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Dear Ms. Miller: 

By this letter, Heritage Minerals, Inc. @MI) hereby submits an addendum to its prior remediation 
reports and license termination request which addresses the United States Nuclear Regulatory 
Commission’s (NRC’s) Report entitled Final Report: Dose Assessment for UnresMcted Future 
Use Scenarios Following License termination of the Heritage Minerals, Inc. Site: Lakhurst, New 
Jersey (August, 2005) conveyed by letter from Ms. Marie Miller dated September 29,2005. This 
addendum provides the following categories of statements in response to NRC’s Report: (1) 
editorial comments on Sections 1.0 & 2.0 of the NRC Report, (2) general comments on the 
inapplicability of the “resident h e r ”  scenario, and (3) specific comments on the “suburban 
resident” scenario, which use site conditions after NRC-approved site remediation and dose 
assessment parameters that provide a more accurate representation of the site and the potential 
dose to members of the public, assuming unrestricted release after license termination. HMI’s 
analysis of the most likely dose scenario, the suburban resident scenario, generates a potential 
dose of 23.5 mrem/year7 which is below the current NRC decommissioning dose limit of 25 
mendyear. However, as NRC is wellaware, the 25 mredyear dose limit is not applicable to the 
HMI site as HMI’s NRC-approved decommissioning plan incorporates license termination 
criteria based upon NRC’s Branch Technical Position (BTP)-8 1 of 10 pCi/g total uranium and 10 
pci/g total thorium. 

If you have any questions regarding this letter or its attached addendum, please do not hesitate to 
contact me at (724) 733-871 1, or HMI’s attorney, Anthony J. Thompson, Esq. at (202) 496-0780. 

Respectfully Submitted, 

’Gerald E. Wbiams, P.E. 
Project Manager 
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ADDENDUM ADDRESSING THE UNTTED STATES NUCLEAR REGULATORY 
COMMISSION REPORT ENTITLED “FINAL REPORT: DOSE ASSESSMENT FOR 

UNRESTRICTED FUTURE USE SCENARIOS FOLLOWING LICENSE 
TERMINATION OF THE HERITAGE MINERALS, INC. SITE: LAKEBURST. NEW 

JERSEY (AUGUST 2005) 

1.0 Editorial Comments Regarding NRC’s Report 

Mer reviewing the NRC Report, HMI believes that the following editorial comments 

clanfy the Report’s statements and reflect an accurate assessment of HMI site conditions and 

process history: 

1.1 NRC Report, Page 2. Section 2.1. Paramaph 1 

The first paragraph in Section 2.1 should be modified to include the following language 

(*** HMI-inserted language in bold and italics, deleted language not denoted): 

“The HMI facility is located in Lakehurst, Manchester Township, Ocean County, 
New Jersey. It is approximately 50 kilometers (30 miles) southeast of downtown 
Trenton, NJ. The site is bounded on the north and west by Route 70, on the 
northeast by the Central Railroad tracks and privately-owned properties, and on 
the south by the State of New Jersey and corporate or privatelly-ownedproperties. 
The overall site area is located on the Atlantic Coastal Plain. The area is 
characterized by sandy deposits that resulted from processes involving 
surface erosion, transport of eroded materials via slowing streams or water 
bodies, and deposition by wind creep and saltation in a shallow surface 
water environment. The deposition processes continued for sometime, 
accumulating thick deposits reaching a depth of 500 m (1500 feet). The 
bedrock is not encountered until a depth of 1000 m (3000 feet). The sandy 
deposits are typically permeable. The uppermost shallow aquifer (the 
Cohansey aquifer) at the site is reached at a minimum depth of 
approximately 2 m (6 feet). However, the average depth of shallow wells 
at the site for industrial water use could reach approximately 8 m (25 feet). 
The plant manager indicated that the shallow aquifer well water may not 
be appropriate for drinking without a proper treatment to remove the high 
content of iron. However, the deep aquifer water at a depth of few hundred feet 
could be more appropriate for drinking.” 

1.2 NRC Report. Pape 2, Section 2.1. ParaPraPh 2 

The second paragraph in Section 2.1 should be modified to include the following 

language (*** HMI-inserted language in bold and italics, deleted language not denoted): 

“The area is covered by vegetation, shrubs, and trees. There are some farms 
located within approximately 3 to 5 km (2-3 miles) of the site. The area 
also adjoins some creeks, streams, small lakes, and marshy land.” 



1.3 NRC Report, Pape 2, Section 2.2, Paragraph 1 

The first paragraph in Section 2.2 under ASARCO Operations should be 

modified to include the following language (*** HMI-inserted language in bold and italics, 

deleted language not denoted): 

“From 1973 to 1982, HMI’s predecessor company, ASARCO, conducted 
mining of the sand deposits (e.g., dredging), hydraulic (wet) gravity 
processing, and electro-magnetic (dry) separation to extract heavy 
minerals, such as ilmenite (Fe, Ti 02) from the sand. ASARCO mining 
and wet processing involved creating a pond for the dredge, pumping the 
dredge sand to a screening barge at a rate of about 1090 metric tons 
(MT) (1,200 tons) per hour, and then pumping the sand in a slurry to a 
processing plant where heavy minerals were concentrated using 
numerous spiral separators. This integrated wet gravity process was 
conducted in the “ Wet Mill. 

1.4 NRC Report, Pape 3, Section 2.2. Parapraph 2 

The second paragraph in Section 2.2 should be deleted in its entirety and be re-written 

to include the following language (*** HMI-inserted language in bold and italics, deleted 

language not denoted): 

“The wet mill tailings (mostly silica sand water) are normally returned to the 
moving dredge pond as backfill. However, to enlarge the original dredge 
pond for adequate space for the dredging and operating equipment, the 
origkal one million tons of tailings (referred to as MARC0 wet mill 
tailings) were stored at the dredge construction site located to the w s t  of the 
old Central RaiIroad tracks 

Based on its history, the radionuclide concentration of these mine tailings is 
below the natural background concentration of the area and, hence, not 
licensable source material since all of the heavy mineral fraction that 
contained monazite has been removed 

The heavy mineral f r h n  followed a diflerent path downward through the 
spirals and was &-watered and stockpiled outside the Wet Mill for further 
processing at the rate of about fortu-f;ve (45) metric tons per hour. 

The excess wash water containing the suspended clay washed from the heavy 
mineral fraction was processed through the Wet Mid holding tanks (sumps) 
to a series of large area settling ponds located to the north of the Wet Mill 
and identzified as the “Blue Area 



1.5 NRC Report, Pape 3, Section 2.2, Paramaph 3 

The third paragraph in Section 2.2 under ASARCU Operations should be modified to 

include the following language (*** HMI-inserted language in bold and italics, deleted 

language not denoted): 

“The stockpiled heavy fraction contained monazite (Fe, Ce, U, Th, PO4 
and ZrSiO4), the concentration of which had been increased by a factor 
of 24. The factor of 24 is calculated by dividing the 1090 MT (1,200 tons) 
of dredged sand per hour by the 45 MT (50 tons) of heavy fraction 
produced per hour. The drained heavy mineral concentrate was 
transferred into a storage silo, and then fed by a conveyor into an oil- 
fired rotary kiln for drying at 167.5 ’ C (300’ F). The dried heavy sand 
fraction was then transferred to the Dry Mill for high-tension electrostatic 
separation and high-intensity magnetic separation.” 

1.6 NRC Rewrt, Page 4. Section 2.2. Paramph 10 

The third paragraph in Section 2.2 under HMZ Operations, Phase I should be modified 

to include the following language (*** HMI-inserted language in bold and italics, deleted 

language not denoted): 

“Back at the Wet Mill, the recycled Dry Mill titmium circuit tailings were 
further refined by a hydraulic classifier and shaking tables. The second Wet 
Mill product sheam was sent to another section of the Dry Mill called the 
zircon circuit. The product of the zircon circuit was market-grade zircon 
containing 350 ppm Th+U. An NRC sample of the Dry Mill titanium 
cirmitproduct showed that it contained 140 ppm Th+U, or less than the 
500 ppm licensable limit. The zircon circuit tails, containing zircon and 
monazite, were fed to high-intensity magnets, which removed 
monazite, staurolite, and tourmaline. The product of the high-intensity 
magnets was market-grade zircon containing 350 ppm Th+U.” 

1.7 NRC Report, Page 4. Section 2.2, Paragraph 11 

The fourth paragraph in Section 2.2 under HMZ Operations, Phase I should be modified 

to include the following language (*** HMI-inserted language in bold and italics, deleted 

language not denoted): 

“The tails of the magnetic separation stage, containing monazite, was 
slurried and returned to the Wet Mill, combined with other tailings and 
ultimately returned to the Blue Area. These tailings contained 120 ppm Th+U, as 



determined by NRC inspectors and are, therefore, not considered licensable 
source material. 

1.8 NRC Report. Page 6. Section 2.3, Parapraph 2 

The second paragraph in Section 2.3 should be modified to include the 

following language (*** €€MI-inserted language in bold and italics, deleted language not 

denoted): 

“After the plant cleanup, a gamma survey was performed in early 
1991 on the buildings and equipment. In 1996, a survey of the 
natural background levels of U and Th within the soils was 
conducted by Radiation Science, Inc. In March, 1997, and July, 
1997 Camp Dresser & McKee, Inc. conducted an investigation to 
characterize the mine tailings at the HMI site. The investigation 
consisted of surface gamma radiation survey, a subsurface soil 
investigation, and a groundwater and surface water investigation. 
The groundwater and surface water investigation confirmed no 
significant radionuclide transport or elevated concentrations are 
occurring in the surface water or the 
aquifer system at the site.” 

2.0 Comments on the Inapplicabilitv of the “Resident Farmer” Scenario 

(a) Use of the “resident farmer” scenario is misleading and unnecessary since, as 

NRC Staffs  dose assessment acknowledges, the licensee/site owner intends to 

develop the site for residential use and “the land use patterns and demography 

of Manchester Township” are not compatible with the “resident farmer” 

scenario. Thus, it is unnecessary to evaluate the 

“resident farmer” scenario for completeness. 

See NRC Report at 8-9. 

(b) The assumption that the groundwater pathway will result in increased radiation 

exposure is unreasonable since, as noted in NRC Staffs  dose assessment, the 

Camp Dresser & McKee, Inc. report (1997) confirmed “no significant 

radionuclide transport or elevated concentrations are occurring in the surface 

water or the aquifer system at the site.” See NRC Report at 6 .  Thus, the 

assumption that the groundwater pathway will result in increased radiation 

exposure is unreasonably and unrealistically conservative. 



(c) Further support for the impropriety of using the groundwater and ingestion 

pathways is provided by the January, 2003 report entitled Pathways AnaZysis 

and Remediation Planning for  ASARCO/HMI Site prepared by SENES 

Consultants, Ltd. for presentation to the New Jersey Department of 

Environmental Protection (NJDEP) on behalf of HMI. As stated in this report, 

Dr. Douglas Chambers states the following: 

“The heavy mineral fraction which contains virtually all of the naturally 
occurring radionuclides are very stable compounds such that the radionuclides 
are unavailable for  transport through the environment (e.g., leaching to 
groundwater or chemical uptake by vegetation).” 

“The heavy minerals at the HMI site are of a type(s) which are stable 
chemically and physically such that the radionuclides do not leave the mineral 
structure under normal environmental conditions after the initial formation of 
the minerals.” 

“The heavy minerals are therefore considered stable under environmental 
conditions and are not available for chemical uptake by vegetation or leaching 
to groundwater.” 

3.0 Specific Comments: Suburban Resident Exposure Pathwavs and Modeling 
Scenarios 

These specific comments on NRC Staff‘s dose assessment use the most current version 

of RESRAD (Version 6.3). All si&cant exposure pathways for the critical population group 

are considered in these specific comments. 

3.1 Specific Comment #1: 

The HMI site is a large tract of land that includes more than 7,000 acres. Of the total site 

area, residential redevelopment is planned for about 1,000 acres of the site. No industrial 

development of the land is planned. The 1,000 acres planned for redevelopment will be used 

primarily to construct single family dwellings on lots approximately one-third of an acre. 

Regionally, th is  area of New Jersey shows a significant trend towards development of residential 

dwellings, therefore, the most representative dose modeling scenario is the suburban resident. 



3.2 Specific Comment #2: 

As described in the RESRAD Users Manual, Page 2-21, Table 2.2 the following 

pathways (excluding radon) are considered appropriate for the suburban residential 

Extemal gamma exposure 

Inhalation of dust 

scenario: 

Yes 

YeS 

I Pathway Included in Dose Assessment 

Ingestion of Plant food Yes 

Ingestion of milk 

Ingestion of fish 

Ingestion of soil 

I No I I Ingestion of meat 

No 

No 

Yes 

Ingestion of water No 

3 3  S~ecific Comment #3: 

In our review of input parameters for these specific comments, it was determined that the 

standard default parameters for RESR4D would be appropriate in all but a limited number of 

instances. An overview of each input parameter needed for the dose assessment as well as those 

input parameters where nondefault values are selected is provided below: 

0 Radionuclide concentration(s); 
0 Contaminated mne parameters; 
0 Occupancy, inhalation, and gamma exposure. 

Each of these input parameters is discussed in the following sections. 

33.1 Radionuclide Concentrations 

In prior reports, HMI provided the NRC analytical results from soil sample testing. 

Results were provided for each of the following work activities: 



0 

0 

0 

0 

Remediation of the monazite pile; 
Removal and disposal of fugitive licensable source materials; 
Demolition and disposal of all materials from the wet and dry mil ls;  
Removal and disposal of stockpiled sands accumulated during demolition of mill 
buildings. 

In addition to the data collected and submitted to the NRC by HMI, ORISE also performed site 

surveys and testing at the request of the NRC. All of these data was reviewed by NRC and 

evaluated to determine an average remaining radionuclide concentration. The average values 

were 2.3 pCYg for the natural thorium radionuclides (Th-232 and Th-228) and its daughter 

radionuclide Ra-228, and 2.4 pCUg for the natural uranium radionuclides (U-238 and U-234) and 

its daughter radionuclides Th-230, Ra-226, and Pb-210. In developing HMI’s specific comments, 

these values were used. 

(a) Contaminated Zone Parameters 

Two contaminated zone parameters were modified from the standard default values used 

in RESR4D. A description of the value selected for that parameter, and the justification to 

support tha! selection is provided below. 

(i) Area of the Contaminated Zone 

The area of the contaminated zone was adjusted from the default value of 20,000 square 

meters to a more representative value of 2,000 square meters. This reduced value is considered 

appropriate since this size is a realistic estimate for the size of the monazite pile and assigned 

buffer area. 

(ii) Thickness of the Contaminated Zone 

Unlike the final evaluations by NRC, HMI has selected the thickness of the contaminated 

mne as 0.15 meters (6 inches). During prior work to remove the monazite pile and the removal 



and disposal of fugitive licensable source material, all elevated soils were excavated until the 

surface beneath the monazite pile and assigned buffer area was less than the NRC-approved site 

release criteria of 10 pCi/g total thorium and 10 pCi/g total uranium. Indeed, given that the 

monazite pile consisted of 1,400 tons of monazite and some 3,385 tons of material (not including 

some 800 tons of additional materials excavated as “fugitiveyy source material) were removed 

and transported to Utah for hnal disposition, it is unreasonable to assume a contaminated zone of 

1 .O meter. 

Final results confirmed that hgitive licensable source materials were removed. As part 

of this effort, verification samples were collected on the surface adjacent to the excavation 

locations. These samples showed surface radionuclide concentrations at or slightly above 

background. This data shows that even in those locations with fugitive licensable source 

material that were remediated, the surrounding surface soils were not significantly elevated in 

concentration on the surface or at dqth. 

Finally, it is noted that the RESR4D Users Manual, page 3-8 discusses allowance for 

variations and non-homogeneity of sample concentrations by assuming a contaminated zone 

thickness layer of 0.15 meters. Based on the site-specific conditions discussed above and 

RESR4D’s consideration of surface soil variability, we believe that selection of 0.15 meters 

depth for a 2,000 square meter area is an appropriate selection for the contaminated zone. 

(b) Occupancv, Inhalation, and Gamma Exposure 

NRC Staff‘s dose assessment uses outdoor k t i o n  values (time spent outdoors by an on- 

site individual) of 25% for the “resident farmer” or “suburban resident,” 6% for an industrial 

worker, and 0.6% for recreationist. This outdoor hction for a “resident farmer/suburban 

resident” equates to 6 hours per day spent outdoors every day on or near the contaminated zone. 



- -  

HMI believes that it is unrealistic to use such a high number of hours as the outdoor fraction 

value in the only likely dose assessment scenario, that being the “suburban resident” scenario. 

Each suburban resident’s outdoor time will not be spent exclusively on or near the 

contaminated zone. Additionally, a portion of each residential property will include non- 

impacted areas of the site as well as other areas such paved driveways or patios that will reduce 

potential gamma exposure from any underlying radionuclide contamination 

The RESRAD Users Manual, Page 2-22, footnote (d) to Table 2.3 notes that the EPA 

Exposure Factor Handbook assumes that a suburban resident will spend an average of 2 hours per 

day outdoors compared to the default RESRAD assumption of 6 hours per day. We believe this 

is a more realistic assumption for the average time spent outdoors by a suburban resident. Using 

an average outdoor time of 2 hours per day, a value for the outdoor fraction of 0.0833 was 

selected. This value (2 hours per day for 365 days for a total of 730 hours) falls between the 

industrial worker outdoor fraction (2 hours per day for 250 days for a total of 500 hours) and the 

resident f m e r  outdoor hction (6 hours per day for 365 days for a total of 2,190 hours). Thus, 

0.0833 represents a realistic, practical estimate of the outdoor fi-action. 

The modified dose assessment parameters selected (i.e., size and depth of the 

contaminated zone and the realistic outdoor hction) are more representative of existing site 

conditions and expected future use of the site after license termination. With these two (2) 

modifications, the expected dose to a suburban resident is 23.5 m r d y e a r .  However, we again 

restate that the 25 m r d y e a r  standard does not apply for HMI to have unrestricted use upon 

license termination. Attachment A to this addendum presents the results of the HMI’s dose 

model assessment. 



1.0 Executive Summary 

This dose assessment report is submitted as an addendum to the prior remediation reports and the 

license termination request submitted by Heritage Minerals, Inc. (HMT) to the Nuclear Regulatory 

Commission (NRC) Region 1. This report uses site conditions after remediation, and dose 

assessment parameters that HMI believes are the most accurate representation of the site usage 

after license termination to analyze the dose that would be received by a member of the public 

after unrestricted release of the site’s NRC license. Our analysis shows the expected dose to be 

23.5 mrenn per year. This is below the current NRC’s criteria of 25 mrenn per year for a site to 

achieve license termination for unrestricted release which is not applicable to the Heritage’s 

license which is grandfathered from that standard. It is also noted that the HMI site has been 

approved for license termination criteria under BTP-81 of 10 pCi/g total uranium and 10 pCi/g 

total thorium, and therefore the dose assessment is not required for license termination. 

2.0 Exposure Pathways and Modeling Scenarios 

The dose assessment was completed using the most current version of RES- (Version 6.3). 

All significant exposure pathways for the critical population group were considered in the 

analysis. These pathways included the following: 

Direct exposure to external radiation fkom remaining radionuclides in the soil 

Internal dose from inhalation of airborne radionuclides 

Internal dose fkom ingestion of plant food, met and milk fkom livestock feed and water with 
contaminated fodder and water, drinking water from a contaminated water source, and 
contaminated soil 

When selecting the appropriate pathways for the dose assessment, there are four recognized uses 

for a site after unrestricted release. These uses are resident farmer, suburban resident, industrial 

worker, and recreational. Appropriate selection of the future property use should be based on the 

historical past use and the intended future use of the site. 

When operational, the HMI site was a mineral recovery operation located away from aI l  other 

local agricultural operations, residential developments, industrial centers, and recreational 

facilities. The site is a large tract of land that includes more than 7,000 acres. Of the total site 



area, residential re-development is planned for about 1000 acres of the site. No industrial 

development of the land is planned. The 1,OOO acres planned for redevelopment will be used to 

construct primarily single family dwellings on lots approximately one-third of an acre. 

Regionally, this area of New Jersey is also showing a significant trend to the development of 

residential dwellings and a decrease in fanning and agriculture. Based on this review, it was 

concluded that most representative dose modeling scenario is the suburban resident. This 
intended site usage is consistent with the regional trend of increasing residential population while 

decreasing agriculture and industrial use. 

External gamma exposure 

Inhalation of dust 

As described in the RESRAD Users Manual, Page 2-21, Table 2.2 the following pathways 

(excluding radon) are considered appropriate for the suburban residential scenario: 

Yes 

Yes 

Pathway ' included in Dose Asses- 

Ingestion of meat 

Ingestion of mik 

Ingestion of fish 

~~~ 

No 

No 

No 
- 

I Yes I I Ingestion of Plant food 

Ingestion of soil Yes 

I No I I Ingestion of water 

3.0 Selection of Key Input Parameters for Dose Modeling 

In our review of input parameters for the dose assessment, it was determined that the standard 

default parameters for RESRAD would be appropriate in all but a limited number of instances. 

An overview of each input parameter needed for the dose assessment as well as those input 

parameters where non-default values were selected is provided below. 

0 Radionuclide concentration(s) 
0 Contaminated zone parameters 
0 Occupancy, inhalation, and gamma exposure 

Each of these is discussed in the following sections. 

2 



3.1 Radionoclide Concentrations 

In prior reports, HMI provided the NRC analytical results from soil sample testing. Results were 

provided for each of the following work activities: 

0 

0 

0 

Remediation of the monazite pile 
Removal and disposal of fugitive licensable source materials 
Demolition and disposal of all materials from the wet and dry mills 
Removal and disposal of stockpiled sands accumulated during mill building demolitions 

In addition to the data collected and submitted to the NRC by HMI, ORISE also performed site 

surveys and testing at the request of the NRC. All of this data was reviewed by NRC and 

evaluated to determine an average remaining radionuclide concentration The average values 

were 2.3pCdg for the natural thorium radionuclides (Th-232 and Th-228) and its daughter 

radionuclide Ra-228, and 2.4pCYg for the natural uranium radionuclides (U-238 and U-234) and 

its daughter radionuclides Th-230, Ra-226, and Pb-210. In performing ow dose assessment, we 

used these values. 

3.2 Contaminated Zone Parameters 

Two contaminated zone parameters were modified from the standard default values used in 

RESRAD. A description of the value selected for that parameter, and the justification to support 

that selection is provided below. 

3.2.1 

The area of the contaminated zone was adjusted from the default value of 20,000 square meters to 

a more representative value of 2,000 square meters. This reduced value is considered appropriate 

since this size is a realistic estimate for the size of the monazite pile and assigned buffer area. 

Area of the Contaminated Zone 

3.2.2 

Unlike the hnal evaluations by the NRC, we have selected the thickness of the contaminated zone 

as 0.15 meters (6 inches). During prior work to remove the monazite pile and the removal and 

disposal of fugitive licensable source material, all elevated soils were excavated until the bottom 

was less than the site release criteria of 10 pCi/g total thorium and 10 pCdg total uranjum. 

Thickness of the Contaminated Zone 

Final results confirmed that fugitive licensable source materials were removed. As part of this 
effort, verification samples were collected on the surface adjacent to the excavation locations. 

3 



These samples showed surface radionuclide concentrations at or slightly above background. This 

data shows that even in those locations with fugitive licensable source material that were 

remediated, the surrounding surface soils were not sigdicantly elevated in concentration or 

depth. 

Finally, it is noted that the RESRAD Users Manual, page 3-8 discusses allowance for variations 

and non-homogeneity of sample concentrations by assuming a contaminated zone thickness layer 

of 0.15 meters. Based on the data discussed above and RESRAD’s consideration of surface soil 

variability, we believe that selection of 0.15 meters depth for a 2,000 square meter area is an 

appropriate selection for the contaminated zone. 

3 3  

Depending on the site use scenario, recognized outdoor fi-action values (time spent outdoors by an 

on-site individual) are 25% for a resident farmer or suburban resident, 6% for an industrial 

worker, and 0.6% for recreationist. This outdoor hction for a resident farmedsuburban equates 

to 6 hours per day spent outdoors every day on or near the contaminated material. We believe 

that it is unrealistic to use such a high number of hours as the outdoor fi-action value in the dose 

assessment. 

Occupancv. Inhalation. and Gamma Emsure  

Each resident’s outdoor time will not be spent exclusively on or near contaminated materials. A 

portion of each residential property will include non-impacted areas of the site as well as other 

areas such paved driveways or patios that will reduce potential gamma exposure from any 

underlying radionuclide contamination. 

The R E S W  Users M a n d ,  Page 2-22, footnote (d) to Table 2.3 notes that the EPA Exposure 

Factor Handbook assumes that a resident will spend an average of 2 hours per day outdoors 

compared to the default RESRAD assumption of 6 hours per day. We believe this is a more 

realistic expectation for the average time spent outdoors by a suburban resident. Using an 
average outdoor time of 2 hours per day, a value for the outdoor fi-action of 0.0833 was selected. 

This value (2 hours per day for 365 days for a total of 730 hours) is between the industrial worker 

outdoor hction (2 hours per day for 250 days for a total of 500 hours) and the resident farmer 

outdoor hction (6 hours per day for 365 days for a total of 2,190 hours). We believe this 

represents a realistic, practical estimate of the outdoor hction, and 0.0833 was selected as the 

outdoor hction for this dose assessment. 

4 



4.0 Conclusion 

Dose assessment parameters were selected to be representative of existing site conditions and 

expected future use of the site after license termination. The results of this evaluation showed an 

expected dose of 23.5 mrem per year to a suburban resident. However, we again restate that 
the 25 m r d y e a r  standard does not apply for €MI to have unrestricted use upon license 

termination. Attachment 1 provides the results of our dose model assessment. 
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I I Current I Base I Parameter 
Menu I Parameter I Value I Case' I Name 

I I I I 
I 1 1 

E-L I Dose conversion factors for inhalation, mrem/pCi: 
B-1 I Pb-ZlO+D 
E-I 1 Ra-226+D 
E - 1  1 Ra-228+D 
9-1 I Th-228+D 
E - 1  I Th-230 
B-1 I Th-232 
B-1 I U-234 
B - 1  1 U-238 
9-1 I U-238+D 

I 
9-1 I Dose conversion factors for ingestion, mrem/pCi: 
D- 1 
D- 1 
0- 1 

0- 1 
D- 1 
0- 1 

D- 1 
D- 1 
3- 1 

Pb- 2 10 + D 

Ra-226+D 
Ra-228+D 
Th-228+D 

Th-230 
Th-232 

U-234 
U-238 
U-238+D 

I 
3-34 1 Food transfer factors: 

D-34 I Pb-ZlO+D 
D-34 I Pb-210+D 
3-34 I Pb-ZlO+D 
D-34 I 
3-34 I Ra-226+D 
D-34 1 Ra-226+D 
D-34 I Ra-226+D 
D-34 I 
D-34 1 Ra-228+D 
D-54 I Ra-228+D 
0-34 I Ra-228+D 
D-34 1 
D-34 I Th-228+D 
D-34 I Th-228+D 
D-34 1 Th-228+D 
D-34 I 
D-34 I Th-230 
D-34 I Th-230 
D-34 1 Th-230 
D-34 I 

, plant/soil concentration ratio, dimensionless 
, beef/livestock-intake ratio, (pCi/kg) / (pCi/d) 
, milk/livestock-intake ratio, (pCi/L) / (pCi/d) 

, plant/soil concentration ratio, dimensionless 
, beef/livestock-intake ratio, lpCi/kg) / (pCi/d) 
, milk/livestock-intake ratio, (pCi/L) / (pCi/d) 

, plant/soil concentration ratio, dimensionless 
, beef/livestock-intake ratio, lpCi/kg)/(pCi/d) 
, Nlk/livestock-intake ratio, (pCi/L)/(pCi/d) 

, plant/soil concentration ratio, dimensionless 
, beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
, milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

, plant/soil concentration ratio, dimensionless 
, beef/livestock-intake ratio, (pCi/kg) / (pCi/d) 
, milk/livestock-intake ratio, (pCi/L) / (pCi/d) 

5-34 I Th-232 , plant/soil concentration ratio, dimensionless 
3-34 
3-34 
3-34 

3-34 
3-34 

3-34 

3-34 

Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Th-232 , milk/livestock-intake ratio, (pCi/L) / (pCi/dl 

U-234 , plant/soil concentration ratio, dimensionless 
0-234 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
0-234 , milk/livestock-intake ratio, (pCi/L)/(pCi/dl 

I I I 
I 2.3203-02 1 1.360E-02 I DCF2( 
1 8.594E-03 1 8.5803-03 1 DCF2l 
I 5.0783-03 1 4.770E-03 I DCF21 
1 3.4543-01 I 3.420E-01 I DCF2( 
I 3.2606-01 I 3.2603-01 1 DCFZ( 
I 1.640E+00 I 1.640E+00 I DCFZ( 
I 1.32OE-01 I 1.320E-01 1 DCF2( 
1 1.180E-01 1 1.180E-01 I DCF2( 

I 1.180E-01 I 1.180E-01 I DCF2( 

I I I 
I I I 
7.276E-03 

1.321E-03 
1.4423-03 
8.086E-04 
5.4803-04 
2.7303-03 
2 .  830E-04 

2.550E-04 
2.6873-04 

I 
I 
I 1.000E-02 
I 8.000E-04 
I 3.OODE-04 
I 
I 4.00OE-02 
1.000E-03 
1.000E-03 

4.000E-02 
1.000E-03 

1.00OE-03 

1.000E-03 

1.000E-04 

S.370E-03 
1.320E-03 

1.440E-03 
3.960E-04 
5.480E-04 
2.730E-03 
2.830E-04 

2.5503-04 
2.550E-04 

1.000E-02 

8.000E-04 
3.000E-04 

4.000E-02 
1.000E-03 
1.000E-03 

4.000E-02 
1.000E-03 

1.000E-03 

1.000E-03 
1.000E-04 

DCF3( 1) 

DCF3( 2) 
DCF3( 3) 
DCF3( 4 )  

DCF3I 5 )  

DCF3I 6) 

XF3( 7) 

DCF3( 8) 

DCF3( 9) 

RTF( 1 , l )  

RTF( 1,2) 
RTF( 1,3) 

RTF( 2.1) 
RTF 

RT F 

RT F 
RTF 

RT F 

RTF 

RTF 

1 5.000E-06 I 5.OOOE-06 1 RTF( 4,3) 

I I I 
1 1.000E-03 I 1.000E-03 I RTF( 5,l) 
I 1.000E-04 1 1.000E-04 1 RTF( 5.2) 
I 5.000E-06 I 5.000E-06 I RTF( 5,3) 

I I I 
I 1.000E-03 1 1.000E-03 1 RTF( 6.1) 
I 1.000E-04 
1 5.000E-06 

I 
I 2.500E-03 
I 3.400E-04 
I 6.000E-04 
I 

1.000E-04 
5.000E-06 

2.500E-03 

3.400E-04 

6.000E-04 

RTF( 6,2) 
RTF( 6,3) 

RTF( 7.1) 
RTF( 7 . 2 )  

RTF( 7.3) 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.FUiD 

Dose Conversion Factor land Related) Parameter Summary (continued) 
File: FGR 13 MORBIDITY 

I 
Menu I Parameter 

I Current I Base I Parameter 
I Value I Case’ I Name 

D-34 I U-238 , plant/soil concentration ratio, dimensionless 
D-34 I U-238 , beef/livestock-intake ratio, (pCi/kg) / (pCi/dl 
3-34 I U-238 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 
D-34 I 
D-34 I U-238+D , plant/soil concentration ratio, dimensionless 
3-34 I U-238+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/dl 
3-34 I U-238+D , milk/livestock-intake ratio, (pCi/L)/(pCi/dl 

I 
D-5 I Bioaccumulation factors, fresh water, L/kg: 
D-5 I Pb-210+D , fish 
D-5 I Pb-ZlO+D , crustacea and mollusks 
D-5 I 
D-5 I Ra-226+D , fish 
D-5 I Ra-226+D , crustacea and mollusks 
D-5 I 
D-5 I Ra-228+D , fish 
D-5 I Ra-228+D , crustacea and mollusks 
D-5 I 
D-5 I Th-228+D , fish 
D-5 I Th-228+D , crustacea and mollusks 
D-5 I 
D-5 I Th-230 , fish 
D-5 I Th-230 , crustacea and mollusks 
D-5 I 
3-5 I Th-232 , fish 
D-5 I Th-232 , crustacea and mollusks 
D- 5 

D- 5 
D- 5 
D- 5 
D- 5 
D- 5 
D- 5 

U-234 , fish 
U-234 , crustacea and mollusks 

U-23E , fish 
U-238 , crustacea and mollusks 

D-5 I U-238+D , fish 
D-5 I U-238+D , crustacea and mollusks 

I 2.500E-03 I 2.500E-03 I RTF( 8,l) 
I 3.400E-04 I 3.400E-04 I RTF( 8,2) 
I 6.000E-04 I 6.000E-04 I RTF( 8,31 

I I I 
I 2.5003-03 I 2.500E-03 I RTF( 9,l) 
I 3.400E-04 I 3.400E-04 I RTF( 9,21 

1 6.000E-04 I 6.000E-04 I RTF( 9,3) 

I 
I 
1 3.000E+02 
I 1.000E+02 
I 
I 5.OOOE+01 

BIOFAC 
BIOFAC 

BIOFAC 

BIOFAC 

1.1) 
1.2) 

2.1) 
2,2) 

BIOFAC( 3,l) 
BIOFAC( 3,2) 

BIOFAC( 4 , l )  

BIOFAC( 4.21 

BIOFAC( 5.1) 
BIOFAC( 5,2) 

BIOFAC( 6.1) 

BIOFAC( 6,2) 

I 
l.OOOE+Ol I BIOFAC( 7,l) 

6.000E+01 I BIOFAC( 7,21 

I 
1.000E+01 I BIOFAC( 8.1) 

6.000E+01 I BIOFAC( 8.21 

I 
I 1.000E+01 I 1.000E+01 I BIOFAC( 9.11 
I 6.OOOE+01 1 6.000E+01 I BIOFAC( 9.2) 

I t I I 

‘Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAO 
- 

Site-Specific Parameter Summary 

Menu 
- 

- 
Roll 

Roll 
RCll 

- Roll 
Roll 
Roll 
Roll 
Roll 

Roll 
Roll 

- Roll 
3.011 
Roll 
Roll 

- 

- 

R012 

RO12 

R012 
RO12 
R012 

- 

Parameter 

I User 
I Input 

~~~ ~ 

Area of contaminated zone (m"2) 
Thickness of contaminated zone (ml 

Length parallel to aquifer flow (m) 
Basic radiation dose limit (mrem/yr) 

Time since placement of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 

Times for calculations lyr) 
Times for calculations (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

I 

I 2.000E+03 
I 1.500E-01 
I 1.000E+02 
1 2.500E+01 
I O.OOOE+OO 

Default 

1.000E+04 

2.000E+00 

1.000E+02 
3.0OOE+01 
O.OOOE+OO 

Times for calculations (yr) I not used I 0.000E+00 
Times for calculations lyr) I not used I 0.000E+D0 

I I 
Initial principal radionuclide (pCi/g): Pb-210 I 2.300E+00 I 0.000E+00 
Initial principal radionuclide (pCi/g): Ra-226 I 2.3OOE+OO I O.OOOE+OO 
Initial principal radionuclide (pCi/g): Ra-228 I 2.400E+00 I O.OOOE+OO 
Initial principal radionuclide (pCi/g): Th-228 I 2.400E+00 I 0.000E+00 
Initial principal radionuclide (pCi/g): Th-230 I 2.300E+00 I 0.000E+00 

R012 I Initial principal radionuclide (pCi/g): 
R012 I Initial principal radionuclide (pCi/g): 
R012 I Initial principal radionuclide (pCi/g): 
R012 I Concentration in groundwater (pCi/L): 
R012 I Concentration in groundwater (pCi/L): 
R012 I Concentration in groundwater (pCi/L): 
R312 I Concentration in groundwater (pCi/L): 

R012 I Concentration in groundwater (pCi/L): 
RE12 I Concentration in groundwater (pCi/L): 

R012 I Concentration in groundwater (pCi/L) : 
R012 I Concentration in groundwater (pCi/L): 

I 
R013 I Cover depth (m) 
R013 I Density of cover material (g/an'*3) 
R013 I Cover depth erosion rate (m/yr) 

- R013  

R013 

R013 
R013 
R013 

R013 
R013 

- R013 
R013 
R013 
R013 
R013 

R013 

R013 
R013 

- 

- 

- 

Density of contaminated zone (g/an"3) 

Th-232 

U-234 
U-238 
Pb-210 
Ra-226 
Ra-228 
Th-228 

Th-230 
Th-232 

0-234 
0-238 

2.400E+00 
2.30OE+OO 

2.300E+00 
not used 
not used 
not used 
not used 

not used 
not used 

not used 
not used 

O.OOOE+OO 
not used 
not used 
1.400E+00 

Contaminated zone erosion rate (m/yr) I 1.000E-03 
Contaminated zone total porosity I 2.500E-01 
Contaminated zone field capacity I 2.000E-01 
Contarmnated zone hydraulic conductivity (m/yrl I 2.000E+01 
Contaminated zone b parameter I 5.300E+00 
Average annual wind speed (m/sec) I 2.000E+00 
Humidity in air (g/m**3) I not used 

O.OOOE+OO 
O.OOOE+OO 

0 .  OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 

0.000E+00 
O.OOOE+OO 

O.OOOE+OO 
1.500E+00 
1.000E-03 
1.500E+OO 
1.000E-03 

4.000E-01 

2.000E-01 
1.000E+01 

5.3OOE+OO 
2.OOOE+OO 
8.OOOE+OO 

Evapotranspiration coefficient I 5.000E-01 I 5.000E-01 I 
Precipitation (m/yr) 1 1.200E+00 I l.OOOE+OO I 
Irrigation (m/yr) I 2.000E-01 I 2.000E-01 I 
Irrigation mode I overhead 1 overhead I 
Runoff coefficient I 2.OOOE-01 I 2.000E-01 I 
Watershed area f o r  neaxby stream or pond (m"2) I l.O0OE+06 I 1.000E+06 I 
Accuracy for wates/soil computations I 1.000E-03 I 1.00OE-03 I 

I I I 

I Parameter Used by RESRAD 

(If different from user input) I Name 

I m  
I THICK0 
I LCZPAQ 
I BRDL 

I vcz 
I TPCZ 
I FCCZ 
I HCCZ 
1 BCZ 
1 WIND 
I HUMID 
EVAPTR 

PRECIP 
RI 
IDITCH 

RUNOFF 
m m  
EPS 
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S.Ymnary : Heritage Kinerals 1 Pile: Heritage Minerals 1.RAD 

Site-Specific Parameter Summary (continued) 

I 
Menu I Parameter 

I User I I Used by RESRAD I parameter 

I Input I Default I (If different from user input) 1 Name 

R014 I Density of saturated zone (g/cm**3) 

R014 I Saturated zone total porosity 
R014 I Saturated zone effective porosity 
R014 I Saturated zone field capacity 
R014 1 Saturated zone hydraulic conductivity (m/yr) 
R014 I Saturated zone hydraulic gradient 
RG14 1 Saturated zone b parameter 
R014 1 Water table drop rate (m/yrl 
R014 I Well p m p  intake depth lm below water table) 
R014 1 Model: Nondispersion (ND) or Mass-Balance (MB) 
R014 I well pumping rate (m*+3/yr) 

R O l 5  

R015 

ROl5 
R015 
R015 

R015 
R015 
R015 

R016 

R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 

R016 
R016 
R016 

R016 
RC16 

R016 

R016 
R016 

R016 

Number of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unsat. zone 1. soil density (g/an**3) 
Unsat. zone 1, total porosity 
Unsat. zone 1, effective porosity 

Unsat. zone 1, field capacity 
Unsat. zone 1, soil-specific b parameter 
Unsat. zone 1, hydraulic conductivity (m/yr) 

Distribution coefficients for Pb-210 

Contaminated zone (cm*'3/g) 
Unsaturated zone 1 (an**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Ra-226 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 Icm**3/g) 
Saturated zone lcm**3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Ra-228 
contaminated zone (cm"3/g) 

Unsaturated zone 1 icm**3/g) 
Saturated zone (cm*+3/g) 
Leach rate (/yr) 
Solubility constant 

I 
R016 I Distribution coefficients for Th-228 
RC16 I Contaminated zone lcm**3/g) 

R016 I Unsaturated zone 1 (an**3/g) 
R016 1 Saturated zone [cm**3/g) 

R016 I Leach rate (/yrl 
R016 I Solubility constant 

I 1.500E+00 1 1.50OE+OO I 
1 4.000E-01 I 4.000E-01 I 
I 2.000E-01 1 2.00OE-01 I 
I 2.000E-01 1 2.000E-01 I 
I 2.000E+02 
1 2.000E-02 
1 5.30OE+OO 
I 1.00OE-03 
1 1.000E+01 
I ND 

I 
I 1  

I 2.500E+02 

I 2.000E+00 
I 1.500E+00 
I 4.000E-01 
I 2.000E-01 
1 2.000E-01 
I 5.300E+OO 
1 2.000E+01 
I 
I 
I 1.000E+02 
I 1.000E+02 
1 1.0OOE+02 
I O.OOOE+OO 
I 0.000E+00 
I 
1 
I 7.000E+01 
1 7.000E+01 
I 7.000E+01 
I O.OOOE+OO 

1.000E+02 

2.000E-02 
5.300E+00 
1.OOOE-03 

1.000E+Ol 
ND 

2.500E+02 

1 
4.000E+00 

1.500E+00 
4.000E-01 
2.000E-01 
2.000E-01 
5.300E+00 

1.000E+01 

1.000E+02 
1.000E+02 

1.000E+02 
O.OOOE+OO 
0.000E+00 I 

I 
I 

7.000E+01 I 
7.000E+01 I 
7.000E+01 I 
0.000E+00 1 

1 O.OOOE+OO I O.OOOE+OO I 
I I I 
I I I 
1 7.000E+01 1 7.000E+01 I 
I 7.000E+01 I 7.000E+01 I 
I 7.000E+01 I 7.000E+01 I 
I 0.000E+00 1 O.OOOE+OO I 
I O.OOOE+OO 
I 
I 
I 6.000E+04 
I 6.000E+04 
1 6.000E+04 
1 O.OOOE+OO 

I 0.000E+00 

O.OOOE+OO 

6.000E+04 
6.000E+04 
6.000E+04 

0. OOOE+OO 
O.OOOE+OO 

not used 

--- 
3.938E-02 
not used 

--- 
3.938E-02 

not used 

--- 
--- 
_-- 

4.603E-05 

not used 

1 SOLUBX 
I 
I 
I DCNUCC 
I DCNUCU 
I DCNUCS 
1 ALEACH 
SOLUBK 

DCNUCC 
DCNUCU 

DCNUCS 
ALEACH 

SOLUBK 

DCNUCC ( 4) 
DCNUCU( 4,l) 
DCNUCS( 4) 
=EACH( 41 

SOLUBK( 4) 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

- 

Site-Specific Parameter Summary (continued) 
- 

I 
Menu I Parameter 

I User I I Used by RESRAD 1 Parameter 
I Input I Default I (If different from user input) I Name 

I I 

R016 I Distribution coefficients for Th-230 I I I 
R016 I Contaminated zone (an'*3/g) I 6.OOOE+04 I 6.000E+04 I 
R016 I Unsaturated zone 1 (an**3/9) I 6.000E+04 I 6.000E+04 I 
R 0 1 6  I Saturated zone (m+*3/g) I 6.0OOE+04 I 6.0OOE+D4 I 
R016 I Leach rate (/yr) I O.OOOE+OO I 0.000E+00 I 
R016 I Solubility constant I 0.000E+00 I O.ODOE+OO I 

I I I I 
R016 I Distribution coefficients for Th-232 I I I 
RG16 I Contaminated zone (an**3/g) I 6.000E+04 I 6.000E+04 I 
R016 I Unsaturated zone 1 (an*+3/g) I 6.000E+04 1 6.000E+04 I 
R016 I Saturated zone (an+*3/g) I 6.000E+04 I 6.000E+04 I 
P.016 I Leach rate (/yr) I 0.000E+00 1 0.000E+00 I 
R016 I Solubility constant I O.OOOE+OO I 0.000E+00 1 

I I I I 
R016 I Distribution coefficients for U-234 I I I 
ROi6 I Contaminated zone (an"3/g) 1 5.OOOE+Ol I 5.000E+01 I 
R016 1 Unsaturated zone 1 (an**3/g) I 5.000E+01 I 5.000E+01 I 
R016 I Saturated zone (cm*+3/9) I 5.000E+01 I 5.000E+01 I 
R016 I Leach rate (/yr) I 0.000E+00 I 0.000E+00 I 
R016 I Solubility constant I 0.000E+00 I O.OOOE+OO I 

I I I I 
RG16 I Distribution coefficients for U-238 I I I 
R016 I Contaminated zone (an"3/g) I 5.000E+Ol I 5.000E+01 I 
R016 I Unsaturated zone 1 (an**3/9) I 5.OOOE+01 I 5.000E+01 I 
RC16 I Saturated zone (an**3/g) I 5.000E+01 I 5.000E+01 I 
RG16 I Leach rate (/yr) I O.OOOE+OO I 0.000E+00 I 
R016 I Solubility constant I O.OOOE+OO I 0.000E+00 I 

I I I I 
R017 1 Inhalation rate (m**3/yr) I ~ . ~ o o E + o ~  I E . ~ O O E + O ~  I 
R017 I Mass loading for inhalation (g/m**3) I 1.000E-04 I 1.000E-04 I 
R017 I Exposure duration I 3.000E+01 I 3.000E+01 1 
RG17 I Shielding factor, inhalation I 4.000E-01 I 4.000E-01 I 
R017 I Shielding factor, external gamma I 7.OOOE-01 I 7.000E-01 I 
RC17 I Fraction of time spent indoors 1 5.OOOE-01 I 5.000E-01 I 
RG17 I Fraction of time spent outdoors (on site) I 8.330E-02 I 2.500E-01 I 
R017 I Shape factor flag, external gamma 1 1.000E+00 I 1.000E+00 I 
R017 I Radii of shape factor array (used if FS = -1): I I I 
R017 I Outer annular radius (m), ring 1: 1 not used I 5.000E+01 I 
R017 I Outer annular radius (m) , ring 2: I not used 1 7.071E+01 I 
R017 I Outer annular radius (m), ring 3: I not used I O.OOOE+OO I 
RG17 1 Outer annular radius (m), ring 4 :  I not used I 0.000E+00 I 
R017 I Outer annular radius (m), ring 5: I not used I O.OOOE+OO I 
R017 I Outer annular radius (m), ring 6: I not used I O.OOOE+OO I 
R017 I Outer annular radius (m), ring 7: I not used I 0.000E+00 I 
R017 1 Outer annular radius (m), ring 8: I not used 1 O.OOOE+OO I 
R017 I Outer annular radius (m), ring 9: I not used I O.OOOE+OO I 
R017 I Outer annular radius (m), ring 10: I not used I O.OOOE+OO I 
R017 I Outer annular radius (m), ring 11: 1 not used I O.OOOE+OO I 
RC17 I Outer annular radius (m), ring 12: I not used I 0.000E+00 I 

I I I I 

--- 
--- 
_ _ _  

4.6033-05 

not used 

--- 
4.6033-05 
not used 

_ _ _  
5. ~ O ~ E - O Z  
not used 

I 
I DCNUCC ( 5) 
I DCNUCU( 5.1) 
I DCNUCS( 5) 
1 ?.LEACH( 5) 
I SOLUBK( 5) 
I 
I 
1 DCNUCC( 6) 
I DCNUCU( 6.1) 
I DCNUCS( 6) 
I ?.LEACH( 6) 

I SOLUBK( 6) 
I 
I 
1 DCNUCC( 7) 
I DCNUCU( 7,l) 
I DCNUCS( 7) 
I =EACH( 7) 

I SOLUBK( 7) 
I 
I 
I DCNUCCI 8) 
I DCNUCU( 8.1) 
I DCNUCS( 8 )  

I =EACH( 8 )  

I SOLUBK( 8) 
I 
I INHALR 
1 MLINH 
I ED 
I SHF3 
1 SHFl 
I FIND 

1 FOTD 
AREA. I FS 

I 
I RAD-SHAPE( 1) 

I RAD-SHAPE( 2) 
I RAD-SHAPE( 3) 

I RAD-SHAPE( 4) 
I RAD-SHAPE( 5) 
I RAD-SHAPE( 6 )  

I RAD-SHAPE( 7) 
I RAD-SHAPE( a )  
I RAD-SHAPE( 9) 
1 RAD-SHAPE ( 10 ) 
I RAD-SHAPE ( 11 ) 
I RAD-SHAPE ( 12) 

I 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Site-Specific Parameter Summary (continued) 

I I User I I Used by RESRAD I Parameter 
Menu I Parameter I Input I Default I (If different from user input) I Name 

I I I I I 
I 1 I 

R 0 1 7  I Fractions of annular areas within AREA: I I I 
R 0 1 7  I Ring 1 I not used I 1.000E+00 I 
R017 1 Ring 2 I not used I 2.732E-01 I 
R017 I Ring 3 I not used I O.OOOE+OO 1 
R017 I Ring 4 I not used I 0.000E+00 I 
R017 
R017 
R017 

R017 
R017 
R017  

R017 
R017 

R018 
RO18 

RG18 
R018 
ROl8 
R018 
R 0 1 8  

R018 

R 0 1 8  

R O l 8  

P\018 

ROl8 
R O l 8  

R 0 1 8  

R018 
Re18 

Ring 5 
Ring 6 
Ring 7 

Ring 8 
Ring 9 
Ring 10 
Ring 11 
Ring 12 

not used 
not used 
not used 

not used 
not used 
not used 
not used 
not used 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOCE+OO 

Fruits, vegetables and grain consumption (kg/yr) I 1.600E+02 I 1.600E+02 I 
Leafy vegetable consumption (kg/yr) 

Milk consumption (L/yr) 

Meat and poultry consumption (kg/yr) 
Fish consumption (kg/yr) 

Other seafood consumption (kg/yr) 
Soil ingestion rate (g/yr) 
Drinking water intake (L/yr) 

Contamination fraction of drinking water 
Contamination fraction of household water 

Coctamination fraction of livestock water 
Contamination fraction of irrigation water 

Contamination fraction of aquatic food 
Contamination fraction of plant food 
Contamination fraction of meat 
Contarmnation fraction of milk 

I 
RC19 I Livestock fodder intake for meat (kg/day) 
R019 I Livestock fodder intake for milk (kg/day) 
R019 I Livestock water intake for meat (L/day) 
~ 0 1 9  I Livestock water intake for milk (L/day) 
R019 1 Livestock soil intake (kg/day) 
R019 I Mass loading for foliar deposition (g/m**3) 
RO19 I Depth of soil mixing layer (m) 
R019 
R019 
R019 
R019 

R019 

R19B 

R19B 

Depth of roots (m) 
Drinking water fraction from ground water 

Household water fraction from ground water 
Livestock water fraction from ground water 
Irrigation fraction from ground water 

Wet weight crop yield for Non-Leafy (kg/m**2) 

Wet weight crop yield for Leafy (kg/m+*2) 
R19B I Wet weight crop yield for Fodder (kg/m**2) 

R19B I Growing Season for Non-Leafy (years) 
R19B 1 Growing Season for Leafy (years) 
R29B 1 Growing Season for Fodder (years) 

R.19B I Translocation Factor for Non-Leafy 

1 1.400E+01 I 1.400E+01 I 
I not used I 9.200E+01 I 
I not used I 6.300E+01 I 
I not used I 5.400E+00 I 
1 not used I 9.000E-01 I 
I 3.650E+01 I 3.650E+01 I 
I not used 
I not used 
I not used 
I not used 
1 l.OOOE+OO 

I not used 
I 1.000E-01 
I not used 
not used 

not used 

not used 
not used 

not used 
not used 
1.OOOE-04 

1.500E-01 

I 5.100E+02 
I l.OOOE+OO 
I 1.000E+00 
I 1.000E+00 
I 1.000E+00 
I 5.000E-01 
1-1 

1-1 
-1 

6. BOOE+Ol 

5.500E+01 
5.000E+01 

1.600E+02 
5.000E-01 
1.OOOE-04 

1.5OOE-Dl 
I 9.000E-01 I 9.000E-01 I 
I not used I 1.000E+00 I 
I not used I 1.000E+00 I 
I not used I l.OOOE+OO I 
I 1.000E+00 I l.OOOE+OD I 
I I I 
1 7.000E-01 I 7.OOOE-01 I 
I 1.500Et00 I 1.50OE+00 I 
I not used 
I 1.700E-01 
I 2.500E-01 
I not used 
I 1.000E-01 

1.100E+00 

1.700E-01 
2.500E-01 
8.00OE-02 

1.000E-01 

DIET(1) 
DIET(2) 

DIET(3) 

DIET (4) 
DIET(5) 
DIET (6) 
SOIL 
DWI 
FDW 

FHHW 
FLW 
FIRW 

FR9 
FPLANT 

FMEAT 
FMILK 

I 
I LF15 
I LF16 
I LW15 
I LW16 
1 LSI 

I DM 
I MLFD 

DRWT 
FGWDW 
FGWHH 

FGWLW 

FGW I R 

W ( 1 )  

YV(2) 

YVl3) 
TE(1) 
TE(2) 

TE(31 
TIV(1) 
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S~umnary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Site-Specific Parameter Summary (continuedl 

I Parameter I I User I I Used by RESRAD 

Menu 1 Parameter I Input 1 Default (If different from user input) 1 Name 
I I I I I 
I I I I 

R19B I Translocation Factor for Leafy 
RlOB I Translocation Factor for Fodder 

R19B I Dry Foliar Interception Fraction for Non-Leafy 

R15B I Dry Foliar Interception Fraction for Leafy 
R198 I Dry Foliar Interception Fraction for Fodder 
RlOB I Wet Foliar Interception Fraction for Non-Leafy 

R19B I Wet Foliar Interception Fraction for Leafy 
R19B 1 Wet Foliar Interception Fraction for Fodder 
?JOB I Weathering Removal Constant for Vegetation 

I 
C14 I C-12 concentration in water (g/cmt*3) 
C14 I C-12 concentration in contaminated soil (g/g) 
C14 1 Fraction of vegetation carbon from soil 
C14 I Fraction of vegetation carbon from air 
C14 I C-14 evasion layer thickness in soil (m) 
C14 I C-14 evasion flux rate from soil (l/sec) 
C14 1 C-12 evasion flux rate from soil (l/sec) 
C14 I Fraction of grain in beef cattle feed 
C14 I Fraction of grain in milk cow feed 
C14 I DCF correction factor for gaseous forms of C14 

I 
STOR 

STOR 
STOR 
STOR 

STOR 
STOR 
STOR 

STOR 
STOR 
STOR 

R021 
R021 

Roil 
R 0 2 1  

R021 
R021 
R021 
R021 

R021 
RO2l 
R021 

RO21 

R021 
R021 

Storage times of contaminated foodstuffs (days): 
Fruits, non-leafy vegetables, and grain 

Leafy vegetables 
Milk 

Meat and poultry 
Fish 
Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder 

Thickness of building foundation (m) 
Bulk density of building foundation (g/an**3) 

Total porosity of the cover material 
Total porosity of the building foundation 
Volumetric water content of the cover material 
Volumetric water content of the foundation 
Diffusion coefficient for radon gas (m/sec): 
in cover material 

in foundation material 
in contaminated zone soil 

Radon vertical dimension of mixing (m) 

Average building air exchange rate (l/hr) 

Height of the building (room) (m) 
Building interior area factor 

RO21 I Building depth below ground surface (m) 
R021 I Emanating power of Rn-222 gas 
RC21 1 Emanating power of Rn-220 gas 

I 
TITL I Number of graphical time points 
TITL I Maximum number of integration points for dose 

I 1.000E+00 I l.OOOE+OO I 
I not used I l.OOOE+00 I 
I 2.500E-01 I 2.500E-01 I 
I 2.500E-01 I 2.500E-01 I 
I not used I 2.500E-01 1 
I 2.500E-01 I 2.500E-01 1 
I 2.500E-01 I 2.500E-01 I 
I not used 1 2.500E-01 I 
I 2.000E+01 I 2.0OOE+01 I 
I I I 
I not used I 2.000E-05 I 
I not used I 3.000E-02 I 
I not used 1 2.000E-02 1 
not used 
not used 
not used 

not used 
not used 
not used 
not used 

l.OOOE+OO 

9. EOOE-01 
3.OOOE-01 
1. DOOE-07 

1.000E-10 
E.000E-01 
2.000E-01 
0.000E+00 

1.400E+01 
l.OOOE+OO 
l.OOOE+OO 

2.000E+01 
7.000E+00 
7.0OOE+OO 
l.OOOE+OO 

l.OOOE+OO 
4.500E+01 I 4.500E+01 I 

I I 
not used I 1.500E-01 I 
not used I 2.400E+00 1 
not used I 4.000E-01 I 
not used 1 1.OOOE-01 1 
not used I 5.00DE-02 I 
not used 

not used 

not used 

not used 
not used 

not used 

not used 
not used 

I not used 
I not used 
I not used 

I 
I 32 
I 17 

3.000E-02 

2.000E-06 

3.000E-07 
2.000E-06 
2.OOOE+OO 

5.000E-01 

2.500E+OO 
O.OOOE+OO 
-1.000E+00 I 
2.500E-01 I 
1.500E-01 I 

I 
I 
I 

_ _ _  
_-- 

CAIR 

DMC 
EVSN 

REVSN 
AVFG4 
AVFG5 
C02F 

STOR-T ( E  ) 

STOR-T ( 9  1 

FLOOR1 
DENSFL 

TPCV 
TPFL 
PH2OCV 
PH20FL 

DIPCV 
DIFFL 

DIFCZ 
HMIX 

REXG 

HRM 

FA1 
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Sununary : Heritage Minerals 1 File: Heritage Minerals 1.P.AD 

Site-Specific Parameter Summary (continued) 
- 

I User I I Used by RESRAD 1 Parameter I 
Menu I Parameter I Input I Default I (If different from user input) I Name 

I I 1 I I 
I # I I I 

I K m A X  --- I 
~~~ 

TITL I Maximum number of integration points for risk 1 1 I --- 
I I 

Summary of Pathway Selections 

Pathway I user Selection 
I I 

1 -- external gamma I active 
2 -- inhalation (w/o radon) 1 active 

3 -- plant ingestion I active 
4 -- meat ingestion I suppressed 

5 -- milk ingestion I suppressed 

6 -- aquatic foods I suppressed 
7 -- drinking water I suppressed 

8 -- soil ingestion I active 
9 -- radon I suppressed 
Find peak pathway doses I active 

I 



RESRAD, Version 6.3 T% Limit = 180 days 
Summary : Heritage Minerals 1 

- 

Contaminated Zone Dimensions 
- 

Area: 2000.00 square meters 

Thickness: 0.15 meters 
Cover Depth: 0 . 0 8  meters 

09/06/2005 09:59 Page 10 
File: Heritage Minerals 1.RAD 

Initial Soil Concentrations, pCi/g 

Pb-210 2.3OOE+OO 
Ra-226 2.3OOE+OO 
Re-228 2.400E+00 
Th-228 2.400E+00 
Th-230 2.3OOE+00 
Th-232 2.4OOE+00 
U-234 2.300E+00 
0-238 2.300E+00 

Total Dose TDOSE (t) , mrem/yr 
Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 
~ - 

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.0OOE+Ol 1.000E+02 3.000E+02 1.000E+03 
TDOSE(t): 2.352E+Ol 2.281E+01 2.139E+01 1.747E+01 1.219E+01 5.7506+00 3.9253-02 2.607E-02 

M(t): 9.409E-01 9.124E-01 8.5573-01 6.986E-01 4.878E-01 2.300E-01 1.570E-03 1.0433-03 
- 

Maxunum TDOSE(t): 2.3523+01 mrem/yr at t = 0.000E+00 years 



PSSRAD, Version 6.3 T% Limit = 180 days 09/06/2005 09:59 Page 11 

Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Ground 

Radio- 

Nuclide mrem/yr fract. 

- 
PS-210 5.417E-03 0.0002 

Ra-226 8.514E+OO 0.3620 
Ra-228 5.772E+00 0.2454 
Th-228 6.585E+00 0.2800 
Th-230 2.974E-03 0.0001 
Th-232 3.337E-01 0 .0142  

U-234 3.671E-04 0.0000 
U-23E 1.230E-01 0.0052 

- 

- 

- - 
Total 2.1343+01 0.9072 

- 

Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose A t  t = 0.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Inhalation 

mrem/yr fract. 

1.762E-03 0.0001 
6.862E-04 0.0000 
4.680E-03 0.0002 

2.3653-02 0.0010 
2.5493-02 0.0011 
1.340E-01 0.0057 
1.004E-02 0.0004 

8.982E-03 0.0004 - 
2.093E-01 0.0089 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

Plant Meat Milk 

mrem/yr f ract . 

4.7063-01 0.0200 
3.535E-01 0.0150 

3.734E-01 0.0159 
4.736E-03 0.0002 

3.7383-03 0.0002 
4.07l.E-02 0.0017 

4.596E-03 0.0002 

4.3643-03 0.0002 - 
1.256E+00 0.0534 

mredyr f ract . 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOEtO0 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

_- Water 

Radio- 
Nuclide mrem/yr fract. 

- 
Pb-210 O.OOOE+OO 0.0000 
Ra-226 0.000E+00 0.0000 
Ra-228 O.OOOE+OO 0.0000 

- Th-22E 0.000E+00 0.0000 

Th-230 0.000E+00 0.0000 
Th-232 0.000E+00 0.0000 

U-234 O.OOOE+OO 0.0000 
W-238 O.OOOE+OO 0.0000 - - 
Total O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years 

Fish 

Soil 

Water Dependent Pathways 

Radon Plant Meat Milk 

mrem/ yr f ract. 

3.449E-01 0.0147 

6.854E-02 0.0029 
7.416E-02 0.0032 
3.455E-02 0.0015 
2.676E-02 0.0011 
1.4353-01 0.0061 

1.344E-02 0.0006 
1.276E-02 0.0005 - 
7.1863-01 0.0306 

All Pathways' 

mrem/yr f ract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

uuem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.ODOE+OO 0 , 0 0 0 0  - 
0.000E+00 0.0000 

mrem/yr f ract . 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0 . O O O D  

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+00 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

8.2273-01 0.0350 

8.937E+00 0.3800 
6.225E+00 0.2646 
6.648E+OO 0.2827 

5.896E-02 0.0025 
6.519E-01 0.0277 

2.845E-02 0.0012 
1.491E-01 0.0063 - 
2.352E+01 1.0000 

'Sum of all water independent and dependent pathways 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Radio- 
Nuclide 

Pb-210 
Ra-226 
Ra-228 

Th-228 

Th-230 

Th-232 

U-234 
U-238 

Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years 

Inhalation 

Water Independent Pathways (Inhalation excludes radon) 

Radon Plant Meat Milk Soil 

mrem/yr fract. 

5.105E-03 0.0002 
8.161E+00 0.3578 

6.7423+00 0.2956 

4.5713+00 0.2004 
6.5753-03 0.0003 
1.095E+OO 0.0480 

3.4746-04 0.0000 
1.162E-01 0.0051 

mrem/yr fract. 

1.6506-03 0.0001 

7.068E-04 0.0000 
1.053E-02 0.0005 

1.635E-02 0.0007 
2.532E-02 0.0011 
1.34l.E-01 0.0059 

9.4433-03 0.0004 
8.4433-03 0.0004 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

mrem/yr fract. 

4.4093-01 0.0193 
3.516E-01 0.0154 
3.179E-01 0.0139 

3.274E-03 0.0001 

3.864E-03 0.0002 
8.167E-02 0.0036 

4.3223-03 0.0002 
4.1043-03 0.0002 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

3.231E-01 0.0142 
7.556E-02 0.0033 
7.237E-02 0.0032 

2.389E-02 0.0010 

2.661E-02 0.0012 
1.514E-01 0.0066 

1.2633-02 0.0006 
1.200E-02 0.0005 

~~ _ _ _ _ _ _ ~ _ _ _ _ _  

Total 2.070E+01 0.9074 2.065E-01 0.0091 0.000E+00 0.0000 1.208E+00 0.0529 0.000E+00 0.0000 0.000E+00 0.0000 6.9753-01 0.0306 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = l.OOOE+OO years 

Water Dependent Pathways 

Water 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 
Th-232 0.000E+00 0.0000 
U-234 O.OOOE+OO 0.0000 
U-238 0.000E+00 0.0000 - - 
Total 0.000E+00 0.0000 

Fish 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

'Sum of all water independent and dependent 

Radon Plant 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 0.000E+00 0.0000 

pathways. 

Meat 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0 , 0 0 0 0  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

Milk 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

All Pathways' 

mrem/yr fract. 

7.707E-01 0.0338 

8.589E+00 0.3766 
7.143E+00 0.3132 

4.614E+00 0.2023 
6.237E-02 0.0027 
1.462E+00 0.0641 
2.675E-02 0.0012 
1.407E-01 0.0062 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.281E+01 1.0000 
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S 3 m r y  : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Ground 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 4.534E-03 0.0002 

Ra-226 7.498E+00 0.3505 
~ a - 2 2 8  6.837E+00 0.3196 

Th-228 2.201E+00 0.1029 
Th-230 1.331E-02 0.0006 
Th-232 2.756Ec00 0.1289 

U-234 3.111E-04 0.0000 
3-238 1.037E-01 0.0048 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclide (i) and Pathw 

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Inhalation Radon Plant Meat Milk 

mrem/yr fract. 

1.4483-03 0.0001 

7.356E-04 0.0000 
1.452E-02 0.0007 

7.8133-03 0.0004 
2.4983-02 0.0012 
1.354E-01 0.0063 

8.344E-03 0.0004 
7.461E-03 0.0003 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

3.868E-01 0.0181 
3.448E-01 0.0161 

2.2913-01 0.0107 
1.565E-03 0.0001 

4.112E-03 0.0002 
1.4553-01 0.0068 
3.819E-03 0.0002 
3.626E-03 0,0002 

mrem/yr f ract . 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Soil 

mrem/yr fract. 

2.835E-01 0.0133 

8.6793-02 0.0041 
6.205E-02 0.0029 

1.142E-02 0.0005 

2.632E-02 0.0012 
1.655E-01 0.0077 
1.116E-02 0.0005 
1.060E-02 0.0005 

Total 1.941E+01 0.9076 2.007E-01 0.0094 0.000E+00 0.0000 1.119E+00 0.0523 0.000E+00 0.0000 O.OOOE+OO 0.0000 6.573E-01 0.0307 

Water 
Radio- 

Nuclide mrem/yr fract. 

Pb-210 O.OOOE+OO 0.0000 

Ra-226 0.000E+00 0.0000 
Ra-228 0.000E+00 0.0000 
Th-228 0.000E+00 0.0000 
Th-230 O.OOOE+OO 0.0000 
Th-232 0.000E+OO 0.0000 
U-234 0.000E+00 0.0000 

W-238 0.000E+00 0.0000 

Total Dose Contributions TDOSEli,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years 

F i s h  

Water Dependent Pathways 

Radon Plant Meat Milk A l l  Pathways' 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0 . 0 0 0 0  

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

mrem/yr fract. 

6.762E-01 0.0316 
7.93OE+OO 0.3707 
7.143E+00 0.3339 

2.222€+00 0.1039 
6.872E-02 0.0032 
3.203E+00 0.1497 
2.364E-02 0.0011 
1.253E-01 0.0059 

Total 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0 , 0 0 0 0  0.000E+00 0.0000 0.000E+00 0.0000 2.139E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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S-umary : Heritage Minerals 1 File: Heritage Minerals 1.RAO 

Total Dose Contributions TWSE(i,p,t) for Individual Radionuclides (il and Pathways (p)  

As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 

Inhalation Radon Plant Meat Milk Soil Ground 

Radio- 

Nuclide mrem/yr fract. 

?b-210 2.992E-03 0.0002 
Ra-226 5.566E+00 0.3187 
Ra-228 3.141E+00 0.1799 
Th-228 1.705E-01 0.0098 

Th-230 3.252E-02 0.0019 
Th-232 6.8BOE+OO 0.3939 
U-234 2.1233-04 0.0000 

U-238 6.9491-02 0.0040 - - 
Total 1.586E+01 0.9082 

mrem/yr f ract . 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

2,4433-01 0.0140 
3.05315-01 0.0175 
7.189E-02 0.0041 
1.179E-04 0.0000 

4.8803-03 0.0003 
2.4983-01 0.0143 
2.4733-03 0.0001 
2.348E-03 0.0001 - 
8.811E-01 0.0504 

mrem/yr fract. 

1.790E-01 0.0102 

1.042E-01 0.0060 
2.4103-02 0.0014 
8.603E-04 0.0000 

2.5343-02 0.0015 
1.915E-01 0.0110 
7.2313-03 0.0004 
6.864E-03 0.0004 

mrem/yr fract. 

9.1446-04 0.0001 
7.428E-04 0.0000 
7.807E-03 0.0004 
5.888E-04 0.0000 

2.378~-02 0.0014 
1.386E-01 0.0079 

5.405E-03 0.00'23 
4.832E-03 0.0003 - 
1.8273-01 0,0105 

_ _ _ _ _ ~  ~ 

O.OOOE+OO 0.0000 

~ ~~ 

5.390E-01 0.0309 

Total Dose Contributions TWSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)  

As mem/yr  and Fraction of Total Dose At t 

Water Dependent Pathways 

= 1.000E+01 years 

Milk All Pathways' Radon 

mrem/yr f ract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0 .0000  

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

Fish 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

Meat 

mrem/yr f ract . 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

Water 

Radio- 
Nuclide mrem/yr fract. 

Pb-210 O.OOOE+OO 0.0000 
Ra-226 0.000E+OO 0.0000 
Ra-228 O.OOOE+OO 0.0000 

Th-228 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

Th-232 0.000E+00 0.0000 
0-234 0.000E+00 0.0000 
U-238 0.000E+00 0.0000 

~~ ~ 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

~~~ 

mrem/yr fract. 

4.272E-01 0.0245 

5.976EcOO 0.3422 
3.2459+00 0.1858 

1.721E-01 0.0099 
8.652E-02 0.0050 

7.460E+00 0 . 4 2 7 1  

1.532E-02 0.0009 
8.354E-02 0.0048 

~ 

0.000E+00 0.0000 

~ 

0.000E+00 0.0000 

~ 

O.OOOE+OO 0.0000 Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.747E+01 1.0000 

'Sum of all water independent and dependent pathways. 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Total Dose Contributions TDOSE (i, p. tl for Individual Radionuc id (i) and Pa 

As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat 

Radio- 
Nuclide mrem/yr fract. 

Pb-210 9.OE3E-04 0.0001 

Ra-226 2.350E+OO 0.1927 
Ra-228 1.311E-01 0.0107 

Th-228 1.130E-04 0.0000 
Th-230 6.1573-02 0.0050 
Th-232 8.651E+OO 0.7094 
U-234 7.533E-05 0.0000 
U-238 2.197E-02 0.0018 - - 
Total 1.122E+01 0.9198 

hways I p )  

Milk Soil 

mem/yr fract. 

2.4233-04 0.0000 

4.7003-04 0.0000 
3.093E-04 0.0000 

3.5923-07 0.0000 
2.0353-02 0.0017 
1.23EE-01 0.0102 
1.5413-03 0.0001 
1.376E-03 0.0001 - 
1.481E-01 0.0121 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0 . 0 0 0 0  

O.OOOE+OO 0 . 0 0 0 0  

O.OOOE+OO 0 . 0 0 0 0  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

6.474E-02 0.0053 

1.669E-01 0.0137 
2.522E-03 0.0002 

7.195E-08 0.0000 
6.0383-03 0.0005 
2.583E-01 0.0212 
7.047E-04 0.0001 

6.686E-04 0.0001 - 
4.999E-01 0.0410 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr f ract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.0003+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathuays (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years 

Water Dependent Pathways 

Water 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 O.OOOE+OO 0.0000 
Ra-226 O.OOOE+OO 0.0000 
Ra-228 0.000E+00 0.0000 

Th-228 0.000E+00 0.0000 

Th-230 0.000E+00 0.0000 

Th-232 O.OOOE+OO 0.0000 

0-234 0.000E+00 0.0000 
0-238 0.000E+00 0.0000 

Fish 

mrem/yr f ract . 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0 0 0 0  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

Plant 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Meat 

uuem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

Milk 

mremlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.0003+00 0.0000 
O.OOOE+OO 0 .0000  

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mem/yr fract. 

4.744E-02 0.0039 

7.608E-02 0.0062 
8.957E-04 0.0001 

5.2483-07 0.0000 
2.244~-02 o.ooia 
1.7933-01 0.0147 
2.061E-03 0.0002 
1.9543-03 0.0002 - 
3.302E-01 0.0271 

All Pathways' 

mrem/yr fract. 

1.133E-01 0.0093 
2.594E+00 0.2127 
1.3483-01 0.0111 
1.140E-04 0.0000 
1.104E-01 0.0091 
9.212E+00 0.7554 

4.3823-03 0.0004 
2.597E-02 0.0021 

Total 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 1.219E+01 1.0000 

'Sum of all water independent and dependent pathways. 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.FS.D 

Total Dose Contributions TDOSE(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose A t  t = 1.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 

Radio- 

Nuclide mrem/yr fract. 

Pb-210 1.240E-05 0.0000 

Ra-226 8.9123-02 0.0155 
Ra-228 1.102E-06 0.0000 

Th-228 6.611E-16 0.0000 

Th-230 5.263E-02 0.0092 
Th-232 5.343&+00 0.9292 
U-234 9.517E-06 0.0000 

U-238 3.097E-04 0.0001 - - 
Total 5.485E+00 0.9539 

Inhalation 

mrem/yr fract. 

1.653E-06 0.0000 

1.9473-05 0.0000 
1.7653-09 0.0000 

1.4343-18 0.0000 
8.400E-03 0.0015 
5.1213-02 0.0089 
1.485E-05 0.0000 

1.2063-05 0.0000 - 
5.966E-02 0.0104 

Radon 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

4.418E-04 0.0001 
6.2593-03 0.0011 
1.437E-08 0.0000 
2.875E-19 0.0000 
3.3273-03 0.0006 
1.075E-01 0.0187 

6.6973-06 0.0000 
5.864E-06 0.0000 - 
1.175E-01 0.0204 

Meat 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

Milk 

mem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose A t  t = 1.000E+02 years 

Water Dependent Pathways 

Water 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 

Ra-226 0.000E+00 0.0000 
Ra-228 0.000E+00 0.0000 
Th-228 O.OOOE+OO 0.0000 
Th-230 0.000E+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 
U-234 0.000E+00 0.0000 
U-23E O.OOOE+OO 0.0000 - - 
Total 0.000E+00 0.0000 

Fish 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

'Sum of all water independent and dependent pathways 

Plant Meat Milk 

Soil 

mrem/yr fract. 

3.236E-04 0.0001 
3.405E-03 0.0006 
5.107E-09 0.0000 
2.056E-18 0.0000 
9.675E-03 0.0017 
7.430E-02 0.0129 

1.960E-05 0.0000 
1.713E-05 0.0000 - 
8.7743-02 0.0153 

All Pathways' 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

mrern/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

7.795E-04 0.0001 
~ . B E ~ E - o ~  0.0172 
1.123E-06 0.0000 
6.6503-16 0.0000 
7.403E-02 0.0129 
5.576E+00 0.5697 

5.0663-05 0.0000 
3.4473-04 0.0001 - 
5.750E+00 1.0000 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Total Dose Contributions TWSE(i,p,t) for Individual Radionuclides (i) and Pathways lp) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Ground 

Radio- 

Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 

Ra-226 O.OOOE+OO 0.0000 
Ra-228 O.OOOE+OO 0 .0000  

Th-228 0.000€+00 0.0000 
Th-230 0.000€+00 0.0000 
Th-232 O.OOOE+OO 0.0000 

U-234 O.OOOE+OO 0.0000 

U-238 O.OOOE+OO 0.0000 - - 
Total 0.000E+00 0.0000 

Water Independent Pathways (Inhalation excludes radon) 

Inhalation 

mrem/yr fract. 

O.OOOE+OO 0 . 0 0 0 0  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+00 0.0000 - 
0.000E+00 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

Meat 

mremiyr fract. 

0.000E+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+OO 0.0000 - 
0.000E+00 0 . 0 0 0 0  

Water 

Radio- 
Nuclide mrem/yr f ract . 

?b-210 O.OOOE+OO 0.0000 
Ra-226 0.000E+00 0.0000 
Ra-228 0.000E+00 0.0000 
Th-228 O.OOOE+OO 0.0000 

Th-230 0 .000€+00  0.0000 

Th-232 O.OOOE+OO 0.0000 

U-234 O.OOOE+OO 0.0000 
U-23B O.OOOE+OO 0.0000 - - 
Total 0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)  

As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Fish 

Water Dependent Pathways 

Radon Plant 

Soil 

Meat Milk 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0 . 0 0 0 0  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0 . 0 0 0 0  - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+00 0.0000 

O.OOOE+00 0.0000 

0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

*Sum of all water independent and dependent pathways 

mrem/yr fract. 

2.0413-07 0.0000 
3.366E-02 0.8576 
1.683E-18 0.0000 
0.000E+00 0.0000 
7.120E-04 0.0181 
1.4303-14 0.0000 

2.5023-03 0.0637 
2.3763-03 0.0605 - 
3.925E-02 1.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0 . 0 0 0 0  

0.000E+00 0.0000 

0 . 0 0 0 ~ + 0 0  0 .0000 

7 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0 . 0 0 0 0  

0.000E+00 0.0000 

O.OOOE+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0 . 0 0 0 0  

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+00 0 . 0 0 0 0  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

A l l  Pathways' 

mrem/yr fract. 

2.04l.E-07 0.0000 
3.366E-02 0.8576 
1.683E-18 0.0000 

O.OOOE+OO 0.0000 
7.120E-04 0.0181 
1.430E-14 0.0000 

2.502E-03 0.0637 
2.3?6E-03 0.0605 - 
3.925E-02 1.0000 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides li) and Pathways lp) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 

Radio- 
Nuclide mrem/yr fract. 

Pb-210 0 .000€+00  0.0000 
Ra-226 O.OOOE+OO 0.0000 
Ra-228 0.000E+00 0.0000 
Th-228 O.OOOE+OO 0.0000 
Th-230 0.000€+00 0.0000 
Th-232 0.000€+00 0.0000 
U-234 O.OOOE+OO 0.0000 
U-23E 0 .000€+00  0.0000 

Total 0.000E+00 0.0000 

Inhalation Radon Plant 

mrem/yr f ract . 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+OO 0 . 0 0 0 0  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 - 
O.OOOE+OO 0 . 0 0 0 0  

Meat 

mrem/yr fract. 

0.000E+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0 . 0 0 0 0  

0.000E+00 0 . 0 0 0 0  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

Milk 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 - 
0.000E+00 0.0000 

Water 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000€+00 0.0000 
Ra-228 O.OOOE+OO 0.0000 
Th-228 0.000€+00 0.0000 
Th-230 0.000€+00 0.0000 

Th-232 0.000E+00 0.0000 
U-234 O.OOOE+OO 0.0000 
3-238 0.000€+00 0.0000 - - 
Total 0.000€+00 0.0000 

Total Dose Contributions TDOSEli,p,t) for Individual Radionuclides l i )  and Pathways lp) 
As mrem/yr and Fraction of Total Dose At t = 1.000€+03 years 

Water Dependent Pathways 

Fish Radon Plant Meat Milk 

Soil 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
7 

O.OOOE+OO 0 . 0 0 0 0  

All Pathways' 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+00 0.0000 
0.000E+00 0 . 0 0 0 0  

O.OOOE+00 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

+Sum of all water independent and dependent pathways. 

uuem/yr fract. 

8.737E-16 0.0000 
2.5253-02 0.9688 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
7.573E-04 0.0291 
2.291E-19 0.0000 
5.600E-05 0 . 0 0 2 1  

5.3393-08 0.0000 - 
2.607E-02 1.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0 . 0 0 0 0  

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+OO 0.0000 - 
0.000E+00 0.0000 

uuem/yr fract. 

8.737E-16 0.0000 
2.525E-02 0.9688 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

7.573E-04 0.0291 
2.291E-19 0.0000 
5.6OOE-05 0.0021 
5.339E-08 0 . 0 0 0 0  - 
2.607E-02 1.0000 
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Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Thread DSR(j, t) At Time in Years Imrem/yr) / (pCi/g) 
(i) ( j )  Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.00OE+Ol l.OOOE+02 3.000E+02 l.OOOE+03 

Pb-ZlO+D 

Ra-226+D 

Ra-226+D 
Ra-22 6+D 

Ra-228+D 

Ra-22 8 +D 
Ra-228+D 

Th-228+D 

Th-230 

Th-230 
Th-230 
Th-230 

Th-232 
Th-232 
Th-232 
Th-232 

U-234 
U-234 
U-234 

U-234 
U-234 

U-238 

U-238+D 
3-23B+D 
U-238+3 

U-23B+D 
U-238+D 
U-238+D 

Pb- 2 1 O+D 

Ra-22 6+D 

Pb-ZlO+D 

CDSR I j ) 

Ra-228cD 
Th-22 8+D 

ZDSR (j 1 

Th-228+D 

Th-230 
Ra- 2 2 6+D 

Pb-2 10+D 

CDSR I j ) 

Th-232 
Ra-228+D 
Th- 2 2 8 +D 

CDSR (j I 

U-234 
Th-230 
Ra- 2 2 6+D 

Pb-2 10+D 

CDSR ( j  ) 

U-238 

U-238+D 

U-234 
Th-230 

Ra-22 6+D 
Pb-ZlO+D 

CDSR ( j  ) 

1.000E+00 3.5773-01 3.351E-01 2.940E-01 1.857E-01 4.927E-02 3.389E-04 8.872E-08 3.799E-16 

1.000E+00 3.880E+00 3.718E+00 3.414E+00 2.531E+OO 1.064E+00 3.980E-02 3.019E-03 2.247E-03 

1.000E+00 6.115E-03 1.645E-02 3.3613-02 6.743E-02 6.329E-02 3.161E-03 1.1623-02 8.732E-03 
3.886E+00 3.734E+00 3.448E+OO 2.598E+OO 1.128E+OO 4.296E-02 1.4643-02 1.098E-02 

1.000E+00 2.089E+00 1.775E+00 1.282E+OO 4.098E-01 1.559E-02 1.299E-07 6.963E-19 O.OOOE+OO 

1.000E+00 5.047E-01 1.201E+00 1.694E+00 9.424E-01 4.057E-02 3.382E-07 4.977E-21 0.000E+00 
2.594E+00 2.976E+00 2.976&+00 1.352E+00 5.616E-02 4.681E-07 7.0133-19 0.000E+00 

1.000E+00 2.7703+00 1.923E+00 9.259E-01 7.171E-02 4.750E-05 2.771E-16 0.000E+00 0.000E+00 

1.OOOE+OO 2.479E-02 2.4633-02 2.430E-02 2.3153-02 1.9873-02 8.3853-03 O.OOOE+OO O.OOGE+OO 

l.OOOE+OO 8.4363-04 2.484E-03 5.549E-03 1.428E-02 2.739E-02 2.313E-02 6.883E-05 6.743E-05 
1.000E+00 9.3973-07 5.873E-06 2.765E-05 1.8473-04 7.328E-04 6.739E-04 2.407E-04 2.618E-04 

2.5643-02 2.712E-02 2.988E-02 3.7623-02 4.8DOE-02 3.219E-02 3.095E-04 3.292E-04 

l.OOOE+OO 1.218E-01 1.210E-01 1.194E-01 1.137E-01 9.7303-02 4.0263-02 0.000E+00 O.OOOE+OO 
1.000E+00 1.286E-01 3.6023-01 7.223E-01 1.344E+OO 1.528E+OO 9.298E-01 5.916E-15 9.483E-20 

1.000E+00 2.119E-02 1.280E-01 4.928E-01 1.650E+00 2.213E+00 1.3533+00 4.048E-17 6.470E-22 
2.7163-01 6.092E-01 1.334E+O0 3.108E+00 3.838E+00 2.323E+00 5.9573-15 9.547E-20 

1.000E+00 1.237E-02 1.1633-02 1.028E-02 6.659E-03 1.900E-03 1.692E-05 1.OB6E-03 O.OOOE+OO 
1.000E+00 1.101E-07 3.1933-07 6.965E-07 1.662E-06 2.6443-06 1.3663-06 2.727E-09 1.026E-OB 

l.OOOE+OO 2.501E-09 1.703E-08 8.435E-08 5.972E-07 2.6423-06 3.6393-06 3.498E-07 5.205E-06 
l.OOOE+OO 2.187E-12 2.BB2E-11 2.926E-10 5.5133-09 5.568E-OB 1.015E-07 1.074E-06 1.913E-05 

1.237E-02 1.163E-02 1.02BE-02 6.661E-03 1.9053-03 2.203E-05 1.088E-03 2.435E-05 

5.400E-05 5.946E-07 5.59OE-07 4.940E-07 3.200E-07 9.115E-08 8.044E-10 5.290E-08 O.OOOE+OO 

9.999E-01 6.4823-02 6.1183-02 5.450E-02 3.632E-02 1.129E-02 1.499E-04 1.032E-03 0.000E+00 
9.999E-01 1.735E-08 4.928E-OB 1.018E-07 1.9813-07 1.642E-07 4.821E-09 9.2583-07 0.OOOE~OO 
9.9996-01 1.034E-13 6.939E-13 3.3663-12 2.238E-11 8.375E-11 6.8833-11 1.891E-12 1.563E-11 

9.999E-01 1.7593-15 2.5566-14 2.7653-13 5.567E-12 6.276E-11 1.719E-10 1.497E-10 5.042E-09 

9.999E-01 1.278E-18 3.4378-17 7.412E-16 3.9833-14 1.074E-12 4.4973-12 4.3213-10 1.816E-08 
6.482E-02 6.118E-02 5.450E-02 3.632E-02 1.129E-02 1.499E-04 1.0333-03 2.321E-08 

The DSR includes contributions from associated (half-life 5 180 days) daughters. 
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__ 

Nuclide 
(i) t= 0.000€+00 

-~ 

Pb-210 
fia-226 

Ra-228 - 
Th-228 
Th-230 
Th-232 

U-234 
U-238 

- 

6.989€+01 
6.434€+00 

9.639E+00 
9.02 5€+00 
9.752€+02 
9.2043+01 
2.021E+03 

3.8576+02 

Single Radionuclide Soil Guidelines G(i.t) in pCi/g 
Basic Radiation Dose Limit = 2.500€+01 msem/yr 

1. OOOE+OO 

7.4603+01 
6.695€+00 

8 .400€+00  

1.300E+Cl 
9.2196+02 
4.103€+01 
2.150€+03 

4.086€+02 

3.000E+00 

8.503E+01 
7.251E+00 

8.400E+00 
2.700€+01 
8.368€+02 
1.873€+01 

2.433€+03 
4.587E+02 

lfOOOE+O1 

1.346€+02 
9.622€+00 
1.8493+01 

3.486€+02 
6.646E+02 
8.043€+00 
3.753E+03 

6.8833+02 

3.000€+01 

5.074€+02 

2,2 17€+01 
4.451€+02 

5.2 63€+05 
5.208€+02 
6.513€+00 
1.312€+04 

2.2143+03 

1.000€+02 

7.3776+04 
5.819E+02 

5.341€+07 
'8.195€+14 
7.767€+02 
1.076€+01 
1.135E+06 

1.668E+05 

_ -  PS-210 2.300E+OO 
Ra-226 2.300€+00 
Ra-228 2.400E+00 
Th-228 2.400E+00 
Th-230 2.300€+00 
Th-232 2.400€+00 
U-234 2.300E+00 

- 3-238 2.300€+00 

- 

- 

3.000€+02 
~ 

2.818€+08 

1.708€+03 
*2.726€+14 

'8.195€+14 
8.076&+04 

*1.0976+05 

2.298€+04 

2.420€+04 

'At specific activity limit - 

Summed Dose/Source Ratios DSR(i, t) in (mrem/yr) / (pCi/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tnin = time of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose = 0.000E+00 years 

- 
Nuclide Initial nnin DSR li, tmin) G (i, tmin) DSR (i, tmax) G (i, tmax) 

(i) (pCi/g) (years) (pCi/g) (pCi/g) 

O.OOOE+OO 
0.000E+00 

1.913 f 0.004 
O.OOOE+OO 

40.52 f 0.08 

25.02 f 0.05 
O.OOOE+OO 

0.000E+00 

3.577E-01 

3.8863+00 
3.066E+00 
2.770E+00 
4.903E-02 

3.8 64E+00 
1.237E-02 

6.482E-02 

6.989E+01 
6.434€+00 

8.155E+00 
9.0253+00 

5.0993+02 
6.469Ec00 
2.0213+03 

3.857€+02 

3.577E-01 

3.886€+00 
2.594E+00 
2.770E+00 
2.5641-02 

2.7163-01 
1.2373-02 

6.482E-02 

6.9B9E+01 
6.434€+00 

9.639E+OO 
9.025€+00 
9.7523+02 

9.204€+01 
2.021€+03 

3.857€+02 
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Summary : Heritage Minerals 1 File: Heritage Minerals 1.RAD 

Individual Nuclide Dose Sununed Over All Pathways 
- Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THFli) DOSE (j , t) , mrem/yr 
(1) (1) t= 0.000E+00 l.OOOE+OO 3.000E+00 1.000E+01 3.0OOE+01 1.000E+02 3.000E+02 1.OOOE+03 
-- 
Pb-210 Pb-210 1.000E+00 

Pb-210 Ra-226 1.000€+00 

Pb-210 Th-230 1.OOOE+OO 
Pb-210 U-234 1.000E+00 
Pb-210 U-238 9.999E-01 
Pb-210 CDOSE(j) 

Ra-226 Ra-226 1.000E+00 
Ra-226 Th-230 1.000E+00 
Ra-226 U-234 1.000E+00 
Ra-226 U-238 9.999E-01 
Ra-226 CDOSE(j1 

Ra-228 Ra-228 1.000E+00 
Ra-228 Th-232 1.000E+00 

Ra-228 CDOSE ( j  ) 

Th-228 Ra-228 1.000E+00 
Th-228 Th-228 l.OOOE+OO 
Th-228 Th-232 1.000E+00 
Th-228 IDOSElj) 

Th-230 Th-230 1.00OE+00 
Th-230 U-234 1.000E+00 

Th-230 U-238 9.9993-01 
Th-230 IDOSE I j ) 

Th-232 Th-232 1.000E+00 

U-234 U-234 1.00OE+00 

U-234 U-238 9.9993-01 
U-234 IDOSECj) 

U-238 U-238 5.400E-05 
U-238 U-238 9.999E-01 
U-238 XDOSE (j) -- 

8.227E-01 7.707E-01 6.762E-01 4.272E-01 1.133E-01 7.7953-04 2.041E-07 8.7373-16 
1.406E-02 3.783E-02 7.731E-02 1.551E-01 1.456E-01 7.2713-03 2.672E-02 2.008E-02 

2.161E-06 1.3516-05 6.359E-05 4.249E-04 1.6853-03 1.5506-03 5.5373-04 6.022E-04 
5.030E-12 6.6286-11 6.729E-10 1.268E-OB 1.2el.E-07 2.334E-07 2.4703-06 4.401E-05 

2.938E-18 7.9053-17 1.7053-15 9.1613-14 2.4713-12 1.034E-11 9.9396-10 4.1763-08 
8.368E-01 8.086E-01 7.536E-01 5.8273-01 2.6063-01 9.601E-03 2.727E-02 2.073E-02 

8.923E+00 8.551E+00 7.8533+00 5.8213+00 2.448E+00 9.154E-02 6.9453-03 5.168E-03 
1.94OE-03 5.713E-03 1.276E-02 3.2853-02 6.3003-02 5.320E-02 1,5833-04 1.551E-04 
5.752E-09 3.918E-08 1.9403-07 1.3733-06 6.077E-06 8.369E-06 8.045E-07 1.197E-05 
4.0453-15 5.879E-14 6.360E-13 1.280E-11 1.4443-10 3.954E-10 3.443E-10 1.160E-08 
8.925Ei00 8.557E+00 7.8653+00 5.8543+00 2.511E+00 1.4471-01 7.104E-03 5.335E-03 

5.013E+00 4.261E+00 3.0773+00 9.8363-01 3.742E-02 3.117E-07 1.6713-18 0.000E+00 

3.0873-01 8.645E-01 1.734E+00 3.226E+00 3.666E+00 2.231E+00 1.420E-14 2.276E-19 
5.3223+00 5.1253+00 4.810E+00 4.210E+00 3.704E+00 2.2313+00 1.420E-14 2.276E-19 

1,21lE+00 2.8B3E+00 4.0663+00 2.262E+00 9.737E-02 8.117E-07 1.195E-20 0.000E+00 

6.648E+00 4.614E+00 2.222E+00 1.72lE-01 1.140E-04 6.650E-16 0.000E+00 O.OOOE+OO 
5.085E-02 3.073E-01 1.183E+00 3.961E+00 5.312E+00 3.248E+OO 9.715E-17 1.553E-21 
7.910E+00 7.8043+00 7.4716+00 

5.702E-02 5.664E-02 5.5893-02 
2.5323-07 7.344E-07 1.602E-OE 

2.3783-13 1.596E-12 7.742E-12 
5.7023-02 5.6653-02 5.589E-02 

2.924E-01 2.905E-01 2.865E-01 

2.845E-02 2.674E-02 2.3643-02 

3.9913-08 1.133E-07 2.342E-07 
2.845E-02 2.6753-02 2.364E-02 

1.3683-06 1.286E-06 1.1363-06 

1.491E-01 1.407E-01 1.2533-01 
1.491E-01 1.407E-01 1.253E-01 

6.394E+00 5.410E+00 3.2483+00 9.716E-17 1.553E-21 

5.3253-02 4.571E-02 1.928E-02 O.OOOE+OO O.OOOE+OO 
3.823E-06 6.082E-06 3.1423-06 6.272E-09 2.3603-08 

5.148E-11 1.9263-10 1.583E-10 4.3503-12 3.596E-11 
5.325E-02 4.572E-02 1.929E-02 6.277E-09 2.364E-08 

2.728E-01 2.335E-01 9.6633-02 O.OOOE+OO O.OOOE+OO 

1.532E-02 4.369E-03 3.8923-05 2.499E-03 0.000E+00 

4.557E-07 3.777E-07 1.109E-OB 2.1293-06 O.OOOE+OO 
1.532E-02 4.370E-03 3.893E-05 2.501E-03 O.OOOE+OO 

7.359E-07 2,0973-07 1.850E-09 1.217E-07 D.OOOE+OO 
8.354E-02 2.597E-02 3.4473-04 2.374E-03 0.000Ei00 
8.3543-02 2.5973-02 3.447E-04 2.374E-03 0.000E+00 

THFfi) is the thread fraction of the parent nuclide. 
- 
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S m a r y  : Heritage Minerals 1 File: Heritage Minerals 1.RAD 
- 

Individual Nuclide Soil Concentration 

- Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THF(i) S(j.t), pCi/g 
Cj) (ii t= 0.000E+00 l.OOOE+OO 3.000E+O0 l.OOOE+Ol 3.000E+01 l.OOOE+02 3.000E+02 1.00OE+O3 
-- 
Pb-210 Pb-210 1.000E+00 

Pb-210 Ra-226 l.OOOE+OO 
Pb-210 Th-230 1.000E+00 
Pb-210 U-234 1.000E+00 

Pb-210 U-238 9.999E-01 
Pb-210 Z S ( j ) :  

Ra-226 Ra-226 l.OOOE+OO 
Ra-226 Th-230 1.000E+OO 

Ra-226 0-234 1.000E+00 
Ra-226 U-238 9.999E-01 

Ra-226 Z S C j ) :  

Ra-228 Ra-228 1.000E+OO 
Ra-228 Th-232 1.000E+00 

Ra-228 IS (j I : 

Th-22E Ra-228 1.000E+00 

Th-228 Th-228 1.000E+00 
Th-228 Th-232 1.000E+00 
Th-228 ZS 1 j) : 

Th-230 Th-230 1.000E+00 
Th-230 U-234 1.000E+00 
Th-230 U-238 9.999E-01 
Th-230 Z S ( j ) :  

Th-232 Th-232 1.000E+00 

U-234 U-234 l.OOOE+OO 
U-234 U-238 9.999E-01 
U-234 Z S C j ) :  

0-238 U-238 5.400E-05 
U-238 U-238 9.999E-01 
U-23E Z S C j )  : -- 

2.300E+00 2.1693+00 1.929E+00 1.279E+00 3.958E-01 6.517E-03 5.232E-08 7.672E-26 
0.000E+00 6.806E-02 1.850E-01 4.376E-01 4.962E-01 6.0053-02 2.459E-05 1.951E-17 
O.OOOE+OO 1.499E-05 1.2643-04 1.123E-03 5.5766-03 1.253E-02 1.308E-02 1.258E-02 
O.OOOE+OO 4.4723-11 1.119E-09 3.182E-08 4.1753-07 1.884E-06 2.139E-06 2.0583-06 

0.000E+00 3.159E-17 2.3543-15 2.1783-13 7.925E-12 8.329E-11 1.102E-10 1.060E-10 
2.300E+00 2.237E+00 2.114E+00 1.718E+OO E.975E-01 7.9093-02 1.310E-02 1.2583-02 

2.300E+00 2.210E+00 2.041E+00 1.545E+00 6.967E-01 4.2946-02 1.4973-05 l.lB3E-17 
0.000E+00 9.768E-04 2.817E-03 8.217E-03 1.7433-02 2.4463-02 2.465E-02 2.372E-02 

0.000E+00 4.3456-09 3.673E-08 3.2903-07 1.663E-06 3.845E-06 4.033E-06 3.881E-06 
O.OOOE+OO 4.0823-15 1.023E-13 2.928E-12 3.8993-11 1.814E-10 2.078E-10 1.9993-10 

2.300E+00 2.211E+00 2.044E+00 1.553E+00 7.142E-01 6.740E-02 2.4673-02 2.373E-02 

2.40OE+OO 2.0453+00 1.4853+00 4.8493-01 1.9803-02 2.7223-07 3.5013-21 O.OOOE+OO 
0.000E+00 2.674E-01 6.893E-01 1.443E+OO 1.792E+00 1.801E+00 1.785E+OO 1.728E+00 
2.400E+00 2.313E+OO 2.1753+00 1.928EcOO 1.812E+00 1.801E+00 1.785E+00 1.72BE+00 

0.000E+00 6.7093-01 1.210E+00 7.533E-01 3.535E-02 4.871E-07 6.265E-21 O.OOOE+OO 
2.40OE+00 1.670E+00 8.093E-01 6.405E-02 4.5613-05 4.396E-16 0,00OE+00 O.OOOE+OO 
0.000E+00 4.416E-02 2.867E-01 1.193E+00 1.780E+00 1.801E+00 1.785E+OO 1.728E+00 
2.4006+00 2.385E+00 2.3063+00 2.010E+OO l.E16E+OO 1.801E+00 1.785E+00 1.728E+00 

2.300E+OO 2.300E+00 2.30OE+00 2.299E+OO 2.296E+00 2.287E+OO 2.262E+00 2.177E+00 
O.OOOE+OO 2.014E-05 5.7253-05 1.5913-04 3.036E-04 3.727E-04 3.701E-04 3.5613-04 
O.OOOE+OD 2.829E-11 2.367E-10 2.05OE-09 9.508E-09 1.877E-08 1.907E-08 1.835E-08 
2.30OE+00 2.300E+00 2.300E+00 2.299E+00 2.297E+00 2.288E+OO 2.263E+00 2.177E+OO 

2.40OE+00 2.400EtOO 2.400E+00 2.399E+00 2.397E+00 2.389E+00 2.3673+00 2.292E+00 

2.30OE+00 2.177E+00 1.950E+00 1.3263+00 4.406E-01 9,3213-03 1.531E-07 2.749E-24 

O.OOOE+OO 6.171E-06 1.658E-05 3.7593-05 3.7476-05 2.6433-06 1.303E-10 7.805E-27 
2.300E+00 2.177E+00 1.950E+00 1.3263+00 4.406E-01 9.324E-03 1.532E-07 2.7573-24 

1.2423-04 1.175E-04 1.0533-04 1.1603-05 2.379E-05 5.035E-07 8.2753-12 1.4893-28 
2.300E+00 2.177E+00 1.950E+00 1.326E+00 4.406E-01 9.324E-03 1.532E-07 2.757E-24 
2.300E+00 2.177E+00 1.950E+00 1.326E+00 4.4063-01 9.324E-03 1.532E-07 2.757E-24 

THFli) is the thread fraction of the parent nuclide. 
- 

RESCALC.EXE execution time = 4.59 seconds 


