
 

 



 

 



 

 



 

ii 

 
 
 
 
 
 
 
 
 
 
 
 
  



 

iii 

CONTENTS  
 
 
INPUT DATA AND OUTPUT RESULTS OF THE COMPUTER MODELS  
EMPLOYED FOR HUMAN HEALTH IMPACT ANALYSES IN THE URANIUM 
LEASING PROGRAM PEIS ...................................................................................................  1 
 
 Attachment 1: Reclamation Worker, Very Large Waste-Rock Pile .............................  5 
 Attachment 2: Joint Frequency Data for CAP88-PC Analyses ....................................  25 
 Attachment 3: Radon WL, Very Large Waste-Rock Pile, Resident .............................  29 
 Attachment 4: Chi/Q Output, Very Large Waste-Rock Pile, Resident .........................  41 
 Attachment 5: Radon RL, Large Waste-Rock Pile, Resident .......................................  47 
 Attachment 6: Chi/Q Output, Large Waste-Rock Pile, Resident ..................................  59 
 Attachment 7: Radon WL, Medium Waste-Rock Pile, Resident ..................................  65 
 Attachment 8: Chi/Q Output, Medium Waste-Rock Pile, Resident ..............................  77 
 Attachment 9: Radon WL, Small Waste-Rock Pile, Resident ......................................  83 
 Attachment 10: Chi/Q Output, Small Waste-Rock Pile, Resident ..................................  95 
 Attachment 11: Resident, Meat and Milk Ingestion .......................................................  101 
 Attachment 12: Recreationist, Camping, Very Large Waste-Rock Pile .........................  121 
 Attachment 13: Recreationist, Food Ingestion ................................................................  141 
 Attachment 14: Mine Exploration Worker .....................................................................  161 
 Attachment 15: Radon WL, Small Underground Mine, Resident ..................................  179 
 Attachment 16: Radon WL, Very Large Open-Pit Mine, Resident ................................  191 
 Attachment 17: Population Distributions ........................................................................  203 
 Attachment 18: Collective Radon WL, Underground Mines, Group 1, Alternative 3 ...  209 
 Attachment 19: Collective Radon WL, Underground Mines, Group 2, Alternative 3 ...  219 
 Attachment 20: Collective Radon WL, Underground Mines, Group 3, Alternative 3 ...  229 
 Attachment 21: Collective Radon WL, Underground Mines, Group 4, Alternative 3 ...  239 
 Attachment 22: Collective Radon WL, Open-Pit Mine, Group 3, Alternative 3 ............  249 
 Attachment 23: COMPLY-R, Radon Dose, Small Underground Mine, Resident ..........  259 
 
  



 

iv 

 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 
 



 

1 

INPUT DATA AND OUTPUT RESULTS OF THE COMPUTER MODELS 
EMPLOYED FOR HUMAN HEALTH IMPACT ANALYSES 

IN THE URARNIUM LEASING PROGRAM PEIS 
 
 
 This report contains the input data and output results of RESRAD (Yu et al. 2001), 
CAP88-PC (Trinity Engineering Associates, Inc. 2007), and COMPLY-R (EPA 1989), which 
were employed for human health impact analyses in the Draft Uranium Leasing Program 
Programmatic Environmental Impact Statement (Draft ULP PEIS; DOE 2013). The input data 
and output results were saved as pdf files and appear in this report as attachements. There are a 
total of 23 attachments. The text that follows describes the information contained in each 
attachment. 
 
 Attachment 1 contains the RESRAD summary report for the calculation of the dose 
associated with the potential exposure of a reclamation worker who would work on a very large 
waste-rock pile during the reclamation phase. The summary report contains a table listing all the 
input parameters used for the dose calculation. The same RESRAD input file was modified for 
the dimensions of the radiation source and then used for dose calculations for the same worker 
working on a small, a medium, or a large waste-rock pile. Information on the dimensions of 
waste-rock piles are listed in Table 4.1-3 of the Draft ULP PEIS. 
 
 Attachment 2 contains the joint frequency data needed for all CAP88-PC (Trinity 
Engineering Associates, Inc. 2007) calculations.  
 
 Attachment 3 contains the radon working levels (WLs) at different downwind locations 
calculated by CAP88-PC associated with the emission of radon from a very large waste-rock 
pile. These WLs were used to calculate radon doses that would be incurred by residents living 
near a uranium lease tract during or after the reclamation phase. The emission rate of radon from 
a very large waste-rock pile is listed in Table 4.1-4 of the Draft ULP PEIS; it was obtained by 
using the outdoor radon flux from the RESRAD run detailed in Attachment 1. Aside from the 
radon emission rate and meteorological data, the other input data needed for CAP88-PC 
calculations include the annual precipitation rate (32 cm/yr), annual ambient temperature (10°C), 
height of the lid (1,500 m), absolute humidity (8 g/m3), and source height and area (listed in 
Table 4.1-3 of the Draft ULP PEIS). No plume rise was assumed for this calculation, and all 
other input parameters were assigned the CAP88-PC default values.  
 
 Attachment 4 contains the Chi/Q values at different downwind locations calculated by 
CAP88-PC associated with the emission of dust particles containing uranium isotopes and their 
decay products from a very large waste-rock pile. These Chi/Q values are ratios of air 
concentrations at downwind locations to the emission rate of individual radionuclides from the 
waste-rock pile. The Chi/Q values would be the same for different radionuclides, because their 
radiological half-lives are all much greater than the transit time in the atmosphere and they were 
assumed to have the same deposition velocity. These Chi/Q values were used to calculate 
radiation exposures that would be incurred by a resident living close to the uranium lease tract 
area. The CAP88-PC input data are the same as those mentioned in Attachment 3, except for the 
release rates of radionuclides, which are listed in Table 4.1-4 of the Draft ULP PEIS. 
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 Attachment 5 contains the radon WLs calculated by CAP88-PC associated with the 
emission of radon from a large waste-rock pile. 
 
 Attachment 6 contains the Chi/Q values calculated by CAP88-PC associated with the 
emission of dust particles from a large-waste rock pile. 
 
 Attachment 7 contains the radon WLs calculated by CAP88-PC associated with the 
emission of radon from a medium waste-rock pile. 
 

Attachment 8 contains the Chi/Q values calculated by CAP88-PC associated with the 
emission of dust particles from a medium-waste rock pile. 
 

Attachment 9 contains the radon WLs calculated by CAP88-PC associated with the 
emission of radon from a small waste-rock pile. 
 

Attachment 10 contains the Chi/Q values calculated by CAP88-PC associated with the 
emission of dust particles from a small-waste rock pile. 
 

Attachment 11 contains the RESRAD summary report for the dose calculation associated 
with the potential exposure of a resident who would consume the meat and milk produced by 
livestock that grazed in the uranium lease tract area after the reclamation phase.  
 

Attachment 12 contains the RESRAD summary report for the dose calculation associated 
with the potential exposure of a recreationist who would camp on a very large waste-rock pile 
after the reclamation phase. The same RESRAD input file was modified for the dimensions of 
radiation source and then used for dose calculations concerning the same recreationist camping 
on a small, a medium, or a large waste-rock pile. Information on the dimensions of waste-rock 
piles are listed in Table 4.1-3 of the Draft ULP PEIS. 
 

Attachment 13 contains the RESRAD summary report for the dose calculation associated 
with the potential exposure of a recreationist who would ingest wild berries and the meat of 
wildlife animals killed during hunting activities.  
 

Attachment 14 contains the RESRAD summary report for the dose calculation associated 
with the potential exposure of a worker conducting mine exploration activities. 
 

Attachment 15 contains the radon working levels (WLs) at different downwind locations 
calculated by CAP88-PC associated with the emission of radon from a small underground 
uranium mine during mine development and operations. The WLs were used to calculate radon 
doses that would be incurred by residents living near a uranium lease tract. The emission rate of 
radon from a small underground mine is listed in Table 4.3-3 of the Draft ULP PEIS; it was 
obtained by assuming the small mine had been developed and operated for 10 years. Aside from 
the radon emission rate and meteorological data, the other input data used for CAP88-PC 
calculations are the same as those described above for Attachment 3, except for the following 
parameters: The emission is from a stack, the height of the source is 2 m; the diameter of the 
source is 1.8 m; and the exit velocity of the radon plume is 5 m/s. The radon WLs associated 
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with emissions from a medium or a large underground uranium mine would be twice or four 
times, respectively, the WLs calculated for radon emissions from a small mine.  
 

Attachment 16 contains the radon WLs at different downwind locations calculated by 
CAP88-PC associated with the emission of radon from a very large open-pit mine during mine 
development and operations. The WLs were used to calculate radon doses that would be incurred 
by residents living near a uranium lease tract. The emission rate of radon from a very large open-
pit mine is listed in Table 4.3-3 of the Draft ULP PEIS. Aside from the radon emission rate and 
meteorological data, the other input data used for CAP88-PC calculations are the same as those 
described above for Attachment 3, except for the following parameters: The emission height is 
0 m and emission area is 404,600 m2 (100 acres). 
 

Attachment 17 contains the population distribution data needed by CAP88-PC for the 
calculations of collective exposures. The data describe the population distributions surrounding 
the center point of each of the four uranium lease tract groups and were developed by using 
2010 Census data.  
 

Attachment 18 contains the collective WL result (3.2 person-WL) calculated by 
CAP88-PC for the population surrounding the group 1 uranium lease tracts during the year of 
peak operations under Alternative 3. This collective WL was used to calculate the collective dose 
associated with the operation of seven underground uranium mines with a total radon emission of 
7,390 Ci/yr (see Table 4.3-3 of the Draft ULP PEIS). Except for the radon emission rate and the 
specification of population dose calculation, the other CAP88-PC input data used for obtaining 
the collective WL result were the same as those described previously for Attachment 15. Under 
Alternatives 4 and 5, the total radon emission rate from underground uranium mines is increased 
to 18,000 Ci/yr (see Table 4.4-2 of the Draft ULP PEIS) and 21,100 Ci/yr (see Table 4.5-2 of the 
Draft ULP PEIS), respectively; therefore, the collective WL would be increased proportionally 
under these two alternatives. 
 

Attachment 19 contains the collective WL result (1.71 person-WL) calculated by 
CAP88-PC for the population surrounding the group 2 uranium lease tracts during the year of 
peak operations under Alternative 3. As being pointed out in the discussion for Attachment 18, 
under Alternatives 4 and 5, the collective WL would be increased proportionally because of the 
higher total radon emissions.  
 

Attachment 20 contains the collective WL result (0.868 person-WL) calculated by 
CAP88-PC for the population surrounding the group 3 uranium lease tracts during the year of 
peak operations under Alternative 3. Under Alternatives 4 and 5, the collective WL would be 
increased proportionally because of the higher total radon emissions.  
 

Attachment 21 contains the collective WL result (0.549 person-WL) calculated by 
CAP88-PC for the population surrounding the group 4 uranium lease tracts during the year of 
peak operations under Alternative 3. Under Alternatives 4 and 5, the collective WL would be 
increased proportionally because of the higher total radon emissions. 
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Attachment 22 contains the collective WL result (0.0734 person-WL) calculated by 
CAP88-PC for the population surrounding the group 3 uranium lease tracts during the year of 
peak operations under Alternative 3. This collective WL was used to calculate the collective dose 
associated with the operation of the very large open-pit mine with a radon emission of 600 Ci/yr 
(see Table 4.3-3 of the Draft ULP PEIS). Except for the radon emission rate and the specification 
of population dose calculation, the other CAP88-PC input data used for obtaining the collective 
WL result were the same as those described previously for Attachment 16. Under Alternatives 4 
and 5, the collective WL would be the same because the same emission rate was assumed for the 
very large open pit mine under these two alternatives. 
 

Attachment 23 contains the report generated by COMPLY-R for the dose calculation 
associated with the potential exposure of nearby residents resulting from radon emissions from a 
small underground uranium mine.  
 
 
REFERENCES 
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Trinity Engineering Associates, Inc., 2007, CAP88-PC Version 3.0 User Guide, Cincinnati, 
Ohio, Dec. 9.  
 
Yu, C., et al., 2001, User’s Manual for RESRAD Version 6, ANL/EAD-4, Argonne National 
Laboratory, Argonne, Ill., July.  
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