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EXECUTIVE SUMMARY 

E1 .0 INTRODUCTION 
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This cleanup verification package documents completion of remedial action for the 

116-F-6 Liquid Waste Disposal Trench (also referred to as the 116-F-6 site). The 

116-F-6 site is located within the 100-FR-1 Operable Unit in the 100-F Area of the 

Hanford Site in southeastern Washington State. The site is located approximately 55 m 

( 180 ft) southeast of the southeastern corner of the 105-F Reactor Building inside the 

105-F Exclusion Area fence. The site was an unlined trench 91 m (300 ft) long, 30 m 

(100 ft) wide, and 3 m (10 ft) deep. The trench was used intermittently to dispose of 

cooling water from the 105-F Reactor via the 1608-F Pumping Station while 

maintenance and repairs were being performed on the effluent system. The site was 

active from 1952 through 1965. 

Remedial action objectives and goals for the 116-F-6 site were established by the 

U.S. Environmental Protection Agency and the U.S. Department of Energy, Richland 

Operations Office, in concurrence with the Washington State Department of Ecology. 

These goals and objectives are documented in the Amendment to the Interim Action 

Record of Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units (ROD) 

(EPA 1997) and the Remedial Design Report/Remedial Action Work Plan for the 

100 Area (DOE-RL 2002). 

The selected remedial action for the 116-F-6 site included (1) excavating the site to the 

extent required to meet specified soil cleanup levels, (2) disposing of contaminated 

excavation materials at ~he Environmental Restoration Disposal Facility at the 

200 Areas of the Hanford Site, and (3) backfilling the site with clean soil to average 

adjacent grade elevation. Excavation was driven by remedial action objectives for direct 

exposure, protection of groundwater, and protection of the Columbia River. For the 

respective points of compliance, remedial action goals (RAGs) were established to 

identify radionuclide and nonradionuclide contaminants of concern (COCs). Waste site 
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COCs identified through process knowledge were listed in the 100 Area Remedial 

Action Sampling and Analysis Plan (DOE-RL 2001 ). The COCs for this site consist of 

the following: 

• Cesium-137 

• Cobalt-60 

• Europium-152 

• Europium-154 

• Strontium- 90 

• Hexavalent chromium. 

E2.0 RESULTS 

Site excavation and waste disposal are complete, and the exposed surfaces have been 

sampled and analyzed to verify attainment of the RAGs. At the completion of the remedial 

action, the total excavation was approximately 5,272 m2 (56,747 tt2) in area with a depth of 

. 4.6 m (15 ft). Approximately 32,156 metric tons (35,446 tons) of material from the site 

were disposed of at the Environmental Restoration Disposal Facility. 

Results of the sampling, laboratory analyses, and data evaluations for the 116-F-6 site 

indicate that all remedial action objectives ~:md goals for direct exposure, protection of 

groundwater, and protection of the Columbia River have been met (see Table ES-1 ). 

The following sections discuss these results. 
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Table ES-1. Summary of Cleanup Verification Results for the 
116-F-6 Fuel Storage Basin Trench. 

Remedial 
Regulatory 

Remedial Action Goals Results Action 
Ref. Requirement Objectives 

Attained? 

Direct Exposure - 1. Attain 15 mrem/yr dose rate 1. Maximum dose rate calculated by 
Radionuclides above background over RESRAD is 5.81 mrem/yr {not Yes a 

1,000 years. accounting for dean backfill). 

Direct Exposure - 1. Attain individual COC RAGs. 1. All individual COC concentrations 
Yes b Nonradionuclides are below the RAGs. 

Meet 1. Hazard quotient of <1 for 1. All hazard quotients are below 1. 
b Nonradionuclide Risk noncarcinogens. 

Requirements ---2. Cumulative hazard quotient of 2. Cumulative hazard quotient is 
<1 for noncarcinogens. 1.33 X 10-3. b 

-
3. Excess cancer risk of <1 x 10..a 3. Excess cancer risk for individual Yes 

for individual carcinogens. carcinogens are all less than b 
1 X 10-6. 

'-

4. Attain a total excess cancer risk 4. Total excess cancer risk is 2.5 x 
b of <1 x 10"5 for carcinogens. 10·7. 

Groundwater/River 1. Attain single-COC groundwater 1. All single-Coe groundwater and 
Protection - and river protection RAGs. river RAGs have been attained. a 

Radionuclides ---2. Attain National Primary Drinking 2. All organ-specific dose rates are 
Water Standards: 4 mrem/yr below the 4 mrem/yr dose rate limit. 
{beta/gamma) dose rate to target C 

receptor/organs. ---3. Meet drinking water standards 3. There are no alpha-emitting COCs Yes 
for alpha emitters: the more for this site. 
stringent of the 15 pCi/L MCL 

a or 1 /25th of the derived 
concentration guide per 
DOE Order 5400.5. 

4. Meet total uranium standard of 4. Uranium is not a COC for this site. 
21 .2 pCi/L.t 

Groundwater/River 1. Attain individual nonradionuclide 1. All the groundwater and river RAGs 
Protection - groundwater and river cleanup have been attained. Yes a,b 
Nonradionuclides requirements. 

Other supporting 1. Sample variance calculation. d 
Information 2. Sample location design. · e 

"116-F-6 RESRAD Calculation, 0100F-CA-V0143, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
b116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL Calculation, 0100F-CA-V0141, Rev. 0, Bechtel Hanford, Inc., 
Richland, Washington . 
c116-F-6 Trench Comparison to Drinking Water Standards, 0100F-CA-V0142, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
d16-F-6 Uquid Waste Trench Sample Variance Calculation, 0100F-CA-V0152, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
"16-F-6 Uquid Waste Disposal Trench Shallow & Deep Sampling Design, 0100F-CA-V0159, Rev. 0, Bechtel Hanford, Inc., 
Richland, Washington.· 
1Since the time of ROD signature, the U.S. Environmental Protection Agency has promulgated a more restrictive maximum contaminant 
level (MCL) of 30 µg/L for total uranium (65 Federal Register 76708). Based on the isotopic distribution of uranium in the 100 Areas, the 
30 µg/L MCL corresponds to 21.2 pCi/L. (BHI 2001 ). 
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The ROD (EPA 1997), developed in compliance with the "National Oil and Hazardous 

Substances Pollution Contingency Plan" (40 Code of Federal Regulations 300), 

expresses the RAG for direct exposure to radionuclides in terms of an allowable 

radiation dose rate above background (i.e., 15 mrem/yr). The total dose rate above 

background, considering all radionuclide COCs and pathways, was predicted from the 

RESidual RADioactivity (RESRAD) dose assessment model (ANL 2002). The 

results indicate that the maximum dose rate above background from the site is 

5.81 mrem/yr and would occur at present (year 2003); this dose rate decreases to 

1.39 x 10-9 mrem/yr in 1,000 years. The estimated total dose rate in 2018 is 

3.87 mrem/yr. The 2018 date corresponds to the 30-year site cleanup schedule of the 

Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1998). Total 

dose rate estimates never exceed the direct exposure RAG of 15 mrem/yr above 

background. 

Although the RAG for radionuclides is expressed in terms of radiation dose, the cleanup 

·verification package also includes radionuclide excess lifetime cancer risk estimates as 

additional information. The "National Oil and Hazardous Substances Pollution 

Contingency Plan" (40 Code of Federal Regulations 300) presents a target range for 

residual risk of 10-4 to 10-6. The RESRAD model calculated the total excess cancer risk 

for radionuclides using the U.S. Environmental Protection Agency's Health Effects 

Assessment Summary Tables (HEAST) (dated April 16, 2001, "Update of Radionuclide 

Carcinogenicity Slope Factors," available on the Internet at www.epa.gov/radiation/ 

heast). Because of radioactive decay, the risk associated with radionuclides decreases 

over time. Based on RESRAD results, the excess lifetime cancer risk is largest, 

8.13 x 10-5 at present (year 2003), and decreases to 1.64 x 10-14 from the site in 

1,000 years. The estimated excess cancer risk due to radionuclides in 2018 is 

9.94 X 10-6. 
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The only nonradionuclide COC for this site is hexavalent chromium. The hexavalent 

chromium concentration is below the RAG for direct exposure. 

Hexavalent chromium is associated with both noncarcinogenic and carcinogenic health 

effects. With respect to noncarcinogenic risk, the hazard quotient for hexavalent 

chromium is below the corresponding RAG (a hazard quotient of 1.0). With respect to 

carcinogenic risk, the excess lifetime cancer risk estimate in the shallow zo"ne (0 to 

4.6 m [15 ft]) due to residual hexavalent chromium is below the risk limit for individual 

COCs of 1 x 10-6, and also below the excess lifetime total cancer risk estimate limit of 

1 X 10-5• 

E2.2 PROTECTION OF GROUNDWATER AND THE RIVER 

E2.2.1 Radionuclides 

The estimated radionuclide .dose rate via the groundwater and river pathways is below 

the RAG of 4 mrem/yr for beta and gamma emitters. There are no alpha-emitting COCs 

or uranium COCs for this site; therefore, groundwater and river protectiveness 

standards for alpha emitters and uranium are met. In s1.1mmary, all radionuclide RAGs 

for protection of groundwater and the river have been met. 

E2.2.2 Nonradionuclides 

Based on comparison with groundwater and river protection RAGs, cleanup verification 

-· results indicate that the residual concentration of hexavalent chromium, the only 

nonradionuclide COC for this site, is protective of groundwater and the river. 
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The site meets cleanup standards and has been reclassified as "interim closed out" in 

accordance with the Hanford Federal Facility Agreement and Consent Order 

(Ecology et al. 1998) and the Waste Site Reclassification Guideline TPA-MP-14 

(RL-TPA-90-0001) (DOE-RL 1998). A copy of the waste site reclassification form is 

included as Attachment ES-1. 
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Date Submitted: 
09/11/03 

Originator: 
R. A.. Carlson 

Phone: 372~9632 

Attachment ES-1 
Waste Site Reclassification Form 

Operable Unlt(s): 100-FR-1 

Waste Site ID: 116-F-6, Fuel Storage Basin 
Trench 

Type of Reclasslflcatlon Action: 

Rejected • 
Closed Out O 
Interim Closed Out 181 
No Action D 

CVP-2002-00010 
Rev.O 

Control Number: 
2003-06 

Lead Agency: EPA 

This form documents agreement among the parties listed below authorizing classification of the subject unit as 
rejected, interim closed out, or no action and authorizing backfill of the site, if appropriate. Final removal from the 
National Priorities List (NPL) of no action or closed-out sites will occur at a future date. 

Description of current waste site condition: 

Remedial action at this site has been performed in accordance with remedial action objectives and goals 
established by the U.S. Environmental Protection Agency and the Washington State Department of Ecology, in 
concurrence with the U.S. Department of Energy, Richland Operations Office. The selected remedial action 
involves ( 1) excavating the site to the extent required to meet specified soil cleanup levels, (2) disposing of 
contaminated excavation materials at the Environmental Restoration Disposal Facility at the 200 Area of the 
Hanford Site, and (3) backfilling the site with clean soil to adjacent grade elevations. The excavation and 
disposal activities have been completed. · 

Basis for reclassification: 

The 116-F-6, Liquid Waste Disposal Trench has been remediated to meet the cleanup standards specified in the 
Amendment to the Interim Action Record of Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units, 
U.S. Environmental Protection Agency, Region 10, Seattle, Washington. Remedial actions were performed so 
as to allow rural-residential use of shallow zone soils (i.e., surface to 4.6 m [15 ft] deep) and to protect 
groundwater and the Cc>lurnbia River. The cleanup verification package does not demonstrate the acceptability 
of unrestricted access to deep zone soils (i.e., below 4.6 m [15 ft]); therefore, institutional controls to prevent 
uncontrolled drilling or excavation into deep zone soils are required. The_ basis for reclassification is described in 
detail in the Cleanup Verification Package for the 116-F-6 Liquid Waste Disposal Trench (CVP-2002-00010), 
Bechtel Hanford, Inc., Richland, Washington. · 
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1.0 INTRODUCTION 

1.1 PURPOSE 
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The purpose of this cleanup verification package (CVP) is to document that the 
116-F-6 Liquid Waste Disposal Trench site (herein referred to as the 116-F-6 site) was 
remediated in accordance with the Amendment to the Interim Action Record of Decision 
for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units (ROD) (EPA 1997). The 
ROD provides the U.S. Department of Energy, Richland Operations Office the authority, 
guidance, and objectives to conduct this remedial action. The preferred remedy 
specified in the ROD (EPA 1997) and conducted for the 116-F-6 site was excavation 
and disposal of contaminated materials at the Environmental Restoration Disposal 
Facility (ERDF). 

1.2 DOCUMENT ORGANIZATION 

The cleanup verification evaluation is presented in the following sections: 

• Section 2.0 Site Description and Supporting Information 
• Section 3.0 Summary of Remedial Action Objectives and Goals 
• Section 4.0 Remedial Action Field Activities 
• Section 5.0 Cleanup Verification Data Evaluation 
• Section 6.0 Evaluation of Remedial Action Goal Attainment 
• Section 7.0 Radionuclide Risk Information 
• Section 8.0 Statement of Protectiveness 
• Section 9.0 References 
• Section 10.0 Bibliography 

The main text is supported by the following appendices: 

• AppendixA 
• Appendix B 
• Appendix C 

Summary of Verification, Soil Sampling and Analytical Results 
Data Quality Assessment 
RESRAD Input Parameters and Calculation Brief Excerpts. 

2.0 SITE DESCRIPTION AND SUPPORTING INFORMATION 

2.1 SITE HISTORY 

The 116-F-6 site is located in the 100-FR-1 Operable Unit of the 100-F Area 
approximately 55 m ( 180 ft) southeast of the southeastern corner of the 105-F Reactor 
Building inside the 105-F Exclusion Area fence (Figure 1 ). 
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Figure 1. Hanford Site Map and 116-F-6 Site Plan. 

14741L47 
S0-467J6 

l ____ ~J 
0 

r~ : / 
L~ t1 
r-, /; 

L 1=.::j J 

116-F-6 LIQUID WASTE// 

D~:.~SALTRENCH// 
580497£4 I 

I 
I I 
I I 
I I 
. ' 

SITE PLAN 
SCALE 1: 2500 ---

t 

25 0 25 50 100 meters 

HANFORD SITE 
VICINITY MAP 

NOTE: NORTHING$ AND EASTING$ ARE NAD83 WASHINGTON STATE PLANE COORDINATES. 

2 



CVP-2002-00010 
Rev. O 

The site was an unlined trench 91 m (300 ft) long, 30 m (100 ft) wide, and 3 m (10 ft) 
deep. The trench was used intermittently to dispose. of cooling water from the 
105-F Reactor via the 1608-F Pumping Station while maintenance and repairs were 
being performed on the effluent system. This practice was used during several reactor 
upgrades from 1952 through 1965. In the spring of 1956, effluent water overflowed the 
trench, flooding an area south of the site. The overflow was not treated as an 
unplanned release, but the trench area was expanded to include the area of the 
overflow. 

2.2 SUBSURFACE CONDITIONS 

The soil column underlying the waste site and extending to groundwater consists of 
materials belonging to the Hanford and Ringold Formations. The shallower Hanford 
formation consists predominantly of medium dense to dense sand and gravel, with 
varying amounts of silt and cobble. The underlying Ringold Formation consists of 
dense, well-cemented gravels with sand and silt interbeds. The Hanford/Ringold 
contact is approximately 12.2 to 18.3 m (40 to 60 ft) below the surface grade level. The 
long-term groundwater level beneath the site is estimated at El. 114 m (374 ft) for 
analysis purposes, based on historical and current information from adjacent 
groundwater wells. The depth to groundwater is estimated to be 8.4 m (27.6 ft) beneath 
the floor of the excavation and 13.5 m (44.3 ft) beneath surface grade level. 
Groundwater elevations in adjacent wells are influenced by the nearby Columbia River 
and other factors such as atmospheric pressure. 

2.3 CONTAMINANTS OF CONCERN 

Waste site contaminants of concern (COCs) identified through process knowledge are 
listed in the 100 Area Remedial Action Sampling and Analysis Plan (SAP) (DOE-RL 
2001 ). The COCs for this site consist of the following: 

• Cesium-137 
• Cobalt-60 
• Europium-152 
• Europium-154 
• Strontium- 90 

• • • Hexavalent chromium . 

. . 
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3.0 SUMMARY OF REMEDIAL ACTION OBJECTIVES AND GOALS 

3.1 REMEDIAL ACTION OBJECTIVES 

Remedial action objectives (RA Os) for the 116-F-6 site were established in the ROD 
(EPA 1997). The RAOs are qualitative statements defining the extent to which waste 
sites require cleanup to protect human health and the environment. For a detailed 
discussion of the RAOs, see the Remedial Design Report/Remedial Action Work Plan 
for the 100 Area (RDR/RAWP) (DOE-RL 2002) and the ROD (EPA 1997) . 

. 3.2 REMEDIAL ACTION GOALS 

Remedial action goals (RAGs) are the specific numeric goals against which the cleanup 
verification data are evaluated in order to demonstrate attainment of the RAOs. The 
RAGs were developed to support a rural-residential exposure scenario. This scenario 
involves exposures to soils less than 4.6 m (15 ft) deep only. In the rural-residential 
scenario, an individual is assumed to live for 30 years in a residence built on the waste 
site and to spend 60% of his or her time indoors, 20% outdoors, and 20% offsite. The 
scenario assumes a portion of the resident's time is spent in the basement of the home. 
It further assumes that he or she consumes crops, meat, and milk from plants and 
animals raised on the waste site, and consumes fish from a pond downgradient from the 
waste site. Residual (post-cleanup) contaminant concentrations in the shallow zone 
(i.e., less than 4.6 m (15 ft]) are assumed for the soils in which crops are raised and on 
which animals providing meat and milk are raised. Water used by the resident for 
drinking, showering, watering livestock, and for fish production is assumed to be taken 
from groundwater derived from surface water that has infiltrated through the soil column 
at the site. The scenario assumes institutional controls against uncontrolled drilling or 
digging into deep zone soils (i.e., below 4.6 m (15 ft]). A more detailed description of 
the rural-residential scenario, and how it is applied, is provided in the RDR/RAWP 
(DOE-RL 2002) . 

. The contaminant-specific RAGs applicable to the 116-F-6 site are listed in Table 1. 
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Table 1. Summary of Remedial Action Goals. 

Direct Exposure Groundwater Columbia River 
COCs Protection RAG Protection RAG RAG (pCi/L) (pCi/L) 

Radionuc/ides 

Cesium-137 

Cobalt-60 4 mrem/yr 4 mrem/yr 
Europium-152 

15 mrem/yr (cumulative) (cumulative) 

Europium-154 
(cumulative)3 

Strontium-90b ac ac 
Nonradionuclides 

Direct Exposure Soil RAG for Soil RAG for Columbia 
COCs RAGs Groundwater Protection River Protection 

(mg/kg) (mg/kg) (mg/kg) 

Hexavalent chromium 
4QQd 8g 2h 2.1e,f 

3 Lookup values that correspond to the 15 mrem/yr dose rate are based on a generic site model and are presented 
in the RDR/RAWP (OOE-RL 2002). 
bStrontium-90 also contributes to the 4 mrem/yr dose rate limit (cumulative) for groundwater and river protection. 
cPromulgated groundwater protection standard (40 Code of Federal Regulations 141 ). 
dWashington Administrative Code (YvAC) 173-340 Method B noncarcinogenic cleanup limit based on inhalation 
exposure pathway. 
8wAC 173-340 Method 8 carcinogenic cleanup limit. 
1Calculation of Hexavalent Chromium Carcinogenic Risk, 0100X-CA-V0031 (BHI 2000). 
9Soil RAG based on "100 times groundwater deanup" rule as presented in the RDR/RAWP (DOE-RL 2002). 
hSoil RAG based on 100 times dilution attenuation factor times surface water quality standard as presented in the 
ROR/RAWP (DOE-RL 2002). 

3.2.1 Direct Exposure RAGs 

Under the rural-residential scenario, direct exposure RAGs are applicable to soils that 
are less than 4.6 m (15 ft) below ground surface (shallow zone soils). Direct exposure 
RAGs are listed in Table 1 and summarized below. 

• Radionuclide COCs: For radionuclide COCs in the shallow zone (all pathways) 
and in the deep zone (water-dependent pathways), meet a 15 mrem/yr above 
background total dose rate (this RAG must be met for 1,000 years). 

• Nonradionuclide COCs: 

Hazard quotient of less than 1.0 for noncarcinogenic contaminants. 

Excess cancer risk of less than 1 x 10-6 for individual carcinogenic contaminants. 

Cumulative excess cancer risk of less than 1 x 10-5• 

Cleanup verification sample results pass the Washington Administrative Code 
0N AC) 173-340 (Model Toxics Control Act Cleanup Regulation) three-part test. 
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Groundwater and river protection RAGs are applicable to all vadose zone soils (shallow 
and deep zone soils). For this CVP, river protection and surface water protection are 
synonymous, since the Columbia River is the only surface water in proximity to the 
Hanford Site. The term river protection is used throughout this CVP. The groundwater 
and river protection RAGs are listed in Table 1 and summarized below. 

• Beta- and gamma-emitting radionuclide COCs: Meet "National Primary Drinking 
Water Regulations" (40 Code of Federal Regulations [CFR] 141.66) dose rate 
standards (4 mrem/yr total body or organ dose rate) for a period of 1,000 years 
starting from site cleanup. Meet individual COC RAGs as applicable. 

• Alpha-emitting radionuclide COCs: Meet drinking water standards for 
nonuranium alpha-emitting radionuclides based on the more stringent of the 
15 pCi/L maximum contaminant level or 1125th ofthe derived concentration guide 
per DOE Order 5400.5. The maximum contaminant level for uranium is 30 µg/L as 
promulgated by the U.S. Environmental Protection Agency (EPA) on December 7, 
2000 (65 Federal Register 76708). For the 116-F-6 site there were no alpha­
emitting COCs, including uranium. 

• Nonradionuclide COCs: Meet the individual RAGs listed in Table 1 with cleanup 
verification sample results passing the WAC 173-340 three-part test, or demonstrate 
by site-specific modeling that residual COC levels do not pose an unacceptable 
threat to groundwater or surface water for 1,000 years (i.e., residual soil levels do 
not have the potential to exceed groundwater or river protection RA Gs). The 
nonradionuclide groundwater and river protection RAGs listed in Table 1 were 
calculated using the WAC 173-340 "100 times rule," as established in the ROD 
(EPA 1997). 

4.0 REMEDIAL ACTION FIELD ACTIVITIES 

4.1 EXCAVATION AND DISPOSAL 

Remedial action at the 116-F-6 site began in October 2002. Excavation of the site 
involved removing the overburden materials and underlying contaminated soil. 
Contaminated materials were disposed of at the ERDF. 

In November of 2002, the majority of excavation was completed. Initial results indicated 
areas of contamination, and additional remediation of a small portion of the site was 
completed (shallow zone sample areas 86 and 03) in January of 2003. As part of the 
116-F-6 remediation, a small amount of overburden was removed and stockpiled west 
of the waste site. The original excavation design depth was 3.2 m (10.5 ft) below the 
surface. After approximately one-third of the site was excavated, it was determined by 
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in-process sampling that the bottom of the excavation would not meet shallow zone 
RAGs. Consequently, the site was excavated to a depth of 4.6 m (15 ft) to meet 
shallow and deep zone criteria. To facilitate the additional remediation, clean material 
was placed (padding) on the bottom of the excavation to prevent contamination of 
excavation equipment. The material used for the padding was taken from the 
overburden pile. At the conclusion of remediation, nearly all of the overburden pile had 
been used for padding and subsequently removed from the waste site and disposed of 
at the ERDF. The remaining overburden soil was leveled to existing grade. 

Pre- and post-remediation topographic maps are shown in Figures 2 and 3, 
respectively. At the conclusion of excavation activities, the elevation of the bottom of 
the excavation was at 122.4 m (402 ft) . The excavation was approximately 843 m2 

(9,070 ff) in area with a depth of approximately 5.1 m ·(17 ft). Approximately 
32,156 metric tons (35,446 tons) of material from the site were disposed of at the 
ERDF. No pipe was encountered at the southeast comer of the site. A pipe to the 
northcentral part .of the site was encountered, removed, and disposed of at the ERDF. 
This pipe was excavated to north of the site. It is now added to Figure 2. 

4.2 FIELD SCREENING 

Field screening was conducted during the site remedial action as specified in the SAP 
(DOE-RL 2001 ). Field screening was used to guide the excavation to quickly assess for 
the presence and level of contamination. Field screening for the 116-F-6 site included 
using a radiological data mapping system survey, hand-held sodium iodide (Nal) 
detectors, and gamma energy analyses. The radiological mapping survey is performed 
over more than 50% of the site excavation surface area. The hand-held Nal detector is 
used to screen excavated waste material and to screen for potential excavation wall and 
floor hot spots. Gamma energy analyses were used to support waste characterization 
and to corroborate the radiological mapping survey and hand-held Nal detector data. 

4.3 VARIANCE SAMPLING AND ANALYSIS 

Variance analysis was performed following field screening. The variance analysis 
quantifies the variability of residual contamination. This information was used to 
determine the site-specific number of final cleanup verification samples to be collected . 

Variance sampling and testing was performed in November 2002 and January 2003. 
As specified in the SAP and the instruction guide (DOE-RL 2001, BHI 2002), variance 
analysis was performed for the shallow zone unit. A total of 96 variance samples were 
collected from the shallow zone of the 116-F-6 site. Variance samples were collected in 
the locations shown on the sample design calculation brief (Appendix C). 

The results of the variance analysis indicated that the number of verification samples to 
be taken was less than the default number of four; therefore, four final verification 
samples were collected from each shallow zone decision subunit. 

7 



CVP-2002-00010 
Rev. 0 

Figure 2. 116-F-6 Pre-Remediation Topographic Plan. 
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Figure 3. 116-F-6 Post-Remediation Topographic Plan. 
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Final cleanup verification samples were collected following variance sampling, analysis, 
and data evaluation. Cleanup verification sampling began on November 20, 2002. 
Initial analytical results indicated areas of strontium-90 contamination, and additional 
remediation of a small portion of the site was completed. Following additional remedial 
excavation (Section 4.1 ), resampling occurred on January 6, 2003. Verification sample 
data for strontium-90 were replaced with resampling data and used in calculations for 
this site (see Appendices A and C). Profiles of decreasing contaminant concentrations 
at greater depth (greater distance from former contaminant source) have been generally 
observed for residual contamination in the bottom of remedial action excavations 
throughout the 100 Areas. Therefore, use of data from near source or shallower 
samples for some COCs is conservative. The final verification samples were submitted 
to offsite laboratories for analysis using EPA-approved analytical methods, as required 
per the SAP (DOE-RL 2001 ). Each verification sample was a composite formed by 
combining soil collected at four randomly selected nodes within each sampling area. 
The sample design methodology and sample location figures are presented in the 
calculation briefs for variance analysis and sample' design in Appendix C. 

The division of the site excavation into decision units (shallow zone and deep zone), as 
shown on the sample design figures on pages C-62 and C-63, is a function of the 
applicable RAGs (Section 3.2, "Remedial Action Goals"). The direct exposure, 
groundwater protection, and river protection RAGs are applicable to soils within 4.6 m 
(15 ft) of the ground surface. This soil zone is referred to as the shallow zone. The 
groundwater protection and river protection RAGs are applicable to soils greater than 
4.6 m (15 ft) below the ground surface. This soil zone is referred to as the deep zone. 

The noncontiguous area of the shallow zone sample design on page C-62 shows where 
uncontaminated surface soil was stockpiled before being used for trackhoe padding 
during excavation of the deep zone (Section 4.1 ). During the development of the 
sample design, the remaining soil from the overburden pile and associated surface 
areas (places where overburden was staged then removed), were included as part of 
the waste site shallow zone sample area. This was done to verify and document the 
area was clean. See the sample design calculation brief in Appendix C. This soil was 
eventually removed and disposed of at the ERDF. The area of the stockpile was 
sampled as part of the shallow zone to verify that it was clean. 

The 100 Area SAP (DOE-RL 2001) does not address incorporation of areas that lie 
outside waste site boundaries into the primary waste site sample design. In the case of 
116-F-6, sample area A 1 is completely located within the overburden surface area. 
Sample area A2 contains sample nodes within both the overburden surface area and 
the primary site sample design. On the basis that the added overburden surface area 
does not result in a significant change in the 116-F-6 sample design, and on the basis 
that both variance and cleanup verification sample data from sample areas A 1 and A2 
indicate that the direct exposure RAGs are met, this sampling approach was approved 
by the regulators for the 116-F-6 site (BHI 2003). 

10 

-.. 

·. 



.: 

CVP-2002-00010 
Rev. O 

The 116-F-6 site consisted of both a shallow and a deep zone decision unit. The site 
was excavated to a depth of approximately 5.1 m (17 ft), with the shallow zone 
consisting of the excavation sidewalls to a depth of 4.6 m (15 ft) and the deep zone 
consisting of the excavation sidewalls below 4.6 m (15 ft) together with the floor of the 
excavation. All deep zone samples were collected below 4.6 m (15 ft). 

The shallow zone decision unit contained 4 decision subunits, which were divided into 
16 sampling areas (A 1-A4, 85-88, C1, C2, C9, C10, and D3-D6). The deep zone 
decision unit contained two decision subunits, which were divided into six sampling 
areas (A1-A3, 84-86, C7-C9, D-10, D1 , and D2). One composite cleanup verification 
sample was collected from each sample area. The sample design for this site is 
documented in the sample area and location calculation brief included in Appendix C. 

As described in Section 4.3, the required number of composite samples for each 
decision subunit in the shallow zone was less than the default number of four composite 
samples specified in the SAP (DOE-RL 2001 ). Therefore, the default number of four 
samples were collected from each shallow zone decision subunit (excluding the quality 
assurance/quality control samples). As specified in the SAP (DOE-RL 2001 ), three 
composite samples were collected from each of the deep zone (i.e., below 4.6 m (15 ft]) 
decision subunits in addition to quality assurance/quality control samples. 

5.0 CLEANUP VERIFICATION DATA EVALUATION 

This section presents the evaluation and modeling of the 116-F-6 cleanup verification 
data for comparison with the data quality criteria and RAGs. 

5.1 DATA QUALITY ASSESSMENT PROCESS 

A data quality assessment is performed to compare the verification sampling approach 
and resulting analytical data with the sampling and data quality requirements specified 
by the project objectives and performance specifications. 

The data quality assessment for the 116-F-6 site determined that the data are of the 
right type, quality, and quantity to support site verification decisions within specified 
error tolerances. All analytical data were found to be acceptable for decision-making 
purposes. The evaluation verified that the sample design was sufficient for the purpose 
of clean site verification. The cleanup verification sample analytical data are stored in 
the Hanford Environmental Information System and are summarized in Appendix A. 
The detailed data quality assessment is presented in Appendix 8. 
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5.2 CONTAMINANTS OF CONCERN 95% UPPER CONFIDENCE LIMIT 

The primary statistical calculation to support cleanup verification is the 95% upper 
confidence limit (UCL) on the arithmetic mean of the data. The 95% UCL values for 
each COC are computed for each decision unit (e.g., for the shallow and deep zones, 
as appropriate). Prior to calculating the 95% UCL, the individual sample results are 
reviewed and, as appropriate, adjusted per the SAP (DOE-RL 2001 ). This process is 
summarized below. 

Verification sampling summary statistics (95% UCL values) are listed in Table 2. 
Individual sample cleanup verification results are presented in Appendix A. 

• Radionuclides: The laboratory-reported value is used in the calculation of the 95% 
UCL. In cases where the laboratory does not report a value for data qualified with a 
"U" (i.e., less than the detection limit), half of the minimum detectable activity is used 
in the calculation of the 95% UCL. 

• Nonradionuclides: For data flagged with a "U" (i.e., less than detection), a value 
equal to one-half the practical quantitation limit is used in the calculation of the 95% 
UCL, as required by Washington State Department of Ecology regulations 
(>N AC 173-340-7 40[7][g]). 

For nonradionuclides, if greater than half of the sample results for a given COC are 
below detection, then the statistical value is ·set equal to the maximum concentration 
detected (i.e., versus computing a 95% UCL). 

Statistical calculations are presented in the 116-F-6 cleanup verification 95% UCL 
calculation brief (Appendix C). The columns on the left side of Table 2 are the 95% 
statistical values before subtraction of background, if appropriate. The columns on the 
right side of the table present statistical values adjusted for background, when 
background values exist. Typically, in the shallow and deep zone decision units, 
Hanford Site background concentration values are only subtracted for isotopic uranium. 
Isotopic uranium is not a COC for the 116-F-6 site. Table 2 summarizes the cleanup 
verification data set used for RESidual RADioactivity (RESRAD) modeling. 

5.3 SITE-SPECIFIC CLEANUP VERIFICATION MODEL 

The statistical values that are summarized in Table 2 were evaluated and used to 
develop a site-specific cleanup verification model. For the 116-F-6 site, the site-specific 
cleanup verification model assumes the worst case described in the RDR/RAWP 
(DOE-RL 2002). A schematic cross section of this site-specific cleanup verification 
model is included in the RESRAD calculation brief in Appendix C. 
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Table 2. Cleanup Verification Data Set. 

Radionuclide Radionuclide Activity• (pCi/g) 
COCs Shallow Zone Deep Zone Background Shallow Zone Deep Zone 

Cesium-137 0.525 6.08 1.1 0.525 6.08 

Cobalt-6Q 0.0267 0.340 0.008 0.0267 0.340 

Europium-152 0.277 7.51 NA 0.277 7.51 

Europium-154 0.0577 0.727 0.033 0.0577 0.727 

Strontium-90 0.969 12.8 0.18 0.969 12.8 

Non radionuclide Nonradionuclide Concentration• (ma/ka) 
COCs Shallow Zone Deep Zone Background Shallow Zone Deep Zone 

Hexavalent 
0.530 1.32 NA 0.530 1.32 

chromium 
"The shallow and dee zone concentrations are from the 116-F-6, 1608-F U uid Waste Dis sa/ Trench C/eanu p q po p Verification 95% 
UCL Calculation, Calculation No. 01 00F-CA-V0141 , Rev. 0. Refer to Appendix C for additional details on determination of 
statistical values. 
bNA = Not available; Contaminant was not evaluated during background studies. 

5.4 RESRAD MODELING 

The individual radionuclide cleanup verification statistical values (Table 2) were entered 
into the RESRAD computer code, Version 6.21 (ANL 2002), to estimate the dose rate 
and to estimate the impact on groundwater and the river from residual COC concentrations. 

. The direct radiation exposure dose rate to the resident living in his or her basement 
(rural-residential scenario) was conservatively estimated by . .substituting (for analysis 
purposes) a case where the resident is standing on level ground with the soil containing 
concentrations representative of residual (i.e., post-cleanup) shallow zone soils. This is 
conservative because it ignores the potential shielding effects of concrete basement 
walls and any clean backfill between residual soils and the basement walls. 

The RESRAD modeling methodologies, results, input values, and the site-specific 
cleanup verification model are included in the RESRAD calculation brief (Appendix C). 
The drinking water dose rate calculations based on the RESRAD estimated 
groundwater radionuclide concentrations are shown in the comparison to drinking water 
standards calculation brief (Appendix C). Specific results from the calculations are 
discussed in the RAG evaluation section (Section 6.0). 

6.0 EVALUATION OF REMEDIAL ACTION GOAL ATTAINMENT 

This section demonstrates that remedial actions at the 116-F-6 site have achieved the 
applicable RAGs. Sections 6.1, 6.2, and 6.3 address attainment of direct exposure 
RAGs, groundwater protection RAGs, and Columbia River protection RAGs, 
respectively. Section 6.4 documents application of the WAC 173-340. three-part test to 
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the shallow and deep zones. This test is required for nonradionuclide COCs only and is 
based on the most restrictive RAG for each zone. 

6.1 DIRECT EXPOSURE SOIL REMEDIAL ACTION GOALS ATTAINED 

6.1 .1 Radionuclides 

The results of the RESRAD dose rate estimates for the site all-pathways scenarios are 
presented in Figure 4. This dose rate represents the dose contributions from soils at 
relevant time periods. The dose rate is largest at present (year 2003), 5.81 mrem/yr, 
and decreases to 1.39 x 10-9 mrem/yr in 1,000 years for the shallow zone and deep 
zone. The estimated dose rate in the year 2018 is 3.87 mrem/yr for the site. The 2018 
date corresponds to the 30-year site cleanup schedule of the Hanford Federal Facility 
Agreement and Consent Order (Ecology et al. 1998). All dose rate estimates are less 
than the 15 mrem/yr RAG. The RESRAD computations are presented in detail in the 
referenced calculation briefs summarized in Appendix C. 

Figure 4. RESRAD Analysis - AII-Radionuclides, All-Pathways 
Dose Rate Estimate. 
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6.1.2.1 Direct Comparison to RAGs. Table 3 compares the cleanup verification 
statistical values presented in Table 2 to the direct exposure RAGs presented in 
Table 1. 
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Table 3. Attainment of Nonradionuclide Direct Exposure Standards. 

Nonradionuclides 
Direct Exposure RAG Statistical Value Direct Exposure 

(mg/kg) (mg/kg) RAGs Attained?• 

Hexavalent chromium 2.1b 0.53 Yes 

aCriterion is comparison to the cleanup criteria (RAG). 
bCalculation of Hexavalent Chromium Carcinogenic Risk, Calculation No. 0100X-CA-V0031 (BHI 2000). 

6.1.2.2 Noncarcinogenic Hazard Quotient RAG Attained. For noncarcinogenic 
COCs, WAC 173-340 specifies the evaluation of the hazard quotient, which is given as 
daily intake divided by a reference dose (DOE-RL 1995). For cleanup actions under the 
ROD (EPA 1997), a comparable conservative approach is used to demonstrate 
attainment of the noncarcinogenic risk requirements. 

Hexavalent chromium, the only nonradionuclide COC for this site, has nonca(cinogenic 
health effects. Hexavalent chromium is also associated with carcinogenic risk, which is 
discussed in Section 6.1.2.3. The hexavalent chromium hazard quotient for the shallow 
zone soils is 1.33 x 10-3, which is below the limit of 1.0. Therefore, the noncarcinogenic 
risk requirements have been attained. Calculation of the hazard quotient is presented in 
the 95% UCL calculation brief (Appendix C). 

6.1.2.3 Carcinogenic Risk RAG Attained. For individual nonradionuclide 
carcinogenic COCs, the WAC 173-340 Method B cleanup limits are based on an 
incremental cancer risk of 1 x 10-6. For nonradionuclide carcinogenic COCs, the total 
excess cancer risk must be less than 1 x 10-5 (EPA et al. 1998). 

The only nonradionuclide carcinogenic COC at this site is hexavalent chromium. For 
the shallow zone, the value for hexavalent chromium cancer risk is 2.52 x 10-7. This 
value is below the individual and total risk limits; therefore, the carcinogenic risk 
standards have been attained for both individual and total excess cancer risk. This 
calculation is documented in the 95% UCL calculation brief (Appendix C). 

6.2 GROUNDWATER REMEDIAL ACTION GOALS ATTAINED 

6.2.1 Radionuclides 

The estimated groundwater concentrations for all of the radionuclide COCs contributed 
by the site soils are shown in the RESRAD calculation brief (Appendix C). Table 4 
shows the total peak concentration predicted for each radionuclide COC and provides 
the individual RAGs for comparison. No COC is predicted to exceed the RAGs; 
therefore, the RAGs are attained. 
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Table 4. Attainment of Radionuclide Remedial Action Goals for 
Protection of Groundwater and the Columbia River. 

Radionuclide 
Peak Concentration RAG RAGS Attained? 

(pCi/L) (pCi/L) (Yes/No) 

Cesium-137 0.25 603 Yes 

Cobalt-60 0.0024 1003 Yes 

Europium-152 NAb 2003 Yes 

Europium-154 NAb 603 Yes 

Strontium-90 3.7 ac Yes 
0 Lookup value from the RDR/RAWP (DOE-RL 2002) corresponding to a dose rate of 4 mrem/yr. 
bNA = Not applicable. These radionuclides do not reach groundwater in 1,000 years. 
cu.s. Environmental Protection Agency drinking water promulgated RAG (40 CFR 141.66). 

Figure 5 shows individual organ dose rates for beta- and gamma-emitting radionuclides 
predicted over 1,000 years, as shown in the comparison to drinking water standards 
calculation brief (Appendix C). None of the organ dose rates predicted to exceed the 
4 mrem/yr standard over 1,000 years. There are no alpha emitters identified at this site; 
the drinking water standard for nonuranium alpha emitters and the uranium standard of 
30 µg/L have been met. Results of the RESRAD calculations are shown in Appendix C. 

Figure 5. Dose Rates to Organs from Groundwater. 
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Table 5 illustrates the comparison of cleanup verification statistical values to the 
groundwater protection RAGs. The table shows that the residual concentration 
{statistical value) of hexavalent chromium for the site is less than the listed groundwater 
protection soil RAG. The results of meeting the RAGs listed in Table 5 demonstrates 
that the groundwater protection RAGs have been attained for this site. 

Table 5. Attainment of Nonradionuclide Remedial Action Goals for 
Protection of Groundwater and the Columbia River. 

Soil RAG for 
Soil RAG for 

Cleanup 
Groundwater Does RESRAD 

Columbia and/or River Predict RAGs 
Nonradio- Groundwater River Verification Protection Migration to Attained? 
nuclides Protection Data Value 

(mg/kg) Protection (mg/kg) RAGs Groundwater in (Yes/No) 
(mg/kg) Exceeded? 1,000 Years? 

Shallow Zone 

Hexavalent 8.0 2.0 0.53 No NA Yes 
chromium 

Deep Zone 

Hexavalent 8.0 2.0 1.32 No NA Yes 
chromium 

NA = Not applicable. RESRAD modeling was not performed because residual concentrations meet the groundwater 
and river protection RAGs. 

6.3 COLUMBIA RIVER REMEDIAL ACTION GOALS ATTAINED 

6.3.1 Radionuclides 

The river protection RAGs for radionuclides are identical to the groundwater protection 
RAGs. The RESRAD modeling results were compared to the groundwater protection 
RAGS in Table 4. 

The results indicated that radionuclides are not predicted to reach groundwater (and by 
extension not predicted to reach the Columbia River) at levels above 4 mrem/yr; 
therefore, the Columbia River protection RAGs have been attained . 

6.3.2 Nonradionuclides 

Table 5 illustrates the comparison of cleanup verification statistical values to the 
Columbia River protection RAGs. The table shows that the residual concentration 
(statistical value) of hexavalent chromium for the site is less than the listed river 
protection soil RAG. The results of meeting the RA Gs listed in Table 5 demonstrates 
that the Columbia River protection RAGs have been attained for this site. 
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6.4 WAC 173-340 THREE-PART TEST FOR NONRADIONUCLIDES 

. Sections 6.1, 6.2, and 6.3 looked separately at compliance with direct exposure RAGs, 
groundwater protection RAGs, and Columbia River protection RAGs. Section 6.4 
documents application of the WAC 173-340 three-part test for nonradionuclides using 
the most restrictive RAGs applicable to each decision unit (i.e., shallow zone, 
overburden, and deep zone). The most restrictive RAG is defined as the lowest of the 
direct exposure, groundwater protection, and river protection RAGs. The direct 
exposure, groundwater protection, and river protection RAGs are applicable to the 
shallow zone and overburden. Groundwater and river protection RAGs are applicable 
to the deep zone. The WAC 173-340 three-part test consists of the following criteria: 
(1) the cleanup verification statistical value must be less than the cleanup level, (2) no 
single detection can exceed two times the cleanup criteria, and (3) the percentage of 
samples exceeding the cleanup criteria must be less than 10%. 

Table 6 .summarizes the results of the WAC 173-340 three-part test (WAC 173-340-7 40[7]) 
for the shallow and deep zone sample data sets. For hexavalent chromium, the only 
nonradionuclide COC for the 116-F-6 site, the table lists the most restrictive applicable 
RAG (selected from the RAGs in Table 1 ), the maximum detected value, the total number 
of samples collected, and the number of samples exceeding the most restrictive RAG. The 
final column of the table describes the result of applying the three WAC 173-340 criteria 
using the values listed in the preceding columns. Table 6 shows that hexavalent chromium 
passes the WAC 173-340 three-part test for the shallow and deep zone data sets. 

Table 6. Application of the WAC 173-340 Three-Part Test. 

Most Stringent Statistical Maximum Total Number RAGs 
Nonradionuclides Applicable RAG Value Detected Number of Exceeding Attained? 

(mg/kg) (mg/kgt (mg/kgt Samplese Criteriad {Yes/No) 

Shallow Zone 

Hexavalent chromium 2.0 0.53 0.53 16 0 Yes 

Deep Zone 

Hexavalent chromium 2.0 1.32 1.70 7 0 Yes 
8Criterion is comparison to the cleanup criteria (RAG). 
bCriterion is no single detection can exceed two times the cleanup criteria. 
<>rhe total number of samples includes field duplicate samples, which are included in the evaluation as separate 
samples. 
dCriterion is the percentage of samples exceeding the cleanup criteria must be less than 10%. 
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The radionuclide RAG for direct exposure is derived from the ROD (EPA ·1997) and is 
expressed in terms of an allowable radiation dose rate above background (i.e., 
15 mrem/yr). The RAG evaluation (Section 5.0) involved using the RESRAD model to 
estimate total annual radiation dose rates for 1,000 years for comparison to the RAG. 
Radiation presents .a carcinogenic risk, and the RES RAD model also calculates the 
excess lifetime cancer risk associated with the estimated radiation dose rates using the 
EPA's Health Effects Assessment Summary Tables (H EAST) ( dated April 16, 2001, 
"Update of Radionuclide Carcinogenicity Slope Factors," available on the Internet at 
www.epa.gov/radiation/heast). The "National Oil and Hazardous Substances Pollution 
Contingency Plan" (40 CFR 300) presents a target range for residual risk of 104 to 10-0. 
Figure 6 illustrates excess lifetime cancer risk for the shallow zone as estimated using 
the RESRAD model. Because of radioactive decay, the risk decreases over time. The 
estimated risk is largest, 8.13 x 10-5, at present (year 2003), and decreases to 
1.64 x 10-14 in 1,000 years. The estimated risk in 2018 is 9.94 x 10-0. Figure 7 plots the 
radiation dose rate above background for the shallow zone similar to Figure 4, and 
shows the corresponding radionuclide risk at present and in 2018. 
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Figure 6. RESRAD Analysis - Radionuclide Risk, All Pathways. 
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Figure 7. RESRAD Analysis - Radionuclide Dose Rate, All Pathways, 
With Corresponding Risk Values. 
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8.0 STATEMENT OF PROTECTIVENESS 

I 
I I 

1000 

This CVP demonstrates that remedial action at the 116-F-6 site has achieved the RAOs 
and corresponding RAGs established in the ROD (EPA 1997) and RDR/RAWP 
(DOE-RL 2002). The remaining soils at the 116-F-6 site have been sampled, analyzed, 
and modeled. The results of this effort indicate that the materials from the 116-F-6 site 
containing COCs at concentrations exceeding RAGs have been excavated and 
disposed of at the ERDF. These results also indicate that residual concentrations will 
support future land uses that can be represented (or bounded) by a rural-residential 
scenario, and that residual concentrations throughout the site pose no threat to 
groundwater or the Columbia River. The acceptability of unrestricted direct exposure to 
deep zone soils has not been demonstrated; therefore, institutional controls to prevent 
uncontrolled drilling or excavation into the deep zone (i.e. , below 4.6 m [15 ft]) are 
required . The 116-F-6 site is verified to be remediated in accordance with the ROD 
(EPA 1997) and may be backfilled. 
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Table A-1. Shallow Zone Cleanup Verification Data (November 25, 2002, and January 6, 2003). 

Sample HEIS Sample Cs-137 
Area No. Date pCl/g Q MDA 

SA1 J00BF0 25-Nov-2002 3.13E-01 4.30E-02 

Duplicate 
J008H6 25-Nov-2002 3.28E-01 3.30E-02 of J00BF0 

Split of 
J008H7 25-Nov-2002 2.97E-01 1.81E-02 

J00BF0 

SA2 J008F1 25-Nov-2002 5.21E-01 3.20E-02 

SA3 J008F2 25-Nov-2002 1.83E-01 2.B0E-02 

SA4 J008F3 25-Nov-2002 1.31E+00 3.60E-02 

S85 J008F4 25-Nov-2002 1.24E-01 4.00E-02 

SB6 
J008F5/ 25-Nov-2002/ 

5.00E-02 u 5.00E-02 
J00FF0 06-Jan-2003 

SB7 J008F6 25-Nov-2002 7.00E-02 1.90E-02 

SBB J008F7 25-Nov-2002 1.05E-01 2.70E-02 

SC9 J008F8 25-Nov-2002 3.70E-02 u 3.70E-02 

SC10 J008F9 25-Nov-2002 3.S0E-01 2.90E-02 

SC1 J00BH0 25-Nov-2002 1.68E-01 2.90E-02 

SC2 J008H1 25-Nov-2002 1.31E+00 4.20E-02 

SO3 
J008H2/ 25-Nov-2002/ 

6.26E-01 3.20E-02 
J00FF1 06-Jan-2003 

SD4 J008H3 25-Nov-2002 1.92E-01 3.B0E-02 

SD5 J008H4 25-Nov-2002 1.53E-01 1.10E-02 

SO6 J008H5 25-Nov-2002 2.37E-01 1.30E-02 

HEIS = Hanford Environmental Information System 
MDA = minimum detectable activity 
PQL = practical quantltatlon limit 

Co-60 Eu-152 

pCl/g Q MDA pCl/g Q MDA 

4.20E-02 u 4.20E-02 1.60E-01 1.00E-01 

3.30E-02 u 3.30E-02 1.65E-01 6.60E-02 

3.11E-02 u 2.46E-02 1.07E-01 u 6.00E-02 

3.40E-02 u 3.40E-02 2.56E-01 6.60E-02 

3.40E-02 u 3.40E-02 1.40E-01 7.70E-02 

3.40E-02 u 3.40E-02 4.45E-01 6.70E-02 

3.20E-02 u 3.20E-02 1.30E-01 6.10E-02 

2.B0E-02 u 2.B0E-02 6.S0E-02 u 6.S0E-02 

2.60E-02 u 2.60E-02 6.00E-02 u 6.00E-02 

3.20E-02 u 3.20E-02 1.20E-01 u 1.20E-01 

3.20E-02 u 3.20E-02 7.40E-02 u 7.40E-02 

3.00E-02 u 3.00E-02 1.97E-01 7.20E-02 

3.S0E-02 u 3.S0E-02 1.38E-01 6.S0E-02 

8.30E-02 4.90E-02 6.31E-01 1.00E-01 

3.S0E-02 u 3.50E-02 3.02E-01 7.90E-02 

4.00E-02 u 4.00E-02 1.99E-01 8.70E-02 

1.00E-02 u 1.00E-02 1.27E-01 1.90E-02 

2.00E-02 u 2.00E-02 4.27E-01 2.S0E-02 

U = Analyte is below detection limits of the method and instruments used (not detected). 

Eu-154 Sr-90 

pCl/g Q MDA pCl/g Q MDA mg/kg 

1.30E-01 u 1.30E-01 1.58E+00 2.30E-01 4.10E-01 

1.20E-01 u 1.20E-01 2.61E-01 2.20E-01 4.10E-01 

2.14E-02 u 6.25E-02 2.25E-01 1.40E-01 3.50E+00 

1.10E-01 u 1.10E-01 6.70E-02 u 3.10E-01 4.10E-01 

1.20E-01 u 1.20E-01 4.60E-02 u 2.B0E-01 4.20E-01 

9.40E-02 u 9.40E-02 3.BBE-01 2.20E-01 4.40E-01 

1.10E-01 u 1.10E-01 1.06E-01 u 2.70E-01 4.90E-01 

9.B0E-02 u 9.B0E-02 1.60E-02 u 2.10E-01 4.20E-01 

8.60E-02 u 8.60E-02 7.90E-02 u 1.B0E-01 4.10E-01 

1.10E-01 u 1.10E-01 -1.S0E-02 u 2.70E-01 4.20E-01 

1.00E-01 u 1.00E-01 -9.00E-02 u 2.BOE-01 4.10E-01 

1.00E-01 u 1.00E-01 8.20E-02 u 2.90E-01 4.10E-01 

1.10E-01 u 1.10E-01 4.14E+00 2.20E-01 4.20E-01 

1.50E-01 u 1.50E-01 1.70E+00 2.30E-01 5.30E-01 

1.20E-01 u 1.20E-01 8.60E-02 u 2.20E-01 4.10E-01 

1.40E-01 u 1.40E-01 9.30E-02 u 2.70E-01 4.30E-01 

3.40E-02 u 3.40E-02 1.37E-01 u 2.30E-01 4.10E-01 

3.90E-02 u 3.90E-02 7.22E-01 2.50E-01 4.10E-01 

cr·6 

Q 

u 

u 

u 
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Table A-2. Deep Zone Cleanup Verification Data (November 21, 2002). 

Sample HEIS Sample Cs-137 
Area Number Date pCl/g Q MDA 

DA1 J008D1 21-Nov-2002 6.90E-02 3.40E-02 

Duplicate J008D7 21-Nov-2002 9.S0E-02 5.40E-02 of J008D1 

Split of J008D9 21-Nov-2002 5.62E-02 4.71E-02 J008O1 

DA2 J008D2 21-Nov-2002 4.77E-01 3.10E-02 

DA3 J008O3 21-Nov-2002 1.66E-01 6.20E-02 

OB4 J008O4 21-Nov-2002 4.46E-01 3.80E-02 

DBS J008O5 21-Nov-2002 3.80E+00 9.30E-02 

D86 J008O6 21-Nov-2002 1.22E+01 8.60E-02 

HEIS = Hanford Environmental Information System 
MDA = minimum detectable activity 
POL = practical quantltation limit 

Co-60 Eu-152 

pCl/g Q MDA pCl/g Q MDA 

2.90E-02 u 2.90E-02 1.36E-01 6.S0E-02 

5.SOE-02 u 5.S0E-02 1.S0E-01 u 1.B0E-01 

8.35E-03 u 5.02E-02 5.54E-02 u 1.22E-01 

3.90E-02 2.90E-02 1.12E+00 5.40E-02 

5.30E-02 u 5.30E-02 6.90E-01 1.10E-01 

3.B0E-02 u 3.S0E-02 3.40E-01 7.30E-02 

4.61E-01 5.S0E-02 8.51E+00 1.60E-01 

5.14E-01 4.90E-02 1.27E+01 1.60E-01 

U = Analyte is below detection limits of the method and Instruments used (not detected). 

.. 

Eu-154 Sr-90 

pCl/g Q MDA pCl/g Q MDA 

1.10E-01 u 1.10E-01 3.18E+01 3.30E-01 

1.S0E-01 u 1.80E-01 8.71E-01 2.20E-01 

1.90E-02 u 1.63E-01 1.74E+00 1.57E-01 

1.06E-01 8.S0E-02 1.83E+01 3.00E-01 

2.00E-01 u 2.00E-01 1.94E+00 2.S0E-01 

1.30E-01 u 1.30E-01 2.32E+00 2.30E-01 

7.74E-01 2.20E-01 1.97E+00 2.S0E-01 

1.24E+00 1.70E-01 5.17E+00 2.20E-01 

ct6 

mg/kg Q 

7.10E-01 

6.00E-01 

4.98E-01 

6.B0E-01 

1.70E+00 

4.20E-01 u 
4.10E-01 u 
1.70E+00 

PQL 

4.10E-01 

4.10E-01 

8.00E-02 

4.20E-01 

4.20E-01 
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4.10E-01 

4.20E-01 
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81.0 DATA QUALITY ASSESSMENT FOR THE 116-F-6 SITE 

B1 .1 OVERVIEW 

This data quality assessment (DQA) was performed to compare the verification 
sampling approach and resulting analytical data with the sampling and data quality 
requirements specified by the project objectives and performance specifications. The 
DOA involves the scientific and statistical evaluation of the data to determine if they are 
of the right type, quality, and quantity to support their intended use (i.e., closeout 
decisions [EPA 20001). The DQA completes the data life cycle (i.e., planning, 
implementation, and assessment) that was initiated by the data quality objectives process. 

This DQA was performed in accordance with BHI-EE-01, Environmental Investigations 
Procedures. Specific data quality objectives for the site are found in the 100 Area 
Remedial Action Sampling and Analysis Plan (SAP) (DOE-RL 2001 ). The DQA is 
based on the guidelines presented in Guidance for Data Quality Assessment (EPA 
2000). Statistical tests used in this DQA were performed as specified in the SAP 
(DOE-RL 2001) and the Remedial Design Report/Remedial Action Work Plan for the 
100 Area (RDR/RAWP) (DOE-RL 2002). 

Prior to performing statistical tests, all of the analytical data are evaluated and a portion 
are validated for compliance with quality assurance (QA) project plan requirements 
(DOE-RL 2001 ). Data evaluation is performed to determine if the laboratory carried out 
all steps required by the SAP and the laboratory contract governing the conduct of 
analysis and reporting of the data. This evaluation also examines the available 
laboratory data to determine if an analyte is present or absent in a sample and the 
degree of overall uncertainty associated with that determination. Data validation is done 
in accordance with validation procedures (BHI 2000a, 2000b) as part of data evaluation. 
After data evaluation and validation, the appropriate statistical test is performed on the 
adjusted raw analytical data (see calculation briefs in Appendix C) to determine 
statistical values for each contaminant. The number of samples collected for cleanup 
verification is then evaluated to confirm assumptions concerning contaminant variability. 

The DQA for the 116-F-6 site determined that the data are of the right type, quality, and 
quantity to support site cleanup verification decisions within specified error tolerances. 
All analytical data were found to be acceptable for decision-making purposes. The 
evaluation verified that the sample design was sufficient for the purpose of clean site 
verification. Additional quality requirements of the QA project plan included data acquisition 
requirements. The cleanup verification sample analytical data are stored in the Hanford 
Environmental Information System and are summarized in Appendix A. 

The following subsections describe the DQA results for the 116-F-6 site, including 
formal data validation, supplementary data evaluation, and field QA/quality control (QC) 
program results. The statistical evaluation of the data is provided in the calculation brief 
excerpts included in Appendix C. 
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81.2 DATA VALIDATION 

81 .2.1 Laboratory QA/QC Analysis 
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All verification samples are subject to laboratory-specific QA requirements, including 
instrument procurement, maintenance, calibration, and operation. Additional laboratory 
requirements for internal QC checks are performed, as appropriate, for the analytical 
method at a rate of 1 per sample delivery group (SDG), or 1 in 20, whichever is more 
frequent. Laboratory internal QC checks include the following: 

• Laboratory Contamination. Each analytical batch contains a laboratory (method) 
blank (material of similar composition as the samples with known/minimal 
contamination of the analytes of interest) carried through the complete analytical 
process. The method blank is used to evaluate false-positive results in samples due 
to contamination during handling at the laboratory. 

• Analytical Accuracy. For most analyses, a known quantity of representative analytes 
of interest (matrix spike [MS]) is added to a separate aliquot of a sample from the 
analytical batch. The recovery percentage of the added MS is used to evaluate 
analytical accuracy. For analyses not amenable to MS techniques (e.g., gamma 
energy analysis) or where analytical recovery is corrected via internal standards 
(e.g., alpha spectral analyses), accuracy is evaluated from recovery of the QC 
reference sample (e.g., laboratory control spike or blank spike sample). 

• Analytical Precision. Separate aliquots removed from the same sample container 
(replicate samples) are analyzed for each analytical batch. The replicate sample 
results (evaluated as relative percent differences [RPDs]) are used to assess 
analytical precision. 

• QC Reference Samples. A QC reference sample is prepared from an independent 
standard at a concentration other than that used for calibration, but within the 
calibration range. Reference samples provide an independent check on analytical. 
technique and methodology. 

Verification sample laboratories are also subject to periodic and random assessments of 
the laboratory performance, systems, and overall program. These assessments are 
performed by the Bechtel Hanford, Inc. QA group to ensure that the laboratories are 
performing to meet laboratory contract requirements. ·• 

81.2.2 Data Validation Results 

After sampling was completed, all of the fixed-base laboratory data from one SDG, 
H2039, were validated to Level C per BHI-EE-01, Procedure 2.5, "Data Package 
Validation Process." Level C validation procedures are specified in Data Validation 
Procedure for Radiochemical Analysis (BHI 2000a) and Data Validation Procedure for 
Chemical Analysis (BHI 2000b). Validation was performed by Tech Law, Inc. 
(Tech Law 2003a, 2003b, 2003c). 
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Under the Level C validation procedure, the following items were reviewed, as 
appropriate, for each analytical method: 

• Sample holding times 
• Method blanks 
• MS recovery 
• Surrogate recovery 
• MS/matrix spike duplicate results 
• Sample replicates 
• Associated batch laboratory control sample results 
• Data package completeness 
• Achievement of target (or contractual) detection limits {TDLs). 

Data flagged as estimated (i.e., "J") indicate that the associated concentration is an 
estimate but that the data may be used for decision-making purposes. Data flagged as 
below detection limits (i.e., "U") indicate the contaminant was analyzed for but not 
detected, and the concentration is below the minimum detectable activity (MDA) for 
radionuclides or the practical quantitation limit (PQL) (i.e., reporting limit) for 
nonradionuclides. For nonradionuclides, nondetects are reported as the PQL. For 
radionuclides, nondetects report the actual value obtained from analysis (positive or 
negative but less than the MDA) except for limited analyses where no value can be 
calculated. In these cases, the MDA is reported. This situation is applicable for sample 
results that are below detection limits. All other validated results are considered to be 
accurate within the standard errors associated with the methods. 

The adequacy of laboratory QNQC was evaluated for precision, accuracy, 
completeness, and TDLs pursuant to the SAP (DOE-RL 2001 ). The organization 
performing the data validation reported that, of the data given formal validation, the 
laboratory met the standards for performance for precision (±30%), accuracy (±30%), 
and completeness {>90% ). Comparison of the TDL with the respective MDA or PQL is 
discussed in Section 81 .3. 

A summary of deficiencies noted during validation of SDG H2039 follows. 

Radionuclides. The DQA noted no major deficiencies. Minor deficiencies noted during 
validation include the following: 

• Reported radionuclide analytical detection levels for undetected analytes are 
compared against the SAP TDLs to ensure that laboratory detection levels meet the 
required criteria. Ten contaminant of concern (COC) analytes were reported above 
their TDL. Of the 10 missed TDL nondetects, none exceeded the TDL by more than 
a factor of 4. All missed TDL nondetects in shallow zone samples were less than 
one-tenth of their associated remedial action goals (RAGs). All other reported 
results met the analyte-specific TDL. 

Nonradionuclides. No major or minor deficiencies were noted for nonradionuclides. 
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The formal data validation described in the previous section included evaluation of only 
one SDG; however, DQA is required for all SDGs. Therefore, supplementary data 
evaluation was performed on the remaining SDGs. The following paragraphs include 
the results of the data evaluation of all SDGs. 

To ensure adequate data quality, DQA investigators reviewed the study objectives in 
the SAP (DOE-RL 2001) to determine the context for assessing the data. The context 
for assessing the data includes evaluating the sample data using the statistical 
methodology of the SAP (included in the calculation brief excerpts in Appendix C) and a 
comparison of analytical results to the PARCC (precision, accuracy, representativeness, 
completeness, and comparability) parameters as specified in the SAP (DOE-RL 2001 ). 
This section summarizes the results of the PARCC parameter comparison and presents 
an evaluation of the affected data. 

TDL Comparison: Reported analytical detection levels for nondetected analytes were 
compared to the TDLs specified in the SAP (DOE-RL 2001 ). When detected results are 
obtained, evaluation of detection limits is not performed. The data validation and 
supplemental data evaluation noted any analyses in which the detection limit (MDA or 
PQL) was above the SAP TDLs for nondetected analytes. 

The reported MDA was above the TDL for the following COCs: 

• Cesium-137 
• Europium-152 
• Europium-154 
• Strontrum-90 

0 of 26 
1 of 26 
2 of26 

11 of 26 

All missed TDL nondetects in verification samples were less than one-tenth of their 
associated RAGs. Because the reported values are sufficiently less than the RAGs, the 
associated data are of sufficient quality for decision-making purposes (DOE-RL 2002). 
All other nondetected analyses had detection limits below the TDL. 

All other parameters meet acceptance criteria. 

Precision and Accuracy Evaluation: Analytical accuracy and precision were evaluated 
by examination of the percent recovery and RPO between the main and duplicate 
samples. Only the COCs detected at five times the detection limit (or greater) are used 
for data analysis with respect to accuracy and precision. 
All RPDs for laboratory duplicates were within acceptable limits. 

B-4 
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Field QA/QC measures were used to assess potential sources of error and cross- · 
contamination of soil samples that could bias results. Field QA/QC samples included 
one equipment blank (J008O8) from the deep zone. One field duplicate sample 
(sample J008H6), which was a duplicate of shallow zone sample J008F0, and one field 
duplicate sample (J008O7), which was a duplicate of deep zone sample J008O1, were 
also collected. In addition to these, one field split sample (sample J008H7), which was 
a split of shallow zone sample J008F0, and one split sample (J008O9), which was a 
split of deep zone sample J008D1, were collected. The main and QA/QC sample 
results are presented in Appendix A. 

B1 .4.1 Equipment Blank Samples 

One equipment blank sample (J008D8) was collected as part of the QA/QC measures. 
The blank sample results for this site were less.than detection for all COCs. 

B1 .4.2 Field Duplicate Samples 

Duplicate samples were collected to provide a relative measure of the degree of local 
heterogeneity in the sampling medium, unlike laboratory duplicates that are used to 
evaluate precision in the analytical process. The field duplicate is evaluated by computing 
the RPO of the duplicate samples for each COC. Only analytes with values above five 
times the detection limits for both the main and duplicate samples are compared. 

Based on these criteria, calculation of the RPDs was not required for COCs in the 
shallow zone. Although calculation of the RPDs was not required, there is a large 
variability seen in the reported strontium-90 results in the field duplicates. The available 
data indicate significant localized inhomogeniety in this isotope in these soils. 

B1 .4.3 Field Split Samples 

A split sample was collected to provide a relative measure of the degree of variability in 
the sampling, sample handling, and analytical techniques used by commercial 
laboratories. The field main and split samples are evaluated by computing the RPDs of 
the split samples for each COC to determine the usability of the verification data. The 
U.S. Environmental Protection Agency Contract Laboratory Program duplicate sample 

• . comparison methodology, USEPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review (EPA 1994 ), is used as an initial test of the 
data from the splits . Only analytes that had values above five times the TDLs or 
contract required detection limit for both the main and split sample were compared. 
Although calculation of the RPDs was not required, there is a large variability seen in 
the reported results in the field splits. 

As was the case for the field duplicates, calculation of the RPDs was not required for 
COCs in the shallow zone or overburden. 
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The conclusion of the DQA is that the data are of the right type, quality, and quantity to 
support the intended use. Detection limits, precision, accuracy, and SDG completeness 
were analyzed to determine if any analytical results should be rejected as a result of 
QA/QC deficiencies. All COC analytical data were found to be acceptable for decision­
making purposes, and the raw data are acceptable for calculating the required statistical 
values. 
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Dose Conversion Factor (and Related) Parame ter Summary 
File , HEAST 2001 Morbidity 

current 
Menu . Parameter Value 

B- 1 . Dose conversion factors for inhalation, mrem/pCi , 
B- 1 . Co- 60 . 2 . 190E-04 . 
B- 1 . Cs - 137+0 . 3 . l90E- 05 . 
B- 1 . Eu - 152 . 2 . 210E- 04 . 
B-1 . Eu-154 . 2 . 860E- 04 . 
B-1 . Gd-152 . 2 . 430E - Ol . 
B-1 . Sr- 90+0 . l.310E- 03 . 
D- 1 . Dose conversion factors for ingestion, mrem/pCi , 
D- 1 . co-60 . 2.690E-05 . 
D- 1 , Cs-137+0 . 5.000E-05 , 
D-1 , Eu-152 . 6.480E - 06 , 
D- 1 , Eu-154 . 9.550E-06 . 
D- 1 , Gd-152 , l. 610E-04 . 
D- 1 . Sr-90+0 . l.530E-04 , 

D-34 . Food transfer factors , 
D-3 4 , Co-60 plant/soil concentration ratio, dimensionless . 8.000E-02 . 
D-34 , Co-60 beef/livestock- intake ratio, (pCi/kg)/(pCi/d) . 2 . 000E- 02 . 
D-34 . Co-60 milk/livestock- intake ratio, (pCi/L) / (pCi/d) . 2.000E-03 . 
D-3 4 . 
D-34 . Cs - 137+0 plant/soil concentration ratio, dimensionless . 4 . 000E- 02 . 
D- 34 . Cs - 137+0 beef/liv estock-intake ratio, (pCi/kg) / (pCi/d) . 3 . 000E- 02 . 
D-3 4 . Cs - 137+0 milk/livestock- intake ratio, (pCi/L)/(pCi/d) . 8 . 000E- 03 . 
D-3 4 . 
D-34 , Eu- 152 plant/soil concentration ratio, dimensionless , 2 . 500E-03 . 
D-3 4 . Eu- 152 beef/livestock- intake ratio, (pCi/kg)/(pCi/d) . 2 . 000E- 03 . 
D- 3 4 . Eu-152 milk /lives tock- intake ratio, (pCi/L)/(pCi/d) , 2 . 000E- 05 . 
D-3 4 . 
D- 3 4 , Eu - 154 plant/soil concentration ratio, dimensionless . 2. SOOE- 03 . 
D- 34 , Eu -154 beef/livestock- intake ratio , (pCi/kg) / (pCi/d) . 2 . 000E - 03 . 
D- 34 , Eu - 154 milk/live stock - intake ratio , (pCi/L)/(pCi/d) . 2. 000E - 05 . 
D-34 . 
D-34 . Gd- 152 plant/soil concentration ratio, dimensionless . 2 . SOOE -0 3 . 
D-34 . Gd-152 beef/livestock- intake ratio, (pCi/kg) / (pCi/d) . 2 . 000E-03 . 
D-34 , Gd-152 milk/livestock- intake ratio, (pCi/L) / (pCi/d) . 2. 000E - 05 . 
D- 34 . 
D-34 , Sr-90+0 plant/soil concentration ratio, dimensionless . 3 . 0006 - 01 , 
D-34 . Sr-90+0 beef/livestock- intake ratio, (pCi/kg) / (pCi/d) , 8 . 000E-03 , 
D-34 . Sr-90+0 milk/livestock-intake ratio, (pCi/L) / (pCi/d) . 2 . 000E - 03 . 
D- 5 . Bioaccumulation factors, fresh water, L/kg , 
D-5 . Co - 60 fish . 3 . 0006+02 , 
D- 5 . Co-60 Crustacea and mollusks . 2 . 000E+02 . 
D-5 
D-5 . Cs-137+0 fish , 2 . OOOE+03 , 
D-5 . Cs-137+0 crustacea and mollusks . l . OOOE+02 . 
D-5 
D-5 . Eu-152 fish . 5 . 0006+01 . 
D- 5 . Eu - 152 crustacea and mollusks . l . OOOE+03 . 

C-4 

Default 

2 . 190E- 04 . 
3 . 190E- 05 . 
2 . 210E - 04 . 
2. 860E- 04 . 
2.430E - 01 . 
1. 310E-03 . 
2 . 690E-05 . 
5 . 000E- 05 . 
6.480E- 06 . 
9 . 550E-06 . 
l . 610E-04 , 
l. 53 0E-04 . 
8 . 000E-02 . 
2 . 000E-02 . 
2 . 000E-03 . 
4 . 000E - 02 . 
3 . 000E- 02 . 
8.000E - 03 . 
2.500E - 03 . 
2 .000E - 03 . 
2 . 000E- 05 . 
2 . 500E- 03 . 
2 . 00 0E- 03 . 
2 . 000E- 05 . 
2. 500E- 03 , 
2 . 000E- 03 . 
2 . 000 E- 05 . 
3 . 0 0 0E- 01 . 
8 . 000E-03 . 
2 . 000E- 03 . 
3.000E+02 . 
2 . 000E+02 , 

2 . 0006+03 . 
l . OOOE+02 , 

5 . 000E+Ol . 
l . OOOE +03 . 

CVP-2002-00010 
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Parameter 
Name 

DCF2( l) 
DCF2( 2) 
DCF2( 3) 
DCF2( 5) 
DCF2( 6) 
DCF2 ( 7) 

DCF3( 1) 
DCF3 ( 2) 
DCF3 ( 3) 
DCF3( 5) 
DCF3 ( 6) 
DCF3 ( 7) 

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

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

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

RTF( 5 , l) 
RTF( 5 ,, 2) 
RTF( 5, 3) 

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

RTF( 7, 1) 
RTF( 7, 2). 
RTF( 7,3) 

BIOFAC( 1, 1) 
BIOFAC( 1,2) 

BIOFAC( 2, 1) 
BIOFAC( 2,2) 

BIOFAC( 3, 1) 
BIOFAC( 3,2) 



lRESRAD, Version 6 . 21 T« Limit z o.s year 02/21/2003 07,28 Page 3 

0 

Summary 116-P-6 Cleanup Verification - Shallow zone 
Pile 116f6_shallow. rad 

Dose Conversion "Factor (and Related) Parameter Surrrnary (cont inued) 
Pile , HEAST 2001 Morbidity 

Menu~ 

D-5 ' Eu-154 
D- 5 

Parameter 

crustacea and mollusks 

CUrrent 
Value Default 

' l . OOOE+03 1 1 . 000E+03 

CVP-2002-00010 
Rev. O 

Parameter 
Name 

l) - 5 • Gd-152 
D- 5 • Gd -.152 
D-5 

fish 
crustacea and nx>llusks 

' 2.SOOE+Ol ' 2.SOOE+Ol 'BIOFAC( 6,1) 
' 1 . 000E+03 ' 1.000E+03 • BIOFAC( 6 , 2) 

D-5 ' Sr-90+0 . fish • 6. OOOE+Ol • 6. OOOE+Ol • BIOFAC ( 7 , 1) 
D- 5 ' Sr-90+0 , crustacea and nx>llusks ' 1.000E+02 • 1 . 000E+02 • BIOFAC( 7 , 2) 
fffffifttftftttffttfttttftttttfttfttttfftfftt11111fttttttttttttfttft1ftttt1tf111f1111fffff1ifff1111ffttttt 
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Sunmary 116 - F - 6 Cleanup Verification - Shallow Zone 
File 116f6_shallow . rad 

Menu> Parameter 

ROll . Area of contaminated zone (m**2) 
-~011 . Thickness of contaminated zone (m) 
ROll . Length parallel to aquifer flow (m) 
ROll . Basic radiation dose limit (mrem/yr) 
ROll . Time since placement of material (yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations (yr) 
ROll , Times for calculations (yr) 

ROll . Times for calculations (yr) 
ROll , Times for calculations (yr) 
ROll . Times for calculations (yr) 
ROll , Times for calculations (yr) 
ROll , Times for calculations (yr) 
ROll . Times for calculations (yr) 

R01 2 . Initial principal radionuclide (pCi/g) : 
R01 2 , Initial principal radionuclide (pCi/g) : 
R01 2 , Initial principal radionuclide (pCi/g) : 
R0 1 2 , Initial principal radionuclide (pCi/g): 
R01 2 ' Initial principal radionuclide (pCi/g) : 
R01 2 , Concentration in groundwater (pCi/L): 
R01 2 . Concentration in groundwater (pCi/Li: 
R01 2 . Concentration in groundwater (pCi/L): 
R01 2 . Concentration in groundwater (pCi/L): 
R012 . Concentration in groundwater (pCi/L): 

R013 . Cover depth (m) 
R01 3 . Density of cover material (g/c m••3 ) 
R013 , Cover depth erosion rate (m/yr) 
R013 . Density of contaminated zone (g/cm• •3) 
R013 . contaminated zone erosion rate (m/yr) 
R013 . contaminated zone total porosity 
R013 ' Contaminated zone field c apacity 
R013 , Contaminated zone hydraulic conductivity 
R013 . Contaminated zone b parameter 
R013 . Average annual wind speed (m/sec ) 
R013 . Humidity in air (g/m**3) 
R013 . Evapotranspiration coefficient 
R013 . Precipitation (m/yr) 
R013 . Irrigation (m/yr) 
R013 . Irrigation mode 
R013 . Runoff coefficient 
R013 . Watershed area for nearby stream or pond 
R013 ' Accuracy for water/soil computations 

R014 , Density of saturated zone (g/cm••3) 
R014 . Saturated zone total porosity 
R014 , Saturated zone effective porosity 
R014 , Saturated zone field capacity 

Site-Specific Parameter Sumnary 
User 

_I~p~t Default 

. 5. 272E+03 . l.OOOE+04 . 4 . 600E+OO . 2 . 000E+OO . l.545E+02 . l . OOOE+02 . l . 500E+Ol . 2 . 500E+Ol . O.OOOE+OO . O. OOOE+OO . l.OOOE+OO . l.OOOE+OO . 3.000E+OO . 3.000E+OO , 7 . 200E+OO . l.OOOE+Ol . l.SOOE+Ol . 3.000E+Ol , 4.200E+Ol . l . OOOE+02 , l . OOOE+02 . 3 . 000E+02 , 3.000E+02 . l . OOOE+03 . l.OOOE+03 . O. OOOE+OO . not used . O. OOOE+OO 

Co-60 , 2.670E-02 . O. OOOE+OO 
Cs-137 , 5 . 250E-Ol . O.OOOE+OO 
Eu-152 ' 2 . 770E - 01 . O. OOOE+OO 
Eu-154 ' 5 . 770E-02 ' O.OOOE+OO 
Sr- 90 . 9.690E-Ol ' O.OOOE+OO 
Co- 60 ' not used . O.OOOE+OO 
Cs - 137 . not used . O.OOOE+OO 
Eu - 152 . not used . O. OOOE+OO 
Eu- 154 . not used . O.OOOE+OO 
Sr - 90 ' not used . O. OOOE+OO 

' O. OOOE+OO . O. OOOE+OO . not used . l . SOOE+OO 

' not used . l.OOOE-03 . l.600E+OO . l . 500E+OO . l.OOOE - 03 . l.OOOE - 03 . 4 . 000E - 01 . 4 . 000E- 01 

' l.SOOE - 01 . 2 . 000E- 01 
(m/yr) . 2 . SOOE+02 . l . OOOE+Ol . 4 . 0SOE+OO . 5 . 300E+OO 

• ·3 . 400E+OO . 2.000E+OO . not used . 8 . 000E+OO . 9 . lOOE- 01 . 5 . 000E-01 , l.GOOE - 01 . l . OOOE+OO . 7 . 600E- Ol . 2 . 000E - 01 . overhead . overhead 

' 2.000E- 01 . 2 . 000E-01 
(m• • 2) ' l . OOOE+06 . l.OOOE+06 

' 1. OOOE- 03 . l . OOOE-03 

' l . 600E+OO ' l . 500E+OO 

' 4 . 000E-01 . 4 . 000E-01 . 2.SOOE- 01 . 2.000E-01 . l . SOOE- 01 . 2 . 000E-01 
R014 . Saturated zone hydraulic conductivity (m/yr) ' S . 530E+03 . l . OOOE+02 

C-6 

CVP-2002-00010 
Rev. 0 

Used by RESRAD 
• (If different from user inp~t~ • 

Parameter 
Name 

. . AREA . . THICKO . . LCZPAQ . . BRDL . . TI . . T( 2) . . T( 3) . . T( 4) . , T( 5) . . T( 6) . . T( 7) . , T( 8) 
, , T( 9) . , T(lO) 

, . Sl( 1) . . Sl( 2) . , Sl ( 3) , , Sl( 5) , , Sl ( 7) . . Wl( 1) . . Wl( 2) . . Wl( 3) . . Wl( 5) . ' Wl( 7) 

. . COVERO . . DENSCV 

' . vcv . . DENSCZ . , VCZ . . TPCZ . . PCCZ , . HCCZ . . BCZ , 
' WIND . . HUMID . . EVAPTR . . PRECIP . . RI . !DITCH . ' RUNOFF 

' ' WAREA . . EPS 

' ' DENSAQ 

' . TPSZ , . EPSZ , . FCSZ , . HCSZ 

:. 
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Site - Specific Parameter Surrmary (continued) 
0 

Menu > Parameter 

R.014 • Saturated zone hydraulic gradient 
..R014 • Saturated zone b parameter 
R014 • Water table drop rate (m/yr) 
R014 • Well pump intake depth (m below water table) 
R014 • Model: Nondispersion (ND) or Mass - Balance (MB) 
R014 • Well pumping rate (m**3/yr) 

R015 1 Number of unsaturated zone strata 
ROlS . Unsat . zone l , thickness (m) 
ROlS 1 Unsat . zone 1, soil density (g/cm**3) 
ROlS . Unsat . zone 1 , total porosity 
ROlS . Unsat. zone 1, effective porosity 
ROlS . Unsat. zone 1, field capacity 
ROlS 1 Unsat. zone 1, soil-specific b parameter 
ROlS 1 Unsat . zone 1, hydrauli c conductivity 

R016 • Distribution coefficients for Co-60 
R016 • Contaminated zone (cm••3/g) 
R016 • Unsaturated zone 1 (cm**3/g) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Cs - 137 
R016 • Contaminated zone (cm••3/g) 
R016 • Unsaturated zone l (cm**3/g) 
R01 6 • Saturated zone (cm**3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Eu- 152 
R016 • Contaminated zone (cm**3/g) 
R01 6 • Unsaturated zone l (cm**3/g) 
R016 • Saturated zone (cm**3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Eu-154 
R016 • Contaminated zone (cm••3/g) 
R016 • Unsaturated zone 1 (cm••3/g) 
R016 • Saturated zone (cm**3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Sr-90 
R016 ' Contaminated zone (cm••3/g) 
R016 • Unsaturated zone 1 (cm••3/g) 
R016 • Satur ated zone (cm**3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

(m/yr) 

Used by RESRJ\D 
Default • (If different from user 

. l.250E- 03 . 2.000E- 02 1 . 4.0SOE+OO 1 5.300E+OO . . l.OOOE-03 . l.OOOE-03 . . 4 . 600E+OO . l . OOOE+Ol . . ND 1 ND . 2 . 500E+02 . 2.SOOE+02 . 
1 l . 1 . 8.900E+OO , 4 . 000E+OO . . l . 600E+OO . l . SOOE+OO . . 4.000E-01 . 4.000E-01 . . 2.SOOE-01 . 2 . 000E-01 . . l . SOOE-01 . 2 . 000E-01 . 
1 4.0SOE+OO . S.300E+OO 1 . 2 . SOOE+02 1 l . OOOE+Ol . 
' S . OOOE+Ol • l . OOOE+03 • 
' S.OOOE+Ol • l.OOOE+03 • 
• S . OOOE+Ol ' l.OOOE+03 ' 
• O.OOOE+OO • O. OOOE+OO 1 

• 0 . 000E+OO • O. OOOE+OO ' 

• 5.000E+Ol • l . OOOE+03 • 
• 5.000E+Ol • l . OOOE+03 • 
' 5 . 000E+Ol ' l . OOOE+03 ' 
• 0 . 000E+OO • O. OOOE+OO • 
• O. OOOE+OO 'O . OOOE+OO • 

. 2 . 000E+02 '-1 . 000E+OO . . 2 . 000E+02 ' - 1.000E+OO . . 2 . 000E+02 '-1.000E+OO . . O. OOOE+OO 1 O. OOOE+OO 1 . O. OOOE+OO 1 O. OOOE+OO . 

. 2 . 000E+02 '-1. OOOE+OO . . 2 . 000E+02 • -1.000E+OO . . 2 . 000E+02 '-1.000E+OO . . O. OOOE+OO . O. OOOE+OO . . O. OOOE+OO 1 O. OOOE+OO . 
' 2 . SOOE+Ol ' 3.000E+Ol ' 
' 2 . SOOE+Ol ' 3 . 000E+Ol ' 
• 2.SOOE+Ol 1 3 . 000E+Ol • 
• O. OOOE+OO 'O.OOOE+OO ' 
' O.OOOE+OO • O. OOOE+OO • 

C-7 

2 . 166E-04 
not used 

2.166E- 04 
not used 

S.426E- 05 
not used 

5 . 426E-05 
not used 

4 . 323E-04 
not used 

Parameter 
Name 

' HGWT 
• BSZ 
• VWT 
'DWIBWT 
' MODEL 
• uw 

'NS 
' H(l) 
'DENSUZ(l) 
• TPUZ(l) 
• EPUZ (1) 
' FCUZ(l) 
• BUZ(l) 
• HCUZ(l) 

• DCNUCC( l) 
• DCNUCU( l, l) 
' DCNUCS( 1) 
' ALEACH'( 1) 
' SOLUBK( l) 

' DCNUCC( 2) 
• DCNUCU( 2 , l) 
• DCNUCS( 2) 
' ALEACH( 2) 
' SOLUBK( 2) 

'DCNUCC( 3) 
'DCNUCU( 3, l) 
• DCNUCS( 3) 
' ALEACH( 3) 
'SOLUBK( 3) 

• DCNUCC( 5) 
• DCNUCU( 5, l) 
• DCNUCS( 5) 
'ALEACH( 5) 
• SOLUBK( 5) 

• DCNUCC( 7) 
• DCNUCU( 7, 1) 
• DCNUCS( 7) 
'ALEACH( 7) 
• SOLUBK( 7) 
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surmiary 116-P-§ Cleanup Verification - Shallow zone 
File 116f6_shallow.rad 

Site- Specific Parameter SUrrrnary (continued) 
0 

CVP-2002-00010 
Rev. 0 

Used by RESRAD Parameter 
Menu' Parameter 

User 
Input Default • (If different from user i~put) • Name 

R016 • Distribution coefficients for daughter Gd-152 
R016 • Contaminated zone (cm**3/g) 
R016 • Unsaturated zone 1 (cm•*3/g) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R017 • Inhalation rate (m**3/yr) 
R017 • Mass loading for inhalation (g/m**3) 
R017 • Exposure duration 
R017 • Shielding factor, inhalation 
R017 • Shielding factor, external garmia 
R017 • Fraction of time spent indoors 
R017 • Fraction of time spent outdoors (on 
R017 • Shape factor flag, external garmia 
R017 • Radii of shape factor array (used if 
R0 17 • outer annular radius (ml, ring l: 
R017 • Outer annular radius (m), ring 2: 
R0 17 • Outer annular radius (m), ring 3 : 
R017 • outer annular radius (m), ring 4 : 
R01 7 • outer annular radius (m), ring 5: 
R0 17 • outer annular radius (m), ring 6 : 
R01 7 • outer annular radius (m), ring 7 : 
R0 17 • Outer annular radius (m), ring 8 : 
R017 • Outer annular radius (m), ring 9 : 
R017 • Outer annular radius (ml, ring 10: 
R017 • outer annular radius (ml, ring 11 : 
R017 • Outer annular radius (m), ring 12: 

site) 

FS =. 

R01 7 . Fractions of annular areas wit.bin AR.EA: 

R01 7 . Ring l 
R017 . Ring 2 
R017 . Ring 3 
R01 7 . Ring 4 
R01 7 . Ring 5 
R017 . Ring 6 
R017 . Ring 7 
R017 . Ring 8 
R017 . Ring 9 
R017 . Ring 10 
R017 . Ring 11 
R017 . Ring 12 

-1): 

ROlB • Fruits, vegetables and grain consumption (kg/yr) 
R018 • Leafy vegetable consumption (kg/yr) 
R018 • Milk consumption (L/yr) 
R018 • Meat and poultry consumption (kg/yr) 
ROlB • Fish consumption (kg/yr) 
R018 • Other seafood consumption (kg/yr) 
R018 • Soil ingestion rate (g/yr) 

'-1 . 000E+OO '-1 . 000E+OO . 
'-1.000E+OO • -1. OOOE+OO . 
'-1. OOOE+OO '-1. OOOE+OO . . O. OOOB+OO . O.OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . 7.300E+03 . 8 . 400E+03 . . l . OOOE- 04 . 1.000E- 04 . . 3 . 000E+Ol . 3.000E+Ol . . 4.000E-01 . 4.000E-01 . . 8.000E-01 . 7.000E- 01 . . 6.000E- 01 . 5 . 000E-01 . . 2.000E-01 . 2.500E- Ol . . l.OOOE+OO . l . OOOE+OO . . not used . 5 . 000B+Ol . . not used . 7. 071E+Ol . . not used . O. OOOE+OO . . not used . O.OOOE+OO . . not used . O.OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . O.OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . 
. not used . l . OOOE+OO . . not used . 2.7328-01 . . not used . 0 . 000E+OO . . not used , O. OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . O.OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . O. OOOE+OO . . not used . 0.000E+OO . . not used . O. OOOE+OO . 
• l.100E+02 • 1 . 600E+02 ' 
• 2.700E+OO ' 1.400E+Ol ' 
' l.OOOE+02 ' 9 . 200E+Ol ' 
' 3.600E+Ol • 6 . 300E+Ol ' 
' l.970E+Ol ' 5 . 400E+OO ' 
• 9 . 000E-01 • 9.000E-01 • 
' 7 . 300E+Ol • 3.650E+Ol • 

C-8 

8.249E+02 
8.249E+02 
8 . 249E+02 
1. 3168-05 
not used 

>0 shows circular AREA. 

' DCNUCC( 6) 
' DCNUCU( 6, 1) 
' DCNUCS ( 6) 
' ALEACH( 6) . SOLUBK( 6) . INHALR 
' MLINH . ED . SHF3 . SHFl . FIND 
• FOTD . FS 

' RAD SHAPE( 1) 
' RAD-SHAPE( 2) 
' RAD-SHAPE( 3) 
'RAD-SHAPE( 4) 
• RAD=SHAPE( 5) 
'RAD_SHAPE( 6 ) 
• RAD SHAPE ( 7) 
' RAD=SHAPE( 8) 
' RAD_SHAPE( 9) 
' RAD SHAPE(lO) 
• RAD=SHAPE(ll} 
' RAD_SHAPE(l2} 

' FRACA( 1) 
' FRACA( 2) 
' FRACA( 3) 
• FRACA( 4) 
' FRACA( 5) 
• FRACA( 6) 
• FRACA( 7) 
' FRACA( 8) 
' FRACA( 9) 
' FRACA(lO) 
' FRACA(ll) 
' FRACA(l2) 

• DIET(l) 
' DIET(2) 
' DIET(3) 
• DIET(4) 
'DIET(5) 
' DIET(6) 
' _SOIL 

•. 
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0 

Surrrnary 116- F - 6 Cleanup Verification - Shallow Zone 
File 116f6_shallow . rad 

Site -Specific Parameter SUnmary (continue d) 
User 

CVP-2002-00010 
Rev.O 

Used by RESRAD 
Menu, Parameter Input Default ' (If different from user in~u~) • 

Parameter 
Name 

ROlB . Drinking water intake (L/yr) 
•R018 . Contamination fraction of drinking water 
ROlB . Contamination fraction of household water 
R018 . Contamination fraction of livestock water 
i018 . Contamination fraction of irrigation water 
R018 . Contamination fraction of aquatic food 
R018 ' Contamination ft:;iction of plant food 
R018 ' Contamination fraction of meat 
R018 ' Contamination fraction of milk 

R019 • Livestock fodder intake for meat (kg/day) 
R019 • Livestock fodder intake for milk (kg/day) 
R019 • Livestock water intake for meat (L/day) 
R019 • Livestock water intake for milk (L/day) 
R019 • Livestock soil intake (kg/day) 
R019' Mass loading for foliar deposition (g/m**3) 
R019 • Depth of soil mixing layer (m) 
R019 • Depth of roots (m) 
R019 • Drinking water fraction from ground water 
R019 • Household water fraction from ground water 
R019 • Livestock water fraction from ground water 
R019 • Irrigation fraction from ground water 

Rl9B ' Wet weight crop yield for Non- Leafy (kg/m**2) 
Rl9B . Wet weight crop yield for Leafy (kg/m**2) 
Rl9B . Wet weight crop yield for Fodder (kg/m**2) 
Rl9B . Growing Season for Non- Leafy (years) 
Rl9B . Growing Season for Leafy (years) 
Rl9B . Growing Season for Fodder (years) 
Rl9B . Translocation Factor for Non - Leafy 
Rl9B . Translocation Factor for Leafy 
Rl9B ' Translocation Factor for Fodder 
Rl9B ' Dry Foliar Interception Fraction for Non- Leafy 
Rl9B . Dry Foliar Interception Fraction for Leafy 
Rl9B . Dry Foliar Interception Fraction for Fodder 
Rl9B . Wet Foliar Interception Fraction for Non- Leafy 
Rl9B ' Wet Foliar Interception Fraction for Leafy 
Rl9B . Wet Foliar Interception Fraction for Fodder 
Rl9B . Weathering Removal Constant for Vegetation 

C14 ' C- 12 concentration in water (g/cm••3) 
C14 . C- 12 concentration in contaminated soil (g/g) 
C14 ' Fraction of vegetation ca.rbon from soil 
Cl4 ' Fraction of vegetation carbon from air 
CH . C-14 evasion layer thickness in soil (m) 
CH . C-14 evasion flux rate from soil (l/sec) 
Cl4 . C- 12 evasion flux rate from soil (l/sec) 
Cl4 ' Fraction of grain in beef cattle feed 
C14 . Fraction of grain in milk cow feed 
Cl4 . DCP correction factor for gaseous forms of Cl4 

.• 

' 7 .300E+02 ' 5 . 100E+02 ' . l .OOOE+OO . l.OOOE+OO . 
' not used ' l.OOOE+OO . 
' l . OOOE+OO ' l . OOOE+OO . . 1 . 000E+OO ' 1 . 000E+OO ' . S . OOOE- 01 . S . OOOE- 01 . 
' - 1 • - 1 
•-1 '-1 
'-1 ' - 1 

. 6 . BOOE+Ol ' 6.BOOE+Ol . . S .S OOE+Ol ' S.SOOE+Ol . 
• S.OOOE+Ol' S.OOOE+Ol • 
• 1.600E+02 ' 1 . 60 0E+02 • 
• 5.000E-01 ' 5.000E-01 • 
'1 . 000E- 04 • l.OOOE-04 • 
' l.SOOE-01 ' 1 . SOOE-01 • 
• 9 . 000E - 01 '9.000E-01 • 
• l.OOOE+OO ' l.OOOE+OO • 
'not ~sed • l . OOOE+OO ' 
• l.OOOE+OO • l . OOOE+OO • 
• l . OOOE+OO • l . OOOE+OO ' 

• 7 . 000E- 01 • 7 . 000E-01 • 
' l . SOOE+OO ' l.SOOE+OO ' 
• 1 . lOOE+OO ' l . lOOE+OO • 
• l . 700E- 01 ' l . 700E- 01 • 
' 2 . SOOE- 01 • 2 . SOOE - 01 • 
• 8 . 000E- 02 • 8 . 000E - 02 ' 
• l.OOOE - 01 ' l.OOOE- 01 • 
' l . OOOE+OO ' l . OOOE+OO • 
• l . OOOE+OO • l.OOOE+OO • 
• i . SOOE- 01 • 2 . SOOE - 01 • 
• 2.SOOE - 01 • 2.SOOE - 01 • 
' 2 . SOOE - 01 ' 2 . SOOE-01 • 
• 2 . SOOE- 01 ' 2.SOOE - 01 • 
' 2.SOOE- 01 ' 2.SOOE - 01 • 
' 2.SOOE- 01 ' 2.SOOE- 01 • . 2 . 000E+Ol ' 2 . 000E+Ol ' 

' not used ' 2 . 000E-05 . . not used . 3 . 000E - 02 ' . not · used . 2.000E-02 ' . not used . 9.BOOE- 01 ' . not used ' 3 . 000E-01 . 
' not used . 7 . 000E-07 . 
' not used ' 1 . 000E-10 ' . not used ' 8.000E-01 . . not used • 2 . 000E- 01 . . not used . 8 . 894E+Ol . 

C-9 

O. SOOE+OO 
0.264E+OO 
0 . 264E+OO 

' DWI 
• FDW 
• FHHW 
• FLW 
• FIRW 
• FR9 
'FPLANT 

. • FMEAT 

'FMILK 

'LFIS 
• LFI6 
• LWIS 
'LWI6 
'LSI 
'MLFD 
• OM 
• DROOT 
• FGWDW 
• FGWHH 
'FGWLW 
• FGWIR 

• YV(l) 
' YV(2) 
' YV(3) 
• TE(l) 
• TE(2) 
• TE(3) 
• TIV(l) 
• TIV(2) 
• TIV(3) 
• RDRY(l) 
' RDRY(2) 
'RDRY(3) 
• RWET(l) 
• RWET(2) 
' RWET(3) 
• WLAM 

• Cl2WTR 
' Cl2CZ 
' CSOIL 
' CAIR 
• DMC 
• EVSN 
• REVSN 
' AVFG4 
• AVFGS 
' C02P 
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0 

SUrrmary 116 -F-6 Cleanup Verification - Shallow Zone 
File 116f6_shallow.rad 

Site-Specific Parameter SUrrmary (continued) 
Used by RESRAD Parameter 

Menu 1 Parameter 
User 
Input Default • (If different from user ~npu~~ • Name 

STOR . Storage times of contaminated foodstuffs (days): . 
STOR . Fruits, non-leafy vegetables, and grain . l.400E+Ol . 1.400E+Ol . . STOR T(l) 
STOR . Leafy vegetables . 1.000E+OO . l . OOOE+OO . . STOR-T(2) 
STOR . Milk . l.OOOE+OO . l.OOOE+OO . . STOR=T(3) 
STOR . Meat and poultry . 2.000E+Ol . 2.000E+Ol . . STOR_T(4) 
STOR . Fish . 7.000E+OO . 7.000E+OO . . STOR T(S) 
STOR . Crustacea and mollusks . 7.000E+OO . 7 . 000E+OO . . ST•R-T(6) 
STOR . Well water . l . OOOE+OO . l.OOOE+OO . . STOR=T(7) 
STOR . surface water . l.OOOE+OO . l . OOOE+OO . . STOR T(8) 
STOR . Livestock fodder . 4.SOOE+Ol . 4 . SOOE+Ol . . STOR=T(9) 

R02l . Thickness of building foundation (m) . not used . l.SOOE-01 . . FLOORl 
R02l . Bulk density of building foundation (g/cm••3) . not used . 2 . 400E+OO . . DENSFL 
R021 . Total porosity of the cover material . not used . 4.000E-01 . . TPCV 
R02l . Total porosity of the building foundation . not used . l.OOOE-01 . . TPFL 
R021 . Volumetric water content of the cover material . not used . S .OO OE-02 . . PH20CV 
R021 . Volumetric water content of the foundation . not used . 3.000E-02 . . PH20FL 
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 
R0 2 1 , in contaminated zone soil . not used . 2 . 000E-06 . , DIFCZ 
R021 . Radon vertical dimension of mixing (m) . not used . 2.000E+OO . , HMIX 
R0 21 , Average building air exchange rate (1/hr) . not used , 5.000E- 01 . . REXG 
R0 21 . Height of . the building (room) (m) . not used . 2.SOOE+OO . . HRH 
R0 21 . Building interior area factor . not used , O.OOOE+OO . . FAI 
R0 21 . Building depth below ground surface (m) , not used ' - 1. OOOE+OO , , DMFL 
R0 21 , Emanating power of Rn-222 gas , not used . 2 . SOOE- 01 . , EMANA(l) 
R0 21 . Emanating power of Rn- 220 gas , not used , l.SOOE- 01 , , EMANA(2) 

TITL • Number of graphical time points 32 • NPTS 
TITL • Maximum number of integration points for dose 17 • LYMAX 
TITL • Maximum number of integration points for risk 257 • KYMAX 
fffffiff11ffffff11111ffftttt1ffftt1ftt1ttfffffff11tft111ifftt1t1ff11itffff1tff11it1111t1t1tft111111tt11111111111ti111t1111111111 

Surrmary of Pathway Selections 

User Selection 

l external garrma active 
2 inhalat ion (w/o radon)• active 
3 plant ingestion active 
4 meat ingestion active 
5 milk ingestion active 
6 aquatic foods active 
7 drinking water active 
8 soil ingestion active 
9 radon suppressed 
Find peak pathway doses active 

t111111tftfffffffff1ffffffffffif1fff11111fffff1ffff 

C-10 

·-
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0 

Surrrnary 116-F- 6 Cleanup Verification - Shallow Zone 
File , 116f6_ shallow . rad 

Contaminated Zone Dimensions 
~ 

Area : 
Thickness , 

Gover Depth : 

5272.00 square meters 
4.60 meters 
0 . 00 meters 

Initial Soil 

Co - 60 
Cs - 137 
Eu-152 
Eu- 154 
Sr- 90 

2 . 6708- 02 
5 . 2SOE- 01 
2 . 770E-01 
5 . 770E - 02 
9 . 6908- 01 

Total Dose TOOSE(t), mrem/yr 
Basic Radiation Dose Limit • l . 500E+Ol mrem/yr 

Total Mixture Sum M(t) • Fraction of Basic Dose Limit Received at 

t (years) : O. OOOE+OO l . OOOE+OO 
TOOSE(t) : 5.794E+OO 5 . 584E+OO 

M(t) : 3.862E-Ol 3 . 723E - 01 
OMaxi mum TOOSE(t): S.794E+OO mrem/yr 

' .. 

3 . 000E+OO 
5 . 1978+00 
3 . 465E- 01 

7 . 200E+OO 
4.500E+OO 
3.000E- 01 

l . 500E+Ol 
3 . 507E+OO 
2.338E- 01 

at t • O. OOOE+OO years 

C-11 

4 , 200E+Ol 
l . 633E+OO 
l . 089E-Ol 

l . OOOE+02 
3 . 776E - 01 
2 . 518E - 02 

3.000E+02 
3.0988- 03 
2.065E-04 

CVP-2002-00010 
Rev. 0 

l . OOOE+03 
1 . 7538-10 
1.169E-ll 
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0 

surrrnary 116-F- 6 Cleanup Verification - Shallow Zone 
F i le 116f6_shallow. rad 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • O. OOOE+OO years 

Water Independent Pathways (Inhalation excludes radon) 
O Ground Inhalation Radon Plant Meat 

Radio-~ 
Nuclide mrem/yr fract. 
f,J,JJ,JJ,.J. j,J,.J,,J,J,.JJ Jij,j,JJJ,. 

Co- 60 2 . 557E- 01 0.0441 
Ce - 137 l . l09E+OO 0 . 1915 
Eu- 152 1 . 193E+OO 0 . 2059 
Eu- 154 2 . 691E - 01 0.0464 
Sr- 90 l.485E-02 0 . 0026 
1111111 111111111 111111 
Tot al 

0 
2.842E+OO 0.4905 

~ ~ ~ ~ 
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . 
~ }J.JJ,.j,j,. ~ f,J,..f,..J,J,. ~ f,J,..f,..J,J,. ~ jJ,J,.j,J,J,. 

2 . 070E- 07 0.0000 O. OOOE+OO 0 . 0000 3 . 034E - 03 0.0005 7.587E- 04 0.0001 
6 . 255E- 07 0.0000 O. OOOE+OO 0.0000 5 , 848E- 02 0 . 0101 2.379E-02 0 . 0041 
2 . 2548- 06 0.0000 O. OOOE+OO 0.0000 2 . 465E- 04 0.0000 2 . 225E- 05 0 . 0000 
5 . 996E-07 0.0000 O.OOOE+OO 0 . 0000 7.467E- 05 0 . 0000 6 . 740E- 06 0.0000 
4.739E- 05 0.0000 O. OOOE+OO 0.0000 2.476E+OO 0.4274 2 . 324E- Ol 0 . 0401 
111111111 111111 111111111 111111 1Uf1UU 111111 111111111 111111 
5 . 107E-05 0.0000 O.OOOE+OO 0.0000 2.538E+OO 0.4381 2 . 570E-Ol 0 . 0444 

CVP-2002-00010 
Rev.0 

Pathways (pl 

Milk 
~ 

mrem/yr fract . 
AAAAMMJ,. j,J,J,jw. 

Soil ~ · 
mrem/yr fract. 

AAAAMMJ.. AAAAM 
l . 738E - 04 0.0000 3 . 930E- 05 0 . 0000 
1.477E- 02 0.0026 1.5158- 03 0.0003 • 
5 . 880E- 07 0.0000 l . 021E- 04 0 . 0000 
l . 781E-07 0.0000 3.094E- 05 0 . 0000 
l.313E - 01 0.0227 8.554E - 03 0 . 0015 
111111111 111111 111111111 111111 
l . 462E-01 0 . 0252 1.024E~ 02 0 . 0018 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = O. OOOE+OO years 

o Water Dependent Pathways 
0 Water Fish Radon Plant Meat Milk All Pathways• 

Radio-~ ~ ~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract. mrem/yr fract . 
Ji.i,J,,J,J,JJ. f,J,.J,J,J,JJ,J ;.J,JJ,JJ,. ~ AAMi,J,. 
Co- 60 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
cs - 137 O.OOOE+OO 0.0000 0.000E+OO 0 . 0000 
Eu- 152 O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 
Eu-154 O. OOOE+OO 0.0000 0.000E+OO 0.0000 
Sr- 90 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
1111111 111111111 111111 111111111 111111 
Tota l O.OOOE+OO o.oooq O. OOOE+OO 0.0000 

o•sum _of all water independent and dependent 

mrem/yr fract. 
AAAAMJ,,j,j,. i;j.J,J,J,,J,. 

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 
11U111U 11UU 
O.OOOE+OO 0 . 0000 
pathways . 

mrem/yr fract. 
~ j,J,J,jw. 
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 
111111111 111111 
O.OOOE+OO 0 . 0000 

C-12 

mrem/yr fract . 
~ jJ,J,.j,J,J,. 

O. OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
0 . 000E+OO 0 .000 0 
111111111 1111U 
O. OOOE+OO 0 . 0000 

mrem/yr 
AAAAAAAAA 
O.OOOE+OO 
O. OOOE+OO 
0 . 000E+OO 
O. OOOE+OO 

fract . 
j,J,J,jw. 

0.0000 
0 . 0000 
0.0000 
0.0000 

mrem/yr fract. 
AAAAMJ,,j,j,. jJ,J,.j,J,J,. 

2.597E-01 0 . 0448 
1.208E+OO 0 . 2085 
l . 193E+OO 0 . 2060 
2 . 692E-01 0 . 0465 

O. OOOE+OO 0.0000 2.863E+OO 0 . 4942 
111111111 111111 111111111 111111 
O. OOOE+OO 0 . 0000 5.794E+OO 1 . 0000 

·-
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0 

Sunrnary 116 - F- 6 Cleanup Verification - Shallow Zone 
File 116f6_shallow.rad 

ll.adio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • l . OOOE+OO years 

Water Independent Pathways (Inhalation excludes radon) 
Ground Inhalation Radon Plant Meat 
~ ~ ~ ~ ~ 

Pathways (pl 

Milk Soil 

• Nuclide mrem/yr fract . mrem/yr tract . mrem/yr tract. mrem/yr tract. mrem/yr fract. 
~ ~ 

rnrem/yr tract. mrem/yr tract . 
j,,jJ,j,J,J,,J. ;;J,.J,J,.J,J;. f,J,J,J,J,,j,i, ;;J,.J,J,.J,J;. j,J,J.JJJ,J,_ ;J,JJ,J,JJ,J,J, AAMAA ~ f,.J,j,j,J,J,. AAf,J,J,.j,.j,, f,.J,j,j,J,J,. ~ f,JJ,J,J,J,. ~ i,J,.j,JJ,j,. 

Co- 60 2 . 242E- Ol 0.0401 l.BlSE-07 0 . 0000 O.OOOE+OO 0.0000 2 . 659E- 03 0 . 0005 6.651E-04 0.0001 
Cs - 137 i.084E+OO 0 . 1941 6.llOE-07 0 . 0000 O.OOOE+OO 0 . 0000 5 . 714E-02 0 . 0102 2 . 324E· 02 0 . 0042 
Eu - 152 l . 132E+OO 0.2028 2 .1406- 06 0 . 0000 O. OOOE+OO 0.0000 2 .. 340E-04 0 . 0000 2 .112E-05 0.0000 

'Eu- 154 2 . 487E- 01 0.0445 5.541E-07 0.0000 O.OOOE+OO 0.0000 6.901E· 05 0.0000 6.229E-06 0.0000 

l.524E- 04 0.0000 
l.443E- 02 0.0026 
5.5828- 07 0.0000 
l.646E - 07 0.0000 
l.281E-Ol 0.0229 
tfttttttt tttttt 
l.427E- Ol 0.0256 

3 . 44SE· OS 0 . 0000 
l.480E-03 0.0003 
9 . 696E- os o . oodo 
2.860E·OS 0 . 0000 
8.349E-03 0 . 0015 
tfttftttt Utttf 
9.990E- 03 0 . 0018 

Sr- 90 
11111ft 
Total 

0 

1.449E· 02 0.0026 4.625E- 05 0 . 0000 O. OOOE+OO 0.0000 2 . 417E+OO 0 . 4328 2.269E·Ol 0.0406 
tfttUttt 
2.704E+OO 

tttttt UtUtttt tttftf ttttttttt tttttt ttttttttt UttU ttttttttf fttttt 
0.4842 4 . 974E- 05 0 . 0000 0.000E+OO 0.0000 2.477E+OO 0.4436 2.508E- Ol 0 . 0449 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • l . OOOE+OO years 

O Water Dependent Pathways 
0 Water Fish Radon Plant Meat Milk All Pathways• 
Radio-~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr tract. 
~ ~ MMM 
Co- 60 O.OOOE+OO 0.0000 
Cs-137 O. OOOE+UO 0 . 0000 
Eu-152 O. OOOE+OO 0.0000 
Eu-154 O.OOOE+OO 0.0000 
Sr- 90 O. OOOE+OO 0.0000 
ftttttt ttttttttf tttttt 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . 
~ f,.JJJ,J,J,. AAf,J,J,.j,.j,, f,.JJJ,J,J,. ~ j,J,J,J,JJ,. ~ j,J,,j,j,j,.j,. ~ MMM ~ AAMAA 
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 
ftUttttt tftttt 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 0.000E+OO 0.0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
ttttttttt tttttt 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
tt111tt11 111111 

O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
Utttfftt UttU 

O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
ffUttttt tttttf 

2.277E-Ol 0 . 0408 
l.lBOE+OO 0 . 2113 
1.1336+00 0 . 2029 
2.4888 - 01 0.0446 
2.795E+OO 0 . 5005 
tfttttttt 1111ft 

Total O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 0.000E+OO 0 . 0000 5.584E+OO 1.0000 
O*Sum of all water independent and dependent pathways . 

C-13 



l RESRAD, Version 6.21 Tc Limit • 0.5 year 02/21/2003 07 : 28 Page 12 
Surmlary 116-F- 6 Cleanup Verification - Shallow Zone 
File 116f6_shallow. rad 

CVP-2002-00010 
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Total Dose Contributions TDOSE(i,p , t) for Indivi dual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose . At t s 3 . 000E+OO years 

O Water Independent Pathways (Inhalation excludes radon) 
O Ground Inhalation · Radon Plant Meat Milk Soil 
Radio -~ ~ ~ ~ ~ ~ ~ • 
Nuclide mrem/yr fract . 
MMf,.J,,A MJ,J,J,J,.J.J,. JiJ,J,J,J;j. 

Co- 60 1 . 722£ - 01 0.0331 
Cs-137 l.034E+OO 0.1990 
Eu- 152 l.020E+OO 0 . 1964 
Eu- 154 2.124£ - 01 0 . 0409 
Sr -90 1.381£- 02 0.0027 
111fff1 111ff1111 111111 
To tal 

0 

2.453E+OO 0 . 4721 

mrem/yr fract. 
~ f,J,J,JJlJ,. 

1.394£- 07 0 . 0000 
5.832£- 07 0 . 0000 
l . 928E - 06 0 . 0000 
4.733£ - 07 0 . 0000 
4.406E- 05 0.0000 
111111111 111111 
4.7198-05 0 . 0000 

mrem/yr fract . 
~ JiJ,J,J,J;j. 

O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
0.0008+00 0 . 0000 
O. OOOE+OO 0.0000 
111111111 111111 
O.OOOE+OO 0 . 0000 

mrem/yr fract. 
~ JiJ,J,J,J;j. 

2 . 043£- 03 0 . 0004 
5 . 453£- 02 0 . 0105 
2 . 1088- 04 0 . 0000 
5.894£- 05 0.0000 
2.303E+OO 0 . 4430 
111111111 111111 
2 .359E+OO 0 .4 540 

mrem/yr fract. 
~ JiJ,J,J,J;j. 

5 . llOE- 04 0 . 0001 
2 .218E-02 0 . 0043 
1. 903£-05 0 . 0000 
5 . 321£-06 0 . 0000 
2 . 161E-Ol 0 . 0416 
111111111 111111 
2 . 388E-01 0 . 0460 

mrem/yr fract . mrem/yr fract. 
J,J,J,J,.jJ,j,J AJ,..J,.J,J,J.. MMJ,.Mf,J,. JiJ,J,J,J;j. 

1.171£-04 0 . 0000 2.647£- 05 0 . 0000 
1 . 378£- 02 0 . 0027 l . 413E - 03 0.0003 ~ 
5 . 030£ - 07 0 . 0000 8.738£ - 05 0.0000 
1 . 406£- 07 0.0000 
1.221£- 01 0 . 0235 
111111111 1111ft 

2 . 443E-05 0.0000 
7.954E- 03 0.0015 
111111111 111111 

l . 360E-Ol 0 . 0262 9.505£- 03 0 . 0018 

Total Dose ContTibutions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • 3.000E+OO years 

o Water Dependent Pathways 
O Water Fish Radon Plant Meat 

Radio-~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract . mrem/yr fract . 
AMMJ,j,. ~ JiJ,J,J,J;j. ~ j',,j,J,,jJ,J,. 
Co - 60 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
Cs - 137 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
Eu - 152 O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
Eu - 154 O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
Sr- 90 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 
1111111 111111111 111111 111111111 111111 
Tot al O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

o•sum of all water independent and dependent 

mrem/yr fract. 
J,J,,JJ,J,J,.f, JiJ,J,J,J;j. 

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 
111111111 111111 
O.OOOE+OO 0 . 0000 
pathways . 

mrem/yr fract. mrem/yr fract . 
~ j',,j,J,,jJ,J,. ~ JiJ,J,J,J;j. 
O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
111111111 111111 111111111 111111 
O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 

C-14 

Milk All Pathways• 
~ ~ 

mrem/yr fract. mrem/yr frac t . 
~ JiJ,J,J,J;j. ~ JiJ,J,J,J;j. 

O. OOOE+OO 0.0000 1.749£-01 0.0337 
O. OOOE+OO 0.0000 l . 126E+OO 0 . 2167 
O. OOOE+OO 0.0000 l.021E+OO 0 . 1964 
O. OOOE+OO 0.0000 2 . 125£- 01 0.0409 
O. OOOE+OO 0.0000 2 . 663E+OO 0.51 23 
U1U1111 111111 111111111 1!1!1! 
O. OOOE+OO 0 . 0000 5.197E+OO 1 . 00 00 
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0 

Tot al Dose Contr i butions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • 7.200E+OO years 

Water Independent Pathways (Inhalation excludes radon) 
O Ground 

Radio -~ 
• Nuclide mrem/yr fract. 
~ MMJ,.J,.J,.j,J. AAAMA 
Co-60 9.906E- 02 0.0220 
~s - 137 9 . 379E-Ol 0.2084 
Eu- 152 8.2018 - 01 0 . 1823 
Eu-154 l . 525E - Ol 0.0339 
Sr- 90 l . 247E- 02 0.0028 
1111111 111111111 111111 
Total 

0 
2 . 022E+OO 0.4494 

Inhalation Radon Plant Meat 
~ ~ ~ ~ 

mrem/yr fract . mrem/yr fract. mrem/yr fract. mrem/yr tract. 
~ f,J.J,,J,J,.J. MMJ,.J,.J,.j,j. MMM JJ,J,J,,J,.JJ,J AAfJ,J,J,. j,JJ,J,J,J,,JJ,f,J,J,J,J,J,. 
8 . 0198- 08 0.0000 O.OOOE+OO 0 . 0000 l.175E- 03 0 . 0003 2.9398-04 0.0001 
5 . 2888- 07 0 . 0000 O.OOOE+OO 0 . 0000 4 . 944E-02 0.0110 2 . OllE-02 0 . 0045 
1. 549E- 06 0.0000 O.OOOE+OO 0 . 0000 1. 6948- 04 0.0000 l . 529E-05 0 . 0000 
3 . 3998- 07 0.0000 0 . 0008+00 0.0000 4.233E-05 0 . 0000 3.821E-06 0.0000 
3.9808-05 0.0000 O. OOOE+OO 0.0000 2.0808+00 0 . 4622 l.952E-01 0.0434 
111111111 111111 111111111 111111 111111111 111111 111111111 111111 
~ -2308- 05 0.0000 0.0008+00 0.0000 2 . 131E+OO 0 . 4735 2.l56E-Ol 0 . 0479 

CVP-2002-00010 
Rev. O 

Pathways (pl 

Milk Soil 
~ ~ 

mrem/yr fract. mrem/yr tract . 
~ MMM MAMAAAA MMM 
6.734E- 05 0 . 0000 l . 522E-05 0 . 0000 
1 . 2498-02 0 .0028 l . 281E-03 0 . 0003 
4.0428- 07 0.0000 7.0228- 05 0 . 0000 
1.0108-07 0 . 0000 l.754E-05 0 . 0000 
l.1038-01 0.0245 7.1848-03 0.0016 
111111111 111111 111111111 111111 
1 . 2288-01 0.0273 8.568E- 03 0 . 0019 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t = 7.200E+OO years 

0 Water Dependent Pathways 
O Water Fish Radon Plant Meat 
Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract . mrem/yr fract. 
AMAAM ~ AAAMA MAf,J.j,J,J,J,. Ji.AMAA 
Co - 60 O. OOOE+OO 
Cs - 137 O. OOOE+OO 
Eu-152 O.OOOE+OO 
Eu-154 0 . 0008+00 
Sr- 90 O.OOOE+OO 
ttt1111 111111111 
Total O. OOOE+OO 

0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
111111 
0 . 0000 

O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
111111111 111111 
0.000E+OO 0 . 0000 

o•s um of all wa t e r i ndepe nde nt and dependent 

mrem/yr fract. 
j,.j,j,j,J,j,J, Ji.AMAA 
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 
1111111ft tttf11 
O. OOOE+OO 0.0000 
pathways . 

mrem/yr fract. mrem/yr fract . 
j,.j,j,j,J,j,J, Ji.AMAA MAf,J.j,J,J,J,. AAAMA 
0.000E+OO 0 . 0000 O.OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
0. 0.00E+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
1111111ft 1tf111 U11U111 111111 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 

C-15 

Milk All Pathways• 
~ ~ 

mrem/yr fract. mrem/yr tract . 
j,J,J,j,J,J,J,J AAMAA Ai,J,.JJ.J,J,J, AAAMA 
0 . 0008+00 0 . 0000 l.006E - Ol 0.0224 
O.OOOE+OO 0.0000 l.021E+OO 0 . 2270 
0 . 0008+00 0 . 0000 8.203E- Ol 0 . 1823 
O.OOOE+OO 0.0000 l . 526E- Ol 0 . 0339 
0 . 0008+00 0.0000 2.40SE+OO 0 . 5345 
1111111ft U1Ut 1111UU1 111111 
O. OOOE+OO 0 .0000 4.500E+OO 1 . 0000 
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t z 1 . 5008+01 years 

Pathways (p) 

o Water Independent Pathways (Inhalation excludes radon) 
o Ground Inhalation Radon Plant Meat Milk 

~ 
mrem/yr fract. 

j,,j,JJ,j,,J,J, f,J,..f,J,JJ. 

Soil ~. 
mrem/yr fract. • 

JW,J,JJ,J,J,Jl, MJ,,J,,M 

Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract . 
JiJ,,J,J,J,.JJi f,J,J,,JJ,.J.J, f,J,..f,J,JJ. 
Co- 60 3 . 5468-02 0.0101 
Cs- 137 7 . 8198-01 0 . 2230 
Eu-152 5.4648-01 0.1558 
8u-154 8 . 2498-02 0.0235 
Sr-90 1.0328-02 0.0029 
1111111 111111111 111111 
Tot al 

0 
1 . 4578+00 0 . 4153 

mrem/yr fract . 
~ MJ,,J,,M 
2.8708-08 0 . 0000 
4.408E-07 0 . 0000 
1.0328-06 0.0000 
1. 8388-07 0 . 0000 
3 . 2948 - 05 0.0000 
1Utf1111 111111 

' 3 . 4638-05 0.0000 

mrem/yr fract. 
~ MJ,,J,,M 
O. OOOE+OO 0.0000 
0 . 0008+00 0.0000 
0 . 0008+00 0 . 0000 
0 . 0008+00 0.0000 
0.0008+00 0.0000 
111111111 1f1111 
0.0008+00 0.0000 

mrem/yr fract . 
AAAAMJ,.jJ,. MMAA 
4 . 2068-04 0 . 0001 
4 . 1228- 02 0 . 0118 
1 . 1298- 04 0.0000 
2.2898-05 0 . 0000 
1.7228+00 0 . 4909 
111111111 111111 
1.7638+00 0.5028 

mrem/yr fract . 
f,J,J,J,J,.j,j, AAAAM 
1.0528- 04 0 . 0000 2.4108- 05 0.0000 5.4498-06 0.0000 
1 . 6778 - 02 0 . 0048 1 . 0418- 02 0.0030 1 . 0688-03 0.0003, 
1 . 0198 - 05 0.0000 2 . 6938-07 0 . 0000 4 . 6798- 05 0.0000 
2.0668-06 0 . 0000 5.4618- 08 0.0000 9 . 4878-06 0.0000 
1.6168- 01 0.0461 9.1278 - 02 0.0260 5.9478- 03 0.0017 
111111111 111111 111111111 111111 111111111 111111 
1.7858- 01 0 . 0509 1.0178-01 0.0290 7 . 0778-03 0 . 0020 

Total Dose Contributions TDOS8(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1 . 5008+01 years 

o Water Dependent Pathways 
o Water Fish Radon Plant Meat Milk All Pathways• 
Radio- ~ -~ ~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract. mrem/yr fract. 
JiJ,,J,J,J,.JJi j,,JJ,J,JJ.J,J, f,J,..f,J,JJ. AAAAMJ,.j,j,. f,J,..f,J,JJ. 
Co- 60 O.OOOE+OO 0.0000 
Cs - 137 0.0008+00 0 . 0000 
Eu- 152 0.0008+00 0 . 0000 
Eu- 154 O.OOOE+OO 0 . 0000 
Sr- 90 0.0008+00 0.0000 
1111111 111111111 111111 

0 . 0008+00 
0 . 0008+00 
0 . 0008+00 
0 . 0008+00 
O. OOOE+OO 
111111111 

0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
111111 

Total 0.0008+00 0.0000 0 . 0008+00 0.0000 
O*Sum of all water indepe ndent and dependent 

mrem/yr fract. 
AAAAAJ,J,J,.j,. Ji.j,J,j,,j,j,. 

0.0008+00 0.0000 
0 . 0008+00 0 . 0000 
0.0008+00 0 . 0000 
0 . 0008+00 0.0000 
0 . 0008+00 0.0000 
111111111 11tf11 
0 . 0008+00 0 . 0000 
pathways. 

mrem/yr fract . 
j,,J,j,J,j,,j,, MMM 
0.0008+00 0 . 0000 
0.0008+00 0 . 0000 
0.0008+00 0 . 0000 
0.0008+00 0 . 0000 
0.0008+00 0 . 0000 
111111111 1111t1 
0 . 0008+00 0.0000 

C-16 

mrem/yr fract. 
AMAAAAM AAAAM 
0.0008+00 0.0000 
0.0008+00 0.0000 
0 . 0008+00 0 . 0000 
0.0008+00 0.0000 
0.0008+00 0 . 0000 
111111111 tf1U1 
0.0008+00 0 . 0000 

mrem/yr fract. mrem/yr fract. 
j,,J,j,J,j,,j,, j,j,J,J,J,.}. AAAAMJ,.j,j,. AAAf,.,j,,j,_ 

0.0008+00 0. 0000 3.6018-02 0 . 0103 
0.0008+00 0 . 0000 8 . 5148-01 0 . 2428 
0.0008+00 0.0000 5.4668-01 0 . 1558 
0.0008+00 0.0000 8.2528-02 0.0235 
0.0008+00 0 . 0000 1 . 9918+00 0 . 5676 
111111111 111111 111111111 111111 
0 . 0008+00 0.0000 3.5078+00 1.0000 

·. 
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Total Dose Contributions TDOSE(i,p , t) for Individual Radionuclides (i) and Pathwa ys (pl 
As mrem/yr and Fraction of Total Dose At t • 4 . 200E+Ol years 

o Water Independen t Pathways (Inhalation excludes radon) 
0 Ground Inhalation Radon Plant Meat Milk Soil 

Radio -~ ~ ~ ~ ~ ~ ~ 
• Nucl i de mrem/yr fract . 

f,J,J,J,J,JlJ,. fJJ,JJ,J,JJ,J,. f,Jw.jJ. 

Co- 60 1 . 012E-03 0 . 0006 
~s - 137 4 . 166E- 01 0 . 2551 
Eu- 152 1.340E- 01 0 . 0821 

-Eu-154 9 . 821E-03 0 . 0060 
Sr- 90 5.366E- 03 0 . 0033 
fff1111 111111111 111111 

mrem/yr fract. 
~ MMM. 
8.192E- 10 0 . 0000 
2. 349E-07 0 . 0000 
2.532E- 07 0.0000 
2 . 188E- 08 0.0000 
1.712E- 05 0.0000 
1111111ft 111111 

mrem/yr fract . 
AJ,,J.J,J,JJ.J. j,J,J,J,J.J.. 

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 
111111111 111111 

mrem/yr fract . 
J,J,J,,MJ,,J,J, f,Jw.jJ. 

1. 2018- 05 0.0000 
2 .196E- 02 0 . 0134 
2 . 7698- 05 0.0000 
2. 725E - 06 0.0000 
8 . 948E- 01 0.5479 
111111U1 uuu 

mrem/yr fract. 
JiJ,JJJ,J.j,J,J AAAMA 
3 . 002E-06 0 . 0000 
8 . 932E - 03 0 . 0055 
2.499E-06 0 . 0000 
2 . 460E- 07 0 . 0000 
8 . 399E- 02 0 . 0514 
111111111 111111 

mrem/yr fract . 
~ MMM 
6 . 880E-07 0.0000 
5 . 548E- 03 0 . 0034 
6 . 606E - 08 0.0000 
6 . 502E-09 0.0000 
4. 744E-02 0 . 0290 
11ttf11U U1111 

mrem/yr fract . 
j,..J,.}J,.jJ,J MMM. 
l . 555E- 07 0 . 0000 
5 . 690E- 04 0 . 0003 
1 . 147E- 05 0 . 0000 
1 . 129E- 06 0 . 0000 
3.091E- 03 0 . 0019 
111111111 111111 

Tota l 
0 

5.668E-Ol 0.3470 1.763E- 05 0.0000 O. OOOE+OO 0 . 0000 9.168E- 01 0.5614 9 . 293E- 02 0 . 0569 5 . 299E- 02 0 . 0324 3 . 673E- 03 0.0022 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 4 . 200E+Ol years 

o Water Dependent Pathways 
O Water Fish Radon Plant Meat 
Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. mrem/yr fract. 
j,J,,j,.j,,jj,J j,j,,J,J,j,J,j, MMM ~ iliAAA 
Co- 60 O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
Cs - 137 O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
Eu- 152 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
Eu-154 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
Sr- 90 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
1111111 111111111 111111 111111111 111111 
Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

o•sum of all water independent and dependent 

mrem/yr tract. 
AJ,J,J,J,J,.J,J MMM 
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 
111111111 111111 
O. OOOE+OO 0.0000 
pathways . 

mrem/yr tract . mrem/yr fract. 
AAAAAAAM MMM ~ AAAMA 
O.OOOE+OO O.OQOO O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
111111111 111111 111111111 111111 
0 . 0008+00 0 . 0000 O. OOOE+OO 0 . 0000 

C-17 

Milk 
~ 

mrem/yr fract. 
AAAAAAAAA MMM 
O. OOOE+OO 0 . 0000 
0 . 000E+OO 0.0000 
O. OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
U11U111 111111 
O.OOOE+OO 0.0000 

All Pathways• 
~ 

mrem/yr frac t. 
~ j,j,.jj,J,j,. 
1 . 0288- 03 0.0006 
4 . 536E - 01 0 . 2777 
1.341E-01 0 . 0821 
9 . 825E- 03 0 . 0060 
1 . 0358+00 0 . 6335 
11tf1UU Uff11 
1.633E+OO 1. 0000 
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0 
0 

Radio -
Nuc lide 

Total Dose Contributions TDOSE(i,p ,.t) for Indi vidual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • 1 . 0008+02 years 

Water Independent Pathways (Inhalation excludes radon) 
Ground Inhalation Radon Plant Meat 
~ ~ ~ ~ ~ 

mrem/yr fract . mrem/yr fract. mrem/yr fract : mrem/yr fract . mrem/yr tract. 
. MJ,.JJJJ. MJJ,J,J,J,.M ™ ~ ™ JJ.llJ,J,.MJ,. ™ j,JJJ,J,J.J,JJ, j,j,J,J,JJ,., Aillliil~ MJJ,.J.J.. 

Co- 60 4 . 867E- 07 0.0000 3. 940E-13 0.0000 O. OOOE+OO 0 . 0000 5 . 7748- 09 0.0000 1.4448- 09 0 . 0000 
Cs - 137 1.077E- Ol 0 . 2852 6 . 072E- 08 0 . 0000 . O. OOOE+OO o. oo'oo 5 . 6788- 03 0 . 0150 2 . 309E-03 0 . 0061 

· Eu- 1 52 6.546E- 03 0 . 0173 l . 237E- 08 0 . 0000 O. OOOE+OO 0 . 0000 1.3528- 06 0 . 0000 1.221E- 07 0 . 0000 
Eu- 1 54 1.0168- 04 0 . 0003 2.263E- 10 0 . 0000 O. OOOE+OO 0 . 0000 2.818E-08 0 . 0000 2.544.E- 09 0.0000 
sr- 9P 1 . 316E- 03 0 . 0035 4.199E-06 0 . 0000 0.0008+00 0.0000 2 . 1948" 01 0 . 5810 2.0598- 02 0.0545 
111t'fff 11Uftf1t UUU ttttttttf fttftf 1111f1f1f 111111 11f111fti 111111 ttt111ttt · 1111ft 
Tota l 1.1578-01 0 . 3063 4.2728- 06 0 . 0000 O. OOOE+OO 0 . 0000 2 . 251E-01 0 . 5960 2 . 290E- 02 0.0607 

0 
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Pathways (p) 

Milk Soil 
~ ~ . 

mrem/yr fract. mrem/yr fract. 
JJ.llJ,J,.MJ,. JJ.J.J.M ~ ™ 
3 . 3098-10 0.0000 7.480E-ll 0 . 0000 
1.4348-03 0.0038 l.471E- 04 0 . 0004 
3 . 2278- 09 0.0000 5 . 6058- 07 0 . 0000 
6 . 7248- 11 0.0000 1.1688-08 0 . 0000 
l.163E-02 0.0308· 7.5808-04 0 . 0020 
1fit1tttf 1ititf tittttft1 t1tt t t 
1.3078- 02 0 . 0346 9.056E-04 0 . 0024 

Total Dose Contributions TDOS8(i,p,t) for Individual Radionucli~es (i) arid Pathways (pl 
As mrem/yr and Fraction of Total Dose At t • l . OOOE+02 years 

o Water Dependent Pathways 
0 Water Fish Radon . Plant Meat Milk All Pathways* 

Radi o-~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. mrem/yr fract . 
MJ,.JJJJ. ~ MMAA ~ ilAAM 
Co~.60 O.OOOE+OO 0 . 0000 0.0008+00 0 . 0001) 
Cs -137 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
Eu-152 0.0008+00 0.0000 0.0008+00 0.0000 
Eu- 154 O.OOOE+OO 0.0000 0.000E+OO 0.0000 
Sr-90 0 . 0008+00 0.0000 0.0008+00 0.0000 
fff111f tftff1ttt 111111 ftt11ftii ttt1f1 
Total 0 . 0008+00 0 . 0000 O. OOOE+OO 0 . 0000 

o•sum ·of all water independe nt and depe ndent 

mrem/yr fract. 

~ ™ 
0.0008+00 0 . 0000 
0 . 000E+OO 0.0000 
0.0008+00 0.0000 
O.OOOE+OO 0 . 0000 
0.0008+00 0.0000 
1ttt1ft1f 111111 
0 .. 0008+00 0 . 0000 
pathways. 

mrem/yr fract. 
~ JiJJJJJ. 
O. OOOE+OO 0.0000 
0.000E+OO 0.0000 
0.000E+OO 0 . 0000 
O. OOOE+OO 0.0000 
0 . 0008+00 0 . 0000 
111111111 111111 
O.OOOE+OO 0 . 0000 

C-18 

mrem/yr fract. 
MiliJJ,J,.J. JiJJJJJ. 
0 . 0008+00 0 . 0000 
O. OOOE+OO 0.000_0 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
0.0008+00 0 . 0000 . 
t!tttt!tf 1111ft 
O.OOOE+OO 0 . 0000 

mrem/yr fract. mrem/yr fract. 
M.U..V.AM JiJJJJJ. ~ JiJJJJJ. 
0.0008+00 0.0000 4 . 9438-07 0 . 0000 
0.0008+00 0.0000 1.1738-01 0.3106 
O, OOOE+OO 0.0000 6.5488- 03 0.017 3 
O.OOOE+OO 0.0000 1 . 0168-04 0 . 0003 
0 . 0008+00 0.0000 2.5378- 01 0.6718 
11111tttt 111111 f1fttt111 111111 
0.000E+OO 0.0000 3.776E- 01 1 . 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 • 3 . 000E+02 years 

o Water Independent Pathways (Inhalation excludes radon) 
O Ground Inhalation Radon Plant Meat Milk Soil 
Radio -~ ~ ~ ~ ~ ~ ~ 

• Nuclide mrem/yr fract . 
MMAM MAAAMAA AAAJ,.J,J. 
Co-60 l.763E-18 0 . 0000 
Cs-137 l . 015E- 03 0 . 3277 
Eu-152 l.971E-07 0 . 0001 

•Eu-154 l.447E-ll 0 . 0000 
Sr-90 l.033E- 05 0 . 0033 
ff1ffft ttttftftf ffff1t 
Total 

0 
l . 026E- 03 0 . 3311 

mrem/yr fract . 
j.J,J,,j,J.JJ,J j,J,JJ,,J,J.. 
l.427E- 24 0 . 0000 
5 . 724E- 10 0.0000 
3. 725E- 13 0.0000 
3.224E- 17 0.0000 
3 . 297E- 08 0.0000 
UfUUU tftfff 
3 . 354E- 08 0.0000 

mrem/yr fract. 
MAAAMAA iJJ.Mi,.. 
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 
ffififitt uuu 
O.OOOE+OO 0.0000 

mrem/yr fract . 
MAAAJ,J,JJ,. i,,j,J,.JJJ,. 

2 . 092E- 20 0 . 0000 
5. 352E - 05 0 . 0173 
4 . 072E- ll 0 . 0000 
4.015E - 15 0 . 0000 
l.723E- 03 0 . 5561 
ttfft1Ut UUtt 
1. 776E- 03 0 . 5734 

mrem/yr fract . 
f,.i,.Mf,.MM. AAA.W. 
5.232E-21 0.0000 
2.177E- 05 0.0070 
3 . 676E-12 0.0000 
3 .624E-16 0 . 0000 
l.617E-04 0 . 0522 
tf1tt11t1 t11t11 
l.835E-04 0 . 0592 

mrem/yr fract. mrem/yr fract. 
illJJ,JJJ,J,. j,J,JJ,,J,J.. MAAAMAA MAMA 
1 . 1998-21 0.0000 2.710E- 22 0 .0000 
l.352E-05 0.0044 
9.715E-14 0.0000 
9 . 579E-18 0 .0000 
9.133E-05 0.0295 
1t1tt1111 111111 

l.387E- 06 0 .0004 
l . 688E - ll 0 .0000 
l.664E- 15 0 . 0000 
5.951E- 06 0 . 0019 
1ffifftff tffttt 

l.049E - 04 0 . 0338 7 . 338E- 06 0 . 0024 

Total Dose Contributions TDOSE(i,p,t) for ' Individual Radionuclides (i) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t = 3 .000E+02 years 

O Water Dependent Pathways 
o Water Fish Radon Plant Meat 
Radio -~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract . mrem/yr fract. 
j,j,j,jw,j,,_ ~ AAAJ,.J,J. ~ AAAJ,.J,J. Mf,J,,j,,jJ.J,J AAAJ,.J,J. ~ MMM Mf,J,,j,,jJ.J,J AAAJ,.J,J. 
Co-60 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 
Cs-137 O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0 . 0000 
Eu- 152 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 
Eu-154 O.OOOE+OO 0.0000 
sr-90 O. OOOE+OO 0 . 0000 
11t1ttt tttt11ft1 111111 

O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
111111111 1t11tt 

O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
111111111 1111ft 

O. OOOE+OO 0 . 0000 
O.O OOE+OO 0 . 0000 
1tt1ttt11 1111ft 

O. OOOE+OO 0 . 0000 
O.O OOE+OO 0 . 0000 
111111111 111111 

Total O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 O.OOOE+OO 0 .0000 O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O*Sum of all water independent aod d epende nt pathways . 

C-19 

Milk All Pathways* 
~ ~ 

mrem/yr fract. mrem/yr fract . 
Mf,J,,j,,jJ.J,J MMM j,J,J,j,.JJJ,j, MAMA 
O.OOOE+OO 0.0000 l . 791E - 18 0 . 0000 
O. OOOE+OO 0.0000 l . 105E- 03 0 . 3569 
O. OOOE+OO 0 . 0000 l . 972E- 07 0 . 0001 
O.OOOE+OO 0.0000 1.447E - ll 0 . 0000 
O.OOOE+OO 0.0000 1. 992E- 03 0 . 6431 
1ttfif1U 1Utft tfttfifU 111111 
O.OOOE+OO 0 .0000 3.098E- 03 1 . 0000 



lRESRAD, Version 6.21 Tc Limit = 0 . 5 year 02/21/2003 07 : 28 Page 18 
Swrmary 116 - F-6 Cleanup Verification - Shallow Zone 
File 116f6_shallow. rad 

CVP-2002-00010 
Rev.O 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = l . OOOE+03 years 

O Water Independent Pathways (Inhalation excludes radon) 
O Ground Inhalation Radon Plant Heat Hilk Soil 

Rad io -~ ~ ~ ~ ~ ~ ~~ 

Nuc lide mrem/yr fract . 
jJ,,JJ,J,J,J,. J,JJ,J,J,.J,J,J IJ,J,..j,J,,J,. 

Co- 60 
Cs - 137 
Eu - 152 

O. OOOE+OO 0.0000 
8 . 254E-ll 0 . 4709 
2 . 952E-23 0 . 0000 

Eu- 154 O. OOOE+OO 0 . 0000 
Sr- 90 4 . 430E-13 0 . 0025 
1f t tt11 t11111f11 111111 
Tot.al 

0 
8 . 298E-ll 0.4734 

mrem/yr fract. 
~ f,J,.MiJ. 
O. OOOE+OO 0 . 0000 
4 . 654E- 17 0.0000 
8 . 643E-17 0 . 0000 
0 . 0008+00 0 . 0000 
1.4148- 15 0 . 0000 
111111111 111111 
1.5478-15 0 . 0000 

mrem/yr fract . mrem/yr fract . 
~ jiJ,JJ,.JJ,. ~ f,J,.MiJ. 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 4 . 351E-12 0.0248 
O.OOOE+OO 0.0000 2.1368 -16 0 . 0000 
0 . 0008+00 0 . 0000 0 . 0008+00 0.0000 
0 . 0008+00 0 . 0000 7 .3878-11 0.4214 
1UUUU uuu 111111111 tttttt 
0 . 0008+00 0 .0 000 7 . 8238- 11 0 . 4462 

mrem/yr fract. mrem/yr fract . mrem/yr fract . 
f,J,.MJ,J,.j,JJ jiJ,JJ,.JJ,. AMJ,J,J,.JJ,j,. !,J,JJ,.M AAAAAAMfi. J,J,JJ,.M 
O.OOOE+OO 0.0000 0 . 0008+00 0 . 0000 0.0008+00 0.0000 
1 . 770E- 12 0.0101 1. 0998-12 0. 0063 1.1278- 13 0.0006 
1. 9288-17 0 . 0000 5 . 0958-19 0 .0000 8.8518- 17 0 . 0000 
0 .0008+00 0 . 0000 0 . 0008+00 0.0000 0 .0008+0 0 0.0000 
6.934E-12 0 . 0396 3 . 9178-12 0 . 0223 2 . 5528- 13 0.0015 
t1111tt1t 1111ft tttUUU tutu tUUUU uuu 
8.7048- 12 0 . 0497 5 . 0168-12 0.0286 3.6808-13 0.0021 

Total Dose Contributions TDOS8(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = l . OOOE+03 years 

O Water Dependent Pathways 
o Water Fish Radon Plant Heat Hilk All Pathways* 

Rad i o -~ ~ ~ ~ ~ ~ ~ 
Nucl ide mrem/yr fract . mrem/yr fract . 
f,J,J,J,.J,,M ~ J..j,jJ,J,J,. ~ j,Jw,JJ,,_ 
Co- 6 0 0 . 0008+00 0 . 0000 O. OOOE+OO 0 . 0000 
Cs-1 37 O. OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
Eu-1 52 O. OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
Eu- 154 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
Sr- 90 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
ftt t 11t tt1tt1111 1111ft 111111111 111111 
Tota l O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 

O*Sum of all water independent and dependent 

mrem/yr fract. 
~ AMAAA 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
0 . 0008+00 0 . 0000 
UtUtfU 111111 
0 . 000E+OO 0.0000 
pathways . 

mrem/yr fract . 
~ j,Jw,JJ,,_ 
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 
tUUUU UU!f 
0.000E+OO 0.0000 

C-20 

mrem/yr fract . 
~ j,Jw,JJ,,_ 

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 
1Ulf1U1 tfUU 
O. OOOE+OO 0 . 0000 

mrem/yr fract . mrem/yr fract . 
~ AAiJlJ,J,,. ~ j,Jw,JJ,,_ 
O.O OOE+OO 0.0000 O. OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 8 . 987E-ll 0.5127 
O.OOOE+OO 0 . 0000 4.083E-16 0 . 0000 
0 . 0008+00 0 . 0000 O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 8.542E- ll 0.4873 
111111111 111111 111111111 111111 
O. OOOE+OO 0.0000 l.753E- 10 1 . 0000 

. 

•. 
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OParent Product Branch 

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

DSR (j. t) (mrem/yr) / (pCi/g) 
(i) (j) Fraction* t• 

AMAAAA JlJ,JJ,JJ,J,. j.J,J,,jj,,j,,j 
0.O00E+00 1.000E+O0 3.000E+0O 7.200E+OO 1.S00E+0l 4.200E+0l l. 000E+02 3 .000E+02 l . 000E+03 
~ f,J,J,J,,j,JJJ, f,J,J,J,,j,JJJ, j.J,J,,jj,,j,,j f,J,j,JJ,,jJ,.J f,,MJ,j,J.J,J., f,J,J,J,,j,JJJ, f,J,J,J,,j,JJJ, f,J,J,J,,j,JJJ, 

s::o - 60 Co - 60 l . O00E+O0 9 . 727E+0O 8 . 527E+00 6.552E+00 3.768E+00 1. 349E+00 3.849E- 02 1. 851E- 05 6 . 708E-17 O. 000E+00 
ocs -137 Cs - 137 l.O00E+00 2.301E+0O 2.248E+00 2.145E+00 l . 945E+0O l.622E+0O 8 .640E - 01 2 . 234E- 0l 2.106E- 03 l.712E - 10 
0Eu- 152 Eu-152 7.208E-01 3.l0SE+00 2.948E+00 2.656E+00 2 . 135E+0O l.422E+00 3.488E-01 l .704E- 02 5 .13 0E-0 7 7.685E - 23 
OEu- 152 Eu-152 2.792E-01 l.203E+0O l .142E+00 l.029E+O0 8 .268E- 0l 5 . 509E-01 l.351E-0l 6.600E-03 1. 987E-07 2.977E-23 

Eu- 152 Gd- 152 2.792E-01 3.819E- 17 l.120E-16 2 . 485E- 16 4 . 929E- 16 8.266E-16 l.329E-15 1. 484E-15 l.488E-15 1. 4 74E -15 
'Eu-152 ADSR(j) l.203E+00 l.142E+00 l . 029E+00 8 .268E- 0l S . 509E-01 1. 351E- 0l 6.600E-03 l .987E- 07 l.474E-15 

OEu-154 Eu-154 l . 000E+00 4 . 66SE+00 4.312E+0O 3 . 683E+00 2.645E+00 l.430E+O0 l.703E-01 l . 761E- 03 2 . 509E-10 2 . 737E-34 
OSr- 90 Sr-90 l.000E+00 2.9SSE+00 2.884E+O0 2 . 748E+00 2 . 482E+00 2.054E+00 l.068E+00 2.618E-0l 2.056E- 03 8.816E- ll 
11UU1 ffffff1 1U1U111 111111111 111111111 111111111 111111111 111111111 111111111 111111111 1111111ft 111111111 
*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) = BRF(l)*BRF(2)* . .. BRF(j) . 
The DSR includes contribut ions from associated (half-life 6 0.5 yr) daughters. 

0 
Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit= l .S00E+0l mrem/yr 
ONuclide 

(i) t= O. OOOE+00 l.000E+00 3.000E+00 7 . 200E+00 l.S00E+0l 
j,J,J,.j.jj.j,. AAAMAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAMAAAA 
Co- 60 l . 542E+00 l.759E+00 2 . 289E+00 3.981E+00 l . 112E+0l 
Cs - 137 6 . 519E+00 6 . 673E+O0 6 . 992E+00 7 .711E+00 9.2S0E+00 
Eu-152 3 .482E+00 3.668E+0O 4.070E+00 S.065E+00 7 . 602E+00 
Eu- 154 3.215E+00 3.479E+OO 4.073E+00 S.671E+00 l.049E+0l 
Sr- 90 5 . 076E+00 5 .201E+00 S . 459E+00 6.044E+00 7.302E+00 
1111111 1111111ft 111111!11 111111111 UU1t111 111111111 
*At specific activity limit 

0 
Surrmed 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= 0.000E+00 years 

ONuclide Initial tmin DSR(i, tmin) G(i,tmin) DSR(i,tmax) 
(i) (pCi/g) (years) (pCi/g) 

j,J,J,.j.jj.j,. ~ ~ AAAAAAAAA ~ ~ 

4.200E+0l 
AAAAAAAAA 
3.897E+02 
l.736E+0l 
3 .099E+0l 
8 . 809E+0l 
l.40SE+0l 
ff:1111111 

G (i, tmax) 
(pCi/g) 

f,J,j,JJ,,jJ,.J 

Co-60 2.670E-02 
Cs - 137 S . 2S0E-0l 
Eu-152 2.770E- 01 

0 . 000E+00 
0 . 00OE+00 
0 . 000E+00 

9.727E+00 l.542E+00 9 . 727E+00 l . 542E+00 
2.301E+00 6.519E+00 2 . 301E+00 6 .519E+00 
4.308E+O0 3 . 482E+00 4.308E+00 3.482E+0O 

Eu- 154 S.770E- 02 0 . 000E+0O 4.66SE+00 3.21SE+00 4 . 66SE+00 3 .2 1SE+00 
Sr- 90 9.690E-01 0 .000E+O 0 2 . 9SSE+00 S.076E+00 2 . 95SE+00 S . 076E+00 
1111111 111111111 1111111111111111 111111111 111111111 111111111 111111111 

C-21 

l . 000E+02 3.000E+02 l . 000E+03 
f,J,J,J,,j,JJJ, ~ AAAAAAAAA 
8.102E+0S *l.131E+l5 *l . 131E+l5 
6 . 715E+0l 7.124E+03 8 . 762E+l0 , 
6.34SE+02 2.107E+07 *l.765E+l4 
8 . 519E+03 S . 980E+l0 *2.639E+l4 
S . 729E+0l 7. 297E+03 l.701E+ll 
1Ut11U1 111111111 111111111 



1R8SRAD, Version 6.21 Tc Limi t • 0 . 5 year 02/21/2003 07 , 28 Page 20 
SUrrmary 116- F - 6 Cleanup Verification - Shallow Zone 
Fi le 116f6_shallow.rad 

ON elide Parent BRF(i) 

Individual Nuclide Dose Surrroe d Ove r All Pathways 
Parent Nuclide and Branch Fraction Indicated 

DOS8(j , t), mrem/yr 

CVP-2002-00010 
Rev.a 

(j) (i) 
t.MJ,.JJJ,. AMMM ~ 
Co- 60 Co - 60 l . OOOE+OO 

OCs - 137 Cs - 137 1.0008+00 
OEu - 152 Eu-152 7 . 2088-0l 

Eu - 152 Eu- 152 2 . 7928 - 0l 

t • 0.0008+00 l.0008+00 3.0008+00 7.2008+00 1 . 5008+01 4 . 2008+01 1.0008+02 3 . 0008+02 1.0008+03 
f,.JJ,J.j,JJ,.J j,J,J,,j,,j,.jJ f,J,J;J.Mj.JJ. },J,,j,J,,J,,J, j,JJ,,JJJ,J,JJ. f,J,J,J,JJ,.j.J jJ,J,J,J,,JJJ,J j,JJ,JiJJJ,JiJ, ~ 

Eu- 152 ilDOS8(j) 
OGd- 152 Eu - 152 2 . 7928- 0l 
OEu- 154 Eu-154 l . 0008+00 
osr- 90 Sr-90 l . 0008+00 

1111111 1111111 111111111 

2 . 5978- 01 2 . 2778- 01 1.7498-01 1.0068- 01 3 . 6018- 02 
1 . 2088+00 l . 1808+00 1.1268+00 1.0218+00 8. 5148-01 
8 . 6018- 01 8.1658-01 7.3588- 01 5 . 9138- 01 3.9408- 0l 
3 . 3328- 01 3 . 1638- 01 2 . 8508- 01 2 . 2908 - 01 1. 5268- 0l 
1.1938+00 1 . 1338+00 1.0218+00 8.2038 - 01 5 . 4668 - 01 
1.0588-17 3 . 1028- 17 6 . 8848- 17 1.3658- 16 2.2908 - 16 
2 . 6928- 01 2 . 4888- 01 2.1258- 01 1 . 5268- 01 8 . 2528- 02 
2 . 8638+00 2 . 7958+00 2 . 6638+00 2 . 4058+00 1 . 9918+00 
111111111 tft11Utt 111111111 111111111 111111111 

l.0288-03 4 . 9438-07 
4.5368-01 1. 1738- 01 
9 . 6638- 02 4. 7208-03 
3.7438-02 l . 8288- 03 
1.3418- 01 6 . 5488 - 03 
3 . 6828- 16 4 . 1098-16 
9.8258- 03 1 . 0168-04 
1.0358+00 2 . 5378- 01 
111111111 UUUt11 

BRF(i) _is the branch fraction of the parent nuclide . 

ONuc lide Parent BRF(i) 

Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

S(j,t), pCi/g 

1. 7918-18 0 . 0008+00 
1 . 1058- 03 8 . 9878- 11 
1 . 4218- 07 2.1298 - 23 
5 . 5058 - 08 8 . 2458-24 
1.9728- 07 2 . 9538-23 
4 . 1218- 16 4. 0838-16 
1.4478- 11 0 . 0008+00 
1 . 9928 - 03 8 . 5428-11 
111111111 ttttfttt1 

( j) (i) 
MJ,J,J,J,J,. 1J..Ai,.MJ,,. ~ 

t a 0.0008+00 1 . 0008+00 3 . 0008+00 7.2008+00 1 . 5008+01 4 . 2008+01 1 . 0008+02 3 . 0008+02 1.0008+03 
j,j,j,J,j,JJJ,, j,j,j,J,j,JJJ,, JJJ,J,.J,J,,J,J ~ ~ j,j,j,J,j,JJJ,, j.j,J,.J,j,.J,. ~ j,.J,,J,J,J,J,j 

Co- 60 Co-60 1.0008+00 2 . 6708 - 02 2 . 3408-02 1 . 7988-02 1.0348- 02 3.7028-03 1 . 0578-04 5.0828- 08 1. 8418-19 0 . 0008+00 
ocs - 137 Cs-137 1.0008+00 5 . 2508-01 5.1298- 01 4.8958-01 4 . 4388-01 3.7008-01 1.9718-01 5 . 0978-02 4.8048-04 3 . 9068-11 
OEu-152 Eu- 152 7 . 2088-01 1 . 9978- 01 1.8958- 01 1 . 7088- 01 1.3738- 01 9 . 1458-02 2.2438-02 1. 0968 - 03 3 . 2998 - 08 4 . 9418- 24 

Eu-152 Eu-152 2.7928-0l 7.7348- 02 7.3428- 02 6.6168- 02 5 . 3178- 02 3.5428- 02 8.6888-03 4.2448- 04 1 . 2788 - 08 1.9148-24 
Eu- 152 AS (j), 2 . 7708- 01 2 . 6308- 01 2.3708- 01 1 . 9048- 01 1.2698-01 3 .1128-02 1 . 5208- 03 4 . 5778- 08 6.8558- 24 

OGd- 152 Eu- 152 2 . 7928 - 0l 0 . 0008+00 4 . 8378- 16 1. 3798- 15 2 . 9808-15 5 . 1678-15 8 . 4618- 15 9.4738- 15 9.5008- 15 9 . 4138-15 
0Eu- 154 Eu-154 1 . 0008+00 5. 770E- 0 2 5 . 3338- 02 4 . 5558- 02 3 . 2718- 02 1 . 7698-02 2 . 1068-03 2 .1788- 05 3 . 1038- 12 3 . 3868- 3 6 
OSr- 90 Sr- 90 1 . 0008+00 9. 6 908- 01 9 . 4588- 01 9 . 0108- 01 8.1388- 01 6.7378- 01 3 . 5028 - 01 8 . 5868- 02 6 . 7418-04 2 . 8918 - 11 

U U 11111tf111 111111111 111111111 1111111ft 111111111 111111111 tft1ttttt 111111111 111111111 111111111 11ttftt1t 
BRF (i) is the branch fraction of the parent nuclide. 

ORESCALC . EX8 execution time • 2 .13 seconds 

C-22 



.. 

RESRADINPUTPARAMETERS 
FOR THE DEEP ZONE 

C-23 

CVP-2002-00010 
Rev.O 



C-24 

CVP-2002-00010 
Rev.O 

.. 



lRESRAD, Version 6 . 21 Tc Limit= 0.5 year 
Summary : 116 - F - 6 Cleanup Verification - Deep zone 

02/21/2003 10:09 Page 1 
File : 116f6_deep.rad 

Table of Contents 
~ 

Part I: Mixture sums and Single Radionuclide Guidelines 
t1tttttttttttftttttffftffffftfi111111111111111ttfttttft 

!lose Conversion Factor (and Related) Parameter SU!Tlllary .. . 2 
.Site- Specific Parameter SUrrmary . .. .. . . .. .•. .. . .• . .. .. . . .. 4 
Sunmary of Pathway Selections . .. . . .. .. ... .. . . . . .. .. .. . . . . 8 
Contaminated Zone and Total Dose Summary. ... .. ........... 9 
Total Dose Components 
• Time • 0 . 000E+00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Time = 1.000E+00 
Time= 3 . 000E+00 
Time• 7.2008+00 
Time = 1. S00E+0l 
Time= 4 . 200E+0l 
Time l.000E+02 
Time 3 . 000E+02 

11 
12 
13 
14 
15 
16 
17 

Time = 1. 000E+03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Dose/Source Ratios Surcrned Over All Pathways . . .. . .. . .. . .. . 19 
Single Radionuclide Soil Guidelines . .. .. ... .. .. . . . ... . . .. 19 
Dose Per Nuclide summed Over All Pathways . .. . ... . .. . . . . . . 20 
Soil Concentration Per Nuclide . . . .. . . . ... . ... ... . .. .. . . .. 20 

.. 

C-25 

CVP-2002-00010 
Rev.O 



lRESRAD, Version 6 . 21 Tc Limit • 0 . 5 year 
Su rrmary, 116 - F-6 Cleanup Verification - D~ep Zone 

02/21/2003 10:09 Page 2 
File , 116f6_deep . rad 

Dose Conversion Factor (and Related) Parameter SUrrmary 
File : HEAST 2001 Morbidity 

B- 1 • Dose conversion factors for inhalation, mrem/pCi : 
B - 1 • Co-60 
B - 1 • Cs - 137+0 
B- 1 • Eu- 152 
B-1 • Eu-154 
B- 1 • Gd-152 
B- 1 • Sr- 90+0 

D- 1 • Dose conversion factors for ingestion, mrem/pCi: 
D- 1 • Co-60 
D- 1 • Cs-137+0 
D- 1 • Eu-152 
D- 1 • Eu-154 
D-1 • Gd-152 
D-1 • Sr-90+0 

D-34 • Food transfer factors: 
D-34 • Co- 60 plant/soil concentration ratio, dimensionless 
D- 34 • Co-60 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
D- 34 • Co-60 milk/livestock- intake ratio, (pCi/L)/(pCi/d) 
D-34 • 
D-3 4 • Cs - 137+0 
D-3 4 • Cs-137+0 
D-34 • cs-137+D 
0-3 4 ' 
D -34 • Eu- 152 
D -34 • Eu-152 
0 -34 • Eu-152 
0-3 4 • 
0 - 34 • Eu - 154 
D-34 • Eu-154 
D- 34 • Eu-154 
D- 34 ' 
D-34 • Gd-152 
0-34 • Gd-152 
0 - 34 • Gd- 152 
D- 34 • 
D-34 • Sr-90+0 
0-34 • Sr-90+0 
0 - 34 • Sr-90+0 

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

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

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

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

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

D-5 • Bioaccumulation factors, fresh water, L/kg: 
D-5 • Co-60 fish 
D- 5 • Co-60 c rustacea and mollusks 
0-5 
D- 5 ' Cs-137+0 
0-5 • Cs-137+0 
D- 5 
D-5 • Eu-152 
D-5 • Eu-152 
D- 5 

fish 
crustacea and mollusks 

fish 
crustacea and mollusks 

. 2.190E-04 . . 3.190E- 05 . . 2 . 210E-04 . . 2.860E- 04 ' . 2 . 430E- 01 ' . l.310E-03 . 

. 2.690E-05 ' 
' 5.000E-05 . . 6.480E-06 . . 9.550E- 06 . . l. 610E-04 ' . l. 530E-04 . 
' 8 . 000E-02 . . 2.000E-02 . . 2.000E-03 . 
' 4.000E-02 . . 3 . 000E-02 . 
' 8 . 000E- 03 ' . 2 . 500E- 03 . . 2 . 000E-03 ' . 2.000E - 05 . 
. 2.500E - 03 . 
' 2 . 000E - 03 . . 2 . 000E- 05 ' . 2 .500E - 03 . . 2 . 000E-03 . . 2 . 000E - 05 ' . 3 . 000E-01 . . 8 . 000E- 03 ' . 2 . 000E- 03 . 
. 3 . 000E+02 ·• . 2 . 000E+02 ' . 2.000E+03 ' . l . OOOE+02 ' . 5.000E+Ol . . l . OOOE+03 . 
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2 . 190E- 04 . 
3.190E- 05 . 
2.2108- 04 . 
2.860E- 04 . 
2 . 430E- Ol . 
l . 310E- 03 . 
2 . 690E- 05 . 
5 . 000E-05 . 
6.480E-06 . 
9 . 550E- 06 . 
l. 610E-04 . 
l.530E- 04 . 
8 . 000E- 02 ' 
2 . 000E- 02 ' 
2 . 000E- 03 . 
4 . 000E- 02 ' 
3 . 000E- 02 . 
8.000E-03 . 
2 . 500E- 03 . 
2.000E- 03 ' 
2 . 000E- 05 ' 
2.500E - 03 . 
2 . 000E- 03 . 
2 . 000E- 05 . 
2 . 500E - 03 . 
2 . 000E- 03 . 
2 . 000E- 05 . 
3 . 000E- 01 . 
8 . 000E- 03 . 
2 . 000E- 03 . 
3 . 000E+02 . 
2.000E+02 . 
2 . 000E+03 . 
l . OOOE+02 . 
5 . 000E+Ol . 
l . OOOE+03 . 

CVP-2002-00010 
Rev. 0 

Parameter 

DCP2( 1) 
DCF2 ( 2) 
DCF2( 3) 
DCF2( 5) 
DCF2 ( 6) 
DCF2( 7) 

DCF3( 1) 
DCF3( 2) 
DCF3( 3) 
DCF3( 5) 
DCF3( 6) 
DCF3 ( 7) 

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

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

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

RTF( 5,1) 
RTF( 5, 2 ) 
RTF( 5, 3) 

RTF( 6,1) 
RTF( 6, 2 ) 
RTF( 6, 3) 

RTF( 7,1) 
RTF( 7,2) 
RTF( 7,3) 

BIOFAC( 1,1) 
BIOFAC( 1,2) 

BIOFAC ( 2 , 1) 
BIOFAC( 2,2) 

BIOFAC( 3, 1) 
BIOFAC( 3,2) 
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Dose Conversion Factor (and Relate d) Parameter Sumnary (continued) 
File: HEAST 2001 Morbi dity 

0 
Menu' 

D- 5 ' Eu- 154 
' . D- 5 ' Eu- 154 

D-5 
D- 5 • Gd- 152 
D- 5 • Gd- 152 
o-5 

Parameter 

fish 
crustacea and mollusks 

fish 
crustacea and mollusks 

current 
Value Default 

. 5 . 000E+Ol ' 5 . 000E+Ol 

' 1 . 000E+03 . l . OOOE+03 . 2.500E+Ol '2 . 500E+Ol . 1 . 000E+03 . 1 . 000E+03 

CVP-2002-00010 
Rev. 0 

Pa rameter 
Name 

'BIOPAC( 5,1) 
• BIOFAC( 5,2) 

• BIOPAC( 6,1) 
• BIOFAC ( 6 , 2) 

·o- 5 'Sr- 90+D fish • 6 . 000E+Ol • 6 . 000E+Ol • BIOFAC( 7 , 1) 
D- 5 • Sr- 90+D , crustacea and mollusks • 1 . 000E+02 '1 . 000E+02 • BIOFAC( 7,2) 
fftft i t f f fffffttffffffff1 f fff111f111 1111111111111111111111111 f11ttftfff11111111ifffftfff1tt i tttfffff111 111 
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0 

SUrrrnary : 116-F- 6 Cleanup Verification - Deep Zone 

Menu , Parameter 

ROll • Area of contaminated zone (m••2) 
ROll . Thickness of contaminated zone {m) 
ROll . Length parallel to aquifer flow !ml 
ROll . Basic radiation dose limit {mrem/yr) 
ROll . Time since placement of material {yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations {yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations {yr) 
ROll . Times for calculations (yr) 
ROll . Times for calculations {yr) 
ROll . Times for calculations {yr) 

R012 . Initial principal radionuclide (pCi/g): 
R0 12 . Initial principal radionuclide {pCi/g) : 
R0 12 • Initial principal radionuclide {pCi/g) : 
R0 12 . Initial principal radionuclide {pCi/g): 
R0 12 . Initial principal radionuclide {pCi/g): 
R0 12 . Concentration in groundwater (pCi/L): 
R0 12 . Concentration in groundwater (pCi/L) : 
R012 . Concentration in groundwater (pCi/L) : 
R012 . Concentration in groundwater (pCi/L) : 
R0 12 . Concentration in groundwater {pCi/L) : 

R0 13 . cover depth (m) 
R013 . Density of cover material {g/cm••3) 
RO l J . Cover depth erosion rate (m/yr) 
R0 13 . Density of contaminated zone {g/cm**3) 
R013 . Contaminated zone erosion rate (m/yr) 
R013 . contaminated zone total porosity 
ROD . Contaminated zone field capacity 
R013 ' Contaminated zone hydraulic conductivity 
R013 ' Contaminated zone b parameter 
R013 . Average annual wind speed (m/sec) 
R013 ' Humidity in air (g/m••3) 
R013 . Evapotranspiration coefficient 
R013 ' Precipitation (m/yr) 
R013 . Irrigation (m/yr) 
R013 . Irrigation mode 
R01 3 . Runoff coefficient 
R013 . Watershed area for nearby stream or pond 
R013 . Accuracy for water/soil computations 

R014 . Density of saturated zone (g/cm••3) 
R014 ' Saturated zone total porosity 
ROH . Saturated zone effective porosity 
R014 . Saturated zone field capacity 

Site-Specific Parameter Surrrnary 
Use r Used by RESRAD 

• (If different from user .!~P~t.. Default . 5. 272E+03 . l.OOOE+04 . . 8 . 900E+OO . 2 . 000E+OO . . l . 545E+02 . l.OOOE+02 . . 4 . 0008+00 . 2.500E+Ol . . 0 . 000E+OO . O. OOOE+OO . . l . OOOE+OO . l . OOOE+OO . . 3 . 000E+OO . 3.000E+OO . . 7 . 200£+00 . l . OOOE+Ol . . 1 . 500£+01 . 3 . 000E+Ol . . 4 . 200£+01 . l . OOOE+02 . . 1 . 000£+02 . 3 . 000£+02 . 
• 3 . 0008+02 • l . OOOE+03 • 
• l . OOOE+03 ' O. OOOE+OO ' 
• n o t used • O.OOOE+OO • 

Co-60 . 3.400£- 01 . O.OOOE+OO . 
Cs - 137 . 6 . 0SOE+OO . O.OOOE+OO . 
Eu-152 . 7.510E+OO . O.OOOE+OO . 
Eu-154 . 7.270E-01 . O.OOOE+OO . 
Sr-90 . 1. 280£+01 . 0 . 000E+OO . 
Co- 60 . not used . O. OOOE+OO . 
Cs - 137 ' not used . 0.000E+OO . 
Eu-152 . not used . O. OOOE+OO . 
Eu- 154 . not used . 0.000E+OO . 
Sr - 90 . not used . O. OOOE+OO . . 4 . 600E+OO . O. OOOE+OO . . no t use d . 1.500£+00 . . l . OOOE- 03 . l . OOOE- 03 . . 1.600£+00 . l . 500E+OO . 

' l . OOOE- 03 . l . OOOE - 03 . . 4 . 000E- 01 . 4.000E - 01 . . l . SOOE- 01 . 2.000E - 01 . 
(m/yr) . 2 . 5008+02 . l .O OOE +Ol ' . 4 . 050E+OO . S . 300E+OO ' 

' 3 . 400E+OO ' 2.000E+OO . . not used ' 8.000E+OO . . 9 . lOOE - 01 . 5 . 000E- 01 . . 1. 600£ - 01 . l . OOOE+OO . . 7 . 600£ - 01 . 2.000E- 01 . . overhead . overhead . J . OOOE- 01 . 2.000E-01 . 
(m••2) . 1. 000£+06 . l . OOOE+06 . . 1. OOOE- 03 . 1. OOOE-03 . 

. 1 . 600E+OO ' 1 . 500£+00 . . 4 . 000E- 01 . 4 . 000E-01 ' . 2 . SOOE-01 . 2 . 000E-01 . 
' l . SOOE-01 . 2 . 000E-01 . 

R014 . Saturated zone hydraulic conductivity (m/yr) ' 5 . 530E+03 . l.OOOE+02 . 
R014 ' Saturated zone hydraulic gradient . 1 . 250£- 03 ' 2.000E-02 . 
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Parame ter 
Name 

• AREA 
' THICKO 
' LCZPAQ 
'BRDL 
' TI 
' T( 2) 
' T( 3) 
• T( 4) 

' T( 5) 
' T( 6) 
' T( 7) 
' T( 8) 
• T{ 9) 

' T(lO) 

' Sl ( l) 
' Sl ( 2) 
• Sl ( J) 

' Sl ( 5) 
' Sl ( 7) 
' Wl ( 1) 
• Wl ( 2) 
• Wl ( 3) 
• Wl ( 5) 

' Wl { 7) 

' COVERO 
'DENSCV 
'VCV 
'DENSCZ 
'vcz 
'TPCZ 
• FCCZ 
' HCCZ 
'BCZ 
• WIND 
• HUMID 
' EVAPTR 
• PRECIP 
• RI 
' IDITCH 
'RUNOFF 
' WAREA 
'EPS 

'DENSAQ 
• TPSZ 
' EPSZ 
' FCSZ 
'HCSZ 
'HGWT 



lRESRAD, Version 6 . 21 T« Limit c 0 . 5 year 
Sunvnary : 116- F - 6 Cleanup Verification - Deep zon e 

02/21/2003 10:09 Page 5 
File : 116f6_deep.rad 

Site-Specific Parameter Sunvnary (continued) 

CVP-2002-00010 
Rev. O 

0 Used by RESRl\D 
Default • (If different from user 

Parameter 
Menu J Parameter 

R014 • Saturated zone b parameter 
~014 • Water table drop rate (m/yr) 

.R014 • Well pump intake depth (m below water table) 
R014 • Model: Nondispersion (ND) or Mass - Balance (MB) 
R014 • Well pumping rate (m**3/yr) 

'\i.015 • Number of unsaturated zone strata 

R016 • Distribution coefficients for Co-60 
R016 • Contaminated zone (cm••J/g) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients fo r Cs-137 
R016 • Contaminated zone (cm••3/g ) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Eu - 152 
R016 • Contaminated zone (cm**3/g) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Eu- 154 
R016 • Contaminated zone (cm••3/g) 
R016 • Saturated zone (cm••J/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for Sr- 90 
R016 • Contaminated zone (cm**3/g) 
R016 • Saturated zone (cm••3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R016 • Distribution coefficients for daughter Gd-152 
R016 • Contaminated zone (cm**3/g) 
R016 • Saturated zone (cm**3/g) 
R016 • Leach rate (/yr) 
R016 • Solubility constant 

R017 • Inhalation rate (m**3/yr) 
R017 • Mass loading fo r inhalation (g /m* *3) 
R017 • Exposure duration 
R017 • Shielding factor , inhalation 
R017 • Shielding factor , external ganvna 
R017 1 Fraction of time spent indoors 
R017 • Fraction of time spent outdoors (on site) 

' 4.050E+OO ' 5.300E+OO • 
• l.OOOE-03 • 1 .000E-03 • 
' 4.600E+OO • 1. 0 0 0E+Ol • 
l ND J ND 

• 2 . 500E+02 • 2.500E+02 • 

• 0 • 1 

. 5 . 000E+Ol . l . OOOE+03 . . 5 . 000E+Ol . l.OOOE+03 . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O.OOOE+OO . 

. 5 . 00 0E+Ol . l. OOOE+ 03 . . 5.000E+Ol . l . OOOE+03 . . O.OOOE+O O . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO ,• 

. 2.000E+02 '--1 . 000E+OO . . 2 . 000E+02 ' -1.000E+OO . . O. OOOE+OO . O. OOOE+OO . . O. OOOE+OO . O. OOOE+OO . 
• 2 . 000E+02 ' - 1.000E+OO • 
• 2 . 000E+02 ' - 1.000E+OO • 
• O. OOOE+OO • O.OOOE+OO • 
• O.OOOE+OO ' O.OO OE+OO • 

. 2 .50 0E+Ol . 3 . 000E+Ol . . 2 . 500E+Ol . 3 . 000E+Ol . . 0 . 000E+OO . O.OOOE+OO . . O. OOOE+OO . O.OOOE+OO . 
' -1.000E+OO '-1.000E+OO . 
• - 1. OOOE+OO ' -1.000E+OO . . O.OOOE+OO . O.OOOE+OO . . 0.000E+OO , O.OOOE+OO . . not used . 8.400E+03 . . not used . 1. 0 00E- 04 . . 3 . 00 0E+Ol . 3.0 0 0E+ Ol . . not used , 4 . 00 0E- 01 . . not used . 7 . 000E- 01 . . not used . 5.000E-01 . . not used . 2.SOOE-01 . 
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1.1208- 04 
not used 

1.120E- 04 
not used 

2 . 804E-05 
not used 

2 . 804E-05 
not used 

2.234E - 04 
not used 

8.249E+02 
8.249E+02 
6.803E - 06 
not used 

Name 

' BSZ 
• VWT 
'DWIBWT 
'MODEL 
• uw 

• NS 

• DCNUCC( 1) 
'DCNUCS( 1) 
' ALEAOI( 1) 
'SOLUBK( 1) 

'DCNUCC ( 2) 
'DCNUCS( 2) 
' ALEAOI( 2) 
' SOLUBK( 2) 

'DCNUCC( 3) 
'DCNUCS( 3) 
' ALEAOI( 3) 
' SOLUBK( 3) 

' DCNUCC( 5) 
• DCNUCS( 5) 
• ALEACH( 5) 
• SOLUBK( 5) 

'DCNUCC( 7) 
• DCNUCS( 7) 
' ALEAOI( 7) 
• SOLUBK( 7) 

• DCNUCC( 6) 
'DCNUCS( 6) 
• ALEAOI( 6) 
'SOLUBK( 6) 

' INHALR 
• MLINH 
• ED 
• SHF3 
• SHFl 
' FIND 
'FOTD 
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Used by RESRAD Parameter 
Menu a Parameter 

User 
Inp';'t. Default ' (If different from user ~nput) ' Name 

R017 . Shape factor flag, external gamma 
R017 . Radii of shape factor array (used if FS ~ -1): 
R017 . Outer annular radius (m) • ring 1 : 
R017 . outer annular radius (ml• ring 2 : 
R017 . Outer annular radius (ml. ring 3 : 
R0 1 7 . Outer annular radius (ml, ring 4 : 
R0 1 7 . outer annular radius (ml, ring 5: 
R0 1 7 . Outer annular radius (m), ring 6: 
R0 1 7 . Outer annular radius (m), ring 7: 
R0 1 7 . outer annular radius (m) • ring 8 : 
RD 1 7 . Outer annular radius (m), ring 9: 
R017 . outer annular radius (m) • ring 10: 
RD 1 7 . outer annular radius (m) • ring 11 : 
R0 1 7 . outer annular radius (m) • ring 12 : 

R0 17 . Fractions of annular treas within AREA : 
R017 . Ring l 
R0 1 7 . Ring 2 
R017 . Ring 3 
R017 . Ring 4 
R017 . Ring 5 
R017 . Ring 6 
R01 7 . Ring 7 
R01 7 . Ring 8 
R01 7 . Ring 9 
R01 7 . Ring 10 
R01 7 . Ring 11 
RD1 7 . Ring 12 

R018 • Fruits, vegetables and grain consumption (kg/yr) 
RD18 • Leafy vegetable consumption (kg/yr) 
R018 • Milk consumption (L/yr) 
R018 • Meat and poultry consumption (kg/yr) 
R018 • Fish consumption (kg/yr) 
R018 • Other seafood consumption (kg/yr) 
R018 • Soil ingestion rate (g/yr) 
R018 • Drinking water intake (L/yr) 
R018 • Contamination fraction of drinking water 
R018 • Contamination fraction of household water 
R018 • Contamination fraction 
R018 • Contamination fraction 
R018 • Contaminat ion fraction 
R018 • Contamination fraction 
R018 • Contamination fraction 
R018 • Contamination fraction 

of 
of 
of 
of 
of 
of 

livestock water 
irrigation water 
aquatic food 
plant food 
meat 
milk 

R019 . Livestock fodder intake for meat (kg/day) 
R019 . Livestock fodder intake for milk (kg/day) 
R019 . Livestock water intake for meat (L/day) 
R019 . Livestock water intake for milk (L/day) 
RD19 . Livestock soil intake (kg/day) 

' not used . l . OOOE+OO . 
. 5.000E+Ol . 5 . 000E+Ol . 
' 7.071E+Ol . 7. 071E+Ol . . O. OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . O.OOOE+OO . . O.OOOE+OO . O. OOOE+OO . . O.OOOE+OO . 0.000E+OO ' . O. OOOE+OO . O. OOOE+OD . 
' l.OOOE+OO • l.OOOE+OO • 
' 2.732E-01 • 2 . 732E-01 • 
• O.OOOE+OO • O. OOOE+OO • 
' O.OOOE+OO ' O.OOOE+OO • 
' O. OOOE+OO • O.OOOE+OO • 
' O.OOOE+OO ' O. OOOE+OO ' 
• O.OOOE+OO • O.OOOE+OO • 
' O.OOOE+OO ' 0.000E+OO • 
• 0 . 000E+OO • O. OOOE+OO • 
• O.OOOE+OO • 0.000E+OO • 
• O. OOOE+OO • 0 . 000E+OO • 
' O.OOOE+OO • 0 . 0DOE+OO • 

' l . 100E+02 • l . 600E+02 • 
' 2 . 700E+OO ' l . 400E+Ol • 
' l . OOOE+02 • 9 . 200E+Ol • 
' 3 . 600E+Ol • 6 . 300E+Ol • 
' l.970E+Ol • S . 400E+OO • 
' 9 . 000E - 01 ' 9 . 00DE - 01 • . not used . 3 . 650E+Ol . . 7.300E+02 . 5 . 100E+02 . . 1 . 000E+OO . l.OOOE+OO . . not used . l.OOOE+OO . . l . OOOE+OO . 1.0DOE+OO . . l . OOOE+OO . l.OOOE+OO ' . 5 . 000E- 01 . 5 . 000E - 01 . 
•-1 • - 1 
'-1 ' - 1 
' - 1 ' - 1 . 6 . 800E+Ol . 6 . SOOE+Ol . . S.SOOE+Ol . 5.SOOE+Ol . . 5 . 000E+Ol . 5.000E+Ol . . 1 . 600E+02 . l.600E+02 . . 5 . 000E - 01 . S . OOOE- 01 . 

C-30 

· l shows non-circular AREA. 

0.500E+OO 
0 . 264E+OO 
0.264E+OO 

. PS 

. RAD SHAPE( 1) . RAD-SHAPE( 2) . RAD-SHAPE( 3) . RAD-SHAPE( 4) . RAD-SHAPE( 5) . RAD-SHAPE( 6) 
• RAD=SHAPE( 7) . RAD_SHAPE( 8) . RAD SHAPE ( 9) . RAD-SHAPE(lO) . RAD= SHAPE ( 11) . RAD_SHAPE (12) 

• PRACA( 1) 
' PRACA( 2) 
• PRACA( 3) 
• FRACA( 4) 
' PRACA( 5) 
• FRACA( 6) 
• PRACA( 7) 
• PRACA( 8) 
• FRACA( 9) 
' PRACA(lO) 
• FRACA(ll) 
• FRACA(l2) 

• DIET(l) 
' DIET(2) 
• DIET(3) 
• DIET(4) 
• DIET(5) 
' DIET(6) 
'SOIL 
• DWI 
• FDW 
• FHHW 

'FLW 
'PIRW 
• FR9 
'PPLANT 
• FMEAT 
• FMILK 

1 LPIS 
1 LFI6 
• LWI5 
• LWI6 
'LSI 

• 

.. 
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0 
Menu., Parameter 

Used by RESRAD 
Default • (If different from user 

Parameter 
Name 

R019 , 
RJ)l9 . 
R019 . 
R019 ' 
R019 I 

R019 . 
Rol9 . 
Rl9B . 
Rl9B . 
Rl9B ' 
Rl9B I 

Rl9B ' 
Rl9B I 

Rl9B I 

Rl9B . 
Rl9B I 

Rl9B I 

Rl9B . 
Rl9B I 

Rl9B I 

Rl9B I 

Rl9B , 
Rl9B ' 
CH I 

CH . 
Cl4 I 

CH ' 
CH ' 
Cl4 I 

Cl4 I 

Cl4 . 
CH I 

CH ' 

STOR' 
STOR' 
STOR I 

STOR I 

STOR I 

STOR' 
STOR • 
STOR I 

STOR' 
STOR • 

Mass loading for foliar deposition (g/m*"'3) . l. OOOE-04 . l.OOOE- 0 4 . 
Depth of soil mixing layer (ml . l.SOOE-01 , l.SOOE- 01 . 
Depth of roots (m) I 9.000E-01 , 9.000E- 01 I 

Drinking water fraction from ground water . l . OOOE+OO I l.OOOE+OO , 
Household water fraction from ground water I not used . l.OOOE+OO ' 
Livestock water fraction from ground water I l . OOOE+OO ' l.OOOE+OO . 
Irrigation fraction from ground water I l.OOOE+OO . l.OOOE+OO ' 
Wet weight crop yield for Non- Leafy (kg/m••2) I 7.000E- 01 . 7.000E-01 ' 
Wet weight crop yield for Leafy (kg/m••2) ' l.SOOE+OO ' l . SOOE+OO , 
Wet weight crop yield for Fodder (kg/m••2) ' l . lOOE+OO . l . lOOE+OO ' 
Growing Season for Non-Leafy (years) ' l.700E-Ol I l.700E - Ol I 

Growing Season for Leafy (years) ' 2 . SOOE-01 ' 2.SOOE- 01 . 
Growing Season for Fodder (years) I 8.000E-02 I 8.000E- 02 . 
Translocation Factor for Non- Leafy . l.OOOE-01 ' l . OOOE-01 ' 
Translocation Factor for Leafy ' l.OOOE+OO I l . OOOE+OO I 

Translocation Factor for Fodder I l.OOOE+OO I l.OOOE+OO ' 
Dry Foliar Interception Fraction for Non-Leafy ' 2 . SOOE-01 . 2.SOOE- 01 ' 
Dry Foliar Interception Fraction for Leafy . 2.SOOE-01 I 2.SOOE- 01 , 
Dry Foliar Interception Fraction for Fodder I 2.SOOE-01 I 2.SOOE- 01 . 
Wet Foliar Interception Fraction for Non-Leafy , 2.SOOE-01 I 2 . SOOE- 01 , 
Wet Foliar Interception Fraction for Leafy , 2.SOOE-01 I 2 . SOOE-01 . 
Wet Foliar Interception Fraction for Fodder I 2 . SOOE- 01 . 2 . SOOE-01 I 

Weathering Removal Constant for Vegetation ' 2 . 000E+Ol ' 2 . 000E+Ol ' 
C- 12 concentration in water (g/cm••3) , not used I 2 . 000E- 05 . 
C- 12 concentration in contaminated soil (g/g) , not used I 3 . 000E- 02 . 
Fraction of vegetation carbon from soil ' not used ' 2 . 000E- 02 ' 
Fraction of vegetation carbon from air I not used ' 9 . BOOE- 01 . 
C- 14 evasion layer thickness in soil (m) , not used I 3 . 000E- 01 ' 
C-14 evasion flux rate from soil (1/sec) I not used . 7 . 000E - 07 ' 
C-12 evasion flux rate from soil (1/sec) ' not used . l. OOOE- 10 ' 
Fraction of grain in beef cattle feed . not used . 8.000E- 01 ' 
Fraction of grain in milk cow feed ' not used ' 2 . 000E-0 1 ' 
DCF correction factor for gaseous forms of CH ' not used . 8.894E+Ol . 
Storage times of contaminated foodstuffs (days): • 

Fruits, non- leafy vegetables, and grain ' l.400E+Ol • l.400E+Ol • 
Leafy vegetables I l.OOOE+OO ' l.OOOE+OO ' 
Milk 'l.OOOE+OO • l . OOOE+OO • 
Meat and poultry ' 2.000E+Ol 1 2 . 000E+Ol • 
Fish • 7 . 000E+OO • 7.000E+OO • 
Crustacea and rrollusks ' 7.000E+OO ' 7 . 000E+OO • 
Well water 
Surface water 
Livestock fodder 

' l.OOOE+OO I l . OOOE+OO ' 
' l.OOOE+OO ' l . OOOE+OO ' . 4.SOOE+Ol I 4.SOOE+Ol . 

R02l • Thickness of building foundation (m) ' not used I l.SOOE-01 . 
R021 • Bulk density of building foundation (g/cm••3) 
R021 • Total porosity of the cover material 
R021 • Total porosity of the building foundation 

' 
I . 

not 
not 
not 

used I 2 . 400E+OO . 
used I 4.000E-01 ' 
u s ed . l . OOOE - 01 I 

C-31 

' MLFD 
' OM 
'DROOT 
' FGWDW 
• FGWHH 
'FGWLW 
• FGWIR 

' YV(l) 
' YV(2) 
• YV(3} 
' TE(l) 
'TE(2) 
• TE(3} 
1 TIV(l) 
' TIV(2) 
' TIV(3) 
'RDRY(l) 
'RDRY(2) 
• RDRY(3) 
' RWET(l) 
• RWET(2) 
• RWET(3} 
I WLJ\M 

' Cl2WTR 
' Cl2CZ 
I CSOIL 
' CAIR 
• DMC 
'EVSN 
I REVSN 
' AVFG4 
'AVFGS 
1 C02F 

' STOR T(l) 
' STOR-T(2) 
' STOR-T(3) 
' STOR-T(4) 
' STOR-T(S) 
' STOR-T(6) 
• STOR-T(7) 
' STOR=T(B) 
' STOR_T(9) 

' FLOORl 
'OENSFL 
'TPC:V 
'TPFL 
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SUmnary : 116-F-6 Cleanup Verification - Deep Zone 

Site- Specific Parameter Summary (continued) 
Used by RESRAD Parameter 

Menu~ Parameter 
User 

- -~nput Default • (If different from user input) • Name 

R021 . Volumetric water content of the cover material . not used . 5 . 000E-02 . . PH20CV 
R021 • Volumetric water content of the foundation . not used . 3 . 000E- 02 . . PH20FL 
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+OO . . HMIX 
R021 . Average building air exchange rate (1/hr) . not used . 5 . 000E-01 . . REXG 
R02 l . Height of the building (room) (m) . not used . 2 . 500E+OO . . HRM 
R02l . Building interior area factor . not used . O. OOOE+OO . . FAI 
R0 2l . Building depth below ground surface (m) . not used • -1. OOOE+OO . . DMFL 
R0 21 . Emanating power of Rn- 222 gas , not used . 2.500E-Ol . . EMANA(l) 
R0 21 . Emanating power of Rn-220 gas . not used . l. SOOE-01 . . EMANA(2) 

TITL • Number of graphical time points 32 • NPTS 
TITL • Maximum number of integration points for dose 17 • LYMAX 
TITL • Maximum number of integration points for risk 257 • KYMAX 
11111l11111111111111111111111111t111t11111t1111111111111l1111111tfftit111tf11fttittfttfffffffft1ttfttf11tftttftffi11tf11111f111t 

Su11111ary of Pathway Selections 

User Selection 

l external galm\a suppressed· 
2 inhalat i on (w/o radon)• suppressed 
3 plant ingestion active 
4 meat ingestion active 
5 milk ingestion active 
6 aquatic foods active 
7 drinking water active 
8 soil ingestion suppressed 
9 radon suppressed 
Find peak pathway doses active 

11111tfftt111tf111t11t1111ttffitt11t1111111f11111ft 

C-32 
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SUnrnary : 116 - F - 6 Cleanup Verification - Deep Zone 

Contaminated Zone Dimensions 
~ 

Area: 
Thickness: 

Cover Depth : 

5272 . 00 square meters 
8 . 90 meters 
4.60 meters 

Initial Soil 

Co- 60 
Cs-137 
Eu-152 
Eu - 154 
Sr - 90 

3 . 4008- 01 
6 . 080E+OO 
7.510E+OO 
7.270E- Ol 
1.280E+Ol 

Total Dose TDOSE(t), mrem/yr 
Basic Radi ation Dose Limit z 4 .0 00E+OO mrem/yr 

Total Mixture sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

CVP-2002-00010 
Rev. O 

t (years) : O. OOOE+OO 1 . 0006+00 3 . 000E+OO 7 . 200E+OO 1 . 5006+01 4 . 2006+01 l.OOOE+02 3 . 000E+02 l . OOOE+03 
TDOS6(t): l . 600E - 02 4 . 8296- 02 1.086E-Ol 2 . 170E-01 3 . 6336- 01 5.236E- Ol 3.105E-Ol 7 . 8726-03 1 . 2196 - 09 

M(t) : 4 . 0006- 03 1.2076- 02 2 . 715E- 02 5 . 426E- 02 9 . 082E-02 1 . 3096 - 01 7.763E- 02 1.9686- 03 3 . 0486 - 10 
OMaximum TIXJSE (t): 5 .237E-Ol mrem/yr at t = 41.44 ii 0 . 08 years 
0 

0 

Total Dose Contributions TDOS6(i,p , t) for Individual Radionuclide s (i) and 
As mrem/yr and Fraction of Total Dose At t z 4 . 1446+01 years 

Water Independent Pathways ( I nhalation excludes radon) 

Pathways (p ) 

0 Ground Inhalation Radon Plant Meat Milk Soil 
Radio ­
Nuclide 
~ ~ ~ ~ ~ 

mrem/yr fract. 
Nuclide 
f,,j,J,J,J,,jJ, JlM.j,J,,j,j,J, AAAAAA 
Co-60 O. OOOE+OO 0.0000 
Cs -13 7 O. OOOE+OO 0 . 0000 
Eu-152 0 . 0006+00 0 . 0000 
Eu-154 0.00 0E+OO 0 . 0000 
Sr- 90 O. OOOE+OO 0.0000 
1111111 1111111ft 111111 
Total 

0 
O.OOOE+OO 0 . 0000 

mrem/yr fract . 

j,,j,J,J,,j,j,j AAAAAA 
O.O OOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O. OO OE+OO 0.0000 
0.0006+00 0 . 0000 
111111111 111111 
0.0006+00 0 . 00 00 

mrem/yr fract . 

~ AAAAAA 
0.000E+OO 0 .0000 
O. OOOE+OO 0 .0000 
O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 .0000 
111111111 U1111 
0.000E+OO 0 . 0000 

mremiyr fract . mrem/yr fract. 

~AAAAAA j,,j,J,J,,j,j,j AAAAAA 
O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 0.000E+OO 0.0000 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
11f11f111 111111 111111111 111111 
0 . 0006+00 0 .00 00 O.OO OE+OO 0.0000 

~ ~ 
mrem/yr frac t . mrem/yr fract. 

~ MMM JlM.j,J,,j,j,J, AAAAAA 
O. OOOE+OO 0.0000 O. OO OE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.000 0 O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 0 . 000E+O O 0 . 0000 
O. OOOE+OO 0. 0000 O. OOOE+OO 0 .. 0000 
111111111 11UU 111111111 1111ft 
0 .0006+00 0 . 0000 0.000E+OO 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Indivi dual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • 4.144E+Ol years 

O Water Dep e ndent Pathways 
0 Wate r Fish Radon Plant Meat Milk All Pathways• 

Radio-~ ~ ~ ~ ~ ~ ~ 
Nuclide mre m/yr fract. mrem/yr fract. 
Nuclide 
f,J,JJ,J,.M JlM.j,J,,j,j,J, MMM AAAMJ,j,JJl. MMM 
Co- 60 2 .901E- 06 0.0000 1.6416- 07 0 . 0000 
Cs-137 9.082E- 03 0 . 0173 3 . 3326- 03 0 . 0064 
Eu-152 0.000E+OO 0.0000 0.0006+00 0 . 0000 
Eu-154 O. OOOE+OO 0.0000 
Sr-90 4 . 13 8E- Ol 0.7901 
1111111 111111111 111111 

O. OOOE+OO 0 . 0000 
4 . 892E- 03 0 . 0093 
111111111 111111 

Total 4 . 229E-Ol 0.8075 · 8 . 223E- 03 0 . 0157 
. O*SUm of all water independent and dependent 

. . 

mrem/yr fract . mrem/yr fract. 

~AAAAAA ~ AAAAAA 
O. OOOE+OO 0 . 0000 - 3 . 276E - 07 0 . 0000 
O. OOOE+OO 0 . 0 0 0 0 1. 0136- 03 0.0019 
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 4.982E-02 0 . 0951 
111111111 111111 11U11111 111111 
O. OOOE+OO 0 . 0000 5 . 0846 - 02 0 . 0971 
pathways . 

C-33 

mrem/yr fract . mrem/yr fract. mrem/yr fract . 

j,,j,J,J,,j,j,j AAAAAA ~AAAAM jiJ,J,,j,J,,j,J AAAMA 
3 . 879E- 07 0.0000 1 . 1256- 07 0 .0000 3.893E- 06 0 . 0000 
1. 820E- 03 0 . 0035 l . 408E - 03 0 . 0027 l . 665E - 02 0 . 0318 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 0 . 000E+OO 0 . 0000 
O. OOOE+OO 0 . 0000 0 . 0006+00 0 . 0000 0 . 000E+OO 0.0 00 0 
2 . 237E- 02 0 . 0427 l . 616E-02 0 . 0309 5 . 070E- Ol 0 . 9682 
111111111 111111 111111111 11f111 111111111 UU11 
2.419E- 02 0 . 0462 l . 757E- 02 0.0335 5.2376-01 1 . 0000 
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o Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • 0 . 000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat 
~ ~ ~ ~ 

CVP-2002-00010 
Rev.O 

Pathways (p) 

Milk Soil 
~ ~ Radio-~ 

Nuclide mrem/yr fract . 
jJ,JJ,J,J,J,. f,,JJ,J.J,.jJ,J MJ,J,JlJ,,. 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. • 

Co- 60 0.000B+00 0.0000 
Cs - 137 0 . 000E+00 0.0000 
Eu - 152 0.000E+00 0.0000 
Eu - 154 0.000E+00 0.0000 
Sr- 90 Q.000E+00 0.0000 
1111111 111111111 111111 
Tot al 

0 
0 . 000E+00 0 . 0000 

MMAJ,.J,J,J,.. J,J,J,J,J,.j,_ 
0.000E+00 0 . 0000 
0.000E+00 0.0000 
0.000E+00 0 . 0000 
0.000E+00 0 . 0000 
0.000E+00 0 . 0000 
111111111 ftttt1 
0 . 000E+00 0 . 0000 

jiJ,,j,j,JJJ,j, J,J,J,J,J,.j,_ f,J,.jJ,J,.J,.M MMM 
0 . 000E+00 0.0000 0.000E+00 0.0000 
0 . 000E+00 0.0000 0 . 000E+00 0 . 0000 
0 . 000E+00 0.0000 0.000E+00 0.0000 
0 . 000E+00 0.0000 0.000E+00 0 . 0000 
0 . 000E+00 0 . 0000 0 . 000E+00 0.0000 
111111111 111111 111111111 111111 
0 . 000E+00 0.0000 0 . 000E+00 0 . 0000 

f,J,J,J,JJJ,JJ. MMM fJ.MMl,J,.J. J,J,J,J,J,.j,_ i>j,J,,j,J,JJJ, J,J,J,J,J,.j,_ 

0 . 000E+00 0.0000 0.000E+00 0 . 0000 0 . 000E+00 0.0000 
0 . 000E+00 0.0000 0 . 000E+00 0 .0000 0 . 000E+00 0.0000 
0.000E+00 0.0000 0 . 000E+00 0 . 0000 0 . 000E+00 0.0000 
0.000E+00 0 . 0000 0.000E+00 0 .0000 0 . 000E+00 0.0000 
0.000E+00 0.0000 0.000E+00 0 . 0000 0 . 000E+00 0 . 0000 
111111111 111111 111111111 111111 111111111 111111 
0 . 000E+00 0 . 0000 0.000E+00 0 . 0000 0 . 000E+00 0 . 0000 

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

0 
0 Water Fish 
Radio-~ ~ 
Nuclide mrem/yr fract. mrem/yr fract. 
AiJJ,,JJ,J,. j,J,J,J,JJJJj,. MJ,.J,.M MMAAAM J,J,J,J,J,J,. 

Co- 60 7.775E-06 0 . 0005 4.058E-07 0 . 0000 
Cs- 137 2.777E-04 0 . 0174 9.408E-05 0.0059 
Eu-1 52 0.000E+00 0 . 0000 0.000E+00 0.0000 
Eu- 154 0.000E+00 0 . 0000 0.000E+00 0.0000 
Sr- 90 1 . 313E-02 0 . 8206 l.489E- 04 0.00~3 
1111111 111111111 111111 111111111 111111 
Tota l 1 . 342E- 02 0.8385 2.434E-04 0.0152 

o•sum of all water independent and dependent 

Water Dependent Pathways 
Radon Plant Meat Milk All Pathways• 
~ ~ ~ ~ ~ 

mrem/yr fract. mrem/yr fract. 
j,J,j,J,J,j,J,j AAAAM ~ J,J,J,J,J,J,. 
0.000E+00 0.0000 7.355E-07 0.0000 
0.000E+00 0 .0000 2 . 602E-05 0.0016 
0 . 000E+00 0 . 0000 0 . 000E+00 0. 0000·, 
0.000E+00 0.0000 0 .000E+00 0.0000 
0.000E+00 0.0000 l.445E- 03 0.0903 
111111U1 11UU 111111111 111111 
0.000E+00 0 . 0000 l.472E- 03 0.0920 
pathways . 

C-34 

mrem/yr fract . 
~ MMM 
3 . 476E-07 0.0000 
1. 879E-05 0.0012 
0.000E+00 0.0000 
0.000E+00 0.0000 
4.248E-04 0.0266 
111111111 111111 
4 . 440E- 04 0.0277 

. mrem/yr fract . 
~ J,J,J,J,J,J,. 

mrem/yr fract . 
AJ,JJJ.j,JJJ,. J,J,J,J,J,.j,_ 

l.849E-07 0 . 0000 9 . 448E- 06 0 . 0006 
2.6538-05 0 . 0017 4 . 431E-04 0.0277 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0 .0000 0.000E+00 0.0000 
3.987E- 04 0 .0249 1.555E- 02 0 . 9717 
111111111 111111 111111111 111111 
4 . 254E - 04 0 . 0266 l . 600E - 02 1 . 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 = l . OOOE+OO years 

0 Water Independent Pathways (Inhalation excludes radon) 
O Ground Inhalation Radon Plant Meat Milk Soil 
Radio -~ 
~uclide mrem/yr fract. 
~ ~ ~ ~ ~ ~ 

• jJ,J,J,J,J,J,. f,J,J,,JJw,.J,J MAMA 
Co - 60 O.OOOE+OO 0 . 0000 
Cs - 137 O. OOOE+OO 0.0000 
Eu-152 O. OOOE+OO 0.0000 
ttl - 154 O. OOOE+OO 0 . 0000 

·sr-90 O. OOOE+OO 0.0000 
1111111 1ffffff1f 111111 
Total 

0 
O. OOOE+OO 0.0000 

mrem/yr· fract . 
~ MJ,JJ,J,. 
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 
fffUUU 1111ft 
O. OOOE+OO 0 . 0000 

mrem/yr fract. 
~ MJ,JJ,J,. 
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 
1UUfUt UUU 
O. OOOE+OO 0.0000 

mrem/yr fract. 
~ MJ,JJ,J,. 
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 
UU11Uf UUU 
O. OOOE+OO 0 . 0000 

mrem/yr fract . 
~ MJ,JJ,J,. 
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 
f1fff11f1 fffff1 
O. OOOE+OO 0 . 0000 

mrem/ y r fract. mrem/yr fract. 
~ MJ,JJ,J,. w,J,JJ.JJ,J,J,. MJ,JJ,J,. 
O.OOOE+OO 0 . 000 0 
O. OOOE+OO 0 .000 0 
O. OOOE+OO 0 .0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
fffffffft 111111 

O.OOOE+OO 0 . 0000 
0 . 000E+OO 0.0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
1ff1fff1f 111111 

O. OOOE+OO 0 .0000 O. OOOE+OO 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Rad i onuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • l.OOOE+OO years 

o Water Dependent Pathways 
O Water Fish Radon Plant Meat Milk All Pathways• 
Radio-~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. 
;;.J,,i,.j.J.J, ~ i,J.J.J.J,.j. ~ MJ,JJ,J,. AAAAAAAAi.. i,J.J.J.J,.j. ~ AAAAM 
Co-60 2 . 092E-OS 0. 0004 
Cs - 137 8.227E-04 0.0170 
Eu - 152 O.OOOE+OO 0.0000 
Eu-154 O.OOOE+OO 0 . 0000 
sr- 90 3.872E-02 0.002 0 
1ftfff1 1111111ft 111111 

1.1508-06 0.0000 
2.932E-04 0.0061 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
4 . 507E-04 0 . 0093 
tt1fffff1 1111ft 

0.000E+OO 0 . 0000 
O.OOOE+OO 0 .0000 
O. OOOE+OO 0.0000 
0 . 000E+OO 0.0000 
O.OOOE+OO 0 . 0000 
Ufffffff UUU 

2.219E - 06 0 . 0000 
8 . 6268-05 0 . 0018 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
4 . 510E- 03 0 . 0934 
fUUUU U1U1 

mrem/yr fract . mrem/yr fract. 
AAAAAAAAi.. AAAAM j.J.J.,j,j,.j,, i,J.J.J.J,.j. 

1 . 978E- 06- 0 . 0000 
1 . 169E- 04 0 . 0024 
0 . 000E+OO 0.0000 
O. OOOE+OO 0 . 0000 
1 . 764E - 03 0 . 0365 
1111111ft fffff1 

6.840E - 07 0.0000 
1.076E-04 0.0022 
O. OOOE+OO 0.0000 
O.OO OE+OO 0 .0000 
1 . 384E-03 0 . 028 7 
fUUUU UUU 

mrem/yr fract . 
~ AAAAM 
2.6958- 05 0 . 0006 
1.427E- 03 0 . 0295 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
4.683E- 02 0 . 9699 
iff11tff1 111111 

Total 3.957E-02 0.8194 7.450E- 04 0 . 0154 O. OOOE+OO 0 . 0000 4 . 598E-03 0 . 0952 1 . 8838- 03 0 . 0390 l.493E- 03 0.0309 4 . 8298- 02 1 . 0000 
o•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+00 years 

0 Water Independent Pathways (Inhalation excludes radon) 
o Ground Inhalation Radon Plant Meat 

Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract . 
AJ,J,J,J,.M MMJ,JJ,J,.J. lliAM. 
c o -60 0.000E+00 0.0000 
Cs - 137 0 . 000E+00 0 . 0000 
Eu - 152 0 . 000E+00 0.0000 
Eu - 154 0 . 000E+00 0 . 0000 
Sr- 90 0.000E+00 0 . 0000 
11 11111 ff1ff1111 111111 
Tot al 

0 
0 . 000E+00 0 . 0000 

mrem/yr fract . 
j,J,J,J,.}j,J,J j,j.J>,j,J,,J. 

0.000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0.0000 
0 . 000E+00 0.0000 
0.000E+00 0.0000 
11111f111 111111 
0.000E+00 0 . 0000 

mrem/yr tract. 
MJJJ.J.J.IJ,. j,j.J>,j,J,,J. 

0.000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0.000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0.000E+0 0 0 .0000 
1t1tttttt tttttt 
0 . 000E+00 0.0000 

mrem/yr fract. mrem/yr fract . 
MMJ,JJ,J,.J. j,j.J>,j,J,,J. MMJ,JJ,J,.J. j,j.J>,j,J,,J. 

0 . 000E+00 0 . 0000 0.000E+00 0 . 0000 
0.000E+00 0 . 0000 0 . 000E+00 0.0000 
0.000E+00 0 . 0000 o . oooi,:+oo 0.0000 
0 . 000E+00 0 . 0000 0 . 000E+00 0 . 0000 
0.000E+00 0 . 0000 0 . 000E+00 0.0000 
111111111 111111 1tt1tt1ft 1tt11t 
0 . 000E+00 0 . 0000 0 . 000E+00 0.0000 

Milk 
~ 

mrem/yr fract . 
AllMAAM lliAM. 
0.000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0.0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0.0000 
tttt1tttt tt1tt1 
0 . 000E+00 0.0000 

Total Dose Contributions TDOSE(i , p,t) for Individual Radionucl i des (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • 3 . 000E+00 years 

o Water Dependent Pathways 

Soil 
~ 

mrem/yr fract . '• 
JiJJ.AMMA AA.MM. 
0 . 000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0.0 000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
111111111 111111 
0 . 000E+00 0.0000 

0 Water Fish Radon Plant Meat Milk All Pathways • 
Rad io-~ ~ ~ ~ ~ AAAAAAMAAAAAAAA ~ 
Nuc lide mrem/yr fract. mrem/yr fract. mrem/ yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. 
JlJJ.MJ,J,. MJJ.J,,J.JJJ,. AA.MM. f,J,J,J,JJJ,J,J j,,j,.j,j,j,.j, f,J,J,J,JJJ,J,J lliAM. ~ j,,jj,J,J,.j,. f,J,J,J,JJJ,J,J lliAM. ~ lliAM. 
Co- 60 3 . 779E - 05 0 . 0003 2.113E- 06 0 . 0000 
Cs - 137 l . 839E-03 0.0169 6.6698- 04 0.0061 
Eu - 152 0 . 000E+00 0 . 0000 0 . 000E+00 0.0000 
Eu- 154 0 . 000E+00 0.0000 0.000E+00 0.0000 
Sr- 90 8 . 634E- 02 0.7951 l . 014E- 03 0.0093 
1111111 111111111 111111 111111111 111111 

0.000E+00 0.0000 4.163E-06 0.0000 
0 . 000E+00 0.0000 2.002E-04 0 . 0018 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0 .0000 l . 026E- 02 0 . 0945 
111111111 111111 111111111 111111 

4 . 455E-06 0 . 0000 
3 . 250E-04 0 . 0030 
0 . 000E+00 0.0000 
0.000E+00 0.0000 
4 . 369E - 03 0 . 0402 
t111ttft1 111111 

l.372E-06 0 . 0000 
2 . 670E-04 0 . 0025 
0 . 000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
3 . 256E- 03 0 . 0300 
111111111 111111 

mrem/yr fract . 
~ j,,jj,J,J,.j,. 
4.990E-05 0.0005 
3 . 298E-03 0.0304 
0.000E+00 0.0000 
0 . 000E+00 0.0000 
l . 052E- 01 0 . 9692 
111111111 111111 

Tot 1 8 . 821E-02 0.8124 1 . 6838 - 03 0.0155 0 . 000E+00 0.0000 l . 046E- 02 0 . 0963 4 . 6988- 03 0.0433 3 . 524E- 03 0 . 0325 l.086E - 0l 1 . 00 00 
o•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 • 7 , 200E+00 years 

0 Water Independent Pathways (Inhalation excludes radon) 
0 Ground Inhalation Radon Plant Meat 
Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. 
J..i;.MJ,.J,J,. ~ f,J,.J,.MJ. 
Co- 60 0 . 000E+00 0.0000 
Cs - 137 0.0008+00 0 . 0000 
Eu - 152 0 . 0008+00 0.0000 
Eu - 154 0 . 0008+00 0.0000 

·Sr- 90 0.0008+00 0.0000 
1111111 ftttttttt tfftft 
Total 

0 
0.0008+00 0.0000 

mrem/yr fract. 
~ AAAMA 
0 . 000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0 . 0000 
0 . 000E+00 0.0000 
0 . 000E+00 0 . 0000 
ttUUUt ttttU 
0.000E+00 0 . 0000 

mrem/yr fract . 
f,J,J,.jJJ.J,,i 1J.J.j,JJ,_ 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0 . 000E+00 0.0000 
0.000E+00 0.0000 
tttt1tftt ttttt1 
0.0008+00 0.0000 

mrem/yr fract. mrem/yr fract. 
~ MMM ~ f,J,.J,.MA 
0 . 0008+00 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 0.0008+00 0.0000 
0 . 000E+00 0 . 0000 0.000E+00 0.0000 
0.0008+00 0.0000 0.0008+00 0 . 0000 
0 . 000E+00 0.0000 0.000E+00 0 . 0000 
Uttttttt Utttt ttttttftf tffttt 
0.000E+00 0.0000 0.0008+00 0 . 0000 

Milk Soil 
~ ~ 

mrem/yr fract . mrem/yr fract . 
f,J,J,.jJJ.J,,i AAA}lJ,J,. f,JJ,.J,J,JJJ,, f,J,.J,.MA 
0.000E+00 0. 0000 0.000E+00 0 . 0000 
0 . 000E+00 0.0000 0.000E+00 0 . 0000 
0 . 000E+00 0.0000 0 . 000E+00 0 . 0000 
0.000E+00 0 .0000 0.000E+00 0.0000 
0 . 000E+00 0 .0000 0.000E+00 0 . 0000 
111111111 UUtt ftttttttt tttttt 
0.000E+00 0.0000 0.000E+00 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • 7.2008+00 years 

o Water Dependent Pathways 
0 Water Fish Radon Plant Meat Milk All Pathways* 
Radio-~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. 
~ j,J,J,,j,J,j,j, f,J,.J,.MJ. 
Co - 60 4.799E-05 0 . 0002 
Cs - 137 3.6778-03 0 . 0169 
Eu-152 0.000E+00 0.0000 
Eu-154 0.000E+00 0.0000 
Sr-90 l.720E- 0l 0.7924 
1fftttt 1tftfft11 fttttt 

mrem/yr fract. 
AAAAAAAAA j,J,j,j,J,,J.. 

2.7028-06 0.0000 
1 . 3438- 03 0.0062 
0.0-00E+00 0 . 0000 
0.0008+00 0.0000 
2.028E-03 0 . 0093 
tf1ffffft fttttt 

Total 1 . 7578-01 0 . 8096 3 . 3738- 03 0 . 0155 
0*Sum of all water independent and dependent 

--
.. 

mrem/yr fract. 
j,j,,j,J,J,j,,j j,J,j,j,J,,J.. 

0.0008+00 0.000 0 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.0008+00 0.0000 
0.000E+00 0.0000 
tUU11U 111111 
0.000E+00 0.0000 
pathways. 

mrem/yr fract. 
~ j,J,j,j,J,,J.. 
5.365E-06 0 . 0000 
4.062E-04 0.0019 
0.0008+00 0.0000 
0 . 000E+00 0.0000 
2.0608-02 0 . 0949 
ttttttfft 111111 
2 . l0lE-02 0 . 0968 

C-37 

mrem/yr fract. 
~ AAAAAA 
6 . ll0E-06 0 . 0000 
7.0168-04 0.0032 
0.000E+00 0.0000 
0.0008+00 0.0000 
9.0578- 03 0.0417 
ifttfttff 111111 
9 . 7648- 03 0.0450 

mrem/yr fract. mrem/yr fract . 
iliAA/,,jJ,J,,_ J,J,j,J,j,.j,_ f,J,J,J,.j,J,j, f,J,.J,.MJ. 

l.813E- 06 0. 000 0 
5.553E-04 0.0026 
0 . 0008+00 0 . 0000 
0.000E+0 0 0 . 0000 
6.623E-0 3 0.0305 
tttttUU 111111 

6.399E-05 0 . 0003 
6.683E- 03 0 . 0308 
0.000E+00 0.0000 
0 .0008+00 0.0000 
2.1038-01 0.9689 
ttttf1ttt 111111 

7.1808-03 0.0331 2 . 1708-01 1.0000 
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0 
o Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t • 1 . 500E+Ol years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat 
~ ~ ~ ~ 

CVP-2002-00010 
Rev. 0 

Pathways (pl 

Milk Soil 
~ ~ Radio-~ 

Nuclide mrem/yr fract. 
MJ..MM 1J,J,J,J,JJ,,JJ MMJ,J,. 
Co- 60 O.OOOE+OO 0 . 0000 
Cs-137 O. OOOE+OO 0 . 0000 
Eu - 152 O.OOOE+OO 0 . 0000 
Eu - 154 O. OOOE+OO 0 . 0000 
Sr- 90 O.OOOE+OO 0.0000 
1111111 111111111 111111 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. • 
fJJ,J,J,J,J,.J, MMJ,J,. ~ MMJ,J,. f,.Af,.JJJ,JJ,J J,.JJJJJ. JJ.MJ,,J,.J,.M. Mf,J,.JJ,. JlJ,,J,J,J,J,J, J,,j,JJ,,j,J,. ~ Mf,J,.JJ,. • 

Tot al 
0 

O.OOOE+OO 0 . 0000 

O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
111111111 111111 
O. OOOE+OO 0 . 0000 

O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 
0 . 0008+00 0 . 0000 
O. OOOE+OO 0 . 0000 
111111111 111111 
O. OOOE+OO 0 . 0000 

O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0 . 0008+00 0.0000 
O.OOOE+OO 0.0000 
111111111 111111 
O.OOOE+OO 0 . 0000 

O. OOOE+OO 0.0000 
0 . 0008+00 0.0000 
O.OOOE+OO 0.0000 
0 . 0008+00 0 . 0000 
0 . 0008+00 0 . 0000 
111111111 111111 
O. OOOE+OO 0 .0000 

O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 
0 . 0008+00 0.0000 O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
111111111 111111 111111111 111111 
O. OOOE+OO 0 . 0000 0.0008+00 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • 1.5008+01 years 

o Water Dependent Pathways 
0 Water Fish Radon Plant Meat Milk All Pathways• 

Rad io-~ ~ ~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract . mrem/yr fract. 
AMJ.J,J,.J.. fw,j,J,J,,JJJ.. f,J,JJJ,J,. j,JJ,.j,J,JJ,JJ f,j,J,j,j,j,. 

Co- 60 3 . 467E- 05 0.0001 1.958E- 06 0 . 0000 
Cs - 137 6 . 184E-03 0 . 0170 2.265E-03 0 . 0062 
Eu- 152 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Eu- 154 O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
Sr- 90 2.875E-Ol 0.7913 3.3958- 03 0 . 0893 
1111111 111111111 111111 111111111 111111 
Tot l 2.937E- Ol 0 . 8084 5 . 6618- 03 0 . 0156 

o•sum of all water independent and dependent 

mrem/yr fract. 
~ j,JJ,j,J,J,,_ 
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 
Utttt1U tf1tf1 
O.OOOE+OO 0 . 0000 
pathways . 

mrem/yr fract. 
MJ,J,J,,jJ,j,,J f,J,JJJ,J,. 

3 . 900E-06 0 . 0000 
6.874E-04 0.0019 
O.OOOE+OO 0.0000 
0.0008+00 0 . 0000 
3.4548-02 0.0951 
1UUUU uuu 
3. 523E- 02 0 . 0970 

C-38 

mrem/yr fract. 
~ MJ,j,J,,j. 
4.551E- 06 0.0000 
l.216E-03 0 .0033 
0 . 0008+00 0.0000 
O.OOOE+OO 0.0000 
l. 539B- 02 0.0424 
tftttttf1 tttttt 
l.661E- 02 0 . 0457 

mrem/yr fract. r.ru::em/yr fract. 
MJ,j,J,J,JJiJ,. j,JJ,j,J,J,,_ ~ f,J,JJJ,J,. 
l . 331E-06 0.0000 4.642E- 05 0.0001 
9.4908- 04 0.0026 1 . 130E-02 0.03 11 
O. OOOE+OO 0 . 0000 0.000E+OO 0.0000 
O. OOOE+OO 0 .0000 O. OOOE+OO 0.0000 
l . 117E- 02 0.0307 3 . 520E- 01 0 . 9688 
111111111 111111 111111111 111111 
l . 212E- 02 0.0334 3 . 633E- Ol 1 . 00 00 

.. 

•. 
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0 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t c 4 . 200E+Ol years 

Water Independent Pathways (Inhalation excludes radon) 
o Ground 
Radio -~ 
~uclide mrem/yr fract . 

• JiJJ.Ml,J;. f,,JJ.J,.M/,J,. Mf,J,j,j,. 
co-60 O.OOOE+OO 0 . 0000 
Cs - 137 O. OOOE+OO 0 . 0000 
Eu- 152 O. OOOE+OO 0.0000 
l\:u - 154 O. OOOE+OO 0.0000 

·sr-90 O. OOOE+OO 0.0000 
ff f ftff ffffftfff ftttff 
Tota l 

0 
O. OOOE+OO 0.0000 

Inhalation Radon Plant Meat 
~ ~ ~ ~ 

mrem/yr fract . mrem/yr fract . mrem/yr fract. mrem/yr fract. 
j,J,,j,.j.JJJ,J f,JJ,J,J,.J,. f,JJ.J,J,J,J,.l AMAAA ~ MJ,J,J,J,. J,J,JJ,J,J,J,JJ MMM 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 .0000 ·O . OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 0.0008+00 0.0000 
O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 0 . 0008+00 0.0000 
0 . 0008+00 0 . 0000 0 . 0008+00 0 . 0000 0 . 0008+00 0 . 0000 0 . 0008+00 0.0000 
0 . 0008+00 0 . 0000 O. OOOE+OO 0 .0000 O.OOOE+OO 0.0000 0.0008+00 0 . 0000 
tffffffff ffffff ffffffff1 111111 1UUfU1 111111 11tffffff ffffff 
O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 

CVP-2002-00010 
Rev. 0 

Pathways (p) 

Milk Soil 
~ ~ 

mrem/yr fract . mrem/yr fract . 
j,J,,j,.j.JJJ,J AAAAM f,,JJ.J,.M/,J,. f,JJ,J,.M 
0 . 0008+00 0 . 0000 O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
0 . 00,0E+OO O. 0000 
O. OOOE+OO 0 .0000 
O. OOOE+OO 0 . 0000 
ftf1ffff1 111111 

O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
0 . 0008+00 0 . 0000 
O. OOOE+OO 0 . 0000 
ttttttut tutu 

O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At ts 4.200E+Ol years 

o Water Dependent Pathways 
o Water Fish Radon Plant Meat Milk All Pathways* 
Radio · ~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr fract . mrem/yr fract. 
JiJJ.MJ,J;. j,JJ,J,.j,JJ,J, MAMA j,j,,j,j.J,JJj, AAAMA 
Co - 60 2.730E-06 0.0000 
Cs - 137 9.0858-03 0.0174 
Eu- 152 0.0008+00 0.0000 
Eu- 154 0.0008+00 0 . 0000 
Sr- 90 4.1378-01 0.7901 
f f fff t 1 ftf 1ttttt fff1ff 

l.544E - 07 0 . 0000 
3 . 333E-03 0 . 0064 
0 . 0008+00 0 . 0000 
O. OOOE+OO 0 . 0000 
4.891E-03 0 . 0093 
fffff1t f t f1ffff 

mrem/yr fract . mrem/yr fract. mrem/yr fract . mrem/yr fract. 
j,j,,j,j.J,JJj, J.JJJ,J,.i,. j,j,,j,j.J,JJj, J.JJJ,J,.i,. j,J,JJ.JiJ.J.J, AAAAM ~ AAAMA 
O. OOOE+ OO 0.0000 
0.0008+00 0 . 0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
11f1f1fff fftfff 

3 . 0828- 07 0 . 0000 
l.014E-03 0.0019 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 
4.982E-02 0 . 0951 
UUUUf Ufftf 

3.6518-07 0 . 0000 
l . 821E-03 0.0035 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
2 . 237E- 02 0 . 0427 
ff1fff1ff ffftf1 

l.059E-07 0.0000 
l.408E- 03 0 . 0027 
0.0008+00 0 . 0000 
O. OOOE+OO 0 .00 00 
l.616E- 02 0 . 0309 
ffff1111f fiffff 

mrem/yr fract . 
f,,JJ.J,.M/,J,. j.JJJ,J,j,. 

3 . 664E- 06 0 . 0000 
1.6668-02 0 . 0318 
O.OOOE+OO 0.0000 
0.0008+00 p.0000 
5.0708- 01 0 . 9682 
UUfUtt UUH 

Total 4 . 228E- Ol 0.8075 8.224E - 03 0.0157 0.0008+00 0.0000 5 . 083E- 02 0.0971 2.419E- 02 0.0462 1.7578- 02 0 . 0335 5 . 236E - 01 1 . 0000 
O*Sum of all water independent and dependent pathways. 

-· 

C-39 
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0 

summary , 116 - F-6 Cleanup Verification - Deep Zone 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total D~se At t • 1 . 000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
o Ground Inhalation Radon Plant Meat 

Radio-~ 
Nuclide mrem/yr fract . 
f..MJ.}JJ. ~ f,JJ,.J,,ll 
Co- 60 0.0008+00 0.0000 
Cs - 137 0.0008+00 0.0000 
Eu-152 O.OOOE+OO 0.0000 
Eu- 154 0.0008+00 0 . 0000 
Sr- 90 O. OOOE+OO 0 . 0000 
UU1tt UUUU1 111111 
Tot al O. OOOE+OO 0.0000 

0 

~ ~ ~ ~ 
mrem/yr fract . mrem/yr fract. mrem/yr fract . mrem/yr fract. 

MMJ,.J,.MA f,J,J,J,J,.A f,J,JJ,J,.J,jJ, f,JJ,.J,,J.A jJJ,J,j,J,J,J,. f,.jJ,j,j,J,,_ f,,J,J,J,,J,J,, f,JJ,.J,,J.A 
0.0008+00 0.0000 O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
0 . 0008+00 0 . 0000 O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 O.O OOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 0 . 0008+00 0 . 0000 
0.0008+00 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
111111111 111111 111111111 111111 111111111 111111 111111111 111111 
O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 0 . 000E+OO 0 . 0000 O. OOOE+OO 0 . 0000 

CVP-2002-00010 
Rev. 0 

Pathways (p) 

Milk Soil 
~ ~ 

mrem/yr fract. mrem/yr fract .• 
~ j,,J,j,J,JJ. jJJ,j,j,,jJ,J,, AMMA • 
O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 .0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0 .0000 
O. OOOE+OO 0 . 0000 0 . 000E+OO 0 .0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
111111111 111111 111111111 111111 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 .0 000 

Total Dose Contributions TDOSE(i , p,t) for Individual Radi onuclide s (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 1 . 000E+02 years 

o Water Dependent Pathways 
() Water Fish Radon Plant Meat Milk All Pathways• 

Rad io-~ ~ ~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract . mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fraq t . 
MJ,,j,J,J,J,. ~ AAMAA j,,j,.j,,JJ.jJ, f,.jJ,j,j,J,,, ~ AAAf,J,J,. jJJ,j,j,,jJ,J,, f,.jJ,j,j,J,,_ ~ AAMAA 
Co- 60 3 . 1418-09 0.0000 
Cs - 137 5 . 6198-03 0.0181 
Eu- 152 0.0008+00 0.0000 
Eu- 154 O.OOOE+OO 0 . 0000 
Sr- 90 2 . 4498- 01 0.7888 
1111111 111111111 111111 

l.778E-10 0.0000 
2 : 0628-03 0 . 0066 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
2 . 896E- 03 0.0093 
111111111 111111 

Total 2.505E - 01 0 . 8069 4 . 959E- 03 0 . 0160 
o•sum of all water independent and dependent 

O.OOOE+OO 
0 . 0008+00 
O. OOOE+OO 
O. OOOE+OO 
O. OOOE+OO 
111111111 
O.OOOE+OO 
pathways . 

0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
U1111 
0.0000 

3.551E-10 0.0000 
6.277E- 04 0 . 0020 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
2 . 951E- 02 0 . 0950 
111111111 111111 

4 . 227E-10 0 . 0000 
l.133E-03 0.0036 
O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
1.329E-02 0 . 0428 
111111111 ff11f1 

3 . 014E- 02 0 . 0971 l. 442E- 02 0 . 0464 

C-40 

mrem/yr fract . mrem/yr fract . 
~ f,.jJ,j,j,J,,_ ~ j,j,JJ'J,,},. 

l.222E-10 
8 . 737E- 04 
O. OOOE+OO 
O. OOOE+OO 
9 . 583E-03 
111111111 
l.046E - 02 

0 . 0000 
0 .0028 
0.0000 
0.0000 
0.0309 
111111 
0 . 0337 

4.219E-09 0 . 0000 
1.032E- 02 0 . 0332 
O. OOOE+OO 0.0000 
0.000E+OO 0.0000 
3.002E- 01 0.9668 
111111111 111111 
3 . 105E- 01 1 . 0000 

--

' · 
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0 

Total Dose Contributions TDOSE{i,p,t) for Individual Radionuclides {i) and 
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Water Independent Pathways {Inhalation excludes radon) 
o Ground 
Radio-~ 
~uclide mrem/yr fract. 

• f,,JJ,J,J,,M ~ j,J,,J,J,j,J,. 
Co- 60 O. OOOE+OO 0.0000 
Cs-137 O.OOOE+OO 0.0000 
Eu- 152 O.OOOE+OO 0.0000 
Eu- 154 O.OOOE+OO 0.0000 

• Sr-90 0 . OOOE+OO O. 0000 
1111111 111111111 111111 
Total 

0 
0.000E+OO 0 . 0000 

Inhalation Radon Plant Meat 
~ ~ ~ ~ 

mrem/yr fract. 
~ f>J..MM 
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 
11UUU1 U1f11 
O. OOOE+OO 0.0000 

mrem/yr fract. 
~ Jl.JJ,J;J,J,. 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
0.000E+OO 0.0000 
111111111 111111 
0.000E+OO 0.0000 

mrem/yr fract. mrem/yr fract. 
j,J.j,J,J,J,j,. jJ,J,JJ,J,. ~ AAAi,i,.A 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
111111111 111111 111111111 111111 
O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 

CVP-2002-00010 
Rev. O 

Pathways (p) 

Milk Soil 
~ ~ 

mrem/yr fract. mrem/yr fract . 
j,J,JJ,JJ,J,J,J jJ,J,JJ,J,. ~ j,J,,J,J,j,J,. 
O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 
0 . 000E+OO 0 . 0000 O. OOOE+OO 0 . .0000 
111111111 111111 111UUU U1i11 
O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 

Total Dose Contributions TDOSE{i , p,t) for Individual Radionuclides {i) and Pathways {p) 
As mrem/yr and Fraction of Total Dose At t • 3.000E+02 years 

o Water Dependent Pathways 
O Water Fish Radon Plant Meat 
Radio-~ ~ ~ ~ ~ 
Nuclide mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract . mrem/yr fract. 
Mi,J,J,,J,J,. j,J.j,J,J,J,j,. j,J,,J,J,j,J,. AJ,JJ,j,.jJJ,j, AAAAM AJ,JJ,j,.jJJ,j, AAAi,i,.A j,J.j,J,J,J,j,. AAAi,i,.A i;i,,jJ,J,J,J,. AAAi,i,.A 

Co- 60 3 . 539E- 20 0.0000 2 . 004E - 21 0 . 0000 
Cs - 137 l.647E-04 0.0209 6.047E- 05 0.0077 
Eu - 152 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Eu-154 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 
Sr- 90 6.174E-03 0.7844 7 . 303E-05 0.0093 
1111111 111111111 111111 111111111 111111 

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 
111111111 111111 

4.004E-21 0 . 0000 
l . 841E-05 0 . 0023 
O.OOOE+OO 0 . 0000 
0 . O_OOE+OO O. 0000 
7.442E-04 0 . 0945 
111111111 111111 

4.776E-21 0 . 0000 
3.330E-05 0 . 0042 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
3.355E-04 0.0426 
111111111 111111 

Total 6.339E-03 0.8053 l.335E-04 0.0170 O.OOOE+OO 0 . 0000 7 . 626E- 04 0.0969 3.688E-04 0.0468 
O*SUm of all water independent and dependent pathways . 

. . 

C-41 

Milk 
~ 

mrem/yr fract . 
j,J.j,J,J,J,j,. AAAi,i,.A 
1 . 379E- 21 0.0000 
2 . 565E-05 0.0033 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
2 . 418E- 04 0.0307 
1U1U111 111111 
2.674E-04 0.0340 

All Pathways * 
~ 

mrem/yr fract . 
j,J.j,J,J,J,j,. AAAAM 
4.756E-20 0.0000 
3.025E-04 0 . 0384 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
7 . 569E-03 0.9616 
111111111 1i1111 
7 . 8728-03 1.0000 
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CVP-2002-00010 
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Total Dose Contributions TDOSE(i,p,tl for Individual Radionuclides (i} and Pathways (p} 
As mrem/yr and Fraction of Total Dos e At t : l . OOOE+03 years 

o Water Independent Pathways (Inhalation excludes radon} 
o Ground Inhalation Radon Plant Meat 

Rad io-~ ~ ~ ~ ~ 
Nuc lide mrem/yr fract . mrem/yr fract. mrem/yr fract . mrem/yr fract . mrem/yr fract . 
JJ,j,,J,jJ,J,_ ~ JJ.j,j,,M ~ f,,/J.J.J,,A f,J,J,J,J,JJ,J, MMM j,J,JJJ,j,J,J,, .iW.MA MMJ,JJ,,M f,,/J.J.J,,A 
Co - 60 O. OOOE+OO 
Cs - 137 O.OOOE+OO 
Eu - 152 O. OOOE+OO 
Eu- 154 O.OOOE+OO 
Sr- 90 O.OOOE+OO 
11t t1tt fffftttt1 
Tot al O.OOOE+OO 

0 

0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
Utt ff 
0 . 0000 

O. OOOE+OO 0.0000 
0.000E+OO 0.0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
ftttttttt fff11t 
O. OOOE+OO 0 . 0000 

O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
o . orroE+oo 0.0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
UUtUU Ut1tt 
O. OOOE+OO 0.0000 

O. OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
ttft t tftf ttfttt 
O. OOOE+OO 0 . 0000 

O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 
0.000E+OO 0 . 0000 
O. OOOE+OO 0.0000 
tffttfftf ttffff 
O. OOOE+OO 0 . 0000 

Milk Soil 
~ ~ 

mrem/yr fract. mrem/yr fract . 
~ MMM j,J,J,J,.jJ,.J, JJ.j,j,,M 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 
tttU1f1f Uffff ttftttUt Utttt 
O.OOOE+OO 0 . 0000 O. OOOE+OO 0 . 0000 

Total Dose Contributions TDOSE(i,p,t} for Individual Radionucl i des ( i ) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t • l . OOOE+03 years 

o Water Depende nt Pathways 
0 Water Fish Radon Plant Meat Milk All Pathways* 

Rad i o -~ ~ ~ ~ ~ ~ ~ 
Nuclide mrem/yr fract . mrem/yr fract. 
f,J,J,J,JJ,.A Mf,J,Jw,.M JJ.j,j,,M ~ f,.Mj,,j,,J,. 
Co-60 O.OOOE+OO 0 . 0000 
Cs- 137 5 . 113E-11 0.0419 
Eu- 1 52 O.OOOE+OO 0 . 0000 
Eu- 154 O.OOOE+OO 0.0000 
Sr-90 9 . 177E-10 0 . 7528 
ttf f fft ttttttttt fttttt 

O.OOOE+OO 0 . 0000 
l . 878E-11 0.0154 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
l . 086E- ll 0.0089 
ttttttttt tftttt 

Tota l 9 . 689E-10 0 . 7948 2.963E-ll 0 . 0243 
O*Sum of all water independent and dependent 

·- ~ 

mrem/yr fract . 
~ AAMAA 
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 
tttftfttt tttfU 
O.OOOE+OO 0 . 0000 
pathways. 

mrem/yr fract. 
~ f,.Mj,,j,,J,. 
O. OOOE+OO 0 . 0000 
5 . 717E- 12 0 . 0047 
0 . 000E+OO 0 . 0000 
O.OOOE+OO 0.0000 
l . 106E-10 0 . 0908 
tfttttttt Utttf 
l.164E - 10 0 . 0954 

C-42 

mrem/yr fract. 
~ f,J,J.J,,il 
O. OOOE+OO 0.0000 
1. 035E-ll 0 . 0085 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0 . 0000 
4 . 990E-ll 0 . 0409 
!UUUU tttttt 
6 . 025E- ll 0 . 0494 

mrem/yr fract. mrem/yr fract. 
j,,j,j,J,J,j,J, AMf,J',.j,. ~ f,J,JiJ,J,,A 
O. OOOE+OO 0 . 0000 
7.968E-12 0 . 0065 
O. OOOE+OO 0 . 0000 
O. OOOE+OO 0.0000 
3 . 595E-ll 0 . 0295 
1ftttt1f1 ffftff 

O. OOOE+OO 0.00 00 
9.394E - ll 0.07 71 
O.OOOE+OO 0 . 00 00 
O.OOOE+OO 0.0000 
l.125E- 09 0.92 2 9 
1tf1ftf11 111111 

4 . 392E- ll 0 . 0360 l.219E- 09 1 . 000 0 

' 

•. 
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OParent Product Branch 

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

DSR(j,t) (mrem/yr)/(pCi/g) 

CVP-2002-00010 
Rev. 0 

(i) (j) Fraction• t= 
lliMAA ~ ~ 

O.OOOE+OO l . OOOE+OO 3 . 000E+OO 7.200E+OO l . SOOE+Ol 4.200E+Ol l . OOOE+02 3.000E+02 l.OOOE+03 
f...AAMJ,JJJ,. lliJ,J;jj,J,J,. ~ ~ MAJ,J,J,J,J,J,. ~ JV,J,JJJJ,JVl.. ~ f...AAMJ,JJJ,. 

~o-60 
OCs - 137 
OEu-1 52 
OEu- 152 

Eu-152 
Eu - 152 

OEu- 154 
OSr-90 
ttttttf 

Co- 60 
Cs - 137 
Eu - 1 52 
Eu - 152 
Gd-152 
aDSR(j) 
Eu- 154 
Sr- 90 
ttffttt 

l.OOOE+OO 2.779E-OS 7 . 928E- 05 l . 468E-04 
l.OOOE+OO 7.288E- 05 2.346E- 04 5 . 425E-04 
7 . 208E- 01 0 . OOOE+OO O.OOOE+OO O.OOOE+OO 
2 . 792E- Ol O.OOOE+OO O. OOOE+OO O.OOOE+OO 
2 . 792E- 01 O.OOOE+OO 0.0008+00 O. OOOE+OO 

O. OOOE+OO O. OOOE+OO O.OOOE+OO 
l.OOOE+OO O. OOOE+O O O. OOOE+OO O. OOOE+OO 
l . OOOE+OO 1 : 215E-03 3 . 659E-03 8.221E- 03 
Uttttttt ffftfffft ftttftttt tttttttff 

l . 882E- 04 1. 365E- 04 l . 078E-05 1.241E-08 1.399E-19 O.OOOE+OO 
1. 099E-03 1 . 859E- 03 2.740E - 03 l . 697E- 03 4 . 976E-05 1.545E-ll 
0.0008+00 O. OOOE+OO 0 . 00.08+00 O.OOOE+OO O . OOOE+OO O.OOOE+OO 
O.OOOE+OO O. OOOE+OO 0 . 000E+OO O.OOOE+OO O . OOOE+OO O.OOOE+OO 
0 . 0008'+00 O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O. OOOE+OO 
O. OOOE+OO O. OOOE+OO O.OOOE+OO 0 .0008+00 O.OOOE+OO O.OOOE+OO 
O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
l . 643E- 02 2.750E- 02 3.961E- 02 2 . 345E- 02 S . 913E- 04 8 . 790E-11 
tttt fuu ttttttttt ftftttttt fttfttttt tfttttttt ftttttttt 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) c BRF(l)*BRF(2)* .. . BRF(j) . 
The DSR includes contributions from associated (half-life 6 0 . 5 yr) daughters . 

0 
Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit c 4.000E+OO mrem/yr 
ONuclide 

0 

(i) t = O. OOOE+OO 1 . 000E+OO 3 . 000E+OO 7.200E+OO l.SOOE+Ol 
~ ~ ~ ~ ~ ~ 
Co - 60 1.439E+05 5 . 046E+04 2 . 726E+04 2.12SE+04 2.930E+04 
Cs - 137 5 . 488E+04 1 . 70SE+04 7 .373E+03 3.639E+03 2 . 152E+03 
Eu-152 *l . 765E+l4 *1 . 765E+14 *l . 765E+l4 *l.765E+14 *l . 765E+l4 
Eu- 154 *2 . 639E+l4 *2 . 639E+l4 *2.639E+l4 *2.639E+l4 *2.639E+14 
Sr-90 3 . 293E+03 1 . 093E+03 4 . 865E+02 2.435E+02 1.4558+02 
Uftttt 11111titt ttttttttt ttttUUt ttttttttt 111111111 
*At specific activity limit 

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

at tmin time of minimum single radionuclide soil guideline 
and a t tmax time of maximum total dose = 41.44 fi 0 . 08 years 

4.200E+Ol 
lliJ,J;jj,J,J,. 
3.712E+05 
l.460E+03 

*l. 765E+l4 
*2.639E+l4 

1.010E+02 
ttttttltt 

ONuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i, tmax) 
(pCi/g) 

~ lliJ,J;jj,J,J,. 
(i) (pCi/g) (years) (pCi/g) 
~ ~ ~ /,J,,j,J,J,J,,j ~ 
Co-60 3 . 400E · Ol 7 . 18 fi 0.01 l . 882E-04 2 . 125E+04 
Cs - 137 6 .080E+OO 42.82 fi 0 .09 2.741E- 03 1.459E+03 
Eu -152 7 . 510E+OO 0.000E+OO O.OOOE+OO *1 . 765E+14 
Eu - 154 7 . 2708 - 01 O.OOOE+OO O. OOOE+OO *2. 639E+l4 
Sr - 90 1. 280E+Ol 41.39 fi 0 . 08 3.961E- 02 l . 010E+02 
tttftt t t tltttl tt ftftttttttttftt f tfttttttt tftttfttt 
*At specific activity limit 

.. 

l.145E- 05 
2.739E- 03 
O. OOOE+OO 
O. OOOE+OO 
3 . 961E- 02 
tfttttttt 

3 . 493E+05 
1 . 460E+03 

*1 . 765E+14 
*2 . 639E+l4 
1. 010E+02 
tttttttft 

C-43 

l . OOOE+02 
AAAAAAAAA 
3 . 223E+08 
2.358E+03 

*l . 765E+l4 
*2 . 639E+14 

l.705E+02 
UUUUt 

3 . 000E+02 l.OOOE+03 
~~ 

*l.131E+l5 *l.131E+l5 
8.039E+04 2.589E+ll 

*l.765E+14 *1.765E+l4 
*2.639E+l4 *2 . 639E+14 

6.764E+03 4 . 551E+10 
tfttfifff f1ff1ittt 
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ONuc lide Parent BRF(i) 
( j) (i) 

/J;JJ,J,,jJ,. lJ.iJJ,J,.J;. ~ 
Co- 60 

ocs - 137 
OEu- 152 

Eu- 152 
Eu- 152 

OGd- 152 

Co - 60 1 . 0008+00 
cs - 137 1.0008+00 
Eu - 152 7 . 208E-Ol 
Eu- 152 2 . 7928- 01 
AOOSE(j) 
Eu-152 2.792E- Ol 

OEu- 154 Eu-154 1 . 000E+OO 
osr - 90 sr-90 1 . oo oE+oo 

1111111 1111111 111111111 

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

DOSE(j,t), mrem/yr 
t= O. OOOE+OO l.OOOE+OO 3.000E+OO 7.200E+OO l.SOOE+Ol 4 . 200E+Ol 1.0008+02 3.000E+02 l . OOOE+03 

j,,J,J,J,J,J,jw ~ f,J,JJJ,.J,.J,J ~ ~ AAAAAAAM f,J,JJJ,.J,.J,J j,J,J,J,.jJJJ,J Mf,j,j,J,J,JJ,. 
9 . 448E-06 2.695E-05 4 . 990E-05 6 . 399E- OS 4.642E-05 3 . 664E - 06 4 . 219E- 09 4 . 756E-20 O. OOOE+OO 
4 . 431E-04 l.427E-03 3.298E-03 6.683E- 03 l .130E-02 1. 666E- 02 1.032E-02 3 . 02SE-04 9.394E-ll 
O. OOOE+OO 0 . 000E+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO 
O·. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O. OOOE+OO O.OOOE+OO O.OOOE+.00 O.OOOE+OO O. OOOE+OO 
O. OOOE+OO O. OOPE+OO O.OOOE+OO 0.000E+OO O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O.OOOE+OO 
O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O. OOOE+OO O.OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO 
O.OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO O. OOOE+OO O. OOOE+OO O. OOOE+OO O. OOOE+OO O.OOOE+OO 
1.SSSE-02 4.683E-02 1.052E- 01 2.103E- Ol 3.520E- 01 S.070E- Ol 3 . 002E- 01 7 . 569E-03 l.125E-09 
UUUU1 ttt11t1U t1U1UU 1tttt1U1 Uttt1Ui ttti1t1U 111111111 111111111 UUttU1 

BRF (i) is the branch fraction of the parent nuclide . 

ONuclide Parent BRF(i) 
(j) (i) 

JV,,j,Mil lJ.iJJ,J,.J;. ~ 
Co-60 Co-60 l.OOOE+OO 

ocs-137 Cs-137 1 . 0 00E+OO 
OEu - 152 Eu- 152 7 . 208E-01 

Eu-152 Eu-152 2 . 792E- 01 
Eu-152 AS(j) : 

OGd- 1 52 Eu-152 2.792E - 01 
OEu -1 54 Eu-154 1.000E+OO 
OSr- 9 0 Sr-90 l . OOOE+OO 

1111111 1111111 111111111 

t= 

Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

. S(j,t),pCi/g 
O.OOOE+OO 1.000E+OO 3 . 000E+OO 7.200E+OO 1.SOOE+Ol 4.200E+Ol l . OOOE+02 3.000E+02 1 . 000E+03 
AAAMAAAA ~ ~ ~ ~ ~ ~ ~ AAAAAAAM 
3.400E- Ol 2 . 981E-01 
6.080E+OO S . 940E+OO 
S.413E+OO S . 139E+OO 
2 . 097E+OO 1 . 990E+OO 
7 . SlOE+OO 7.129E+OO 
O. OOOE+OO 1.311E-14 
7 . 270E- 01 6 . 719E-Ol 
1 . 280E+Ol 1 . 2SOE+Ol 
fUU1tt1 111titit1 

2 . 291E-01 1 . 318E-01 4.722E-02 1 . 351E - 03 6.540E-07 2.4198-18 0 . 0008+00 
5. 671E+OO S . 144E+OO 4. 292E+OO 2 . 293E+OO S . 965E- 01 5 . 7418-03 S . 023E-10 
4 . 631E+OO 3. 722E+OO 2.480E+OO 6.088E- 01 2 . 978E- 02 9 . 0148-07 1. 375E-22 
1.794E+OO 1.442E+OO 9.608E-01 2.358E-01 l.154E- 02 3 . 492E-07 5 . 327E-23 
6.425E+OO 5 . 164E+OO 3 . 441E+OO 8 . 4468- 01 4 . 132E- 02 1.251E- 06 1 . 908E- 22 
3 . 7388 - 14 8 . 081E - 14 1.401E-13 2.295E- 13 2 . 571E-13 2.582E-13 2 . 569E-13 
5.739E-01 4.122E-01 2.230E- 01 2.656E- 02 2 . 7518 - 04 3.940E-ll 4.379E-35 
1.1918+01 1 . 077E+Ol 8 . 927E+OO 4 . 666E+OO 1 . 158E+OO 9 . 481E- 03 4.706E-10 
111111111 111111111 111111111 111ffffif ff111111f 111111111 111111111 

BRF (il is the branch fraction of the parent nuclide . 
ORESCALC . EXE execution time= 1 . 80 seconds 
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DISCLAIMER FOR CALCULATIONS 

CVP-2002-00010 
Rev. a 

The calculations that are provided in the following appendix are included for reference only. 
Use of these calculations by persons who do not have access to all of their pertinent factors 
could lead to incorrect conclusions or assumptions. 

Before applying these calculations to work activities or projects outside the context of this report, 
these calculations must be thoroughly reviewed with appropriate and authorized Hanford Site 
ERG personnel. Without this review, the ER Project cannot assume any responsibility for the 
use of these calculations. 
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CALCULATION BRIEFS 

CVP-2002-00010 
Rev.O 

The following calculation briefs have been prepared in accordance with BHI-DE-01, 
Design Engineering Procedures Manual, EDPl-4.37-01, "Project Calculations," Bechtel 
Hanford, Inc., Richland, Washington. 

116-F-6 Liquid Waste Trench Sample Variance Calculation, Calculation 
No. 0100F-CA-V0152, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 

116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design, Calculation 
No. 0100F-CA-V0159, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 

116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL 
Calculation, Calculation No. 0100F-CA-V0141, Rev. 0, Bechtel Hanford, Inc., 
Richland, Washington. 

116-F-6 RESRAD Calculation, Calculation No. 0100F-CA-V0143, Rev. 0, Bechtel 
Hanford, Inc., Richland, Washington. 

116-F-6 Trench Comparison to Drinking Water Standards, Calculation 
No. 0100F-CA-V0142, Bechtel Hanford, Inc., Richland, Washington. 

NOTE: The calculation briefs referenced in this appendix are kept in the active 
Environmental Restoration Contractor project files and are available upon request. 
When the project is completed, the files will be stored in a U.S. Department of Energy, 
Richland Operations Office repository. Only excerpts of the calculation briefs are 
included in this appendix . 
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Project Title: 
Area 
Discipline 
~ubject 
Computer Program 

CALCULATION COVER SHEET 

Group 4 Remedial Action 
\OOF 

Job No. 

. CVP-200-2-00010 
Rev. O 

22192 

Environmental Cale. No. 0100 F"- CA-VO\SZ-
116-F-6 Liquid Waste Trench Sample Variance Calculation 
Excel Program No. Excel 97 -------------

Use of this calculation by persons who do not have access to all of the pertinent facts could lead to incorrect conclusions or 
assumptions. Before applying this calculation in your work, this calculation must be thoroughly reviewed with appropriate 
and authorized Hanford site ERC personnel. Without this review, the ERC cannot assume any responsibility for the use of 
these calculations. 

Committed Calculation X Preliminary Superseded 

/7 
. Rev. Sheet Numbers Originator Checker Reviewer ( (; r01rJ i,, Date 

~ / 

Cover - I 3'-J-~_3 3-S-03 >l•re \ i ._. 
0 Cale. Summary - I 

,,u ti-&:===- sw~ cl~ Z----" ~~ii- ~ 3/?/o'} Calculation - 6 

H. A.

1

Juckmaster Total - 8 M. T. Stankovich S. W. Callison J.E. Thomson 

SUMMARY OF REVISIONS 

Scanned Rev. Date Bar Code No. 

• Obtain Cale. No. from DIS. 
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CALCULATION SHEET 

CVP-2002-00010 
Rev. 0 

, Bechtel Hanford lnsi- i,.. 

Originator M. T. Stankovich ~ Date 3/5/2003 Cale. No. 0 I oo F' • CA - Vo1j Rev. No. 0 
Project Group• Remedial Action Job No. 22192 Checked _sw C" l\\:son,,..c.Date 
Subject 116-F-6 Liquid Waste Trench Sample Variance Calculation Sheet No. 

1 Conclusion: . 

'3-<S•03 
1 of 7 

2 The required number of samples calculated (1 sample) for each decision sub-unit is less than the. default number 
• (4 samples) specified in the DOE/RL-96-22, Rev 2. Therefore, the default number of samples will be collected · 
• from each shallow zone decision sub-unit. 

• Problem: 
7 Calculate the number of dose out samples required for 116-F-6 Shallow Zone Decision Unit verification sampling 
• as required in "100 Area Remedial Action Sampling and Analysis Plan" (DOE/RL-96-22, .Rev 3) and "Instruction 
• Guide for the Remediation of 100 Areas Waste Sites" (0100X-IG-G0001, Rev 3). 

10 

11 Given: 
12 1) Sample locations for the 116-F-6 Shallow Zone are identified on the 116-F-6 Liquid Waste Trench Disposal 
13 Shallow & Deep Zone Design, Calculation number 0100F-CA-V0159, Rev. 0. 
14 2) Lookup values from DOE/RL-96-22, Rev 3. 
15 3) Sample Design requirements from DOE/RL-96-22, Rev 3 and 0100X-IG-G0001, Rev 3. ,. 
17 Solution: 
16 Calculation methodology is described in Appendix A of DOE/RL-96-22, Rev 3. Data from attached wor1<sheets 
11 are used to calculate the required number of doseout samples. Variance calculation is based on the same three 
20 isotopes used to develop the statistical approach in DOE/RL-96-22, Rev 3. The statistical design is based on the 
21 premise that these isotopes are the predominant components of the contamination and are representative of the 
22 contamination distribution. 
23 

2• Sheet No. 
25 1 
26 2-3 
27 4-5. 
21 6-7 
21 

30 

31 

32 

33 .. 
35 .. 
31 

Contents 
Cale. Summary 
Shallow Zone 
Shallow Zone Formulas 
Shallow Zone Data 

Tooic 
Summary of Cale Brief 
Required Number of Samples Calculation 
Formulas 
R_aw Data from Sample Management 

,..._ _____________________________________ __, 
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CALCULATION SHEET 

CVP-2002-00010 
Rev.O 

Originator 
Project 
Subject 

Bechtel Hanford Inc.Ji/;,, 
M. T. Stankovich I Date 3/5/2003 Cale. No. 0IOOF-CA-V0152 Rev. No. o 
Group 4 Remedial Adion Job No. 22192 Checked 
116-F-6 Liquid Waste Trench Sample Variance Calculation 

SW Cc,tl1S0!:J swc.. Date 3-5"'•03 
. Sheet No. 2 of 7 

1 Statistical Evaluation of Analytical Data 

3 The required number of samples resulting from the calculation is highlighted at the bottom of the page. 
• Each value is reflective of the specific analyte evaluated. 
• The highest value of the three evaluations is used to determine the required number of samples as compared 
e against the default of four. 
r Sample locations are from Calculation 0100F-CA-V0159. 
• Mean, Standard Deviation, t , and Number of Samples formulas are from DOE/RL-96-22, Appendix A 

10 

11 Decision Unit 
12 Samples values from GEA analysis 
13 Sample Areas A, B. C & D 

Sample# Sample Date 

Shallow Zone 

Location 14 

15 

,. Look-uo Value (HTl ---------------> I 
11 

11 

11 

20 

21 

22 

23 

24 

25 

21 

27 

28 

21 

30 

1 

32 

33 

34 

35 

31 

7 

31 

31 

40 

1 

. 43 

• 
5 .. 
1 .. 
• .. 
1 

52 

3 

54 

5 .. 
1 .. 
• 

60 

1 

S2 

63 

J00111 
J00112 
J00113 
J00114 
J00115 
J00116 
J00117 
J00118 
J00119 
J00120 
J00121 
J00122 
J00123 
J00124 
J00125 
J00126 
J00127 
J00128 
J00129 
J00130 
J00131 
J00132 
J00133 
J00134 
J00135 
J00136 
J00137 
J00138 
J00139 
J00140 
J00141 
J00142 
J00143 
J00144 
J00145 
J00146 
J00147 
J00148 
J00149 
J00150 
J00151 
J00152 
J00153 
J00154 
J00155 
J00156 
J00157 

04-Nov-2002 S-A1-2 
04-Nov-2002 S-A1-3 
04-Nov-2002 S-A1-4 
04-Nov-2002 S-A1-10 
04-Nov-2002 S-A1-13 
04-Nov-2002 S-A1-16 
04-Nov-2002 S-A2-3 
04-Nov-2002 S-A2~ 
04-Nov-2002 S-A2-7 
04-Nov-2002 S-A2-10 
04-Nov-2002 S-A2-14 
04-Nov-2002 S-A2-15 
04-Nov-2002 S-A3-1 
04-Nov-2002 S-A3-2 
04-Nov-2002 S-A3-4 
04-Nov-2002 S-A3-5 
04-Nov-2002 S-A3-9 
04-Nov-2002 S-A3-11 
04-Nov-2002 S-A4-3 
04-Nov-2002 S-A4-4 
04-Nov-2002 S-A4-7 
04-Nov-2002 S-A4-9 
04-Nov-2002 S-A4-12 
04-Nov-2002 S-A4-13 
05-Nov-2002 S-85-1 
05-Nov-2002 S-85-2 
05-Nov-2002 S-85-5 
05-Nov-2002 S-85-7 
05-Nov-2002 S-85-13 
05-Nov-2002 S-85-15 
05-Nov-2002 S-86-1 
05-Nov-2002 S-86-10 
05-Nov-2002 · S-86-12 
05-Nov-2002 S-86-13 
05-Nov-2002 S-86-15 
05-Nov-2002 S-86-16 
05-Nov-2002 S-87-1 
05-Nov-2002 S-87-3 
05-Nov-2002 S-87-4 
05-Nov-2002 S-87-5 
05-Nov-2002 S-87-8 
05-Nov-2002 S-87-11 
06-Nov-2002 S-88-2 
06-Nov-2002 S-88-3 
06-Nov-2002 S-88-4 
05-Nov-2002 S-88-8 
05-Nov-2002 S-88-12 

Constituent 
Cobalt~O a Cesium-137 a Europium-152 

oCi/a · oCi/a pCi/g 
1.4 6.2 3.3 
0.1 u 0.394 0.38 

0.057 u 0.332 0.143 
0.089 u 0.558 0.346 
0.055 u 0.286 0.2 
0.058 u 0.177 0.15 
0.16 u 0.186 0.269 
0.057 u 0.108 0.21 
0.081 u 0.237 0.32 
0.058 u 0.394 0.17 
0.067 u 0.108 0.15 
0.087 u 0.108 0.22 
0.065 u 0.096 u 0.14 
0.071 u 0.1 u 0.22 
0.066 u 0.072 J 0.161 
0.06 u 0.067 u 0.14 
0.11 u 0.095 u 0.23 

0.063 u 0.885 0.334 
0.12 u 0.11 u 0.22 

0.076 u 1.74 0.635 
0.067 u 0.166 0.17 
0.056 u 0.127 0.11 
0.03 u 0.129 0.099 

0.067 u 0.39 0.18 
0.039 u 0.037 u 0.087 
0.063 u 1.16 0.613 
0.039 u 0.547 0.293 
0.058 u 0.133 0.14 

. 0.035 u 0.118 0.12 
0.043 u 0.041 u 0.09 
0.11 u 0.084 u 0.15 

0.043 u 0.046 u 0.12 
0.08 u 0.072 u 0.2 
0.06 u 0.234 0.464 
0.071 u 0.078 u 0.17 
0.04 u 0.037 u 0.093 
0.027 u 0.053 J 0.068 
0.045 u 0.043 u 0.099 
0.026 u 0.096 J 0.061 

. 0.035 u 0.113 0.092 
0.081 u 0.1 u 0.14 
0.059 u 0.328 2.84 
0.086 u 0.135 0.13 
0.091 u 0.198 0.19 
0.11 u 0.1 u 0.2 
0.066 u 0.086 J 0.16 
0.149 0.836 5.66 
0.061 u 0.284 0.163 

Shallow Zone 
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u 

u 
u 

u 
u 
u 
u 
u 
u 
u 

u 
u 

u 

u 
u 
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.. 
t5 .. 
17 .. .. 
70 

1 

n 
7l 

' 
s 

79 

11 

• 
• .. 
1 

12 

' .. 
15 .. 
1 .. 
• 

10 

1 

12 

3 .. 
15 .. 

1 .. 
" 

100 

1 

3 

1 

0 

I 

2 

J00158 
J00866 
J00867 
J00868 
J00869 
J00870 
J00871 
J00872 
J00873 
J00874 
J00875 
J00876 
J00877 . 
J00878 
J00879 
J00880 
J00881 
J00882 
J00883 
J00884 
J00885 
J00886 
J00887 
J00888 
J00889 
J00890 
J00891 
J00892 
J00893 
J00894 
J00895 
J00896 
J00897 
J00898 
J00899 
J008B0 
J008B1 
J008B2 
J008B3 
J008B4 
J008B5 
J008B6 
J00887 
J008B8 
J008B9 
J008C0 
J008C1 
J008C2 
J008C3 

05-Nov-2002 5-88-13 
06-Nov-2002 S-C9-3 
06-Nov-2002 S-C9-4 
06-Nov-2002 S-C9-5 
06-Nov-2002 S-C9-10 
06-Nov-2002 S-C9-14 
06-Nov-2002 S-C9-16 
06-Nov-2002 S-C10-3 
06-Nov-2002 S-C10-4 
06-Nov-2002 S-C10-8 
06-Nov-2002 S-C10-10 
06-Nov-2002 S-C10-14 
06-Nov-2002 S-C10-16 

· 06-Nov-2002 S-C1-2 
06-Nov-2002 S-C1-3 
06-Nov-2002 S-C1-4 
06-Nov-2002 S-C1-1 
06-Nov-2002 S-C1-13 
06-Nov-2002 S-C1-16 
06-Nov-2002 S-C2-3 
06-Nov-2002 S-C2-6 
06-Nov-2002 S-C2-7 
06-Nov-2002 S-C2-10 
06-Nov-2002 S-C2-14 
06-Nov-2002 S-C2-15 
07-Nov-2002 S-03-1 
07-Nov-2002 S-03-2 
07-Nov-2002 S-03-4 
07-Nov-2002 S-03-5 
07-Nov-2002 S-03-9 
07-Nov-2002 S-03-11 
07-Nov-2002 S-04-3 
07-Nov-2002 S-04-4 
07-Nov-2002 S-04-7 
07-Nov-2002 S-04-9 
07-Nov-2002 S-04-12 
07-Nov-2002 S-04-13 
07-Nov-2002 S-05-1 
07-Nov-2002 S-05-2 
07-Nov-2002 S-05-5 
07-Nov-2002 S-05-7 
07-Nov-2002 S-05-13 
07-Nov-2002 S-05-15 
07-Nov-2002 S-06-1 
07-Nov-2002 S-06-10 
07-Nov-2002 S-06-12 
07-Nov-2002 S-06-13 
07-Nov-2002 S-06-15 
07-Nov-2002 S-06-16 

10 

102 

10 

104 

105 

100 

10 

l OI 

100 

11 

11 

11 

11 

11 

11 

11 

11 

, Mean (LV) ------------------ ----> 
, Standard Deviation /Sl ----------------> 
s a (5%) ---- ------- ------------->· 
•16 (20%1------------------------> 
1 Num~ of Sii!nl>les ==--===--==> 

0.068 u 
0.057 u 
0.034 u 
0.058 u 
0.035 u 
0.04 u 
0.089 u 
0.045 u 
0.051 u 
0.052 u 
0.054 u 
0.067 u 
0.058 u 
0.095 u 
0.05 u 

0.058 u 
0.089 u 
0.047 u 
0.084 u 
0.07 u 
0.073 u 
0.054 u 
0.048 u 
0.11 u 

0.047 u 
0.11 u 
0.069 u 
0.098 u 
0.064 u 
0.082 u 
0.11 u 
0.059 u 
0.085 u 
0.066 u 
0.062 u 

0.1 u 
0.054 u 
0.093 u 
0.065 u 
0.066 u 
0.071 u 
0.031 u 
0.056 u 
0.045 u 
0.053 u 
0.16 u 

0.059 u 
0.1 1 u 

0.072 u 
0.07 
0.03 
1.645 
0.842 

1 
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0.076 
0.054 
0.053 
0.052 
0.085 
0.041 
0.085 
0.05 

0.101 
0.127 
0.179 

. 0.174 
0.462 
0.082 
0.071 
0.161 
0.179 
0.132 
0.121 
0.36 

0.192 
0.058 
0.448 · 
2.41 
0.055 
0.443 
0.603 
0.689 
0.221 
0.555 . 
0.356 
0.132 
0.081 
0.085 
0.07 
0.149 
0.429 
0.103 
0.433 
0.06 
0.1 

0.055 
0.123 
0.4t 5 
0.194 
0.918 
0.074 
0.12 
0.08 
0.25 
0.35 
1.645 
0.842 

1 
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J 0.13 u 
u 0.11 . u 
u 0.12 u 
u 0.12 u 
J o.on u 
u 0.093 u 
u 0.2 u 
u 0.11 u 

0.11 u 
0.15 u 
0.15 u 

0:191 
0.276 

J 0.22 u 
u 0.21 u 

. 0.133 
0.21 u 
0.17 u 
0.23 u 
0.2 u 
0.16 u 

u 0.13 u 
0.282 
1.02 

u 0.13 u 
0.25 u 
0.323 
0.28 u 

0.176 
0.261 
0.23 
0.13 u 

u 0.2 u 
J 0.14 u 
u 0.15 u 

0.1n 
0.315 

u 0.19 u 
0.29 u 

u 0.14 u 
u 0.14 u 
u 0.098 u 

0.135 
0.286 
0.432 

2.3 
J 0.13 u 
u 0.21 u 
u 0.217 

0.31 
0.66 
1.645 
0.842 

1 
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ATTACHMENT 3 
=== Bechtel Hanford In~ 

Originator M. T. Stankovich t4,V- Date 3/5/2003 Cale. No. 
Project Grou!> • Remedial Adlon Job No. 22192 Checked 

CVP-2002-00010 
Rev.0 

0100F-CA-vo152 Rev. No. o 

i..., G.I~ '"" ~-- Date ~ -5 -c,J 
Subject 116-F-6 LiQuid Waste Trench Sample Variance Calculation Sheet No. t.- of 7 

samp_num samp_date_tlme Sample Node Co60 Q Ca137 Q Eu152 Q 
1 J0O111 11/4/2002 S-A1 -2 0.1 U .. 0.394 0.38 U 
2 J0O112 11/4/2002 S-A1-3 0.057 U 0.332 0.143 
3J00113 11/4/2002 S-A1-4 0.089 U 0.558 0.346 
• J0O114 11/4/2002 S-A1-1O 0.055 U 0.286 0.2 U 
5 J00115 11/4/2002 S-A1-13 0.058 U 0.177 0.15 U 
e J00116 11/4/2002 S-A1-16 0.16 U 0.186 0.269 
7 J00117 11/4/2002 S-A2-3 0.057 U 0.108 0.21 U 
e J00118 11/4/2002 S-A2-6 0.081 U 0.237 0.32 U 
9 J00119 11/4/2002 S-A2-7 0.058 U 0.394 0.17 U 

10 J0012O 11/4/2002 S-A2-10 0.067 U 0.108 0.15 U 
11 J00121 11/4/2002 S-A2-14 0.087 U 0.108 0.22 U 
12 J00122 11/4/2002 S-A2-15 0.065 U 0.096 U 0.14 U 
13 J00123 11/4/2002 S-A3-1 0.071 u. 0.1 U - 0.22 U 
1• J00124 11/4/2002 S-A3-2 0.066 U 0.072 J 0.161 
15 J00125 11/4/2002 S-A3-4 0.06 U 0.067 U 0.14 U 
1e J00126 11/4/2002 S-A3-5 0.11 0 0.095 U 0.23 U 
17 J00127 11/4/2002 S-A3-9 0.063 U 0.885 0.334 
1e J00128 11/4/2002 S-A3-11 0.12 U 0.11 U 0.22 U 
19 J00129 11/4/2002 S-A4-3 0.076 U 1.74 0.635 
20 J0013O 11/4/2002 S-A4-4 0.067 U 0.166 0.17 U 
21 J00131 11/4/2002 S-A4-7 0.056 U 0.127 0.11 U 
22 J00132 11/4/2002 S-A4-9 0.03 U 0.129 0.099 U 
23 J00133 11/4/2002 S-A4-12 0.067 U 0.39 0.18 U 
24 J00134 11/4/2002 S-A4-13 0.039 U -0.037 U 0.087 U 
25 J00135 11/5/2002 S-B5-1 0.063 U 1.16 0.613 
:ze J00136 11/5/2002 S-B5-2 0.039 U 0.547 0.293 
27 J00137 11/5/2002 S-B5-5 0.058 U 0.133 0.14 U 
29 J00138 11/5/2002 S-B5-7 0.035 U 0.118 0.12 U 
29 J00139 11/5/2002 S-B5-13 0.043 U 0.041 u 0.09 U 
30 J0014O 11/5/2002 S-B5-15 0.11 U 0.084 u . 0.15 U 
31 J00141 11/5/2002 S-B6-1 0.043 U 0.046 u 0.12 U 
32 J00142 11/5/2002 S-B6-1O 0.08 U 0.072 u 0.2 U 
33 J00143 11/5/2002 S-B6-12 0.06 U 0.234 0.464 
34 J00144 11/5/2002 S-B6-13 0.071 U 0.078 u 0.17 U 
35 J00145 11/5/2002 S-B6-15 0.04 U 0.037 u 0.093 U 
311 J00146 11/5/2002 S-B6-16 0.027 U 0.053 J 0.068 U 
37 J00147 1-1/5/2002 S-B7-1 0.045 U 0.043 u 0.099 U 
,e J00148 11/5/2002 S-87-3 0.026 u 0.096 J 0.061 u 
39 J00149 11/5/2002 S-B7-4 0.035 u 0.113 0.092 J 
•0 J00150 11/5/2002 S-B7-5 0.081 u 0.1 u 0.14 u 
4; J00151 11/5/2002 S-B7-8 0.059 u 0:328 2.84 
42 J00152 11/5/2002 S-B7-11 0.086 u 0.135 0.13 u 
•, J00153 11/6/2002 S-B8-2 0.091 u 0.198 0.19 u 
.. J00154 11/6/2002 S-B8-3 0.11 u 0.1 u 0.2 u 
•5 J00155 11/6/2002 S-B8-4 0.066 u 0.086 J 0.16 u 
411 J00156 11/5/2002 S-B8-8 0.149 0.836 5.66 
47 J0O157 11/5/2002 S-B8-12 0.061 u 0.284 0.163 
.a J00158 11/5/2002 S-B8-13 0.068 u 0.076 J 0.13 u 
•9 J00866 11/6/2002 S-C9-3 0 .057 u 0.054 u 0.11 u 
5C1 JOQ867 11/6/2002 S-C9-4 0 .034 u 0.053 u 0.12 u 
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~ Bechtel Hanford lnc._J . 

Originator M. T. Stankovich ~ Date 3/5/2003 
Project Group 4 Rorne<111 _, Job No. 22192 

CVP-2002-00010 
Rev.O 

Cale. No. 0100F-CA-vom . Rev. No. o 
Checked ·. ,SIJ e,.,t,.., "we. Date 3.5.c,~ 

Sublect 116-F-6 Liquid Waste Trench Samole Variance Calculation Sheet.No. ? of 7 
samp num . 

1 J00868 

53 

S4 

55 

50 

57 

50 

51 

eo 
01 

02 

03 

04 

05 

OIi 

07 

" 
08 

70 

71 

n 
73 

74 

75 

71 

77 

71 

79 

eo 
11 

02 

83 

04 

05 

Ill 

07 

" 
119 

J00869 
J00870 
J00871 
J00872 
J00873 
J00874 
J00875 
J00876 
J00877 
J00878 
J00879 
J00880 
J00881 
J00882 
J00883 
J00884 
J00885 
J00886 
J00887 
J00888 
J00889 
J00890 
J00891 
J00892 
J00893 
J00894 
J00895 
J00896 
J00897 
J00898 
J00899 
J008B0 
J00881 
J00882 
J00883 
J00884 
J00885 
J00886 
J00887 

1 J00888 
90 

9 

112 

93 

1M 

95 

911 

J008B9 
J008CO 
J008C1 
..!008C2 
J008C3 

samp date time 

11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11/6/2002 
11ll/2002 
11ll/2002 
11ll/2002 
11n12002 
11n/2002 
11n/2002 
11n/2002 
11n/2002 
11n/2002 
11n12002 
11n12002 
11n/2002 
11n/2002 
11n/2002 
1-1n12002 
11n/2002 
11n12002 
11n/2002 
11n12002 
11n/2002 
11n/2002 
11n/2002 
11n/2002 
11n/2002 

Sample Node Co60 Q 
S-C9-5 o·.osa u 
S-C9-10 0.035 U 
S-C9-14 0.04 U 
S-C9-16 0.089 .U 
S-C10-3 0.045 U 
S-C10-4 0.051 U 
S-C10-8 0.052 U 

S-C10-10 0.054 U 
S-C10-14 0.067 U 
S-C10-16 0.058 u 

S-C1-2 0.095 U 
S-C1-3 0.05 U 
S-C1-4 -0.058 u 
S-C1-1 0.089 U 
S-C1-13 0.047 U 
S-C1-16 0.084 U 
S-C2-3 0.07 U 
S-C2-6 0.073 u 
S-C2-7 0.054 U 
S-C2-10 0.048 U 
S-C2-14 0.11 U 
S-C2-15 0.047 U 
S-D3-1 0.11 U 
S-D3-2 0.069 U 
S-D3-4 0.098 U 
S-D3-5 0.064 U 
S-03-9 0.082 U 
S-D3-11 0.11 U 
S-04-3 0.059 U 
.S-04-4 0.085 U 
S-04-7 0.066 U 
S-04-9 0.062 U 

S-04-12 0.1 U 
S-04-13 0.054 U 
S-05-1 0.093 U 
S-05-2 0.065 U 
S-D5-5 0.066 U 
S-05-7 0.071 U 
S-DS-13 0.031 U 
S-DS-15 0.056 U 
S-06-1 0.045 U 
S-06-10 0.053 U 
S-06-12 0.16 u 
S-06-13 0.059 u 
S-06-15 0.11 u 
S-06-16 0.072 u 

C-56 

·C.137 ,Q ' Eii152 :a 
0.052 U 0.12 U 
0.085 J 0.077 U 
0.041 U 0.093 U 
0.085 U 0.2 U 

0.05 U 0.11 U 
0.101 0.11 U 
0.127 0.15 U 
0.179 0.15 U 
0.174 0.191 
0.482 0.276 
0.082 J 0.22 u 
0.071 U 0.21 U 
0.161 0.133 
0.179 0.21 U 
0.132 0.17 U 
0.121 0.23 U 

0.36 0.2 U 
0.192 0.16 U 
0.058 U 0.13 u 
0.448 0.282 

2.41 1.02 
0.055 U 0.13 u 
0.443 0.25 u 
0.603 0.323 
0.689 0.28 u 
0.221 0.176 
0.555 0.261 
0.356 0.23 
0.132 0.13 u 
0.081 U . 0.2 u 
0.085 J 0.14 u 

0.07 U 0.15 u 
0.149 0.177 
0.429 0.315 
0.103 u 0.19 u 
0.433 0.29 u 

0.06 u 0.14 u 
0.1 u 0.14 u 

· 0.055 u 0.098 u 
0.123 0.135 
0.415 0.286 
0.194 0.432 
0.918 2.3 
0.074 J 0.13 u 

0.12 u 0.21 u 
0.08 u 0.217 
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-;; r:_ = CALCULATION SHEET 

Originator G. Cruz Date 12/6/2002 Cale. No. 0100F-CA-V0159 

Project 116-F-6 Liquid Waste Disposal Trench 
Shallow & Deep Zone Design Job No. 22192 Checked 

Subject 116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design 

1 Problem: Calculate and display required sampling nodes in concurrence with 100 Area i 

2 SAP DOE/RL-96-22 Rev. 3 for verification and closure. ! I 

3 : i I : 

4 Given: -SAP (DOE/RL-96-22 Rev. 3) and IG (0100X-IG-G0001 Rev. 3) requirements 

5 -Shallow Sampling Area (Surface area of each zone determined from CAD program, 

6 Attachment 3 , Shi 1 of 2, CAD file 1F:110502E, 116-F-6 Shallow Zone Sampling Plan) 

7 -Deep Zone Sampling Area (Surface area of each zone determined from CAD program, 

8 Attachment 3, Shi 2 of 2, CAD file 1F:110502F, 116-F-6 Deep Zone Sampling Plan) 

9 i i i 
I 

o SAP and IG Requirements: i 
I i 
I 

1 -Develop a 16 node sampling grid for the sampling area I ; 

2 Shallow Zone-Use appendix A of the IG to determine which six of the sixteen will be sampled 

3 

4 

5 

6 

7 

8 

9 

1 

20 

2 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

to collect HPGe and clean up verification samples 
; 

I i 
' 

; i 
I I 
I -
I 

: 
. --

---
I ' 

Determination of Sha!_IC?w Zone Sampling Grid: 
! 

Shallow Zone Sampling Grid Area determined from Table 5-1, IG 
Attachment 2, Number of Decision Subunits Based on Area (Converted to Sq Meters) 

I 
•, 

.... 
Total Area: I ' 3337.91 ,m2 

Area of Decision Subu~its (total area 4 subunit) : 834.47 .m2 

I ! 

Decision Subunit divided into 4 Sampling Areas: i 208.61 m2 

I ! ---
Sam_pling Areas divide<f into a 16 node grid (node numbers 1-1 6): : 13.03 m2 

l 
Nodes to be SamplE:<!.< as determined from Attachment 1, Table A -1, Sample Grid Point Lookup Table) 

; See A_~ chment 3, Sht 1 of 2, 116-F-6 Shallow Zone Sampling Plan, 

--· !for SamP.le Location Table 

i 

I I . 
I 
! ··· ·•· 
i 
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Rev. 0 
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-1t.-- CALCULATION SHEET · 

Originator G. Cruz Date 12/6/2002 Cale. No. 0100F-CA-V0159 

Project 116-F-6 Liquid Waste Disposai Trench . 
Shallow & Deep Zone Design Job No. 22192 Checked 

Subject 116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design 

1 i I I i 
2 l ! ! I 
3 Determination of Deep Zone Sampling Grid: I 

I 

4 I I I I 
s Deep Zone Sampling Grid Area determined from Table 5-1 , JG ! 
s Attachment 2, Number of Decision Subunits Based on Area (Converted to Sq Meters) 
7 I I ! I 
s Total Area: I I I I I 1934.35 m2 

g Area of Decision Subunits (total area 2 subunits) ! 967.17 m2 

0 I I I ! 
1 Decision Subunits divided into 3 Sampling Areas: I 322.39 m2 

2 
I I I i I 

3 Sampling Areas divided into a 16 node grid (node numbers 1-16): ! 20.14 Im2 

4 I I I I 
s Nodes to be Sampled (as determined from Attachment 1, Table A-1 , Sample Grid Point Lookup Table) 
6 

7 

8 

1 

7 

1 

19 

20 

2 

22 

23 

24 

25 

26 

2 

28 

29 

30 

3 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

~ -

!See Attachment 3, Shi 2 of 2, 116-F-6 Deep Zone Sampling Plan, 
!for Sample Location Table I 
I I I ! 
I ! i ! 
I ! ! : 
'. : I I i 
! ! ! : 

I 
I ! I i 

i I i 

i i ! ; 

! I i I I ' I I I I ! I 

i ' I ! I 

i I ' 
! i I I 

I 

! i i 
! I i i 
! ! i 

I 

I ! ! 
l I I ' 

i i ; 
! I i 

i I ' 
! ! 

' 
; ' ' I ' 

! I 
I I ' 
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I 
i 
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! I 
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I . 
l I 

I 

! 

I 

CVP-2002-00010 
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6 Rev. No. ------cw Date Jzft/4'1, 
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CVP-2002-00010 
Rev. 0 

. 1ll----- -
Orlglnator G. Cruz .· Date 12/6/2002 Cale. No. 0100F-CA-V0159 Rev. No. 6 
Project 116-F-6 Uqu;d W,ste Dh,posolT,ench A # j, 

Shallow & Deep Zone Design Job No. 22192 Checked lblD Date }~I ~Z. 
Subject 116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design Sheet No 

1 

1 ATTACHMENT 1 
2 

3 Sample Grid Point Lookup Table. 
4 

5 

' r 
' 

Default Plan 

HPGe/Closeout 
HPGe/Closeout· 

I . HPGe/Closeout 

) 

I 

! 

I 

I 

i 

I 

I 

I 

1 

20 

21 

22 

HPGelCloseout 

HPGe 
HPGe 

Nol Sampling 

Not Sampling 

Nol Sampling 

Nol Sampling 

Not Sampling 

Not Sampling 

Not Sampling 

Not Sampling 

Not Sampling 

NotSampling 

Sampling 
A,.a 1 

3 

4 

16 

10 

2 

13 

6 
1 

9 

15 

8. 
5 

7 
11 

12 
14 

Sampllng Sampling 
A,.a2 A,.a J 

6 1 
7 11 

3 2 
15 4 
14 5 

10 9 
1 10 
9 13 
12 7 
16 15 

13 8 

2 3 
11 14 
4 6 
8 16 
5 12 

Sampling Sampling SampAng Sampling _Sampling 
A,.a4 A,.a 5 Areal A,.a7 A,.al 

" 5 1 3 3 

3 15 15 5 13 

7 7 10 11 4 

12 1 13 4 8 

9 13 12 8 2 

13 2 16 1 12 

8 14 4 16 5 

1 10 5 12 1 

5 6 2 6 7 
14 16 6 2 15 

10 12 11 13 14 

11 4 3 9 10 

15 11 14 14 6 

2 9 7 7 11 

16 3 8 15 9 

6 8 . 9 10 16 
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Project 116-F-6CleanupVerfficalion JobNo. 22192 Checked~·.; .~ .J Dale l'{/;i:l 
Sub 116-F-6, 160B·F Verilicalion95%UCLCalculation SheetNo, 1015 

1 Purpose: ,.,..,...,,,_., . · 
2 Calculate the 95% UCL to evaluate con1)liance with cteanup standards for the 116-F-6 Trench. Abo, calculate the can:inoge, ,;c risk for applicable nonradionucllde analyln 
3 (shallow zone only), WAC 173-340 (Model Toxics Control Act (MTCA)) 3-patl test, R reqund (al nonradionuclide analytes), and the relative percent dilhHence (APO) lo< each 
4 contaminant of concern (COC). . 

5 
6 
7 
8 
9 
10 
11 
12 

Table of Contents: 
Page 1 of 5: Calculation Sheet Summary (Page 1) 
Page 2 of 5: Calculation Sheet Summary (Page 2) 
Page 3 of 5: Shallow Zone Data 
Page 4 of 5: Deep Zone Data 
Page 5 of 5: Split -Oup Analysis 

13 Given/References: 
14 1) S8111)1e Results 
15 2) Lookup values trom Remedial Design Repo,tlAemedlaf Action WOik Plan (AOR/AAWP) (DOE-Al 2002). Al lookup values and AAGs are iaJcen from 
16 AOR/AAWP unless otherWise specified. 
17 3) DOE-AL. 2001, 100 Area Remedial Action Saff1)1ing and Analysis Plan (SAP), OOE/AL-96-22, Rev. 3. U.S. Oepnnenl 01 EnervY. Alcf1land 
18 Operations Office, Rfchland, Washington. 
19 4) DOE-Al, 2002, Aem9diBI Design Repo,tlAemedlal Action WOik Plan for the 100 Area. OOE/Rl.·96-17. Rev. 4, U.S. Oepartmenl of 
20 Enel!IY, Alchland Operations Office, Alchland, Washington. 
21 5) BHI, 1999, Instruction Guide for the Remediation of the 100-BC-1, 100-0R-1, and 100-HA-1 Waste SIies, 0100X-IGG0001 , Rev. 4, 
22 Bechtel Hanford, Inc., Alchland, Washington. 
23 6) Model Toxics Control Act. Washlnglon Admlnls1rative Codtt-173-340, and Statistical Guidance for Ecology Site Manage,8, 
24 Ecology P\Jb. 192-54. Washington Oepat1menl of Ecology, Otympia. Washington. . 
25 7) Ecology, 1993, StatiStiCal Guidance for Ecology Site Managers, Supplement S-6, Analyzing Site or Bacl<ground Data with 
26 Below-Detection Umit or Below-POL Values (Censored Data Sets). · 
27 8) EPA. 1994, WSEPA Contrac! Laboratory Program National Functional Guidelines for Inorganic Oa1II Review, EPA 640IA-94/013. 
28 9) Ecology, 2001 Model Toxl<: Control Act Cleanup levels and Rlsk Calculations (CLAAC Ill) Update, Poolica1lon #940145, Washington State Department of 
29 Ecology, Olympia, Washinglon. 

Sofutlon: 
30 
31 
32 
33 
34 

Calculation methodology Is described In Ecology Pub. 192•54 and below. Use data from attadlad worlaslwets lo cak:ulale IMI 95% upper confidence limit (UCL) 
for each analyte, calculate can:inOgenic risk, perlonn the WAC 173-340 ~ test for nonra<ionucides, and cak:ulale an APO for each COC as Indicated. 

35 Calcufatlon Description: 

36 The aooject calculalionS wen, perlorm8d on data from sol verification samples from waste site 11~ Trench. The d_ala were ententd inlo an exca 97 

37 spreadsMet and calculations performed by utilizing the built-in spre-t lunclions and/or aeallng fonnulae - the eels. The statis1lcaf evaluation of data 
38 1or use In acconlanCe with the ROR/AAWP Is ~ed by 1hls calcutation. Split and dupicala RPO results a,e used In evaluation of data quality and 819 

39 presented In the CleanUP Verfication Package (CVP) for 1hls site. 

40 
41 . Melt>odolOgy: 
42 The statistical value calculated to evaluate the effectiveness of cteanup was the 95% UCL For nonradioactive analylH with > 50% 01 the da1a below delection 
43 lmts, the maximum value for the sample data was used Instead of the 95~ UCL Al nonnidionucllde (e.g., metals) data reported as being below detecllon imits 

44 wen, set to on&-hall the detection llmit value for calculation of the stalistlca (Ecology, 1993). For radionuclde data, caJcutatlon 01 the slatiatica was done on the 
45 reported value. In cases where the laboratory does not report a value below the minimal delectable actMly (MOA), hall of the MCA ia used In the calculation. 

"6 
47 For the statistical evaluation of duplicate sample pan, the S8"'1'les are averaged before being lnCluded In the data set, alter ~ tor censored 
.a ta as described ..,.,.,._ 

49 
50 The estimated hazanl quotienl (for applicable nonradlonucllde COCs) Is determined by dMdlng the s1atlstical l/8lue {derived In this calcula1lon) by the WfJC. 173-340 B 
51 non-can:lnogeni cleanup lirllil The nonradionuctlde cardnogenic risk, above background, Is cfelemined by divtclng the ata1lsticaf value by the W/oC 173-340 B 
52 carcinogenic cleanup linVI and then muftlptying by 104

• For data sets where al values are below detecllon, ..--01 these cafculations.,. reqund. F0< noncarcinogenlc 
53 nonn,dionudide COCs, onl:y the estimated fraction of risk computation must be pet1ormed. 

54 
55 The W/JC, 173-340 3-par1 test deteminea if: 
56 1) the statistical value e)l(:ffds the most slringent cteanup lfnit tor each non-radionuc:11 COC, 
57 2) greater than 10% of the raw data exceed the most stringenl cleanup limit for each non-radionuClde COC, 
56 3) the maximum value of the raw data set exceeds two times the most Sl1ingent cleanup 111111 for each non-radionudide COC. 

59 
60 The 3-par1 test 1s pe,tonnod for nonradionudide anafy1es tound In lhalow zone and deep zone IOI. 

61 
62 The RPO Is pe,formed when both the main value and, either the dupficate or spll1 values are aboYe delection lmlls and are greatar than 5 times the target detection limit (TOL). 
63 The TDL Is a laboratory detection fimi1 pre-detemwned for each analytical method. These delection limit requirements are located in Table 11-2 of the SAP, DOE/Rl..-96-22, 
64 where 1hey are referred to as the AOL The RPO calculations use the foflowlng fornua: APO =( IM-SV((M+S)l2)r100 

65 
66 where,' M z Main Sample Value S • Spit (or duplcate) S8ll1)ie Value 

67 
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116-F-61 1608-F Uguld WHte Disposal Trench Cleanup Verlflcallon 95% UCL Calculation 

1 
2 
3 
4 

5 
6 
7 
8 
9 
0 1 

11 

1111-F-2 T,.nch .,_., zo,. Data 
Sample HEIS 

ArH Number 
OA1 JOOII01 

Duplicate of 
J00e07 J008O1 

DA2 J00e02 
OA3 JOOtl03 
084 J00IIOC 
DBS J009llll 
086 JOOell8 

Sample 
Dai. 

21-Nov-2002 

21-Nov-2002 

21-Nov-2002 
21-Nov-2002 
21-Nov-2002 
21-Nov-2002 
21-Nov-2002 

12 SI I i ICom at at ca ,outallon Input Data 
13 
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15 
16 

17 
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20 
21 

22 

23 
24 
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26 
27 

28 
29 
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Sample HEIS Sample 
Point Number Date 
DA1 J00e01/JOOII07 21-Nov-2002 
DA2 .mecn 21-Nov-2002 
OA3 J008D3 21-Nov-2002 
084 JOOII04 . . 21-Nov-2002 
085 J009llll 21-Nov-2002 
086 JOOell8 21-Nov-2002 
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at. dev. 
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uee-01 UOE-02 3.BOE-OZ u 3.BOE-OZ 
3.BOE+OO UOE-02 4.81E-Of UOE-OZ 
1.22£+01 II.BOE-02 1.14E-Of 4.90E-OZ 

Ca-137 co-eo 
oCla oCUa 

I.ZCE-02 2.10E.Q2 
4,77E-01 3.90E-()2 
f.ME-01 2.85E.Q2 
UIE-01 f.90E.Q2 
3.BOE+OO U1E-Of 
1.22E+01 1.14£-01 

c .. 1s1 Co-80 

Radlonuctlda dala 1at. Radlonucilda dala set. Use 
Use nonparamelric z-atat nonparametric z-1tat 

I ' 
°"' """ 

UIIE+Ot 1.9011-01 
'-79E+Ot 2.391:-01 

1.845 1.&15 
e.OIIE.a 3.40E-01 
1,22f+01 5.14£-01 
8.081!.M 3.40E-Of 

HI N.A 
I .OIE 3.40E-01 

6.:. 1.4 

35 
36 
37 
38 
39 
4c;> 
4,1 
42 
43 
44 
45 
,46 

47 
48 

Moat Sb1naent CleanUP Llmtt for nonradlonucllcle and RAG T...,. 
WAC 173-34O3-PARTTEST 

95% UCL> Ci.&nup Umll? 
> 10% above Cleanup Uinlt? 

Any sample > 2X Cleanup Lirnlt? 
. _EJ(CESS RISK EVALUATION 
, :.WAC 173-340 B Non-Carcinogenic Cleanup: 

Hazard quotlant for each nonradlonucllde: 
WAC 173-340 B ~•rclnogenlc Cleanup: 

Exceu risk for each ca...._nlc 
NON-flAD,SUMMARY 

WAC 173-340 3-Pan-Teat Compliance: YES 
Nanracl noncarclnogenlc awn of quollanta: 3.291:-03 

Nonracl carclnoaenlc rlak: 8.27E-<l7 

CALCULATION SHEET 

Cale. No.: 0100F-CA-V0141 • 
Checked by: J .E. Thomson flll--

T .8. Miley l& 

Eit-152 Eit-154 
DCVa Q MOA pCUa, Q MDA 

1.38£-01 UOE-02 1.IOE-01 u 1.tOE-0, 

f.llOE-01 u 1.eoe-01 1.BOE-01 u t .BOE-01 

1.12E+OO UOE-02 1.0IIE-01 II.IIOE-02 
ll.90E-01 1.IOE-01 2.00E-01 u 2.00E-01 
3.40E-01 7.30E.()2 f.30E-01 u 1.30E-Of 
UIE+OO UOE-01 7.7•E-Ot 2.20E-01 
f.27E+01 UOE-01 1.24E+OO 1.7CE-01 

Ei.-152 Eit-154 
pCVa PCVa 

1.13E-Of 7.25E-OZ 
1.12E+OO 1.oee-01 
8.90E-Of f.OOE-01 
3.40E-01 8.IIOE-02 
U1E+OO. 7.74£-01 
1.27E+Of t.24E+OO 

Eit-152 Eit-154 

Radlonucflda data set. Use Radionuclide data set. Uae 
nonparametric z-atal nonparamelric z-atal 

°"' 50% 

3.91E• Ol 3.93E-01 
5.38E.OO UIIE-01 

1.845 1.845 
7.51!+00 727E-01 
127E+01 1.24E+Otl 
7.81!+00 7.27£-01 

NA . NA 
7.111.00 7.27£-01 

3.3 :<.c 

::~No.: &13 
Sheet No• 4of5 .. 

Sr-90 
JK,Vg Q MDA 

3.111£+01 3.30E-()1 

8.71E-Of 2.20E.()1 

1.113£+01 3.00E-01 
1 ... E+OO 2.ooe-01 
2.32E+OO 2.30E-()1 
f.17E+OO 2.ooe-01 
S.17E+OO 2.ZOE-01 

Sr-90 
PCVg 

1.e3E+0t 

f.113E+Of 
1 ... E+OO 
2.32E+OO 
1.f7E+OO 

5.17E+OO 

Sr-90 

Radlonucflde data 1al Use 
nonparametric z-1ta1 

°"' 7.17E+Ot 
7.!IEJII 

1.845 
1.211E+01 
3,18E+01 
1.281!+01 

N.A 
1.281!+01 

4 .D 

• . 

er•· 
mokg Q PQL 

7.10E-()1 •.10E-ot 

. 8.00E-01 •.1oe-01 

II.BOE-Of , ,20E-01 

1.?0E•OO •.ZOE-01 
4.20E-Of u , .20E-Ot 

4. tOE-01 u , .,oe-01 
1.7CE+OO 4.20E-Of 

Cr+ll 
mnll<n 
U5E-01 
8.BOE-0, 

1.70E+OO 

2.10E-Of 
2.0IE-01 
f.70E+OO 

Cr+ll 

smen data set. Use 
nonparametric z-atal . 

' :ml, 

USE-01 
l .84E-Of 

1.545 
1.32E+OO 
1.701!-
f.32E+OO 

NA 
1.32£+00 

2.0 River Protection 

NO 
NO 
NO 

400 
3.29E-03 
2.1 
6.27E-07 

::0 (') 
~< • '"'O 
ON 

0 
0 
N 
6 
0 
0 _. 
0 
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• B«htlt n,atoat tac; 
CALCULATION SHEET 

Originator 
Project 
8ublecl 

BIIIHudson (ipl\- Dale: ?,J~/o~ 
116-F-6 Claonup Vanfication Job No.: ~ 
116-F-61 1608-F Uquid Wula Oiapooll Tranc:h Cleanup Varlflcatlon 95% UCL CalcUlatton 

Trench SnlltJDunllca1a An•lvala: 
Sample I Ca-137 I CHO I Eit-152 

Al9a HEISNu- I DCVa Q MDA I DCVa 101 MDA I DCVa 0 MDA 
T-ch Shallow Zana AHulla: 

SA1 JOOBFO 3.13E.Ot 4.:IOE-02 4.20(41 u • . il0E41 1.G-01 1.00E-01 

Duplcateol 
J008H6 3.2IE.01 :uoe41 3.30£-02 u :UDE-02 1.15E-01 1.IIDE-02 

J008F0 
Splk 01 

J008H7 2.17£-01 1.11£41 111E-OZ u 2.<1£41 4.51£41 u a..etE-02 
J008FO 

Tl9nch •- ZDM RHulla: 
DAI J008D1 UDE-02 3.<0£-02 2.10£41 u 2.10£41 1.58E.01 1.50£-02 

Oupllc11101 ' 
J008O1 J00e07 UDE-02 s.u41 u0&41 u UOE-02 1.IIDE-01 u 1.I0E-01 

Splltof J00809 1.12£42 .t.71E-02 USE-OIi 
J008D1 

u l.O::ZE.OZ 1.1<£-02 u 1.Z2E-01 

Trench Shallow Zona Analvtlle: 
CfOll 0.1 0.05 0.1 

Both> 

Oupllcatl - MDA? v .. ,_, No-..,_, ............. , YH lcantlnual 

Analytlo 
Boll1 >SKTOL? No-Sloo No-" ..... ·--111>1,1 

RPO 
Both> 
MDA? YH tcontlNMI No-"""' ,-a111e1 No-Sloo ,.,,,.....,.., 

9plll Analylla 
Both >SxTDL? No-"""''__,lll>lal 

RPO 

RPO 

Cele. No.: 
Chackadby: 

0100F-CA•V0U1 • 
J .E. Thomson P?­
T.B. Miley 38 

I Eit-115" I Sr-90 
I DCVa 01 MDA I DCVa 101 MDA 

UOE-01 u 1.30E.01 1.&IE..00 2.30£-01 

1.20£-01 u UOE-01 2.11£-01 2.20£-01 

2.1<£-02 u l.2SE41 2.21£-01 1.<0£-01 

1.10£-01 u uoe-01 3.IIE..01 3.30£-01 

UOE-01 u 1.IOE.Ot l.71E-01 2.20£-01 

1.10£-GI u 1.ae-01 1.74E..CO 1.17E-01 

0.1 1.0 

No-Sim YH 1.-lnu1\ 

No-Stoo , _ _..,al 

...._.,,_ Y•••-1nue1 

""'""""' 

Rav. No.:WO. 
Dale: :J 

IIIIMINo.: S S ----
I c,-
1-nl0I P0L 

4tOE.:01 u 00&-01 

4.IOE-01 u 4.IOE-01 

0.00£.CO UDE-01 

7.IOE-01 •.00£~)1 

I.OOE-01 4.00E-01 

4,,•-01 a<>DE-02 

0.5 

No-Sinn'__._.,.., 

Nt...Cllnn l.,._,,ohlal 

;oo 
CD < 
:::- "'O 
ON 

0 
0 
~ 
0 
0 
0 ...... 
0 
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· • ISechtcl Hanford, Inc. CALCULATION SUMMARY 
Originamr: B.Hudson Cale. No.: 0100F-CA-V0143 

Project: 116-F-6 Cleanup Vcrificati011 Job No: 22192 Oiccked: s. w. Clark ":(..J ~ 

Subject: 116-F-6 Cleanup V crificatiOD RES RAD Calculalion 

1 PROBLEMSTATEMENT:. 
· 2 

CVP-2002-00010 
Rev.O 

Sheet No. I of S 

3 Calculate the soil and groundwate~ concentrations, dose, and risk contributions from remaining 
4 radionuclide contaminants in the vadose zone soil at the 116-F-6 Liquid Waste Disposal Trench 
5 remediation site over a period of 1,000 years. 
6 
7 REFERENCES: 
8 

· 9 1) Cleanup verification data from 116~F-6 Cleanup Verification 95% UCL Calculation, 
10 Calculation No. 0100F-CA-V0141, Rev. 0, Bechtel.Hanford, Inc., Richland, Washington. 
11 . 2) Remedial Design Report/Remedial Action Work Plan for the 100 Area (RDR/RA WP), 
12 DOFJRL-96-17, Rev. 4, U.S. Department of Energy, Richland Operations Office, Richland, 
13 Washington. · 
14 3) Radioactive and nonradioactive contaminants of concern from the 100 Area Remedial Action 
15 Sampling and Analysis Plan (100 Area SAP), DOF/RL-96-22, Rev. 3, U.S. Department of 
16 Energy, Richland Operations Office, Richland, Washington. For the purpose of these 
17 RESRAD calculations, the radioactive contaminants of concern (COCs) are cobalt-60, 
18 cesium-137, europium-152, europium-154, and strontium-90. Hexavalent chromium is the 
19 only nonradionuclidc COC. 
20 4) RESidual RADioactivity (RESRAD) computer code, version 6.21, to calculate compliance 
21 with residual radioactivity guidelines, developed for the U.S. Department of Energy by the 
22 Environmental Assessment Di.vision of Argonne National Laboratory, Argonne, Illinois. 
23 
24 SOLUfION: 
25 
26 1) Separate RESRAD runs were performed for the relevant vadose zone soil horizons (shallow 
27 zone and deep zone). Table 1 shows the elevations (NA VD'88) and dimensions of each soil 
28 horizon. The shallow zone was chosen as the sidewalls of the excavation to 4.6 m deep 
29 (from the backfill reference elevation of 127.5 m to an elevation of 122.9 m). The deep zone 
30 is the remaining portion of the vadose zone from 4.6 m below ground surface to groundwater 
31 ( elevation 114.0 m). The total-plan view area of the excavation was used to conservatively 
32 estimate the site area input parameter for each soil horizon. Attachment 1 shows the 
33 dimensions of each soil horizon and the contaminant pathways considered for dose, risk, and 
34 groundwater protection. 
35 
36 Input factors for each run are shown in the "Summary" section of the RESRAD "Part I: 
37 Mixture Sums and Single Radionuclide Guidelines" printouts in the Attachments to this 
38 Calculation Summary. 
39 
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• Bechtel Hanton( Inc. CALCULATION SUMMARY 
Originalor: B. Hudson Date: 2•Z'C••~ Cale. No.: 0100F-CA-VQ143 

Project: 116-F-6 acanup Verification Job No: 22192 Olecked: s.w.aart 
Subject: 116-F-6 aeanup Verification RP.SRAD Calculation 

CVP-2002-00010 
Rev. 0 

Table 1. Dimensions and Elevations of 116-F-6 Soil Horizons 

Vadosc?.<me Upper Lower 
Thickness 

RESRADRun# 
Horizon 

Elevation Elevation 
(m) 

(m) (m) 

1-Radionuclides Shallow 2.one 127.5 122.9 4.6 

2-Radionucildes Deci>2.one 122.9 114.0 8.9 

I 
2 2) The year where the peak dose (or concentration) occurs from each individual COC and layer 
3 is determined by a preliminary run. This year is then added for all horizons for the final 
4 RESRAD runs. For the direct exposure pathways (i.e., soil ingestion and inhalation and 
5 external radiation), the peak year occurred at year 0 (the present, year 2003). For the water 
6 dependent pathways (i.e., drinking water and food ingestion) the peak years were year 7.2 for 
7 cobalt-60 and year 42 for cesium-137 and strontium-90. The 7 .2 and 42-year time periods 
8 were included in all of the RESRAD runs. 
9 

10 METHODOLOGY: 
11 
12 1) Runs of RESRAD Version 6.21 were completed for the vadose zone using the radionuclide 
13 concentrations shown in Table 2. RESRAD numerical output reports for dose, risk, and 
14 concentration for the shallow and deep zones are presented in the Attachments to this 
15 Calculation Summary. Shallow and deep zone concentrations of hexavalent chromium are 
16 included in Table 2 for evaluation of their potential to affect groundwater or the Columbia 
17 River. However, the concentrations of hexavalent chromium are less than the remedial 
18 action goals (RAGs) from the RDR/RA WP so no evaluation is necessary. 
19 

Table 2. Cleanup Verification Data Set 

RadJonuclide COCs 
Shallow 'h,ne• Deen Zo111! 

Radionuclide Actlvitv. nCV2 
Cs-137 5.25E-Ol 6.0SE+-00 
Co-60 2.67E-02 3.40E--01 
Eu-152 2.77E-Ol 7.51E+OO 
Eu-154 5.77E-02 (U) 7.27E-Ol 
Sr-90 9.69E-Ol 118E..Ol 

Nonradlonudide COCs Nonradlonucllde Con~ntration. -nc. 
Cr(VI) 5.30E-Ol • l.32E+OOD 

• 1bc SbalJow 2.one aad Deep :zone coacentntions are from die 116-F-6 Ckanup Vtrj,licotion 95'l& UCL Caladation, Cak:ulalioa 
No. OIOOF-CA-VOl'1, ReY. 0. 
• Value wu oot illput into RESRAD because the coaceotntioa is below RAOs, below Hanford Site backpouad, below WulJia&taa 
Siate backpound. or because the aaalyte was DOt delectcd in cleanup verific:aliQD samples at die iDdic:alcd PQLs. 
ltn s All analYlical results for lbc data Id wae below laboral,an, delicccioD limits. 

20 
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• Bechtel Hanford, Inc. CALCULATION SUMMARY 
Originator: B. Hucboo Date: 

Project: 116-F-6 Cleanup Verification Job No: 

Subject: 116-F-6 Ceanup Verification RESRAD c.lculation 

l RESULTS: 
· 2 

3 1) Radionuclide "All Pathways'' Dose Rate: 
4 

Clleckcd: s. w. Clark :'<,,J,:_ 

5 1) The "al] pathways" (maximum) dose rates are shown in Table 3. The maximum total all 
6 pathways dose rate of 5.81 mrem/yr occurs at year zero (2003) (principally from the shallow 
7 zone). The maximum deep zone dose rate of 5.24 x 10·1 mrem/yroccurs in year 42. 
8 

Table 3. All Pathways Dose Rate (mrem/yr) 

RESRAD VadoseZone "All Pathways" Dose Conttibutions in mrem/yr at Each Time Slice (yr) 

9 
10 

Run# Horizons 

1 Shallow Zone 

2 Deep Zone 

Total All Pathways Dose 
Rate (mrcm/vr) 

0 1 

5.79E+oo 5.58E+OO 

1.60E-0'2 4.83E-02 

5.SIE+oo 5.63E+oo 

11 2) Radionuclide Excess Cancer Risk 
12 

3 

5.20E+oo 

1.09E-01 

5.31E+OO 

7.2 15 42 100 300 

4.50E+oo 3.51E+oo l.63E+oo 3.78E-01 3.l0E-03 

2.17E-01 3.63E-Ol 5.24E-01 3. llE-01 7.87E-03 

4.72E+oo 3.87E+OO 2. ISE+OO 6.89E-01 1.l0E-0'2 

. 13 The radionuclide excess cancer risk results are shown on Table 4. The maximum risk 
14 (8.13 x 10-.s) occurs at year O and is primarily from shallow zone soils. 
15 

Table 4. Radionuclide Excess Cancer Risk 
RESRAD VadoscZone Excess Cancer Risk at Each Time Slice (yr) 

16 
17 

Run# Horizons 

l Shallow Zone 

2 Deep Zone 

Total Excess Cancer Risk 

0 l 3 

7.64E-05 7.39E-05 6.93E-05 

4.94E-06 5.19E-06 5.65E-06 

8.13E-05 7.91E-05 7.49E-05 

18 3) Radionuclide Groundwater Protection 
19 

7.2 15 42 100 

6.08E-05 2.56E-06 2.30E-05 5.41E-06 

6.43E-06 7.38E-06 7.59E-06 3.91E-06 

6.72E-05 9.94E-06 3.06E-05 9.32E-06 

300 

4.49E-08 

9.17E-08 

l.37E-07 

20 The radionuclide concentrations in groundwater calculated by the RESRAD model arc 

1000 

1.75E-10 

l .22E-OJ 

1.39E-OJ 

1000 

2.62E-15 

l.38E-14 

1.64E-14 

21 summarized in Table 5. Only concentrations are presented here. Cobalt-60, cesium-137, and 
22 strontium-90 were calculated to reach groundwater in the 1,000 years of the RESRAD model run 
23 for the vadosc zone. These radionuclide contaminants reach groundwater at concentrations 
24 below the RAGs. 
25 
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• Bechtel HanfOld. Inc. CALCULATION SUMMARY 
Originator: B. HudJoo Date: Z•l'f-•' Cale. No.: 0100F-CA-V0143 

Project: 116-F-6 Cleanup Verification Job No: 22192 Oiccked: s. w. Clark .Jl!:.J<:_ 
Subject: 11 o-F-6 Cleanup V erifi.catioo RESRAD Calculation 

Talile S. RESRAD Estimated Groundwater (Well Water) Concentrations. 

Radio- Vadose Zone 
GroundwaJer Concentration iQ pCI/L at Each Time Slice (yr) 

nuclide Horizon 0 1 3 1:1. 15 42 100 300 1000 

sz o . 0 0 0 0 0 0 0 0 
C.137 DZ 0 1.538-02 4.38E--02 9.548-02 l.66E-01 2.49E-01 l.SSB-01 . 4.S6E-03 U2E--O'J 

Tocal 0 1.538-02 4.38E--02 9.54E--02 l.66E-Ol H9E-01 1.SSB-01 4.56!!-03 U2E--O'J 
sz 0 0 0 0 0 0 0 0 0 

Co.a DZ 0 7.678-04 1.77E-03 2.4SE-03 1.83E-03 1.488-04 1.70B-07 l.92E-18 0 
Tocal 0 7.678-04 1.77E-03 2.4SE-03 l.83E-03 1.488-04 1.70B-07 l .92E-18 0 
sz 0 0 0 0 0 0 0 0 0 

Ea-152 DZ 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 

sz 0 0 0 0 0 0 0 0 0 
Eo-154 DZ 0 0 0 0 0 0 O · 0 0 

Tocal 0 0 0 0 0 0 0 0 0 

sz 0 0 0 0 0 0 0 0 0 
Sr-91 DZ 0 2.lSE-01 6.72E-01 1.46E+OO 2.S2E+OO 3.71E+OO 2.21E+OO 5.598-02 8.32£-09 

Total 0 · 2.lSB-01 6.72E-Ol 1.46E+OO 2.S2E-+-OO 3.716+-00 2.216+00 S.596--02 8.32£-09 

3 4) Nonradionuclide Groundwater Protection 
4 
5 The nonradionuclide COC associated with this site; hexayalent chromium, is present at 

RAG from 
RDR 

(pCI/L) 

'° 
100 

208 

'° 
• 

6 concentrations below the applicable RAGs for direct exposure and groundwater protec"tion. 
7 
8 
9 CONCLUSIONS: 

10 
11 • The maximum total dose rate for thell6-F-6 Trench site is 5.81 mrem/yr and occurs at year 
12 zero (year 2003). Maximum total dose rate at year 2018 is 3.87 mrem/yr. Maximum total 
13 dose rate after 1,000 years is 1.39 x 10·9 mrem/yr. 
14 ·• The dominant pathways for the dose rate at the year of maximum dose are direct external 
15 exposure and plant ingestion. 
16 • The primary radionuclide contributing to the dose rate at the year of maximum dose is 
17 strontium-90 from the plant ingestion pathway. 
18 • None of the 116-F-6 site COCs are projected to exceed remedial action goals (RAGs) within 
19 the 1,000 years of the RESRAD evaluation. 
20 • Maximum total excess lifetime cancer risk (8.13 x 10"5

) occurs at year zero and is primarily 
21 contributed from the shallow zone. Maximum total excess lifetime cancer risk at year 2018 
22 is 9.94 x 10-6. Maximum total excess lifetime cancer risk after 1,000 years is 1.64 x 10·14

_ 

23 • Of the contaminants of concern, cobalt-60, cesium-137, and strontium-90 are calculated to 
24 reach groundwater within the 1,000 years of the RESRAD model run. These radionuclides 
25 reach groundwater at concentrations significantly below the RAGs. 

C-75 



1 
2 
3 
4 
5 
6 
7 
8 
9 

· - • Becbrel Hanford, Inc. CALCULATION SUMMARY 
Origina1or: B.Hudson Dare: Cale. No.: 

Project: 116-F-6 Cleanup Verification · Job No: Cllecked: S. W. Clarll: 

Subject: 116-F~ Cleanup Verification RESRAD Calculatioo 

A'IT ACHMENTS: 

1. Graphic showing 116-F-6 Cleanup Verification Model (1 page) 

CVP-2002-00010 
Rev.O 

2. RESRAD Output: 116-F-6 - Shallow Zone (Run #1), Part I: Mixture Sums and Single 
Radionuclide Guidelines (20 pages) 

3. RESRAD Output: 116-F-6 - Shallow Zone (Run #1), Part ill: Intake Quantities and Health 
Risk Factors (29 pages) 

10 · 4. RESRAD Output: 116-F~6 - Shallow Zone (Run #1), Part IV: Concentration of 
Radionuclides (10 pages) 11 

12 
13 
14 
15 
16 
17 

5. RESRAD Output: 116-F-6 - Deep Zone (Run #2), Part I: Mixture Sums and Single 
Radionuclide Guidelines (20 pages) 

6. RESRAD Output: 116-F-6 - Deep Zone (Run #2), Part ill: Intake Quantities artd Health Risk 
Factors (20 pages) · 

7. RESRAD Output: 1 _16-F-6 - Deep Zone (Run #2), Part IV: Concentration of Radionuclide& 
(10 pages) 
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RESRAD 
Runs 

Run 
#1 (Rad) 

116-F-6 Cleanup Verification Model 

Vadose Zone Components 

Shallow Zone 

(Total Thickness = 4.6 m (15 ft]) 

Vadose Zone Contribution to 

I . (Ground Surface @ Dose and Risk 
~L.127.5 m [NAVD88]) 

• External Gamma 
• lnhalatlon 
• Plant Ingestion 
• Meat Ingestion 

• Aquatic Foods 
Ingestion 

• Soll Ingestion 
• MIik Ingestion 

Vadose Zone ___.. 
Contribution to 

Water Used for · 
Irrigation, 
Household, 
and Livestock 

"------4--------------~------ Dose & Risk Via 
- -Groundwater. 

Run 
#2 (Rad) 

Deep Zone 

(Thickness = 8.9 m [28.99 ft]) 

Pathways Impacted 
by Groundwater 
Quality Are: 
• Plant Ingestion 
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Solutlon: 
1. The lite da1a tar Iha cala.llllion.,..,. groundwaler -1lonl for 1he COCt (daughlet pcoducla.,. not COlllider9d) 0\'111' 1lme from h RESRAD 
grow,dwalef(GW) co,-•a11oo,11e. 
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Total- O,OOE.00 1.18E-01 3.37E-01 
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