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Introduction

What is a “Dose Assessment”?

An estimate of the potential future dose that 
could be caused by the residual radioactivity 
remaining on a site derived from site specific 
data, default values and and a mathematical 
model to approximate the environment. 

A mathematical model commonly used is the 
software code RESRAD.
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Introduction

Today’s training will focus on:

Exposure from Contaminated Solid Materials 
(like waste or soil) and Groundwater (versus 
structures)

Realistic and Conservative (Bounding) 
Assessments
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My Favorite Dose Model
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Source Term Abstraction
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Source Term Abstraction

Source term abstraction is the process of 
developing a conceptual representation of the 
radioactive source at a site. Includes: 

• Identifying Principal Radionuclides

• Determine Activity Concentrations / Quality 
and Quantity of Data

• Identify Physical and Chemical Forms 

• Spatial Extent of Contamination

7



NORM/TENORM Source Term

Special Case – Natural decay series 
contamination.   Issues:

• Equilibrium/disequilibrium

• Technological enhancement (inadvertent 
concentration of some elements)

• Radon gas

• Natural occurrence (background)
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NORM/TENORM Source Term
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238U 238U 4.5 × 10
9 y α

232Th 232Th 1.4 × 10
10 

y α
234Th 234Th 24.0 d β, γ

228Ra 228Ra 5.7 y β
234mPa 234mPa 1.2 m β, γ

228Ac 228Ac 6.1 h β, γ
234U 234U 2.5 × 10

5 y α, γ
228Th 228Th 1.9 y α, γ

230Th 230Th 7.7 ×10
4 y α, γ

224Ra 224Ra 3.7 d α, γ
226Ra 226Ra 1.6 × 10

3 y α, γ
220Rn 220Rn 55.6 s α

222Rn 222Rn 3.83 d α
216Po 216Po 0.15 s α

218Po 218Po 3.1 m α
212Pb 212Pb 10.6 h β, γ

214Pb 214Pb 27 m β, γ
212Bi 212Bi 61 m α, β, γ

214Bi 214Bi 20 m β, γ
212Po 212Po 3 × 10

- 7 
s α

214Po 214Po 1.6 × 10
-4 s α, γ

208Tl 208Tl 3.1 m β, γ
210Pb 210Pb 22.3 y β, γ 208Pb 208Pb Stable none

210Bi 210Bi 5.01 d β
210Po 210Po 138 d α
206Pb 206Pb Stable none

Drill 

Cuttings

Drill 

Cuttings
Thorium Decay SeriesUranium Decay Series
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Exposure Pathways Determination
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Exposure Pathway Determination
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Exposure Pathway Determination

To deliver dose, source radionuclides must 
expose humans (exposure pathways):

• Externally by SHINE (1)

– Ground plane

• Internally by INHALATION (2)

– Dust & Gas (radon)

• Internally by INGESTION (6)

– Foods, water, soil
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Exposure Pathway Determination

Source radionuclides can be physically moved to 
a human exposure location by environmental 
transport forces (pathways).
– Livestock grazing on plants with root zone in 

contaminated soil.
– Surface soil particles entrained in wind and carried 

to breathing zone of human.

RESRAD features up to six environmental 
transport pathways feeding the 1-2-6 nine 
human exposure pathways.
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External Exposure Pathways

• Gamma and beta radiation from radionuclides 
distributed throughout the contaminated zone 
with partial attenuation (cover material).

• Default dose calculated for an individual 
exposed continuously from an infinite 
contaminated zone from a distance of 1m 
from the ground surface.
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External Radiation Pathway

External Exposure is Determined By:

• Finite area of contaminated zone

• Thickness of contaminated zone

• Shielding by a cover of uncontaminated soil

• Activity Concentration

• Shielding by floors/walls of a building

• Less-than-continuous occupancy
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Inhalation Exposure Pathway

• Dust

• Radon and radon decay products

• Other gaseous airborne radionuclides

NOTE: The USNRC and the CRCPD recommend 
excluding the radon inhalation pathway in 
dose assessments of residual radioactivity.
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Inhalation of Radon

“Because of the natural transport of radon gas in 
outdoor areas due to diffusion and air 
currents, dose from exposure to radon in 
outside areas due to radium in the soil are 
negligible.” (FR Vol. 62, No. 139, Monday, July 
21, 1997)

Radon is regulated by a separate standard (s).
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Inhalation Exposure Pathway

Consists of two segments:

• Airborne exposure segment linking the source 
(contaminated zone) with the airborne 
radionuclides at an exposure location 
(breathing zone)

• Inhalation segment linking the airborne 
radionuclides in the breathing zone with the 
exposed individual
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Inhalation Exposure Pathway

Airborne exposure segment characterized by the 
air/soil concentration ratio (ratio of the 
breathing zone airborne concentration to the 
concentration in the soil)

Depends on the complex processes by which soil 
particles become airborne by re-suspension 
and are transported to an exposure location.
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Inhalation Exposure Pathway

Inhalation segment characterized by:

• Occupancy factor

• Respiration

– Resting?

– Light work?

– Heavy work?
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Ingestion Exposure Pathway

Consists of six pathways:

• Food

– Plants (vegetables-grains-fruits)

– Meat

– Milk

– Fish/Shellfish

• Water

• Soil (incidental/accidental)
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Ingestion Exposure Pathway

Environmental transport to Plant Food:

• Root uptake from crops grown in the 
contaminated zone

• Foliar uptake from contaminated dust 
deposited on the foliage

• Root uptake from contaminated irrigation 
water

• Foliar uptake from contaminated irrigation 
water
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Ingestion Exposure Pathway

Plant food pathway subcategories are applicable 
to:

• Direct ingestion

• Livestock fodder
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Ingestion Exposure Pathway

Environmental transport to Meat and Milk:

• Ingestion of contaminated fodder by livestock

• Ingestion of contaminated water by livestock

• Ingestion of contaminated soil by livestock
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Ingestion Exposure Pathway

Environmental transport to Fish/Shellfish:

• Fish, crustaceans, and mollusks in a pond 
contaminated by radionuclides leached from 
the contaminated zone
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Ingestion Exposure Pathway

Radionuclide transport through the food 
ingestion pathways is determined by:

• Quantities of different foods consumed

• Fraction of the diet from foods that are from 
the contaminated zone

• Uncontaminated over depth

• Contaminated zone thickness relative to plant 
root zone
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Ingestion Exposure Pathway

(continued)

• Transfer factors from root and foliage to plants

• Transfer factors from fodder or water to meat 
or milk

• Concentration of radionuclides in water
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Ingestion Exposure Pathway

Water ingestion pathway characterized by 
water/soil concentration ratio for each 
radionuclide (ratio of the radionuclide 
concentration in the water at the point of 
withdrawal or use to the concentration in the 
contaminated zone)

• Ground water

• Surface water
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Ingestion Exposure Pathway

Soil ingestion pathway (incidental/accidental 
direct ingestion of soil) depends on amount of 
soil ingested and radionuclide concentration 
in the soil.
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Exposure Scenario Determination
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Scenario Analysis

Exposure scenarios are explicitly defined patterns of human 
activity, environmental transport processes, and receptor 
exposure pathways.  Scenarios are needed to relate the 
contaminated zone to human exposure and, ultimately, dose.

The most common scenario patterns are:

– Resident Farmer

– Suburban Resident

– Recreationist

– Industrial Worker
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Exposure Scenarios

Scenarios depend on the site:
• Location
• Land use (approved zoning)
• Physical characteristics
• Planned future uses
• Critical Group - the group of individuals 

reasonably expected to receive the greatest 
exposure to residual radioactivity for any 
applicable set of circumstances.

37



Exposure Scenarios

The Resident Farmer scenario is popular 
because it includes all environmental 
pathways for on-site or near-site exposure and 
is expected to result in the highest predicted 
lifetime dose.

 but is popular always better?
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Resident Farmer Scenario
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Exposure Scenarios

Resident Farmer Scenario – family resident on 
site after it has been released, raising crops 
and livestock for family consumption.  Dose 
may be incurred by:

• All pathways

• High occupancy factors for indoor and 
outdoor exposure

• Direct radiation

• Inhalation (dust and radon)

• Ingestion (plant food, meat/milk, aquatic food, 

water, soil)
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Suburban Resident Scenario
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Exposure Scenarios

Suburban Resident Scenario:

• Direct exposure pathways

• Inhalation pathways

• Ingestion pathways for plant food and soil

• Assumed that uncontaminated drinking water 
is consumed (the drinking water pathway may 
be activated if reasonable)
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Industrial Worker Scenario
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Exposure Scenarios

Industrial Worker Scenario:

• Direct exposure pathways

• Inhalation pathways

• Ingestion pathways (soil only)

• Assumed that uncontaminated drinking water 
is consumed (the drinking water pathway may 
be activated if reasonable)
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Recreationist Scenario
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Exposure Scenarios

Recreationist Scenario:

• Direct exposure pathways

• Inhalation pathways

• Ingestion pathways (meat, fish/shellfish, and 
soil only)

• Assumed that uncontaminated drinking water 
is consumed (the drinking water pathway may 
be activated if reasonable)
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Conceptual Model Development
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Geometry of the Contaminated Zone

The Contaminated Zone is a below-ground 
region where radionuclides are uniformly 
distributed in above-background 
concentrations.

The cover depth corresponds to the distance 
from the surface to the uppermost 
contaminated zone.
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PA Minimum Landfill DesignPA Minimum Landfill 
Design

Cover 24 in - 0.610m Soil Title 25 PA Code 273.234.a.3  Final cover

Liner

Intermediate Cover 12 in - 0.305m Soil
Title 25 PA Code 273.233.c.1   Intermediate 

cover thickness

Waste / Contaminated Zone Variable depths Waste

Protective Cover  (Unsat 1) 18 in - 0.457m Sand
Title 25 PA Code 273.257.b.3    Protective 

cover thickness

Liner

(Unsat 1) 12 in - 0.305m Sand
Title 25 PA Code 273.255.b.1     Leachate 

detection zone thickness

Liner

(Unsat 2) 6 in - 0.152m Clay
Title 25 PA Code 273.253.b.1     clay sub-base 

layer

(Unsat 3) 8 ft - 2.438m Soil
Title 25 PA Code 273.252.b  Minimum distance 

from sub-base to water table

Saturated Saturation Zone Water
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RESRAD Schematic of Water  Pathway Segments
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Environmental Transport Analysis

• Identify environmental pathways by which 
radionuclides can migrate from the source to a 
human exposure location.

• The migration rate along these pathways is 
determined by a series of RESRAD inputs.
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Effect of Distribution Coefficient
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RESRAD Input/Output
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RESRAD Input

• RESRAD is a pathway analysis computer code used to 
assess RESidual RADioactivity in the environment.

• Hydrogeological, meteorological, geochemical, 
geometrical (size, area, depth), and material-related 
(soil, concrete) parameters are used in the RESRAD 
code.

• A total of 92 parameters are specified in RESRAD 
requiring user input via ten input screens.  
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RESRAD Output

The RESRAD Output Report provides the following 
information:

• Input Parameter Summary

• Pathway Selection Summary

• Total Dose Summary including dose by pathway and 
dose by radionuclide, current time and various times 
in future

• Dose per Source (mrem/yr/pCi/g) for all pathways

• Single Radionuclide Soil Guidelines (DCGLs)
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Iterative Process/Sensitivity Analysis
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Iterative Process

The RESRAD output is used to answer questions:

• Is the total dose acceptable?

• Which pathways are providing the majority of 
the dose?

• Which radionuclides are providing the 
majority of the dose?

• Do the results make sense?
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Iterative Process

Based on the results, additional RESRAD runs or 
other actions are planned:

• Changing one parameter at a time allows the 
user to assess the effect of the parameter.

• Realistic (when justified) input values may be 
substituted for default values.

• More characterization data may be necessary 
to clarify input data.
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Sensitivity Analysis

A sensitivity analysis of all or a select group of 
input parameters is often performed to 
assess:

• Which inputs are directly proportional 
(sensitive) to the total dose and which are not.

• Values of certain inputs that are bounding, 
i.e., produce the maximum dose.
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Questions

For additional information email me at:

alombardo@perma-fix.com
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