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What Is RESRAD And Why Should You Care?
A Community Guide to Estimating Radiation Doses From Residual Radioactive Contamination  
By brice Smith, Ph.D.

Since World War II, large amounts of radioactive waste 
have been generated by both civilian and military 
uses of nuclear power. 

In areas contaminated with 
these wastes, one of the most 
important steps in protecting 
human health is to determine 
how these radionuclides may 
eventually reach people and thus 
cause them harm. The closely 
related question of what impact 
the contaminants may have on 
the larger ecosystem is outside 
the scope of the present article. 

The first step in such an 
assessment is to determine 
how the site might be used in 
the future. The set of possible 
behaviors and activities is called 
an “exposure scenario.” Often, 
the most appropriate scenario is a resident farmer who 
grows her or his own food on the contaminated site and 
collects her or his own water also from the contaminated 
site. Inherent in this approach is the need to ensure that 
the “farmer” is truly the most vulnerable member of the 
exposed population. A major motivation for the current 
work is to explore how doses to children can be calculated 
as part of an effort to protect those most at risk. 

Once the exposure scenario is chosen, the second step 
is to predict how the radionuclides will move through the 
environment to where they could come into contact with 
humans. The final step is to then predict what the resulting 
dose would be. The total lifetime dose received by the 
individual (measured in rem) is calculated from a given 
amount of a radionuclide ingested or inhaled (measured 
in curies) multiplied by a dose conversion factor (DCF) 
or from a related calculation of the dose from external 
penetrating radiation. As would be expected, the DCFs for 
children are, in general, different from those of adults. 
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STATEMENT OF PRINCIPLES

To Achieve a Carbon 
Free and Nuclear Free 
U.S. Energy System
by 2050

We the undersigned believe that the United States can 
and should implement energy production, distribution, and 
use policies that will phase out the use of fossil fuels and 
nuclear power by the year 2050. A recent book, Carbon-
Free and Nuclear-Free: A Roadmap for U.S. Energy Policy,1 
provides a detailed analysis that shows that this goal is 
technically and economically feasible. The Roadmap lays 
out how we can get from a 94 percent reliance on fossil 
fuels and nuclear energy (as of 2005) to none by mid-
century.2 Oil imports would be completely eliminated 
along the way. 

Action to achieve such an energy system as soon as 
possible is necessary given the scale of the climate crisis, 
global conflicts over oil resources, and the serious risks 
of nuclear power. Achieving a near total elimination of 
CO2 emissions in the United States is also implied by 
U.S. commitments under the United Nations Framework 

Figure 1: RESRAD is a computer program used to make regulatory decisions about residual 
radioactivity levels at nuclear sites (e.g., to help determine “how clean is clean enough”). Even 
though this official RESRAD image includes a child, the program cannot correctly calculate doses 
to children from exposure to external radiation nor can it calculate doses to breast-fed infants. The 
default settings of RESRAD are primarily those for a 20- to 30-year-old, 154 pound Reference Man.  
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Given that calculations for dose assessments are complex, they are 
best done on a computer. It is in this light that we introduce the computer 
program, RESRAD, the focus of this article. RESRAD (short for RESidual 
RADioactivity) was developed by Argonne National Laboratory and 
first issued in 1989 to carry out the three steps described above. 1 After 
registering, the program may be downloaded for free from the Argonne 
website at http://web.ead.anl.gov/resrad/register2. RESRAD 
allows users to specify the features of their site and to predict the 
dose received by an individual at anytime over the next 100,000 years. 
The exposure pathways considered by RESRAD include (1) external 
radiation, (2) inhalation of radon or other gaseous radionuclides and 
contaminated dirt, (3) ingestion of contaminated plants, meat, aquatic 
foods, and soil, and (4) drinking contaminated water and milk. This article 
will present a brief introduction to the way RESRAD carries out these 
dose assessments. In addition, it will present a brief overview of how you 
may use RESRAD to modify dose assessments carried out by regulators 
or site operators in order to calculate the doses received by children and 
to explore the assumptions about your site that have been made. This 
will help you to ensure that the dose assessments upon which regulatory 
decisions are made are, in fact, adequately protective. 

RESRAD allows users to specify the features of their 
site and to predict the dose received by an individual 

at anytime over the next 100,000 years.

While other tools are available, RESRAD is particularly important 
because it has been accepted for use by the government in making 
regulatory decisions and is freely available to the public. The most recent 
version (v. 6.4) was released on December 19, 2007, and is the focus of 
this article. Significantly, this is the first version of RESRAD to include 
the built-in ability to calculate doses to children.2 Until this most recent 
version, RESRAD was only designed to calculate doses for the so-called 
Reference Man, a five foot seven inch, 154 pound male in his twenties.3 
Version 6.4, however, finally incorporates the child specific DCFs first 
published by the International Commission on Radiological Protection 
(ICRP) more than a decade ago. The age ranges considered by the ICRP 
are; from 0 to 1 years old (called “Infant” in RESRAD), from 1 to 2 years 
old (“Age 1”), more than 2 years to 7 years old (“Age 5”), more than 
7 years to 12 years old (“Age 10”), more than 12 years to 17 years old 
(“Age 15”), and more than 17 years old (“Adult”).4 

Even with the latest version of the program, however, there are 
still some things RESRAD cannot do. First, RESRAD can only predict 
doses to individuals who actually enter the contaminated area, and not 
to neighbors of the site. Second, RESRAD cannot predict doses to the 
embryo/fetus or to a breast-fed infant, nor can it predict doses from 
swimming in contaminated water. Finally, RESRAD cannot correctly 
calculate doses to children from exposure to external radiation.5 

How RESRAD Models a Site
It is an old adage that Garbage In equals Garbage Out, no matter how 

good your program is. By the same token, good input data can result in 
a reliable result, provided the software is working as intended. Thus, it is 
very important to understand how information is supplied to RESRAD by 
the user. In short, RESRAD models a site through the use of more than 
150 variables describing everything from how much soil is contaminated 
to how much water a person will drink. These parameters each have 
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a default value assigned by the developers at Argonne. 
The use of default values, however, should be closely 
scrutinized to make sure that important site-specific 
effects haven’t been overlooked.

Calculation times
RESRAD can project doses out to as much as 100,000 

years from the present. However, the program will only 
go out as far as specified by the user. Generally, there is 
no scientific justification for artificially shortening the time 
over which dose projections are made. Thus, it is good 
practice to make at least one run with an upper time limit 
of 100,000 years. If times less than 100,000 years capture 
the true peak dose, then they may be used to help shorten 
the time RESRAD takes to complete its calculations.

Contaminants in the soil 
In order to simplify its calculations, RESRAD makes a 

number of assumptions about the site. The first is that 
the site can be represented by a series of between two 
and eight soil layers of uniform thickness. These layers 
include: (1) zero or one layers of clean soil on top, (2) one 
layer of contaminated soil in which all radionuclides are 
uniformly distributed, (3) between zero and five layers of 
unsaturated (i.e., dry) soil below the contaminated zone, 
and (4) one saturated zone at the bottom (i.e., the water 
table into which a well could be drilled).

One important limitation of RESRAD is that only a 
single layer of soil can be contaminated. If multiple soil 
layers are contaminated at your site, then several different 
RESRAD runs will be needed. A second important 
limitation is that the contaminated zone is assumed to 
be uniformly contaminated. As such, it is important to 
ensure that the environmental sampling at your site is 
adequately representative. In cases where the distribution 
of contamination is not well known, it is often useful 
to conduct what is called a screening calculation. In a 
screening calculation, the most contaminated sample of 
soil is used to represent the entire contaminated zone in 
an effort to ensure that the actual dose is lower than what 
you predict in this analysis.

Distribution Coefficients (K
d
) 

RESRAD uses a simplified contaminant transport 
model described by a small number of constants. One of 
the most important of these is the so-called distribution 
coefficient (Kd). The distribution coefficient measures the 
strength with which a contaminant adsorbs onto soil by 
comparing its concentration in soil measured in picocuries 
per kilogram (pCi/kg) to its concentration in water 
measured in picocuries per liter (pCi/L). In other words:

Kd = concentration in soil (pCi/kg) / concentration in 
water (pCi/L)

Thus, a large value for Kd implies that the radionuclide 
is tightly bound to the soil and will migrate slowly, while a 
small value implies the opposite.

While this model is widely used, it cannot directly 
handle such real world problems as (1) reactive transport 
where contaminants react chemically with each other or 
with chemicals in the soil or groundwater, (2) chemical 
or physical changes to the radionuclides or soil caused by 

plants, animals, or microorganisms, (3) the complicated 
flow of water through cracks and fractures in rock, or (4) 
pathways, such as colloid-mediated transport, where the 
contaminants are carried along by tiny particles suspended 
in the water. Such phenomena must be handled outside of 
RESRAD.

Another drawback of this approach is that the value 
of Kd is highly dependent upon the chemical and physical 
properties of the soil. As such, the value of Kd for a given 
radionuclide can vary by thousands of times across a single 
site. Despite this potential for large variations, only one 
value for Kd can be specified in RESRAD for each layer 
of soil. Therefore, it is very important that site-specific 
analyses use representative, site-specific measurements 
for Kd. As such, it is often important to explore a range 
of possible Kd’s based on measurements at your site to 
ensure that adequately conservative assumptions are being 
made.

Any site-specific RESRAD run that uses either 
default Kd values or the so-called geometric mean values 
summarized by Argonne in Table 32.1 of the RESRAD 
Data Collection Handbook, should be viewed with particular 
skepticism.6 If these generic values are being used, you may 
want to explore the implications of raising and lowering 
the Kd values. If water dependent pathways are important 
at your site, then a lower Kd will typically result in earlier 
and higher doses than a larger Kd since the contaminants 
will migrate more rapidly. On the other hand, at sites 
where water independent pathways are important, a 
higher Kd value will typically result in higher doses since less 
of the radionuclides in the soil will be washed away over 
time. 

Water infiltration 
Another important variable determining how 

radionuclides migrate is the amount of water that 
flows through the soil. In RESRAD, the amount of 
water infiltration is specified by four parameters, 
including “Precipitation” and “Irrigation,” which specify 
the total amount of water falling on the soil and the 
“Evapotranspiration coefficient” and “Runoff coefficient,” 
which specify how much water is lost to evaporation and 
runoff. By default, RESRAD assumes that just 40 percent 
of the water falling on the ground manages to infiltrate the 
soil. 

A complication in this respect arises because RESRAD 
allows only one layer of cover soil to be used. However, 
for many sites there may be multiple layers overlaying a 
contaminated region or the waste may be placed under 
an engineered cover such as a layer of concrete or 
compacted clay. While such situations cannot be handled 
directly by RESRAD, these sites can still be analyzed with 
the aid of tools like the Hydraulic Evaluation of Landfill 
Performance (HELP) program developed by the U.S. 
Army Corps of Engineers.7 If no outside modeling with 
programs like HELP has been used to predict the rate 
of water infiltration at your site, these four parameters 
should be consistent with local meteorological conditions 
and agricultural practices. 
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Erosion of the cover and contaminated zones 
In addition to transport through water, RESRAD allows 

for the cover and contaminated soil to erode. How rapidly 
the soil might be removed will depend on the types of 
erosion at your site, the properties of the soil, the types of 
vegetation that will grow on top of it, the types of human 
activities at the site, and the types of animals that move 
on or through it. By default, RESRAD assumes an erosion 
rate of 0.001 meters per year. This is at the upper range of 
values considered by the Nuclear Regulatory Commission 
in supporting its low level waste classification rule and the 
observed long-term erosion rates in semi-arid climates.

Unlike transport through the water, however, once a 
piece of contaminated soil is eroded, RESRAD assumes 
that it is completely removed from the site and thus no 
longer of concern. This is due to the fact that only doses 
to those on top of the contamination are being considered 
and that, while the eroded contamination still exists, 
RESRAD assumes that it has been moved off site and 
thus is no longer able to contribute to the doses received 
by the people living on top of the contamination. One 
area in which the assumption that contaminants removed 
through erosion are no longer of concern is particularly 
questionable is where contaminants are transported via 
runoff into the surface water. For example, at Los Alamos 
National Laboratory, it is known that erosion during 

rain storms is one of the main mechanisms transporting 
contaminants like plutonium towards the Rio Grande. Such 
pathways must be handled outside of RESRAD.8

Exposure factors
In addition to changing the dose conversion factors, 

the most important parameters to change to determine 
doses to children are the so-called “exposure factors.” 
This is because children will, in general, eat, breathe, and 
act differently than a 154 pound “Reference Man.” While 
choosing appropriate values is a complicated task, and one 
that should take into account local customs and traditions, 
the EPA has published general recommendations for most 
exposure factors of interest. The following sections are 
based in large part on those recommendations.9

Occupancy of the site 
As noted above, RESRAD only calculates doses for 

individuals who are directly on top of the contaminated 
soil. Since most people do not spend their entire day in 
one location, however, RESRAD allows you to specify the 
fraction spent indoors and outdoors on site with whatever 
fraction left over being spent off site. The default values 
used by RESRAD assume a residential scenario with 12 
hours spent indoors on site, 6 hours spent outdoors on 
site, and the remaining 6 hours spent somewhere off site. 

Consumption 
Parameters 

Infant
1-year 
-old

5-year 
-old

10-year 
-old

15-year 
-old

RESRAD 
Default 

Fruit, vegetable and grain 
(kg/yr)

66 90 110 130 140 160

Leafy vegetable (kg/yr) 0.74 2.3 3.3 4.4 8.1 14

Meat and poultry (kg/yr)(a) 10 19 28 36 49 63

Fish (kg/yr) n.a. n.a. 28 39 52 5.4

Other seafood (kg/yr) n.a. n.a. n.a. n.a. n.a. 0.9

Milk (L/yr)(a, b) 130 130 150 170 160 92

Drinking water (L/yr)(c) 69 80 190 250 290 510

Table 1: Recommended values for use as a starting point in estimating average age-specific 
exposure factors for food and drink, based on recommendations from the U.S. Environmental 
Protection Agency. All values given on a per year basis for consistency with how RESRAD uses 
these exposure factors.10

(a) RESRAD assumes that all meat is beef and that all milk is cow’s milk. If you consume other types of meats or get milk from 
something other than a cow, you will want to make sure that these changes have been properly taken into account. 

(b) Milk is one of the few foods where children may, on average, consume larger quantities than adults, and thus requires 
special attention for contaminants such as strontium-90 and iodine-131 that concentrate in milk. 

(c) The default value for water consumption is significantly below the EPA recommendation of two liters per day (730 liters 
per year) for use in screening calculations. 
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Food and drink 
RESRAD breaks down the amount of food or water a 

child consumes into seven categories; (1) “Fruit, vegetable 
and grain,” (2) “Leafy vegetable,” (3) “Meat and poultry,” 
(4) “Fish,” (5) “Other seafood,” (6) “Milk,” and (7) 
“Drinking water.” By default, RESRAD assumes values 
more appropriate to adults, with an individual consuming 
roughly one and a half pounds (0.68 kilograms) of food 
per day and 1.65 liters of milk and water per day. Table 1 
summarizes IEER’s recommendations that may be used 
as a starting point for changing RESRAD parameters to 
predict doses to children. 

Soil ingestion and pica 
In addition to contaminated food and water, RESRAD 

also takes into account the consumption of contaminated 
soil. The default value for soil ingestion is 36.5 grams per 
year, the same as the EPA’s recommendation for estimating 
the average amount of incidental soil ingestion for children. 
For screening calculations, the EPA recommends that a 
value four times higher (146 grams per year) be used for 
children.11 

There may also be cases where children, intentionally 
consume significant quantities of dirt. This behavior is 
known as geophagia or soil pica. Typically, it is assumed 
that a child experiencing pica will consume between 5 
and 10 grams of soil per day during that period.12 Thus, 
for screening calculations, the ingestion of at least 30 to 
40 grams of soil per year, occurring on a small number of 
days, should be considered in addition to the exposure 
from routine, inadvertent soil ingestion described above.13 

Inhalation rates
Finally, RESRAD also considers the inhalation of 

gaseous radionuclides and contaminated dust. How much 
air an individual breathes depends strongly upon the type 
of activities he or she is doing. The EPA identifies five 
categories of activities including sleeping, sedentary, and 
light, moderate, and high intensity.14 The mixture of these 
activities occurring at your site will vary depending upon 
the type of exposure scenario being considered. 

As with other exposure factors, the volume of air 
inhaled by children will be different than for adults. The 
RESRAD default value for the inhalation rate is 8,400 
cubic meters per year. For comparison, this would be 
roughly equivalent to the EPA’s recommendation for 
continuous moderate to heavy activity by children or 
roughly twice the EPA’s recommended value for use in 
long-term exposure scenarios for a five-year-old child.15 
While no upper percentile values were reported by the 
EPA, we note that given that the RESRAD default value 
is equivalent to children sustaining light activity 24 hours 
a day, it can reasonably be used to get a sense of the 
inhalation pathway in many screening calculations.

Introduction to Using RESRAD
The goal of this article is not to allow you to begin from 

scratch and develop your own RESRAD runs. It is instead 
intended to help you to better understand how RESRAD 
works and to help you modify the program at sites where 
RESRAD has already been used in support of regulatory 
decisions.16 As such, we will now briefly touch upon how 
to begin setting up your own runs. 

You will first need to identify which parameters must 
be changed in order to recreate the model proposed by 
the site operators. The easiest way to do this, and the only 
one discussed in this article, is to find the RESRAD output 
files often included in official reports. The file you need 
is called the summary report, and is given the file name 
“SUMMARY.REP.” In setting up your own RESRAD run, 
it is the first three sections of this report that will be of 
greatest interest. 

The first step in recreating the RESRAD run for your 
site is to find which pathways have been set to “active” 
and which have been “suppressed” from the summary 
report section “Summary of Pathway Selections.” You can 
turn these pathways on and off in RESRAD under the “Set 
Pathways” button by clicking on the small square icon next 
to the pathway’s name.17 Once the pathways chosen by 
your site operator have been activated in your model, you 
can then begin to modify the other RESRAD parameters.

The value for each of RESRAD’s 150 plus variables 
can be found in the summary report section entitled 
“Site-Specific Parameter Summary.” If the “User Input” 
and “Default” columns in the summary report are the 
same, then the default value is being used, otherwise you 
will need to change this parameter to match the value 
chosen by the site operator.18 These variable values can be 
changed by clicking on the “Modify Data” button on the 
left of the screen which brings up a series of 12 buttons in 
a new window.19 (See Figure 2, page 7) When clicked, each 
of these 12 buttons will, in turn, launch a popup window 
that allows you to modify the associated parameters. In 
these popup windows, a yellow background indicates 
that the variable is still at its default value, while a white 
background denotes that the value has been changed by 
the user. To restore the default value, simply click on the 
variable and push F6. The locations of some important 
variables are summarized in Table 2. (see page 6)

After changing these parameters to match those 
selected by the site operator, it will be good to check 
your work by running RESRAD. To run RESRAD, click on 
the space shuttle icon on the top row of small buttons 
or select “Run RESRAD” from the “File” menu. When 
RESRAD has finished running, it will open your new 
summary report. This report should look the same as 
the one you started with from the site operator since 
you have now changed all of the parameters in RESRAD 
to match those used in the original summary report. 
The peak dose is reported on the first page of the 
“Contaminated Zone and Total Dose Summary” section 
under the title “Maximum TDOSE(t).”20 You should check 
both its magnitude (i.e., the number of millirem per year) 

see  community guide  on page  6 , endnotes  page  10
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Table 2: Summary of important RESRAD variables 
and where they are located.

Variable Name Menu Button

Nuclide concentration (pCi/g) Soil Concentrations

Distribution coefficients (cm3/g)
Soil Concentrations 
—> Transport

Times for calculations (yr) Calculation Times

Area of contaminated zone (m2) Contaminated Zone

Thickness of contaminated zone (m) Contaminated Zone

Cover depth (m) Cover/Hydrol.

Cover erosion rate (m/yr) Cover/Hydrol.

Contaminated zone erosion rate (m/yr) Cover/Hydrol.

Average annual wind speed (m/sec) Cover/Hydrol.

Precipitation (m/yr) Cover/Hydrol.

Irrigation (m/yr) Cover/Hydrol.

Evapotranspiration coefficient 
(dimensionless)

Cover/Hydrol.

Runoff coefficient (dimensionless) Cover/Hydrol.

Unsaturated zone thickness (m) Unsaturated

Inhalation rate (m3/yr) Occupancy

Fraction of time spent indoors 
(dimensionless)

Occupancy

Fraction of time spent outdoors on site 
(dimensionless)

Occupancy

Fruit, vegetable and grain consumption 
(kg/yr)

Ingestion: Dietary

Leafy vegetable consumption (kg/yr) Ingestion: Dietary

Milk consumption (L/yr) Ingestion: Dietary

Meat and poultry consumption (kg/yr) Ingestion: Dietary

Fish consumption (kg/yr) Ingestion: Dietary

Other seafood consumption (kg/yr) Ingestion: Dietary

Soil ingestion rate (g/yr) Ingestion: Dietary

Drinking water intake (L/yr) Ingestion: Dietary

see  community guide  on page  7 , endnotes  page  10
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and its timing (i.e., when the peak dose occurs). For 
the example included in Table 3, the peak dose is 
899.6 millirem per year and it will occur at zero years 
(i.e., the peak dose is largest at the beginning and 
decreases over time). Your answer may be slightly 
different due to rounding errors, but if you find a 
significant difference, you will want to check your 
parameter values to ensure that they each match the 
values from the site operator. 

You are now ready to begin calculating doses to 
children. The first step is to change the exposure 
factors as discussed in the exposure factors section 
above. This is one of the most important steps in 
making a dose projection, and great care should be 
taken when using any default or generic values. The 
next step is to select new dose conversion factors. 
To change the DCFs in RESRAD, click on the 
“Change Title” button at the far left of the screen. 
In the popup window that opens there will be a pull 
down menu entitled “Dose Factor Library” with a 
default value of “FGR 13 Morbidity.” From the pull 
down list, select the appropriate library from those 
labeled ICRP 72 (Adult), (Age 1), (Age 5), (Age 
10), (Age 15), and (Infant) which will automatically 
update the dose factors for all radionuclides.

You can now re-run RESRAD. In the illustrative 
example in Table 3, we have changed the amount 
of food and drink to reflect a 15-year-old child while 
leaving all other parameters at their default value. In 
that example, the peak dose, while still occurring at 
the same time, is found to be 2.3 times higher than 
that projected for Reference Man. After making all 
of the necessary changes to include children into 
your RESRAD run, you can also begin to change 
other assumptions made by the site operator such 
as the calculation times or distribution coefficients 
to ensure that no important effects have been 
overlooked. 

In addition to the peak dose, the summary report 
provides a wealth of other information. A discussion 
of much of this information is beyond the scope of 
the present article, but we will note that RESRAD 
also shows how the peak dose is broken down 
among different exposure pathways. In the summary 
report, RESRAD breaks down the dose into 
seven water independent pathways and six water 
dependent pathways. While it is the total peak dose 
that will often be compared to regulatory limits, the 
drinking water doses at sites where this pathway 
is important should be separately compared to 
the 4 millirem per year standard used for most 
radionuclides by the EPA.21 Despite RESRAD 
only giving the whole body dose when its DCF 
libraries are used, it is still important to compare its 
projections to the 4 millirem per year organ dose 
limit for drinking water to ensure that the most 
protective limit is being used at your site. 

How you make use of your RESRAD results 
is entirely up to you. However, it is important to 
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Figure 2: Screen capture of RESRAD’s main window showing the Modify Data buttons and the data entry box for the ingestion pathway 
exposure factors.

s ee  community guide  on page  10 , endnotes  page  10

Peak dose in mrem for Sr-
90 and U-238

Time of peak dose for Sr-
90 and U-238 combined

Peak dose in mrem 
for U-238 alone 

Time of peak dose for 
U-238 alone

Default
384 (370 from Sr-90 and 14 
from U-238) 

0 years 63 1000 years

15-year-old 
child

899.6 (884.3 from Sr-90 and 
15.3 from U-238)

0 years 56 1000 years

Table 3: Peak dose projections for a generic site contaminated with 100 pCi/g of strontium-90 
(Sr-90) and 100 pCi/g of uranium-238 (U-238).

Notes: 
The top line uses all default values while the second line makes adjustments to the exposure factors for a 15-year-old child. 

At time t = 0, plants, meat, and milk, in that order, contribute most of the dose for Sr-90, while external radiation and 
inhalation are the main dose contributors for U-238. At time t = 1000 years, the peak dose is from U-238 only (Sr-90 has 
decayed away due to its short half-life) and mainly from drinking water due to its migration to the water pathway.
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consider that while the program does give reasonable 
results overall (provided the input data represent the 
environmental conditions specific to the site being 
modeled), we would recommend that you avoid putting 
too much significance on the precise values you derive, 
because there are significant uncertainties and variability 
in any set of parameter values being used. What is likely to 
be most important, and what you might consider stressing 
in any use of your own RESRAD calculations, is where you 
find significant differences with the site operator’s results. 
These differences may arise directly from taking children 
into account by changing the exposure factors and dose 
conversion factors or they may arise from using different 
assumptions about site parameters like the distribution 
coefficient. In either case, your RESRAD calculations can 
be used to argue that the calculations of the site operator 
are not adequately protective. As such, being able to meet 
the regulators or site operators on their own ground, with 
their own model, can be a very powerful tool.

Endnotes
1.	T his article summarizes a forthcoming IEER guide on how to 

make use of the RESRAD program to calculate doses to children. 
Additional details and further discussion of how to run RESRAD 
will be included in this work. IEER’s guide will be posted at http://
www.ieer.org/reports/resrad.pdf.

2.	IEE R has advocated for these and other changes to the RESRAD 
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Contaminant Levels for Plutonium-239 and Other Alpha-Emitting 
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www.ieer.org/reports/badtothebone/fullrpt.pdf, pp. 25-26 and 
Arjun Makhijani, Brice Smith, and Michael C. Thorne, Science for the 
Vulnerable: Setting Radiation and Multiple Exposure Environmental 
Health Standards to Protect Those Most at Risk, October 19, 2006, at 
http://www.ieer.org/campaign/report.pdf, pp. 80-82. 

3.	I nternational Commission on Radiological Protection, Report of the 
Task Group on Reference Man, [ICRP Publication] No. 23, Pergamon, 
Oxford, 1975, p. 4. Adopted October 1974. 

4.	I nternational Commission on Radiological Protection, Age- 
dependent Doses to the Members of the Public from Intake of 
Radionuclides: Part 5, Compilation of Ingestion and Inhalation Dose 
Coefficients, ICRP Publication 72, Annals of the ICRP, 26 (1) 1996, 
Pergamon, Oxford, 1996, p. 11. Adopted September 1995.

5.	I n RESRAD, external doses are calculated for the average of an 
adult male and female. In 1999, the National Council on Radiation 
Protection and Measurement (NCRP), a U.S. organization, 
recommended that for children up to at least 12 years of age the 
external dose estimated for adults should be increased by 20 to 
40 percent. (NCRP, Recommended Screening Limits for Contaminated 
Surface Soil and Review of Factors Relevant to Site-Specific Studies, 
NCRP Report No. 129, NCRP, Bethesda, MD, January 29, 1999, pp. 
56-57). This correction must be done outside of RESRAD.

6.	 C. Yu et al., Data Collection Handbook to Support Modeling Impacts of 
Radioactive Material in Soil, Argonne National Laboratory, Argonne, 
IL, April 1993, at http://web.ead.anl.gov/resrad/documents/data_col-
lection.pdf, p. 110-111. The geometric mean is a way of calculating 
the average of a given data set that gives less weight to very large 
or very small values. 

7.	S ee http://el.erdc.usace.army.mil/products.cfm?Topic=model&Type
=landfill.

8.	 Brice Smith and Alexandra Amonette, The Environmental Transport 
of Radium and Plutonium: A Review, IEER, Takoma Park, MD, June 23, 
2006, at http://www.ieer.org/reports/envtransport/fullrpt.pdf, p. 22-
24.

9.	S ee EPA 1997 (U.S. Environmental Protection Agency, National 
Center for Environmental Assessment, Office of Research and 
Development, Exposure Factors Handbook, Volumes I to III, EPA/600/
P-95/002Fa, EPA, Washington, DC, August 1997, at http://rais.ornl.
gov/homepage/EFH_Final_1997_EPA600P95002Fa.pdf.

10.	The values for fruits, vegetables, grain, meat, poultry, and fish con-
sumption taken from EPA 2008, Tables 8-22, 9-1, 10-1,11-1, and 
12-1 (U.S. Environmental Protection Agency, Office of Research 
and Development, National Center for Environmental Assessment, 
Child-Specific Exposure Factors Handbook, EPA/600/R-06/096F, EPA, 
Washington, DC, September 2008, at http://oaspub.epa.gov/ 
eims/eimscomm.getfile?p_download_id=478628). For leafy 
vegetable consumption we retained the percentages recom-
mended by EPA for leafy versus non-leafy vegetable consumption 
from EPA 2008 Table 9-7. The EPA’s recommendations were given 
on a per kilogram of body mass basis, so the data on average body 
mass was used to calculate the total amount of consumption per 
year for each age range. The drinking water and milk values were 
taken from FGR 13 (U.S. Environmental Protection Agency, Cancer 
Risk Coefficients for Environmental Exposure to Radionuclides, Federal 
Guidance Report No. 13, September 1999 (EPA 402-R-99-001) 
p. 139). No recommendations for other seafood for the general 
public were provided by the EPA in either FGR 13 or EPA 2008. 

11.	EPA  1997 p. 4-20 and Table 4-23.

12.	EPA  1997 pp. 4-20 and 4-25 and Steven L. Simon, “Soil ingestion by 
humans: a review of history, data, and etiology with application to 
risk assessment of radioactively contaminated soil,” Health Physics, 
v.74, no.6 (June 1998) 647-672. (p. 661).

13.	Combining the intentional and unintentional ingestion gives 
approximately 176 to 186 grams per year.

14.	EPA  2008 Table 6-2.

15.	EPA  2008 Tables 6-1 and 6-2.

16.	The forthcoming RESRAD guide from IEER will include more com-
plete instructions and examples for how to use this model.

17.	The nine exposure pathways are “External Gamma,” “Inhalation,” 
“Plant Ingestion,” “Meat Ingestion,” “Milk Ingestion,” “Aquatic Foods,” 
“Drinking Water,” “Soil Ingestion,” and “Radon.”

18.	Note that the summary report uses a form of scientific notation. 
For example a value of 17,000 would be reported as 1.700E+04 
while a value of 0.00017 would be given as 1.700E-04.

19.	The 12 modify data buttons are “Soil Concentrations,” “Calculation 
Times,” “Contaminated Zone,” “Cover/Hydrol.,” “Saturated Zone,” 
“Unsaturated,” “Occupancy,” “Ingestion: Dietary,” “Ingestion: Non-
Dietary,” “Radon,” “Storage Times,” and “C-14.”

20.	I n the event that the peak dose occurs at one of the specified 
calculation times entered by the user, then there is no detailed 
“Contaminated Zone and Total Dose Summary” section and the 
peak dose summary is included in the “Total Dose Components” 
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21.	Code of Federal Regulations, 40 CFR 141.66(d) 2007, links at http://
www.access.gpo.gov/nara/cfr/waisidx_07/40cfr141_07.html.
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