ,.0; _ intomIl
C component of hey inventory.

All + CJ·ll·81-0.0
OVlHCJI- AC& + CJ·l ,·81IBMAXH

C "- lICUvity inventory IN hey to ,.0 -.d ..... -..1_ -.d Ilbile
C .oiI imtentory

Al& + CJ·ll·81-0.0
OSSHCJI-AI2 + CJ·ll·81
QRSHCJI-AI3+ CJ·ll·81

C aum intwnol _ ourficl. hey inventory

OCUTIKT.JI-OVSHIJl + OVlHCJI
C "' RDK decay matrix oquol to OCUT

OCJl-OCUTIKT.JI
110 CONTINUE

C e- current hey CYllino to _ of hey _

IFlKT.LT.NCUTlTHEN
T - TCUTlNCUTl-TCUTlKn
CALL ROKCT.DX.NRDK,O,ODX.Q1XI
DO 11&, J-l,NM

OCUTlKT.JI- ODXCJI
11& CONTINUE

ENDIF
WRlTEI4, 10001 KT.IOVSHCJI.J - 1.MAXPI.IOSSHCJI.J - 1.MAXI'I.
IQRSHCJI,J - 1.MAXPI,IOVlHCJI.J - 1.MAXPI.IOCUTlKT,JI.J - 1.MAXPI
KT-KT+l

100 CONTINUE
ENDIF

120

See if..,cidont occurred aft. gr_ino_
IFm.GE.TCUTlNCUTlITHEN

put entire inventory in awf_ .oil compartment -.d calcullll. TEND
whtctl ;. t .... timo to tho -.d of tho y_

AI21-1.0
TEND-3S6-TI

ELSE
calculat. concontrMion in hoy from •• CYllingll

DO 120. J - 1,NM
DO 130,1- 1,NCUT

OTHCJI- OTHIJl + OCUTO.JI
CONTINUE

compute ...._ hey inventory f. NCUT CYllino. SlIlup 0 matrix
lor integrMion ";no tho RDK aubroutino

OTHCJl-OTHCJIINCUT
OCJI- OTHIJI
CONTINUE

WRlTE(4, 1&001 10TH (JI.J - 1.NMI
doc:ay hey inv.ntory for hokI-up time

T-THHAY
CALL RDKCT.DX,NRDK,O,QDX,OIXI
DO 13&.J-l,NM

.....•...............................•.............•...............•..

C

C
C

130
C
C

C

C
C
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1<l0

C
C
C

136
C
C

OIJI- OOXIJI
CONTlNUE

inteor.ca My concentr.cion for a lima T1 and ...,. inventory
inPHAY

CALl. RDKlTl.DX.NRDK.O.OOX.QlXI
DO 1<lO,J -l,NM

OTlH IJI- QlXIJI
PHAYIJ1- OOXIJI
CONTlNUE

TEND - 386-TCUTlNCUTl
ENDIF

C Add to TEND, the lima to the lI1art 01 the next growing .......
TEND - TEND + TSH
Calculll1. concantr.ciona in .oil cornaprtnMnlll to beginning of nut growing
......... for all..... ~ foli. ~on and r_ uptab r_ conat_ to
.aro for calcu1.cion to and of ye••

ZKG-O.O
DO 160.J - 1.NM

Z16fJI-0.0
160 CONTlNUE

Xl -0.0
X2-TEND

C now calcul_ cDnOW1lr.cion in aoiI corn~ to bagining 01 next
C growing _on and ..... in My 111_ v";_ matrix.

CAlL RK<lSOLVEI....X l,X2.NMI
C NV. r..utll in 81:81. v.,.iabfe matrix

DO 200.J - 1.NM
OSSHIJI-Af2 + 1J-11·S)
ORSHWI-Al3+ IJ·ll·SI
OFSHIJI-Af<l + lJ-l)·SI

200 CONTlN UE

WRITE(<l.20001 IOSSHWI.J - 1,MAXPI, IQRSH IJ),J - 1,MAXP),
I IOFSHWI,J - 1.MAXP1.IOTlHIJI.J -l.MAXPI

1000 FORMAT(1X.ll:th HAY CUTTING FOR nTH YEAR. HAY INVENTORY IOCUTl DE
ICAYED TO END OF SEASON'
1I.1X:OVSH IJI SOJKG '. lPE9.2. lPE9.2, lPE9.2, lPE9.2
1I.1X:OSSH WI B0IM2 ',lPEB.2.1PEB.2,lPE9.2,1PE9.2
11.1 X:QRSH IJI B0IM2 '.1 PE9.2,1PE9.2. 1PE9.2, 1PE9.2
11.1 X:OVlH IJl BOJKG '.1 PE9.2. 1PE9.2. 1PE9.2. 1PE9.2
11.1 X:OCUT IJI BOJKG ',1 PE9.2.1 PE9.2, 1PE9.2,l PE9.21

1600 FORMATllX:OTH IJ)', lX,lPE9.2. lPE9.2. lPE9.2. lPE9.2,lX:lTotai My cone a
Icone at and 01 growing ..Non 1lqil<Q1'1

2000 FORMATllX:SOIL INVENTORIES AND ONE YEAR INTEGRATED HAY'
1I.1X:OSSH IJI B0IM2 '. lPE9.2. lPE9.2, lPE9.2. lPE9.2
1I,1X:ORSH WI B0IM2 '.lPE9.2,lPE9.2.1PE9.2,1PE9.2
1I.1X:OFlH IJ) B0IM2 '.1PE9.2,lPE9.2.1PE9.2.1PE9.2
1I.1X:OTlH IJI BQ-OIKG '. lPE9.2.1PE9.2. lPE9.2. lPE9.2)

RETURN
ENDC···························....

C· SUBROUTINE HAYN

c·······························
SUBROUTINE HAYNlNM,OTlH.Tl .T21

C Thito .ubroulina calculll1" the Ktivity inventory in My for n y...
C attar the ..cidem
C KT - CURRENT HAY CUTING SEASON
C OCUTIK.JI-ACTlVlTY CONCNETRATlON IN HAY CUTTlNG K IBOJKG)
C OTHIJI-TOTAl ACTlVlTY CONCENTRATlON IN HAY lBOJKGI
C NRDK - NUMBER OF COMPARTMENTS TO BE PASSED TO THE ROt<: SUBROUTINE

IMPLICIT REAl·S IA-H.O·ZI
PARAMETER IMAXP-<l.NMAX-32,NCUTMAX-31

Idantific8tion
Program N : COMIDA
Mod.... N : hayn.l V_on 1.2
Data: 1'19193 Time: 10:26:30

C HAYPAR.BLK
COMMON IHAYPAAlZKGH.BIH.BMAXH.NCUT.TCUT
DIMENSION TCUTIO:NCUTMAXI

C HAYNUC.BLK
COMMON IHAYNUC'CRH.ZKABH
DIMENSION CRHIMAXP1.ZKABHIMAXPI
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C T1MEPAII.BLK
COMMON mMEPNVTT.TSC.TSP.TSL,TSH.TEC.TEL.T1.T1NTM.

I THBEEF.THMILK.THPOL,THOTHER.THGL.THHAY
C COMPAII.BLK

COMMON ICOMPNVlXP;ZXW,ZKR,ZKRS.ZKAD.ZKDE.PSS,PSf\,XR,XS.ALPHA
DIMENSION ALPHAl7l

C HAYSTATE.BLK
COMMON IHAYSTATElQVSH,QSSH,QRSH,QVlH.QFSH
DIMENSION QVSHIMAXPI,QSSHIMAXPI.QRSHIMAXPI.QVlHIMAXPI

I,QFSHIMAXPI
C PlAHT.BLK

COMMON IP'..NITI ZKG.CR,THICK.RHO.BMAX.BSTART,GTlME
DIMENSION CRIMAXPI

C ANIMALF.BLK
COMMON IANIMALF/ PGRAlN.PLEGUME.PHAY
DIMENSION PGRAlNIMAXPI,PLEGUMEIMAXPI,PHAYIMAXPI
COMMON /RCONTANTS! Z1 2.Z1 &,221 ,223.134.Z3.Z43.0.2&2
DIMENSION AINMAXI,DCMAXPI.Z3IMAXPI,Z1 &CMAXPI
DIMENSION OTlHfMAXPI,QTHfMAXPI,QCUTINCUTMAX,MAXPI.THAYlMAXp)
DIMENSION QIMAXP + I I.QDXlMAXP + I I,QJXCMAXP + I I.DXlMAXP +'1
Ct...et. idUyw·72
D•• idUyw rOIl)hayn.f 1.2 '''11113 10:26:3010'/
idkeyw - idkeyw
WRITEI·,·1 'CALCULATING nTH CALENDER YEAR HAY INVENTORIES'

C initialize ae:tivity matrix and ,•• corwt_ 10 ••0

2&2-0.0
NRDK-NM+l
DO 10.J - 1.NMAX

AIJ)-O.O
10 CONTINUE

C _ initial and maximum biom_ and a,_1tt ,•• c__

C _ TCUTIOI equal 10 the 81art of the hay a'-ina _
BMAX-BMAXH
BSTART-BIH
TCUTIO) - TSH
Z12-ZKW
221 -ZKR+ ZKRS
ZKG-ZKGH

C _ initial invent..... concentration l.et_ and loll. Mleorption
C ,•• c__

DO 20,J - 1,NM
AI2 + lJ-l)·SI-QSSHlJl
AI3 + lJ-ll·S) -QRSHlJI
AI4 + lJ·ll·SI-QFSHIJI
CRlJl- CRHlJl
Z1 &lJ) - ZKABHlJl
QTHlJl-O.O
DXIJI-DlJ)
DO 30,1- 1.NCUTMAX

QCUTn••l)-O.O
30 CONTINUE
20 CONTINUE

C now calaA__atione in hay crop for NCUT number of Iimee

C GTIME ia _ 10 ,.0 ai.- none of each hay a,-ina _on lime haa al-e
GTIME-O.O
KT-l
DO 100,1- 1.NCUT
Xl -0.0
X2-TCUTlKTl-TCUT(K.T-l1

C Sol.... !hoM aur- 1111111111111111
CALL RK4S0LVElA.Xl,X2.NMI
DO 1'O,J-',NM

OVSHIJI- AI1 + IJ· I '+BIIBMAXH
C reaeI ecIi...ity inventory ON hay 10 ,.0

AI1 + IJ·,,·SI-O.O
OVlHIJI- Al& + IJ-1)·BIIBMAXH

C ,_ acIi...ity inventory IN hay 10 ,.0

A(& + IJ-l I·B) -0.0
QSSHIJI - A(21
QRSHIJI-AI31

C ...." lalal inventory and _ equal 10 RDK decey matrix

OCUTIKT.Jl-OVSHlJl+OVlHWI
OWl - OCUT(K.T,JI

110 CONTINUE
C dec.,. OCUT 10 end 01 ....y a,awing __

IF(K.T.LT.NCUTITHEN
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T • TCUTlNCVTHCUTlKTI
CAU. AOKlT,DX,NROK,Q.QOX.QlXI
DO 116,J-l,NM

QCUTlKT.Jl-QOXlJl
116 CONTINUE

ENDIF
WRITE14,10001 KT,IOVSHCJI.J -l,MAXPI,(QSSHlJI.J -l,MAXPl,
IQRSHlJl.J -l.MAXPl,IQVlHlJl.J -l.MAXPl.lQCUTlKT.JI.J -l,MAXPl
KT-KT.l

100 CONTINUE
C-- _ of My _IIti.. c.lcul1Iti_
C Now ..... _ My crOll in 1M "eri... QTH

DO 120. J-l,NM
DO 130,1 - 1.NCUT

QTHlJl- QTHlJl + QCUTp.JI
130 CONTINUE

C __ My inv-...y with number of cunino ond eel Q m8trix for cIec-v c.IcuIati..

QTHlJI- QTHlJllNCUT
120 CONTINUE

WRlTEl4, 16001 IQTHlJl,J - l,NMI
C++.++++++++++++.+.++++++++++++++++++++.+++++.+
C Integr•• prior _ My ilWWWory

IFlT2.GT.0.1THEN
DO 140,J-l,NM
OW-PHAYlJl

140 CONTINUE
CAU. AOKlT2,DX,NIIDK,Q,QDX,QlXl
DO 16O,J-l,NM

THAYlJI-QlXlJl
160 CONTINUE

ENDIF
C Docey cwrWll y... My concemrlltion for hoId-up limo

DO 180, J-l,NM
QlJI- QTHlJl

180 CONTINUE
T-THHAY
CAU. IIDKlT,DX,NIIDK.Q.QOX,QlXI
DO 170.J -l.NM

QlJl- QOXIJI
170 CONTINUE

C intogrot. My concontrllti., for • limo Ti _...,. irwontory

C inPHAY
CAU. ROKlTl,DX,NAOK.Q,QOX,QIXI
DO 176,J -l.NM

QTlHlJl-QlXlJl
PHAYlJl- QOXlJl

176 CONTINUE
C coIcuI_ tot. iMogrotod IrwWllory

DO 180.J -l.NM
QT1HlJl- OTlHlJl + THAYlJl

180 CONTINUE
c++++++++++++++++++++++++.+++++++++++++++++++++++++++

C Colculot. concontroti_ in IOiIcom~ to bocllnnincl of nut
C My growing....... Sot root upt..... _ folior oboorpti.. ,m conot0nt8
C to zoro.

TEND - 386-TCUTlNCun + TSH
ZKG-O.O
DO 186, J-l.NM

Z16IJI-0.0
186 CONTINUE

Xl-0.0
X2-TEND

C now coIcuiot. concontrotion in IIOiIcom~ to boginning of next growing
C eo..., ond ...,. ,,01.... in My otot. "eri... mOlrix.

CAU. 1IK4SOLVElA,Xl,X2,NMI
C ...,. .....ta in alot. " ..i... m.trix

DO 200.J - l,NM
QSSHlJl- A(2. lJ-ll+81
QIISHlJl-AI3+ lJ-l1081
QFSHlJl-AC4 + lJ·l1081

200 CONTINUE

WRITEI4,2000IIQSSHlJl,J -, ,MAXPl.IQIISHlJl.J - l,MAXPl.
, IQFSHIJl.J - , ,MAXPl.IQTlHlJl,J -, ,MAXPI

1000 FOIIMATI1X.ll:th HAY CUTTING FOil nTH YEAII. HAY INVETOIIY IQCun DEC
IAYED TO END SEASON'
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1/.1X,'OVSH WI
1/.1 X,'OSSH lJI
1/.1 X,'QRSH lJI
1/.1 X,'OVlH WI
1/.1X,'OCUT lJI
l<Iot .._1'1

'.1 PEI.2.1 PEll.2. 1PEI.2. 1PEI.2
'. 1PEll.2. 1PEll.2.1 PEI.2,1 PEI.2
'.1 PEI.2. 1PEll.2.1 PEI.2.1 PEI.2

'.1 PEI.2.1 PEI.2. 1PEI.2,1PEI.2
'.1PEI.2.1PEI.2,1PEI.2,1PEI.2,1X,'ldKaYed to ..

1&00 FORMATl1 X,'OTH lJI·.1 X. 1PEI.2. 1PEI.2.1 PEI.2.1 PEI.2. 1X,'CNy cone a
It and of gr_ina _ with no decay lor hDIcklp limel'l

2000 FORMATt1X,'SOIL INVENTORIES AND ONEYENI INTEGRATED HAY'
1/.1 X,'OSSH lJl ',1 PEI.2. 1PEI.2. 1PEI.2. 1PEI.2
1I.1X,'QRSH WI '.1PEI.2.1PEI.2.1PEI.2.1PEI,2
1I,1X,'OFlH WI ·.1PEI.2.1PEI.2.1PEI.2.1PEI.2
1/.1 X,'OTIH lJl ',1 PEI.2.1 PEI.2, 1PEI.2.1 PEI.21

RETURN
END

C·······························
C· SUBROUTINE PASTURE1

c·······························
SUBROUTINE PASTURE1lTGROWP.NM.OTIP,OIPS.QSnP.OSTISl

C TlW 8UbrDUtina c:alculat. the c....-ati..... Inp_ lor the fifWt
C 386 d..,. loll_Ina the accident.

IMPLICIT REAL·8 fA-H.O-z)
C GTIME-TIME ElASPED FROM START OF GROWING SEASON
C OSTIPWI- SHORT TERM INTEGRATED PASTURE ACTIVITY Onduding Mill lBQ-OIKGI

PARAMETER lMAXP -4.NMAX - 321

ldantilicati.....
Program Name: COMIDA
Module Name: p-..a1.1 V...i..... 1.2

Data: 1/111/93 nme: 10:27 :28

C PASTPAR.BLK
COMMON IPASTPARlZKGP.BIP,BMAXP.ZSEN

C PASTNUC.BLK
COMMON IPASTNUC/CRP.ZKABP
DIMENSION CRPlMAXPI,ZKABPIMAXPl

C PASTSTAT.BLK
COMMON IPASTSTATElOVSP.OSSP.QRSP.OVlP.OFSP
DIMENSION OVSPlMAXPI.OSSPIMAXP1,QRSPlMAXPI.OVlPlMAXPl

I.OFSPtMAXPI
C COMPAR.BLK

COMMON ICOMPARlZXP.ZKW.ZKR.ZKRS.ZKAD.ZKOE.PSS.PSft.XR.XS.ALPHA
DIMENSION ALPHAC7l

C TIMEPAR.BLK
COMMON mMEPARITT,TSC.TSP.TSL.TSH.TEC.Ta.TI.TINTM.

I THBEEF.THMILK.THPOL.THOTHER,THGL.THHAY
C PLANT.8LK

COMMON IPLANTI ZKG.CR.THICK.RHO.BMAX.8START.GTIME
DIMENSION CRlMAXPI
COMMON IRCONTANTSI Z12,Z16.Z21.Z23.Z34.Z3.Z43.D.Z62
DIMENSION AlNMAXI,DlMAXPI.Z3lMAXPI,Z16lMAXPl

I.OTIPIMAXP1.OIPSIMAXPI.OSTIP(MAXPI,OSTISIMAXPI
CMaeter idkayw·72
Data idkayw rCP("p-..e1.f 1.2 1/11113 10:27:28\0'1
idkayw - idkayw
WRlTE(·.·J 'CALCULATING ARST YENI PASTURE AND SOIL INVENTORIES'

C initialize atate ven_
00 10.J -l.NMAX

AWI-O.O
10 CONTINUE

C Set initial val lor waetharing and r--m"'" rata c__ and

C concentrati ratio val... and "pha v.... to ALPHA17I.
Z62-ZSEN
DO 20.J _1.NM

CRW - CRPlJl
20 CONTINUE

Xl-O.O
Z12-ZKW
Z21-ZKR+ZKRS
BMAX-BMAXP
BSTART-BIP
ALPHAX - ALPHA171

c •••••••••••••••••••••••••••••••••••••••••••••••••••
C • CASE 1: Accident Occurred Oiling Gr_ina So_ •
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C .... Before Grazing Se_
C •••••••••••••••••••••••••••••••••••••••••••••••••••

IFfTGROWP.GT.O.AHD.Tl.LT.TSUTHEN
ZKG-ZKGP
162-0.0

C eIlCliM. ti......-.cI in growing .
GTlME-Tl·TSP

C ellCliMe llIlour Ir-m-
CALL FALLOVTIFVP,FSP,BSTART,BMAX,GTlME.ZKG,ALPHAX)
AC1)-FVP
A(2)-FSP

C eM IoN. lIbeorption rM. e__

0030..1 -l,NM
Z15WI- ZKABPlJl

30 CONTlNUE
C ...CliM. e-Uetion on p-..n to the .un of the grazing .......

X2.-TSL·Tl
CALL RX4SOLVEIA,X1,X2••NMI

C eM X2b to lhe d"etion 01 the 11__ graing.-
C ........ integr..... y~one~.

X2b-TEL·TSl
GTlME-X2.
00 liO,J - 1.NM

AUI+W·l)"SI-O.O
AIS+W·ll"S)-O.O

50 CONTlNUE
C CliMe Ihort lerm imegrMed p.-nn e_etion .... liv_oclr.
C on~. eoncentretion

CALL SHORTINM OSTlP.OSTlSI
CALL RX4SOLVE Xl.X2b.NMI

C Sev. p.-nn r-..lle in imegrMed lItM. yerillble com..-...ms
00 SO.J - 1.NM

OTlPlJ) -lAle + W·ll"SI + ,illS + lJ-ll"SII
SO CONTlNUE

C RWl model lor the _rowing ......... Only root upt loli.
C lIbeorption ret. __ .. _ to .ero ..... w._ng ....

C ,--mon ... oeCU' 'I•• ,0U'ld.
ZKG-O.O
Z62-ZSEN
DOIO.J-l.NM

Z15lJl-0.0
1IO CONTlNUE

X2e-38li-TEL+TSP
CALL RX4SOLVE.....Xl.X2e.NMI

C . AWl model from the lIt~ 01 the growing _ to the .... of the
C eccident .,_. Sev••oil inYent_ in lItMe yerillble m_. Set
C ZSEN to .ero .... ,.., model only if X2 Ie 0"'- then "'0

162-0.0
DOloo.J-l.NM

Z151JI- ZKA8PWI
100 CONTlNUE

ZKG-ZKGP
GTlME-O.O
X2-Tl·TSP
IFlX2.GT.O.ITHEN

CALL RX4SOLVE.....Xl,X2.NMI
ENDIF

C ..... imegreted 8011 ,....te
00110..1 -l,NM

OlPSlJl-A17 + W'lI"Sl/lPSS"XS)
110 CONTlNUE

ENDIF

c •••••••••••••••••••••••••••••••••••••••••••••••••••
C " CASE 2: Accident Occurred During Graing s.- "
c •••••••••••••••••••••••••••••••••••••••••••••••••••

IFfTGROWP.GT.O.AHD.Tl.GE.TSllTHEN
ZKG-ZKGP
162-0.0

C ...CliMe ti........,..., in growing .._

GTlME - T1-TSP
C ellCliet. llIlout frecti.".

CALL FALLOUTIFVP,FSP.BSTAAT,BMAX.GTlME.ZKG.ALPHAXI
AI1l-FVP
AI21-FSP
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C _ 100. -.mon ret. corwt_
DO 120.J-l.NM

Zl &1J1- ZXA8PIJI
120 CONTINUE

C Sat X2. ttl the r of the U_ock grilling _

X2.-TEL·TI
C eMcuI_. _ term intacIo'_ed _ c_ation end U-ock
C _ ~. concentration

CALl. SHOIITlNM,A.QSTlP,QSTlSI
CALl. IIK4SOLVEIA,Xl,X2.,NMI

C ~.~ in the intaortlled at.. "tlriabIa INCrix

C P "eg " ....... returned in unit8 of 8q-O/ka
DO 14O.J-l.NM

QTlPCJI-lAlll + 1.1-11·" + A(B + lJ·1I·'"
140 CONTINUE

C lIun modal lor the ntln1lrowing ..-.
ZKG-O.O
Z52-ZSEN
DO l&O,J-l.NM

Z16lJl-0.0
1&0 CONTINUE

X2b-3116-TEL+ TSP
CALl. 1IK4S0LVEIA,Xl.X2b,NMI

C lIun modal from the tltort of the growing _ ttl the Mort of the
C nut IIv_ock __

Z52-0.0
GTIME-O.O
DO 1110,J-l,NM

Z161J1- ZXA8PCJ)
1110 CONTINUE

ZKG-ZKGP

X2c - TSl.·TSP
CALl. RK4S0LVEIA,X l,X2c,NMI

C r_ integrated ~. comp.-.
00 170, J- I,NM

AlII + lJ·1)·'I-O.O
AlB + IJ·l1°SI-0.0

170 CONTINUE
C Run modal Irom the tltort of the r;.,_ock _ to the end

C of the tlCcidant V-·end ..... r_. "-form integration
C only If X2 ie gr._ thorl ZWtl.

X2-Tl·TSl.
~ I GTlME-X2c

IFlX2.GT.O.ITHEN
CALl. RK4S0LVEIA,Xl,X2,NMI

ENDIF
C S- integrated tloiI end _ ~

DO 180.J-l,NM
QlPSlJl-AO + lJ·l)o.lIlPSSoXSI
QTlPlJl- QTlPlJl + lAlll + lJ·l )OBI + AI' + lJ'llo,"

lBO CONTINUE
ENDIF

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C ° CASE 3: Acc:idanl Oceurw Befor. or Aftet Growing Sa-. °
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

IFlTGROWP.LE.O.O)THEN
C c..culat. 1..lout Iraction btltlad on mi.......... biom_ end no growth

GTIME-O.O
CALl. FALl.OUT(FVP,FSP,BSTAIIT.BMAX.GTlME,ZKG.AL.PHAXI
A(1) - FVP
AI21-FSP

C Comput. time to run modal dwing -..growing _tltlOft

IFm.GE.TEllTHEN
X2.-3116-TI + TSP

ELSE
X2.-Tsp·TI

ENDIF
C run modal ttl atort tll growing __ tltltting ._ UPt.... end

C lali. _ption rtlt. _ant ttl zwo.
DO 200,J - l,NM

Z16IJI-0.0
200 CONTINUE

ZKG-O.O
C Sol". thoatl guys 1111111111111111

CALl. RK4S0LVEIA,Xl,X2.,NMI
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C

C

260
C
C
C

C .- c.cuI_ concenlrMi_ in~. 10 lha al-.t of U__

C graing _ given lha Initi. aoil Inv_on- in compMlmonl8

C A121. AI31 AND AC4I. GTIME ;. kepi III .oro ............. of lha or-inoC __ tw."MI*I

ZKG-ZKGP
Z62-0.0
DO 210.J-l.NM

Z1 6lJI- ZKABPlJl
210 CONTINUE

X2b-TSL·TSP
CALL AK4SOLVE\A.X1,X2b,NMl

C now c81cu1_ for inYonlon- 8nd Inlegr8lOd _ounla for lha fi__

C g,aino __~ lha inlOgrllled ~on compMlmonl8 10 ..0

C ...... lha no ingeetion tw. I ..... pl_ 8nd GTIME 10 grow1h for~.

GTlME-X2b
X2c - TEL·TSL
DO 220,.1 - 1.NM

AIlI + lJ·l 1·11-0.0
All + lJ·l 1·11-0.0

220 CONTINUE
CALL SHORTCNM.A.OST1P,OST1S\
CALL RK4SOLVE\A.Xl,X2c,NMI
_ inlogrOled~ ,_ In alOle vlri_ mOlrix

DO 260,J - 1,NM
OTlPlJl- CAlI + lJ·l 1·1\ + All + tJ·l 1·811

CONTINUE
R.., model 'or lha ,emaining limo in lha ...- yoor Mlling lI'_lh
,alo COfWlonl 8nd foil. _plion '01. cOfWlotllll 10 .oro 8nd eon '01.

corwtenr to given velue
X2 - 316-lX20 + X2b + X2cl
ZKG-O.O
Z62-ZSEN
DO 280.J-l,NM

Z16lJI-0.0
280 CONTINUE

C portorm integ,Mion only if X2 io g,._ !hen .oro
IFlX2.GT.0.ITHEN

CALL AK4SOLVE\A.Xl ,X2,NMI
ENDIF
_lha Integ,OIed ooit,-.IIo

DO 270, J -1,NM
QlPSlJl-A(7 + lJ·ll·8I1cPSS·XSI

270 CONTINUE

ENDIF
C NY. iIwolon- in~ alOl. v.i-.

DO 280,J-l.NM
OVSPlJl- A(1 + lJ·l 1·8)
OSSPUI-At2+ U·1I·11
ORSPUI-AI3+ U·1J·81
OFSPIJI-AC4 + U·ll·IJ
OViPUI-A(6+ (J·ll·"

210 CONTINUE

WRITE14,1000\ IOVSPIJI.J - 1,MAXPl,tOVlPlJl,J - 1.MAXPI,
1l0SSPlJI.J - 1,MAXPI,tORSPlJ),J - 1.MAXPI.IOFSPlJ\.J - 1,MAXPI

1000 FORMATllX:PASTURE INVENTORIES AT THE END OF ONE ACCIDENT YEAR'
1I,1X:OVSPIJI " lPEI.2. lPEI.2, lPEI.2, lPEI.2
1I,1X:OVlPUI ',1PEB.2, lPEI.2, lPEB.2, lPEI.2
1I,1X:OSSPlJl ',1PEI.2. lPEI.2, lPEI.2, lPEI.2
1I.1X:ORSPtJI ',1PEI.2, lPEI.2. lPEI.2, lPEB.2
1I,1X:OFSPlJI '. lPEI.2. lPEI.2, lPEI.2, lPEI.21
Z62-0.0
RETURN
ENDC·······························

C· SUBROUTINE PASTUREN

c·······························
SUBROUTINE PASTURENtTGROWP,NM,OTlP,QlPS\

C Thio .....oulino c81culOl. lha conconl,Mion in~..o for lha any
C 3116 dey period following lha _.

IMPLICIT REAL·B CA-H,D-Zl
C GTlME-TlME ELASPED FROM START OF GROWING SEASON

PARAMETER lMAXP-4,NMAX -32\
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IdentifiC8lion
Proor.... N_: COMIOA
Module N_: p-..en.f V_on 1.3
0..: 1/18113 r....., 10:28:17

C PASTPAR.8LK
COMMON JPASTPAlllZKGP,81P,8MAXP,ZSEN

C PASTNUC.8LK
COMMON JPASTNUClCRP,ZKABP
OIMENSlON CRPlMAXP',ZKAIlPIMAXPI

C PASTSTAT.8LK
COMMON JPASTSTATElOVSP,OSSP,QRSP,OVlP,OFSP
OIMENSlON OVSPlMAXPI,OSSPlMAXPI,ORSPlMAXPI,QVlPlMAXPI

I,QFSPlMAXPI
C COMPAR.8LK

COMMON /COMPARfll<P,7XW,ZKR,7XRS,ZItAO,7XOE.PSS,PSR.XR,XS,ALPHA
OIMENSlON ALPHAl7l

C TIMEPAR.8LK
COMMON mMEPARITT,TSC,TSP,TSl.TSH,TEC,TEL.TI,TINTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C PLANT.BLK

COMMON IPLANT/7XG,CR,THICK,RHO,BMAX,BSTART,GTlME
DIMENSION CRlMAXPI
COMMON IRCONTANTSI ZI2,ZI6,Z21,Z23,Z34,Z3,Z43,D,Z62
DIMENSiON AlNMAXl,OlMAXPI,Z3lMAXPl,ZISlMAXPl

I,OTIPlMAXPI,OIPSIMAXPI
Ch.._ idkeyw'72

Det. iduyw r@I')p.etu'en.f 1.3 1/18113 10:28:17\0'/
idkeyw - idkeyw
WRlTEr','1 'CALCULATING nth YEAR PASTURE ANO SOIL INVENTORIES'

C IMillliz. etMe ven_
DO IO,J - l.NMAX

AWI-O.O
10 CONTINUE

C Set inililll vIII... for weathering _ .-.-mon r_ c _
C concentrelion relio v...... Set _...- rete __ to &.0 _

C "pile v..... to ALPHAl71 _ iMi. invent.... incorn~ ,

DO 20,J _ I,NM

· CRW)- CRPlJ)
· All + lJ-I,"SI-QVSPlJI
· AI2+W·II·SI-QSSPIJI

A(3 + W-I I'S)-QRSPWI
AI4 + IJ·IJ·SI-QFSPlJ'
A16 + W-II'SI-OVIPWI

20 CONTINUE
XI -0.0
ZI2-7XW
Z21 -ZKR+7XRS
BMAX-BMAXP
SSTART-BIP

C •••••••••••••••••••••••••••••••••••••••••••••••••••

C • CASE I: Accident Oca.nocl Owing Gr_ing Seaeon •
C _ Befor. Grcing Seaon
C •••••••••••••••••••••••••••••••••••••••••••••••••••

IFITGROWP.GT.O.AND.TI.LT.TSLITHEN
7XG-7XGP

C c.lculet. lime .""PlOd in Growing Naon
GTlME-TI-TSP

C _ foli.. _orpllon ret. c__

DO 30,.) - I,NM
ZI 6IJI- ZKABPIJI

30 CONTINUE
C c.lculet. concentrelion on p-... to the etert of the Grcing _.

X2.-TSL-TI
CALL RK4S0LVElA,XI,X2.,NMI

C Nt X2b to the dll.lion of the /iv_ock grcing ...on _ GTIME to X2.
C _ de.. intooretocl v_t.tion com~.

GTIME-X2.
X2b-TEL-TSL
0050,J-l,NM

Al8 + IJ-II·81-0.0
AIS + IJ-II·SI-O.O
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&0 CONTINUE
C calcu1ete li,,_ock _ ~.... C...-.lretion

CALL RK4SOLVElA.X1.X2b.NMI
C Seve~.... .-oAb ini~_ etet. "eri_ compenm.a

DO 8O.J - 1.NM
QTlPCJI-lA«lI+ CJ·l)·'1 +AI8+ CJ·ll·'))

80 CONTINUE
C Run model for lhe nOl'>1II'_ing _. The__ ret. conet_ ie

C -.igned lIw"... of ZSEN.
ZKO-O.O
Z62-ZSEN
DO 1O,J-l.NM

Z16CJI-0.0
10 CONTINUE

X2c - 386-TEL + TSP
CALL RK4S0LVElA,X1.X2c.NMI

C Run model from lIw etert of lIw llr_ing __ to lIw end of lIw

C eecident y... Seve eoil invent_ in et_ "eri_ mlllrix. Set
C lIw GTlME "eri_ to zwo IIinca no pert of lIw gr_ing _ .. eI--'

GTIME-O.O
Z62-0.0
DO l00.J-l,NM

Z1 6CJI- ZKABPCJl
100 CONTINUE

ZKG-ZKGP
X2-Tl·TSP
IFlX2.GT.0.ITHEN

CALL RK4S0LVElA,X1,X2,NMI
ENDIF

C ..". integr_ eoil r-..l1a
DO 110,.1 -1.NM

QlPSCJI- A(7 + CJ·11·'"lPSS·XSI
110 CONTINUE

ENDIF

c •••••••••••••••••••••••••••••••••••••••••••••••••••
C • CASE 2: Accident Occwred During Orcing s.- •
c •••••••••••••••••••••••••••••••••••••••••••••••••••

IFlTGROWP.OT.O.AND.TI.GE.TSLITHEN
ZKG-ZKGP

C celculet. time e1--' in llr_ing .._
GTIME - TI·TSP

C _ foli. -.mon rete conet_

DO 120,.1 -1.NM
Z1 6CJI- ZKABPCJI

120 CONTINUE
C Set X2. to lIw ........- of lIw li~ock Il"uing __

X2.-TEL·TI
C calcu1ete livwtock __ p..,.... concwttretion

CALL RK4SOLVElA,Xl.X2.,NMl
C ..". p..,.... r-..l1a in lIw integr_ eteta "eri_ matrix

DO 140.J-1.NM
OTlPCJI-lAI8+ CJ·11·II+AI8 + CJ·1)·'))

140 CONTINUE
C Run model for lhe _r_inll __•

ZKG-O.O
Z62-ZSEN
DO 160,J - 1,NM

Z16CJI-0.0
160 CONTINUE

X2b - 386-TEL + TSP
CALL RK4SOLVElA,X1,x2b,NM)

C Run model from lIw etert of lIw gr_ing _ to lhe etert of lIw
C next li,,_ock _-. Set GTIME to zwo for begining of llr_ing .._

Z62-0.0
GTIME-O.O
DO 180,J _ 1,NM

Z16CJI- ZKABPCJI
180 CONTINUE

ZKO-ZKGP
X2c-TSL·TSP
CALL RK4SOLVElA.X1.X2c.NMI

C ..- int__~.... compenm_

DO 170, J- 1,HM
AI8 + CJ·ll·I)-O.O
All + «J·1l·II-O.O
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170
C
C

CONTINUE
Run model from the IOtwt of the IivMtock _ to the end
of the ..,_ y•• end __ ,_

X2-Tl·TSl
GTlME-X2c
IFlX2.GT.0.ITHEH

CALl RK4SOLVElA.Xl.X2,NMI
EHOIF
001S0,J-l,NM

OIPS(JI-A(7 + U·l'·SI/IPSS·XSI
OTIPUI- OTlPUI ... 1A11l + U·11·SI ... All + Ll-1'·lll

180 CONTINUE
EHOIF

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C " CASE 3: Ac_ Oc",,", Befor. or AAM G,_lno Se_ •
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

C

C

C

C
C

260
C

C

C
C
C

IFlTGROWP.LE.O.OITHEH
GTIME-O.O
Z62-ZSEH
Compute time to run model during not>1I'-lno _

IFm.GE.TELITHEH
X2. - 3116-TI + TSP

ELSE
X2.-TSP-TI

EHOIF
run model to IOtwt of gr_lno .._ Mtting root upt8b end

roli. act.orption rate conatlll1t to z.,o.
00 2oo,J -1,NM

Z16IJI-0.0
200 CONTINUE

ZKG-O.O
CALl RK4S0LVElA.Xl.X2••NMI
now calcuilOt. concentrati..... in~. to the IOtwt of livMtock
grazing __ given the initial .oil inv__ in~

Al2l, A(31 AND A141. GTIME ie kept at .wo of the g,-lno
.._ hea elaeped end rltO __ lZ621 ie Mt to .ltO

ZKG-ZKGP
Z62 -0.0
00210,J-l.NM

Z16WI-ZKABPIJI
210 CONTINUE

X2b-TSl-TSP •.
CALl RK4S0LVElA.Xl,X2b~NMI
now calculat. lor inv__ end integrated am........ lor the Ii_ock
g,azing .._. ReMt the integrated vegetation c.....-- to 'wo
Ii""" the no ingeetion hea taken pI_ end GTIME to growth lima for p-...

GTlME-X2b
X2c-TEL-TSl
00220.J-l.NM

AIlI+U·l,"SI-O.O
AIS+U-ll"SI-O.O

220 CONTINUE
CALl RK4S0LVElA,Xl,X2c,NMI
__ integrated P-". r_ in atltO vari_ m_

OO 260,J_l,NM
OTlPlJl-lAlll + IJ-ll"SI'" AIS + lJ·l1"811

CONTINUE
Run model for the remalning time in the ..,_ va- Mtting g,owth

rate cOl'WtWlt end foti. et»orption ,at. COIWtM'1t8 to %_0

X2 - 3116-lX2.... X2b ... X2cl
ZKG-O.O
Z62-ZSEH
00 280.J - l,NM

Z16UI-0.0
280 CONTINUE

IFIX2.GT.0.ITHEN
CALl RK4SOLVElA,Xl,X2,NMI

ENOIF
uv. the integrated aoil r_

OO 270, J - l,NM
QlPSIJI-A(7 ... CJ-11"81/IPSS"XSI

270 CONTINUE
ENOIF

C Sav. compartmental r....te
00 280, J - l,NM

QVSPlJl-All"'U·ll·SI

C
C
C
C
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QSSPIJI- A(2 + U·l )08)
QRSPIJI- Af3 + U·l 1°8)
QFSPIJI-AC4 + U·ll·BI
QVlPUI-AC6+ U·l,oBI

280 CONTlNUE
WRlTEl4, I 0001 IQVSPIJI,J - I ,MAXPI.IQVlPUI.J - 1.MAXPI.
IlQSSPlJl.J - I ,MAXPl.IQRSPUI.J - I,MAXPI.IQFSPIJI.J - 1.MAXPI

1000 FORMATllX:PASTURE INVENTORIES AT THE END OF THE nth YEAR FOUO'MN
10 ACCiDENT'
1/, I X:QVSPlJl '. I PEI.2.1 PEI.2. I PEI.2. I PEI.2
1/.1X:QVlPlJl ·.1PEI.2. lPEI.2. lPEI.2. lPEI.2
1/.1X:QSSPIJI " lPEI.2. lPEI.2,1PEI.2.1PEI.2
1/, I X:QRSPlJl '. I PEI.2. 1PEI.2, 1PEI.2.1 PEI.2
II, I X:QFSPlJl '. I PEI.2. I PEI.2. I PEI.2. I PEI.21
262-0.0
RETURN
END

C·······························
C ° SUBROUTINE BEEF

C·······························
SUBROUTINE BEEFCNM,QTlO,QTlL,QTlH,QTlP.Q/PSl

C Thia 1Ubr0000na c.leult. the integ,.... KliYity in beef for ...., y_
C im..... of com...iNnled My P8tU'o or grllin

IMPlICIT REAL0' lA-H.o-Zl
PARAMETER IMAXP-41

Identification
P,og,... Name: COMIDA
Module Name: beef.f Venion 1.2
0_: 11111113 r .....: 10:30:07

C BEEFPAR.BLK
COMMON IBEEFPARlRPB,RH8.RGB,RSB,RLB

C BEEFNUC.BLK
COMMON IBEEFNUCITCB,TCM
DIMENSION TCBIMAXPI.TCMIMAXPl

C BEEFSTAT.BLK
COMMON IBEEFSTATEJQJ8P,Q/BH.Q/BG,Q/8S,Q/BT,QIBL.,TOB
DIMENSION Q/BPIMAXPI,QIBHIMAXP1,QIBGIMAXPI,Q/BSIMAXPI.Q/BTIMAXPI

I,Q/BLIMAXPI.TQ8tMAXPl
C NUCPAR1.BLK

COMMON INUCPARIINMEMBER,NPROO.THALF.ZKL
DIMENSION THALFIMAXP1,ZKLIMAXPI

C TlMEPAR.BLK
COMMON mMEPARITT.TSC,TSP.TSL.TSH,TEC,TEL,Tl.TlNTM.

I THBEEF,THMILK,THPOL.THOTHER,THGL.THHAY
Cit•• y";_

DIMENSION QTIGIMAXPI,QTlHIMAXPI,QTlPIMAXP1,Q/PSIMAXPI.QTlLIMAXPl,
IDIMAXPl
Cherect_ idkeyw°72
Dit. idkeyw rOCI:beef.f 1.2 "11/93 10:30:07\0'1
idkeyw -idkeyw

C Set cIec.y ' •• conltem .,ey""'" that decey ;. only eccounted
C for with pennl rucl_.

006,.1 - 1.NM
DlJl-O.O

6 CONTlNUE
DC1l-LOGI2.IITHALFI1I

C C.cuI•• conlribullon from P8tU'•• hey. g,ein, .oiI, leg..... _ tot.
C Stor. eccumul.ted y.eriy lot. in TOB

00 10.J - 1,NM
Q/BPlJ) - QTlPlJloRPB °TCBlJl·EXPFI-DlJloTHBEEFI
QIBHlJl- QTlHlJl·RHBoTCBlJl·EXPFf-OlJloTHBEEFI
Q/BGlJl- QT1GlJl·RG8°TCBlJl·EXPFI-DlJloTHBEEFI
Q/BSIJI- QIPSlJloRSB·TCBlJlo EXPFI-DlJloTHBEEFI
Q/BLlJl- QT1LlJl·RLBoTCBlJloEXPFI-DlJl·THBEEFI
Q/BTlJl-IQ/BPlJI + QIBHIJl + Q/BGlJl + Q/BLlJl + Q/BSlJlI
TQBIJl- TQBlJl + QIBTlJl

C WRlTElo.0) TOBlJl
10 CONTlNUE

RETURN
END

C·······························
C ° SUBROUTINE MILK

c·······························
SUBROUTINE MILKCNM,QTlG,QTlH.QTIP.Q/PS,QT1L.QST1P.QST1S,NYJ
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C Thie eubroutine ...cuf8t_ the int.8teel _ity in milk for ..., ve
C int.... of c_eminenteel h8y~. or grein

IMPUCIT REALos lA-H,o-Z1
PARAMETER lMAXP-41

ldentificetion
Proorem Heme: COMIDA
Module Neme: milk.f V_on 1.2
081.: 1118113 Time: 10:31 :32

C MILKPAII.BLK
COMMOH ""'LKPARIRPM,RHM,RGM,RSM,RlM

C BEEFNUC.8LK
COMMON I8EEFNUCITCB,TCM
DIMENSION TCBlMAXP1.TCMlMAXPI

C MILKSTAT.BLK
COMMON ""'LKSTATElQJMP,QJMH.QJMG,QJMS.QJMT.QJMI.,QJSM,TOM
DIMENSION OlMPIMAXPl,QJMHlMAXP1,QJMGCMAXPI,QJMSlMAXP1,QJMTlMAXPI
I,QJMLlMAXP1,QJSMlMAXP1,TOMIMAXPI

C NUCPAII1.BLK
COMMON INUCPAlllINMEMBER,NPROG.THALF,ZKL
OlMENSlON THALFIMAXPI.ZXLIMAXPI

C TlMEPAII.BLK
COMMON mMEPAIIITT.TSC,TSP,TSL.TSH,TEC,TEL.TI.TlNTM.

I THBEEF.THMILK,THPOL.THOTHER,THGL.THHAY
OIMENSlON OTiGIMAXP1,OTlHIMAXP1,QTlPIMAXPI,QJPSlMAXP1.OTlLIMAXP1.

I OSTlP/MAXPI.QSTlSIMAXP1,DIMAXP)
Chwocter idk.ywo72
Oot. idkeyw rOI#lmilk.f 1.2 1/11113 10:31:32\0'/
idkeyw -idkeyw

C Calc"'8I. contribution 'rem plIt1I•• h8y. grein~. aoiI end total
C Store tot. eccumu8teel yurty tot. in TOM
C Set dee-v r_ conetenl orr-V ouch thet dtICrt .. only _eel
C for with per_ nucl~.

DO 6.J-1,NM
OlJI-O.O

6 CONTINUE
011) - LOGI2.IITHALFI11
DO 10,J-l,NM

QJMPlJl- OTlPlJloRPM·TCMCJI·EXPFI-DCJloTHMILKI
QJMHCJI - OTlHUJ ·RHM °TCMUI·EXPF(-DIJ1·THMILKI
QJMGUI- OTlGlJloRGMoTCMIJlo EXPFI-DCJI·THMIUtI
QJMSCJ1-OIPSUloRSM·TCMCJloEXPFI-QCJI·THM'LKI
QJMLCJI- OTlLCJloRLMoTCMCJlo EXPFHlCJI·THMILKI
QJMTCJI-IQJMPCJI + QJMHUI + QJMGlJl + QJMSlJl + QIMLCJIl
IFINY.EO.llTHEN

QJSMCJ1-IOSTlPlJl·RPM·TCMCJI + OSTlSCJloRSM·TCMCJlloEXPFI-DCJI·
I THMILKI

ENDIF
TOMCJI-TOMCJI + QJMTWI

10 CONTINUE
RETURN
END

C·······························
C ° SUBROUTINE SHORT

C·······························
SUBROUTINE SHORTlHM,A.OSTlP,OSTlSl

C Thie oubroutine coIcuf8I_ the ohort term int.8teel _itv in pIIt1II

IMPUCIT REAL·8 lA-H,o-Z1
C T-ACTUAL INTEGRATION TIME
C B-DUMMY MATRIX TO HOLD STATE VARIABLE VALUES
C Xl -BEGINNING TIME (SET EOUAL TO ZEROI
C OSTlP(J)-SHORT TERM INTEGRATED PASTURE ACTIVITY l8O-DIKGI
C OSTlSU1- SHORT TERM INTEGRATED PASTURE SOIL ACTIVITY 180-DIKGI

PARAMETER lMAXP-4.NMAX-321

Identific8tion
Proorern Neme: COMIDA
Module Neme: ohort.' Verwion '.2
081.: 1/18113 Time: 10:32:42

C TlMEPAII.BUt
COMMON mMEPAIIITT,TSC,TSP.TSL.TSH.TEC,TEL,TI.TlNTM,

I THBEEF,THMILK.THPOL.THOTHER.THGL.THHAY
C COMPAII.BLK

COMMON 1C0MPAlllZXP,lXW.lXR,lXRS.ZKAD,lXOE,PSS.PSR.XR.XS,ALPHA
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DIMENSION ALPHAC71
DIMENSION ACNMAXl,BlNMAXl,QSTlPlMAXPl,QSTISlMAXPI
C...__ idkeyw"72

Data idlwyw rOI'w-t.f 1.2 1/11183 10:32:4210'/
idlwyw - idlwyw

C II.lbetitue A m.crix v",- to m.crix B
DO 10,I-l,NMAX

BUI-AUI
10 CONTINUE

Xl.0.0
C ..... the v.... of TlNTM to m.... _. it dooo not Ollcood the live

C Mock O'..ing time
IFmNTM.GE.ITEL·TSLlITHEN

WRlTEC·,·1 'ERROR· TlNTM CANNOT BE GREATER THAN TEL·TSL'
PAUSE
RETURN

ENDIF

C Condition 1: TI ;. I.- then TSL
IFm.LE.TSLlTHEN

T-TlNTM ·ITSL·TlI
IFIT.U.O.OITHEN

DO 2O,J - I,NM
QSTlP(JI-O.O
QSTlSlJ'- 0.0

20 CONTINUE
RETURN

ENDIF
C now incOCl'M. the p"". conmntration

CALL RK4SOLVElB,Xl,T,NM'
GOTO III

ENDIF

C Condition 2: TI io 0'- then TSL _ TI + TlNTM I.- then TEL
IFm.GT.TSL.AHD.m + TlNTMI.LT.TELITHEN

T.TlNTM
CALL RK4SOLVElB,Xl,T,NMl
GOTO III

ENDIF

C Condition 3: TI io 0''''- then TEL
IFm.GE.TELITHEN

DO 4O,J - I,NM
QSTlPlJl-O.O
QSTlSlJl-O.O

40 CONTINUE
RETURN

ENDIF

C Condition 4: TI ;. 0'.- then TSL _ I.- then TEL

C TI + TlNTM 0- then TEL
IFm.GT.TSL.AHD.TI.LT.TEL.AHD.m + TlNTMI.GT.TELlTHEN

T-TEL·TI
CALL RK4SOLVElB,Xl,T,NMI

ENDIF

C _ v.... of QSTlP few rotwn to PASTURE1
III DO 30, J- 1,NM

QSTlPlJl- lBII + IJ·ll·ll + BI8 + (J-l1"B))
QSTlS(J1 -Bl7 + (J'1l"81/CPSS'XSI

30 CONTINUE
WRITEC4, 10001 T,lQSTlPIJl,J - I ,MAXPI.(QSTlSIJI,J - 1,MAXPI

1000 FORMATI1X,'STORT TERM PASTURE INTEGRATION TIME ',1PEI.2
1/.1 X,'SHORT TERM INT PASTURE Bq-cI/1<Q'.1PEI.2,1 PEI.2, 1PEl.1,1PEI.2
1/.1X,'SHRT INT PASTURE SOIL Bq-cI/1<Q', lPEI.2, lPEI.2, lPEI.l, lPEI.21
RETURN
END

c·······························
C' SUBROUTINE POULTRY

c·······························
SUBROUTINE POULTRYINM,QTlG,QlPS,QTlU

C Thie eubroutino c8lculM. the inlOCI,Mod octivity in poultry few ony v
C inc.... of contominontod hoy p_ ew G'oin

IMPLICIT REAL"B tA-H,O-Z1
PARAMETER lMAXP-41
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IcMntificalion
PrOV'''' N_: COMIDA
Mod.. N_: pouItry.f V_on 1.3
D••: 1118113 rome: 11 :24:34

C NUCPAR1.BLK
COMMON INUCPAR1INMEMBER.NPROG.THALF,ZKL
DIMENSION THALFIMAXPI.ZKLlMAXPl

C POULPAR.BLK
COMMON IPOULPAflIRGPl.RSPl.RLPL

C POULNUC.BLK
COMMON IPOULNUCITCPl.TCO
DIMENSION TCPllMAXPI.TCOIMAXPl

C POULSTAT.BLK
COMMON IPOUlSTATElQlPlG.QlPlS.OIpu.,OTlPl,TOP
DIMENSION QlPlGIMAXPI,QlPlSlMAXPI,OTlPllMAXPl.QlPlLIMAXPl,

ITOPlMAXPI
C TlMEPAR.BLK

COMMON mMEPARITT.TSC.TSP.TSL.TSH,TEC,TEL,TI,TlNTM,
I THBEEF.THMILK.THPOL,THOTHER.THGL,THHAY
DIMENSION OTlGlMAXPI.QlPSIMAXP).OTlLlMAXPl,DIMAXPl
Chw8Cter idUyw·72
D•• idkeyw rCilI')pouItry.f 1.3 1/18183 11 :24:3410'/
idkeyw -idkeyw

C CeicU•• contribution from g,ein, "';1, leg..... end totel
C Stor. eccumul.ed totel integ,.ed vel... in TOP
C Set dec.., ,•• c_en! .".., euch tNt decey ie onv ecCCll61ted
C lor with perent nuclid••

DO 6.J-l,NM
OlJl-O.O

6 CONTINUE

0111- LOGI2.IITHALFI11
DO 10.J-l.NM

QlPlGlJl- OTlGIJ)·RGPl·TCPlIJI·EXPFHllJl·THPOLI
OIPlSlJl- QlPSlJl·RSPl·TCPllJ)·EXPFI-DlJl·THPOU
QlPlLlJl - OTlLlJl·RLPl·TCPllJ)· EXPFI-DlJl·THPOU
OTlPllJl- lQlPlGIJI + OIPlSlJl + QlPlLlJll
TOPIJI- TOPIJI + OTlPllJl

10 CONTlNUE
RETURN
END

C·······························
C· SUBROUTINE OTHER

C·······························
SUBROUTINE OTHERlNM.OTlG,QlPS.OTlI..OTlH,OTlPl

C Thia aubrDUline celcU•• the integ,.ed ectiYity in poultry for ony V••
C int.... 01 cont...inonted hey p_... or g,'"

IMPlICIT REAL·8 lA-H.Q-Z)
PARAMETER IMAXP-4)

ldentificwon
PrOV'''' N_: COMIOA
Module N_: other.f V_on 1.2
D••: 1118183 Time: 10:34:32

C OTHERPAR.BLK
COMMON IOTHERPAflIRGO.RSO.RLO,RHHO,RPO

C POULNUC.BLK
COMMON IPOULNUCITCPl.TCO
DIMENSION TCPlIMAXPI.TCOIMAXPI

C OTHERSTA.BLK
COMMON IOTHERSTATEIQIOG,QlOS.OTlO.QlOP.OlOI..QlOH,TOO
DIMENSION QlOGlMAXPI.OIOSIMAXPI.OTlOIMAXPI.QlOPlMAXPI.QlOHlMAXPI.

IOIOLlMAXPI.TOOIMAXPI
C NUCPAR1.BLK

COMMON INUCPAR1INMEMBER.NPROG.THALF.ZKL
DIMENSION THALFfMAXPl,ZXLIMAXPI

C TlMEPAR.BLK
COMMON mMEPARITT.TSC.TSP.TSL.TSH.TEC.TEL,TI,TlNTM.

I THBEEF.THMILK.THPOL.THOTHER.THGI..THHAY
C ••• verilblee

DIMENSION OTlGlMAXPI,OIPSIMAXPI.OTlLIMAXPI.OTlHIMAXPI.OTlPIMAXPI.
10lMAXPI
Chw8Ct_ idk.yw·72
D•• idk.yw rOlll_.f 1.2 1/18183 10:34:3210'/
idk.yw - idkeyw

C Celcul•• contribution from g,ein••oil. leg...... hey end ..-.... end totel
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1.2 1/111/l13 10:36:30\0'1

. ',IPEII.2
',IPEII.2
',IPEII.2)

C Store tot. In TOO
C Set decay ,_ ..-- In.., euch tNt deeay ia only _ell

C lor with pwerrl nucIideL
DO 6,J-l,NM

DlJl-O.O
II CONTINUE

0111- LOGI2.IITHALFI11
DO 10,J-l,NM

QlOGlJl-OTlGlJl+RGO+TCOCNMI+EXPFloOlJl"THOTHERI
QlOSlJl- QlPSlJl"RSO"TCOlNM)"EXPFloOlJl+THOTHERl
QlOLlJl- OTlLlJl"RLO"TCOCNM)" EXPFl-OlJl"THOTHERI
QlOHlJl- OTlHlJl"RHHO"TCOCNMI"EXPFloOlJl"THOTHER)
QlOPlJl- OTlPlJl"RPO+TCOlNMI"EXPFloOlJl"THOTHERI
OTlOlJl-IQlOGlJl + QlOSlJl + QlOLlJ) + QlOHlJl + QlOPlJlI
TOOlJl- TOOlJl + OTlOlJl

10 CONTINUE
RETURN
END

C·······························
C" SUBROUTINE FALLOUT

c·······························
SUBROUTINE FALLOUTCFV,FS,BSTART,BSTAND,TlME,ZKG,ALPHAl
IMPlICIT REAL". lA-H,Q.Z1

IcMntifiCMion
Prog, N : COMIDA
Mod N : leUoul.f V....... 1.2
DM.: 1/1I1/l13 TI....: 10:36:30

C lhia oubr-..o calcu1et_ !he etandino biom_ et accident ti....
C and !he I,.von 01 leUOUl on !Iw vegetetiv. and Nil eurf_
C FV-FRATION OF FALLOUT TO VEG
C FS - FRACTION OF FALLOUT TO SOIL
C BSTART-INITlAL BIOMASS IKGIM2 dry'
C BSTAND-MAXIMUM STANDING BIOMASS !KGlM2 dryl
C TGROW-TIME REMAINING IN GROWING SEASON ld.
C B- CURRENT BIOMASS !KGI

C'-_ idkayw"72
DM. idbyw rOll"eUoul.f
idbyw - idkayw
A- LOGUBSTAND-llSTNITIIBSTART!
B-BSTAND/l1 + EXPlA-ZKG"TlMElI
B-BSTAND/I' + EXPFlA·ZKG"TlMElI
FS- EXPFI-ALPHA"BI
FV-l·FS
WRlTEI4, '0001 B,FV,FS

'000 FORMATI1X:BIOMASS AT TIME OF ACCIDENT
1/,IX:FRACTION OF FALLOUT TO YEG SURFACE
1I,IX:FRACTION OF FALLOUT TO SOIL SURFACE

RETURN
END

C·······························
C" SUBROUTINE ONEYEAR

C·······························
SUBROUTINE ONEYEARCNM,NUC,TGROWP,CUTOFF,NCUTOFF)
IMPlICIT REAL"' lA-H,Q.Zl
CHARACTER"S NUC
PARAMETER lMAXP-4,NCR-6,NCUTMAX-31

C TGROW-REMAINING TIME OF GROWING SEASON AFTER ACCIDENT ldl
C TGROWH -REMAINING TIME IN CURRENT HAY GROWING SEASON AFTER ACCIDENT leIl
C TGROWP-REMAINING TIME IN PASTURE SEASON (dl
C KCUT-HAY GROWING SEASON WHEN ACCIDENT OCCURED

IcMntific.von
Prog, N : COMIDA
Mod N : __.1 V_on 1.2

OM.: 11111/l13 TI....: 10:38:38

C TlMEPAR.BLK
COMMON mMEPARITT,TSC,TSP,TSL,TSH,TEC,TEl,TI,TlNTM,

I THBEEF,THMILK,THPOL,THOTHER,THGL,THHAY
C HAYPAR.BLK

COMMON IHAYPARlZKGH,BIH,BMAXH,NCUT,TCUT
DIMENSION TCUTIO:NCUTMAXI

C NUCPAR1.BLK
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COMMON INUCPAR1INMEMBER.NPftOG.THALF.ZKL
DIMENSION THALFCMAXPI.ZKLfMAXPI

C COMPAR.BLK

COMMON 1C0MPARlZKP,ZKW.ZKR.ZKRS.ZKAD.ZKDE.PSS.PSR.XR.XS.ALPHA
DIMENSION ALPHAl1I

C PlAHT.BLK
COMMON 1PVI4T1 ZKG.CR.THICK.RHO.BMAX.BSTART.GTlME
DIMENSION CRCMAXPI
COMMON IRCONTANTSI ZI2.Z16.Z21.Z23.Z34.Z3.Z43.D.Z'62
DIMENSION DIMAXP1.ZI6CMAXPI.Z3IMAXP1.NUCCMAXPI
DIMENSION OTlGCMAXP1.OTlPIMAXP1.QlPSCMAXPI.OTlHCMAXPI.QTlLlMAXPI.
I QST1PlMAXPI
CNr_ idkeyw·72
Deb idkeyw rOI'I-V-••f 1.2 1111113 10:38:38\0'/

idkeyw - icIkeyw
C _ fixed v..... for RCONSTANT common block. RCOHSTANT _ lIle
C v..... of lIle r.c. __ to tho DERIVES .......-

WRlTEI4.10001
NY-I

NM-NMEMBER
THICK-XR

RHO-PSR
Z23-ZJ<,p

Z34-ZKAD
Z43-ZKDE

C -.ion nuclide -afic v..... for leech reb IZ31 ond doc8y __ lDl
DO 10.J-l.NMEMBER

Z3lJl- ZKLlJl
DlJl- LOGI2.)ITHALFIJI

10 CONTINUE

C A80ign • v"'" to TGROW for cr_. TGROW>O for on occicIont tI\ot DC","

C d..ing tho growing TGROW<O for on occicIont _ OCCU'O 0Ut8id0
C tho growing .

IFm.GE.TSC.AND.TI.LT.TECITHEN
TGROW - TEC·Tl
ELSE
TGROW-·l.0

ENDIF

C Aooign I v"'" to TGROWH for....,. TGROWH >0 for on occidont tI\ot DC","

C during tho ...., growing "1Ian. TGROWH < 0 for on occidont tI\ot oca.n
C 0Ut8id0 tho ...., growing......... Dorw. KCUT _ lIle or-ing ...an tho

C ICcidont DCCU'ed on.
IFm.GE.TSH.AND.TI.LT.TCUTINCunITHEN

DUMMY-TSH
DO 20, 1-1.NCUT

IFm.LT.TCUTP1.AND.Tl.GE.DUMMYlTHEN
KCUT-I

TGROWH - TCUTOI-Tl
DUMMY - TCUTPI

ENDIF
20 CONTlNUE

ELSE

TGROWH - ·1.0
ENDIF

C Aoo;gn v"'" to TGROWP. If TGROWP>O then ICcidont oc:curod during lIle
C tho growing ...an

IFm.GE.TSP.AND.Tl.LT.TEUTHEN
TGROWP _ TEL·Tl

ELSE

TGROWP-·l.0
ENDIF

CALL PASTURE! CTGROWP.NM.QTlP.QlPS.QST1P.QST1SI

C For crop ond hoy, tho timing of tho occidont m&at be occoutod for.
C Time T1 io lIle time onim" food inv__ •• c-.mod ovor.

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C· CASE 1. ACCIDENT OCCURS DURING OR BEFOR ANNUAL GROWING SEASON •
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

IFm.LT.TEC1THEN

T1 - 386-CTHGL'" TEC) ... Tl
CALL CROPI CTGROW.NM.QTlG.QTlL.T11

ENDIF

IFm.LT.TCUTlNCunITHEN
Tl-386-CTHHAy ... TCUTlNCunl+T1
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CALL HAY1lTGROWH,NM,KCUT,QTlH,T11
ENDIF

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
C" CASE 2, ACCIDENT OCCURS AFTER ANNUAL GROWING SEASON AND "
C" AFTER HOLDUP PERIOD

c·····················································..•.••..
IFm.GT,lTEC + THGLIITHEN

CALL CROP1lTGROW,NM,QTlG,QTll..T11
T1 - TI·lTHGL + TECI
T2-0.
CALL CROPNfNM,QTlG,QTll..T1,T21

ENDIF
IFm.GT.lTCUTCNCUTl +THHAYlITHEN

CALL HAY1lTGROWH,NM,KCUT,QTIH,T11

T1 - TI·lTHHAY + TCUTCNCUTlJ
T2-0.0
CALL HAYNCNM,QTlH,T1,T21

ENOIF

c·····················································•......••
C" CASE 3. ACCIDENT OCCURS AFTER ANNUAL GROWING SEASON AND "
C" DURING HOLD-UP PERIOD

c·····················································.•••••.•.
C FiN! _ c....-.treliorw .. z_o__eI I..... 11'-"
C dU'ino the ecciden! yew wiH not be......-. T1 ia _ to •
C ....ell v.... eo the eccident y... inventon. .. _eel IOf ~.....c y....

IFm.GE.TEC.AND.TI.LE.lTEC + THGLIITHEN
CALL CROP1lTGROW,NM,QTIG,QTll,T11

T1 - lTEC + THGLl-TI
IFlT1.lE.0.ITHEN
T1.0.01

ENDIF
T2-0,O

CALL CROPNCNM,QTlG,QTll,T1,T21
C zwo current yew inventon.

0030, J-1,NM
QTlGIJI-O.O
QTlllJl- 0,0

30 CONTINUE
ENDIF

IFm.GE.TCUTCNCUTl.AND.TI.lE.lTCUTCNCUTl + THHAYllTHEN
CALL HAY1lTGROWH,NM,KCUT,QTlH,T11
T1 -lTHHAY + TCUTCNCUTlI-TI
IFlT1.LE.0.ITHEN

T1-0.01
ENOIF
T2-0.0
CALL HAYNCNM,QTlH,T1,T21

C Zwo the curtWll y.w integ,eteel inventon.
0040, J -1,NM

QTlHIJI-O.O
40 CONTINUE

ENOIF
CALL BEEFCNM,QTlG,OTll..QTlH,QTlP,QIPSI
CALL MILKCNM,QTlG,QTlH,QTlP,QIPS,QTll,QSTlP,QSTlS,NYI
CALL POUlTRYCNM,QTlG,QlPS,OTlll
CALL OTHERINM,QTlG,QIPS,QTlL,QTlH,QTlPI
CALL WOUTCNY,OTlG,QTlL,QTlH,QTlP,QlPS,NUC,CUTOFF,NCUTOFFl

1000 FORMAT(1X:RESULTS FOR 1ST YEAR (YEAR OF ACCIDENn'1
RETURN
END

C·······························
C" SUBROUTINE NYEAR

c·······························
SUBROUTINE NYEARCNM,NY,KFLAG,NUC,TGROWP,CUTOFF,NCUTOFFl
IMPLICIT REAL"8 lA-H,O'Z)
PARAMETER IMAXP. 4,NCUTMAX • 31

CHARACTER"S NUC
DIMENSION OTlPlMAXPl,QTlHlMAXPI,OTlGlMAXP1,QIPSlMAXPl,QTlLlMAXPl
DIMENSION NUCIMAXPI,DUMMY1 IMAXPI,DUMMY2IMAXP)

ldentlficetion
Proo,.... N.....: COMIOA
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Module N_: "'fe••f V"on 1.2
Dete: 1'1 1I1S3 Time: 10:311:41

C TlMEPAII.BLX
COMMON mMEPAIIITT.TSC.TSP.TSL.TSH.TEC.TEL,TI.TlNTM.

I THBEEF.THMILX.THPOl.THOTHER.THGL,THHAY
C HAYPAII.BLX

COMMON /HAYPAlllZKGH.BIH.SMAXH.NCUT.TCUT
DIMENSION TCUTIO:NCUTMAXI
Charect. Idkayw°72
Det.ldkayw rOCIlnva-.f 1.2 11111S3 10:311:41\0"
Idkayw -Idkayw
WRITEI4. 10001 NY
WRITElo ,10001 NY

C Ched< If cutoff lime ia axceedad. If .... lhwI cIo not proc:ead with c.lc.
IFIR.OATCNYI.GT.CUTOFFlTHEN

IFCKFLAG.EQ.lITHEN
CAll. WOUTCNY,QTlG.QTlL.QTlH,QTlP,Q/PS,NUC,CUTOFF.NCUTOFFl

ENDIF
RETURN

ENDIF
C Dummy v.,;....... pI_-. for the firwl .,.. ...... _ ......
C _ Hillnv__ i",-eted for lime TlNTM.

C 1"'- v not .- in~ _ c.lcuI.a-.
DO 10.J-l.NM

DUMMYlIJl-O.
DUMMY2CJI-0.

10 CONTINUE
CAll. PASTURENCTGROWP.NM,QTlP,Q/PSI

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
COCAS( 1. ACCIDENT OCCURS DURING OFIBEFOR ANNUAL GROWING SEASON °
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

IFm.LT.TECITHEN
Tt - 311IHTHGL + TECI + TI
T2 - CTEC +THGll-TI
CAll. CROPNINM.QTlG.QTll.,Tt.T21

ENDIF

IFm.lT.TCUTCNCUTlITHEN
Tt - 3116-CTHHAY + TCUTCNCUTII + TI
T2 - CTCUTCNCUTI + THHAYI·TI
CAll. HAYNINM.QTlH.Tl .T21

ENDIF

c·····················································..•.....
C ° CASE 2. ACCIDENT OCCURS AFTER ANNUAL GROWING SEASON AND °
C ° AFTER HOLDUP PERIOD

c·····················································•...••..
IFm.GT.CTEC + THGUITHEN

Tt - TI-CTHGL + TECI
T2 - 386·TI + CTHGl + TECI
CAll. CROPNINM.QTlG,QTll.,Tt.T21

ENDIF
IFm.GT.CTCUTCNCUTI + THHAYllTHEN

Tt -Tl-CTHHAY +TCUTINCUTlJ
T2 - CTCUTCNCUTI + THHAYl-TI
CALL HAYNCNM.QTlH.Tl .T21

ENDIF

c·····················································.••......
C ° CASE 3. ACCIDENT OCCURS AFTER ANNUAL GROWING SEASON AND °
C ° DURING HOLD-UP PERIOD

c·····················································..•.•..•.
C Fim y_ concentrllti....... zaro boo..... enim" f.... grown
C during the .ceidenl y•• wiU not boo c.......... Tt Ie _ to •
C .....Uv"'" ... the accident y... inVentor_ •• _eel for .......... y....

IFm.GE.TEC.AND.TI.lE.CTEC'" THGlllTHEN
Tt-O.OOl

T2 - 3116-ICTHGl +TECI·TlI
CALL CROPNINM.QTlG.QTll.Tt.T21

ENDIF

IFm.GE.TCUTINCUTI.AND.TI.lE.CTEC + THHAYlITHEN
Tl -0.001
T2 - 3116-ICTHHAY + TCUT(NCUTll-TIl
CAll. HAYNCNM,QTlH.T1,T21
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ENDIF
c·····················································•..............

CALL BEEFCNM,QT1G,QT1L.QT1H.QT1P,OIPSI
CALL MIUtCNM.QT1G.QT1H,QT1P,QlPS.QT1L.DUMMY1,DUMMY2.NYl
CALL POULTRYINM,QT1G.OIPS,QT1LI
CALL OTHERCNM,QT1G,QlPS,QT1L.QT1H,QT1P1
IFCKR.AG.EQ.lITHEN

CALL WOUTCNY,QT1G.QT1L.QT1H.QT1P,QlPS.NUC,CUTOFF,NCUTOFFl
ENDIF

1000 FORMATI6X:RESULTS FOR FOR YEAR ',121
RETURN
END

C·······························
C ° SUBROUTINE WOUT °
c·······························

SUBROUTINE WOUTlNY,QT1G.QT1L.QT1H,QT1P,QIPS,NUC,CUTOFF,NCUTOFFl
IMPUCIT REAL0& IA-H,O-ZJ
PAMMETER lMAXP - 4,NMAX - 32,NCR - 61
CHARACTERO& NUC
CHARACTERo, SPC

IdentiflC8Iion
Pr__ N_: COMIDA

Module N_: wout.f V"'on 1.&
0_: 111.113 T....., 11:2':2'

C CROPNUC.BUt
COMMON ICROPNUC/CRC,ZKA8C
DIMENSION CRCCNCR.MAXPI,ZKA8CCNCR.MAXPI

C HAYNUC.BUt
COMMON IHAYNUCICRH,ZKA8H
DIMENSION CRHlMAXPI.ZKABHIMAXPI

C PASTNUC.8Ut
COMMON IPASTNUC/CRP,ZKA8P
DIMENSION CRPlMAXP),ZKA8PlMAXPI

C CROPSTAT.BUt
COMMON ICROPSTATElQVSC,QSSC,QRSC.QVlC,QFSC,TQC.QT1C.CTOTAL
DIMENSION QVSCCNCR,MAXP),QSSClNCR.MAXPI,QRSCCNCR,MAXPI

I,QVlClNCR.MAXPI.QFSCCNCR.MAXPI.TQCCNCR.MAXPI,QT1ClNCR,MAXPI
I,CTOTALCNCR + 2,MAXPI

C PASTSTAT.BUt
COMMON IPASTSTATElQVSP,QSSP,QRSP.QVlP,QFSP
DIMENSION QVSPlMAXPI.QSSPlMAXPI.QRSPlMAXP1,QVlPlMAXPI

I,QFSPlMAXPI
C HAYSTATE.BUt

COMMON IHAYSTATElQVSH.QSSH.QRSH,QVlH,QFSH
DIMENSION QVSHlMAXP1,QSSHlMAXP).QRSHlMAXPI,QVlHCMAXPI

I,QFSHlMAXPI
C NUCPAR1.BUt

COMMON /NUCPAR I/NMEMBER,NPIlOG,THALF.ZJ<L
DIMENSION THALFIMAXPl,ZKLlMAXPI

C BEEFNUC.BUt
COMMON IBEEFNUCITCB,TCM
DIMENSION TCBlMAXP).TCMCMAXPI

C POULNUC.BUt
COMMON IPOULNUCITCPL,TCO
DIMENSION TCPLlMAXPl,TCOCMAXPI

C BEEFSTAT.BUt
COMMON IBEEFSTATE/QIBP.QlBH,OIBG.QlBS,QIBT,QlBL.TQB
DIMENSION OIBPlMAXPI.QlBHlMAXPI.QIBGlMAXPI,QlBSlMAXPI,QlBTlMAXPI

I,QIBLlMAXPl,TQBlMAXPI
C MIUtSTAT.BUt

COMMON IMIUtSTATElQlMP.QlMH.QIMG,Q1MS.QIMT,QlML.QlSM.TQM
DIMENSION QIMPIMAXPI.QIMHIMAXPI,OIMGlMAXPI.QlMS(MAXPI.QIMTlMAXP)

I,QlMLlMAXPI,OISMlMAXPI,TQMlMAXPI
C MIUtPAR.BUt

COMMON IMIUtPAFIIRPM,RHM.RGM.RSM.RLM
C POULSTAT.BUt

COMMON IPOULSTATElQlPLG,QIPLS,QlPLL.QT1PL.TQP
DIMENSION QlPLGlMAXPI,QIPLSfMAXPI,QTIPLIMAXPI.QIPLLIMAXPI,

ITQPIMAXPI
C OTHERSTA.BUt

COMMON IOTHERSTATElQIOG.QIOS,QT10,QlOP,QIOL.QIOH,TQO
DIMENSION 0I0GlMAXPI.0I0SIMAXPI.QTIOlMAXPI,QlOP(MAXPI,0I0HIMAXPI.

IQIOLlMAXPl,TQOIMAXPI
C COMPAR.BUt

COMMON ICOMPARlZKP.ZKW,ZKR.ZKRS.ZKAD,ZKDE,PSS,PSR.XR.XS.ALPHA
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·-

DIMENSION ALPHAl7I
C TIMEPAA.BLK

COMMON mMEPAAITT,TSC,TSP,TSl,TSH.TEC.TEl.,TI.TINTM,
I THBEEF.THMILK.THPOL.THOTHER,THGL.THHAY
DIMENSION NUClMAXPI
DIMENSION OTIGIMAXPI.OTILlMAXPI,OTIPCMAXPI.OlPSCMAXPI.OTIHCMAXPI
Ctwect_ idUyw·72
0•• idUyw rOlllwoul.r '.8 1111113 ":21:2rD'/
idkayw - icIkayw
SPC-' - •

C NY - the YMt of the .unuMion. if YMt , the print nuclide _ d••
C NCUTOFF - THE NUMBER OF HALFUVES TO CUTOFF

IFlNY.EO. 'ITHEN
WRlTE13,6001 ZKAO.ZKOE.NCUTOFF,CUTOFF
00 4O,J - , ,NMEMBER

WRlTEI3,10ooi J.NUCCJI.THALFCJI,ZKLCJI,ICRCa.JI.I-l.NCRI,
CRHIJI,CRPCJI,IZIUJICn,JI.I-l,NCRI.ZIUJIHCJI.ZIUJIPCJI.
TCBIJI. TCMCJI.TCPLCJ),TCOCJ)

40 CONTINUE
ENDIF
IFtFLOATlNY1.GT.CUTOFF.AND.NY.NE.lITHEN
00 42,1- 1.NCR
00 43,J -l.NMEMBER

OVSCa,JI-o.O
OSSCn.Jl-O.O
QRSCn,Jl-O.O
QFSCn.JI-O.O
QVlCn.JI-o.O
CTOTALa.Jl-O.O

43 CONTINUE
42 CONTINUE

0044. J -l,NMEMBER
OTIGIJI-O.O
OTIHIJI-O.O
OTILWI-O.O
OTIPIJ1-0.O
OIPSIJI-O.O
Q/BGIJI-O.O
Q/BHIJI-O.O
Q/BLIJI- 0.0
OlBPIJ) - 0.0
Q/BSIJI- 0.0
OIBTW1-0.0
OIMGIJI-O.O
OIMHWI-O.O
OIMLIJI - 0.0
Q/MPWI-O.O
OIMSWI-O.O
OIMTWI-O.O
OIPLGIJI-O.O
Q/PLLIJI-O.O
Q/PLSWI- 0.0
OTIPLIJI-O.O
Q/OGWI-O.O
Q/OHWI-O.O
Q/OLIJI -0.0
0l0P1J1- 0.0
Q/OSWI-O.O
OTIOIJ)-O.O

44 CONTINUE
ENOIF
WRITE13,20001 NY
00 6O.J - l,NMEMBER

WRITEI3.3OO01 J.IOVSCP.JI.I-l.NCR1.IOSSCn.JI.I-1.NCR1,
I (ORSCn,Jl,l-l.NCRI.IOFSCn,Jl.I-' ,NCR1.IOVlCa.Jl.I-'.NCRI.
I ICTOTALn.JI.I-' .NCRI.!TOCa,JI.I-' ,NCR!

WRlTEl3,40ooi OTIGCJI.OTIHCJI.OTILCJ1,OTIPCJI.Q/PSCJI,SPC,SPC.
I OIBGCJI,OIBHIJI,OIBLWI,OIBPCJI.OIBSCJI.OIBTW1,TOBCJI,
I Q/MGIJI,Q/MHCJI.Q/MLCJI.Q/MPIJI.OIMSIJI.Q/MTIJI.TOMCJI.
I Q/PLGWI,SPC,Q/PLLIJI,SPC,Q/PLSCJ1.OTIPLCJ1,TOPCJ1,
I Q/OGWI.Q/OH(JI.Q/OLWI,Q/OP(JI.Q/OSWI,OTIO(JJ.TOOCJI
IFlNY.EO.llTHEN

WRlTEl3,6oo01 TINTM,Q/SMIJI
ENDIF

60 CONTINUE

600 FORMAT(lX,'SOIL ADSORPTION RATE CONSTANT 1cI···11·.lPEI.2
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',1 PEB.2,all,1 PEll.2.d, 1PEll.2, lPEll.2, lPEll.2
',lPEB.2, lPEB.2,lPE9.2, lPE9.2, lPU.2, lPE9.2,

lI,lX,'SOIL OESORPTION RATE CONSTANT Cd···l) ',lPEB.2
11,1 X,'NUMBER OF HAlF UVES TO CUTOFF ',13
11,1 X,'CUTOFF TIME I.,..., ',1 PEB.21

1000 FORMAT(1X,'----------'
lI,lX,'OATA FOR MEMBER ",12.1X,.e,lX,'HAlF UFE Cdl ',1PE10.3,2X,'
ILEACH RATE Id···1!',lPU.2
1I,4X,'CROP TYPE> > > ',SX,'GRAlNS LEAF VEG ROOT FRUITS LEGUM
IES HAY PASTURE'
1I,1X,'CONCENTRATION RATIO ',lPEI.2,IPEB.2,lPEB.2,lPEI.2,lPEB.2,
I 1PEB.2, 1PEB.2
11,1 X,'FOUAR ABSORPTION ',1 PEI.2, 1PEI.2, 1PEI.2,1PEI.2, 1PEB.2,
I lPEB.2,lPEB.2
11,1 X,' ANIMAl PROOUCT > > > BEEF ldJkcll MILK CdILI POUl ldJkcl!
10THER ldJkcll'
II, I X,'TRANSFER COEFFICIENT ',1 PEI.2,3X, I PU.2,3X, I PEI.2,3X,1PEl.
12
1I,10X!

2000 FORMATllX,'- - - - - - - - - - - - - - RESUlTS FOR ACCIOENTYEAR NUMBER ',12,'
1- - - - - - - - - - - - - - - - __ 'j

3000 FORMATllX,'RESULTS FOR MEMBER II ',12,1X,'GRAlNS LEAF VEG ROOT
I FRUITS LEGUMES'
11,1 X,'

,--
1I,1X,'VEGETATION SURF IBqlkQ)', lPES.2, lPEI.2, lPEI.2, lPEI.2, lPEB.2
II, I X,'SURFACE SOIL IElqlm" 2) ',1 PEB.2,l PE9.2, I PE9.2, I PEB.2,l PEll.2
II, I X,'LABILE SOIL IBq/m"2l ',1PEB.2, lPEll.2, lPEB.2, lPEll.2, lPEll.2
1I,1X,'FtXED SOIL (Bq/m"2) ',lPEB.2, lPEB.2, lPE9.2, lPEI.2, lPEB.2
11,1 X,'VEGETATION INT (Bq!kQI ',1PEB.2, lPEB.2, I PU.2, lPEll.2, lPEll.2
1I,1X,'VEGETATION TOT fBqlkQl ',1PEB.2, lPEll.2. lPEI.2,lPEll.2.1PE9.2
11,1 X,'CUMULAT TOT .. IBq-dlkQI ',1 PEll.2, lPEB.2,l PEB.2,l PEll.2,l PEB.2
11,1 X,' 'I

4000 FORMATllX,'INTEGRATED ANIMAl PROOUCT AND FEED INVENTORIES .... lBq-d/
Ikgl'

1I,17X,'GRAlN HAY LEGUME PASTURE SOIL TOTAl CUMULA
ITIVE'
1I.17X,' _

II,' ANIMAl FEED ',1 PE9.2,l PE9.2,lPEB.2,1PEll.2,1PEB.2,all,d
II,' BEEF ',lPEll.2, lPE9.2, lPEll.2,lPEI.2,lPEll.2, lPEll.2,
11PE9.2
II,' MILK 18q-<1lLl ',1PEB.2,1PE9.2,1PEll.2,lPEll.2,1PEB.2,1PEll.2,
11PEll.2
II,' POULTRY
II,' OTHER
11PE9.2
",lX,'----")

5000 FORMATllX,F4.0,' OAY INTEGRATED MILK CONCENTRATION FROM PASTURE IB
Iq-<IIL): ',1 PEll.21

B911 RETURN
ENO

C·······························
C' SUBROUTINE RK4S0LVE

C·······························
SUBROUTINE RK4SOLVElA,Xl ,X2.NM)

C thi8 oubroutino Mt8 up tho v..._ to .elv. the OOE'. with initi.. v......
C lliven in the lifT'" A and beginning and andlng _ Xl and X2 for NMEMBER·S
C number of veriobl.. to tho ICCWOC'( defined by EPS.
C New v...... or. returned in the A ......,.

IMPUCIT REAL'S LA-H,O-Z)
PARAMETER INMAX - 32,MAXP -4,EPS -1.0E-e)
OIMENSION AINMAXI,YINMAX),OIMAXPI,Z3lMAXPI,Z15IMAXPl

IdemlficMion
PrOQrorn Norne: COMIOA
Module Nomo: rk4.otv• .f V"';on 1.2
O.t.: l11BIll3 TIme: 10:41:45
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COMMON /PATHI KMAX,KOUNT,DXSAV,XPC200I,VPINMAX.2001
COMMON IIICONTANTSI 212.216.Z21,Z23,234.23.243.D,262
C.....__ idkeyw°72

D•• idkeyw rOIlIrl<4....ve.f 1.2 111.183 10:41:46\0'/
idkeyw - idkeyw

C Xl _begin time
C X2-end time

NVAR-I·NM
C~ ectivity "om 8q to ....... of ........ lIMe __ in <1-1
C c:owr.ion foetor - 18400 _ per dey

N-l
M-O
D010J-l.NM

0020.K-l,1
YO< + Ml- Ao< + Ml/lDlNll88400.1

20 CONTINUE
N-N+1
M-M+I

10 CONTINUE
C _ integrlltion v.....

DXSAV - 1.0
KMAX - 0
Hl-2.6
HMIN - 1.E·20

C eoIv. _ g......t11l1llllllltlll

CAlL ODEINTIY,NVAR.X1.X2,EPS.Hl,HMIN,NOK.N8ADI
c convert to ectivity

N-l
M-O
0030 J-l,NM

00 'O,K-l,1
ACK + MI- YO< + MI·lDINI188400.1

40 CONTINUE
N-N+1
M-M+I

30 CONTINUE
RETURN
ENO

C································
C ° SUBROUTINE DERIVES

c································
SUBROUTINE DERlVSINVAR,TlME,Y,DYDn

IMPLICIT REAL°1 lA-H,O-z}
PARAMETER (NMAX-32,TlNY-1.E·30,MAXP-41
COMMON /PATHI KMAX,KOUNT,DXSAV.XPl2OOl,VPINMAX,2001
COMMON IIICONTANTSI 212,216,Z21,Z23,234,Z3.243.D,262

C PlANT.BLK
COMMON /PlANTI ZKG,CR,THICK.RHO.BMAX.BSTART.GTlME
DIMENSION CRlMAXPI
DIMENSION YINMAXI.DlMAXP),23lMAXPI,DYOTINMAXI,Z36lMAXPl
DIMENSION Z16lMAXPI

C light end tornperotU'. modificlltion to plont growth model not c"'-od,
C coleul•• the root uptoke rot. conotont for .och progeny

NP-NVAR/8
DO 10,1-l,NP

A - LOGI18MAX-llSTARnl8STARn
B-BMAXIll +EXPlA-ZKGomME.GTlMElIl
DBDT - ZKGoB·CBMAX-ll)IBMAX
236nl- DBDToCRnlllTHlCK°RHOI

10 CONTINUE
C COMIOA derivitiv_
C the integrotod comportmont:e IS end 1 •• dMdod by tho curr.m biom_

DYDTlll- 221°Y12HZ12 + 21611) + D(llJoY(1)
DYDTI21- 212·Y(1I + 262·YI6HZ21 + Dill + Z231·Y(21
DYDT(3) - Z23·YI2) + 243·YI4HZ34 + Z36111. Z3111 + DllIJoYl31
DYDTI41- 234°Y13HZ43 + Oil IJ °Y(4)
DYDTl6)- Z3611loY131 + Z1611 )oYl1l-Ol1l°YI6l-262°Y161
DYDTllll-YllllB
DYDTI71-Y(2)
OYDTII)-Yl611B

DYDTI81- Oil 10Yl1I + Z21 °Yll 0l-lZ12 + Z16121 + D12IJ·YCII
DYDTll01- DI1I·YI21 + Z1 2·YIII + 262°YI131-1Z21 + 0121 + Z231°Yll01
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DYDTll I I-DC1I'YI31 + Z23'YC101 + ZU'YC12HZ34 + Z31121 + Z3121 + DI211
I 'Yl1ll
DYDTI121-DC1I'YI41 +Z34'Yll lHZU+ DI211'YC121
DYDTll 31-DC1I'Y161 + Z31121'YC11l + Z1 IC21'YIII-D121'YC13"Zli2'YI131
DYDTI141-YIIIIB
DYDTI1II- YC1 01
DYDTI1 11-Yl1311B

DYDTI171-DI21'YIII + Z21 'Yll 8HZl 2 + Z1 1131 + DI311'YC171
DYDTI181-DI21'Yll01 + Z1 2'Yll 71 + Zli2'Y121 HZ21 + Dl31 + Z231'Y(18)
DYDTll II-DI21"YC1 11 + Z23'YC181 + Z43'YI2OHZ34 + Z3li131 + Z3131 + Dl311

I 'Ylll1
DYDTI20I- DI21'YC121 + Z34'YC1IHZU + DI311'YI201
DYDT121 I-DI21'YC131 + Z36C31'YI1II + Z16131'YC17HDI31+ Zli21'Y1211
DYDTl221- Yl1711B
DYDTl231- Y(18)
DYDTl241-Y121lIB

DYDTI261-D(3)'YC17) + Z21 'YI2IHZl 2 + Z11141 + DI4I1'YI261
DYDT12II-DC31'YCI 8l + Z1 2'Y1261 + Zli2'YI2IHZ21 + D(41 + Z231"YI281
DYDTl271-DI31'YI1II + Z23'Y(211 + Z43"YI28HZ34 + Z31141 + Z3141 + D1411
"YI271
DYDT1281-DI31'YI2OI + Z34'YI27HZ43 + DI4I1"YI281
DYDTI211- D131"Y121 1+ Z3614I"YI271 + Z1 614I'YI2IHD141 + Zli21'Y1211
DYDTI30I- Yl2611B
DYDTl31l - YI281
DYDTl321-Y12111B

c D0101-l,11
c IF(AllSlYall.LE.TINYITHEN
c DYDTnl - O.
c ENDIF
c 10 CONTINUE

RETURN
END

C
C
C

SUBROUTINE ODElNTlY.NVAA,XI .X2.EPS.H I ,HMIN.NOK,NBADI
IMPLICIT REAL"8 1A-H,Q-Z1
PARAMETER lMAXSTP-60000,NMAX-32.TWO- 2.0 ,ZERO -O.O,TlNY -1.r.·201
COMMON /PATHI KMAX,KOUNT,DXSAV,XPC200I,VPlNMAX,2001
DIMENSION YSCALlNMAXl,YlNMAXl,DYDXlNMAXI

C WRlTEI","1 'MADE IT TO ODElNT'
KMAX - 0
X-Xl
H -SlGNlHl,X2·Xll
NOK-O
NBAD-O
KOUNT-O
DO I I l-l.NVAA
yal-yal

II CONTINUE
XSAV-X-oXSAV"TWO
00 II NSTP- 1,MAXSTP

CALL OERlVSlNVAA,X,Y,OYOXI
DO 121-1.HVAA

YSCALal- ABSlYall + TINY
12 CONTINUE

IFCKMAX.GT.OITHEN
IF(AllSCX·XSAVl.GT.ABSlDXSAVlI THEN

lFIKOUNT.LT,XMAX·lITHEN
KOUHT - KOUNT + I
XPIKOUNTI- X
00131-1,NVAA

ypa,KOUNTI - YOI
13 CONTINUE

XSAV-X
ENOIF

ENOIF
ENOIF
IFlCX + H·X21"CX + H·X1).GT.ZEROI H - X2·X
CALL RKOClY,OYDX.NVAA.X,H.EPS.YSCAL.HOID.HNEXTI

lFlH010.EQ.H)THEN
NOK-NOK+'

ELSE
NBAD - NBAD + I
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END1F
C WRlTEto.0' NUC.X

IFClX·X21°!X2·XI I.GE.ZEROITHEN
DO 141-1.NVAA
yal-yal

14 CONTINUE
IFIKMAX.NE.01THEN

KOUNT - KOUNT + I
XPCKOUNn-x
DO 161-1.NVAA

ypa.KOUNn-yal
16 CONTINUE

ENDIF
RETURN

ENDIF
IFlABSlHNEXn.lT.HMINI PAUSE ·St..... _8Ilerlhen mnmum:
H-HNEXT

III CONTINUE
PAUSE 'Too m..,., et-.·
RETURN
END

C
C

C

SUBROUTINE RKOClY.DYOX,N.X.HTRY.EPS,YSCAL,HDIO.HNEXTI
IMPUCIT REAL.os tA-H.Q-Z)
PARAMETER lNMAX - 32.FCOR _ .011111111111111117,

ONE - I ..SAFETY _ O.I.ERRCON -1I.E-41
DIMENSION YINMAXI.OYOXINMAXI.YSCAlINMAXI.YTEMPINMAXI.YSAVINMAX1.
IDYSAVINMAXI
PGROW-~.20

PSHRHK -~.26
XSAV-X
DO 111-1,N

YSAVal-YPl
OYSAVal-DYDXal

11 CONTINUE
H-HTRY
HH-O.6°H
CAll RK4lYSAV.DYSAV.N,)(SAV,HH.YTEMPI
X-XSAV+HH
CAll OERlVSIN.X.YTEMP,DYOXI
CAll RK4lYTEMP,OYOX.N.X.HH,Y1
X-XSAV+H
IFlX.EO.XSAVlPAUSE ·St-a. not oignili.... in RKOC:
CAll RK4lYSAV,DYSAV,N,XSAV.H.YTEMPl
ERRMAX-O.
00121-1.N
YTEMPal- yal-YTEMPal
ERRMAX - MAXIERRMAX.A8SlYTEMPaIIYSCAlam

12 CONTINUE
ERRMAX - ERRMAXIEPS
IFIERRMAX.GT.ONE) THEN

H -SAFETYoHoIERRMAXooPSHRNKI
GOTO 1

elSE
HOID-H
IFIERRMAX.GT.ERRCONITHEN

HNEXT _ SAFETYoHotERRMAXooPGROW)

elSE
HNEXT-4.oH

ENOIF
ENOIF
00131-1.N
Yal-Yal + YTEMPal°FCOR

13 CONTINUE
RETURN
END

C
C
C

SUBROUTINE RK4lY.OYDX.N.X.H,YOun
IMPUCIT REAL.os lA-H.O·Z)
PARAMETER INMAX-321
DIMENSION YINMAXI.DYOXINMAX1.YOUTINMAXI.YTINMAXI.DYTlNMAXI.
IDYMINMAXI

B-47



          DISCLAIMER

!             This document has been reproduced from the best 
                   copy furnished by the sponsoring agency. 


	ABSTRACT
	CONTENTS
	FIGURES
	TABLES
	1. INTRODUCTION
	2. MODEL DESCRIPTION
	2.1 Output
	2.2 Conceptual Model
	2.2 Modeling Kinetics
	2.3 Code Implementation

	3. TRANSPORT PROCESSES
	3.1 Resuspension (Kr)
	3.2 Rainsplash (Krs)
	3.3 Weathering (Kw)
	3.4 Foliar Absorption (Kab)
	3.5 Pasture Senescence (Ksen)
	3.6 Percolation (Kp)
	3.7 Soil Adsorption (Kad) and Resorption (Kde)
	3.8 Soil Leaching (KI)
	3.9 Radioactive Decay and Ingrowth (THALF)
	3.10 Tillage

	4. PLANT GROWTH MODEL
	4.1 Interception Fraction (FW)
	4.2 Root Uptake Rate

	5. CALCULATION OF FOOD PRODUCT CONCENTRATIONS
	5.1 Human Crop Concentrations at Harvest
	5.2 Integrated Animal Product Concentrations

	6. MODEL PERFORMANCE
	6.1 Benchmark Tests
	6.2 Differences Between COMIDA and the PATHWAY model

	7. APPLICATION OF RESULTS IN DOSE CALCULATIONS
	8. CODE IMPLEMENTATION
	8.1 Computational Methods
	8.2 Program Flow
	8.3 Subroutines
	8.4 COMIDA Input Files
	8.5 COMIDA Output
	8.6 Sample Problems

	9. REFERENCES
	APPENDIX A: Sample Problems
	APPENDIX B: COMIDA Code Listing
	#1-GENERAL DISCLAIMER.pdf
	GENERAL DISCLAIMER


