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ABSTRACT 

The BIODOSE computer program simulates the environmental transport of 
radionuclides released to surface water and predicts the dosage to humans. 

We have evaluated the program for its suitability to the needs of the 
Nuclear Regulatory Commission Waste Management Program. In particular, 
it is an evaluation to determine whether BIODOSE models account for the 
significant pathways and mechanisms resulting in radiological doses to 
man. 

In general, BIODOSE is a satisfactory code for converting 
radionuclide releases to the aqueous environment into doses to man. 
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INTRODUCTION 
This report is an evaluation of the BIODOSE computer program for its 

suitability to the needs of the Nuclear Regulatory Commission Waste 
Management Program. BIODOSE was written by the Analytical Sciences 
Corporation (TASC) under subcontract to LLL (1). It simulates the 
environmental transport of radionuclides and predicts the dosage to 
humans from given releases of radionuclides to surface water. 

The methods of calculation are based on NRC Regulatory Guide 1.109 
and are thus consistent with NRC staff procedures. 

PROCEDURE 
Our procedure in evaluating BIODOSE is to answer two questions: 

(1) What requirements should be satisfied by a computer program 
that is designed to assess the environmental transport of 
radionuclides released to the biosphere and the resulting 
dose to man? 

(2) How well does BIODOSE satisfy these requirements? 
Since our purpose is specifically to evaluate BI000SE, vie have not 

addressed the question of whether or not there are better ways to achieve 
these requirements. 

The general requirement is that the computer code should trace the 
paths of all important radionuclides through the environment and predict 
the doses to man that would result from a known release. To simplify the 
discussion, we have divided the description of the necessary calculations 
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into four categories: source of radionuclides, transport in the 
environment, interactions with the biosphere, and dose to man. 

Source of Radionuclides: The code should be able to take into 
account every rarJionuclide that could be released to the biosphere from a 
nuclear waste repository by hydrologic transport. 

Transport in the Environment: The code should assess the transport 
of radionuclides through each of the likely environmental pathways that 
lead to man. As part of the process it should estimate the nuclide 
concentrations in each important compartment of the water, air and land 
environment as a function of time. 

Interaction with the Biosphere: The code should calculate the 
concentration of each nuclide in food crops and in animal products. It 
should then use these concentrations to estimate the intake of each 
nuclide by humans. 

Dose to Han: The code should estimate the dose to man caused by 
exposure to the contaminated environment and by ingestion of contaminated 
food and water. The doses should be estimated for individual organs as 
well as the whole body. Both individual and population doses should be 
calculated. 

DESCRIPTION OF BIODOSE 
BIODOSE performs two nearly independent calculations - one to 

estimate the concentrations in the terrestrial and aquatic compartments 
of the ecosystem, the other to estimate the dosage from the various 
pathways that result from these concentrations. 
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The four categories of calculations described in Section 2.0 are 
handled as follows: 

Source of Radionuclides: Currently 36 radionuclides are carried 
14 through the calculations. With the possible exception of C, this 

list seems to include all of the nuclides that can lead to an appreciable 
dose to man. ftdding more nuclides to the list is a fairly 
straightforward process, and deleting one or more of the present set is 
extremely simple. The output of any code describing the release of 
radionuclides to surface water may be used as input to BI0D0SE. 

Transport in the Environment: BI0D0SE treats the water and land 
environment as a set of interconnected compartments or "boxes". Each 
compartment is assumed to be perfectly mixed. Nuclides are introduced 
into the river and are transported between boxes by the flow of water 
from one box to another. The concentrations in each compartment are 
related by the set of differential equations which describe the material 
balance for each compartment. 

The present version uses seven compartments: river water, river 
sediment, irrigated topsoil, estuary water, estuary sediment, plume water 
and ocean water. (The plume is the semi-fresh water which flows from the 
estuary out into the ocean.) 

The inputs for this part of the calculations are physical parameters 
such as: 

• water flow rates 
t rate of introduction of nuclides 
• compartment volumes and areas 
• distribution coefficients of nuclides between aqueous and 

solid phases. 
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The BIODOSE standard parameters simul^.e a large river in the 
northwestern United States. However, any river system can be modeled by 
changing the values of the physical parameters, so this is not a 
limitation. 

The concentration of each nuclide in each compartment changes with 
time. When a radionuclide enters the river the concentration in the 
river increases. This in turn results in increasing concentrations in 
the river sediment, in the irrigated topsoil, in the estuary and so on. 
BIODOSE provides three different options for handling the time dependence 
of the concentrations. 

The "time-varying" option of BIODOSE provides the complete 
time-varying solution to the set of differential equations. This 
solution yields the concentrations in each compartment as a function of 
time. 

The "steady-state'1 option assumes that transfer rates between 
compartments are fast compared to the rate at which nuclides are 
introduced into the environment. This option provides the steady-state 
solution, which assumes that the concentrations in each compartment are 
in the steady-state at all times. The time dependence is exclusively in 
the rate at which nuclides are introduced into the environment. The 
steady-state solution yields somewhat higher doses than the time-varying 
solution because the nuclide concentrations are assumed to reach their 
steady-state values instantaneously. 

The third option, referred to as the "quasi-steady state", is 
intermediate between the "time-varying" and "steady-state" options. This 
option provides the steady-state solution for all compartments except 
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topsoil. The nuclide concentrations in topsoil are assumed to increase 
with time as irrigation water is applied. There art two reasons for 
treating the topsoil compartment differently from the others. One is 
that the buildup of some important nuclides, (e.g., Cs) in topsoil 
can take hundreds of years; the other is that topsoil can be nne of the 
major dose pathways and it is thus important that it be calculated 
accurately. 

The user can choose the option most appropriate to the particular 
case being evaluated. 

Interaction with the Biosphere: BIODOSE includes the following 
exposure pathways resulting from radionuclide contamination of water, 
topsoil and sediment: 

t external exposure to topsoil and sediment 
• immersion in water (swimming) 
t ingestion of aquatic foods 
• ingestion of crops 
• ingestion of animal products. 

Concentration in crops, animal products and aquatic foods are 
estimated by essentially the same approach recommended by NRC Regulatory 
Guide 1.109 {2). The approach was originally developed at Battelle 
Pacific Northwest Laboratories to assess chronic or long-term exposure 
(3,4). 
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The nuclides in a crop are assumed to come from two sources: 

• contaminated irrigation water that is deposited on above 

ground parts during irrigation 

• contaminated topsoil from which nuclides are transferred to 

pi ants via roots. 

The following parameters are use>; in the calculations of nuclide 

concentrations in crops: 

A. Via d i rec t deposition 

• i r r i g a t i o n rate 

• f rac t ion of deposited a c t i v i t y retained on crop 

• f r ac t i on of retained a c t i v i t y t ransferred to edible parts 

• rate of loss from crop surfaces 

• length of growing season 

• mass of plant material 

B. Via so i l - r oo t pathway 

• concentration factor {Ci per kg of plant <naterial)/(Ci 

per kg of topso i l ) 

• topsoi l density 

The sources of nuclides in animal products are assumed to be 

contaminated feed and dr inking water. Concentrations are estimated using 

the parameters: 

t consumption rate of forage by animal 

t consumption rate of water by animal 

• t ransfer coe f f i c ien t of a nucl ide (Ci per kg of animal 

product) / (Ci per day in take) . 
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The concentrations of nuclides in aquatic foods are estimated from 
their concentrations in water and their accumulation f ictors (Ci per kg 
of food)/{Ci per 1 of water). 

Dose to Man: BIOD'-JE calculates whole body and organ doses and a 
whole body equivalent dose based on cancer risks for: 

(1) an average individual living in the contaminated region 
(2) a maximum individual living in the contaminated region 
(3) total population, however distributed, which is assumed to 

consume all of the contaminated food. 
The dose to ?n organ from a nuclide via an exposure pathway is 

estimated from the concentration in the compartment or medium relevant to 
the pathway, the usage rate associated with the pathway, and the dose 
factor specific to the nuclide and the organ via the pathway. Usage rate 
refers to the intake of water and food producti and the time spent at the 
shoreline and swimming and boating. Each individual is assumed to spend 
his entire lifetime in the contaminated region and to derive all his food 
and drinking water from the region. 

B10D0SE uses two sets of usaye factors, standard usage factors for 
the average adult and maximwn usage factors for the hypothetical 
maximally exposed adult. The dose to the average individual is estimated 
with the standard usage factors, the dose to the maximum individual is 
estimated with the maximum usage factors. 

The dose to the population via external exposures from nuclides in 
topsoil, water and sediments is estimated from the dose to the averaqe 
individual and the population density. The dose to the population via 
consumption of foods is estimated assuming that all of the food produced 
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viithin the region is consumed somewhere and is independent of the 
population density. The total food produced on land is assumed to be 
proportional to the total irrigation water usage. The total production 
of aquatic foods is estimated from statistics on aquatic food production. 

RIODOSE yields 50-year dose commitments to each of eight organs: 
whole body, gastrointestinal tract, thyroid, bone, liver, lung, kidney 
and skin. The dose commitment is the time integral of the dose rate. 
The 50-yoar dose commitment assumes chrooic exposure to radionuclides 
throughout the SO-year period of integration. The nuclide-specific dose 
factors in the 3I0D0SE code were derived by a method developed for the 
NRC by PNL (5) from annual dose commitment factors published by 
Burkholder (3). 

Resides the dose to individual organs, BIQDOSL estimates the '.-.hole 
body equivalent dose. The whole body equivalent dose is the sum of the 
doses to the individual organs, each weighted by the cancer risk in that 
organ. Risk factors for fatal cancers were derived from the literature 
for each of the organs of reference including the whole body (6). These 
risk factors were used to derive 50-year dose factors for the whole body 
equivalent dose. The concept of a weighted mean whole body dose has been 
designated "effective dose equivalent" by the International Commission on 
Radiological Protection (1CRP, 7). This concept was introduced by 1CRP 
to assure the same degree of radiological protection whether the whole 
body is irradiated uniformly or whether there is non-uniform or selective 
organ exposure (8). The comparison of single values of the whole body 
equivalent dose rather than multiple values of the dose to individual 
organs greatly simplifies reporting and interpretation of the results. 
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EVALUATION OF BIODOSE 

The f i r s t version of BIODOSE was set up to model a r i ver system 

s imi lar to the Columhia River . A.ny system wi th the same types of 

compartments can be modeled simply by changing the values of the 

appropriate input parameter ( e . g . , r i ve r f low rate and i r r i g a t i o n r a t e ) . 

However, the fundamental d i f f e r e n t i a l equations that describe the 

concentrations in the compartments have a form which depends on the 

spec i f i c pathways avai lable for the transport of nuclides between the 

compartments. Thus any water-land sy-cem with a d i f f e ren t set of 

pathways w i l l require a d i f f e ren t set of equations. I f a d i f f e ren t type 

of s i tua t ion is to he evaluated, the program must be r e - w r i t t e n . A 

simple change of input parameters w i l l not su f f i ce . 

With th i s problem in mind, TASC programmed BIODOSE as a co l l ec t i on of 

subroutines. As a r e s u l t , fundamental changes in the conf igurat ion of 

the land-water environment can be accommodated by r e -w r i t i ng only a small 

subroutine rather than the ent i re program. A la ter version of the code 

includes six d i f f e ren t ecosystems as opt ions. 

BIODOSE is capable of handling a large number of possible 

combinations of nucl ides, compartments, exposure pathways, organs and 

times of release. As a r e s u l t , i t must organize and manipulate an 

enormous amount of data. The possible number of pages of output i s 

overwhelming. 

Nevertheless, i t is r e l a t i v e l y simple to calculate by hand the dose 

produced by any single nuclide through a single exposure pathway. To be 

sure that the code actual ly does what we think i t is doing, we have 

carr ied out a set of hand ca lcu la t ions. We calculated the concentrations 

of several nuclides in each compartment and the dose to ind iv iduals and 
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to the population frora those nuclides through several pathways. In all 
cases the hand calculations agreed with the computer printouts, ihis 
does not prove that the entire code is correct, of course, but it does 
add a degree of confidence. 

Our purpose in this report was to evaluate the methods used in 
BIODOSE, not the actual data, so we have made no evaluation of the values 
of the various physical and biological parameters used in the test 
calculations. As better values of the many input parameters are 
developed, they can be changed w.ry easily. 

CONCLUSIONS 
In our opinion, the BIODOSE program can be a useful tool for the 

estimation of potential doses to man from the release of radionuclides to 
the aqueous environment. It seems to include all important pathways and 
is flexible enough to be modified for specific sites as necessary. 

The methods of calculation are based on Reg. Guide 1.109 and are 
therefore consistent with NRC staff procedures. The data base can be 
changed easily to accommodate improved values of various parameters or to 
carry out sensitivity and uncertainty analyses. 

With the exception of the atmosphere, BIODOSE considers all the major 
compartments of the environment. The dose estimates, therefore, exclude 
exposure pathways that involve nuclides in airborne particles resuspended 
from topsoil or sediments. These pathways include inhalation of 
resuspended particles and ingestion of food crops and animal products 
contaminated as a result of the deposition of resuspended particles on 
plant surfaces. We will perform independent calculations to evaluate the 
pathways involving resuspension, and if appropriate, expand the SIODO.SE 
code to include the atmosphere compartment and pathways involving 
resuspension. 
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