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Radiological Dose Assessments

G. Timothy Jannik, Eduardo B. Farfan, Wendy W. Kuhne, and Kenneth L. Dixon
Savannah River National Laboratory

CHAPTER

6

Dose to the Hypothetical Maximally Exposed Individual

When calculating radiation doses to the public, SRS uses the concept of the hypothetical maximally exposed 
individual; however, because of the conservative lifestyle assumptions used in the dose models, no such person is 
known to exist. The parameters used for the dose calculations are as follows: 

For airborne releases - Someone who lives at the SRS boundary (in the sector that has the highest calculated 
radionuclide concentrations) 365 days per year and consumes milk, meat, and vegetables produced at that location

For liquid releases - Someone who lives downriver of SRS (near River Mile 118.8) 365 days per year, drinks 2 
liters of untreated water per day from the Savannah River, consumes 19 kg (42 pounds) per year of Savannah River 
fish, and spends time on or near the river

To demonstrate compliance with the DOE Order 5400.5 all-pathway dose standard of 100 mrem per year, SRS 
conservatively combines the airborne pathway and liquid pathway dose estimates, even though the two doses are 
calculated for hypothetical individuals residing at different geographic locations.



6-2 Savannah River Site

6 - Radiological Dose Assessments

�	�����������*&5&�������������������������������	��
�����
��������
��������������*&5&��	������������	����
��������
�
���
�����������	�������
����
�������	���		��
�
	�����	�T�
���
�
��
����	��������������T�����
�����
�����
���������������	���
���	��
�����������������	���
���
���
��������
�
���
��
�<��
����������$7$��	��
��
��
	������
/��������	��������
���

������
��������	����
�����	��
�����
�����
�����	
���	��������������
�����������9�	��
��
���������	������$7$���
���	��
�����������
��	�������

������QG��������������*&5&R����������������:��������
��
�
���
���������������	������������	����
����	������
������������+"5�����+"*��

�	
��	������������	�����������:���������
����������
��
�
�������������	���
�*'(�������������:��������
��������
��
���
�����������
	����
�(&��������
���	��������������
�������������	�������	
��	�����������������������
����
���

�������������������
���	

	����
����
������$7$�������
��
��
��

Dose Calculation Methods
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Meteorological Database
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Population Database and Distribution
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River Flow Rate Data
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Dose Calculation Results
Liquid Pathway
Liquid Release Source Terms

����*&5&�
���	���������<����
�������<������������������
�����	�
�����

����$7$��	������������	����
������������
���������
�1�������	������
���	�����������������+"5�
�������	��
���	�����
�����������������+",��2����������
+"%��
	��������)����
�����	
��	��$7$���<����
���	�������

����������
����
����	������	
�
	
�������((���
�����	��
�����	�����
	����	��
���	���������
���������
	
����������
�	�����$��������7���
��/��*&5&�����	����	��5�*%)���
����
	���
����
���
��
���������
	
�$7$��	�����
���
��/������

�����������������	�����
	����	���
����
���������$7$�
�	������������	�������������	������
����
����
����
�
�	�����
���	�����7���
�!����55%�%��6	����
�������	����
�
	
�������	����	����������������
����
�
���������
	
�
K�	
�����	��
�C	
����M��F	�����#����
���K���
������

������3F#K�4��$�����*&&+��
�9�
������9�	����
������������	������������������������������	��
������
��������
��	
��������$7$�	����
��������

2�����
	
��	�����	�����
	���	
�����<������8�����
������
����	������
�����������	�-�����	������������
������������������$	����������2���	�������������

��
���	��
�������
����
�
������	�<�������������	����
�
����
�
���������
	
�$7$��E�����
�����	������������	��
�����
�	

���3�	
����	

���	��	���4�������������������
�	�����
	����	���
����
�3$7$������F#K�4�
����
������
7���
�!����55%�%�����������*&5&�����*�&)%���
�����

Radionuclide Concentrations in Savannah River 
Water, Drinking Water, and Fish
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Table 6–1 2010 Radioactive Liquid Release Source Term and 12-Month Average Downriver Radionuclide
 Concentrations Compared to EPA’s Drinking Water Maximum Contaminant Levels (MCLs)

12-Month Average Concentration (pCi/L)
Curies Below BJWSA BJWSA Savannah EPA

Nuclide Released SRSa Chelseab Purrysburgb I&Dc MCL

H-3(d) 2.06E+03 3.49E+02 2.59E+02 3.24E+02 2.87E+02 2.00E+04

Sr-90 3.84E-02 6.51E-03 4.83E-03 6.04E-03 5.35E-03 8.00E+00

Tc-99 2.39E-02 4.05E-03 3.01E-03 3.76E-03 3.33E-03 9.00E+02

I-129 2.65E-02 4.49E-03 3.33E-03 4.17E-03 3.70E-03 1.00E+00

Cs-137 4.53E-02 1.02E-02 7.55E-03 9.44E-03 8.37E-03 2.00E+02

U-234 4.09E-04 6.94E-05 5.15E-05 6.44E-05 5.70E-05 1.03E+01

U-235 1.95E-05 3.31E-06 2.45E-06 3.07E-06 2.72E-06 4.67E-01

U-238 3.61E-04 6.12E-05 4.54E-05 5.68E-05 5.03E-05 1.00E+01

Pu-238 2.05E-03 3.48E-04 2.58E-04 3.23E-04 2.86E-04 1.50E+01

Pu-239 1.64E-04 2.78E-05 2.06E-05 2.58E-05 2.29E-05 1.50E+01

Am-241 7.34E-05 1.24E-05 9.24E-06 1.16E-05 1.02E-05 1.50E+01

Cm-244 1.76E-05 2.98E-06 2.21E-06 2.77E-06 2.45E-06 1.50E+01

Alpha 7.15E-02 1.21E-02 9.00E-03 1.13E-02 9.97E-03 1.50E+01

Beta 1.26E-01 2.14E-02 1.59E-02 1.98E-02 1.76E-02 8.00E+00

a Near Savannah River Mile 118.8, downriver of SRS at the U.S. Highway 301 bridge
b Beaufort-Jasper, South Carolina, drinking water
c Port Wentworth, Georgia, drinking water
d The tritium concentrations and source term are based on actual measurements of the Savannah River water at the various 

locations. They include contributions from the VEGP.  
All other radionuclide concentrations are calculated based on the measured releases and the effective river flow rate.

e MCLs for uranium based on radioisotope-specific activity X 30 μg/L X isotopic abundance

../dose/Data Table 6-9 Radioactive Liquid Releases and Concentrations Compared to EPA MCLs.xls
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Table 6–2 Potential Dose to the Maximally Exposed Individual from SRS Liquid Releases in 2010

Committed 
Dose (mrem)

Applicable 
Standard (mrem)

Percent 
of Standard (%)

Maximally Exposed Individual
Near Site Boundary 
(all liquid pathways)

0.06 100a 0.06

At BJSWA Chelsea 
(public water supply only)

0.02 4b 0.5

At BJSWA Purrysburg 
(public water supply only)

0.02 4b 0.5

At Savannah I&D 
(public water supply only)

0.02 4b 0.5

a All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)
b Drinking water pathway standard: 4 mrem per year (DOE Order 5400.5)
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Table 6–3 Potential Dose to the Maximally 
 Exposed Individual from SRS 
 Atmospheric Releases in 2010

MAXDOSE–SR
CAP88 

(NESHAP)
Calculated dose 

(mrem)
0.05 0.06

Applicable 

Standard (mrem)
10a 10b

Percent of 

Standard (%)
0.5 0.6

a DOE: DOE Order 5400.5, February 8, 1990
b EPA: (NESHAP) 40 CFR 61, Subpart H, December 
  15, 1989
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Figure 6–1 Ten-Year History of SRS Maximum Potential All-Pathway Doses
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Committed 
Dose (mrem)

Applicable 
Standard (mrem)a

Percent 
of Standard (%)

Maximally-Exposed-Individual Dose

All-Pathway (Liquid Plus Airborne Pathway) 0.11 100 0.11

Sportsman Dose

Onsite Hunter 12.4 100 12.4
Creek-Mouth Fishermanb 0.22 100 0.22

Savannah River Swamp Hunter

Offsite Hog Consumption 0.18

Offsite Deer Consumption 0.37

Soil Exposurec 2.90

Total Offsite Deer Hunter Dose 3.27 100 3.27

Savannah River Swamp Fisherman

Steel Creek Fish Consumption 0.22

Soil Exposured 0.28

Total Offsite Fisherman Dose 0.40 100 0.40

Table 6–4 2010 Maximum Potential All-Pathway and Sportsman Doses Compared to the 
 DOE All-Pathway Dose Standard

a All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)
b In 2010, the maximum dose to a hypothetical fisherman resulted from the consumption of bass from the mouth of Steel Creek.
c Includes the dose from a combination of external exposure to and incidental ingestion and inhalation of the worst-case Savannah 

River Swamp soil
d Includes the dose from a combination of external exposure to and incidental ingestion and inhalation of Savannah River Swamp 

soil near the mouth of Steel Creek
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Table 6–5 Potential Lifetime Risks from the Consumption of Savannah River Fish Compared to 
 Dose Standards

a All radiological risk factors are based on observed and documented health effects to actual people who have received high doses 
(more than 10,000 mrem) of radiation, such as the Japanese atomic bomb survivors. Radiological risks at low doses (less than 
10,000 mrem) are theoretical and are estimated by extrapolating the observed health effects at high doses to the low-dose region 
by using a linear, no-threshold model. However, cancer and other health effects have not been observed consistently at low 
radiation doses because the health risks either do not exist or are so low that they are undetectable by current scientific methods.

Committed Dose

(mrem)

Potential Riska

(unitless)

2010 Savannah River Fish

1-Year Exposure 0.22 1.5E-07
30-Year Exposure 6.60 4.6E-06
50-Year Exposure 11.00 7.6E-06

Dose Standard  

100-Mrem/Year All Pathway  

1-Year Exposure 100 7.3E-05
30-Year Exposure 3,000 2.2E-03
50-Year Exposure 5,000 3.7E-03
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6-12 Savannah River Site

6 - Radiological Dose Assessments
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Figure 6–2 Ten-Year History of SRS Creek-Mouth Fisherman’s Doses
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