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Objectives

 Learn the basis for relating exposure to health 
effects

 Understand categorization of health effects

 Calculate health effects for a given dose

 Learn about research done on the health effects
 List the costs that are calculated by MACCS
 Describe the general formulas relating to the various 

types of costs
 Discuss other costs not calculated in MACCS
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Effects of Radiation on Cells

 Cells undamaged by 
dose

 Cells die as a result 
of dose

 Damaged cells 
operate normally 
following repair

 Damaged cells 
operate abnormally 
following repair
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Somatic and Genetic Health Effects

Somatic

(manifested in
exposed individual)

Genetic

(manifested in progeny of
exposed individual)

Non-Stochastic, 
Acute, Deterministic, 

Early 

(occurs only above
an exposure threshold)

Stochastic, Latent

(occurs with frequency as
a function of exposure)

Stochastic, Latent

(occurs with frequency as
a function of parent exposure)

Radiation Exposure

Health Effects
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Dose-Response Curves

Relationship for a population between dose and response

 Response varies with end point in question:  
 Type of acute injury or syndrome 
 Site of solid tumor
 Leukemia   

 Response depends on other factors
 Quality factor of radiation (radiation weighting factor or 

relative biological effectiveness (RBE))
 Dose rate
 Sex 
 Age at exposure
 Other 
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Dose-Response Curves
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Other Possible Dose-Response Curves for 
Stochastic Health Effects
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Dose-Response Curves In WinMACCS

 Dose-Response function specified in EARLY 
code module:
• Acute radiation fatalities - “Early Fatality 

Parameters” screen
• Acute radiation injury - “Early Injury Parameters” 

screen
• Cancer risk model - “Latent Cancer Parameters” 

and “Latent Cancer Thresholds” screens
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Exposure Types
 Acute and Chronic Radiation Exposures

• Acute exposure - a high dose of radiation is received during 
a short period of time

• Acute exposures modeled in EARLY
• Chronic exposure - long-term, low-level exposure

• Chronic Exposures modeled in EARLY and CHRONC

 Acute Exposure Characteristics:
• Dose  10 rad or 0.1 Gray (103 erg/gram)
• Exposure duration up to a few days (EARLY ≤ 40 days)
• May cause a pattern of clearly identifiable symptoms 

minutes to months after exposure  (EARLY acute injuries or 
fatalities)

• May cause latent cancers (EARLY latent cancers) or other 
effects (cataracts, etc.) that do not appear for decades
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Acute Dose and Effects

 Acute exposure
• Stochastic effects (cancers and heritable effects)

 Probability of occurrence increases with dose
 Severity of occurrence is independent of the dose
 Classified as "latent" or “late” effects

• Non-stochastic effects (Other effects)
 Thresholds appear at various levels for different 

acute effects. See slides concerning MACCS 
acute health effects model.  

 Severity and probability of occurrence within a 
population depend on dose.
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Acute Doses and Effects

Table from the 2017 EPA PAG Manual
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Acute Doses and Effects (Strom, 2003)
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Chronic Exposure

 Chronic exposure - long-term, low-level exposure
• Organisms can tolerate more radiation if exposure is spread out over 

time.
• Effects of overexposure may not be apparent for years.
• Risk has been difficult to quantify due to:

1. High background cancer rate in the general  population 
2. Lack of statistical power in low dose region 
3. Robust studies are expensive and time consuming 
4. Missing or inadequate radiation dosimetry and bioassay data & 

primitive analytical methods during 1940s – 1970s  
Inadequate historical data

5. Potential for bias, confounding, effect modification, and 
possibility of distorting outcomes
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Dose and Effects

 Chronic exposure
• Stochastic effects

 Probability for occurrence can be estimated 
(extrapolated) from dose-effect curve for high doses 
(Curve B, page 6-7).

 Epidemiological data cannot confirm or refute the 
currently used risk models at current occupational 
levels. 

• Non-stochastic effects
 Deterministic effects can occur with long-term 

exposure if dose exceeds the threshold for the effect. 
 Current dose limits are set such that these thresholds 

are not expected to be reached in a normal working 
lifetime.
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Dosimetry Guidance

Date Publication Remarks
1953 NBS 

Handbook 52
Obsolete.

1959 ICRP 
Publication 2, 
NBS 
Handbook 69

Current EPA Maximum Contaminant Levels (MCLs) 
(drinking water, other),

Current OSHA Regulations (29 CFR 1910.1096),
Current NRC (10 CFR 100, others). 

1977 ICRP-26 Introduces system of dose limitation and the tissue-
weighting scheme used in ICRP-30, 10 CFR 20 & 
10 CFR 835, FGR-11.  

1980 
to

1982

ICRP-30 Metabolic and bio-kinetic models integrated with the 
ICRP-26 dose limitation framework to provide the 
bases for current 10 CFR 20 and HE values in 
Federal Guidance Reports 11 and 12.  
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Dosimetry Guidance (continued)

Date Publication Remarks

1991 ICRP-60 Revision of the system of dose limitation, tissue-weighting 
scheme introduced by ICRP-26. DOE adopted ICRP 60 in 10 
CFR 835 (proposal 71 FR 154, p. 45996). 

1991 ICRP-61 Transitional annual limits of intake and dose coefficients based 
on ICRP-60 and the metabolic and bio-kinetic models in 
ICRP-30.  “E” values listed in FGR-11 and FGR-12 
databases. Not incorporated in U.S. regulations. 

1993 
to 

1996

ICRP-67
through 72

New dose coefficients based on ICRP-60 dose limitation system 
and updated metabolic and bio-kinetic models.  Not 
incorporated in regulations.  Appear as dose coefficients in 
Federal Guidance Report 13. DOE adopted ICRP 68 in 10 
CFR 835 (proposal 71 FR 154, p. 45996). 

1999 Federal 
Guidance 
Report 13

Updates to ICRP 72 by ORNL with changes approved by US 
EPA
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Dosimetry Guidance (continued)

Date Publication Remarks

2007 ICRP  103 • Updates from ICRP-60 for the radiation and tissue weighting 
factor used to define equivalent and effective doses. 

• Deterministic effects and stochastic risk remain 
fundamentally unchanged.  Heritable risk is lower.  

• Internal and external doses calculated using computational 
phantom based on medical images.  Tissue weighting factors 
are age- and sex-averaged.  (ICRP 110)   

2010 ICRP 116 • This report gives fluence-to-dose conversion coefficients for 
both effective dose and organ absorbed doses for various 
types of external exposures, consistent with ICRP 103. 
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Doses from Inhalation and Ingestion: 
Changing Terminology 

 50-yr organ doses from intakes are referred to as:
• Committed dose equivalent (ICRP-30)
• Committed equivalent dose (ICRP-60)

 50-yr effective doses from intakes are referred to as:
• Committed effective dose equivalent (ICRP-30)
• Committed effective dose (ICRP-60)
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NRC Guidance on ICRP 103
SRM-SECY-12-0064 (2012)

 The Commission concluded there was insufficient risk and 
safety basis for changes to the occupational dose limits.
 TEDE = 5 rem (0.05 Sv), Lens = 15 rem (0.15 Sv), and Skin = 50 rem (0.5 

Sv), Occupational = 50 rem (0.5 Sv)
 Commission Direction:

 Align 10 CFR 20 with most recent methodology and terminology, e.g., 
 Tissue weighting factors to ICRP 103
 Current metabolic models

 Disapproved reducing occupational limit on TEDE
 Continue stakeholder discussions on dose limit for the lens of the eye  

 Staff recommended limits of 5 rem (50 mSv) or 2 rem (20 mSv) per year 
 ICRP: 2 rem average over 5 years, with 5 rem maximum

 Continue discussions on embryo/fetus dose limit of 100 mrem
 Consider whether to apply over entire gestation period or after 

declaration 
 ICRP: 100 mrem after declaration   
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Dose Equivalent, Absorbed Dose, and 
Quality Factors (ICRP-26 and -30)

 Absorbed dose, D, is absorbed energy per unit mass
100 rad = 1 J/kg = 1 gray

 Dose Equivalent to tissue “T”; HT 
Dose equivalent accounts for biological effectiveness for inducing latent 
cancers and heritable effects 

 Quality factor, Q.  Per ICRP 26 and 10 CFR 20: 

X-rays, gamma, beta Neutrons, Protons Alpha Particles
1 10 20
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Equivalent Dose, Absorbed Dose, 
and Weighting Factors (ICRP-60)

 See Section 6 endnotes for update 
 Equivalent dose to tissue “T”: WR is analogous to Q  
 Equivalent dose to a tissue needed to determine 

stochastic health effects
 Radiation weighting factor, WR, from  ICRP 60:   

X-rays, gamma, beta Neutrons * α - particles
1 Energy dependent (5 to 20) 20

*  Need to know neutron energy spectrum to take advantage of this. 
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Non-uniform Irradiation

 ICRP 26 & 30: Effective Dose Equivalent (HE)
HE = Σ HT * WT

 ICRP 60: Effective Dose (E)
E = Σ HT * WT

 HE and E:  measures of dose equivalent and risk for 

    non-uniform irradiation
 Leggett and Eckerman (2003)-Comparison of ICRP-26 

    and 30 with newer ICRP guidance
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Tissue Weighting Factor Comparison*

*SECY-08-0197
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Radiation Weighting Factor Comparison*

*SECY-08-0197
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ICRP-66 Respiratory Tract Model 
(1994)
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ICRP-66 Respiratory Tract Model

AI – Alveolar Interstitium
BB – Bronchi
bb – Bronchioles
ET – Extrathoracic
GI – Gastrointestinal
LN – Lymph Nodes
SEQ – Sequestered
TH – Thoracic

Source: Eckerman, Federal Guidance Report No. 13, September 1999
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Doses from Inhalation

 Based on Lung Clearance Model
 Speed at which a contaminant is removed from the lungs

 

  

Clearance 
Class (ICRP 
26, 30)

Absorption 
Type (ICRP 
66, 72)

Pulmonary Region 
Clearance Half-
Time (days)

Y S > 100
W M 10-100
D F < 10
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Doses from Inhalation

 Respiratory deposition is a 
function of Activity Mean 
Aerodynamic Diameter 
(AMAD) [ICRP 30] 

 Activity Mean Aerodynamic 
Diameter (AMAD) (μm) is the 
diameter of a unit density 
sphere with the same 
terminal settling velocity in 
air as that of an aerosol 
particle of mean activity.  
 

  

6-29



ICRP-30 Gastrointestinal Tract Model 
(1979)

St – Stomach
SI – Small Intestine
ULI – Upper Large Intestine
LLI – Lower Large Intestine

Source: Eckerman, Federal Guidance Report No. 13, September 1999
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ICRP-56 Biokinetic Iodine Model 
(1989)

Source: Eckerman, Federal Guidance Report No. 13, September 1999
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Non-Uniform Irradiation
Intakes of radioactive material can lead to non-uniform 

distributions of dose to organs 
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Doses from Inhalation and Ingestion

Committed dose equivalent following an intake of Pu-238
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Doses from Inhalation and Ingestion

 Effect of age at time of exposure

 

  

6-34



Dose Coefficient Files 
Supplied with MACCS

DOSFAC2 (dosdata20organs.inp)
• External factors from DOE/EH-0070 (older than FGR12)
• Internal factors from FGR-11
• Tissue weighting based on ICRP-26 and ICRP-60
• Radionuclides important to reactor accidents (60)
• Adult only
• Used in NUREG-1150 (historical significance) 
• Acute, annual, and 50-yr DCFs
• Primarily NRC users
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Dose Coefficient Files 
Supplied with MACCS

FGR13DCF 
• External factors from FGR-12
• Internal factors derived from FGR-13 dose rate vs time 

data
• Tissue weighting based on ICRP-60
• ICRP-66 lung model, recent (1990s) metabolic models
• 825 isotopes 
• Adult, but data are available to calculate internal factors for 

other age groups (newborn, 1, 5, 10, 15 yr & adult male)
• 1 μm AMAD particle size, but data are available for other 

sizes
• Acute, annual, and 50-yr DCFs
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Dose Coefficient Files 
Supplied with MACCS

FGR13GyEquiv_RevA  
• Same as FGR13DCF with the following exceptions

• Relative biological effectiveness factor (RBE) for breast 
is 10 for high-LET (alpha) radiation.

• RBE for bone marrow is 1 for high-LET radiation. 
• Changes were recommended by Keith Eckerman to be 

consistent with FGR 13 health effect modeling.
• Dose coefficients are consistent with those used in 

SOARCA study. 
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Radiation Epidemiology
 National Academy of Sciences (NAS) Committee On The Biological Effects of 

Atomic Radiation (BEAR) – Numerous  reports, 1950s and 1960s. Historic interest. 
 NAS Committee On The Biological Effects of Ionizing Radiation (BEIR)

• BEIR (1972) – The Effects On Populations of Exposure to Low 
      Levels of Ionizing Radiation. 

• BEIR III (1980) –  Generated controversy on cancer induction at low doses. 
Mostly of historic interest. 

• BEIR IV (1988) – Concerned with Radon and Alpha Emitters
• BEIR V (1990) – Health Effects of Exposure to Low Levels of Ionizing Radiation
• BEIR VI (1998) – Radon
• BEIR VII (2006) – Risks from Low-LET Radiation  

 United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 
- Various annual reports in most years since the 1970’s

 U.S. Nuclear Regulatory Commission – National Academy of Sciences Study
 Cancer in Populations Living Near Nuclear Facilities (1990)
 Analysis of Cancer Risk in Populations Near Nuclear Facilities Feasibility Study 

(2011), Phase 2: Pilot Planning of 7 Sites (2014) – Cancelled 
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Non-Cancer Health Effects

 Irradiation of Embryo or Fetus (ICRP-49, ICRP-90)
 Failure of fertilized egg to implant
 Fetal death, malformations, low body weight, slow growth rate
 Diminished intelligence, severe mental retardation, small head size, 

central nervous system abnormalities
 Increased infant mortality from nuclear testing fallout? (Busby, 1995) 

 Degenerative Diseases (e.g., cataracts, vascular 
diseases)
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Chromosomal Damage

• Double-strand break
• Sticky ends
• Chromosomal abnormalities: 

• Rings
• Di-centrics
• Acentric fragments

Double 
Strand Break 

(DSB)
Sticky 
Ends

Join 
Together Replicate Di-

centric

Levitt, 2008
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Abnormal Chromosomes
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Health Effects: BEIR VII cancer risk 
conclusions on a relative risk basis
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Other Opinions on LNT

 “Evidence for formation of DNA repair centers and dose-response nonlinearity 
in human cells” (Neumaier, 2011)

The standard model currently in use applies a linear scale, extrapolating 
cancer risk from high doses to low doses of ionizing radiation. However, 
our discovery of DSB [double-strand breaks] clustering over such large 
distances casts considerable doubts on the general assumption that risk 
to ionizing radiation is proportional to dose, and instead provides a 
mechanism that could more accurately address risk dose dependency of 
ionizing radiation.  http://www.pnas.org/content/109/2/443

 Also see the Lawrence Berkeley National Laboratory article at 
http://newscenter.lbl.gov/news-releases/2011/12/20/low-dose-radiation/

 Life Span Study indicates that if there is a threshold, then it appears to be 
below 6 rem, if a threshold exists at all. (ICRP 99)

 “Calculation of the number of cancer deaths based on collective dose from 
trivial individual exposures should be avoided.” (ICRP 103)
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Carcinogenic Effects

 BEIR VII uncertainty estimate: +100% to -50%
 Statistically significant effects observed only above 

0.1 Sv and at high dose rates (BEIR V) 
 Accumulation over weeks or months (chronic) 

reduces risk by a factor of 2 (BEIR V) or 1.5 (BEIR VII) 
using the Dose and Dose Rate Effectiveness Factor 
(DDREF) 
 BEIR V states risk per unit dose observed at high acute 

doses should be divided by 2 before applying to low dose.
 BEIR V and VII define “Low Dose” < 0.2 Gy and “Low Dose 

Rate” < 0.1 mGy/min.
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Carcinogenic Risks per BEIR VII

Organ Average Incidence (per Gy) Average Mortality (per Gy)

Stomach 5.8E-03 3.3E-03
Colon 1.9E-02 9.2E-03
Liver 2.9E-03 2.3E-03
Lung 3.3E-02 3.1E-02
Breast 2.3E-02 5.5E-03
Prostate 3.3E-03 6.8E-04
Uterus 1.5E-03 3.8E-04
Ovary 3.0E-03 1.8E-03
Bladder 1.4E-02 3.8E-03
Other 4.4E-02 1.9E-02
Thyroid 9.1E-03 --     
All solid cancers 1.8E-01 9.2E-02
Leukemia 1.3E-02 9.0E-03

BEIR VII, Tables 12-5A, 12-5B, 12-6.  Lifetime Attributable Risk of Solid 
Cancer and Leukemia per Gy (linearized)

Mixed age population. Equal numbers of males and females. DDREF=1.5. Values based on 0.1 Gy.
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Exercise 5
 Open WinMACCS Projects\SOARCA\SurryR7\SurryISLOCA-11-21-08
 Open EARLY/Model Basis/Organs of Risk

 Add organs listed in the following table with L- prefix (L- indicates a lifetime 
dose)

 Click OK
 Open /EARLY/Latent Cancer Parameters/Latent Cancer Parameters

 Convert CFRISK values in following table to the high-dose range by multiplying 
by corresponding value of DDREFA (DDREFA = 1 for Breast cancer; = 2 for all 
others)

 Update or add CFRISK for all cancer types listed in the following table under 
the column labeled Both

 Set ACSUSC = 1., CIRISK = 0., and DDREFA = 2. for all new cancer types
 Under General/Properties/Weather tab, switch to Uniform Bin Sampling.
 Open ATMOS/Weather/Samples per Bin and set NSMPLS = 2.
 Run the problem.
 What are the overall numbers of cancer injuries and cancer fatalities 

within 50 miles? Did they increase or decrease from the previous version
 Answer:  Previous numbers are 2,280 injuries and 999 fatalities; Updated 

numbers are 2,390 injuries and 1,040 fatalities.
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Exercise 5 – Risk Coefficients
Table 2. Age-averaged site-specific cancer mortality risk estimates (cancer deaths per 
person-Gy) from low-dose, low-LET uniform irradiation of the body.

Site Males Females Both
Esophagus 7.30E-04 1.59E-03 1.17E-03
Stomach 3.25E-03 4.86E-03 4.07E-03
Colon 8.28E-03 1.24E-02 1.04E-02
Liver 1.84E-03 1.17E-03 1.50E-03
Lung (Lungs) 7.71E-03 1.19E-02 9.88E-03
Bone (Bone Surface) 9.40E-05 9.60E-05 9.50E-05
Skin 9.51E-05 1.05E-04 1.00E-04
Breast - 9.90E-03 5.06E-03
Ovaries - 2.92E-03 1.49E-03
Bladder Wall 3.28E-03 1.52E-03 2.38E-03
Kidney (Kidneys) 6.43E-04 3.92E-04 5.15E-04
Thyroid 2.05E-04 4.38E-04 3.24E-04
Leukemia (Red Marrow) 6.48E-03 4.71E-03 5.57E-03
Residuala (Remainder) 1.35E-02 1.63E-02 1.49E-02
Total 4.62E-02 6.83E-02 5.75E-02
a Residual is a composite of all radiogenic cancers that are not explicitly listed in the table.



General Risk Findings

 Populations chronically exposed to elevated natural 
background or normal occupational exposure do not show 
consistent or conclusive evidence of an associated increase in 
cancer risk (BIER V & VII) 

 Linear Quadratic model:   Risk = αDose + Dose2

 BEIR III
 BEIR VII for leukemia
 Relative importance of 2 terms varies for different tissues
 Dose at which 2 terms equal:  100-1000+ rads in BEIR III
 Original equation in MACCS; retained but not currently  

recommended
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General Risk Findings (Continued)

 Piecewise Linear Model
 For Dose  20 rad or Dose Rate  10 rad/hr: RiskDose 
 At low dose rates:  Stochastic Risk(D/DDREF)

 Recommended by ICRP 60, BEIR V, and BEIR VII for solid cancers
 Genetic Effects

 Increased non-lethal mutation rate not observed in human 
populations (nearly all mutations are non-viable)

 Developmental Abnormalities
 Risk of mental retardation = 4% Per 0.1 Sv (10 rem) of 

exposure at 8-15 weeks after conception
 High doses (>0.5 Gy) cause increases in multi-factorial 

diseases of adults (e.g. cardiovascular disease, stroke). Noted 
in BEIR VII, discussed in UNSCEAR 2006 report.  
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MACCS Acute Dose Coefficients 
(FGR-13 and DOSFAC2 Files)

• Radiation exposure is assumed to occur in first day.
• Acute dose coefficients for internal doses are the risk-

weighted sum of dose commitments for day 0-1, …, 200-
365.
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MACCS Early Health Effects Model

Calculate xT given the absorbed doses to tissue “T” for the 
time periods “t” using the following table.   
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MACCS Early Health Effects Model
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MACCS Early Health Effects Model

 Most early health effects have threshold dose for brief (< 1 
day) intense exposures:  H = 0  if  D < Dth

 β parameter and thresholds are provided in the following 
table
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Early Health Effects Table
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Early Health Effects Sample Problem

Given the following stomach doses, calculate the probability 
of: (1) prodromal vomiting, (2) diarrhea, and (3) at least one 
of these conditions occurring

Time Period Absorbed Dose for 
Time Period

Day 1 2 gray
Day 2 through 7 2 gray
Day 8 through  0 gray
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Solution to Health Effects Sample Problem

 Prodromal Vomiting:
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Solution to Health Effects Sample Problem 
Continued

 Probability of Diarrhea:
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Solution to Health Effects Sample Problem 
Continued

 Probability of at least one:  Prodromal Vomiting or Diarrhea
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Summary of Health Consequences
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Transition to Economic 
Consequences
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MACCS Cost-Based Economic Model

 The original MACCS economic model estimates 
offsite costs based on the following cost categories
 Evacuation/relocation costs 

 Per diem basis during emergency and intermediate phases
 One-time expense during long-term phase 

 Decontamination costs during long-term phase
 Loss of use for farmland and nonfarmland 

 Expected return on investment (property value)
 Depreciation on improvements to property

 Condemnation of property
 Disposal of contaminated crop and dairy products 
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Costs Not Included in Economic Model

 Onsite costs
 Reactor and onsite damage
 Replacement power
 Onsite remediation costs
 Onsite costs related to decontamination worker doses

 Offsite costs
 Medical and life-shortening (often estimated based on population 

dose)
 Psychological 
 Litigation 
 Stigma (lost tourism and trade) 
 Affect on commercial nuclear power industry 
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Accident Phases from EPA PAGs
 Early (emergency) phase

 From 1 to 40 days following the start of release
 7 days is most commonly used
$ Costs are incurred for evacuation and relocation

 Intermediate phase
 From 0 to 1 year after the completion of the emergency phase
$ Costs are incurred for continued relocation

 Long-term phase
 Up to >300 years after the completion of the intermediate phase
$ Costs are incurred for 

 Long-term relocation 
 Decontamination 
 Loss of use
 Condemnation of property 
 Disposal of contaminated crop and dairy products 
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Total Accident Cost
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Early and Intermediate Phase Costs
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Long-Term Phase Costs

 Costs per person and per area include:
 Cost of decontamination
 Loss of use, depending on the duration of interdiction
 One time relocation cost (non-farm property)
OR
 Cost of condemnation
 One time relocation cost (non-farm property)
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Long-Term Costs for Non-Farm Property
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Long-Term Cost from Loss of Use 
and Depreciation
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MACCS GDP-Based Economic Model

 Based on standard input/output model 
 Estimates direct, indirect, and induced GDP losses

 GDP is the net value added by an industrial sector
 Direct losses are to the affected region
 Indirect losses are to the remainder of the economy
 Induced losses result from effect of loss of income on purchasing

 In the MACCS implementation of REAcct, losses also include
 Decontamination costs
 Short-term evacuation/relocation costs
 Long-term relocation cost (one time)
 Depreciation of improvements to property
 Condemned property value
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GDP-Based Model Parallels 
Cost-Based Model

 Evacuation/relocation costs 
 Long-term relocation 
 Decontamination costs
 Value of condemned property
 Loss of use

 Expected return on investment 
 Depreciation on improvements 

during interdiction

 Disposal of contaminated crop 
and dairy products 

Cost-Based Model GDP-Based Model

 Evacuation/relocation costs 
 Long-term relocation 
 Decontamination costs
 Value of condemned property
 Loss of GDP

 Direct, indirect, and induced losses
 Depreciation on improvements during 

interdiction

 Disposal of crops not included in 
MACCS 4.0, these were added back 
in MACCS 4.1
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MACCS GDP-Based Economic Model
Continued

 GDP-based model estimates direct losses at the county level
 GDP per industry is at the national level
 Number of workers employed by industry in each county is used to 

estimate direct GDP losses for the county
 GDP-based model adds the contributions by industrial sector for each 

county in the affected area
 Partial counties are apportioned either by area or population fractions

 GDP-based model estimates indirect losses at the national 
level
 Regional input-output modeling system (RIMS II) multipliers are used 

to estimate the effect of regional GDP losses on the entire economy
 An underlying assumption is that only a small portion of the country is 

affected (i.e., requires interdiction)
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MACCS GDP-Based Economic Model
Continued
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MACCS GDP-Based Economic Model
Continued
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Input Parameters for GDP-
Based Model

 Six new input parameters were added for 
the GDP-based economic model
 Duration of national economic impacts 
 Duration of regional economic impacts
 A multiplier that affects whether land is 

condemned or decontaminated
 A value greater than one means that 

more money can be spent to 
decontaminate 

 A value less than one means that less 
money can be spent to 
decontaminate

 Inflation-adjusted social discount rate 
(discount rate used for social investments)

 Inflation-adjusted GDP growth rate 
(change in the GDP per year)

 Accident year

 Losses are reported in dollars for database 
year (2011)
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Comparison of Decision Process for 
Decontamination

 GDP-based model: decontaminate when inequality is satisfied
 

 Cost-based model: decontaminate when inequality is satisfied
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Uses for Economic Losses

 New licenses and license extensions (both applicants 
and NRC) 
 License extensions require a cost/benefit analysis called a 

SAMA analysis (severe accident mitigation alternatives)
 New licenses require a similar SAMDA analysis (severe 

accident mitigation design alternatives) 

 Regulatory analyses to support rulemaking
 Require a cost/benefit analysis

 NRC Research, e.g., Level-3 PRA
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Summary

 Stochastic (random) vs. non-stochastic (predictable) 
health effects

 Acute exposure vs. chronic exposure
 MACCS acute health effects model
 Committee on the Biological Effects of Ionizing 

Radiation (BEIR)
 Five loss categories modeled by MACCS cost-based 

economic consequence model
 Two economic models, cost- and GDP-based 
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Section 6 Endnotes / Update

 In the current version of the FGR13-based DCF files 
(FGR13GyEquivDCFxx.INP, file creation date May 13, 
2008):
 Preferred files for risk estimation but not dose estimation.
 The DCF values for bladder wall have been replaced with values for 

pancreas to accommodate MACCS limitations.  
 DCF values for breast are based on an RBE value of 10 for alpha 

radiation.
 DCF values for red marrow are based on an RBE of 1 for alpha 

radiation. 
 Previous version (FGR13DCFxx.INP, file creation date July 13, 2007) 

can still be used for dose equivalent estimation purposes. 
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