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La bora tories 
November 28,2007 

Nuclear Regulatory Commission 
Decommissioning Branch 
US Nuclear Regulatory Commission, Region I11 
2443 Warrenville Road, Suite 210 
Lisle. IL 60532-4352 

ATTN: George M. McCann 

RE: License Amendment Request - License No. 24-13365-01, Amendment 34, 
Decommissioning Plan for Sanitary Lagoon and Drainfield 

Mr. McCann; 

Analytical Bio-Chemistry Laboratories is submitting the Decommissioning Plan for the 
Sanitary Lagoon and Drainfield. Enclosed is the Characterization Data and proposed 
Remediation Plan. Attachment (1) is the Derived Concentration Guidelines Values. 

If you have any questions or need further information, please feel free to contact Sheila 
C. Hecht at 573-443-9070. 

Sincerely, 

G. S Ward 
Senior Vice President, Chief Administrative Officer 

RECEIVED NOV 3 0 2007 
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1.0 INTRODUCTION 

Analytical Bio-Chemistry Laboratories, Inc. requests that the NRC categorize this 
decommissioning as a Group 4 decommissioning “Unrestricted Release with Site- 
Specific Dose Analysis and No Ground Water Contamination; Decommissioning 
Plan Required.” under NUREG 1757 “Consolidated NMSS Decommissioning 
Guidance” because subsurface (>15 cm depth) contamination is present in excess 
of the C-14 default screening value. From NUREG 1757: “Group 4 facilities have 
residual radiological contamination present in building surfaces and soils, but the 
licensee cannot meet, or chooses not to use, screening criteria, and the ground 
water is demonstrably not contaminated. The licensees are able to demonstrate 
that residual radioactive material may remain at their site but within the levels 
specified in NRC criteria for unrestricted use (10 CFR 20.1402, “Radiological 
Criteria for Unrestricted Use”) by applying site-specific criteria in a 
comprehensive dose analysis. 

This plan was developed using the guidance provided in NUREG 1757, 
“Consolidated NMSS Decommissioning Guidance” and NUREG 1575, “Multi 
Agency Radiation Survey and Site Investigation Manual” (MARSSIM). It will 
provide the approach, methods, and techniques for the radiological 
decommissioning of impacted areas of the facility. Final status surveys will be 
designed to implement the protocols and guidance provided in MARSSIM to 
demonstrate compliance with the project release criteria. 

The site has been characterized and areas have been identified which require 
remediation in order to achieve unrestricted release. This plan identifies those 
areas with proposed remedial action. In brief, areas requiring remediation will be 
excavated down to a level which meets criteria for unrestricted use. Please note 
that additional geotechnical data may be required to support this scenario. 

Excavated material will be disposed of at a commercial licensed facility. At this 
time it is anticipated that the material will be categorized as exempt material with 
final disposition at the US Ecology disposal site in Idaho. Please note an 
exemption request will be submitted to the NRC if the material meets the US 
Ecology site acceptance criteria. In the event the material does not meet the US 
Ecology acceptance criteria the proposed site would be the Energy Solutions 
disposal site in Utah. 



The Analytical Bio-Chemistry (ABC) Laboratory facility is located at 7200 East 
ABC Lane in Columbia, Missouri adjacent to Interstate 70 approximately 3 miles 
northeast of the city of Columbia. The site is approximately 56 acres in size. As 
part of their contract testing services, the facility uses some radioactive 
materials, primarily 14C (Carbon-14) under the U.S. Nuclear Regulatory 
Commission (NRC) broad-scope license number 24-1 3365-01. 

As part of the facility, a sanitary surface lagoon and drain-field as shown was 
built in 1986, as permitted by the Missouri Department of Natural Resources, to 
serve the facilities sanitary needs. In March of 2004, the facilities sewerage 
discharge was diverted to the Boone County Regional Sewer District and the use 
of the sanitary lagoon was discontinued. Through site operations, a small amount 
of 14C had been periodically discharged to the sanitary lagoon under the 
provisions as specified in the radioactive materials license. This material was 
very dilute and no other discharge of radioactive materials were authorized or 
allowed. 









4.0 GPS SAMPLE LOCATIONS 
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5.0 CHARATERIZATION DATA SUMMARY 

5.1 Background 

Number of samples - 10 
Results = <MDA 

5.2 Sanitary Lagoon and Embankment Area (Berm) 

5.2.1 Lagoon 
5.2.1.1 Number ofsamples-38 
5.2.1.2 Results 

High - 3750 pCi/g 
Low - 13 pCi/g 
Mean - 950 pCi/g 

5.2.1 Top of Embankment 
5.2.1.1 Number ofsamples-30 
5.2.1.2 Results 

High - 2.8 pCi/g 

Mean - <MDA 
LOW - <MDA 

5.3 Field Application Area 

5.3.1 
5.3.2 Results 

Number of samples - 37 

High - 153 pCi/g 
Low - <MDA 
Mean - 40 pCi/g 

5.4 Sanitary Lagoon Leach-field and surrounding System Piping 

5.4.1 
5.4.2 Results 

Number of samples - 32 

High - 247 pCi/g 

Mean - 37 pCi/g 
LOW - <MDA 



5.5 Historical sanitary Ponds Area 

5.5.1 
5.5.2 Results 

Number of samples - 20 

High - 5.1 pCi/g 

Mean - <MDA pCi/g 
LOW - <MDA 

5.6 Well Samples 

5.6.1 
5.6.2 Results 

Number of samples - 4 

5.6.2.1 Old Well - 197 pCi/L 
5.6.2.2 Well # I  - 0 pCi/L 
5.6.2.3 Well #2 - 525 pCiL 
5.6.2.4 Deep Well - 0 pCi/L 



6.0 REMEDIATION PLAN 

This plan will be implemented to achieve unrestricted release of the impacted areas. It is 
the intent of ABC Laboratories to conduct all remediation activities in a safe and 
compliant manner in order to safeguard the public, environment and remediation workers 
during the excavation, packaging and disposal phases. Remediation work will be 
performed by ABC employees and/or trained contractors. Contractor activities shall be 
performed under the terms and conditions of NRC License number 24-13365-01 as well 
as any site operating procedures developed pertaining to this plan. Specific operating 
procedures will be developed for implementing the remediation plan. All personnel 
involved directly or indirectly will be trained in their areas of responsibilities. 
Areas to be addressed are listed below. 

6.1 Health & Safety 
The primary radiological hazard associated with this project will 
be from the generation of possible airborne contamination during 
excavation and packaging operations. During these activities air 
sampling will be employed. Measures such as misting of soil prior 
to removal may be required to mitigate these concerns. 

6.2 Excavation and Packaging 
The primary hazards associated with this project will be from 
working on and around mechanical equipment. Standard 
safeguards will be taken and addressed in the field operating 
procedures. 

6.3 Additional Sampling Requirements 
Additional sampling will be required during the remediation phase 
to assure removal of material has been accomplished as well as 
providing additional data for use in the FSS. These samples must 
be handled in accordance with approved procedures so that data is 
verifiable. 

6.4 Disposal Shipments 
At a minimum all shipments and packaging will meet DOT 
requirements for the material being shipped for disposal. Disposal 
site waste acceptance criteria will also apply. It is anticipated this 
material will not be classified as a Class 7 radioactive material. 



7.0 FINAL STATUS SURVEYS 

Final status surveys will be performed to demonstrate that residual radioactivity in each 
survey unit satisfies the predetermined criteria for release for unrestricted use. The final 
status survey will be conducted using the Data Quality Objective (DQO) process. 
Characterization and remedial action survey data will be used as final status survey data 
to the maximum extent possible in order to minimize overall project costs. 

Final status surveys will be conducted by performing soil sampling at locations 
determined by MARSSIM protocols and areas of remediation. Since scanning is not 
suitable for C-14, alternate means must be employed to ensure the area bounded by 
sample locations is sufficient to ensure small areas of elevated activity concentrations do 
not exist above the site specific DCGL. 

Final Report 

A final status report will be developed describing project activities and the radiological 
status of the site. The guidance provided in NUREG 1757 will be used to determine the 
appropriate content and format of the final report. 
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DCGL Derivation Report 

1 Introduction 

This document has been prepared by Safety and Ecology Corporation (SEC) on behalf of 
Bionomics, to document the derivation of Derived Concentration Guideline Values (DCGLs) for 
the unrestricted release of the Analytical Bio-Chemistry (ABC) Laboratories Sanitary Lagoon(s) 
and Drain-Field(s) (SLDF) in Columbia, Missouri, post remediation. 

A dose model was used to derive DCGLs that would result in a dose (total effective dose 
equivalent or TEDE) to the critical group below the selected standard. The DCGL values are 
used to plan remediation activities and to demonstrate compliance with the selected standard at 
the completion of remediation. The cleanup standards and methodology found in 10 Code of 
Federal Regulations (CFR) 20.1402 "Radiological Criteria for Unrestricted Use". The DCGLs, 
were developed in accordance with 10 CFR 20.1402, which states: 

"A site will be considered acceptable for unrestricted use if the residual radioactivity that is 
distinguishable from background radiation results in a TEDE to an average member of the 
critical group that does not exceed 25 mrem (0.25 mSv) per year, including that from 
groundwater sources of drinking water, and the residual radioactivity has been reduced to 
levels that are as low as reasonably achievable (ALARA)." 

The scenario, the critical group, and the exposure pathways define a dose model. The Resident 
Farmer Scenario was selected to model exposure from the SLDF area for the next 1000 years. 
The Resident Farmer Scenario includes exposure from the following exposure pathways: 

Direct exposure to external radiation from the contaminated soil material; 

progeny; and 
Internal dose from ingestion of 

Internal dose from inhalation of airborne radionuclides, excluding radon 

- Plant foods grown in the contaminated soil and irrigated with contaminated 
water, 
- Meat and milk from livestock fed with contaminated fodder and water, 
- Drinking water from a contaminated well or pond, 
- Fish from a contaminated pond, and 
- Contaminated soil. 

The RESidual RADadioactivity (RESRAD) code was selected for modeling the resident farmer 
scenario. The deterministic mode of RESRAD Version 6.3 was used for the calculation of 
TEDEs and DCGLs for the urban resident. 

Site specific input parameter values were used where available. For the majority of additional 
inputs for which no site specific value was available, the default (conservative) value was used. 

The remainder of this report is structured as follows: Chapter 2 provides the details of the 
assumptions and the non-default RESRAD input parameter values used, Chapter 3 provides a 
summary table of all of the RESRAD input parameters, Chapter 4 presents a summary of the 
dose assessment results, Chapter 5 presents supporting documentation including RESRAD 
output files and graphs and Chapter 6 references. 

1 
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2.1 Dose Assessment 
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The RESRAD code with the resident farmer scenario was selected with all environmental and 
exposure pathways active, except radon. Figure 1 illustrates the exposure pathways. Figure 2 
is an illustration of the RESRAD model cover, contaminated zone, unsaturated zone, and 
saturated zone strata post remediation. 

Figure 1 - RESRAD Environmental and Exposure Pathways - SLDF excludes Radon 
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Figure 2 - Dose Assessment As-Left Strata 

Application Field 

Area ~ O O O O  m2 
4.9 acres 
Cover 0.00 m 
Contaminated Zone 0.1524 m 1 

Unsaturated Zone (1) 10.5156 m 
34.5 feet 

Saturated Zone 

Note: 
The figure is not to scale. 

2.2 DCGL Derivation Dose Assessment 

The DCGL values are derived from the dose based standard of the USNRC (10CFR20.1402), 
mainly the radiological criteria for unrestricted use as follows: 

"A site will be considered acceptable for unrestricted use if the residual radioactivity that is 
distinguishable from background radiation results in a TEDE to an average member of the 
critical group that does not exceed 25 mrem (0.25 mSv) per year." 

Therefore, the dose resulting from projected as-left condition of the site post remediation were 
derived and the results were then used to determine limiting DCGLs values as appropriate. 

As-Left Sanitary Lagoon@) and Drain Field@) - SLDF 

The as-left condition of the site (SLDF), Le., the condition of the site post remediation, is defined 
by the following: 

3 



DCGL Derivation Report 

Contaminated zone area = 20,000 m2 (for areas modeled greater than 10,000 m2 there is 
not increase in dose). 
Contaminated zone depth = 0.152 m (&inch surface layer based on the characterization 
data for the site). 
Cover depth = 0.000 m (Le., there is no cover. The contaminated zone is on the 
surface). 
The unsaturated zone (the depth of soil between the contaminated zone and the 
saturated (groundwater bearing zone) zone = 10.5 m (based on the approximate 35 feet 
to groundwater from the surface of the site) 

DCGLs based on the projected as-left condition of the site are presented in Section 4. 

4 



2.3 Site Specific Non-Default Input Parameter Values 

Unit Value 
m2 10000 

1 
Site Specific Remarks 

20000 Application Field area 

initial principal radionuclides 

m 

Unsaturated zone total porosity 

Unsaturated zone Hydraulic 
conductivity 

Average contaminated zone thickness 
0'1524 16 inches 2 

~ 

rn 

g/cm3 

- 

~~~ 

4.00 10.5156 Unsaturated zone - 34.5 feet 

1.5 DCH -Table 2.1 

0'45 DCH -Table 3.2 0.4 

Dry density for silt loam 

Representative Porosity Value for silt 

pCi/g I - ~ ciy bpplication Field average 

mlyr 
Representative Value of Saturated 

DCH -Table 5.2 
10 227 Hydraulic Conductivity for Silty loam 

DCH - Data Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil 
Environmental Assessment and Information Sciences Division 
Argonne National Laboratory, April 1993 

5 
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RESRAD Input Parar 
I I I 

3 Input Parameter Assignments Summary 

Table 2 -Input Parameters 

eter Assignments 

Screen 
R016 
R o l l  

Name Value Units 
ALEACH(i) 0 Uyr 
AREA Refer to mz 

R013 BCZ 5.30 __ 

1 
R015 BUZ(1) 

R o l l  I BRDL 25 I mreml 

DENSCV 

R013 I COVER0 
R016 DCNUCC(i) 

0 m 
0 cm3/g 

DROOT Not Used 

R018 
R018 
R018 
R021 
R021 
R021 
R019 

. .  
Table 1 

DIET(4) 160 kglyr 
DIET(5) 14 kglyr 
DIET(6) 92 Llyr 
DIFCV 63 kglyr 
DIFCZ 5.4 kglyr 
DIFFL 0.90 kglyr 
DM Not Used m2/s 

R014 EMANA2 
R013 EPS 

R019 
R014 

Description 
Default Leach Rate for N(i) 
Area of Contaminated Zone 

I 

DWI 0.15 rn 
DWIBWT Not Used m 

Default Contaminated Zone Exponential 
b Parameter 
Radiation Dose Limit 

Saturated Zone Exponential b Parameter 
Uncontaminated Unsaturated Zone 1 - 
Exponential b Parameter 
Cover Depth 
Default Distribution Coefficient for C-14 in 
Contaminated Zone 
Distribution Coefficient for C-14 in 
Saturated Zone 
Distribution Coefficient for C-14 in 
Unsaturated Zone 
Density of Saturated Zone 
Default Density of Cover Material 
Density of Contaminated Zone 
Bulk Density of Building Foundation 
Uncontaminated Unsaturated Zone 1 - 
Soil Density 
Fruit, Vegetable, and Grain Consumption 
Leafy Vegetable Consumption 
Milk Consumption 
Meat and Poultry Consumption 
Fish Consumption 
Other Seafood Consumption 
Diffusion Coefficient for Radon Gas in 
Cover Material 
Diffusion Coefficient for Radon Gas in 
Contaminated Zone Soil 
Diffusion Coefficient for Radon Gas in 
Foundation Material 
Default Depth of Soil Mixing Layer 
Building Foundation Depth Below Ground 
Surface 
Depth of Roots 
Drinking Water Intake 
Well Pump Intake Depth 
Defalut Exposure Duration 

6 
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RESRAD Input Parameter Assignments 
I I I I 

R021 

R013 

Zone Strata 

Material 

Foundation 

REXG Not Used d.d.f. Volumetric Water Content of Cover 

RI Not Used d.d.f. Volumetric Water Content of Building 
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Screen 
R013 
R012 

R012 

R012 

R012 

RESRAD Input Parameter Assignments 
I I I I 

Name Value Units Description 
RUNOFF 1 .o m/yr Precipitation 
S(i) Not Used l / h  Average Building Air Exchange Rate 

S(i) 0.2 m/yr Irrigation 

S(i) 0.2 -- Defalut Runoff Coefficient 

S(i) 20.0 pCi/g Initial Concentrations of C-14 

R012 

R012 

S(i) 0.7 d.d.f. Shielding Factor - External Gamma 

S(i) 0.4 ddf Defalut Shielding Factor - Inhalation 
Radiation 

R012 

R012 

R012 

R017 

S(i) 36.5 g/yr Defalut Soil Ingestion Rate 

S(i) 1.3,10,30, yr Default Calculation Times 
100,300, 

1000 

Table 1 
S(i) Refer to m Thickness of Contaminated Zone 

SHFI 0 yr Defalut Elapsed Time of Waste 

R011 
R o l l  
R021 

. .  
Pond 

THICK(0) 2.0 mls Default Average Annual Wind Speed 
TI 0 Uyr Default Leach Rate for N(i) 
TPCV Refer to mz Area of Contaminated Zone 

R013 

R021 

8 

Table 1 
TPCZ 5.30 -- Default Contaminated Zone Exponential 

TPFL 25 mreml Radiation Dose Limit 
b Parameter 

5 30 
5 30 

_- .- yr -- 
-- 

Saturated Zone Exponential b Parameter 
Uncontaminated Unsaturated Zone 7 - 

R014 
R013 

. ,  
Exponential b Parameter 

UW 0 m Cover Depth 
VCV 0 cm3/g Default Distribution Coefficient for C-14 in 



RESRAD Input Parameter Assignments 
I I I I 

I of C14 
a - d.d.f. = dimensionless decimal fraction 

9 
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Assessment 

ABC Labs 
Application Field 

4 Dose AssessmentlDCGL Determination Summary 

4.1 lOCFR20.1402 DCGLs 

Max TDOSE(t) L a x  Soil 
(m remly r )  (years) Guideline 

DCGL 
(pCllg) 

5.573 3.700 89.72 

Summary results of the C-14 dose assessment are presented in the following table. 

Table 3 - Dose Assessment Summary 

10 



5 Attachments 

5.1 RESRAD Output File and Graphs (refer to table) 

RESRAD File Name 
ABC Labs FA 

I RESRAD File Description 
I ABC Labs DCGL Derivation 

6 References 

1. lOCFR20.1402 
2. RESRAD Computer Code 6.3 - Environmental Assessment Division of Argonne 

National Laboratory, August 25, 2005 
3. User’s Manual for RESRAD Version 6 - Environmental Assessment Division of Argonne 

National Laboratory, July 2001 
4. Data Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil - 

Environmental Assessment and Information Sciences Division of Argonne National 
Laboratory, April 1993 
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Summary : ABC lab, Application Field C-14 RF File: ABC Labs FA.RAD 

Dose Conversion Factor land Relatedl Parameter Sumnary 

File.: FGR 13 UORBIDITY 

I 
Hen" I Parameter 

I current I 8ase I Parameter 
I Value I case* I Name 

8-1 1 Dose converllion factors for Inhalation, mrem/pCl: I I I 

I I I I 
D-1 I D O S ~  conversion factors for ingestion, mrem/pCi: I I I 

I I I I 
D-34 I Food transfer factors: I I I 

8-1 I c-14 I 2.090E-06 I 2.090E-06 I DCFZl 11 

0-1 I C-14 I 2.090E-06 I 2.090E-06 I DCF3I 11 

0-34 I C-14 , plant/soil concentration ratio,  dimenaimless I 5.500EtOO 1 5.500E100 I RTFI 1.11 
0-34 I C-14 , beef/livestock-intake ratio, IpCi/kgl/lpC~/dl I 3.100E-02 I 3.100E-02 1 RTFI 1,21 

D-34 I C-14 , .ilk/li~e.t~~k-int~ke ratio, IpCi/LI/IpCiIdl 1 1.200E-02 1 1.200E-02 I RTF( 1.31 

I I I I 
D-5 I Bioaccumulation factora. fresh water, L/W: I I I 
D-5 I C-14 , fish I 5.000E+O4 I 5.000E+O4 I BIOFACI 1.11 

0-5 I C-14 , crustacea and mollusks I 9.100Et03 I 9.100EIO3 I BIOFACI 1.21 

-8ase case means Default.Lib v/o Associate Nucllde contributions. 



Sumary : ABC lab3 Application Field C-14 RF File: ABC Labs F A . W  

Site-Specific Parameter S u m r y  

I I user I I Used by RESMD I Parameter 
Menu I parameter I Input 

Roll I Area of contaminated zone Im**21 
R o l l  I Thickness of contaminated zone I m l  

Roll I Length parallel to aquifer flow l m l  
Roll I Basic radiation dose limit (mrem/yrl 
Roll I Time since placement of material (yr1 
Roll I Times for EalCUlatiOns lyrl 
Roll I Times for calculations lyr) 
Roll I Timea for calculations Iyrl 
Roll I Timed for CaICYlatlOnS l y r l  

Roll I Times for calculations lyrl 
Roll I Times for calculations lyr) 
Roll 1 Times for Calculations Iyzl 
R o l l  I Times for CalCYlationS l y r l  

Roll I Times for Calculations lyrl 
I 

ROl2 I Initial principal radionuclide lpCi/gl: C-14 
8012 I Concentration in groundwater IpCIlLI: C-14 

I 
R013 I Cover depth I m l  

R013 1 Density Of cover material Ig/Cm*'31 
R013 I Cover depth erosion rate Im/yrl 
R013 I Density of contaminated zone Ig/cm*+31 
R013 I Contaminated zone erosion rate Im/yrl 
R013 I Contaminated zone total porosity 
R013 I Contaminated zone field capacity 
R013 I Contaminated zone hydraulic conductivity lm/yrl 
R013 I Contaminated zone b parameter 
R013 I Average annual wind speed Im laec l  

R013 I Humidity in air lg /m*+3l  

R013 I Evapotranspiration coefficient 
R013 I Precipitation lmlyrl 
R013 I Irrigation Im/yrl 
R013 I Irrigation mode 

R013 I Runoff Coefficient 
R013 I Watershed ares for nearby atream or pond Im*+2I 
R013 I ~ c c u r a t y  for waterhoil computations 

I 
R014 I Density of 9aturated zone 1g/~m**31 
R014 I Saturated zone total porosity 
R014 I Saturated zone effective poroslty 
ROl4 I Saturated zone field capaclty 
ROl4 I Saturated zone hydraulic conductivity Imlyrl 
ROl4 
R014 
R014 

ROI4 
R014 
R014 

R015 

Saturated zone hydraulic gradient 
Saturated zone b parameter 
Water table drop rate (m/yrl 
well pump Intake depth In below water table) 
Model: Nondispersion INDl or Haar-Balance IHBI 

Well pumplng rate lm**3/yrl 

I 2.000Et04 
I 1.524E-01 
I 1.000E+O2 
I 2.500E101 
I 0.000Et00 
I 1.OOOEtOO 
I 3.000Et00 
I 1.000Et01 
I 3.000E101 
I 1.000E102 
I 3.000E+02 

Default I i r f  different from user Input) I ~ a m e  

I 1.000E103 I 1.000E+03 I 
I not used I 0.000E+00 I 
I not used I O.OOOE+OO I 
I 
I 2.000Et01 

I 
I not used 

I 0.OOOEtOO 
I not used 
I not used 
I 1.500EI.00 
1 1.000E-03 
I 4.OOOE-01 
I 2.000E-01 
I 1.000E+01 
I 5.300Et00 
I 2.OOOE100 
I not used 

I 
O.OOOEtO0 I 
0.000E100 I 

I 
0.000E+00 I 
1.500Et00 I 
1.000E-03 1 
1.500E100 1 
1.000E-03 I 
4.000E-01 1 
2.000E-01 I 
I.OOOE+01 I 
5.300Et00 I 
2.OOOE+OO I 
B.OOOEtO0 I 

I 5.00OE-01 I 5.000E-01 I 
I 1.000Et00 1 1.00OEt00 I 
I 2.000E-01 I 2.OOOE-01 I 
1 overhead I overhead 1 
I 2.OOOE-01 I 2.000E-01 I 
I 1.000€+06 I 1.000Et06 I 
I 1.000E-03 I 1.000E-03 I 

I 1.500Et00 I 1.500E+00 I 
I 4.000E-01 I 4.000E-01 I 
I 2.000E-01 I 2.OOOE-01 I 
I 2.0OOE-01 I 2.000E-01 I 
I 1.000E+02 I 1.000E+02 I 
I 2.000E-02 I 2.OOOE-02 I 

I I I 

I 5.300E+OO 1 5.300E+00 I 
I 1.000E-03 I 1.000E-03 I 
I l.OOOE+Ol I 1.000€+01 I 
I ND I ND I 

I I I 
I 2.500EtOZ I 2.500E+02 I 

Number Of unsaturated zone strata I 1  I 1  I 

1 ARFA 
I THICK0 
I LCZPAQ 
I BRDL 
I TI 
1 TI 21 

I TI 31 
I TI 41 
I TI 51 

I TI 61 

I TI 71 

I TI 81 
1 TI 91 

I TI101 
I 
I SI1 1 1  

I w11 11 

I 
I COVER0 
I DENSCV 
I VCV 
DENSCZ 
vcz 
TPCZ 
FCCZ 
HCCZ 
Bcz 
WIND 
HOHID 
EVAPTR 

PRECIP 
RI 
IDITCH 
RUNOFF 
WAREA 
EPS 



Suiranary : ABC Labs Application Field C-14 RF File: ABC Labs FA.RAn 

Site-Specific Parameter s m a r y  (continued) 

I I user I I Used by RESRAD I parameter 
Menu I Parameter I Input I Default I Ilf different from u e r  input1 I Name 

R015 I Unsat. zone 1, thickness lml 
R015 I Unsat. zone 1, sol1 density (g/m+*31 

R015 I Unsat. zone 1, total poroaity 
R015 I Unsat. zone 1, effective porosity 
R015 I Unsat. zone 1, field capacity 
R O l S  I Unsat. zone 1, soil-speciflc b parameter 
R015 I Unsat. zone 1, hydraulic conductivity (m/yrl 

I 
R016 I DiStrlbUtiOn coefficients for C-14 
R016 1 Contaminated zone lm**3/gl 
R016 1 Unsaturated zone 1 lcm**3/91 
R016 I Saturated zone lm"3 /91  

R016 I Leach rate I/yrl 
R016 

R o l l  

Roll 

R o l l  

Roll 
Roll 
R017 

RO17 
Roll 
R011 

R O l i  

R017 
Roll 
R O l i  

Roll 
Roll 
R o l l  

R017 

R o l l  
ROl7 
Roll 
R017 

Roll 

Roll 
R017 

R O l i  

Roll 
Roll 

Roll 
R017 

R017 
Roll 
Roll 
Roll 

Roll 

Solubility Constant 

Inhalation rate lmb*3/ycl 
Mass loading for inhalation ig/m**31 
EXPOSUre duration 
Shielding factor, inhalation 
Shielding factor, external g a m  

Fraction of time spent indoors 
Fraction of time spent outdoors Ion site) 
Shape factor flag, external g a m a  
Radil of shape factor array lured if  FS - -11: 

Outer annular radlus lml, ring 1: 
Outer annular radius lml, ring 2: 
Outer annular radius I m l ,  ring 3: 
Outer annular radius Iml, ring 4 :  

outer annular radius iml, ring 5: 
Outer annular radius I m l ,  ring 6: 

Outer annular radius iml, ring 1: 

Outer annular radius lml, ring 8: 

Outer annular radlw (ml, ring 9: 
Outer annular radius Iml, ring 10: 
Outer annular radius Iml, ring 11: 
Outer annular radiw Iml, ring 12: 

Fractions of annular areas within ARFA: 

Ring 1 
Ring 2 

R i n g  3 
Ring 4 
Ring 5 
Ring 6 

Ring 7 

Ring 8 

Ring 9 

Ring 10 
Ring 11 
Ring 12 

I 1.052E+01 
1 1.280E+00 
I 4.500E-01 
I 2.000E-01 
I 2.000E-01 
I 5.300E+00 
I 2.270Et02 
I 
I 
I O.OOOE+OO 
I 0.000Et00 
1 0.000Et00 
I 0.000Et00 
I O.OOOE+OO 
I 
I 8.400Et03 
I 1.000E-04 
I 3.000Et01 
I 4.OOOE-01 
I 7.000E-01 
5.000E-01 
2.500E-01 
1. OOOEtOO 

not used 
not used 
not used 
not used 
not ured 
not used 
not used 
not used 
not w e d  
not used 
not used 
not used 

not used 
not used 
not Used 
not used 
not used 
not used 
not used 
not used 
not Used 
not used 
not used 
not used 

4.000Et00 
1.500E100 
I ,000E-01 
2.OOOE-01 
2.OOOE-01 
5.300E+00 
1.000Et01 

0.000E100 
0.000Et00 
O.OOOEt00 
0.000E100 
0.000E100 

8.400Et03 
1.000E-04 
3.000E+01 
4.OOOE-01 
1.000E-01 
5.OOOE-01 
2.500E-01 
1.000E+00 

5.000Et01 
1.071Et01 
0.000Et00 
O.OOOE+OO 
0.000Et00 
0.0OOEt00 
0.000Et00 
0.000E+00 
O.OOOEtO0 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

1.000Et00 
2.732E-01 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000Et00 
O.OOOEtO0 
0.000Et00 
O.OOOE+OO 

INW\LR 

ULINH 
ED 
SHF3 
SHFl 
FIND 
FOTD 
FS 

RAD-SHAPE1 11 

RAD-SHAPE1 21 
RADSHAPEI 31 

RAD-SHAPE1 41 
RAD-SHAPE1 5 1  

RAD-SHAPE1 61 

RA-SHAPEI 7) 

RAD-SHAPE1 81 

RAD-SHAPE1 91 

RAD-SHAPE 1101 

RAD-SHAPE I11 1 
RAD-SHAPE1121 

FRACAI 11 
FRACAI 21 
FPACAI 31 

R u C A l  41 

FRACAI 5 1  

FRACAI 61 

FRACAI 1 1  

FRACAI 81 

FRACAI 91 
FRACAI 101 
FPACAI111 
mCA1121 



Fila: ABC Labs FA.RRD Summary : ABC Lab3 Application Field C-14 RF 

Site-Specific Parameter Summary (continued) 

I I user I I used by RESRAD I parameter 
Men" 1 Parameter I Input 1 Default I IIf different from user input) 1 Name 

ROlE 
ROlE 
ROlE 
ROlE 
ROlE 
ROlB 
ROlE 
ROlE 
ROl8 
ROlE 
ROlR 
R01E 
ROlE 
ROlE 
ROl8 
ROlR 

R019 
R019 
R019 
R019 
R019 
R019 

R019 
R019 
R019 
R019 

R019 
R019 

R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R198 
R19B 
R19B 
R19B 
R19B 
R19B 
R198 

Fruita. vegetables and grain consumption IkglyrI I 1.600Et02 I 1.600EtOZ I 
Leafy vegetable consumption lkglyr) 
Milk consumption (L/yr) 
Meat and poultry Consumption Ikglyr) 
Fiah consumption (kg/yrJ 
Other seafood consumption lkg/yrl 
soil ingestion rate Iglyrl 
Drinking wate1 intake lL/yr) 
Contamination fraction of drinking water 
Contamination fraction Of household water 
Contamination fraction of livestock water 
contamination fraction of irrigation water 
Contamination fraction of aquatic f w d  
Contamination fraction of plant food 
Contsminafion fraction of meat 
Contamination fraction Of milk 

Livestock fodder intake for meat Ikgldayl 
Livestock fodder intake for milk Ikg/day) 
Livestock water intake for meat IL/day) 
Livestock water intake for milk lL/dayl 
Livestock soil intake Ikg/day) 
Mass loading for foliar deposition I g / m * * 3 )  

Depth of s o i l  mixing layer I m l  

Depth of roots Iml  

Drinking water fraction from ground water 
Household water fraction from ground water 
LiveStOCk water fraction from ground water 
Irrigation fraction from ground water 

Vat weight crop yield for Non-Leafy Ikg/m**21 
Wet weight crop yield for Leafy Ikg/m**2I 
Wet weight crop yield for Fodder Ikg/m**2) 
Growing Season for NO"-Leafy (year81 
Growing Season for Leafy (years1 
Graving Season for Fodder lyearrl 
Translocation Factor for Nan-Leafy 
Tranalocation Factor for Leafy 
Translocation Factor for Fodder 

1 1.400EtOl 1 1.4OOE+01 1 
I 9.2OOElOl I 9.200Et01 I 
I 6.300Et01 I 6.300E101 I 
1 5.400E+00 I 5.400Et00 I 
I 9.000E-01 I 9.00OE-01 I 
I 3.650Et01 I 3.650E+01 I 
I 5.100E+02 I 5.100E+02 I 

I not used I l.OOOE+OO I 
1 1.000E100 1 l.OOOE+OO I 
I 1.000E100 I 1.000E+00 1 

I 1.000Et00 I 1.000Et00 I 

1 5.000E-01 
1 5.000E-01 
I l.OOOE+OO 
1 1.000Et00 
I 
I 6.800E+01 
I 5.500E+01 
I 5.000E+01 
I 1.600E+02 
I 5.000E-01 
I 1.0OOE-04 
I 1.500E-01 
I 9.000E-01 
I 1.000Et00 
I not used 
I l.OOOE+OO 
I l.OOOE+OO 
I 
I 7.00OE-01 
I 1.500Et00 
I 1.100Et00 
I 1.700E-01 
1 2.500E-01 
I E.000E-02 
1 1.000E-01 
I l.OOOE+OO 
I l.OOOE+OO 

Dry Foliar Interception Fraction for Non-Leafy I 2.500E-01 
Dry Foliar Interception Fraction for Leafy I 2.500E-01 
Dry  Foliar Interception Fraction for Fodder I 2.500E-01 
Wet Foliar Interception Fraction for Won-Leafy I 2.500E-01 
wet ~01iar Interception Fraction for Leafy I 2.500E-01 
Wet Foliar Interception Fraction for Fodder I 2.500E-01 
Weathering Removal Constant for Vegetation I Z.OOOE+Ol 

I I 
c14 I c-12 concentration in water 19/cm**31 I 2.OOOE-05 
c14 I c-12 concentration in contaminated soil 19/91 1 3.000E-02 
C11 I Fraction of vegetation carbon from soil I 2.OOOE-02 
c14 I Fraction of vegetation carbon from air I 9.800E-01 

5.000E-01 
1 
1 
1 

6.EOOEt01 
5.500Et01 
5.000E+01 
1.600E+02 
5.000E-01 
1.000E-01 
1.500E-01 
9.000E-01 
1.000Et00 

1.000E+00 
l.OOOE+OO 
1.000Et00 

J.00OE-01 
1.50OE+00 
1.100E+00 
1.100E-01 
2.500E-01 
E.000E-02 
1.000E-01 
1. OOOEtOO 
l.OOOE+OO 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
Z.OOOE+Ol 

2.OOOE-05 
3.000E-02 
2.OOOE-02 
9.800E-01 

DIET I1 1 

DIETf21 
DIET 131 
DIET14 1 

DIET151 
DIET 16 1 

SOIL 
DW I 
F D W  

FHHW 
FLW 
FIRW 
FR9 
FPWIT 
EWFdT 

€MILK 

LFI5 
LFI6 
LW15 
LYI6 
LSI 
MLFD 
DH 
D R W T  
FGWDW 
FGWHH 
FGWLW 
FGWIR 

W l l l  

Y V I Z )  

YV131 
I TEI11 
I TE(2) 
I TE13) 
I TIVI1) 
I TIVIZI 
I TIV13) 
1 RDRYIII 
I RDRY121 
I RDRYIJI 
I RUETI11 
I RUETI21 
I RWET(31 
I u m n  
I 

I c12cz 
I CSOIL 

I C12WTR 

I CAIR 



S W a r Y  : AB€ Lab3 Application Field C-14 RF File: ABC Labs F A . m  

site-Specific Parameter summary Icontlnuedl 

I I user I I Used by RESPAD I Parameter 
Men" I Parameter I Input I Default I (If different from user input) I Name 

I wc C14 I C-14 evasion layer thickness in soil Iml I 3.000E-01 I 3.000E-01 I .-_ 

C14 I C-14 evasion flux rate from soil 11/seci 1 7.000E-07 I 7.000E-07 I _ _ _  
C14 I Fraction of grain in beef cattle feed I 8.000E-01 1 8.000E-01 I _ _ _  

I EVSN 
c14 I c-12 evasion f l u x  rate from soil ( l / a o c i  I 1.00OE-10 I 1.000E-10 I --- I REVSN 

I AVFG4 
C14 I Fraction of grain in milk COY feed I 2.000E-01 
C14 I DCF Correction factor Cor gaseous f o m s  of C14 I 1.234EtO2 

STOR I Storage timer of contaminated foodStUff3 ldaysl: I 
1 I 

STOR I 
STOR I 
STOR I 
STOR I 
STOR I 
STOR I 
STOR I 
STOR I 
STOR 

ROZ1 
RO21 
ROZl 
ROZl 
R021 
R021 
RO21 
RO2l 
RO2l 
8021 
R021 
RO2l 
R021 
ROZl 
ROZl 
R021 
ROZl 

TITL 

Fruits, non-leafy Vegetables, and grain 
Leafy vegetable8 
Milk 
Meat and poultry 
Fish 
Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder 

Thickness of building foundation lml 
Bulk density of building foundation (gJ/m**31 

Total porosity of the cover material 
Total porosity Of the building foundation 
Volumetric water content of the cover material 
Volumetric water content of the foundation 
Diffusion coefficient for radon gas Im/aecl: 

in COYer materia1 
in foundation material 
in contaminated zone roil 

Radon vertical  dimension of mixing (ml 
Average building air exchange rate ll/hrl 
Height of the bulldlnq Irooml I m i  

Building interior area factor 
Building depth below ground surface Iml 
Emanating power of Rn-222 gas 
Emanating power of Rn-220 gas 

Number of graphical time points 
TITL I Maximum number of integration points for dose 
TITL I Maximum number Of integration points f o r  risk 

I 1.400Et01 
I 1.000Et00 
I 1.000Et00 
I 2.000EtOl 
I 1.000E+00 
I l.OOOE+OO 
I 1.000E+00 
I 1.000Ei00 
I 4.50OE+01 

I not used 
I not used 
I not used 
I not used 
I not used 
I not used 

I not used 
I not used 
I not used 

I 

I 

not w e d  
not used 
not w e d  
not used 
not used 
not used 
not used 

32 

I 17 

2.OOOE-01 
O.OOOE+OO 

1.400E+01 
l.OOOE+OO 
1. OOOEtOO 
2.0OOEtOl 
1. OOOEtOO 
7. OOOEIOO 
1.000E100 
1.000Ei00 
4.500E+01 

1.500E-01 
2.400E+00 
4.000E-01 
1.000E-01 
5.000E-02 
3.000E-02 

Z.000E-06 
3.000E-07 
2.000E-06 
Z.OOOE100 
5.000E-01 
2.500Et00 
0.OOOEtOO 
.l.OOOE+OO 
2.5OOE-01 
1.500E-01 

_ _ _  
--- 

I 251 1 --- 

AVEG5 
C02F 

STOR-T I1 I 

STOR-TI21 
STOR-T 13 I 

STOR-T I4 I 
STOR-T I5  I 
STOR-TI6I 
STOR-TI71 
STOR-T I 0 I 
STOR-T I 9  1 

FLOOR1 
DENSFL 
TPCV 
TPFL 
PH2OCY 
PHZOFL 

DIFCV 
D I F n  
DIFCZ 
HHIX 
REXG 
HRH 
FA1 
DHFL 
D u N A l l l  

DUNA12i 



Summary : ABC Labs Application Field C-14 RF 

Sumnary of Pathway Selections 

Pathway I uLler Selection 

File: ABC Labs F A . m  

1 -- external g a m  I active 
2 -- inhalation lw/o radon1 I active 
3 -- p l a n t  ingestion I aCtiYe 
4 -- meat ingestion I active 
5 -- milk ingestion I active 
6 -- aquatic foods I aCtiYe 
7 -- drinking water I a c t i w  
8 -- , O i l  ingestion I active 

Find peak pathway dosea 1 active 
9 -- radon I suppressed 



S m r y  : ABC Labs Application field C-14 RF F i l e :  RBC Lab3 FA.RRD 

Contaminated Zone Dimension3 Initial soil conc*ntrations, pci/g 

Area:  20000.00 square meters C-14 2.000E+Ol 
Thickness: 0.15 meters 

Cover Depth: 0.00 meters 

Total Dose TDOSEltl, mremlyr 

Total Mixture Sum Hit1 - Fraction of Basic Do96 Limit Received at Time it1 Basic Radiation DOQe Limlt * 2.500E101 mremlyr 

t iyearsl: 0.000EiOO 1.OOOE+OO 3.000E100 1.000Et01 3.000Et01 1.OOOEtOZ 3.000Et02 1.00OEt03 
TWSEltl: 1.216E+00 7.090E-13 5.533E+00 0.OOOEtOO 0.000E+00 0.000E100 0.000Et00 0.000Et00 

HIT): 5.105E-02 2.039E-14 2.213E-01 0.000E+00 O.OOOE+OO 0.000E100 0.000EtOO O.OOOE+OO 

Maximum TWSEItl: 5.513Et00 mrealyr at t - 3.199 i 0.008 years 

Total Dose Contributions TWSElI,p,tl for Individual Radionuclides 111 and Pathways Ipl 
AS mremlyr and Fraction of Total Dose At t - 3.799Et00 years 

Water Independent Pathways [Inhalation excludes radon1 

Ground 
Radio- 
Nuclide mremlyr fract. 
Nuclide 

C-14 0.000EtOO 0.0000 

Total 0.000E+00 0.0000 

Inhalation Radon 

mremlyr fract. mremlyr fract. 

- 
O.OOOE+OO 0.0000 0.000Et00 0.0000 

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

Plant m a t  Milk soil 

mremlyr fract. mremlyr fract. mremlyr fract. mremlyr fract. 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 0.000E100 0.0000 
~ 

O.OOOEt00 0,0000 0.000E+00 0.0000 O.OOOE+OO 0,0000 0.000Et00 0.0000 

Total Dose Contributions TDOSEli,p,tI for Individual RadiOnUClideS 111 and Pathways Lpl 
As nremlyr and Fraction of Total Dose At t - 3.799Et00 years 

Water Dependent Pathways 

A11 Pathways. water Fish Radon Plant neat Milk 
Radio- 
Nuclide mromlyr fract. mremlyr fract. mremlyr tract. mremlyr fract. mremlyr fract. mremlyr fract. mremlyr fract. 
Nuclide 

c-14 1.719E-01 0.1396 4.241E+00 0.1610 0.000Et00 0.0000 2.109E-01 0.0393 l.105E-01 0.0213 2.161E-01 0.0309 5.573E+00 1.DOOO - --- - - - --- 
Total 7.119E-01 0.1396 4.24lE+00 0,1610 0.000Et00 0,0000 2.109E-01 0.0393 1.105E-01 0.0213 2.167E-01 0.0309 5.513Et00 1.0000 

*Sum of a l l  water independent and dependent pathways. 



Summary : ABC Labs Application Field c-14 RF File: ABC Labs F A . m  

Total Dose Contributions TDOSEIi,p,tI for Individual Radionuclides Ill and Pathways IpI 
AS mrsrnlyr and Fraction of Total Dose At t - 0.000Et00 years 

Water Independent Pathways llnhalation excluder radon1 

Ground Inhalation Radon Plant neat M i l k  soil 
Radio- 
Nuclide mremlyr fract. mren/yr tract. mrem/yr fract. mrem/yr fract. mrsm/yr fract. mrem/yr fract. mrem/yr iract. - 
‘2-14 5.210E-06 0.0000 1.981E-04 0.0002 0.000E100 0.0000 4.838E-01 0.3191 6.66%-01 0.5221 1.258E-01 0.0986 3.75%-05 0.0000 

Total 5.210E-06 0.0000 1.981E-04 0.0002 0.OOOElOO 0.0000 4.838E-01 0.3791 6.663E-01 0.5221 1.2588-01 0.0986 3.755E-05 0.0000 

Total Dose Contributions TDOSEli,p,tl for Individual Radionuclides (11 and Pathways ( P I  
AS mrem/ye and Fraction of Total Do% At t - 0.000E+00 years 

Mater Dependent Pathways 

Milk All Pathways’ water Fish Radon Plant Meat 
Radio- 
Nuclide mrem/yr fract. mrsmlyr fract. mrem/yr fract. mrw/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. - 
C - 1 4  0.000Et00 0.0000 0.000Et00 0.0000 0.000E100 0.0000 0.000E+00 0.0000 0.OOOEtOO 0.0000 0.000E100 0.0000 1.276Et00 1.0000 --------------- 
Total 0.000E100 0.0000 0.000E+00 0.0000 O.OOOE+OO 0,0000 0.000Et00 0.0000 0.000E+00 0.0000 0.000E+OO 0.0000 1.276Et00 1.0000 

*Sum of all water independent and dependent pathways. 



Sumary : ABC Lab3 Application Field c-14 RF Tile: ABC Labs F A . m  

Total Dose Contributions TWSEli,p,tl for Individual Radionuclides lit and Pathways lp) 
As mrem/yr and Fraction of Total Dose At t - 1.000E+00 years 

Water Independent Pathways IInhalation excludes radon) 

Ground Inhalation Radon Plant neat Milk soil 
Radio- 
Nuclide mrem/yr fract. mrem/yr fract. nrem/yr fract. mrem/yr fract. mremlyr fract. mrem/yr fract. mrem/yr fract. 

- - - - 
C-14 4.601E-20 0.0000 1.760E-10 0.0000 O.OOOEtO0 0.0000 3.112E-14 0.0430 6.307E-13 0 .8085  4.001E-14 0.0676 3.373E-19 0.0000 --- - --- - - - 
Total 4.601E-20 0.0000 1.768E-10 0.0000 0.000E100 0.0000 3.112E-14 0.0438 6.30iE-13 0 . 0 0 6 5  4.801E-14 0.0676 3.3738-19 0.0000 

Total Dose Contributions TWSEli,p,tl for Individual Radionuclides lil and Pathways (p)  

As mrem/yr and Fraction of Total Dose At t - 1.000Ei00 years 
Water Dependent Pathways 

water Fish Radon Plant Meat Milk A11 Pathways. 
Radio- 
Nuclide mrem/yr fract. mremlyr fract. mrem/yr fract. mremlyr fract. mremlyr fract. mram/yr fract. mremlyr fract. - .__ - 
C-14 0.000Et00 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 7.098E-13 1.0000 ----- ------- - 
Total 0.000E+OO 0.0000 0.000EtO0 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 0.000EtO0 0.0000 0.000E+00 0.0000 1.090E-13 1.0000 

*sum of all water independent and dependent pathways, 



Sumary : ABC Labs Application Field C-14 RF File: ABC Labs FA,RAD 

Total Dose Contributiona TDOSEl1,p.t) for Individual Radionuclide3 I11 and Pathways Ipl 
Ai mrem/yr and Fraction Of Total Dose At t - 3.000E100 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Heat Hilk soil 
Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mremfyr fract. mrem/yr fract. mremfyr fract. mrem/yr fract. mremfyr tract. - - 
C-14 0.000Et00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E100 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 - - ----------- 
Total 0.000Et00 0.0000 0.000E100 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 

Total Dose Contributions TDOSEIi.p,tl for Individual Radionuclides (1) and Pathways IP) 
As mremfyr and Fraction of Total DOSe At t - 3.000E+00 years 

Hater Dependent Pathway8 

All Pathways' water Fish Radon Plant Meat Milk 
Radio- 
Nuclide mremlyr fract. mrem/yr fract. mram/yr fract. mremfyr fract. mrem/yr fract. mrem/yr tract. mrwm/yr fract. - 
C-14 7.121E-01 0.1395 4.211E400 0.1610 0.000E+00 0.0000 2.114E-01 0.0393 1.18OE-01 0.0213 2.151E-01 0.0389 5.533E+00 1.0000 

Total 1.121E-01 0.1395 4.2llEt00 0.7610 O.OOOE+OO 0.0000 2.174E-01 0.0393 1.1BOE-01 0.0213 2.151E-01 0.0389 5.533E+OO 1.0000 

*Sum of all water independent and dependent pathways 



Summary : ABC Labs Application Field C-14 RF file: ABC Lab:, fA.PAC 

Total Dose Contributions TDOSEli,p,tl for Individual Radionuclides 111 and Pathways Ipl  

AS mrem/yr and Fraction of Total Dose At t - l.OOOE+Ol years 

Water Independent Pathways IInhalatim excludes radon) 

Ground Inhalation Radon Plant Meat Milk soil 
Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mremlyr fzact. - - 
C-14 0.000E+00 0.0000 0.000ElOO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 - ------------- 
Total 0.000E+00 0.0000 O.OOOE+00 0.0000 0.000E100 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 

Total Do3e Contributions TDOSEli,p,tl for Individual Radionuclide3 111 and Pathways lp l  

AS mrem/yr and Fraction of Total Doze At t - 1.000Et01 years 

Water Dependent Pathways 

water Fish Radon Plant neat Milk All Pathways. 
Radio- 
Nuclide mremlyr fract. rnremlyr fract. mremlyr fract. mram/yr fract. mrem/yr iract. mrem/yr fract. mrem/yr fract. 

__ 
C-14 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

Total 0.000Et00 0.0000 0.000Et00 0.0000 O.OOOEtO0 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0.00OEtOO 0.0000 

+Sum of all water independent and dependent pathways 



Sumery : ABC Labs Application Field C-14 RF File: AEC Lab3 F A . W  

Total Dose Contributions TWSEli,p,t) for Individual Radlonuclidea (1) and Pathways Ipl 

As mrem/yr and Fraction of Total Dose At t - 3.000E+01 years 
Water Independent Pathways llnhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk soil 
Radio- 
Nuclide mrem/yr fract. mredyr fract. mrem/yr fract. mrernlyr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. - 
C-14 0.000E+00 0.0000 0.000E+00 0.0000 0.000E100 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 --------------- 
Total 0.000E+00 0.0000 O.OOOEtO0 0.0000 0.000E100 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOEiO0 0.0000 

Total Dose Contributions TWSEli,p,tl for Individual Radionuclides 111 and Pathways lp) 

As mram/yr and Fraction of Total Dose At t - 3.000Et01 years 
Water Dependent Pathways 

water FlSh Radon Plant meat M i l k  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. 

C-14 0.000Et00 0.0000 O.OOOE+OO 0.0000 0.000E100 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 - - ------- --- 
Total 0.000E+00 0,0000 0.000E100 0.0000 0.000E+00 0,0000 O.OOOE+OO 0,0000 O.OOOEtO0 0,0000 0.000Ei00 0.0000 O.OOOE+OO 0.0000 

*Sum of all water Independent and dependent Pathways. 



Summary : ABC Labs Application Field C-14 RF File: ABC Labs F A . W  

Total Dose Contributions TWSEli,p,tl for Individual Radionuclides LII and Pathways IpI 
AS mremlyr and fraction of Total Dose At t - 1.000E+OZ yea13 

Water Independent Pathways IInhalation excludes radon1 

Ground Inhalation Radon Plant neat Milk soil 
Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mromlyr fcacc. mremlyr fract. - 
C-14 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0,0000 0.000Et00 0.0000 O.OOOEt00 0.0000 

Total O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOEiO0 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 O.OOOEtO0 0.0000 O.OOOE+OO 0.0000 

Total Dore Contributions TWSEli,p,cl for Individual Radionuclide$ I11 and Pathway3 Ipl 

As mrem/yr and Fraction of Total Do88 At t - l.OOOEt02 years 
Water Dependent Pathvaya 

water Fish Radon Plant Meat Milk All Pathways. 
Radio- 
Nuclide mramlyr fract. mremlyr fract. mremlyr fract. mrenlyr fract. mremlyr fract. mramlyr fract. mram/yr fracc.  

C-14 0.000Et00 0.0000 0.00OE+00 0,0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000EtOO 0.0000 0.000E+00 0.0000 --- - - ----- - 
Total O.OOOE+OO 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 O.OOOEtO0 0.0000 O.OOOEtO0 0.0000 0.000Et00 0.0000 

'Sum Of all water Independent and dependent pathwaya. 



Summary : ABC Labs Application Field C-14 RF F i l e :  ABC Labs F A . m  

Total Dose Contributions TDOSEii,p,tI for Individual Radionuclides i l l  and Pathways Ip1 
A3 mrem/yr  and Fraction Of Total Dose At t - 3.000Et02 years 

Water Independent Pathways (Inhalation excludes radon1 

Ground Inhalation Radon Plant Meat Milk Soil 
Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/Yr fract. mrom/yr fract. mremlyr Iract. mrem/yr fract. mrem/yr fract. - - 
C-14 0.000Et00 0.0000 0.000EtOO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 - --------- --- 
Total 0.000E+00 0,0000 0.000E+00 0,0000 O.OOOEt00 0.0000 0.000E100 0.0000 O.OOOEt00 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 

Total Doze Contributions 1DOSEii.p.tI for Individual Radionuclides (11 and Pathways ipl 
As rnrenlyr and Fraction of Total Dose At t - 3.000E+02 years 

Water Dependent Pathways 

water Fish Radon Plant Meat Milk Ail Pathways. 
Radio- 
Nuclide nremlyr fract. mredyr fract. mremlyr fract. mrem/yr Iract. mrem/yr fract. mrem/yr Iract. mremlyr Iract. - 
C-I4 O.OOOEtO0 0.0000 0.000Et00 0,0000 O.OOOE+OO 0,0000 0.000E+00 0.0000 0.000EtOO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 - ------------- 
Total 0.000Et00 0,0000 0.000E100 0.0000 0.000E100 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 0.000E100 0.0000 

'Sum Of all water independent and dependent pathways. 



Summary : AEC Labs Application Field C-14 RF File: ABC Labs FA.W.0 

Total Dose Contributions T0OSEii.p.t) for Individual Radlonuclldes li) and Pathways Ipl 
As mrem/yr and Fraction of Total Dose At t - 1.000E103 years 

Water Independent Pathways IInhalatlon excludes radon1 

Ground 
Radio- 
Nuclide mremlyr fract. 

C-14 O.OOOE+OO 0.0000 --- 
Total 0.000Ei00 0.0000 

Inhalation Radon 

mrem/yr fract. mrem/yr tract. 

O.OOOEtO0 0.0000 0.000E+00 0.0000 
p-7- 

0.000Et00 0.0000 0.000E+00 0.0000 

Plant 

mrsm/yr fract. 

O.OOOE+OO 0.0000 

- 
-- 
0.000Et00 0.0000 

Meat M i l k  so11 

mremlyr fract. mremlyc fract. mrem/yr fract. - - 
0.000Et00 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 ------ 
0.000E+00 0.0000 0.000Et00 0.0000 0.000E100 0.0000 

Total Dose COntrlbutionS TDOSEiI,p,t) for Individual Radionuclides I l l  and Pathvays ipl 
As rnrem/yr and Fraction of Total Dose At t - 1.000E+03 years 

Hater Dependent Pathways 

water Fiah Radon Plant Meat Milk A11 Pathways- 
Radio- 
Nuclide mremlyr fract. mram/yr fracr.  mremlyr fract. mrem/yr fract. mrsm/yr fract. mremlyr fract. mremlyr tract. - 
C-14 0.000EiO0 0.0000 0.000E+00 0,0000 0.000Et00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 

Total 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000Et00 0.0000 O.OOOEtO0 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

*Sum of all water independent and dependent pathways. 



Summary : ABC Labs Application Field C-14 RF File: I\BC Labs F A . m  

Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Thread DSRlj,tl At Time in Years (mrem/yrl/ipCi/gl 
111 ill Fraction 0.000Et00 1.000Et00 3.000Et00 1.OOOEtOl 3.000E101 l.OOOE+OZ 3.000Et02 1.000E103 

C-I4 C-14 1.000Et00 6.381E-02 3.549E-14 2.767E-01 0.000Et00 0.000E100 0.000EtOO 0.000E+00 0.000E+00 

The DSR includes contributions from aaaociated ( h a l f - l i f e  S 180 dayrl daughters. 

Single Radionuclide Soil Guidelines Gli,tl in pcilg 
Basic Radiation Dose Limit - 2.500Et01 mremlyr 

Nuclide 
lil t- 0.000Ei00 1.000E+00 3.000E100 1.000Et01 3.000Ei01 1.000E102 3.000E+OZ 1.000E+03 
- 
C - I 4  3.918EtOZ *4.455E+lZ 9.036EtOl '4.455E112 *4.455E+12 +4.455E+12 '4.455Et12 '4.455Et12 - --- ---- 
*At specific activity limit 

Summed Dose/Source Ratios DSR(1,tl i n  Imrem/yr)/ipCi/gl 
and Single Radionuclide S o i l  Guidelines G1i.t) in pCi/g 

at tmin - time Of minimum single radionuclide soil guideline 
and at tmax - time or maximum total dose - 3.799 * 0.008 years 

Nuclide Initial tmin DSR (1 ,  tminl G (1, tminl DSR 11, tmaxl G (1, tmaxl 
(1) (PCi19l lyearsl ipci/g1 lPCi/9l 

C-14 2.OOOEt01 3.799 i 0.008 2.787E-01 8.972Et01 2.787E-01 8.972Fl01 -- -- 



Summary : ABC Labs Application Field C-14 RF File: ABC Labs F A . W  

Individual Nuclide Dose Sumned Over All Pathways 
Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THFIII DOSElj,tl, mrem/yr 
l j l  ill t- 0.0OOEtOO 1.000E100 3.000Et00 1.000E+01 3.000E+01 1.000Et02 3.000E102 1.000E103 -- 

C-14 C-14 1.000Et00 1.276Et00 7.098E-13 5.533E+00 0.000Et00 0.000Et00 O.OOOE+OO 0.000Et00 O.OOOE+OO -- -- -- 
THFIII is th8 thread fraction of the parent nuclide. 

Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THFIII Slj.t,. pci/q 
1 3 )  111 t- 0.000Et00 1.000Et00 3.000E100 1.000Et01 3.000E+01 1.000€+02 3.000E102 1.000E+03 
-- 
c-14 c-14 1.000~+00 2.000EtOl 1.797E-13 1.44%-41 O.OOOEt00 0.000E+00 0.000E+00 O.OOOEtO0 0.000E+00 
7-p - -- 
THFlil is the thread fraction Of the parent nuclide. 

RESCALC.EXE execution time - 1.82 seconds 



7
 

i
 

m
 

I-- +
 

I
 

I
 

L
 

~ -
 

I r I
 

L
 

I 
I 

I 

1 

I 1 
I 

I 

/
/

I
 

I 
+++ 

*++ 

9
 

0
 

Y 
0
 

9
 

r
 

Y 
F

 
9
 

JA
/U

IallU
 

e4 
Y e4 

9
 

m
 

Y
 

2 
m

 
Y e 



FRl.3llJ@v A2 
7918 0698 2730 PRlORlTY OVERNIGHT 

NY-ENLA 
ORD 
ILUS 
60532 

The WoriOn Rme. I 

t nve I oDe 
Align battom of Wsl and Sick Airbill here 


	2g2.pdf
	8-1 1 Dose converllion factors for Inhalation mrem/pCl:
	8-1 I c-14 I 2.090E-06 I 2.090E-06 I DCFZl
	0-1 I C-14 I 2.090E-06 I 2.090E-06 I DCF3I
	D-34 I Food transfer factors:
	D-5 I Bioaccumulation factora fresh water L/W:
	1.500Et00 I 1.500E+00
	4.000E-01 I 4.000E-01
	2.000E-01 I 2.OOOE-01
	2.0OOE-01 I 2.000E-01
	1.000E+02 I 1.000E+02
	2.000E-02 I 2.OOOE-02
	5.300E+OO 1 5.300E+00
	1.000E-03 I 1.000E-03
	l.OOOE+Ol I 1.000•+01
	I ND
	2.500EtOZ I 2.500E+02
	Number Of unsaturated zone strata I1 I1


