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ACRONYMS AND ABBREVIATIONS 

Both English and metrics units are used in this report. The units used in a specific situation are 
based on common unit usage or regulatory language. 

El  

a 
aeff 

A/a 
Ac 
AEC 
ARAR 
bcm 
bgs 
CERCLA 
CFR 
COC 
cpm 
CQCP 
DCGL 
DOD 
DOE 
dpm/100 cm2  
DQA 
DQO 
DT-17 
EPC 
FFA 
FS 
F SS 
FSSE 
FSSP 
FUSRAP 
GIS 
GPS 
GWS 
HISS 
LBGR 
LCS 
m2 

Mallincicrodt 
MARSSIM 
MDC 
MED 
mrem/yr 
NAD 
NaI 
NRC 
OSHA 

instrument efficiency 
standard deviation 
effective standard deviation 
relative shift 
actinium 
U.S. Atomic Energy Commission 
applicable or relevant and appropriate requirement 
below cover material 
below ground surface 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
contaminant of concern 
counts per minute 
Contractor Quality Control Plan 
Derived Concentration Guideline Level 
U.S. Department of Defense 
U.S. Department of Energy 
disintegrations per minute per 100 square centimeters 
Data Quality Assessment 
Data Quality Objective 
vicinity property Christiana Court, LLC 
exposure point concentration 
Federal Facilities Agreement 
Feasibility Study 
Final Status Survey 
Final Status Survey Evaluation 
Final Status Survey Plan 
Formerly Utilized Sites Remedial Action Program 
geographic information system 
global positioning system 
gamma walkover survey 
Hazelwood Interim Storage Site 
lower bound of the gray region 
laboratory control sample 
square meters 
Mallinckrodt Chemical Works 
Multi-Agency Radiation Survey and Site Investigation Manual 
minimum detectable concentration 
Manhattan Engineer District (U.S. Army Corps of Engineers) 
millirem per year 
normalized absolute difference 
sodium iodide 
Nuclear Regulatory Commission 
Occupational Safety and Health Administration 
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ACRONYMS AND ABBREVIATIONS (Continued) 

• 
OU 	operable unit 
pCi/g 	picocurie per gram 
Pa 	protactinium 
Pb 	lead 
PDI 	Pre-Design Investigation 
PDIR 	Pre-Design Investigation Data Summary Report, Christiana Court, LLC Vicinity 

Property (DT-17) SLDS South Vicinity Properties, FUSRAP St. Louis Downtown 
Site, St. Louis, Missouri 

PP 	Proposed Plan 
QA 	quality assurance 
QAPP 	Quality Assurance Project Plan 
QC 	quality control 
QCSR 	Quality Control Summary Report 
Ra 	radium 
RA 	remedial action 
RAO 	remedial action objective 
RAWD 	Remediation Activity Work Description 
RESRAD 	RESidual RADioactivity (computer model) 
RG 	remediation goal 
ROD 	Record of Decision 
ROW 	right-of-way 
RPD 	relative percent difference 

• 
SAG 
SAIC 	

Sampling and Analysis Guide 
Science Applications International Corporation 

SLDS 	St. Louis Downtown Site 
SORG 	gross sum of ratios 
SORN 	net sum of ratios (background levels subtracted) 
SU 	survey unit 
Th 	thorium 

uranium 
UCL95 	95 percent upper confidence limit 
USACE 	U.S. Army Corps of Engineers 
USEPA 	U.S. Environmental Protection Agency 
VP 	Vicinity Property 
WASD 	Work Area-Specific Description 
WRS 	Wilcoxon Rank Sum 

• 
V 
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ABSTRACT 

Site Name and Operable Unit St. Louis Downtown Site Vicinity Property: Christiana Court, LLC (DT-17) 

Location St. Louis, Missouri 

Regulatory Oversight 
U.S. Environmental Protection Agency, Region 7 
Missouri Department of Natural Resources 

Contractor Oversight U.S. Army Corps of Engineers, St. Louis District 

Remedial Action Contractor Shaw Environmental, Inc. 

Verification Contractor Science Applications International Corporation 

Waste Source 
Manhattan Engineering District and the Atomic Energy Commission uranium ore 
processing and uranium metal production in the 1940s and 1950s. 

Contaminants 

Radionuclides from the uranium-238, thorium-232, and uranium-235 decay series. 

Non-radiological contaminants are not applicable to the property addressed in this 
report per the Record of Decision for the St. Louis Downtown Sites (ROD) (USACE 
1998a). 

Remediation Method, 
Quantity, and Dates 

Soil: Approximately 47 bank cubic yards of soil were excavated from the property 
and shipped via rail to a properly permitted, out-of-state disposal facility in August 
2007. 

Structure Surfaces: Soil attached as residual material on the surfaces of buildings 
and other permanent structures are excluded from the scope of the ROD and will be 
addressed in a subsequent Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) action; therefore, these are not addressed in this 
report. 

Regulatory Requirements/ 
Remecliation Goals 

See Section 2.1 

Results 

The accessible soil on DT-17 is releasable for unrestricted use based on the soil 
sampling results, radiological surveys, and risk and dose assessment. The 
highest residual radiological risk calculated for DT-17 is 3x10 -5 , which met the 
target risk' range of 10 .6  to 104. The highest residual radiological dose calculated 
for DT-17 is 2 millirem per year, which is compliant with the dose limit of 25 
millirem per year. This potential risk and dose is the highest resulting risk and dose 
while evaluating each year over the next 1,000 years based on a residential use 
scenario with no cover material over the remaining excavation surfaces. 

Remediation Cost 
When 	each 	of the 	projects 	within the 	program has been 	completed, 	the 
programmatic costs will be presented in a final closeout report. 

Description 

DT-17 is an approximately one-acre property owned and operated by Rutzgroup 
LLC. The property is located within the City of St. Louis on the southeast corner of the 
intersection of North Broadway and Buchanan Street. The DT-17 property includes a 
large warehouse building with three loading docks; one on the west side of the 
building and two on the east side of the building. The warehouse building is 
situated about 90 to 140 feet east of North Broadway, along the southern right-of-
way of Buchanan Street, about 50 feet west of the eastern property line and along 
the southern property line. The open areas of the property on the east and west sides 
of the warehouse building are covered by gravel and paved with asphalt for 
parking, respectively. The warehouse building currently houses a fruit and 
vegetable washing/preparation business. 

When estimating cancer risk, a lifetime risk level for an exposed individual and how many additional cancer cases might occur in a population 
of exposed people (i.e., lx10 -6  is equal to one additional case in a population of one million) are predicted. These are cancers that may or may 
not occur, but if they were to occur, they would be in addition to cancers from other causes, such as smoking tobacco. For non-cancer toxicity, 
a daily exposure level that is likely to be of little risk to people is estimated. 

vi 
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1.0 INTRODUCTION 

The Record of Decision for the St. Louis Downtown Site (ROD) (USACE 1998a) provides the 
final remedial action (RA) for the accessible soil and ground water contaminated as the result of 
Manhattan Engineer District (MED) and U.S. Atomic Energy Commission (AEC) uranium 
manufacturing and processing activities at the St. Louis Downtown Site (SLDS). 

The work that is the subject of this report was performed by the St. Louis District U.S. Army Corps 
of Engineers (USACE) as part of the Formerly Utilized Sites Remedial Action Program 
(FUSRAP). FUSRAP was executed by the U.S. Department of Energy (DOE) to identify and 
remediate or otherwise control sites where residual radioactivity remains from activities 
conducted while under contract to MED and AEC during the early years of the nation's atomic 
energy program or from commercial operations that Congress directed DOE to remediate and 
that DOE added to the FUSRAP sites, as described in the Record of Decision for the St. Louis 
Downtown Site (ROD) (USACE 1998a). FUSRAP was continued by the successor agencies to 
the AEC until 1997 when the U.S. Congress transferred responsibility for the execution aspect of 
FUSRAP from the DOE to the USACE. The DOE will assume a stewardship responsibility 
beginning two years after completion of the response action at the SLDS. 

The USACE was authorized by Congress as the lead agency for implementation of the Selected 
Remedy. The remedy was jointly selected by the USACE and the U.S. Environmental Protection 
Agency (USEPA) with the concurrence of the Missouri Department of Natural Resources 
(MDNR). The work within the scope of the report was managed by the USACE St. Louis 
District FUSRAP Project Office and was accomplished in accordance with the National Oil and 
Hazardous Substances Contingency Plan (NCP) and the Comprehensive Environmental 

• 
Response, Compensation, and Liability Act (CERCLA). 

This report specifically documents the series of response actions performed for accessible soil and 
the Final Status Survey Evaluation (FSSE) conducted at the property described in Section 1.1 
(DT-17). 

Prior to implementing response actions, environmental investigations were conducted at these 
properties to aid in defining and delineating areas of radiological contamination. When it was 
determined the RA was complete, a FSSE was conducted using procedures compatible with the 
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (DOD 2000) guidance 
to ensure that any residual radioactivity did not exceed the criteria specified in the ROD (USACE 
1998a). Non-radiological contaminants of concern (COCs) are not applicable to DT-17. 

Inaccessible soils that contain MED/AEC contamination and the surfaces of buildings and other 
permanent structures are excluded from the scope of the ROD and will be addressed in a 
subsequent CERCLA action. 

1.1 	PROPERTY DESCRIPTION 

• 
Christiana Court, LLC Vicinity Property (DT-17) is an approximately one-acre property and is 
depicted in Figure 1. The property is located within the City of St. Louis on the southeast corner of 
the intersection of North Broadway and Buchanan Street. It is bordered on the north by Buchanan 
Street, on the east by former Second Street and Norfolk-Southern Railroad property (DT-3), on 
the south by Star Bedding Company (DT-16), and on the west by North Broadway. The DT-17 
property includes a large warehouse building with three loading docks; one on the west side of 
the building and two on the east side of the building. The warehouse building is situated about 90 

1 
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to 140 feet east of North Broadway, along the southern right-of-way (ROW) of Buchanan Street, 
about 50 feet west of the eastern property line and along the southern property line. The open 
areas of the property on the east and west sides of the warehouse building are covered by gravel 
and paved with asphalt for parking, respectively. The warehouse building currently houses a fruit 
and vegetable washing/preparation business. The area surrounding DT-17 is primarily industrial 
and commercial facilities with limited residential usage. 

The local topography of DT-17 is relatively flat. The property is covered primarily by a 
warehouse building and also by either consolidated material (a 2 to 3 inch thick asphalt 
pavement parking lot), or by unconsolidated material (primarily gravel). According to the Pre-
Design Investigation Data Summary Report, Christiana Court, LLC Vicinity Property (DT-17) 
SLDS South Vicinity Properties, FUSRAP St. Louis Downtown Site, St. Louis, Missouri (PDIR) 
(Shaw 2007a), the subsurface soil at DT-17 was characterized to 6 ft deep as primarily loose 
granular fill material overlaying silty clay soil layers. The fill material extends to approximately 
2 to 4 ft below ground surface (bgs) and consists of coarse sand and gravel having cinders, slag, 
bricks, and brick fragments. Some of the identified silty clay layers had brick fragments and 
cinders embedded within them. 

Table 1 contains the address of the property being addressed in this report, the parcel designation 
established by St. Louis City (STLCITY 2010), and whether the ROW was included. 

Table 1. Addresses, Parcels, and Designations 

Address Parcel Designation for this Project ROW Included 
3240 N. Broadway 03080400200 DT-17 N/A 

1.2 	SITE HISTORY AND BACKGROUND 

From 1942 to 1957, Mallincicrodt Chemical Works (Mallincicrodt) processed uranium feed 
materials to produce various forms of uranium compounds and uranium metal for U.S. military 
purposes under contract to the Manhattan Engineer District (MED)/AEC. Mallincicrodt 
performed this processing at its facilities in downtown St. Louis, Missouri. Residuals of the 
process, including spent pitchblende ore, process chemicals, and radium (Ra), thorium (Th), 
uranium (U), and their radioactive decay products, were inadvertently released from the 
Mallinckrodt Property and into the environment. From 1942 to 1945, Plants 1, 2, and 4 (now 
Plant 10) were involved in the development of uranium-processing techniques, uranium 
compounds and metal production, and uranium metal recovery from residues and scrap. 
Mallinckrodt is currently owned and operated by Covidien. 

Christiana Court, LLC property (DT-17) was not specifically identified as part of the SLDS in the 
ROD. However, the SLDS boundaries were later clarified to include this and other properties in 
accordance with the Memorandum for Record: Non-Significant Change to the Record of 
Decision for the St. Louis Downtown Site (USACE 2005a). This is further discussed in Section 
2.4. 

DT-17 is currently owned by the Rutzgroup LLC (STLCITY 2010). The DT-17 property became 
contaminated with radionuclides due to its proximity to Mallincicrodt property used by 
TVIED/AEC in the 1940s and 1950s. 

2 
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1.3 	DT-17 INVESTIGATIONS AND RESPONSE ACTIONS 

1.3.1 	Previous Investigations and Response Actions 

Prior to February 2001, there were no characterization activities conducted at DT-17. However, a 
review of historical information and the results of characterization activities at nearby SLDS 
properties, as described in the Radiological, Chemical, and Hydrogeological Characterization 
Report for the St. Louis Downtown Site in St. Louis Missouri (BNI 1990) prompted the 
Pre-Design Investigation (PDI) of DT-17. The PDI activities were conducted under CERCLA 
and included radiological surveys, radiological soil sampling, and analysis of environmental 
media. 

Between February and March 2001, an initial gamma walkover survey (GWS) was conducted by 
Science Applications International Corporation (SAIC) to identify areas of elevated radiological 
activity. In July 2001 and between December 2005 and May 2006, a PDI was conducted at 
DT-17 to delineate radiological soil contamination, if any. The PDI included additional GWSs, 
sampling 25 locations, and collecting 57 soil samples for radiological analysis. These activities 
are described in the Pre-Design Investigation Data Summary Report, Christiana Court, LLC 
Vicinity Property (DT-17) (Shaw 2007a). 

1.3.2 	Subject Response Actions 

Although four interim actions have been performed at SLDS, these did not involve DT-17 and 
thus are not relevant to this report. In June 1990, USEPA Region VII and DOE entered into a 
CERCLA Section 120 Federal Facilities Agreement (FFA). In the FFA, DOE agreed to conduct 
response actions for the following materials: 

• All wastes, including but not limited to radiologically contaminated wastes, resulting 
from or associated with MED/AEC uranium manufacturing or processing activities 
conducted at the SLDS. 

• Other chemical or radiological wastes that have been mixed or commingled with wastes 
resulting from or associated with MED/AEC uranium manufacturing or processing 
activities conducted at the SLDS. 

The ROD addresses contamination related to MED/AEC activities in accessible soils and ground 
water. 

1.4 	DESCRIPTION OF OPERABLE UNITS 

The SLDS has two operable units (OUs). The SLDS OU addressed by the ROD and this report is 
accessible soil and ground water contaminated as the result of MED/AEC uranium 
manufacturing and processing activities at the SLDS. The second OU is for inaccessible soils 
which will be addressed in a subsequent CERCLA action. This report addresses the accessible 
soils associated with the subject property. 

Characterization activities at the SLDS determined that contamination related to MED/AEC 
activities was present in the soils of Mallincicrodt and some VPs at levels that require RA. Much 
of the contamination resulted from MED/AEC activities, while some of the contamination is the 
result of other industrial processes associated with Mallinckrodt operations and other nearby 
industries. Still other contaminants have leached from the coal slag and cinders used as fill in the 
area. As agreed to under the FFA, hazardous substances resulting from Mallinckrodt operations 

3 
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for the MED/AEC are the subject of this response action. Mallincicrodt is now owned and 
operated by Covidien. 

Contaminants resulting from other actions or preexisting contaminants at the site are being 
addressed through actions being carried out by other authorities. This includes both radioactive 
and hazardous substances, which are the responsibility of other parties. The other actions being 
carried out include termination of a Mallincicrodt Nuclear Regulatory Commission (NRC) 
license and a Resource Conservation and Recovery Act action for the entire Mallincicrodt site. 
Contaminants resulting from other actions or preexisting contaminants (as defined above) were 
not identified during the investigation of DT-17; therefore, no FUSRAP-related actions were 
necessary to address these contaminants. 

The EPA, NRC, State of Missouri, and Mallincicrodt are working together to assure that all 
remaining potential hazards at the site are addressed. 

4 
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2.0 OPERABLE UNIT BACKGROUND 

• 2.1 ROD REQUIREMENTS 

The response actions conducted at DT-17 consisted of a single-phased RA. In accordance with 
the ROD, RA requirements are discussed below. 

2.1.1 	Remedial Action 

The CERCLA RA process began with gathering existing information about the site and 
determining if there is a threat to human health and the environment. A remedial investigation 
was performed to characterize the extent and type of release, and to evaluate the baseline risk to 
human health and the environment. The results of the investigation were documented in the 
Remedial Investigation Report for the St. Louis Site (DOE 1994). The Feasibility Study for the 
St. Louis Downtown Site (FS) (USACE 1998b) was developed to evaluate RAs. 

The following information summarizes the remedial action objectives (RA05), the selected 
remedy, the remediation goals (RGs), and applicable or relevant and appropriate requirements 
(ARARs) that are specified in the ROD. 

2.1.1.1 Remedial Action Objectives 

RAOs were established early in the CERCLA process for SLDS. The RAOs served as a basis for 
developing RA alternatives for the ROD. The RAOs describe what the RA needs to accomplish 
in order to be protective of human health and the environment. Section 7.1 of the ROD identifies 
the following RAOs for the SLDS: 

• • Prevent exposures from surface residual contamination in soil greater than the criteria 
prescribed in the Code of Federal Regulations (CFR), 40 CFR Part 192. 

• Eliminate or minimize the potential for humans or biota to contact, ingest, or inhale soil 
containing COCs. 

• Eliminate or minimize volume, toxicity, and mobility of impacted soil. 

• Eliminate or minimize the potential for migration of radioactive materials off-site. 

• Comply with ARARs. 

• Eliminate or minimize potential exposure to external gamma radiation. 

• Remove sources of COCs in the shallow ground-water system (A Unit). 

• Continue to maintain low concentrations of COCs in the Mississippi Alluvial Aquifer 
(B Unit). 

2.1.1.2 Selected Remedy 

The Selected Remedy for SLDS is Alternative 6 from the FS, Selective Excavation and Disposal. 
The Selected Remedy addresses accessible soil and ground water contaminated as a result of 
MED/AEC uranium manufacturing and processing activities at the SLDS. Pursuant to the FFA, 
response actions also include "Other chemical or radiological wastes that have been mixed or 
commingled with wastes resulting from or associated with MED/AEC uranium manufacturing or 

• 
processing activities conducted at SLDS" (USACE 1998a). 

The main components of the Selected Remedy for SLDS consist of the following: 
5 
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• Excavate all accessible contaminated soils to RGs that support unrestricted use and 
dispose off-site at a permitted facility. 

• Perimeter monitoring of the ground water in the B Unit will be performed and the need 
for ground-water remediation will be evaluated as part of the periodic reviews performed 
for the site. Ground-water monitoring is currently being conducted at the SLDS. The 
need for ground-water remediation will be investigated as part of Phase II of the Ground-
water Remedial Action Alternative Assessment (GRAAA). 

The following points were identified in the ROD in selecting this remedy: 

• The current land use is generally commercial/industrial with some residences and a 
recreational bike trail adjacent to the Mississippi River. The closest residential dwelling 
is located approximately 200 ft southwest of the southwestern corner of SLDS. Zoning 
regulations prohibit new residences from being established in the area. No significant 
changes in land use are expected. 

• Ground water is not used as a water-supply source. The contaminated shallow ground-
water system (the A Unit) is not considered to be a potential source of drinking water due 
to its poor quality and very low yields. The Mississippi Alluvial Aquifer (the B Unit) is 
considered to be a potential source of drinking water. However, its use for a drinking 
water resource is highly unlikely for several reasons, including the industrial setting of 
the SLDS, the site's proximity to both the Mississippi River and the city's drinking water 
supply, and its poor water quality (i.e., naturally-occurring high dissolved solids and 
metal content). 

• Approved borrow obtained from an off-site location will be used to backfill excavations. 

• The Final Status Survey (FSS) will be compatible with the MARSSIM (DOD 2000). 

2.1.1.3 Remediation Goals 

If the ROD RGs are met, the property is released for unrestricted use. If the RGs are not met, 
then a property-specific remediation plan is developed to achieve the ROD RGs. The cleanup 
criteria for unrestricted use consist of excavation of accessible soils according to the ARAR-
based composite cleanup criteria. Table 2 lists the RGs, their applicability to DT-17, and the 
method for confirming that the applicable RGs were met. 

2.1.1.4 Applicable or Relevant and Appropriate Requirements 

Section 121(d) of CERCLA and the National Contingency Plan §300.430(0(1)(ii)(B) require that 
RAs at CERCLA sites at least attain legally applicable or relevant and appropriate Federal and 
State requirements, standards, criteria, and limitations, which are collectively referred to as 
"ARARs," unless such ARARs are waived under CERCLA section 121(d)(4). 

Relevant and appropriate requirements are cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under Federal environmental or 
State environmental or facility citing laws that, while not "applicable" to a hazardous substance, 
pollutant, contaminant, RA, location, or other circumstance at a CERCLA site, address problems 
or situations sufficiently similar to those encountered at the CERCLA site that are well-suited to 
the particular site. Only those State standards that are identified in a timely manner and are more 
stringent than Federal requirements may be relevant and appropriate. The key ARARs for the 
SLDS, as presented in the ROD, for the selected remedy are listed on the next page. 
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Table 2. Remediation Goals and Assessment Methods 

Media Specification Methods 

Soil 
Radionuclide 

(Results from 
a 0.5 ft soil 
interval 
averaged over 
100 square 
meters [m2].) 

Ra-226 
Th-230 

<5 picocuries per gram (pCi/g) above background for soil less than 0.5 ft 
<15 pCi/g above background for soil deeper than 0.5 ft 

Use soil sample 
results to calculate 
the net sum-of-the-
ratio (SORN). 
Calculate area-
weighted averages 
as necessary. Use 
MARS SIM to 
determine the 
required number of , 	. 
systematic soil 
samples. A 
minimum of one 
soil sample is 
obtained for every 
100 m 2  in Class 1 
survey units (SUs). 

Use Wilcoxon 
Rank Sum (WRS) 
test to demonstrate 
that the SU 
achieves RGs (if 
required). 

Ra-228 
Th-232 

<5 pCi/g above background for soil less than 0.5 ft 
<15 pCi/g above background for soil deeper than 0.5 ft 

U-238 <50 pCi/g above background 

SORN b  

depth 5 0 5J1 	(greater of Th-230A„Ra-226A, ) 	(greater of Th-232,v ,Ra-228A,) ± U-238A , 
SOR 	

. 	 ± 
N  

5 pa/g 	 5 pCi/g 	 50  PCilg 

>0. 5.11 _ (greater of Th-230,Ra-226 A, ) 	(greater of Th-232A,,Ra-2285, ) ± U-238,v  SORdepth 	 + 
,v 

15 pCi/g 	 15 pCi/g 	 50 pCi/g 

SORN  < 1 when systematic soil sample results averaged over SU 

SORN  < 1 over 100 m 2  based on area-weighted average 

SORG  Pass MARS SIM WRS test 

Soil Non- 
Radionuclide 

Not applicable 

Consolidated 
Material 
Surfaces 

Not applicable. There were no consolidated materials encountered within the excavation. 

Health Risk 10-6  to 104  
Use the RESidual RADioactivity 
(RESRAD) computer model to 
estimate health risk. 

Dose Total Effective Dose Equivalent < 25 millirem per year (mrem/yr) 
Use soil sample results as inputs to the 
RESRAD to estimate dose. 

Toxicity Not applicable 

Ground Water No action required at DT-17 

Notes: 
In the SORN equations, the radioactivity (e.g., Ra-226) is measured as a concentration (i.e., pCi/g). The radioactivity concentration is divided by the RG for 

that specific radionuclide (e.g., 5 pCi/g for Ra-226). The subscript "N" represents net concentration above background. Background values were 
determined using 32 soil samples collected from non-impacted areas near SLDS. The background reference soil sample data are summarized in 
Appendix A (Attachment A-3). 

The ROD lists RG components addressing ground-water monitoring of the Mississippi Alluvial Aquifer (B unit). This aquifer is addressed 
separately from this report on accessible soil. 

The ROD lists an RG component addressing sewer and drain sediments. The sewer systems used for MED/AEC processing operations are not 
located within the boundary of DT-17; therefore soils on DT-17 would not have been impacted by flow from areas with MED/AEC operations. 
In addition, contaminated surface runoff is unlikely to have significantly impacted any sewers that might be located on DT-17 based on its 
location relative to properties where MED/AEC processing operations occurred. 

40 CFR Part 192, Subpart A, Section 192.12(a) is relevant and appropriate: Residual radioactive 
material concentration of Ra-226 and Ra-228 in land averaged over any 100 m 2  area shall not 
exceed the background level by >5 picocuries per gram (pCi/g) averaged over the first 15 cm of 
soil (6 inches) and 15 pCi/g averaged over 15 cm thick layers of soil >15 cm below the surface 
(USEPA 2002). 
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40 CFR Part 192, Subpart B, Section 192.02(b)(1) is relevant and appropriate: Radon-222 
releases will not exceed an average rate of 20 pCi/m 2/s or increase the average annual 
concentration by more than 0.5 pCi/L in air outside the site (USEPA 2002). 

40 CFR Part 192, Sections 192.40 and 192.41 are relevant and appropriate. This regulation was 
used in developing the thorium cleanup criteria for sites where thorium ores were processed 
(USEPA 2002). 

40 CFR Parts 257-272 are relevant and appropriate: The Selected Remedy will comply with 40 
CFR Parts 257-272, which establish accountability in handling hazardous waste from generation 
to disposal. 

10 CFR Part 20, Subpart E is applicable: This rule provides consistent standards to Nuclear 
Regulatory Commission (NRC) licensees for determining the extent to which lands must be 
remediated before decommissioning of a site can be considered complete and the license 
terminated. 

2.2 	PLANNED FUTURE LAND USE 

The current land use of DT-17 is commercial/industrial. SLDS is generally commercial/industrial 
with some residences and a recreational bike trail adjacent to the Mississippi River. The closest 
residential dwelling is located approximately 200 ft southwest of the southwestern corner of 
SLDS. Zoning regulations prohibit new residences from being established in the area zoned as 
industrial. No significant changes in land use are expected. 

Ground water is not currently used as a water-supply source. The contaminated shallow ground-
water system is not considered tu bc a potential snurc,e of drinking water due to its poor quality 
and very low yields. 

2.3 REMEDIAL DESIGN SUMMARY 

2.3.1 	General 

The Small Area Remediation Work Area-Specific Description, FUSRAP St. Louis Downtown 
Site, St. Louis, Missouri (WASD) (Shaw 2005) describes the common aspects for all small area 
remediation activities at SLDS. The remediation requirements for DT-17 were defined in the 
PDIR (Shaw 2007a). The PDIR presents the data used in support of the development of the 
drawings and specifications for design of excavations to remove contaminated soil from the 
property. The PDIR is the basis for preparing the Remediation Activity Work Description, 
Christiana Court, LLC Vicinity Property (DT-17) (RAWD) (Shaw 2007b). 

2.3.2 	Location-Specific Work Plans and Work Descriptions 

The RAWD describes the specific elements of the planned remediation activities required for 
DT-17. The remedial design document specifies the activities required to excavate one identified 
area of contamination, backfill the excavation with approved borrow and restore the surface 
(asphalt pavement). 

In August 2007, remediation of the one area of radiological contamination identified in the DT-
17 PDIR was initiated. The area was located in the parking lot on the western portion of the 
property. The excavated area was backfilled using clean, USACE-approved, off-site borrow and 
the asphalt surface was replaced as necessary. 
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2.3.3 	List of Documents 

Detailed information that form the basis for the design of DT-17 response action activities is 
contained in the following documents, which are presented in chronological order. 

• Baseline Risk Assessment for the Exposure to Contaminants at the St. Louis Site, St. 
Louis, Missouri (DOE 1993). 

• Remedial Investigation Report for the St. Louis Site, St. Louis, Missouri (DOE 1994a). 

• Remedial Investigation Addendum for the St. Louis Site, St. Louis, Missouri (DOE 1995). 

• Feasibility Study for the St. Louis Downtown Site (USACE 1998b). 

• Record of Decision for the St. Louis Downtown Site (USACE 1998a). 

• Post-Remedial Action Report for the Accessible Soils within the St. Louis Downtown Site 
Plant 2 Property (USACE 2002a). 

• Contractor Quality Control Plan, FUSRAP St. Louis Airport/St. Louis Downtown Sites, 
St. Louis, Missouri (Shaw 2004a). 

• Small Area Remediation Work Area-Specific Description, FUSRAP St. Louis Downtown 
Site, St. Louis, Missouri (Shaw 2005). 

• Pre-Design Investigation Data Summary Report, Christiana Court, LLC Vicinity 
Property (DT-17) SLDS South Vicinity Properties, FUSRAP St. Louis Downtown Site, 
St. Louis, Missouri (Shaw 2007a). 

• Remediation Activity Work Description, Christiana Court, LLC Vicinity Property 
(DT-17) (Shaw 2007b). 

2.4 	ROD AMENDMENTS, EXPLANATIONS OF SIGNIFICANT DIFFERENCES, 
OR TECHNICAL WAIVERS 

There have not been any ROD amendments, significant differences, or technical waivers. There 
was a non-significant change to the ROD issued by the USACE via the Memorandum for 
Record: Non-significant Change to the Record of Decision for the St. Louis Downtown Site 
(USACE 2005a). The non-significant change is best described as a clarification of the boundary 
of the SLDS remedial area. The boundaries were amended to increase the geographical 
area/scope of the SLDS site to include additional areas (i.e., vicinity properties) to the north, 
south and west. The addition of the properties to the scope of the ROD represented a small 
increase in the physical area requiring remediation and a minor change to the estimated 
remediation volumes and the corresponding project costs. DT-17 was added to the SLDS as a 
result of the non-significant change to the ROD. 
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3.0 CHRONOLOGY OF EVENTS 

3.1 	SIGNIFICANT EVENTS 

The chronology of events significant to the RA at DT-17 is summarized in Table 3. The 
construction start dates and backfill authorization dates are indicated for Survey Unit (SU)-1. 
Figure 2 identifies SU-1. 

Table 3. 1)1-17 Chronology of Significant Events 

Date Complete Event 
August 27, 1998 ROD signed 
August 5, 2005 Small Area Remediation Work Area-Specific Description Revision 1 
January 8, 2007 Pre-Design Investigation Data Summary Report, Christiana Court, LLC 

Vicinity Property (DT-17) Revision 0 
March 27, 2007 DT-17 Remediation Activity Work Description Revision 1 
August 7, 2007 Start Excavation, SU-1 
August 7, 2007 Backlit! Authorization Approved for SU-1 

August 16, 2007 Pavement restoration 
September 13, 2007 Final Inspection complete 

3.2 	REMAINING EVENTS 

As previously described, the remediation of DT-17 is part of the much larger overall SLDS 
project. When all projects in the program are completed, a Final Closeout Report for the ROD 
will be developed at the program level. This project-level Post-Remedial Action Report will 

• 	
support that Final Closeout Report. 
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4.0 DESCRIPTION OF CONSTRUCTION ACTIVITIES 

	

4.1 	HEALTH AND SAFETY 

Public and worker health and safety are the highest priorities at St. Louis District FUSRAP sites. 
USACE follows the safety requirements of the U.S. Occupational Safety and Health 
Administration's (OSHA) Occupational Safety and Health Standards, 29 CFR 1910 (OSHA 
2006), and USACE's Safety - Safety and Health Requirements, EM 385-1-1 (USACE 2008). 
USACE follows the radiation safety requirements of the Army Radiation Safety Program — 
Department of Army Pamphlet 385-24 (DA 2007). 

Specific health and safety requirements for construction and remediation activities were 
specified in the Site Safety and Health Plan, FUSRAP St. Louis Airport Site, St. Louis, 
Missouri/FUSRAP St. Louis Downtown Site, St. Louis, Missouri (Shaw 2004b). Health and 
safety requirements for FSS activities were specified in the SAIC Site Safety and Health Plan St. 
Louis — FUSRAP Activities (USACE 2000a). No health and safety problems were encountered 
during the construction or FSS activities. Personal protective equipment (PPE) was required for 
personnel working on the site. The determination of appropriate PPE was made prior to the work 
effort, and the PPE level was adjusted when necessary to ensure proper protection of workers at 
all times. Construction safety permits were developed prior to the performance of work that 
required a permit. 

	

4.2 	REMEDIAL ACTIONS 

Approximately 91 m 2  of ground surface area were affected, to a maximum depth of 1.5 feet, by 
remediation activities. Approximately 47 bank cubic yards of radiologically contaminated soil 
was excavated from DT-17. Figure 2 shows the area and SU boundaries for DT-17. The as-built 
excavation surface grades and final "as-left" grades are shown on Figure 3. 

Waste materials excavated as a result of the RA were shipped to U.S. Ecology Idaho (formerly 
Envirosafe of Idaho) in Grand View, Idaho. 

The period from excavation to restoration of DT-17 occurred from August 2007 to September 
2007. The chronology of events significant to the remediation of DT-17 is summarized in 
Section 3.1. 

	

4.3 	FINAL INSPECTION 

The RA is complete at DT-17. Final inspections were conducted for the remediated SU at the 
conclusion of site restoration and provided closure for the remediation activities at DT-17. The 
final inspection is documented on the final inspection form and is retained in the Project Files. 
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5.0 PERFORMANCE STANDARDS AND PROPERTY STATUS 

110 	5.1 	PERFORMANCE STANDARDS 

In accordance with the ROD, the purpose of the RAOs is to prevent or mitigate further release of 
contaminants to the surrounding environment and to comply with the established ARARs. The 
performance results of the RA are summarized in Table 4. 

Table 4. Performance Results 

Remedial Action Objectives Selected Remedy Components Performance Results 

Prevent exposures from surface 
residual contamination in soils 
greater than the criteria 
prescribed in 40 CFR Part 192. 

Excavate all accessible contaminated 
soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility. 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs that support unrestricted use. 

Soils excavated from DT-17 were 
properly disposed off-site at a 
permitted facility. 

Eliminate or minimize the 
potential for humans or biota to 
contact, ingest, or inhale soil 
containing COCs. 

Excavate all accessible contaminated 
soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility. 

Inaccessible soils that contain 
MED/AEC contamination and 
associated buildings and structures are 
excluded from the scope of the ROD. 
Until a decision is developed to address 
the ultimate disposition of inaccessible 
soils, steps will be taken to control uses 
inconsistent with current uses and to 
learn of anticipated changes in 
conditions that might make these soils 
accessible or increase the potential for 
exposure. 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs that support unrestricted use. 

Soils excavated from DT-17 were 
properly disposed off-site at a 
permitted facility. 

Eliminate or minimize volume, 
toxicity, and 
mobility of impacted soil. 

Excavate all accessible contaminated 
soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility. 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs that support unrestricted use. 

Eliminate or minimize the 
potential for migration 
of radioactive materials off-site. 

Excavate all accessible contaminated 
soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility. 

Safety, erosion, surface water, and 
traffic controls were established as 
required. Environmental monitoring 
was conducted to determine if the 
public and/or the environment (i.e., 
ground water and surface water) were 
being impacted by conditions at the site 
or RAs on the site. 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs that support unrestricted use. 

Soils excavated from DT-17 were 
properly disposed off-site at a 
permitted facility. 

Environmental monitoring for the 
FUSRAP in St. Louis has confirmed 
that radiation safety regulations for 
the public, workers, and 
environment have been met during 
the conduct of this project. 

• 
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Table 4. Performance Results (Continued) 

Remedial Action Objectives Selected Remedy Components Performance Results 
Comply with ARARs. Excavate all accessible contaminated 

soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility, 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs, comply with the ARARs, and 
support unrestricted use. 

Soils excavated from DT-17 were 
properly disposed off-site at a 
permitted facility. 

Eliminate or minimize potential 
exposure to external gamma 
radiation. 

Excavate all accessible contaminated 
soils at SLDS properties to RGs that 
support unrestricted use and dispose 
off-site at a permitted facility. 

Inaccessible soils that contain 
MED/AEC contamination and 
associated buildings and structures are 
excluded from the scope of the ROD. 

Until a decision is developed to address 
the ultimate disposition of inaccessible 
soils, steps will be taken to control uses 
inconsistent with current uses and to 
learn of anticipated changes in 
conditions that might make these soils 
accessible or increase the potential for 
exposure. 

FSS data indicated that accessible 
soils left in place at DT-17 meet 
RGs that support unrestricted use. 

Soils excavated from DT-17 were 
properly disposed off-site at a 
permitted facility. 

Remove sources of COCs in the 
ground water A Unit. 

Monitor ground water long-term in 
selected areas where soils contaminated 
above RGs are left in place. 

FSS data indicated that no 
accessible soils have been left in 
place at DT-17 with contamination 
above RGs, thus the source of 
COCs in the A unit have been 
removed. 

Continue to maintain low 
concentrations of OU COCs in 
the ground water B Unit. 

Monitor contaminated ground water 
that has the potential to degrade 
adjacent ground-water or surface-water 
systems. 

USACE will continue to monitor 
SLDS B Unit ground water in the 
general area as specified in the 
ROD. 

Table 5 contains a comparison of RGs and the results of the FSS. The FSS results and the risk 
and dose assessment demonstrate that DT-17 satisfies the ROD performance standards for 
unrestricted use. 

Table 5. Comparison of FSS Results to Remediation Goals 

RG Type RG Results 

Soil Radionuclide 
(Note: 40 CFR 192 limits 
area-weighted averaging 
to any 0.5 ft layer of soil 

and to 100 m2) 

SORN  < 1 when systematic soil samples 
averaged over SU. 

Soil sample SORN  < 1 when averaged over 
100 m 2  

The average 

No soil 
therefore 

result for each SU was less than 
specification: 

the 

SU Average SORN  
1 0.11 
2 0.07 

samples exceeded SORN  of 1.0; 
100 m2  averages were not required. 

Health Risk 10.6  to 104  3x10-5  
Dose Total Effective Dose Equivalent < 25 mrem/yr 2 mrem/yr 
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5.2 	POST-REMEDIAL ACTION MEASUREMENTS/VERIFICATION 

Verification sampling (i.e., FSS) of the excavated area was conducted by the verification 
contractor. The FSSE is provided in Appendix A of this report. The FSSE provides detailed 
information regarding: (1) the survey process for soil (including the design, methodology, and 
approach for area-weighted averaging); (2) the assessment of survey results for soil (including 
statistical tests and data quality); (3) an assessment of residual risk and dose; and (4) conclusions. 
As described below, the FSSE demonstrates that the conditions established in the ROD for 
protecting human health and the environment have been achieved at DT-17. 

Post-Remedial Action Measurements/Verification, referred to as the FSS, were performed to 
demonstrate that DT-17 accessible soils could be released for unrestricted use. All FSS activities 
relevant to radiological contamination were conducted using a MARS SIM-based approach 
established in the Final Status Survey Plan [FSSP] for the Accessible Soil within Mallinckrodt 
Property and the Vicinity Properties, Excluding Plants 1, 2, and the City Property at the St. 
Louis Downtown Site (USACE 2002b). FSS activities relevant to radiological contamination 
were conducted in accordance with ROD requirements. The FSS at the DT-17 included the 
following activities: 

• Collecting systematic and biased soil samples for radiological COCs consistent with 
MARSSIM; 

• Performing GWSs to identify gross radiological contamination and small (relative to the 
soil sampling grid) areas of elevated activity; 

• Comparing radiological soil sampling results to their corresponding RGs to demonstrate 
compliance with the ROD RGs; 

• Calculating radiological risk and radiological dose to demonstrate that residual exposures 
are compliant with the limits specified in the ROD; and 

• Performing radiological surveys of designated impacted consolidated materials (e.g., non-
soil like material with any one dimension greater than 10 inches, such as asphalt or 
concrete) consistent with the MARSSIM approach. 

After field FSS data are collected, the data for each individual SU are evaluated as follows: 

• The radiological data are evaluated in the Quality Control Summary Report (QCSR) to 
determine if the Data Quality Objectives (DQ0s) are met (see Appendix A for additional 
details regarding this evaluation); 

• The GWS and biased radiological soil sample data are evaluated to resolve any identified 
areas of elevated residual radioactivity; and 

• Systematic soil sampling data are evaluated using the non-parametric statistical methods 
established in MARSSIM and the FSSP. 

The primary goal of the FSS was to establish whether the "Null Hypothesis", which states 
"residual radioactivity in the SU exceeds the release criterion (i.e., the RG)", is accepted or 
rejected for a particular SU. There are several evaluations conducted to test the Null Hypothesis, 
as described below. 

• Evaluate if the average systematic soil sample result over the area is less than the RG. 
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• If there are any soil sample results greater than the RG (surface, subsurface, systematic or 
biased), then an evaluation must be conducted to identify if the RG is exceeded over any 
100 m2  area (40 CFR 192.12(a)). 

• The Wilcoxon Rank Sum (WRS) test is used in situations where the radiological COCs 
are present in background and establishes with sufficient statistical probability that the 
average concentration in the SU does not exceed the RG. The test outcome, if required, 
must exceed the "critical value" in order to reject the Null Hypothesis and release the SU. 

• Evaluate if the radiological risk and dose for the property is less than the requirements for 
unrestricted use in the ROD. 

5.2.1 	Surface and Subsurface Soil Sampling Methods 

Surface and subsurface soil samplings for the FSS were the primary methods used to verify 
attainment of the RA0s. All samples were collected, shipped, analyzed, and validated as 
specified in the FSSP and the Sampling and Analysis Guide for the St. Louis Sites (SAG) 
(USACE 2000b). 

All surface and subsurface soil samples (systematic and biased) were prepared and analyzed 
using gamma spectroscopy and isotopic thorium analysis via alpha spectroscopy. All analytical 
soil sampling results in Appendix A, Attachment A-4, are presented as "gross" with no 
subtraction for background soil concentrations. For radiological contaminants, net soil sampling 
data was calculated by subtracting the mean background value from gross concentrations. Net  
and gross radiological soil sampling data are summarized for each SU in Appendix A, 
Attachment A-5. 

Data review and evaluation was performed on 100 percent of FSS analytical radiological soil 
sample results. Data validation was performed on 10 percent of the FSS analytical soil sample 
results. The quality assurance (QA)/quality control (QC) requirements and results associated 
with the FSS samples are summarized in Section 6.2. A more detailed evaluation of QA/QC data 
are included in the QCSR in Appendix A, Attachment A-6. 

5.2.1.1 Surface Soil Sampling 

Surface soil samples collected within the limits of excavation were collected for the 0-0.5 foot 
interval at the bottom of the excavation with a stainless steel hand auger, trowels, and mixing 
bowls. All sampling equipment was decontaminated prior to use by manual washing. Surface 
soil samples collected in the areas outside the excavation were collected from grade to 0.5 foot 
bgs. If a soil sample to be collected occurred in a location where the surface was covered (e.g., 
asphalt, concrete or gravel), the surface soil sample was collected from the first 0.5 interval 
below cover material (bcm) to avoid sampling the layer of cover material. 

5.2.1.2 Subsurface Soil Sampling 

Subsurface soils were sampled to confirm that no unexpected subsurface radioactive 
contamination was present. Soil sampling was conducted in accordance with the requirements 
from the FSSP as follows: 

• Class 2 and Class 3 Survey Units: Soil sampling was conducted by removing a soil 
column of approximately 45 to 60 cm (1.5 to 2.0 ft) below original grade at all identified 
soil sampling locations. Two (2) soil samples were collected in this soil column. The first 
soil sample was from the first 15 cm (0.5 ft) of the uppermost soil layer below any cover  
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material (i.e., asphalt and associated gravel). The second soil sample with a span of 15 
cm (0.5 ft) was collected from the remaining column in the area exhibiting the greatest 
radioactivity determined by using a NaI gamma radiation detector or instrumentation of 
equal or greater sensitivity. If the remaining soil column had a relatively uniform count 
rate, the second soil sample interval was collected at the deepest 15 cm (0.5 ft) portion of 
the column. In addition, one-third of the soil sampling locations were sampled by 
removing soil columns of approximately 45 to 60 cm (1.5 to 2.0 ft) until a total depth of 
1.8 m (6 ft) below original grade was obtained. The total depth did not exceed 1.8 m (6 
ft) below original grade. In these locations, the first column was sampled as described 
above. In subsequent soil columns removed below the uppermost soil column, one soil 
sample was collected from each column. A soil sample with a span of 15 cm (0.5 ft) was 
collected from each column in the area exhibiting the greatest radioactivity determined by 
using a NaI gamma radiation detector or instrumentation of equal or greater sensitivity. If 
the soil column had a relatively uniform count rate, the soil sample was collected from 
the deepest 15 cm (0.5 ft) portion of the column. 

• Class 1 Survey Units: Soil sampling was performed on the excavation surface to a depth 
of 15 cm (0.5 ft). 

The subsurface soil samples were collected with a stainless steel hand auger, trowels, and mixing 
bowls in a manner similar to surface soil sampling conducted during verification. All sampling 
equipment was decontaminated prior to use by manual washing. Each subsurface soil sampling 
hole was abandoned using bentonite. 

5.2.2 Gamma Walkover Surveys 

The purpose of the GWS is to identify small areas of elevated radioactivity in surface soils, 
which may not be fully characterized by the statistically located systematic (soil) sample grid. 
The GWS procedure consisted of walking nearly straight parallel lines approximately one meter 
(3.28 feet) apart, while moving a 2-inch by 2-inch sodium iodide (Nap gamma scintillation 
detector coupled to a scaler/rate meter in a serpentine pattern. 

Data in counts per minute (cpm) was logged automatically from the scaler/ rate meter into a 
global positioning system (GPS) unit every second. All GWS measurements were recorded as 
"gross" with no subtraction of ambient background radiation. A GPS was used to record gamma 
measurements and corresponding location data. The data was then downloaded from the GPS 
unit into a computer file and then into a geospatial software program to plot the results. When 
satellite reception was poor, not permitting the use of the GPS for logging the GWS data, the 
GWS data was manually recorded. The GWS results for DT-17 are located in Appendix A, 
(Attachment A-2). 

Scan minimum detectable concentration (MDC) values have been established in the FSSE for 
instruments used to perform the GWS. Locations where elevated GWS results were obtained 
within the SU were subjected to representative biased soil sampling as necessary to ensure 
compliance with ROD RGs. 

5.2.3 	Biased Soil Sample Collection 

Potential biased soil sample locations for radiological COCs were determined from field 
measurements (elevated GWS count rates) and geographic information system (GIS) evaluation 
of GWS data. Locations within the property corresponding to the maximum GWS measurements 
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were selected to be representative of relevant areas within the SU that exhibited elevated count 
rates. A sufficient number of biased soil samples were collected to ensure that soil samples 
representative of the SU were obtained. 

5.2.4 	Systematic Soil Sample Collection 

The location of systematic soil sample stations was based on a triangular grid pattern, extended 
from a random starting point. Per MARSSIM, triangular grids are generally more efficient for 
locating small areas of elevated radioactivity. The random-start point for the systematic grids 
ensures that the soil sample results are representative of the SU. At least one systematic soil 
sample was collected for every 100 m 2  in class 1 SUs. 

5.2.5 	Verification Summary 

The conditions established in the ROD for protecting human health and the environment are 
verified to have been met for DT-17. This conclusion is the result of a comparison of ROD 
requirements and the current conditions, as presented in the FSSE, Appendix A of this report. 
The survey results demonstrate that DT-17 is releasable for unrestricted use in accordance with 
the ROD. 

5.3 	POST-REMEDIAL RISK AND DOSE ASSESSMENT 

The soils on DT-17 are releasable for unrestricted use based on the soil sample analytical results, 
radiological surveys, and risk and dose assessment. The highest residual radiological risk that 
was calculated for DT-17 is 3x10 -5 , which meets the CERCLA target risk range of 10 -6  to 104 . 
The highest residual radiological dose that was calculated for DT-17 is 2 millirem per year 
(rnrem/yr), which is compliant with the dose limit of 25 rnrem/yr. This potential risk and dose 
was the highest result for the next 1,000 years, was based on a residential scenario, and assumed 
no cover materials over the remaining soil. 

As indicated above, the FSSE provided in Appendix A of this report contains a residual risk and 
dose assessment (Attachment A-7). These assessments also indicate the accessible soils on 
DT-17 are protective of public health and the environment and can be released for unrestricted 
use. 

5.4 	PROPERTY STATUS CONCLUSIONS 

The results of the analytical data collected under the FSS support the release of the accessible 
soils on DT-17 for unrestricted use based on a comparison with RGs established in the ROD. 
Demonstration of compliance with the ROD RAOs and RGs ensures that the substantive 
requirements of state and federal ARARs have been achieved. 
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6.0 CONSTRUCTION AND ANALYTICAL QUALITY CONTROL 

6.1 	CONSTRUCTION QUALITY CONTROL 

6.1.1 	Quality Assurance and Quality Control 

QA/QC requirements were specified in the Contractor Quality Control Plan, FUSRAP St. Louis 
Airport/St. Louis Downtown Sites, St. Louis, Missouri (CQCP) (Shaw 2004a). A goal in the 
CQCP was to verify that the remedial and construction activities were conducted in accordance 
with the specified QA/QC requirements. The WASD (Shaw 2005) describes the common aspects 
for all small area remediation activities at the SLDS. The RAWD (Shaw 2007b) describes the 
specific elements of the planned remediation activities required for DT-17. The objectives to 
meet the CQCP goal, as set forth in these plans, were met and are summarized as follows: 

• The guidelines and requirements as presented in the WASD, RAWD, and CQCP were 
followed. 

• Inspection and verification testing was performed to ensure that remedial and 
construction activities were performed in accordance with applicable specifications and 
requirements presented in the WASD, RAWD, and CQCP. 

• Remedial design variances that occurred during the remedial and/or construction 
activities, and the effects of the variances upon the system design and/or performance, 
were evaluated. 

• Variances to the design included in the RD/RAWD were documented and authorized by 
Field Work Variances, which are retained in the project files. 

• Complete documentation was prepared and maintained during and after 
construction/remediation activities to demonstrate that the WASD, RAWD, and CQCP 
requirements were met. 

6.1.2 	Contamination Control Measures 

The following measures were included as required during site RAs as a means of controlling 
contamination: 

• Establishing erosion, surface water, and traffic controls; 

• Establishing a posted exclusion zone and a contamination reduction zone; 

• Performing personnel and equipment surveys; and 

• Additionally, potentially contaminated materials, such as disposable personal protective 
equipment, were collected and disposed of appropriately. 

As part of the remediation activities, all excavation areas were inspected for preferential 
pathways. Examples of such preferential pathways include transport along subsurface utilities or 
along clay layers. If a potential preferential pathway was identified, a soil sample was collected 
for laboratory analysis. It was determined that there no areas where the potential for a 
preferential pathway with migration of radiological COCs existed. The preferential pathway 
evaluation for DT-17 did not result in the identification of any preferential pathways. 

Environmental monitoring was conducted to measure if the public and/or the environment (i.e., 
groundwater and surface water) were being impacted by conditions at the site or RAs on the site 
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and results can be found in the annual environmental reports. Environmental monitoring for 
radionuclides for the FUSRAP in St. Louis has confirmed that radiation safety regulations for the 
public, workers, and environment have been met during the conduct of this project. 

6.2 	ANALYTICAL QUALITY CONTROL 

Analytical QC was performed for soil samples collected in support of the DT-17 RA as outlined 
in the approved SAG (USACE 2000b). The analytical QC program enables the evaluation of the 
analytical results to resolve whether they are accurate and adequate and to ensure satisfactory 
execution of the RA. In support of analytical QC protocols, all FSS activities were documented 
in field logbooks that were maintained by USACE contractors and are included on a compact 
disc attached to this report. 

The FSSE provided in Appendix A of this report provides detailed information regarding data 
quality including a QCSR (Attachment A-6). 

The overall quality of the project data meets or exceeds the established project objectives. 
Through proper implementation of the project data verification, validation, and assessment 
process, project information has been determined to be acceptable for use. Soil sample data, as 
presented, have been qualified as usable, but estimated when necessary. Data that have been 
estimated have concentrations/activities that are below the quantitation limit or are indicative of 
accuracy, precision, or sensitivity being less than desired but adequate for interpretation. 

The Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
2006) defines allowable marginal exceedances as 10 percent of the total analysis for random 
anomalies that occur during regular laboratory analysis. As presented in the QCSR, there are 36 
total comparisons, with one exceedance, or 2.8 percent, which is well within the 10 percent 
allowance. The requirements for this project have been met for 90 percent of the data to be 
acceptable, which allows for some noticeable trends and randomness of anomalous exceedances 
between laboratories. 

The QCSR demonstrates that project data can withstand scientific scrutiny, are appropriate for its 
intended purpose, are technically defensible, and are of known and acceptable sensitivity, 
precision, and accuracy. Data integrity has been documented through proper implementation of 
QA/QC measures. The environmental information presented has an established confidence, 
which allows utilization for the project objectives and provides data for future needs. 

6.2.1 Gamma Walkover Survey Instrumentation Requirements 

6.2.1.1 Calibration Requirements 

Instruments used to perform the GWS included a 2 x 2-inch NaI gamma scintillation detector 
coupled to a Ludlum Model 2221 scaler/rate meter (or equivalent). Current calibration and 
maintenance records for these instruments are maintained for review and inspection. The records 
include, at a minimum, the following information: 

• Name of the equipment; 
• Equipment identification (model and serial number); 
• Manufacturer; 
• Date of calibration; and 
• Next calibration due date. 
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Instrumentation was maintained and calibrated to manufacturers' specifications to ensure that 
required traceability, sensitivity, accuracy, and precision of the equipment/instrumentation were 
maintained. Instruments were calibrated in accordance with American National Standards 
Institute N323A-1997 (ANSI 1997). 

The GWS scan MDCs are presented in the FSSP as 1.2, 1122, and 40 pCi/g for Ra-226, Th-230, 
and uranium, respectively. 

6.2.1.2 Sodium Iodide Quality Control Source and Background Checks' 

Prior to, and following daily use, instruments were QC checked by comparing the instruments' 
responses to a designated cesium-137 gamma radiation source and to ambient background. Prior 
to the commencement of field operations, a reference location was selected for performance of 
these checks. QC source checks consisted of a one-minute integrated count with the designated 
source positioned in a reproducible geometry, performed at the reference location. Background 
checks were performed in an identical fashion with the source removed. 

During the QC checks, instruments used to obtain radiological data were inspected for physical 
damage, current calibration, and erroneous readings in accordance with applicable procedures 
and/or protocols. Instrument responses to the designated QC check source were evaluated against 
the average established at the start of the field activities. A performance criterion of + 20 percent 
of this average was used as an investigation action level. All QC checks were within the 
established performance criteria. 

6.2.2 	Soil Sampling Requirements 

• 6.2.2.1 Confirmatory Analysis Samples 

The primary intent of QA/QC requirements is to evaluate whether data generated from soil 
samples can withstand scientific scrutiny, are appropriate for their intended purpose, are 
technically defensible, and are of known and acceptable sensitivity, precision, and accuracy. To 
meet project QA/QC requirements, additional soil samples were collected for field duplicate, and 
independent QA split purposes. The regular, duplicate, and split samples were collected from the 
same homogeneous mixture of soil. 

Approximately five percent of the total number of regular soil samples is required for field 
duplicate and split soil sample purposes. Three field duplicate soil samples and three split soil 
samples were collected to satisfy the requirement. 

A detailed evaluation of the accuracy and precision obtained through the evaluation of split and 
field duplicate soil samples is presented in the QCSR located in Appendix A, Attachment A-6, of 
this report. 

In summary, for both accuracy and precision, the analytical data met the quality objective of 90 
percent acceptability. 

• 
6.2.2.2 Data Validation 

Analytical data generated for this project have been subjected to a process of data verification, 
validation, and review. The SAG and the following documents establish the criteria against which 
the data are compared and from which a judgment is rendered regarding the acceptance and 
qualification of the data. 
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• Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
2006); 

• USA CE Kansas City and St. Louis District Radionuclide Data Quality Evaluation 
Guidance for Alpha and Gamma Spectroscopy (USACE 2002c); and 

• Data Validation (SAIC 2006). 

Upon receipt of field and analytical data, verification staff performed a systematic examination of 
the reports to ensure the content, presentation, and administrative validity of the data. In 
conjunction with data package verification, laboratory electronic data deliverables were available. 
These data deliverables were subjected to review and verification against the hardcopy deliverable. 
Both a structural and technical assessment of the laboratory-delivered electronic reports were 
performed. The structural evaluation verified that required data had been reported and contract 
specified requirements were met (i.e., analytical holding times, contractual turnaround times, etc.). 

During the validation phase of the review and evaluation process, data were subjected to a 
systematic technical review by examining the field results, analytical QC results, and laboratory 
documentation following appropriate guidelines provided in the above referenced documents. 
These data validation guidelines define the technical review criteria, methods for evaluation of the 
criteria, and actions to be taken resulting from the review of these criteria. The primary objective of 
this phase was to assess and summarize the quality and reliability of the data for the intended use 
and to document factors that may affect the usability of the data. Qualifiers were applied to each 
analytical result to indicate the usability of the data for its intended purpose with a reason code to 
explain the retention or the qualifier. 

6.2.3 	Acceptability of the Final Status Survey Design 

Per the FSSP, a pre-FSS calculation was conducted following MARSSIM guidance, using 
characterization data or screening data from the excavations (Appendix A, Attachment A-1). The 
result indicated that five systematic radiological soil samples were required for SU-1 and six for 
SU-2. In addition, the FSSP required a minimum systematic sample density of one soil sample 
per 100 m2  in Class 1 SUs. 

The actual number of soil samples collected in each SU exceeded or equaled the required 
number of soil samples. In addition, each SU was evaluated using actual verification soil sample 
data which indicated that the required number of soil samples had been collected in each SU to 
meet the minimum statistical requirements for FSS. Also, all SUs that required WRS testing 
passed the test; therefore, sufficient data was collected for each SU to determine compliance with 
radiological RGs. The WRS test is discussed in further detail in Section A-2.1.2 of Appendix A. 
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7.0 OPERATION AND MAINTENANCE ACTIVITIES 

0 	7.1 	DESCRIPTION OF POST-CONSTRUCTION OPERATION AND 
MAINTENANCE ACTIVITIES 

USACE remediated DT-17 and achieved unrestricted use. Therefore, long-term operation and 
maintenance is unnecessary. This property has no monitoring wells. 

Per the ROD, monitoring activity for the selected remedy consists of monitoring during RA and 
long term monitoring at areas where soil contamination remains above RGs. Because USACE 
remediated DT-17 and achieved conditions for unrestricted use, long term operation, 
maintenance, and monitoring is unnecessary. With respect to response action monitoring, 
adjacent wells were used to achieve the purpose of response action monitoring (that is, to ensure 
the RA does not contaminate aquifers and to assess the impact of source removal). Because there 
were no indications that the RA negatively impacted ground water and because other monitoring 
wells (not located on DT-17) have been determined to be sufficient to assess the overall 
improvement of water quality due to source removals, no additional wells were installed on this 
property and there are no plans to install them in the future. 

7.2 	POTENTIAL PROBLEMS 

There are no problems related to operation and maintenance of the SLDS DT-17. 

7.3 	DEVIATION FROM FEASIBILTY STUDY/RECORD OF DECISION 

• 	There were no deviations from the FS or ROD. 

S 
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8.0 SUMMARY OF COMMUNITY INVOLVEMENT ACTIVITIES 

The community has been provided with multiple opportunities to be involved with the decision 
process at the SLDS. In 1994 two committees were established for the purpose of working 
closely with FUSRAP representatives and serving as a "voice of the people." These 
organizations were the St. Louis Radioactive and Hazardous Waste Oversight Committee and the 
City of St. Louis Mayor's Advisory Task Force on Radioactive Waste. In 1994, the St. Louis 
Sites Remediation Task Force, made up of members from the above-referenced two groups plus 
other community stakeholders, was established. Working together as the St. Louis Sites 
Remediation Task Force, these organizations studied cleanup activities at the St. Louis Sites and, 
in 1996, issued a report detailing the community's recommendations for cleanup and removal of 
MED/AEC contaminants. Eventually, in 1997, the smaller St. Louis Oversight Committee was 
formed from members of these organizations. These organizations have developed strong 
working relationships with FUSRAP and have been active participants in the decision-making 
process. USACE has provided regular briefings to the St. Louis Oversight Committee, which 
meets roughly twice a year and whose meetings are open to the public. The USACE maintains a 
web site with current information about the status of the St. Louis FUSRAP Sites and historical 
documentation. Newsletters and fact sheets are distributed throughout the community on an as-
needed basis. 

The FS and Proposed Plan (PP) for the SLDS were made available to the public in April 1998. A 
public meeting was advertised and held on April 21, 1998, to hear comments and answer 
questions regarding the FS and PP. A 30-day comment period for the PP for the SLDS began on 
April 8, 1998, and ended on May 8, 1998. Responses to the comments received from the public, 
and local, state, and federal agencies are provided in the Responsiveness Summary included as 
Part 12 to the ROD. 

A public meeting was held on April 21, 1998, to present the FS and PP to interested members of 
the community. A notice announcing the availability of the FS and PP and the intent to hold a 
public meeting to discuss the documents was published in the Federal Register and in the St. 
Louis Post-Dispatch. The meeting included an open-house session allowing one-on-one 
discussions with agency representatives, an informal presentation, and an open microphone 
question and answer period. The transcript of the public meeting and comment period was made 
available to the public on the USACE's St. Louis District FUSRAP website 
(http://www.mvs.usace.army.mil/eng-con/expertise/fusrap.html)  and is included as part of the 
Administrative Record. 

Program documents are made available to the public. They can be found in the Administrative 
Record maintained at the USACE FUSRAP Project Office, 8945 Latty Avenue, Berkeley, 
Missouri, or at the St. Louis Public Library, Goverment Information Section, 1302 Olive Street, 
St. Louis, Missouri. In addition, SLDS documents only are available for public access at the 
Henry Clay Elementary School, 3820 North 14 th  Street, St. Louis, Missouri. 
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9.0 PROJECT COSTS 

As previously described, the DT-17 property is one of the site projects addressed in the ROD. 
The calculation of the final cost for the overall SLDS program has not yet been completed. When 
each of the projects within the SLDS program has been completed, the programmatic costs will 
be presented in a Final ROD Closeout Report. 
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10.0 OBSERVATIONS AND LESSONS LEARNED 

• No observations or lessons learned were realized upon completion of the RA on DT-17. 

III 

• 
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11.0 CONTACT INFORMATION 

40 	Contact information for the primary project team participants is provided below. 

For the U.S. Government — Project Management 
Name: USACE St. Louis District, FUSRAP Project Office 
Address: 8945 Latty Avenue, Berkeley, MO 63134 
Phone Number: (314) 260-3905 

Name: USACE St. Louis District, Public Affairs Office 
Address: 1222 Spruce Street, St. Louis, MO 63103-2833 
Phone Number: (314) 331-8068 

For the U.S. Government — U.S. Environmental Protection Agency: 
Name: Matthew Jefferson, Project Manager, USEPA Region VII 
Address: 901 N. 5 th  Street, Kansas City, KS 66101 
Phone Number: (913) 551-7520 

For the State of Missouri Government — Missouri Department of Natural Resources: 
Name: Daniel Carey, Environmental Engineer, MDNR FUSRAP Satellite Office 
Address: 917 N. US 67 Suite 104, Florissant, MO 63031 
Phone Number: (314) 877-3047 

Verification Contractor: 
Primary Contact Name and Title: Rodney Alderson, Program Manager 
Company Name: Science Applications International Corporation (SAIC) 
Address: 13397 Lakefront Drive, Suite 100, Earth City, MO 63045 
Phone Number: (314) 770-3000 

Analytical Laboratory: 
Company Name: USACE FUSRAP Lab (operated by SAIC) 
Address: 8945 Latty Ave., Berkeley, MO 63134 
Phone Number: (314) 260- 3901 

Company Name (for Quality Assurance/Quality Control): Test America 
Address: 13715 Rider Trail North, Earth City, MO 63045 
Phone Number: (314) 298-8566 
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A-1.0 FINAL STATUS SURVEY PROCESS 

411 	A-1.1 DATA QUALITY OBJECTIVES 

The DQO process is a strategic planning approach for a data collection activity. It provides a 
systematic procedure for defining the criteria that a data collection design should satisfy, 
including where to collect soil samples, how many soil samples to collect, and the tolerable level 
of decision errors for the study. The DQO process includes the following seven steps from the 
EPA's Guidance on Systematic Planning Using the Data Quality Objectives Process (USEPA 
2006a): 

• State the problem. Inadvertent release of contaminants into the environment. 

• Identify the decision. Determine if accessible soils on DT-17 can be released for 
unrestricted use in accordance with the ROD. 

• Identify inputs to the decision. Radiological soil sample data for accessible soil. 

• Define the study boundaries. Accessible soil on DT-17. 

• Develop a decision rule. See Table 2 of the main report. 

• Specify tolerable limits on decision errors. The MDC for soil samples is less than 50 
percent of the RG. The MARS SIM evaluation was based on decision errors of less than 5 
percent false negatives and less than 20 percent false positives. This means that the 
decision is more likely to conclude contamination is present when it is not, than to 
conclude that contamination is not present when it is. 

• Optimize the design for obtaining data. Property-specific data were used to calculate the 
number of required soil samples to be collected. 

The FSS data were examined using Data Quality Assessment (DQA) guidance to ensure two 
things: (1) that the data met the quality requirements of the FUSRAP Final Status Survey Plan 
for Accessible Soil within Mallinckrodt Property and the Vicinity Properties, Excluding Plants 1, 
2, and the City Property at the St. Louis Downtown Site (USACE 2002b) and the SAG (USACE 
2000), and (2) that the data provided the necessary basis for determining whether the properties 
can be released for unrestricted use. The DQA involves scientific and statistical evaluations to 
determine if data are of the right type, quality, and quantity to support the intended use. The 
DQA process is based on guidance from Chapter 8 and Appendix E in MARSSIM and follows 
EPA's Data Quality Assessment: A Reviewer's Guide (USEPA 2006b). The five steps in the 
DQA process are listed below and are addressed by the subsequent report sections and 
attachments. 

• Review the FSS design, including DQ05. 
• Conduct a preliminary data review. 
• Select a statistical test. 
• Verify the assumptions of the statistical test. 
• Draw conclusions from the data. 

• 

• 
A-1 
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A-1.2 FINAL STATUS SURVEY PROCESS FOR SOIL 

A-1.2.1 Final Status Survey Design for Soil 

In accordance with MARSSIM, land areas receiving an FSS should be classified into Class 1, 
Class 2, or Class 3 soil SUs. The classification is based on their potential for radioactive 
contamination in soils. Class 1 areas have the greatest potential for contamination, and Class 3 
areas have the lowest potential. Per the FSSP, Class 1 SUs are typically limited in size to 2,000 
m2 plus 10 percent, Class 2 SUs are typically limited in size to 10,000 m 2 plus 10 percent, and 
Class 3 SUs are unlimited in size. MARS SIM states that Class 1 and 2 areas are to be sampled 
using a systematic grid, and that Class 3 areas are to be sampled using random locations. 

Based on a review of site information and data, the land making up DT-17 was classified into 
one Class 1 SU and one Class 2 SU, as shown on Figure A-1. The Class 1 SU is identified as 
SU-1 and the Class 2 SU is identified as SU-2. 

The location of systematic soil sample stations was based on a triangular grid pattern, extended 
from a random starting point. Per MARSSIM, triangular grids are generally more efficient for 
locating small areas of elevated radioactivity. The random-start point for systematic grids 
ensures that the soil sample results are representative of the SU. 

An important factor in sampling is determining an appropriate number of systematic soil samples 
for the statistical test. Collecting too few soil samples can result in an inaccurate conclusion. 
Collecting an excessive number of systematic or random soil samples diverts resources that 
could be better used elsewhere. MARSSIM establishes a method for determining the minimum 
number of radiological soil samples. The St. Louis District USACE generally collects more than 
the minimum number of systematic or random soil samples per the calculations, without 
collecting an excessive number. In Class 1 areas, this is due to the requirement to collect one soil 
sample per 100 m2 . Attachment A-1 contains the detailed process for determining the minimum 
number of soil samples. Table A-1 contains information on area, number of soil samples 
collected, the figure number with the soil sample locations, and the figure number showing the 
GWS for each Class 1 and Class 2 SU. 

Table A-1. Area, Number of Soil Samples, and Figure Numbers for Survey Units 

SU Area 
2 

( nl ) 

Estimated 
Minimum Number 

of Systematic or 
Random Soil 

Samples 

Number of 
Systematic or 

Random 
Radiological 
Soil Samples' 

NI= 

Radiological g 
Soil Samples 

Number of 
Subsurface 

Radiological 
Soil 

Samplesb 

Soil Sample 
Location 
Figure 

Number 

GWS 
Figure 

Number` 

91 5 6 4 10 A-2 A-2-1 
2 2,111 6 7 1 11 A-2 A-2-1 
Systematic soil samples collected within an excavation were collected from the top 0.5 ft of the excavation surface. 

Subsurface soil samples were collected below 0.5 ft of the surface. 

GWS Figures are located in Attachment A-2 to this appendix. 

A-1.2.2 Final Status Survey Methodology for Soil 

FSS sampling of soil involves collecting soil samples at the locations identified in the FSS 
design. Figure A-1 depicts the soil sampling locations. These samples were collected from the 
top 0.5 ft bgs or within the top 0.5 ft of soil bcm (e.g., asphalt). Soil samples collected in 
excavation areas are collected from the top 0.5 ft of the excavation surface. The excavation on 
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DT-17 was greater than 0.5 ft in depth and, therefore, subsurface soil criteria were applied to the 
systematic soil samples collected in these areas, unless otherwise noted. 

Per the FSSP, subsurface soils were sampled to confirm that no unexpected subsurface 
radioactive contamination was present. These soil samples are generally taken at the same 
locations as the systematic surface soil samples. 

• Class 1 areas: Subsurface soil samples were collected by scanning and sampling soil 
column intervals of approximately 1.5 to 2.0 ft in length up to a depth of 6 ft below pre-
remediation grade. Subsurface soil samples taken from the upper 1.5 to 2.0 ft interval and 
20 percent of the subsurface soil samples taken at the other intervals underwent 
laboratory analysis. 

• Class 2 areas: Subsurface soil samples were collected for laboratory analysis by scanning 
and sampling a soil column 1.5 to 2.0 ft deep, with one-third of the locations having soil 
samples also taken deeper at 1.5 to 2.0 ft intervals, to a maximum depth of 6 ft bgs. 

MARS SIM also recommends biased soil sampling based on radiological scans of the ground 
surface (with any cover material). These biased soil samples represent an additional effort to 
ensure that the systematic soil samples are representative of the SU by attempting to locate areas 
requiring further investigation. These radiological scans are called GWSs. MARSSIM 
recommends that GWSs be performed on 100 percent of Class 1 areas and 10 to 100 percent of 
accessible Class 2 areas (proportional to the potential for finding areas of elevated activity). 
There are no RGs specifying an unacceptable GWS result. Additional information on GWS is 
provided in Attachment A-2. 

The biased soil sample locations determined from the GWS are designated with the "HTZ" 
prefix and are assigned an area, in square meters, that the soil sample represents. (The "HTZ" 
prefix can also be used for biased soil samples that are taken to bound the extent of contaminated 
soil, but no areas are assigned to these HTZ soil samples.) The biased soil sample locations are 
shown on Figure A-1. GWS-based biased surface soil samples were collected within the upper 
0.5 ft of the surface soil. 

Prior to completing the FSS for each soil SU, the SU was inspected for features that could enhance 
migration of water, and any contamination carried by the water. Examples of such preferential 
pathways include transport along subsurface utilities, through ash fill, or along clay layers. If a 
means for potential preferential pathway was identified, a soil sample was collected for laboratory 
analysis. 

A-3 
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A-2.0 ASSESSMENT OF FINAL STATUS SURVEY RESULTS 

• 
A-2.1 ASSESSMENT OF SOIL SAMPLE RESULTS 

A-2.1.1 Radiological Soil Sample Results 

The background reference soil data set used in the evaluation of the FSS sample results is 
summarized in Attachment A-3. The radiological soil sample results are reported in Attachment 
A-4. Attachment A-5 contains summaries of the radiological soil sample results for each SU, 
including the net sum of ratios (SORN) results. The surface and subsurface RGs were applied as 
follows to calculate the SORN: 

• SORN  using surface RGs: If no cover material was present, then the soil sample was 
collected from the upper 0.5 ft of the soil. If cover material was less than 0.5 ft, then the 
soil sample was collected from the first 0.5 ft of soil bcm. 

• SORN   using subsurface RGs: The soil sample was collected from below 0.5 ft of the 
ground surface. Soil samples collected from the excavation surface, which was backfilled 
with clean soil, were evaluated using subsurface criteria due to their location beneath the 
clean backfill soil. 

The soil sample data for each soil SU were evaluated to ensure the average SORN over the entire 
SU did not exceed 1.0. From Attachment A-5, the mean systematic sample SOR N  for the soil 
SUs were below 1.0, ranging from 0.07 to 0.17. Because the mean SOR N  values were less than 
1.0, the radionuclide RGs were met for each SU. 

Individual soil samples with an SORN in excess of 1.0 were investigated to determine if the area-
weighted average was less than 1.0 when averaged over 100 m 2 . Additional soil samples may 
have been collected in the vicinity of these soil amples for the area-weighted evaluation. Areas 
with SORN  greater than 1.0 over 100 m 2  were remediated. Following remediation, there were no 
soil samples remaining with an SORN  in excess of 1.0; therefore, no area-weighted averages 
were necessary. 

As part of the remediation activities, the excavation areas were inspected for preferential 
pathways across the site. The preferential pathway evaluation for DT-17 did not result in the 
identification of any preferential pathways. 

• 

A-2.1.2 Statistical Test for Radiological Soil Sample Results 

Because soil contains natural background levels of the radionuclide COCs, the WRS statistical test 
is used for soil samples results per MARS SIM. Data from biased and subsurface soil samples 
were not included in the statistical tests per MARSSIM guidance: "judgment measurements are 
not includcd in the statistical evaluation of the SU because they violate the assumption of 
randomly selected, independent measurements. Instead, these judgmental measurements are 
individually compared to the Derived Concentration Guideline Level (DCGL)." Therefore, the 
systematic soil sample results were included in the WRS test. 

MARSSIM also states that "if the difference between the largest SU measurement and the 
smallest reference area measurement is less than or equal to the DCGL 
[i.e., soRG  max systematic or random soRtr reference < - 

I the WRS will always show the SU meets the release 

criterion." From the SLDS background reference data set, the minimum surface gross sum of 
ratios (SORG) is 0.53 and the minimum subsurface SORG 0.19. (Background values are not 
subtracted in the SORG calculation.) 
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For soil SU-1 and SU-2 this difference was always less than one (e.g., for SU-2, 0.83 - 0.53 = 
0.20). Therefore, a WRS test for these SUs is not necessary. 

A-2.2 DATA QUALITY 

QC and QA measures for FSS data are summarized in the FSSP and are presented in the QA and 
QC sections of the SAG. The QCSR in Attachment A-6 discusses these measures in detail for DT-
17. The FSS data met QA/QC requirements. 

A-2.2.1 Minimum Detectable Concentration for Soil Samples 

Soil samples were analyzed in the USACE FUSRAP laboratory in order to measure the 
radioactivity at very low levels. The USACE FUSRAP laboratory is certified through the 
Department of Defense (DOD) Environmental Laboratory Accreditation Program (ELAP). In 
general, the MDC represented the lowest level that the laboratory achieved for each soil sample 
given a set a variables including detection efficiencies and conversion factors due to influences 
such as individual sample aliquot, sample density, and variations in analyte background 
radioactivity at the laboratory. The MDC was reported with each soil sample result in 
Attachment A-4. 

MARS SIM recommends that analytical techniques be capable of measuring levels of activity 
(i.e., the MDCs) between 10 to 50 percent of the established RGs. These MDC limits are in 
Table A-1. 

Table A-2. Minimum Detectable Concentration Limits 

Radionuclide 
Maximum MDC (50% ROD RGs) Preferred MDC (10% ROD RGs) 
Surface Soil 

(pCi/g) 
Subsurface Soil 

(pCi/g) 
Surface Soil 

(pCi/g) 
Subsurface Soil 

(pCi/g) 
Ra-226 2.5 7.5 0.5 1.5 
Ra-228 2.5 7.5 0.5 1.5 
Th-230 2.5 7.5 0.5 1.5 
Th-232 2.5 7.5 0.5 1.5 
U-238 25 25 5.0 5.0 

The MDCs for all soil samples included in the FSS data were within MARSSIM limits described 
in Table A-1. As discussed in MARSSIM, the reported radionuclide concentrations from the 
laboratory were used in this FSSE even if those results were below the MDC. These data were 
used to complete the MARS SIM evaluation and assess the risk and dose for the SUs. 
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A-3.0 RESIDUAL RISK AND DOSE ASSESSMENT 

A property-specific residual risk and dose assessment was performed for DT-17 in accordance 
with the ROD to confirm that conditions are protective of human health and the environment. 
The ROD established the CERCLA target risk range as the risk RG and the dose limit of 25 
mrem/yr as the dose RG for SLDS. The EPA defines the CERCLA target risk range as 10 -6 to 10-  
4  where "the upper boundary of the risk range is not a discrete line at i0. A specific risk 
estimate around 10 4  may be considered acceptable if justified based on site-specific conditions" 
per EPA memorandum OSWER 9200.4-18 Establishment of Cleanup Levels for CERCLA Sites 
with Radioactive Contamination (USEPA 1997a). 

The risk and dose scenario for the ROD is based on the industrial/utility worker and 
industrial/construction worker exposure scenarios defined in the SLDS. The assessments for the 
subject property were performed for each of these scenarios and an additional on-site residential 
scenario was considered at the request of regulators. Risk and dose were assessed for a 1,000 
year period. 

Section C.2.1.3 of the ROD states "To estimate a dose or risk, the appropriate exposure 
parameters, the source term (concentrations of radionuclides), and other variables such as depth 
of contamination and distribution coefficients are selected to provide conservative yet realistic 
estimates of exposure." This means that the actual risk and dose received by an individual from 
MED/AEC material on these properties will be lower than the estimates in this assessment. 
Additionally, the protection provided by asphalt, concrete, or gravel, which covers much of the 
property, is not reflected in the estimates. This is another example of how the actual MED/AEC-
related risk and dose will be lower than the estimates provided in this assessment. 

The results of systematic, random, biased, and subsurface soil samples were used in the residual 
risk and dose assessment. The risk and dose estimate is provided in Table 2. More information 
on how these values were calculated is provided in Attachment A-7. 

Table A-3. Risk and Dose Estimate 

Scenario 
Period Assessed 

(years) 
Maximum 

Risk' 
Maximum Dose 

(m rem/yr) 
Utility Worker 0 to 1000 1.4E-08 0.02 
Industrial Worker 0 to 1000 6.6E-06 0.4 
On-Site Resident 0 to 1000 3.0E-05 2.0 
On-Site Resident with 6 inches of cover b  0 to 1000 1.5E-05 0.9 

° 	Maximum risk assumes the worst case scenario such hat receptors are in direct contact with residual soils, without regard to any clean cover. 
b 	Six (6) inches of cover or equivalent was placed on all excavated areas, thus this represents on-site resident with cover. 
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A-4.0 CONCLUSIONS 

The conditions established in the ROD for protecting human health and the environment have 
been met for accessible soil on DT-17. This conclusion is the result of a comparison of ROD 
requirements and the current conditions. The survey results and the risk and dose assessment 
demonstrate that the accessible soil is releasable for unrestricted use in accordance with the 
ROD. Table 4 in the main body of this report contains the comparison of results to the RGs. 
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DETERMINATION OF THE MINIMUM NUMBER OF SYSTEMATIC OR RANDOM 
SOIL SAMPLES 

For Radiological Soil Survey Units 

To meet the minimum statistical requirements (i.e., WRS test) for each soil SU, MARSSIM 
provides guidance on determining the minimum number of soil samples. The necessary parameters 
for calculating the minimum number of soil samples and their values are: 

• Type I error probability (probability of a false decision that the radionuclide RGs are met 
when they are actually not met)—set at 0.05 per the FSSP. 

• Type II error probability (probability of a false decision that the radionuclide RGs are 
not met when they actually are met)—normally set at 0.20, within an allowed range of 
0.05 to 0.25, per the FSSP. 

• DCGL—set at SORN = 1.0 per the ROD. 

• Variability of the contaminant concentration (i.e., standard deviation [a])—set based 
upon engineering estimates for the SU per MARS SIM. Examples include calculating the 
effective standard deviation (a eff) for multiple radionuclides using characterization or 
screening sample results from the SU, and using a historical effective standard deviation 
based on soil samples taken previously from other SUs within the SLDS. 

• Lower bound of the gray region (LBGR)—set based upon engineering estimates for the 
SU per MARS SIM. Examples include using the mean SOR N  calculated from 
characterization or screening samples in the SU, and using half of the DCGL as an 
arbitrary, but reasonable, starting point per MARSSIM. The LBGR is the SORN value at 
which the Type II error is specified, and is adjustable to achieve the desired relative shift 
(Ala) between one and three, with up to four being acceptable. 

The effective standard deviation was calculated for each SU using results from the systematic or 
random FSS soil samples. The calculation treated all soil samples as subsurface soil samples, 
which ensures the estimated number of required soil samples is above the actual minimum. The 
calculation also uses the higher of the standard deviation from these soil sample results or from 
the background reference data set. 

As an example of this calculation, the specific standard deviation values for SU-1 in pCi/g are as 
follows: Ra-226 = 1.26, Th-230 = 1.51, Th-232 = 0.50 and U-238 = 1.05. Using these values, the 
effective standard deviation was calculated: 

ll 	

2 	 2 	2 
Cr  -226 	2  + 	0 Th-230 	+ 	CrTh-232  	_ 0 .26y ±( 1.5i ) 2 + 10.50) 2  + (1.05)

2 . 
0 14 

	

= (DCGRIR226  ) (DCGLTh _ 23,,) (DCGL 232  HDCG238 	) 1k 15 ) 	15 ) 	15 ) 	50 	* 

The next step was to calculate the relative shift. For this calculation, the LBGR was set to the 
mean SORN of the systematic or random soil samples for each SU. Per MARSSIM, the LBGR 
does not require adjustment to obtain a relative shift between 1 and 4 when the calculation uses 
FSS soil sample results. 

A DCGL - LBGR = DCGL - SORT" 1.0  -  0.11 
	— 6.36 

cr tr 	 eff 	 0.14 q 
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The calculated value for relative shift can be used to obtain the minimum number of 
samples/measurements necessary to satisfy requirements using the MARS SIM equation 
presented below: 

(Z i _a  + Z1_) 2  

3(P, — 0.5) 2  

The calculated value, N, is the combined number of samples/measurements from the reference area 
and each SU. Z1_,, and Z1_13 are critical values that can be found in MARSSIM Table 5.2, and Pr  is 
a measure of probability available from MARSSIM Table 5.1. Since the calculated value for 
relative shift is 6.36, Pr'  1.0 will be used to calculate N, per MARSSIM. 

Normally, N/2 samples/measurements are conducted in each SU and in the reference area. That 
is, N/2 samples/measurements are conducted in each SU and N/2 samples/measurements are 
conducted in the reference (background) area. However, the statistical methods are still valid if 
there are an unequal number of samples/measurements in the SUs and reference areas. A 20 
percent increase in this number is recommended to account for lost or unusable 
samples/measurements. The calculated values apply to each SU. 

The number of data points, N, for the WRS test of each combination of reference area and SU is 
calculated using Equation 5-1 and Table 5.1 in MARSSIM, given 5 percent Type I error and 20 
percent Type II error. 

N = (Z, + Z, ) 2  
 -13 	 

3(13, _Ø5)2 

(1.645 + 0.842) 2  
N = 	 — 8.2 

3(1.0 — 0.5) 2  

The uncertainty associated with the calculation, N, should be accounted for during survey 
planning thus the number of data points is increased by 20 percent and rounded up. This is in 
order to ensure there are sufficient data points to allow for any possible lost or unusable data. 

N = 8.2 + .2(8.2) = 9.8 —= 10 Samples 

The 10 samples include the combined samples/measurements from the reference area and one 
SU. Therefore five samples/measurements are required in the reference area and five in SU-1. 
The actual number of systematic soil samples collected in SU-1 was six. This number also meets 
the requirement that at least one soil sample must be collected for each 100 m 2  in Class 1 areas, because 
the total area of SU-1 is only 91 m2. The same calculation was performed for SU-2, resulting in six soil 
samples. 

A-1-2 

N= 
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GAMMA RADIATION WALKOVER SURVEY 

Many radioactive contaminants can be identified through field detection methods such as surface 
gamma radiation scans. (Field detection methods are generally not available for detection of non-
radioactive contaminants, which solely rely on laboratory analysis of field samples.) While 
radioactive contaminants that emit gamma radiation can be detected through radiation scans, the 
contaminants are not the only radioactivity that may be detected. The gamma scans detect 
radiation from both naturally-occurring sources and environmental contamination, and both are 
present in the GWS results. 

GWS is a qualitative tool that can help locate radioactive contamination. However, elevated 
GWS readings do not in and of themselves provide a definitive indication that the RGs are 
exceeded. There are no RGs specifying an unacceptable GWS result. Where there are higher 
levels of naturally-occurring radioactivity, higher GWS readings will occur even though the RGs 
are met. Such readings can be thought of as false positive results. Representative biased soil 
samples are collected and analyzed in a radioanalytical laboratory to investigate areas identified 
during the GWS. These areas are investigated to ensure the RGs are met in those areas. Unlike 
the GWS, the analytical laboratory can quantitatively identify the COCs for comparison to the 
RGs. 

Before starting the GWS, the professional health physics technicians established the relative 
background radiation level (in cpm) for the specific survey area with the survey instrument being 
used. During the GWS, the technicians assessed the count rates displayed on the instrument and 
the associated audible click rates to identify locations (by paint or flag) from which 
representative biased soil samples should be obtained. The identified locations had radiation 
readings that typically exceeded the relative background radiation levels by 2,000 cpm or higher. 
Then, professional health physicists reviewed the results of the GWSs and defined locations from 
which any additional representative biased soil samples were collected. 

This review considered count rates, mathematical analysis of the count rates, existing soil sample 
information in the area(s) of interest, increased radiation from materials with higher 
concentrations of natural-occurring radioactivity (such as granite, brick, some concrete, and coal 
or coal ash) , increased radiation from soil located perpendicular to the surveyed surface (such as 
the side wall to an excavation or a hill or mound), attempts to duplicate higher count rates, and 
experience with variations in the radiation readings of soil. As an example of the wide variation 
of naturally-occurring radioactivity in soil, the laboratory results for soil samples collected to 
establish background levels for SLDS identified some soil samples with isotopic concentrations 
that were nearly twice the average. 

In all, five biased soil samples were collected for this FSSE based on the GWS. All of these 
biased soil samples met the RGs. 

The GWS figures were developed by using a GIS). The GWS results in count rates and the 
location coordinates were translated into maps of colored data points. The range for the colors 
was calculated using the mean and standard deviation of the count rate from each GWS, with a 
factor to account for the level of cpm that surveyors can distinguish from general levels. The 
factor is calculated using equations from NUREG 1507 (NRC 1998). 

Since MARS SIM identifies that environmental data does not generally fit a normal distribution 
and uses non-parametric tests, Chebyshev's Inequality was used for setting the ranges of the 
colors for the GWS data. The 85 th  and 95th  percentile of the data were chosen to focus on areas of 
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interest with higher cpm. The 85 th  percentile means that 85 percent of the data have values less 
than the 85 th  percentile value; the 95 th  percentile is similarly defined. To achieve the 85 th  
percentile of the data, a 1.83 factor for the standard deviation was calculated for each GWS file 
using Chebyshev's Inequality. To achieve the 95th  percentile of the data, a 3.15 factor for the 
standard deviation was calculated using Chebyshev's Inequality. A factor to account for the level 
of cpm that surveyors can distinguish from general levels was added to these percentile values to 
determine the color set points for each GWS file. 

The area represented by red on the GWS figures indicates an area of interest. However, not every 
red data point is sampled. In some cases, a sampled location (soil) is representative of multiple 
areas of interest based on a professional health physicist review as previously described. For 
example, the systematic and biased soil samples collected in the east side of SU-1 represents an 
area with red data points from the GWS. These soil samples are also representative of the other 
red data points on the east side of the property. 

Data points from every GWS, including pre-excavation GWSs, are present in the GIS). Each 
GWS is contained in a separate electronic file. In some cases, some of the information in an 
older GWS file is from soil that was excavated. This outdated information no longer represents 
an FSS. A new and final GWS of the excavated area was performed after the excavation was 
completed. In these cases, the area with new GWS information replaced the equivalent area on 
the older GWS figure. The GWS is a composite figure of data collected over time. Figure A-2-1 
presents the GWS results for DT-17. 

The GPS used for the GWSs has inherent variability in identifying location coordinates. Some of 
the GWS and soil samples may be or appear to be outside the subject property or SU boundary 
due to structural interferences, soil samples being taken in the sloped wall of an excavation, 
and/or variance in the GPS and the GIS. Some sample station coordinates were obtained at a 
time different than the time that the GWS was performed and the soil sample locations were 
painted or flagged. Thus, soil samples and their corresponding elevated GWS readings may have 
different coordinates and may be separated by several feet on the figurcs when in reality they are 
in the same location. 

The GWS instruments and their detection sensitivities are listed in Table A-2-1 below. Detection 
sensitivities were determined following the guidance of NUREG 1507, and are derived in the 
FSSP. The sensitivities presented were derived using typical instrument parameters and are well 
below the RGs for soil, with the exception of Th-230. Since Ra-226 and Th-230 are commingled, 
Ra-226 was used as a surrogate for Th-230. For each SU, the ratio of Ra-226 and Th-230 was 
confirmed to be high enough for Ra-226 to be a surrogate for Th-230 so Th-230 would be 
identified at levels below its RG. 

Table A-2-1. Radiological Field Instrument Detection Sensitivity 

Description Application Detection Sensitivity' 
Ludlum Model 2221 with a Ludlum Model 
44-10 (2" x 2" Nal gamma scintillation 
detector) 

Gamma scans of ground 
surface and cover material 

Ra-226 
Th-230 
U-natural 

1.2 pCi/g 
1,120 pCiig 
40 pCi/g 

Note: 

Field instrumentation is calibrated annually. 

° Isotopic detection sensitivity is based on radiological characteristics of that isotope. The presence of other co-located radionuclides tends to 
significantly increase the sensitivity to some radionuclides due to the detection of surrogates. 

b  MDCs shown in the table were calculated for areas without surface cover (i.e., rock, asphalt, concrete, etc.) based on increased knowledge of 
site-specific parameters. 
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Field instrumentation was calibrated annually and source checked daily during use. In addition, 
daily field performance checks were conducted in accordance with instrument use procedures. 
The performance checks were conducted prior to initiating the daily field activities, upon 
completion of daily field activities, and if the instrument response appeared questionable. 

A-2-3 
P:\MARSSIM\SLD5\DT  17 Christiana Court\PRAR\RevO\Att 2 GWS DT-17 PRARO.doc 

	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

THIS PAGE INTENTIONALLY LEFT BLANK 

A-2-4 
PAMARSSIMNSLDS \DT 17 Christiana Court\PRAR\RevO\Att 2 GWS DT-17 PRARO.doc 	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

ATTACHMENT A-2 

FIGURE 

P:\MARSS1M\SLDSDT  17 Christiana Court\PRAR\RevO\Att 2 GWS DT-17 PRARO.doc 	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

THIS PAGE INTENTIONALLY LEFT BLANK 

P:\MARSSIM\SLDS\DT  17 Christiana Court\PRAR\RevO\Att 2 GWS DT-17 PRARO.doc 	 REVISION 0 



DT-14 

DT-29 

LEGEND: 

Biased Soil Sample locations 

Fence 

111.1 Building 

Road 

Parking Lot 

907800 907900 908000 908100 

• 

--- 	• • 
- 

• " • 

• Below 85th percentile 

• Between 85th and 95th percentile 

• Above 95th percentile 
Investigation warranted through 
collection of a biased soil sample 
from a specific location or 
biased soil samples that are 
representative of an entire area. 

w 	 a 

  

MO-East State Plane 
(NAD 83, Feet) 

0 	 35 70 Feet 

DT-17 (Christiana Court) 
St. Louis Downtown Site 

St. Louis, Missouri 

DRAWN BY: 

DLL 7/19/2011 

Figure A-2-1. DT-1 7 (Christiana Court) 
Gamma Walkover Survey 

90 -S041 907900 908000 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

ATTACHMENT A-3 

BACKGROUND REFERENCE SOIL SAMPLE DATA 

(On the CD-ROM on the Back Cover of this Report) 
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Christiana  Court,  LLC (DT-17)  

Table A-3-1. Background Reference Soil Data 

Background Reference Soil Data Summary (32 Samples) 

Statistic Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 
Surf. 
SORG  

Sub. 
SORE  

Mean 0.14 0.90 2.78 0.95 1.16 1.94 1.09 0.08 1.44 0.82 0.29 

Median 0.11 0.98 2.53 0.97 1.10 1.66 1.07 0.09 1.16 0.76 0.27 

Std. Dev. 0.14 0.76 0.89 0.17 0.35 0.76 0.29 0.08 0.75 0.21 0.08 

Maximum 0.70 2.34 5.46 1.28 2.10 4.15 1.68 0.31 3.78 1.48 0.54 

Range 0.80 2.55 3.93 0.82 1.59 3.19 1.25 0.33 3.19 0.95 0.35 

Background Reference Soil Sample Results 

Statistic Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 
Surf. 
c ,,,m, 
om K.G  

Sub. 
c ,,,,„ 
0....G  

SLD00001 0.18 0.62 1.94 0.97 1.29 2.07 1.11 0.25 1.66 0.67 0.25 

SLD00002 -0.03 2.34 2.39 1.03 1.08 1.67 1.12 0.00 0.61 0.71 0.25 

SLD00022 0.36 1.33 2.56 1.17 1 1.83 1.49 0.24 1.38 0.84 0.30 

SLD00023 0.29 0.95 2.26 0.76 0.51 2.80 1.23 0.00 1.17 0.83 0.29 

SLD00041 0.16 -0.09 2.48 0.84 0.77 1.98 1.13 0.17 1.57 0.75 0.27 

SLD00042 0.70 -0.02 3.02 1.07 1.14 2.24 1.05 0.00 1.80 0.85 0.31 

SLD00043 0.28 2.07 2.59 0.99 1.24 2.69 1.68 0.11 1.15 0.90 0.31 

SLD00044 0.13 1.65 3.46 1.03 1.06 1.16 1.33 0.00 0.90 0.98 0.34 

SLD00061 0.10 1.23 3.11 1.08 1.02 2.67 1.43 -0.01 1.47 0.94 0.33 

SLD00062 0.12 1.36 2.59 1.28 1.29 1.91 1.59 0.11 0.94 0.85 0.30 

SLD00063 0.15 2.12 2.11 1.03 1.01 1.61 0.70 -0.02 0.74 0.64 0.22 

SLD00081 0.24 0.98 2.44 0.96 1.46 1.47 1.30 0.12 1.05 0.77 0.27 

SLD00082 0.06 1.19 2.89 1.28 2.1 1.97 1.17 0.18 1.28 0.86 0.30 

SLD00083 0.20 0.98 2.33 0.88 1.6 1.94 0.69 0.11 0.59 0.65 0.23 

SLD00101 0.15 1.01 4.24 0.79 1.12 3.05 0.90 0.22 3.12 1.09 0.41 

SLD00102 0.06 1.42 3.53 0.86 1 3.11 1.41 0.08 2.53 1.04 0.38 

SLD00103 0.08 1.30 3.08 0.81 0.54 1.46 0.92 0.05 1.69 0.83 0.30 

SLD00121 0.17 -0.10 3.31 0.87 1.27 2.25 1.34 0.31 1.84 0.97 0.35 

SLD00122 0.09 0.42 2.68 0.85 1.69 1.46 0.94 0.06 1.13 0.75 0.26 

SLD00123 0.23 0.25 3.51 1.02 1.23 1.33 0.94 0.06 1.17 0.93 0.33 

SLD00141 0.16 -0.21 5.46 1.04 1.4 4.15 1.56 0.07 3.78 1.48 0.54 

SLD00142 0.08 0.33 5.30 1.12 1.74 3.61 1.04 0.16 3.15 1.35 0.49 

SLD00143 0.19 0.02 2.33 0.96 1.5 1.45 1.02 0.05 0.93 0.69 0.24 

SLD00144 0.10 0.01 2.04 1.10 1.51 1.48 1.25 0.17 1.61 0.69 0.25 

SLD00161 0.10 0.11 1.53 0.86 1.38 1.56 1.01 0.10 1.11 0.54 0.19 

SLD00162 0.04 2.01 2.07 1.04 0.73 1.35 0.86 0.12 1.00 0.64 0.23 

SLD00181 0.03 1.13 2.24 0.73 0.94 1.34 0.78 0.00 0.91 0.62 0.22 

SLD00201 0.06 1.74 2.40 0.86 1.07 1.64 1.08 0.10 1.15 0.72 0.26 

SLD00202 -0.10 1.73 2.67 0.97 0.88 1.62 0.78 0.05 1.11 0.75 0.26 

SLD00241 0.01 -0.04 2.04 0.46 0.87 1.28 0.43 0.11 1.70 0.53 0.20 

SLD00242 0.07 0.42 2.50 0.89 0.8 1.05 0.80 0.00 0.92 0.70 0.24 

SLD00243 0.03 0.37 1.97 0.65 0.84 0.96 0.90 0.08 0.86 0.59 0.21 

Notes: 

Results are expressed in pCi/g; SOR values are unitless. 

Negative results are less than the laboratory system's background level. 

Ac - actinium; Pa - protactinium. 
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Table A-4-1. Final Status Survey Soil Sample Data 

SU 
Station 

Name 

Sample 

Name 
E asting Northing 

Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 

Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ 

SU-1 HTZ103326 HTZ 1 03326 907813 1028707 0.03 0.35 0.50 UJ -0.48 0.91 1.31 UJ 5.30 1.30 0.13 = 0.94 0.10 0.15 = 0.99 0.47 0.24 = 3.5 1.04 0.13 = 0.76 0.41 0.13 J 0.00 0.41 0.66 UJ 4.23 1.61 1.58 = 

SU-1 HTZ103327 HTZ103327 907809 1028687 0.37 0.12 0.37 U 0.91 0.74 1.09 U 8.16 1.95 0.09 = 1.01 0.07 0.11 = 1.59 0.65 0.14 = 14.30 3.26 0.14 = 1.28 0.57 0.14 = 0.01 0.31 0.51 UJ 6.19 0.90 0.84 = 

SU-1 HTZ103328 HTZ103328 907817 1028683 0.51 0.35 0.52 U 0.33 0.92 1.40 UJ 6.49 1.57 0.13 = 1.06 0.11 0.16 = 1.56 0.72 0.18 = 5.71 1.71 0.33 = 1.61 0.73 0.33 = 0.11 0.43 0.70 UJ 5.43 1.59 1.69 = 

SU-1 HTZ103329 HTZ103329 907830 1028695 -0.01 0.25 0.35 UJ 0.56 0.67 0.99 UJ 6.15 1.49 0.09 = 1.41 0.09 0.10 = 1.48 0.63 0.26 = 6.08 1.63 0.14 = 1.24 0.56 0.14 = 0.07 0.30 0.50 UJ 3.93 0.98 0.78 = 

SU-1 

SLD105007 

SLD105007 907806 1028697 0.03 0.14 0.22 UJ -0.07 0.43 0.60 UJ 1.55 0.40 0.06 = 0.57 0.06 0.07 = 0.87 0.49 0.30 J 1.62 0.71 0.35 = 0.74 0.45 0.35 J 0.08 0.17 0.29 UJ 1.36 0.36 0.48 = 

!L:! SLD105008 907806 1028697 0.09 0.14 0.23 UJ -0.19 0.41 0.55 UJ 1.50 0.39 0.05 = 0.51 0.05 0.07 = 0.61 0.37 0.14 J 1.60 0.65 0.25 = 0.86 0.45 0.14 J 0.09 0.17 0.29 UJ 1.16 0.50 0.48 = 

SU-1 SLD105009 907806 1028697 -0.28 0.33 0.49 UJ 0.34 0.85 1.41 UJ 1.80 0.50 0.14 = 0.98 0.14 0.19 = 1.11 0.52 0.26 = 1.09 0.52 0.31 = 0.92 0.47 0.14 J 0.55 0.39 0.70 U 1.21 1.15 1.17 J 

SU-1 SLD105010 907806 1028697 0.01 0.14 0.22 UJ -0.04 0.44 0.61 UJ 1.08 0.29 0.06 = 0.49 0.05 0.07 = 0.70 0.40 0.29 J 1.01 0.48 0.13 = 0.58 0.35 0.13 J 0.09 0.17 0.30 UJ 0.90 0.50 0.45 J 

SU-1 
SLD105011 

SLD105011 907820 1028697 0.10 0.19 0.31 UJ 0.48 0.52 0.78 UJ 4.36 1.06 0.07 = 0.90 0.07 0.08 = 1.34 0.62 0.16 = 4.32 1.33 0.16 = 0.63 0.41 0.29 J 0.10 0.23 0.39 UJ 3.15 0.71 0.62 = 

SU-1 SLD105012 907820 1028697 0.04 0.14 0.24 UJ 0.27 0.44 0.64 UJ 1.54 0.40 0.06 = 1.02 0.07 0.08 = 1.05 0.51 0.26 = 1.56 0.64 0.26 = 0.80 0.43 0.25 J 0.03 0.19 0.32 UJ 1.08 0.53 0.53 = 

SU-1 

SLD105015  

SLD105013 907813 1028685 0.10 0.12 0.20 111 0.49 0.35 0.56 U 1.18 0.30 0.05 = 0.84 0.06 0.07 = 1.44 0.59 0.24 = 1.64 0.63 0.13 J 1.03 0.48 0.13 = 0.11 0.15 0.26 UJ 0.97 0.35 0.38 = 

SU-1 SLD105014 907813 1028685 -0.02 0.14 0.21 UJ 0.40 0.39 0.62 U 0.97 0.25 0.05 = 0.47 0.05 0.08 = 0.65 0.38 0.24 J 1.33 0.56 0.13 J 0.38 0.28 0.13 J 0.12 0.16 0.27 UJ 0.38 0.28 0.47 U 

SU-1 SLD105015 907813 1028685 -0.19 0.45 0.69 UJ 2.40 1.78 1.98 UJ 4.90 1.24 0.19 = 1.19 0.15 0.23 = 2.48 0.94 0.17 = 5.64 1.67 0.31 = 1.85 0.78 0.31 = 0.32 0.51 0.87 UJ 3.94 1.39 1.35 = 

SU-1 SLD105015-1 907813 1028685 -0.09 0.49 0.76 UJ 0.93 1.45 2.25 UJ 4.99 1.26 0.22 = 1.34 0.18 0.28 = 0.84 0.46 0.27 J 4.53 1.33 0.15 = 1.12 0.54 0.14 = 0.75 0.57 1.00 U 5.29 1.91 1.48 = 

SU-1 SLD105015-2 907813 1028685 -0.15 0.55 0.94 UJ 0.10 31.00 4.00 UJ 4.46 0.54 0.19 = 1.17 0.40 0.71 = 1.62 0.40 0.12 = 3.90 0.74 0.09 = 1.20 0.32 0.08 = 0.55 0.54 0.88 U 5.40 1.60 2.90 = 

SU-1 SLD105016 907813 1028685 -0.11 0.12 0.18 UJ 0.48 0.37 0.58 U 1.18 0.29 0.05 = 0.61 0.05 0.07 = 1.13 0.53 0.25 = 1.52 0.63 0.30 J 0.37 0.29 0.30 J 0.00 0.14 0.23 UJ 1.00 0.38 0.32 

SU-1 
SLD105017  

SLD105017 907826 1028685 0.01 0.37 0.60 UJ -1.36 1.15 1.64 UJ 3.09 0.81 0.13 = 0.84 0.12 0.19 = 1.23 0.58 0.33 = 2.74 0.95 0.15 = 0.90 0.49 0.33 J 0.50 0.56 0.79 UJ 1.54 1.46 1.27 J 

SU-1 SLD105018 907826 1028685 -0.06 0.11 0.17 UJ 0.31 0.34 0.53 UJ 1.23 0.31 0.04 = 0.45 0.04 0.06 = 0.59 0.34 0.12 J 1.35 0.56 0.23 J 0.23 0.21 0.12 J 0.05 0.14 0.23 UJ 1.05 0.35 0.32 = 

SU-1 

SLD105019  

SLD105019 907820 1028674 -0.02 0.38 0.60 UJ 1.30 1.17 1.90 U 2.35 0.64 0.17 = 0.82 0.15 0.24 = 0.98 0.51 0.33 J 1.98 0.78 0.34 J 0.50 0.35 0.15 J 0.06 0.47 0.78 UJ 1.71 1.43 1.26 J 

S1-1 SLD105019-1 907820 1028674 0.20 0.40 0.65 UJ 0.45 1.01 1.74 UJ 2.58 0.70 0.18 = 0.81 0.14 0.22 = 1.09 0.55 0.34 J 2.63 0.93 0.15 J 1.12 0.55 0.15 = 0.60 0.49 0.85 U 1.97 0.98 1.14 = 

SU-1 SLD105019-2 907820 1028674 -0.26 0.52 0.88 UJ 0.00 0.66 3.40 UJ 1.58 0.29 0.24 = 0.73 0.30 0.45 = 0.99 0.30 0.11 = 2.17 0.49 0.04 = 0.86 0.27 0.08 = -0.01 0.51 0.76 UJ 3.90 1.10 2.20 = 

SU-1 SLD105020 907820 1028674 0.01 0.12 0.19 UJ 014 0.33 0.50 UJ 1.00 0.25 0.04 = 0.43 0.04 0.07 = 0.34 0.26 0.13 J 1.35 0.57 0.13 J 0.66 0.38 0.24 J 0.10 0.14 0.23 UJ 0.91 0.33 0.33 = 

SU-1 
SLD105021 

SLD105021 907833 1028674 0.15 0.15 0.26 U 0.02 0.52 0.74 UJ 2.75 0.69 0.07 = 0.88 0.06 0.08 = 1.21 0.57 0.27 = 3.08 1.01 0.27 = 0.59 0.37 0.14 J 0.07 0.21 0.34 UJ 1.72 0.64 0.57 = 

SU-1 SLD105022 907833 1028674 0.14 0.14 0.21 U 1.07 0.75 0.58 UJ 1.52 0.39 0.05 = 0.53 0.05 0.07 = 0.64 0.39 0.14 1 1.46 0.63 0.32 = 0.36 0.29 0.27 J 0.07 0.16 0.27 UJ 1.26 0.55 0.46 = 

SU-2 HTZ00455 HTZ00455 908059 1028802 0.12 0.09 0.21 U -0.26 0.59 0.88 U 2.42 0.14 0.06 = 0.97 0.10 0.08 = 0.80 0.41 0.24 J 3.59 1.02 0.13 = 1.04 0.47 0.13 = 0.16 0.15 0.20 U 2.43 0.92 4.30 U 

SU-2 
SLD25088  

SLD25088 907845 1028769 0.01 0.10 0.15 U 0.35 0.46 0.74 U 1.02 0.07 0.45 = 0.46 0.07 0.06 J 0.42 0.30 0.24 J 1.83 0.67 0.13 = 0.48 0.31 0.13 J 0.16 0.13 0.15 J 3.60 2.26 3.42 J 

SU-2 SLD25089 907845 1028769 0.08 0.08 0.14 U 0.37 0.39 0.71 U 0.87 0.06 0.40 = 0.18 0.04 0.06 J 0.40 0.29 0.32 1 1.15 0.49 0.12 = 0.44 0.29 0.12 J -0.01 0.08 0.14 U 0.41 1.48 2.79 U 

SU-2 

SLD25090  

SLD25090 907823 1028710 0.08 0.16 0.25 U 0.68 0.90 1.22 U 0.68 0.08 0.68 = 0.25 0.10 0.12 1 0.28 0.27 0.38 U 1.44 0.58 0.13 J 0.24 0.22 0.13 U 0.05 0.13 0.23 U 1.87 2.95 5.81 U 

SU-2 SLD25091 907823 1028710 0.46 0.34 0.54 U 0.19 1.39 2.19 U 3.36 0.26 1.32 = 1.26 0.22 0.23 J 1.18 0.53 0.25 J 3.70 1.06 0.25 = 0.84 0.43 0.13 J 0.38 0.27 0.48 U 4.72 1.93 11.40 U 

S1-2 SLD25680 907823 1028710 0.14 0.11 0.16 U -0.02 0.45 0.69 U 1.23 0.09 0.41 = 0.60 0.07 0.07 J 0.78 0.43 0.26 J 0.98 0.49 0.26 J 0.62 0.38 0.14 J 0.21 0.14 0.16 U 1.45 0.65 3.58 U 

SU-2 SLD25681 907823 1028710 0.30 0.29 0.45 U 0.69 1.12 1.85 U 2.07 0.18 1.13 = 0.94 0.19 0.19 J 1.02 0.52 0.43 J 3.23 1.02 0.40 J 1.26 0.57 0.32 J 0.38 0.36 0.40 U 2.31 1.50 9.37 U 

SU-2 
SLD25092  

SLD25092 907887 1028685 -0.01 0.10 0.16 U -0.46 0.48 0.75 U 0.97 0.07 0.43 = 0.32 0.07 0.08 J 0.52 0.35 0.34 1 1.65 0.64 0.14 J 0.19 0.20 0.25 UJ 0.08 0.09 0.17 U 2.09 2.0 3.91 U 

SU-2 SLD25093 907887 1028685 0.09 0.13 0.21 U -1.18 0.65 0.96 R 1.57 0.11 0.57 = 0.79 0.11 0.10 J 1.10 0.55 0.29 J 2.10 0.79 0.16 J 1.54 0.66 0.35 = 0.08 0.12 0.21 U 2.65 1.60 3.93 U 

S1-2 
SLD25094  

SLD25094 907859 1028629 -0.02 0.11 0.17 U 0.25 0.52 0.80 U 1.27 0.09 0.50 = 0.62 0.08 0.08 J 0.91 0.46 0.33 J 2.67 0.85 0.13 J 1.23 0.54 0.13 = 0.11 0.10 0.19 U 2.45 1.40 4.02 U 

SU-2 SLD25095 907859 1028629 0.10 0.20 0.30 U 0.15 0.94 1.40 U 4.70 0.26 0.91 = 0.96 0.14 0.14 J 1.17 0.50 0.23 = 4.97 1.24 0.12 J 0.99 0.45 0.12 = 0.45 0.29 0.35 U 7.03 2.70 5.72 = 

SU-2 

SLD92174  

SLD92174 908055 1028857 0.21 0.13 0.21 U 0.30 0.39 0.59 UJ 2.25 0.53 0.05 = 0.43 0.04 0.08 = 0.59 0.36 0.28 J 1.84 0.66 0.13 = 0.56 0.34 0.24 J 0.02 0.16 0.26 UJ 1.90 0.44 0.38 = 

SU-2 SLD92174-1 908055 1028857 0.001 0.123 0.208 UJ -0.192 0.38 0.54 UJ 2.22 0.52 0.054 = 0.537 0.042 0.07 = 0.879 0.5 0.431 J 1.88 0.74 0.16 = 0.468 0.341 0.16 J 0.108 0.16 0.27 UJ 2.19 0.453 0.372 = 

SU-2 SLD92174-2 908055 1028857 -0.13 0.31 0.43 UJ 0.6 1.4 2.5 UJ 1.91 0.35 0.17 = 0.65 0.29 0.62 = 0.65 0.19 0.1 = 4.54 0.6 0.07 = 0.6 0.18 0.06 = 0.06 0.59 1 UJ 1.9 1.6 1.6 J 

SU-2 SLD92 1 75 908055 1028857 0.05 0.17 0.29 UJ -0.02 0.53 0.77 UJ 2.28 0.56 0.07 = 0.77 0.06 0.11 = 0.56 0.36 0.33 J 1.77 0.66 0.25 = 0.84 0.43 0.13 J 0.02 0.22 0.36 UJ 1.96 0.54 0.53 = 

SU-2 
SLD92186 

 SLD92186 908035 1028800 -0.22 0.17 0.25 UJ 0.11 0.48 0.68 UJ 2.36 0.56 0.06 = 0.59 0.06 0.08 = 0.93 0.48 0.15 J 2.41 0.84 0.15 J 0.77 0.43 0.15 J 0.30 0.22 0.35 U 3.26 0.62 0.54 = 

SU-2 SLD92187 908035 1028800 0.10 0.34 0.56 UJ -1.34 1.04 1.42 UJ 1.60 0.47 0.15 = 1.05 0.15 0.20 = 1.43 0.64 0.16 J 1.50 0.65 0.16 J 1.19 0.57 0.16 = 0.46 0.43 0.75 U 1.14 1.22 1.33 UJ 

SU-2 

SLD92222 

SLD92222 908103 1028732 0.06 0.13 0.21 UJ -0.14 0.42 0.57 UJ 2.10 0.50 0.05 = 0.54 0.04 0.06 = 0.62 0.36 0.13 J 2.40 0.78 0.29 J 0.42 0.29 0.24 J -0.03 0.17 0.29 UJ 2.31 0.44 0.46 = 

SU-2  SLD92223 908103 1028732 0.00 0.12 0.19 UJ 0.10 0.35 0.50 UJ 1.42 0.34 0.05 = 0.54 0.04 0.05 = 0.72 0.42 0.28 J 1.35 0.60 0.15 J 0.62 0.39 0.15 J -0.10 0.15 0.25 UJ 1.04 0.40 0.40 J 

SU-2 SLD92224 908103 1028732 -0.16 0.31 0.48 UJ 0.63 0.98 1.47 UJ 3.00 0.76 0.13 = 0.95 0.13 0.16 = 1.24 0.56 0.15 J 2.72 0.90 0.37 J 0.73 0.42 0.32 J 0.30 0.42 0.65 UJ 2.30 1.14 0.99 J 

SU-2 SLD92225 908103 1028732 0.10 0.15 0.25 UJ 0.06 0.45 0.63 UJ 1.47 0.37 0.06 = 0.82 0.07 0.08 = 2.02 0.75 0.15 J 2.56 0.87 0.28 J 1.02 0.51 0.28 = -0.01 0.21 0.33 UJ 0.78 0.55 0.55 J 

Notes: 
Units in pCi/g for result, error, and MDC. 

Validation Qualifier (VQ) symbols are: "=" for positive results, "U" for not detected above this value, "J" for estimated quantity, "UJ" for not detected above estimated value, and "R" for unusable. 

Negative values indicate results that are less than the laboratory system's background level. 

All results are shown to two decimal places regardless of significant digits. 
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Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 

Christiana Court, LLC (DT-17) 

Table A-5-1. Class 1 SU-1 Excavation Systematic and Biased Soil Data Summary 
Number of Systematic Samples: 6 I Number of Biased Samples: 4 Area: 91 m2  

Statistic Type Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORG  SORN  

Mean Systematic 0.01 0.46 3.17 0.86 1.35 3.23 0.87 0.19 2.24 0.34 0.11 

Median Systematic 0.02 0.25 2.92 0.86 1.22 2.91 0.68 0.09 1.72 0.30 0.07 

Standard Deviation Systematic 0.12 1.28 1.26 0.20 0.58 1.51 0.50 0.18 1.05 0.14 0.13 

Maximum All 0.51 2.40 8.16 1.41 2.48 14.30 1.85 0.50 6.19 1.16 0.93 

Range All 0.51 2.40 6.61 0.84 1.61 12.68 1.35 0.50 4.83 0.98 0.93 

Sam ple 
Name 

GWS- 
Based 

Area (m 2) 
Type Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORE  SORN  

SLD105007 -- Systematic 0.03 -0.07 1.55 0.57 0.87 1.62 0.74 0.08 1.36 0.18 0.00 

SLD105011 -- Systematic 0.10 0.48 4.36 0.90 1.34 4.3 0.63 0.10 3.15 0.41 0.19 

5LD105015 -- Systematic -0.19 2.40 4.90 1.19 2.48 5.64 1.85 0.32 3.94 0.58 0.35 

SLD105017 -- Systematic 0.01 -1.36 3.09 0.84 1.23 2.74 0.90 0.50 1.54 0.30 0.06 

5LD105019 -- Systematic -0.02 1.30 2.35 0.82 0.98 1.98 0.50 0.06 1.71 0.25 0.01 

SLD105021 -- Systematic 0.15 0.02 2.75 0.88 1.21 3.08 0.59 0.07 1.72 0.30 0.08 

HTZ103326 1.00 Biased 0.03 -0.48 5.30 0.94 0.99 3.48 0.76 0.00 4.23 0.50 0.22 

HTZ103327 1.00 Biased 0.37 0.91 8.16 1.01 1.59 14.30 1.28 0.01 6.19 1.16 0.93 

HTZ103328 1.00 Biased 0.51 0.33 6.49 1.06 1.56 5.71 1.61 0.11 5.43 0.65 0.37 

HTZ103329 1.00 Biased -0.01 0.56 6.15 1.41 1.48 6.08 1.24 0.07 3.93 0.58 0.36 

Notes: 
Results are expressed in pCi/g. 
SOR values are unitless. 
Negative results are less than the laboratory system's background level. 
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Table A-5-2. SU-1 Subsurface Soil Data Summary 

Number of Subsurface Samples: 
	

10 

Statistic Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORG  SORN  

Mean -0.01 0.33 1.30 0.63 0.82 1.39 0.62 0.12 0.99 0.17 0.00 
Median 0.01 0.32 1.21 0.52 0.68 1.41 0.62 0.09 1.03 0.16 0.00 

Standard Deviation 0.12 0.34 0.27 0.23 0.34 0.21 0.28 0.16 0.25 0.03 0.00 
Maximum 0.14 1.07 1.80 1.02 1.44 1.64 1.03 0.55 1.26 0.21 0.00 

Range 0.14 1.07 0.84 0.59 1.10 0.63 0.80 0.55 0.89 0.08 0.00 

Station Name 
Sample 
Name 

Depth Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORB SORN  

SLD105007 SLD105008 1.5 -2.0 0.09 -0.19 1.50 0.51 0.61 1.60 0.86 0.09 1.16 0.19 0.00 
SLD105007 SLD105009 3.5 - 4.0 -0.28 0.34 1.80 0.98 1.11 1.09 0.92 0.55 1.21 0.21 0.00 

SLD105007 SLD105010 4.5- 5.0 0.01 -0.04 1.08 0.49 0.70 1.01 0.58 0.09 0.90 0.13 0.00 
SLD105011 SLD105012 1.5 - 2.0 0.04 0.27 1.54 1.02 1.05 1.56 0.80 0.03 1.08 0.19 0.00 
SLD105015 SLD105013 3.5 - 4.0 0.10 0.49 1.18 0.84 1.44 1.64 1.03 0.11 0.97 0.20 0.00 
SLD105015 SLD105014 4.5 - 5.0 -0.02 0.40 0.97 0.47 0.65 1.33 0.38 0.12 0.38 0.13 0.00 
SLD105015 SLD105016 1.5 - 2.0 -0.11 0.48 1.18 0.61 1.13 1.52 0.37 0.00 1.00 0.16 0.00 
SLD105017 SLD105018 1.5 - 2.0 -0.06 0.31 1.23 0.45 0.59 1.35 0.23 0.05 1.05 0.14 0.00 
SLD105019 SLD105020 1.5 - 2.0 0.01 0.14 1.00 0.43 0.34 1.35 0.66 0.10 0.91 0.15 0.00 
SLD105021 SLD105022 1.5 - 2.0 0.14 1.07 1.52 0.53 0.64 1.46 0.36 0.07 1.26 0.16 0.00 

Notes: 
Depths are in feet. 

Results are expressed in pCi/g. 

SOR values are unitless. 

Negative results are less than the laboratory system's background level. 
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Table A-5-3. Class 2 SU-2 Systematic and Biased Soil Data Summary 
Number of Systematic Samples: 	7 Number of Biased Samples: 1 Area:1 	2,111 rIl 2 

Statistic Type Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORG  SORN  
Mean Systematic 0.02 0.16 1.52 0.46 0.61 2.03 0.55 0.10 2.50 0.59 0.07 

Median Systematic 0.01 0.25 1.27 0.46 0.59 1.84 0.48 0.08 2.31 0.60 0.04 

Standard Deviation Systematic 0.13 0.37 0.69 0.14 0.24 0.46 0.36 0.11 0.68 0.16 0.07 

Maximum All 0.21 0.68 2.42 0.97 0.93 3.59 1.23 0.30 3.60 0.97 0.35 

Range All 0.21 0.68 1.74 0.72 0.65 2.15 1.04 0.30 1.73 0.60 0.35 

Sample 
Name 

GWS- 
Based 

Area (m2) 
Type Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORB  SORN 

HTZ00455 1.0 Biased 0.12 -0.26 2.42 0.97 0.80 3.59 1.04 0.16 2.43 0.97 0.35 

SLD25088 -- Systematic 0.01 0.35 1.02 0.46 0.42 1.83 0.48 0.16 3.60 0.53 0.04 

SLD25090 -- Systematic 0.08 0.68 0.68 0.25 0.28 1.44 0.24 0.05 1.87 0.38 0.01 

SLD25092 -- Systematic -0.01 -0.46 0.97 0.32 0.52 1.65 0.19 0.08 2.09 0.44 0.01 

SLD25094 -- Systematic -0.02 0.25 1.27 0.62 0.91 2.67 1.23 0.11 2.45 0.83 0.19 

SLD92174 -- Systematic 0.21 0.30 2.25 0.43 0.59 1.84 0.56 0.02 1.90 0.60 0.01 

SLD92186 -- Systematic -0.22 0.11 2.36 0.59 0.93 2.41 0.77 0.30 3.26 0.70 0.13 

SLD92222 -- Systematic 0.06 -0.14 2.10 0.54 0.62 2.40 0.42 -0.03 2.31 0.64 0.11 

Notes: 
Results are expressed in pCi/g. 

SOR values are unitless. 

Negative results are less than the laboratory system's background level. 
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Table A-5-4. SU-2 Subsurface Soil Data Summary 

Number of Subsurface Samples: 	11 

Statistic Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORG  SORN  

Mean 0.12 -0.03 2.14 0.81 1.06 2.37 0.92 0.20 2.34 0.28 0.08 
Median 0.10 0.10 1.60 0.82 1.10 2.10 0.84 0.21 1.96 0.25 0.04 

Standard Deviation 0.16 0.65 1.13 0.29 0.45 1.23 0.32 0.21 1.95 0.13 0.10 
Maximum 0.46 0.69 4.70 1.26 2.02 4.97 1.54 0.46 7.03 0.54 0.31 

Range 0.46 0.69 3.83 1.08 1.62 3.99 1.10 0.46 6.62 0.42 0.31 

Station Name 
Sample 

Name 
Depth Ac-227 Pa-231 Ra-226 Ra-228 Th-228 Th-230 Th-232 U-235 U-238 SORG  SORN  

SLD25088 SLD25089 0.5- 1.0 0.08 0.37 0.87 0.18 0.40 1.15 0.44 -0.01 0.41 0.11 0.00 
SLD25090 SLD2509 I 1.0 - 2.1 0.46 0.19 3.36 1.26 1.18 3.70 0.84 0.38 4.72 0.43 0.20 
SLD25090 SLD25680 3.0 - 4.2 0.14 -0.02 1.23 0.60 0.78 0.98 0.62 0.21 1.45 0.15 0.00 
SLD25090 SLD25681 5.0 - 6.2 0.30 0.69 2.07 0.94 1.02 3.23 1.26 0.38 2.31 0.35 0.11 
SLD25092 SLD25093 1.0 - 2.2 0.09 -1.18 1.57 0.79 1.10 2.10 1.54 0.08 2.65 0.30 0.06 
SLD25094 SLD25095 1.5 - 2.0 0.10 0.15 4.70 0.96 1.17 4.97 0.99 0.45 7.03 0.54 0.31 
SLD92174 SLD92175 1.5 - 2.0 0.05 -0.02 2.28 0.77 0.56 1.77 0.84 0.02 1.96 0.25 0.01 
SLD92186 SLD92187 1.4- 1.9 0.10 -1.34 1.60 1.05 1.43 1.50 1.19 0.46 1.14 0.21 0.01 
SLD92222 SLD92223 1.5 - 2.0 0.00 0.10 1.42 0.54 0.72 1.35 0.62 -0.10 1.04 0.16 0.00 
SLD92222 SLD92224 3.5 - 4.0 -0.16 0.63 3.00 0.95 1.24 2.72 0.73 0.30 2.30 0.31 0.07 
SLD92222 SLD92225 4.9 - 5.4 0.10 0.06 1.47 0.82 2.02 2.56 1.02 -0.01 0.78 0.25 0.04 

Notes: 

Depths are in feet. 

Results are expressed in pCi/g. 

SOR values are unitless. 

Negative results are less than the laboratory system's background level. 
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1.0 INTRODUCTION 

1.1 PROJECT DESCRIPTION 

This QCSR was performed on the soil samples taken for the FSSE on Christiana Court (DT-17). 

1.2 PROJECT OBJECTIVES 

The intent of the QCSR is to document the usability of the data based on project DQ0s, 
precision, accuracy, representativeness, comparability, completeness, and sensitivity. 

1.3 PROJECT IMPLEMENTATION 

The soil sampling was conducted from February 2001 to August 2007. Radiological analyses 
were conducted by the on-site FUSRAP laboratory at the Hazelwood Interim Storage Site 
(HISS) with QA split soil samples being analyzed by Test America (formerly Severn-Trent 
Laboratories and Quanterra). 

1.4 PROJECT PURPOSE 

The primary intent of this assessment is to evaluate whether data generated from these soil 
samples can withstand scientific scrutiny, are appropriate for their intended purpose, are 
technically defensible, and are of known and acceptable sensitivity, precision, and accuracy. 

• 

• 
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2.0 QUALITY ASSURANCE PROGRAM 

A Quality Assurance Project Plan (QAPP) was developed for this project and is part of the SAG 
for the St. Louis Sites. The QAPP established requirements for both field and laboratory QC 
procedures. An analytical laboratory QC duplicate soil sample, laboratory control soil sample 
(LCS), and a method blank were required for approximately every 20 field samples of each 
matrix. 

A primary goal of the QA program is to ensure that the quality of measurements is appropriate 
for the intended use of the results. To this end, a QAPP and standardized field procedures were 
compiled to guide the investigation. Through the process of readiness review, training, 
equipment calibration, QC implementation, and detailed documentation, the project has 
successfully accomplished the goals set by the QA program. 

The resulting "definitive" data, as defined by USEPA, has been reported, including the following 
basic information: 

• Laboratory case narratives 
• Soil sample results 
• Laboratory method blank results 
• Laboratory control standard results 
• Laboratory duplicate soil sample results 
• Tracer recoveries 
• Soil sample extraction dates 
• Soil sample analysis dates 

This information provides the basis for an independent data evaluation relative to accuracy, 
precision, sensitivity, representativeness, comparability, and completeness, as discussed in the 
following sections. 

• 
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3.0 DATA VALIDATION 

This project implemented the use of data validation checklists to facilitate laboratory data 
validation. These checklists were completed by the project designated validation staff and were 
reviewed by the project laboratory coordinator. Data validation checklists or verification 
summaries for each laboratory soil sample delivery group have been retained with laboratory 
data deliverables by SAIC. 

3.1 LABORATORY DATA VALIDATION 

Analytical data generated for this project have been subjected to a process of data verification, 
validation, and review. The SAG and the following documents establish the criteria against 
which the data are compared and from which a judgment is rendered regarding the acceptance 
and qualification of the data: 

• Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
2006). 

• USA CE Kansas City and St. Louis District Radionuclide Data Quality Evaluation 
Guidance for Alpha and Gamma Spectroscopy (USACE 2002c). 

• Data Validation (SAIC 2006). 

Upon receipt of field and analytical data, verification staff performed a systematic examination 
of the reports to ensure the content, presentation, and administrative validity of the data. In 
conjunction with data package verification, laboratory electronic data deliverables were 
available. These data deliverables were subjected to review and verification against the hardcopy 
deliverable. Both a structural and technical assessment of the laboratory-delivered electronic 
reports were performed. The structural evaluation verified that required data had been reported 
and contract specified requirements were met (i.e., analytical holding times, contractual 
turnaround times, etc.). 

During the validation phase of the review and evaluation process, data were subjected to a 
systematic technical review by examining the field results, analytical QC results, and laboratory 
documentation following appropriate guidelines provided in the above referenced documents. 
These data validation guidelines define the technical review criteria, methods for evaluation of 
the criteria, and actions to be taken resulting from the review of these criteria. The primary 
objective of this phase was to assess and summarize the quality and reliability of the data for the 
intended use and to document factors that may affect the usability of the data. Data 
verification/validation included but was not necessarily limited to the following parameters for 
radiological methods, as appropriate: 

— Holding time information and methods requested 
— Discussion of laboratory analysis, including any laboratory problems 
— Soil sample results 
— Initial calibration 
— Efficiency check 
— Background determinations 
— Spike recovery results 
— Internal standard results (tracers or carriers) 
— Duplicate soil sample results 

A-6-5 
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— Self-absorption factor (for alpha and beta radioactivity) 
— Cross-talk factor (during simultaneous detection of alpha and beta radioactivity) 
— LCSs 
— Run log 

As an end result of this phase of the review, the data were qualified based on the technical 
assessment of the validation criteria. Qualifiers were applied to each analytical result to indicate 
the usability of the data for its intended purpose with a reason code to explain the retention or the 
qualifier. 

3.2 DEFINITIONS OF DATA QUALIFIERS 

During the data validation process, all laboratory data were assigned appropriate data validation 
qualifiers and reason codes, as follows: 
“= 53 
	

Positive result was obtained. 

The material was analyzed for a COC, but it was not detected above the level of the 
associated value. 

The associated value is an estimated quantity, indicating a decreased knowledge of the 
accuracy or precision of the reported value. 

"Ur The analyte was analyzed for, but it was not detected above the minimum detectable 
value, and the reported value is an estimate, indicating a decreased knowledge of the 
accuracy or precision of the reported value. 

The analyte value reported is unusable. The integrity of the analyte's identification, 
accuracy, precision, or sensitivity have raised significant question as to the reliability of 
the information presented. 

A positive result is flagged with a "J" qualifier and a non-detect result is flagged "UJ" when data 
quality is suspect due to QC issues, either blank contamination or analytical interference. None 
of the laboratory data were assigned an "R" code. SAIC validation qualifiers, reason codes, 
copies of validation checklists and qualified data forms are filed with the analytical hard copy 
deliverable. 

A-6-6 
P:\MARSSIM\SLDS\DT  17 Christiana Court\PRAR\RevOkAtt 6 QCSR DT-17 PRARO.doc 	 REVISION 0 



Post Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC, DT-17 

4.0 DATA EVALUATION 

The data evaluation process considers precision, accuracy, representativeness, completeness, 
comparability, and sensitivity. The following subsections will provide detail to the particular 
parameters and how the data were evaluated for each with discussion and tables to present the 
associated data. 

Accuracy and precision can be measured by the relative percent difference (RPD) for 
radiological analyses or the normalized absolute difference (NAD) for radiological analyses 
using the following equations: 

R 	
IS — DI 

PD =  *100 S + D  
2 

NAD = 
IS—Dl  

+U2t, 

Where: S = Parent Soil Sample Result 
D = Field Split/Duplicate Parent Soil Sample Result 
Us = Parent Soil Sample Uncertainty 
UD  = Field Split/Duplicate Parent Soil Sample Uncertainty 

• 
The RPD is calculated for all radiological soil sample-duplicate/split pairs, if a detectable result 
is reported for both the parent and the QA field split or field duplicate. For radiological soil 
samples, when the RPD is greater than 50 percent, the NAD is used to determine the precision of 
the method. NAD accounts for uncertainty in the results, RPD does not. The NAD should be 
equal to or less than a value of 1.96. Neither equation is used when the analyte in one or both of 
the soil samples is not detected. In cases where neither equation can be used, the comparison is 
counted as acceptable in the overall number of comparisons. 

The USACE memorandum entitled SAG Implementation Guidance for Interpretation of QA Split 
Program (USACE 2005b), states that a QA split soil sample should be collected and analyzed at 
a frequency of approximately 1 every 20 soil samples (5 percent). For radiological analyses, 
three split soil samples and three field duplicate soil samples were analyzed using both gamma 
and alpha spectrometry. These represent approximately eight percent (7.7 percent) of the 39 
Systematic, biased, and their associated subsurface soil samples. 

4.1 ACCURACY 

Accuracy provides a gauge or measure of the agreement between an observed result and the true 
value for an analysis. For this report, accuracy is measured through the use of the field split soil 
samples through a comparison of the prime laboratory results versus the results of an 
independent laboratory. 

• 
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4.1.1 Radiological Parameters 

Individual soil sample chemical yields and laboratory control sample (LCS) recoveries were 
within the 25 percent criterion for the verification samples, as stated in the SAG. Therefore, the 
data can be used for its intended purpose. 

4.1.2 Inter-Laboratory Accuracy 

As discussed above, RPD and NAD were used to measure the analytical accuracy of split soil 
sample pairs for two radiological analytical groups (i.e., alpha spectroscopy and gamma 
spectroscopy). The split soil sample pairs were analyzed by the FUSRAP laboratory at the HISS 
and an independent contract laboratory, Test America (formerly Severn Trent Laboratory and 
Quanterra). The ability to compare the results from the laboratories is subject to several factors, 
such as sample homogeneity, analytical methods, volume of sample, and, for radiological soil 
samples, the size of the uncertainty (reported as error) relative to the result (e.g., a low result 
near the detection limit may have an uncertainty close to or even higher than the result itself). 
Accuracy is affected by the size of the relative uncertainty in the result. Typically, as the result 
gets close to the MDC, the relative uncertainty gets larger. Many of the soil sample results 
discussed in this report are close to the MDC. 

The analytical accuracy between laboratories met the FSS goal of ensuring that 90 percent of the 
verification soil samples met the DQ0s. For radiological analyses, the soil sample results 
comparison must be less than the 50 percent criteria for RPD, or be less than or equal to 1.96 for 
NAD to meet the DQ0s. For radiological analyses, 3 soil sample pairs were compared for 12 
analytes for a total of 36 comparisons. One comparison, or 2.8 percent, exceeded the criteria as 
demonstrated in Tables A-6-1 and A-6-2, yielding 97.2 percent acceptance. This meets the SAG 
goal of 90 percent acceptance. The data are acceptable. 

Table A-6-1. Split Soil Sample Accuracy Among Alpha Spectroscopy Analyses 

Soil Sample Name 
Thorium-228 Thorium-230 Thorium-232 

RPD NAD RPD NAD RPD NAD 

SLD105015 / SLD105015-2 41.95 NA 36.48 NA 42.62 NA 

SLD105019 / SLD105019-2 1.53 NA 9.16 NA 52.76 0.81 

SLD92174 / SLD92174-2 9.68 NA 84.64 3.03 7.79 NA 

Notes: 
NAD — Calculated for additional information when RPD greater than 50 percent. 

Boldface — Values for RPD/NAD pairs exceed the control limits. Values not in boldface – pair meets the acceptance criteria. 

NA —Not applicable; see other calculated value. 
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Table A-6-2. Split Soil Sample Accuracy Among Gamma Spectroscopy Analyses 

Soil Sample Name 
Actinium-227 Americium-241 Cesium-137 Potassium-40 Protactinium-231 Radium-226 Radium-228 Uranium-235 Uranium-238 

RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD 

SLDI05015 / SLD105015-2 NC NC NC NC NC NC 12.68 NA NC NC 9.40 NA 1.69 NA NC NC 31.26 NA 

SLD105019 / SLD105019-2 NC NC NC NC NC NC 5.83 NA NC NC 39.19 NA 11.13 NA NC NC 78.07 1.21 

SLD92I74 / SLD92174-2 NC NC NC NC 4.56 NA 16.68 NA NC NC 16.35 NA 41.41 NA NC NC 0.00 NA 

Notes: 

NAD — Calculated for additional information when RPD greater than 50 percent. 

NC — Value cannot be calculated since the radionuclide was not detected in one or both of the soil samples. 

NA —Not applicable; see other calculated value. 
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4.2 PRECISION 

• 4.2.1 Analytical Precision 

Precision is a measure of mutual agreement among individual measurements performed under 
the same laboratory controls. To evaluate precision, a field duplicate soil sample is submitted to 
the HISS laboratory along with the original soil sample. Both soil samples are analyzed under 
the same laboratory conditions. If any bias was introduced at the laboratory, that bias would 
affect both soil samples equally. 

Field duplicate soil samples were employed at a frequency of approximately 1 duplicate soil 
sample per 20 samples. As a measure of analytical precision, the RPDs for these field duplicate 
soil sample pairs for the two radiological analytical groups (i.e., alpha spectroscopy and gamma 
spectroscopy) were calculated at the time of verification and validation. RPD (and/or NAD) 
values for all analytes were within the 50 percent window (or less than or equal to 1.96) of 
acceptance for the verification soil samples, except where noted. 

4.2.2 System Precision 

Field duplicate soil samples were collected to ascertain the contribution to variability (i.e., 
precision) due to the combination of environmental media, sampling consistency, and analytical 
precision that contribute to the precision for the entire system of collecting and analyzing 
samples. The field duplicate soil samples were collected from the same spatial and temporal 
conditions as the primary environmental soil sample. Soil samples were collected from the same 
sampling device, after homogenization for all analytes. 

For the three duplicate soil samples taken for the verification activities, the NAD and RPD 
values indicated acceptable precision for the data. For radiological analyses, 12 analytes were 
compared for 3 duplicate pairs for a total of 36 comparisons. All comparisons were within the 
criteria, as demonstrated in Tables A-6-3 and A-6-4. This meets the SAG goal of 90 percent 
acceptance. The data are acceptable. 

Table A-6-3. Duplicate Precision Among Alpha Spectroscopy Analyses 

Soil Sample Name 
Thorium-228 Thorium-230 Thorium-232 

RPD NAD RPD NAD RPD NAD 

SLD105015 / SLD105015-1 98.89 1.57 21.83 NA 49.16 NA 

SLD105019 / SLD105019-1 11.14 NA 28.20 NA 76.37 0.96 

SLD92174 / SLD92174-1 39.35 NA 2.15 NA 17.01 NA 

Notes: 

NAD calculated for additional information when RPD greater than 50 percent. 

Boldface – Values for RPD/NAD pairs exceed the control limits. Values not in boldface – pair meets the acceptance criteria. 

NA —Not applicable; see other calculated value. 

• 

• 
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Table A-6-4. Duplicate Precision Among Gamma Spectroscopy Analyses 

Soil Sample Name 
Actinium-227 Americium-241 Cesium-137 Potassium-40 Protactinium-231 Radium-226 Radium-228 Uranium-235 Uranium-238 
RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD RPD NAD 

SLD105015 / SLD105015-1 NC NC NC NC NC NC 20.58 NA NC NC 1.82 NA 11.86 NA NC NC 29.25 NA 
SLD105019 / SLD105019-1 NC NC NC NC NC NC 4.83 NA NC NC 9.33 NA 0.61 NA NC NC 14.13 NA 
SLD92174 / SLD92174-1 NC NC NC NC 47.57 NA 14.43 NA NC NC 1.34 NA 22.82 NA NC NC 14.18 NA 
Notes: 
NAD calculated for additional information when RPD greater than 50 percent. 

NC — Value not calculated since the radionuclide was not detected in one or both of the soil samples. 

NA —Not applicable; see other calculated value. 
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4.3 SENSITIVITY 

Determination of MDC values allows the investigation to assess the relative confidence that can 
be placed in a value in comparison to the magnitude or level of analyte concentration observed. 
The closer a measured value comes to the MDC, the less confidence and more variation the 
measurement will have. Project sensitivity goals were expressed as quantitation level goals in the 
FSSP. These levels were achieved or exceeded throughout the analytical process. 

The MDC is reported for each result obtained by laboratory analysis. These very low MDCs are 
achieved through the use of gamma spectroscopy for all radionuclides of concern, with 
additional analyses from alpha spectroscopy for thorium. Variations in MDCs for the same 
radiological analyte reflects variability in the detection efficiencies and conversion factors due to 
factors such as individual sample aliquot, sample density, and variations in analyte background 
radioactivity for gamma and alpha spectroscopy at the laboratory. In order to complete the Data 
Evaluation (i.e. Precision, Accuracy, Representativeness, and Comparability), analytical results 
are desired that exceed the MDC of the analyte. 

4.4 REPRESENTATIVENESS AND COMPARABILITY 

Representativeness expresses the degree to which data accurately reflect the analyte or parameter 
of interest for an environmental site and is the qualitative term most concerned with the proper 
design of a sampling program. Factors that affect the representativeness of analytical data 
include proper preservation, holding times, use of standard sampling and analytical methods, and 
determination of matrix or analyte interferences. Sample preservation, analytical methodologies, 
and soil sampling methodologies were documented to be adequate and consistently applied. 

Comparability, like representativeness, is a qualitative term relative to a project data set as an 
individual. These investigations employed appropriate soil sampling methodologies, site 
surveillance, use of standard sampling devices, uniform training, documentation of soil 
sampling, standard analytical protocols/procedures, QC checks with standard control limits, and 
universally accepted data reporting units to ensure comparability to other data sets. Through the 
proper implementation and documentation of these standard practices, the project has established 
the confidence that the data will be comparable to other project and programmatic information. 

Tables A-6-5 and A-6-6 present the duplicate and split results used in comparison with 
associated parent soil sample results for alpha spectroscopy and gamma spectroscopy, 
respectively. In Table A-6-6, the Ra-226 results reported by the FUSRAP laboratory 
automatically include an upward adjustment factor of 1.5, for all soil samples analyzed after 
February 20, 2002. The adjustment is necessary to conservatively account for Ra-226 in-growth 
and to provide proper comparability with the independent laboratory. 

4.5 COMPLETENESS 

Acceptable results are defined as those data, which pass individual scrutiny during the 
verification and validation process and are accepted for unrestricted use. The DQO of achieving 
90 percent completeness, as defined in the FSSP, was satisfied with the project producing valid 
results for 100 percent of the soil sample analyses performed and successfully collected. 
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A total of 13 systematic, 5 biased, and 21 subsurface soil samples, were collected with 
approximately 468 discrete analyses being obtained, reviewed, and integrated into the 
assessment. The project produced acceptable results for 100 percent of the soil sample analyses 
performed. 

Table A-6-5. Alpha Spectroscopy Results for Parent Samples and Associated Split and 
Duplicate Soil Samples 

Soil Sample 
Name 

Thorium-228 Thorium-230 Thorium-232 

Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ 

SLD105015 2.48 0.94 0.17 = 5.64 1.67 0.31 = 1.85 0.78 0.31 = 

SLD105015-1 0.84 0.46 0.27 J 4.53 1.33 0.15 = 1.12 0.54 0.14 = 

SLD105015-2 1.62 0.40 0.12 = 3.90 0.74 0.09 = 1.20 0.32 0.08 = 

SLD105019 0.98 0.51 0.33 J 1.98 0.78 0.34 J 0.50 0.35 0.15 J 

SLD105019-1 1.09 0.55 0.34 J 2.63 0.93 0.15 J 1.12 0.55 0.15 = 

SLD105019-2 0.99 0.30 0.11 = 2.17 0.49 0.04 = 0.86 0.27 0.08 = 

SLD92174 0.59 0.36 0.28 J 1.84 0.66 0.13 = 0.56 0.34 0.24 J 

SLD92174-1 0.88 0.50 0.43 J 1.88 0.74 0.16 = 0.47 0.34 0.16 J 

SLD92174-2 0.65 0.19 0.10 = 4.54 0.60 0.07 = 0.60 0.18 0.06 = 

Notes: 
Results are expressed in pCi/g. 

Samples ending in "-1" are duplicate soil samples. 

Samples ending in "-2" are split soil samples. 

A-6-14 
P:\.MAR55IM\SLDS\DT  17 Christiana Court\PRAR\RevO\Att 6 QCSR DT-17 PRARO.doc 

	
REVISION 0 



Post Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property Christiana Court, LLC, DT-17 

Table A-6-6. Gamma Spectroscopy Results for Parent Soil Samples and Associated Split and Duplicate Soil Samples 

Soil Sample 
Name 

Actinium-227 Americium-241 Cesium-137 Potassium-40 Protactinium-231 _ Radium-226 Radium-228 Uranium-235 Uranium-238 

Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ Result Error MDC VQ 

SLD105015 -0.19 0.45 0.69 UJ -0.02 0.10 0.15 UJ -0.03 0.04 0.05 UJ 10.90 1.38 0.58 = 2.40 1.78 1.98 UJ 4.90 1.24 0.19 = 1.19 0.15 0.23 = 0.32 0.51 0.87 UJ 3.94 1.39 1.35 = 

SLD105015-1 -0.09 0.49 0.76 UJ 0.05 0.11 0.17 UJ 0.00 0.05 0.08 UJ 13.40 1.48 0.60 = 0.93 1.45 2.25 UJ 4.99 1.26 0.22 = 1.34 0.18 0.28 = 0.75 0.57 1.00 U 5.29 1.91 1.48 = 

SLD105015-2 -0.15 0.55 0.94 UJ 0.00 0.22 0.38 UJ -0.05 0.13 0.22 UJ 9.60 2.20 1.80 = 0.10 31.00 4.00 UJ 4.46 0.54 0.19 = 1.17 0.40 0.71 = 0.55 0.54 0.88 U 5.40 1.60 2.90 = 

SLD105019 -0.02 0.38 0.60 UJ 0.02 0.08 0.13 UJ -0.03 0.04 0.06 UJ 10.60 1.39 0.63 = 1.30 1.17 1.90 U 2.35 0.64 0.17 = 0.82 0.15 0.24 = 0.06 0.47 0.78 UJ 1.71 1.43 1.26 J 

SLD105019-1 0.20 0.40 0.65 UJ 0.06 0.09 0.14 UJ -0.01 0.04 0.06 UJ 10.10 1.33 0.61 = 0.45 1.01 1.74 UJ 2.58 0.70 0.18 = 0.81 0.14 0.22 = 0.60 0.49 	1 0.85 U 1.97 0.98 1.14 = 

SLD105019-2 -0.26 0.52 0.88 UJ 0.00 0.18 0.32 UJ -0.01 0.08 0.15 UJ 10.00 2.00 0.80 = 0.00 0.66 3.40 UJ 1.58 0.29 0.24 = 0.73 0.30 0.45 = -0.01 0.51 0.76 UJ 3.90 1.10 2.20 = 

SLD92174 0.21 0.13 0.21 U 0.01 0.03 0.04 UJ 0.16 0.02 0.02 = 6.43 0.50 0.19 = 0.30 0.39 0.59 UJ 2.25 0.53 0.05 = 0.43 0.04 0.08 = 0.02 0.16 0.26 UJ 1.90 0.44 0.38 = 

SLD92174-1 0.00 0.12 0.21 UJ 0.00 0.03 0.04 UJ 0.26 0.03 0.02 = 7.43 0.55 0.17 = -0.19 0.38 0.54 UJ 2.22 0.52 0.05 = 0.54 0.04 0.07 = 0.11 0.16 0.27 UJ 2.19 0.45 0.37 = 

SLD92174-2 -0.13 0.31 0.43 UJ 0.10 0.11 0.19 UJ 0.15 0.10 0.09 J 7.60 2.00 0.90 = 0.60 1.40 2.50 UJ 1.91 0.35 0.17 = 0.65 0.29 0.62 = 0.06 0.59 1.00 UJ 1.90 1.60 1.60 J 

Notes: 

Results are expressed in pCi/g. Negative results are less than the laboratory system's background level. 

Samples ending in "-I" are duplicate soil samples. 

Samples ending in "-2" are split soil samples. 

* Results not available 
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5.0 DATA QUALITY ASSESSMENT FOR SCAN AND FIXED-POINT SURVEYS 

5.1 DATA QUALITY OBJECTIVES 

The Final Status Survey Plan for Structures and Other Consolidated Material Left in Place at 
the St. Louis Sites (USACE 2003) identifies the following QC provisions for scan and fixed-
point surveys of consolidated materials: 

• Detector with active probe area of about 100 cm 2  is held within about 0.4 inches of the 
clean, dry surface being surveyed. The audible output of the survey instrument should be 
used during scanning due to its faster response than the meter. 

• The detector should be frequently checked for proper operation during surveys, calibrated 
annually, undergo a daily source check (with results within 20 percent of readings 
obtained at calibration), and undergo a daily background check (with results within three 
standard deviations from the background value determined at calibration). 

• Instrument efficiency (c 1) is generally greater than or equal to 0.15 to aid in achieving the 
desired limit of detection. 

• The fixed-point MDC must be less than or equal to the screening level for clearance, with 
a target of 10 to 50 percent of the screening level. 

• The scan MDC for beta radiation should be less than the screening level for clearance. 

• The probability for detecting alpha radiation by scan should generally be greater than or 
equal to 85 percent. (When scanning for alpha contamination, the basic assumptions 
behind calculating a scanning MDC do not hold true because the normal alpha 
background count rate is near zero. As a result, the limit of detection for alpha scans is 
calculated and expressed in terms of the "alpha scan probability" of detecting a single 
alpha count during the survey. Methods for calculating scan MDCs and probabilities are 
provided in USACE 2003.) 

5.2 DATA EVALUATION 

The survey design and data collection documentation were reviewed for consistency with the 
objectives of the survey. As required for Class 1 consolidated material areas, 100 percent of the 
surfaces were surveyed by scan. Descriptions of the consolidated materials surveyed were 
entered onto survey maps. Instruments of the same model were used in the survey, and were 
verified to have the appropriate accuracy, sensitivity, representativeness, and comparability for 
the objectives of the survey. The survey results are in Attachment A-9. Documentation is on file 
as part of the Contractor's FUSRAP project records. 

• The instruments used for the scan and fixed-point surveys met the above provisions for 
active probe area, audible output, calibration, source check, and background check. 

• The instruments were used as described above by trained operators. 

• The instrument efficiencies ranged from 0.23 to 0.45 for beta radiation. The instrument 
efficiencies for alpha radiation ranged from 0.11 to 0.25, which was sufficient to achieve 
the desired limit of detection. 
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• The MDCs for fixed point surveys were less than 50 percent of the levels for clearance, 
with an average of 2 and 11 percent of the clearance levels for alpha and beta radiation, 
respectively. 

• The alpha scan probability was at or above 85 percent for the instruments, except for one 
instance with a probability of 84 percent. 

• The MDCs for beta scan surveys were less than the screening level for clearance, with an 
average of 22 percent of the screening level. 

• The results were inspected for obvious outliers, trends, values that exceeded the 
screening levels for clearance, and indicators of inconsistent results. No problems were 
noted. 

• The FSSP DQO of achieving 90 percent completeness was satisfied with the project 
producing valid results for 100 percent of the surveys performed. 

The survey results were converted from cpm to the units of the survey RGs for ease of 
comparison. 

Result 
r  dpm 	 R g R b  

100 CM 2 	(e, )(s s )(Probe Area/100 ) 

Where: 	Rg  is the static data point gross count rate (cpm) 
Rb is the field background count rate (cpm) 
si  is the instrument efficiency (cpm/disintegrations per minute [dpm]) 
es  is the surface efficiency 
Probe Area is the open area of the detector face (square centimeters [cm 2]) 
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6.0 DATA QUALITY ASSESSMENT SUMMARY 

The overall quality of this data meets or exceeds the established project objectives. Through 
proper implementation of the project data verification, validation, and assessment process, 
project information has been determined to be acceptable for use. 

Soil sample data, as presented, have been qualified as usable, but estimated when necessary. 
Data that have been estimated have concentrations/activities that are below the quantitation limit 
or are indicative of accuracy, precision, or sensitivity being less than desired but adequate for 
interpretation. Comparisons that have exceeded the requirements have bolded type in associated 
tables. There are numerous possibilities for these anomalies: 

• Dilution of a soil sample due to high analyte concentration(s) that exceed analytical 
calibration(s); 

• Excessive dilution for sample turbidity or other matrix issues that was deemed necessary 
for a laboratory analysis; 

• Incomplete soil sample homogenization, either at the laboratory or during the field soil 
sampling; 

• Matrix interferences within the soil sample itself that caused inadequate analytical 
quantitation; 

• Different preparation methods for associated split soil samples at different laboratories; 

• Different analytical methods for associated split soil samples at different laboratories; 
and 

• Concentration of an analyte being below the calibration range, or near the method 
detection limit for that analyte; etc. 

Further analysis of the data can display trends or even randomness within the data set that could 
be explained with one or more of the above mentioned contributors to anomalies. For instance, a 
single split soil sample pair analyzed at two different laboratories for which the RPD was not 
met for any analyte, could be an indicator of incomplete homogenization in the field, matrix 
effects in the soil sample, use of different preparation methods, dilutions that were required to 
overcome soil sample concentration, or analyte concentrations approaching the method detection 
limit. Precision and/or accuracy anomalies occurring for some analytes, but not for others, could 
be the result of a simple matrix effect causing poor quantitation of a soil sample, or perhaps low 
concentrations of those analytes. When considering split soil sample data, if a laboratory has 
numerous "out of specification" data for a certain analyte(s) versus the corresponding data 
produced by another laboratory, differences in soil sample preparation by the laboratories in 
question, or perhaps differences in instrument calibrations could be considered as potential 
causes for differences in data quality for the specific analyte(s) in question. Exceedance by one 
laboratory of the RPD acceptance criterion for an analyte measured in a duplicate soil sample 
pair, for which the same duplicate analysis at another laboratory produced results for which the 
RPD was within the same acceptance limit, could be attributed to randomness of quantitation 
within the analysis. 

The Department of Defense Quality Systems Manual for Environmental Laboratories defines 
allowable marginal exceedances as 10 percent of the total analysis for random anomalies that 
occur during regular laboratory analysis. As presented in this report, there are 72 total 
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comparisons with 1 exceedance, resulting in a marginal exceedance rate of 1.38 percent. This is 
well within the Department of Defense Quality Systems Manual for Environmental Laboratories 
10 percent allowance for marginal exceedances. The allowable marginal exceedance 
requirements for the project have been met, with over 90 percent of the data being within 
acceptance limits, while allowing for some noticeable trends and randomness of anomalous 
exceedances between laboratories. 

Data evaluated by this QCSR demonstrates that it can withstand scientific scrutiny, are 
appropriate for its intended purpose, are technically defensible, and are of known and acceptable 
sensitivity, precision, and accuracy. Data integrity has been documented through proper 
implementation of QA/QC measures. The environmental information presented has an 
established confidence, which allows utilization for the project objectives and provides data for 
future needs. 
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ATTACHMENT A-7 

RISK AND DOSE ASSESSMENT 

P:\MARSSIM1SLDS  \DT 17 Christiana Court\PRAR\RevO\App A DT-17 PRAR-FSSEO.doc 
	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

THIS PAGE INTENTIONALLY LEFT BLANK 

PAMARSSIKSLDS \DT 17 Christiana Court \PRAR \Rev° \App A DT-17 PFtAR-FSSEO.doc 
	 REVISION 0 



• 

Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

RISK AND DOSE ASSESSMENT 

RISK AND DOSE ASSESSMENT MODEL 

RESRAD (RESidual RADioactivity) is a computer model developed by the Argonne National 
Laboratory for the DOE. RESRAD calculates site-specific risk and dose to various future 
hypothetical on-site receptors at sites that are contaminated with residual radioactive materials. 
The use of RESRAD codes for modeling risk and dose has become an acceptable industry 
practice among prominent federal agencies. For example: 

• The EPA used RESRAD in its "Reassessment of Radium and Thorium Soil 
Concentrations and Annual Dose Rates" that demonstrated the protectiveness of the 
Uranium Mill Tailing Radiation Control Act soil criteria and in its rulemaking for 
cleanup of sites contaminated with radioactivity. 

• Seven U.S. Cabinet-level agencies including EPA, DOE, NRC, and U.S. Department of 
Defense (DOD), functioning as the Interagency Steering Committee on Radiation 
Standards formally accepted RESRAD-BIOTA. 

• The EPA was also a signatory to both the ROD and the Record of Decision for the North 
St. Louis County Sites (USACE 2005c), both of which used RESRAD in their 
development. EPA has participated in many other CERCLA actions involving RESRAD. 

Version 6.3 was used to calculate potential risk and dose to the scenario receptor. Residual risk 
and dose assessments for the ROD were performed using RESRAD Version 5.62. RESRAD 5.62 
incorporates the morbidity slope factors from the Health Effects Assessment Summary Tables 
(HEAST): Table 4 (USEPA 1995), whereas RESRAD 6.3 incorporates morbidity slope factors 
from the Cancer Risk Coefficients for Environmental Exposure to Radionuclides, Federal 
Guidance Report 13 (USEPA 1999) that are pathway specific. 

RECEPTOR SCENARIO 

The input parameters selected for the utility and industrial worker scenarios are those defined in 
the FS. The input parameters selected for the on-site residential receptor scenario are those 
defined for the on-site residential receptor in the Post-Remedial Action Report for the Accessible 
Soils Within the St. Louis Downtown Site Plant 2 Property (USACE 2002a). 

Each receptor scenario is summarized as follows: 

• Industrial Worker: The industrial worker is modeled as a typical site worker who spends 
most of their time indoors. The worker is at the property for 250 days per year for 25 
years. During a standard year, the industrial worker is assumed to spend 1600 hours 
indoors and 400 hours outdoors plus 125 hours (0.5 hours per day) indoors to account for 
the possibility of eating lunch on-site, early daily arrival, and late daily departure. 

• Utility Worker: The utility worker may participate in utility work or other intrusive 
outdoor activities at the property. It is assumed that the utility worker is exposed in a 
single event that takes place over an 80-hour period. 

• On-Site Residential Receptor: The on-site residential receptor is modeled as a potential 
future receptor in case the current land use areas being assessed changes to residential. 
From the Risk Assessment Guidance for Superfund: Volume 1—Human Health 
Evaluation Manual (Part A) (USEPA 1989), the residential receptor is assumed to live on 
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site for 350 days per year for 30 years. The resident is assumed to spend 16.4 hours 
indoors and 2.0 hours outdoors each day per the Exposure Factors Handbook, Volumes I, 
II, and III (USEPA 1997b). Among outdoor activities, the resident is asswiied to spend 
0.2 hours each day for gardening. 

The exposure pathways applicable to the radiological risk and dose assessment are external 
gamma, inhalation, and soil ingestion for the three scenarios, with plant ingestion added for the 
on-site resident scenario. Since ground water is not a potential source of drinking water for 
SLDS, the drinking water pathway is not considered a potential pathway for the property ROD. 
The non-default RESRAD input parameters for the receptor scenarios are presented in Table 
A-7-1. 

Table A-7-1. RESRAD Non-Default Input Parameters 

Category Parameter Values 
Physical 
Parameters Area of Contaminated Zone (m2) 

Area for Non-HTZ 2,197 
Area for HTZ 5 

Combined Area 2,022 
Thickness of the Contaminated Zone (m) 2 

Cover 
Parameters 

Cover Depth (m) 0 
Density of the Cover Material (g/cm 3) Not Applicable 
Cover Erosion Rate (m/yr) Not Applicable 

Hydrological 
Data for 
Contaminated 
Zone 

Density of Contaminated Zone (g/cm 3) 1.28 (Clay Loam) 	 
0.42 (Clay Soil) Contaminated Zone Total Porosity (unitless) 

Contaminated Zone Field Capacity (unitless) 0.36 
Contaminated Zone Hydraulic Conductivity (m/yr) 3.048 
Contaminated Zone b parameter (unitless) 10.4 
Wind Speed (m/s) 4.17 
Precipitation (m/yr) 0.92 
Irrigation (m/yr) 0 
Run-off Coefficient (unitless) 0.8 (Built-Up Area) 
Contaminated zone Erosion Rate (m/yr) 

On-Site 
Resident 

Utility 
Worker 

0.00006 	 
Industrial 
Worker 

Exposure 
Parameters 

Inhalation Rate (m3/yr) 8,400 10,550 10,550 
Mass Loading for Inhalation (g/m 3) 5.9x10-6  0.0002 0.0002 
Exposure Duration (yr) 30 1 25 
Indoor Dust Filtration Factor (unitless) 0.5 0.5 0.5 
External Gamma Shielding Factor 0.7 0.7 0.7 
Indoor Time Fraction a  (unitless) 0.655 0 0.1969 
Outdoor Time Fraction °  (unitless) 0.0799 0.0091 0.04566 
Fruit, Vegetable, and Grain Consumption (kg/yr) 42.7 Not Applicable Not Applicable 
Leafy Vegetable Consumption (kg/yr) 4.66 Not Applicable Not Applicable 
Soil Ingestion (g/yr) 43.8 175.2 49.64 

Fraction of Time Indoor per year (On-Site Resident) = (16.4 hrs/day * 350days/yr) / (24 hrs/day * 365 hrs/day)= 0.655 

b  Fraction of Time Outdoor per year (On-Site Resident) = (2 hrs/day * 350 days/yr) / (24 hrs/day * 365 hrs/day) = 0.0799 

DETERMINATION OF EXPOSURE POINT CONCENTRATIONS (EPC) 

Risk and dose are determined by developing a source term for the property, and applying that 
source term to the receptor scenarios using RESRAD. The source terms are based upon exposure 
point concentrations (EPCs) calculated from the FSSE data. EPCs for applicable COCs were 
independently calculated for both 'non-HTZ' soil samples and 'RIZ' soil samples. For this 
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analysis, 'FITZ' soil samples are those soil samples taken based on increased readings identified 
during GWSs that may be due to environmental contamination in the soil or due to higher 
amounts of naturally-occurring radioactivity in the soil. `I-ITZ' soil samples are assigned areas, in 
square meters, based on the estimated area exhibiting increased readings. (Biased soil samples 
for bounding purposes may have `HTZ' in the sample identification, but no area is assigned since 
they are not associated with the GWS; these soil samples are treated as `non-HTZ' soil samples.) 
Area-weighting of the soil sample results was conducted to ensure that 'FITZ' soil sampling 
results did not cause the true average concentration term to be misrepresented (USEPA 1989). 
The following discussion summarizes the process for calculating each COC's EPC. 

• The 'non-HTZ' soil sample results for each radionuclide COC were inserted into the 
EPA-designed software ProUCL (Version 3.0) to calculate the 95 percent upper 
confidence limit (UCL95) of the arithmetic mean. 

• The `I-ITZ' soil sample results for each radionuclide COC were inserted into ProUCL to 
calculate the UCL9 5 . 

• The areas represented by the 'FITZ' soil sample results were summed. The total area 
represented by the `non-HTZ' soil samples was calculated by subtracting the total biased 
soil sample area from the total area of all of the SUs. Next, these areas were used to 
provide a weighted average of the two UCL95 values. 

The EPC for each radionuclide COC was calculated by subtracting its average background 
concentration from the smaller of its UCL9 5  result or its maximum detected concentration. Since 
the soil sample results did not include lead-210 (Pb-210) or U-234, the EPCs for these 
radionuclides were calculated from established ratios to other radionuclides for which an EPC 
was calculated. From Table 2.15 of the Baseline Risk Assessment for Exposure to Contaminants 
at the St. Louis Site (DOE 1993), the ratio of Pb-210 to Ra-226 is 1.3 and the ratio of U-234 to 
U-238 is 1.0. The EPCs are in Table A-7-2. 

Table A-7-2. Exposure Point Concentrations 

Soil Sample 
Group 

Area 
(m 2) 

Statistic 
Ac-2271Pa-231 Pb-2100  Ra-226 Ra-228 Th-228 Th-2301Th-2321U-23e U-235 U-238 

(pCi/g) 

Non-HTZ 
Soil 

Samples 
2,197 

Backgroundb  0.14 0.90 - 2.78 0.95 1.16 1.94 1.09 0.08 1.44 

Maximum 0.46 2.40 - 4.90 1.26 2.48 5.64 1.85 - 0.55 7.03 

Distribution N X - L N G L N - X G 

UCL95 0.08 0.71 - 2.30 0.77 1.09 2.49 0.85 - 0.28 2.36 

EPC 0.00 0.00 - 0.00 0.00 0.00 0.55 0.00 - 0.20 0.92 

Biased 
Soil 

Samples 
5 

Background' 0.14 0.90 - 2.78 0.95 1.16 1.94 1.09 - 0.08 1.44 

Maximum 0.51 0.91 - 8.16 1.41 1.59 14.30 1.61 - 0.16 6.19 

Distribution N N - N G N N N - N N 

UCL95 0.42 0.76 - 7.72 1.29 1.63 10.87 1.49 - 0.13 5.82 

EPC 0.28 0.00 - 4.94 0.34 0.43 8.93 0.40 - 0.05 4.38 

All Soil 
Samples 

(weighted) 2,202 EPC 
0.00 0.00 0.01 0.01 0.00 0.00 0.57 0.00 0.93 0.20 0.93 

° EPCs were determined based on the relationship presented in Table 2.15 of DOE 1993. 

b  Background values were taken from Table 3-2 of the Background Soils Characterizalion Report for the Si. Louis Downtown Site (USACE 
1999) 

Note: G= Gamma, L=Lognormal, N= Normal, X -Non Parametric 
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respectively, meeting the CERCLA risk range and being below the dose criteria of 25 mrem/yr. 
EPC calculations (including Pro-UCL output files) and RESRAD output files are on file as part 
of the St. Louis FUSRAP records/files. 

A-7-4 
P:\MARSSIM\5LD5\DT  17 Christiana Court\PRAR\RevO\Att 7 Risk DT-17 PRARO.doc 	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

ATTACHMENT A-7-1 

EPC CALCULATIONS (ProUCL OUTPUT FILES) 

(On CD-ROM on the Back Cover of this Report) 

P:\MARSSIM\SLDS\DT  17 Christiana Court\PRAR\RevO\Att 7 Risk DT-17 PRARO.doc 	 REVISION 0 



Post-Remedial Action Report and Final Status Survey Evaluation for the Accessible Soils within the St. Louis Downtown Site Vicinity Property 
Christiana Court, LLC (DT-17) 

THIS PAGE INTENTIONALLY LEFT BLANK 

P:\MARSSIM\SLDS\DT  17 Christiana Court\PRAR\RevO\Att 7 Risk DT-17 PRARO.doc 	 REVISION 0 



• 

DT-17 PRAR/FSSE 

• 
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DT-17 PRAR 
Non-HTZ Pro-UCL Output 

General UCL Statistics for Full Data Sets 

User Selected Options 

From File WorkSheet.wst 

Full Precision OFF 

Confidence Coefficient 95% 

Number of Bootstrap Operations 2000 

Ac-227 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 32 

Raw Statistics Log-transformed Statistics 

Minimum -0.284 Log Statistics Not Avaliable 

Maximum 0.46 

Mean 0.0408 

Median 0.0476 

SD 0.14 

Coefficient of Variation 3.442 

Skewness 0.275 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.945 Not Available 

Shapiro Wilk Critical Value 0.933 

Data appear Normal at 5% Signtficance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 0.0815 95% H-UCL N/A 

Assuming Normal Distribution 95% UCLs (Adjusted for Skewness) 

95% Student's-t UCL 0.0815 95% Adjusted-CLT UCL (Chen 1995) 0.0815 

95% Modified-t UCL (Johnson-1978) 0.0817 

Gamma Distribution Test Data Distribution 

Gamma Statistics Not Available Data appear Normal at 5% Significance Level 

Potential UCL to Use 

Use 95% Students-t UCL 0.0815 95% CLT UCL 0.0803 

95% Jackknife UCL 0.0815 

95% Standard Bootstrap UCL 0.0801 

95% Bootstrap-t UCL 0.0825 

95% Hall's Bootstrap UCL 0.0902 

95% Percentile Bootstrap UCL 0.0805 

95% BCA Bootstrap UCL 0.0791 

95% Chebyshev(Mean, Sd) UCL 0.146 

97.5% Chebyshev(Mean, Sd) UCL 0.191 

99% Chebyshev(Mean, Sd) UCL 0.28 

I 
Note: Suggestions regarding the selection of 095% UCL are provided to help the user to select the most appromiate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized In Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight the user may want to consult a statistidan. 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Pa-231 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 34 

Raw Statistics Log-transformed Statistics 

Minimum -1.36 Log Statistics Not Available 

Maximum 2.4 

Mean 0.199 

Median 0.22 

SD 0.687 

Coefficient of Variation 3.455 

Skewness 0.255 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.889 Not Available 

Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 0.398 95% H-UCL N/A 

Assuming Normal Distribution 95% UCLs (Adjusted for Skewness) 

95% Student's-t UCL 0.398 95% Adjusted-CLT UCL (Chen 1995) 0.398 

95% Modified-t UCL (Johnson-1978) 0.399 

Gamma Distribution Test Data Distribution 

Gamma Statistics Not Available Data do not follow a Discernable Distribution (0.05) 

Potential UCL to Use 

Use 95% Chebyshev (Mean, Sd) UCL 0.712 95% CLT UCL 0.392 

95% Jackknife UCL 0.398 

95% Standard Bootstrap UCL 0.392 

95% Bootstrap-t UCL 0.404 

95% Hall's Bootstrap UCL 0.419 

95% Percentile Bootstrap UCL 0.383 

95% BCA Bootstrap UCL 0.392 

95% Chebyshev(Mean, Sd) UCL 0.712 

97.5% Chebyshev(Mean, Sd) UCL 0.934 

99% Chebyshev(Mean, Sd) UCL 1.37 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional Insight the user may want to consult a statistidan. 

• 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Ra-226 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 32 

Raw Statistics Log-transformed Statistics 

Minimum 0.68 Minimum of Log Data -0.386 

Maximum 4.9 Maximum of Log Data 1.589 

Mean 1.948 Mean of log Data 0.538 

Median 1.545 SD of log Data 0.499 

SD 1.089 

Coefficient of Variation 0.559 

Skewness 1.417 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.841 Shapiro Wilk Test Statistic 0.959 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 2.263 95% H-UCL 2.297 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 2.687 

95% Adjusted-CLT UCL (Chen-1995) 2.303 97.5% Chebyshev (MVUE) UCL 3.013 

95% Modified-t UCL (Johnson-1978) 2.271 99% Chebyshev (MVUE) UCL 3.654 

Gamma Distribution Test Data Distribution 

k star (bias corrected) 3.723 Data appear Lognormal at 5% Significance Level 

Theta Star 0.523 

MLE of Mean 1.948 

MLE of Standard Deviation 1.009 

nil star 253 1 

Approximate Chi Square Value (.05) 217.3 Nonparametric Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 2.255 

Adjusted Chi Square Value 215.7 95% Jackknife UCL 2.263 

95% Standard Bootstrap UCL 2.243 

Anderson-Darling Test Statistic 0.79 95% Bootstrap-t UCL 2.35 

Anderson-Darling 5% Critical Value 0.752 95% Hall's Bootstrap UCL 2.315 

Kolmogorov-Smimov Test Statistic 0.173 95% Percentile Bootstrap UCL 2.272 

Kolmogorov-Smimov 5% Critical Value 0.152 95% BCA Bootstrap UCL 2.314 

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 2.761 

97.5% Chebyshev(Mean, Sd) UCL 3.113 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 3.805 

95% Approximate Gamma UCL 2.269 

95% Adjusted Gamma UCL 2.286 

Potential UCL to Use Use 95% Student's-t UCL 2.263 

or 95% Modified-t UCL 2.271 

or 95% H-UCL 2.297 

I 
ProUCL computes and outputs H-statistic based UCLs for historical reasons only. 

H-statistic often results In unstable (both high and low) values of UCL95 as shown In examples In the Technical Guide. 

It is therefore recommended to avoid the use of H-statistic based 95% UCLs. 

Use of nonparamebic methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution. 

I 
Note: Suggestions regarding the selection of a95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized In Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional insight, the user may want to consult a statistidan. 

• 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Ra-228 

General Statistics 

Number of Valid Observations 34 Number of Distinct Observations 34 

Raw Statistics Log-transformed Statistics 

Minimum 0.18 Minimum of Log Data -1.715 

Maximum 1.26 Maximum of Log Data 0.231 

Mean 0.694 Mean of log Data -0.449 

Median 0.613 SD of log Data 0.44 

SD 0.267 

Coefficient of Variation 0.384 

Skewness 0.174 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.968 Shapiro Wilk Test Statistic 0.939 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 0.771 95% H-UCL 0.813 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 0.939 

95% Adjusted-CLT UCL (Chen-1995) 0.771 97.5% Chebyshev (MVUE) UCL 1.043 

95% Modified-t UCL (Johnson-1978) 0.772 99% Chebyshev (MVUE) UCL 1.245 

Gamma Distribution Test Data Distribution 

k star (bias corrected) 5.612 Data appear Normal at 5% Significance Level 

Theta Star 0.124 

MLE of Mean 0.694 

MLE of Standard Deviation 0.293 

nu star 381.6 

Approximate Chi Square Value (.05) 337.3 Nonparametric Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 0.769 

Adjusted Chi Square Value 335.3 95% Jackknife UCL 0.771 

95% Standard Bootstrap UCL 0.767 

Anderson-Darling Test Statistic 0.457 95% Bootstrap-t UCL 0.775 

Anderson-Darling 5% Critical Value 0.749 95% Hairs Bootstrap UCL 0.77 

Kolmogorov-Smimov Test Statistic 0.122 95% Percentile Bootstrap UCL 0.766 

Kolmogorov-Smimov 5% Critical Value 0.151 95% BCA Bootstrap UCL 0.77 

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 0.893 

97.5% Chebyshey(Mean, Sd) UCL 0.979 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1.149 

95% Approximate Gamma UCL 0.785 

95% Adjusted Gamma UCL 0.79 

Potential UCL to Use Use 95% Student's-t UCL 0.771 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized In Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional Insight, the user may want to consult a statistidan. 

• 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Th-228 

General Statistics 

Number of Valid Observations134 	 Number of Distinct Observations 34 

Raw Statistics Log-transformed Statistics 

Minimum 0.28 Minimum of Log Data -1.273 

Maximum 2.48 Maximum of I og Ilaia OMR 

Mean 0.948 Mean of log Data -0.166 

Median 0.92 SD of log Data 0.489 

SD 0.464 

Coefficient of Variation 0.49 

Skewness 1.282 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro VVilk Test Statistic 0.908 Shapiro Wilk Test Statistic 0.979 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 1.083 95% H-UCL 1.125 

95% UCLs (Acgusted for Skewness) 95% Chebyshev (MVUE) UCL 1.314 

95% Adjusted-CLT UCL (Chen-1995) 1.098 97.5% Chebyshev (MVUE) UCL 1.471 

95% Modified-t UCL (Johnson-1978) 1.086 99% Chebyshev (MVUE) UCL 1.78 

Gamma Distribution Test Data Distribution 

k star (bias corrected) 1.23 Data appear Gamma Distributed at 5% Significance Level 

Theta Star 0.224 

MLE of Mean 0.948 

MLE of Standard Deviation 0.461 

nu star 287,6 

Approximate Chi Square Value (.05) 249.3 Nonparametric Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 1.079 

Adjusted Chi Square Value 247.6 95% Jackknife UCL 1.083 

95% Standard Bootstrap UCL 1.076 

Anderson-Darling Test Statistic 0.3 95% Bootstrap-t UCL 1.106 

Anderson-Darling 5% Critical Value 0.75 95% Hall's Bootstrap UCL 1.121 

Kolmogorov-Smimov Test Statistic 0.0776 95% Percentile Bootstrap UCL 1.081 

Kolmogorov-Smimov 5% Critical Value 0.151 95% BCA Bootstrap UCL 1.093 

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1.295 

97.5% Chebyshev(Mean, Sd) UCL 1.445 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1.74 

95% Approximate Gamma UCL 1.093 

95% Adjusted Gamma UCL 1.101 

Potential UCL to Use Use 95% Approximate Gamma UCL 1.093 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh. Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional Insight, the user may want to consult a statistician. 

• 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Th-230 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 32 

Raw Statistics Log-transformed Statistics 

Minimum 0.98 Minimum of Log Data -0.0202 

Maximum 5.64 Maximum of Log Data 1.73 

Mean 2.164 Mean of log Data 0.666 

Median 1.71 SD of log Data 0.447 

SD 1.122 

Coefficient of Variation 0.518 

Skewness 1.607 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.827 Shapiro Wilk Test Statistic 0.944 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 2.489 95% H-UCL 2.494 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 2.887 

95% Adjusted-CLT UCL (Chen-1995) 2.537 97.5% Chebyshev (MVUE) UCL 3.208 

95% Modified-t UCL (Johnson-1978) 2.498 99% Chebyshev (MVUE) UCL 3.84 

Gamma Distribution Test Data Distribution 

k star (bias corrected) 4.496 Data appear Lognormal at 5% Significance Level 

Theta Star 0.481 

MLE of Mean 2.164 

MLE of Standard Deviation 1.02 

305.7 nu star 

Approximate Chi Square Value (.05) 266.2 Nonparametdc Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 2.48 

Adjusted Chi Square Value 264.4 95% Jackknife UCL 2.489 

95% Standard Bootstrap UCL 2.482 

Anderson-Darling Test Statistic 0.985 95% Bootstrap-t UCL 2.577 

Anderson-Darling 5% Critical Value 0.749 95% halls Bootstrap UCL 2.58 

Kolmogorov-Smimov Test Statistic 0.166 95% Percentile Bootstrap UCL 2.498 

Kolmogorov-Smimov 5% Critical Value 0.151 95% BCA Bootstrap UCL 2.54 

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 3.002 

97.5% Chebyshev(Mean, Sd) UCL 3.365 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 4.077 

95% Approximate Gamma UCL 2.485 

95% Adjusted Gamma UCL 2.502 

Potential UCL to Use Use 95% Students-t UCL 2.489 

or 95% Modified-t UCL 2.498 

or 95% H-UCL 2.494 

I 
ProUCL computes and outputs H-statistic based UCLs for historical reasons only. 

H-statistic often results In unstable (both high and low) values of UCL95 as shown In examples in the Technical Guide. 

It is therefore recommended to avoid the use of H-statistic based 95% UCLs. 

Use of nonparametic methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution. 

I 
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh. Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional insight, the user may want to consult a statistician. 

Th-232 

General Statistics 

Number of Valid Observations i34 	I 	 Number of Distinct Observations133 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

Raw Statistics Log-transformed Statistics 

Minimum 0.19 Minimum of Log Data -1.661 

Maximum 1.85 Maximum of Log Data 0.615 

Mean 0.745 Mean of log Data -0.421 

Median 0.695 SD of log Data 0.531 

SD 0.373 

Coefficient of Variation 0.5 

Skewness 0.96 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.944 Shapiro Wilk Test Statistic 0.976 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 0.853 95% H-UCL 0.906 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 1.066 

95% Adjusted-CLT UCL (Chen-1995) 0.861 97.5% Chebyshev (MVUE) UCL 1.202 

95% Modified-t UCL (Johnson-1978) 0.855 99% Chebyshev (MVUE) UCL 1.469 

Gamma Distribution Test 

3.759 

Data Distribution 

k star (bias corrected) Data appear Normal at 5% Significance Level 

Theta Star 0.198 

MLE of Mean 0.745 

MLE of Standard Deviation 0.384 

nu star 255.6 

Approximate Chi Square Value (.05) 219.6 Nonparametric Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 0.85 

Adjusted Chi Square Value 217.9 95% Jackknife UCL 0.853 

95% Standard Bootstrap UCL 0.848 

Anderson-Darling Test Statistic 0.119 95% Bootstrap-t UCL 0.872 

Anderson-Darling 5% Critical Value 0.752 95% Hall's Bootstrap UCL 0.876 

Kolmogorov-Smimov Test Statistic 0.0507 95% Percentile Bootstrap UCL 0.85 

Kolmogorov-Smimov 5% Critical Value 0.152 95% BCA Bootstrap UCL 0.863 

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1.024 

97.5% Chebyshey(Mean, Sd) UCL 1.144 

Assuming Gamma Distribution 99% Chebyshey(Mean, Sd) UCL 1.381 

95% Approximate Gamma UCL 0.867 

95% Adjusted Gamma UCL 0.874 

Potential UCL to Use Use 95% Student's-t UCL 0.853 

I 
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL 

These recommendations are based upon the results of the simulation studies summarized In Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional insight the user may want to consult a statistician. 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

U-235 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 32 

Raw Statistics Log-transformed Statistics 

Minimum -0.0994 Log Statistics Not Avaliable 

Maximum 0.55 

Mean 0.152 

Median 0.0904 

SD 0.169 

Coefficient of Variation 1.11 

Skewness 0.993 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.868 Not Available 

Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCLI0.201 95% H-UCL N/A 

Assuming Normal Distribution 95% UCLs (Adjusted for Skewness) 

95% Student's-t UCL 0.201 95% Adjusted-CLT UCL (Chen 1995) 0.205 

95% Modified-t UCL (Johnson-1978) 0.202 

Gamma Distribution Test Data Distribution 

Gamma Statistics Not Available Data do not follow a Discernable Distribution (0.05) 

Potential UCL to Use 

Use 95% Chebyshev (Mean, Sd) UCL 0.279 95% CLT UCL 0.2 

95% Jackknife UCL 0.201 

95% Standard Bootstrap UCL 0.2 

95% Bootstrap-t UCL 0.207 

95% Hall's Bootstrap UCL 0.205 

95% Percentile Bootstrap UCL 0.199 

95% BCA Bootstrap UCL 0.205 

95% Chebyshev(Mean, Sd) UCL 0.279 

97.5% Chebyshev(Mean, Sd) UCL 0.334 

99% Chebyshev(Mean, Sd) UCL 0.441 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional Insight, the user may want to consult a statistician. 

• 



DT-17 PRAR 
Non-HTZ Pro-UCL Output 

U-238 

General Statistics 

Number of Valid Observations 34 	 Number of Distinct Observations 33 

Raw Statistics Log-transformed Statistics 

Minimum 0.375 Minimum of Log Data -0.981 

Maximum 7.03 Maximum of Log Data 1.95 

Mean 1.959 Mean of log Data 0.478 

Median 1.625 SD of log Data 0.635 

SD 1.352 

Coefficient of Variation 0.69 

Skewness 1.956 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.831 Shapiro Wilk Test Statistic 0.982 

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933 

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL12.351 95% H-UCL 2.476 

2.956 95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 

95% Adjusted-CLT UCL (Chen-1995) 2.423 97.5% Chebyshev (MVUE) UCL 3.387 

95% Modified-t UCL (Johnson-1978) 2.364 99% Chebyshev (MVUE) UCL 4.235 

Gamma Distribution Test Data Distribution 

k star (bias corrected) 2.502 Data appear Gamma Distributed at 5% Significance Level 

Theta Star 0.783 

MLE of Mean 1.959 

MLE of Standard Deviation 1.238 

nu star 170.1 

Approximate Chi Square Value (.05) 140.9 Nonparametric Statistics 

Adjusted Level of Significance 0.0422 95% CLT UCL 2.34 

Adjusted Chi Square Value 139.6 95% Jackknife UCL 2.351 

95% Standard Bootstrap UCL 2.337 

Anderson-Darling Test Statistic 0.41 95% Bootstrap-t UCL 2.487 

Anderson-Darling 5% Critical Value 0.755 95% Hall's Bootstrap UCL 2.591 

Kolmogorov-Smimov Test Statistic 0.092 95% Percentile Bootstrap UCL 2.361 

Kolmogorov-Smimov 5% Critical Value 0.152 95% BCA Bootstrap UCL 2.427 

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 2.969 

97.5% Chebyshev(Mean, Sd) UCL 3.407 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 4.266 

95% Approximate Gamma UCL 2.364 

95% Adjusted Gamma UCL 2.386 

Potential UCL to Use Use 95% Approximate Gamma UCL 2.364 

I 
Note: Suggestions regarding the selection of a95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional insight the user may want to consult a statistidan. 
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DT-17 PRAR/FSSE 
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HTZ Pro-UCL Output 
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Raw Statistics Log-transformed Statistics 

5 5 Number of Valid Observations Number of Distinct Observations 

From File Sheet1.wst 

Full Precision OFF 

Confidence Coefficient 95% 

Number of Bootstrap Operations 2000 

Minimum -0.0146 Log Statistics Not Available 

Maximum 0.514 

Mean 0.204 

Median 0.12 

SD 0.23 

Coefficient of Variation 1.129 

Skewness 0.623 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.896 Not Available 

Shapiro Wilk Critical Value 0.762 

Data appear Normal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Students-t UCL 0.423 95% H-UCL N/A 

Assuming Normal Distribution 95% UCLs (Adjusted for Skewness) 

95% Student's-t UCL 0.423 95% Adjusted-CLT UCL (Chen 1995) 0.403 

95% Modified-t UCL (Johnson-1978) 0.428 

Gamma Distribution Test Data Distribution 

Gamma Statistics Not Available Data appear Normal at 5% Significance Level 

Potential UCL to Use 

Use 95% Student's-t UCLI0.423 95% CLT UCL 0.373 

95% Jackknife UCL 0.423 

95% Standard Bootstrap UCL 0.357 

95% Bootstrap-t UCL 0.76 

95% Halls Bootstrap UCL 1.756 

95% Percentile Bootstrap UCL 0.36 

95% BCA Bootstrap UCL 0.36 

95% Chebyshev(Mean, Sd) UCL 0.652 

97.5% Chebyshev(Mean, Sd) UCL 0.846 

99% Chebyshev(Mean, Sd) UCL 1.226 



DT-17 
HTZ Pro-UCL Output 

Pa-231 

General Statistic-5 

Number of Valid Observations 5 Number of Distinct Observations i 5 

Raw Statistics Log-transformed Statistics 

Minimum -0.475 Log Statistics Not Avaliable 

Maximum 0.911 

Mean 0.212 

Median 0.329 

SD 0.573 

Coefficient of Variation 2.702 

Skewness -0.102 

Warning: A sample size of n = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

tf possible compute and collect Data Quality Objectives (DQ0) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw conclusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic Not Available 0.95 

Shapiro Wilk Critical Value 0.762 

Data appear Normal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-I UCL 0.759 95% H-UCL N/A 

95% UCLs (Adjusted for Skewness) Assuming Normal Distribution 

95% Student's-I UCL 0.759 95% Adjusted-CLT UCL (Chen 1995) 0.621 

95% Modified-t UCL (Johnson-1978)I0.757 

Gamma Distribution Test Data Distribution 

Data appear Normal at 5% Significance Level Gamma Statistics Not Available 

Potential UCL to Use 

Use 95% Student's-I UCL 0.759 95% CLT UCL 0.634 

95% Jackknife UCL 0.759 

0.59 95% Standard Bootstrap UCL 

95% Bootstrap-t UCL 0.717 

0.51 95% Has Bootstrap UCL 

0.607 95% Percentile Bootstrap UCL 

0.56 95% BCA Bootstrap UCL 

1.33 95% Chebyshev(Mean, Sd) UCL 

1.814 97.5% Chebyshev(Mean, Sd) UCL 

99% Chebyshev(Mean, Sd) UCL 2.764 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 

• 



DT-17 
HTZ Pro-UCL Output 

Ra-226 

General Statistics 

Number of Valid Observations15 	 Number of Distinct Observations l 5 

Raw Statistics Log-transformed Statistics 

TO.884 Minimum 2.42 Minimum of Log Data 

Maximum 8.16 Maximum of Log Data 2.099 

Mean 5.704 Mean of log Data 1.667 

Median 6.15 SD of log Data 0.465 

SD 2.109 

Coefficient of Variation 0.37 

Skewness -0.892 

Warning: A sample size of 'n' = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methodsl 

If possible compute and collect Data Quality Objectives (DQ0) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw conduslons 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test 

Shapiro Wilk Test Statistic 0.945 

Shapiro Wilk Critical Value,0.762 

Data appear Normal at 5% Significance Level 

Assuming Normal Distribution 

95% Student's-t UCL 7.715 

95% UCLs (Adjusted for Skewness) 

95% Adjusted-CLT UCL (Chen-1995) 6.853 

95% Modified-t UCL (Johnson-1978)7.652 

Gamma Distribution Test 

k star (bias corrected) 1 2.913 

Theta Star' 1.958 

MLE of Mean 5.704 

MLE of Standard Deviation 3.342 

nu star 29.13 

Approximate Chi Square Value (.05)17.81 

Adjusted Level of Significance 0.0086 

Adjusted Chi Square Value 14.08 

Anderson-Darling Test Statistic i0.429 

Anderson-Darling 5% Critical Value 0.68 

Kolmogorov-Smirnov Test Statistic 0.275 

Kolmogorov-Smirnov 5% Critical Value 0358  

Data appear Gamma Distributed at 5% Significance Level 

Assuming Gamma Distribution  

Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.849 

Shapiro Wilk Critical Value 0.762 

Data appear Lognormal at 5% Significance Level 

Assuming Lognormal Distribution 

95% H-UCL 11.41 

95% Chebyshev (MVUE) UCL110.96 

97.5% Chebyshev (MVUE) UCL 13.2 

99% Chebyshev (MVUE) UCL 17.61 

Data Distribution 

Data appear Normal at 5% Significance Level 

Nonparametric Statistics 

95% CLT UCC7.256 

95% Jackknife UCL I 7.715 

95% Standard Bootstrap UCL 7.096 

95% Bootstrap-t UCL 7.199 

95% Hall's Bootstrap UCC6.925 

95% Percentile Bootstrap UCL 7.016 

95% BCA Bootstrap UCL 6.852 

95% Chebyshev(Mean, Sd) UCL 9.816 

97.5% Chebyshev(Mean, Sd) UCL 11.59 

99% Chebyshev(Mean, Sd) UCL 15.09 

95% Approximate Gamma UCL 9.33 

95% Adjusted Gamma UCL 11.8 

Potential UCL to Use 	 Use 95% Students-t UCL 1 7.715 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to Select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 



DT-17 
HTZ Pro-UCL Output 

Ra-228 

General Statistics 

Number of Valid Observations 5 	 Number of Distinct Observations 5 

Raw Statistics Log-transformed Statistics 

Minimum 0.943 Minimum of Log Data -0.0587 

Maximum 1.41 Maximum of Log Data 0.344 

Mean 1.079 Mean of log Data 0.0645 

Median 1.01 SD of log Data 0.162 

SD 0.19 

Coefficient of Variation 0.177 

Skewness 1.948 

Warning: A sample size of 'n' = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

If possible compute and collect Data Quality Objectives (MO) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw conclusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.76 Shapiro Wilk Test Statistic 0.793 

Shapiro Wilk Critical Value 0.762 Shapiro Wilk Critical Value 0.762 

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 1.26 95% H-UCL 1.285 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 1.418 

95% Adjusted-CLT UCL (Chen-1995) T  1.298 97.5% Chebyshev (MVUE) UCL 1.565 

95% Modified-t UCL (Johnson-1978) i  1.273 99% Chebyshev (MVUE) UCL 1.855 

Gamma Distribution Test Data Distribution 

K star (bias corrected) 18.17 Data appear Gamma Distributed at 5% Significance Level 

Theta Star 0.0594 

MLE of Mean 1.079 

MLE of Standard Deviation 0.253 

nu star 181.7 

Approximate Chi Square Value (.05) 151.5 Nonparametric Statistics 

Adjusted Level of Significance 0.0086 95% CLT UCL 1.219 

Adjusted Chi Square Value 139.4 95% Jackknife UCL 1.26 

95% Standard Bootstrap UCL 1.206 

Anderson-Darling Test Statistic 0.644 95% Bootstrap-t UCL 1.664 

Anderson-Darling 5% Critical Value 0.678 95% Hall's Bootstrap UCL 1.784 

Kolmogorov-Smimov Test Statistic 0.327 95% Percentile Bootstrap UCL 1.229 

Kolmogorov-Smirnov 5% Critical Value 0.357 95% BCA Bootstrap UCL 1.252 

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1.45 

97.5% Chebyshev(Mean, Sd) UCL 1.61 

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1.926 

95% Approximate Gamma UCL 1.293 

95% Adjusted Gamma UCL 1.406 

Potential UCL to Use Use 95% Approximate Gamma (ICI 1 293 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). 	For additional insight, the user may want to consult a statistician. 



Data Distribution 

Data appear Normal at 5% Significance Level 

DT-17 
HTZ Pro-UCL Output 

General Statistics 

Numberof Valid Observabons 5 	 Number of Distinct Observations 5 

Th--228 

Raw Statistics 

Minimumt0.8 

Maximum 1.59 

Al-Wan-1'1 1.283 

Mediaii i 1.48 

---S"6-1 0.364 

Coefficient of Variationt0.284 

Skewness-0.702 

Log-transfOrineri Statistics 

Minimum of Log Data ,-0.223 

Maximum of Log Data 0.464 

Mean of log Data"0. -213 

SD of log Data 0.312 

- - - 

4_ 

Warning: A sample size of 'n = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

If possible compute and collect Data Quality Objectives (1300) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw condusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test 

Shapiro Wilk Test Statistic"0.829 

Shapiro Wilk Critical Value *0.762 

Data appear Normal at 5% Significance Level 1  

Assuming Normal Distribution 

95% Students-t UCC1.631 

95% UCLs (Adjusted for Skewness) 

95% Adjusted-CLT UCL (Chen-1995) - 1.497 

95% Modified-t UCL (Johnson-1978) 4 1.622 	* 

Gamma Distribution Test 

k star (bias corrected)"5.654 
1 

Theta Star 0.227 

MLE of Meant1.283 

MLE of Standard Deviation"0.54 

nu start56.54 

Approximate Chi Square Value (.05) .40.26 

Adjusted Level of SignificancetatT86 

Adjusted Chi Square Value 34.34 

_ 	 - 
Assuming Gamma Distribution 

Lognormal Distribution Test 

Shapiro Wilk Test Statistict0.824 

Shapiro Wilk Critical Value 0.762 

Data appear Lognormal at 5% Significance Level 

Assuming Lognormal Distribution 

- - 95% H-UCC1.898 

95% Chebsitev (MVUE) UCL *2.0"66 

97.5% Chebyshev (MVUE) UCL2.404 

99% Chebyshev (MVUE) UCL *3.067 

Nonparametric Statistics 

95% CLT UCLI1.551 

95% Jackknife UCL 1.631 

95% Standard Bootstrap UCL
I 
1.528 

95% Bootstrap-t UCLI1.59 

95% Hall's Bootstrap UCLI1.42 

95% Percentile Bootstrap UCL" . 1.534 

95% BCA Bootstrap UCC 1 175-11-3 

95% Chebyshev(Mean, Sd) UCL 1.993 

97.5% Chebyshev(Mean, Sd) UCL i 2.301 

99% Chebyshev(Mean, Sd) UCL,2.904 

	

Anderson-Darling Test Statistic 0.565 	I 

Anderson-Darling 5% Critical Value "0.679 

Kolmogorov-Smirnov Test Statistic ().336 

	

Kolmogorov-Smirnov 5% Critical Value 0.357 	-; 

Data appear Gamma Distributed at 5% Significance Level 

95% Approximate Gamma UCL'1.803 

95% Adjusted Gamma UCL12.113 

Potential UCL to Use 
	

Use 95% Student's-t LICA 11.631 

Recommended UCL exceeds the maximum observation 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh. Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistidan. 



Nonparametric Statistics 

95% CLT UCL ■ 9.904 

 	1 	 95% Jackknife UCL 10.87 

95% Standard Bootstrap UCL 9.541 

95% Bootstrap-t UCL116.76 

95% Hall's Bootstrap UCL1,24.16 
  --1-  

95% Percentile Bootstrap UCI. 9.994 

95% BCA Bootstrap UCL' 10.51 

Th-230 

DT-17 
HTZ Pro-UCL Output 

General Statistics 

Number of Valid Observations , 5 

Raw Statistics 

Minimum 3.48 

Maximum' 14.3 

	

1■71e-V1-61  .632 	I.  

Median 5.71 

SD .4.448 

Coefficient of VariatTo-i-1-1 1 0.671 

	

Skewnesit1.849 	I 

Number of Distinct ObservationsT5 

Log-transformed Statistics 

Minimum of Log Data '1.247 

Maximum of Log Data!2.66 

Mean of log Data 1. 1.747 

SD of log Data }0.572 

Warning: A sample size of 'n = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

If possible compute and collect Data Quality Objectives (MO) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw condusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test 

	

Shapiro Wilk Test Statistic 1 0.767 	111  

Shapiro Wilk Critical Value 0.762 

Data appear Normal at 5% Significance Level 

Assuming Normal Distribution 

95% Students-t UCL110.87 

95% UCLs (Adjusted for Skewness) 

95% Adjusted-CLT UCL (Chen-1995)
r
11.66 

	

95% Modified-t UCL (Johnson-1978) t 11.15 	111-111  

Gamma Distribution Test 

k star (bias corrected)1.572 —1111  

Theta Stail14.218 

MLE of Mean 6.632 

MLE of Standard Deviation 1 5.289 

nu star115.72 

	

Approximate Chi Square Value (.05) 7.768 	t 

Adjusted Level of Significance 0.0086 

Adjusted Chi Square Value 1 5.498 

	

Anderson-Darling Test Statistic 0.499 	11  

Anderson-Darling 5% Critical Value 1 0.682 

Kolmogorov-Smimov Test Statistic 0.294 

Kolmogorov-Smimov 5% Critical Value 0.359 

Data appear Gamma Distributed at 5% Significance Level 

Assuming Gamma Distribution 

95% Approximate Gamma UCL1713.42 

95% Adjusted Gamma UCL 18.97 

Potential UCL to Use  

Lognormal Distribution Test 

Shapiro Wilk Test Statistic10.87 

Shapiro Wilk Critical Value 0.762 

Data appear Lognormal at 5% Significance Level 

Assuming Lognormal Distribution 

95% H-UCL7l6.79 

95% Chebyshev (MVUE) UCL113.69 

97.5% Chebyshev (MVUE) UCC16.8 

99% Chebyshev (MVUE) UCI1_1 2.9 

Data Distribution 

Data appear Normal at 5% Significance Level 

95% Chebyshev(Mean, Sd) UCL 15.3 

97.5% Chebyshev(Mean, Sd) UCL'19.05 

99% Chebyshev(Mean, Sd) UCL126.42 

Use 95% Student's-t UCL110.87 - 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. -  

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 



Raw Statistics 

Minimum10.761 

Maximum 1.61 

Mean-I-1.186 

Median 1.24 

SD 0.314 

Coefficient of Variation 0.264 

Skewnes40.0392 

Nonparametric Statistics 

95% CLT UCL' 1.417 

95% Jackknife UCL11.485 

95% Standard Bootstrap UCL 1.389 

95% Bootstrap-t UCL11.465 

95% Hall's Bootstrap UCL 1.427 

95% Percentile Bootstrap UCL 1.396 - 

95% BCA Bootstrap UCL ifi, .374 

95% Chebyshev(Mean, Sd) UCL 1, 1.798 

97.5% Chebyshev(Mean, Sd) UCL 2.062 

99% Chebyshev(Mean, Sd) UCL 2.582 

- 

DT-17 
FITZ Pro-UCL Output 

Th-232 

General Statistics 

Number of Valid Observations 5 
	

Number of Distinct Observations r5-  

Log-transformed Statistics 

Minimum of Log Data fi73 

Maximum of Log Data l (I.Zi6 

Mean of log Data 0.141 

SD of log Data 10. 279 

- 

Warning: A sample size of n= 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! - 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

If possible compute and collect Data Quality Objectives (DOG) based sample size and analytical results. 

Waming: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw conclusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test 
	

Lognormal Distribution Test 

Shapiro Wilk Test Statistic 0.984 
	

Shapiro Wilk Test Statistic 0.966 

Shapiro Wilk Critical Value 0.762 
	

Shapiro Wilk Critical Value 0.762 

Data appear Normal at 5% Significance Level L 
	

Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution  

95% Student's-t UCL 1.485 

95% UCLs -(Adjusted for Skewness) 

95% Adjusted-CLT UCL (Chen-1995)-1.414 

95% Modified-t UCL (Johnson-1978)1.485 

Gamma Distribution Test 

k star (bias corrected),6.89 

Theta Star 0.172 

MLE of Mean 1.186 

MLE of Standard Deviation t0.452 

nu star,68.9 

Approximate Chi Square Value (.05) t, 50.79 

Adjusted Level of Significancei0.0086 

Adjusted Chi Square Value 44.07 

Anderson-Darling Test Statisticlii.227 

Anderson-Darling 5% Critical Value t0.679 

Kolmogorov-Smimov Test Statistic 0.204 

Kolmogorov-Smirnov 5% Critical Valuet0.357 

Data appear Gamma Distributed at 5% Significance Level 

Assuming Gamma Distribution 

95% Approximate Gamma UCL1-176-69-  

95% Adjusted Gamma UCL 1.855 

Assuming Lognormal Distribution 

95% H-UCL 1.662 

95% Chebyshev (MVUE) UCL 1.831 

97.5% Chebyshev (MVUE) UCL2.11 

99% Chebyshev (MVUE) UCL , 2.657 

- Data Distribution 

Data appear Normal at 5% Significance Level 

Potential UCL to Use 	 Usc 95% Student's-t UCL-1. 1.185 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to ;elect the most appropriate 95%- UCL:-  - 

These recommendations are based upon the results of the simulation studies summarized in Singh. Singh, and laci (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 
_ 



DT-17 
HTZ Pro-UCL Output 

Raw Statistics 

MinimuM10.00358 t 

Maximum /O16 

Mean 0.0707 

Mediint-, 0.0684 

SD/0.0655 

Coefficient of Variation .:0.927 

Skewness 0.407 
1  

Log-transformed Statistics 

Minimum of Log Dalat--i.632 

Maximum of 	Data l-1.833 

- Mean of log bata 	- 

SD of log Data 1T.593 

U-235 

                  

                  

                  

    

General Statistics 

Number of Valid ObservationsT5:  _L Number of Distinct ObservationT5 

    

         

                  

Warning: A sample size of 'n = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 
- - - - - - - - - - - - - - - - - - - - - 	 - - 

It is suggested to collect at least 8 to 10 observations using these statistical methodsl 

If possible compute and collect Data Quality Objectives (DC10) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw condusions 
_ 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

 

Relevant UCL Statistics 

Lognormal Distribution Test 

 

- Normal Distribution-TeSi- 

 

Shapiro Wilk Test Statistic ri 0.937 
	

Shapiro Wilk Test Statistic 0.904 

Shapiro Wilk Critical Value /0.762 
	

Shapiro Wilk Critical Value 0.762 

Data appear Normal at 5% Significance Level 
	

Data appear Lognormal at 5% Significance Level 

Assuming Normal Distribution 

95% Student's-t UCL/0.133 

95% UCLs (Adjusted for Skewness) 

95% Adjusted-CLT UCL (Chen-1995)10.125 	-t 
95% Modified-t UCL (Johnson-1 978) 10.134 

Gamma Distribution Test 	 - 

k star (bias corrected) 0.476 

Theta Star 0.149 

MLE of Mean /0.0707 -/- 

MLE of Standard Deviation/0.102 	r 
nu star14 757 

Approximate Chi Square Value (.05) 1.041 

Adjusted Level of Significance 1 0.0086 

Adjusted Chi Square Value /0.471  

	

Anderson-Darling Test Statistic i 0.299 	L 

	

Anderson-Darling 5% Critical Value'0.695 	' 

Kolmogorov-Smimov Test Statistic 0.231 

	

Kolmogorov-Smirnov 5% Critical Value:0.366 	; 

Data appear Gamma Distributed at 5% Significance Level 

Assuming Gamma Distribution  

Assuming Lognormal Distribution 

95% H-UCL' 51.13 -- 

95% Chebyshev (MVUE) UCLI0.323 

97.5% Chebyshev (MVUE) UCL10.426 

99% Chebyshev (MVUE- ) UCL 0.628 
_ 

Data Distribution 	 - 

Data appear Normal at 5% Significance Level 

Nonparametric Statistics 

95% CLT UCL0.119 

95% Jackknife UCL / 0.133 

95% Standard Bootstrap UCL /0.114 

95% Bootstrap-t UCL 0.146 - .- 

95% Hall's Bootstrap UCL 0.108-  - 

95% Percentile Bootstrap UCL 0.118 

95% BCA Bootstrap UCL,0.118 

95% Chebyshev(Mean, Sd) UCL0.198 

97.5% Chebyshev(Mean, Sd) UCL /0.254 

99% Chebyshev(Mean, Sd) UCL 1-6736-2-  

95% Approximate Gamma UCL:0.323 

95% Adjusted Gamma UCL 0.714 	1 
_ 

                 

Use 95% Sit-ideiiiTsItT.FC1. 4117b-S- 

    

Potential UCL to Use 

      

                      

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 

                      



Log-transformed Statistics 

Minimum of Log Data 0.888 

Maximum of Log Data 1.823 

Mean of log Data 1.443 

SD of log nata10.361 

U-238 

Genera! Statistics 

Number of Valid Observations 
	

Number of Distinct Observatiolis75-  
1_ 

Raw Statistics 

Minimum 2.43 

Maximum 6.19 

Mean 4.442 

Metlia+.23 

SD 1.448 

Coefficient of Variation 0.326 

Skewness -0.272 

DT-17 
HTZ Pro-UCL Output 

Warning: A sample size of n = 5 may not adequate enough to compute meaningful and reliable test statistics and estimates! 

It is suggested to collect at least 8 to 10 observations using these statistical methods! 

If possible compute and collect Data Quality Objectives (D00) based sample size and analytical results. 

Warning: There are only 5 Values in this data 

Note: It should be noted that even though bootstrap methods may be performed on this data set, 

the resulting calculations may not be reliable enough to draw condusions 

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations. 

Relevant UCL Statistics 

Normal Distribution Test 
	

Lognormal Distribution Test 

Shapiro Wilk Test StatistiC71.976 	 Shapiro Wilk Test Statistic10.941 

Shapiro Wilk Critical Value 1 0.762 	i 	 Shapiro Wilk Critical Value'0. /62 
-4- 	 I 

Data appear Normal at 5% Significance Level 	 Data appear Lognormal at 5% Significance Level 

- 1-  

Assuming Normal Distribution Assuming Lognormal Distribution 

95% Student's-t UCL 5.823 95% H-UCL 7.149 

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 7.574 

95% Adjusted-CLT UCL (Chen-1995) 5.423 97.5% Chebyshev (MVUE) UCL 8.923 

95% Modified-t UCL (Johnson-1978) 5.809 99% Chebyshev (MVUE) UCL: 11.57 

Gamma Distribution Test 

k star (bias corrected), 4.333 

Theta Star 1.025 

MLE of Mean 4.442 

MLE of Standard Deviation12.134 

nu star 1 43.33 

Approximate Chi Square Value (.05) 29.23 

Adjusted Level of Significance 0.0086 

Adjusted Chi Square Value ; 24.29 

Anderson-Darling Test Statistic 0.248 

Anderson-Darling 5% Critical Value 0.679 --*- 

Kolmogorov-Smirnov Test Statistic 0.188 	_r4.  

Kolmogorov-Smirnov 5% Critical Value l  0.358 

Data appear Gamma Distributed at 5% Significance Level 

Assuming Gamma Distribution 

95% Approximate Gamma UCL16.584 

95% Adjusted Gamma UCL 7.924 

Data Distribution - 

Data appear Normal at 5% Significance Level 

Nonparametric Statistics 

95% CLT UCL 5.507 

95% Jackknife UCL 5.823 

95% Standard Bootstrap UCL 5.373 

95% Bootstrap-t UCL 5.962 

95% Hairs Bootstrap UCL 6.11 

95% Percentile Bootstrap UCL 5.346 

95% BCA Bootstrap UCL 5.194 

95% Chebyshey(Mean, Sd) UCLI7.265 

97.5% Chebyshey(Mean, Sd) UCL 8.486 

99% Chebyshey(Mean, Sd) UCL 10.89 

Potential UCL to Use Use 95% Student's-t UCL 5.823 

 

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and lad (2002) 

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician. 
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Dose Conversion Factor (and Related) Parameter Summary 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

A-1 DCF's for external ground radiation, 	(mrem/yr)/(pCi/g) 
A-1 Ac-227 	(Source: 	FGR 12) 4.951E-04 4.951E-04 DCF1( 	1) 
A-1 At-218 	(Source: 	FGR 12) 5.847E-03 5.847E-03 DCF1( 	2) 
A-1 Bi-210 	(Source: 	FGR 12) 3.606E-03 3.606E-03 DCF1( 	3) 
A-1 Bi-211 	(Source: 	FGR 12) 2.559E-01 2.559E-01 DCF1( 	4) 
A-1 Bi-214 	(Source: 	FGR 12) 9.808E+00 9.808E+00 DCF1( 	5) 
A-1 Fr-223 	(Source: 	FGR 12) 1.980E-01 1.980E-01 DCF1( 	6) 
A-1 Pa-231 	(Source: 	FGR 12) 1.906E-01 1.906E-01 DCF1( 	7) 
A-1 Pa-234 	(Source: 	FGR 12) 1.155E+01 1.155E+01 DCF1( 	8) 
A-1 Pa-234m 	(Source: 	FGR 12) 8.967E-02 8.967E-02 DCF1( 	9) 
A-1 Pb-210 	(Source: 	FGR 12) 2.447E-03 2.447E-03 DCF1( 	10) 
A-1 Pb-211 	(Source: 	FGR 12) 3.064E-01 3.064E-01 DCF1( 	11) 
A-1 Pb-214 	(Source: 	FGR 12) 1.341E+00 1.341E+00 DCF1( 	12) 
A-1 P0-210 	(Source: 	FGR 12) 5.231E-05 5.231E-05 DCF1( 	13) 
A-1 Po-211 	(Source: 	FGR 12) 4.764E-02 4.764E-02 DCF1( 	14) 
A-1 P0-214 	(Source: 	FGR 12) 5.138E-04 5.138E-04 DCF1( 	15) 
A-1 P0-215 	(Source: 	FGR 12) 1.016E-03 1.016E-03 DCF1( 	16) 
A-1 P0-218 	(Source: 	FGR 12) 5.642E-05 5.642E-05 DCF1( 	17) 
A-1 Ra-223 	(Source: 	FGR 12) 6.034E-01 6.034E-01 DCF1( 	18) 
A-1 Ra-226 	(Source: 	FGR 12) 3.176E-02 3.176E-02 DCF1( 	19) 
A-1 Rn-219 	(Source: 	FGR 12) 3.083E-01 3.083E-01 DCF1( 	20) 
A-1 Rn-222 	(Source: 	FGR 12) 2.354E-03 2.354E-03 DCF1( 	21) 
A-1 Th-227 	(Source: 	FGR 12) 5.212E-01 5.212E-01 DCF1( 	22) 
A-1 Th-230 	(Source: 	FGR 12) 1.209E-03 1.209E-03 DCF1( 	23) 
A-1 Th-231 	(Source: 	FGR 12) 3.643E-02 3.643E-02 DCF1( 	24) 
A-1 Th-234 	(Source: 	FGR 12) 2.410E-02 2.410E-02 DCF1( 	25) 
A-1 T1-207 	(Source: 	FGR 12) 1.980E-02 1.980E-02 DCF1( 	26) 
A-1 T1-210 	(Source: 	no data) 0.000E+00 -2.000E+00 DCF1( 	27) 
A-1 U-234 	(Source: 	FGR 12) 4.017E-04 4.017E-04 DCF1( 	28) 
A-1 U-235 	(Source: 	FGR 12) 7.211E-01 7.211E-01 DCF1( 	29) 
A-1 U-238 	(Source: 	FGR 12) 1.031E-04 1.031E-04 DCF1( 30) 

B-1 Dose conversion factors for inhalation, mrem/pCi: 
B-1 Ac-227+D 6.724E+00 6.700E+00 DCF2( 1) 
B-1 Pa-231 1.280E+00 1.280E+00 DCF2( 	2) 
B-1 Pb-210+D 2.320E-02 1.360E-02 DCF2( 	3) 
B-1 Ra-226+D 8.594E-03 8.580E-03 DCF2( 	4) 
B-1 Th-230 3.260E-01 3.260E-01 DCF2( 	5) 
B-1 U-234 1.320E-01 1.320E-01 DCF2( 	6) 
B-1 U-235+D 1.230E-01 1.230E-01 DCF2( 	7) 
B-1 U-238 1.180E-01 1.180E-01 DCF2( 	8) 
B-1 U-238+D 1.180E-01 1.180E-01 DCF2( 	9) 

D-1 Dose conversion factors for ingestion, mrem/pCi: 
D-1 Ac-227+D 1.480E-02 1.410E-02 DCF3( 	1) 
D-1 Pa-231 1.060E-02 1.060E-02 DCF3( 	2) 
D-1 Pb-210+D 7.276E-03 5.370E-03 DCF3( 	3) 
D-1 Ra-226+D 1.321E-03 1.320E-03 DCF3( 	4) 
D-1 Th-230 5.480E-04 5.480E-04 DCF3( 	5) 
D-1 U-234 2.830E-04 2.830E-04 DCF3( 	6) 



1RESRAD, Version 6.5 	T1.1 Limit = 180 days 	03/24/2011 07:01 Page 	3 
Summary : DT-17-Onsite Resident 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-ONSITE  RESIDENT 2011.RAD 

Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

D-1 U-235+D 2.673E-04 2.660E-04 DCF3( 	7) 
0-1 U-238 2.550E-04 2.550E-04 DCF3( 	8) 
D-1 0-238+0 2.687E-04 2.550E-04 DCF3( 	9) 

D-34 Food transfer factors: 
0-34 Ac-227+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	1,1) 
D-34 Ac-227+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,2) 
D-34 Ac-227+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,3) 
D-34 
0-34 Pa-231 	, plant/soil concentration ratio, 	dimensionless 1.000E-02 1.000E-02 RTF( 	2,1) 
D-34 Pa-231 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 5.000E-03 5.000E-03 RTF( 	2,2) 
0-34 Pa-231 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	2,3) 
D-34 
0-34 Pb-210+D 	, plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 	3,1) 
D-34 Pb-210+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 8.000E-04 8.000E-04 RTF( 	3,2) 
0-34 Pb-210+D 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 3.000E-04 3.000E-04 RTF( 	3,3) 
D-34 
0-34 Ra-226+D 	, plant/soil concentration ratio, dimensionless 4.000E-02 4.000E-02 RTF( 	4,1) 
0-34 Ra-226+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-03 1.000E-03 RTF( 	4,2) 
0-34 Ra-226+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 1.000E-03 1.000E-03 RTF( 	4,3) 
D-34 
0-34 Th-230 	, plant/soil concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( 	5,1) 
0-34 Th-230 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-04 1.000E-04 RTF( 	5,2) 
0-34 Th-230 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	5,3) 
D-34 
0-34 0-234 	, plant/soil concentration ratio, 	dimensionless 2.500E-03 2.500E-03 RTF( 	6,1) 
0-34 0-234 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	6,2) 
0-34 0-234 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	6,3) 
D-34 
0-34 0-235+0 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	7,1) 
D-34 0-235+0 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	7,2) 
0-34 0-235+0 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	7,3) 
D-34 
0-34 0-233 	, plant/soil concentration ratio, 	dimensionless 2.500E-03 2.500E-03 RTF( 	8,1) 
0-34 0-238 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	8,2) 
D-34 0-233 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	8,3) 
D-34 
0-34 0-233+0 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	9,1) 
D-34 0-233+0 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	9,2) 
D-34 0-233+0 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 E.000E-04 RTF( 	9,3) 

0-5 Bioaccumulation factors, 	fresh water, 	L/kg: 
D-5 Ac-227+D 	, 	fish 1.500E+01 1.500E+01 BIOFAC( 	1,1) 
D-5 Ac-227+D 	, 	crustacea and mollusks 1.000E+03 1.000E+03 BIOFAC( 	1,2) 
D-5 
0-5 Pa-231 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	2,1) 
D-5 Pa-231 	, 	crustacea and mollusks 1.100E+02 1.100E+02 BIOFAC( 	2,2) 
D-5 
D-5 Pb-210+D 	, 	fish 3.000E+02 3.000E+02 BIOFAC( 	3,1) 
D-5 Pli10+D 	, crustacea and mollusks 1.910+02 1.000E+02 BIOFAC( 	3,2) • 
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

D-5 Ra-226+D , fish 5.000E+01 5.000E+01 BIOFAC( 4,1) 
D-5 Ra-226+D , crustacea and mollusks 2.500E+02 2.500E+02 BIOFAC( 4,2) 
D-5 
D-5 Th-230 , fish 1.000E+02 1.000E+02 BIOFAC( 5,1) 
D-5 Th-230 , crustacea and mollusks 5.000E+02 5.000E+02 BIOFAC( 5,2) 
D-5 
D-5 U-234 , fish 1.000E+01 1.000E+01 BIOFAC( 6,1) 
D-5 U-234 , crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 6,2) 
D-5 
D-5 U-235+D , fish 1.000E+01 1.000E+01 BIOFAC( 7,1) 
D-5 U-235+D , crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 7,2) 
D-5 
D-5 U-238 , fish 1.000E+01 1.000E+01 BIOFAC( 8,1) 
0-5 0-238 , crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 8,2) 
D-5 
D-5 U-238+D • fish 1.000E+01 1.000E+01 BIOFAC( 9,1) 
D-5 U-238+D , crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 9,2) 

#For DCF1(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report. 
*Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Site-Specific Parameter Summary 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R011 Area of contaminated zone 	(m**2) 2.202E+03 1.000E+04 --- AREA 
R011 Thickness of contaminated zone (m) 2.000E+00 2.000E+00 --- THICK() 
R011 Fraction of contamination that is submerged 0.000E+00 0.000E+00 --- SUBMFRACT 

R011 Length parallel to aquifer flow (m) 1.000E+02 1.000E+02 --- LCZPAQ 
R011 Basic radiation dose limit 	(mrem/yr) 2.500E+01 3.000E+01 --- BRDL 
R011 Time since placement of material 	(yr) 0.000E+00 0.000E+00 --- TI 

R011 Times for calculations 	(yr) 1.000E+00 1.000E+00 --- T( 	2) 
R011 Times for calculations 	(yr) 3.000E+00 3.000E+00 --- T( 	3) 
R011 Times for calculations 	(yr) 1.000E+01 1.000E+01 --- T( 	4) 
R011 Times for calculations 	(yr) 3.000E+01 3.000E+01 --- T( 	5) 
R011 Times for calculations 	(yr) 1.000E+02 1.000E+02 --- T( 	6) 
R011 Times for calculations 	(yr) 3.000E+02 3.000E+02 --- T( 	7) 
R011 Times for calculations 	(yr) 1.000E+03 1.000E+03 --- T( 	8) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T( 	9) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T(10) 

R012 Initial principal radionuclide 	(pCi/g): 	Pb-210 1.000E-02 0.000E+00 --- S1(3) 
R012 Initial principal radionuclide 	(pCi/g): 	Ra-226 1.000E-02 0.000E+00 --- S1(4) 
R012 Initial principal radionuclide 	(pCi/g): 	Th-230 5.700E-01 0.000E+00 --- S1(5) 
R012 Initial principal radionuclide 	(pCi/g): 	U-234 9.300E-01 0.000E+00 --- S1(6) 
R012 Initial principal radionuclide 	(pCi/g): 	U-235 2.000E-01 0.000E+00 --- S1(7) 
R012 Initial principal radionuclide 	(pCi/g): 	U-238 9.300E-01 0.000E+00 --- S1(8) 
R012 Concentration in groundwater 	(pCi/L): 	Pb-210 not used 0.000E+00 --- W1( 	3) 
R012 Concentration in groundwater 	(pCi/L): 	Ra-226 not used 0.000E+00 --- W1( 	4) 
R012 Concentration in groundwater 	(pCi/L): 	Th-230 not used 0.000E+00 --- W1( 	5) 
R012 Concentration in groundwater 	(pCi/L): 	U-234 not used 0.000E+00 --- W1( 	6) 
R012 Concentration in groundwater 	(pCi/L): 	U-235 not used 0.000E+00 --- W1( 	7) 
R012 Concentration in groundwater 	(pCi/L): 	U-238 not used 0.000E+00 --- W1( 	8) 

R013 Cover depth 	(m) 0.000E+00 0.000E+00 --- COVERO 
R013 Density of cover material 	(g/cm**3) not used 1.500E+00 --- DENSCV 
R013 Cover depth erosion rate 	(m/yr) not used 1.000E-03 --- VCV 
R013 Density of contaminated zone 	(g/cm**3) 1.280E+00 1.500E+00 --- DENSCZ 
R013 Contaminated zone erosion rate 	(m/yr) 6.000E-05 1.000E-03 --- VCZ 
R013 Contaminated zone total porosity 4.200E-01 4.000E-01 --- TPCZ 
R013 Contaminated zone field capacity 3.600E-01 2.000E-01 --- FCCZ 
R013 Contaminated zone hydraulic conductivity (m/yr) 3.048E+00 1.000E+01 --- HCCZ 
R013 Contaminated zone b parameter 1.040E+01 5.300E+00 --- BCE 
R013 Average annual wind speed (m/sec) 4.170E+00 2.000E+00 --- WIND 
R013 Humidity in air 	(g/m**3) not used 8.000E+00 --- HUMID 
R013 Evapotranspiration coefficient 5.000E-01 5.000E-01 --- EVAPTR 
R013 Precipitation 	(m/yr) 9.200E-01 1.000E+00 --- PRECIP 
R013 Irrigation 	(m/yr) 0.000E+00 2.000E-01 --- RI 
R013 Irrigation mode overhead overhead --- IDITCH 
R013 Runoff coefficient 8.000E-01 2.000E-01 --- RUNOFF 
R013 Watershed area for nearby stream or pond (m**2) 1.000E+06 1.000E+06 --- WAREA 
R013 Accuracy for water/soil computations 1.000E-03 1.000E-03 --- EPS 

R014 Densi7_11 of saturated zone 	(g/cm**3) 1.500E+00 1.500E+00 --- DENSAQ 
R014 Saturated zone total porosity 4.000E-01 4.000E-01 --- TPSZ • 	• 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R014 Saturated zone effective porosity 2.000E-01 2.000E-01 --- EPSZ 
R014 Saturated zone field capacity 2.000E-01 2.000E-01 --- FCSZ 
R014 Saturated zone hydraulic conductivity (m/yr) 1.000E+02 1.000E+02 --- HCSZ 
R014 Saturated zone hydraulic gradient 2.000E-02 2.000E-02 --- HGWT 
R014 Saturated zone b parameter 5.300E+00 5.300E+00 --- BSZ 
R014 Water table drop rate 	(m/yr) 1.000E-03 1.000E-03 --- VWT 
R014 Well pump intake depth (m below water table) 1.000E+01 1.000E+01 --- DWIBWT 
R014 Model: Nondispersion (ND) or Mass-Balance 	(MB) ND ND --- MODEL 
R014 Well pumping rate 	(m**3/yr) 2.500E+02 2.500E+02 --- UW 

R015 Number of unsaturated zone strata 1 1 --- NS 
R015 Unsat. 	zone 1, 	thickness 	(m) 4.000E+00 4.000E+00 --- H(1) 
R015 Unsat. 	zone 1, 	soil density 	(g/cm**3) 1.500E+00 1.500E+00 --- DENSUZ(1) 
R015 Unsat. 	zone 1, 	total porosity 4.000E-01 4.000E-01 --- TPUZ(1) 
R015 Unsat. 	zone 1, 	effective porosity 2.000E-01 2.000E-01 --- EPUZ(1) 
R015 Unsat. 	zone 1, 	field capacity 2.000E-01 2.000E-01 --- FCUZ(1) 
R015 Unsat. 	zone 1, 	soil-specific b parameter 5.300E+00 5.300E+00 --- BUZ(1) 
R015 Unsat. 	zone 1, 	hydraulic conductivity (m/yr) 1.000E+01 1.000E+01 --- HCUZ(1) 

R016 Distribution coefficients for Pb-210 
R016 Contaminated zone 	(cm**3/g) 1.000E+02 1.000E+02 --- DCNUCC( 3) 
R016 Unsaturated zone 1 	(cm**3/g) 1.000E+02 1.000E+02 --- DCNUCU( 	3,1) 
R016 Saturated zone 	(cm**3/4) 1.000E+02 1.000E+02 --- DCNUCS( 	3) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 3.584E-04 ALEACH( 3) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 3) 

R016 Distribution coefficients for Ra-226 
R016 Contaminated zone 	(cm**3/g) 7.000E+01 7.000E+01 --- DCNUCC( 	4) 
R016 Unsaturated zone 1 	(cm**3/g) 7.000E+01 7.000E+01 --- DCNUCU( 	4,1) 
R016 Saturated zone 	(cm**3/g) 7.000E+01 7.000E+01 --- DCNUCS( 	4) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.113E-04 ALEACH( 	4) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	4) 

R016 Distribution coefficients for Th-230 
R016 Contaminated zone (cm**3/g) 6.000E+04 6.000E+04 --- DCNUCC( 5) 
R016 Unsaturated zone 1 	(cm**3/g) 6.000E+04 6.000E+04 --- DCNUCU( 	5,1) 
R016 Saturated zone 	(cm**3/g) 6.000E+04 6.000E+04 --- DCNUCS( 	5) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.990E-07 ALEACH( 5) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 5) 

R016 Distribution coefficients for U-234 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	6) 
R016 Unsaturated zone 1 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCU( 	6,1) 
R016 Saturated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCS( 	6) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 	6) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	6) 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R016 Distribution coefficients for U-235 
R016 Contaminated zone (cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 7) 
R016 Unsaturated zone 1 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCU( 	7,1) 
R016 Saturated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCS( 	7) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 7) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 7) 

R016 Distribution coefficients for U-238 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	8) 
R016 Unsaturated zone 1 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCU( 	8,1) 
R016 Saturated zone 	(cm**3/g) 5.00CE+01 5.000E+01 --- DCNUCS( 	8) 
R016 Leach rate 	(/yr) 0.00CE+00 0.000E+00 7.147E-04 ALEACH( 8) 
R016 Solubility constant 0.00CE+00 0.000E+00 not used SOLUBK( 	8) 

R016 Distribution coefficients for daughter Ac-227 
R016 Contaminated zone 	(cm**3/g) 2.000E+01 2.000E+01 --- DCNUCC( 	1) 
R016 Unsaturated zone 1 	(cm**3/g) 2.000E+01 2.300E+01 --- DCNUCU( 	1,1) 
R016 Saturated zone 	(cm**3/g) 2.000E+01 2.000E+01 --- DCNUCS( 	1) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 1.772E-03 ALEACH( 	1) 
R016 Solubility constant 0.000E+00 0.000E+00 nct used SOLUBK( 1) 

R016 Distribution coefficients for daughter Pa-231 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 2) 
R016 Unsaturated zone 1 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCU( 2,1) 
R016 Saturated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCS( 2) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 2) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	2) 

R017 Inhalation rate 	(m**3/yr) 8.400E+03 8.400E+03 --- INHALR 
R017 Mass loading for inhalation (g/m**3) 5.900E-06 1.000E-04 --- MLINH 
R017 Expcsure duration 3.000E+01 3.000E+01 --- ED 
R017 Shielding factor, 	inhalation 5.000E-01 4.000E-01 --- SHF3 
R017 Shielding factor, external gamma 7.000E-01 7.000E-01 --- SHF1 
R017 Fraction of time spent indoors 6.550E-01 5.000E-01 --- FIND 
R017 Fraction of time spent outdoors 	(on site) 7.990E-02 2.500E-01 --- FOTD 
R017 Shape factor flag, external gamma 1.000E+00 1.000E+00 >0 shows circular AREA. FS 
R017 Radii of shape factor array 	(used if FS = -1): • 
R017 Outer annular radius 	(m), 	ring 	1: not used 5.000E+01 --- RAD SHAPE( 1) _ 
R017 Outer annular radius 	(m), 	ring 	2: not used 7.071E+01 --- RAD SHAPE( 2) _ 
R017 Outer annular radius 	(m), 	ring 	3: not used 0.000E+00 --- RAD SHAPE( 3) _ 
R017 Outer annular radius 	(m), 	ring 	4: not used 0.000E+00 --- RAD SHAPE( 4) _ 
R017 Outer annular radius 	(m), 	ring 	5: not used 0.000E+00 --- RAD SHAPE( 5) _ 
R017 Outer annular radius 	(m), 	ring 	6: not used 0.000E+00 --- RAD SHAPE( 6) _ 
R017 Outer annular radius 	(m), 	ring 	7: not used 0.000E+00 --- RAD _SHAPE( 7) 
R017 Outer annular radius 	(m), 	ring 	8: not used 0.000E+00 --- RAD SHAPE( 8) _ 
R017 Outer annular radius 	(m), 	ring 	9: not used 0.000E+00 --- RAD SHAPE( 9) _ 
R017 Outer annular radius 	(m), 	ring 10: not used 0.000E+00 --- RAD SHAPE(10) _ 
R017 Outer annular radius 	(m), 	ring 11: not used 0.000E+00 --- HAD SHAPE(11) _ 
R017 Outer annular radius 	(m), 	ring 12: not used 0.000E+00 --- HAD SHAPE(12) _ 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R017 Fractions of annular areas within AREA: 
R017 Ring 	1 not used 1.000E+00 --- FRACA( 1) 
R017 Ring 	2 not used 2.732E-01 --- FRACA( 2) 
R017 Ring 	3 not used 0.000E+00 --- FRACA( 3) 
R017 Ring 	4 not used 0.000E+00 --- FRACA( 	4) 
R017 Ring 	5 not used 0.000E+00 --- FRACA( 5) 
R017 Ring 	6 not used 0.000E+00 --- FRACA( 	6) 
R017 Ring 	7 not used 0.000E+00 --- FRACA( 7) 
R017 Ring 	8 not used 0.000E+00 --- FRACA( 8) 
R017 Ring 	9 not used 0.000E+00 --- FRACA( 9) 
R017 Ring 10 not used 0.000E+00 --- FRACA(10) 
R017 Ring 11 not used 0.000E+00 --- FRACA(11) 
R017 Ring 12 not used 0.000E+00 --- FRACA(12) 

R018 Fruits, vegetables and grain consumption 	(kg/yr) 4.270E+01 1.600E+02 --- DIET(1) 
R018 Leafy vegetable consumption (kg/yr) 4.660E+00 1.400E+01 --- DIET(2) 
R018 Milk consumption 	(L/yr) not used 9.200E+01 --- DIET(3) 
R018 Meat and poultry consumption (kg/yr) not used 6.300E+01 --- DIET(4) 
R018 Fish consumption (kg/yr) not used 5.400E+00 --- DIET(5) 
R018 Other seafood consumption 	(kg/yr) not used 9.000E-01 --- DIET(6) 
R018 Soil ingestion rate 	(g/yr) 4.380E+01 3.650E+01 --- SOIL 
R018 Drinking water intake 	(L/yr) not used 5.100E+02 --- DWI 
R018 Contamination fraction of drinking water not used 1.000E+00 --- FDW 
R018 Contamination fraction of household water not used 1.000E+00 --- FHHW 
R018 Contamination fraction of livestock water not used 1.000E+00 --- FLW 
R018 Contamination fraction of irrigation water 1.000E+00 1.000E+00 --- FIRW 
R018 Contamination fraction of aquatic food not used 5.000E-01 --- FR9 
R018 Contamination fraction of plant food -1 -1 0.500E+00 FPLANT 
R018 Contamination fraction of meat not used -1 --- FMEAT 
R018 Contamination fraction of milk not used -1 --- FMILK 

R019 Livestock fodder intake for meat 	(kg/day) not used 6.800E+01 --- LFI5 
R019 Livestock fodder intake for milk (kg/day) not used 5.500E+01 --- LFI6 
R019 Livestock water intake for meat (L/day) not used 5.000E+01 --- LWI5 
R019 Livestock water intake for milk (L/day) not used 1.600E+02 --- LWI6 
R019 Livestock soil intake 	(kg/day) not used 5.000E-01 --- LSI 
R019 Mass loading for foliar deposition 	(g/m**3) 1.000E-04 1.000E-04 --- MLFD 
R019 Depth of soil mixing layer (m) 1.500E-01 1.500E-01 --- DM 
R019 Depth of roots 	(m) 9.000E-01 9.000E-01 --- DROOT 
R019 Drinking water fraction from ground water not used 1.000E+00 --- FGWDW 
R019 Household water fraction from ground water not used 1.000E+00 --- FGWHH 
R019 Livestock water fraction from ground water not used 1.000E+00 --- FGWLW 
R019 Irrigation fraction from ground water 1.000E+00 1.000E+00 --- FGWIR 

R198 Wet weight crop yield for Non-Leafy (kg/m**2) 7.000E-01 7.000E-01 --- YV(1)  
R198 Wet weight crop yield for Leafy 	(kg/m**2) 1.500E+00 1.500E+00 --- YV(2)  
R198 Wet weight crop yield for Fodder 	(kg/m**2) not used 1.100E+00 --- YV(3)  
R198 Growing Season for 	Non-Leafy (years) 1.700E-01 1.700E-01 --- TE(1)  
R198 Growing Season for 	Leafy 	(years) 2.500E-01 2.500E-01 --- TE(2)  
R198 Growing Season for 	Fodder 	(years) not used 8.000E-02 --- TE(3)  
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Site-Specific Parameter Summary (continued' 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R198 Translocation Factor for 	Non-Leafy 1.000E-01 1.000E-01 --- TIV(1) 
R198 Translocation Factor for 	Leafy 1.000E+00 1.000E+00 --- TIV(2) 
R198 Translocation Factor for 	Fodder not used 1.000E+00 --- TIV(3) 
R198 Dry Foliar Interception Fraction for 	Non-Leafy 2.500E-01 2.500E-01 --- RDRY(1) 
R198 Dry Foliar Interception Fraction for 	Leafy 2.500E-01 2.500E-01 --- RDRY(2) 
R198 Dry Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RDRY(3) 
R198 Wet Foliar Interception Fraction for 	Non-Leafy 2.500E-01 2.500E-01 --- RWET(1) 
R198 Wet Foliar Interception Fraction for 	Leafy 2.500E-01 2.500E-01 --- RWET(2) 
R198 Wet Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RwET(3) 
R198 Weathering Removal Constant for Vegetation 2.000E+01 2.000E+01 --- WLAM 

C14 C-12 concentration in water 	(g/cm**3) not used 2.000E-05 --- C12WTR 
C14 C-12 concentration in contaminated soil 	(g/g) not used 3.000E-02 --- C12CZ 
C14 Fraction of vegetation carbon from soil not used 2.000E-02 --- CSOIL 
C14 Fraction of vegetation carbon from air not used 9.800E-01 --- CAIR 
C14 C-14 evasion layer thickness in soil 	(m) not used 3.000E-01 --- DMC 
C14 C-14 evasion flux rate from soil 	(1/sec) not used 7.000E-07 --- EVSN 
C14 C-12 evasion flux rate from soil 	(1/sec) not used 1.000E-10 --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E-01 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.000E-01 --- AVFG5 

STOR Storage times of contaminated foodstuffs 	(days): 
STOR Fruits, non-leafy vegetables, 	and grain 1.400E+01 1.400E+01 --- STOR T(1) _ 
STOR Leafy vegetables 1.000E+00 1.000E+00 --- STOR _T(2) 
STOR Milk 1.000E+00 1.000E+00 --- STOR_T(3) 
STOR Meat and poultry 2.000E+01 2.000E+01 --- STOR T(4) _ 
STOR Fish 7.000E+00 7.000E+00 --- STOR T(5) 
STOR Crustacea and mollusks 7.000E+00 7.000E+00 --- STORIT(6) 
STOR Well water 1.000E+00 1.000E+00 --- STOR_T(7) 
STOR Surface water 1.000E+00 1.000E+00 --- STOR_T(8) 
STOR Livestock fodder 4.500E+01 4.500E+01 --- STOR_T(9) 

R021 Thickness of building foundation 	(m) not used 1.500E-01 --- FLOOR1 
R021 Bulk density of building foundation 	(g/cm**3) not used 2.400E+00 --- DENSFL 
R021 Total porosity of the cover material not used 4.000E-01 --- TPCV 
R021 Total porosity of the building foundation not used 1.000E-01 --- TPFL 
R021 Volume=ric water content of the cover material not used 5.000E-02 --- PH2OCV 
R021 Volumetric water content of the foundation not used 3.000E-02 --- PH2OFL 
R021 Diffusion coefficient for radon gas 	(m/sec): 
R021 in cover material not used 2.000E-06 --- DIFCV 
R021 in foundation material not used 3.003E-07 --- DIFFL 
R021 in contaminated zone soil not used 2.003E-06 --- DIFCZ 
R021 Radon vertical dimension of mixing (m) not used 2.000E+00 --- HMIX 
R021 Average building air exchange rate 	(l/hr) not used 5.000E-01 --- REXG 
R021 Height of the building 	(room) 	(m) not used 2.500E+00 --- HRM 
R021 Building interior area factor not used 0.000E+00 --- FAI 
R021 Building depth below ground surface (m) not used -1.000E+00 --- DMFL 
R021 Emanating power of Rn-222 gas not used 2.500E-01 --- EMANA(1) 
R021 Emanating power of Rn-220 gas not used 1.500E-01 --- EMANA(2) 

TITL NuWer of graphical time points 32 Aiwk-- --- NPTS 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

TITL 
TITL 

Maximum number of integration points for dose 
Maximum number of integration points for risk 

17 
257 

--- 
--- 

--- 
--- 

LYMAX 
KYMAX 

Summary of Pathway Selections 

Pathway User Selection 

1 -- external gamma 
2 -- inhalation (w/o radon) 
3 -- plant ingestion 
4 -- meat ingestion 
5 -- milk ingestion 
6 -- aquatic foods 
7 -- drinking water 
8 -- soil ingestion 
9 -- radon 
Find peak pathway doses 

active 
active 
active 

suppressed 
suppressed 
suppressed 
suppressed 

active 
suppressed 

active 



1RESRAD, Version 6.5 	T Limit = 180 days 	03/24/2011 07:01 Page 11 
Summary : DT-17-Onsite Resident 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17 -ONSITE  RESIDENT 2011.RAD 

Contaminated Zone Dimensions 	 Initial Soil Concentrations, pCi/g 

	

Area: 	2202.00 square meters 

	

Thickness: 	2.00 meters 

	

Cover Depth: 	0.00 meters 

	

Pb-210 	1.000E-02 

	

Ra-226 	1.000E-02 

	

Th-230 	5.700E-01 

	

U-234 	9.300E-01 

	

U-235 	2.000E-01 

	

U-238 	9.300E-01 
0 

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 3.000E+01 1.000E+02 3.000E+02 1.000E+03 
TDOSE(t : 3.031E-01 3.046E-01 3.076E-01 3.185E-01 3.518E-01 4.756E-01 7.993E-01 1.546E+00 

M(t : 1.212E-02 1.218E-02 1.230E-02 1.274E-02 1.407E-02 1.902E-02 3.197E-02 6.186E-02 
°Maximum TDOSE(t): 1.546E+00 mrem/yr 	at t = 1.000E+03 years 
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Total Dose ContrLbutions 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 

0 
0 
Radio 
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 2.992E-05 0.0001 3.313E-07 0.0000 0.000E+00 0.0000 1.696E-02 0.0560 0.000E+00 0.0000 0.000E+00 0.0000 2.306E-03 0.0076 
Ra-226 5.469E-02 0.1804 1.298E-07 0.0000 0.000E+00 0.0000 1.282E-02 0.0423 0.000E+00 0.0000 0.000E+00 0.0000 4.610E-04 0.0015 
Th-230 1.020E-03 0.0034 2.696E-04 0.0009 0.000E+00 0.0000 7.549E-03 0.0249 0.000E+00 0.0000 0.000E+00 0.0000 1.006E-02 0.0332 
U-234 1.886E-04 0.0006 1.780E-04 0.0006 0.000E+00 0.0000 1.558E-02 0.0514 0.000E+00 0.0000 0.000E+00 0.0000 8.469E-03 0.0279 
U-235 7.543E-02 0.2489 3.568E-05 0.0001 0.000E+00 0.0000 3.170E-03 0.0105 0.000E+00 0.0000 0.000E+00 0.0000 1.721E-03 0.0057 
U-238 6.916E-02 0.2282 1.592E-04 0.0005 0.000E+00 0.0000 1.479E-02 0.0488 0.000E+00 0.0000 0.000E+00 0.0000 8.041E-03 0.0265 

Total 2.005E-01 0.6616 6.430E-04 0.0021 0.000E+00 0.0000 7.087E-02 0.2338 0.000E+00 0.0000 0.000E+00 0.0000 3.106E-02 0.1025 

All Pathways* 

mrem/yr fract. 

• 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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 

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 

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 

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 

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 

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 

1.930E-02 0.0637 
6.797E-02 0.2242 
1.890E-02 0.0624 
2.441E-02 0.0805 
8.036E-02 0.2651 
9.216E-02 0.3041 

Total 	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 3.031E-01 1.0000 
0*Sum of all water independent and dependent pathways. 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 
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0 
0 
Radio 
Nuclide 

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 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 2.903E-05 0.0001 3.210E-07 0.0000 0.000E+00 0.0000 1.644E-02 0.0540 0.000E-00 0.0000 0.000E+00 0.0000 2.234E-03 0.0073 
Ra-226 5.464E-02 0.1794 1.398E-07 0.0000 0.000E+00 0.0000 1.333E-02 0.0438 0.000E-00 0.0000 0.000E+00 0.0000 5.311E-04 0.0017 
Th-230 2.370E-03 0.0078 2.696E-04 0.0009 0.000E+00 0.0000 7.870E-03 0.0258 0.000E-00 0.0000 0.000E+00 0.0000 1.007E-02 0.0331 
U-234 1.884E-04 0.0006 1.779E-04 0.0006 0.000E+00 0.0000 1.557E-02 0.0511 0.000E-00 0.0000 0.000E+00 0.0000 8.463E-03 0.0278 
U-235 7.533E-02 0.2475 3.567E-05 0.0001 0.000E+00 0.0000 3.179E-03 0.0104 0.000E-00 0.0000 0.000E+00 0.0000 1.722E-03 0.0057 
U-238 6.9:2E-02 0.2269 1.591E-04 0.0005 0.000E+00 0.0000 1.478E-02 0.0485 0.000E-00 0.0000 0.000E+00 0.0000 8.035E-03 0.0264 

Total 2.017E-01 0.6623 6.427E-04 0.0021 0.000E+00 0.0000 7.117E-02 0.2337 0.000E-00 0.0000 0.000E+00 0.0000 3.106E-02 0.1020 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 

mrem/yr fract. 	mrem/yr fract. 

Pb-210 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 
Ra-226 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 
Th-230 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 

	

U-234 	0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 

	

U-235 	0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 

	

U-238 	0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 

Total 	0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 
0*Sum of all water independent and dependent pathways. 

Milk All Pathways* 

mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 1.870E-02 0.0614 
0.000E+00 0.0000 6.850E-02 0.2249 
0.000E+00 0.0000 2.058E-02 0.0676 
0.000E+00 0.0000 2.440E-02 0.0801 
0.000E+00 0.0000 8.031E-02 0.2637 
0.000E+00 0.0000 9.209E-02 0.3023 

0.000E+00 0.0000 3.046E-01 1.0000 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. 

• 	• 	 • 
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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+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 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 = 3.000E+00 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk Water All Pathways* 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 
Radio 	  
Nuclide mrem/yr fract. 

• 
Radio 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 2.723E-05 0.0001 3.015E-07 0.0000 0.000E+00 0.0000 
Ra-226 5.454E-02 0.1773 1.589E-07 0.0000 0.000E+00 0.0000 
Th-230 5.0E6E-03 0.0165 2.696E-04 0.0009 0.000E+00 0.0000 
U-234 1.883E-04 0.0006 1.777E-04 0.0006 0.000E+00 0.0000 
U-235 7.527E-02 0.2447 3.564E-05 0.0001 0.000E+00 0.0000 
U-238 6.9C2E-02 0.2244 1.589E-04 0.0005 0.000E+00 0.0000 

Total 2.041E-01 0.6635 6.422E-04 0.0021 0.000E+00 0.0000 

mrem/yr fract. mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 2.098E-03 0.0068 
0.000E+00 0.0000 0.000E+00 0.0000 6.646E-04 0.0022 
0.000E+00 0.0000 0.000E+00 0.0000 1.010E-02 0.0328 
0.000E+00 0.0000 0.000E+00 0.0000 8.451E-03 0.0275 
0.000E+00 0.0000 0.000E+00 0.0000 1.722E-03 0.0056 
0.000E+00 0.0000 0.000E+00 0.0000 8.024E-03 0.0261 

0.000E+00 0.0000 0.000E+00 0.0000 3.106E-02 0.1010 

0.000E+00 0.0000 0.000E+00 0.0000 1.756E-02 0.0571 
0.000E+00 0.0000 0.000E+00 0.0000 6.950E-02 0.2259 
0.000E+00 0.0000 0.000E+00 0.0000 2.399E-02 0.0780 
0.000E+00 0.0000 0.000E+00 0.0000 2.436E-02 0.0792 
0.000E+00 0.0000 0.000E+00 0.0000 8.023E-02 0.2608 
0.000E+00 0.0000 0.000E+00 0.0000 9.196E-02 0.2990 

0.000E+00 0.0000 0.000E+00 0.0000 3.076E-01 1.0000 

mrem/yr fract. 

1.544E-02 0.0502 
1.430E-02 0.0465 
8.553E-03 0.0278 
1.555E-02 0.0505 
3.196E-03 0.0104 
1.476E-02 0.0480 

7.179E-02 0.2334 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
0.000E+00 0.0000 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 
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Summary : DT-17-Onsite Resident 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-ONSITE  RESIDENT 2011.RAD 

0 
0 
Radio 
Nuclide 

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+01 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant Meat 	 Milk S oil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 2.185E-05 0.0001 2.419E-07 0.0000 0.000E+00 0.0000 1.239E-02 0.0389 0.000E+00 0.0000 0.000E+00 0.0000 1.684E-03 0.0053 
Ra-226 5.418E-02 0.1701 2.165E-07 0.0000 0.000E+00 0.0000 1.721E-02 0.0540 0.000E+00 0.0000 0.000E+00 0.0000 1.069E-03 0.0034 
Th-230 1.446E-02 0.0454 2.696E-04 0.0008 0.000E+00 0.0000 1.128E-02 0.0354 0.000E+00 0.0000 0.000E+00 0.0000 1.025E-02 0.0322 
U-234 1.8E3E-04 0.0006 1.768E-04 0.0006 0.000E+00 0.0000 1.547E-02 0.0486 0.000E+00 0.0000 0.000E+00 0.0000 8.410E-03 0.0264 
U-235 7.490E-02 0.2352 3.557E-05 0.0001 0.000E+00 0.0000 3.259E-03 0.0102 0.000E+00 0.0000 0.000E+00 0.0000 1.726E-03 0.0054 
U-238 6.867E-02 0.2156 1.581E-04 0.0005 0.000E+00 0.0000 1.469E-02 0.0461 0.000E+00 0.0000 0.000E+00 0.0000 7.984E-03 0.0251 

Total 2.124E-01 0.6670 6.405E-04 0.0020 0.000E+00 0.0000 7.430E-02 0.2333 0.000E+00 0.0000 0.000E+00 0.0000 3.112E-02 0.0977 

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+01 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 

mrem/yr fract. 	mrem/yr fract. 

Pb-210 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 
Ra-226 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+D0 0.0000 
Th-230 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

	

U-234 	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 

	

U-235 	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 

	

U-238 	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 	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*Sum of all water independent and dependent pathways. 

Milk All Pathways* 

mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 1.409E-02 0.0442 
0.000E+00 0.0000 7.246E-02 0.2275 
0.000E+00 0.0000 3.627E-02 0.1139 
0.000E+00 0.0000 2.424E-02 0.0761 
0.000E+00 0.0000 7.993E-02 0.2509 
0.000E+00 0.0000 9.150E-02 0.2873 

0.000E+00 0.0000 3.185E-01 1.0000 

0 
0 	 Water 
Radio 	  
Nuclide mremJyr fract. mrem/yr fract. mrem/yr fract. 

• 	• 	• 
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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+01 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil Ground 

• 
Radio 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 1.165E-05 0.0000 1.290E-07 0.0000 0.000E+00 0.0000 
Ra-226 5.318E-02 0.1512 3.229E-07 0.0000 0.000E+00 0.0000 
Th-230 4.097E-02 0.1165 2.697E-04 0.0008 0.000E+00 0.0000 
U-234 1.933E-04 0.0006 1.744E-04 0.0005 0.000E+00 0.0000 
U-235 7.389E-02 0.2100 3.560E-05 0.0001 0.000E+00 0.0000 
U-238 6.770E-02 0.1924 1.558E-04 0.0004 0.000E+00 0.0000 

Total 2.359E-01 0.6707 6.360E-04 0.0018 0.000E+00 0.0000 

fract. mrem/yr fract. mrem/yr fract. 

0.0000 0.000E+00 0.0000 8.978E-04 0.0026 
0.0000 0.000E+00 0.0000 1.817E-03 0.0052 
0.0000 0.000E+00 0.0000 1.098E-02 0.0312 
0.0000 0.000E+00 0.0000 8.293E-03 0.0236 
0.0000 0.000E+00 0.0000 1.749E-03 0.0050 
0.0000 0.000E+00 0.0000 7.871E-03 0.0224 

0.0000 0.000E+00 0.0000 3.161E-02 0.0899 

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+01 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

All Pathways* 

0.0000 0.000E+00 0.0000 7.515E-03 0.0214 
0.0000 0.000E+00 0.0000 7.754E-02 0.2204 
0.0000 0.000E+00 0.0000 7.347E-02 0.2089 
0.0000 0.000E+00 0.0000 2.391E-02 0.0680 
0.0000 0.000E+00 0.0000 7.913E-02 0.2249 
0.0000 0.000E+00 0.0000 9.020E-02 0.2564 

0.0000 0.000E+00 0.0000 3.518E-01 1.0000 Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. 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 

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 

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 

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

mrem/yr fract. 

6.605E-03 0.0188 
2.254E-02 0.0641 
2.125E-02 0.0604 
1.525E-02 0.0434 
3.454E-03 0.0098 
1.448E-02 0.0412 

mrem/yr 

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

8.358E-02 0.2376 0.000E+00 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	0.000E+00 0.0000 
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Summary : DT-17-Onsite Resident 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-ONSITE  RESIDENT 2011.RAD 

0 
0 
Radio 
Nuclide 

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+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 1.290E-06 0.0000 1.428E-08 0.0000 0.000E+00 0.0000 7.312E-04 0.0015 0.000E+00 0.0000 0.000E+00 0.0000 9.939E-05 0.0002 
Ra-226 4.979E-02 0.1047 4.108E-07 0.0000 0.000E+00 0.0000 2.666E-02 0.0561 0.000E+00 0.0000 0.000E+00 0.0000 2.456E-03 0.0052 
Th-230 1.299E-01 0.2731 2.702E-04 0.0006 0.000E+00 0.0000 6.548E-02 0.1377 0.000E+00 0.0000 0.000E+00 0.0000 1.491E-02 0.0313 
U-234 2.708E-04 0.0006 1.661E-04 0.0003 0.000E+00 0.0000 1.455E-02 0.0306 0.000E+00 0.0000 0.000E+00 0.0000 7.900E-03 0.0166 
U-235 7.053E-02 0.1483 3.660E-05 0.0001 0.000E+00 0.0000 4.178E-03 0.0088 0.000E+00 0.0000 0.000E+00 0.0000 1.866E-03 0.0039 
U-238 6.439E-02 0.1354 1.483E-04 0.0003 0.000E+00 0.0000 1.378E-02 0.0290 0.000E+00 0.0000 0.000E+00 0.0000 7.489E-03 0.0157 

Total 3.149E-01 0.6621 6.216E-04 0.0013 0.000E+00 0.0000 1.254E-01 0.2636 0.000E+00 0.0000 0.000E+00 0.0000 3.472E-02 0.0730 
0 

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+02 years 

0 	 Water Dependent Pathways 
0 	 Water 	 Fish 	 Radon Plant Meat Milk All Pathways* 
Radio 
Nuclide 	mrem/yr 	fract. 	mrem/yr 	fract. 	mrem/yr 	fract. mrem/yr 	fract. mrem/yr fract. mrem/yr fract. mrem/yr 	fract. 

Pb-210 	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 8.319E-04 	0.0017 
Ra-226 	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 7.890E-02 	0.1659 
Th-230 	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 2.105E-01 	0.4427 
U-234 	0.000E+00 0.0000 	0.000E+00 0.0000 	0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.289E-02 	0.0481 
U-235 	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 7.661E-02 	0.1611 
U-238 	0.000E+00 0.0000 	0.000E+00 0.0000 	0.000E+00 0.0000 0.000E+00 0.0000 0.030E+00 0.0000 0.000E+00 0.0000 8.581E-02 	0.1804 

Total 	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 4.756E-01 	1.0000 
0*Sum of all water independent and dependent pathways. 

• 	 • 	• 



Soil 
0 
0 	 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 = 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

1RESRAD, 	rsion 6.5 IIII 	 Ill Limit = 180 days 
Summary : DT-17-Onsite Resident 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-ONSITE  RESIDENT 2011.RAD 

• 11, 03/24/2011 07:01 	e 18 

Radio 
Nuclide mrem/yr fract. mrem/yr fract. mremlyr fract. 

Pb-210 2.396E-09 0.0000 2.653E-11 0.0000 0.000E+00 0.0000 
Ra-226 4.122E-02 0.0516 3.521E-07 0.0000 0.000E+00 0.0000 
Th-230 3.535E-01 0.4422 2.716E-04 0.0003 0.000E+00 0.0000 
U-234 9.129E-04 0.0011 1.446E-04 0.0002 0.000E+00 0.0000 
U-235 6.185E-02 0.0774 3.937E-05 0.0000 0.000E+00 0.0000 
U-238 5.582E-02 0.0698 1.286E-04 0.0002 0.000E+00 0.0000 

Total 5.133E-01 0.6421 5.845E-04 0.0007 0.000E+00 0.0000 

mrem/yr fract. mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 1.847E-07 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 2.117E-03 0.0026 
0.000E+00 0.0000 0.000E+00 0.0000 2.630E-02 0.0329 
0.000E+00 0.0000 0.000E+00 0.0000 6.901E-03 0.0086 
0.000E+00 0.0000 0.000E+00 0.0000 2.161E-03 0.0027 
0.000E+00 0.0000 0.000E+00 0.0000 6.495E-03 0.0081 

0.000E+00 0.0000 0.000E+00 0.0000 4.397E-02 0.0550 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 

0.000E+00 0.0000 0.000E+00 0.0000 1.546E-06 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 6.602E-02 0.0826 
0.000E+00 0.0000 0.000E+00 0.0000 5.680E-01 0.7106 
0.000E+00 0.0000 0.000E+00 0.0000 2.092E-02 0.0262 
0.000E+00 0.0000 0.000E+00 0.0000 6.996E-02 0.0875 
0.000E+00 0.0000 0.000E+00 0.0000 7.439E-02 0.0931 

0.000E+00 0.0000 0.000E+00 0.0000 7.993E-01 1.0000 

mrem/yr fract. 

1.359E-06 0.0000 
2.268E-02 0.0284 
1.880E-01 0.2352 
1.296E-02 0.0162 
5.904E-03 0.0074 
1.195E-02 0.0149 

2.415E-01 0.3021 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

All Pathways* 

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 

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 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 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 

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 



Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

0-234 	0.00DE+00 0.0000 

	

0-235 	0.003E+00 0.0000 

	

0-238 	0.00DE+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 
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 
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 
0.000E+00 0.0000 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 
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0 
0 
Radio 
Nuclide 

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+03 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk S oil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 6.626E-19 0.0000 7.336E-21 0.0000 0.000E+00 0.0000 3.756E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.106E-17 0.0000 
Ra-226 2.128E-02 0.0138 1.818E-07 0.0000 0.000E+00 0.0000 1.171E-02 0.0076 0.000E+00 0.0000 0.000E+00 0.0000 1.093E-03 0.0007 
Th-230 8.704E-01 0.5629 2.742E-04 0.0002 0.000E+00 0.0000 4.725E-01 0.3056 0.000E+00 0.0000 0.000E+00 0.0000 5.280E-02 0.0341 
U-234 5.903E-03 0.0038 8.973E-05 0.0001 0.000E+00 0.0000 1.073E-02 0.0069 0.000E+00 0.0000 0.000E+00 0.0000 4.516E-03 0.0029 
U-235 3.901E-02 0.0252 4.003E-05 0.0000 0.000E+00 0.0000 8.384E-03 0.0054 0.000E+00 0.0000 0.000E+00 0.0000 2.457E-03 0.0016 
U-238 3.3E5E-02 0.0219 7.816E-05 0.0001 0.000E+00 0.0000 7.263E-03 0.0047 0.000E+00 0.0000 0.000E+00 0.0000 3.947E-03 0.0026 

Total 9.705E-01 0.6276 4.823E-04 0.0003 0.000E+00 0.0000 5.106E-01 0.3302 0.000E+00 0.0000 0.000E+00 0.0000 6.481E-02 0.0419 

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+03 years 

Water Dependent Pathways 
Water 
	

Fish 	 Radon 	 Plant 	 Meat 	 Milk 
	

All Pathways* 
Radio 	  
Nuclide mrem/yr fract. 

           

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 4.274E-16 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 3.408E-02 0.0220 
0.000E+D0 0.0000 0.000E+00 0.0000 1.396E+00 0.9028 
0.000E+70 0.0000 0.000E+00 0.0000 2.124E-02 0.0137 
0.000E+00 0.0000 0.000E+00 0.0000 4.989E-02 0.0323 
D.000E+00 0.0000 0.000E+00 0.0000 4.514E-02 0.0292 

0.000E+00 0.0000 0.000E+00 0.0000 1.546E+00 1.0000 

• • • 
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0 	Parent Product 

Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 
Thread 	 DSR(j,t) 	At Time in Years 	(mrem/yr)/(pCi/g) 

(i) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210+D Pb-210+D 1.000E+00 1.930E+00 1.870E+00 1.756E+00 1.409E+00 7.515E-01 8.319E-02 1.546E-04 4.274E-14 
ORa-226+D Ra-226+D 1.000E+00 6.762E+00 6.756E+00 6.743E+00 6.698E+00 6.573E+00 6.153E+00 5.093E+00 2.629E+00 

Ra-226+D Pb-210+D 1.000E+00 3.492E-02 9.473E-02 2.071E-01 5.476E-01 1.181E+00 1.737E+00 1.508E+00 7.788E-01 

Ra-226+D 2DSR(j) 6.797E+00 6.850E+00 6.950E+00 7.246E+00 7.754E+00 7.890E+00 6.602E+00 3.408E+00 
OTh-230 Th-230 1.000E+00 3.170E-02 3.170E-02 3.170E-02 3.170E-02 3.169E-02 3.167E-02 3.161E-02 3.140E-02 

Th-230 Ra-226+D 1.000E+00 1.449E-03 4.375E-03 1.022E-02 3.060E-02 8.808E-02 2.808E-01 7.656E-01 1.886E+00 
Th-230 Pb-210+D 1.000E+00 5.462E-06 3.380E-05 1.651E-04 1.329E-03 9.118E-03 5.684E-02 1.993E-01 5.314E-01 

Th-230 ZDSR(j) 3.316E-02 3.611E-02 4.209E-02 6.363E-02 1.289E-01 3.694E-01 9.965E-01 2.449E+00 

00-234 U-234 1.000E+00 2.625E-02 2.623E-02 2.620E-02 2.606E-02 2.569E-02 2.443E-02 2.117E-02 1.281E-02 
0-234 Th-230 1.000E+00 1.479E-07 4.339E-07 1.004E-06 2.991E-06 8.614E-06 2.766E-05 7.703E-05 2.026E-04 
0-234 Ra-226+D 1.000E+00 4.318E-09 3.051E-08 1.618E-07 1.445E-06 1.206E-05 1.260E-04 1.009E-03 7.717E-03 

U-234 Pb-210+D 1.000E+00 1.302E-11 1.706E-10 1.814E-09 4.339E-08 8.970E-07 2.046E-05 2.385E-04 2.114E-03 
U-234 EDSR(j) 2.625E-02 2.623E-02 2.620E-02 2.607E-02 2.571E-02 2.461E-02 2.249E-02 2.284E-02 
OU-235+D U-235+D 1.000E+00 4.018E-01 4.015E-01 4.009E-01 3.989E-01 3.932E-01 3.740E-01 3.242E-01 1.966E-01 
U-235+D ?a-231 1.000E+00 2.998E-05 9.204E-05 2.163E-04 6.484E-04 1.859E-03 5.825E-03 1.507E-02 3.020E-02 

U-235+D Ac-227+D 1.000E+00 2.903E-07 1.906E-06 9.600E-06 7.828E-05 5.323E-04 3.199E-03 1.049E-02 2.268E-02 
0-235+0 EDSR(j) 4.018E-01 4.016E-01 4.011E-01 3.996E-01 3.956E-01 3.831E-01 3.498E-01 2.495E-01 

00-238 0-238 5.400E-05 1.270E-06 1.269E-06 1.268E-06 1.261E-06 1.243E-06 1.183E-06 1.025E-06 6.216E-07 
OU-238+D U-238+D 9.999E-01 9.909E-02 9.902E-02 9.888E-02 9.839E-02 9.699E-02 9.226E-02 7.997E-02 4.849E-02 
U-238+D 0-234 9.999E-01 3.721E-08 1.115E-07 2.599E-07 7.758E-07 2.222E-06 6.962E-06 1.804E-05 3.638E-05 

0-238+0 Th-230 9.999E-01 1.430E-13 9.687E-13 5.040E-12 4.458E-11 3.713E-10 3.895E-09 3.166E-08 2.539E-07 

U-238+D Ra-226+D 9.999E-01 3.042E-15 4.617E-14 5.413E-13 1.435E-11 3.472E-10 1.192E-08 2.830E-07 6.961E-06 

U-238+D Pb-210+D 9.999E-01 7.749E-18 2.077E-16 4.714E-15 3.313E-13 2.028E-11 1.626E-09 6.128E-08 1.852E-06 

U-238+D 2DSR(j) 9.909E-02 9.902E-02 9.888E-02 9.839E-02 9.699E-02 9.226E-02 7.999E-02 4.854E-02 

The DSR includes contributions from associated (half-life 	180 days) 	daughters. 
0 

	

Single Radionuclide Soil Guidelines G(i,t) 	in pCi/g 
Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

ONuclide 
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 1.295E+01 1.337E+01 1.423E+01 1.774E+01 3.327E+01 3.005E+02 1.617E+05 *7.634E+13 
Ra-226 3.678E+00 3.649E+00 3.597E+00 3.450E+00 3.224E+00 3.169E+00 3.787E+00 7.335E+00 
Th-230 7.540E+02 6.924E+02 5.940E+02 3.929E+02 1.940E+02 6.769E+01 2.509E+01 1.021E+01 
0-234 9.523E+02 9.530E+02 9.543E+02 9.590E+02 9.722E+02 1.016E+03 1.111E+03 1.094E+03 
0-235 6.222E+01 6.226E+01 6.232E+01 6.256E+01 6.319E+01 6.526E+01 7.147E+01 1.002E+02 
U-238 2.523E+02 2.525E+02 2.528E+02 2.541E+02 2.577E+02 2.710E+02 3.125E+02 5.151E+02 

*At specific activity limit 
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Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pci/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose = 1.000E+03 years 

ONuclide Initial 	 tmin 	DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax) 
(i) 	(pCi/g) 	(years) 	 (pCi/g) 	 (pCi/g) 

Pb-210 1.000E-02 0.000E+00 1.930E+00 1.295E+01 4.274E-14 *7.634E+13 
Ra-226 1.000E-02 66.0 ± 	0.1 7.988E+00 3.130E+00 3.408E+00 7.335E+00 
Th-230 5.700E-01 1.000E+03 2.449E+00 1.021E+01 2.449E+00 1.021E+01 
U-234 9.300E-01 0.000E+00 2.625E-02 9.523E+02 2.284E-02 1.094E+03 
11-235 2.000E-01 0.000E+00 4.018E-01 6.222E+01 2.495E-01 1.002E+02 
U-238 9.300E-01 0.000E+00 9.909E-02 2.523E+02 4.854E-02 5.151E+02 

*At specific activity limit 

• 	• 	• 
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Individual Nuclide Dose Summed Over All Pathways 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent THF(i) DOSE(j,t), mrem/yr 

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 	Pb-210 1.000E+00 1.930E-02 1.870E-02 1.756E-02 1.409E-02 7.515E-03 8.319E-04 1.546E-06 4.274E-16 
Pb-210 	Ra-226 1.000E+00 3.492E-04 9.473E-04 2.071E-03 5.476E-03 1.181E-02 1.737E-02 1.508E-02 7.788E-03 

Pb-210 	Th-230 1.000E+00 3.113E-06 1.927E-05 9.410E-05 7.575E-04 5.197E-03 3.240E-02 1.136E-01 3.029E-01 
Pb-210 	U-234 1.000E+00 1.211E-11 1.586E-10 1.687E-09 4.035E-08 8.342E-07 1.903E-05 2.218E-04 1.966E-03 

Pb-210 	0-238 9.999E-01 7.206E-18 1.932E-16 4.384E-15 3.081E-13 1.886E-11 1.512E-09 5.699E-08 1.722E-06 

Pb-210 	EDOSE(j) 1.965E-02 1.967E-02 1.973E-02 2.033E-02 2.452E-02 5.062E-02 1.289E-01 3.127E-01 

ORa-226 	Ra-226 1.000E+00 6.762E-02 6.756E-02 6.743E-02 6.698E-02 6.573E-02 6.153E-02 5.093E-02 2.629E-02 

Ra-226 	Th-230 1.000E+00 8.261E-04 2.493E-03 5.827E-03 1.744E-02 5.021E-02 1.601E-01 4.364E-01 1.075E+00 

Ra-226 	0-234 1.000E+00 4.015E-09 2.837E-08 1.505E-07 1.344E-06 1.122E-05 1.172E-04 9.387E-04 7.177E-03 

Ra-226 	0-238 9.999E-01 2.829E-15 4.293E-14 5.034E-13 1.334E-11 3.229E-10 1.108E-08 2.632E-07 6.474E-06 
Ra-226 	EDOSE(j) 6.845E-02 7.005E-02 7.326E-02 8.443E-02 1.159E-01 2.217E-01 4.883E-01 1.109E+00 

OTh-230 	Th-230 1.000E+00 1.807E-02 1.807E-02 1.807E-02 1.807E-02 1.806E-02 1.805E-02 1.802E-02 1.790E-02 

Th-230 	0-234 1.000E+00 1.375E-07 4.035E-07 9.333E-07 2.782E-06 8.011E-06 2.573E-05 7.164E-05 1.884E-04 

Th-230 	U-238 9.999E-01 1.330E-13 9.009E-13 4.687E-12 4.146E-11 3.453E-10 3.622E-09 2.944E-08 2.362E-07 
Th-230 	EDOSE(j) 1.807E-02 1.807E-02 1.807E-02 1.807E-02 1.807E-02 1.808E-02 1.809E-02 1.809E-02 
00-234 	0-234 1.000E+00 2.441E-02 2.440E-02 2.436E-02 2.424E-02 2.389E-02 2.272E-02 1.969E-02 1.191E-02 
0-234 	0-238 9.999E-01 3.460E-08 1.037E-07 2.417E-07 7.215E-07 2.066E-06 6.475E-06 1.678E-05 3.384E-05 

U-234 	EDOSE(j) 2.441E-02 2.440E-02 2.436E-02 2.424E-02 2.390E-02 2.273E-02 1.970E-02 1.195E-02 
00-235 	U-235 1.000E+00 8.035E-02 8.029E-02 8.018E-02 7.978E-02 7.865E-02 7.481E-02 6.485E-02 3.932E-02 
OPa-231 	U-235 1.000E+00 5.996E-06 1.841E-05 4.326E-05 1.297E-04 3.718E-04 1.165E-03 3.013E-03 6.039E-03 
OAc-227 	0-235 1.000E+00 5.805E-08 3.812E-07 1.920E-06 1.566E-05 1.065E-04 6.398E-04 2.098E-03 4.536E-03 

00-238 	0-238 5.400E-05 1.181E-06 1.181E-06 1.179E-06 1.173E-06 1.156E-06 1.100E-06 9.534E-07 5.781E-07 
0-238 	0-238 9.999E-01 9.216E-02 9.209E-02 9.196E-02 9.150E-02 9.020E-02 8.580E-02 7.437E-02 4.510E-02 

0-238 	EDOSE(3) 9.216E-02 9.209E-02 9.196E-02 9.150E-02 9.020E-02 8.580E-02 7.437E-02 4.510E-02 

THF(i) is the thread fraction of the parent nuclide. 
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Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent THF(i) S(j,t), pCi/g 
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 	Pb-210 1.000E+00 1.000E-02 9.690E-03 9.100E-03 7.302E-03 3.894E-03 4.310E-04 8.009E-07 2.214E-16 
Pb-210 	Ra-226 1.000E+00 0.000E+00 3.058E-04 8.886E-04 2.654E-03 5.939E-03 8.834E-03 7.676E-03 3.963E-03 
Pb-210 	Th-230 1.000E+00 0.000E+00 3.797E-06 3.345E-05 3.454E-04 2.556E-03 1.635E-02 5.767E-02 1.540E-01 
Pb-210 	U-234 1.000E+00 0.000E+00 1.863E-11 4.949E-10 1.733E-08 4.018E-07 9.539E-06 1.124E-04 9.988E-04 
Pb-210 	U-238 9.999E-01 0.000E+00 1.323E-17 1.057E-15 1.246E-13 8.900E-12 7.532E-10 2.881E-08 8.747E-07 
Pb-210 	ES(j): 1.000E-02 1.000E-02 1.002E-02 1.030E-02 1.239E-02 2.562E-02 6.546E-02 1.590E-01 

ORa-226 	Ra-226 1.000E+00 1.000E-02 9.991E-03 9.972E-03 9.906E-03 9.721E-03 9.099E-03 7.532E-03 3.889E-03 
Ra-226 	Th-230 1.000E+00 0.000E+00 2.468E-04 7.397E-04 2.458E-03 7.303E-03 2.355E-02 6.441E-02 1.589E-01 
Ra-226 	U-234 1.000E+00 0.000E+00 1.812E-09 1.629E-08 1.803E-07 1.605E-06 1.715E-05 1.383E-04 1.060E-03 
Ra-226 	U-238 9.999E-01 0.000E+00 1.713E-15 4.618E-14 1.703E-12 4.545E-11 1.615E-09 3.873E-08 9.558E-07 
Ra-226 	ES(j): 1.000E-02 1.024E-02 1.071E-02 1.236E-02 1.703E-02 3.267E-02 7.208E-02 1.638E-01 
OTh-230 	Th-230 1.000E+00 5.700E-01 5.700E-01 5.700E-01 5.699E-01 5.698E-01 5.695E-01 5.684E-01 5.646E-01 
Th-230 	U-234 1.000E+00 0.000E+00 8.369E-06 2.509E-05 8.341E-05 2.484E-04 8.075E-04 2.256E-03 5.942E-03 
Th-230 	U-238 9.999E-01 0.000E+00 1.186E-11 1.066E-10 1.181E-09 1.053E-08 1.131E-07 9.257E-07 7.444E-06 
Th-230 	ES(j): 5.700E-01 5.700E-01 5.700E-01 5.700E-01 5.701E-01 5.703E-01 5.706E-01 5.705E-01 
0U-234 	U-234 1.000E+00 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.102E-01 8.656E-01 7.499E-01 4.538E-01 
U-234 	U-238 9.999E-01 0.000E+00 2.634E-06 7.892E-06 2.618E-05 7.741E-05 2.454E-04 6.380E-04 1.288E-03 
U-234 	ES(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 

0U-235 	U-235 1.000E+00 2.000E-01 1.999E-01 1.996E-01 1.986E-01 1.958E-01 1.862E-01 1.614E-01 9.787E-02 
OPa-231 	U-235 1.000E+00 0.000E+00 4.229E-06 1.267E-05 4.201E-05 1.242E-04 3.936E-04 1.021E-03 2.049E-03 
OAc-227 	U-235 1.000E+00 0.000E+00 6.658E-08 5.855E-07 6.011E-06 4.381E-05 2.695E-04 8.885E-04 1.923E-03 
0U-238 	U-238 5.400E-05 5.022E-05 5.018E-05 5.011E-05 4.986E-05 4.915E-05 4.676E-05 4.053E-05 2.457E-05 
U-238 	U-238 9.999E-01 9.299E-01 9.293E-01 9.280E-01 9.233E-01 9.102E-01 8.658E-01 7.505E-01 4.551E-01 
U-238 	ES(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 

THF(i) is the thread fraction of the parent nuclide. 
ORESCALC.EXE execution time = 	3.11 seconds 
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Cancer Risk Slope Factors Summary Table 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-1 Ground external radiation slope factors, 1/yr per (pCi/g): 
Sf-1 Ac-227+D 1.47E-06 3.48E-10 SLPF( 1,1) 
Sf-1 Pa-231 1.39E-07 1.39E-07 SLPF( 2,1) 
Sf-1 Pb-210+D 4.21E-09 1.41E-09 SLPF( 3,1) 
Sf-1 Ra-226+D 8.49E-06 2.29E-08 SLPF( 4,1) 
Sf-1 Th-230 8.19E-10 8.19E-10 SLPF( 5,1) 
Sf-1 U-234 2.52E-10 2.52E-10 SLPF( 6,1) 
Sf-1 U-235+D 5.43E-07 5.18E-07 SLPF( 7,1) 
Sf-1 U-238 4.99E-11 4.99E-11 SLPF( 8,1) 
Sf-1 U-238+D 1.14E-07 4.99E-11 SLPF( 9,1) 

Sf-2 Inhalation, 	slope factors, 	1/(pCi): 
Sf-2 Ac-227+D 2.09E-07 1.49E-07 SLPF( 1,2) 
Sf-2 Pa-231 4.55E-08 4.55E-08 SLPF( 2,2) 
Sf-2 Pb-210+D 1.39E-08 2.77E-09 SLPF( 3,2) 
Sf-2 Ra-226+D 1.16E-08 1.15E-08 SLPF( 4,2) 
Sf-2 Th-230 2.85E-08 2.85E-08 SLPF( 5,2) 
Sf-2 U-234 1.14E-08 1.14E-08 SLPF( 6,2) 
Sf-2 [J-235+D 1.01E-08 1.01E-08 SLPF( 7,2) 
Sf-2 U-238 9.32E-09 9.32E-09 SLPF( 8,2) 
Sf-2 U-238+D 9.35E-09 9.32E-09 SLPF( 9,2) 

Sf-3 Food ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 6.53E-10 2.45E-10 SLPF( 1,3) 
Sf-3 Pa-231 2.26E-10 2.26E-10 SLPF( 2,3) 
Sf-3 Pb-210+D 3.44E-09 1.18E-09 SLPF( 3,3) 
Sf-3 Ra-226+D 5.15E-10 5.14E-10 SLPF( 4,3) 
Sf-3 Th-230 1.19E-10 1.19E-10 SLPF( 5,3) 
Sf-3 U-234 9.55E-11 9.55E-11 SLPF( 6,3) 
Sf-3 U-235+D 9.76E-11 9.44E-11 SLPF( 7,3) 
Sf-3 U-238 8.66E-11 8.66E-11 SLPF( 8,3) 
Sf-3 U-238+D 1.21E-10 8.66E-11 SLPF( 9,3) 

Sf-3 Water ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 4.86E-10 2.01E-10 SLPF( 1,4) 
Sf-3 Pa-231 1.73E-10 1.73E-10 SLPF( 2,4) 
Sf-3 Pb-210+D 1.27E-09 8.81E-10 SLPF( 3,4) 
Sf-3 Ra-226+D 3.86E-10 3.85E-10 SLPF( 4,4) 
Sf-3 Th-230 9.10E-11 9.10E-11 SLPF( 5,4) 
Sf-3 U-234 7.07E-11 7.07E-11 SLPF( 6,4) 
Sf-3 U-235+D 7.18E-11 6.96E-11 SLPF( 7,4) 
Sf-3 U-238 6.40E-11 6.40E-11 SLPF( 8,4) 
Sf-3 U-238+D 8.71E-11 6.40E-11 SLPF( 9,4) 

Sf-3 Soil ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 1.16E-09 3.81E-10 SLPF( 1,5) 
Sf-3 Pa-231 3.74E-10 3.74E-10 SLPF( 2,5) 
Sf-3 Pb-210+D 2.66E-09 1.84E-09 SLPF( 3,5) 
Sf-3 Ra-226+D 7.30E-10 7.29E-10 SLPF( 4,5) 
Sf-3 Th-230 2.0.kl0 2.02E-10 SLPF( 5,5) • 
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Cancer Risk Slope Factors Summary Table (continued) 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-3 U-234 1.58E-10 1.58E-10 SLPF( 	6,5) 
Sf-3 U-235+D 1.63E-10 1.57E-10 SLPF( 	7,5) 
Sf-3 U-238 1.43E-10 1.43E-10 SLPF( 	8,5) 
Sf-3 U-238+D 2.10E-10 1.43E-10 SLPF( 	9,5) 

Sf-Rn Radon Inhalation slope factors, 	1/(pCi): 
Sf-Rn Rn-222 1.80E-12 1.80E-12 SLPFRN(1,1) 
Sf-Rn Po-218 3.70E-12 3.70E-12 SLPFRN(1,2) 
Sf-Rn Pb-214 6.20E-12 6.20E-12 SLPFRN(1,3) 
Sf-Rn Bi-214 1.50E-11 1.50E-11 SLPFRN(1,4) 

Sf-Rn Radon K factors, 	(mrem/WLM): 
Sf-Rn Rn-222 Indoor 7.60E+02 7.60E+02 KFACTR(1,1) 
Sf-Rn Rn-222 Outdoor 5.70E+02 5.70E+02 KFACTR(1,2) 

*Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Risk Slope and Environmental Transport Factors for the Ground Pathway 
ONuclide Slope(i)* ETFG(i,t) 	At Time in Years 	(dimensionless) 

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Ac-227 3.480E-10 5.004E-01 5.004E-01 5.004E-01 5.004E-01 5.004E-01 5.004E-01 5.004E-01 5.004E-01 

At-218 3.570E-09 5.027E-01 5.027E-01 5.027E-01 5.027E-01 5.027E-01 5.027E-01 5.027E-01 5.027E-01 

Bi-210 2.760E-09 4.916E-01 4.916E-01 4.916E-01 4.916E-01 4.916E-01 4.916E-01 4.916E-01 4.916E-01 

Bi-211 1.880E-07 4.918E-01 4.918E-01 4.918E-01 4.918E-01 4.918E-01 4.918E-01 4.918E-01 4.918E-01 

Bi-214 7.480E-06 4.889E-01 4.889E-01 4.889E-01 4.889E-01 4.889E-01 4.889E-01 4.889E-01 4.889E-01 
Fr-223 1.400E-07 4.946E-01 4.946E-01 4.946E-01 4.946E-01 4.946E-01 4.946E-01 4.946E-01 4.946E-01 

Pa-231 1.390E-07 4.920E-01 4.920E-01 4.920E-01 4.920E-01 4.920E-01 4.920E-01 4.920E-01 4.920E-01 

Pa-234 8.710E-06 4.885E-01 4.885E-01 4.885E-01 4.885E-01 4.885E-01 4.885E-01 4.885E-01 4.885E-01 

Pa-234m 6.870E-08 4.879E-01 4.879E-01 4.879E-01 4.879E-01 4.879E-01 4.879E-01 4.879E-01 4.879E-01 

Pb-210 1.410E-09 5.072E-01 5.072E-01 5.072E-01 5.072E-01 5.072E-01 5.072E-01 5.072E-01 5.072E-01 

Pb-211 2.290E-07 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 

Pb-214 9.820E-07 4.917E-01 4.917E-01 4.917E-01 4.917E-01 4.917E-01 4.917E-01 4.917E-01 4.917E-01 

P0-210 3.950E-11 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 

P0-211 3.580E-08 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 

Po-214 3.860E-10 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 4.847E-01 

P0-215 7.480E-10 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 
Po-218 4.260E-11 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 4.878E-01 
Ra-223 4.340E-07 4.945E-01 4.945E-01 4.945E-01 4.945E-01 4.945E-01 4.945E-01 4.945E-01 4.945E-01 

Ra-226 2.290E-08 4.980E-01 4.980E-01 4.980E-01 4.980E-01 4.980E-01 4.980E-01 4.980E-01 4.980E-01 
Rn-219 2.250E-07 4.922E-01 4.922E-01 4.922E-01 4.922E-01 4.922E-01 4.922E-01 4.922E-01 4.922E-01 

Rn-222 1.740E-09 4.853E-01 4.853E-01 4.853E-01 4.853E-01 4.853E-01 4.853E-01 4.853E-01 4.853E-01 
Th-227 3.780E-07 4.965E-01 4.965E-01 4.965E-01 4.965E-01 4.965E-01 4.965E-01 4.965E-01 4.965E-01 
Th-230 8.130E-10 5.001E-01 5.001E-01 5.001E-01 5.001E-01 5.001E-01 5.001E-01 5.001E-01 5.001E-01 
Th-231 2.450E-08 5.014E-01 5.014E-01 5.014E-01 5.014E-01 5.014E-0L 5.014E-01 5.014E-01 5.014E-01 
Th-234 1.630E-08 5.012E-01 5.012E-01 5.012E-01 5.012E-01 5.012E-0L 5.012E-01 5.012E-01 5.012E-01 
T1-207 1.520E-08 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 4.877E-01 
T1-210 0.000E+00 5.384E-01 5.384E-01 5.384E-01 5.384E-01 5.384E-01 5.384E-01 5.384E-01 5.384E-01 
U-234 2.520E-10 5.049E-01 5.049E-01 5.049E-01 5.049E-01 5.049E-01 5.049E-01 5.049E-01 5.049E-01 
U-235 5.180E-07 4.979E-01 4.979E-01 4.979E-01 4.979E-01 4.979E-01 4.979E-01 4.979E-01 4.979E-01 
U-238 4.990E-11 5.234E-01 5.234E-01 5.234E-01 5.234E-01 5.234E-01 5.234E-01 5.234E-01 5.234E-01 

* - Units are 1/yr per (pCi/g) at infinite depth and area. Multiplication by ETFG(i,t) converts to site conditions. 

• 	 • 	 • 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pa-231 0.300E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pb-210 1.451E-05 2.368E+00 0.000E+00 0.000E+00 3.219E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.690E+00 
Ra-226 1.451E-05 9.472E+00 0.000E+00 0.000E+00 3.219E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.794E+00 
Th-230 8.270E-04 1.350E+01 0.000E+00 0.000E+00 1.835E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.185E+01 
U-234 1.349E-03 5.507E+01 0.000E+00 0.000E+00 2.994E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.500E+01 
U-235 2.902E-04 1.184E+01 0.000E+00 0.000E+00 6.438E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.828E+01 
U-238 1.349E-03 5.507E+01 0.000E+00 0.000E+00 2.994E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.500E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 0.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 3.432E-10 0.0001 1.436E-13 0.0000 1.858E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.773E-11 0.0000 
Pa-231 1.284E-10 0.0000 1.239E-13 0.0000 1.003E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.259E-11 0.0000 
Pb-210 6.802E-10 0.0001 6.553E-12 0.0000 2.662E-07 0.0426 0.000E+00 0.0000 0.000E+00 0.0000 2.786E-08 0.0045 
Ra-226 1.635E-06 0.2698 6.810E-12 0.0000 1.978E-07 0.0317 0.000E+00 0.0000 0.000E+00 0.0000 9.541E-09 0.0015 
Th-230 7.034E-09 0.0011 7.071E-10 0.0001 4.822E-08 0.0077 0.000E+00 0.0000 0.000E+00 0.0000 1.112E-07 0.0178 
U-234 3.512E-09 0.0006 4.565E-10 0.0001 1.561E-07 0.0250 0.000E+00 0.0000 0.000E+00 0.0000 1.404E-07 0.0225 
0-235 1.604E-06 0.2568 8.700E-11 0.0000 3.432E-08 0.0055 0.000E+00 0.0000 0.000E+00 0.0000 3.121E-08 0.0050 
U-238 1.537E-06 0.2460 3.745E-10 0.0001 1.971E-07 0.0316 0.000E+00 0.0000 0.000E+00 0.0000 1.866E-07 0.0299 

Total 4.838E-06 0.7745 1.639E-09 0.0003 8.999E-07 0.1441 0.000E+00 0.0000 0.000E+00 0.0000 5.068E-07 0.0811 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 0.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 3.796E-10 0.0001 
Pa-231 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 2.514E-10 0.0000 
Pb-210 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 2.948E-07 0.0472 
Ra-226 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 1.893E-06 0.3030 
Th-230 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.671E-07 0.0268 
U-234 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.004E-07 0.0481 
U-235 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 1.669E-06 0.2673 
U-238 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 1.921E-06 0.3075 

Total 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 6.246E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 0.000E+00 years 

Radionuclides 
Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.003E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

0.000E+00 0.000E+0C 0.000E+00 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 4.062E-10 0.0001 3.913E-12 0.0000 0.000E+00 0.0000 1.584E-07 0.0254 0.000E+00 0.0000 0.000E+00 0.0000 1.664E-08 0.0027 
Ra-226 1.228E-06 0.1967 7.049E-12 0.0000 0.000E+00 0.0000 2.294E-07 0.0367 0.000E+00 0.0000 0.000E+00 0.0000 1.582E-08 0.0025 
Th-230 4.641E-07 0.0743 7.094E-10 0.0001 0.000E+00 0.0000 1.245E-07 0.0199 0.000E+00 0.0000 0.000E+00 0.0000 1.161E-07 0.0186 
U-234 3.580E-09 0.0006 4.567E-10 0.0001 0.000E+00 0.0000 1.561E-07 0.0250 0.000E+00 0.0000 0.000E+00 0.0000 1.404E-07 0.0225 
U-235 1.604E-06 0.2569 8.727E-11 0.0000 0.000E+00 0.0000 3.444E-08 0.0055 0.000E+00 0.0000 0.000E+00 0.0000 3.125E-08 0.0050 
U-238 1.537E-06 0.2460 3.745E-10 0.0001 0.000E+00 0.0000 1.971E-07 0.C316 0.000E+00 0.0000 0.000E+00 0.0000 1.866E-07 0.0299 

Total 4.838E-06 0.7745 1.639E-09 0.0003 0.000E+00 0.0000 8.999E-07 0.1441 0.000E+00 0.0000 0.000E+00 0.0000 5.068E-07 0.0311 

0 

0 

• 	 • 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.754E-07 0.0281 

Ra-226 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 1.474E-06 0.2359 

Th-230 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 7.054E-07 0.1129 

U-234 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 3.005E-07 0.0481 

U-235 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 1.670E-06 0.2674 

U-238 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 1.921E-06 0.3075 

Total 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 6.246E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr 	a 	t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(P) 

Total 
Ingestion* Intalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 9.659E-11 4.744E-06 0.000E+00 0.000E+00 2.143E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.887E-06 
Pa-231 6.135E-09 9.753E-04 0.000E+00 0.000E+00 1.361E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.111E-03 
Pb-210 1.451E-05 2.376E+00 0.000E+00 0.000E+00 3.219E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.698E+00 
Ra-226 1.485E-05 9.689E+00 0.000E+00 0.000E+00 3.295E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.002E+01 
Th-230 8.270E-04 1.350E+01 0.000E+00 0.000E+00 1.835E+01 0.000E+00 0.000E-00 0.000E+00 0.000E+00 0.000E+00 3.185E+01 
U-234 1.348E-03 5.503E+01 0.000E+00 0.000E+00 2.991E+01 0.000E+00 0.000E-00 0.000E+00 0.000E+00 0.000E+00 8.494E+01 
U-235 2.900E-04 1.183E+01 0.000E+00 0.000E+00 6.433E+00 0.000E+00 0.000E-00 0.000E+00 0.000E+00 0.000E+00 1.827E+01 

U-238 1.348E-03 5.503E+01 0.000E+00 0.000E+00 2.991E+01 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 8.494E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-22C 	Po-216 	Pb-212 

 

Bi -212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+03 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 
0 

0 
0 
Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk S oil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 3.758E-10 0.0001 1.572E-13 0.0000 2.034E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.941E-11 0.0000 
Pa-231 1.369E-10 0.0000 1.321E-13 0.0000 1.069E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.409E-11 0.0000 
Pb-210 6.854E-10 0.0001 6.603E-12 0.0000 2.683E-07 0.0427 0.000E+00 0.0000 0.000E+00 0.0000 2.808E-08 0.0045 
Ra-226 1.714E-06 0.2731 6.928E-12 0.0000 2.012E-07 0.0320 0.000E+00 0.0000 0.000E+00 0.0000 9.706E-09 0.0015 
Th-230 7.004E-09 0.0011 7.071E-10 0.0001 4.822E-08 0.0077 0.000E+00 0.0000 0.000E+00 0.0000 1.112E-07 0.0177 
U-234 3.510E-09 0.0006 4.562E-10 0.0001 1.560E-07 0.0248 0.000E+00 0.0000 0.000E+00 0.0000 1.403E-07 0.0223 
U-235 1.603E-06 0.2553 8.694E-11 0.0000 3.430E-08 0.0055 0.300E+00 0.0000 0.000E+00 0.0000 3.119E-08 0.0050 
U-238 1.536E-06 0.2446 3.742E-10 0.0001 1.970E-07 0.0314 0.000E+00 0.0000 0.000E+00 0.0000 1.865E-07 0.0297 

Total 4.865E-06 0.7748 1.638E-09 0.0003 9.051E-07 0.1442 0.000E+00 0.0000 0.000E+00 0.0000 5.070E-07 0.0807 

• • • 
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Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Plant 	 Meat 	 Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 4.157E-10 0.0001 

Pa-231 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 2.680E-10 0.0000 
Pb-210 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 2.971E-07 0.0473 
Ra-226 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 1.925E-06 0.3067 
Th-230 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 1.671E-07 0.0266 
U-234 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 3.002E-07 0.0478 
U-235 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 1.668E-06 0.2657 
U-238 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 1.920E-06 0.3057 

Total 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 6.278E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 3.936E-10 0.0001 3.792E-12 0.0000 0.000E+00 0.0000 1.535E-07 0.0244 0.000E+00 0.0000 0.000E+00 0.0000 1.612E-08 0.0026 
Ra-226 1.227E-06 0.1955 7.162E-12 0.0000 0.000E+00 0.0000 2.340E-07 0.0373 0.000E+00 0.0000 0.000E+00 0.0000 1.632E-08 0.0026 
Th-230 4.944E-07 0.0787 7.095E-10 0.0001 0.000E+00 0.0000 1.302E-07 0.0207 0.000E+00 0.0000 0.000E+00 0.0000 1.165E-07 0.0186 
U-234 3.585E-09 0.0006 4.564E-10 0.0001 0.000E+00 0.0000 1.560E-07 0.0248 0.000E+00 0.0000 0.000E+00 0.0000 1.403E-07 0.0223 
U-235 1.603E-06 0.2554 8.723E-11 0.0000 0.000E+00 0.0000 3.442E-08 0.0055 0.000E+00 0.0000 0.000E+00 0.0000 3.124E-08 0.0050 
U-238 1.536E-06 0.2446 3.742E-10 0.0001 0.000E+00 0.0000 1.970E-07 0.0314 0.000E+00 0.0000 0.000E+00 0.0000 1.865E-07 0.0297 

Total 4.865E-06 0.7748 1.638E-09 0.0003 0.000E+00 0.0000 9.051E-07 0.1442 0.000E+00 0.0000 0.000E+00 0.0000 5.070E-07 0.0807 
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Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Dependent Pathways 

Radio 
Nuclide 

Water Fish Radon Plant Meat Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.700E-07 0.0271 
Ra-226 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 1.478E-06 0.2353 
Th-230 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 7.418E-07 0.1182 
U-234 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 3.003E-07 0.0478 
U-235 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 1.669E-06 0.2658 
0-238 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 1.920E-06 0.3057 

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 6.278E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 
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Water-dep. == Water-dependent Water-id. == Water-independent 

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 3.000E+00 years 

Water Independent Pathways (Inhalation w/o radon) 	 Water Dependent Pathways 

• 

Meat Milk Soil Water Fish Plant Meat Milk 
Total 

Ingestion* 

0.000E+00 0.000E+00 1.885E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.598E-05 
0.000E+00 0.000E+00 4.077E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.382E-03 
0.000E+00 0.000E+00 3.226E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.704E+00 
0.000E+00 0.000E+00 3.448E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.048E+01 
0.000E+00 0.000E+00 1.835E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.185E+01 
0.000E+00 0.000E+00 2.987E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.482E+01 
0.000E+00 0.000E+00 6.424E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.824E+01 

0.000E+00 0.000E+00 2.987E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.482E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

Water-i. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Plant 	 Meat 	 Milk 

Ac-227 4.461E-10 0.0001 
Pa-231 1.538E-10 0.0000 
Pb-210 6.965E-10 0.0001 
Ra-226 1.773E-06 0.2795 
Th-230 7.004E-09 0.0011 

	

U-234 	3.505E-09 0.0006 

	

U-235 	1.600E-06 0.2523 

	

U-238 	1.534E-06 0.2418 

1.866E-13 0.0000 
1.484E-13 0.0000 
6.710E-12 0.0000 
7.163E-12 0.0000 
7.071E-10 0.0001 
4.556E-10 0.0001 
8.681E-11 0.0000 
3.737E-10 0.0001 

2.413E-11 0.0000 
1.202E-10 0.0000 
2.727E-07 0.0430 
2.080E-07 0.0328 
4.822E-08 0.0076 
1.558E-07 0.0246 
3.425E-08 0.0054 
1.967E-07 0.0310 

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

2.305E-11 0.0000 
2.707E-11 0.0000 
2.853E-08 0.0045 
1.004E-08 0.0016 
1.112E-07 0.0175 
1.401E-07 0.0221 
3.115E-08 0.0049 
1.862E-07 0.0294 

4.918E-06 0.7754 1.637E-09 0.0003 9.158E-07 0.1444 0.000E+00 0.0000 0.000E+00 0.0000 5.072E-07 0.0800 Total 

risk 	fract. risk 	fract. risk 	fract. risk 	fract. 

Radio 
Nuclide Inhalation 	Plant 

	

Ac-227 	8.495E-10 3.713E-05 

	

Pa-231 	1.838E-08 2.974E-03 

	

Pb-210 	1.454E-05 2.382E+00 

	

Ra-226 	1.554E-05 1.014E+01 

	

Th-230 	8.270E-04 1.351E+01 

	

U-234 	1.346E-03 5.495E+01 

	

U-235 	2.895E-04 1.182E+01 

	

U-238 	1.346E-03 5.495E+01 

Bi -212 

0 
0 
Radio 
Nuclide 

S o i l 

risk 	fract. 

Ground 

risk 	fract. 



Radon 
Pathway 

Water-i. 
Water-dep. 

Total 

Rn-222 P0-218 Pb-214 Bi-214 Rn-220 

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

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

P0-216 
	

Pb-212 	Bi-212 

0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+C0 0.000E+00 

0.000E+00 0.000E+C0 0.000E+00 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Dependent Pathways 

Radio 
Nuclide 

Water Fish Plant 

risk fract. risk fract. risk fract. 

Ac-227 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pa-231 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

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

Meat 
	

Milk 
	

All Pathways** 

risk 	fract. 	risk 	frac7.. 	risk 	fract. 

0.000E+00 0.0000 0.000E+00 0.0000 4.934E-10 0.0001 
0.000E+00 0.0000 0.000E+00 0.0000 3.012E-10 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 3.019E-07 0.0476 
0.000E+00 0.0000 0.000E+00 0.0000 1.991E-06 0.3138 
0.000E+00 0.0000 0.000E+00 0.0000 1.671E-07 0.0263 
0.000E+00 0.0000 0.000E+00 0.0000 2.998E-07 0.0473 
0.000E+00 0.0000 0.000E+00 0.0000 1.666E-06 0.2626 
0.000E+00 0.0000 0.000E+00 0.0000 1.917E-06 0.3022 

0.000E+00 0.0000 0.000E+00 0.0000 6.343E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+00 years 
0 	 Radionuclides 

Water-i. == Water-independent Water-dep. == Water-dependent 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

risk fract. risk fract. risk fract. 

3.696E-10 0.0001 3.561E-12 0.0000 0.000E+00 0.0000 
1.225E-06 0.1931 7.377E-12 0.0000 0.000E+00 0.0000 
5.549E-07 0.0875 7.099E-10 0.0001 0.000E+00 0.0000 
3.595E-09 0.0006 4.557E-10 0.0001 0.000E+00 0.0000 
1.601E-06 0.2524 8.715E-11 0.0000 0.000E+00 0.0000 
1.534E-06 0.2418 3.737E-10 0.0001 0.000E+00 0.0000 

4.918E-06 0.7754 1.637E-09 0.0003 0.000E+00 0.0000 

0 
0 	 Ground 
Radio 
Nuclide 

Pb-210 
Ra-226 
Th-230 
0-234 
0-235 
0-238 

Total 

risk 	fract. 

1.441E-07 0.0227 
2.428E-07 0.0383 
1.420E-07 0.0224 
1.558E-07 0.0246 
3.439E-08 0.0054 
1.967E-07 0.0310 

risk 	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 

risk 	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 

Soil 

risk 	fract. 

1.514E-08 0.0024 
1.726E-08 0.0027 
1.173E-07 0.0185 
1.401E-07 0.0221 
3.120E-08 0.0049 
1.862E-07 0.0294 

9.158E-07 0.1444 0.000E+00 0.0000 0.000E+00 0.0000 5.072E-07 0.0800 

• • 
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Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Dependent Pathways 

Water 
	

Fish 
	

Radon 
	

Plant 
	

Meat 
	

Milk 
	

All pathways 

Nuclide 
Radio 	  

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.596E-07 0.0252 

Ra-226 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 1.485E-06 0.2341 
Th-230 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 8.149E-07 0.1285 

U-234 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 2.999E-07 0.0473 
U-235 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 1.667E-06 0.2628 

U-238 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 1.917E-06 0.3022 

Total 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 6.343E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 8.721E-09 3.642E-04 0.000E+00 0.000E+00 1.935E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.576E-04 
Pa-231 6.095E-08 9.923E-03 0.000E+00 0.000E+00 1.352E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.128E-02 
Pb-210 1.495E-05 2.449E+00 0.000E+00 0.000E+00 3.316E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.781E+00 
Ra-226 1.794E-05 1.170E+01 0.000E+00 0.000E+00 3.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.210E+01 
Th-230 8.270E-04 1.351E+01 0.000E+00 0.000E+00 1.835E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.185E+01 
U-234 1.340E-03 5.468E+01 0.000E+00 0.000E+00 2.972E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.440E+01 
U-235 2.881E-04 1.176E+01 0.000E+00 0.000E+00 6.392E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.815E+01 
U-238 1.340E-03 5.468E+01 0.000E+00 0.000E+00 2.972E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.440E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at z= 1.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Si-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 
0 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 7.401E-10 0.0001 3.096E-13 0.0000 3.995E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.824E-11 0.0000 
Pa-231 2.127E-10 0.0000 2.053E-13 0.0000 1.663E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.744E-11 0.0000 
Pb-210 7.437E-10 0.0001 7.164E-12 0.0000 2.912E-07 0.0443 0.000E+00 0.0000 0.000E+00 0.0000 3.046E-08 0.0046 
Ra-226 1.976E-06 0.3006 7.984E-12 0.0000 2.319E-07 0.0353 0.000E+00 0.0000 0.000E+00 0.0000 1.118E-08 0.0017 
Th-230 7.00EE-09 0.0011 7.072E-10 0.0001 4.822E-08 0.0073 0.000E+00 0.0000 0.000E+00 0.0000 1.112E-07 0.0169 
U-234 3.48iE-09 0.0005 4.533E-10 0.0001 1.550E-07 0.0236 0.000E+00 0.0000 0.000E+00 0.0000 1.394E-07 0.0212 
U-235 1.592E-06 0.2423 8.638E-11 0.0000 3.408E-08 0.0052 0.000E+00 0.0000 0.000E+00 0.0000 3.099E-08 0.0047 
U-238 1.526E-06 0.2322 3.718E-10 0.0001 1.957E-07 0.0298 0.000E+00 0.0000 0.000E+00 0.0000 1.853E-07 0.0282 

Total 5.10EE-06 0.7769 1.634E-09 0.0002 9.563E-07 0.1455 0.000E+00 0.0000 0.000E+00 0.0000 5.086E-07 0.0774 

• • 
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Bi -212 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 ' P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

Water-dep. == Water-dependent Water-i. == Water-independent 

0 
0 
Radio-
Nuclide risk 	fract. 

and Fraction of Total Risk at t= 1.000E+01 years 
Water Independent Pathways (Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Ground 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+01 years 

• 

Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.186E-10 0.0001 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.166E-10 0.0001 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.224E-07 0.0491 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.219E-06 0.3376 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.671E-07 0.0254 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.983E-07 0.0454 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.658E-06 0.2522 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.907E-06 0.2902 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.573E-06 1.0000 

Water-i. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 

Milk Soil 

risk fract. risk fract. 

0.000E+00 0.0000 1.215E-08 0.0018 
0.000E+00 0.0000 2.009E-08 0.0031 
0.000E+00 0.0000 1.206E-07 0.0183 
0.000E+00 0.0000 1.394E-07 0.0212 
0.000E+00 0.0000 3.107E-08 0.0047 
0.000E+00 0.0000 1.853E-07 0.0282 

0.000E+00 0.0000 5.086E-07 0.0774 

Water 
Radio 
Nuclide 

Ac-227 0.000E+00 0.0000 
Pa-231 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	0.000E+00 0.0000 

Total 	0.000E+00 0.0000 

risk 	fract. 

2.857E-12 0.0000 
8.021E-12 0.0000 
7.112E-10 0.0001 
4.535E-10 0.0001 
8.689E-11 0.0000 
3.718E-10 0.0001 

risk 	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 

risk 	fract. 

1.156E-07 0.0176 
2.693E-07 0.0410 
1.863E-07 0.0283 
1.550E-07 0.0236 
3.428E-08 0.0052 
1.957E-07 0.0298 

risk 	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 

Pb-210 2.966E-10 0.0000 
Ra-226 1.217E-06 0.1852 
Th-230 7.659E-07 0.1165 

	

U-234 	3.645E-09 0.0006 

	

U-235 	1.593E-06 0.2424 

	

U-238 	1.526E-06 0.2322 

Total 5.106E-06 0.7769 1.634E-09 0.0002 0.000E+00 0.0000 9.563E-07 0.1455 0.000E+00 0.0000 

risk 	fract. 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.281E-07 0.0195 
Ra-226 0.00CE+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 1.506E-06 0.2292 
Th-230 0.00CE+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 1.074E-06 0.1633 
U-234 0.00CE+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 2.985E-07 0.0454 
U-235 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 1.659E-06 0.2524 
U-238 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 1.907E-06 0.2902 

Total 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 6.573E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	• 
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Radio- 

	

Amount of Intake Quantities QINT(i,p,t: 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 6.356E-08 2.619E-03 0.000E+00 0.000E+00 1.410E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.029E-03 
Pa-231 1.802E-07 2.939E-02 0.000E+00 0.000E+00 3.998E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.339E-02 
Pb-210 1.797E-05 2.947E+00 0.000E+00 0.000E+00 3.988E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.346E+00 
Ra-226 2.470E-05 1.612E+01 0.000E+00 0.000E+00 5.480E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.667E+01 
Th-230 8.271E-04 1.351E+01 0.000E+00 0.000E+00 1.835E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.186E+01 
U-234 1.321E-03 5.390E+01 0.000E+00 0.000E+00 2.930E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.320E+01 
U-235 2.840E-04 1.159E+01 0.000E+00 0.000E+00 6.301E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.789E+01 
U-238 1.321E-03 5.390E+01 0.000E+00 0.000E+00 2.930E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.320E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 1.873E-09 0.0003 7.835E-13 0.0000 1.008E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.676E-11 0.0000 
Pa-231 3.777E-10 0.0001 3.646E-13 0.0000 2.954E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.649E-11 0.0000 
Pb-210 9.294E-10 0.0001 8.954E-12 0.0000 3.640E-07 0.0503 0.000E+00 0.0000 0.000E+00 0.0000 3.807E-08 0.0053 
Ra-226 2.548E-06 0.3518 1.030E-11 0.0000 2.991E-07 0.0413 0.000E+00 0.0000 0.000E+00 0.0000 1.443E-08 0.0020 
Th-230 7.035E-09 0.0010 7.072E-10 0.0001 4.822E-08 0.0067 0.000E+00 0.0000 0.000E+00 0.0000 1.112E-07 0.0154 
U-234 3.438E-09 0.0005 4.469E-10 0.0001 1.528E-07 0.0211 0.000E+00 0.0000 0.000E+00 0.0000 1.374E-07 0.0190 
U-235 1.570E-06 0.2167 8.515E-11 0.0000 3.359E-08 0.0046 0.000E+00 0.0000 0.000E+00 0.0000 3.055E-08 0.0042 
U-238 1.534E-06 0.2077 3.665E-10 0.0001 1.930E-07 0.0266 0.000E+00 0.0000 0.000E+00 0.0000 1.826E-07 0.0252 

Total 5.636E-06 0.7781 1.626E-09 0.0002 1.091E-06 0.1506 0.000E+00 0.0000 0.000E+00 0.0000 5.145E-07 0.0710 



All Pathways** Milk Meat 

risk 	fract. risk 	fract. risk 	fract. 

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

risk 	fract. risk 	fract. 

• • 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Dependent Pathways 

Radio 
Nuclide 

Water Fish Plant 

risk fract. risk fract. risk fract. 

Ac-227 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pa-231 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

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

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 3.000E+01 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 

Water-i. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent 	Water-dep. == Water-dependent 

0 
0 	 Ground 
Radio 	  
Nuclide 	risk 	fract. 

Pb-210 1.582E-10 0.0000 
Ra-226 1.194E-06 0.1649 
Th-230 1.361E-06 0.1879 

	

U-234 	3.904E-09 0.0005 

	

U-235 	1.572E-06 0.2171 

	

U-238 	1.504E-06 0.2077 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

Pb-212 	Bi-212 Rn-22C 	Po-216 

Total 

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

2.071E-09 0.0003 
7.400E-10 0.0001 
4.030E-07 0.0556 
2.862E-06 0.3951 
1.671E-07 0.0231 
2.941E-07 0.0406 
1.634E-06 0.2256 
1.880E-06 0.2596 

0.000E+00 0.0000 0.000E+00 0.0000 7.243E-06 1.0000 

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 

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 

Soil 

risk 	fract. 

6.479E-09 0.0009 
2.526E-08 0.0035 
1.319E-07 0.0182 
1.375E-07 0.0190 
3.072E-08 0.0042 
1.827E-07 0.0252 

risk 	fract. 

1.524E-12 0.0000 
9.176E-12 0.0000 
7.153E-10 0.0001 
4.473E-10 0.0001 
8.630E-11 0.0000 
3.666E-10 0.0001 

risk 	fract. 

6.166E-08 0.0085 
3.171E-07 0.0438 
3.325E-07 0.0459 
1.529E-07 0.0211 
3.399E-08 0.0047 
1.930E-07 0.0266 

risk 	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 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 6.830E-08 0.0094 

Ra-226 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 1.537E-06 0.2122 

Th-230 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 1.826E-06 0.2521 

U-234 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 2.947E-07 0.0407 

U-235 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 1.637E-06 0.2260 

U-238 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 1.880E-06 0.2596 

Total 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 7.243E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+02 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Innalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 3.910E-07 1.604E-02 0.000E+00 0.000E+00 8.674E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.471E-02 
Pa-231 5. 7 10E-07 9.318E-02 0.000E+00 0.000E+00 1.267E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.058E-01 
Pb-210 3.718E-05 6.093E+00 0.000E+00 0.000E+00 8.248E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.918E+00 
Ra-226 4.740E-05 3.094E+01 0.000E+00 0.000E+00 1.052E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.199E+01 
Th-230 8.274E-04 1.351E+01 0.000E+00 0.000E+00 1.836E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.187E+01 
U-234 1.256E-03 5.127E+01 0.000E+00 0.000E+00 2.787E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.914E+01 
U-235 2. 7 02E-04 1.103E+01 0.000E+00 0.000E+00 5.994E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.702E+01 
U-238 1.256E-03 5.127E+01 0.000E+00 0.000E+00 2.787E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.914E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Si-2l2 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk So il 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 6.975E-09 0.0007 2.918E-12 0.0000 3.745E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.604E-10 0.0000 
Pa-231 9.181E-10 0.0001 8.862E-13 0.0000 7.183E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.616E-10 0.0000 
Pb-210 1.806E-09 0.0002 1.740E-11 0.0000 7.068E-07 0.0736 0.000E+00 0.0000 0.000E+00 0.0000 7.397E-08 0.0077 
Ra-226 4.469E-06 0.4655 1.806E-11 0.0000 5.247E-07 0.0547 0.000E+00 0.0000 0.000E+00 0.0000 2.530E-08 0.0026 
Th-230 7.007E-09 0.0007 7.074E-10 0.0001 4.824E-08 0.0050 0.000E+00 0.0000 0.000E+00 0.0000 1.112E-07 0.0116 
U-234 3.270E-09 0.0003 4.251E-10 0.0000 1.453E-07 0.0151 0.000E+00 0.0000 0.000E+00 0.0000 1.307E-07 0.0136 
U-235 1.493E-06 0.1555 8.100E-11 0.0000 3.195E-08 0.0033 0.000E+00 0.0000 0.000E+00 0.0000 2.906E-08 0.0030 
U-238 1.431E-06 0.1490 3.486E-10 0.0000 1.835E-07 0.0191 0.000E+00 0.0000 0.000E+00 0.0000 1.737E-07 0.0181 

Total 7.413E-06 0.7721 1.601E-09 0.0002 1.642E-06 0.1710 0.000E+00 0.0000 0.000E+00 0.0000 5.445E-07 0.0567 

• • 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 7.713E-09 0.0008 
Pa-231 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 1.799E-09 0.0002 
Pb-210 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 7.826E-07 0.0815 
Ra-226 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 5.019E-06 0.5228 
Th-230 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 1.672E-07 0.0174 

U-234 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 2.797E-07 0.0291 
U-235 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 1.554E-06 0.1619 
U-238 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 1.788E-06 0.1863 

Total 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 9.601E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-id. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 1.751E-11 0.0000 1.687E-13 0.0000 0.000E+00 0.0000 6.826E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 7.172E-10 0.0001 
Ra-226 1.118E-06 0.1164 9.871E-12 0.0000 0.000E+00 0.0000 3.486E-07 0.0363 0.000E+00 0.0000 0.000E+00 0.0000 2.909E-08 0.0030 
Th-230 3.357E-06 0.3497 7.317E-10 0.0001 0.000E+00 0.0000 9.236E-07 0.0962 0.000E+00 0.0000 0.000E+00 0.0000 1.805E-07 0.0188 
U-234 6.097E-09 0.0006 4.261E-10 0.0000 0.000E+00 0.0000 1.460E-07 0.0152 0.000E+00 0.0000 0.000E+00 0.0000 1.309E-07 0.0136 
U-235 1.501E-06 0.1563 8.480E-11 0.0000 0.000E+00 0.0000 3.305E-08 0.0034 0.000E+00 0.0000 0.000E+00 0.0000 2.958E-08 0.0031 
U-238 1.431E-06 0.1490 3.488E-10 0.0000 0.000E+00 0.0000 1.836E-07 0.0191 0.000E+00 0.0000 0.000E+00 0.0000 1.738E-07 0.0181 

Total 7.413E-06 0.7721 1.601E-09 0.0002 0.000E+00 0.0000 1.642E-06 0.1710 0.000E+00 0.0000 0.000E+00 0.0000 5.445E-07 0.0567 
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Radio-
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 7.561E-09 0.0008 
Ra-226 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 1.496E-06 0.1558 
Th-230 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 4.462E-06 0.4647 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 C.0000 0.000E+00 0.0000 2.834E-07 0.0295 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 C.0000 0.000E+00 0.0000 1.564E-06 0.1629 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 C.0000 0.000E+00 0.0000 1.789E-06 0.1863 

Total 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 9.601E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	 • 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 1.289E-06 5.282E-02 0.000E+00 0.000E+00 2.860E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.142E-02 
Pa-231 1.482E-06 2.418E-01 0.000E+00 0.000E+00 3.287E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.747E-01 
Pb-210 9.497E-05 1.556E+01 0.000E+00 0.000E+00 2.107E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.766E+01 
Ra-226 1.046E-04 6.827E+01 0.000E+00 0.000E+00 2.320E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.059E+01 
Th-230 8.279E-04 1.352E+01 0.000E+00 0.000E+00 1.837E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.189E+01 
U-234 1.089E-03 4.444E+01 0.000E+00 0.000E+00 2.416E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.860E+01 
U-235 2.342E-04 9.557E+00 0.000E+00 0.000E+00 5.195E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.475E+01 
U-238 1.089E-03 4.444E+01 0.000E+00 0.000E+00 2.416E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.860E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 2.014E-08 0.0013 8.425E-12 0.0000 1.080E-09 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.040E-09 0.0001 
Pa-231 2.176E-09 0.0001 2.100E-12 0.0000 1.703E-09 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 3.830E-10 0.0000 
Pb-210 4.277E-09 0.0003 4.120E-11 0.0000 1.673E-06 0.1070 0.000E+00 0.0000 0.000E+00 0.0000 1.752E-07 0.0112 
Ra-226 9.310E-06 0.5952 3.763E-11 0.0000 1.093E-06 0.0699 0.000E+00 0.0000 0.000E+00 0.0000 5.271E-08 0.0034 
Th-230 7.012E-09 0.0004 7.079E-10 0.0000 4.827E-08 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 1.113E-07 0.0071 
0-234 2.834E-09 0.0002 3.684E-10 0.0000 1.260E-07 0.0081 0.000E+00 0.0000 0.000E+00 0.0000 1.133E-07 0.0072 
U-235 1.294E-06 0.0827 7.021E-11 0.0000 2.770E-08 0.0018 0.000E+00 0.0000 0.000E+00 0.0000 2.519E-08 0.0016 
U-238 1.240E-06 0.0793 3.022E-10 0.0000 1.591E-07 0.0102 0.000E+00 0.0000 0.000E+00 0.0000 1.506E-07 0.0096 

Total 1.188E-05 0.7595 1.538E-09 0.0001 3.130E-06 0.2001 0.000E+00 0.0000 0.000E+00 0.0000 6.297E-07 0.0403 
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Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Plant 	 Meat 	 Milk All Pathways** 

rLsk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 2.227E-08 0.0014 
Pa-231 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 4.264E-09 0.0003 
Pb-210 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 1.853E-06 0.1184 
Ra-226 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 1.046E-05 0.6684 
Th-230 0.0[0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.673E-07 0.0107 
U-234 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 2.425E-07 0.0155 
U-235 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 1.347E-06 0.0861 
U-238 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 1.550E-06 0.0991 

Total 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 1.564E-05 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 3.000E+02 years 

Radionuclides 
Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 3.253E-14 0.0000 3.134E-16 0.0000 0.000E+00 0.0000 1.268E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.333E-12 0.0000 
Ra-226 9.256E-07 0.0592 8.313E-12 0.0000 0.000E+00 0.0000 2.944E-07 0.0188 0.000E+00 0.0000 0.000E+00 0.0000 2.469E-08 0.0016 
Th-230 8.377E-06 0.5355 7.753E-10 0.0000 0.000E+00 0.0000 2.515E-06 0.1608 0.000E+00 0.0000 0.000E+00 0.0000 3.136E-07 0.0200 
U-234 2.172E-08 0.0014 3.712E-10 0.0000 0.000E+00 0.0000 1.313E-07 0.0084 0.000E+00 0.0000 0.000E+00 0.0000 1.141E-07 0.0073 
U-235 1.317E-06 0.0842 8.073E-11 0.0000 0.000E+00 0.0000 3.048E-08 0.0019 0.000E+00 0.0000 0.000E+00 0.0000 2.661E-08 0.0017 
U-238 1.24CE-06 0.0793 3.025E-10 0.0000 0.000E+00 0.0000 1.592E-07 0.0102 0.000E+00 0.0000 0.000E+00 0.0000 1.507E-07 0.0096 

Total 1.18EE-05 0.7595 1.538E-09 0.0001 0.000E+00 0.0000 3.130E-06 0.2001 0.000E+00 0.0000 0.000E+00 0.0000 6.297E-07 0.0403 

0 

0 

• 	• 	• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.405E-11 0.0000 

Ra-226 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 1.245E-06 0.0796 

Th-230 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 1.121E-05 0.7164 

U-234 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 2.675E-07 0.0171 
U-235 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 1.374E-06 0.0878 

U-238 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 1.550E-06 0.0991 

Total 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 1.564E-05 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+03 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 2.791E-06 1.143E-01 0.000E+00 0.000E+00 6.191E-02 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00 1.762E-01 
Pa-231 2.973E-06 4.852E-01 0.000E+00 0.000E+00 6.595E-02 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00 5.512E-01 
Pb-210 2.306E-04 3.777E+01 0.000E+00 0.000E+00 5.117E+00 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00 4.289E+01 
Ra-226 2.377E-04 1.552E+02 0.000E+00 0.000E+00 5.274E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.605E+02 
Th-230 8.277E-04 1.352E+01 0.000E+00 0.000E+00 1.836E+01 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 0.000E+00 3.188E+01 
U-234 6.603E-04 2.695E+01 0.000E+00 0.000E+00 1.465E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.160E+01 
U-235 1.420E-04 5.795E+00 0.000E+00 0.000E+00 3.150E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.945E+00 
U-238 6.603E-04 2.695E+01 0.000E+00 0.000E+00 1.465E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.160E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+03 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi -212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 
0 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 4.194E-08 0.0014 1.755E-11 0.0000 2.249E-09 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 2.167E-09 0.0001 
Pa-231 4.221E-09 0.0001 4.074E-12 0.0000 3.303E-09 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 7.429E-10 0.0000 
Pb-210 1.006E-08 0.0003 9.694E-11 0.0000 3.936E-06 0.1330 0.000E+00 0.0000 0.000E+00 0.0000 4.122E-07 0.0139 
Ra-226 2.0E8E-05 0.6953 8.317E-11 0.0000 2.417E-06 0.0816 0.000E+00 0.0000 0.000E+00 0.0000 1.165E-07 0.0039 
Th-230 7.010E-09 0.0002 7.077E-10 0.0000 4.825E-08 0.0016 0.000E+00 0.0000 0.000E+00 0.0000 1.113E-07 0.0038 
U-234 1.719E-09 0.0001 2.234E-10 0.0000 7.638E-08 0.0026 0.000E+00 0.0000 0.000E+00 0.0000 6.870E-08 0.0023 
U-235 7.848E-07 0.0265 4.257E-11 0.0000 1.679E-08 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 1.527E-08 0.0005 
U-238 7.520E-07 0.0254 1.832E-10 0.0000 9.647E-08 0.0033 0.000E+00 0.0000 0.000E+00 0.0000 9.131E-08 0.0031 

Total 2.218E-05 0.7494 1.359E-09 0.0000 6.596E-06 0.2229 0.000E+00 0.0000 0.000E+00 0.0000 8.182E-07 0.0276 

• • • 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+03 years 
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Water Dependent Pathways 

Water 
	

Fish 
	

Plant  
Radio 
Nuclide risk fract. risk fract. risk fract. 

Ac-227 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pa-231 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

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

Meat 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

Milk All Pathways** 

risk fract. risk fract. 

0.000E+00 0.0000 4.637E-08 0.0016 
0.000E+00 0.0000 8.271E-09 0.0003 
0.000E+00 0.0000 4.358E-06 0.1473 
0.000E+00 0.0000 2.311E-05 0.7809 
0.000E+00 0.0000 1.673E-07 0.0057 
0.000E+00 0.0000 1.470E-07 0.0050 
0.000E+00 0.0000 8.169E-07 0.0276 
0.000E+00 0.0000 9.400E-07 0.0318 

0.000E+00 0.0000 2.960E-05 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+03 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 

	
Pb-212 	Si-212 

Water-id. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 
	

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

Water-i. == Water-independent 
	

Water-dep. == Water-dependent 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 

0 
0 	 Ground 
Radio- 
Nuclide 	risk 	fract. 

and Fraction of Total Risk at t= 1.000E+03 years 
Water Independent Pathways (Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat 

risk 	fract. risk 	fract. risk 	fract. risk 	fract. 

Pb-210 8.995E-24 0.0000 
Ra-226 4.778E-07 0.0161 
Th-230 1.998E-05 0.6752 

	

U-234 	1.368E-07 0.0046 

	

U-235 	8.310E-07 0.0281 

	

U-238 	7.521E-07 0.0254 

8.665E-26 0.0000 
4.292E-12 0.0000 
8.749E-10 0.0000 
2.314E-10 0.0000 
6.419E-11 0.0000 
1.839E-10 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 

3.507E-21 0.0000 
1.520E-07 0.0051 
6.207E-06 0.2097 
1.176E-07 0.0040 
2.235E-08 0.0008 
9.672E-08 0.0033 

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 	2.218E-05 0.7494 1.359E-09 0.0000 0.000E+00 0.0000 6.596E-06 0.2229 0.000E+00 0.0000 

Milk Soil 

risk fract. risk fract. 

0.000E+00 0.0000 3.685E-22 0.0000 
0.000E+00 0.0000 1.275E-08 0.0004 
0.000E+00 0.0000 6.227E-07 0.0210 
0.000E+00 0.0000 7.306E-08 0.0025 
0.000E+00 0.0000 1.818E-08 0.0006 
0.000E+00 0.0000 9.151E-08 0.0031 

0.000E+00 0.0000 8.182E-07 0.0276 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 3.884E-21 0.0000 
Ra-226 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 6.425E-07 0.0217 
Th-230 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 2.681E-05 0.9060 
U-234 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 3.277E-07 0.0111 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 8.716E-07 0.0294 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 9.406E-07 0.0318 

Total 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 2.960E-05 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	• 
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Dose Conversion Factor (and Related) Parameter Summary 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

A-1 DCF's for external ground radiation, 	(mrem/yr)/(pCi/g) 
A-1 Ac-227 	(Source: 	FGR 12) 4.951E-04 4.951E-04 DCF1( 	1) 
A-1 At-218 	(Source: 	FGR 12) 	 • 5.847E-03 5.847E-03 DCF1( 	2) 
A-1 Bi-210 	(Source: 	FGR 12) 3.606E-03 3.606E-03 DCF1( 	3) 
A-1 Bi-211 	(Source: 	FGR 12) 2.559E-01 2.559E-01 DCF1( 	4) 
A-1 Bi-214 	(Source: 	FGR 12) 9.808E+00 9.808E+00 DCF1( 	5) 
A-1 Fr-223 	(Source: 	FGR 12) 1.980E-01 1.980E-01 DCF1( 	6) 
A-1 Pa-231 	(Source: 	FGR 12) 1.906E-01 1.906E-01 DCF1( 	7 ) 
A-1 Pa-234 	(Source: 	FGR 12) 1.155E+01 1.155E+01 DCF1( 	8) 
A-1 Pa-234m 	(Source: 	FGR 12) 8.967E-02 8.967E-02 DCF1( 	9) 
A-1 Pb-210 	(Source: 	FGR 12) 2.447E-03 2.447E-03 DCF1( 	10) 
A-1 Pb-211 	(Source: 	FGR 12) 3.064E-01 3.064E-01 DCF1( 	11) 
A-1 Pb-214 	(Source: 	FGR 12) 1.341E+00 1.341E+00 DCF1( 	12) 
A-1 Po-210 	(Source: 	FGR 12) 5.231E-05 5.231E-05 DCF1( 	13) 
A-1 P0-211 	(Source: 	FGR 12) 4.764E-02 4.764E-02 DCF1( 	14) 
A-1 P0-214 	(Source: 	FGR 12) 5.138E-04 5.138E-04 DCF1( 	15) 
A-1 Po-215 	(Source: 	FGR 12) 1.016E-03 1.016E-03 DCF1( 	16) 
A-1 Po-218 	(Source: 	FGR 12) 5.642E-05 5.642E-05 DCF1( 	17) 
A-1 Ra-223 	(Source: 	FGR 12) 6.034E-01 6.034E-01 DCF1( 	18) 
A-1 Ra-226 	(Source: 	FGR 12) 3.176E-02 3.176E-02 DCF1( 	19) 
A-1 Rn-219 	(Source: 	FGR 12) 3.083E-01 3.083E-01 DCF1( 	20) 
A-1 Rn-222 	(Source: 	FGR 12) 2.354E-03 2.354E-03 DCF1( 	21) 
A-1 Th-227 	(Source: 	FGR 12) 5.212E-01 5.212E-01 DCF1( 	22) 
A-1 Th-230 	(Source: 	FGR 12) 1.209E-03 1.209E-03 DCF1( 	23) 
A-1 Th-231 	(Source: 	FGR 12) 3.643E-02 3.643E-02 DCF1( 	24) 
A-1 Th-234 	(Source: 	FGR 12) 2.410E-02 2.410E-02 DCF1( 	25) 
A-1 T1-207 	(Source: 	FGR 12) 1.980E-02 1.980E-02 DCF1( 	26) 
A-1 T1-210 	(Source: 	no data) 0.003E+00 -2.000E+00 DCF1( 	27) 
A-1 1J-234 	(Source: 	FGR 12) 4.017E-04 4.017E-04 DCF1( 	28) 
A-1 U-235 	(Source: 	FGR 12) 7.211E-01 7.211E-01 DCF1( 	29) 
A-1 U-238 	(Source: 	FGR 12) 1.031E-04 1.031E-04 DCF1( 30) 

B-1 Dose conversion factors for inhalation, mrem/pCi: 
B-1 Ac-227+D 6.724E+00 6.700E+00 DCF2( 1) 
B-1 Pa-231 1.280E+00 1.280E+00 DCF2( 	2) 
B-1 Pb-210+D 2.320E-02 1.360E-02 DCF2( 	3) 
B-1 Ra-226+D 8.594E-03 8.580E-03 DCF2( 	4) 
B-1 Th-230 3.260E-01 3.260E-01 DCF2( 	5) 
B-1 U-234 1.320E-01 1.320E-01 DCF2( 	6) 
B-1 U-235+D 1.230E-01 1.230E-01 DCF2( 	7) 
B-1 U-238 1.180E-01 1.180E-01 DCF2( 	8) 
B-1 U-238+D 1.180E-01 1.180E-01 DCF2( 	9) 

D-1 Dose conversion factors for ingestion, mrem/pCi: 
D-1 Ac-227+D 1.480E-02 1.410E-02 DCF3( 	1) 
D-1 Pa-231 1.060E-02 1.060E-02 DCF3( 	2) 
D-1 Pb-210+D 7.276E-03 5.370E-03 DCF3( 	3) 
D-1 Ra-226+D 1.321E-03 1.320E-03 DCF3( 	4) 
D-1 Th-230 5.480E-04 5.480E-04 DCF3( 	5) 
D-1 U-234 2.8.16E-04 2.830E-04 DCF3( 	6) • 
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

D-1 U-235+D 2.673E-04 2.660E-04 DCF3( 	7) 
D-1 U-238 2.550E-04 2.550E-04 DCF3( 	8) 
0-1 U-238+D 2.687E-04 2.550E-04 DCF3( 	9) 

D-34 Food transfer factors: 
D-34 Ac-227+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	1,1) 
D-34 Ac-227+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,2) 
D-34 Ac-227+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,3) 
D-34 
0-34 Pa-231 	, plant/soil concentration ratio, 	dimensionless 1.000E-02 1.000E-02 RTF( 	2,1) 
0-34 Pa-231 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 5.000E-03 5.000E-03 RTF( 	2,2) 
D-34 Pa-231 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	2,3) 
D-34 
D-34 Pb-210+D 	, plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 	3,1) 
D-34 Pb-210+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 8.000E-04 8.000E-04 RTF( 	3,2) 
D-34 Pb-210+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 3.000E-04 3.000E-04 RTF( 	3,3) 
D-34 
0-34 Ra-226+D 	, plant/soil concentration ratio, dimensionless 4.000E-02 4.000E-02 RTF( 	4,1) 
0-34 Ra-226+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-03 1.000E-03 RTF( 	4,2) 
0-34 Ra-226+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 1.000E-03 1.000E-03 RTF( 	4,3) 
D-34 
0-34 Th-230 	, plant/soil concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( 	5,1) 
D-34 Th-230 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-04 1.000E-04 RTF( 	5,2) 
D-34 Th-230 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	5,3) 
D-34 
0-34 U-234 	, plant/soil concentration ratio, 	dimensionless 2.500E-03 2.500E-03 RTF( 	6,1) 
0-34 U-234 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	6,2) 
0-34 U-234 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	6,3) 
D-34 
0-34 U-235+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	7,1) 
0-34 U-235+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	7,2) 
0-34 U-235+D 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	7,3) 
D-34 
0-34 U-238 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	8,1) 
0-34 U-238 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	8,2) 
0-34 U-238 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	8,3) 
D-34 
0-34 U-238+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	9,1) 
0-34 U-238+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	9,2) 
0-34 U-238+D 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	9,3) 

0-5 Bioaccumulation factors, 	fresh water, L/kg: 
0-5 Ac-227+D 	, 	fish 1.500E+01 1.500E+01 BIOFAC( 	1,1) 
0-5 Ac-227+D 	, 	crustacea and mollusks 1.000E+03 1.000E+03 BIOFAC( 	1,2) 
D-5 
0-5 Pa-231 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	2,1) 
0-5 Pa-231 	, 	crustacea and mollusks 1.100E+02 1.100E+02 BIOFAC( 	2,2) 
D-5 
0-5 Pb-2L0+D 	, 	fish 3.000E+02 3.000E+02 BIOFAC( 	3,1) 
D-5 Pip-2:0+D 	, 	crustacea and mollusks 1.000E+02 1.000E+02 BIOFAC( 	3,2) 
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

D-5 Ra-226+D 	, 	fish 5.000E+01 5.000E+01 BIOFAC( 	4,1) 
D-5 Ra-226+D 	, crustacea and mollusks 2.500E+02 2.500E+02 BIOFAC( 	4,2) 
D-5 
D-5 Th-230 	, 	fish 1.000E+02 1.000E+02 BIOFAC( 	5,1) 
D-5 Th-230 	, 	crustacea and mollusks 5.000E+02 5.000E+02 BIOFAC( 	5,2) 
D-5 
D-5 U-234 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	6,1) 
D-5 U-234 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	6,2) 
D-5 
D-5 U-235+D 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	7,1) 
D-5 U-235+D 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	7,2) 
D-5 
D-5 U-238 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	8,1) 
D-5 U-238 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	8,2) 
D-5 
D-5 U-238+D 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	9,1) 
D-5 U-238+D 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	9,2) 

#For DCF1(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report. 
*Base Case means Default.Lib w/o Associate Nuclide contributions. 

• 
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Site-Specific Parameter Summary 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R011 Area of contaminated zone 	(m**2) 2.202E+03 1.000E+04 --- AREA 
R011 Thickness of contaminated zone 	(m) 2.000E+00 2.000E+00 --- THICKO 
R011 Fraction of contamination that is submerged 0.000E+00 0.000E+00 --- SUBMFRACT 
R011 Length parallel to aquifer flow (m) not used 1.000E+02 --- LCZPAQ 
R011 Basic radiation dose limit 	(mrem/yr) 2.500E+01 3.000E+01 --- BRDL 
R011 Time since placement of material 	(yr) 0.000E+00 0.000E+00 --- TI 
R011 Times for calculations 	(yr) 1.000E+00 1.000E+00 --- T( 	2) 
R011 Times for calculations 	(yr) 3.000E+00 3.000E+00 --- T( 	3) 
R011 Times for calculations 	(yr) 1.000E+01 1.000E+01 --- T( 	4) 
R011 Times for calculations 	(yr) 3.000E+01 3.000E+01 --- T( 	5) 
R011 Times for calculations 	(yr) 1.000E+02 1.000E+02 --- T( 	6) 
R011 Times for calculations 	(yr) 3.000E+02 3.000E+02 --- T( 	7) 
R011 Times for calculations 	(yr) 1.000E+03 1.000E+03 --- T( 	8) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T( 	9) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T(10) 

R012 Initial principal radionuclide 	(pCi/g): 	Pb-210 1.000E-02 0.000E+00 --- S1(3) 
R012 Initial principal radionuclide 	(pCi/g): 	Ra-226 1.000E-02 0.000E+00 --- S1(4) 
R012 Initial principal radionuclide 	(pCi/g): 	Th-230 5.700E-01 0.000E+00 --- S1(5) 
R012 Initial principal radionuclide 	(pCi/g): 	U-234 9.300E-01 0.000E+00 --- S1(6) 
R012 Initial principal radionuclide 	(pCi/g): 	U-235 2.000E-01 0.000E+00 --- S1(7) 
R012 Initial principal radionuclide 	(pCi/g): 	U-238 9.300E-01 0.000E+00 --- S1(8) 
R012 Concentration in groundwater 	(pCi/L): 	Pb-210 not used 0.000E+00 --- W1( 	3) 
R012 Concentration in groundwater 	(pCi/L): 	Ra-226 not used 0.000E+00 --- W1( 	4) 
R012 Concentration in groundwater 	(pCi/L): 	Th-230 not used 0.000E+00 --- W1( 	5) 
R012 Concentration in groundwater 	(pCi/L): 	U-234 not used 0.000E+00 --- W1( 	6) 
R012 Concentration in groundwater 	(pCi/L): 	U-235 not used 0.000E+00 --- W1( 	7) 
R012 Concentration in groundwater 	(pCi/L): 	U-238 not used 0.000E+00 --- W1( 	8) 

R013 Cover depth (m) 0.000E+00 0.000E+00 --- COVERO 
R013 Density of cover material 	(g/cm**3) not used 1.500E+00 --- DENSCV 
R013 Cover depth erosion rate 	(m/yr) not used 1.000E-03 --- VCV 
R013 Density of contaminated zone 	(g/cm**3) 1.280E+00 1.500E+00 --- DENSCZ 
R013 Contaminated zone erosion rate 	(m/yr) 6.000E-05 1.000E-03 --- VCZ 
R013 Contaminated zone total porosity 4.200E-01 4.000E-01 --- TPCZ 
R013 Contaminated zone field capacity 3.600E-01 2.000E-01 --- FCCZ 
R013 Contaminated zone hydraulic conductivity (m/yr) 3.048E+00 1.000E+01 --- HCCZ 
R013 Contaminated zone b parameter 1.040E+01 5.300E+00 --- BCZ 
R013 Average annual wind speed (m/sec) 4.170E+00 2.000E+00 --- WIND 
R013 Humidity in air 	(g/m**3) not used 8.000E+00 --- HUMID 
R013 Evapotranspiration coefficient 5.000E-01 5.000E-01 --- EVAPTR 
R013 Precipitation 	(m/yr) 9.200E-01 1.000E+00 --- PRECIP 
R013 Irrigation 	(m/yr) 0.000E+00 2.000E-01 --- RI 
R013 Irrigation mode overhead overhead --- IDITCH 
R013 Runoff coefficient 8.000E-01 2.000E-01 --- RUNOFF 
R013 Watershed area for nearby stream or pond (m**2) not used 1.000E+06 --- WAREA 
R013 Accuracy for water/soil computations not used 1.000E-03 --- EPS 

R014 Density of saturated zone 	(g/cm**3) not used 1.500E+00 --- DENSAQ 
R014 Saturated zone total porosity not used 4.000E-01 --- TPSZ 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R014 Saturated zone effective porosity not used 2.000E-01 --- EPSZ 
R014 Saturated zone field capacity not used 2.000E-01 --- FCSZ 
R014 Saturated zone hydraulic conductivity (m/yr) not used 1.000E+02 --- HCSZ 
R014 Saturated zone hydraulic gradient not used 2.000E-02 --- HGWT 
R014 Saturated zone b parameter not used 5.300E+00 --- BSZ 
R014 Water table drop rate (m/yr) not used 1.000E-03 --- VWT 
R014 Well pump intake depth (m below water table) not used 1.000E+01 --- DWIBWT 
R014 Model: Nondispersion 	(ND) 	or Mass-Balance 	(MB) not used ND --- MODEL 
R014 Well pumping rate 	(m**3/yr) not used 2.500E+02 --- UW 

R015 Number of unsaturated zone strata not used 1 --- NS 
R015 Unsat. 	zone 1, 	thickness 	(m) not used 4.000E+00 --- H(1) 
R015 Unsat. 	zone 1, 	soil density 	(g/cm**3) not used 1.500E+00 --- DENSUZ(1) 
R015 Unsat. 	zone 1, 	total porosity not used 4.000E-01 --- TPUZ(1) 
R015 Unsat. 	zone 1, 	effective porosity not used 2.000E-01 --- EPUZ(1) 
R015 Unsat. 	zone 1, 	field capacity not used 2.000E-01 --- FCUZ(1) 
R015 Unsat. 	zone 1, 	soil-specific b parameter not used 5.300E+00 --- BUZ(1) 
R015 Unsat. 	zone 1, hydraulic conductivity (m/yr) not used 1.000E+01 --- HCUZ(1) 

R016 Distribution coefficients for Pb-210 
R016 Contaminated zone 	(cm**3/g) 1.000E+02 1.000E+02 --- DCNUCC( 3) 
R016 Unsaturated zone 1 	(cm**3/g) not used 1.000E+02 --- DCNUCU( 	3,1) 
R016 Saturated zone 	(cm**3/g) not used 1.000E+02 --- DCNUCS( 3) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 3.584E-04 ALEACH( 3) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	3) 

R016 Distribution coefficients for Ra-226 
R016 Contaminated zone 	(cm**3/g) 7.000E+01 7.000E+01 --- DCNUCC( 	4) 
R016 Unsaturated zone 1 	(cm**3/g) not used 7.000E+01 --- DCNUCU( 	4,1) 
R016 Saturated zone 	(cm**3/g) not used 7.000E+01 --- DCNUCS( 	4) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.113E-04 ALEACH( 4) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	4) 

R016 Distribution coefficients for Th-230 
R016 Contaminated zone 	(cm**3/g) 6.000E+04 6.000E+04 --- DCNUCC( 	5) 
R016 Unsaturated zone 1 	(cm**3/g) not used 6.000E+04 --- DCNUCU( 	5,1) 
R016 Saturated zone 	(cm**3/g) not used 6.000E+04 --- DCNUCS( 	5) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.990E-07 ALEACH( 5) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 5) 

R016 Distribution coefficients for U-234 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	6) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	6,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 	6) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 	6) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	6) 



1RESRAD, 	rsion 6.5 1110 	 T4 Limit = 180 days 	03/24/2011 07:31 	e 	7 
Summary : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R016 Distribution coefficients for U-235 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 7) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	7,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 7) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 7) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 7) 

R016 Distribution coefficients for U-238 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 8) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	8,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 	8) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 8) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	8) 

R016 Distribution coefficients for daughter Ac-227 
R016 Contaminated zone 	(cm**3/g) 2.000E+01 2.000E+01 --- DCNUCC( 	1) 
R016 Unsaturated zone 1 	(cm**3/g) not used 2.000E+01 --- DCNUCU( 	1,1) 
R016 Saturated zone 	(cm**3/g) not used 2.000E+01 --- DCNUCS( 	1) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 1.772E-03 ALEACH( 	1) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	1) 

R016 Distribution coefficients for daughter Pa-231 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 2) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	2,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 2) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 2) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 2) 

R017 Inhalation rate 	(m**3/yr) 1.055E+04 8.400E+03 --- INHALR 
R017 Mass loading for inhalation (g/m**3) 2.000E-04 1.000E-04 --- MLINH 
R017 Exposure duration 2.500E+01 3.000E+01 --- ED 
R017 Shielding factor, 	inhalation 5.000E-01 4.000E-01 --- SHF3 
R017 Shielding factor, external gamma 7.000E-01 7.000E-01 --- SHF1 
R017 Fraction of time spent indoors 1.969E-01 5.000E-01 --- FIND 
R017 Fraction of time spent outdoors 	(on site) 4.566E-02 2.500E-01 --- FOTD 
R017 Shape factor flag, external gamma 1.000E+00 1.000E+00 >0 shows circular AREA. FS 
R017 Radii of shape factor array (used if FS = -1): 
R017 Outer annular radius 	(m), 	ring 	1: not used 5.000E+01 --- RAD SHAPE( 1) _ 
R017 Outer annular radius 	(m), 	ring 	2: not used 7.071E+01 --- RAD SHAPE( 2) _ 
R017 Outer annular radius 	(m), 	ring 	3: not used 0.000E+00 --- RAD SHAPE( 3) _ 
R017 Outer annular radius 	(m), 	ring 	4: not used 0.000E+00 --- RAD SHAPE( 4) _ 
R017 Outer annular radius 	(m), 	ring 	5: not used 0.000E+00 --- RAD _SHAPE( 5) 
R017 Outer annular radius 	(m), 	ring 	6: not used 0.000E+00 --- RAD _SHAPE( 6) 
R017 Outer annular radius 	(m), 	ring 	7: not used 0.000E+00 --- RAD SHAPE( 7) _ 
R017 Outer annular radius 	(m), 	ring 	8: not used 0.000E+00 --- RAD SHAPE( 8) _ 
R017 Outer annular radius 	(m), 	ring 	9: not used 0.000E+00 --- RAD _SHAPE( 9) 
R017 Outer annular radius 	(m), 	ring 10: not used 0.000E+00 --- RAD _SHAPE(10) 
R017 Outer annular radius 	(m), 	ring 11: not used 0.000E+00 --- RAD SHAPE(11) _ 
R017 Outer annular radius 	(m), 	ring 12: not used 0.000E+00 --- RAD _SHAPE(12) 



0 

1RESRAD, Version 6.5 	T11 Limit = 180 days 	03/24/2011 07:31 Page 	8 
Summary : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT - 17 -INDUSTRIAL  2011.RAD 

Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If differen-L from user input) 

Parameter 
Name 

R017 Fractions of annular areas within AREA: 
R017 Ring 	1 not used 1.000E+00 --- FRACA( 	1) 
R017 Ring 	2 not used 2.732E-01 --- FRACA( 2) 
R017 Ring 	3 not used 0.000E+00 --- FRACA( 3) 
R017 Ring 	4 not used 0.000E+00 --- FRACA( 4) 
R017 Ring 	5 not used 0.000E+00 --- FRACA( 5) 
R017 Ring 	6 not used 0.000E+00 --- FRACA( 6) 
R017 Ring 	7 not used 0.000E+00 --- FRACA( 7) 
R017 Ring 	8 not used 0.000E+00 --- FRACA( 8) 
R017 Ring 	9 not used 0.000E+00 --- FRACA( 	9) 
R017 Ring 10 not used 0.000E+00 --- FRACA(10) 
R017 Ring 11 not used 0.000E+00 --- FRACA(11) 
R017 Ring 12 not used 0.000E+00 --- FRACA(12) 

R018 Fruits, vegetables and grain consumption (kg/yr) not used 1.600E+02 --- DIET(1) 
R018 Leafy vegetable consumption (kg/yr) not used 1.400E+01 --- DIET(2) 
R018 Milk consumption (L/yr) not used 9.200E+01 --- DIET(3) 
R018 Meat and poultry consumption (kg/yr) not used 6.300E+01 --- DIET(4) 
R018 Fish consumption 	(kg/yr) not used 5.400E+00 --- DIET(5) 
R0113 Other seafood consumption 	(kg/yr) not used 9.000E-01 --- DIET(6) 
R018 Soil ingestion rate 	(g/yr) 4.964E+01 3.650E+01 --- SOIL 
R018 Drinking water intake 	(L/yr) not used 5.100E+02 --- DWI 
R018 Contamination fraction of drinking water not used 1.000E+00 --- FDW 
R018 Contamination fraction of household water not used 1.000E+00 --- FHHW 
R018 Contamination fraction of livestock water not used 1.000E+00 --- FLW 
R018 Contamination fraction of irrigation water not used 1.000E+00 --- FIRM 
R018 Contamination fraction of aquatic food not used 5.000E-01 --- FR9 
R018 Contamination fraction of plant food not used -1 --- FPLANT 
R018 Contamination fraction of meat not used -1 --- FMEAT 
R018 Contamination fraction of milk not used -1 --- FMILK 

R019 Livestock fodder intake for meat 	(kg/day) not used 6.800E+01 --- LFI5 
R019 Livestock fodder intake for milk 	(kg/day) not used 5.500E+01 --- LFI6 
R019 Livestock water intake for meat 	(L/day) not used 5.000E+01 --- LWI5 
R019 Livestock water intake for milk (L/day) not used 1.600E+02 --- LWI6 
R019 Livestock soil intake 	(kg/day) not used 5.000E-01 --- LSI 
R019 Mass loading for foliar deposition (g/m**3) not used 1.000E-04 --- MLFD 
R019 Depth of soil mixing layer 	(m) 1.500E-01 1.500E-01 --- DM 
R019 Depth of roots 	(m) not used 9.000E-01 --- DROOT 
R019 Drinking water fraction from ground water not used 1.000E+00 --- FGWDW 
R019 Household water fraction from ground water not used 1.000E+00 --- FGWHH 
R019 Livestock water fraction from ground water not used 1.000E+00 --- FGWLW 
R019 Irrigation fraction from ground water not used 1.000E+00 --- FGWIR 

R195 Wet weight crop yield for Non-Leafy (kg/m* * 2) not used 7.000E-01 --- YV(1)  
R19B Wet weight crop yield for Leafy 	(kg/m**2) not used 1.500E+00 --- YV(2)  
R19B Wet weight crop yield for Fodder 	(kg/m**2) not used 1.100E+00 --- YV(3)  
R1913 Growing Season for 	Non-Leafy (years) not used 1.700E-01 --- TE(1)  
R19B Growing Season for 	Leafy 	(years) not used 2.500E-01 --- TE(2)  
R19B Growing Season for 	Fodder 	(years) not used 8.000E-02 --- TE(3)  
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R19B Translocation Factor for 	Non-Leafy not used 1.000E-01 --- TIV(1) 
R1913 Translocation Factor for 	Leafy not used 1.000E+00 --- TIV(2) 
R19B Translocation Factor for 	Fodder not used 1.000E+00 --- TIV(3) 
R19B Dry Foliar Interception Fraction for 	Non-Leafy not used 2.500E-01 --- RDRY(1) 
R19B Dry Foliar Interception Fraction for 	Leafy not used 2.500E-01 --- RDRY(2) 
R19B Dry Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RDRY(3) 
R19B Wet Foliar Interception Fraction for 	Non-Leafy not used 2.500E-01 --- RWET(1) 
R19B Wet Foliar Interception Fraction for 	Leafy not used 2.500E-01 --- RWET(2) 
R19B Wet Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RWET(3) 
R19B Weathering Removal Constant for Vegetation not used 2.000E+01 --- WLAM 

C14 C-12 concentration in water 	(g/cm**3) not used 2.000E-05 --- C12WTR 
C14 C-12 concentration in contaminated soil 	(g/g) not used 3.000E-02 --- C12CZ 
C14 Fraction of vegetation carbon from soil not used 2.000E-02 --- CSOIL 
C14 Fraction of vegetation carbon from air not used 9.800E-01 --- CAIR 
C14 C-14 evasion layer thickness in soil 	(m) not used 3.000E-01 --- DMC 
C14 C-14 evasion flux rate from soil 	(1/sec) not used 7.000E-07 --- EVSN 
C14 C-12 evasion flux rate from soil 	(1/sec) not used 1.000E-10 --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E-01 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.000E-01 --- AVFG5 

STOR Storage times of contaminated foodstuffs 	(days): 
STOR Fruits, non-leafy vegetables, 	and grain 1.400E+01 1.400E+01 --- STOR_ T(1) 
STOR Leafy vegetables 1.000E+00 1.000E+00 --- STOR_ T(2) 
STOR Milk 1.000E+00 1.000E+00 --- STOR_T(3) 
STOR Meat and poultry 2.000E+01 2.000E+01 --- STOR_ T(4) 
STOR Fish 7.000E+00 7.000E+00 --- STOR_T(5) 
STOR Crustacea and mollusks 7.000E+00 7.000E+00 --- STOR_T(6) 
STOR Well water 1.000E+00 1.000E+00 --- STOR_T(7) 
STOR Surface water 1.000E+00 1.000E+00 --- STOR_T(8) 
STOR Livestock fodder 4.500E+01 4.500E+01 --- STOR_T(9) 

R021 Thickness of building foundation (m) not used 1.500E-01 --- FLOOR1 
R021 Bulk density of building foundation 	(g/cm**3) not used 2.400E+00 --- DENSFL 
R021 Total porosity of the cover material not used 4.000E-01 --- TPCV 
R021 Total porosity of the building foundation not used 1.000E-01 --- TPFL 
R021 Volumetric water content of the cover material not used 5.000E-02 --- PH2OCV 
R021 Volumetric water content of the foundation not used 3.000E-02 --- PH2OFL 
R021 Diffusion coefficient for radon gas 	(m/sec): 
R021 in cover material not used 2.000E-06 --- DIFCV 
R021 in foundation material not used 3.000E-07 --- DIFFL 
R021 in contaminated zone soil not used 2.000E-06 --- DIFCZ 
R021 Radcn vertical dimension of mixing (m) not used 2.000E+00 --- HMIX 
R021 Average building air exchange rate 	(l/hr) not used 5.000E-01 --- REXG 
R021 Height of the building 	(room) 	(m) not used 2.500E+00 --- HRM 
R021 Building interior area factor not used 0.000E+00 --- FAI 
R021 Building depth below ground surface (m) not used -1.000E+00 --- DMFL 
R021 Emanating power of Rn-222 gas not used 2.500E-01 --- EMANA(1) 
R021 Emanating power of Rn-220 gas not used 1.500E-01 --- EMANA(2) 

TITL Number of graphical time points 32 --- --- NPTS 
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Site-Specific Parameter Summarl (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

TITL 
TITL 

Maximum number of integration points for dose 
Maximum number of integration points for risk 

17 
257 

--- 
--- 

--- 
--- 

LYMAX 
KYMAX 

Summary of Pathway Selections 

Pathway User Selection 

1 -- external gamma 
2 -- inhalation (w/o radon) 
3 -- plant ingestion 
4 -- meat ingestion 
5 -- milk ingestion 
6 -- aquatic foods 
7 -- drinking water 
8 -- soil ingestion 
9 -- radon 
Find peak pathway doses 

active 
active 

suppressed 
suppressed 
suppressed 
suppressed 
suppressed 

active 
suppressed 

active 

• 	I 	• 
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Contaminated Zone Dimensions 	 Initial Soil Concentrations, pCi/g 

	

Area: 	2202.00 square meters 	 Pb-210 	1.000E-02 

	

Thickness: 	2.00 meters 	 Ra-226 	1.000E-02 

	

Cover Depth: 	0.00 meters 	 Th-230 	5.700E-01 

	

U-234 	9.300E-01 

	

0-235 	2.000E-01 

	

0-238 	9.300E-01 
0 

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 3.000E+01 1.000E+02 3.000E+02 1.000E+03 
TDO5E(t): 8.964E-02 9.004E-02 9.C85E-02 9.369E-02 1.018E-01 1.297E-01 2.002E-01 3.623E-01 

M(t): 3.586E-03 3.602E-03 3.E34E-03 3.747E-03 4.072E-03 5.186E-03 8.007E-03 1.449E-02 
0Maximum TDOSE(t): 3.623E-01 mrem/yr 	at t = 1.000E+03 years 

• 



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 

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 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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 
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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 

0 
0 
Radio 
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 1.020E-05 0.0001 4.989E-06 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.625E-04 0.0096 
Ra-226 1.864E-02 0.2079 1.955E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.724E-04 0.0019 
Th-230 3.476E-04 0.0039 4.060E-03 0.0453 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.763E-03 0.0420 
U-234 6.426E-05 0.0007 2.681E-03 0.0299 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.168E-03 0.0353 
U-235 2.571E-02 0.2868 5.374E-04 0.0060 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.439E-04 0.0072 
U-238 2.357E-02 0.2630 2.398E-03 0.0267 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.008E-03 0.0336 

Total 6.834E-02 0.7624 9.683E-03 0.1080 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.162E-02 0.1296 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 	mrem/yr fract. mrem/yr fract. 

All Pathways* 

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 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 

0.000E+00 0.0000 0.000E+00 0.0000 8.777E-04 0.0098 
0.000E+00 0.0000 0.000E+00 0.0000 1.881E-02 0.2099 
0.000E+00 0.0000 0.000E+00 0.0000 8.171E-03 0.0912 
0.000E+00 0.0000 0.000E+00 0.0000 5.913E-03 0.0660 
0.000E+00 0.0000 0.000E+00 0.0000 2.689E-02 0.3000 
0.000E+00 0.0000 0.000E+00 0.0000 2.898E-02 0.3233 

0.000E+00 0.0000 0.000E+00 0.0000 8.964E-02 1.0000 

• • • 



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

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil Ground 

mrem/yr 

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

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 
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Radio 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 9.882E-06 0.0001 4.835E-06 0.0001 0.000E+00 0.0000 
Ra-226 1.862E-02 0.2068 2.106E-06 0.0000 0.000E+00 0.0000 
Th-230 8.076E-04 0.0090 4.060E-03 0.0451 0.000E+00 0.0000 
U-234 6.422E-05 0.0007 2.679E-03 0.0298 0.000E+00 0.0000 
U-235 2.569E-02 0.2853 5.371E-04 0.0060 0.000E+00 0.0000 
U-238 2.355E-02 0.2616 2.396E-03 0.0266 0.000E+00 0.0000 

Total 6.875E-02 0.7635 9.680E-03 0.1075 0.000E+00 0.0000 
0 

fract. mrem/yr fract. mrem/yr fract. 

0.0000 0.000E+00 0.0000 8.358E-04 0.0093 
0.0000 0.000E+00 0.0000 1.987E-04 0.0022 
0.0000 0.000E+00 0.0000 3.768E-03 0.0418 
0.0000 0.000E+00 0.0000 3.166E-03 0.0352 
0.0000 0.000E+00 0.0000 6.440E-04 0.0072 
0.0000 0.000E+00 0.0000 3.006E-03 0.0334 

0.0000 0.000E+00 0.0000 1.162E-02 0.1290 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

All Pathways* 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	0.000E+00 0.0000 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 
0*Sum of all water independent and dependent pathways. 

0.0000 0.000E+00 0.0000 8.505E-04 0.0094 
0.0000 0.000E+00 0.0000 1.882E-02 0.2090 
0.0000 0.000E+00 0.0000 8.635E-03 0.0959 
0.0000 0.000E+00 0.0000 5.909E-03 0.0656 
0.0000 0.000E+00 0.0000 2.687E-02 0.2984 
0.0000 0.000E+00 0.0000 2.896E-02 0.3216 

0.0000 0.000E+00 0.0000 9.004E-02 1.0000 

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

mrem/yr fract. mrem/yr fract. 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 

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 

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 

0.000E+00 0.0000 0.000E+00 



Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
0.000E+00 0.0000 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 
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0 
0 
Radio 
Nuclide 

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+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk S oil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 9.280E-06 0.0001 4.540E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.849E-04 0.0086 
Ra-226 1.859E-02 0.2046 2.393E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 2.486E-04 0.0027 
Th-230 1.726E-03 0.0190 4.060E-03 0.0447 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.779E-03 0.0416 
U-234 6.417E-05 0.0007 2.676E-03 0.0295 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 3.161E-03 0.0348 
U-235 2.565E-02 0.2824 5.367E-04 0.0059 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.000tO 6.442E-04 0.0071 
U-238 2.352E-02 0.2589 2.393E-03 0.0263 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.001E-03 0.0330 

Total 6.956E-02 0.7657 9.672E-03 0.1065 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.162E-02 0.1279 
0 

Water 

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+00 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk All Pathways* 

Radio 	  
Nuclide mrem/yr fract. 

           

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 7.987E-04 0.0088 
0.000E+00 0.0000 0.000E+00 0.0000 1.884E-02 0.2073 
0.000E+00 0.0000 0.000E+00 0.0000 9.565E-03 0.1053 
0.300E+00 0.0000 0.000E+00 0.0000 5.901E-03 0.0650 
0.300E+00 0.0000 0.000E+00 0.0000 2.683E-02 0.2954 
0.000E+00 0.0000 0.000E+00 0.0000 2.892E-02 0.3183 

0.300E+00 0.0000 0.000E+00 0.0000 9.085E-02 1.0000 

• • • 



Soil 
0 
0 	 Ground 

Total Dose Contributions TCOSE(i,p,t) for Individual Radionuclides (i) 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 
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Radio 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 7.447E-06 0.0001 3.643E-06 0.0000 0.000E+00 0.0000 
Ra-226 1.847E-02 0.1971 3.261E-06 0.0000 0.000E+00 0.0000 
Th-230 4.929E-03 0.0526 4.060E-03 0.0433 0.000E+00 0.0000 
U-234 6.419E-05 0.0007 2.663E-03 0.0284 0.000E+00 0.0000 
U-235 2.553E-02 0.2725 5.357E-04 0.0057 0.000E+00 0.0000 
U-238 2.340E-02 0.2498 2.381E-03 0.0254 0.000E+00 0.0000 

Total 7.240E-02 0.7728 9.646E-03 0.1030 0.000E+00 0.0000 

fract. mrem/yr fract. mrem/yr fract. 

0.0000 0.000E+00 0.0000 6.298E-04 0.0067 
0.0000 0.000E+00 0.0000 3.997E-04 0.0043 
0.0000 0.000E+00 0.0000 3.835E-03 0.0409 
0.0000 0.000E+00 0.0000 3.146E-03 0.0336 
0.0000 0.000E+00 0.0000 6.458E-04 0.0069 
0.0000 0.000E+00 0.0000 2.987E-03 0.0319 

0.0000 0.000E+00 0.0000 1.164E-02 0.1243 

0.000E+00 0.0000 0.000E+00 0.0000 6.409E-04 0.0068 
0.000E+00 0.0000 0.000E+00 0.0000 1.887E-02 0.2014 
0.000E+00 0.0000 0.000E+00 0.0000 1.282E-02 0.1369 
0.000E+00 0.0000 0.000E+00 0.0000 5.873E-03 0.0627 
0.000E+00 0.0000 0.000E+00 0.0000 2.671E-02 0.2851 
0.000E+00 0.0000 0.000E+00 0.0000 2.877E-02 0.3071 

0.000E+00 0.0000 0.000E+00 0.0000 9.369E-02 1.0000 

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 

mrem/yr 

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

0.000E+00 0.0000 0.000E+00 

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+01 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

All Pathways* 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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 

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 

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 

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 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. mremlyr fract. mrem/yr fract. mrem/yr fract. 
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Summary : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

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+01 years 

0 

Radio 
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 3.971E-06 0.0000 1.943E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.358E-04 0.0033 
Ra-226 1.812E-02 0.1780 4.863E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.799E-04 0.0067 
Th-230 1.396E-02 0.1371 4.062E-03 0.0399 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.108E-03 0.0404 
U-234 6.6C4E-05 0.0006 2.626E-03 0.0258 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.102E-03 0.0305 
U-235 2.518E-02 0.2473 5.361E-04 0.0053 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.541E-04 0.0064 
U-238 2.307E-02 0.2266 2.347E-03 0.0231 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.944E-03 0.0289 

Total 8.041E-02 0.7898 9.578E-03 0.0941 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.182E-02 0.1161 
0 

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+01 years 

0 	 Water Dependent Pathways 
0 	 Water 	 Fish 	 Radon Plant Meat Milk All Pathways* 
Radio 
Nuclide 	mrem/yr 	fract. 	mrem/yr 	fract. 	mrem/yr 	fract. mrem/yr 	fract. mrem/yr fract. mrem/yr fract. mrem/yr 	fract. 

Pb-210 	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 3.417E-04 	0.0034 
Ra-226 	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 1.881E-02 	0.1847 
Th-230 	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 2.213E-02 	0.2174 
U-234 	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 5.794E-03 0.0569 
U-235 	0.000E+00 0.0000 	0.000E+00 0.0000 	0.000E+00 0.0000 0.000E+00 	0.0000 0.000E+00 0.0003 0.000E+00 0.0000 2.637E-02 	0.2590 
U-238 	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 2.836E-02 0.2786 

Total 	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 1.018E-01 	1.0000 
0*Sum of all water independent and dependent pathways. 

• 	• 	• 



ill)03/24/2011 07:31 	e 17 1RESRAD, 0sion 6.5 	TI Limit = 180 days 
Summary : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\CT-17-INDUSTRIAL  2011.RAD 

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+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil Ground 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

4.396E-07 0.0000 
1.697E-02 0.1309 
4.426E-02 0.3414 
9.229E-05 0.0007 
2.404E-02 0.1854 
2.195E-02 0.1693 

mrem/yr fract. mrem/yr fract. 	mrem/yr fract. 	mrem/yr fract. 	mrem/yr fract. 

• 
Radio 	  
Nuclide mrem/yr fract. 

Total 	1.073E-01 0.8276 

mrem/yr fract. mrem/yr fract. 

2.151E-07 0.0000 0.00CE+00 0.0000 
6.186E-06 0.0000 0.00CE+00 0.0000 
4.069E-03 0.0314 0.00CE+00 0.0000 
2.501E-03 0.0193 0.00CE+00 0.0000 
5.512E-04 0.0043 0.00CE+00 0.0000 
2.233E-03 0.0172 0.00CE+00 0.0000 

9.361E-03 0.0722 0.000E+00 0.0000 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.718E-05 0.0003 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.189E-04 0.0071 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.576E-03 0.0430 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.955E-03 0.0228 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.980E-04 0.0054 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.801E-03 0.0216 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.299E-02 0.1002 

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+02 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

All Pathways* 

mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 3.783E-05 0.0003 
0.000E+00 0.0000 0.000E+00 0.0000 1.789E-02 0.1380 
0.000E+00 0.0000 0.000E+00 0.0000 5.391E-02 0.4158 
0.000E+00 0.0000 0.000E+00 0.0000 5.549E-03 0.0428 
0.000E+00 0.0000 0.000E+00 0.0000 2.529E-02 0.1950 
0.000E+00 0.0000 0.000E+00 0.0000 2.698E-02 0.2081 

0.000E+00 0.0000 0.000E+00 0.0000 1.297E-01 1.0000 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
0.000E+00 0.0000 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 



Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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 

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 

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 

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 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent pathways. 

1RE5RAD, Version 6.5 	VI Limit = 180 days 	03/24/2011 07:31 Page 18 
Summary : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

0 
0 
Radio 
Nuclide 

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 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac:- mrem/yr tract. mrem/yr tract. 

Pb-210 8.167E-10 0.0000 3.996E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.908E-08 0.0000 
Ra-226 1.405E-02 0.0702 5.303E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.920E-04 0.0040 
Th-230 1.205E-01 0.6018 4.090E-03 0.0204 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.837E-03 0.0491 
U-234 3.111E-04 0.0016 2.178E-03 0.0109 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.581E-03 0.0129 
U-235 2.108E-02 0.1053 5.930E-04 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.084E-04 0.0040 
U-238 1.902E-02 0.0950 1.937E-03 0.0097 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.430E-03 0.0121 

Total 1.749E-01 0.8739 8.803E-03 0.0440 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.645E-02 0.0822 
0 

Water 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk All Pathways* 

Radio 	  
Nuclide mrem/yr fract. 

           

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

 

mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 7.029E-08 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 1.484E-02 0.0742 
0.000E+00 0.0000 0.000E+00 0.0000 1.344E-01 0.6714 
0.000E+00 0.0000 0.000E+00 0.0000 5.071E-03 0.0253 
0.000E+00 0.0000 0.000E+00 0.0000 2.248E-02 0.1123 
0.000E+00 0.0000 0.000E+00 0.0000 2.339E-02 0.1168 

0.000E+00 0.0000 0.000E+00 0.0000 2.002E-01 1.0000 

• • • 



All Pathways* 

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+03 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 
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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+03 years 

Radio 
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk S oi l 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 2.258E-19 0.0000 1.105E-19 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.910E-17 0.0000 

Ra-226 7.252E-03 0.0200 2.738E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.089E-04 0.0011 
Th-230 2.966E-01 0.8189 4.129E-03 0.0114 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.975E-02 0.0545 
U-234 2.012E-03 0.0056 1.351E-03 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.689E-03 0.0047 
U-235 1.330E-02 0.0367 6.029E-04 0.0017 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.192E-04 0.0025 

U-238 1.154E-02 0.0318 1.177E-03 0.0032 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.476E-03 0.0041 

Total 3.307E-01 0.9130 7.263E-03 0.0201 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.424E-02 0.0669 

mrem/yr fract. 

• 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
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 
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 
0.000E+00 0.0000 

1.944E-17 0.0000 
7.663E-03 0.0212 
3.205E-01 0.8848 
5.053E-03 0.0139 
1.482E-02 0.0409 
1.419E-02 0.0392 

Total 	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 3.623E-01 1.0000 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 
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Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

Product 	Thread 	 DSR(j,t) 	At Time in Years 	(mrem/yr)/(pCi/g) 
(i) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210+D Pb-210+D 1.000E+00 8.777E-02 8.505E-02 7.987E-02 6.409E-02 3.417E-02 3.783E-03 7.029E-06 1.944E-15 
ORa-226+D Ra-226+D 1.000E+00 1.880E+00 1.878E+00 1.875E+00 1.862E+00 1.827E+00 1.710E+00 1.416E+00 7.310E-01 
Ra-226+D Pb-210+D 1.000E+00 1.371E-03 4.054E-03 9.166E-03 2.465E-02 5.346E-02 7.878E-02 6.841E-02 3.532E-02 
Ra-226+D DSR(j) 1.881E+00 1.882E+00 1.884E+00 1.887E+00 1.881E+00 1.789E+00 1.484E+00 7.663E-01 
OTh-230 Th-230 1.000E+00 1.393E-02 1.393E-02 1.393E-02 1.393E-02 1.392E-02 1.391E-02 1.389E-02 1.379E-02 
Th-230 Ra-226+D 1.000E+00 4.073E-04 1.221E-03 2.847E-03 8.513E-03 2.449E-02 7.808E-02 2.128E-01 5.244E-01 
Th-230 Pb-210+D 1.000E+00 1.985E-07 1.377E-06 7.127E-06 5.929E-05 4.114E-04 2.574E-03 9.035E-03 2.410E-02 
Th-230 EDSR(D) 1.433E-02 1.515E-02 1.678E-02 2.250E-02 3.883E-02 9.457E-02 2.358E-01 5.623E-01 

00-234 0-234 1.000E+00 6.359E-03 6.354E-03 6.345E-03 6.313E-03 6.223E-03 5.918E-03 5.127E-03 3.103E-03 
0-234 Th-230 1.000E+00 6.267E-08 1.880E-07 4.382E-07 1.311E-06 3.782E-06 1.215E-05 3.384E-05 8.902E-05 
0-234 Ra-226+D 1.000E+00 1.222E-09 8.550E-09 4.514E-08 4.023E-07 3.354E-06 3.503E-05 2.806E-04 2.145E-03 
0-234 Pb-210+D 1.000E+00 4.473E-13 6.663E-12 7.652E-11 1.919E-09 4.034E-08 9.257E-07 1.081E-05 9.583E-05 
0-234 IDSR(3) 6.359E-03 6.354E-03 6.345E-03 6.315E-03 6.230E-03 5.966E-03 5.452E-03 5.433E-03 
0U-235+D U-235+D 1.000E+00 1.344E-01 1.343E-01 1.342E-01 1.335E-01 1.316E-01 1.252E-01 1.085E-01 6.579E-02 
U-235+D Pa-231 1.000E+00 1.983E-06 5.946E-06 1.385E-05 4.135E-05 1.184E-04 3.708E-04 9.590E-04 1.922E-03 
0-235+0 Ac-227+D 1.000E+00 7.382E-08 5.116E-07 2.644E-06 2.187E-05 1.494E-04 8.995E-04 2.951E-03 6.380E-03 
0-235+0 ZDSR(j) 1.344E-01 1.344E-01 1.342E-01 1.335E-01 1.319E-01 1.264E-01 1.124E-01 7.409E-02 

00-238 U-238 5.400E-05 3.059E-07 3.057E-07 3.053E-07 3.037E-07 2.994E-07 2.848E-07 2.469E-07 1.497E-07 
00-238+0 U-238+D 9.999E-01 3.116E-02 3.114E-02 3.109E-02 3.094E-02 3.050E-02 2.901E-02 2.515E-02 1.525E-02 
0-238+0 U-234 9.999E-01 9.012E-09 2.702E-08 6.295E-08 1.879E-07 5.381E-07 1.686E-06 4.369E-06 8.812E-06 
0-238+0 Th-230 9.999E-01 5.921E-14 4.143E-13 2.188E-12 1.951E-11 1.629E-10 1.710E-09 1.391E-08 1.116E-07 
0-238+0 Ra-226+D 9.999E-01 8.659E-16 1.298E-14 1.513E-13 3.996E-12 9.658E-11 3.313E-09 7.869E-08 1.935E-06 
0-238+0 Fb-210+D 9.999E-01 2.539E-19 7.825E-18 1.946E-16 1.453E-14 9.092E-13 7.348E-11 2.776E-09 8.396E-08 
0-238+0 EDSR(3) 3.116E-02 3.114E-02 3.109E-02 3.094E-02 3.050E-02 2.901E-02 2.515E-02 1.526E-02 

The DSR includes contributions from associated (half-life 	180 days) 	daughters. 
0 

	

Single Radionuclide Soil Guidelines G(i,t) 	in pCi/g 
Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

ONuclide 
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 2.848E+02 2.939E+02 3.130E+02 3.901E+02 7.315E+02 6.608E+03 3.556E+06 *7.634E+13 
Ra-226 1.329E+01 1.328E+01 1.327E+01 1.325E+01 1.329E+01 1.397E+01 1.684E+01 3.262E+01 
Th-230 1.744E+03 1.650E+03 1.490E+03 1.111E+03 6.439E+02 2.644E+02 1.060E+02 4.446E+01 
0-234 3.932E+03 3.934E+03 3.940E+03 3.959E+03 4.013E+03 4.190E+03 4.585E+03 4.602E+03 
0-235 1.860E+02 1.861E+02 1.863E+02 1.872E+02 1.896E+02 1.977E+02 2.224E+02 3.374E+02 
0-238 8.024E+02 8.029E+02 8.041E+02 8.081E+02 8.197E+02 8.617E+02 9.940E+02 1.638E+03 

*At specific activity limit 

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

at tmin = time of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose = 1.000E+03 years 

ONuclide Initial 	 tmin 	DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax) 
(i) 	(pCi/g) 	(years) 	 (pCi/g) 	 (pCi/g) 

Pb-210 1.000E-02 0.000E+00 8.777E-02 2.848E+02 1.944E-15 *7.634E+13 
Ra-226 1.000E-02 13.52 ± 0.03 1.887E+00 1.325E+01 7.663E-01 3.262E+01 
Th-230 5.700E-01 1.000E+03 5.623E-01 4.446E+01 5.623E-01 4.446E+01 
U-234 9.300E-01 0.000E+00 6.359E-03 3.932E+03 5.433E-03 4.602E+03 
U-235 2.000E-01 0.000E+00 1.344E-01 1.860E+02 7.409E-02 3.374E+02 
U-238 9.300E-01 0.000E+00 3.116E-02 8.024E+02 1.526E-02 1.638E+03 

*At specific activity limit 
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Individual Nuclide Dose Summed Over All Pathways 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent 	THF(i) 	 DOSE(j,t), 	mrem/yr 

(j) 	(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 Pb-210 1.000E+00 8.777E-04 8.505E-04 7.987E-04 6.409E-04 3.417E-04 3.783E-05 7.029E-08 1.944E-17 
Pb-210 Ra-226 1.000E+00 1.371E-05 4.054E-05 9.166E-05 2.465E-04 5.346E-04 7.878E-04 6.841E-04 3.532E-04 
Pb-210 Th-230 1.000E+00 1.131E-07 7.847E-07 4.063E-06 3.380E-05 2.345E-04 1.467E-03 5.150E-03 1.374E-02 
Pb-210 U-234 1.000E+00 4.160E-13 6.197E-12 7.117E-11 1.785E-09 3.752E-08 8.609E-07 1.005E-05 8.912E-05 
Pb-210 U-238 9.999E-01 2.361E-19 7.277E-18 1.810E-16 1.352E-14 8.456E-13 6.834E-11 2.582E-09 7.808E-08 
Pb-210 EDOSE(j) 8.915E-04 8.918E-04 8.944E-04 9.212E-04 1.111E-03 2.294E-03 5.844E-03 1.418E-02 

ORa-226 Ra-226 1.000E+00 1.880E-02 1.878E-02 1.875E-02 1.862E-02 1.827E-02 1.710E-02 1.416E-02 7.310E-03 
Ra-226 Th-230 1.000E+00 2.321E-04 6.961E-04 1.623E-03 4.852E-03 1.396E-02 4.451E-02 1.213E-01 2.989E-01 
Ra-226 U-234 1.000E+00 1.136E-09 7.951E-09 4.198E-08 3.741E-07 3.120E-06 3.258E-05 2.610E-04 1.995E-03 
Ra-226 U-238 9.999E-01 8.053E-16 1.207E-14 1.407E-13 3.716E-12 8.982E-11 3.082E-09 7.318E-08 1.800E-06 
Ra-226 EDOSE(j) 1.903E-02 1.948E-02 2.037E-02 2.348E-02 3.224E-02 6.164E-02 1.357E-01 3.082E-01 
OTh-230 Th-230 1.000E+00 7.939E-03 7.938E-03 7.938E-03 7.938E-03 7.936E-03 7.931E-03 7.916E-03 7.863E-03 
Th-230 U-234 1.000E+00 5.828E-08 1.748E-07 4.076E-07 1.220E-06 3.517E-06 1.130E-05 3.147E-05 8.279E-05 
Th-230 U-238 9.999E-01 5.507E-14 3.853E-13 2.035E-12 1.814E-11 1.515E-10 1.591E-09 1.293E-08 1.038E-07 
Th-230 EDOSE(j) 7.939E-03 7.939E-03 7.939E-03 7.939E-03 7.940E-03 7.942E-03 7.947E-03 7.946E-03 
0U-234 U-234 1.000E+00 5.913E-03 5.909E-03 5.901E-03 5.871E-03 5.787E-03 5.504E-03 4.768E-03 2.885E-03 
U-234 U-238 9.999E-01 8.381E-09 2.513E-08 5.855E-08 1.748E-07 5.004E-07 1.568E-06 4.064E-06 8.195E-06 
U-234 EDOSE(j) 5.913E-03 5.909E-03 5.901E-03 5.871E-03 5.788E-03 5.506E-03 4.772E-03 2.894E-03 
OU-235 U-235 1.000E+00 2.689E-02 2.687E-02 2.683E-02 2.670E-02 2.632E-02 2.503E-02 2.170E-02 1.316E-02 
OPa-231 U-235 1.000E+00 3.967E-07 1.189E-06 2.771E-06 8.270E-06 2.368E-05 7.416E-05 1.918E-04 3.844E-04 
OAc-227 U-235 1.000E+00 1.476E-08 1.023E-07 5.289E-07 4.374E-06 2.989E-05 1.799E-04 5.903E-04 1.276E-03 
OU-238 U-238 5.400E-05 2.845E-07 2.843E-07 2.839E-07 2.825E-07 2.785E-07 2.649E-07 2.296E-07 1.392E-07 
U-238 U-238 9.999E-01 2.898E-02 2.896E-02 2.891E-02 2.877E-02 2.836E-02 2.698E-02 2.338E-02 1.418E-02 
U-238 EDOSE(j) 2.898E-02 2.896E-02 2.892E-02 2.877E-02 2.836E-02 2.698E-02 2.339E-02 1.418E-02 

THF(i) is the thread fraction of the parent nuclide. 

• 	 • 	• 
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Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent THF(i) S(j,t), pCi/g 

:i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 Pb-210 1.000E+00 1.000E-02 9.690E-03 9.100E-03 7.302E-03 3.894E-03 4.310E-04 8.009E-07 2.214E-16 

Pb-210 Ra-226 1.000E+00 0.000E+00 3.058E-04 8.886E-04 2.654E-03 5.939E-03 8.834E-03 7.676E-03 3.963E-03 

Pb-210 Th-230 1.000E+00 0.000E+00 3.797E-06 3.345E-05 3.454E-04 2.556E-03 1.635E-02 5.767E-02 1.540E-01 

Pb-210 U-234 1.000E+00 0.000E+00 1.863E-11 4.949E-10 1.733E-08 4.018E-07 9.539E-06 1.124E-04 9.988E-04 

Pb-210 U-238 9.999E-01 0.000E+00 1.323E-17 1.057E-15 1.246E-13 8.900E-12 7.532E-10 2.881E-08 8.747E-07 

Pb-210 Sj): 1.000E-02 1.000E-02 1.002E-02 1.030E-02 1.239E-02 2.562E-02 6.546E-02 1.590E-01 

ORa-226 Ra-226 1.000E+00 1.000E-02 9.991E-03 9.972E-03 9.906E-03 9.721E-03 9.099E-03 7.532E-03 3.889E-03 

Ra-226 Th-230 1.000E+00 0.000E+00 2.468E-04 7.397E-04 2.458E-03 7.303E-03 2.355E-02 6.441E-02 1.589E-01 

Ra-226 U-234 1.000E+00 0.000E+00 1.812E-09 1.629E-08 1.803E-07 1.605E-06 1.715E-05 1.383E-04 1.060E-03 

Ra-226 U-238 9.999E-01 0.000E+00 1.713E-15 4.618E-14 1.703E-12 4.545E-11 1.615E-09 3.873E-08 9.558E-07 

Ra-226 S(j): 1.000E-02 1.024E-02 1.071E-02 1.236E-02 1.703E-02 3.267E-02 7.208E-02 1.638E-01 

OTh-230 Th-230 1.000E+00 5.700E-01 5.700E-01 5.700E-01 5.699E-01 5.698E-01 5.695E-01 5.684E-01 5.646E-01 

Th-230 U-234 1.000E+00 0.000E+00 8.369E-06 2.509E-05 8.341E-05 2.484E-04 8.075E-04 2.256E-03 5.942E-03 

Th-230 U-238 9.999E-01 0.000E+00 1.186E-11 1.066E-10 1.181E-09 1.053E-08 1.131E-07 9.257E-07 7.444E-06 

Th-230 ESij): 5.700E-01 5.700E-01 5.700E-01 5.700E-01 5.701E-01 5.703E-01 5.706E-01 5.705E-01 

OU-234 U-234 1.000E+00 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.102E-01 8.656E-01 7.499E-01 4.538E-01 
U-234 U-238 9.999E-01 0.000E+00 2.634E-06 7.892E-06 2.618E-05 7.741E-05 2.454E-04 6.380E-04 1.288E-03 

U-234 ES(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 
OU-235 U-235 1.000E+00 2.000E-01 1.999E-01 1.996E-01 1.986E-01 1.958E-01 1.862E-01 1.614E-01 9.787E-02 

OPa-231 U-235 1.000E+00 0.000E+00 4.229E-06 1.267E-05 4.201E-05 1.242E-04 3.936E-04 1.021E-03 2.049E-03 
OAc-227 U-235 1.000E+00 0.000E+00 6.658E-08 5.855E-07 6.011E-06 4.381E-05 2.695E-04 8.885E-04 1.923E-03 

OU-238 U-238 5.400E-05 5.022E-05 5.018E-05 5.011E-05 4.986E-05 4.915E-05 4.676E-05 4.053E-05 2.457E-05 

U-238 U-238 9.999E-01 9.299E-01 9.293E-01 9.280E-01 9.233E-01 9.102E-01 8.658E-01 7.505E-01 4.551E-01 

U-238 ES(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 

THF(i) is the thread fraction of the parent nuclLde. 
ORESCALC.EXE execution time - 	3.14 seconds 



DOSE: All Nuclides Summed, A II Pathways Summed 

OA 

0.3 

02 

01 

0.0 

 

1 
	

10 
	

100 
	

1000 

Years 

-A— Pb-210 —0— Ra-226 	 Th-230 	 U-234 	—17— U-235 	 U-238 	—X— Total 

tESRAD_FAMILY \RES RAD\6.5\USERFILESMDT-17-INDUSTRIAL 2011.RAD 03/24/2011 07:31 GRAPHICS.A 
Includes All Pathways 

• 	 • 	 • 



• 	• 	• 

DT-17 Industrial Worker 
RESRAD Risk Summary 



1RESRAD, Version 6.5 	T Limit = 180 days 	03/24/2011 07:31 Page 	1 
Intrisk : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

Table of Contents 

Part III: Intake Quantities and Health Risk Factors 

2 
4 

Cancer Risk Slope Factors 	  
Risk Slope and ETFG for the Ground Pathway 	  
Amount of Intake Quantities and Excess Cancer Risks 

Time= C.000E+00 	  5 
Time= 1.000E+00 	  8 
Time= 3.000E+00 	  11 
Time= 1.000E+01 	  14 
Time= 3.000E+01 	  17 
Time= 1.000E+02 	  20 
Time= 3.000E+02 	  23 
Time= 1.000E+03 	  26 

• 	 • 	 • 



1RESRAD•sion 6.5 	'n.1 Limit = 180 days 	03/24/2011 07:31 •e 2 
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Cancer Risk Slope Factors Summary Table 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-1 Ground external radiation slope factors, 1/yr per (pCi/g): 
Sf-1 Ac-227+D 1.47E-06 3.48E-10 SLPF( 1,1) 
Sf-1 Pa-231 1.39E-07 1.39E-07 SLPF( 2,1) 
Sf-1 Pb-210+D 4.21E-09 1.41E-09 SLPF( 3,1) 
Sf-1 Ra-226+D 8.49E-06 2.29E-08 SLPF( 4,1) 
Sf-1 Th-230 8.19E-10 8.19E-10 SLPF( 5,1) 
Sf-1 U-234 2.52E-10 2.52E-10 SLPF( 6,1) 
Sf-1 U-235+D 5.43E-07 5.18E-07 SLPF( 7,1) 
Sf-1 U-238 4.99E-11 4.99E-11 SLPF( 8,1) 
Sf-1 U-238+D 1.14E-07 4.99E-11 SLPF( 9,1) 

Sf-2 Inhalation, 	slope factors, 	1/(pCi): 
Sf-2 Ac-227+D 2.09E-07 1.49E-07 SLPF( 1,2) 
Sf-2 Pa-231 4.55E-08 4.55E-08 SLPF( 2,2) 
Sf-2 Pb-210+D 1.39E-08 2.77E-09 SLPF( 3,2) 
Sf-2 Ra-226+D 1.16E-08 1.15E-08 SLPF( 4,2) 
Sf-2 Th-230 2.85E-08 2.85E-08 SLPF( 5,2) 
Sf-2 U-234 1.14E-08 1.14E-08 SLPF( 6,2) 
Sf-2 U-235+D 1.01E-08 1.01E-08 SLPF( 7,2) 
Sf-2 U-238 9.32E-09 9.32E-09 SLPF( 8,2) 
Sf-2 U-238+D 9.35E-09 9.32E-09 SLPF( 9,2) 

Sf-3 Food ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 6.53E-10 2.45E-10 SLPF( 1,3) 
Sf-3 Pa-231 2.26E-10 2.26E-10 SLPF( 2,3) 
Sf-3 Pb-210+D 3.44E-09 1.18E-09 SLPF( 3,3) 
Sf-3 Ra-226+D 5.15E-10 5.14E-10 SLPF( 4,3) 
Sf-3 Th-230 1.19E-10 1.19E-10 SLPF( 5,3) 
Sf-3 U-234 9.55E-11 9.55E-11 SLPF( 6,3) 
Sf-3 U-235+D 9.76E-11 9.44E-11 SLPF( 7,3) 
Sf-3 U-238 8.66E-11 8.66E-11 SLPF( 8,3) 
Sf-3 U-238+D 1.21E-10 8.66E-11 SLPF( 9,3) 

Sf-3 Water ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 4.86E-10 2.01E-10 SLPF( 1,4) 
Sf-3 Pa-231 1.73E-10 1.73E-10 SLPF( 2,4) 
Sf-3 Pb-210+D 1.27E-09 8.81E-10 SLPF( 3,4) 
Sf-3 Ra-226+D 3.86E-10 3.85E-10 SLPF( 4,4) 
Sf-3 Th-230 9.10E-11 9.10E-11 SLPF( 5,4) 
Sf-3 0-234 7.07E-11 7.07E-11 SLPF( 6,4) 
Sf-3 U-235+D 7.18E-11 6.96E-11 SLPF( 7,4) 
Sf-3 0-238 6.40E-11 6.40E-11 SLPF( 8,4) 
Sf-3 U-238+D 8.71E-11 6.40E-11 SLPF( 9,4) 

Sf-3 Soil ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 1.16E-09 3.81E-10 SLPF( 1,5) 
Sf-3 Pa-231 3.74E-10 3.74E-10 SLPF( 2,5) 
Sf-3 Pb-210+D 2.66E-09 1.84E-09 SLPF( 3,5) 
Sf-3 Ra-226+D 7.30E-10 7.29E-10 SLPF( 4,5) 
Sf-3 Th-230 2.02E-10 2.02E-10 SLPF( 5,5) 
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Intrisk : DT-17-Industrial 
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Cancer Risk Slope Factors Summary Table (continued) 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-3 U-234 1.58E-10 1.58E-10 SLPF( 	6,5) 
Sf-3 U-235+D 1.63E-10 1.57E-10 SLPF( 	7,5) 
Sf-3 U-238 1.43E-10 1.43E-10 SLPF( 	8,5) 
Sf-3 U-238+D 2.10E-10 1.43E-10 SLPF( 	9,5) 

Sf-Rn Radon Inhalation slope factors, 	1/(pCi): 
Sf-Rn Rn-222 1.80E-12 1.80E-12 SLPFRN(1,1) 
Sf-Rn P0-218 3.70E-12 3.70E-12 SLPFRN(1,2) 
Sf-Rn Pb-214 6.20E-12 6.20E-12 SLPFRN(1,3) 
Sf-Rn Bi-214 1.50E-11 1.50E-11 SLPFRN(1,4) 

Sf-Rn Radon K factors, 	(mrem/WLM): 
Sf-Rn Rn-222 Indoor 7.60E+02 7.60E+02 KFACTR(1,1) 
Sf-Rn Rn-222 Outdoor 5.70E+02 5.70E+02 KFACTR(1,2) 

*Base Case means Default.Lib w/o Associate Nuclide contributions. 

• 	• 	• 



1RESRAD, 	rsion 6.5 	'PI Limit = 180 days 4111 	 03/24/2011 07:31 •e 4 
Intrisk : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\ET-17-INDUSTRIAL  2011.RAD 

Risk Slope and Environmental Transport Factors for the Ground Pathway 
ONuclide Slope(i)* ETFG(i,t) At Time in Years 	(dimensionless) 

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Ac-227 3.480E-10 1.705E-01 1.705E-01 1.705E-01 1.705E-01 1.705E-01 1.705E-01 1.705E-01 1.705E-01 
At-218 3.570E-09 1.713E-01 1.713E-01 1.713E-01 1.713E-01 1.713E-01 1.713E-01 1.713E-01 1.713E-01 
Bi-210 2.760E-09 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 
Bi-211 1.880E-07 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 
Bi-214 7.480E-06 1.666E-01 1.666E-01 1.666E-01 1.666E-01 1.666E-01 1.666E-01 1.666E-01 1.666E-01 
Fr-223 1.400E-07 1.686E-01 1.686E-01 1.686E-01 1.686E-01 1.686E-01 1.686E-01 1.686E-01 1.686E-01 
Pa-231 1.390E-07 1.677E-01 1.677E-01 1.677E-01 1.677E-01 1.677E-01 1.677E-01 1.677E-01 1.677E-01 
Pa-234 8.710E-06 1.665E-01 1.665E-01 1.665E-01 1.665E-01 1.665E-01 1.665E-01 1.665E-01 1.665E-01 
Pa-234m 6.870E-08 1.663E-01 1.663E-01 1.663E-01 1.663E-01 1.663E-01 1.663E-01 1.663E-01 1.663E-01 
Pb-210 1.410E-09 1.729E-01 1.729E-01 1.729E-01 1.729E-01 1.729E-01 1.729E-01 1.729E-01 1.729E-01 
Pb-211 2.290E-07 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 
Pb-214 9.820E-07 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 1.676E-01 
P0-210 3.950E-11 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 
P0-211 3.580E-08 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 
P0-214 3.860E-10 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 1.652E-01 
Po-215 7.480E-10 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 
P0-218 4.260E-11 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 
Ra-223 4.340E-07 1.685E-01 1.685E-01 1.685E-01 1.685E-01 1.685E-01 1.685E-01 1.685E-01 1.685E-01 
Ra-226 2.290E-08 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 
Rn-219 2.250E-07 1.678E-01 1.678E-01 1.678E-01 1.678E-01 1.678E-01 1.678E-01 1.678E-01 1.678E-01 
Rn-222 1.740E-09 1.654E-01 1.654E-01 1.654E-01 1.654E-01 1.654E-01 1.654E-01 1.654E-01 1.654E-01 
Th-227 3.780E-07 1.692E-01 1.692E-01 1.692E-01 1.692E-01 1.692E-01 1.692E-01 1.692E-01 1.692E-01 
Th-230 8.190E-10 1.704E-01 1.704E-01 1.704E-01 1.704E-01 1.704E-01 1.704E-01 1.704E-01 1.704E-01 
Th-231 2.450E-08 1.709E-01 1.709E-01 1.709E-01 1.709E-01 1.709E-01 1.709E-01 1.709E-01 1.709E-01 
Th-234 1.630E-08 1.708E-01 1.708E-01 1.708E-01 1.708E-01 1.708E-01 1.708E-01 1.708E-01 1.708E-01 
T1-207 1.520E-08 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 1.662E-01 
T1-210 0.000E+00 1.835E-01 1.835E-01 1.835E-01 1.835E-01 1.835E-01 1.835E-01 1.835E-01 1.835E-01 
U-234 2.520E-10 1.721E-01 1.721E-01 1.721E-01 1.721E-01 1.721E-01 1.721E-01 1.721E-01 1.721E-01 
U-235 5.180E-07 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 1.697E-01 
U-238 4.990E-11 1.784E-01 1.784E-01 1.784E-01 1.784E-01 1.784E-01 1.784E-01 1.784E-01 1.784E-01 

* - Units are 1/yr per (pCi/g) at infinite depth and area. Multiplication by ETFG(i,t) converts to site conditions. 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pa-231 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pb-210 2.185E-04 0.000E+00 0.000E+00 0.000E+00 1.204E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.204E-01 
Ra-226 2.185E-04 0.000E+00 0.000E+00 0.000E+00 1.204E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.204E-01 
Th-230 1.245E-02 0.000E+00 0.000E+00 0.000E+00 6.863E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.863E+00 
U-234 2.032E-02 0.000E+00 0.000E+00 0.000E+00 1.120E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.120E+01 
U-235 4.370E-03 0.000E+00 0.000E+00 0.000E+00 2.408E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.408E+00 
U-238 2.032E-02 0.000E+00 0.000E+00 0.000E+00 1.120E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.120E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 0.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(P) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 7.035E-11 0.0000 1.301E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+30 0.0000 3.989E-12 0.0000 
Pa-231 3.045E-11 0.0000 1.299E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+DO 0.0000 5.884E-12 0.0000 
Pb-210 1.889E-10 0.0001 8.041E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+D0 0.0000 8.492E-09 0.0055 
Ra-226 4.583E-07 0.2987 8.178E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.846E-09 0.0019 
Th-230 1.983E-09 0.0013 8.874E-09 0.0058 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.466E-08 0.0226 
U-234 9.992E-10 0.0007 5.740E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.384E-08 0.0286 
U-235 4.563E-07 0.2976 1.094E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.747E-09 0.0064 
U-238 4.372E-07 0.2852 4.708E-09 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.827E-08 0.0380 

Total 1.355E-06 0.8836 2.058E-08 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.579E-07 0.1030 

• • • 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 0.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 7.564E-11 0.0000 
Pa-231 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 3.764E-11 0.0000 
Pb-210 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 8.761E-09 0.0057 
Ra-226 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 4.609E-07 0.3006 
Th-230 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 4.552E-08 0.0297 
U-234 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 5.058E-08 0.0330 
U-235 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 4.672E-07 0.3047 
U-238 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 5.002E-07 0.3262 

Total 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 1.533E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 0.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 1.234E-10 0.0001 5.253E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.548E-09 0.0036 
Ra-226 3.497E-07 0.2281 8.530E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.588E-09 0.0030 
Th-230 1.103E-07 0.0720 8.897E-09 0.0058 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.586E-08 0.0234 
U-234 1.013E-09 0.0007 5.741E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.384E-08 0.0286 
U-235 4.564E-07 0.2977 1.096E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.757E-09 0.0064 
U-238 4.372E-07 0.2852 4.708E-09 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.827E-08 0.0380 

Total 1.355E-06 0.8836 2.058E-08 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.579E-07 0.1030 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,P,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(P) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 5.724E-09 0.0037 
Ra-226 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 3.543E-07 0.2311 
Th-230 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 1.551E-07 0.1011 
U-234 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 5.060E-08 0.0330 
U-235 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 4.673E-07 0.3048 
U-238 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 5.002E-07 0.3262 

Total 0.00CE+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 1.533E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 
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Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 

Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 1.455E-09 0.000E+00 0.000E+00 0.000E+00 8.016E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.016E-07 

Pa-231 9.239E-08 0.000E+00 0.000E+00 0.000E+00 5.092E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.092E-05 

Pb-210 2.185E-04 0.000E+00 0.000E+00 0.000E+00 1.204E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.204E-01 

Ra-226 2.237E-04 0.000E+00 0.000E+00 0.000E+00 1.233E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.233E-01 

Th-230 1.245E-02 0.000E+00 0.000E+00 0.000E+00 6.863E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.863E+00 

U-234 2.031E-02 0.000E+00 0.000E+00 0.000E+00 1.119E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.119E+01 

U-235 4.367E-03 0.000E+00 0.000E+00 0.000E+00 2.406E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.406E+00 
U-238 2.031E-02 0.000E+00 0.000E+00 0.000E+00 1.119E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.119E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

II03/24/2011 07:31 	e 8 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 7.851E-11 0.0001 1.452E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.452E-12 0.0000 
Pa-231 3.287E-11 0.0000 1.402E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.351E-12 0.0000 
Pb-210 1.902E-10 0.0001 8.095E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.550E-09 0.0055 
Ra-226 4.663E-07 0.3026 8.326E-11 0.0001 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.897E-09 0.0019 
Th-230 1.989E-09 0.0013 8.874E-09 0.0058 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.466E-08 0.0225 
U-234 9.985E-10 0.0006 5.736E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.381E-08 0.0284 
U-235 4.560E-07 0.2959 1.093E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.741E-09 0.0063 
U-238 4.369E-07 0.2835 4.705E-09 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.823E-08 0.0378 

Total 1.362E-06 0.8842 2.057E-08 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.579E-07 0.1025 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 8.441E-11 0.0001 
Pa-231 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 4.063E-11 0.0000 
Pb-210 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 8.821E-09 0.0057 
Ra-226 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 4.692E-07 0.3045 
Th-230 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 4.552E-08 0.0295 
U-234 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 5.054E-08 0.0328 
0-235 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 4.668E-07 0.3029 
U-238 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 4.999E-07 0.3244 

Total 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 1.541E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 1.000E+00 years 

Radionuclides 
Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 1.196E-10 0.0001 5.091E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.377E-09 0.0035 
Ra-226 3.493E-07 0.2267 8.683E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.753E-09 0.0031 
Th-230 1.190E-07 0.0772 8.899E-09 0.0058 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.597E-08 0.0233 
0-234 1.014E-09 0.0007 5.737E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.381E-08 0.0284 
0-235 4.561E-07 0.2960 1.096E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.751E-09 0.0063 
U-238 4.369E-07 0.2835 4.705E-09 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.823E-08 0.0378 

Total 1.362E-06 0.8842 2.057E-08 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.579E-07 0.1025 

0 

0 

• 	• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 5.547E-09 0.0036 
Ra-226 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 3.542E-07 0.2299 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.638E-07 0.1063 
U-234 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 5.056E-08 0.0328 
U-235 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 4.670E-07 0.3030 
U-238 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 4.999E-07 0.3244 

Total 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 1.541E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 1.279E-08 0.000E+00 0.000E+00 0.000E+00 7.050E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.050E-06 
Pa-231 2.768E-07 0.000E+00 0.000E+00 0.000E+00 1.525E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.525E-04 
Pb-210 2.190E-04 0.000E+00 0.000E+00 0.000E+00 1.207E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.207E-01 
Ra-226 2.340E-04 0.000E+00 0.000E+00 0.000E+00 1.290E-01 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.290E-01 
Th-230 1.245E-02 0.000E+00 0.000E+00 0.000E+00 6.863E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.863E+00 
U-234 2.028E-02 0.000E+00 0.000E+00 0.000E+00 1.117E+01 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.117E+01 
U-235 4.361E-03 0.000E+00 0.000E+00 0.000E+00 2.403E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.403E+00 
U-238 2.028E-02 0.000E+00 0.000E+00 0.000E+00 1.117E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.117E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E-00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi -212 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.003E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.003E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

0 
	

Water Independent Pathways (Inhalation excludes radon) 
0 	 Ground 
	

Inhalation 	 Plant 	 Meat 	 Milk 
	

S oil 
Radio 
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 9.641E-11 0.0001 1.783E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.468E-12 0.0000 
Pa-231 3.770E-11 0.0000 1.608E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.284E-12 0.0000 
Pb-210 1.930E-10 0.0001 8.215E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0300 8.676E-09 0.0056 
Ra-226 4.828E-07 0.3102 8.623E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0300 3.000E-09 0.0019 
Th-230 1.989E-09 0.0013 8.874E-09 0.0057 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.466E-08 0.0223 
U-234 9.971E-10 0.0006 5.728E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.374E-08 0.0281 
U-235 4.553E-07 0.2926 1.091E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.727E-09 0.0062 
U-238 4.363E-07 0.2803 4.698E-09 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 C.000E+00 0.0000 5.815E-08 0.0374 

Total 1.378E-06 0.8853 2.056E-08 0.0132 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.580E-07 0.1015 

• 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 1.037E-10 0.0001 
Pa-231 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 4.659E-11 0.0000 
Pb-210 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 8.951E-09 0.0058 
Ra-226 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 4.859E-07 0.3122 
Th-230 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 4.553E-08 0.0293 
U-234 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 5.047E-08 0.0324 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000C 0.000E+00 0.0000 0.000E+00 0.0000 4.662E-07 0.2995 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000C 0.000E+00 0.0000 0.000E+00 0.0000 4.991E-07 0.3207 

Total 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 1.556E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Si-214 Rn-220 P0-216 Pb-212 Si-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk S oil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 1.123E-10 0.0001 4.780E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.049E-09 0.0032 
Ra-226 3.487E-07 0.2240 8.973E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.068E-09 0.0033 
Th-230 1.362E-07 0.0875 8.903E-09 0.0057 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.621E-08 0.0233 
U-234 1.016E-09 0.0007 5.729E-09 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.375E-08 0.0281 
U-235 4.555E-07 0.2927 1.095E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.739E-09 0.0063 
U-238 4.363E-07 0.2803 4.698E-09 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.815E-08 0.0374 

Total 1.378E-06 0.8853 2.056E-08 0.0132 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.580E-07 0.1015 



1RE5RAD, Version 6.5 	rn Limit = 180 days 	03/24/2011 07:31 Page 13 
Intrisk : DT-17-Industrial 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 5.209E-09 0.0033 
Ra-226 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 3.539E-07 0.2274 
Th-230 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 1.813E-07 0.1165 
0-234 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 5.050E-08 0.0324 
0-235 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 4.663E-07 0.2996 
0-238 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 4.992E-07 0.3207 

Total 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 1.556E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	 • 
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Radio- 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 1.313E-07 0.000E+00 0.000E+00 0.000E+00 7.237E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.237E-05 
Pa-231 9.179E-07 0.000E+00 0.000E+00 0.000E+00 5.058E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.058E-04 
Pb-210 2.251E-04 0.000E+00 0.000E+00 0.000E+00 1.240E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.240E-01 
Ra-226 2.701E-04 0.000E+00 0.000E+00 0.000E+00 1.489E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.489E-01 
Th-230 1.245E-02 0.000E+00 0.000E+00 0.000E+00 6.864E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.864E+00 
U-234 2.018E-02 0.000E+00 0.000E+00 0.000E+00 1.112E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.112E+01 
U-235 4.339E-03 0.000E+00 0.000E+00 0.000E+00 2.391E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.391E+00 
U-238 2.018E-02 0.000E+00 0.000E+00 0.000E+00 1.112E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.112E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 
0 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 1.738E-10 0.0001 3.213E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.854E-12 0.0000 
Pa-231 5.449E-11 0.0000 2.324E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.053E-11 0.0000 
Pb-210 2.053E-10 0.0001 8.740E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.230E-09 0.0057 
Ra-226 5.406E-07 0.3358 9.654E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.359E-09 0.0021 
Th-230 1.989E-09 0.0012 8.875E-09 0.0055 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.466E-08 0.0215 
U-234 9.921E-10 0.0006 5.699E-09 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.353E-08 0.0270 
U-235 4.531E-07 0.2814 1.086E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.678E-09 0.0060 
U-238 4.341E-07 0.2696 4.675E-09 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.786E-08 0.0359 

Total 1.431E-06 0.8889 2.052E-08 0.0127 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.583E-07 0.0983 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 1.868E-10 0.0001 
Pa-231 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 6.734E-11 0.0000 
Pb-210 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 9.523E-09 0.0059 
Ra-226 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 5.441E-07 0.3379 
Th-230 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 4.553E-08 0.0283 
U-234 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 5.022E-08 0.0312 
U-235 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 4.638E-07 0.2881 
U-238 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 4.967E-07 0.3085 

Total 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 1.610E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 9.011E-11 0.0001 3.836E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.051E-09 0.0025 
Ra-226 3.464E-07 0.2152 9.844E-11 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.017E-09 0.0037 
Th-230 1.963E-07 0.1219 8.919E-09 0.0055 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.717E-08 0.0231 
U-234 1.028E-09 0.0006 5.702E-09 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.354E-08 0.0270 
U-235 4.533E-07 0.2815 1.092E-09 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.698E-09 0.0060 
U-238 4.341E-07 0.2696 4.675E-09 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.786E-08 0.0359 

Total 1.431E-06 0.8889 2.052E-08 0.0127 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.583E-07 0.0983 

• 	 • 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 4.180E-09 0.0026 

Ra-226 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 3.525E-07 0.2190 

Th-230 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 2.424E-07 0.1505 

U-234 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 5.026E-08 0.0312 

U-235 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 4.641E-07 0.2882 

U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.0003+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.967E-07 0.3085 

Total 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 1.610E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio-
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+01 years 

	

Water Independent Pathways (Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 9.572E-07 0.000E+00 0.000E+00 0.000E+00 5.275E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.275E-04 
Pa-231 2.714E-06 0.000E+00 0.000E+00 0.000E+00 1.496E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.496E-03 
Pb-210 2.707E-04 0.000E+00 0.000E+00 0.000E+00 1.492E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.492E-01 
Ra-226 3.720E-04 0.000E+00 0.000E+00 0.000E+00 2.050E-01 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00 2.050E-01 
Th-230 1.246E-02 0.000E+00 0.000E+00 0.000E+00 6.864E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.864E+00 
U-234 1.989E-02 0.000E+00 0.000E+00 0.000E+00 1.096E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.096E+01 
U-235 4.277E-03 0.000E+00 0.000E+00 0.000E+00 2.357E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.357E+00 
U-238 1.989E-02 0.000E+00 0.000E+00 0.000E+00 1.096E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.096E+01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9Wirn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi -212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk S oi l 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 4.847E-10 0.0003 8.961E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.749E-11 0.0000 
Pa-231 1.015E-10 0.0001 4.330E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+C0 0.0000 1.962E-11 0.0000 
Pb-210 2.561E-10 0.0001 1.090E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.151E-08 0.0065 
Ra-226 7.036E-07 0.3992 1.256E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.372E-09 0.0025 
Th-230 1.989E-09 0.0011 8.876E-09 0.0050 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.467E-08 0.0197 
U-234 9.780E-10 0.0006 5.618E-09 0.0032 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000C 4.291E-08 0.0243 
U-235 4.466E-07 0.2534 1.071E-09 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.541E-09 0.0054 
U-238 4.280E-07 0.2428 4.608E-09 0.0026 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.704E-08 0.0324 

Total 1.582E-06 0.8976 2.042E-08 0.0116 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.601E-07 0.0908 

• 	 • 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 5.212E-10 0.0003 
Pa-231 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 1.255E-10 0.0001 
Pb-210 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 1.188E-08 0.0067 
Ra-226 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 7.081E-07 0.4018 
Th-230 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 4.553E-08 0.0258 
U-234 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 4.950E-08 0.0281 
U-235 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 4.572E-07 0.2594 
U-238 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 4.896E-07 0.2778 

Total 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 1.763E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Si-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 4.805E-11 0.0000 2.045E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.160E-09 0.0012 
Ra-226 3.400E-07 0.1929 1.141E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.754E-09 0.0044 
Th-230 3.657E-07 0.2075 8.970E-09 0.0051 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.062E-08 0.0230 
U-234 1.095E-09 0.0006 5.623E-09 0.0032 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.293E-08 0.0244 
U-235 4.472E-07 0.2537 1.084E-09 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.588E-09 0.0054 
U-238 4.280E-07 0.2428 4.609E-09 0.0026 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.704E-08 0.0324 

Total 1.532E-06 0.8976 2.042E-08 0.0116 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.601E-07 0.0908 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 2.229E-09 0.0013 
Ra-226 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 3.478E-07 0.1974 
Th-230 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 4.153E-07 0.2356 
U-234 0.00CE+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 4.964E-08 0.0282 
U-235 0.00CE+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 4.579E-07 0.2598 
U-238 0.00CE+00 0.0000 0.000E+00 0.0000 0.00QE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.896E-07 0.2778 

Total 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 1.763E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	• 



Meat Milk 	Soil 	Water Meat Fish 	Plant 

Bi -212 

Radionuclides 

Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

Water-dep. == Water-dependent Water-id. == Water-independent 
0 

0 
0 	 Ground 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Plant 	 Meat 	 Milk 
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File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-INDUSTRIAL  2011.RAD 

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 1.000E+02 years 

• 
Radio 
Nuclide Inhalation Plant 

Ac-227 5.888E-06 0.000E+00 
Pa-231 8.599E-06 0.000E+00 
Pb-210 5.599E-04 0.000E+00 
Ra-226 7.138E-04 0.000E+00 
Th-230 1.246E-02 0.000E+00 
0-234 1.892E-02 0.000E+00 
0-235 4.069E-03 0.000E+00 
0-238 1.892E-02 0.000E+00 

0.000E+00 0.000E+00 3.245E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 4.739E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 3.085E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 3.933E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 6.866E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 1.043E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 2.242E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 1.043E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 
Ingestion* Milk 

0.000E+00 3.245E-03 
0.000E+00 4.739E-03 
0.000E+00 3.085E-01 
0.000E+00 3.933E-01 
0.000E+00 6.866E+00 
0.000E+00 1.043E+01 
0.000E+00 2.242E+00 
0.000E+00 1.043E+01 

Water Independent Pathways (Inhalation w/o radon) 	 Water Dependent Pathways 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+02 years 
0 

Radon 
Pathway 

Water-id. 
Water-dep. 

Total 

Rn-222 Po-218 

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

0.000E+00 0.000E+00 

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

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

Soil 

Radio 
Nuclide risk fract. 

Ac-227 1.928E-09 0.0008 
Pa-231 2.556E-10 0.0001 
Pb-210 5.034E-10 0.0002 
Ra-226 1.251E-06 0.5491 
Th-230 1.990E-09 0.0009 
0-234 9.303E-10 0.0004 
0-235 4.248E-07 0.1865 
0-238 4.071E-07 0.1787 

Total 2.088E-06 0.9168 

risk 	fract. 

3.565E-11 0.0000 
1.090E-11 0.0000 
2.143E-10 0.0001 
2.233E-10 0.0001 
8.878E-09 0.0039 
5.344E-09 0.0023 
1.018E-09 0.0004 
4.383E-09 0.0019 

rLsk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

risk 	fract. 

1.093E-10 0.0000 
4.938E-11 0.0000 
2.264E-08 0.0099 
7.771E-09 0.0034 
3.468E-08 0.0152 
4.081E-08 0.0179 
9.075E-09 0.0040 
5.425E-08 0.0238 

2.011E-08 0.0088 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.694E-07 0.0744 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Nil k All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 2.073E-09 0.0009 
Pa-231 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 3.159E-10 0.0001 
Pb-210 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 2.335E-08 0.0103 
Ra-226 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 1.259E-06 0.5526 
Th-230 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 4.554E-08 0.0200 
U-234 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 4.709E-08 0.0207 
U-235 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 4.349E-07 0.1910 
U-238 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 4.657E-07 0.2045 

Total 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 2.278E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.003E+00 
0.003E+00 

Total 

Water-id. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

0.000E+00 0.000E+00 0.003E+00 

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 5.319E-12 0.0000 2.264E-12 0.0000 0.000E+00 0.0000 0.000E+00 C.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.392E-10 0.0001 
Ra-226 3.183E-07 0.1397 1.240E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.076E-09 0.0040 
Th-230 9.340E-07 0.4101 9.175E-09 0.0040 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.570E-08 0.0245 
U-234 1.699E-09 0.0007 5.357E-09 0.0024 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.087E-08 0.0179 
U-235 4.270E-07 0.1875 1.065E-09 0.0005 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.234E-09 0.0041 
U-238 4.071E-07 0.1787 4.385E-09 0.0019 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.427E-08 0.0238 

Total 2.088E-06 0.9168 2.011E-08 0.0088 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.694E-07 0.0744 

• 	• 	• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 2.467E-10 0.0001 

Ra-226 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 3.275E-07 0.1438 

Th-230 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 9.988E-07 0.4386 

U-234 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 4.793E-08 0.0210 

U-235 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 4.373E-07 0.1920 

U-238 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 4.657E-07 0.2045 

Total 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 2.278E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio- 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual RadionuclLdes 	(i) 	and Pathways 	(p) 
As pCi/yr at t= 3.000E+02 years 

	

Water Independent Pathways (Inhalation w/o radon) 	 Water Dependent Pathways 
Total 

Milk 	Ingestion* Nuclide 	Inhalation 	Plant 	Meat Milk 	Soil 	Water Fish 	Plant Meat 

Ac-227 	1.941E-05 	0.000E+00 	0.000E+00 	0.000E+00 	1.070E-02 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	1.070E-02 
Pa-231 	2.231E-05 	0.000E+00 	0.000E+00 	0.000E+00 	1.230E-02 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	1.230E-02 
Pb-210 	1.430E-03 	0.000E+00 	0.000E+00 	0.000E+00 	7.881E-01 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	7.881E-01 
Ra-226 	1.575E-03 	0.000E+00 	0.000E+00 	0.000E+00 	8.679E-01 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	8.679E-01 
Th-230 	1.247E-02 	0.000E+00 	0.000E+00 	0.000E+00 	6.871E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	6.871E+00 
U-234 	1.640E-02 	0.000E+00 	0.000E+00 	0.000E+00 	9.037E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	9.037E+00 
U-235 	3.527E-03 	0.000E+00 	0.000E+00 	0.000E+00 	1.943E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	1.943E+00 
U-238 	1.640E-02 	0.000E+00 	0.000E+00 	0.000E+00 	9.037E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	9.037E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-Jependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi-212 

Water-id. 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 
Water-dep. 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 

Total 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 	0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 

Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Inhalation 	 Plant 	 Meat 	 Milk Ground S oil 

risk 	fract. risk 	fract. risk 	fract. risk 	fract. risk 	fract. risk 	fract. 

Ac-227 5.679E-09 0.0016 1.050E-10 	0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0030 3.221E-10 	0.0001 
Pa-231 6.142E-10 	0.0002 2.620E-11 0.0000 0.000E+00 0.0000 0.000E+00 	0.0000 0.000E+00 0.0030 1.187E-10 0.0000 
Pb-210 1.207E-09 0.0003 5.137E-10 	0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 	0.0030 5.425E-08 0.0152 
Ra-226 2.629E-06 0.7352 4.694E-10 	0.0001 0.000E+00 	0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.633E-08 	0.0046 
Th-230 1.991E-09 0.0006 8.884E-09 0.0025 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0030 3.470E-08 	0.0097 
U-234 8.064E-10 0.0002 4.632E-09 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 	0.0030 3.538E-08 0.0099 
U-235 3.683E-07 0.1030 8.827E-10 	0.0002 0.000E+00 	0.0000 0.000E+00 0.0000 0.000E+00 0.0030 7.866E-09 0.0022 
U-238 3.529E-07 	0.0987 3.799E-09 0.0011 0.000E+00 0.0000 0.000E+00 	0.0000 0.000E+00 0.0030 4.703E-08 	0.0132 

Total 3.360E-06 0.9398 	1.931E-08 0.0054 	0.000E+00 0.0000 	0.000E+00 0.0000 	0.000E-00 0.0000 	1.960E-07 0.0548 

• • 
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Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Plant 	 Meat 	 Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.106E-09 0.0017 

Pa-231 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.591E-10 0.0002 
Pb-210 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 5.597E-08 0.0157 
Ra-226 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 2.645E-06 0.7399 
Th-230 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.557E-08 0.0127 

U-234 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.082E-08 0.0114 
U-235 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.770E-07 0.1054 
U-238 0.030E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.037E-07 0.1129 

Total 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 3.575E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi -212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 9.833E-15 0.0000 4.207E-15 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.444E-13 0.0000 
Ra-226 2.635E-07 0.0737 1.046E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.715E-09 0.0022 
Th-230 2.363E-06 0.6609 9.724E-09 0.0027 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.730E-08 0.0272 
U-234 6.092E-09 0.0017 4.666E-09 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.562E-08 0.0100 
U-235 3.745E-07 0.1048 1.014E-09 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.307E-09 0.0023 
U-238 3.529E-07 0.0987 3.804E-09 0.0011 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.706E-08 0.0132 

Total 3.360E-06 0.9398 1.931E-08 0.0054 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.960E-07 0.0548 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 4.585E-13 0.0000 
Ra-226 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 2.713E-07 0.0759 
Th-230 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 2.470E-06 0.6909 
U-234 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 4.638E-08 0.0130 
U-235 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 3.839E-07 0.1074 
U-238 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 4.037E-07 0.1129 

Total 0.00CE+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 3.575E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 	 • 
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Bi -212 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+03 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

Water-dep. == Water-dependent Water-id. == Water-independent 

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 1.000E+03 years 

• 
Radio 
Nuclide 

Water Independent Pathways 	(Inhalation w/o radon) 

Inhalation Plant Meat Milk Soil 

Ac-227 4.203E-05 0.000E+00 0.000E+00 0.000E+00 2.316E-02 
Pa-231 4.477E-05 0.000E+00 0.000E+00 0.000E+00 2.467E-02 
Pb-210 3.474E-03 0.000E+00 0.000E+00 0.000E+00 1.914E+00 
Ra-226 3.580E-03 0.000E+00 0.000E+00 0.000E+00 1.973E+00 
Th-230 1.247E-02 0.000E+00 0.000E+00 0.000E+00 6.869E+00 
U-234 9.943E-03 0.000E+00 0.000E+00 0.000E+00 5.480E+00 
U-235 2.138E-03 0.000E+00 0.000E+00 0.000E+00 1.178E+00 
U-238 9.943E-03 0.000E+00 0.000E+00 0.000E+00 5.480E+00 

Water Dependent Pathways 
Total 

Ingestion* Fish Plant Meat Milk 

0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.316E-02 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.467E-02 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.914E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.973E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.869E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.480E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.178E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.480E+00 

Water-id. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

S o il 

risk 	fract. 

Ac-227 1.190E-08 0.0018 
Pa-231 1.198E-09 0.0002 
Pb-210 2.854E-09 0.0004 
Ra-226 5.837E-06 0.8892 
Th-230 1.991E-09 0.0003 

	

U-234 	4.890E-10 0.0001 

	

U-235 	2.233E-07 0.0340 

	

U-238 	2.140E-07 0.0326 

2.200E-10 0.0000 
5.110E-11 0.0000 
1.215E-09 0.0002 
1.042E-09 0.0002 
8.881E-09 0.0014 
2.809E-09 0.0004 
5.352E-10 0.0001 
2.304E-09 0.0004 

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 
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 
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 
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 

6.749E-10 0.0001 
2.314E-10 0.0000 
1.283E-07 0.0195 
3.627E-08 0.0055 
3.469E-08 0.0053 
2.145E-08 0.0033 
4.770E-09 0.0007 
2.851E-08 0.0043 

6.292E-06 0.9586 1.706E-08 0.0026 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.549E-07 0.0388 Total 

Water 

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

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Plant 	 Meat 	 Milk 

0 
0 	 Ground 
Radio 	  
Nuclide 	risk 	fract. risk 	fract. risk 	fract. risk 	fract. risk 	fract. 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+03 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 1.280E-08 0.0019 
Pa-231 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 1.480E-09 0.0002 
Pb-210 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 1.324E-07 0.0202 
Ra-226 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 5.874E-06 0.8948 
Th-230 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 4.556E-08 0.0069 
U-234 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 2.475E-08 0.0038 
U-235 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 2.286E-07 0.0348 
U-238 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 2.448E-07 0.0373 

Total 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 6.564E-06 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+03 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.00CE+00 
0.00CE+00 

Tota l 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

0.000E+00 0.000E+00 0.00CE+00 

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 2.733E-24 0.0000 1.163E-24 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.229E-22 0.0000 
Ra-226 1.36CE-07 0.0207 5.399E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.983E-09 0.0006 
Th-230 5.667E-06 0.8633 1.098E-08 0.0017 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.939E-07 0.0295 
U-234 3.872E-08 0.0059 2.909E-09 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.281E-08 0.0035 
U-235 2.364E-07 0.0360 8.064E-10 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.676E-09 0.0009 
U-238 2.140E-07 0.0326 2.312E-09 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.858E-08 0.0044 

Total 6.292E-06 0.9586 1.706E-08 0.0026 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.549E-07 0.0388 

• 	 • 	• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk tract. risk tract. risk fract. risk tract. risk tract. risk fract. risk fract. 

Pb-210 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 1.268E-22 0.0000 

Ra-226 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 1.401E-07 0.0213 

Th-230 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 5.872E-06 0.8945 

U-234 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 6.444E-08 0.0098 

U-235 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 2.429E-07 0.0370 

U-238 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 2.449E-07 0.0373 

Total 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 6.564E-06 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 



0.00E+01 
1 10 
	

100 
	

1000 

8.00E-06 

6.00E-06 

4.00E-06 

2.00E-06 
	X 

EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed 

Years 

—0— Pb-210 	 Ra -226 -12-- Th-230 --A-- U-234 	—V— U-235 	—)1(-- U-238 	—X— Total 
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Dose Conversion Factor (and Related) Parameter Summary 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

A-1 DCF's for external ground radiation, 	(mrem/yr)/(pCi/g) 
A-1 Ac-227 	(Source: 	FGR 12) 4.951E-04 4.951E-04 DCF1( 	1) 
A-1 At-218 	(Source: 	FGR 12) 5.847E-03 5.847E-03 DCF1( 	2) 
A-1 Bi-210 	(Source: 	FGR 12) 3.606E-03 3.606E-03 DCF1( 	3) 
A-1 Bi-211 	(Source: 	FGR 12) 2.559E-01 2.559E-01 DCF1( 	4) 
A-1 Bi-214 	(Source: 	FGR 12) 9.808E+00 9.808E+00 DCF1( 	5) 
A-1 Fr-223 	(Source: 	FGR 12) 1.980E-01 1.980E-01 DCF1( 	6) 
A-1 Pa-231 	(Source: 	FGR 12) 1.906E-01 1.906E-01 DCF1( 	7) 
A-1 Pa-234 	(Source: 	FGR 12) 1.155E+01 1.155E+01 DCF1( 	8) 
A-1 Pa-234m 	(Source: 	FGR 12) 8.967E-02 8.967E-02 DCF1( 	9) 
A-1 Pb-210 	(Source: 	FGR 12) 2.447E-03 2.447E-03 DCF1( 	10) 
A-1 Pb-211 	(Source: 	FGR 12) 3.064E-01 3.064E-01 DCF1( 	11) 
A-1 Pb-214 	(Source: 	FGR 12) 1.341E+00 1.341E+00 DCF1( 	12) 
A-1 Po-210 	(Source: 	FGR 12) 5.231E-05 5.231E-05 DCF1( 	13) 
A-1 P0-211 	(Source: 	FGR 12) 4.764E-02 4.764E-02 DCF1( 	14) 
A-1 P0-214 	(Source: 	FGR 12) 5.138E-04 5.138E-04 DCF1( 	15) 
A-1 Po-215 	(Source: 	FGR 12) 1.016E-03 1.016E-03 DCF1( 	16) 
A-1 Po-218 	(Source: 	FGR 12) 5.642E-05 5.642E-05 DCF1( 	17) 
A-1 Ra-223 	(Source: 	FGR 12) 6.034E-01 6.034E-01 DCF1( 	18) 
A-1 Ra-226 	(Source: 	FGR 12) 3.176E-02 3.176E-02 DCF1( 	19) 
A-1 Rn-219 	(Source: 	FGR 12) 3.083E-01 3.083E-01 DCF1( 	20) 
A-1 Rn-222 	(Source: 	FGR 12) 2.354E-03 2.354E-03 DCF1( 	21) 
A-1 Th-227 	(Source: 	FGR 12) 5.212E-01 5.212E-01 DCF1( 	22) 
A-1 Th-230 	(Source: 	FGR 12) 1.209E-03 1.209E-03 DCF1( 	23) 
A-1 Th-231 	(Source: 	FGR 12) 3.643E-02 3.643E-02 DCF1( 	24) 
A-1 Th-234 	(Source: 	FGR 12) 2.410E-02 2.410E-02 DCF1( 	25) 
A-1 T1-207 	(Source: 	FGR 12) 1.980E-02 1.980E-02 DCF1( 	26) 
A-1 T1-210 	(Source: 	no data) 0.000E+00 -2.000E+00 DCF1( 	27) 
A-1 U-234 	(Source: 	FGR 12) 4.017E-04 4.017E-04 DCF1( 	28) 
A-1 U-235 	(Source: 	FGR 12) 7.211E-01 7.211E-01 DCF1( 	29) 
A-1 U-238 	(Source: 	FGR 12) 1.031E-04 1.031E-04 DCF1( 30) 

B-1 Dose conversion factors for inhalation, mrem/pCi: 
B-1 Ac-227+D 6.724E+00 6.700E+00 DCF2( 1) 
B-1 Pa-231 1.280E+00 1.280E+00 DCF2( 	2) 
B-1 Pb-210+D 2.320E-02 1.360E-02 DCF2( 	3) 
B-1 Ra-226+D 8.594E-03 8.580E-03 DCF2( 	4) 
B-1 Th-230 3.260E-01 3.260E-01 DCF2( 	5) 
B-1 U-234 1.320E-01 1.320E-01 DCF2( 	6) 
B-1 U-235+D 1.230E-01 1.230E-01 DCF2( 	7) 
B-1 U-238 1.180E-01 1.180E-01 DCF2( 	8) 
B-1 U-238+D 1.180E-01 1.180E-01 DCF2( 	9) 

D-1 Dose conversion factors for ingestion, mrem/pCi: 
D-1 Ac-227+D 1.480E-02 1.410E-02 DCF3( 	1) 
D-1 Pa-231 1.060E-02 1.060E-02 DCF3( 	2) 
D-1 Pb-210+D 7.276E-03 5.370E-03 DCF3( 	3) 
D-1 Ra-226+D 1.321E-03 1.320E-03 DCF3( 	4) 
D-1 Th-230 5.480E-04 5.480E-04 DCF3( 	5) 
D-1 U-234 2.830E-04 2.830E-04 DCF3( 	6) 
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

0-1 0-235+0 2.673E-04 2.660E-04 DCF3( 	7) 
D-1 U-238 2.550E-04 2.550E-04 DCF3( 	8) 
D-1 U-238+D 2.687E-04 2.550E-04 DCF3( 	9) 

D-34 Food transfer factors: 
0-34 Ac-227+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	1,1) 
D-34 Ac-227+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,2) 
D-34 Ac-227+D 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 2.000E-05 2.000E-05 RTF( 	1,3) 
D-34 
0-34 Pa-231 	, plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 	2,1) 
0-34 Pa-231 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 5.000E-03 5.000E-03 RTF( 	2,2) 
0-34 Pa-231 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	2,3) 
D-34 
D-34 Pb-210+D 	, plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 	3,1) 
D-34 Pb-210+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 8.000E-04 8.000E-04 RTF( 	3,2) 
0-34 Pb-210+D 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 3.000E-04 3.000E-04 RTF( 	3,3) 
D-34 
D-34 Ra-226+D 	, plant/soil concentration ratio, dimensionless 4.000E-02 4.000E-02 RTF( 	4,1) 
D-34 Ra-226+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-03 1.000E-03 RTF( 	4,2) 
D-34 Ra-226+D 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 1.000E-03 1.300E-03 RTF( 	4,3) 
D-34 
D-34 Th-230 	, plant/soil concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( 	5,1) 
0-34 Th-230 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 1.000E-04 1.000E-04 RTF( 	5,2) 
D-34 Th-23C 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 	5,3) 
D-34 
0-34 U-234 	, plant/soil concentration ratio, 	dimensionless 2.500E-03 2.500E-03 RTF( 	6,1) 
D-34 U-234 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	6,2) 
D-34 0-234 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	6,3) 
D-34 
0-34 0-235+0 	, plant/soil concentration ratio, 	dimensionless 2.500E-03 2.500E-03 RTF( 	7,1) 
D-34 0-235+0 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	7,2) 
D-34 0-235+0 	, milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	7,3) 
D-34 
0-34 0-238 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	8,1) 
0-34 0-238 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	8,2) 
D-34 0-238 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-34 RTF( 	8,3) 
D-34 
D-34 U-238+D 	, plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 	9,1) 
0-34 U-238+D 	, 	beef/livestock-intake ratio, 	(pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF( 	9,2) 
0-34 0-238+0 	, 	milk/livestock-intake ratio, 	(pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF( 	9,3) 

0-5 Bioaccumulation factors, 	fresh water, 	L/kg: 
D-5 Ac-227+D 	, 	fish 1.500E+01 1.500E+01 BIOFAC( 	1,1) 
D-5 Ac-227-D 	, crustacea and mollusks 1.000E+03 1.000E+03 BIOFAC( 	1,2) 
D-5 
D-5 Pa-231 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	2,1) 
D-5 Pa-231 	, 	crustacea and mollusks 1.100E+02 1.100E+02 BIOFAC( 	2,2) 
D-5 
0-5 Pb-210+D 	, 	fish 3.000E+02 3.000E+02 BIOFAC( 	3,1) 
D-5 Pl2nial0+D 	, 	crustacea and mollusks 1.0216E+02 1.000E+02 BIOFAC( 	3,2) • 
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
Dose Library: FGR 12 & FGR 11 

Menu Parameter 
Current 
Value# 

Base 
Case* 

Parameter 
Name 

D-5 Ra-226+D 	, 	fish 5.000E+01 5.000E+01 BIOFAC( 	4,1) 
D-5 Ra-226+D 	, 	crustacea and mollusks 2.500E+02 2.500E+02 BIOFAC( 	4,2) 
D-5 
D-5 Th-230 	, 	fish 1.000E+02 1.000E+02 BIOFAC( 	5,1) 
D-5 Th-230 	, 	crustacea and mollusks 5.000E+02 5.000E+02 BIOFAC( 	5,2) 
D-5 
D-5 U-234 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	6,1) 
D-5 U-234 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	6,2) 
D-5 
D-5 U-235+D 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	7,1) 
D-5 U-235+D 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	7,2) 
D-5 
D-5 U-238 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	8,1) 
D-5 U-238 	, 	crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	8,2) 
D-5 
D-5 U-238+D 	, 	fish 1.000E+01 1.000E+01 BIOFAC( 	9,1) 
D-5 U-238+D 	, crustacea and mollusks 6.000E+01 6.000E+01 BIOFAC( 	9,2) 

#For DCF1(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report. 
*Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Site-Specific Parameter Summary 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R011 Area of contaminated zone 	(m**2) 2.202E+03 1.000E+04 --- AREA 
R011 Thickness of contaminated zone 	(m) 2.000E+00 2.000E+00 --- THICK() 
R011 Fraction of contamination that is submerged 0.000E+00 0.000E+00 --- SUBMFRACT 
R011 Length parallel to aquifer flow (m) not used 1.000E+02 --- LCZPAQ 
R011 Basic radiation dose limit 	(mrem/yr) 2.500E+01 3.000E+01 --- BRDL 
R011 Time since placement of material 	(yr) 0.000E+00 0.000E+00 --- TI 
R011 Times for calculations 	(yr) 1.000E+00 1.000E+00 --- T( 	2) 
R011 Times for calculations 	(yr) 3.000E+00 3.000E+00 --- T( 	3) 
R011 Times for calculations 	(yr) 1.000E+01 1.000E+01 --- T( 	4) 
R011 Times for calculations 	(yr) 3.000E+01 3.000E+01 --- T( 	5) 
R011 Times for calculations 	(yr) 1.000E+02 1.000E+02 --- T( 	6) 
R011 Times for calculations 	(yr) 3.000E+02 3.000E+02 --- T( 	7) 
R011 Times for calculations 	(yr) 1.000E+03 1.000E+03 --- T( 	8) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T( 	9) 
R011 Times for calculations 	(yr) not used 0.000E+00 --- T(10) 

R012 Initial principal radionuclide 	(pCi/g): 	Pb-210 1.000E-02 0.000E+00 S1(3) 
R012 Initial principal radionuclide 	(pCi/g): 	Ra-226 1.000E-02 0.000E+00 --- S1(4) 
R012 Initial principal radionuclide 	(pCi/g): 	Th-230 5.700E-01 0.000E+00 --- S1(5) 
R012 Initial principal radionuclide 	(pCi/g): 	U-234 9.300E-01 0.000E+00 --- S1(6) 
R012 Initial principal radionuclide 	(pCi/g): 	U-235 2.000E-01 0.000E+00 --- S1(7) 
R012 Initial principal radionuclide 	(pCi/g): 	U-238 9.300E-01 0.000E+00 --- S1(8) 
R012 Concentration in groundwater 	(pCi/L): 	Pb-210 not used 0.000E+00 --- W1( 	3) 
R012 Concentration in groundwater 	(pCi/L): 	Ra-226 not used 0.000E+00 --- W1( 	4) 
R012 Concentration in groundwater 	(pCi/L): 	Th-230 not used 0.000E+00 --- W1( 	5) 
R012 Concen7.ration in groundwater 	(pCi/L): 	U-234 not used 0.000E+00 --- W1( 	6) 
R012 Concen7.ration in groundwater 	(pCi/L): 	U-235 not used 0.000E+00 --- W1( 	7) 
R012 Concentration in groundwater 	(pCi/L): 	U-238 not used 0.000E+00 --- 	 ' W1( 	8) 

R013 Cover depth (m) 0.000E+00 0.000E+00 --- COVERO 
R013 Density of cover material 	(g/cm**3) not used 1.500E+00 --- DENSCV 
R013 Cover depth erosion rate (m/yr) not used 1.000E-03 --- VCV 
R013 Density of contaminated zone 	(g/cm**3) 1.280E-00 1.500E+00 --- DENSCZ 
R013 Contaminated zone erosion rate (m/yr) 6.000E-05 1.000E-03 --- VCZ 
R013 Contaminated zone total porosity 4.200E-01 4.000E-01 --- TPCZ 
R013 Contaminated zone field capacity 3.600E-01 2.000E-01 --- FCCZ 
R013 Contaminated zone hydraulic conductivity (m/yr) 3.048E+00 1.000E+01 --- HCCZ 
R013 Contaminated zone b parameter 1.040E+01 5.300E+00 --- BCZ 
R013 Average annual wind speed (m/sec) 4.170E+00 2.000E+00 --- WIND 
R013 Humidity in air 	(g/m**3) not used 8.000E+00 --- HUMID 
R013 Evapotranspiration coefficient 5.000E-01 5.000E-01 --- EVAPTR 
R013 Precipitation 	(m/yr) 9.200E-01 1.000E+00 --- PRECIP 
R013 Irrigation 	(m/yr) 0.000E+00 2.000E-01 --- RI 
R013 Irrigation mode overhead overhead --- IDITCH 
R013 Runoff coefficient 8.000E-01 2.000E-01 --- RUNOFF 
R013 Watershed area for nearby stream or pond (m**2) not used 1.000E+06 --- WAREA 
R013 Accuracy for water/soil computations not used 1.000E-03 --- EPS 

R014 Density of saturated zone (g/cm**3) not used 1.500E+00 --- DENSAQ 
R014 Satura7.ed zone total porosity not used 4.000E-01 --- TPSZ • 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R014 Saturated zone effective porosity not used 2.000E-01 --- EPSZ 
R014 Saturated zone field capacity not used 2.000E-01 --- FCSZ 
R014 Saturated zone hydraulic conductivity (m/yr) not used 1.000E+02 --- HCSZ 
R014 Saturated zone hydraulic gradient not used 2.000E-02 --- HGWT 
R014 Saturated zone b parameter not used 5.300E+00 --- BSZ 
R014 Water table drop rate 	(m/yr) not used 1.000E-03 --- VWT 
R014 Well pump intake depth (m below water 7,5b1e) not used 1.000E+01 --- DWIBWT 
R014 Model: Nondispersion 	(ND) 	or Mass-Balance 	(MB) not used ND --- MODEL 
R014 Well pumping rate 	(m**3/yr) not used 2.500E+02 --- UW 

R015 Number of unsaturated zone strata not used 1 --- NS 
R015 Unsat. 	zone 1, 	thickness 	(m) not used 4.000E+00 --- H(1) 
R015 Unsat. 	zone 1, 	soil density 	(g/cm**3) not used 1.500E+00 --- DENSUZ(1) 
R015 Unsat. 	zone 1, 	total porosity not used 4.000E-01 --- TPUZ(1) 
R015 Unsat. 	zone 1, 	effective porosity not used 2.000E-01 --- EPUZ(1) 
R015 Unsat. 	zone 1, 	field capacity not used 2.000E-01 --- FCUZ(1) 
R015 Unsat. 	zone 1, 	soil-specific b parameter not used 5.300E+00 --- BUZ(1) 
R015 Unsat. 	zone 1, hydraulic conductivity (m/yr) not used 1.000E+01 --- HCUZ(1) 

R016 Distribution coefficients for Pb-210 
R016 Contaminated zone 	(cm**3/g) 1.000E+02 1.000E+02 --- DCNUCC( 3) 
R016 Unsaturated zone 1 	(cm**3/g) not used 1.000E+02 --- DCNUCU( 	3,1) 
R016 Saturated zone 	(cm**3/g) not used 1.000E+02 --- DCNUCS( 3) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 3.584E-04 ALEACH( 3) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	3) 

R016 Distribution coefficients for Ra-226 
R016 Contaminated zone 	(cm**3/g) 7.000E+01 7.000E+01 --- DCNUCC( 4) 
R016 Unsaturated zone 1 	(cm**3/g) not used 7.000E+01 --- DCNUCU( 	4,1) 
R016 Saturated zone 	(cm**3/g) not used 7.000E+01 --- DCNUCS( 	4) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.113E-04 ALEACH( 4) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 4) 

R016 Distribution coefficients for Th-230 
R016 Contaminated zone 	(cm**3/g) 6.000E+04 6.000E+04 --- DCNUCC( 5) 
R016 Unsaturated zone 1 	(cm**3/g) not used 6.000E+04 --- DCNUCU( 	5,1) 
R016 Saturated zone 	(cm**3/g) not used 6.000E+04 --- DCNUCS( 5) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 5.990E-07 ALEACH( 5) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 5) 

R016 Distribution coefficients for U-234 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	6) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	6,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 	6) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 	6) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	6) 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R016 Distribution coefficients for U-235 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	7) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	7,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 	7) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 7) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 7) 

R016 Distribution coefficients for U-238 
R016 Contaminated zone (cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 	8) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	8,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 8) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 8) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	8) 

R016 Distribution coefficients for daughter Ac-227 
R016 Contaminated zone 	(cm**3/g) 2.000E+01 2.000E+01 --- DCNUCC( 	1) 
R016 Unsaturated zone 1 	(cm**3/g) not used 2.000E+01 --- DCNUCU( 	1,1) 
R016 Saturated zone 	(cm**3/g) not used 2.000E+01 --- DCNUCS( 	1) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 1.772E-03 ALEACH( 	1) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 	1) 

R016 Distribution coefficients for daughter Pa-231 
R016 Contaminated zone 	(cm**3/g) 5.000E+01 5.000E+01 --- DCNUCC( 2) 
R016 Unsaturated zone 1 	(cm**3/g) not used 5.000E+01 --- DCNUCU( 	2,1) 
R016 Saturated zone 	(cm**3/g) not used 5.000E+01 --- DCNUCS( 	2) 
R016 Leach rate 	(/yr) 0.000E+00 0.000E+00 7.147E-04 ALEACH( 2) 
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 2) 

R017 Inhalation rate 	(m**3/yr) 1.055E+04 8.400E+03 --- INHALR 
R017 Mass loading for inhalation (g/m**3) 2.000E-04 1.000E-04 --- MLINH 
R017 Exposure duration 1.000E+00 3.000E+01 --- ED 
R017 Shielding factor, 	inhalation 5.000E-01 4.000E-01 --- SHF3 
R017 Shielding factor, 	external gamma 7.000E-01 7.000E-01 --- SHF1 
R017 Fraction of time spent indoors 0.000E+00 5.000E-01 --- FIND 
R017 Fraction of time spent outdoors 	(on site) 9.100E-03 2.500E-01 --- FOTD 
R017 Shape factor flag, external gamma 1.000E+00 1.000E+00 >0 shows circular AREA. FS 
R017 Radii of shape factor array (used if FS = -1): 
R017 Outer annular radius 	(m), 	ring 	1: not used 5.000E+01 --- RAD SHAPE( li _ 
R017 Outer annular radius 	(m), 	ring 	2: not used 7.071E+01 --- RAD SHAPE( 23 _ 
R017 Outer annular radius 	(m), 	ring 	3: not used 0.000E+00 --- RAD_ SHAPE( 3) 
R017 Outer annular radius 	(m), 	ring 	4: not used 0.000E+00 --- RAD _SHAPE( 4) 
R017 Outer annular radius 	(m), 	ring 	5: not used 0.000E+00 --- RAD _SHAPE( 5) 
R017 Outer annular radius 	(m), 	ring 	6: not used 0.000E+00 --- RAD SHAPE( 6) _ 
R017 Outer annular radius 	(m), 	ring 	7: not used 0.000E+00 --- RAD_ SHAPE( 73 
R017 Outer annular radius 	(m), 	ring 	8: not used 0.000E+00 --- RAD _SHAPE( 8) 
R017 Outer annular radius 	(m), 	ring 	9: not used 0.000E+00 --- RAD _SHAPE( 9) 
R017 Outer annular radius 	(m), 	ring 10: not used 0.000E+00 --- RAD SHAPE(10) _ 
R017 Outer annular radius 	(m), 	ring 11: not used 0.000E+00 --- RAD SHAPE(11) _ 
R017 Outer annular radius 	(m), 	ring 12: not used 0.000E+00 --- RAD SHAPE(12) _ 

• 	 • 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R017 Fractions of annular areas within AREA: 
R017 Ring 	1 not used 1.000E+00 --- FRACA( 	1) 
R017 Ring 	2 not used 2.732E-01 --- FRACA( 2) 
R017 Ring 	3 not used 0.000E+00 --- FRACA( 	3) 
R017 Ring 	4 not used 0.000E+00 --- FRACA( 4) 
R017 Ring 	5 not used 0.000E+00 --- FRACA( 5) 
R017 Ring 	6 not used 0.000E+00 --- FRACA( 	6) 
R017 Ring 	7 not used 0.000E+00 --- FRACA( 7) 
R017 Ring 	8 not used 0.000E+00 --- FRACA( 8) 
R017 Ring 	9 not used 0.000E+00 --- FRACA( 	9) 
R017 Ring 10 not used 0.000E+00 --- FRACA(10) 
R017 Ring 11 not used 0.000E+00 --- FRACA(11) 
R017 Ring 12 not used 0.000E+00 --- FRACA(12) 

R018 Fruits, vegetables and grain consumption 	ikg/yr) not used 1.600E+02 --- DIET(1) 
R018 Leafy vegetable consumption (kg/yr) not used 1.400E+01 --- DIET(2) 
R018 Milk consumption 	(L/yr) not used 9.200E+01 --- DIET(3) 
R018 Meat and poultry consumption (kg/yr) not used 6.300E+01 --- DIET(4) 
R018 Fish consumption (kg/yr) not used 5.400E+00 --- DIET(5) 
R018 Other seafood consumption 	(kg/yr) not used 9.000E-01 --- DIET(6) 
R018 Soil ingestion rate 	(g/yr) 1.752E+02 3.650E+01 --- SOIL 
R018 Drinking water intake 	(L/yr) not used 5.100E+02 --- DWI 
R018 Contamination fraction of drinking water not used 1.000E+00 --- FDW 
R018 Contamination fraction of household water not used 1.000E+00 --- FHHW 
R018 Contamination fraction of livestock water not used 1.000E+00 --- FLW 
R018 Contamination fraction of irrigation water not used 1.000E+00 --- FIRW 
R018 Contamination fraction of aquatic food not used 5.000E-01 --- FR9 
R018 Contamination fraction of plant food not used -1 --- FPLANT 
R018 Contamination fraction of meat not used -1 --- FMEAT 
R018 Contamination fraction of milk not used -1 --- FMILK 

R019 Livestock fodder intake for meat 	(kg/day) not used 6.800E+01 --- LFI5 
R019 Livestock fodder intake for milk (kg/day) not used 5.500E+01 --- LFI6 
R019 Livestock water intake for meat (L/day) not used 5.000E+01 --- LWI5 
R019 Livestock water intake for milk 	(L/day) not used 1.600E+02 --- LWI6 
R019 Livestock soil intake 	(kg/day) not used 5.000E-01 --- LSI 
R019 Mass loading for foliar deposition (g/m**3) not used 1.000E-04 --- MLFD 
R019 Depth of soil mixing layer 	(m) 1.500E-01 1.500E-01 --- DM 
R019 Depth of roots 	(m) not used 9.000E-01 --- DROOT 
R019 Drinking water fraction from ground water not used 1.000E+00 --- FGWDW 
R019 Household water fraction from ground water not used 1.000E+00 --- FGWHH 
R019 Livestock water fraction from ground water not used 1.000E+00 --- FGWLW 
R019 Irrigation fraction from ground water not used 1.000E+00 --- FGWIR 

R198 Wet weight crop yield for Non-Leafy (kg/m**2) not used 7.000E-01 --- YV(1)  
R198 Wet weight crop yield for Leafy 	(kg/m**2) not used 1.500E+00 --- YV(2)  
R1913 Wet weight crop yield for Fodder 	(kg/m**2) not used 1.100E+00 --- YV(3)  
R1913 Growing Season for 	Non-Leafy (years) not used 1.700E-01 --- TE(1)  
R198 Growing Season for 	Leafy 	(years) not used 2.500E-01 --- TE(2)  
R198 Growing Season for 	Fodder 	(years) not used 8.000E-02 --- TE(3)  
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

R198 Translocation Factor for 	Non-Leafy not used 1.000E-01 --- TIV(1) 
R1913 Translocation Factor for 	Leafy not used 1.000E+00 --- TIV(2) 
R198 Translocation Factor for 	Fodder not used 1.000E+00 --- TIV(3) 
R198 Dry Foliar Interception Fraction for 	Non-Leafy not used 2.500E-01 --- RDRY(1) 
R198 Dry Foliar Interception Fraction for 	Leafy not used 2.500E-01 --- RDRY(2) 
R198 Dry Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RDRY(3) 
R198 Wet Foliar Interception Fraction for 	Non-Leafy not used 2.500E-01 --- RWET(1) 
R198 Wet Foliar Interception Fraction for 	Leafy not used 2.500E-01 --- RWET(2) 
R198 Wet Foliar Interception Fraction for 	Fodder not used 2.500E-01 --- RWET(3) 
R1913 Weathering Removal Constant for Vegetation not used 2.000E+01 --- WLAM 

C14 C-12 concentration in water (gicm**3) not used 2.000E-05 --- C12WTR 
C14 C-12 concentration in contaminated soil 	(g/g) not used 3.000E-02 --- C12CZ 
C14 Fraction of vegetation carbon from soil not used 2.000E-02 --- CSOIL 
C14 Fraction of vegetation carbon from air not used 9.800E-01 --- CAIR 
C14 C-14 evasion layer thickness in soil 	(m) not used 3.000E-01 --- DMC 
C14 C-14 evasion flux rate from soil 	(1/sec) not used 7.000E-07 --- EVSN 
C14 C-12 evasion flux rate from soil 	(1/sec) not used 1.000E-10 --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E-01 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.000E-01 --- AVFG5 

STOR Storage times of contaminated foodstuffs 	(days): 
STOR Fruits, non-leafy vegetables, 	and grain 1.400E+01 1.400E+01 --- STOR_T(1) 
STOR Leafy vegetables 1.000E+00 1.000E+00 --- STOR T(2) _ 
STOR Milk 1.000E+00 1.000E+00 --- STOR_T(3) 
STOR Meat and poultry 2.000E+01 2.000E+01 --- STOR T(4) _ 
STOR Fish 7.000E+00 7.000E+00 --- STOR T(5) _ 
STOR Crustacea and mollusks 7.000E+00 7.000E+00 --- STOR T(6) _ 
STOR Well water 1.000E+00 1.000E+00 --- STOR_T(7) 
STOR Surface water 1.000E+00 1.000E+00 --- STOR_T(8) 
STOR Livestock fodder 4.500E+01 4.500E+01 --- STOR_T(9) 

R021 Thickness of building foundation (m) not used 1.500E-01 --- FLOOR1 
R021 Bulk density of building foundation 	(g/cm**3) not used 2.400E+00 --- DENSFL 
R021 Total porosity of the cover material not used 4.000E-01 --- TPCV 
R021 Total porosity of the building foundation not used 1.000E-01 --- TPFL 
R021 Volumetric water content of the cover material not used 5.000E-02 --- PH2OCV 
R021 Volumetric water content of the foundation not used 3.000E-02 --- PH2OFL 
R021 Diffusion coefficient for radon gas 	(m/sec): 
R021 in cover material not used 2.000E-06 --- DIFCV 
R021 in foundation material not used 3.000E-07 --- DIFFL 
R021 in contaminated zone soil not used 2.000E-06 --- DIFCZ 
R021 Radon vertical dimension of mixing (m) not used 2.000E+00 --- HMIX 
R021 Average building air exchange rate 	(l/hr) not used 5.000E-01 --- REXG 
R021 Height of the building 	(room) 	(m) not used 2.500E+00 --- HRM 
R021 Building interior area factor not used 0.000E+00 --- FAI 
R021 Building depth below ground surface (m) not used -1.000E+00 --- DMFL 
R021 Emanating power of Rn-222 gas not used 2.500E-01 --- EMANA(1) 
R021 Emanating power of Rn-220 gas not used 1.500E-01 --- EMANA(2) 

TITL N=er of graphical time points 32 Amili- 
--- NPTS 
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Site-Specific Parameter Summary (continued) 

Menu Parameter 
User 
Input Default 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

TITL 
TITL 

Maximum number of integration points for dose 
Maximum number of integration points for risk 

17 
257 

--- 
--- 

--- 
--- 

LYMAX 
KYMAX 

Summary of Pathway Selections 

Pathway User Selection 

1 -- external gamma 
2 -- inhalation (w/o radon) 
3 -- plant ingestion 
4 -- meat ingestion 
5 -- milk ingestion 
6 -- aquatic foods 
7 -- drinking water 
8 -- soil ingestion 
9 -- radon 
Find peak pathway doses 

active 
active 

suppressed 
suppressed 
suppressed 
suppressed 
suppressed 

active 
suppressed 

active 
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Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17 -UTILITY  2011.RAD 

Contaminated Zone Dimensions 	 Initial Soil Concentrations, pCi/g 

	

Area: 	2202.00 square meters 

	

Thickness: 	2.00 meters 

	

Cover Depth: 	0.00 meters 

	

Pb-210 	1.000E-02 

	

Ra-226 	1.000E-02 

	

Th-230 	5.700E-01 

	

U-234 	9.300E-01 

	

U-235 	2.000E-01 

	

U-238 	9.300E-01 
0 

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 3.000E+01 1.000E+02 3.000E+02 1.000E+03 
TDOSE(t): 5.539E-03 5.559E-03 5.599E-03 5.741E-03 6.158E-03 7.632E-03 1.141E-02 2.007E-02 

M(t): 2.216E-04 2.224E-04 2.240E-04 2.296E-04 2.463E-04 3.053E-04 4.564E-04 8.029E-04 
°Maximum TDOSE(t): 2.007E-02 mrem/yr 	at t = 1.000E+03 years 



IIIP03/24/2011 07:40 	e 12 lik1RESRAD, 	sion 6.5 	111 Limit - 180 days 
Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

All Pathways* 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

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 

0 
0 
Radio 
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 5.057E-07 0.0001 3.151E-07 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.142E-04 0.0206 
Ra-226 9.244E-04 0.1669 1.234E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.283E-05 0.0041 
Th-230 1.724E-05 0.0031 2.564E-04 0.0463 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.983E-04 0.0900 
U-234 3.187E-06 0.0006 1.693E-04 0.0306 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.195E-04 0.0757 

U-235 1.275E-03 0.2302 3.393E-05 0.0061 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.525E-05 0.0154 
U-238 1.169E-03 0.2111 1.514E-04 0.0273 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.983E-04 0.0719 

Total 3.389E-03 0.6119 6.115E-04 0.1104 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.538E-03 0.2777 

mrem/yr fract. 

• 

0 
0 	 Water 
Radio- 
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

0-234 	0.000E+00 0.0000 

	

0-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
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 
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 
0.000E+00 0.0000 

1.150E-04 0.0208 
9.473E-04 0.1710 
7.719E-04 0.1394 
5.920E-04 0.1069 
1.394E-03 0.2517 
1.719E-03 0.3103 

Total 	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 5.539E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 
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Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

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 

Water Independent Pathways (Inhalation excludes radon) 
Ground 
	

Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 
	

S oil 
Radio 
Nuclide mrem/yr fract. mrem/yr fract. 

Pb-210 4.901E-07 0.0001 3.053E-07 0.0001 
Ra-226 9.235E-04 0.1661 1.330E-07 0.0000 
Th-230 4.005E-05 0.0072 2.564E-04 0.0461 
U-234 3.185E-06 0.0006 1.692E-04 0.0304 
U-235 1.274E-03 0.2292 3.392E-05 0.0061 
U-238 1.168E-03 0.2101 1.513E-04 0.0272 

Total 3.409E-03 0.6133 6.112E-04 0.1100 
0 

mrem/yr fract. 	mrem/yr fract. 	mrem/yr fract. 	mrem/yr fract. 	mrem/yr fract. 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.107E-04 0.0199 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.630E-05 0.0047 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.989E-04 0.0897 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.192E-04 0.0754 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.527E-05 0.0153 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.980E-04 0.0716 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.538E-03 0.2767 

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 

0 
	

Water Dependent Pathways 
Water 
	

Fish 	 Radon 	 Plant 	 Meat 	 Milk 
	

All Pathways* 
Radio 	  
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.003E+00 0.0000 

	

U-235 	0.003E+00 0.0000 

	

U-238 	0.003E+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 

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 

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 

mrem/yr frac7. 

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 

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 

mrem/yr fract. 

1.115E-04 0.0201 
9.499E-04 0.1709 
7.953E-04 0.1431 
5.916E-04 0.1064 
1.393E-03 0.2506 
1.717E-03 0.3090 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0030 0.000E+00 0.0000 5.559E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

• • • 



mrem/yr fract. mrem/yr fract. 

4111  1RESRAD, 	rsion 6.5 	T;.2 Limit = 180 days 
Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

Radio 
Nuclide 

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+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 4.602E-07 0.0001 2.867E-07 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.039E-04 0.0186 

Ra-226 9.218E-04 0.1646 1.511E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.292E-05 0.0059 

Th-230 8.562E-05 0.0153 2.564E-04 0.0458 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.003E-04 0.0894 

U-234 3.182E-06 0.0006 1.690E-04 0.0302 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.186E-04 0.0748 

U-235 1.272E-03 0.2272 3.389E-05 0.0061 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.530E-05 0.0152 

U-238 1.167E-03 0.2083 1.511E-04 0.0270 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.974E-04 0.0710 

Total 3.450E-03 0.6161 6.108E-04 0.1091 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.538E-03 0.2748 

03/24/2011 07:40 Øe 14 

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+00 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
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 
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 
0.000E+00 0.0000 

1.047E-04 0.0187 
9.549E-04 0.1705 
8.423E-04 0.1504 
5.907E-04 0.1055 
1.391E-03 0.2485 
1.715E-03 0.3063 

Total 	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 5.599E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. mrem/yr fract. 

All Pathways* 

mrem/yr fract. 



fract. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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 

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 

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 

1RE5RAD, Version 6.5 	T;.2 Limit = 180 days 	03/24/2011 07:40 Page 15 
Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

0 
0 	 Ground 
Radio 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr 

3.693E-07 0.0001 2.301E-07 0.0000 0.000E+00 
9.158E-04 0.1595 2.059E-07 0.0000 0.000E+00 
2.444E-04 0.0426 2.564E-04 0.0447 0.000E+00 
3.183E-06 0.0006 1.681E-04 0.0293 0.000E+00 
1.266E-03 0.2205 3.383E-05 0.0059 0.000E+00 
1.161E-03 0.2022 1.503E-04 0.0262 0.000E+00 

3.591E-03 0.6254 6.091E-04 0.1061 0.000E+00 

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+01 years 

Water Independent Pathways (Inhala:ion excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk Soil 

mrem/yr fract. 

8.339E-05 0.0145 
5.293E-05 0.0092 
5.078E-04 0.0884 
4.165E-04 0.0726 
8.551E-05 0.0149 
3.954E-04 0.0689 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

Total 0.0000 0.000E+00 0 0000 0.000E+00 0.0000 0.000E+00 0.0000 1.542E-03 0.2685 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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+01 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 	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 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0.0003 0.000E+00 0.0000 

0 
0 	 Water 
Radio 	  
Nuclide 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 

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 

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 

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 

All Pathways* 

mrem/yr fract. 

8.399E-05 0.0146 
9.689E-04 0.1688 
1.009E-03 0.1757 
5.879E-04 0.1024 
1.385E-03 0.2413 
1.706E-03 0.2972 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 0.000E+00 0.0000 5.741E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

• • 



Soil 
0 
0 	 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 = 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

mrem/yr fract. mrem/yr fract. 

41111  1RESRAD, 	rsion 6.5 	T4 Limit = 180 days 
Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

111 03/24/2011 07:40 	e 16 
• 

Radio 
Nuclide mrem/yr fract. mrem/yr fract. 

Pb-210 1.969E-07 0.0000 1.227E-07 0.0000 
Ra-226 8.988E-04 0.1460 3.071E-07 0.0000 
Th-230 6.924E-04 0.1124 2.565E-04 0.0416 
U-234 3.275E-06 0.0005 1.658E-04 0.0269 
U-235 1.249E-03 0.2028 3.385E-05 0.0055 
U-238 1.144E-03 0.1858 1.482E-04 0.0241 

Total 3.988E-03 0.6475 6.048E-04 0.0982 

All Pathways* 

mrem/yr fract. 

4.479E-05 0.0073 
9.892E-04 0.1606 
1.493E-03 0.2424 
5.799E-04 0.0942 
1.369E-03 0.2223 
1.682E-03 0.2732 

Total 	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 6.158E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 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 

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 

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 

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 

4.447E-05 0.0072 
9.002E-05 0.0146 
5.440E-04 0.0883 
4.108E-04 0.0667 
8.661E-05 0.0141 
3.899E-04 0.0633 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

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 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.566E-03 0.2542 

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+01 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant Meat 	 Milk 

0 
0 	 Water 
Radio- 
Nuclide 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 

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 

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 

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 

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 

mrem/yr fract. mrem/yr fract. mrem/yr fract. 



mrem/yr fract. 

1.358E-08 0.0000 
3.907E-07 0.0001 
2.569E-04 0.0337 
1.580E-04 0.0207 
3.480E-05 0.0046 
1.410E-04 0.0185 

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 

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 

mrem/yr fract. 

4.923E-06 0.0006 
1.217E-04 0.0159 
7.383E-04 0.0967 
3.913E-04 0.0513 
9.242E-05 0.0121 
3.709E-04 0.0486 

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 

rxem/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 

All Pathways* 

mrem/yr fract. 

4.958E-06 0.0006 
9.635E-04 0.1262 
3.190E-03 0.4180 
5.538E-04 0.0726 
1.319E-03 0.1729 
1.600E-03 0.2097 

5.911E-04 0.0774 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.719E-03 0.2253 
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Summary : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

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+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

	
Soil 

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 

0 
0 
Radio 
Nuclide 

Ground 

mrem/yr fract. 

Pb-210 2.180E-08 0.0000 
Ra-226 8.415E-04 0.1103 
Th-230 2.195E-03 0.2876 
U-234 4.577E-06 0.0006 
U-235 1.192E-03 0.1562 
U-238 1.088E-03 0.1426 

Total 5.322E-03 0.6973 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

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+02 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

0.003E+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 

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 

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 

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 

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 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

mrem/yr fract. 	mrem/yr fract. mrem/yr fract. 	mrem/yr fract. 

Total 	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 7.632E-03 1.0000 
0*Sum of all water independent and dependent pathways. 

• 	• 	• 
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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 

0 
0 
Radio-
Nuclide 

Ground 
Water Independent Pathways 	(Inhalation excludes radon) 

Inhalation 	 Radon 	 Plant 	 Meat Milk S oi l 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Pb-210 4.051E-11 0.0000 2.523E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.147E-09 0.0000 

Ra-226 6.967E-04 0.0611 3.348E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.049E-04 0.0092 

Th-230 5.974E-03 0.5236 2.583E-04 0.0226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.302E-03 0.1142 

U-234 1.543E-05 0.0014 1.375E-04 0.0121 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.418E-04 0.0300 

U-235 1.045E-03 0.0916 3.744E-05 0.0033 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.070E-04 0.0094 

U-238 9.434E-04 0.0827 1.223E-04 0.0107 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.217E-04 0.0282 

Total 8.675E-03 0.7604 5.559E-04 0.0487 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.178E-03 0.1909 

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 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

	
All Pathways* 

mrem/yr fract. 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. mrem/yr fract. 	mrem/yr fract. mrem/yr fract. mrem/yr fract. 	mrem/yr tract. 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

U-234 	0.000E+00 0.0000 

	

U-235 	0.000E+00 0.0000 

	

U-238 	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 
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 
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 
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 
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 
0.000E+00 0.0000 

9.212E-09 0.0000 
8.019E-04 0.0703 
7.535E-03 0.6604 
4.948E-04 0.0434 
1.190E-03 0.1043 
1.387E-03 0.1216 

Total 	0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.141E-02 1.0000 
0*Sum of all water independent and dependent pathways. 
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0 
0 
Radio 
Nuclide 

Ground 

mrem/yr fract. 

Pb-210 1.12CE-20 0.0000 
Ra-226 3.596E-04 0.0179 
Th-230 1.471E-02 0.7330 
U-234 9.977E-05 0.0050 
U-235 6.594E-04 0.0329 
U-238 5.721E-04 0.0285 

Total 1.64CE-02 0.8172 

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 

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 

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 

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 

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 

0 
0 	 Water 
Radio 	  
Nuclide mrem/yr fract. 

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+03 years 

Water Dependent Pathways 
Fish 	 Radon 	 Plant 	 Meat 	 Milk 

Pb-210 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 

	

0-234 	0.000E+00 0.0000 

	

0-235 	0.000E+00 0.0000 

	

0-238 	0.000E+00 0.0000 

Total 	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 2.007E-02 1.0000 
0*Sum of all water independent and dependent pathways. 

• 

All Pathways* 

mrem/yr fract. 

2.547E-18 0.0000 
4.140E-04 0.0206 
1.759E-02 0.8762 
4.088E-04 0.0204 
8.192E-04 0.0408 
8.420E-04 0.0419 

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+03 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

4.586E-04 0.0229 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.210E-03 0.1599 

• 

mrem/yr fract. 

6.977E-21 0.0000 
1.729E-07 0.0000 
2.607E-04 0.0130 
8.534E-05 0.0043 
3.807E-05 0.0019 
7.432E-05 0.0037 

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 

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 

Soil 

mrem/yr fract. 

2.529E-18 0.0000 
5.414E-05 0.0027 
2.615E-03 0.1303 
2.237E-04 0.0111 
1.217E-04 0.0061 
1.955E-04 0.0097 

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 

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 
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0 	Parent Product 

Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 
Thread 	 DSR(j,t) 	At Time in Years 	(mrem/yr)/(pCi/g) 

(i) (j) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210+D Pb-210+D 1.000E+00 1.150E-02 1.115E-02 1.047E-02 8.399E-03 4.479E-03 4.958E-04 9.212E-07 2.547E-16 
ORa-226+D Ra-226+D 1.000E+00 9.455E-02 9.446E-02 9.428E-02 9.366E-02 9.191E-02 8.603E-02 7.122E-02 3.677E-02 
Ra-226+D Pb-210+D 1.000E+00 1.796E-04 5.313E-04 1.201E-03 3.231E-03 7.006E-03 1.033E-02 8.965E-03 4.629E-03 
Ra-226+D EDSR(j) 9.473E-02 9.499E-02 9.549E-02 9.689E-02 9.892E-02 9.635E-02 8.019E-02 4.140E-02 

OTh-230 Th-230 1.000E+00 1.334E-03 1.334E-03 1.334E-03 1.334E-03 1.333E-03 1.332E-03 1.330E-03 1.321E-03 
Th-230 Ra-226+D 1.000E+00 2.048E-05 6.143E-05 1.432E-04 4.281E-04 1.232E-03 3.927E-03 1.071E-02 2.638E-02 
Th-230 Pb-210+D 1.000E+00 2.601E-08 1.804E-07 9.341E-07 7.771E-06 5.391E-05 3.374E-04 1.184E-03 3.158E-03 
Th-230 EDSR(j) 1.354E-03 1.395E-03 1.478E-03 1.769E-03 2.619E-03 5.597E-03 1.322E-02 3.086E-02 
OU-234 U-234 1.000E+00 6.365E-04 6.361E-04 6.351E-04 6.320E-04 6.230E-04 5.924E-04 5.132E-04 3.106E-04 
U-234 Th-230 1.000E+00 6.001E-09 1.800E-08 4.197E-08 1.256E-07 3.621E-07 1.164E-06 3.240E-06 8.525E-06 
U-234 Ra-226+D 1.000E+00 6.146E-11 4.300E-10 2.270E-09 2.023E-08 1.687E-07 1.762E-06 1.411E-05 1.079E-04 
U-234 Pb-210+D 1.000E+00 5.862E-14 8.732E-13 1.003E-11 2.515E-10 5.287E-09 1.213E-07 1.417E-06 1.256E-05 
U-234 EDSR(j) 6.365E-04 6.361E-04 6.352E-04 6.321E-04 6.235E-04 5.955E-04 5.320E-04 4.396E-04 
OU-235+D U-235+D 1.000E+00 6.970E-03 6.965E-03 6.955E-03 6.921E-03 6.822E-03 6.490E-03 5.625E-03 3.411E-03 
U-235+D Fa-231 1.000E+00 2.141E-07 6.420E-07 1.496E-06 4.465E-06 1.278E-05 4.003E-05 1.035E-04 2.075E-04 
U-235+D Ac-227+D 1.000E+00 5.525E-09 3.829E-08 1.979E-07 1.637E-06 1.118E-05 6.732E-05 2.209E-04 4.775E-04 
U-235+D ED5R(j) 6.971E-03 6.966E-03 6.957E-03 6.927E-03 6.846E-03 6.597E-03 5.950E-03 4.096E-03 

0U-238 U-238 5.400E-05 3.078E-08 3.076E-08 3.072E-08 3.056E-08 3.013E-08 2.866E-08 2.484E-08 1.506E-08 
OU-238+D U-238+D 9.999E-01 1.848E-03 1.847E-03 1.844E-03 1.835E-03 1.809E-03 1.721E-03 1.491E-03 9.043E-04 
U-238+D U-234 9.999E-01 9.021E-10 2.705E-09 6.302E-09 1.881E-08 5.386E-08 1.688E-07 4.374E-07 8.822E-07 
U-238+D Th-230 9.999E-01 5.670E-15 3.968E-14 2.095E-13 1.868E-12 1.560E-11 1.638E-10 1.332E-09 1.068E-08 
U-238+D Ra-226+D 9.999E-01 4.355E-17 6.530E-16 7.609E-15 2.010E-13 4.857E-12 1.667E-10 3.958E-09 9.734E-08 
U-238+D Pb-210+D 9.999E-01 3.328E-20 1.026E-18 2.551E-17 1.905E-15 1.192E-13 9.630E-12 3.638E-10 1.100E-08 
U-238+D DSR(j) 1.848E-03 1.847E-03 1.844E-03 1.835E-03 1.809E-03 1.721E-03 1.492E-03 9.053E-04 

The DSR includes contributions from associated (half-life 	180 days) daughters. 
0 

Single Radionuclide Soil Guidelines G(i,t) 	in pCi/g 
Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

ONuclide 
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 2.173E+03 2.243E+03 2.388E+03 2.976E+03 5.582E+03 5.042E+04 2.714E+07 *7.634E+13 
Ra-226 2.639E+02 2.632E+02 2.618E+02 2.580E+02 2.527E+02 2.595E+02 3.118E+02 6.039E+02 
Th-230 1.846E+04 1.792E+04 1.692E+04 1.413E+04 9.545E+03 4.467E+03 1.891E+03 8.102E+02 
U-234 3.928E+04 3.930E+04 3.936E+04 3.955E+04 4.010E+04 4.198E+04 4.699E+04 5.687E+04 
U-235 3.587E+03 3.589E+03 3.593E+03 3.609E+03 3.652E+03 3.790E+03 4.202E+03 6.104E+03 
U-238 1.353E+04 1.354E+04 1.356E+04 1.362E+04 1.382E+04 1.453E+04 1.676E+04 2.761E+04 

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

at tmin = time of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose = 1.000E+03 years 

ONuclide Initial 	 tmin 	DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax) 
(i) 	(pCi/g) 	(years) 	 (pCiig) 	 (pCi/g) 

Pb-210 1.000E-02 0.000E+00 1.150E-02 2.173E+03 2.547E-16 *7.634E+13 
Ra-226 1.000E-02 42.56 ± 	0.09 9.919E-02 2.521E+02 4.140E-02 6.039E+02 
Th-230 5.700E-01 1.000E+03 3.086E-02 8.102E+02 3.086E-02 8.102E+02 
U-234 9.300E-01 0.000E+00 6.365E-04 3.928E+04 4.396E-04 5.687E+04 
U-235 2.000E-01 0.000E+00 6.971E-03 3.587E+03 4.096E-03 6.104E+03 
U-238 9.300E-01 0.000E+00 1.848E-03 1.353E+04 9.053E-04 2.761E+04 

*At specific activity limit 

• 	• 	• 
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Individual Nuclide Dose Summed Over All Pathways 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent THF(i) DOSE(j,t), mrem/yr 

(j) 	(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 	Pb-210 1.000E+00 1.150E-04 1.115E-04 1.047E-04 8.399E-05 4.479E-05 4.958E-06 9.212E-09 2.547E-18 
Pb-210 	Ra-226 1.000E+00 1.796E-06 5.313E-06 1.201E-05 3.231E-05 7.006E-05 1.033E-04 8.965E-05 4.629E-05 
Pb-210 	Th-230 1.000E+00 1.483E-08 1.028E-07 5.324E-07 4.429E-06 3.073E-05 1.923E-04 6.749E-04 1.800E-03 

Pb-210 	0-234 1.000E+00 5.452E-14 8.121E-13 9.327E-12 2.339E-10 4.917E-09 1.128E-07 1.318E-06 1.168E-05 

Pb-210 	0-238 9.999E-01 3.095E-20 9.537E-19 2.372E-17 1.771E-15 1.108E-13 8.956E-12 3.383E-10 1.023E-08 

Pb-210 	EDOSE(j) 1.168E-04 1.169E-04 1.172E-04 1.207E-04 1.456E-04 3.006E-04 7.659E-04 1.858E-03 
ORa-226 	Ra-226 1.000E+00 9.455E-04 9.446E-04 9.428E-04 9.366E-04 9.191E-04 8.603E-04 7.122E-04 3.677E-04 

Ra-226 	Th-230 1.000E+00 1.168E-05 3.501E-05 8.162E-05 2.440E-04 7.022E-04 2.239E-03 6.102E-03 1.503E-02 
Ra-226 	0-234 1.000E+00 5.716E-11 3.999E-10 2.111E-09 1.882E-08 1.569E-07 1.639E-06 1.313E-05 1.004E-04 
Ra-226 	0-238 9.999E-01 4.050E-17 6.073E-16 7.077E-15 1.869E-13 4.517E-12 1.550E-10 3.681E-09 9.052E-08 

Ra-226 	EDOSE(j) 9.572E-04 9.796E-04 1.024E-03 1.181E-03 1.621E-03 3.100E-03 6.827E-03 1.550E-02 
OTh-230 	Th-230 1.000E+00 7.602E-04 7.602E-04 7.602E-04 7.601E-04 7.600E-04 7.595E-04 7.580E-04 7.529E-04 
Th-230 	0-234 1.000E+00 5.581E-09 1.674E-08 3.903E-08 1.168E-07 3.368E-07 1.082E-06 3.014E-06 7.928E-06 

Th-230 	0-238 9.999E-01 5.273E-15 3.690E-14 1.949E-13 1.737E-12 1.451E-11 1.523E-10 1.238E-09 9.935E-09 
Th-230 	EDOSE(j) 7.602E-04 7.602E-04 7.602E-04 7.602E-04 7.603E-04 7.606E-04 7.610E-04 7.609E-04 

00-234 	U-234 1.000E+00 5.920E-04 5.915E-04 5.907E-04 5.877E-04 5.794E-04 5.510E-04 4.773E-04 2.888E-04 
0-234 	0-238 9.999E-01 8.389E-10 2.515E-09 5.861E-09 1.749E-08 5.009E-08 1.570E-07 4.068E-07 8.204E-07 

0-234 	EDOSE(j) 5.920E-04 5.915E-04 5.907E-04 5.877E-04 5.794E-04 5.511E-04 4.777E-04 2.897E-04 

0U-235 	0-235 1.000E+00 1.394E-03 1.393E-03 1.391E-03 1.384E-03 1.364E-03 1.298E-03 1.125E-03 6.822E-04 
OPa-231 	U-235 1.000E+00 4.283E-08 1.284E-07 2.992E-07 8.930E-07 2.557E-06 8.007E-06 2.071E-05 4.150E-05 
OAc-227 	U-235 1.000E+00 1.105E-09 7.658E-09 3.958E-08 3.273E-07 2.237E-06 1.346E-05 4.418E-05 9.550E-05 

00-238 	U-238 5.400E-05 2.863E-08 2.861E-08 2.857E-08 2.842E-08 2.802E-08 2.665E-08 2.310E-08 1.401E-08 
0-238 	0-238 9.999E-01 1.719E-03 1.717E-03 1.715E-03 1.706E-03 1.682E-03 1.600E-03 1.387E-03 8.410E-04 

0-238 	EDOSE(j) 1.719E-03 1.717E-03 1.715E-03 1.706E-03 1.682E-03 1.600E-03 1.387E-03 8.410E-04 

THF(i) is the thread fraction of the parent nuclide. 

03/24/2011 07:40 	e 22 
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Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

ONuclide Parent THF(i) S(j,t), pCi/g 
(j) 	(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-210 	Pb-210 1.000E+00 1.000E-02 9.690E-03 9.100E-03 7.302E-03 3.894E-03 4.310E-04 8.009E-07 2.214E-16 
Pb-210 	Ra-226 1.000E+00 0.000E+00 3.058E-04 8.886E-04 2.654E-03 5.939E-03 8.834E-03 7.676E-03 3.963E-03 
Pb-210 	Th-230 1.000E+00 0.000E+00 3.797E-06 3.345E-05 3.454E-04 2.556E-03 1.635E-02 5.767E-02 1.540E-01 
Pb-210 	U-234 1.000E+00 0.000E+00 1.863E-11 4.949E-10 1.733E-08 4.018E-07 9.539E-06 1.124E-04 9.988E-04 
Pb-210 	U-238 9.999E-01 0.000E+00 1.323E-17 1.057E-15 1.246E-13 8.900E-12 7.532E-10 2.881E-08 8.747E-07 
Pb-210 	ES(j): 1.000E-02 1.000E-02 1.002E-02 1.030E-02 1.239E-02 2.562E-02 6.546E-02 1.590E-01 
ORa-226 	Ra-226 1.000E+00 1.000E-02 9.991E-03 9.972E-03 9.906E-03 9.721E-03 9.099E-03 7.532E-03 3.889E-03 
Ra-226 	Th-230 1.000E+00 0.000E+00 2.468E-04 7.397E-04 2.458E-03 7.303E-03 2.355E-02 6.441E-02 1.589E-01 
Ra-226 	U-234 1.000E+00 0.000E+00 1.812E-09 1.629E-08 1.803E-07 1.605E-06 1.715E-05 1.383E-04 1.060E-03 
Ra-226 	U-238 9.999E-01 0.000E+00 1.713E-15 4.618E-14 1.703E-12 4.545E-11 1.615E-09 3.873E-08 9.558E-07 
Ra-226 	ES(j): 1.000E-02 1.024E-02 1.071E-02 1.236E-02 1.703E-02 3.267E-02 7.208E-02 1.638E-01 
OTh-230 	Th-230 1.000E+00 5.700E-01 5.700E-01 5.700E-01 5.699E-01 5.698E-01 5.695E-01 5.684E-01 5.646E-01 
Th-230 	U-234 1.000E+00 0.000E+00 8.369E-06 2.509E-05 8.341E-05 2.484E-04 8.075E-04 2.256E-03 5.942E-03 
Th-230 	U-238 9.999E-01 0.000E+00 1.186E-11 1.066E-10 1.181E-09 1.053E-08 1.131E-07 9.257E-07 7.444E-06 
Th-230 	ES(j): 5.700E-01 5.700E-01 5.700E-01 5.700E-01 5.701E-01 5.703E-01 5.706E-01 5.705E-01 

0U-234 	U-234 1.000E+00 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.102E-01 8.656E-01 7.499E-01 4.538E-01 
U-234 	0-238 9.999E-01 0.000E+00 2.634E-06 7.892E-06 2.618E-05 7.741E-05 2.454E-04 6.380E-04 1.288E-03 
0-234 	S(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 

00-235 	U-235 1.000E+00 2.000E-01 1.999E-01 1.996E-01 1.986E-01 1.958E-01 1.862E-01 1.614E-01 9.787E-02 
OPa-231 	0-235 1.000E+00 0.000E+00 4.229E-06 1.267E-05 4.201E-05 1.242E-04 3.936E-04 1.021E-03 2.049E-03 
OAc-227 	0-235 1.000E+00 0.000E+00 6.658E-08 5.855E-07 6.011E-06 4.381E-05 2.695E-04 8.885E-04 1.923E-03 
00-238 	0-238 5.400E-05 5.022E-05 5.018E-05 5.011E-05 4.986E-05 4.915E-05 4.676E-05 4.053E-05 2.457E-05 
0-238 	U-238 9.999E-01 9.299E-01 9.293E-01 9.280E-01 9.233E-01 9.102E-01 8.658E-01 7.505E-01 4.551E-01 
0-238 	ES(j): 9.300E-01 9.293E-01 9.280E-01 9.234E-01 9.103E-01 8.659E-01 7.505E-01 4.551E-01 

THF(i) is the thread fraction of the parent nuclide. 
ORESCALC.EXE execution time = 	2.97 seconds 

• 	• 	• 



10 
	

100 
	

1000 

0.025 

0.020 

	X 

15% 0.015 

e2 
E 0.010 

0.005 

0.000 
1 

DOSE: All Nuclides Swilled, All Pathways Summed 

Years 

-0— Pb -2 1 0 	 Ra -2 2 6 	0 Th -23 0 —A— U-234 	—V— U-235 	 U-238 	—X— Total 

:ARES RAD_FAMILY \RES RAD \6.5\USERFILES \DT-17-UTILITY 2011.RAD 03/24/2011 07:40 GRAPHICS .ASC 
Includes All Pathways 

• 



1RESRAD,•sion 6.5 	1%1 Limit = 180 days fill 	 03/24/2311 07:40 	e 	1 
Intrisk : DT-17-Utility 
File 	: 2:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT - 17 -UTILITY 2011.RAD 

Table of Contents 

Part III: Intake Quantities and Health Risk Factors 

2 
4 

Cancer Risk Slope Factors 	  
Risk Slope and ETFG for the Ground Pathway 	  
Amount of Intake Quantities and Excess Cancer Risks 

Time= 0.000E+00 	  5 
Time= 1.000E+00 	  8 
Time= 3.000E+00 	  11 
Time= 1.000E+01 	  14 
Time= 3.000E+01 	  17 
Time= 1.000E+02 	  20 
Time= 3.000E+02 	  23 
Time= 1.000E+03 	  26 



0 

1RESRAD, Version 6.5 	T Limit = 180 days 	03/24/2011 07:40 Page 	2 
Intrisk : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

Cancer Risk Slope Factors Summary Table 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-1 Ground external radiation slope factors, 1/yr per (pCi/g): 
Sf-1 Ac-227+D 1.47E-06 3.48E-10 SLPF( 1,1) 
Sf-1 Pa-231 1.39E-07 1.39E-07 SLPF( 2,1) 
Sf-1 Pb-210+D 4.21E-09 1.41E-09 SLPF( 3,1) 
Sf-1 Ra-226+D 8.49E-06 2.29E-08 SLPF( 4,1) 
Sf-1 Th-230 8.19E-10 8.19E-10 SLPF( 5,1) 
Sf-1 U-234 2.52E-10 2.52E-10 SLPF( 6,1) 
Sf-1 U-235+D 5.43E-07 5.18E-07 SLPF( 7,1) 
Sf-1 U-238 4.99E-11 4.99E-11 SLPF( 8,1) 
Sf-1 U-238+D 1.14E-07 4.99E-11 SLPF( 9,1) 

Sf-2 Inhalation, 	slope factors, 	1/(pCi): 
Sf-2 Ac-227+D 2.09E-07 1.49E-07 SLPF( 1,2) 
Sf-2 Pa-231 4.55E-08 4.55E-08 SLPF( 2,2) 
Sf-2 Pb-210+D 1.39E-08 2.77E-09 SLPF( 3,2) 
Sf-2 Ra-226+D 1.16E-08 1.15E-08 SLPF( 4,2) 
Sf-2 Th-230 2.85E-08 2.85E-08 SLPF( 5,2) 
Sf-2 U-234 1.14E-08 1.14E-08 SLPF( 6,2) 
Sf-2 U-235+D 1.01E-08 1.01E-08 SLPF( 7,2) 
Sf-2 U-238 9.32E-09 9.32E-09 SLPF( 8,2) 
Sf-2 U-238+D 9.35E-09 9.32E-09 SLPF( 9,2) 

Sf-3 Food ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 6.53E-10 2.45E-10 SIFF( 1,3) 
Sf-3 Pa-231 2.26E-10 2.26E-10 SIPF( 2,3) 
Sf-3 Pb-210+D 3.44E-09 1.18E-09 SIPF( 3,3) 
Sf-3 Ra-226+D 5.15E-10 5.14E-10 SIPF( 4,3) 
Sf-3 Th-230 1.19E-10 1.19E-10 SLPF( 5,3) 
Sf-3 U-234 9.55E-11 9.55E-11 SLPF( 6,3) 
Sf-3 U-235+D 9.76E-11 9.44E-11 SLPF( 7,3) 
Sf-3 U-238 8.66E-11 8.66E-11 SLPF( 8,3) 
Sf-3 U-238+D 1.21E-10 8.66E-11 SLPF( 9,3) 

Sf-3 Water ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 4.86E-10 2.01E-10 SLPF( 1,4) 
Sf-3 Pa-231 1.73E-10 1.73E-10 SLPF( 2,4) 
Sf-3 Pb-210+D 1.27E-09 8.81E-10 SLPF( 3,4) 
Sf-3 Ra-226+D 3.86E-10 3.85E-10 SLPF( 4,4) 
Sf-3 Th-230 9.10E-11 9.10E-11 SLPF( 5,4) 
Sf-3 U-234 7.07E-11 7.07E-11 SLPF( 6,4) 
Sf-3 U-235+D 7.18E-11 6.96E-11 SLPF( 7,4) 
Sf-3 U-238 6.40E-11 6.40E-11 SLPF( 8,4) 
Sf-3 U-238+D 8.71E-11 6.40E-11 SLPF( 9,4) 

Sf-3 Soil ingestion, 	slope factors, 	1/(pCi): 
Sf-3 Ac-227+D 1.16E-09 3.81E-10 SLPF( 1,5) 
Sf-3 Pa-231 3.74E-10 3.74E-10 SLPF( 2,5) 
Sf-3 Pb-210+D 2.66E-09 1.84E-09 SLPF( 3,5) 
Sf-3 Ra-226+D 7.30E-10 7.29E-10 SLPF( 4,5) 
Sf-3 Th-230 2.0:Wgz10 2.02E-10 SLPF( 5,5) • 
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Cancer Risk Slope Factors Summary Table (continued) 
Risk Library: HEAST 2001 Morbidity 

Menu Parameter 
Current 
Value 

Base 
Case* 

Parameter 
Name 

Sf-3 U-234 1.58E-10 1.58E-10 SLPF( 	6,5) 
Sf-3 U-235+D 1.63E-10 1.57E-10 SLPF( 	7,5) 
Sf-3 U-238 1.43E-10 1.43E-10 SLPF( 	8,5) 
Sf-3 U-238+D 2.10E-10 1.43E-10 SLPF( 	9,5) 

Sf-Rn Radon Inhalation slope factors, 	1/(pCi): 
Sf-Rn Rn-222 1.80E-12 1.80E-12 SLPFRN(1,1) 
Sf-Rn P0-218 3.70E-12 3.70E-12 SLPFRN(1,2) 
Sf-Rn Pb-214 6.20E-12 6.20E-12 SLPFRN(1,3) 
Sf-Rn Bi-214 1.50E-11 1.50E-11 SLPFRN(1,4) 

Sf-Rn Radon K factors, 	(mrem/WLM): 
Sf-Rn Rn-222 Indoor 7.60E+02 7.60E+02 KFACTR(1,1) 
Sf-Rn Rn-222 Outdoor 5.70E+02 5.70E+02 KFACTR(1,2) 

*Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Risk Slope and Environmental Transport Factors for the Ground Pathway 
ONuclide Slope(i)* ETFG(i,t) At Time in Years 	(dimensionless) 

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Ac-227 3.480E-10 8.458E-03 8.458E-03 8.458E-03 8.458E-03 8.458E-03 8.458E-03 8.458E-03 8.458E-03 
At-218 3.570E-09 8.496E-03 8.496E-03 8.496E-03 8.496E-03 8.496E-03 8.496E-03 8.496E-03 8.496E-03 
Bi-210 2.760E-09 8.310E-03 8.310E-03 8.310E-03 8.310E-03 8.310E-03 8.310E-03 8.310E-03 8.310E-03 
Bi-211 1.880E-07 8.312E-03 8.312E-03 8.312E-03 8.312E-03 8.312E-03 8.312E-03 8.312E-03 8.312E-03 
Bi-214 7.480E-06 8.263E-03 8.263E-03 8.263E-03 8.263E-03 8.263E-03 8.263E-03 8.263E-03 8.263E-03 
Fr-223 1.400E-07 8.360E-03 8.360E-03 8.360E-03 8.360E-03 8.360E-03 8.360E-03 8.360E-03 8.360E-03 
Pa-231 1.390E-07 8.316E-03 8.316E-03 8.316E-03 8.316E-03 8.316E-03 8.316E-03 8.316E-03 8.316E-03 
Pa-234 8.710E-06 8.256E-03 8.256E-03 8.256E-03 8.256E-03 8.256E-03 8.256E-03 8.256E-03 8.256E-03 
Pa-234m 6.870E-08 8.247E-03 8.247E-03 8.247E-03 8.247E-03 8.247E-03 8.247E-03 8.247E-03 8.247E-03 
Pb-210 1.410E-09 8.573E-03 8.573E-03 8.573E-03 8.573E-03 8.573E-03 8.573E-03 8.573E-03 8.573E-03 
Pb-211 2.290E-07 8.245E-03 8.245E-03 8.245E-03 8.245E-03 8.245E-03 8.245E-03 8.245E-03 8.245E-03 
Pb-214 9.820E-07 8.311E-03 8.311E-03 8.311E-03 8.311E-03 8.311E-03 8.311E-03 8.311E-03 8.311E-03 
P0-210 3.950E-11 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 
P0-211 3.580E-08 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 
P0-214 3.860E-10 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 8.193E-03 
Po-215 7.480E-10 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 
Po-218 4.260E-11 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 
Ra-223 4.340E-07 8.359E-03 8.359E-03 8.359E-03 8.359E-03 8.359E-03 8.359E-03 8.359E-03 8.359E-03 
Ra-226 2.290E-08 8.418E-03 8.418E-03 8.418E-03 8.418E-03 8.418E-03 8.418E-03 8.418E-03 8.418E-03 
Rn-219 2.250E-07 8.320E-03 8.320E-03 8.320E-03 8.320E-03 8.320E-03 8.320E-03 8.320E-03 8.320E-03 
Rn-222 1.740E-09 8.202E-03 8.202E-03 8.202E-03 8.202E-03 8.202E-03 8.202E-03 8.202E-03 8.202E-03 
Th-227 3.780E-07 8.391E-03 8.391E-03 8.391E-03 8.391E-03 8.391E-03 8.391E-03 8.391E-03 8.391E-03 
Th-230 8.190E-10 8.452E-03 8.452E-03 8.452E-03 8.452E-03 8.452E-03 8.452E-03 8.452E-03 8.452E-03 
Th-231 2.450E-08 8.474E-03 8.474E-03 8.474E-03 8.474E-03 8.474E-03 8.474E-03 8.474E-03 8.474E-03 
Th-234 1.630E-08 8.471E-03 8.471E-03 8.471E-03 8.471E-03 8.471E-03 8.471E-03 8.471E-03 8.471E-03 
T1-207 1.520E-08 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 8.244E-03 
T1-210 0.000E+00 9.100E-03 9.100E-03 9.100E-03 9.100E-03 9.100E-03 9.100E-03 9.100E-03 9.100E-03 
U-234 2.520E-10 8.534E-03 8.534E-03 8.534E-03 8.534E-03 8.534E-03 8.534E-03 8.534E-03 8.534E-03 
U-235 5.130E-07 8.415E-03 8.415E-03 8.415E-03 8.415E-03 8.415E-03 8.415E-03 8.415E-03 8.415E-03 
U-238 4.990E-11 8.846E-03 8.846E-03 8.846E-03 8.846E-03 8.846E-03 8.846E-03 8.846E-03 8.846E-03 

* - Units are 1/yr per (pCi/g) at infinite depth and area. Multiplication by ETFG(i,t) converts to site conditions. 

• 	 • 	 • 
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Radio- 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pa-231 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Pb-210 1.380E-05 0.000E+00 0.000E+00 0.000E+00 1.594E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.594E-02 
Ra-226 1.380E-05 0.000E+00 0.000E+00 0.000E+00 1.594E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.594E-02 
Th-230 7.864E-04 0.000E+00 0.000E+00 0.000E+00 9.088E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.088E-01 
U-234 1.283E-03 0.000E+00 0.000E+00 0.000E+00 1.483E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.483E+00 
0-235 2.759E-04 0.000E+00 0.000E+00 0.000E+00 3.189E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.189E-01 
0-238 1.283E-03 0.000E+00 0.000E+00 0.000E+00 1.483E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.483E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 0.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Si-214 	Rn-220 	Po-216 	Pb-212 

 

Si-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 
0 

0 
0 
Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 2.722E-16 0.0000 6.407E-18 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.121E-17 0.0000 
Pa-231 2.445E-15 0.0000 1.328E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.261E-15 0.0000 
Pb-210 3.535E-13 0.0001 1.916E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.243E-11 0.0125 
Ra-226 7.101E-10 0.2094 1.615E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.178E-11 0.0035 
Th-230 3.946E-12 0.0012 2.241E-11 0.0066 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.836E-10 0.0541 
0-234 1.999E-12 0.0006 1.462E-11 0.0043 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.342E-10 0.0690 
0-235 9.130E-10 0.2692 2.786E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.207E-11 0.0154 
0-238 8.748E-10 0.2579 1.199E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.113E-10 0.0918 

Total 2.504E-09 0.7383 5.217E-11 0.0154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.353E-10 0.2463 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 0.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 0.009E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+30 0.0000 3.198E-16 0.0000 
Pa-231 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+30 0.0000 3.838E-15 0.0000 
Pb-210 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.298E-11 0.0127 
Ra-226 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 7.221E-10 0.2129 
Th-230 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 2.099E-10 0.0619 
U-234 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 2.508E-10 0.0739 
U-235 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 9.679E-10 0.2854 
U-238 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 1.198E-09 0.3532 

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 3.392E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 0.030E+00 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-id. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

0.000E+00 0.000E+0C 0.000E+00 

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(10 ) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 3.480E-13 0.0001 1.886E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.177E-11 0.0123 
Ra-226 7.015E-10 0.2068 1.624E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.229E-11 0.0036 
Th-230 1.261E-11 0.0037 2.242E-11 0.0066 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.837E-10 0.0542 
U-234 1.999E-12 0.0006 1.462E-11 0.0043 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.342E-10 0.0690 
U-235 9.130E-10 0.2692 2.787E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.207E-11 0.0154 
U-238 8.748E-10 0.2579 1.199E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+03 0.0000 0.000E+00 0.0000 3.113E-10 0.0918 

Total 2.5041-09 0.7383 5.217E-11 0.0154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.353E-10 0.2463 

• 	 • 



• III  1RESRAD, 	rsion 6.5 	T4 Limit = 180 days 
Intrisk : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

Radio-
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 0.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 4.231E-11 0.0125 
Ra-226 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 7.139E-10 0.2105 
Th-230 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 2.187E-10 0.0645 
U-234 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 2.508E-10 0.0739 
U-235 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 9.679E-10 0.2854 
U-238 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 1.198E-09 0.3532 

Total 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 3.392E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) and Pathways 
As pCi/yr at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 9.186E-11 0.000E+00 0.000E+00 0.000E+00 1.061E-07 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 1.061E-07 
Pa-231 5.834E-09 0.000E+00 0.000E+00 0.000E+00 6.742E-06 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 6.742E-06 
Pb-210 1.380E-05 0.000E+00 0.000E+00 0.000E+00 1.594E-02 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 1.594E-02 
Ra-226 1.412E-05 0.000E+00 0.000E+00 0.000E+00 1.632E-02 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 1.632E-02 
Th-230 7.864E-04 0.000E+00 0.000E+00 0.000E+00 9.088E-01 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 9.088E-01 
0-234 1.282E-03 0.000E+00 0.000E+00 0.000E+00 1.482E+00 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 1.482E+00 
0-235 2.757E-04 0.000E+00 0.000E+00 0.000E+00 3.186E-01 0.000E+00 0.000E+00 0.000E+03 0.000E+00 0.000E+00 3.186E-01 
0-238 1.282E-03 0.000E+00 0.000E+00 0.000E+00 1.482E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.482E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 1.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi-212 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+00 years 

0 
	

Water Independent Pathways (Inhalation excludes radon) 
0 
	

Ground 
	

Inhalation 	 Plant 	 Meat 	 Milk 
	

Soil 
Radio 
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 1.886E-15 0.0000 4.441E-17 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 2.856E-16 0.0000 
Pa-231 7.329E-15 0.0000 3.980E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 3.781E-15 0.0000 
Pb-210 3.536E-13 0.0001 1.917E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 4.245E-11 0.0125 
Ra-226 7.268E-10 0.2133 1.652E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 1.206E-11 0.0035 
Th-230 3.946E-12 0.0012 2.241E-11 0.0066 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 1.836E-10 0.0539 
0-234 1.998E-12 0.0006 1.461E-11 0.0043 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 2.340E-10 0.0687 
0-235 9.124E-10 0.2678 2.784E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 5.203E-11 0.0153 
0-238 8.742E-10 0.2566 1.199E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 3.111E-10 0.0913 

Total 2.520E-09 0.7396 5.215E-11 0.0153 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 8.352E-10 0.2451 

• 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 2.217E-15 0.0000 

Pa-231 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 1.151E-14 0.0000 
Pb-210 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 4.299E-11 0.0126 

Ra-226 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 7.390E-10 0.2169 

Th-230 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 2.099E-10 0.0616 
U-234 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 2.506E-10 0.0736 

0-235 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 9.672E-10 0.2839 
0-238 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 1.197E-09 0.3514 

Total 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 3.407E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 1.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 51-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio- 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 3.372E-13 0.0001 1.828E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.048E-11 0.0119 
Ra-226 7.008E-10 0.2057 1.681E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.356E-11 0.0040 
Th-230 2.992E-11 0.0088 2.242E-11 0.0066 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.840E-10 0.0540 
0-234 1.998E-12 0.0006 1.461E-11 0.0043 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.340E-10 0.0687 

0-235 9.124E-10 0.2678 2.785E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.204E-11 0.0153 
0-238 8.742E-10 0.2566 1.199E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.111E-10 0.0913 

Total 2.520E-09 0.7396 5.215E-11 0.0153 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.352E-10 0.2451 
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Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+00 years 

Radio 
Nuclide 

Water Fi sh 

Water Dependent Pathways 

Radon 	 Plant Meat Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 4.100E-11 0.0120 
Ra-226 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 7.145E-10 0.2097 
Th-230 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 2.364E-10 0.0694 
U-234 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 2.506E-10 0.0736 
U-235 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 9.672E-10 0.2839 
U-238 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 1.197E-09 0.3514 

Total 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 3.407E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 	• 



• 1RESRAD, 0sion 6.5 	'n.2 Limit = 180 days 
Intrisk : DT-17-Utility 
File 	: C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\DT-17-UTILITY  2011.RAD 

Radio- 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) and Pathways 
As pCi/yr at t= 3.000E+00 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat MiLk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 8.078E-10 0.000E+00 0.000E+00 0.000E+00 9.335E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.335E-07 
Pa-231 1.748E-08 0.000E+00 0.000E+00 0.000E+00 2.020E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.020E-05 
Pb-210 1.383E-05 0.000E+00 0.000E+00 0.000E+00 1.598E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.598E-02 
Ra-226 1.478E-05 0.000E+00 0.000E+00 0.000E+00 1.708E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.708E-02 
Th-230 7.865E-04 0.000E+00 0.000E+00 0.000E+00 9.088E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.088E-01 
0-234 1.280E-03 0.000E+00 0.000E+00 0.000E+00 1.480E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.480E+00 
0-235 2.754E-04 0.000E+00 0.000E+00 0.00CE+00 3.182E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.182E-01 
0-238 1.280E-03 0.000E+00 0.000E+00 0.00CE+00 1.480E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.480E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+00 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

III  03/24/2011 07:40 	e 11 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 9.751E-15 0.0000 2.295E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.476E-15 0.0000 
Pa-231 1.708E-14 0.0000 9.274E-16 0.0000 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.809E-15 0.0000 
Pb-210 3.546E-13 0.0001 1.922E-13 0.0001 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.257E-11 0.0124 
Ra-226 7.600E-10 0.2211 1.728E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.261E-11 0.0037 
Th-230 3.946E-12 0.0011 2.241E-11 0.0065 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.836E-10 0.0534 
0-234 1.995E-12 0.0006 1.459E-11 0.0042 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.337E-10 0.0680 
0-235 9.111E-10 0.2650 2.781E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.196E-11 0.0151 
0-238 8.730E-10 0.2540 1.197E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.106E-10 0.0904 

Total 2.550E-09 0.7419 5.212E-11 0.0152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.350E-10 0.2429 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 1.146E-14 0.0000 
Pa-231 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 2.681E-14 0.0000 
Pb-210 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 4.312E-11 0.0125 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 7.728E-10 0.2248 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 2.099E-10 0.0611 
U-234 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 2.503E-10 0.0728 
U-235 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 9.658E-10 0.2810 
U-238 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 1.196E-09 0.3478 

Total 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 3.438E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 3.000E+00 years 

Radionuclides 
Radon 
Pathway Rn-222 	Po-218 Pb-214 Si-214 Rn-220 Po-216 Pt-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+30 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 3.167E-13 0.0001 1.716E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.801E-11 0.0111 
Ra-226 6.995E-10 0.2035 1.787E-13 0.0001 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.597E-11 0.0046 
Th-230 6.450E-11 0.0188 2.243E-11 0.0065 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.848E-10 0.0537 
U-234 1.997E-12 0.0006 1.459E-11 0.0042 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.337E-10 0.0680 
U-235 9.1:1E-10 0.2650 2.782E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.197E-11 0.0151 
U-238 8.730E-10 0.2540 1.197E-11 0.0035 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.106E-10 0.0904 

Total 2.550E-09 0.7419 5.212E-11 0.0152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.350E-10 0.2429 

• 	• 

0 

0 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(1,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 3.850E-11 0.0112 

Ra-226 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 7.157E-10 0.2082 
Th-230 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 2.717E-10 0.0790 
U-234 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 2.503E-10 0.0728 

U-235 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 9.658E-10 0.2810 

U-238 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 1.196E-09 0.3478 

Total 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 3.438E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individlal Radionuclides 	(i) and Pathways 
As pCi/yr at t= 1.000S+01 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation 	Plant Meat 	 Milk 	Soil Water Fish Plant Meat Milk 

Ac-227 8.293E-09 	0.000E+00 0.000E+00 	0.000E+00 	9.583E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.583E-06 
Pa-231 5.796E-08 	0.000E+00 0.000E+00 	0.000E+00 	6.698E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.698E-05 
Pb-210 1.421E-05 	0.000E+00 0.000E+00 	0.000E+00 	1.642E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.642E-02 

Ra-226 1.706E-05 	0.000E+00 0.000E+00 	0.000E+00 	1.971E-02 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.971E-02 
Th-230 7.865E-04 	0.000E+00 0.000E+00 	0.000E+00 	9.088E-01 0.000E+CO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.088E-01 
U-234 1.274E-03 	0.000E+00 0.000E+00 	0.000E+00 	1.472E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.472E+00 
U-235 2.740E-04 	0.000E+00 0.000E+00 	0.000E+00 	3.166E-01 0.000E+CO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.166E-01 

U-238 1.274E-03 	0.000E+00 0.000E+00 	0.000E+00 	1.472E+00 0.000E+CO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.472E+00 

* Sum of all ingestion pathways, 	i.e. water independent plant, meat, 	milk, soil 
and water-dependent water, 	fish, plant, meat, milk pathways 

Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 1.000E-01 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+30 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuctides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 8.064E-14 0.0000 1.898E-15 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.221E-14 0.0000 
Pa-231 5.097E-14 0.0000 2.768E-15 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.629E-14 0.0000 
Pb-210 3.652E-13 0.0001 1.980E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.384E-11 0.0124 
Ra-226 8.759E-10 0.2471 1.992E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.453E-11 0.0041 
Th-230 3.946E-12 0.0011 2.241E-11 0.0063 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.836E-10 0.0518 
U-234 1.985E-12 0.0006 1.452E-11 0.0041 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.325E-10 0.0656 
U-235 9.065E-10 0.2557 2.767E-12 0.0008 0.000E+00 0.0000 D.000E+00 0.0000 0.000E+00 0.0000 5.170E-11 0.0146 
U-238 8.686E-10 0.2450 1.191E-11 0.0034 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.091E-10 0.0872 

Total 2.657E-09 0.7497 5.201E-11 0.0147 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.353E-10 0.2356 

• 	• 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 9.475E-14 0.0000 
Pa-231 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 8.003E-14 0.0000 
Pb-210 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 4.441E-11 0.0125 
Ra-226 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 8.907E-10 0.2513 
Th-230 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 2.099E-10 0.0592 
U-234 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 2.490E-10 0.0703 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 9.610E-10 0.2711 
U-238 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 1.190E-09 0.3356 

Total 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 3.545E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W:irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 1.000E+01 years 

Radionuclides 
Radon 
Pathway Rn-222 	P0-218 Pb-214 Bi -214 Rn-220 P0-216 Pb-212 Bi-212 

Water-id. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 2.541E-13 0.0001 1.377E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.050E-11 0.0086 
Ra-226 6.950E-10 0.1961 2.110E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.326E-11 0.0066 
Th-230 1.850E-10 0.0522 2.246E-11 0.0063 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.882E-10 0.0531 
U-234 2.030E-12 0.0006 1.452E-11 0.0041 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.325E-10 0.0656 
U-235 9.066E-10 0.2558 2.771E-12 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.174E-11 0.0146 
U-238 8.686E-10 0.2450 1.191E-11 0.0034 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.091E-10 0.0872 

Total 2.657E-09 0.7497 5.201E-11 0.0147 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.353E-10 0.2356 

0 

0 

• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 3.090E-11 0.0087 

Ra-226 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 7.184E-10 0.2027 
Th-230 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 3.956E-10 0.1116 
U-234 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 2.491E-10 0.0703 
U-235 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 9.611E-10 0.2711 

U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.300E+00 0.0000 0.000E+00 0.0000 1.190E-09 0.3356 

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 C.0000 0.300E+00 0.0000 0.000E+00 0.0000 3.545E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 6.045E-08 0.000E+00 0.000E+00 0.000E+00 6.985E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.985E-05 
Pa-231 1.714E-07 0.000E+00 0.000E+00 0.000E+00 1.980E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.980E-04 
Pb-210 1.709E-05 0.000E+00 0.000E+00 0.000E+00 1.975E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.975E-02 
Ra-226 2.349E-05 0.000E+00 0.000E+00 0.000E+00 2.714E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.714E-02 
Th-230 7.866E-04 0.000E+00 0.000E+00 0.000E+00 9.089E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.089E-01 
U-234 1.256E-03 0.000E+00 0.000E+00 0.000E+00 1.451E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.451E+00 
U-235 2.701E-04 0.000E+00 0.000E+00 0.000E+00 3.121E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.121E-01 
U-238 1.256E-03 0.000E+00 0.000E+00 0.000E+00 1.451E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.451E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio-
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk S oil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 5.510E-13 0.0001 1.297E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.343E-14 0.0000 
Pa-231 1.459E-13 0.0000 7.925E-15 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.527E-14 0.0000 
Pb-210 4.404E-13 0.0001 2.387E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.287E-11 0.0137 
Ra-226 1.203E-09 0.3122 2.735E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.996E-11 0.0052 
Th-230 3.946E-12 0.0010 2.242E-11 0.0058 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.836E-10 0.0476 
U-234 1.957E-12 0.0005 1.431E-11 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.292E-10 0.0595 
U-235 8.936E-10 0.2319 2.727E-12 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.097E-11 0.0132 
U-238 8.563E-10 0.2222 1.174E-11 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.047E-10 0.0791 

Total 2.960E-09 0.7682 5.173E-11 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.415E-10 0.2184 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+01 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 6.475E-13 0.0002 
Pa-231 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 2.291E-13 0.0001 
Pb-210 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 5.355E-11 0.0139 
Ra-226 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.223E-09 0.3174 
Th-230 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.100E-10 0.0545 
U-234 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.455E-10 0.0637 
U-235 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.473E-10 0.2459 
U-238 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.173E-09 0.3044 

Total 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.853E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+01 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 Bi-214 Rn-220 P0-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== Water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E-00 

== Water-dependent 

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

0 

0 
0 

Total Excess Cancer Risk CNRS(i,P,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk S oi l 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 1.3E5E-13 0.0000 7.344E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.626E-11 0.0042 
Ra-226 6.821E-10 0.1770 2.699E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.676E-11 0.0095 
Th-230 5.250E-10 0.1362 2.258E-11 0.0059 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.033E-10 0.0528 
U-234 2.075E-12 0.0005 1.432E-11 0.0037 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.293E-10 0.0595 
U-235 8.943E-10 0.2321 2.748E-12 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.113E-11 0.0133 
U-238 8.563E-10 0.2222 1.174E-11 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.047E-10 0.0791 

Total 2.960E-09 0.7682 5.173E-11 0.0134 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.415E-10 0.2184 

• 	• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+01 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.647E-11 0.0043 

Ra-226 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 7.191E-10 0.1866 

Th-230 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 7.509E-10 0.1949 

U-234 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 2.457E-10 0.0638 
U-235 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 9.482E-10 0.2461 

U-238 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 1.173E-09 0.3044 

Total 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 3.853E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio-
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) and Pathways 
As pCi/yr at t= 1.000E+02 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 3.718E-07 0.000E+00 0.000E+00 0.000E+00 4.296E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.296E-04 
Pa-231 5.430E-07 0.000E+00 0.000E+00 0.000E+00 6.275E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.275E-04 
Pb-210 3.536E-05 0.000E+00 0.000E+00 0.000E+00 4.085E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.085E-02 
Ra-226 4.507E-05 0.000E+00 0.000E+00 0.000E+00 5.208E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.208E-02 
Th-230 7.868E-04 0.000E+00 0.000E+00 0.000E+00 9.092E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.092E-01 
U-234 1.195E-03 0.000E+00 0.000E+00 0.000E+00 1.380E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.380E+00 
U-235 2.569E-04 0.000E+00 0.000E+00 0.000E+00 2.969E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.969E-01 
U-238 1.195E-03 0.000E+00 0.000E+00 0.000E+00 1.380E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.380E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities QINT9(irn,i,t) and QINT9Wiirn,i,t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 1.000E+02 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi-212 

Water-i. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-i. == Water-independent Water-dep. == Water-dependent 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

0 
	

Water Independent Pathways (Inhalation excludes radon) 
0 
	

Ground 
	

Inhalation 	 Plant 	 Meat 	 Milk 
	

S oil 
Radio 
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 3.31 7 E-12 0.0007 7.808E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 5.022E-13 0.0001 
Pa-231 4.570E-13 0.0001 2.482E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 2.358E-13 0.0000 
Pb-210 9.095E-13 0.0002 4.930E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 1.092E-10 0.0222 
Ra-226 2.300E-09 0.4681 5.230E-13 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 3.816E-11 0.0078 
Th-230 3.948E-12 0.0008 2.242E-11 0.0046 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.837E-10 0.0374 
U-234 1.861E-12 0.0004 1.361E-11 0.0028 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.180E-10 0.0444 
U-235 8.500E-10 0.1730 2.594E-12 0.0005 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.848E-11 0.0099 
U-238 8.145E-10 0.1657 1.117E-11 0.0023 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.898E-10 0.0590 

Total 3.975E-09 0.8089 5.092E-11 0.0104 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.881E-10 0.1807 

• 



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

Water-dep. == Water-dependent Water-i. == Water-independent 

Ground 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Dependent Pathways 

1111  03/24/2)11 07:40 	e 21 

Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 1.000E+02 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	BL-214 	Rn-220 	P0-216 

Water-i. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

0 
0 
Radio 
Nuclide 

Pb-210 
Ra-226 
Th-230 
U-234 
U-235 
U-238 

Total 

Soil 

Total 

Radio 
Nuclide 

Water Fish Plant 

risk fract. risk fract. risk fract. 

Ac-227 0.000E+00 0.0000 0.000E+00 0.0000 C.000E+00 0.0000 
Pa-231 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.003E+00 0.0000 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

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

Pb-212 	Bi-212 

risk 	tract. 

1.500E-14 0.0000 
6.385E-10 0.1299 
1.665E-09 0.3389 
3.082E-12 0.0006 
8.538E-10 0.1737 
8.145E-10 0.1657 

risk 	tract. 

8.131E-15 0.0000 
3.144E-13 0.0001 
2.309E-11 0.0047 
1.364E-11 0.0028 
2.697E-12 0.0005 
1.117E-11 0.0023 

risk 	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 

risk 	tract. 

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 

risk 	tract. 

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 

risk 	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 

risk 	fract. 

1.801E-12 0.0004 
4.809E-11 0.0098 
2.808E-10 0.0571 
2.183E-10 0.0444 
4.922E-11 0.0100 
2.899E-10 0.0590 

3.975E-09 0.8089 5.092E-11 0.0104 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.881E-10 0.1807 

Meat 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

Milk 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

All Pathways** 

risk 	fract. 

3.897E-12 0.0008 
7.176E-13 0.0001 
1.106E-10 0.0225 
2.339E-09 0.4759 
2.100E-10 0.0427 
2.335E-10 0.0475 
9.011E-10 0.1834 
1.115E-09 0.2270 

0.000E+00 0.0000 0.000E+00 0.0000 4.914E-09 1.0000 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radionuclides 	(i) 
and Fraction of Total Risk at t= 1.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 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 1.824E-12 0.0004 
Ra-226 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 6.869E-10 0.1398 
Th-230 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 1.969E-09 0.4007 
U-234 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 2.350E-10 0.0478 
U-235 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 9.057E-10 0.1843 
U-238 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 1.116E-09 0.2270 

Total 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 4.914E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk Nuclide Ingestion* 

Ac-227 1.226E-06 0.000E+00 0.000E+00 0.000E+00 1.417E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.417E-03 
Pa-231 1.409E-06 0.000E+00 0.000E+00 0.000E+00 1.628E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.628E-03 
Pb-210 9.031E-05 0.000E+00 0.000E+00 0.000E+00 1.044E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.044E-01 
Ra-226 9.945E-05 0.000E+00 0.000E+00 0.000E+00 1.149E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.149E-01 
Th-230 7.873E-04 0.000E+00 0.000E+00 0.000E+00 9.097E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.097E-01 
U-234 1.036E-03 0.000E+00 0.000E+00 0.000E+00 1.197E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.197E+00 
U-235 2.227E-04 0.000E+00 0.000E+00 0.000E+00 2.573E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.573E-01 
U-238 1.036E-03 0.000E+00 0.000E+00 0.000E+00 1.197E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.197E+00 

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

0 
Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t= 3.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway 	Rn-222 	Po-218 	Pb-214 	Bi-214 	Rn-220 	Po-216 	Pb-212 

 

Bi -212 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways 	(Inhalation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk tract. risk fract. risk fract. risk tract. risk tract. risk fract. 

Ac-227 1.C88E-11 0.0014 2.562E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.648E-12 0.0002 
Pa-231 1.182E-12 0.0002 6.420E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.097E-13 0.0001 
Pb-210 2.317E-12 0.0003 1.256E-12 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.781E-10 0.0366 
Ra-226 5.065E-09 0.6658 1.152E-12 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.403E-11 0.0110 
Th-230 3.950E-12 0.0005 2.244E-11 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.838E-10 0.0242 
U-234 1.613E-12 0.0002 1.180E-11 0.0016 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.890E-10 0.0248 
U-235 7.368E-10 0.0969 2.249E-12 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.202E-11 0.0055 
U-238 7.060E-10 0.0928 9.679E-12 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.512E-10 0.0330 

Total 6.528E-09 0.8581 4.889E-11 0.0064 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.030E-09 0.1355 
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+02 years 

Radio 
Nuclide 

Water Fish 

Water Dependent Pathways 

Plant 	 Meat Milk All Pathways** 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 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 1.279E-11 0.0017 
Pa-231 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 1.856E-12 0.0002 
Pb-210 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 2.817E-10 0.0370 
Ra-226 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 5.150E-09 0.6770 
Th-230 0.003E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 2.102E-10 0.0276 
0-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E-00 0.0030 2.024E-10 0.0266 
0-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0030 7.811E-10 0.1027 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0030 9.669E-10 0.1271 

Total 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 7.607E-09 1.0000 

** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 
Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 

Radon and its Decay Products at t= 3.000E+02 years 
0 	 Radionuclides 

Radon 
Pathway Rn-222 	Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-i. 
Water-dep. 

	

0.000E+00 	0.000E+00 

	

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

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

0.000E+00 
0.000E+00 

Total 

Water-i. 

0.000E+00 	0.000E+00 

== water-independent 

0.000E+00 

Water-dep. 

0.000E+00 	0.000E+00 

== Water-dependent 

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

0 
0 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	:nitially Existent Radicnuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground 	 Inhalation 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk Soil 
Radio 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. Nuclide 

Pb-210 2.787E-17 0.0000 1.511E-17 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.346E-15 0.0000 
Ra-226 5.286E-10 0.0695 2.672E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.132E-11 0.0054 
Th-230 4.533E-09 0.5959 2.449E-11 0.0032 0.000E+00 0.0000 3.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.032E-10 0.0662 
0-234 1.137E-11 0.0015 1.188E-11 0.0016 0.000E+00 0.0000 3.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.902E-10 0.0250 
0-235 7.439E-10 0.0984 2.569E-12 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.428E-11 0.0058 
0-238 7.060E-10 0.0928 9.689E-12 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.514E-10 0.0330 

Total 6.528E-09 0.8581 4.889E-11 0.0064 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0300 0.000E+00 0.0000 1.030E-09 0.1355 

• 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent Radicnuclides 	(i) 
and Fraction of Total Risk at t= 3.000E+02 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 G.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 3.389E-15 0.0000 
Ra-226 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 5.702E-10 0.0750 
Th-230 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 5.061E-09 0.6652 
U-234 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 2.135E-10 0.0281 
U-235 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 7.957E-10 0.1046 
U-238 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 9.671E-10 0.1271 

Total 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 7.607E-09 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 
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Radio 
Nuclide 

	

Amount of Intake Quantities QINT(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 
As pCi/yr at t= 1.000E+03 years 

Water Independent Pathways 	(Inhalation w/o radon) 	 Water Dependent Pathways 

(p) 

Total 
Ingestion* Inhalation Plant Meat Milk Soil Water Fish Plant Meat Milk 

Ac-227 2.654E-06 0.000E+00 0.000E+00 0.000E+00 3.067E-03 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.067E-03 
Pa-231 2.827E-06 0.000E+00 0.000E+00 0.000E+00 3.267E-03 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00 3.267E-03 
Pb-210 2.193E-04 0.000E+00 0.000E+00 0.000E+00 2.535E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.535E-01 
Ra-226 2.261E-04 0.000E+00 0.000E+00 0.000E+00 2.612E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.612E-01 
Th-230 7.871E-04 0.000E+00 0.000E+00 0.000E+00 9.096E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.096E-01 
U-234 6.279E-04 0.000E+00 0.000E+00 0.000E+00 7.256E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.256E-01 
U-235 1.350E-04 0.000E+00 0.000E+00 0.000E+00 1.560E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.560E-01 
U-238 6.279E-04 0.000E+00 0.000E+00 0.000E+00 7.256E-01 0.000E+30 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.256E-01 

* Sum of all ingestion pathways, i.e. water independent plant, meat, mila, soil 
and water-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities QINT9(irn,i,t) and QINT9W(irn,i,t) for Inhalaticn of 
Radon and its Decay Products as pCi/yr at t= 1.000E+03 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

 

Bi -212 

Water-id. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-00 0.000E+00 
Water-dep. 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0G0E+00 0.000E+00 0.000E+00 

Total 0.000E+00 	0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-id. == Water-independent Water-dep. == Water-dependent 

0 
0 
Radio 
Nuclide 

Excess Cancer Risks CNRS(i,p,t) 	for Individual Radionuclides 	(i) 	and Pathways 	(p) 
and Fraction of Total Risk at t= 1.003E+03 years 

Water Independent Pathways 	(Inhatation excludes radon) 
Ground 	 Inhalation 	 Plant 	 Meat 	 Milk Soil 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Ac-227 2.353E-11 0.0017 5.538E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 3.562E-12 0.0003 
Pa-231 2.369E-12 0.0002 1.286E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.222E-12 0.0001 
Pb-210 5.621E-12 0.0004 3.047E-12 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 3.000E+00 0.0000 6.748E-10 0.0489 
Ra-226 1.150E-08 0.8333 2.615E-12 0.0002 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 1.908E-10 0.0138 
Th-230 3.)49E-12 0.0003 2.243E-11 0.0016 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 1.837E-10 0.0133 
U-234 9.783E-13 0.0001 7.155E-12 0.0005 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 1.146E-10 0.0083 
U-235 4.468E-10 0.0324 1.364E-12 0.0001 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 2.548E-11 0.0018 
U-238 4.281E-10 0.0310 5.869E-12 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.3000 1.523E-10 0.0110 

Total 1.241E-08 0.8993 4.317E-11 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.347E-09 0.0976 

• 



Excess Cancer Risks CNRS9(irn,i,t) and CNRS9W(irn,i,t) for Inhalation of 
Radon and its Decay Products at t= 1.000E+03 years 

0 	 Radionuclides 
Radon 
Pathway 	Rn-222 	P0-218 	Pb-214 	Bi-214 	Rn-220 	P0-216 	Pb-212 

Total 
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** Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

0 

Water-id. == Water-independent 

Pb-210 7.706E-27 0.0000 
Ra-226 2.729E-10 0.0198 
Th-230 1.116E-08 0.8088 

	

U-234 	7.550E-11 0.0055 

	

U-235 	4.727E-10 0.0342 

	

U-238 	4.282E-10 0.0310 

Water-dep. == Water-dependent 

Total Excess Cancer Risk CNRS(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation 	 Radon 	 Plant 	 Meat 	 Milk 

1.241E-08 0.8993 4.317E-11 0.0031 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.347E-09 0.0976 

0 

Bi -212 

0 
0 
Radio-
Nuclide 

Radio 
Nuclide 

Water Fish Plant 

risk fract. risk fract. risk fract. 

Ac-227 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pa-231 3.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

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

Soil 

risk 	fract. 

9.250E-25 0.0000 
2.133E-11 0.0015 
1.021E-09 0.0739 
1.217E-10 0.0088 
3.026E-11 0.0022 
1.527E-10 0.0111 

risk 	fract. 

4.177E-27 0.0000 
1.379E-13 0.0000 
2.769E-11 0.0020 
7.405E-12 0.0005 
2.046E-12 0.0001 
5.890E-12 0.0004 

Ground 

risk 	fract. 

Meat 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

Milk 

risk 	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 
0.000E+00 0.0000 
0.000E+00 0.0000 

All Pathways** 

risk 	fract. 

2.764E-11 0.0020 
3.719E-12 0.0003 
6.834E-10 0.0495 
1.169E-08 0.8473 
2.101E-10 0.0152 
1.227E-10 0.0089 
4.736E-10 0.0343 
5.863E-10 0.0425 

0.000E+00 0.0000 0.000E+00 0.0000 1.380E-08 1.0000 

risk 	fract. 

0.000E+00 0.0000 
0.003E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

risk 	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 

risk 	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 

risk 	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 
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Radio 
Nuclide 

Total Excess Cancer Risk CNRS(i,p,t)*** for 	Initially Existent RadionuclIdes 	(i) 
and Fraction of Total Risk at t= 1.000E+03 years 

Water Dependent Pathways 

Water 	 Fish 	 Radon 	 Plant 	 Meat 

and Pathways 	(p) 

Milk All pathways 

risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. 

Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.369E-25 3.0000 
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 7.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.944E-10 0.0213 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.221E-08 0.8848 
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.046E-10 0.0148 
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.050E-10 0.0366 
U-238 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 5.867E-10 0.0425 

Total 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 1.380E-08 1.0000 

***CNRSI(i,p,t) includes contribution from decay daughter radionuclides 

• 



10 100 1000 

• • 
EXC ESS CA NC ER RISK: All Nuclides SurTmed, A II Pathways Surmied 

1.50E-08 

1.00E-08 

5.00E-09 

0.00E+01 	 
1 

Years 

-A-- Pb -2 1 0 —0— Ra -2 2 6 —0-- Th -2 3 0 -/AL- U-234 	—V— U-2 3 5 	 U-2 3 8 	--X— Total 

:ARES RAD_FAMILY \RESRAM6.5\USERFILES \DT-17-UTILITY 2011.RAD 03/24/2011 07:40 GRAPHICS.ASC 
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- 
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_Sample Collection Method: hea 	impfe I Sam* DepO_____ 

— >od 	 lode ,  j  

T . 

	 Rad Screer ttel Rad Screen: 

- 	Comments.. 

4 



FP-17a 
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■•••111•11W Ma 	 ■••=/"Mf  

-- 
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Collection Date: 

2 	 Station ID: 
-7"o7  
-0 

le ID: 

Collection Time: /5190 

".4 Sam le T • : 

.0  Sample Depth: Sample Collection Method: 	 •-fe• 

solaype: C "Ile.- Rad Screen Instrument: 	-  

Commenter-77-7,,, 	 p  

Task TeamTeam Members: res.- i-ior 

SamPle ID: 11 r4- )40 3 SP 

Collection Date: 9 - 7-07 

Property Name: j 42:05 

Norlhing (units): )O2%.1 

Elevation units : /VA% 

Station ID: -4/7-2- /0312'7 

Collection Time: /3-03r- 

Sample Location: br-r-, 
Eastin 	: 

• 
Recorciec  QA by: 	 Date: r-  

COC No.: s  A - 0801:28b 0 3 /4  
Task Team Members: SicpktiN. 	 #_ Fr& Sck eve 	 *or  

• 
Properly Name: S 4125 

	
Sample Location: 

Northing 	 Casting (2.83(12 1/22B43 .  

Elevation (units): 	4,..4 
	

Sample Type: 	140 	INOI. 6 

:Sample Collection Method: )1{....41 .7ro.--el Sample Depth: 0.0-0 .3- 

 

Soil Type: Ikci etri.44- P:11 	 Rad Screen Instrument: 44- 1 F 
q V- fir) 4. 

Rad Screen Bkg. (cpm): 	 Rad Screen (cpm): 
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Rad Screen Bkg. (cpm): 	 Rad Screen (cpm): 8  

15 
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Sample Collection Method: -7-#.0  4—e / 

Soil Type: 13/41.1_ c.)"4.... P711 

Sample Depth: 0 .0 -0  

Had Screen Instrument: 41,-  it=  
10 4- 
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Comments: 

le Location:7-17  

NoIljn units): 	 Eastin 	: 	90 	. 

Sam leT e: /104t 

Swn 	 Sample Depth: ob -0 • 

Instrument :  .Type: 	 F,bjf 	 Had Screen 	

q -to 1-  

Comme in 
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16  St-i0 t o 2-757  46 se.b/osogy 

47 sepias-D(6 

Sco IA( 	z 
s^liq

r  
. stilt) Sctoof(I 	ft,, 

SAO/COWS-  yr 

Seb/406 alp,, 

SCO los- 	.X*7  
Sc tor s• 

43  Stb I aroo 
44 sepor0(0, 

45  Sib/Ore: 2  

17  (,..f) 
	

5co la ?-75-7 

20 S1-0 /0AN8 	51_0 ifir) trr-f  50  ask:otorot z 	septosi$63 
21 

bt 1 0-Snia SL-b1D36.)-) 
22 s L D (0-5 	51-010V)-)(1  
23  A) A 	.Se-bioy PPS 
24  Se4 tov to4 	sco few Po? 
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54 

51 st.D1orobq  
52 

 

sc-ptafoOS- 

 

  

55 25 SLO/09 ?DR 

26 34b/OV 910 

SIO /09 tot  
ras •• ,&010y
firblert‘9 911  AilciviV4 56 

27  9-D10s-co) 	as a) t &O0  57 

58 28 54  ( 0 cool 

29  SI-D !croft  
30 V 0  	 

st.o toren  

tb 106-011 59 
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Collection Date: 87-0 ? Collection lime: film 

Northin units 

Elevation units 

COC No.: 5 ' 080,2007- 0314 
11:1212111.4113A U. .1111K117.7•777tz I • - - 

0 00 Station ID: 

Collection Date: Collection Time: 	/1 0 

••■■=01,  

SanWle Cenec Mf.r 	Sample Depth: 0.0  -0. 

Sor—rTieter___Pallpe 	 Rad Screen Instrument: 94=7,----IrTr- 
441-fet 

Rad Screen (cpm): 
4 	c 	.r  1/C '#P 	51 0 /tAix 

• Rad Screen Bkg. (cpm): 

Comments: 	 øa tLr1.k .A E-7-074) 

Date: 

Task Team Members: 7E% rtes. MOT- 
COC No.: SA - 090,400 In 

Sample ID: 51...1) tosoos 

P 	 le Location:bT-17  

Notthill 

Eastin units 

Sample  Location :  e 

TaSk Team Members: 

Rad Screen (cpm): Rad Screen Bk. (cpm): 

Comments: 

60 

Ele,vpicLii units) .  444 Sample Type: Home 4r4t.  	 

Method: 	 Sample Depth: 1-S -Z 

SoNT e: ii7f1M111131/ Rad Screen Instrument: , 4r4::--°g  • ? F  
‘114-to "L"  

• 

27 ID 



Soil Type: Matt FNI Had Screen Instrument: LK 	5 
sit,  CD I. 

I■JJrthing (units): 102 43687 Easting (units): 4%5'7 204.3 

Soil Type: ntAter F II Had Screen Instrument: 1441 J. 
444, 10 

coc No.: SA -• 861,2007 	31-4 
Task Team Members: 17e0 AP. 14 DT 

Sample ID: sk D JO 5009 	 Station ID: $1.1)10510 07 

Collection Date: 11-7 - 7 	 Collection Time: 1/5-0 

Property Name: SG DS 	 Sample Location: Vr- 

Elevation (units): /Viii 	 Sample Type: gem 0 buil, 

Sample Collection Method: file itcr, mg fr 	 Sample Depth: 35 . L1.0 

Had Screen Bkg. (cprig): 	 ' Had Screen (cpm): 
A/At 	/ 6/kof Orm MAX__ 

Sample ID: 	105 010 Station ID: SLb to 5007 

Collection Date: %-"7-07 Collection Time: 12.00 

Property Name: SiebS Sample Location: tir,17 

Elevation (units): 	Nti Sample Type: Roth. 4e4,h 

Comments: 102.5 	woo  

s. o 	5‘ 	SO elp Itl&L 
Nct to 7 g 	N.  

44S &ALT cr.. /vat  

Task Team Members: Tett Vh. 1-1 or 

Northinginnits): ID 4 T7 Easting (units): 907 RO4 .3 

Sample Collection Method: 4:c tie,,,v‘er 	Sample Depth: 4.5-- r. 0 

Had Screen Bkg. (cpm). 
-01 cfoh,  ) 5584 TA 

Rad Screen (cpm): 

Comments: 	. 0 	 5 	5i 
$150 e- Aps. r 

91 eepw  / 5750 qi" Aha 

28 



Date: 

Sample ID: St../j /0_5'04 Station ID: LA Oro IV t-7-49 eti  
Collection Date: 2.7-07 Collection Time: /205-  

Property Name: .5Lkr Sample Location: 7'T-/7 

Sample Type: /boast) . eg.1 Elevation (units): AM 

Sample Collection Method: 4e  Sample Depth: 	/.f - .o " 

Soil Type: CAsAlf F+.41 Rad Screen Instrument: 44'4t  
alai' to "  

Task Team Members: 7—eattirn. 1-1  
COC No.: SA- acitY7.7oo7- el 3  

Sample ID: 	10001( 

Collection Date: 	- 07  

Property Name: 5L,  S 

Elevation (units): 6/4_ 

Rad Screen Bkg. (cpm): 

Comments: 	
/ 

'ag o  6z, 

Recorded b : 

Task Team Members: 7gp MDT 

Station ID: Sits /DiY31 I 

Collection Time: 1300 

Sample Location:  

Easting (units1 	507E2  

Sample Type: 	140416. G 'AL 

Sample Depth: 	O. 0 - 0.5  

Rad Screen (cpm): 

OA b 

COC No.: 

Northing (units): /a2r/09 7 Easting (units): fo 7Ro 

0 • Comments: 

5--.7 • 0 1. • -  
41. 	.r. 

.■ Akkr 
6 y 

42140.1  
Mgt 

ecorded b 

- F. 
3-84-8 

29. 

Rad Screen Bkg. (cpm): 	 Rad Screen (cpm): 
3/Op iSSAVels". AZ.  

• 



• 31 

Sample ID: so 105-02) Station ID: 	st.b bos-o2J 

Collecti_gp Datil 9-, ..01 Collection Time: 13.2 

Property Name: SLP5 Sample Location: Dr-I, 

Northing (units): 102 6 67  Easting_funits): fo 72 3 3 

Elevation (units): Sample Type: Howie. 	Pa& 

Sample Collection Method: 	4.he }hts...sw-st- Sample Depth: 0 .0 -0 .$- 

Soil Type: I' ;X tier- 	D4-13 t..`c , k5 Rad Screen Instrument: ‘411- 
4,44 - to L. 

Had Screen Bkg. (cpm): 
39 1 	

Rad Screen (cpm):
.531941 Cr% A44 r. 	 53 6.119  



Station ID: $1..h1D54.7/ Sample ID: 51.,D ID5r02.2 

be- Fr-1j 6o  
).c•Zeo 	c j i  
; .2.5. Z  ) 0,12 e NO'  

QA b Recorded by: 

32 

Task Team Members: 	 for 
COC No SA' 	0702oo7 ---olft  

Easting (units): 907833 	 Northing (units): 102_9dp'79 

Elevation (units): 	IVO Sample Type: 140fto, CPO) 

Sample Depth: /.5 -.7.0 Sample Collection Method: hie Hot  

Rad Screen Instrument: i4 '4- F 
a44-1 a I- 

Soil Type: 6.14 	r tftriee pili 

Station ID: 51-b 05-ot, Sample ID: SO) i05-Grn 

Collection Time: J1400 Collection Date: $3 -'7- 01  

Property Name: 5 1..1) 15 Sample Location: 'DT • 17 

Rad Screen Bkg. (cpm): 
3/teow. / 55114 cf No,T. 

Rad Screen (corn ): 

14 erk  fowl  
)1Z;:! 	0 

Rad Screen Bkg. (cpm): Rad Screen (cpm): 
5 4 / c 

Comments: 	 .5.-/• 0 -  Alit. 



Rad Screen (cpm): Had Screen Bkg. (cpm): 

Co—TruTie  

COO No S 
Task Team Members: "redTh' 	  

.mmiEr 

Soil T 	: 

 

Rad Screen Instalment: 

   

   

Rad Screen Bkg. (cpm): 
	

Rad Screen (cpm): 	
/ C4,.41A1 

Comments: 

Sample Type: Aloota . 

33 

• 

 

COC No.: 64 .- 	0 .2.2007 -Ce  

 

Task Team Members:  eatOra 4/DT 

 

Sample ID: 45.4, Z,iosc,i8  Station ID: S  b/05-0/7 

 

Collection Date: 11-7 ,t) 7 Collection Time: 	as - 
Property Name: S_Lb 	 Sample Location: 

Northing (units): e &tzar Easting (units): 	FO friA  

 

: /V 4 - Elevation 

  

  

  

Sample Collection Method: kr- Hama% er Sample Depth: A S.- 0?.. 0 

Soil Type: Cfrit ler A:11 

  

 

Rad Screen Instrument: 

 

44- ID Z. 

Sample ID: SchiOSO(5" Station ID: 454D /0.5-0/5-  

Collection Date: S- 7 - 0 7 

 

Collection ime: /4'15" 

   

Property Name: .S41›.5 Sample Location: .17--P) 

 

     

Nonhinuunits): 1a2B45i- Easting (units): 9407e( 3 

 

Elevation (units): Ai 

 

Sample Type: Nemo. Pia 

  

Sample collectior d:TiAee,f §_L_p_ir le Depth:' 60 -05 

• 



Sample ID: S /050 Station ID: Sth fOSZYS- 

Z5.1.1) 	5A5'3 cf AA.= 
10 ç q L AJAX. •  

3.5-1.o 	9 	la 7 la cf  
Recorded b : .2 DA b: 	 Date: S— 

COC No.: s4-  0802.601 	 • 
Collection Date: g--7.47 Collection Time: içi40 • 

Elevation (units): . /1/ A . Sample Type: 4,..0. ikeal 

Sample Depth: 	•5.2. o Sample Collection Method: tr 	,„er 

Rad Screen Instrument: 4q—/ p  
IN- to L. 

Soil Type: Stack_ C ■exPte- F;(1 

Eastin units : 	• 0 

Properly Name: 5 CDS 

Norlhin units 

r 

et-tilt • 
$  

Sample Location: VT -j?  

Collection Time: ) lot) Collection Date: R-7 -co 

Elevation (units): Sample Type: 1400%0. t;p4.b 

14-0-4.5 	00 isp40 egpr*-Mwt  
1.1 -5 -S-0 5112.t coal,  A/b...t.. 

Sample Collection Method: kb,- 

Sod Type: $ (tick, el-ftilte. F e  if 

Sample Depth: 3. 5- q.0 

Rad Screen Instrument: 14 11.1  
144- VD  

Recorded b : 

Rad Screen Bkg. (cpm): Rad Screen (cpm): 

Comments: 

34 

Task Team Members: 	 ROT- 



• COC No.: M.-  a/074,2001 - 0 3 /./  
Task Team Members: Tea., Ater 

Sample ID: 5 L.b 105 OM Station ID: .54010.5-015" 

Collection Date: 	• 7-07 Collection Time: 	1efili2 

Property Name: •S  Sample Location: 1)7" - "7 

Sample Type:  Elevation (units): /VA 

Soil Type: 364‘.4 CA.tdier F.'1( Rad Screen Instrument: £,1 (4 -9 ,c  
qq-10 

Rad Screen Bkg. (cpm): 
3ii,erAN /Y84 ap. ovc-t- 

Rad Screen (cpm): 
44k49".... /512/er.  

Rad Screen (cpm): Red Screen Bkg. (cpm): 
626 Ic 1 	SIC 

comments 
0. .t.o = 6 c wr. oVas Z 	  

0 Aft. f 	 •. 

Northingiunits): 162 Sr0115- 	 Easting (units): 9407R/1  

Sample Collection Method: .4A- 	 Sample Depth: 4/ ur-c„ 0 

Collection Time: 	/L/570 Collection Date: R.- 70 

Sample Depth: f 	- Sample Collection Method: NI.  //a•-••ft-et" 

Sample ID: SGP / 019 Station ID: 	.5 	/ Si0/ 

 	080",26o -) 40 311 
Task Team Mgmhprs: 	- 

• 

Property Name: s L s 
49-7-07 

Northing (units): --,4640.2-3r- 
/0211674  

Elevation (units): 	A/4 

Sample Location: 7)7.--/-) 

Easting (units): 	07,f1R_tio 

Sample Type: fiso,,a 	rA,  

Sc2Lar 	 Screen Instrument: 

'/4 -b L.  

0 - i.r 	62. S/3 c 

35 

WA, 



36 

Task Team Members: 7? 	Dr 
coc No.: 64- 0 907(2E07- 03 f-f 

Sample ID: 51.:5 to5_0;0 Station ID: $ D /094 

Collection Date: V .-1-  0 7 Collection Time: )455-  

Property Name: s C. IDS Sample Location: 

Northing/units): bag 04 	 Easting (units): q c7 go 

Elevation (units): AA Sample Type: yowl.. Gia h 

Sample Collection Method: Are Sample Depth: / -:2. 0 

Soil Type: C7fjt4 -  p % Had Screen Instrument: 144" 	F 
'/4- 10 L 

Had Screen Bkg. (cpm): 	 Rad Screen (cpni):, 
3c1f4 "" 50614. N "X- 	 isi3a2 cp. NaLt 

Recorded b Date: 



• 	APPENDIX A 
Christiana Court, LLC Vicinity Property (DT-17) 

Boring Logs 

(Note: Boring Logs were not prepared for HTZ and HTR sample locations due to shallow depths) 

SLD 25088 

SLD 25090 
SLD 25092 
SLD 25094 

SLD 92186 

• 

• 
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