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               Ser BPMOW.dr/174 

                June 18, 2020 

 

Wayne Praskins (email only) 

U.S. Environmental Protection Agency 

Region IX 

75 Hawthorne Street 

San Francisco, CA 94105-3901 

 

Nina Bacey (email only) 

California Environmental Protection Agency 

Department of Toxic Substance Control 

700 Heinz Avenue, Bldg. F, Suite 200 

Berkeley, CA 94710-2721 

 

Tina Low (email only) 

San Francisco Bay Regional Water Quality Control Board 

1515 Clay Street, Suite 1400 

Oakland, CA 94612 

 

Dear BCT Members: 

 

SUBJECT:      ADDENDUM TO THE FIVE-YEAR REVIEW, EVALUATION OF 

                         RADIOLOGICAL REMEDIAL GOALS FOR SOIL, HUNTERS POINT 

                         NAVAL SHIPYARD, SAN FRANCISCO, CA 

 

        Recommendations in Section 7 of the 2019 Five-Year Review for the former Hunters Point 

Naval Shipyard (HPNS) include a long-term protectiveness evaluation of the soil radiological 

remedial goals.  This letter summarizes the results from an evaluation of these soil goals and 

provides responses to regulatory agency and community comments on the draft evaluation 

prepared in September 2019.   

 

        The full technical evaluation, calculations, and explanations for calculation inputs are 

attached.  This evaluation completes the 5-Year Review recommendation to evaluate soil 

radiological remedial goals.   

 

EVALUATION SUMMARY 

 

         The Navy has completed radiological remedial actions at HPNS in accordance with 

removal actions and records of decision for different areas of the base.  The remedial 

goals in these documents are consistent and summarized below1 (Table 1).  
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TABLE 1 – Hunters Point Radiological Remedial Goals 

 

Radionuclide of Concern1 
Soil Remediation Goals (pCi/g) 

Outdoor Worker  Residential  

Americium (Am)-241 (241Am) 5.67 1.36 

Cesium (Cs)-137 (137Cs) 0.113 0.113 

Cobalt (Co)-60 (60Co) 0.0602 0.0361 

Europium (Eu)-152 (152Eu) 0.13 0.13 

Eu-154 (154Eu) 0.23 0.23 

Plutonium (Pu)-239 (239Pu) 14.0 2.59 

Radium (Ra)-226 (226Ra) 1.0  1.0  

Strontium (Sr)-90 (90Sr) 10.8 0.331 

Thorium (Th)-232 (232Th) 2.7 1.69 

Tritium, H-3 (3H) 4.23 2.28 

Uranium (U)-235+D (235U) 0.398 0.195 

   
 

1 Not all of the radionuclides of concern are included in all of the documents/areas. 

 

        The Navy uses RESRAD-ONSITE (RESRAD) to estimate risk and dose from 

radiation exposure.  RESRAD is the industry standard computer model used for radiation 

exposure evaluations and is used by the Navy to evaluate the soil radiation remedial goals 

for protectiveness. 

 

         To verify protectiveness of the radiation remedial goals, the estimated dose from 

each radiological constituent is converted to a risk value that is then compared to the risk 

management range as described in National Contingency Plan (NCP).  Risk values that 

fall within this range are considered protective.       

 

RESRAD EVALUATION 

 

         As part of the 2019 Five-Year Review recommendations for HPNS, remedial goals 

were evaluated for protectiveness using current standards and methods.  The Navy has 

completed its review using RESRAD and summarized results below (Table 2).  
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TABLE 2 – RESRAD Evaluation of Radiological Remedial Goals 

 

Radionuclide 

of Concern 

Total Dose 

(mrem/year)  
Total Risk  

241Am 0.09 7.3E-07 
60Co 0.27 1.7E-06 
137Cs 0.18 3.2E-06 
152Eu 0.44 5.6E-06 
154Eu 0.84 7.6E-06 

3H 0.01 1.2E-08 
239Pu 0.13 6.0E-07 
226Ra 5.3 1.2E-04 
90Sr 0.01 8.4E-08 

232Th 11.5 2.7E-04 
235U 0.08 1.6E-06 

 

        For the evaluation, the residential scenario was used to calculate dose and risk.  The 

residential scenario is the most conservative of future land uses and indicates that all 

other land uses are also protective.  For this evaluation, it was also assumed that surface 

soils are contaminated uniformly at residential remedial goal levels.  These assumptions 

are conservative, represent maximum dose and risk values, and are used for evaluation 

purposes only.  Since the site is not uniformly contaminated, the actual doses and risks 

from exposure to radionuclides in HPNS soils are expected to be considerably less than 

these maximum values. 

 

        For soil radiation remedial goals, the RESRAD evaluation performed by the Navy 

indicates that all radiological remedial goals for soil meet current protectiveness 

standards and fall within the NCP risk management range.  The technical write-up and 

calculations are included in Enclosure 1. 

 

PRG EVALUATION 

 

        In response to a request from the US Environmental Protection Agency (EPA), the 

remedial goals were also evaluated using the current version of EPA’s Preliminary 

Remedial Goal (PRG) calculator.  This evaluation is summarized below (Table 2) and 

calculations are included in Enclosure 2.              
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TABLE 3 - EPA PRG Evaluation of Radiological Remedial Goals 

 

Radionuclide 

of Concern 
Total Risk 

241Am 6.0E-07 
60Co 1.1E-06 
137Cs 2.0E-06 
152Eu 3.4E-06 
154Eu 4.9E-06 

3H 9.6E-06 
239Pu 6.7E-07 
226Ra 7.9E-05 
90Sr 7.9E-08 

232Th 1.7E-04 
235U 1.0E-06 

 

        Consistent with the RESRAD evaluation, all radiological remedial goals are within 

the NCP risk management range.  Since the site is not uniformly contaminated, the actual 

risks from exposure to radionuclides in HPNS soils are expected to be considerably less 

than these maximum values. 

 

CONCLUSION 

 

        This evaluation fulfills the 5-Year Review recommendation to evaluate the long-

term protectiveness of the soil radiological remediation goals. Using RESRAD and the 

PRG Calculator to estimate the maximum radiation dose and risk to residents from 

exposures to Hunters Point soils has verified that the soil radiation remediation goals are 

expected to be protective for all future land users.  

 

         The Navy will continue to evaluate risk during remedial investigations to verify that 

combined risks due to site-related contamination (i.e., radiation, volatile organic compounds, 

metals, etc.) achieve appropriate protectiveness standards.     

 

     Sincerely, 

 

 

 

      DEREK J. ROBINSON 

      BRAC Environmental Coordinator 

      By direction of the Director 

Enclosures:  (next page) 
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Enclosures:  1.  Estimated Excess Cancer Risks and Dose Equivalent Rates from Resident 

                          Exposures to Radionuclide-Containing Soils Report, Hunters Point Naval 

                          Shipyard, San Francisco, CA (7 August 2019) 

                     2.  Response to Comments 

 

Copy to: 

Dr. Sheetal Singh (email only) 

California Dept. of Public Health 

  

 

EMB, MS 7402 

1616 Capitol Avenue 

P.O. Box 997377 

Sacramento, CA 95899-7377 

 

Amy Brownell (email only) 

 

 

Department of Public Health 

1390 Market Street, Suite 210 

 

 



ENCLOSURE 1

Hunters Point Naval Shipyard 
Estimated Excess Cancer Risks and Dose Equivalent Rates 
from Resident Exposures to Radionuclide-Containing Soils 

Report 

Prepared under: 
Contract No. N44255-14-D-9013 
Task Order No. N6247318F5420 

Prepared by: 

505 King Ave. 
Columbus, OH 43201 

August 7, 2019 
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1 Introduction 
This report describes the calculation of estimated excess cancer risks and dose equivalent rates resulting 
from potential, future resident exposures to soils containing radionuclides at the former Hunters Point 
Naval Shipyard (HPNS) in San Francisco, California. HPNS was placed on the National Priorities List in 
1989 and the Department of the Navy (DON) has been undertaking response actions under its 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) authority in each 
parcel. These actions are conducted to ensure radionuclide‐specific radioactivity concentrations in 
residual soil do not exceed the remediation goals (RGs) stated in the 2006 Action Memorandum (AM) 
(NAVFAC, 2006). The RGs presented in Table 1 were intended to be the most conservative available and 
are to be added to site‐ and radionuclide‐specific background. They were derived considering the 1991 
Environmental Protection Agency (EPA) decay‐corrected preliminary remediation goals (PRG) (EPA, 
1991), past action memoranda, an agreement with EPA for radium (Ra)‐226 (226Ra) and the 2004 
Historical Radiological Assessment (HRA). 

Table 1. Current Soil Remediation Goals from 2006 HPNS Action Memorandum 

Radionuclide of Concern 
Soil Remediation Goals (pCi/g) 

Outdoor Worker   Residential 1 

Americium (Am)‐241 (241Am)  5.67  1.36 

Cesium (Cs)‐137 (137Cs)  0.113  0.113 

Cobalt (Co)‐60 (60Co)  0.0602  0.0361 

Europium (Eu)‐152 (152Eu)  0.13  0.13 

Eu‐154 (154Eu)  0.23  0.23 

Plutonium (Pu)‐239 (239Pu)  14.0  2.59 

Radium (Ra)‐226 (226Ra)  1.0 2 1.0 2

Strontium (Sr)‐90 (90Sr)  10.8  0.331 

Thorium (Th)‐232 (232Th)  2.7  1.69 

Tritium, H‐3 (3H)  4.23  2.28 

Uranium (U)‐235+D (235U)  0.398  0.195 
1 The residential remediation goals are used in this report to calculate doses and risks and 
are more protective than the outdoor worker RGs.  
2 The current soil RG for 226Ra is 1.0 pCi/g above background based on an agreement with 
the EPA. 

In support of the current five‐year review, the Navy’s intent is to evaluate the protectiveness of the 
current soil RGs for future residents. Under CERCLA, cleanup goals are considered protective if excess 
cancer risks from site exposures remain within the 10‐4 to 10‐6 range. The Navy uses the industry 
standard model RESRAD‐ONSITE to estimate radiation doses and risks from exposure to soils. The EPA 
has requested that the Navy also use EPA’s PRG Calculator to estimate the risks from resident exposures 
to HPNS soils. Both models were used, and resultant doses and risks included, in this report. 

RESRAD‐ONSITE, Version 7.2 (http://resrad.evs.anl.gov/codes/resrad‐onsite/) is a downloadable 
computer code, designed and maintained by Argonne National Laboratory. It is considered the industry 
standard for estimating the dose equivalent and related risk to human health and the environment 
resulting from exposure to radioactively‐contaminated soils. 

The PRG Calculator (https://epa‐prgs.ornl.gov/cgi‐bin/radionuclides/rprg_search) is an online tool to 
calculate screening levels for use during site scoping or to calculate PRGs based on site‐specific 
information from the baseline risk assessment.  
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Section 2 provides an overview of the concepts of radioactive decay and the ingrowth of radioactive 
daughters (progeny) from parent radionuclides. Section 3 and Section 4 describe the use of each model, 
and the resultant doses and risks, using assumptions about the nature of the radionuclides in HPNS soils 
and about future resident exposures to those soils. Additional information about the input 
concentrations used, the radioactive decay and progeny ingrowth for each radionuclide of concern 
(ROC), and the model outputs are included in appendices. 

2 Radionuclide Decay and Progeny Ingrowth 
The term radionuclide refers to any nuclide that is unstable and undergoes radioactive decay. 
Radioactive decay is the spontaneous transformation of the unstable nuclide (parent) into one or more 
nuclides (daughters or progenies) with an accompanying release of energy or particles. “Radioactivity” 
or, in short, “activity” (A), is the rate of radioactive decay, i.e., the number of nucleus transformations 
per unit time, and is directly proportional to the number of unstable nuclei in a source1. The units of 
activity are curies (Ci) or becquerels (Bq). One Bq represents one disintegration (decay or 
transformation) per second (dps), and 1 Ci = 3.7E+10 Bq. One Ci involves a large number of 
transformations; therefore, a smaller unit, pCi, is often used, which is equivalent to 1E‐12 Ci. Activity 
concentration of a radionuclide is defined as the activity (in Ci or Bq) per mass or volume of 
environmental media (e.g., pCi/g, pCi/L). 

For a given radionuclide, the rate of decay is characterized as the half‐life (T1/2) and is the average time 
for half of the initial radionuclide activity (in picocuries, pCi) to decay. The production of these progenies 
is referred to as “ingrowth.” Progenies can either be stable or radioactive. If the progeny is radioactive, 
decay will continue until a stable nuclide is reached. A series of sequential radioactive progeny form a 
decay chain. For the ROCs listed in Table 1: 

 The parent radionuclides 60Co, 154Eu and 3H have no radioactive progeny.

 The parent radionuclides 137Cs and 90Sr have one radioactive progeny each.

 The parent radionuclides 241Am, 152Eu, 239Pu, 226Ra, 232Th and 235U form decay chains.

Progeny with half‐lives that are short relative to that of their parent will increase in activity until they 
reach secular equilibrium with the parent. In secular equilibrium, the activity of the progeny equals that 
of the parent, or some fraction of the parent activity based on the associated branching fraction for that 
mode of radioactive decay. Within the first 1,000 years of parent ROC decay, the following observations 
are made from the decay plots in Appendix B: 

 241Am and 152Eu do not reach secular equilibrium with any progeny.

 137mBa reaches secular equilibrium nearly immediately with its parent 137Cs. Since 137Cs only
decays to 137mBa 94.4% of the time (the branching fraction for this decay), the maximum 137mBa
activity can only reach 94.4% of the 137Cs activity. The remaining 5.6% of 137Cs decays are to the
stable progeny 137Ba.

 90Sr and its progeny 90Y reach secular equilibrium nearly immediately.

 235mU is the only progeny to reach secular equilibrium with its parent 239Pu.

 231Th is the only progeny to reach secular equilibrium with its parent 235U.

 All the progenies reach secular equilibrium with the parent 226Ra according to their branching
fractions.

1 Radioactive decay is a statistically random process so this is only true if the number of radioactive atoms in the source is large. 
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 All progenies reach secular equilibrium with the parent 232Th according to their branching
fractions.

2.1 Decay and Ingrowth in RESRAD‐ONSITE 
RESRAD‐ONSITE handles progenies from the radioactive transformation (decay) of parent radionuclides 
differently based on whether their half‐life (T1/2) is above or below a selected threshold called the Cut‐
off Half Life. Radionuclides having T1/2 > cut‐off are called principal radionuclides and the default cut‐off 
value is 180 days. The progenies of any principal radionuclide down to, but not including, the next 
principal radionuclide in its decay chain are called associate radionuclides. RESRAD‐ONSITE 
automatically assigns all associate radionuclides an activity concentration equal to its parent’s 
concentration. 

2.2 Decay and Ingrowth in PRG Calculator 
The PRG Calculator currently does not model the ingrowth of progenies nor does it allow for a 
radionuclide decay chain to both be in secular equilibrium and continue decay throughout the exposure 
period. Users have three output options to handle progenies: 

 Use a default option that places progenies in full secular equilibrium with their parents
according to their branching fractions and neglects the decay of any radionuclide throughout
the exposure period (Output Option 1 ‐ Assumes secular equilibrium throughout chain [no
decay]), or

 Manually enter radionuclide activities according to their state of secular equilibrium in order to
capture decay for each radionuclide throughout the exposure period (Output Option 2 ‐ Does
not assume secular equilibrium, provide results for progeny throughout chain [with decay]), or

 Neglect progeny activities and use only parent activities in in order to capture decay for each
radionuclide throughout the exposure period (Output Option 3 ‐ Does not assume secular
equilibrium, no progeny included [with decay]).

Output Options 1 and 2 fail to adequately model the time‐dependent activities of the parents and 
progenies by neglecting the ingrowth of progenies as the parent decays. Output Option 3 provides the 
most accurate representation of parent activities and risks when the parent had no progeny, or no 
progeny will reach secular equilibrium with it. The use of each option is discussed in Section 4.1. 

3 Calculation of Dose and Risk Using RESRAD‐ONSITE and PRG 

Calculator 
This section summarizes the user‐provided inputs and changes to default parameter values needed to 

calculate the site‐specific doses and risks from soil exposures presented in Table 2. 

3.1 Use of RESRAD‐ONSITE 
RESRAD‐ONSITE 7.2 was modified to reflect the soil exposure pathways and conditions anticipated 

during reuse of HPNS by residents. These modifications are presented in Table 2 and described below: 

 As described in Section 2.1, users cannot input soil concentrations for radionuclides with half‐

lives shorter than the Cut‐off Half Life value and their associated doses and risks are included

with those or their parent. To provide as much detail as possible, the Cut‐off Half Life value was

reduced to the minimum value of 10 minutes. Source concentrations were entered for the
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parent ROCs (Table 1) only and RESRAD‐ONSITE then considers decay and ingrowth to 

determine the maximum dose and risk within a 1000‐year period. 

 By default, RESRAD‐ONSITE integrates the doses to receptors over the exposure period starting

at each calculation time. Risks are instantaneous at each calculation time by default so the

option to integrate risk was selected and 257 points used for the integration during a 30‐year

exposure period.

 Deed restrictions will be implemented to restrict the growth of plants in HPNS soils that are

intended for consumption. Residents are therefore not anticipated to consume plants, meats,

milk, aquatic foods or drinking water produced on HPNS and these pathways were turned off.

 Input soil concentrations are presented in Table 6 in Appendix A.

 For the 232Th decay chain, the maximum (peak) dose and risk are from external exposure to the

progeny rather than to the parent. As such, enough time is required for the ingrowth of the

progeny to adequately assess their contribution to resident doses and risks. This period is found

to be about 89 years by running the model once to find the time of maximum dose in the

Summary Report and then adding this as an additional calculation time. The model is run again

to obtain the peak risk at 89 years from the Health Risk Report.

 HPNS soil contamination is localized in impacted areas. Historically, localized has been defined

as up to 3 acres (12,140 m2) based on past radiological investigations, the size of the radium dial

disposal area in IR‐02, and the size of the interstitial debris area (NAVFAC, 2001). Soil impacted

by 232Th was limited to three former building sites over an area totaling 484 m2 (NAVSEA, 2004).

 Residents are assumed to spend 16.416 hours indoors and 1.752 hours outdoors during each

day onsite. The occupancy factors were therefore adjusted accordingly to 0.684 indoor fraction

and 0.073 outdoor fraction.

Table 2. Site‐Specific Values Used in RESRAD‐ONSITE 

Command Button  Parameter  Default Value  Site‐specific Value 

Change Title 

Cut‐off Half Life  180 days  10 minutes 

Maximum number of Points for Risk 
Integration 

1  257 

Find peak pathway doses  Unchecked  Checked 

Time integrated probabilistic risk  Unchecked  Checked 

Set Pathways 

Plant Ingestion  On  Off 

Meat Ingestion  On  Off 

Milk Ingestion  On  Off 

Aquatic Foods  On  Off 

Drinking Water  On  Off 

Modify Data >> Soil 
Concentrations 

Nuclide Concentration (pCi/g)  None  See Table 6 in Appendix A 

Modify Data >> 
Calculation Times 

Times for Calculation (years)  1, 3, 10, 30, 100, 300, 1000  Add 88.9 

Modify Data >> 
Contaminated Zone 

Area of contaminated zone (m2)  10,000 
12,140 for all ROC except 

232Th; 484 for 232Th 

Modify Data >> 
Occupancy 

Indoor time fraction  0.500  0.684 

Outdoor time fraction  0.250  0.073 
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3.2 Resultant Dose and Risk from RESRAD‐ONSITE 
The dose equivalent rates (dose) and excess radiological cancer risks using RESRAD‐ONSITE are 

presented in Table 3. Conservatively, these results assume resident exposure to uniform soil 

concentrations at the remedial goal levels throughout the exposure period. 

The Total Dose and Total Risk reported from RESRAD‐ONSITE were obtained from the output reports as 

follows: 

 Total Doses are obtained from the RESRAD‐ONSITE Summary Report, Total Dose Contributions

TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways (p) tables, All Pathways column in the

following files included in Appendix C:
o HPNS RESRAD Onsite_All ROC but Th U_10 min cut_12140 m2_Occ only_4Jun19_dose.pdf

o HPNS RESRAD Onsite_Th only_10 min cut_484 m2_Occ only_4Jun19_dose.pdf

o HPNS RESRAD Onsite_U only_10 min cut_12140 m2_Occ only_4Jun19_dose.pdf

 Total Risks are obtained from the RESRAD‐ONSITE Health Risk Report, Excess Cancer Risk

CNRS(i,p,t)*** for Individual Radionuclides (i) and Pathways (p) tables, and All Pathways column

in the following files included in Appendix C.
o HPNS RESRAD Onsite_All ROC but Th U_10 min cut_12140 m2_Occ only_4Jun19_risk.pdf

o HPNS RESRAD Onsite_Th only_10 min cut_484 m2_Occ only_4Jun19_risk.pdf

o HPNS RESRAD Onsite_U only_10 min cut_12140 m2_Occ only_4Jun19_risk.pdf

Table 3. Estimated Resident Dose and Excess Cancer Risks from RESRAD‐ONSITE

Parent ROC 
Contributing 
Progeny 

Time of Maximum Dose 
and Risk (years) 

Total Dose 
(mrem/yr) 5 

Total Risk 5 

241Am  0 0.085  7.34E‐07 
60Co  0  0.27  1.74E‐06 
137Cs  137mBa  0  0.18  3.22E‐06 
152Eu 

0  0.44 

5.57E‐06 
152Gd  1.01E‐22 

Total 152Eu  5.57E‐06 
154Eu  0  0.84  7.88E‐06 
3H  0 0.012  1.16E‐08 

239Pu 

0  0.13 

5.99E‐07 
235mU  2.27E‐14 
235U  3.26E‐13 
231Th  1.53E‐14 
231Pa  1.77E‐17 
227Ac  6.41E‐19 
227Th  1.03E‐17 

223Fr+D  4.37E‐20 
223Ra+D  1.64E‐17 
211Pb+D  1.13E‐17 

Total 239Pu  5.99E‐07 
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Parent ROC  Contributing 
Progeny 

Time of Maximum Dose 
and Risk (years) 

Total Dose 
(mrem/yr) 

Total Risk 

226Ra 

0  5.3 

8.28E‐07 
222Rn+D  2.48E‐08 
214Pb  1.48E‐05 

214Bi+D  1.08E‐04 
210Pb+D  3.39E‐07 
210Bi+D  1.79E‐08 
210Po  5.92E‐07 

Total 226Ra  1.25E‐04 
90Sr 

0  0.0081 

1.43E‐08 
90Y  6.95E‐08 

Total 90Sr  8.38E‐08 
232Th  88.9  11.5  1.79E‐07 

228Ra  1.03E‐06 
228Ac  9.64E‐05 
228Th  4.76E‐07 

224Ra+D  1.21E‐06 
212Pb  1.23E‐05 

212Bi+D  1.63E‐04 

Total 232Th  2.75E‐04 
235U 

0  0.077 

1.64E‐06 
231Th  7.66E‐08 
231Pa  1.33E‐10 
227Ac  6.13E‐12 
227Th  9.92E‐11 

223Fr+D  4.19E‐13 
223Ra+D  1.58E‐10 
211Pb+D  1.09E‐10 

Total 235U  1.72E‐06 

As shown in Table 3, the resultant RESRAD‐ONSITE risks for individual radionuclides or radionuclide 

decay chains are protective for residential exposures to site soils that are uniformly contaminated at the 

remedial goal levels. Since the site is not uniformly contaminated, the actual risks are expected to be 

considerably less than these maximum values.
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4 Calculation of Dose and Risk Using PRG Calculator 

4.1 Use of PRG Calculator 
The PRG Calculator was modified to reflect the soil exposure pathways and conditions anticipated 

during reuse of HPNS by residents. These modifications are presented in Table 4 and described below: 

 The ‘Resident Soil’ scenario has been selected because it is consistent with the anticipated reuse

of portions of HPNS and is the most conservative scenario evaluated, i.e., other potential land

uses will also be protective under this evaluation.

 The Site Info Type used was ‘site‐specific’ using ‘database hierarchy default’ Isotope Info Type for

all ROCs except 137Cs, 239Pu, 90Sr and 235U. The ‘user‐provided’ option was used for these ROCs to

enable adjustments to their progeny half‐lives.

 The chosen Source and decay output option varied by ROC but consisted of three sets of

calculator use. For ease of input, and to adequately capture the branching fractions of the decay

chains, Output Option 1 was used for 226Ra and for 232Th. Both ROCs have sufficiently long half‐

lives relative to the 26‐year exposure period that the decrease in activities that are neglected by

this option are minimal. Output Option 2 was used for 137Cs, 239Pu, 90Sr and 235U to adjust the

half‐lives of their progenies. A single progeny for each ROC reaches secular equilibrium with

their parent nearly immediately relative to the 26‐year exposure period. If Output Option 2 is

used as‐is, the progenies activities and risks are underestimated because they rapidly decay

without replenishment from ingrowth. By adjusting their half‐lives to match their parents’ half‐

life, their activities and risks are overestimated by neglecting their actual decay, however, this

assumption was used to capture conservative estimates of risk. Output Option 3 was used for

the remaining ROCs because there was no relevant progeny to be considered.

 Input soil concentrations are presented in Table 6 in Appendix A.

 The Site area for ACF was selected as the maximum (1,000,000 m2) based on EPA Region 9 input
concerning the size of all contiguous soil parcels on HPNS (an estimated 420 acres).

 The clean soil thicknesses for both GSFo and GSFb wereconservatively selected as 0 cm (no cover

layer) since this was not part of the documented remedy on HPNS.

 The City (Climatic Zone) was changed to San Francisco, CA to reflect local conditions.

 The areal extent of the site or contamination, As, was selected as 420 acres based on EPA Region

9 input.

 The Toggle All box was unchecked to deselect produce for inclusion in the risk estimates based

on stated restrictions on the use of homegrown produce using HPNS soils.



 

10 
 

Table 4. Site‐Specific Parameters Used in PRG Calculator 

Section  Parameter  Default Value  Site‐Specific Value 

Select Scenario    None  Resident 

Select Media    None  Soil 

Select Site Info Type    Defaults  Site‐specific 

Select Isotope Info 
Type 

 
Database hierarchy 

defaults 
User‐provided for 137Cs, 239Pu, 90Sr and 235U. 

Defaults for remaining ROCs 

Select Risk Output    No  Yes 

Select Individual 
Isotopes 

  None  ROCs in Table 1 

Source and decay 
output options 

 
Assumes secular 

equilibrium throughout 
chain (no decay) 

Assumes secular equilibrium throughout chain 
(no decay) used for 226Ra and for 232Th 

Does not assume secular equilibrium, provide 
results for progeny throughout chain (with 
decay) used for 137Cs, 239Pu, 90Sr and 235U 

Does not assume secular equilibrium, no 
progeny included (with decay) used for 

remaining ROCs 

User‐provided 
Inputs 

Soil Concentration 
(pCi/g) 

None  See Table 6 in Appendix A 

Radioactive Half‐life 
(years) 

Defaults   

Resident Exposure 
to Soil >> Equations 
and Parameters 

Site area (m2) for ACF  1,000,000  1,000,000 

Clean soil thickness 
(cm) for GSFo 

0  0 

Clean soil thickness 
(cm) for GSFb 

0 0 

Resident Exposure 
to Soil >> 

Particulate Emission 
Factor Wind Driven 

City (Climatic Zone) 
Default (Minneapolis, 

MN) 
San Francisco, CA 

Areal extent of site or 
contamination (acres) 

0.5  420 

Resident Exposure 
to Produce >> 
Select Produce 
Items to Include 

  Toggle All checked  Toggle All unchecked 

 

4.2 Resultant Risk from PRG Calculator 
The excess radiological cancer risks using the PRG Calculator are presented in Table 5. These results 

assume resident exposure to uniform soil concentrations at the remedial goal levels throughout the 

exposure period. Estimates of the dose equivalent rates using EPA calculators can be obtained by using 

their Dose Compliance Concentrations for Radionuclides (DCC) Calculator, available at https://epa‐

dccs.ornl.gov/cgi‐bin/dose_search, in the same manner to the PRG Calculator. 

The Total Risk reported from the PRG Calculator was obtained from the output reports as follows: 

 For the 226Ra and 232Th decay chains, Total Risk for each ROC is in the Site‐Specific Resident Risk 

for Soil – Secular Equilibrium section in the following file included in Appendix D: 
o Resident_rad_rprg_07MAY2019_All ROC_Sec eq no decay_420 ac 1M m2_no cover.pdf. 

 For 137Cs, 239Pu, 90Sr and 235U, Total Risk is the sum of the parent and progeny risks for each ROC 

in the Site‐Specific Resident Risk for Soil – No secular equilibrium, progeny included (with decay) 

section in the following file included in Appendix D: 
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o Resident_rad_rprg_15MAY2019_Cs Pu Sr U_progeny HL adjust w decay_420 ac 1M m2_no 

cover.pdf. 

 For 241Am, 60Co, 152Eu, 154Eu, and 3H, is from the ROC only in the Site‐Specific Resident Risk for Soil 

– No secular equilibrium, no progeny (with decay) section in the following file included in 

Appendix D: 
o Resident_rad_rprg_15MAY2019_Am Co Eu H_no progeny w decay_420 ac 1M m2_no cover.pdf. 

Table 5. Estimated Excess Cancer Risks from PRG Calculator 

Parent ROC 
Contributing 
Progeny 

Total Risk 

241Am    5.95E‐07 
60Co    1.09E‐06 
137Cs    4.46E‐09 

  137mBa  1.98E‐06 

Total 137Cs  1.98E‐06 
152Eu    3.36E‐06 
154Eu    4.87E‐06 
3H    9.61E‐06 

239Pu    6.71E‐07 
  235mU  4.78E‐14 

Total 239Pu  6.71E‐07 

Total 226Ra  7.87E‐05 
90Sr    2.47E‐08 

  90Y  5.40E‐08 

Total 90Sr  7.87E‐08 

Total 232Th  1.72E‐04 
235U    9.61E‐07 

  231Th  4.33E‐08 

Total 235U  1.00E‐06 

As shown in Table 5, the resultant PRG Calculator risks for individual radionuclides or radionuclide decay 

chains are protective for residential exposures to site soils that are uniformly contaminated at the 

remedial goal levels. Since the site is not uniformly contaminated, the actual risks are expected to be 

considerably less than these maximum values. 

5 Summary 
This report describes the use of RESRAD‐ONSITE and the PRG Calculator to estimate the doses and 
excess cancer risks to residents from exposures to HPNS soils uniformly contaminated at the residential 
remediation goal levels. The assumptions and methods used in this report are very conservative and the 
use of additional site‐specific data and refined exposure scenarios would result in more realistic and 
lower dose and risk estimates. However, the current estimated risks remain within the 10‐4 to 10‐6 range 
using both models, indicating that remedial goals in the 2006 Action Memorandum are protective for 
future residential exposures. 
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Appendix A. Radionuclide of Concern Input Concentrations 
Table 6 presents the input concentrations used in RESRAD‐ONSITE and in the PRG Calculator to calculate 

resident doses and risks. The progeny concentrations are adjusted based on the branching fraction of its 

parent’s decay and the state of equilibrium of the decay chain. 

Table 6. Input Soil Concentrations 

Parent ROC 
Contributing 
Progeny 1 

Residential Soil 
RG (pCi/g) 

Branching 
Fraction 

Input Concentration (pCi/g) 

RESRAD‐ONSITE  PRG Calculator 

241Am  1  1.36  1  1.36  1.36 
137Cs    0.113  1  0.113  0.113 

  137mBa 2    0.9440    0.107 3 
60Co    0.0361  1  0.0361  0.0361 
152Eu  1  0.13  1  0.13  0.13 
154Eu    0.23  1  0.23  0.23 
3H    2.28  1  2.28  2.28 

239Pu    2.59  1  2.59  2.59 

  235mU 2    0.9994    2.59 
226Ra  4  1.0  1  1.0  1.0 
90Sr    0.331  1  0.331  0.331 

  90Y 2    0.9978    0.331 
232Th  4  1.69  1  1.69  1.69 
235U    0.195  1  0.195  0.195 

  231Th 2    1    0.195 
1 The progeny of 241Am and 152Eu do not reach secular equilibrium with their parent and are not included in the 

modeling. 
2 These progeny half‐lives are very short compared to those of their parents. Since the PRG Calculator does not 

model ingrowth, short‐lived progeny that are initially present decay away rapidly without replenishment, 

resulting in an underestimation of their actual contribution to resident risks. Their half‐lives are adjusted in the 

PRG Calculator to those of their parents to simulate their presence throughout the exposure period. This results 

in a risk overestimation but was chosen to remain conservative. In RESRAD‐ONSITE, their ingrowth and decay are 

modeled automatically. 
3 The input concentration of 137mBa in the PRG Calculator is reduced by the branching fraction (0.113 x 0.944 = 

0.107 pCi/g). 
4 Concentrations for the progenies of 226Ra and 232Th are included in the PRG Calculator by using the Assumes 

secular equilibrium throughout chain (no decay) output option. In RESRAD‐ONSITE, their ingrowth and decay are 

modeled automatically. 
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Appendix B. Radioactive Decay Plots 
The following plots of radioactive decay for each parent ROC were generated using the Decay Chain 

Activity Projection Tool (https://rais.ornl.gov/cgi‐bin/chain/chain.pl) developed by Oak Ridge National 

Laboratory (ORNL). 
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Appendix C. RESRAD‐ONSITE Output Files 
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




























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Output generated   07MAY2019:11:39:56

Site-Specific 1

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

A (PEF Dispersion Constant) 16.2302 13.8139
B (PEF Dispersion Constant) 18.7762 20.1624
City (Climate Zone) Default San Francisco, CA (2)
C (PEF Dispersion Constant) 216.108 234.2869
CF

res-produce
 (contaminated plant fraction) unitless 1 1

CF
res-apple

 (contaminated apple fraction) unitless 1 1
CF

res-asparagus
 (contaminated asparagus fraction) unitless 1 1

CF
res-berry

 (contaminated berry fraction) unitless 1 1
CF

res-broccoli
 (contaminated broccoli fraction) unitless 1 1

CF
res-beet

 (contaminated beet fraction) unitless 1 1
CF

res-cabbage
 (contaminated cabbage fraction) unitless 1 1

CF
res-cereal grain

 (contaminated cereal grain fraction) unitless 1 1
CF

res-citrus
 (contaminated citrus fraction) unitless 1 1

CF
res-corn

 (contaminated corn fraction) unitless 1 1
CF

res-carrot
 (contaminated carrot fraction) unitless 1 1

CF
res-cucumber

 (contaminated cucumber fraction) unitless 1 1
CF

res-lettuce
 (contaminated lettuce fraction) unitless 1 1

CF
res-lima bean

 (contaminated lima bean fraction) unitless 1 1
CF

res-okra
 (contaminated okra fraction) unitless 1 1

CF
res-onion

 (contaminated onion fraction) unitless 1 1
CF

res-peach
 (contaminated peach fraction) unitless 1 1

CF
res-pea

 (contaminated pea fraction) unitless 1 1
CF

res-pear
 (contaminated pear fraction) unitless 1 1

CF
res-potato

 (contaminated potato fraction) unitless 1 1
CF

res-pumpkin
 (contaminated pumpkin fraction) unitless 1 1

CF
res-rice

 (contaminated rice fraction) unitless 1 1
CF

res-snap bean
 (contaminated snap bean fraction) unitless 1 1

CF
res-strawberry

 (contaminated strawberry fraction) unitless 1 1
CF

res-tomato
 (contaminated tomato fraction) unitless 1 1

ED
res-a

 (exposure duration - resident adult) yr 20 20



Output generated   07MAY2019:11:39:56

Site-Specific 2

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res-a
 (exposure frequency - resident adult) day/yr 350 350

EF
res-c

 (exposure frequency - resident child) day/yr 350 350
IFAP

res-adj
 (age-adjusted apple ingestion factor) g 667520 667520

IFAS
res-adj

 (age-adjusted asparagus ingestion factor) g 300300 300300
IFBE

res-adj
 (age-adjusted berry ingestion factor) g 297990 297990

IFBR
res-adj

 (age-adjusted broccoli ingestion factor) g 251510 251510
IFBT

res-adj
 (age-adjusted beet ingestion factor) g 245490 245490

IFCB
res-adj

 (age-adjusted cabbage ingestion factor) g 670530 670530
IFCG

res-adj
 (age-adjusted cereal grain ingestion factor) g 611800 611800

IFCI
res-adj

 (age-adjusted citrus ingestion factor) g 2573410 2573410
IFCO

res-adj
 (age-adjusted corn ingestion factor) g 468580 468580

IFCR
res-adj

 (age-adjusted carrot ingestion factor) g 222390 222390
IFCU

res-adj
 (age-adjusted cucumber ingestion factor) g 630140 630140

IFLE
res-adj

 (age-adjusted lettuce ingestion factor) g 271320 271320
IFLI

res-adj
 (age-adjusted lima bean ingestion factor) g 250250 250250

IFOK
res-adj

 (age-adjusted okra ingestion factor) g 222530 222530
IFON

res-adj
 (age-adjusted onion ingestion factor) g 164780 164780

IFPC
res-adj

 (age-adjusted peach ingestion factor) g 1043840 1043840
IFPE

res-adj
 (age-adjusted pea ingestion factor) g 315210 315210

IFPR
res-adj

 (age-adjusted pear ingestion factor) g 503370 503370
IFPT

res-adj
 (age-adjusted potato ingestion factor) g 1003170 1003170

IFPU
res-adj

 (age-adjusted pumpkin ingestion factor) g 548520 548520
IFRI

res-adj
 (age-adjusted rice ingestion factor) g 572880 572880

IFSN
res-adj

 (age-adjusted snap bean ingestion factor) g 434630 434630
IFST

res-adj
 (age-adjusted strawberry ingestion factor) g 336630 336630

IFTO
res-adj

 (age-adjusted tomato ingestion factor) g 624470 624470
IRAP

res-a
 (apple ingestion rate - resident adult) g/day 73.7 73.7

IRAP
res-c

 (apple ingestion rate - resident child) g/day 72.2 72.2
IRAS

res-a
 (asparagus ingestion rate - resident adult) g/day 39.3 39.3



Output generated   07MAY2019:11:39:56

Site-Specific 3

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRAS
res-c

 (asparagus ingestion rate - resident child) g/day 12.0 12.0
IRBE

res-a
 (berry ingestion rate - resident adult) g/day 35.4 35.4

IRBE
res-c

 (berry ingestion rate - resident child) g/day 23.9 23.9
IRBR

res-a
 (broccoli ingestion rate - resident adult) g/day 32.0 32.0

IRBR
res-c

 (broccoli ingestion rate - resident child) g/day 13.1 13.1
IRBT

res-a
 (beet ingestion rate - resident adult) g/day 33.9 33.9

IRBT
res-c

 (beet ingestion rate - resident child) g/day 3.9 3.9
IRCB

res-a
 (cabbage ingestion rate - resident adult) g/day 92.1 92.1

IRCB
res-c

 (cabbage ingestion rate - resident child) g/day 12.3 12.3
IRCG

res-a
 (cereal grain ingestion rate - resident adult) g/day 76.0 76.0

IRCG
res-c

 (cereal grain ingestion rate - resident child) g/day 38.0 38.0
IRCI

res-a
 (citrus ingestion rate - resident adult) g/day 309.4 309.4

IRCI
res-c

 (citrus ingestion rate - resident child) g/day 194.1 194.1
IRCO

res-a
 (corn ingestion rate - resident adult) g/day 59.8 59.8

IRCO
res-c

 (corn ingestion rate - resident child) g/day 23.8 23.8
IRCR

res-a
 (carrot ingestion rate - resident adult) g/day 27.3 27.3

IRCR
res-c

 (carrot ingestion rate - resident child) g/day 14.9 14.9
IRCU

res-a
 (cucumber ingestion rate - resident adult) g/day 82.4 82.4

IRCU
res-c

 (cucumber ingestion rate - resident child) g/day 25.4 25.4
IRLE

res-a
 (lettuce ingestion rate - resident adult) g/day 37.5 37.5

IRLE
res-c

 (lettuce ingestion rate - resident child) g/day 4.2 4.2
IRLI

res-a
 (lima bean ingestion rate - resident adult) g/day 33.8 33.8

IRLI
res-c

 (lima bean ingestion rate - resident child) g/day 6.5 6.5
IROK

res-a
 (okra ingestion rate - resident adult) g/day 30.2 30.2

IROK
res-c

 (okra ingestion rate - resident child) g/day 5.3 5.3
IRON

res-a
 (onion ingestion rate - resident adult) g/day 21.8 21.8

IRON
res-c

 (onion ingestion rate - resident child) g/day 5.8 5.8
IRPC

res-a
 (peach ingestion rate - resident adult) g/day 115.7 115.7

IRPC
res-c

 (peach ingestion rate - resident child) g/day 111.4 111.4
IRPE

res-a
 (pea ingestion rate - resident adult) g/day 35.4 35.4



Output generated   07MAY2019:11:39:56

Site-Specific 4

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRPE
res-c

 (pea ingestion rate - resident child) g/day 32.1 32.1
IRPR

res-a
 (pear ingestion rate - resident adult) g/day 51.9 51.9

IRPR
res-c

 (pear ingestion rate - resident child) g/day 66.7 66.7
IRPT

res-a
 (potato ingestion rate - resident adult) g/day 127.8 127.8

IRPT
res-c

 (potato ingestion rate - resident child) g/day 51.7 51.7
IRPU

res-a
 (pumpkin ingestion rate - resident adult) g/day 64.8 64.8

IRPU
res-c

 (pumpkin ingestion rate - resident child) g/day 45.2 45.2
IRRI

res-a
 (rice ingestion rate - resident adult) g/day 73.2 73.2

IRRI
res-c

 (rice ingestion rate - resident child) g/day 28.8 28.8
IRSN

res-a
 (snap bean ingestion rate - resident adult) g/day 53.9 53.9

IRSN
res-c

 (snap bean ingestion rate - resident child) g/day 27.3 27.3
IRST

res-a
 (strawberry ingestion rate - resident adult) g/day 40.5 40.5

IRST
res-c

 (strawberry ingestion rate - resident child) g/day 25.3 25.3
IRTO

res-a
 (tomato ingestion rate - resident adult) g/day 80.3 80.3

IRTO
res-c

 (tomato ingestion rate - resident child) g/day 29.7 29.7
MLF

apple
 (apple mass loading factor) unitless 0.000160 0.000160

MLF
asparagus

 (asparagus mass loading factor) unitless 0.0000790 0.0000790
MLF

berry
 (berry mass loading factor) unitless 0.000166 0.000166

MLF
broccoli

 (broccoli mass loading factor) unitless 0.00101 0.00101
MLF

beet
 (beet mass loading factor) unitless 0.000138 0.000138

MLF
cabbage

 (cabbage mass loading factor) unitless 0.000105 0.000105
MLF

cereal grain
 (cereal grain mass loading factor) unitless 0.250 0.250

MLF
citrus

 (citrus mass loading factor) unitless 0.000157 0.000157
MLF

corn
 (corn mass loading factor) unitless 0.000145 0.000145

MLF
carrot

 (carrot mass loading factor) unitless 0.0000970 0.0000970
MLF

cucumber
 (cucumber mass loading factor) unitless 0.0000400 0.0000400

MLF
lettuce

 (lettuce mass loading factor) unitless 0.0135 0.0135
MLF

lima bean
 (lima bean mass loading factor) unitless 0.00383 0.00383

MLF
okra

 (okra mass loading factor) unitless 0.0000800 0.0000800
MLF

onion
 (onion mass loading factor) unitless 0.0000970 0.0000970
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Site-Specific 5

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

MLF
peach

 (peach mass loading factor) unitless 0.000150 0.000150
MLF

pea
 (pea mass loading factor) unitless 0.000178 0.000178

MLF
pear

 (pear mass loading factor) unitless 0.000160 0.000160
MLF

potato
 (potato mass loading factor) unitless 0.000210 0.000210

MLF
pumpkin

 (pumpkin mass loading factor) unitless 0.0000580 0.0000580
MLF

rice
 (rice mass loading factor) unitless 0.250 0.250

MLF
snap bean

 (snap bean mass loading factor) unitless 0.00500 0.00500
MLF

strawberry
 (strawberry mass loading factor) unitless 0.0000800 0.0000800

MLF
tomato

 (tomato mass loading factor) unitless 0.00159 0.00159
TR (target cancer risk) unitless 1.0E-06 1.0E-06
F(x) (function dependent on U

m
/U

t
) unitless 0.194 0.0391

PEF (particulate emission factor) m 3/kg 1359344438 4078965031.971621
Q/C

wind
 (g/m2-s per kg/m 3) 93.77 32.35983267992716

A
s
 (acres) 0.5 420

ED
res

 (exposure duration - resident) yr 26 26
ED

res-a
 (exposure duration - resident adult) yr 20 20

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res
 (exposure frequency - resident) day/yr 350 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350 350
EF

res-c
 (exposure frequency - resident child) day/yr 350 350

ET
res

 (exposure time - resident) hr/day 24 24
ET

res-a
 (exposure time - resident adult) hr/day 24 24

ET
res-c

 (exposure time - resident child) hr/day 24 24
ET

res-i
 (exposure time - indoor resident) hr/day 16.416 16.416

ET
res-o

 (exposure time - outdoor resident) hr/day 1.752 1.752
GSF

i
 (gamma shielding factor - indoor) unitless 0.4 0.4

IFA
res-adj

 (age-adjusted soil inhalation factor - resident) m 3 161000 161000
IFS

res-adj
 (age-adjusted soil ingestion factor - resident) mg 1120000 1120000

IRA
res-a

 (inhalation rate - resident adult) m 3/day 20 20
IRA

res-c
 (inhalation rate - resident child) m 3/day 10 10
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Site-Specific 6

Resident Soil Inputs - Secular Equilibrium

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRS
res-a

 (soil intake rate - resident adult) mg/day 100 100
IRS

res-c
 (soil intake rate - resident child) mg/day 200 200

t
res

 (time - resident) yr 26 26
TR (target cancer risk) unitless 1.0E-06 1.0E-06
U

m
  (mean annual wind speed) m/s 4.69 3.89

U
t
  (equivalent threshold value) 11.32 11.32

V  (fraction of vegetative cover) unitless 0.5 0.5
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Site-Specific 7

Resident PRGs for Soil - Secular Equilibrium

Isotope

Ingestion
PRG

TR=1E-06
(pCi/g)

Inhalation
PRG

TR=1E-06
(pCi/g)

External
Exposure

PRG
TR=1E-06

(pCi/g)

Produce
Consumption

PRG
TR=1E-06

(pCi/g)

Total
PRG

TR=1E-06
(pCi/g)

*Secular Equilibrium PRG for Am-241 5.60E-01 7.82E+01 5.73E-02 - 5.19E-02
*Secular Equilibrium PRG for Co-60 2.34E+01 2.52E+05 9.35E-03 - 9.35E-03
*Secular Equilibrium PRG for Cs-137 2.10E+01 2.25E+05 4.56E-02 - 4.55E-02
*Secular Equilibrium PRG for Eu-152 1.48E+01 2.93E+03 2.14E-02 - 2.14E-02
*Secular Equilibrium PRG for Eu-154 3.52E+01 1.23E+05 1.98E-02 - 1.98E-02
*Secular Equilibrium PRG for H-3 9.93E+03 1.25E-01 - - 1.25E-01
*Secular Equilibrium PRG for Pu-239 5.26E-01 6.85E+01 4.96E-02 - 4.53E-02
*Secular Equilibrium PRG for Ra-226 1.57E-01 4.28E+02 1.38E-02 - 1.27E-02
*Secular Equilibrium PRG for Sr-90 6.59E+00 5.84E+04 5.94E+00 - 3.13E+00
*Secular Equilibrium PRG for Th-232 3.08E-01 1.09E+02 1.02E-02 - 9.85E-03
*Secular Equilibrium PRG for U-235 6.08E-01 8.06E+01 4.96E-02 - 4.59E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
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Site-Specific 8

Resident Individual Contribution PRGs for Soil - Secular Equilibrium

Isotope Parent

Fractional
Contribution
of Progeny

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

*Secular Equilibrium PRG for Am-241 Am-241 - - - - - - - -
Ac-225 Am-241 1.00E+00 S 2.86E-08 4.12E-08 2.72E-10 4.88E-10 4.08E+09 2.53E+01 2.74E-02
Am-241 Am-241 1.00E+00 F 3.77E-08 2.77E-08 1.34E-10 1.84E-10 4.08E+09 1.60E-03 4.32E+02
At-217 Am-241 1.00E+00 - 0.00E+00 9.36E-10 0.00E+00 0.00E+00 4.08E+09 6.77E+08 1.02E-09
Bi-213 Am-241 1.00E+00 S 7.40E-11 5.43E-07 7.18E-13 1.19E-12 4.08E+09 7.99E+03 8.67E-05
Fr-221 Am-241 1.00E+00 - 0.00E+00 1.05E-07 0.00E+00 0.00E+00 4.08E+09 7.43E+04 9.32E-06
Np-237 Am-241 1.00E+00 S 2.87E-08 5.17E-08 8.29E-11 1.25E-10 4.08E+09 3.23E-07 2.14E+06
Pa-233 Am-241 1.00E+00 S 1.53E-11 8.03E-07 8.95E-12 1.65E-11 4.08E+09 9.38E+00 7.39E-02
Pb-209 Am-241 1.00E+00 S 2.08E-13 5.37E-10 3.49E-13 6.25E-13 4.08E+09 1.87E+03 3.71E-04
Po-213 Am-241 9.79E-01 - 0.00E+00 1.73E-10 0.00E+00 0.00E+00 4.08E+09 5.20E+12 1.33E-13
Ra-225 Am-241 1.00E+00 S 2.62E-08 6.11E-09 1.54E-10 2.42E-10 4.08E+09 1.70E+01 4.08E-02
Th-229 Am-241 1.00E+00 S 1.75E-07 2.24E-07 2.90E-10 3.85E-10 4.08E+09 9.44E-05 7.34E+03
Tl-209 Am-241 2.09E-02 - 0.00E+00 1.03E-05 0.00E+00 0.00E+00 4.08E+09 1.69E+05 4.11E-06
U-233 Am-241 1.00E+00 S 2.83E-08 7.11E-10 9.69E-11 1.50E-10 4.08E+09 4.35E-06 1.59E+05
*Secular Equilibrium PRG for Co-60 Co-60 - - - - - - - -
Co-60 Co-60 1.00E+00 S 1.01E-10 1.24E-05 2.23E-11 3.81E-11 4.08E+09 1.31E-01 5.27E+00
*Secular Equilibrium PRG for Cs-137 Cs-137 - - - - - - - -
Ba-137m Cs-137 9.44E-01 - 0.00E+00 2.69E-06 0.00E+00 0.00E+00 4.08E+09 1.43E+05 4.86E-06
Cs-137 Cs-137 1.00E+00 S 1.12E-10 5.52E-10 3.74E-11 4.26E-11 4.08E+09 2.30E-02 3.02E+01
*Secular Equilibrium PRG for Eu-152 Eu-152 - - - - - - - -
Eu-152 Eu-152 1.00E+00 F 1.91E-10 5.41E-06 8.33E-12 1.46E-11 4.08E+09 5.12E-02 1.35E+01
Gd-152 Eu-152 2.79E-01 F 9.10E-09 0.00E+00 3.85E-11 5.48E-11 4.08E+09 6.42E-15 1.08E+14
Nd-144 Eu-152 2.79E-01 F 1.04E-08 0.00E+00 3.92E-11 5.37E-11 4.08E+09 3.03E-16 2.29E+15
Sm-148 Eu-152 2.79E-01 F 1.08E-08 0.00E+00 4.11E-11 5.59E-11 4.08E+09 9.90E-17 7.00E+15
*Secular Equilibrium PRG for Eu-154 Eu-154 - - - - - - - -
Eu-154 Eu-154 1.00E+00 F 2.06E-10 5.85E-06 1.42E-11 2.54E-11 4.08E+09 8.06E-02 8.59E+00
*Secular Equilibrium PRG for H-3 H-3 - - - - - - - -
H-3 H-3 1.00E+00 S 8.47E-13 0.00E+00 1.44E-13 8.99E-14 1.70E+01 5.63E-02 1.23E+01
*Secular Equilibrium PRG for Pu-239 Pu-239 - - - - - - - -

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-225
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-217
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-213
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-221
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Np-237
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-233
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-209
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-213
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-225
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-229
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-209
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-233
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ba-137m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Gd-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Nd-144
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sm-148
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
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Site-Specific 9

Resident Individual Contribution PRGs for Soil - Secular Equilibrium

Isotope

1000029
m2

Soil
Volume

Area
Correction

Factor

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume

Ingestion
PRG

TR=1E-06
(pCi/g)

Inhalation
PRG

TR=1E-06
(pCi/g)

External
Exposure

PRG
TR=1E-06

(pCi/g)

Produce
Consumption

PRG
TR=1E-06

(pCi/g)

Total
PRG

TR=1E-06
(pCi/g)

Total
PRG

TR=1E-06
(mg/kg)

*Secular Equilibrium PRG for Am-241 - - - 5.60E-01 7.82E+01 5.73E-02 - 5.19E-02 -
Ac-225 1.00E+00 1.00E+00 4.00E-01 1.83E+00 8.87E+02 2.81E+00 - 1.11E+00 1.56E-11
Am-241 1.00E+00 1.00E+00 4.00E-01 4.85E+00 6.71E+02 4.18E+00 - 2.24E+00 1.30E-07
At-217 1.00E+00 1.00E+00 4.00E-01 - - 1.24E+02 - 1.24E+02 5.04E-21
Bi-213 1.00E+00 1.00E+00 4.00E-01 7.50E+02 3.42E+05 2.13E-01 - 2.13E-01 2.43E-13
Fr-221 1.00E+00 1.00E+00 4.00E-01 - - 1.10E+00 - 1.10E+00 5.23E-15
Np-237 1.00E+00 1.00E+00 4.00E-01 7.16E+00 8.84E+02 2.24E+00 - 1.70E+00 8.36E-04
Pa-233 1.00E+00 1.00E+00 4.00E-01 5.42E+01 1.66E+06 1.44E-01 - 1.44E-01 3.35E-10
Pb-209 9.00E-01 1.00E+00 4.00E-01 1.43E+03 1.22E+08 2.39E+02 - 2.05E+02 1.06E-15
Po-213 1.00E+00 1.00E+00 4.00E-01 - - 6.84E+02 - 6.84E+02 1.16E-25
Ra-225 1.00E+00 1.00E+00 4.00E-01 3.68E+00 9.69E+02 1.90E+01 - 3.07E+00 8.36E-12
Th-229 1.00E+00 1.00E+00 4.00E-01 2.32E+00 1.45E+02 5.16E-01 - 4.21E-01 1.12E-05
Tl-209 1.00E+00 1.00E+00 4.00E-01 - - 5.37E-01 - 5.37E-01 4.48E-15
U-233 1.00E+00 1.00E+00 4.00E-01 5.94E+00 8.95E+02 1.63E+02 - 5.70E+00 1.82E-05
*Secular Equilibrium PRG for Co-60 - - - 2.34E+01 2.52E+05 9.35E-03 - 9.35E-03 -
Co-60 1.00E+00 1.00E+00 4.00E-01 2.34E+01 2.52E+05 9.35E-03 - 9.35E-03 9.48E-08
*Secular Equilibrium PRG for Cs-137 - - - 2.10E+01 2.25E+05 4.56E-02 - 4.55E-02 -
Ba-137m 1.00E+00 1.00E+00 4.00E-01 - - 4.56E-02 - 4.56E-02 4.08E-14
Cs-137 1.00E+00 1.00E+00 4.00E-01 2.10E+01 2.25E+05 2.10E+02 - 1.91E+01 6.07E-10
*Secular Equilibrium PRG for Eu-152 - - - 1.48E+01 2.93E+03 2.14E-02 - 2.14E-02 -
Eu-152 1.00E+00 1.00E+00 4.00E-01 6.12E+01 1.32E+05 2.14E-02 - 2.14E-02 2.69E-07
Gd-152 9.00E-01 1.00E+00 4.00E-01 5.84E+01 9.98E+03 - - 5.81E+01 7.91E+02
Nd-144 9.00E-01 1.00E+00 4.00E-01 5.96E+01 8.73E+03 - - 5.92E+01 1.56E+04
Sm-148 9.00E-01 1.00E+00 4.00E-01 5.73E+01 8.38E+03 - - 5.69E+01 5.10E+04
*Secular Equilibrium PRG for Eu-154 - - - 3.52E+01 1.23E+05 1.98E-02 - 1.98E-02 -
Eu-154 1.00E+00 1.00E+00 4.00E-01 3.52E+01 1.23E+05 1.98E-02 - 1.98E-02 1.87E-07
*Secular Equilibrium PRG for H-3 - - - 9.93E+03 1.25E-01 - - 1.25E-01 -
H-3 9.00E-01 1.00E+00 4.00E-01 9.93E+03 1.25E-01 - - 1.25E-01 8.30E-10
*Secular Equilibrium PRG for Pu-239 - - - 5.26E-01 6.85E+01 4.96E-02 - 4.53E-02 -

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-225
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-217
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-213
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-221
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Np-237
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-233
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-209
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-213
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-225
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-229
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-209
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-233
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ba-137m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Gd-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Nd-144
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sm-148
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
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Site-Specific 10

Resident Individual Contribution PRGs for Soil - Secular Equilibrium

Isotope Parent

Fractional
Contribution
of Progeny

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

Ac-227 Pu-239 1.00E+00 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 4.08E+09 3.18E-02 2.18E+01
At-219 Pu-239 8.28E-07 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.08E+09 3.90E+05 1.78E-06
Bi-211 Pu-239 1.00E+00 - 0.00E+00 1.90E-07 0.00E+00 0.00E+00 4.08E+09 1.70E+05 4.07E-06
Bi-215 Pu-239 8.03E-07 - 0.00E+00 1.08E-06 0.00E+00 0.00E+00 4.08E+09 4.79E+04 1.45E-05
Fr-223 Pu-239 1.38E-02 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 4.08E+09 1.66E+04 4.19E-05
Pa-231 Pu-239 1.00E+00 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 4.08E+09 2.12E-05 3.28E+04
Pb-211 Pu-239 1.00E+00 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 4.08E+09 1.01E+04 6.87E-05
Po-211 Pu-239 2.76E-03 - 0.00E+00 3.76E-08 0.00E+00 0.00E+00 4.08E+09 4.24E+07 1.64E-08
Po-215 Pu-239 1.00E+00 - 0.00E+00 7.48E-10 0.00E+00 0.00E+00 4.08E+09 1.23E+10 5.65E-11
Pu-239 Pu-239 1.00E+00 F 5.55E-08 2.09E-10 1.74E-10 2.28E-10 4.08E+09 2.87E-05 2.41E+04
Ra-223 Pu-239 1.00E+00 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 4.08E+09 2.21E+01 3.13E-02
Rn-219 Pu-239 1.00E+00 - 0.00E+00 2.35E-07 0.00E+00 0.00E+00 4.08E+09 5.52E+06 1.26E-07
Th-227 Pu-239 9.86E-01 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 4.08E+09 1.35E+01 5.12E-02
Th-231 Pu-239 1.00E+00 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 4.08E+09 2.38E+02 2.91E-03
Tl-207 Pu-239 9.97E-01 - 0.00E+00 1.59E-08 0.00E+00 0.00E+00 4.08E+09 7.64E+04 9.08E-06
U-235 Pu-239 1.00E+00 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 4.08E+09 9.84E-10 7.04E+08
U-235m Pu-239 9.99E-01 M 1.87E-18 0.00E+00 1.06E-17 1.65E-17 4.08E+09 1.40E+04 4.95E-05
*Secular Equilibrium PRG for Ra-226 Ra-226 - - - - - - - -
At-218 Ra-226 2.00E-04 - 0.00E+00 2.74E-11 0.00E+00 0.00E+00 4.08E+09 1.46E+07 4.76E-08
Bi-210 Ra-226 1.00E+00 S 4.55E-10 2.77E-09 1.30E-11 2.40E-11 4.08E+09 5.05E+01 1.37E-02
Bi-214 Ra-226 1.00E+00 S 6.18E-11 7.34E-06 2.65E-13 4.03E-13 4.08E+09 1.83E+04 3.79E-05
Hg-206 Ra-226 1.90E-08 - 0.00E+00 4.83E-07 0.00E+00 0.00E+00 4.08E+09 4.47E+04 1.55E-05
Pb-210 Ra-226 1.00E+00 S 1.59E-08 1.48E-09 1.18E-09 1.72E-09 4.08E+09 3.12E-02 2.22E+01
Pb-214 Ra-226 1.00E+00 S 7.77E-11 9.94E-07 4.85E-13 7.92E-13 4.08E+09 1.36E+04 5.10E-05
Po-210 Ra-226 1.00E+00 S 1.45E-08 4.51E-11 2.25E-09 3.27E-09 4.08E+09 1.83E+00 3.79E-01
Po-214 Ra-226 1.00E+00 - 0.00E+00 3.85E-10 0.00E+00 0.00E+00 4.08E+09 1.33E+11 5.21E-12
Po-218 Ra-226 1.00E+00 - 1.39E-11 6.84E-15 0.00E+00 0.00E+00 4.08E+09 1.17E+05 5.90E-06
Ra-226 Ra-226 1.00E+00 S 2.82E-08 2.50E-08 5.14E-10 6.77E-10 4.08E+09 4.33E-04 1.60E+03
Rn-218 Ra-226 2.00E-07 - 0.00E+00 3.39E-09 0.00E+00 0.00E+00 4.08E+09 6.24E+08 1.11E-09

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-218
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Hg-206
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-218
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-218
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Resident Individual Contribution PRGs for Soil - Secular Equilibrium
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Ac-227 1.00E+00 1.00E+00 4.00E-01 3.08E+00 1.69E+02 5.83E+02 - 3.01E+00 4.60E-09
At-219 9.00E-01 1.00E+00 4.00E-01 - - - - - -
Bi-211 1.00E+00 1.00E+00 4.00E-01 - - 6.08E-01 - 6.08E-01 3.96E-15
Bi-215 1.00E+00 1.00E+00 4.00E-01 - - 1.33E+05 - 1.33E+05 6.55E-20
Fr-223 1.00E+00 1.00E+00 4.00E-01 3.83E+03 4.51E+07 6.19E+01 - 6.09E+01 4.29E-16
Pa-231 1.00E+00 1.00E+00 4.00E-01 3.00E+00 3.32E+02 9.09E-01 - 6.96E-01 3.04E-05
Pb-211 1.00E+00 1.00E+00 4.00E-01 9.35E+02 6.28E+05 3.98E-01 - 3.98E-01 1.02E-13
Po-211 1.00E+00 1.00E+00 4.00E-01 - - 1.12E+03 - 1.12E+03 8.67E-21
Po-215 1.00E+00 1.00E+00 4.00E-01 - - 1.55E+02 - 1.55E+02 2.20E-22
Pu-239 1.00E+00 1.00E+00 4.00E-01 3.92E+00 4.56E+02 5.54E+02 - 3.86E+00 4.18E-06
Ra-223 1.00E+00 1.00E+00 4.00E-01 1.49E+00 8.68E+02 2.54E-01 - 2.17E-01 9.01E-11
Rn-219 1.00E+00 1.00E+00 4.00E-01 - - 4.93E-01 - 4.93E-01 1.56E-16
Th-227 1.00E+00 1.00E+00 4.00E-01 7.03E+00 7.34E+02 2.64E-01 - 2.54E-01 1.28E-10
Th-231 1.00E+00 1.00E+00 4.00E-01 1.50E+02 1.69E+07 4.65E+00 - 4.51E+00 4.18E-13
Tl-207 1.00E+00 1.00E+00 4.00E-01 - - 7.31E+00 - 7.31E+00 7.20E-16
U-235 1.00E+00 1.00E+00 4.00E-01 6.05E+00 1.01E+03 2.10E-01 - 2.03E-01 2.28E+00
U-235m 1.00E+00 1.00E+00 4.00E-01 5.41E+07 1.36E+13 - - 5.41E+07 6.01E-22
*Secular Equilibrium PRG for Ra-226 - - - 1.57E-01 4.28E+02 1.38E-02 - 1.27E-02 -
At-218 9.00E-01 1.00E+00 4.00E-01 - - 2.34E+07 - 2.34E+07 1.24E-24
Bi-210 1.00E+00 1.00E+00 4.00E-01 3.72E+01 5.57E+04 4.18E+01 - 1.97E+01 4.10E-13
Bi-214 1.00E+00 1.00E+00 4.00E-01 2.21E+03 4.10E+05 1.58E-02 - 1.58E-02 1.44E-12
Hg-206 1.00E+00 1.00E+00 4.00E-01 - - 1.26E+07 - 1.26E+07 7.10E-22
Pb-210 1.00E+00 1.00E+00 4.00E-01 5.20E-01 1.60E+03 7.80E+01 - 5.16E-01 2.53E-08
Pb-214 1.00E+00 1.00E+00 4.00E-01 1.13E+03 3.26E+05 1.16E-01 - 1.16E-01 2.62E-13
Po-210 1.00E+00 1.00E+00 4.00E-01 2.73E-01 1.75E+03 2.57E+03 - 2.73E-01 8.18E-10
Po-214 1.00E+00 1.00E+00 4.00E-01 - - 3.00E+02 - 3.00E+02 1.04E-23
Po-218 9.00E-01 1.00E+00 4.00E-01 - 1.82E+06 1.88E+07 - 1.66E+06 2.17E-21
Ra-226 1.00E+00 1.00E+00 4.00E-01 1.32E+00 9.00E+02 4.63E+00 - 1.03E+00 9.88E-07
Rn-218 1.00E+00 1.00E+00 4.00E-01 - - 1.71E+08 - 1.71E+08 3.96E-27

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-218
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Hg-206
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-214
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-218
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-218
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Rn-222 Ra-226 1.00E+00 - 2.28E-12 1.69E-09 0.00E+00 0.00E+00 4.08E+09 6.62E+01 1.05E-02
Tl-206 Ra-226 1.34E-06 - 0.00E+00 6.11E-09 0.00E+00 0.00E+00 4.08E+09 8.67E+04 7.99E-06
Tl-210 Ra-226 2.10E-04 - 0.00E+00 1.34E-05 0.00E+00 0.00E+00 4.08E+09 2.80E+05 2.47E-06
*Secular Equilibrium PRG for Sr-90 Sr-90 - - - - - - - -
Sr-90 Sr-90 1.00E+00 S 4.26E-10 4.83E-10 6.88E-11 8.62E-11 4.08E+09 2.41E-02 2.88E+01
Y-90 Sr-90 1.00E+00 S 8.40E-12 1.90E-08 2.65E-11 4.92E-11 4.08E+09 9.47E+01 7.32E-03
*Secular Equilibrium PRG for Th-232 Th-232 - - - - - - - -
Ac-228 Th-232 1.00E+00 S 4.92E-11 4.04E-06 2.73E-12 4.92E-12 4.08E+09 9.87E+02 7.02E-04
Bi-212 Th-232 1.00E+00 S 1.13E-10 4.96E-07 1.01E-12 1.68E-12 4.08E+09 6.02E+03 1.15E-04
Pb-212 Th-232 1.00E+00 S 6.29E-10 4.96E-07 3.57E-11 6.33E-11 4.08E+09 5.71E+02 1.21E-03
Po-212 Th-232 6.41E-01 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.08E+09 7.31E+13 9.48E-15
Po-216 Th-232 1.00E+00 - 0.00E+00 7.10E-11 0.00E+00 0.00E+00 4.08E+09 1.51E+08 4.60E-09
Ra-224 Th-232 1.00E+00 S 1.13E-08 3.91E-08 2.38E-10 4.26E-10 4.08E+09 6.91E+01 1.00E-02
Ra-228 Th-232 1.00E+00 S 4.37E-08 3.43E-11 1.42E-09 1.98E-09 4.08E+09 1.21E-01 5.75E+00
Rn-220 Th-232 1.00E+00 - 1.15E-12 2.77E-09 0.00E+00 0.00E+00 4.08E+09 3.93E+05 1.76E-06
Th-228 Th-232 1.00E+00 S 1.32E-07 5.64E-09 1.48E-10 2.43E-10 4.08E+09 3.63E-01 1.91E+00
Th-232 Th-232 1.00E+00 S 4.33E-08 3.58E-10 1.33E-10 1.84E-10 4.08E+09 4.93E-11 1.41E+10
Tl-208 Th-232 3.59E-01 - 0.00E+00 1.75E-05 0.00E+00 0.00E+00 4.08E+09 1.19E+05 5.81E-06
*Secular Equilibrium PRG for U-235 U-235 - - - - - - - -
Ac-227 U-235 1.00E+00 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 4.08E+09 3.18E-02 2.18E+01
At-219 U-235 8.28E-07 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.08E+09 3.90E+05 1.78E-06
Bi-211 U-235 1.00E+00 - 0.00E+00 1.90E-07 0.00E+00 0.00E+00 4.08E+09 1.70E+05 4.07E-06
Bi-215 U-235 8.03E-07 - 0.00E+00 1.08E-06 0.00E+00 0.00E+00 4.08E+09 4.79E+04 1.45E-05
Fr-223 U-235 1.38E-02 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 4.08E+09 1.66E+04 4.19E-05
Pa-231 U-235 1.00E+00 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 4.08E+09 2.12E-05 3.28E+04
Pb-211 U-235 1.00E+00 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 4.08E+09 1.01E+04 6.87E-05
Po-211 U-235 2.76E-03 - 0.00E+00 3.76E-08 0.00E+00 0.00E+00 4.08E+09 4.24E+07 1.64E-08
Po-215 U-235 1.00E+00 - 0.00E+00 7.48E-10 0.00E+00 0.00E+00 4.08E+09 1.23E+10 5.65E-11
Ra-223 U-235 1.00E+00 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 4.08E+09 2.21E+01 3.13E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-222
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-206
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Y-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-216
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-224
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-220
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-208
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
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Rn-222 1.00E+00 1.00E+00 4.00E-01 - 1.11E+07 6.84E+01 - 6.84E+01 9.53E-14
Tl-206 1.00E+00 1.00E+00 4.00E-01 - - 1.42E+07 - 1.42E+07 3.26E-22
Tl-210 1.00E+00 1.00E+00 4.00E-01 - - 4.10E+01 - 4.10E+01 3.54E-17
*Secular Equilibrium PRG for Sr-90 - - - 6.59E+00 5.84E+04 5.94E+00 - 3.13E+00 -
Sr-90 9.00E-01 1.00E+00 4.00E-01 1.04E+01 5.95E+04 2.66E+02 - 9.97E+00 7.28E-10
Y-90 1.00E+00 1.00E+00 4.00E-01 1.81E+01 3.02E+06 6.08E+00 - 4.55E+00 4.05E-13
*Secular Equilibrium PRG for Th-232 - - - 3.08E-01 1.09E+02 1.02E-02 - 9.85E-03 -
Ac-228 1.00E+00 1.00E+00 4.00E-01 1.81E+02 5.15E+05 2.86E-02 - 2.86E-02 1.56E-11
Bi-212 1.00E+00 1.00E+00 4.00E-01 5.32E+02 2.24E+05 2.33E-01 - 2.33E-01 2.93E-13
Pb-212 1.00E+00 1.00E+00 4.00E-01 1.41E+01 4.03E+04 2.33E-01 - 2.29E-01 3.14E-12
Po-212 9.00E-01 1.00E+00 4.00E-01 - - - - - -
Po-216 1.00E+00 1.00E+00 4.00E-01 - - 1.63E+03 - 1.63E+03 1.71E-21
Ra-224 1.00E+00 1.00E+00 4.00E-01 2.10E+00 2.24E+03 2.96E+00 - 1.23E+00 5.13E-12
Ra-228 1.00E+00 1.00E+00 4.00E-01 4.51E-01 5.80E+02 3.37E+03 - 4.51E-01 8.15E-09
Rn-220 1.00E+00 1.00E+00 4.00E-01 - 2.20E+07 4.18E+01 - 4.18E+01 2.60E-17
Th-228 1.00E+00 1.00E+00 4.00E-01 3.67E+00 1.91E+02 2.05E+01 - 3.07E+00 3.98E-10
Th-232 1.00E+00 1.00E+00 4.00E-01 4.86E+00 5.85E+02 3.23E+02 - 4.74E+00 1.92E+00
Tl-208 1.00E+00 1.00E+00 4.00E-01 - - 1.84E-02 - 1.84E-02 1.84E-13
*Secular Equilibrium PRG for U-235 - - - 6.08E-01 8.06E+01 4.96E-02 - 4.59E-02 -
Ac-227 1.00E+00 1.00E+00 4.00E-01 3.08E+00 1.69E+02 5.83E+02 - 3.01E+00 4.60E-09
At-219 9.00E-01 1.00E+00 4.00E-01 - - - - - -
Bi-211 1.00E+00 1.00E+00 4.00E-01 - - 6.08E-01 - 6.08E-01 3.96E-15
Bi-215 1.00E+00 1.00E+00 4.00E-01 - - 1.33E+05 - 1.33E+05 6.55E-20
Fr-223 1.00E+00 1.00E+00 4.00E-01 3.83E+03 4.51E+07 6.19E+01 - 6.09E+01 4.29E-16
Pa-231 1.00E+00 1.00E+00 4.00E-01 3.00E+00 3.32E+02 9.09E-01 - 6.96E-01 3.04E-05
Pb-211 1.00E+00 1.00E+00 4.00E-01 9.35E+02 6.28E+05 3.98E-01 - 3.98E-01 1.02E-13
Po-211 1.00E+00 1.00E+00 4.00E-01 - - 1.12E+03 - 1.12E+03 8.67E-21
Po-215 1.00E+00 1.00E+00 4.00E-01 - - 1.55E+02 - 1.55E+02 2.20E-22
Ra-223 1.00E+00 1.00E+00 4.00E-01 1.49E+00 8.68E+02 2.54E-01 - 2.17E-01 9.01E-11

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-222
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-206
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-210
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Y-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-212
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-216
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-224
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-220
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-208
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
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Site-Specific 14

Resident Individual Contribution PRGs for Soil - Secular Equilibrium

Isotope Parent

Fractional
Contribution
of Progeny

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

Rn-219 U-235 1.00E+00 - 0.00E+00 2.35E-07 0.00E+00 0.00E+00 4.08E+09 5.52E+06 1.26E-07
Th-227 U-235 9.86E-01 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 4.08E+09 1.35E+01 5.12E-02
Th-231 U-235 1.00E+00 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 4.08E+09 2.38E+02 2.91E-03
Tl-207 U-235 9.97E-01 - 0.00E+00 1.59E-08 0.00E+00 0.00E+00 4.08E+09 7.64E+04 9.08E-06
U-235 U-235 1.00E+00 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 4.08E+09 9.84E-10 7.04E+08

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
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Site-Specific 15

Resident Individual Contribution PRGs for Soil - Secular Equilibrium

Isotope

1000029
m2

Soil
Volume

Area
Correction

Factor

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume

Ingestion
PRG

TR=1E-06
(pCi/g)

Inhalation
PRG

TR=1E-06
(pCi/g)

External
Exposure

PRG
TR=1E-06

(pCi/g)

Produce
Consumption

PRG
TR=1E-06

(pCi/g)

Total
PRG

TR=1E-06
(pCi/g)

Total
PRG

TR=1E-06
(mg/kg)

Rn-219 1.00E+00 1.00E+00 4.00E-01 - - 4.93E-01 - 4.93E-01 1.56E-16
Th-227 1.00E+00 1.00E+00 4.00E-01 7.03E+00 7.34E+02 2.64E-01 - 2.54E-01 1.28E-10
Th-231 1.00E+00 1.00E+00 4.00E-01 1.50E+02 1.69E+07 4.65E+00 - 4.51E+00 4.18E-13
Tl-207 1.00E+00 1.00E+00 4.00E-01 - - 7.31E+00 - 7.31E+00 7.20E-16
U-235 1.00E+00 1.00E+00 4.00E-01 6.05E+00 1.01E+03 2.10E-01 - 2.03E-01 2.28E+00

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
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Resident Risk for Soil - Secular Equilibrium

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk

Produce
Consumption

Risk
Total
Risk

*Secular Equilibrium Risk for Am-241 2.43E-06 1.74E-08 2.37E-05 - 2.62E-05
*Secular Equilibrium Risk for Co-60 1.54E-09 1.43E-13 3.86E-06 - 3.86E-06
*Secular Equilibrium Risk for Cs-137 5.39E-09 5.02E-13 2.48E-06 - 2.48E-06
*Secular Equilibrium Risk for Eu-152 8.80E-09 4.44E-11 6.07E-06 - 6.08E-06
*Secular Equilibrium Risk for Eu-154 6.54E-09 1.87E-12 1.16E-05 - 1.16E-05
*Secular Equilibrium Risk for H-3 2.30E-10 1.83E-05 0.00E+00 - 1.83E-05
*Secular Equilibrium Risk for Pu-239 4.92E-06 3.78E-08 5.22E-05 - 5.72E-05
*Secular Equilibrium Risk for Ra-226 6.38E-06 2.33E-09 7.23E-05 - 7.87E-05
*Secular Equilibrium Risk for Sr-90 5.02E-08 5.67E-12 5.57E-08 - 1.06E-07
*Secular Equilibrium Risk for Th-232 5.49E-06 1.54E-08 1.66E-04 - 1.72E-04
*Secular Equilibrium Risk for U-235 3.21E-07 2.42E-09 3.93E-06 - 4.25E-06
*Total Risk 1.96E-05 1.84E-05 3.42E-04 - 3.80E-04

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
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Site-Specific 17

Resident Individual Risk Contributions for Soil - Secular Equilibrium

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)
Concentration

(pCi/g)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor
*Secular Equilibrium Risk for Am-241 - - - - - - - - -
Ac-225 S 2.86E-08 4.12E-08 2.72E-10 4.88E-10 1.36 4.08E+09 2.53E+01 2.74E-02 1.00E+00
Am-241 F 3.77E-08 2.77E-08 1.34E-10 1.84E-10 1.36 4.08E+09 1.60E-03 4.32E+02 1.00E+00
At-217 - 0.00E+00 9.36E-10 0.00E+00 0.00E+00 1.36 4.08E+09 6.77E+08 1.02E-09 1.00E+00
Bi-213 S 7.40E-11 5.43E-07 7.18E-13 1.19E-12 1.36 4.08E+09 7.99E+03 8.67E-05 1.00E+00
Fr-221 - 0.00E+00 1.05E-07 0.00E+00 0.00E+00 1.36 4.08E+09 7.43E+04 9.32E-06 1.00E+00
Np-237 S 2.87E-08 5.17E-08 8.29E-11 1.25E-10 1.36 4.08E+09 3.23E-07 2.14E+06 1.00E+00
Pa-233 S 1.53E-11 8.03E-07 8.95E-12 1.65E-11 1.36 4.08E+09 9.38E+00 7.39E-02 1.00E+00
Pb-209 S 2.08E-13 5.37E-10 3.49E-13 6.25E-13 1.36 4.08E+09 1.87E+03 3.71E-04 9.00E-01
Po-213 - 0.00E+00 1.73E-10 0.00E+00 0.00E+00 1.36 4.08E+09 5.20E+12 1.33E-13 1.00E+00
Ra-225 S 2.62E-08 6.11E-09 1.54E-10 2.42E-10 1.36 4.08E+09 1.70E+01 4.08E-02 1.00E+00
Th-229 S 1.75E-07 2.24E-07 2.90E-10 3.85E-10 1.36 4.08E+09 9.44E-05 7.34E+03 1.00E+00
Tl-209 - 0.00E+00 1.03E-05 0.00E+00 0.00E+00 1.36 4.08E+09 1.69E+05 4.11E-06 1.00E+00
U-233 S 2.83E-08 7.11E-10 9.69E-11 1.50E-10 1.36 4.08E+09 4.35E-06 1.59E+05 1.00E+00
*Secular Equilibrium Risk for Co-60 - - - - - - - - -
Co-60 S 1.01E-10 1.24E-05 2.23E-11 3.81E-11 0.0361 4.08E+09 1.31E-01 5.27E+00 1.00E+00
*Secular Equilibrium Risk for Cs-137 - - - - - - - - -
Ba-137m - 0.00E+00 2.69E-06 0.00E+00 0.00E+00 0.113 4.08E+09 1.43E+05 4.86E-06 1.00E+00
Cs-137 S 1.12E-10 5.52E-10 3.74E-11 4.26E-11 0.113 4.08E+09 2.30E-02 3.02E+01 1.00E+00
*Secular Equilibrium Risk for Eu-152 - - - - - - - - -
Eu-152 F 1.91E-10 5.41E-06 8.33E-12 1.46E-11 0.13 4.08E+09 5.12E-02 1.35E+01 1.00E+00
Gd-152 F 9.10E-09 0.00E+00 3.85E-11 5.48E-11 0.13 4.08E+09 6.42E-15 1.08E+14 9.00E-01
Nd-144 F 1.04E-08 0.00E+00 3.92E-11 5.37E-11 0.13 4.08E+09 3.03E-16 2.29E+15 9.00E-01
Sm-148 F 1.08E-08 0.00E+00 4.11E-11 5.59E-11 0.13 4.08E+09 9.90E-17 7.00E+15 9.00E-01
*Secular Equilibrium Risk for Eu-154 - - - - - - - - -
Eu-154 F 2.06E-10 5.85E-06 1.42E-11 2.54E-11 0.23 4.08E+09 8.06E-02 8.59E+00 1.00E+00
*Secular Equilibrium Risk for H-3 - - - - - - - - -
H-3 S 8.47E-13 0.00E+00 1.44E-13 8.99E-14 2.28 1.70E+01 5.63E-02 1.23E+01 9.00E-01
*Secular Equilibrium Risk for Pu-239 - - - - - - - - -

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
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Resident Individual Risk Contributions for Soil - Secular Equilibrium
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- - - - - - 2.43E-06 1.74E-08 2.37E-05 - 2.62E-05
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 7.44E-07 1.53E-09 4.84E-07 - 1.23E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 2.81E-07 2.03E-09 3.25E-07 - 6.08E-07
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 0.00E+00 0.00E+00 1.10E-08 - 1.10E-08
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 1.81E-09 3.97E-12 6.38E-06 - 6.38E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 0.00E+00 0.00E+00 1.23E-06 - 1.23E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 1.90E-07 1.54E-09 6.08E-07 - 7.99E-07
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 2.51E-08 8.20E-13 9.44E-06 - 9.47E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.06E+01 - 9.52E-10 1.12E-14 5.68E-09 - 6.63E-09
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 0.00E+00 0.00E+00 1.99E-09 - 1.99E-09
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 3.69E-07 1.40E-09 7.18E-08 - 4.42E-07
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 5.86E-07 9.37E-09 2.63E-06 - 3.23E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 0.00E+00 0.00E+00 2.53E-06 - 2.53E-06
1.00E+00 4.00E-01 1.52E+03 5.37E-02 1.18E+01 - 2.29E-07 1.52E-09 8.36E-09 - 2.39E-07

- - - - - - 1.54E-09 1.43E-13 3.86E-06 - 3.86E-06
1.00E+00 4.00E-01 4.04E+01 1.42E-03 3.12E-01 - 1.54E-09 1.43E-13 3.86E-06 - 3.86E-06

- - - - - - 5.39E-09 5.02E-13 2.48E-06 - 2.48E-06
1.00E+00 4.00E-01 1.27E+02 4.46E-03 9.76E-01 - 0.00E+00 0.00E+00 2.48E-06 - 2.48E-06
1.00E+00 4.00E-01 1.27E+02 4.46E-03 9.76E-01 - 5.39E-09 5.02E-13 5.39E-10 - 5.92E-09

- - - - - - 8.80E-09 4.44E-11 6.07E-06 - 6.08E-06
1.00E+00 4.00E-01 1.46E+02 5.13E-03 1.12E+00 - 2.12E-09 9.82E-13 6.07E-06 - 6.08E-06
1.00E+00 4.00E-01 1.46E+02 5.13E-03 1.01E+00 - 2.22E-09 1.30E-11 0.00E+00 - 2.24E-09
1.00E+00 4.00E-01 1.46E+02 5.13E-03 1.01E+00 - 2.18E-09 1.49E-11 0.00E+00 - 2.19E-09
1.00E+00 4.00E-01 1.46E+02 5.13E-03 1.01E+00 - 2.27E-09 1.55E-11 0.00E+00 - 2.29E-09

- - - - - - 6.54E-09 1.87E-12 1.16E-05 - 1.16E-05
1.00E+00 4.00E-01 2.58E+02 9.08E-03 1.99E+00 - 6.54E-09 1.87E-12 1.16E-05 - 1.16E-05

- - - - - - 2.30E-10 1.83E-05 0.00E+00 - 1.83E-05
1.00E+00 4.00E-01 2.55E+03 2.16E+07 1.77E+01 - 2.30E-10 1.83E-05 0.00E+00 - 1.83E-05

- - - - - - 4.92E-06 3.78E-08 5.22E-05 - 5.72E-05
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Resident Individual Risk Contributions for Soil - Secular Equilibrium

Isotope

ICRP
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Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)
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(risk/yr
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Slope
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(risk/pCi)
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(pCi/g)

Particulate
Emission
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(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor
Ac-227 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 2.59 4.08E+09 3.18E-02 2.18E+01 1.00E+00
At-219 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.59 4.08E+09 3.90E+05 1.78E-06 9.00E-01
Bi-211 - 0.00E+00 1.90E-07 0.00E+00 0.00E+00 2.59 4.08E+09 1.70E+05 4.07E-06 1.00E+00
Bi-215 - 0.00E+00 1.08E-06 0.00E+00 0.00E+00 2.59 4.08E+09 4.79E+04 1.45E-05 1.00E+00
Fr-223 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 2.59 4.08E+09 1.66E+04 4.19E-05 1.00E+00
Pa-231 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 2.59 4.08E+09 2.12E-05 3.28E+04 1.00E+00
Pb-211 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 2.59 4.08E+09 1.01E+04 6.87E-05 1.00E+00
Po-211 - 0.00E+00 3.76E-08 0.00E+00 0.00E+00 2.59 4.08E+09 4.24E+07 1.64E-08 1.00E+00
Po-215 - 0.00E+00 7.48E-10 0.00E+00 0.00E+00 2.59 4.08E+09 1.23E+10 5.65E-11 1.00E+00
Pu-239 F 5.55E-08 2.09E-10 1.74E-10 2.28E-10 2.59 4.08E+09 2.87E-05 2.41E+04 1.00E+00
Ra-223 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 2.59 4.08E+09 2.21E+01 3.13E-02 1.00E+00
Rn-219 - 0.00E+00 2.35E-07 0.00E+00 0.00E+00 2.59 4.08E+09 5.52E+06 1.26E-07 1.00E+00
Th-227 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 2.59 4.08E+09 1.35E+01 5.12E-02 1.00E+00
Th-231 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 2.59 4.08E+09 2.38E+02 2.91E-03 1.00E+00
Tl-207 - 0.00E+00 1.59E-08 0.00E+00 0.00E+00 2.59 4.08E+09 7.64E+04 9.08E-06 1.00E+00
U-235 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 2.59 4.08E+09 9.84E-10 7.04E+08 1.00E+00
U-235m M 1.87E-18 0.00E+00 1.06E-17 1.65E-17 2.59 4.08E+09 1.40E+04 4.95E-05 1.00E+00
*Secular Equilibrium Risk for Ra-226 - - - - - - - - -
At-218 - 0.00E+00 2.74E-11 0.00E+00 0.00E+00 1 4.08E+09 1.46E+07 4.76E-08 9.00E-01
Bi-210 S 4.55E-10 2.77E-09 1.30E-11 2.40E-11 1 4.08E+09 5.05E+01 1.37E-02 1.00E+00
Bi-214 S 6.18E-11 7.34E-06 2.65E-13 4.03E-13 1 4.08E+09 1.83E+04 3.79E-05 1.00E+00
Hg-206 - 0.00E+00 4.83E-07 0.00E+00 0.00E+00 1 4.08E+09 4.47E+04 1.55E-05 1.00E+00
Pb-210 S 1.59E-08 1.48E-09 1.18E-09 1.72E-09 1 4.08E+09 3.12E-02 2.22E+01 1.00E+00
Pb-214 S 7.77E-11 9.94E-07 4.85E-13 7.92E-13 1 4.08E+09 1.36E+04 5.10E-05 1.00E+00
Po-210 S 1.45E-08 4.51E-11 2.25E-09 3.27E-09 1 4.08E+09 1.83E+00 3.79E-01 1.00E+00
Po-214 - 0.00E+00 3.85E-10 0.00E+00 0.00E+00 1 4.08E+09 1.33E+11 5.21E-12 1.00E+00
Po-218 - 1.39E-11 6.84E-15 0.00E+00 0.00E+00 1 4.08E+09 1.17E+05 5.90E-06 9.00E-01
Ra-226 S 2.82E-08 2.50E-08 5.14E-10 6.77E-10 1 4.08E+09 4.33E-04 1.60E+03 1.00E+00
Rn-218 - 0.00E+00 3.39E-09 0.00E+00 0.00E+00 1 4.08E+09 6.24E+08 1.11E-09 1.00E+00

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
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Site-Specific 20

Resident Individual Risk Contributions for Soil - Secular Equilibrium

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume

Ingestion
CDI

(pCi)

Inhalation
CDI

(pCi)

External
Exposure

CDI
(pCi)

Produce
Consumption

CDI
(pCi)

Ingestion
Risk

Inhalation
Risk

External
Exposure

Risk

Produce
Consumption

Risk
Total
Risk

1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 8.41E-07 1.53E-08 4.44E-09 - 8.61E-07
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.01E+01 - 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 4.26E-06 - 4.26E-06
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 1.95E-11 - 1.95E-11
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 6.77E-10 5.74E-14 4.18E-08 - 4.25E-08
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 8.64E-07 7.79E-09 2.85E-06 - 3.72E-06
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 2.77E-09 4.12E-12 6.51E-06 - 6.51E-06
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 2.32E-09 - 2.32E-09
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 1.68E-08 - 1.68E-08
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 6.61E-07 5.67E-09 4.68E-09 - 6.72E-07
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 1.74E-06 2.98E-09 1.02E-05 - 1.19E-05
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 5.25E-06 - 5.25E-06
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 3.68E-07 3.53E-09 9.82E-06 - 1.02E-05
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 1.73E-08 1.54E-13 5.57E-07 - 5.74E-07
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 0.00E+00 0.00E+00 3.54E-07 - 3.54E-07
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 4.28E-07 2.56E-09 1.23E-05 - 1.28E-05
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 4.78E-14 1.91E-19 0.00E+00 - 4.78E-14

- - - - - - 6.38E-06 2.33E-09 7.23E-05 - 7.87E-05
1.00E+00 4.00E-01 1.12E+03 3.95E-02 7.78E+00 - 0.00E+00 0.00E+00 4.27E-14 - 4.27E-14
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 2.69E-08 1.80E-11 2.39E-08 - 5.08E-08
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 4.52E-10 2.44E-12 6.35E-05 - 6.35E-05
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 0.00E+00 7.94E-14 - 7.94E-14
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 1.92E-06 6.27E-10 1.28E-08 - 1.94E-06
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 8.87E-10 3.07E-12 8.58E-06 - 8.59E-06
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 3.67E-06 5.72E-10 3.89E-10 - 3.67E-06
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 0.00E+00 3.33E-09 - 3.33E-09
1.00E+00 4.00E-01 1.12E+03 3.95E-02 7.78E+00 - 0.00E+00 5.49E-13 5.32E-14 - 6.02E-13
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 7.58E-07 1.11E-09 2.16E-07 - 9.75E-07
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 0.00E+00 5.85E-15 - 5.85E-15
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Site-Specific 21

Resident Individual Risk Contributions for Soil - Secular Equilibrium

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)
Concentration

(pCi/g)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor
Rn-222 - 2.28E-12 1.69E-09 0.00E+00 0.00E+00 1 4.08E+09 6.62E+01 1.05E-02 1.00E+00
Tl-206 - 0.00E+00 6.11E-09 0.00E+00 0.00E+00 1 4.08E+09 8.67E+04 7.99E-06 1.00E+00
Tl-210 - 0.00E+00 1.34E-05 0.00E+00 0.00E+00 1 4.08E+09 2.80E+05 2.47E-06 1.00E+00
*Secular Equilibrium Risk for Sr-90 - - - - - - - - -
Sr-90 S 4.26E-10 4.83E-10 6.88E-11 8.62E-11 0.331 4.08E+09 2.41E-02 2.88E+01 9.00E-01
Y-90 S 8.40E-12 1.90E-08 2.65E-11 4.92E-11 0.331 4.08E+09 9.47E+01 7.32E-03 1.00E+00
*Secular Equilibrium Risk for Th-232 - - - - - - - - -
Ac-228 S 4.92E-11 4.04E-06 2.73E-12 4.92E-12 1.69 4.08E+09 9.87E+02 7.02E-04 1.00E+00
Bi-212 S 1.13E-10 4.96E-07 1.01E-12 1.68E-12 1.69 4.08E+09 6.02E+03 1.15E-04 1.00E+00
Pb-212 S 6.29E-10 4.96E-07 3.57E-11 6.33E-11 1.69 4.08E+09 5.71E+02 1.21E-03 1.00E+00
Po-212 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.69 4.08E+09 7.31E+13 9.48E-15 9.00E-01
Po-216 - 0.00E+00 7.10E-11 0.00E+00 0.00E+00 1.69 4.08E+09 1.51E+08 4.60E-09 1.00E+00
Ra-224 S 1.13E-08 3.91E-08 2.38E-10 4.26E-10 1.69 4.08E+09 6.91E+01 1.00E-02 1.00E+00
Ra-228 S 4.37E-08 3.43E-11 1.42E-09 1.98E-09 1.69 4.08E+09 1.21E-01 5.75E+00 1.00E+00
Rn-220 - 1.15E-12 2.77E-09 0.00E+00 0.00E+00 1.69 4.08E+09 3.93E+05 1.76E-06 1.00E+00
Th-228 S 1.32E-07 5.64E-09 1.48E-10 2.43E-10 1.69 4.08E+09 3.63E-01 1.91E+00 1.00E+00
Th-232 S 4.33E-08 3.58E-10 1.33E-10 1.84E-10 1.69 4.08E+09 4.93E-11 1.41E+10 1.00E+00
Tl-208 - 0.00E+00 1.75E-05 0.00E+00 0.00E+00 1.69 4.08E+09 1.19E+05 5.81E-06 1.00E+00
*Secular Equilibrium Risk for U-235 - - - - - - - - -
Ac-227 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 0.195 4.08E+09 3.18E-02 2.18E+01 1.00E+00
At-219 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.195 4.08E+09 3.90E+05 1.78E-06 9.00E-01
Bi-211 - 0.00E+00 1.90E-07 0.00E+00 0.00E+00 0.195 4.08E+09 1.70E+05 4.07E-06 1.00E+00
Bi-215 - 0.00E+00 1.08E-06 0.00E+00 0.00E+00 0.195 4.08E+09 4.79E+04 1.45E-05 1.00E+00
Fr-223 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 0.195 4.08E+09 1.66E+04 4.19E-05 1.00E+00
Pa-231 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 0.195 4.08E+09 2.12E-05 3.28E+04 1.00E+00
Pb-211 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 0.195 4.08E+09 1.01E+04 6.87E-05 1.00E+00
Po-211 - 0.00E+00 3.76E-08 0.00E+00 0.00E+00 0.195 4.08E+09 4.24E+07 1.64E-08 1.00E+00
Po-215 - 0.00E+00 7.48E-10 0.00E+00 0.00E+00 0.195 4.08E+09 1.23E+10 5.65E-11 1.00E+00
Ra-223 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 0.195 4.08E+09 2.21E+01 3.13E-02 1.00E+00

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=-
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Site-Specific 22

Resident Individual Risk Contributions for Soil - Secular Equilibrium

0 cm
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Volume
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Inhalation
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Inhalation
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Produce
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Risk
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1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 9.00E-14 1.46E-08 - 1.46E-08
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 0.00E+00 7.07E-14 - 7.07E-14
1.00E+00 4.00E-01 1.12E+03 3.95E-02 8.64E+00 - 0.00E+00 0.00E+00 2.44E-08 - 2.44E-08

- - - - - - 5.02E-08 5.67E-12 5.57E-08 - 1.06E-07
1.00E+00 4.00E-01 3.71E+02 1.31E-02 2.57E+00 - 3.20E-08 5.56E-12 1.24E-09 - 3.32E-08
1.00E+00 4.00E-01 3.71E+02 1.31E-02 2.86E+00 - 1.82E-08 1.10E-13 5.44E-08 - 7.27E-08

- - - - - - 5.49E-06 1.54E-08 1.66E-04 - 1.72E-04
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 9.31E-09 3.28E-12 5.90E-05 - 5.90E-05
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 3.18E-09 7.54E-12 7.25E-06 - 7.25E-06
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 1.20E-07 4.20E-11 7.25E-06 - 7.37E-06
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.31E+01 - 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 0.00E+00 0.00E+00 1.04E-09 - 1.04E-09
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 8.05E-07 7.55E-10 5.71E-07 - 1.38E-06
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 3.75E-06 2.91E-09 5.01E-10 - 3.75E-06
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 0.00E+00 7.67E-14 4.04E-08 - 4.04E-08
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 4.60E-07 8.84E-09 8.24E-08 - 5.51E-07
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 3.48E-07 2.89E-09 5.23E-09 - 3.56E-07
1.00E+00 4.00E-01 1.89E+03 6.67E-02 1.46E+01 - 0.00E+00 0.00E+00 9.19E-05 - 9.19E-05

- - - - - - 3.21E-07 2.42E-09 3.93E-06 - 4.25E-06
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 6.34E-08 1.15E-09 3.34E-10 - 6.48E-08
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.52E+00 - 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 3.21E-07 - 3.21E-07
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 1.47E-12 - 1.47E-12
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 5.10E-11 4.32E-15 3.15E-09 - 3.20E-09
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 6.51E-08 5.87E-10 2.14E-07 - 2.80E-07
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 2.08E-10 3.10E-13 4.90E-07 - 4.90E-07
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 1.75E-10 - 1.75E-10
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 1.26E-09 - 1.26E-09
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 1.31E-07 2.25E-10 7.67E-07 - 8.98E-07
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Site-Specific 23

Resident Individual Risk Contributions for Soil - Secular Equilibrium

Isotope

ICRP
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Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)
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(risk/yr
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Slope
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(risk/pCi)

Soil
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Slope
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(pCi/g)

Particulate
Emission
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(m3/kg)
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(1/yr)
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(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor
Rn-219 - 0.00E+00 2.35E-07 0.00E+00 0.00E+00 0.195 4.08E+09 5.52E+06 1.26E-07 1.00E+00
Th-227 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 0.195 4.08E+09 1.35E+01 5.12E-02 1.00E+00
Th-231 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 0.195 4.08E+09 2.38E+02 2.91E-03 1.00E+00
Tl-207 - 0.00E+00 1.59E-08 0.00E+00 0.00E+00 0.195 4.08E+09 7.64E+04 9.08E-06 1.00E+00
U-235 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 0.195 4.08E+09 9.84E-10 7.04E+08 1.00E+00
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Site-Specific 24

Resident Individual Risk Contributions for Soil - Secular Equilibrium

0 cm
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Risk
Total
Risk

1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 3.95E-07 - 3.95E-07
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 2.77E-08 2.66E-10 7.39E-07 - 7.67E-07
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 1.30E-09 1.16E-14 4.19E-08 - 4.32E-08
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 0.00E+00 0.00E+00 2.67E-08 - 2.67E-08
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 3.22E-08 1.93E-10 9.29E-07 - 9.61E-07
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Site-Specific 1

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

A (PEF Dispersion Constant) 16.2302 13.8139
B (PEF Dispersion Constant) 18.7762 20.1624
City (Climate Zone) Default San Francisco, CA (2)
C (PEF Dispersion Constant) 216.108 234.2869
CF

res-produce
 (contaminated plant fraction) unitless 1 1

CF
res-apple

 (contaminated apple fraction) unitless 1 1
CF

res-asparagus
 (contaminated asparagus fraction) unitless 1 1

CF
res-berry

 (contaminated berry fraction) unitless 1 1
CF

res-broccoli
 (contaminated broccoli fraction) unitless 1 1

CF
res-beet

 (contaminated beet fraction) unitless 1 1
CF

res-cabbage
 (contaminated cabbage fraction) unitless 1 1

CF
res-cereal grain

 (contaminated cereal grain fraction) unitless 1 1
CF

res-citrus
 (contaminated citrus fraction) unitless 1 1

CF
res-corn

 (contaminated corn fraction) unitless 1 1
CF

res-carrot
 (contaminated carrot fraction) unitless 1 1

CF
res-cucumber

 (contaminated cucumber fraction) unitless 1 1
CF

res-lettuce
 (contaminated lettuce fraction) unitless 1 1

CF
res-lima bean

 (contaminated lima bean fraction) unitless 1 1
CF

res-okra
 (contaminated okra fraction) unitless 1 1

CF
res-onion

 (contaminated onion fraction) unitless 1 1
CF

res-peach
 (contaminated peach fraction) unitless 1 1

CF
res-pea

 (contaminated pea fraction) unitless 1 1
CF

res-pear
 (contaminated pear fraction) unitless 1 1

CF
res-potato

 (contaminated potato fraction) unitless 1 1
CF

res-pumpkin
 (contaminated pumpkin fraction) unitless 1 1

CF
res-rice

 (contaminated rice fraction) unitless 1 1
CF

res-snap bean
 (contaminated snap bean fraction) unitless 1 1

CF
res-strawberry

 (contaminated strawberry fraction) unitless 1 1
CF

res-tomato
 (contaminated tomato fraction) unitless 1 1

ED
res-a

 (exposure duration - resident adult) yr 20 20



Output generated   15MAY2019:17:51:04

Site-Specific 2

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res-a
 (exposure frequency - resident adult) day/yr 350 350

EF
res-c

 (exposure frequency - resident child) day/yr 350 350
IFAP

res-adj
 (age-adjusted apple ingestion factor) g 667520 667520

IFAS
res-adj

 (age-adjusted asparagus ingestion factor) g 300300 300300
IFBE

res-adj
 (age-adjusted berry ingestion factor) g 297990 297990

IFBR
res-adj

 (age-adjusted broccoli ingestion factor) g 251510 251510
IFBT

res-adj
 (age-adjusted beet ingestion factor) g 245490 245490

IFCB
res-adj

 (age-adjusted cabbage ingestion factor) g 670530 670530
IFCG

res-adj
 (age-adjusted cereal grain ingestion factor) g 611800 611800

IFCI
res-adj

 (age-adjusted citrus ingestion factor) g 2573410 2573410
IFCO

res-adj
 (age-adjusted corn ingestion factor) g 468580 468580

IFCR
res-adj

 (age-adjusted carrot ingestion factor) g 222390 222390
IFCU

res-adj
 (age-adjusted cucumber ingestion factor) g 630140 630140

IFLE
res-adj

 (age-adjusted lettuce ingestion factor) g 271320 271320
IFLI

res-adj
 (age-adjusted lima bean ingestion factor) g 250250 250250

IFOK
res-adj

 (age-adjusted okra ingestion factor) g 222530 222530
IFON

res-adj
 (age-adjusted onion ingestion factor) g 164780 164780

IFPC
res-adj

 (age-adjusted peach ingestion factor) g 1043840 1043840
IFPE

res-adj
 (age-adjusted pea ingestion factor) g 315210 315210

IFPR
res-adj

 (age-adjusted pear ingestion factor) g 503370 503370
IFPT

res-adj
 (age-adjusted potato ingestion factor) g 1003170 1003170

IFPU
res-adj

 (age-adjusted pumpkin ingestion factor) g 548520 548520
IFRI

res-adj
 (age-adjusted rice ingestion factor) g 572880 572880

IFSN
res-adj

 (age-adjusted snap bean ingestion factor) g 434630 434630
IFST

res-adj
 (age-adjusted strawberry ingestion factor) g 336630 336630

IFTO
res-adj

 (age-adjusted tomato ingestion factor) g 624470 624470
IRAP

res-a
 (apple ingestion rate - resident adult) g/day 73.7 73.7

IRAP
res-c

 (apple ingestion rate - resident child) g/day 72.2 72.2
IRAS

res-a
 (asparagus ingestion rate - resident adult) g/day 39.3 39.3



Output generated   15MAY2019:17:51:04

Site-Specific 3

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRAS
res-c

 (asparagus ingestion rate - resident child) g/day 12.0 12.0
IRBE

res-a
 (berry ingestion rate - resident adult) g/day 35.4 35.4

IRBE
res-c

 (berry ingestion rate - resident child) g/day 23.9 23.9
IRBR

res-a
 (broccoli ingestion rate - resident adult) g/day 32.0 32.0

IRBR
res-c

 (broccoli ingestion rate - resident child) g/day 13.1 13.1
IRBT

res-a
 (beet ingestion rate - resident adult) g/day 33.9 33.9

IRBT
res-c

 (beet ingestion rate - resident child) g/day 3.9 3.9
IRCB

res-a
 (cabbage ingestion rate - resident adult) g/day 92.1 92.1

IRCB
res-c

 (cabbage ingestion rate - resident child) g/day 12.3 12.3
IRCG

res-a
 (cereal grain ingestion rate - resident adult) g/day 76.0 76.0

IRCG
res-c

 (cereal grain ingestion rate - resident child) g/day 38.0 38.0
IRCI

res-a
 (citrus ingestion rate - resident adult) g/day 309.4 309.4

IRCI
res-c

 (citrus ingestion rate - resident child) g/day 194.1 194.1
IRCO

res-a
 (corn ingestion rate - resident adult) g/day 59.8 59.8

IRCO
res-c

 (corn ingestion rate - resident child) g/day 23.8 23.8
IRCR

res-a
 (carrot ingestion rate - resident adult) g/day 27.3 27.3

IRCR
res-c

 (carrot ingestion rate - resident child) g/day 14.9 14.9
IRCU

res-a
 (cucumber ingestion rate - resident adult) g/day 82.4 82.4

IRCU
res-c

 (cucumber ingestion rate - resident child) g/day 25.4 25.4
IRLE

res-a
 (lettuce ingestion rate - resident adult) g/day 37.5 37.5

IRLE
res-c

 (lettuce ingestion rate - resident child) g/day 4.2 4.2
IRLI

res-a
 (lima bean ingestion rate - resident adult) g/day 33.8 33.8

IRLI
res-c

 (lima bean ingestion rate - resident child) g/day 6.5 6.5
IROK

res-a
 (okra ingestion rate - resident adult) g/day 30.2 30.2

IROK
res-c

 (okra ingestion rate - resident child) g/day 5.3 5.3
IRON

res-a
 (onion ingestion rate - resident adult) g/day 21.8 21.8

IRON
res-c

 (onion ingestion rate - resident child) g/day 5.8 5.8
IRPC

res-a
 (peach ingestion rate - resident adult) g/day 115.7 115.7

IRPC
res-c

 (peach ingestion rate - resident child) g/day 111.4 111.4
IRPE

res-a
 (pea ingestion rate - resident adult) g/day 35.4 35.4



Output generated   15MAY2019:17:51:04

Site-Specific 4

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRPE
res-c

 (pea ingestion rate - resident child) g/day 32.1 32.1
IRPR

res-a
 (pear ingestion rate - resident adult) g/day 51.9 51.9

IRPR
res-c

 (pear ingestion rate - resident child) g/day 66.7 66.7
IRPT

res-a
 (potato ingestion rate - resident adult) g/day 127.8 127.8

IRPT
res-c

 (potato ingestion rate - resident child) g/day 51.7 51.7
IRPU

res-a
 (pumpkin ingestion rate - resident adult) g/day 64.8 64.8

IRPU
res-c

 (pumpkin ingestion rate - resident child) g/day 45.2 45.2
IRRI

res-a
 (rice ingestion rate - resident adult) g/day 73.2 73.2

IRRI
res-c

 (rice ingestion rate - resident child) g/day 28.8 28.8
IRSN

res-a
 (snap bean ingestion rate - resident adult) g/day 53.9 53.9

IRSN
res-c

 (snap bean ingestion rate - resident child) g/day 27.3 27.3
IRST

res-a
 (strawberry ingestion rate - resident adult) g/day 40.5 40.5

IRST
res-c

 (strawberry ingestion rate - resident child) g/day 25.3 25.3
IRTO

res-a
 (tomato ingestion rate - resident adult) g/day 80.3 80.3

IRTO
res-c

 (tomato ingestion rate - resident child) g/day 29.7 29.7
MLF

apple
 (apple mass loading factor) unitless 0.000160 0.000160

MLF
asparagus

 (asparagus mass loading factor) unitless 0.0000790 0.0000790
MLF

berry
 (berry mass loading factor) unitless 0.000166 0.000166

MLF
broccoli

 (broccoli mass loading factor) unitless 0.00101 0.00101
MLF

beet
 (beet mass loading factor) unitless 0.000138 0.000138

MLF
cabbage

 (cabbage mass loading factor) unitless 0.000105 0.000105
MLF

cereal grain
 (cereal grain mass loading factor) unitless 0.250 0.250

MLF
citrus

 (citrus mass loading factor) unitless 0.000157 0.000157
MLF

corn
 (corn mass loading factor) unitless 0.000145 0.000145

MLF
carrot

 (carrot mass loading factor) unitless 0.0000970 0.0000970
MLF

cucumber
 (cucumber mass loading factor) unitless 0.0000400 0.0000400

MLF
lettuce

 (lettuce mass loading factor) unitless 0.0135 0.0135
MLF

lima bean
 (lima bean mass loading factor) unitless 0.00383 0.00383

MLF
okra

 (okra mass loading factor) unitless 0.0000800 0.0000800
MLF

onion
 (onion mass loading factor) unitless 0.0000970 0.0000970



Output generated   15MAY2019:17:51:04

Site-Specific 5

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

MLF
peach

 (peach mass loading factor) unitless 0.000150 0.000150
MLF

pea
 (pea mass loading factor) unitless 0.000178 0.000178

MLF
pear

 (pear mass loading factor) unitless 0.000160 0.000160
MLF

potato
 (potato mass loading factor) unitless 0.000210 0.000210

MLF
pumpkin

 (pumpkin mass loading factor) unitless 0.0000580 0.0000580
MLF

rice
 (rice mass loading factor) unitless 0.250 0.250

MLF
snap bean

 (snap bean mass loading factor) unitless 0.00500 0.00500
MLF

strawberry
 (strawberry mass loading factor) unitless 0.0000800 0.0000800

MLF
tomato

 (tomato mass loading factor) unitless 0.00159 0.00159
TR (target cancer risk) unitless 1.0E-06 1.0E-06
F(x) (function dependent on U

m
/U

t
) unitless 0.194 0.0391

PEF (particulate emission factor) m 3/kg 1359344438 4078965031.971621
Q/C

wind
 (g/m2-s per kg/m 3) 93.77 32.35983267992716

A
s
 (acres) 0.5 420

ED
res

 (exposure duration - resident) yr 26 26
ED

res-a
 (exposure duration - resident adult) yr 20 20

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res
 (exposure frequency - resident) day/yr 350 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350 350
EF

res-c
 (exposure frequency - resident child) day/yr 350 350

ET
res

 (exposure time - resident) hr/day 24 24
ET

res-a
 (exposure time - resident adult) hr/day 24 24

ET
res-c

 (exposure time - resident child) hr/day 24 24
ET

res-i
 (exposure time - indoor resident) hr/day 16.416 16.416

ET
res-o

 (exposure time - outdoor resident) hr/day 1.752 1.752
GSF

i
 (gamma shielding factor - indoor) unitless 0.4 0.4

IFA
res-adj

 (age-adjusted soil inhalation factor - resident) m 3 161000 161000
IFS

res-adj
 (age-adjusted soil ingestion factor - resident) mg 1120000 1120000

IRA
res-a

 (inhalation rate - resident adult) m 3/day 20 20
IRA

res-c
 (inhalation rate - resident child) m 3/day 10 10



Output generated   15MAY2019:17:51:04

Site-Specific 6

Resident Soil Inputs - No secular equilibrium, no progeny (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRS
res-a

 (soil intake rate - resident adult) mg/day 100 100
IRS

res-c
 (soil intake rate - resident child) mg/day 200 200

t
res

 (time - resident) yr 26 26
TR (target cancer risk) unitless 1.0E-06 1.0E-06
U

m
  (mean annual wind speed) m/s 4.69 3.89

U
t
  (equivalent threshold value) 11.32 11.32

V  (fraction of vegetative cover) unitless 0.5 0.5



Output generated   15MAY2019:17:51:04

Site-Specific 7

Resident PRGs for Soil - No secular equilibrium, no progeny (with decay)

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume
Am-241 F 3.77E-08 2.77E-08 1.34E-10 1.84E-10 4.08E+09 1.60E-03 4.32E+02 1.00E+00 1.00E+00 4.00E-01
Co-60 S 1.01E-10 1.24E-05 2.23E-11 3.81E-11 4.08E+09 1.31E-01 5.27E+00 1.00E+00 1.00E+00 4.00E-01
Eu-152 F 1.91E-10 5.41E-06 8.33E-12 1.46E-11 4.08E+09 5.12E-02 1.35E+01 1.00E+00 1.00E+00 4.00E-01
Eu-154 F 2.06E-10 5.85E-06 1.42E-11 2.54E-11 4.08E+09 8.06E-02 8.59E+00 1.00E+00 1.00E+00 4.00E-01
H-3 S 8.47E-13 0.00E+00 1.44E-13 8.99E-14 1.70E+01 5.63E-02 1.23E+01 9.00E-01 1.00E+00 4.00E-01

Isotope

Ingestion
PRG

TR=1E-06
(pCi/g)

Inhalation
PRG

TR=1E-06
(pCi/g)

External
Exposure

PRG
TR=1E-06

(pCi/g)

Produce
Consumption

PRG
TR=1E-06

(pCi/g)

Total
PRG

TR=1E-06
(pCi/g)

Total
PRG

TR=1E-06
(mg/kg)

Am-241 4.95E+00 6.85E+02 4.27E+00 - 2.28E+00 6.66E-07
Co-60 8.28E+01 8.90E+05 3.30E-02 - 3.30E-02 2.92E-11
Eu-152 1.11E+02 2.40E+05 3.87E-02 - 3.87E-02 2.23E-10
Eu-154 8.41E+01 2.94E+05 4.73E-02 - 4.73E-02 1.75E-10
H-3 1.89E+04 2.37E-01 - - 2.37E-01 2.45E-11

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Am-241
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Co-60
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-152
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Eu-154
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=H-3


Output generated   15MAY2019:17:51:04

Site-Specific 8

Resident Risk for Soil - No secular equilibrium, no progeny (with decay)

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)
Concentration

(pCi/g)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2

Soil
Volume

Area
Correction

Factor
Am-241 F 3.77E-08 2.77E-08 1.34E-10 1.84E-10 1.36 4.08E+09 1.60E-03 4.32E+02 1.00E+00
Co-60 S 1.01E-10 1.24E-05 2.23E-11 3.81E-11 0.0361 4.08E+09 1.31E-01 5.27E+00 1.00E+00
Eu-152 F 1.91E-10 5.41E-06 8.33E-12 1.46E-11 0.13 4.08E+09 5.12E-02 1.35E+01 1.00E+00
Eu-154 F 2.06E-10 5.85E-06 1.42E-11 2.54E-11 0.23 4.08E+09 8.06E-02 8.59E+00 1.00E+00
H-3 S 8.47E-13 0.00E+00 1.44E-13 8.99E-14 2.28 1.70E+01 5.63E-02 1.23E+01 9.00E-01
*Total Risk - - - - - - - - -

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume

Ingestion
CDI

(pCi)

Inhalation
CDI

(pCi)

External
Exposure

CDI
(pCi)

Produce
Consumption

CDI
(pCi)

Ingestion
Risk

Inhalation
Risk

External
Exposure

Risk

Produce
Consumption

Risk
Total
Risk

1.00E+00 4.00E-01 1.49E+03 5.26E-02 1.15E+01 - 2.75E-07 1.98E-09 3.19E-07 - 5.95E-07
1.00E+00 4.00E-01 1.14E+01 4.03E-04 8.83E-02 - 4.36E-10 4.06E-14 1.09E-06 - 1.09E-06
1.00E+00 4.00E-01 8.05E+01 2.84E-03 6.21E-01 - 1.17E-09 5.43E-13 3.36E-06 - 3.36E-06
1.00E+00 4.00E-01 1.08E+02 3.80E-03 8.31E-01 - 2.74E-09 7.83E-13 4.86E-06 - 4.87E-06
1.00E+00 4.00E-01 1.34E+03 1.13E+07 9.32E+00 - 1.21E-10 9.61E-06 0.00E+00 - 9.61E-06

- - - - - - 2.79E-07 9.61E-06 9.63E-06 - 1.95E-05



Output generated   15MAY2019:17:15:14

Site-Specific 1

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

A (PEF Dispersion Constant) 16.2302 13.8139
B (PEF Dispersion Constant) 18.7762 20.1624
City (Climate Zone) Default San Francisco, CA (2)
C (PEF Dispersion Constant) 216.108 234.2869
CF

res-produce
 (contaminated plant fraction) unitless 1 1

CF
res-apple

 (contaminated apple fraction) unitless 1 1
CF

res-asparagus
 (contaminated asparagus fraction) unitless 1 1

CF
res-berry

 (contaminated berry fraction) unitless 1 1
CF

res-broccoli
 (contaminated broccoli fraction) unitless 1 1

CF
res-beet

 (contaminated beet fraction) unitless 1 1
CF

res-cabbage
 (contaminated cabbage fraction) unitless 1 1

CF
res-cereal grain

 (contaminated cereal grain fraction) unitless 1 1
CF

res-citrus
 (contaminated citrus fraction) unitless 1 1

CF
res-corn

 (contaminated corn fraction) unitless 1 1
CF

res-carrot
 (contaminated carrot fraction) unitless 1 1

CF
res-cucumber

 (contaminated cucumber fraction) unitless 1 1
CF

res-lettuce
 (contaminated lettuce fraction) unitless 1 1

CF
res-lima bean

 (contaminated lima bean fraction) unitless 1 1
CF

res-okra
 (contaminated okra fraction) unitless 1 1

CF
res-onion

 (contaminated onion fraction) unitless 1 1
CF

res-peach
 (contaminated peach fraction) unitless 1 1

CF
res-pea

 (contaminated pea fraction) unitless 1 1
CF

res-pear
 (contaminated pear fraction) unitless 1 1

CF
res-potato

 (contaminated potato fraction) unitless 1 1
CF

res-pumpkin
 (contaminated pumpkin fraction) unitless 1 1

CF
res-rice

 (contaminated rice fraction) unitless 1 1
CF

res-snap bean
 (contaminated snap bean fraction) unitless 1 1

CF
res-strawberry

 (contaminated strawberry fraction) unitless 1 1
CF

res-tomato
 (contaminated tomato fraction) unitless 1 1

ED
res-a

 (exposure duration - resident adult) yr 20 20



Output generated   15MAY2019:17:15:14

Site-Specific 2

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res-a
 (exposure frequency - resident adult) day/yr 350 350

EF
res-c

 (exposure frequency - resident child) day/yr 350 350
IFAP

res-adj
 (age-adjusted apple ingestion factor) g 667520 667520

IFAS
res-adj

 (age-adjusted asparagus ingestion factor) g 300300 300300
IFBE

res-adj
 (age-adjusted berry ingestion factor) g 297990 297990

IFBR
res-adj

 (age-adjusted broccoli ingestion factor) g 251510 251510
IFBT

res-adj
 (age-adjusted beet ingestion factor) g 245490 245490

IFCB
res-adj

 (age-adjusted cabbage ingestion factor) g 670530 670530
IFCG

res-adj
 (age-adjusted cereal grain ingestion factor) g 611800 611800

IFCI
res-adj

 (age-adjusted citrus ingestion factor) g 2573410 2573410
IFCO

res-adj
 (age-adjusted corn ingestion factor) g 468580 468580

IFCR
res-adj

 (age-adjusted carrot ingestion factor) g 222390 222390
IFCU

res-adj
 (age-adjusted cucumber ingestion factor) g 630140 630140

IFLE
res-adj

 (age-adjusted lettuce ingestion factor) g 271320 271320
IFLI

res-adj
 (age-adjusted lima bean ingestion factor) g 250250 250250

IFOK
res-adj

 (age-adjusted okra ingestion factor) g 222530 222530
IFON

res-adj
 (age-adjusted onion ingestion factor) g 164780 164780

IFPC
res-adj

 (age-adjusted peach ingestion factor) g 1043840 1043840
IFPE

res-adj
 (age-adjusted pea ingestion factor) g 315210 315210

IFPR
res-adj

 (age-adjusted pear ingestion factor) g 503370 503370
IFPT

res-adj
 (age-adjusted potato ingestion factor) g 1003170 1003170

IFPU
res-adj

 (age-adjusted pumpkin ingestion factor) g 548520 548520
IFRI

res-adj
 (age-adjusted rice ingestion factor) g 572880 572880

IFSN
res-adj

 (age-adjusted snap bean ingestion factor) g 434630 434630
IFST

res-adj
 (age-adjusted strawberry ingestion factor) g 336630 336630

IFTO
res-adj

 (age-adjusted tomato ingestion factor) g 624470 624470
IRAP

res-a
 (apple ingestion rate - resident adult) g/day 73.7 73.7

IRAP
res-c

 (apple ingestion rate - resident child) g/day 72.2 72.2
IRAS

res-a
 (asparagus ingestion rate - resident adult) g/day 39.3 39.3



Output generated   15MAY2019:17:15:14

Site-Specific 3

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRAS
res-c

 (asparagus ingestion rate - resident child) g/day 12.0 12.0
IRBE

res-a
 (berry ingestion rate - resident adult) g/day 35.4 35.4

IRBE
res-c

 (berry ingestion rate - resident child) g/day 23.9 23.9
IRBR

res-a
 (broccoli ingestion rate - resident adult) g/day 32.0 32.0

IRBR
res-c

 (broccoli ingestion rate - resident child) g/day 13.1 13.1
IRBT

res-a
 (beet ingestion rate - resident adult) g/day 33.9 33.9

IRBT
res-c

 (beet ingestion rate - resident child) g/day 3.9 3.9
IRCB

res-a
 (cabbage ingestion rate - resident adult) g/day 92.1 92.1

IRCB
res-c

 (cabbage ingestion rate - resident child) g/day 12.3 12.3
IRCG

res-a
 (cereal grain ingestion rate - resident adult) g/day 76.0 76.0

IRCG
res-c

 (cereal grain ingestion rate - resident child) g/day 38.0 38.0
IRCI

res-a
 (citrus ingestion rate - resident adult) g/day 309.4 309.4

IRCI
res-c

 (citrus ingestion rate - resident child) g/day 194.1 194.1
IRCO

res-a
 (corn ingestion rate - resident adult) g/day 59.8 59.8

IRCO
res-c

 (corn ingestion rate - resident child) g/day 23.8 23.8
IRCR

res-a
 (carrot ingestion rate - resident adult) g/day 27.3 27.3

IRCR
res-c

 (carrot ingestion rate - resident child) g/day 14.9 14.9
IRCU

res-a
 (cucumber ingestion rate - resident adult) g/day 82.4 82.4

IRCU
res-c

 (cucumber ingestion rate - resident child) g/day 25.4 25.4
IRLE

res-a
 (lettuce ingestion rate - resident adult) g/day 37.5 37.5

IRLE
res-c

 (lettuce ingestion rate - resident child) g/day 4.2 4.2
IRLI

res-a
 (lima bean ingestion rate - resident adult) g/day 33.8 33.8

IRLI
res-c

 (lima bean ingestion rate - resident child) g/day 6.5 6.5
IROK

res-a
 (okra ingestion rate - resident adult) g/day 30.2 30.2

IROK
res-c

 (okra ingestion rate - resident child) g/day 5.3 5.3
IRON

res-a
 (onion ingestion rate - resident adult) g/day 21.8 21.8

IRON
res-c

 (onion ingestion rate - resident child) g/day 5.8 5.8
IRPC

res-a
 (peach ingestion rate - resident adult) g/day 115.7 115.7

IRPC
res-c

 (peach ingestion rate - resident child) g/day 111.4 111.4
IRPE

res-a
 (pea ingestion rate - resident adult) g/day 35.4 35.4



Output generated   15MAY2019:17:15:14

Site-Specific 4

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRPE
res-c

 (pea ingestion rate - resident child) g/day 32.1 32.1
IRPR

res-a
 (pear ingestion rate - resident adult) g/day 51.9 51.9

IRPR
res-c

 (pear ingestion rate - resident child) g/day 66.7 66.7
IRPT

res-a
 (potato ingestion rate - resident adult) g/day 127.8 127.8

IRPT
res-c

 (potato ingestion rate - resident child) g/day 51.7 51.7
IRPU

res-a
 (pumpkin ingestion rate - resident adult) g/day 64.8 64.8

IRPU
res-c

 (pumpkin ingestion rate - resident child) g/day 45.2 45.2
IRRI

res-a
 (rice ingestion rate - resident adult) g/day 73.2 73.2

IRRI
res-c

 (rice ingestion rate - resident child) g/day 28.8 28.8
IRSN

res-a
 (snap bean ingestion rate - resident adult) g/day 53.9 53.9

IRSN
res-c

 (snap bean ingestion rate - resident child) g/day 27.3 27.3
IRST

res-a
 (strawberry ingestion rate - resident adult) g/day 40.5 40.5

IRST
res-c

 (strawberry ingestion rate - resident child) g/day 25.3 25.3
IRTO

res-a
 (tomato ingestion rate - resident adult) g/day 80.3 80.3

IRTO
res-c

 (tomato ingestion rate - resident child) g/day 29.7 29.7
MLF

apple
 (apple mass loading factor) unitless 0.000160 0.000160

MLF
asparagus

 (asparagus mass loading factor) unitless 0.0000790 0.0000790
MLF

berry
 (berry mass loading factor) unitless 0.000166 0.000166

MLF
broccoli

 (broccoli mass loading factor) unitless 0.00101 0.00101
MLF

beet
 (beet mass loading factor) unitless 0.000138 0.000138

MLF
cabbage

 (cabbage mass loading factor) unitless 0.000105 0.000105
MLF

cereal grain
 (cereal grain mass loading factor) unitless 0.250 0.250

MLF
citrus

 (citrus mass loading factor) unitless 0.000157 0.000157
MLF

corn
 (corn mass loading factor) unitless 0.000145 0.000145

MLF
carrot

 (carrot mass loading factor) unitless 0.0000970 0.0000970
MLF

cucumber
 (cucumber mass loading factor) unitless 0.0000400 0.0000400

MLF
lettuce

 (lettuce mass loading factor) unitless 0.0135 0.0135
MLF

lima bean
 (lima bean mass loading factor) unitless 0.00383 0.00383

MLF
okra

 (okra mass loading factor) unitless 0.0000800 0.0000800
MLF

onion
 (onion mass loading factor) unitless 0.0000970 0.0000970
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Site-Specific 5

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

MLF
peach

 (peach mass loading factor) unitless 0.000150 0.000150
MLF

pea
 (pea mass loading factor) unitless 0.000178 0.000178

MLF
pear

 (pear mass loading factor) unitless 0.000160 0.000160
MLF

potato
 (potato mass loading factor) unitless 0.000210 0.000210

MLF
pumpkin

 (pumpkin mass loading factor) unitless 0.0000580 0.0000580
MLF

rice
 (rice mass loading factor) unitless 0.250 0.250

MLF
snap bean

 (snap bean mass loading factor) unitless 0.00500 0.00500
MLF

strawberry
 (strawberry mass loading factor) unitless 0.0000800 0.0000800

MLF
tomato

 (tomato mass loading factor) unitless 0.00159 0.00159
TR (target cancer risk) unitless 1.0E-06 1.0E-06
F(x) (function dependent on U

m
/U

t
) unitless 0.194 0.0391

PEF (particulate emission factor) m 3/kg 1359344438 4078965031.971621
Q/C

wind
 (g/m2-s per kg/m 3) 93.77 32.35983267992716

A
s
 (acres) 0.5 420

ED
res

 (exposure duration - resident) yr 26 26
ED

res-a
 (exposure duration - resident adult) yr 20 20

ED
res-c

 (exposure duration - resident child) yr 6 6
EF

res
 (exposure frequency - resident) day/yr 350 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350 350
EF

res-c
 (exposure frequency - resident child) day/yr 350 350

ET
res

 (exposure time - resident) hr/day 24 24
ET

res-a
 (exposure time - resident adult) hr/day 24 24

ET
res-c

 (exposure time - resident child) hr/day 24 24
ET

res-i
 (exposure time - indoor resident) hr/day 16.416 16.416

ET
res-o

 (exposure time - outdoor resident) hr/day 1.752 1.752
GSF

i
 (gamma shielding factor - indoor) unitless 0.4 0.4

IFA
res-adj

 (age-adjusted soil inhalation factor - resident) m 3 161000 161000
IFS

res-adj
 (age-adjusted soil ingestion factor - resident) mg 1120000 1120000

IRA
res-a

 (inhalation rate - resident adult) m 3/day 20 20
IRA

res-c
 (inhalation rate - resident child) m 3/day 10 10
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Site-Specific 6

Resident Soil Inputs - No secular equilibrium, progeny included (with decay)

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Soil

Default
Value

Form-input
Value

IRS
res-a

 (soil intake rate - resident adult) mg/day 100 100
IRS

res-c
 (soil intake rate - resident child) mg/day 200 200

t
res

 (time - resident) yr 26 26
TR (target cancer risk) unitless 1.0E-06 1.0E-06
U

m
  (mean annual wind speed) m/s 4.69 3.89

U
t
  (equivalent threshold value) 11.32 11.32

V  (fraction of vegetative cover) unitless 0.5 0.5
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Site-Specific 7

Resident PRGs for Soil - No secular equilibrium, progeny included (with decay)

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2 Soil
Volume

Area
Correction

Factor

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume
Ac-227 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 4.08E+09 3.18E-02 2.18E+01 1.00E+00 1.00E+00 4.00E-01
At-219 - - - - - 4.08E+09 3.89E+05 1.78E-06 9.00E-01 1.00E+00 4.00E-01
Ba-137m - - 2.69E-06 - - 4.08E+09 2.29E-02 3.02E+01 1.00E+00 1.00E+00 4.00E-01
Bi-211 - - 1.90E-07 - - 4.08E+09 1.70E+05 4.07E-06 1.00E+00 1.00E+00 4.00E-01
Bi-215 - - 1.08E-06 - - 4.08E+09 4.78E+04 1.45E-05 1.00E+00 1.00E+00 4.00E-01
Cs-137 S 1.12E-10 5.52E-10 3.74E-11 4.25E-11 4.08E+09 2.29E-02 3.02E+01 1.00E+00 1.00E+00 4.00E-01
Fr-223 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 4.08E+09 1.65E+04 4.19E-05 1.00E+00 1.00E+00 4.00E-01
Pa-231 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 4.08E+09 2.11E-05 3.28E+04 1.00E+00 1.00E+00 4.00E-01
Pb-211 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 4.08E+09 1.01E+04 6.87E-05 1.00E+00 1.00E+00 4.00E-01
Po-211 - - 3.76E-08 - - 4.08E+09 4.23E+07 1.64E-08 1.00E+00 1.00E+00 4.00E-01
Po-215 - - 7.48E-10 - - 4.08E+09 1.23E+10 5.65E-11 1.00E+00 1.00E+00 4.00E-01
Pu-239 F 5.55E-08 2.09E-10 1.74E-10 2.28E-10 4.08E+09 2.88E-05 2.41E+04 1.00E+00 1.00E+00 4.00E-01
Ra-223 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 4.08E+09 2.21E+01 3.13E-02 1.00E+00 1.00E+00 4.00E-01
Rn-219 - - 2.35E-07 - - 4.08E+09 5.50E+06 1.26E-07 1.00E+00 1.00E+00 4.00E-01
Sr-90 S 4.25E-10 4.83E-10 6.88E-11 8.62E-11 4.08E+09 2.41E-02 2.88E+01 9.00E-01 1.00E+00 4.00E-01
Th-227 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 4.08E+09 1.35E+01 5.12E-02 1.00E+00 1.00E+00 4.00E-01
Th-231 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 4.08E+09 9.84E-10 7.04E+08 1.00E+00 1.00E+00 4.00E-01
Tl-207 - - 1.59E-08 - - 4.08E+09 7.63E+04 9.08E-06 1.00E+00 1.00E+00 4.00E-01
U-235 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 4.08E+09 9.84E-10 7.04E+08 1.00E+00 1.00E+00 4.00E-01
U-235m M 1.87E-18 - 1.06E-17 1.65E-17 4.08E+09 2.88E-05 2.41E+04 1.00E+00 1.00E+00 4.00E-01
Y-90 S 8.40E-12 1.90E-08 2.65E-11 4.92E-11 4.08E+09 2.41E-02 2.88E+01 1.00E+00 1.00E+00 4.00E-01

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ba-137m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Y-90
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Site-Specific 8

Resident PRGs for Soil - No secular equilibrium, progeny included (with decay)

Isotope

Ingestion
PRG

TR=1E-06
(pCi/g)

Inhalation
PRG

TR=1E-06
(pCi/g)

External
Exposure

PRG
TR=1E-06

(pCi/g)

Produce
Consumption

PRG
TR=1E-06

(pCi/g)

Total
PRG

TR=1E-06
(pCi/g)

Total
PRG

TR=1E-06
(mg/kg)

Ac-227 4.52E+00 2.50E+02 8.59E+02 - 4.42E+00 6.13E-08
At-219 - - - - - -
Ba-137m - - 5.71E-02 - 5.71E-02 6.62E-10
Bi-211 - - 2.70E+06 - 2.70E+06 6.48E-09
Bi-215 - - 1.33E+05 - 1.33E+05 1.16E-09
Cs-137 2.79E+01 3.00E+05 2.78E+02 - 2.54E+01 2.94E-07
Fr-223 2.27E+07 2.68E+11 3.69E+05 - 3.63E+05 9.49E-09
Pa-231 3.00E+00 3.33E+02 9.11E-01 - 6.97E-01 1.48E-05
Pb-211 2.45E+08 1.65E+11 1.04E+05 - 1.04E+05 4.23E-09
Po-211 - - 3.38E+09 - 3.38E+09 3.28E-08
Po-215 - - 4.93E+13 - 4.93E+13 1.68E-06
Pu-239 3.92E+00 4.57E+02 5.54E+02 - 3.86E+00 6.22E-05
Ra-223 8.58E+02 4.99E+05 1.46E+02 - 1.25E+02 2.44E-09
Rn-219 - - 7.04E+07 - 7.04E+07 5.44E-09
Sr-90 1.39E+01 8.02E+04 3.58E+02 - 1.34E+01 9.73E-08
Th-227 2.44E+03 2.55E+05 9.15E+01 - 8.82E+01 2.87E-09
Th-231 1.50E+02 1.69E+07 4.65E+00 - 4.51E+00 2.05E+00
Tl-207 - - 1.44E+07 - 1.44E+07 7.60E-08
U-235 6.03E+00 1.01E+03 2.10E-01 - 2.03E-01 9.40E-02
U-235m 5.41E+07 1.36E+13 - - 5.41E+07 8.58E+02
Y-90 2.44E+01 4.06E+06 8.19E+00 - 6.13E+00 4.45E-08

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ac-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=At-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ba-137m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Bi-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Cs-137
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Fr-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pa-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pb-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-211
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Po-215
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Pu-239
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-223
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Rn-219
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Sr-90
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-227
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-231
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Tl-207
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235m
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Y-90
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Site-Specific 9

Resident Risk for Soil - No secular equilibrium, progeny included (with decay)

Isotope

ICRP
Lung

Absorption
Type

Inhalation
Slope
Factor

(risk/pCi)

External
Exposure

Slope
Factor
(risk/yr

per
pCi/g)

Food
Ingestion

Slope
Factor

(risk/pCi)

Soil
Ingestion

Slope
Factor

(risk/pCi)
Concentration

(pCi/g)

Particulate
Emission

Factor
(m3/kg)

Lambda
(1/yr)

Halflife
(yr)

1000029
m2 Soil
Volume

Area
Correction

Factor
Ac-227 S 1.49E-07 1.98E-10 2.45E-10 2.90E-10 - 4.08E+09 3.18E-02 2.18E+01 1.00E+00
At-219 - - - - - - 4.08E+09 3.89E+05 1.78E-06 9.00E-01
Ba-137m - - 2.69E-06 - - 1.13E-01 4.08E+09 2.29E-02 3.02E+01 1.00E+00
Bi-211 - - 1.90E-07 - - - 4.08E+09 1.70E+05 4.07E-06 1.00E+00
Bi-215 - - 1.08E-06 - - - 4.08E+09 4.78E+04 1.45E-05 1.00E+00
Cs-137 S 1.12E-10 5.52E-10 3.74E-11 4.25E-11 1.13E-01 4.08E+09 2.29E-02 3.02E+01 1.00E+00
Fr-223 S 4.07E-11 1.35E-07 1.01E-11 1.69E-11 - 4.08E+09 1.65E+04 4.19E-05 1.00E+00
Pa-231 F 7.62E-08 1.27E-07 2.26E-10 2.98E-10 - 4.08E+09 2.11E-05 3.28E+04 1.00E+00
Pb-211 S 4.03E-11 2.91E-07 5.81E-13 9.55E-13 - 4.08E+09 1.01E+04 6.87E-05 1.00E+00
Po-211 - - 3.76E-08 - - - 4.08E+09 4.23E+07 1.64E-08 1.00E+00
Po-215 - - 7.48E-10 - - - 4.08E+09 1.23E+10 5.65E-11 1.00E+00
Pu-239 F 5.55E-08 2.09E-10 1.74E-10 2.28E-10 2.59E+00 4.08E+09 2.88E-05 2.41E+04 1.00E+00
Ra-223 S 2.92E-08 4.55E-07 3.39E-10 5.99E-10 - 4.08E+09 2.21E+01 3.13E-02 1.00E+00
Rn-219 - - 2.35E-07 - - - 4.08E+09 5.50E+06 1.26E-07 1.00E+00
Sr-90 S 4.25E-10 4.83E-10 6.88E-11 8.62E-11 3.31E-01 4.08E+09 2.41E-02 2.88E+01 9.00E-01
Th-227 S 3.50E-08 4.45E-07 7.03E-11 1.29E-10 - 4.08E+09 1.35E+01 5.12E-02 1.00E+00
Th-231 S 1.50E-12 2.49E-08 3.22E-12 5.96E-12 1.95E-01 4.08E+09 9.84E-10 7.04E+08 1.00E+00
Tl-207 - - 1.59E-08 - - - 4.08E+09 7.63E+04 9.08E-06 1.00E+00
U-235 S 2.50E-08 5.51E-07 9.44E-11 1.48E-10 1.95E-01 4.08E+09 9.84E-10 7.04E+08 1.00E+00
U-235m M 1.87E-18 - 1.06E-17 1.65E-17 2.59E+00 4.08E+09 2.88E-05 2.41E+04 1.00E+00
Y-90 S 8.40E-12 1.90E-08 2.65E-11 4.92E-11 3.31E-01 4.08E+09 2.41E-02 2.88E+01 1.00E+00
*Total Risk - - - - - - - - -
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Site-Specific 10

Resident Risk for Soil - No secular equilibrium, progeny included (with decay)

0 cm
Soil

Volume
Gamma

Shielding
Factor

Total
Indoor

GSF
Soil

Volume

Ingestion
CDI

(pCi)

Inhalation
CDI

(pCi)

External
Exposure

CDI
(pCi)

Produce
Consumption

CDI
(pCi)

Ingestion
Risk

Inhalation
Risk

External
Exposure

Risk

Produce
Consumption

Risk
Total
Risk

1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 9.53E+01 3.36E-03 7.35E-01 - - - 1.98E-06 - 1.98E-06
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 9.53E+01 3.36E-03 7.35E-01 - 4.05E-09 3.76E-13 4.06E-10 - 4.46E-09
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 6.61E-07 5.67E-09 4.68E-09 - 6.71E-07
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 2.76E+02 9.71E-03 1.91E+00 - 2.38E-08 4.13E-12 9.24E-10 - 2.47E-08
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 1.30E-09 1.15E-14 4.20E-08 - 4.33E-08
1.00E+00 4.00E-01 - - - - - - - - -
1.00E+00 4.00E-01 2.18E+02 7.70E-03 1.69E+00 - 3.23E-08 1.92E-10 9.28E-07 - 9.61E-07
1.00E+00 4.00E-01 2.90E+03 1.02E-01 2.24E+01 - 4.78E-14 1.91E-19 - - 4.78E-14
1.00E+00 4.00E-01 2.76E+02 9.71E-03 2.13E+00 - 1.36E-08 8.16E-14 4.04E-08 - 5.40E-08

- - - - - - 7.36E-07 5.87E-09 3.00E-06 - 3.74E-06



ENCLOSURE 2 

Public Comment Responsiveness Summary 

DRAFT ADDENDUM TO THE FIVE‐YEAR REVIEW, EVALUATION OF RADIOLOGICAL REMEDIAL 

GOALS FOR SOIL, HUNTERS POINT NAVAL SHIPYARD, SAN FRANCISCO, CA 

Thank you for your efforts in providing a thorough review of and comments on the Draft Addendum to 

the 2019 Five‐Year Review, which includes the Battelle Report titled “Hunters Point Naval Shipyard 

Estimated Excess Cancer Risks and Dose Equivalent Rates from Resident Exposures to Radionuclide‐

Containing Soils Report” and dated August 7, 2019. The report evaluates the long‐term protectiveness of 

the soil radiological remediation goals using preliminary assumptions about future site conditions in 

current risk and dose assessment models. 

Input from the Bayview Hunters Point community is instrumental to the review and revision of Navy 
publications. Broader public participation is also required as part of the removal actions conducted at 
Hunters Point Naval Shipyard (HPNS or the Shipyard) under the Comprehensive Environmental Response 
Compensation, and Liability Act (CERCLA) of 1980 (also known as Superfund) process. The Navy has 
reviewed public comments and grouped them into five categories. Each category is listed in bold and 
followed by responses. Responses are intended to clarify and summarize what can be rather technical 
issues involving the evaluation of risk to the future residents of the Shipyard. 

Navy Use of EPA Preliminary Remediation Goals as HPNS Cleanup Levels 

Public comments contend that Navy should be using EPA Preliminary Remediation Goals (PRGs) for soil 

or Building Preliminary Remediation Goals (BPRGs) as the cleanup levels (remediation goals) for removal 

actions at HPNS. PRGs and BPRGs can be generated by running the EPA online calculators using solely 

default input values. The resulting soil and building dust radiological concentration levels are intended 

only to provide “go/no‐go” thresholds very early in the CERCLA process to determine if an area warrants 

further investigation because it may exceed the PRG or BPRG. As described below, these values are 

being used as intended. 

The process is described well in the User’s Guide for the EPA PRG Calculator, which states:  

“PRGs (or BPRGs) often are used for site "screening" and as initial cleanup goals, if appropriate. 

The recommended PRGs (or BPRGs) on this site are not de facto cleanup standards and should 

not be applied as such. The recommended PRG’s (or BPRG’s) role in site ‘screening’ is typically to 

help identify areas, contaminants, and conditions that do not require further federal attention 

at a particular site. Generally, at sites where contaminant concentrations fall below PRGs (or 

BPRGs), no further action or study is warranted under the Superfund program, so long as the 

exposure assumptions at a site match those taken into account by the PRG (or BPRG) 

calculations. Radionuclide concentrations above the PRG (or BPRG) would not automatically 

designate a site as ‘dirty’ or trigger a response action; however, exceeding a PRG (or BPRG) 

suggests that further evaluation of the potential risks that may be posed by site contaminants is 

appropriate.” 

These further evaluations have been performed for many soil areas and buildings on the Shipyard. Early 

site data was used to refine preliminary cleanup goals into the current remediation goals (RGs) as 

documented in the Record of Decision for each parcel. RGs provide the maximum concentrations of 

each radionuclide that may remain in soil or buildings under the chosen and documented remedy. Each 
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time a site is sampled, and certainly when remediation occurs, the remaining concentrations are well 

below the RGs. Measurements are continuous throughout remedial activities to demonstrate that the 

remedy achieved the remedial goals. Final measurements confirm the remedy is complete and is 

protective (i.e., the remaining contaminants result in a total increased lifetime risk within the CERCLA 

risk management range). Due to the unreliable data and reports from Tetra Tech EC activities, the Navy 

is retesting the final survey work across HPNS. 

Navy Use of Pathway Exposure Models 

Public comments expressed concerns that the Navy was using RESRAD in lieu of the EPA calculator(s) or 

that the Navy refused to use the EPA calculator(s) until recently. 

To the contrary, the Navy began using the EPA calculator(s) in this Five Year Review process 

simultaneously with RESRAD in 2017.  The EPA calculator results were also reported in the Draft 

Addendum for comparison. 

Consistent with other federal agencies, the Department of Defense uses EPA PRG calculators for their 

intended use in the development of risk‐based screening values (PRGs) for generic evaluations during 

project scoping. After the scoping phase, risk assessments and refinement of the final RGs are 

performed using site‐specific data. For RG development, the Navy prefers to use RESRAD‐ONSITE for 

soils and RESRAD‐BUILD for structures, both considered industry‐standard radiological models. The EPA 

PRG calculator was adapted from RESRAD‐ONSITE Version 6 as an online screening tool for soils. The 

EPA BPRG calculator was adapted from RESRAD‐BUILD Version 3.1 as an online screening tool for 

buildings.  

Navy Exclusion of Homegrown Produce Pathway Underestimates Resident Risks 

Public comments indicated that future residents may either grow plants directly in HPNS soils, use HPNS 

soils in raised plant beds, or that the roots of plants in raised beds will penetrate into HPNS soils. The 

concern was raised that any consumption of these contaminated plants would result in an increased and 

unaccounted for radiological risk to residents.  

While this concern is valid, it is addressed by the institutional controls that will convey with released 

property due to concerns about chemical contamination is some areas. These restrictions will limit 

homegrown produce by future residents to raised beds with impermeable bottoms and sides and filled 

with soil not originating on HPNS. The controls are cited in "Covenants to Restrict Use of Property" 

(CRUPs) and other documents. Since this route of radiological exposure (Pathway) to residents will not 

exist, it is not included in the evaluation of total site risk. 

Navy Use of Average Radionuclide Concentrations Underestimates Resident Risks 

Public comments stated that the use of average radionuclide concentrations to demonstrate compliance 

with the remediation goals would underestimate the potential risk to residents.  

The Navy is using a point‐to‐point comparison of soil or building surface concentrations to their 

applicable remediation goal. Any point found to exceed the RG will be remediated. The RGs are 

therefore a not‐to‐exceed value used in future removal actions.   

After the remedial goals have been achieved, the Navy will perform risk estimates to calculate risk 

values that are representative of site contamination and public exposure. 
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Navy Compliance with CERCLA Risk Management Guidance 

Public comments raised concerns that the resident increased lifetime risk from a few radionuclides of 

concern reported in the Draft Addendum exceed 1 x 10‐4 (or 1 in 10,000) and that the use of sum‐of‐

fractions, or the inclusion of chemical contaminant risk, may cause other instances where risks exceed 

this threshold.  

As stated in the 40 CFR 300.340(e) for CERCLA, “For known or suspected carcinogens, acceptable 

exposure levels are generally concentration levels that represent an excess upper bound lifetime cancer 

risk to an individual of between 10−4 and 10−6. In cases involving multiple contaminants or pathways 

where attainment of chemical [radiological]‐specific ARARs will result in cumulative risk in excess of 10−4, 

[factors related to technical limitations such as detection/quantification limits for contaminants; factors 

related to uncertainty; and other pertinent information] may be considered when determining the 

cleanup level to be attained.” These factors, along with inter‐agency agreements, were considered in 

the development of the current RGs. While estimated risks for soils or buildings contaminated at the 

RGs may indeed exceed 1 x 10‐4, the Navy will demonstrate that the final risk from exposures upon 

property release, including the risk from chemicals and other radionuclides, will achieve the CERCLA risk 

range. As discussed earlier, final site‐specific data will be used to demonstrate the documented remedy 

was both achieved and is protective. 

Navy Use of Appropriate Risk and Dose Coefficients 

Public comments stated that the dose and risk coefficients used to convert resident exposure scenarios 

to resulting dose and risk were inapplicable. However, both the RESRAD models and the EPA calculators 

used in the Draft Addendum implement essentially the same coefficients for radionuclide ingestion, 

inhalation and external exposure. Both RESRAD and the EPA calculators use risk coefficients (slope 

factors, SF) to convert exposures to radionuclides into an associated risk and use dose rate coefficients 

(dose conversion factors, DCF) to convert exposures to an associated dose. The SFs and DCFs in the EPA 

calculators are from DOE’s Center for Radiation Protection Knowledge at Oak Ridge National Laboratory 

and are published in PDF form (https://epa‐

prgs.ornl.gov/radionuclides/SlopesandDosesMasterTableFinal.pdf) or in a software program (DCFPAK). 

The User’s Guide for EPA’s Dose Compliance Concentrations (DCC) calculator states that users should 

choose International Commission on Radiological Protection (ICRP) 107 DCFs if they are not complying 

with an ARAR that specifies another DCF. Accordingly, both the SFs and DCFs used in RESRAD in the 

Draft Addendum used ICRP 107 coefficients that were populated using the DCFPAK 3.02 software used 

in the EPA calculators. 
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RESPONSES TO COMMENTS FROM EPA 

EPA General Comments: 
a. The draft addendum does not provide sufficient justification to exceed the 1 x 10-4 cancer risk 

generally used by EPA to make risk management decisions at CERCLA sites for any individual 
radionuclide. In the absence of Site-specific circumstances that justify exceeding a 1 x 10-4 
cancer risk, we expect that any locations where radiological retesting data demonstrate that the 
combined radiological and chemical risk exceeds 1 x 10-4 would be remediated. 
 Navy Response: The Navy understands that the 1x10-4 is an important consideration for the 

EPA, but notes that it is not a bright line in the NCP.  The Navy agrees to evaluate combined 
site risks after collection of data and compare them to the CERCLA risk management range 
to determine if changes to the Record of Decision or additional remedial actions are 
necessary to achieve remedial action objectives.   

 As information is available, the Navy will complete evaluations per survey unit and share with 
regulatory agencies.  These evaluations will also be summarized and included with the 
project completion report.   

 Background levels for radiological constituents will be determined and will inform the risk 
evaluation through a comparison of radiological concentrations and risk from Navy activities 
to concentrations and risk that are inclusive of background.  During retesting, soils found to 
exceed RGs due to site-related activities will be remediated. 

 
b. The draft addendum does not evaluate the additive cancer risk from multiple radionuclides and 

chemicals. 
 Navy Response: The cancer risks associated with each RG, as calculated and reported in the 

draft addendum, are based on mostly default values and are upper bound, conservative 
estimates. Following each future site investigation, Navy will use site-specific data to 
calculate a final, total residual cancer risk for the associated area to future residents. 

 
EPA Specific Comments: 
 

1. The cover letter includes the statement that "The residential scenario is the most conservative of 
future land uses ... " We agree that the residential scenario is the appropriate future land use for 
the evaluation. We note, however, that other land uses, while not expected at the Hunters Point 
Naval Shipyard Site, may be more conservative (e.g., the "farmer" scenario available in EPA's 
PRG calculator). 
 Navy Response: Comment noted. 

 
2. The report includes the statement that "These actions are conducted to ensure average, 

radionuclide-specific radioactivity concentrations in residual soil do not exceed the remediation 
goals (RGs)." Our understanding is that the radiological remediation goals have been and will in 
the future be applied on a not-to-exceed basis (i.e., any location exceeding a remediation goal 
has been or will be remediated). 
 Navy Response:  The language will be changed to, “These actions were conducted to ensure 

radionuclide-specific radioactivity concentrations in residual soil do not exceed the 
remediation goals (RGs)."  

 
3. The report includes the statement that "The RGs ... are to be added to site- and radionuclide-

specific background." As noted in the letter, this statement is correct for radium-226 but is not 
consistent with the Records of Decisions for the other radionuclides present at the Site, or with 
the remediation goals for chemical contaminants at the Site. In accordance with EPA guidance, 
any remediation goal below background may be adjusted upward to the background 
concentration. 
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 Navy Response: The sentence will be changed to remove, “and are to be added to site‐ and 
radionuclide‐specific background”. 

 
4. We agree with the Site-specific assumptions used to estimate risks associated with the individual 

soil remediation goals, using the PRG calculator. 
 Navy Response: Comment noted. 

 
5. The Navy assumes that future residents of the Site may be exposed to residual levels of 

radioactivity from ingestion or inhalation of small quantities of soil and from external radiation. The 
Navy assumes no exposure from consumption of homegrown produce. This assumption is 
appropriate if institutional controls ("ICs") are implemented and successfully enforced. We will 
continue to work with the Navy and State agencies to ensure that necessary ICs are included in 
"Covenants to Restrict Use of Property" ("CRUPs") and other documents restricting future use of 
the Site. We will also work with the Navy and State agencies to monitor the effectiveness of the 
restrictions. We expect the CRUPs to limit homegrown produce grown by future residents of the 
Site to raised beds with impermeable bottoms and sides to prevent contact with and uptake of 
any residual contaminants in the underlying soil. 
 Navy Response: Comment noted. 
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