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EXECUTIVE SUMMARY
E1.0 INTRODUCTION

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. Départment 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 the 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 700 Area Remedial
Action Sampling and Analysis Plan (DOE-RL 2001). The COCs for this site consist of
the following:

o Cesium-137

e Cobalt-60

e Europium-152
o Europium-154
e Strontium- 90

o 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 m? (56,747 ) 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 and 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 . . Action
Requirement Remedial Action Goals Results Objectives Ref.
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 clean backfill).
Direct Exposure — 1. Atftain individual COC RAGSs. 1. Allindividual 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 quotientof |{2. Cumulative hazard quotient is b
<1 for noncarcinogens. 1.33x10%,
3. Excess cancer risk of <1 x 10° |3. Excess cancer risk for individual Yes
for individual carcinogens. carcinogens are all less than b
1x10°.
4. Atftain a total excess cancer risk |4. Total excess cancer risk is 2.5 x b
of <1 x 10°° for carcinogens. 107.
Groundwater/River |1. Attain single-COC groundwater |1. All single-COC groundwater and a
Protection — and river protection RAGs. river RAGs have been attained.
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 ¢
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 pCilL.f
Groundwater/River |1. Atftain individual nonradionuclide | 1. All the groundwater and river RAGs
Protection — groundwater and river cleanup have been attained. Yes ab
Nonradionuclides requirements.
Other supporting 1. Sample variance calculation.
Information 2. Sample location design.

2116-F-6 RESRAD Calculation, 0100F-CA-V0143, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.
116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL Calculation, 0100F-CA-V0141, Rev. 0, Bechtel Hanford, Inc.,

Richland, Washington.

°116-F-6 Trench Comparison fo Drinking Water Standards, 0100F-CA-V0142, Rev. 0, Bechte! Hanford, Inc., Richland, Washington.
416-F-6 Liquid Waste Trench Sample Variance Calculation, 0100F-CA-V0152, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.
®16-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design, 0100F-CA-V0159, Rev. 0, Bechtel Hanford, Inc.,

Richland, Washington.

‘Since the time of ROD signature, the U.S. Environmental Protection Agency has promulgated a more restrictive maximum contaminant
level (MCL) of 30 ug/L for total uranium (65 Federal Register 76708). Based on the isotopic distribution of uranium in the 100 Areas, the
30 pg/L. MCL corresponds to 21.2 pCi/L (BHI 2001).
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E2.1 DIRECT EXPOSURE SOIL CLEANUP STANDARDS
E2.1.1 Radionuclides

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 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 to 10°. 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°® at present (year 2003), and decreases to 1.64 x 10" from the site in

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

9.94 x 10°.
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E2.1.2 Nonradionuclides

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 zone (0 to

4.6 m [15 ft]) due to residual hexavalent chromium is below the risk limit for individual
COCs of 1 x 10°®, and also below the excess lifetime total cancer risk estimate limit of
1x 107,

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 summary, 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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E3.0 WASTE SITE RECLASSIFICATION

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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Attachment ES-1
Waste Site Reclassification Form
Date Submitted: Operable Unit(s): 100-FR-1 Control Number:
09/11/03 ) 2003-06
Waste Site ID: 116-F-6, Fuel Storage Basin Lead Agency: EPA
Originator: Trench ‘
R. A. Carison

Tvpe of Reclassification Action:
Phone: 372-9632

Rejected O
Closed Out D
Interim Closed Out B
No Action

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 Columbia 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

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).

12 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:

e Appendix A Summary of Verification Soil Sampling and Analytical Results
e Appendix B Data Quality Assessment
e Appendix C 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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Hanford Site Map and 116-F-6 Site Plan.
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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 (RAOs) 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 uncontrolied 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.
. Groundwater Columbia River
cOCs D"e“tR'i’\‘g““'e Protection RAG Protection RAG
{pCilL) {pCilL)
Radionuclides
Cesium-137
Cobalt-60 15 / 4 mrem/yr 4 mrem/yr
Europ?um-1 52 (cun:‘;li:rt?vg;a (cumulative) (cumulative)
Europium-154
Strontium-90° 8° 8°
Nonradionuclides
Direct Exposure Soil RAG for Soil RAG for Columbia
COCs RAGs » Groundwater Protection River Protection
(mglkg) (mgl/kg) (mgl/kg)
. 400° 9 h
Hexavalent chromium o qef 8 . 2

2 ookup values that correspond to the 15 mrem/yr dose rate are based on a generic site model and are presented
in the RDR/RAWP (DOE-RL 2002).

®Strontium-90 also contributes to the 4 mrem/yr dose rate limit (cumulative) for groundwater and river protection.
°Promulgated groundwater protection standard (40 Code of Federal Regulations 141).

YWashington Administrative Code (WAC) 173-340 Method B noncarcinogenic cleanup limit based on inhalation
exposure pathway.

SWAC 173-340 Method B carcinogenic cleanup limit.

fCalculation of Hexavalent Chromium Carcinogenic Risk, 0100X-CA-V0031 (BHI 2000).

930il RAG based on "100 times groundwater cleanup” rule as presented in the RDR/RAWP (DOE-RL 2002).
"Soil RAG based on 100 times dilution attenuation factor times surface water quality standard as presented in the
RDR/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 107 for individual carcinogenic contaminants.
— Cumulative excess cancer risk of less than 1 x 107,

— Cleanup verification sample results pass the Washingtoh Administrative Code
(WAC) 173-340 (Model Toxics Control Act Cleanup Regulation) three-part test.
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3.2.2 Groundwater and River Protection

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 1/25th of the derived concentration guide
per DOE Order 5400.5. The maximum contaminant level for uranium is 30 ug/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.

e 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 RAGs). 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

41 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 B6 and D3) 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 m?
(9,070 ft?) 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 corner 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.
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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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4.4 CLEANUP VERIFICATION SAMPLING AND ANALYSIS

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 A1 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 A1 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
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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 (A1-A4, B5-B8, 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, B4-B6, 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 fi])
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 B.

11
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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 resuits 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
(WAC 173-340-740[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.

12
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Table 2. Cleanup Verification Data Set.

Radionuclide Radionuclide Activity® (pCilg)
COCs Shallow Zone | Deep Zone Background | Shallow Zone | Deep Zone
Cesium-137 0.525 6.08 14 0.525 6.08
Cobailt-60 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
Nonradionuclide Nonradionuclide Concentration® (mg/kg)
COCs Shallow Zone | Deep Zone Background | Shallow Zone | Deep Zone
Hexavalent 0.530 1.32 NA 0.530 1.32

“The shallow and deep zone concentrations are from the 116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95%
UCL Calculation, Calculation No. 0100F-CA-V0141, Rev. 0. Refer to Appendix C for additional details on determination of
statistical values.

NA = 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

13
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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°° 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 — All-Radionuclides, All-Pathways
Dose Rate Estimate.
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6.1.2 Nonradionuclides

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.

14
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Table 3. Attainment of Nonradionuclide Direct Exposure Standards.

Direct Exposure RAG | Statistical Value Direct Exposure
(mg/kg) (mg/kg) RAGs Attained??

Hexavalent chromium 2.1° 0.53 Yes

Nonradionuclides

®Criterion is comparison to the cleanup criteria (RAG).
®Calculation 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 noncarcinogenic
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 103, 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°. For nonradionuclide carcinogenic COCs, the total
excess cancer risk must be less than 1 x 10° (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 107. 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 (i:r&t;fl-r;tration ( géﬁ_ ) RAG(seﬁtlth?:)‘ed?
Cesium-137 0.25 60° Yes
Cobalt-60 0.0024 100% Yes
Europium-152 NA® 200° Yes
Europium-154 NAP 60° Yes
Strontium-90 3.7 8° Yes

# ookup value from the RDR/RAWP (DOE-RL 2002) corresponding to a dose rate of 4 mrem/yr.
®NA = Not applicable. These radionuclides do not reach groundwater in 1,000 years.
U.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 pg/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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6.2.2 Nonradionuclides

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 Groundwater| Does RESRAD
. Soll RAG for Columbia Cl.e_anu.p and/or River Predict RAGs
Nonradio- |Groundwater . Verification i . L .
. N River Protection Migration to | Attained?
nuclides Protection P . Data Value R G d .
(mglkg) rotection (mglkg) AGs roundwater in | (Yes/No)
{mg/kg) Exceeded? | 1,000 Years?
Shallow Zone
Hexavalent 8.0 2.0 053 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 RAGs 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 173-340-740[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) (mgl/kg)® | (mg/kg)® | Samples® | Criteria® | (Yes/No)
Shallow Zone
Hexavalent chromium | 2.0 | 053 | o053 | 16 | 0 | VYes
Deep Zone
Hexavalent chromium | 2.0 | 132 | 170 | 7 | o | Yes

SCriterion is comparison to the cleanup criteria (RAG).

®Criterion is no single detection can exceed two times the cleanup criteria.

“The 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%.

18




CVP-2002-00010
Rev. 0

7.0 RADIONUCLIDE RISK INFORMATION

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 RESRAD model also calculates the
excess lifetime cancer risk associated with the estimated radiation dose rates using the
EPA'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). The "National Oil and Hazardous Substances Pollution
Contingency Plan" (40 CFR 300) presents a target range for residual risk of 10 to 10°.
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”°, at present (year 2003), and decreases to

1.64 x 10 in 1,000 years. The estimated risk in 2018 is 9.94 x 10°%. 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.

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

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 Co-60 Eu-152 Eu-154 Sr-90 cr't

Area No. Date pCilg |Q| MDA | pCilg | Q| MDA | pCilg |Q| MDA | pCilg |Q| MDA | pCilg |Q] MDA | mg/kg Q| PQL
SA1 | JOOBFO | 25-Nov-2002 | 3.13E-01 | |4.30E-02|4.20E-02| U |4.20E-02[1.60E-01] |1.00E-01|1.30E-01| U [1.306-01|1.58E+00| |2.30E-01] 4.10E-01 | U | 4.10E-01

Duplicate | 1008HS | 25-Nov-2002 | 3.28E-01 |  |3.30E-02|3.30E-02| U |3.30E-021.656-01| [6.60E-02(1.20E-01 U [1.20E-01| 261E-01 |  |2.20E-01| 4.10E-01 | U | 4.10E-01
Splitof 1 4008H7 | 25-Nov-2002 | 2.07E-01 |  |1.81E-02{3.11E-02| U  |2.46E-021.07E-01| U |6.00E-02|2.14E-02| U [6.25E-02( 2.256-01 |  |1.406-01|3.50E+00 | U | 3.50E-01
SA2 | JOOBF1 | 25-Nov-2002 | 5.21E-01| |3.20E-02|3.40E-02] U |3.40E-02[2.56E-01| |6.60E-02|1.10E-01 U [1.108-01] 6.70E-02 | U [3.10E-01] 4.10E-01 | U | 4.10E-01
SA3 | JOOBF2 | 25-Nov-2002 | 1.83E-01 | |2.80E-02|3.40E-02| U |3.40E-02[1.408-01] |7.70E-02{1.20E-01| U |1.20E-01| 4.60E-02 | U [2.80E-01] 4.20E-01 | U | 4.206-01
SA4 | JOOBF3 | 25-Nov-2002 | 1.31E+00| |3.60E-02]3.40E-02 U [3.40E-02[4.456-01] |6.70E-02]0.40-02| U [0.40E-02] 3.88E-01 | [2.20E-01] 4.40E-01 | U | 4.40E-01
SB5 | JOOBFA | 25-Nov-2002 | 1.24E-01| |4.00E-02|3.20E-02| U |3.20E-02[1.30E-01| |6.10E-02]1.108-01] U [1.10E-01] 1.06E-01 | U [2.708-01] 4.90E-01 | |4.20E-01
spg | 1008707\ 20 Nov-20021) 5.00E-02 | U |5.006-02|2.80E-02| U [2.80E-02|6.50E-02] U |6.50E-02|9.80E-02| U |9.80E-02] 1.60E-02 | U [2.10E-01| 4.20E-01 | U | 4.20E-01
SB7 | JOOBF6 | 25-Nov-2002 | 7.00E-02 | |1.90E-02[2.60E-02| U |2.60E-02(6.00E-02| U |6.00E-02{8.60E-02] U |8.60E-02] 7.90E-02 | U |1.80€-01 4.10E-01 [ U | 4.10E-01
SB8 | JOOBF7 | 25-Nov-2002 | 1.05E-01 | |2.70E-02|3.206-02| U |3.20E-02[1.208-01| U [1.20E-01{1.10E-01| U |1.10E-01]-1.50E-02 | U [2.70E-01] 4.20E-01 | U | 4.20E-01
SCO | JOOBFS | 25-Nov-2002 | 3.70E-02 | U |3.70E-02|3.20E-02| U |3.20E-02|7.40E-02| U |7.40E-02{1.00E-01| U 1.006-01|-0.00E-02 | U [2.80E-01] 4.10E-01 [ U | 4.10E-01
SC10 | JOOBF | 25-Nov-2002 | 3.50E-01 | |2.90E-02[3.00E-02| U |3.00E-02[1.97E-01| |7.20E-02[1.00E-01] U [1.00E-01] 8.20E-02 | U [2.90E-01] 4.10E-01 [ U | 4.10E-01
SC1 | JOOBHO | 25-Nov-2002 | 1.68E-01 | |2.90E-02|3.50E-02| U |3.50E-02|1.38E-01] |6.50E-02{1.10E-01| U [1.10E-01|4.14E+00| [2.20E-01] 4.20E-01 [ U [ 4.20E-01
SC2 | JOOBHT | 25-Nov-2002 | 1.31E+00| |4.20E-02|8.30E-02|  |4.90E-02[6.31E-01| |1.00E-01[1.508-01| U |1.50E-01]1.70E+00| [2.30E-01] 5.30E-01 | | 4.10E-01
sp3  |/008H2/25-Nov-2002/)  o6e 01| [3.20E-02(3.50E-02| U |3.50E-02(3.02E-01|  |7.90E-02{1.20E-01| U [1.20E-01 8.60E-02 | U [2.20E-01| 4.10E-01 | U | 4.10E-01
SD4 | JOOBH3 | 25-Nov-2002 | 1.92E-01 | |3.80E-02|4.00E-02| U |4.00E-02[1.99E-01| |8.70E-02[1.40E-01| U |1.406-01] 9.30E-02 | U [2.70E-01] 4.30E-01 | U | 4.30E-01
SD5 | JOOBH4 | 25-Nov-2002 | 1.53E-01 | |1.10E-02|1.00E-02| U |1.00E-02[1.27€-01| |1.90E-02{3.40E-02] U [3.40E-02] 1.37E-01 | U |2.30E-01{ 4.10E-01 | U | 4.10E-01
SD6 | JOOBHS | 25-Nov-2002 | 2.37E-01 | |1.30E-02|2.00E-02| U |2.00E-02[4.27€-01| |2.50E-02|3.90E-02| U [3.90E-02 7.22E-01 | [2.50E-01] 4.10E-01 | U | 4.10E-01

HEIS = Hanford Environmental information System

MDA = minimum detectable activity

PQL = practical quantitation limit

u = Analyte is below detection limits of the method and instruments used (not detected).
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Table A-2. Deep Zone Cleanup Verification Data (November 21, 2002).

+6

Sample | HEIS Sample Cs-137 Co-60 Eu-152 Eu-154 Sr-90 Cr

Area |Number| Date pCilg |Q| MDA | pCilg |Q| MDA | pCilg |Q| MDA | pCilg |Q| MDA | pCilg |Q| MDA | mg/kg |Q| PQL
DA1 | J008D1 |21-Nov-2002| 6.90E-02 | |3.40E-02|2.90E-02| U | 2.90E-02 | 1.36E-01 | |6.50E-02| 1.10E-01 | U |1.10E-01|3.18E+01| |3.30E-01| 7.10E-01 | |4.10E-01

3‘3‘3&“;531 J008D7 |21-Nov-2002| 9.50E-02 |  |5.40E-02|5.50E-02| U | 5.50E-02 | 1.80E-01 | U |1.80E-01] 1.80E-01 | U [1.80E-01| 8.71E-01 | |2.20E-01{ 6.00E-01 [ |4.10E-01
SOt | J008DY [21-Nov-2002) 5.62E-02 |  |4.71E-028.35E-03| U | 5.02E-02 | 5.54E-02 | U |1.226-01| 1.90E-02 | U |1.63E-01| 1.74E+00|  [1.57E-01| 4.98E-01 | [8.00E-02
DA2 | J008D2 |21-Nov-2002| 4.77E-01 3.10E-02|3.90E-02| | 2.90E-02 |1.12E+00| |5.40E-02| 1.06E-01 | |8.50E-02| 1.83E+01| |3.00E-01| 6.80E-01| |4.20E-01
DA3 | JO08D3 |21-Nov-2002| 1.66E-01 6.20E-02|5.30E-02| U | 5.30E-02 | 6.90E-01 1.10E-01| 2.00E-01 | U |2.00E-01{1.94E+00| |2.50E-01|1.70E+00| |4.20E-01
DB4 | J008D4 |{21-Nov-2002| 4.46E-01 3.80E-02|3.80E-02| U | 3.80E-02 | 3.40E-01 | |7.30E-02| 1.30E-01 | U {1.30E-01{2.32E+00| |2.30E-01| 4.20E-01 | U |4.20E-01
DB5 | J008D5 |21-Nov-2002|3.80E+00| |9.30E-02|4.61E-01| | 5.80E-02 |8.51E+00| |[1.60E-01| 7.74E-01| |2.20E-01|1.97E+00| |2.50E-01| 4.10E-01 | U |4.10E-01
DB6 | JOO8SD6 |21-Nov-2002|1.22E+01| |8.60E-02|5.14E-01| | 4.90E-02 | 1.27E+01| |1.60E-01|1.24E+00| |1.70E-01|5.17E+00| |2.20E-01|1.70E+00| [4.20E-01

HEIS = Hanford Environmental Information System

MDA = minimum detectable activity

PQL = practical quantitation limit

U = Analyte is below detection limits of the method and instruments used (not detected).
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B1.0 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
DQA 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 2000]). 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.

B-1
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B1.2 DATA VALIDATION
B1.2.1 Laboratory QA/QC Analysis

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:

o 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.

e 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.

e 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.

B1.2.2 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).

B-2
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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 QA/QC 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 (x30%),
and completeness (>90%). Comparison of the TDL with the respective MDA or PQL is
discussed in Section B1.3.

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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B1.3 DATA EVALUATION

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:

e Cesium-137 0 of 26
e Europium-152 1 of 26
e Europium-154 2 of 26
e Strontium-90 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 RPD 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.
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B1.4 FIELD QA/QC

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 (JO08D8) from the deep zone. One field duplicate sample
(sample JOO8HG), which was a duplicate of shallow zone sample JOO8FO, and one field
duplicate sample (JO08D7), which was a duplicate of deep zone sample JO08D1, were
also collected. In addition to these, one field split sample (sample JOO8H7), which was
a split of shallow zone sample JOO8FO, and one split sample (JO08D9), which was a
split of deep zone sample JO0O8D1, were collected. The main and QA/QC sample
results are presented in Appendix A.

B1.4.1 Equipment Blank Samples

One equipment blank sample (JO0O8D8) 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 RPD 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.

B-5



CVP-2002-00010
Rev. 0

B1.5 SUITABILITY OF DATA

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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File: HEAST 2001 Morbidity

Parameter

Dose conversion factors for inhalation, mrem/pCi:
Co-60
Cs-137+D
Eu-152
Eu-154
Gd-152
Sr-%0+D

Dose conversion factors for ingestion, mrem/pCi:

Co-60
Cs-137+D
Bu-152
Eu-154
Gd-152
Sr-904D

Food transfer factors:

Co-60
Co-60
Co-60

Cs-1374D
Cs-137+D
Cs-137+D

Eu-152
Eu-152
Bu-152

Eu-154
BEu-154
Bu-154

Gd-152
Gd-152
Gd-152

Sr-904D
Sr-%0+D
Sr-%0+D

.

,

.

’

plant/soil concentration ratic, 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)

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

Bicaccumulation factors, fresh water, L/kg:

Co-60
Co-60

Cs-137+D
Cs-~137+D

Eu-152
Eu-152

v

.

¢

’

’

’

fish
crustacea and mollusks

fish
crustacea and mollusks

fish
crustacea and mollusks

Page

2

2.190E-04
3.190E-05
2.210E-04
2.860E-04
2.430E-01
1.310E-03

2.69%0E-05
5.000E-05
6.480E-06
$.550E-06
1.610E-04
1.530E-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
1.000E+02

5.000E+01
1.000E+03

WM W R W W W W W W W b W W e b Wb W W oW oW oW oW oW oW oW oW W

B e e W oW W W W oW W W W W W oW W W

Default

RN N WN

9

[

o

-190E-04
.190E-05
.210E-04
.B60E-~04
.430E-01
.310E-03

-690E-05
.000E-05
.480E-06
.550E-06
.610E-04
-530E-04

-Q00E-02
.GO00E~02
.000E-03

-G00E~02
.000E-02
.000E-03

.500E-03
-000E-03
-G00E-~05

-500E-03
-000E-03
-000E~-05

.500E-03
-000E-~03
.000E-05

.Q00E-01
.000E-03
-000E-03

-000E+02

.000E+02

.Q00E+03
.000E+02

.000E+01
.000E+03
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Parameter

DCF3{
DCF3{
DCF3 (
DCF3 (
DCF3(
DCF3 (

RTF(
RTF (
RTF(

RTF (
RTF(
RTF (

RTF(
RTF (
RTF{

RTF (
RTF{
RTF (

RTF (
RTF{
RTF(

RTF (
RTF(
RTF{

1,1)
1,2)
1,3)

2,1)
2,2)
2,3)

3,1)
3,2)
3,3)

5,1)
5,2)
5,3)

6,1)
6,2)
6,3)

7,1)
7,2).
7,3)

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

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

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



CVP-2002-00010

Rev. 0
1RESRAD, Version 6.21 T« Limit = 0.5 year 02/21/2003 07:28 Page 3
Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116f6_shallow.rad
Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity
0 3 * Current 3@ *  Parameter

Menu 3 Parameter 2 Value * Dpefault *2 Name

D-5 * * Eu-154 , Eish 3 5.000E+01 ® 5.000E+01 3

D-5 3 Bu-154 ., crustacea and mollusks 3 1.000E+03 * 1.000E+03 @* BIOFAC{ 5,2)
D_5 3 3 3 3

D-5 3 Gd-152 , fish * 2.500BE+01 ® 2.500E+01 3 BIOFAC{ 6,1)
D-5 3 Gd-152 , crustacea and mollusks 3 1.000E+03 2 1.000E+03 * BIOFAC{ 6,2)
D_S 3 3 a 3

D-5 * Sr-%0+D , fish 3 6.000E+01 * 6.000E+01 * BIOFAC( 7,1)
D-5 * 8r-9%0+D , crustacea and mollusks > 1.000E+02 * 1.000E+02 * BIOFAC({ 7.,2)
[ESSRS SRS AS SRR ST A NN NSRRI SRS A AEPURINEI SRS ER LSS AR L OSSPSR ERRECRESSEEAESERRAEAR RS
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116£f6_shallow.rad
Site-S8pecific Parameter Summary
0 3 ] 2 User 2 Used by RESRAD 3  Parameter

2 Name

Parameter 3 Input * Default

RO11 * Area of contaminated zone (m**2) * 5.272E+03 * 1.000E+04 ° - * AREA
R0O11 * Thickness of contaminated zone ({m} * 4.600E+00 * 2.000E+00 ? e * THICKO
RO11 * Length parallel to agquifer flow (m) * 1.545E+02 ¥ 1.000E+02 * R * LCZPAQ
RO11 * Basic radiation dose limit (mrem/yr) * 1.500E+01 * 2.500E+01 * - 3 BRDL
RO11 * Time since placement of material (yr) > 0.000E+00 * 0.000E+00 * - : 7L
RO11 * Times for calculations (yr) * 1.000E+00 * 1.000E+00 3 - > T( 2)
RO11 * Times for calculations {(yr) * 3.000E+00 * 3.000E+00 ? ——— > 7( 3)
RO11 3 Times for calculations (yr) 3 7.200E+00 * 1.000E+01 3 - *7( 4)
RO11 * Times for calculations (yr) * 1.500E+01 * 3.000E+01 3 - 3 T( 5)
RO11 * Times for calculations (yr) > 4.200E+01 * 1.000E+02 3 - > T{ 6)
RO11 * Times for calculations {yr) * 1.000E+02 * 3.000E+02 3 - 2T(7)
RO11 * Times for calculations (yr) > 3.000E+02 * 1.000E+03 * - 2 T( 8)
RO11 ? Times for calculations (yr) * 1.000E+03 * 0.000E+00 3 - 2 T(9)
R011 * Times for calculations (yr) * not used ° 0.000E+00 ° e * T(10)

3 E] 3 3 3
R012 * Initial principal radionuclide (pCi/g): Co-60 3 2.670E-02 * 0.0Q00E+00 3 - 2 814{ 1)
R0O12 * Initial principal radionuclide (pCi/g): Cs-137 3 5.250E-01 * 0.000E+00 * - » 81{ 2)
RO12 * Initial principal radionuclide (pCi/g): Eu-152 2 2.770E-01 * 0.000E+00 ? - 2 81( 3)
RO12 * Initial principal radionuclide (pCi/g): Eu-154 * 5.770E-02 * 0.000E+00 ? ———— 2 81( 5)
RO12 * Initial principal radionuclide (pCi/g): Sr-90 * 9.690E-01 * 0.000E+00 * -——- 2 81( 7
R012 * Concentration in groundwater (pCi/L): Co-60 * not used 3* 0.000E+00 @ - P Wi 1)
RO12 * Concentration in groundwater (pCi/L): Cs-137 * not used * 0.000E+00 * -—= 3 Wi( 2)
R012 3 Concentration in groundwater (pCi/L): Eu-152 * not used > 0.000E+00 * ——— * Wi{ 3)
R012 * Concentration in groundwater (pCi/L): Eu-154 * not used * 0.000E+00 2 - 3 Wil{ 5)
RO12 ?* Concentration in groundwater (pCi/L): Sxr-9%0 3 not used * 0.000E+00 ? -—- 3 W1 7)

3 3 A ] 3 3
RO13 * Cover depth (m) > 0.000E+00 * 0.0O0OE+00 3 R 3 COVERO
RO13 * Density of cover material (g/cm**3) * not used * 1.500E+00 @ -~ 3 DENSCV
RO13 * Cover depth erosion rate (m/yr) 3 not used * 1.000E-03 ? -—- 3 vev
RO13 * Density of contaminated zone (g/cm**3) > 1.600E+00 3 1.500E+00 3 --- 3 DENSCZ
RO13 * Contaminated zone erosion rate (m/yr) > 1.000E-03 * 1.000E-03 ? - 2 vCz
R0O13 * Contaminated zone total porosity * 4.000E-01 * 4.000E-01 °* - 3 TPCZ
R013 * Contaminated zone field capacity * 1.500E-01 * 2.000E-01 * --- } FCCZ
R013 * Contaminated zone hydraulic conductivity {(m/yx) 3 2.500E+02 * 1.000E+01 3 ——— 3 HCCZ
RO13 * Contaminated zone b parameter * 4.050E+00 * 5.300E+00 * - 3 BCZ
RO13 3 Average annual wind speed (m/sec) > 3.400E+00 * 2.000E+00 * - 3 WIND
RO13 * Humidity in air (g/m**3) * not used * 8.000E+00 * - * HUMID
RO13 * Evapotranspiration coefficient * 9.100E-01 * 5.000E-01 3 - * EVAPTR
R0O13 * Precipitation (m/yr) * 1.600E-01 * 1.000E+00 32 - * PRECIP
RO13 * Irrigation (m/yr) * 7.600E-01 % 2.000E-01 3 --- * RI
R013 * Irrigation mode 3 overhead * overhead ? - 3 IDITCH
RO13 * Runoff coefficient 2 2.000E-01 * 2.000E-01 3 - * RUNOFF
RO13 * Watershed area for nearby stream or pond (m**2) 3 1.000E+06 * 1.000E+06 @ - * WAREA
RO13 * Accuracy for water/soil computations * 1.000E-03 * 1.000E-03 °* - 3 EPS

3 3 k] 3 3
R0O14 * Density of saturated zone (g/cm*#*3) > 1.600E+00 * 1.500E+00 3 --- > DENSAQ
R014 * Saturated zone total porosity 3 4.000E-01 * 4.000E-01 3 - 3 TPSZ
RO14 * Saturated zone effective porosity 3 2.500E-01 * 2.000E-01 * - 3 EPSZ
R014 * Saturated zone field capacity * 1.500E-01 * 2.000E-01 3 - 3 FCSZ
R0O14 ® Saturated zone hydraulic conductivity (m/yr) 3 5.530E+03 * 1.000E+02 ? --= * HCSZ
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116f£6_shallow.rad
Site-Specific Parameter Summary {continued)
0 3 3 User 3 : Used by RESRAD 3 Parameter

Parameter

Input 3

Saturated zone hydraulic gradient .250E-03

¥
RO14 * 21 3 2.000E-02 * - > HGWT
R014 3 Saturated zone b parameter 3 4.050E+00 ? 5.300E+00 ? -—= 3 BSZ
RO14 * Water table drop rate (m/yr) > 1.000E-03 * 1.000E-03 * - * VWT
RO14 * Well pump intake depth (m below water table) > 4.600E+00 * 1.000E+01 ° - * DWIBWT
R0O14 * Model: Nondispersion (ND) or Mass-Balance (MB) * ND 3 ND 2 - * MODEL
R014 » Well pumping rate (m**3/yr) * 2.500E+02 * 2.500E+02 ° --- * UW
3 3 3 2 3
R015 * Number of unsaturated zone strata 1 21 3 --- * NS
RO15 ? Unsat. zone 1, thickness (m) * 8.900E+00 * 4.000E+00 ? --- * H(1)
RO15 * Unsat. zone 1, soil density (g/cm**3) > 1.600E+00 * 1.500E+00 @ - 3 DENSUZ (1)
RO15 * Unsat. zone 1, total porosity * 4.000E-01 * 4.000E-01 3 --- > TPUZ (1)
R015 * Unsat. zone 1, effective porosity > 2.500E-01 * 2.000E-01 * --- 3 EPUZ{(1)
RO1S * Unsat. zone 1, field capacity * 1.500E-01 * 2.000E-01 3 - 3 FCUZ (1)
RO15 * Unsat. zone 1, soil-specific b parameter > 4.050BE+00 3 5.300E+00 3 - * BUzZ (1)
RO15 * Unsat. zone 1, hydraulic conductivity (m/yr) 3 2.500E+02 * 1.000E+01 @ - 3 HCUZ (1)
3 3 3 3 3
RO16 * Distribution coefficients for Co-60 3 2 3 3
R0O16 * Contaminated zone {cm**3/g) * 5.000E+01 * 1.000E+03 * - : peNucc{ 1)
RO16 3 Unsaturated zone 1 {(cm**3/g) * 5.000E+01 * 1.000E+03 2 --= * DCONUCU{ 1,1)
RO16 ° Saturated zone (cm**3/g) * 5.000E+01 * 1.000E+03 3 --= * DCNUCS( 1)
RO16 * Leach rate (/yr) * 0.000E+00 * 0.000E+00 * 2.166E-04 * ALEACH( 1)
RO16 *  Solubility constant > 0.000E+00 * 0.000E+00 ? not used * SOLUBK( 1)
3 3 k] 3 k)
RO16 * Distribution coefficients for Cs-137 2 3 3 3
RO16 * Contaminated zone (cm**3/g) > 5.000E+01 > 1.000E+03 ? - * DCNUCC( 2)
RO16 * Unsaturated zone 1 (cm**3/g) > 5.000E+01 * 1.000E+03 3 - P DONUCU{ 2,1)
RO16 3 Saturated zone {cm**3/g) * 5.000E+01 * 1.000E+03 3 - 3 DCNUCS ( 2)
R0O16 *  Leach rate (/yr) 2 0.000E+00 * 0.000E+00 3 2.166E-04 * ALEACH( 2)
RO16 *  Solubility constant * 0.000E+00 * 0.000E+00 3 not used * SOLUBK({ 2)
3 3 3 3 3
RO16 ?* Distribution coefficients for Eu-152 3 3 » i
RO1l6 3 Contaminated zone {cm**3/g) * 2.000E+02 *-1.000E+00 ° R * DCNUCC({ 3)
RO16 * Unsaturated zone 1 {(cm**3/g) 2 2.000E+02 *-1.000E+00 ? - * DCNUCU( 3,1)
RO16 @ Saturated zone {cm**3/g) > 2.000E+02 3-1.000E+00 ?* == * DCNUCS( 3)
RO16 °? Leach rate (/yr) * G.000E+00 * 0.000E+00 3 5.426E-05 * ALEACH( 3)
ROl6 ? Solubility constant * 0.000E+00 * 0.000E+00 ? not used 3 SOLUBK({ 3)
3 3 3 2 3
ROl6 * Distribution coefficients for Eu-154 3 3 3 3
RO16 ? Contaminated zone (cm**3/g) * 2.000E+02 3-1.000E+00 3 - 3 DCNUCC( 5)
RO16 * Unsaturated zone 1 {cm**3/g) : 2.000E+02 *-1.000E+00 3 - > DCNUCU( 5,1)
RO16 *  Saturated zome (cm**3/g) 3 2.000E+02 >-1.000E+00 ° - * DONUCS( 5)
RO16 *  Leach rate (/yr) > 0.000E+00 * 0.000E+00 2 5.426E-05 > ALEACH{ 5)
R016 *  Solubility constant > 0.000E+00 * 0.000E+00 3 not used > SOLUBK{ 5)
3 3 3 3 E]
RO16 2 Distribution coefficients for Sr-90 » 3 3 3
ROL6 *  Contaminated zone (cm**3/g) 2 2.500E+01 * 3.000E+01 ° - * peNUCC{ 7)
RO16 @ Unsaturated zone 1 (cm**3/g) 3 2.500E+01 3 3.000E+01 * - 3 DCNUCU( 7,1)
R016 *  Saturated zone (cm**3/g) * 2.500E+01 3 3.000E+01 3 - * DCNUCS( 7)
RO16 * Leach rate {/yr) * 0.000E+00 * 0.000E+00 *® 4.323E-04 3> ALEACH( 7)
RO16 °® Solubility constant * 0.000E+00 * 0.000E+00 3 not used * SOLUBK({ 7)
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116£6_shallow.rad
Site-Specific Parameter Summary (contlnued)
[+] 3 3 User 3 Used by RESRAD ¥  Parameter

Menu ? Parameter 3 Input * Dpefault °? (If dlfferent from user 1nput) 3 Name

R016 * Distribution coefficients for daughter Gd-152

3 3 3 3

RO16 @ Contaminated zone {cm**3/g) 3-1.000E+00 *-1.000E+00 * 8.249E+02 * DCNUCC( 6)
RO16 * Unsaturated zone 1 (cm**3/g) 3.1.000E+00 *-1.000E+00 * 8.249E+02 3 DONUCU( 6,1)
RO16 *  Saturated zone {cm**3/g) 3-1.000E+00 *-1.000E+00 8.249E+02 * DCNUCS{ 6)
RO16 * Leach rate (/yr) 3 0.000E+00 * 0.000E+00 * 1.316E-05 * ALEACH( 6)
RO16 °® Solubility constant * 0.000E+00 * 0.000E+00 * not used 3 SOLUBK( 6)

3 E] 3 3 3
RO17 * Inhalation rate (m**3/yr) 3 7.300E+03 * B.400E+03 3 - 3 INHALR
R017 * Mass loading for inhalation (g/m**3) * 1.000E-04 » 1.000E-04 * - * MLINH
RO17 * Exposure duration * 3.000E+01 * 3.000E+01 ?* - 2 ED
R017 * Shielding factor, inhalation * 4.000E-01 * 4.000E-01 * - * SHF3
RO17 * Shielding factor, external gamma * 8,000E-01 * 7.000E-01 * - * SHF1
RO17 * Fraction of time spent indoors * 6.000E-01 ? 5.000E-01 ? - * FIND
RO17 * Fraction of time spent outdoors (on site) * 2.000E-01 * 2.500E-01 °* - 3 FOTD
R017 * Shape factor flag, external gamma * 1.000E+00 * 1.000E+00 3 >0 shows circular AREA * FS
RO17 * Radii of shape factor array (used if FS = -1}: 2 2 3 3
RO17 3 Outer annular radius (m), ring 1: > not used * 5.000E+01 * - > RAD_SHAPE( 1)
RO17 2 Outer annular radius {(m}, ring 2 3 not used * 7.071E+01 3 - 3 RAD_SHAPE( 2)
RO17 3 Outer annular radius (m}, ring 3: 3 not used 3 0.000E+00 * - ? RAD SHAPE( 3)
RO17 @ Outer annular radius (m), ring 4 * not used * 0.000E+00 * - 3 RAD:SHAPE( 4}
ROL7 °* Quter annular radius (m), ring 5 * not used * 0.000E+00 * - * RAD SHAPE{ 5)
RO17 » Quter annular radius (m), ring 6: * not used * 0.000E+00 * - * RAD_SHAPE( 6)
RO17 * Outer annular radius (m), ring 7: * not used * 0.000E+00 @ - * RAD_SHAPE( 7)
RO17 2 Outer annular radius {(m}, ring 8: * not used * 0.000E+00 ?* - 3> RAD_SHAPE( 8)
R017 * Outer annular radius (m), ring 9: * not used * 0.000E+00 3 - * RAD_SHAPE( 9)
RO17 3 Outer annular radius (m}, ring 10: * not used * 0.000E+00 3 --- * RAD_SHAPE(10)
RO17 @ Outer annular radius (m), ring 11: * not used * 0.000E+00 3 - 2 RAD:SHAPE(ll)
ROLT * Outer annular radius {(m), ring 12: 3 not used * 0.000E+00 3 - 3 RAD_SHAPE({12)

3 3 3 3 3
R017 * Fractions of annular areas within AREA: 3 3 3 3
RO17 3 Ring 1 3 not used * 1.000E+00 °® --- * FRACA( 1)
RO17 * Ring 2 * not used * 2.732E-01 ? - > FRACA( 2)
RO17 * Ring 3 3 not used > 0.00C0E+00 2 - 3 FRACA{ 3)
ROL7 * Ring 4 > not used * 0.000E+00 3 - * FRACA({ 4)
RO17 * Ring & > not used * 0.000E+00 2 - 3 FRACA{ 5)
RO17 ® Ring 6 * not used * 0.000E+00 @ - * FRACA( 6)
RO17 * Ring 7 * not used * 0.000E+00 °® --- * FRACA{ 7)
RO17 * Ring 8 > not used * 0.000E+00 ° - * FRACA{ 8)
RO17 * Ring 9 > not used * 0.000E+00 3 - > FRACA{ 9)
RO17 * Ring 10 > not used * 0.000E+00 3 - 3 FRACA(10)
RO17 * Ring 11 > not used * 0.000E+00 @ - 3 FRACA(11)
RO17 * Ring 12 > not used * 0.000E+00 @ --- * FRACA(12)

k] 3 3 2 3
RO18 * Fruits, vegetables and grain consumption (kg/yr) * 1.100E+02 * 1.600E+02 ? --= 3 DIET(1)
RO18 * Leafy vegetable consumption (kg/yr) 2 2.700B+00 * 1.400E+01 ? --= 3 DIET(2)
RO18 * Milk consumption (L/yr) . 3 1.000E+02 * 9.200E+01 3 - 3 DIET(3)
RO18 * Meat and poultry consumption (kg/yr) 3 31.600E+01 * 5.300E+01 * - * DIET(4)
R0O18 * Fish consumption (kg/yr) 3 1.970E+01 * 5.400E+00 3 - > DIET(S)
R018 * Other seafood consumption (kg/yr) * 9.000E-01 * 9.000E-01 3 - > DIET(6)
RO18 2 Soil ingestion rate {g/yr) 3 7.300E+01 * 3.650BE+01 3 - 3 SOIL
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116£6_shallow.rad
Site-Specific Parameter Summary {(continued)
[ 3 3 User 3 3 Used by RESRAD *  Parameter
Menu 3 Parameter 3 Input 3 Default 3 (If different from user input) * Name

RO18 3 Drinking water intake (L/yr) * 7.300E+02 * 5.100E+02 2 - > DWI
RO18 * Contamination fraction of drinking water * 1.000E+00 * 1.000E+00 °* - * FDW
RO18 * Contamination fraction of household water 3 not used * 1.000E+00 ° - * FHHW
RO18 * Contamination fraction of livestock water * 1.000E+00 * 1.000E+00 3 - * FLW
2018 * Contamination fraction of irrigation water * 1.000E+00 ?* 1.000E+00 > - * FIRW
RO18 * Contamination fraction of aquatic food * 5.000E-01 * 5.000E-01 3 - * FR9
RO18 * Contamination fraction of plant food 3.1 -1 2 0.500E+00 3 FPLANT
R0O18 * Contamination fraction of meat -1 3.1 3 0.264E+00 * FMEAT
R018 * Contamination fraction of milk -1 -1 3 0.264E+00 3 FMILK

3 3 3 3 a
RO19 * Livestock fodder intake for meat (kg/day) > 6.800E+01 * 6.800E+01 * ——— * LFIS
RO19 * Livestock fodder intake for milk (kg/day) 3 5.500E+01 ® 5.500E+01 ? - 3 LFI6
RO19 * Livestock water intake for meat (L/day) 3 5.000E+01 * 5.000E+01 ? - ' 3 LWIS
R0O19 * Livestock water intake for milk (L/day) * 1.600E+02 * 1.600E+02 ? - 3 LWI6
RO19 * Livestock soil intake (kg/day) * 5.000E-01 * 5.000E-01 3 -—- 1 LSI
RO19 * Mass loading for foliar deposition {g/m**3) > 1.000E-04 * 1.000E-04 * - * MLFD
RO19 ? Depth of soil mixing layer {(m) ® 1.500E-01 * 1.500E-01 ° - 3> DM
RO19 * Depth of roots (m) > 9.000E-01 * 9.000E-01 @ - > DROOT
R019 * Drinking water fraction from ground water 3 1.000E+00 * 1.000E+00 ? - 3 FGWDW
RO19% ° Household water fraction from ground water * not used * 1.000E+00 ? --- * FGWHH
R0O18 * Livestock water fraction from ground water ? 1.000E+00 * 1.000E+00 * - 3 FGWLW
RO19 * Irrigation fraction from ground water 3 1.000E+00 * 1.000E+00 * - 3 FGWIR

3 3 a 3 3
R19B 3 Wet weight crop yield for Non-Leafy (kg/m**2) 3 7.000E-01 * 7.000E-01 °* -—- 3 Yv{1)
R19B * Wet weight crop yield for Leafy (kg/m**2) * 1.500E+00 * 1.500E+00 * --- T Yv(2)
R19B * Wet weight crop yield for PFodder (kg/m**2) * 1.100E+00 * 1.100E+00 2 --- 2 YV (3)
R19B * Growing Season for Non-Leafy {years) * 1.700E-01 * 1.700E-01 ? .- 3 TE(1)
R19B * Growing Season for Leafy (years) * 2.500E-01 * 2.500E-01 ? - 2 TE(2)
R19B * Growing Season for Fodder {years} 3 8.000E-02 * 8.000E-02 * - * TE(3)
R19B * Translocation Pactor for Non-Leafy 3 1.000E-01 * 1.000E-01 2 - 3 TIV(L)
R19B * Translocation Factor for Leafy * 1.000E+00 * 1.000E+00 ? - 2 TIV(2)
R19B * Translocation Factor for Fodder * 1.000E+00 * 1.000E+00 * - ¥ TIV(3)
R19B * Dry Foliar Interception Fraction for Non-Leafy 3 2.500E-01 3 2.500E-01 @ - * RDRY (1)
R19B * Dry Foliar Interception Fraction for Leafy 3 2.500E-01 * 2.500E-01 .- * RDRY (2)
R19B * Dry Foliar Interception Fraction for Fodder * 2.500E-01 * 2.500E-01 * - * RDRY (3)
R19B ® Wet Foliar Interception Fraction for Non-Leafy 3 2.500E-01 * 2.500E-01 * - * RWET(1)
R19B * Wet Foliar Interception Fraction for Leafy 2 2.500E-01 ® 2.500E-01 ? - 3 RWET (2)
R19B ?* Wet Foliar Interception Fraction for Fodder * 2.500E-01 * 2.500E-01 @ - 3 RWET(3)
R198B * Weathering Removal Constant for Vegetation * 2.000E+01 *» 2.000E+01 * -— * WLAM

E 3 3 k] 3
Cl4 * C-12 concentration in water (g/cm**3) ¥ not used ? 2.000E-05 @ - 3 Cl2WTR
€14 * C-12 concentration in contaminated scil (g/g) * not used * 3.000E-02 * - 3 cizca
Cl4 * Fraction of vegetation carbon from soil 3 not used 3 2.000E-02 ? - * C80oIL
Cl4 * Fraction of vegetation carbon from air > not used 3 9.800E-01 3 - * CAIR
Cl4 3 (-14 evasion layer thickness in soil (m) > not used * 3.000E-01 °* - 3 pMC
Ci4 * C-14 evasion flux rate from soil (1/sec) * not used * 7.000E-07 ? -— 3 EVSN
Cl4 3* C-12 evasion flux rate from soil {(1/sec) 3 not used * 1.000E-10 * - 3 REVSN
Cl4 * Fraction of grain in beef cattle feed * not used * 8.000E-01 3 —— 3 AVFG4
Cl4 * Fraction of grain in milk cow feed * not used * 2.000E-01 ? —m- * AVFGS
Ci4 * DCF correction factor for gaseous forms of Ci4 * not used * 8.894E+01 ? - * CO2F
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Summary 116-F-6 Cleanup Verification - Shallow Zone ’
File 116£6_shallow.rad
Site-Specific Parameter Summary {continued)
0 3 2 User 3 2 Used by RESRAD * Parameter
Menu * Parameter 3 Input 3 Default * (If different from usexr input) ? Name

STOR * Storage times of contaminated foodstuffs (days):

3 3 3 E]
STOR * Fruits, non-leafy vegetables, and grain 3 1.400E+01 * 1.400E+01 ? - * STOR_T(1)
STOR 3 Leafy vegetables * 1.000E+00 * 1.000E+00 * - > STOR_T(2)
STOR 3 Milk * 1.000E+00 * 1.000E+00 * * STOR_T(3)
STOR 3 Meat and poultry * 2.000E+01 * 2.000E+01 °* 3 STOR_T(4)
STOR * Fish * 7.000E+00 * 7.000E+00 3 * STOR_T (5}
STOR ? Crustacea and mollusks * 7.000E+00 * 7.000E+00 3 * STOR_T (6}
8TOR * Well water * 1.000E+00 * 1.000E+00 3 * STOR_T(7)
STOR 3 Surface water * 1.000E+00 * 1.000E+00 3 > STOR_T(8)
STCR 3 Livestock fodder * 4.500E+01 * 4.500E+01 3 3 STOR_T(9)
3 3 3 3 3
R021 * Thickness of building foundation (m) * not used ? 1.500E-01 ? * FLOOR1
RO21 * Bulk density of building foundation (g/cm**3) * not used °* 2.400E+00 ° * DENSFL
R021 * Total porosity of the cover material > not used °* 4.000E-01 3 @ TPCV
R0O21 * Total porosity of the building foundation * not used * 1.000E-01 ° * TPFL
R021 3 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 * 3 PH20FL
R021 * Diffusion coefficient for radon gas (m/sec): 3 3 3 :
RO21 * in cover material * not used * 2.000E-06 ? * DIFCV
RO21 * in foundation material * not used > 3.000E-07 ? > DIFFL
RO21 * in contaminated zone soil * not used * 2.000E-06 ? 3 DIFCZ
R0O21 * Radon vertical dimension of mixing {(m) ¥ not used * 2.000E+00 ?* * HMIX
R021 * Average building air exchange rate (1/hr) 3 not used * S5.000E-01 * 3 REXG
R021 * Height of the building (room) (m) * not used 3* 2.500E+00 3 * HRM
R021 ° Building interior area factor * not used 3 0.000E+00 2 3 FAI
R021 * Building depth below ground surface (m) * not used ?-1.000E+00 * * DMFL
R021 ? Emanating power of Rn-222 gas * not used * 2.500E-01 * 1 EMANA{1)
R021 * Emanating power of Rn-220 gas * not used * 1.500E-01 3 * EMANA({(2)
3 3 3 3 3
TITL * Number of graphical time points 3 32 3 —— 2 * NPTS
TITL * Maximum number of integration points for dose 2 17 3 -—- 3 3 LYMAX
TITL * Maximum number of integration points for risk 2 257 3 -—- 3 KYMAX
IE2 4S540 0 SRS SRRE IS ERS SRR NSNS AR E RIS RN ARSIV ER S PREIEELUREFIASASENIPANEAEELRESSORREASARSIREREERIESRE SRR RS H 1

Summary of Pathway Selections

Pathway 3 User Selection
1 -- external gamma 2 active
2 -- inhalation {w/o radon)? active
3 -- plant ingestion 2 active
4 -- meat ingestion 3 active
5 -- milk ingestion 2 active
6 -- aguatic foods 3 active
7 -- drinking water 3 active
8 -- soil ingestion 3 active
9 -- radon 3 suppressed
Find peak pathway doses 2 active

IiI

C-10
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116f£6_shallow.rad
Contaminated Zone Dimensions Initial Soil Concentratioms, pCi/g
Area: 5272.00 square meters Co-60 2.670E-02
Thickness: 4.60 meters Cs~137 5.250E-01
Gover Depth: 0.00 meters Bu-152 2.770E-01
Eu-154 5.770E-02
Sr-90 9.690E-01

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 1.500E+01 mrem/yr

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

t {years): O.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4,200E+01 1.000E+02 3.000E+02 1.000E+03

TDOSE(t): 5.794E+00 5.584E+00 S5.197E+00 4.5008+00 3.507E+00 1.633E+00 3.776E-01 3.098E-03 1.753E-10

M{t): 3.862E-01 3.723E-01 3.465E-01 3.000E-01 2.3388E-01 1.089E-01 2.518E-02 2.065E-04 1.169E-11
OMaximum TDOSE(t): 5.794E+00 mrem/yr at t = 0.000E+00 years

C-11
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years
Water Independent Pathways (Inhalation excludes radon)

Inhalation adon Plant
AARRARAAAARARAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr
ARAARARAR ARAAARA AARARAAAAA AAARAR ARARAAA AR ARAAAA ARRAAARAAR AAARARA AARAAAAAA AARARA AARAARAAAR ARARAA AAARRAARA
2.5578E~01 0.0441 2.070E-07 0.0000 O.000E+00 0.0000 3.034E-03 0.0005 7.S87E-04 0.0001 1.738E-04 0.0000 3.930E-05
1.109E+00 0.1915 6.255E-07 0.0000 O0.000E+00 0.0000 5.848E-02 0.0101 2.379E-02 0.0041 1.477E-02 0.0026 1.515E-03
1.193E+00 0.2059 2.254E-06 0.0000 O0.000E+00 0.0000 2.465E-04 0.0000 2.225E-05 0.0000 5.880E-0Q7 0.0000 1.021E-04
2.691E-01 0.0464 5.996E-07 0.0000 O.000E+00 0.0000 7.467E-05 0.0000 6.740E-06 0.0000 1.781E-07 0.0000 3.094E-05
1.485E-02 0.0026 4.739E-05 0.0000 O0.0Q000E+00 0.0000 2.476E+00 0.4274 2.324E-01 0.0401 1.313E-01 0.0227 8.554E-03
fIIT11%7 fiffis fTIFITIIT ITIFET TITITIIEY fIETET O fEIfITLIf fffffr fTETITIIT TETIIT IITITIRIE fEITIIT fTEfITiit
2.B42E+00 0.4905 5.107E-05 0.0000 O.00CE+00 0.0000 2.538E+00 0.4381 2.570E-01 0.0444 1.462E-01 0.0252 1.0243702

Total Dose Contributions TDOSE(i,p,t)
As mrem/yr and Fraction of Total Dose At t
Water Dependent Pathways
Plant

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
fITffIiis
0.000E+00
all waterxr

0.0000
0.0000
0.00600
0.0000
0.0000
jassess
0.0000

Fish
AARRAARARRAAARAR
mrem/yr fract.
...............
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

111111111 111111
0.000E+00 0.0000

Radon

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
IITTITLes
0.000E+00

independent and dependent pathways.

0.0000
0.0000
0.0000
6.0000
0.0000
111z
0.0000

mrem/yr
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
fIffziiis
0.000E+00

C-12

fract.
0.0000
0.0000
0.0000
0.0000
0.0000
111111
0.0000

for Individual Radionuclides

{i} and
0.000E+00 years

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
ITITEEI1T f1fiss
0.000E+00 0.0000

Pathways (p}

G.000E+00
0.000E+00
0.000E+00
G.000E+00
0.000E+0C0Q

0.000E+00

6.0000
0.0000
0.0000
0.0000
0.0000
11fiif
0.0000

0.0000
0.0003
0.0000
0.0000
0.0015
fiifis
0.0018

All Pathways*

2.597E-01
1.208E+00
1.193E+00
2.692E-01
2.863E+00
IIffITiis
5.794E+00

0.4942
1111t
1.0000

3
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Radio~
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Co-60
95—137
Eu-152
Eu-154
Sr-90
I111iss
Total

Radio-~
Nuclide
Co-60
Cs-137
Eu-152
Eu-154
Sr~90
I1fiiig
Total
0*Sum of

Version 6.
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: 116-F-6 Cleanup Verification - Shallow Zone

: 116£6_shallow.rad

2.242E-01
1.084E+00
1.132E+00
2.487E-01
1.449E-02
ITfTiTies
2.704E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
TI1ffIsis
0.000E+00
all water

0.5 year

02/21/2003

07:28
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t

0.0401
0.1941
0.2028
0.0445
0.0026
1111t
0.4842

1.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Inhalation

2.140E-06
5.541E-07
4.625E-05
jasasesnsi
4.974E-05

0.0000

f11111
0.0000

Radon

Plant

0.000E+00
0.000E+00
G.000E+00
0.000E+00
0.000E+00
Irifrrees
0.000E+00

0.0000
0.0000
0.0000
0.0000
jassas:
0.0000

Total Dose Contributions TDOSE(i,p,t)
As mrem/yr and Fraction of Total Dose At t
Water Dependent Pathways
Plant

0.0000
0.0000
0.0000
0.0000
0.0000
f1if1t
0.0000

independent and dependent

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
ffrffiiis
0.000E+00

0.0000
0.0000
0.0000
0.0000
0.0000
Ifffiiz
0.0000

Radon

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
11IfIIit
0.000E+00
pathways.

0.0000
0.0000
0.0000
fIfIis
0.0000

2.659E-03
5.714E-02
2.340E-04
6.901E-05
2.417E+00
ITIITI181
2.477E+00

0.000E+G0
G.000E+00
0.000E+00
0.000E+00
0.000E+00
ITIfffIis
0.000E+00

C-13

0.0005
0.0102
0.0000
0.0000
0.4328
111111
0.4436

0.0000
0.0000
0.0000
jsssunt
0.0000

2.112E-05
6.229E-06
2.269E-01
ITTIIfEes
2.508E-01

for Individual Radionuclides

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
If1ifisis
0.000E+00

0.0406

fffrit
0.0449

(i) and

1.000E+00 years

0.0000
0.0000
0.0000
0.0000
0.0000
ITfIfr
6.0000

1.524E-04
1.443E-02
5.582E-07
1.646E-07
1.281E-01
fiffrfiis
1.427B-01

0.0000
0.0000
0.0229
1111t
0.0256

Pathways (p)

0.000E+00
0.000E+00
0.000E+00
0.000E+00
G.000E+00 0.0000
11188197 f1f11%
0.000E+00 0.0000

0.06000

fract.

mrem/yr

2.860E-05
8.349E-03
frrrrefis
9.990E-03

0.0000
0.0015
1i1i11
0.0018

All Pathways*

fract.

mrem/yr

0
1.180E+00 0
1.133E+00 0.
2.488E-01 0
2.795E+00 0.5005
ITTI1817 f1i84%
5.584E+00 1.0000
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116£6_shallow.rad

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

4] Water Independent Pathways ({(Inhalation excludes radon)
0 Ground Inhalation Radon Plant
Radio- & ARARA ARAR ARAAAAARAAAARAAARR
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

ARAARAA AAAAARAAA AARAAR AAAAARAAA ARARAA AAAARAARAAR AARAAR ARAAAARAA AARRAR AAARARAARA AARAAR AAAAAAARA ARAARR ARAARARAA AARAAAA
Co-60  1.722E-01 0.0331 1.394E-07 0.0000 -0.000E+00 0.0000 2.043E-03 0.0004 5.110E-04 0.0001 1.171E-04 0.0000 2.647E-05 0.0000
Cs-137 1.034E+00 0.193%0 S5.832E-07 0.0000 0.000E+00 0.0000 5.453E-02 0.0105 2.218E-02 0.0043 1.378E-02 0.0027 1.413E-03 0.0003
Eu-152 1.020E+00 0.1964 1.928E-06 0.0000 0.000E+00 0.0000 2.108E-04 0.0000 1.903E-05 0.0000 5.030E-07 0.0000 8.738E-05 0.0000
Eu-154 2.124E-01 0.0409 4.733E-07 0.0000 0.000E+00 0.0000 5.894E-05 0.0000 5.321E-06 0.0000 1.406E-07 0.0000 2.443E-05 0.0000
Sr-90  1.381E-02 0.0027 4.406E-05 0.0000 O0.000E+00 0.0000 2.303E+00 0.4430 2.161E-01 0.0416 1.221E-01 0.0235 7.954E-03 0.0015
Pff§97F TTETEETIT IITEE1 TEFFTILET TIFEIT TREETR97T ff9fff TITFLIT%f fIff1f SIfITI94f fIf118f TITfIITfEf TRRfff FRIfT9fff fffiif
Total  2.453E+00 0.4721 4.719E-05 0.0000 O0.000E+00 0.0000 2.359E+00 0.4540 2.388E-01 0.0460 1.360E-01 0.0262 9.505E-03 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 = 3.000E+00 years

0 Water Dependent Pathways

[¢] Water Fish Radon Plant Meat Milk All Pathways*
Radio- nx .
Nuclide wmrem/yr £fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
...................................................................................................................

Co-60 0.000E+00 0.0000 O0.000E+00 0.0000 0.CO00E+00 0.0000
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+G0O 0.0000
BEu-152 0.000E+0Q0 0.0000 0.000E+00 0.0000 C.000E+00 0.0000

.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 1.749E-01 0.0337
.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 1.126E+00 0.2167
.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 1.021E+00 0.1964
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 .000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 2.125E-01 0.0409
Sr-90 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 .000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 2.663E+00 0.5123
fITE78% FITEILLET ILE1FT IILTITILL ERI%% TPEREE99T fEffff FTTITITET IET0ffT FITIT11%f fIff1f FIE71ff%f TIT17F fIffffief fffift
Total 0.000E+Q0 0.0000 O0.000E+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 5.197E+00 1.0000
0*Sum of all water independent and dependent pathways.

DO 0o

C-14
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IIffiis
Total
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Cleanup Verification - Shallow Zone

: 116£6_shallow.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 7.200E+00 years
Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant
““““““““““““““““ ras .
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
........................................................................... AAARAARAA ABRRAAZ

9.906E-02 0.0220 8.015E-08 0.0000 O.000E+00 0.0000 1.175E-03 0.0003 2.939E-04 0.0001 6.734E-05 0.0000
8.379E-01 0.2084 5.288E-07 0.0000 0.000E+00 0.0000 4.944E-02 0.0110 2.011E-02 0.0045 1.249E-02 0.0028
8.201E-01 0.1823 1.549E-06 0.0000 O0.0Q00E+00 0.0000 1.694E-04 0.0000 1.529E~05 0.0000 4.042E-07 0.0000
1.525E~-01 0.0339 3.399E-07 0.0000 O.000E+00 0.0000 4.233E-05 0.0000 3.B21E-06 0.0000 1.010E-07 0.0000
1.247E-02 0.0028 3.980E-05 0.0000 0.000E+00 0.0000 2.080E+00 0.4622 1.952E-01 0.0434 1.103E-01 0.0245
TITITEI9T fIf1fT PITIIFIEY FITEIT FITTTIEIEE TEETIT TTLI1E%T 11337 F1fff1fff f11%ff IITfffel fffiff
2.022E+00 0.4494 ‘4.230E-05 0.0000 O©.000E+00 0.0000 2.131E+00 0.4735 2.156E-01 0.0479 1.228E-01 0.0273
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
Water Dependent Pathways
Water Fish Radon Plant Meat Milk

ARRARARAAARAAAAA ARAAAAARAARAARAAA ARARAAAAAAARAAAAAR AAARAAAARAARAAAR AAAAAARAARARARARR AARAAAARARRAAARAR
mrem/yr fract. mrewm/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAKAAAAA AAAARA AARAAAARA RARAAAR AAAAAARAA AARAAR AAAARARAA ARRAAR AARARAAAA AAAAAA ARAAAAARA ARRAAA
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O©0.CO0E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 6.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000
ITITITEIT IfI7EF TITIITILT TIITRT ITITLEFRT fREFTT TITIETIES TEEEE fEEIEELfr fififY ffffrEfir fITrif
0.000E+0G 0.0000 O0.CO0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000

all water

independent and dependent pathways.

C-15

mrem/yxr

1.522E-05
1.281E-03
7.022E-05
1.754E-05
7.184E-03
frifrffis
8.568E-03

fract.

All Pathways*

1.021E+00
8.203E-01
1.526E-01
2.405E+00
1IffIiris
4.500E+00



1RESRAD,

Summary :

File

oo

Radio-
Nucl}de
Co~60
Cg~137
Eu-152
Eu-154
Sr-90
1iffiit
Total

(=]

Radio-
Nuclide
Co-60

Cs-137
Eu-~152
Eu-154
8r-90

IfffTes
Total

0*Sum of

Version 6.21 T« Limit 0.5 year 02/21/2003
116-F-6 Cleanup Verification - Shallow Zone

: 116£6_shallow.rad

07:28 Page 14

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

As mrem/yr and Fraction of Total Dose At t
Water Independent Pathways (Inhalation e

CVP-2002-00010
Rev. 0

Pathways (p)

1.500E+01 years
xcludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
ARARAAAARAAARAAA AAARAAARARAARAAR ARARAARAAARAAAAA
wmrem/yr E£ract. mrem/yr fract. mrem/y
5 AAA AARAAR ARAAAAAAAA AARARA AARAA ARA
3.546E-02 0.0101 2.870E-08 0.0000 0.000E+00 0.0000 4.206E-04 0.0001 1.0S2E-04 0.0000 2.410E-05 0.0000 5.44%E-06 0.0000
7.818E-01 0.2230 4.40BE-07 0.0000 O.000E+00 0.0000 4.122E-02 0.0118 1.677E-02 0.0048 1.041E-02 0.0030 1.068E-03 0.0003,
5.464E-01 0.1558 1.032E-06 0.0000 O0.000E+00 0.0000 1.129E-04 0.0000 1.019E-05 0.0000 2.693E-07 0.0000 4.679E-05 0.0000
8.249E-02 0.0235 1.83BE-07 0.0000 O0.000E+00 0.0000 2.28%E-05 0.0000 2.066E-06 0.0000 5.461E-08 0.0000 9.487E-06 0.0000
1.032E-02 0.0029 3.294E-05 0.0000 O0.000E+00 0.0000 1.722E+00 0.4909 1.616E-01 0.0461 9.127E-02 0.0260 5.947E-03 0.0017
fiEff899F fIfITT PEIITITIET IETIEY ITITIREET fITTET ITITIITET ITIIET  TIELFILL fTE7TE fIFTIfRLT fTOfiT fETLfffRf ffffif
1.457E+00 0.4153 3.463E-05 0.0000 O0.000E+00 0.0000 1.763E+00 0.5028 1.785E-01 0.0509 1.017E-01 0.0290 7.077E-03 0.0020

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.500E+01 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
AARAAARARAAAARAA ARAABRARARAARRARAA AARARAAARARRAAAR ARRRRARARARARRAR AARARAR
mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARARARAAA AAAARAA AARAAAAAR AARAAAA AAAARARAA ARRAAAR AAARAARAA ARAAAA AARAAARAR AAAARAR ARAARAAAAR ARAAAR AAARARAAARA ARAARAR
0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 3.601E-02 0.0103
0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 8.514E-01 0.2428
0.0C0E+00 0.0000 0©0.000E+00 0.0000 0.000E+00 0.0000 O0.000CE+00 0.0000 O0.0COE+00 0.0000 O.000E+00 0.0000 5.466E-01 0.1558
0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 B8.252E-02 0.0235
0.000E+00 0.0000 O0.000E+00 0.0000 O0.0C00E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O.Q00E+00 0.0000 1.991E+00 0.5676
ffffEf19% fPf¥IT TITTILILT TEITIIF EIITITIET TIEETT PITILTIIT IITIFT fFITfIIR% fRTTIT TITTIEEEL fIffTf ITTEEFILT ffffff
0.000E+00 0.0000 O0.000E+0G0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 3.507E+00 1.0000
all water independent and dependent pathways.

C-16
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Summary
File

Radio-
Nucli@@
Co-60
Cs-137
Eu-152
Eu-154
Sr-90
frrfiis
Total

Sr-90
IfIfiis
Total
0*Sum of

CVP-2002-00010
Rev. 0

Version 6.21 T« Limit = 0.5 year 02/21/2003 07:28 Page 15
: 116-F-6 Cleanup Verification - Shallow Zone
116£6_shallow.xad

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+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon

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

.................... ARAA AAAAAA AAAARARAA AAAAAA ABAAAARAA AR SRRARARAR RARAAR HRARRRERS RERARE SRARmakne scmssa

1.012E-03 0.0006 8.192E-10 0.0000 O0.000E+00 0.0000 1.201E-05 0.0000 3.002E-06 0.0000 6.8B0E-07 0.0000 1.555E-07 0.0000
4.166E-01 0.2551 2.349E-07 0.0000 0.000E+00 0.0000 2.196E-02 0.0134 8.932E-03 0.0055 5.548E-03 0.0034 5.690E-04 0.0003
1.340E-01 0.0821 2.532E-07 0.0000 0.000E+00 0.0000 2.769E-05 0.0000 2.499E-06 0.0000 6.606E-08 0.0000 1.147E-05 0.0000
9.821E-03 0.0060 2.188E-08 0.0000 0.000E+00 0.0000 2.725E-06 0.0000 2.460E-07 0.0000 6.502E-09 0.0000 1.1298-06 0.0000
5.366E-03 0.0033 1.712E-05 0.0000 0.000E+00 0.0000 B8.948E-01 0.5479 B8.399E-02 0.0514 4.744E-02 0.0290 3.091E-03 0.0019
TITT1997 111328 IITITE990 ITE88% SFISf17FF TRTET IRIPITI0T PIEfff FTFfRffff F1198F fPTffffef fI7T1f TPTTFffTfT PITfif
5.66BE-01 0.3470 1.763E-05 0.0000 0.000E+00 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+01 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
R EREERARARRRER ERREREAARERARNER HERSRBARRNRARZNS R RES S SR o mmgnts  RERREtAsammmEmgn  Ermemes e esssnn  gae s AEAWAYSY
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract.
.................................................... FRmnan  samEunhEn Apesss peerseiss thoses sacarir. cract.

0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.028E-03 0.0006
0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.00006 0.000E+00 0.0000 4.536E-01 0.2777
0.000E+C0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.341E-01 0 0821
0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.825E-03 0 0060
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 1.035E+00 0.6335
ITIEIT83% TITT0T ITITITIIF PEFEFf ITTRTE9T fIET3f LLTEET1F FTfPff IPTf717FF fE97%%f IITIfTE17 TTT7%f SFETfFffiff T1ffit
0.000E+00 0.0000 0.000E+00 0.0000 0.000CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.633E+00 1 0000
all water independent and dependent pathways.
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1RESRAD,
Summary
File

“Radio-
Nuc}}dg
Co-60
Cs-137

“Eu-152
Eu-154
sr-9g
TITTIfE
Total

Bu-154
Sr-50
josdssge
Total
0*Sum of

CVP-2002-00010
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Version 6.21 T« Limit = 0.5 year 02/21/2003 07:28 Page 16
: 116-F-6& Cleanup Verification - Shallow Zone
: 116f6_shallow.rad

Total Dose Contributions TDOSE{i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
AAAARAAARAAARAAAA AAAARRAAARRARAAA AARRAAAARRRAAARA AAARARARARAAARAR ARRARARAARRRAASA ARARARAAARRARARR ARAAR A A
mrem/yr fract. mrem/yr fract. mrem/yr fract: mrem/yr fract. wrem/yr fract. wmrem/yr fract. mrem/yr fract.
ARAAARAAA AAAARA ARAAA AR ARARAAR AARAAR AAR ARARRA AAAAARAARA ARAAAA AARAARAAR AAAARR AAARAAARA ARAAAR ARARAAR ARA
4.B67E-07 0.0000 3.940E-13 0.0000 0.000E+00 0.0000 5.774E-09 0.0000 1.444E-09 0.0000 3.305E-10 0.0000 7.480E-11 0.0000
1.077E-01 0.2852 6.072E-08 0.0000. 0.000E+00 0.0000 S.678E-03 0.0150 2.309E8-03 0.0061 1.434E-03 0.0038 1.471E-04 0.0004
6.546E-03 0.0173 1.237E-08 0.0000 0.000E+00 0.0000 1.352E-06 0.0000 1.221E-07 0.0000 3.227E-09 0.0000 S5.60SE-07 0.0000
1.016E-04 0.0003 2.263E-10 0.0000 O.000E+00 0.0000 2.818E-08 0.0000 2.544E-09 0.0000 6.724E-11 0.0000 1.168E-08 0.0000
1.316E-03 0.0035 4.199E-06 0.0000 0.000E+00 0.0000 2.194E-01 0.5810 2.059E-02 0.0545 1.163E-02 0.0308 7.580E-04 0.0020
TIFTE1198% ITEREL IXTTITTIT TI£E%7 ITFTE77€% 77%9fF Afff1111f TEIf1f fITFEf881 fTffif SILTE771F TITTFT FREER577C fPfiff
1.157E-01 0.3063 4.272E-06 0.0000 0.000E+00 0.0000 2.251E-01 0.5%60 2.290E-02 0.0607 1.307E-02 0.0346 9.056E-04 0.0024
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*
7 anx 35 AARARARAAAAAAAAR ARAARAAAAAAARAAA AAAARAAAAAARAAAA ARASA AAAAAAARAAA
mrem/yr fract. wrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
""""" AR AAAAAA AARARAAAA AARARA ARAAAAAAA AARAAA AAAARAAAA ARAAAR AARAARAARR AAAARAR ARRAARARA AARARAA
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 4.943BE-07 0.0000
0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.173E-01 0.3106
0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 6.548E-03 0.0173
0.000E+00 0.00060 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.016E-04 0.0003
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000  0.000E+00 0.0000 2.537E-01 0.6718
FITEE199T PEITET TITIFIVER TE9¥F ITEf7FT7F FET1ff ITTII1€fT FITEf fIEREff8f fITTI7 SPTIff81f TRITIT  fTEE1€777 FITILf
G.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 OG.000E+00 0.0000 3.776E-01 1.0000

all water independent and depeundent pathways.

C-18
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Summary
File

Radio-
Nuclide
Co-60
Cs-137
Eu-152
Eu-154
Sr-90
ITIfii:
Total

o

Sr~-90
IIIfiig
Total
0*Sum of

CVP-2002-00010
Rev. 0

Version 6.21 T« Limit = 0.5 year 02/21/2003 07:28 Page 17
116-F-6 Cleanup Verification - Shallow. Zone
: 116£6_shallow.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon . Plant Meat Milk

........................... AR AAARAR ARRAARAAR ARARAR ARRARARAR RARZARZ

1.763E-18 0.0000 1.427E-24 0.0000 0.000E+00 0.0000 2.092E-20 0.0000 5.232E-21 0.0000 1.199E-21 0.0000 2
1.015E-03 0.3277 5.724E-10 0.0000 0.000E+00 0.0000 5.352E-05 0.0173 2.177E-05 0.0070 1.352E-05 0.0044 1

1.971E-07 0.0001 3.725E-13 0.0000 O0.000E+00 0.0000 4.072E-11 0.0000 3.676E-12 0.0000 9.715E-14 0.0000 1.688E
1.447E-11 0.0000 3.224E-17 0.0000 0.000E+00 0.0000 4.015E-15 0.0000 3.624E-16 0.0000 9.579E-18 0.0000 1.664E
1.033E-05 0.0033 3.297E-08 0.0000 0.000E+00 0.0000 1.723E-03 0.5561 1.617E-04 0.0522 9.133E-05 0.0295 5.951E
TIFITITIT II18T% ITIFITIRT $E8%81 IETEF878% f9088F FPIIFIF1 TIT18% SITISRTTF £198f ff1Pf8%ff TE1f IIfIif
1.026E-03 0.3311 3.354E-08 0.0000 0.000E+00 0.0000 1.776E-03 0.5734 1.835E-04 0.0592 1.049E-04 0.0338 7.338E

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk AlY

0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 1.791E
0.000E+00 0.0000 ©.000E+G0 0.0000 O0.000E+00 0.0000 0.000E+00 0.00006 O0.000E+00 0.0000 G§.000E+00 0.0000 1.105E
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.972E
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 1.447E
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.CO00E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 1.992E
TEET1233T TI3381 FERE7I877 $E98%F PETETLETE TTTTIT fIEDfTTff STEfff EEffEffff fPFFff ITTTIfTEL fITFIT ITETEL
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.098E
all water independent and dependent pathways.

C-19

-22 0.0000
-06 0.0004
-11 0.0000
-15 0.0000
-06 0.0019
It fi1iis
-06 0.0024

Pathways*

-18 0.0000
-03 0.3569
-07 0.0001
-11 0.0000
-03 0.6431
It fiffig
-03 1.0000
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Summary : 116-F-6 Cleanup Verification - Shallow Zone
File : 116£6_shallow.rad

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

0 ) Water Independent Pathways (Inhalation excludes radon)

0 Inhalation Radon Plant Meat
Radio- A ARAARARAAA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr Ffract. mrem/yr fract.

SRARARE RAAZAREAA RAANAR ARRRAA ARARARNAR g
Co-60  0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 8.254E-11 0.4709 4.654E-17 0.0000 0.000E+00 0.0000 4.351E-12 0.0248 1.770E-12 0.0101 1.099E-12 0.0063 1.127E-13 0.0006 ,
Eu-152 2.952E-23 0.0000 8.643E-17 0.0000 0.CQ0E+00 0.0000 2.136E-16 0.0000 1.928E-17 0.0000 5.095E-19 0.0000 8.851E-17 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0600 0.000E+00 0.0000
Sr-90  4.430E-13 0.0025 1.414E-15 0.0000 0.000E+00 0.0000 7.387E-11 0.4214 6.934E-12 0.0396 3.917E-12 0.0223 2.552E-13 0.0015
TEE111f PITESTE9% ITE881 ILITITE9T LDI780 ZLI11881 11881 DERE999%7 $IIT1F EITITEE9T fID98Ff ITIDILI9F IRf1f IRREf898% fIf1f%
Total  8.298E-11 0.4734 1.547E-15 0.0000 0.000E+00 0.0000 7.823E-11 0.4462 B8.704E-12 0.0497 5.016E-12 0.0286 3.680E-13 0.0021

4}
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
¢ Water Dependent Pathways
[ Water Fish Radon Plant Meat Milk All Pathways*
Radio- AAAAAAAARAARARAA AAAAARAARARAARAR AARARARAAARARARAR AARAARAARRARAAAARA AAAAAAARARAAAARAAR AAAAAAARARARRAAR ARAAARARARARARAR
Nuclide mrezzt/ yr_ fract. r_l:lf?\}l{qu §§§gt_: - _xzu_fgrg{ yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

............................................................

Co-60 0.0C0E+0Q0 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Cs~137 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 = 0.000E+00 0.0000 O.000E+00 0.0000 8.987E-11 0.5127
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.0C0E+00 0.0000 4.083E-16 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00C 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

8Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.542E-11 0.4873
fE11E57 PETLE881% fTE98% IEIITICLET IIEFET ILITITLLT FELTIT TITLLE9%% fITTRL PETITINNE fETITLT TEEIITLLT TITEIT ITIIFELET ffffis
Total Q.00Q0E+00 0.0000 0.000E+00 0.0000 O0.000Q0E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 1.753E-10 1.0000
0*Sum of all water independent and dependent pathways.

C-20



CVP-2002-00010

Rev. 0

1RESRAD, Version 6.21 T« Limit = 0.5 year 02/21/2003 07:28 Page 19
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File : 116f£6_shallow.rad

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated
Oparent Product Branch DSR(j,t) (mrem/yr)/(pCi/g)
(i) (3) Fraction* t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03

ARAAARA AARARAAR ARARRAARA AAARAARRAR AAAAAARAR ARAARAAAAR AARAAAARR AAARAAARA ARARAARAA ARAAAAAAAR ARARARAAA ARRARARARA
Co-60 Co-60  1.000E+00 9.727E+00 8.527E+00 6.552E+00 3.76BE+00 1.349E+00 3.849E-02 1.851E-05 6.708E-17 0.000E+00
0Cs-137 Cs-137 1.000E+00 2.301E+00 2.248E+00 2.145E+00 1.945E+00 1.622E+00 8.640E-01 2.234E-01 2.106E-03 1.712E-10
0Eu-152 Eu-152 7.208E-01 3.105E+00 2.948E+00 2.656E+00 2.135E+00 1.422E+00 3.488E-01 1.704E-02 5.130E-07 7.685E-23
0Eu-152 Eu-152 2.792E-01 1.203E+00 1.142E+00 1.029E+00 B8.268E-01 5.509E-01 1.351E-01 6.5600E-03 1.987E-07 2.977E-23
Eu-152 Gd-152 2.792E-01 3.819E-17 1.120E-16 2.485E-16 4.929E-16 8.266E-16 1.329E-15 1.484E-15 1.488E-15 1.474E-15
Eu-152 ADSR(j) 1.203E+00 1.142E+00 1.029E+00 8.268E-01 5.509E-01 1.351E-01 6.600E-03 1.987E-07 1.474E-15
OEu-154 Eu-154 1.000E+00 4.665E+00 4.312E+00 3.683E+00 2.645E+00 1.430E+00 1.703E-01 1.761E-03 2.509E-10 2.737E-34
08r-90 Sr-90  1.000E+00 2.955E+00 2.884E+00 2.748E+00 2.482E+00 2.054E+00 1.068E+00 2.618E-01 2.056E-03 8.816E-11
ff1113f ff11877 fiffifiss ITTTIET3T FTTTRT7IF ITETTR89F TITFL807% TE1ff11%8% fETT719% TETTTT89F fI7TTE74T FEfTRITTE

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j)} = BRF(1)*BRF(2)* ... BRF{(j).
The DSR includes contributions from associated (half-life & 0.5 yr} daughters.
o
Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 1.500E+01 mrem/yr
ONuclide
(i) t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03

ARARAAAR AARRARAAA  AAARRRAAA  AAARAAAAA  AAARAARRA  AAAAAARAR  AAARARAAR  ARARAAAAR  ARRARARRAA  ARRAARAAA
Co-60 1.542E+00 1.759E+00 2.289E+00 3.881E+00 1.112E+01 3.897E+02 8.102E+05 *1.131E+15 *1.131E+1S
Cs-137 6.519E+00 6.673E+00 6.992E+00 7.711E+00 9.250E+00 1.736E+01 6.715E+01 7.124E+03 8.762E+10
Eu-152 3.482E+00 3.668E+00 4.070E+00 5.065E4+00 7.602E+00 3.099E+01 6.345E+02 2.107E+07 *1.765E+14
Eu-154 3.215E+00 3.479E+00 4.073E+00 5.671E+00 1.049E+01 8.809E+01 8.519E+03 5.980E+10 *2.639E+14
8r-90 5.076E+00 5.201E+00 5.459E+00 6.044E+00 7.302E+00 1.405E+01 5.729E+01 7.297E+03 1.701E+11
ifrfiit f11IT1€1%  PIfITREEIYT fffIfifer fffffffff fffffifEr fPIETEEIf ffifffiir IPIEfEIiT PEFIEEEEf

*at specific activity limit

4]
Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 0.000E+00 years R
ONuclide Initial tmin DSR(i,tmin) G{i,tmin) DSR(i,tmax} G(i,tmax) )
(i) {(pCi/g) (years) (pCi/g) (pCi/g)
ARARAAA ARAAAAAAR ARARAAAARAARARARA AAARARARAR AAAARAARR ARARRAARA ARARARAAR
Co-60 2.670E-02 0.000E+400 9.727E+00 1.542E+00 9.727E+00 1.542E+00
Cs-137 5.250E-01 0.000E+00 2.301E+00 6.519E+00 2.301E+00 6.519%E+00
Eu-152 2.770E-01 0.000E+00 4.30BE+00 3.482E+00 4.30BE+00 3.482E+00
Bu-154 5.770E-02 0.000E+00 4.665E+00 3.215E+00 4.665E+00 3.215E+00
Sr-90 9.680E-01 0.000E+00 2.9558+00 5.076E+00 2.955E+00 5.076E+00
IIETEIT ITITTILIT TITITITITITIRIET TIEETTIEE Fffiiffer fRf8fffff Iifffisiz
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Individual Nuclide Dose Summed Over All Pathways

. Parent Nuclide and Branch Fraction Indicated
ONuclide Parent BRF (1) DOSE(j,t), mrem/yr
(i) (i) t= 0.060E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03

Co-60 Co-60 1.000E+00 2.597E-01 2.277E-01 1.749E-01 1.006E-01 3.601E-02 1.028E-03 4.943E-07 1.791E-18 0.000E+00
0Cs-137 Cs-137 1.000E+0C0 1.208E+00 1.180E+00 1.126E+00 1.021E+00 8.514E-01 4.536E-01 1.173E-01 1.105E-03 8.987E-11
O0Eu-152 Eu-152 7.208E-01 8.601E-01 8.165E-01 7.358E-01 5.913E-01 3.940E-01 9.663E-02 4.720E-03 1.421E-07 2.129E-23

Eu-152 Eu-152 2.792E-01 3.332E-01 3.163E~-01 2.850E-01 2.290E-01 1.526E-01 3.743E-02 1.828E-03 5.505E-08 8.245E-24

Eu-152 &DOSE(j) 1.193E+00 1.133E+00 1.021E+00 8.203E-01 5.466E-01 1.341E-01 6.548E-03 1.972E-07 2.953E-23
0Gd-152 EBu-152 2.792E-01 1.058E-17 3.102E-17 6.884E-17 1.365E-16 2.290E-16 3.682E-16 4.109E-16 4.121E-16 4.083E-16
O0FEu-154 Eu-154 1.000E+00 2.692E-01 2.488E-01 2.125E-01 1.526E-01 8.252E-02 9.825E-03 1.016E-04 1.447E-11 0.000E+00
08x-90 Sr-90 1.000E+00 2.863E+00 2.795E+00 2.663E+00 2.405E+00 1.991E+00 1.035E+00 2.537E-01 1.992E-03 8.542E-11

TIfRT8f EPRLTILT ITIfIfRLT TIEET179F TI89139% fS89909F FEO99998F fETR299F FETFLD09F SP7T7598F RR223787 FRET2784%

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

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

ONuclide Parent BRF {i) 8{j,t), pCi/g
{3} (i) t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03
"""""" AAAARAR AAAARAAAR ARAARAAAR AAARRAAAAA AARAAAAAR AARAAARAA AAAAARAAA AARAARAAA ARAAARARA ARAAARARA AARARAARAA
Co-60 Co-60 1.000E+00 2.670E-02 2.340E-02 1.798E-02 1.034E-02 3.702E-03 1.057E-04 5.082E-08 1.841E-19 0.000E+00
0Cs-137 Cs-137 1.000E+00 5.250E-01 5.129E-01 4.855E-01 4.438E~01 3.700E-01 1.871E-01 5.097E-02 4.804E-04 3.906E-11
Q0Eu-~-152 Eu-~152 7.208E-01 1.997E-01 1.895E-01 1.708E-01 1.373E-01 9.145E-02 2.243E-02 1.096E-03 3.299E-08 4.941E-24
Bu-152 Eu-152 2.792E-01 7.734E-02 7.342E-02 6.616E-02 5.317E-02 3.542E-02 8.688E-03 4.244E-04 1.278E-08 1.914E-24
BEu-152 &5(3): 2.770E-01 2.630E-01 2.370E-01 1.904E-01 1.269E-01 3.112E-02 1.520E-03 4.577E-08 6.855E-24
0Gd-152 Eu-152 2.792E-01 0.000E+00 4.837E-16 1.379E-15 2,980E-15 5.167E~-15 8.461E-15 9.473E-15 9.500E-15% 9.413E-15%
gEu-~154 Eu-154 1.000E+G0 5.770E-02 5.333E-02 4.555E-02 3.271E-02 1.76%9E-02 2.106E-03 2.178E-05 3.103E-12 3.386E-36
08xr-90 Sr-20 1.000E+00 9.690E-01 9.458E-01 9.010E-01 8.13BE-01 6.737E-01 3.502E-01 8.586E~02 6.741E-04 2.891E-11
fIF1f5f ffTfI8F ffifffiis ITTT%91197 fI797877 TIT9993F TL1T7797 TETI97277 FITFT1997 fRT9F178F P98 196% TRRTET048

BRF{i} is the branch fraction of the parent nuclide.
ORESCALC.EXE execution time = 2.13 seconds
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad
Dose Conversion Factor (and Related) Parameter Summary
File: HEAST 2001 Morbidity
0 3 * Current ?* *  Parameter

Menu ° Parameter 2 Value > Default °* Name
B-1 ? Dose conversion factors for inhalation, mrem/pCi: ? 3 3
B-1 3 Co-60 * 2.190E-04 * 2.190E-04 * DCF2{( 1)
B-1 3 Cs-137+D * 3.190E-05 * 3.190E-05 ® DCF2( 2)
B-1 * Eu-152 > 2.210E-04 ® 2.210E-04 * DCF2{ 3)
B-1 * Eu-154 * 2.860E-04 3 2.860E-04 * DCF2{ 5)
B-1 * Gd-152 ? 2.430E-01 * 2.430E-01 * DCF2( 6)
B-1 3 Sr-90+D * 1.310E-03 * 1.310E-03 * DCF2( 7)

3 3 3 3
D-1 3 Dose conversion factors for ingestion, mrem/pCi: 3 3 3
D-1 * Co-60 3 2.690E-05 * 2.690E-05 * DCF3( 1)
D-1 * Cs-137+D * 5,000E-05 * 5.000E-05 * DCF3( 2)
D-1  * Eu-152 * 6.480E-06 > 6.480E-06 * DCF3( 3)
D-1 * Eu-154 * 9.550E-06 * 9.550E-06 * DCF3( 5)
D-1 * Gd-152 > 1.610E-04 * 1.610E-04 * DCF3( 6)
D-1 * Sr-90+D 3 1.530E-04 * 1.530E-04 * DCF3{ 7)

3 3 3 3
D-34 ? Food transfer factors: 3 3 3
D-34 * Co-60 , plant/soil concentration ratic, dimensionless 3 8.000E-02 * B,000E-02 ® RTF( 1,1)
D-34 * Co-60 . beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-02 * 2.000E-02 * RTF{ 1,2)
D-34 * Co-60 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF{ 1,3)
D_34 3 E) 3 3
D-34 ?* (Cs-137+D , plant/soil concentration ratio, dimensionless 3 4.000E-02 3 4.000E-02 * RTF{ 2,1)
D-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/{pCi/d) * 3.000BE-02 3 3.000E-02 * RTF{ 2,2)
D-34 * Cg~137+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) * 8.000E-03 * 8.000E-03 * RTF{ 2,3)
D_34 a 3 3 3
D-34 * Bu-152 , plant/soil concentration ratio, dimensionless 3 2.500E-03 * 2.500E-03 * RTF{ 3,1
D-34 3 Eu-152 , beef/livestock-intake ratio, (pCi/kg)/{(pCi/4d) * 2.000E-03 * 2.000E-03 * RTF({ 3,2)
D-34 * Bu-152 , milk/livestock~-intake ratio, (pCi/L)/(pCi/d) * 2.000E-05 ? 2.000E-05 * RTF( 3,3
D-34 3 3 3 3
D-34 3 EBu-154 , plant/soil concentration ratio, dimensionless 3 2_.500E-03 * 2.500E-03 * RTF{ 5,1)
D-34 * Eu-154 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF( 5,2)
D-34 3 Eu-154 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) * 2.000E-05 * 2.000E-05 * RTF{ 5,3)
D,34 3 3 3 3
D-34 * Gd-152 , plant/soil concentration ratio, dimensionless * 2.500E-03 3 2.500E-03 * RTF{ 6,1)
D-34 * Gd-152 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 2 2.000E-03 * 2.000E-03 * RTF{ 6,2)
D-34 ?* Gd-152 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2.000E-05 * 2.000E-05 ®* RTF{ 6,3)
D-34 3 3 3 3
D-34 * Sr-90+D , plant/soil concentration ratio, dimensionless 3 3.000E-01 ® 3.000E-01 * RTF{ 7,1)
D-34 * Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 8.000E-03 * 8.000E-03 * RTF({ 7,2}
D-34 * 8r-90+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/4d) i 2.000E-03 * 2.000E-03 * RTF( 7,3)

3 3 3 3
D-5 * Biocaccumulation factors, fresh water, L/kg: 3 B 2
D-5 * Co-60 - , fish > 3.000E+02 '* 3.000E+02 * BIOFAC{ 1,1)
D-5 * Co-60 , crustacea and mollusks 3 2.000E+02 * 2.000E+02 ® BIOFAC( 1,2
D_S 3 3 3 3
D-5 3 Cs-137+D , fish * 2.000E+03 * 2.000E+03 * BIOFAC( 2,1)
D-5 * Cs-137+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 ® BIOFAC( 2,2)
D_S 3 3 3 3
D-5 * Eu-152 , fish * 5.000E+01 * 5.000E+01 * BIOFAC( 3,1)
D-5 * Eu-152 . crustacea and mollusks 3 1.000E+03 * 1.000E+03 * BIOFAC( 3,2)
D‘S 3 3 3 3
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad
Dose Conversion Factor (and Related) Parameter Summary {continued)
File: HEAST 2001 Morbidity
] 2 * Current ? ®  Parameter

Menu ? ) Parameter 2 Value 3 Defaul 3 Name

R-% 3 Eu-154 , f£ish * 5.000E+01 ?* 5.000E+01 * BIOFAC({ 5,1)
‘* D-5 3 Eu-154 , crustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC( 5,2)

D_S 3 3 3 3

D-5 * Gd-152 , fish * 2.500E+01 * 2.500E+01 * BIOFAC( 6,1)

?-5 * Gd-152 , crustacea and mollusks * 1.000E+03 * 1.000E+03 ? BIOFAC( 6,2)

D_S 3 3 3 k]

D-5 3 Sr-90+D , fish * 6.000E+01 3 6.000E+01 ® BIOFAC( 7,1)

D-5 * 8r-8%0+D , crustacea and mollusks 3 1.000E+02 * 1.000E+02 * BIOFAC( 7,2)

IR SAE AR RINEER RIS T S ASIASRIELAESARN RS SN RS ENI AN EEENERSL P E RIS SR ST RASEAR S SR SOEREN D NSRS O AR SR OB
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f£6_deep.rad
Site-Specific Parameter Summary
[s] 3 2 User 3 3 Used by RESRAD *  Parameter
Menu * Parameter 3 Input 3 Default 3 (1If dlfferent from user input)

A

RO11 ? Area of contaminated zone (m**2) * 5.272E+03 * 1.000E+04 ? Ve
RO11 * Thickness of contaminated zone (m) * 8.900E+00 * 2.000E+00 ? --- 2
RO11 * Length parallel to aguifer flow (m) * 1.545E+02 * 1.000E+02 °* - 3
RO11 * Basic radiation dose limit (mrem/yr) * 4.000E+00 * 2.500E+01 3 ——— 2
RO11 * Time since placement of material (yr) * 0.000E+00 * 0.000E+00 ? - 3
RO11 * Times for calculations (yr) 3 1.000E+00 * 1.000E+00 2 ——— 3
RO11 * Times for calculations (yr) > 3.000E+00 * 3.000E+00 ? - 3
RO11 * Times for calculations (yr) 3 7.200E+00 * 1.000E+01 * - 3
RO11 * Times for calculations (yr) * 1.500E+01 * 3.000E+01 * - 3
RO11 * Times for calculations (yr} 3 4.200E+01 * 1.000E+02 ? - »
RO11 * Times for calculations (yr) 3 1.000E+02 * 3.000E+02 * - 2 T{ 7)
RO11 * Times for calculations (yr) > 3.000E+02 * 1.000E+03 * --- > T( 8)
RO11 * Times for calculations (yr) * 1.000E+03 * 0.000E+00 * - > T(9)
RO11 * Times for calculations (yr) * not used * 0.000E+00 °* -——— > T{10)}
3 3 3 3 a
R012 * Initial principal radionuclide (pCi/g): Co-60 3 3.400E-01 ®* 0.000E+00 ? R > 81( 1)
R012 * Initial principal radionuclide (pCi/g): Cs-137 * 6.080E+00 * 0.000E+00 3 --- 2 81{ 2)
R012 * Initial principal radionuclide (pCi/g): Eu-152 * 7.510E+00 * 0.000E+00 3 - 2 81( 3
R0O12 * Initial principal radionuclide (pCi/g): Eu-154 3 7.270E-01 * 0.000E+00 2 - 3 81{ 5}
R012 * Initial principal radionuclide {pCi/g): Sr-90 3 1.280E+61 * 0.000E+00 ? - 2 81( 7
RO12 * Concentration in groundwater (pCi/L): Co-60 > not used * 0.000E+00 3 - > wWi( 1)
RO12 * Concentration in groundwater {pCi/L): Cs-137 * not used * 0.000E+00 3 - * Wi{ 2)
R012 ? Concentration in groundwater (pCi/L): EBu-152 * not used * 0.000E+00 3 --- 3 Wi( 3)
RO12 * Concentration in groundwater (pCi/L): PBu-154 * not used * 0.000E+00 2 - 2 Wl{ 5)
RO12 * Concentration in groundwater (pCi/L): Sr-%0 * not used 3 0.000E+00 ? == 3P W1( 7)
3 3 3 3 3
R013 * Cover depth (m) 3 4.600E+00 * 0.000E+0Q0 * - * COVERGO
RO13 ? Density of cover material (g/cm**3) > not used * 1.500E+00 3 - 3 DENSCV
RO13 * Cover depth erosion rate (m/yr) * 1.000E-03 * 1.000E-03 * --- 3 yCv
RO13 * Density of contaminated zone (g/cm**3) * 1.600E+00 * 1.500E+00 * --- * DENSCZ
R013 * Contaminated zone erosion rate (m/yr) * 1.000E-03 * 1.000E-03 ? --- 3 VCZ
RO13 * Contaminated zone total porosity * 4.000E-01 ® 4.000E-01 ? - 3 TPCZ
RO13 * Contaminated zone field capacity 3 1.500E-01 3 2.000E-01 * - 3 FCCZ
R013 * Contaminated zone hydraulic conductivity (m/yr) * 2.S00E+02 ? 1.000E+01 3 --- 3 HCCZ
RO13 ? Contaminated zone b parameter 2 4.050E+00 * 5.300E+00 ? - * BCZ
R013 * Average annual wind speed (m/sec) > 3.400E+00 * 2.000E+00 32 --- * WIND
RO13 * Humidity in air (g/m**3) > not used * B8.000E+00 ? -—= * HUMID
R013 * Evapotranspiration coefficient * 9.100E-01 * 5.000E-01 * - 3 EVAPTR
RO13 * Precipitation (wm/yr) * 1.600E-01 * 1.000E+0Q0 3 - * PRECIP
RO13 3 Irrigation (m/yr) 2 7.600E-01 * 2.000E-01 * - * RI
RO13 * Irrigation mode 3 overhead * overhead °* --- * IDITCH
R0O13 3 Runoff coefficient * 2.000E-01 * 2.000E-01 3 --= * RUNOFF
R013 * Watershed area for nearby stream or pond (m**2) * 1.000E+06 * 1.000E+06 * - * WAREA
RO13 * Accuracy for water/soil computations * 1.000E-03 * 1.000E-03 * -— 2 EPS
3 3 3 3 3
RO14 3 Density of saturated zone (g/cm**3) * 1.600E+00 * 1.500E+00 ? -—- 3 DENSAQ
R014 * Saturated zone total porosity * 4.000E-01 * 4.000E-01 * - * TPSZ
R014 * Saturated zone effective porosity * 2.500E-01 * 2.000E-01 3 ——- * EPSZ
R014 * Saturated zone field capacity * 1.500E-01 * 2.000E-01 * - 3 FCSZ
R014 * Saturated zone hydraulic conductivity {(m/yr) 3 5.530E+03 * 1.000E+02 ? -—= * HCSZ
R014 * Saturated zone hydraulic gradient 3 1.250E-03 * 2.000E-Q2 ? - 3 HGWT
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Site-Specific Parameter Summary (continued)
0 2 3 User 3 3 Used by RESRAD *  Parameter
Menu * Parameter ? Input } Default * (If different from user input) 3 Name
R014 * Saturated zone b parameter * 4.050E+00 * 5.300E+00 ? - * BSZ
RO14 * Water table drop rate (m/yr) * 1.000E-03 * 1.000E-03 3 - 3 VWT
R014 * Well pump intake depth (m below water table) * 4.600E+00 * 1.000E+01 * - * DWIBWT
R014 * Model: Nondispersion (ND) or Mass-Balance (MB) * ND * ND 3 -—- * MODEL
RO14 * Well pumping rate (m**3/yr) 3 2.500E+02 * 2.500E+02 ? - *UW
3 3 3 3 3
R015 * Number of unsaturated zone strata >0 * 1 3 - * NS
3 3 3 3 3
RO16 * Distribution coefficients for Co-60 3 3 3 3
ROl6 ® Contaminated zone (cm**3/g) * 5.000E+01 * 1.000E+03 2 - 2 DCNUCC( 1)
RO16 ? Saturated zone (cm**3/g) > 5.000E+01 * 1.000E+03 3 --- * DCNUCS( 1)
RO16 * Leach rate (/yr) 2 0.000E+00 * 0.000E+00 @ 1.120E-04 > ALEACH( 1)
RO16 ? Solubility constant * 0.000E+00 * 0.000E+00 ? not used * SOLUBK( 1)
3 3 3 3 3
RO16 * Distribution coefficients for Cs-137 3 3 : »
ROls 2 Contaminated zone {cm**3/g) * 5.000E+01 * 1.000E+03 ? - 3 DCNUCC( 2)
RO16 * Saturated zone {cm**3/g) * 5.000E+01 * 1.000E+03 * - 3 DCNUCS( 2)
ROl6 * Leach rate (/yr) * 0.000E+00 * 0.000E+00 ? 1.120E-04 * ALEACH{ 2)
RO16 *  Solubility constant * 0.000E+00 * 0.000E+00 * not used > SOLUBK({ 2)
3 32 3 3 k]
RO16 * Distribution coefficients for Eu-152 3 3 3 3
RO16 * Contaminated zone (cm**3/g) * 2.000E+02 *-1.000E+00 * - * peNuce( 3)
RO16 * Saturated zone {cm**3/g) 3 2.000E+02 *-1.000E+00 ? - 3 DCNUCS( 3}
RO16 * Leach rate (/yr) * 0.000E+00 * 0.000E+00 * 2.804E-05 * ALEACH( 3)
RO16 *  Solubility constant 2 0.000E+00 * 0.000E+00 3 not used * SOLUBK( 3)
3 3 2 3 3
R016 * Distribution coefficients for Bu-154 3 3 3 a
RO16 * Contaminated zone (cm**3/g) * 2.000E+02 *-1.000E+00 3 --- * DCNUCC( 5)
RO16 *  Saturated zone (cm**3/g) 3 2.000E+02 >-1.000E+00 » --- > DCNUCS( 5)
R0O16 *  Leach rate (/yr) * 0.000E+00 * 0.000E+00 3 2.804E-05 * ALEACH{ 5)
RO16 *  Solubility constant * 0.000E+00 > 0.000E+00 @ not used > SOLUBK({ 5)
3 3 3 3 3
RO16 * Distribution coefficients for Sr-90 3 3 3 3
RO16 * Contaminated zone {cm**3/g) 3 2.500E+01 * 3.000E+01 ? -—— * DCNUCC( 7)
RO16 * Saturated zone {cm**3/g) * 2.500E+01 * 3.000E+01 2 - * DCNUCS( 7)
RO16 * Leach rate {/yr) * 0.00CE+00 * 0.000E+00 2 2.234E-04 > ALEACH{ 7}
RO16 * Solubility constant ® 0.000E+00 * 0.000E+00 * not used 3 SOLUBK( 7)
3 3 3 3 3
R0O16 3 Distribution coefficients for daughter Gd-152 3 3 3 3
RO16 3 Contaminated zone (cm**3/g) *~1.000E+00 >-1.000E+00 2 8.249E+02 3 DCNUCC( 6)
RO16 *  Saturated zone {(cm**3/g) 3-1.000E+00 *-1.000E+00 2 8.249E+02 * DCNUCS( 6)
RO16 *  Leach rate (/yr) * 0.000E+00 * 0.000E+00 2 6.803E-06 * ALEACH( 6)
RO16 *  Solubility constant * 0.000E+00 * 0.000E+00 3 not used * SOLUBK( 6)
3 3 3 3 3
RO17 3 Inhalation rate (m**3/yr) * not used > B.400E+03 * - * INHALR
R0O17 * Mass loading for inhalation {(g/m**3} > not used * 1.000E-04 ? - 3 MLINH
R017 * Exposure duration * 3.000E+01 * 3,000E+01 2 - * ED
R017 * Shielding factor, inhalation * not used * 4.000E-01 3 - 3 SHF3
R017 * Shielding factor, external gamma * not used * 7.000E-01 ?* - * SHF1
RO17 * Fraction of time spent indoors * not used * 5.000E-01 ? - 3 FIND
R0O17 * Fraction of time spent outdoors (on site) * not used * 2.500E-01 3 - * FOTD
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad
Site-8Specific Parameter Summary (continued)
0 3 3 User 3 3 Used by RESRAD 3  Parameter

Defa

If diff Name

3

RO17 * Shape factor flag, external gamma * not used * 1.000E+00 * -1 shows non-circular AREA. 3 FS
RO17 * Radii of shape factor array (used if FS = -1}: 3 3 H] 3
RO17 3 Outer annular radius (m), ring 1: > 5.000E+01 * 5.000E+01 3 - 3 RAD SHAPE( 1)
RO17 2 Outer annular radius (m}, ring 2 3 7.071E+01 * 7.071E+01 ? ——— * RAD SHAPE( 2)
RO17 ? Quter annular radius {(m), ring 3 ® 0.000E+00 * 0.000E+00 3 - * RAD SHAPE( 3)
RO17 * Outer annular radius (m), ring 4 * 0.000E+00 * 0.000E+00 ? - 3 RAD_SHAPE( 4)
RO17 * Outer annular radius (m), ring 5: * 0.000E+00 * 0.000E+00 °* - * RAD_SHAPE( 5)
RO17 3 Outer annular radius (m), ring 6: * 0.000E+00 * 0.000E+00 * - * RAD_SHAPE{ &)
R017 * Outer annular radius (m), ring 7: > 0.000E+00 * 0.000E+00 2 - 3 RAD_SHAPE({ 7)
R017 * Outer annular radius (m), ring 8 > 0.000E+00 * 0.000E+00 ° - * RAD_SHAPE( 8)
RO17 *  Outer annular radius (m), ring 9 3 0.000E+00 * 0.000E+00 3 - * RAD_SHAPE{ 9)
RO17 3 Outer annular radius (m}, ring 10: 3 0.000E+00 * 0.000E+00 3 - 3 RAD SHAPE(10)
RO17 3 Outer annular radius (m), ring 11: 3 0.000E+00 * 0.000E+00 ° --- * RAD SHAPE({11)
RO17 * Outer annular radius (m), ring 12: > 0.000E+00 > 0.000E+00 » e > RAD_SHAPE(12)

3 3 3 3 3
RO17 * Fractions of annular greas within AREA: 3 3 . 3 3
RO17 2 Ring 1 3 1.000E+00 3 1.000E+00 2 - * FRACA{ 1)
RO17 * Ring 2 2 2.732E-01 * 2.732E-01 * - 3 FRACA({ 2)
RO17 2 Ring 3 * 0.000E+00 * 0.000E+00 * --= 3 FRACA{ 3)
RO17 * Ring 4 * 0.000E+00 * 0.000E+00 3 --- 3 FRACA( 4)
RO17 3 Ring 5 * 0.000E+00 * 0.000E+00 * - * FRACA{ 5)
RO17 @ Ring 6 * 0.000E+00 * 0.000E+00 * - 3 FRACA({ 6)
RO17 @ Ring 7 > 0.000E+00 » 0.000E+00 * - 3 FRACA( 7)
RO17 * Ring 8 * 0.000E+00 * 0.000E+00 * - 3 FRACA( 8)
RO17 2 Ring 9 > 0.000E+00 * 0.000E+00 * - * FRACA( 9)
RO17 3 Ring 10 > 0.000E+00 > 0.000E+00 * --- 3 FRACA(10)
RO17 2 Ring 11 * 0.000E+00 * 0.000E+00 * --- * FRACA(11)
RO17 * Ring 12 * 0.000E+00 ? 0.000E+00 * - 3 FRACA(12)

3 3 3 3 3
R018 * Fruits, vegetables and grain consumption (kg/yr) * 1.100E+02 3 1.600E+02 3 - * DIET(1)
RO18 * Leafy vegetable consumption (kg/yr) 3 2.700E+00 * 1.400E+01 --- 3 DIET(2)
R018 * Milk consumption (L/yr) * 1.000E+02 * 9.200E+01 3 - * DIET(3)
RO18 * Meat and poultry consumption (kg/yr) 3 3.600E+01 * &6.300E+01 2 - * DIET(4)
R018 * Fish consumption {(kg/yr) 3 1.970E+01 ¥ 5.400E+00 ° - * DIET{5}
R018 * Other seafood consumption (kg/yr) * 9.000E-01 * 9.000E-01 * - 3 DIET (&)
R018 * Soil ingestion rate (g/yr) * not used * 3.650E+01 3 m-- * SOIL
RO18 * Drimking water intake (L/yr) * 7.300E+02 ° 5.100E+02 ? --- 3 DWI
R018 * Contamination fraction of drinking water * 1.000E+00 * 1.000E+00 ? - * FDW
R018 * Contamination fraction of household water > not used * 1.000E+00 ? - 3 FHHW
R0O18 ? Contamination fraction of livestock water * 1.000E+00 * 1.000E+00 * -—- * FLW
RO18 * Contamination fraction of irrigation water 3 1.000E+00 * 1.000E+00 ? -—- * FIRW
R0O18 °® Contamination fraction of aquatic food * 5.000E-01 * 5.000E-01 ? ~-= 3 FR9
RO18 * Contamination fraction of plant food -1 -1 : 0.500E+00 * FPLANT
R0O18 * Contamination fraction of meat -1 -1 3 0.264E+00 * FMEAT
R018 * Contamination fraction of milk -1 -1 3 0.264E+00 * FMILK

3 3 3 3 3
RO19 * Livestock fodder intake for meat (kg/day) * 6.800E+01 * 6.800E+01 ? - * LFI5
RO19 * Livestock fodder intake for milk (kg/day) > 5.500E+01 * 5.500E+01 ° --- * LFI6
RO19 ? Livestock water intake for meat (L/day) > 5.000E+01 * 5.000E+01 * --- 3 LWI5
RO19 ? Livestock water intake for milk (L/day) * 1.600E+02 * 1.600E+02 °® - * LWIe
RO19 * Livestock soil intake (kg/day) > 5.000E-01 * 5.000E-01 @ - * LSI
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad
Site-Specific Parameter Summary {(continued)

o 3 2 User 3 3 Used by RESRAD *  Parameter
Menu 3 Parameter 3 Input 3 Defaglc 3 (If different from user input) 2 Name
R019 * Mass loading for foliar deposition (g/m**3) * 1.000E-04 * 1.000E-04 2 - 3 MLFD
RN19 * Depth of soil mixing layer {(m) * 1.500E-01 * 1.500E-01 3 - DM
RO19 * Depth of roots (m) 3 9.000E-01 * 9.000E-01 ? - 3 DROOT
R019 ? Drinking water fraction from ground water > 1.000E+00 * 1.000E+00 ? --- * FGWDW
RO19 ?* Household water fraction from ground water * not used * 1.000E+00 ? - * FGWHH
R019 * Livestock water fraction from ground water * 1.000E+00 * 1.000E+00 2 - 3 FGWLW
R019 * Irrigation fraction from ground water * 1.000E+00 * 1.000E+00 * --- * FGWIR

3 a 3 3 a
R19B * Wet weight crop yield for Non-Leafy (kg/m**2) * 7.000E-01 * 7.000B-01 3 - T Yvi(l)
R19B * Wet weight crop yield for Leafy (kg/m**2) * 1.500E+00 * 1.500E+00 3 - 3 Yv{(2)
R19B * Wet weight crop yield for Fodder (kg/m**2) 3 1.100E+00 * 1.100E+00 ? - * YV(3)
R19B * Growing Season for Non-Leafy (years) 3 1.700E-01 * 1.700E-01 3 - 3 TE(1)
R19B ? Growing Season for Leafy (years) * 2.500E-01 * 2.500BE-01 2 - * TE(2)
R19B * Growing Season for Fodder {years) 3 8.000E-02 * 8.000E-02 ? - 3 TE(3)
R19B ?* Translocation Factor for Non-Leafy * 1.000E-Q1 * 1.000E-01 3 --- 2 TIV(1)
R19B * Translocation Factor for Leafy ® 1.000E+00 * 1.000E+00 ? --- 3 TIV(2)
R19B * Translocation Factor for Fodder 3 1.000E+00 * 1.000E+00 * - : TIV(3)
R19B * Dry Foliar Interception Fraction for Non-Leafy 2 2.500E-01 * 2.500E-01 ? .- 3 RDRY (1)
R198 * Dry Foliar Interception Fraction for Leafy > 2.500E-01 * 2.500E-01 3 - 3 RDRY{2)
R19B * Dry Foliar Interception Fraction for Fodder 3 2.500E-01 * 2.500E-01 3* - 3 RDRY {3}
R19B * Wet Foliar Interception Fraction for Non-Leafy * 2.500E-0L * 2.500E-01 @ --- * RWET({1)
R19B * Wet Foliar Interception Fraction for Leafy * 2.500E-01 ® 2.500E-01 * - 3 RWET(2)
R19B * Wet Foliar Interception Fraction for Fodder * 2.500E-01 * 2.500E-01 ? --- * RWET(3)
R19B * Weathering Removal Constant for Vegetation 3 2.000E+01 * 2.000E+01 2 - 3 WLAM

3 2 3 3 EY
Cil4 3 C-12 concentration in water (g/cm**3) *> not used 3 2.000E-05 3 --- * C12WTR
Cl4 * C-12 concentration in contaminated soil (g/g) 3 not used * 3.000E-02 ? - 3 C12C2
Cl4 3 Fraction of vegetation carbon from soil ?* not used * 2.000E-02 ? - 3 CSOIL
Cl4 * Fraction of vegetation carbon from air * not used * 9.800E-01 @ - * CAIR
Cl4 * C-14 evasion layer thickness in soil (m) * not used 3* 3.000B-01 2 - : DMC
Cl4 * C-14 evasion flux rate from soil (1/sec) * not used * 7.000E-07 3 - * EVSN
Cl4 * C-12 evasion flux rate from soil (1/sec) * not used * 1.000E-10 * --- 3 REVSN
Cl4 3 Fraction of grain in beef cattle feed * not used * B.00DE-01 2 --- 3 AVFG4
Cl4 * Fraction of grain in milk cow feed * not used * 2.000E-01 ? .- * AVFGS5
Cl4 * DCF correction factor for gaseous forms of Cl4 * not used * 8.894E+01 3 - * CO2F

3 a 3 3 3
STOR * Storage times of contaminated foodstuffs (days): ? 2 2 3
STOR * Fruits, non-leafy vegetables, and grain * 1.400E+01 * 1.400E+01 °* .- * STOR_T(1)
STOR ? Leafy vegetables * 1.000E+00 3 1.000E+00 2 - * S8TOR_T(2)
STOR ? Milk * 1.000E+00 ? 1.000E+00 3 - * STOR_T(3)
STOR * Meat and poultry ¥ 2.000E+01 * 2.000E+01 °* - * STOR_T(4)
STOR ? Fish * 7.000E+00 * 7.000E+00 2 - * STOR_T(5)
STOR ? Crustacea and mollusks * 7.000E+00 * 7.000E+00 * - * STOR_T(6)
STOR * Well water ? 1.000E+00 * 1.000E+00 3 - 3 STOR_T(7)
STOR 3 Surface waterxr * 1.000E+00 * 1.000E+00 2 - 3 STOR_T(8)
STOR * Livestock fodder * 4.500E+01 * 4.500E+01 ? - 3 STOR_T(9)

3 3 3 3 3
R021 * Thickness of building foundation (m) * not used * 1.500E-01 ? - * FLOOR1
R021 * Bulk density of building foundation (g/cm**3) 3 not used 3 2.400E+00 3 - * DENSFL
RO21 * Total porosity of the cover material * not used * 4.000E-01 ? -—- : TPCV
R0O21 * Total porosity of the building foundation 3 not used 3 1.000E-01 3 - 3 TPFL
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Site-Specific Parameter Summary (contlnued)
[¢] 3 3 User 2 Used by RESRAD *  Parameter
Menu ? Parameter 3 Input 3 Default 3 i m user lnput)

Volumetrlc water content of the cover material

RO21 ? * not used * 5.000E-02 *
RO21 * Volumetric water content of the foundation > not used * 3.000E-02 3 - * PH20FL
R021 ?* Diffusion coefficient for radon gas (m/sec): E] : 3 3
RO21 3 in cover material > not used °* 2.000E-06 ? --- * DIFCV
RO21 3 in foundation material * not used * 3.000E-07 2 - * DIFFL
RO21 *? in contaminated zone soil * not used * 2.000E-06 ? .- 3 DIFCZ
R021 * Radon vertical dimension of mixing {(m) * not used * 2.000E+00 3 - * HMIX
R021 ? Average building air exchange rate (1/hr) * not used * 5.000E-01 2 - 3 REXG
R0O21 * Height of the building {(room) (m) 3 not used * 2.500E+00 3 - 3 HRM
R021 * Building interior area factor * not used 2 0.000E+00 * - * FAIX
R0O21 * Building depth below ground surface (m} * not used *-1.000E+00 @ --= * DMFL
R021 * Emanating power of Rn-222 gas * not used * 2.500E-01 * - 3 EMANA(1)
R021 * Emanating power of Rn-220 gas * not used * 1.500E-01 * - * EMANA({2)
3 3 3 3 3
TITL * Number of graphical time points 2 32 2 - 3 - * NPTS
TITL * Maximum number of integration points for dose 2 17 2 -—— 3 --— 3 LYMAX
TITL * Maximum number of integration points for risk s 257 3 - 2 - 3 KYMAX
IS EANERES SRR SIS ANNAINSRESINE RSN RR SIS SR ARRELS SRR P AR SR AEE SRS ERALPASEOESEALSEASERRISESE NSRS RS SRR
Summary of Pathway Selections
Pathway 3 User Selection

1 -- external gamma 3 suppressed

2 -~ inhalation {w/o radon)? suppressed

3 -~ plant ingestion 2 active

4 -- meat ingestion 2 active

5 -- milk ingestion 2 active

6 -- aquatic foods 3 active

7 -~ drinking water 3 active

8 -- soil ingestion 3 suppressed

9 -- radon 3 suppressed

Find peak pathway doses 2 active
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Contamgnated Zone Di@ggséggs Initial Soil Concentrations, pCi/g
AABAAARAARADNANANAAAAAAARAAA
Area: 5272.00 sguare meters Co-60 3.400B-01
Thickness: 8.90 meters Cs-137 6.080E+00
Cover Depth: 4.60 meters Eu-152 7.510E+00
- Eu-154 7.270E-01
8Sr-9%0 1.280E+01
¢
Total Dose TDOSE(t), mrem/yr
Bagic Radiation Dose Limit = 4.000E+00 mrem/yr
N Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at T
t (years): 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE({t): 1.600E-02 4.829E-02 1.086E-01 2.170E-01 3.633E-01 5.236E-01 3.105E-01 7.872E-03 1.219E-09
M(t): 4.000E-03 1.207E-02 2.715E-02 5.426E-02 9.082E-02 1.309E-01 7.763E-02 1.968E-03 3.048E-10
OMaximum TDOSE(t): 5.237E-01 mrem/yr at t = 41.44 1 0.08 years
0
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 4.144E+01 years

0 Water Independent Pathways (Inhalation excludes radon)

[} Ground Inhalation Radon Plant Meat Milk
Radio- AARAAARRARARAAAAA ARRRAAARAARAARAR ARARARRRAAAAAAAR ARARARAAAAAARARR AAAAARARAARAAAAR ARARAAAABRAAAAAAA
Nuclide mrem/yr £ract. mrem/yr fract. mrem/yr fract. mrem/yr £ract. mrem/yr fract. mrem/yr fract.
Nuclide 3
AARAAAA AAAAARAAA ARAAAA AAAAARRAR RAAAAA ARAARAAARA BAARRA ARAARARRA RRARAA ARAAARAAA AARAAA ARARRARRA AAARRA
Co-60 0.000E+00 0.0000 ©.000E+00 0.0000 O0.000E+G0 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+G0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
S8r-90 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
IITTI01 TITI919%% PRf18% PEPIff1%F fEfTfT IITI997%f FIFTfT SfEfTFFFT TETIf1 FITPTTETf FTT1ff FITfIf1Iff FFffif
Total 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000

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 = 4.144E+01 years

[¢] Water Dependent Pathways

0 Water Fish Radon Plant Meat Milk
Radio- ARARAAAARAAAAAAR ARRAARAARAAAARRR AAAAARRARARARAAA ARAAARKARAAAARARAR ARARAAAAARAARAAR AAARAAAAAAARARAA
Nuclide wmrem/yr £fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. nrem/yr fract. mrem/yr fract.
Nuclide
”””””” AAARBARRA AAARAA ARARAAAAAA AAAAAA AARRARRAAA AAAARAA AARRARARA AAAAAR AARAARAARA ARAAAR AAARAAAAA ARRAAA
Co-60 2.901E-06 0.0000 1.641E-07 0.0000 0.000E+0C 0.0000 3.276E-07 0.0000 3.879E-07 0.0000 1.12S5E-07 §.0000
Cs-137 9.082E-03 0.0173 3.332E-03 0.0064 0.000E+00 0.0000 1.013E-03 0.0019 1.820E-03 0.0035 1.408E-03 0.0027
Eu-152 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 4.138E-01 0.7901 4.892E-03 0.0093 0.000E+00 0.0000 4.982E-02 0.0951 2.237E-02 0.0427 1.616E-02 0.0309
TIT13% TIITII18T LE188% TIELP19% TR117F FLI1T9T8% TITIT% IIFfF97Ef fREfff fISTT17%f fTE1ff FETTfT1ff T1F7ff
Total 4.229E-01 0.8075 '8.223E-03 0.0157 O0.000E+00 0.0000 5.084E-02 0.0971 2.419E-02 0.0462 1.737E-02 0.0335

0*Sum of all water independent and dependent pathways.
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mrem/yr

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

0.000E+00

fract.

0.0000
0.0000
0.0000
0.0000

6.0000

All Pathways*

mrem/yr

3.893E-06
1.665E-02
0.000E+00
0.000E+00
5.070E-01
111111111
5.237E-01

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

0 Water Independent Pathways (Inhalation excludes radon)

] Radon

Radio- AAAARARAAAAAAAAA AAARAAARAARAAAAAA AAAARAAA AARARAAR

Nuclide mrem/yr fract. mrem/yr fract. ~mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. s

ARARAAA AAAARARAA AAARAA AAARRAAAA AARAAAR AAAARAARAR AAAAAR ARAAAAAAA AAARAR AAARARAAAAA RARARA ARRAAAARA AAARAAA AARARAARA AAARAR
Co-60  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
€s-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.0COE+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TIITI97 TITITLIET fE2TTF  PTTTLTTT IITTIFT IIPE9988% fITI8F FIEFERI1% ILI19T TITCTIRILT I19817 FPTLfffff fE11F% FPFPfT8fff f1ftff
Total  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0 .
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

[ Water Dependent Pathways

0 Fish Radon Plant Meat Milk All Pathways*
Radio- ARA

Nuclide wrem/yr £fract. mrem/yr E£ract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
RAAARAA AAAAAAARA AAARAA AAAAAARAA AAAAAR AAARARAAA AAARAAR AARAAAARAR AAAAAA AAAARAAAR AARAAA AAARARARA AARRAA AAAARAARA AARARAA
Co-60 7.775E-06 0.0005 4.058E-07 0.0000 O.000E+00 0.0000 7.355E-07 0.0000 3.476E-07 0.0000 1.849E-07 0.0000 9.44BE-06 0.0006
Cs-137

0
2.777E-04 0.0174 9.408E-05 0.005% 0.000E+00 0.0000 2.602E-05 0.0016 1.879E-05 0.0012 2.653E-05 0.0017 4.431E-04 0.0277
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 1.313E-02 0.8206 1.489E-04 0.0093 0.000E+00 0.0000 1.445E-03 0.0903 4.248E-04 0.0266 3.987E-04 0.0249 1.55SE-02 0.9717
ITTI137 TITITI09F TITEIT IFITIINNT IRE98%1 ITE9EF197 fI188%f SEIFFFL9f T1248%f PITf1171f fI1f1f ITTT17§77 f15%fF TIFIfEfif FfRffff
Total 1.342E-02 0.8385 2.434E-04 0.0152 0.000E+00 0.0000 1.472E-03 0.0920 4.440E-04 0.0277 4.254E-04 0.0266 1.600E-02 1.0000
0*Sum of all water independent and dependent pathways. '
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Summaxry : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad

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

0 Water Independent Pathways {(Inhalation excludes radon)

0 Ground Inhalation Radon Plant Meat Milk Soil
Radio- AR AARARARAAAAARAAA ARAAAAARAAAARRAR ARARRARAARARAAAA AAARAAARAARRAAAA ARAARAAAAARARAARA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

....... Ri ARAAAR AAAAAARAA ARAAAA RARRAARAA RARALA
Co-60  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0G000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 6.0000
Sr-90  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
IITTITT ITITTITIT ITIFTT TITTLIITT IIT987 FITTIR1F% PEE8%%F FIERfff8f fETERf fPP79891% T1188F FIIfFT8ff fTE717 TIFETETff fRITif
Total  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

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

] Water Dependent Pathways

o Water Fish Radon Plant Meat Milk All Pathways*
Radio- AAAAAAAAAAAAAAAA AAAAAAARARAAAAAR AAAAAAAAAAAAAAAA AAAAAAARAAAAAAAR AARARAAARAAARARA AAAARARAARARARAA AARARRAZERASEzsi
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr - fract. mrem/yr fract. mrem/yr Fract. mrem/yr fract.

Co-60 2.092E-05 0.0004 1.150E-06 0.0000 0.000E+00 0.0000 2.219E-06 0.0000 1.978E-06 0.0000 6.840E-07 0.0000 2.695E-05 0.0006
Cs-137 8.227E-04 0.0170 2.932E-04 0.0061 0.000E+00 0.0000 8.626E-05 0.0018 1.169E-04 0.0024 1.076E-04 0.0022 1.427E-03 0.0295
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 O0.Q0OE+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8Sr-920 3.872E-02 0.8020 4.507E-04 0.0093 0.000E+00 0.0000 4.S510E-03 0.0934 1.764E-03 0.0365 1.384E-03 0.0287 4.683E-02 0.9699
TI1119% IITTLRT8T TIT18% TITRIT88% I111ff SRT11f77% ff08f7 ITTIITTEF ITR811 FITICIELT FEEffT PEEPTEEET TITTEE fITITITIT ffffir
Total 3.957E-02 0.8194 7.450E-04 0.0154 0.000E+00 0.0000 4.598E-03 0.0952 1.883E-03 0.0390 1.493E-03 0.0309 4.829E-02 1.0000
0*Sum of all water independent and dependent pathways.
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Summary :

Radio-
Nuclide
Co-60
Cs-~137
Bu-152
Bu-154
Sr-90
1111811
Total
g

Radio-
Nuclide
Co-60
Cs-137
Eu-152
BEu-154
Sr-%0
TETITET
Total
0*Sum of

CVP-2002-00010

Rev. 0
Version 6.21 T« Limit = 0.5 year 02/21/2003 10:09 Page 12
116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad
Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
Water Independent Pathways {Inhalation excludes radon)
Ground Inhalation Radon Plant Milk
AAARRRRARRAAAARA ARAAARARRAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
""""" AAA AAARARA AAAAARAAA ARAAAR AAAAAAAAR ARAAAA AAAAAAARR ARRAAA AAAARAARA ARRAAR AARARRAAR AARAAA

0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TEEfEEE8f fEIf8% PRIIIIINNL TIERIT IIILENIND IIITEY TITIELfET PIITIT ITITITEEY PIIIEE  ITIIIILLE fffRiL
0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
Water Dependent Pathways
Fish Radon Plant Meat Milk

mrem/yr fract. mrem/yr fract. mrem/yr f£ract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

3.779E-05 0.0003 2.113E-06 0.0000 O0.000E+00 0.0000 4.163E-06 0.0000
1.839E-03 0.0169 6.669E-04 0.0061 0.000E+00 0.0000 2.002E-04 0.0018
0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 ©O.000E+00 0.0000 .000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 O.0COE+00 0.0000
8.634E-02 0.7951 1.014E-03 0.0093 0.000E+00 0.0000 1.026E-02 0.0945 4.369E-03 0.0402 3.256E-03 0.0300
ff111£9%F 17117 IITITIOET PILITT ITTETTIET ITRELT PILIIITIL TILTIE IIITETITT TIEIITT TIEIITIEIL fifffs
8.821E-02 0.8124 1.683E-03 0.0155 0.000E+00 0.0000 1.046E-02 0.0963 4.698E~-03 0.0433 3.524E-03 0.0325
all water independent and dependent pathways.

.455E-06 0.0000 1.372E-06 0.0000
.250E-04 0.0030 2.670E-04 0.0025

C-36

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
frrirriis
0.000E+00

0.0000
0.0000
0.0000
0.0000
0.0000
IfTiis
0.0000

All Pathways*

mrem/yx
4.990E-05
3.298E-03
0.000E+00
0.000E+00
1.052E-01
fifiiriis
1.086E-01

fract.
0.0005
0.0304
0.0000
0.0000
0.9692
I1f1it
1.0000



1RESRAD,
Summary

Radio-
Ruclide
ARAARAA
Co-60
Cs-137
Eu-152
ru-154
Sr-90
ITIf1Es
Total

Radio-
Nuclide
Co-60

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

IfIfIis
Total

0*Sum of

CVP-2002-00010
Rev. 0

Version 6.21 T« Limit = 0.5 year 02/21/2003 10:09 Page 13
: 116-F-6 Cleanup Verification - Deep Zone File: 1lle6f6_deep.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 7.200E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARARAAAAR ARAAAA AARAARAAA AAAAAA ARAAAAARA RRAAAA AAARARAAAA AARAAA ARAARAAAR AARRAA ARAAAAARA AARAAR ARAAAARRA AAARAAR
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.0C00E+00 0.0000 0.000E+00 0.0000 0O.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.C00E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.0C0E+0G0 0.0000 .0.000E+00 0.0000
0.000E+00 0.0000 O.00OE+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.0C0E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
IITTTTRET fITIFF PIEETIITT fTI18F fTEETT88f H77ff LfT1T88% fEIfff SITITI78f PPffff ITTETffff $ff1€f TITTTTLff TITiif
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 7.200E+00 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
.....................................................................................................................
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. wmrem/yr fract mrem/yr fract. mrem/yr fract.

4.799E-05 0.0002 2.702E-06 0.0000 O0.000E+00 0.0000 5.365E-06 0.0000 6.110E-06 0.0000 1.813E-06 0.0000 6.399E-05 0.0003
3.677E-03 0.0169 1.343E-03 0.0062 0.000E+00 0.0000 4.062E-04 0.001% 7.016E-04 0.0032 5.553E-04 0.0026 6.683E-03 0.0308
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.720E-01 0.7924 2.028E-03 0.0093 0.000E+00 0.0000 2.060E-02 0.0949 9.057E-03 0.0417 6.623E-03 0.0305 2.103E-01 0.9689
TIITII091 TI299% FISITII8D FER7Ff FETET18%f TER08f FEff€118% TTIFT ETLRTTIT1 TI71%7 FIFFIffff TIT7Ef TP1f18fff f1iiif
1.787E-01 0.8096 3.373E-03 0.0155 0.000E+00 0.0000 2.101E-02 0.0968 9.764E-03 0.0450 7.180E-03 0.0331 2.170E-01 1.0000
all water independent and dependent pathways. .
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.500E+01 years

[} Water Independent Pathways (Inhalation excludes radon)

0 Ground Inhalation Radon

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.s

RAARAA AARAAARARA AARAAR ARAAARAAAA ARAARA AAARAAAAR ARAARA ARAARRAAAA AAARAA AARARAAAAR AARAAR ARARARARA ARARAR
Co-60  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.G00E+00 0.0000 0.CG00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 _
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
$r-90  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.600E+00 0.0000 0.000E+00 0.0000
T1if%f fffffEee fPTEff ITTETITIL TITITT IITTETRET fTEET fIRETRERT fETTEf PRTITIOAL TITEEEf ITEFTIELL fIETTT fITELILfL fEIILf
Total  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways {(p)
As mrem/yr and Fraction of Total Dose At t = 1.500E+01 years

0 Water Dependent Pathways

0 Radon

Radio- AARARAAAARARRAAR

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

Co-60 3.467E-05 0.0001 1.958E-06 0.0000 O0.000E+00 0.0000 3.900E-06 0.0000 4.551E-06 0.0000 1.331E-06 0.0000 4.642E-05 0.0001
Cs-137 6.184E-03 0.0170 2.265E-03 0.0062 O0.000E+00 0.0000 6.874E-04 0.0019 1.216E-03 0.0033 9.490E-04 0.0026 1.130E-02 0.0311
Eu-152 0.000E+00 0.0000 O0.000E+00 0.0000 O.0CO0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 ©.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-%0 2.875E-01 0.7913 3.395E-03 0.0053 0.000E+00 0.0000 3.454E-02 0.0951 1.539E-02 0.0424 1.117E-02 0.0307 3.S20E-01 0.9688
TETE11T FEEETID9% TI019F fIIILLLR7 TIE1IT IITITIEET ITITET PETIII19% TITTfT TITTIR997 18781 TEfI718F fI1f7%f PPfffffff fiffitf
Total 2.937E-01 0.8084 5.661E-03 0.0156 0.000E+00 0.0000 3.523E-02 0.0970 1.661E-02 0.0457 1.212E-02 0.0334 3.633E-01 1.0000
0*Sum of all water independent and dependent pathways.
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 11e6f6_deep.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 4.200E+01 years

0 Water Independent Pathways {Inhalation excludes radon)

0 Ground Inhalation Radon Plant Meat Milk
Radio~ AAAR
Fuclide wmrem/yr f£ract. mrem/yr fract. mrem/yr fract. mrem/yr fract. rem/yr fract. mrem/yr fract. mrem/yr fract.
AAAAAAA AAAAAAARA AAAARA ARARAAAAR AAAARAR ARAARARAA ARAAAAA AARAAAAAA AARARA AAARAARAAAA AAAAARA AARAARAAAR ARRAAA ARBARARRR ARARAA
Co-60 0.000E+00 0.0000 0.0O00E+00 0.0000 O0.CO00E+00 0.0000 C.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 0.000E+00 0.0000
Cs-137 0.000E+00C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0O.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
I1I188T TITID8807 TITL8T IITL999%7 P97 fTELI199F 71T fPLTITI1f $Iffff Fff17167 TIT1Ff ITITTTFEf PIFITT SfFTTEfff FTi1f
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 4.200E+01 years

0 Water Dependent Pathways

0 Water " Fish Radon Plant Meat Milk All Pathways*
Radio- ARAAAAAAAAAARAAA AAAAAAAAAAAAAARA AAARAAAAAAARAARA AARAAAAARAZAAZ 5 R RRREARHARREANEAE  REERSAEREAESsrss  miemmmeoaenaddS
Nuclide wrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
................ REERRE  REREAREEE RRARAS HFARRXARR RARSAN RRALEKAAE rronss paroeaire rrages L oootMyT o TrAct. s mrem/yc - tract.

Co-60 2.730E-06 0.0000 1.544E-07 0.0000 0.000E+00 0.0000 3.082E-07 0.0000 3.651E-07 0.0000 1.059E-07 0.0000 3.664E-06 0.0000
Cs-137 9.085E-03 0.0174 3.333E-03 0.0064 0.000E+00 0.0000 1.014E-03 0.0019 1.821E-03 0.0035 1.408E-03 0.0027 1.666E-02 0.0318
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 4.137E-01 0.7901 4.891E-03 0.0093 0.000E+00 0.0000 4.982E-02 0.0951 2.237E-02 0.0427 1.616E-02 0.0309 5.070E-01 0.9682
TI1I137 ITITITRLT IETT07 SETIT1817 TEFE8%f SEFF9R88Ff L9987 fITTITTIF fEE9%f FTPFfFfff PI1Tff FEfRPP1f TI111f FITFPTiff TFI1Tif
Total 4.228E-01 0.8075 8.224E-03 0.0157 0.000E+00 0.0000 5.083E-02 0.0971 2.419E-02 0.0462 1.757E-02 0.0335 5.236E-01 1.0000
0*sum of all water independent and dependent pathways.
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad

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

[} Water Independent Pathways (Inhalation excludes radon)

[¢] Ground Inhalatlon Radon Plant

Radio- AAARRRRARAARAAARAA A ARAAARRAAR

Nuclide wrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

ARARAAR AAAAAARARA AAAARAR AAARRAAAR ARARAAR AAAARAAARA AARARA AARAAAAAA AAAAAR ARAAAAAAA AAARAA

Co-60 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Bu-152 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.00O0E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.0C0E+00 0.0000 0.000E+00 0 0000~

Sr-90  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
fEPffff TITTETRLL fIITLT IEITITILT IRfflf iiiiiiixi TII911 ILPEII91F fI997 IITTIIE1T II188% FILTf£f1f Ifffit iiiiiirii iiiiii
Total  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0

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 = 1.000E+02 years

0 Water Dependent Pathways

[ All Pathways*

Radio- ARARARRAARARARAA
Nuclide mrem/yr fract. mrem/yxr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. wmrem/yr fract.

Co-60 3.141E-09% 0.0000 1.778E-10 0.0000 O0.000E+00 0.0000 3.551E-10 0.0000 4.227E-10 0.0000 1.222E-10 0.0000 4.219E-09 0.0000
Cs-137 5.619E-03 0.0181 2.062E-03 0.0066 0.000E+00 0.0000 6.277E-04 0.0020 1.133E-03 0.0036 8.737E-04 0.0028 1.032E-02 0.0332
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C0 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000

Sr-90 2.449E-01 0.7888 2.896E-03 0.0093 0.000E+00 0.0000 2.951E-02 0.0950 1.329E-02 0.0428 $9.583E-03 0.0309 3.002E-01 0.9668
ffff1f fEEETITES PIEFIT ITITIINIT ITIERT EITITITRT Fffff fffffffis iiiiii TITTILII1 TIIIIf IITITTIIT IITILT ITTfTiffr ffifis
Total 2.505E-01 0.8069 4.959E-03 0.0160 0.000E+00 0.0000 3.014E-02 0.0971 1.442E-02 0.0464 1.046E-02 0.0337 3.105E-01 1.0000
0*Sum of all water independent and dependent pathways.
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_deep.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

s} Water Independent Pathways (Inhalation excludes radon)

4] Ground Radon Plant Meat Milk Soil
Radio- AR ARAAAARAAA

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

AAARAAR AAAAAAAAA AARARR AARARAARA RAAAAR AAARAAAAA ARAARA AAARARAARA AARAAR AARRRAAARR AARAAR AARAARAAAR ARRARA AARARARAA AAARRA
Co-60 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.0CO0E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 £.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.0CO0E+00 0.0000 O0.000E+00 0.0000 0.0C0E+00 0.0000 0.000E+00 0.0000
"Bu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITEIIT TLITIILEL I11T81 ITITILT8T IIIITf FITRE919% fI798f SETI187%f ff11ff LITTT18f fI1ff7 SIEFFfTff fT17%f FEffE1fff fTfifif
Total 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000
0
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

0 Water Dependent Pathways

[¢] Water Fish Radon Plant Meat Milk All Pathways*
Radio- AAAAAAAAAARARAAER AAAARAAAAAARAAAA AAAAAAARAAAAAAAL AARAARRAAAAAAAAA ARAAAAARAAAARARL AAARAAARARAAAAAA AAREAARE: P Sigign
Nuclide mrem/yr £ract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr. fract.

Co-60 3.539E-20 0.0000 2.004E-21 0.0000 O.0QCO0E+00 0.0000 4.004E-21 0.0000 4.776E-21 0.0000 1.379E-21 0.0000 4.756E-20 0.0000
Cs-137 1.647E-04 0.0209 6.047E-05 0.0077 O0.CO0E+00 0.0000 1.841E-05 0.0023 3.330E-05 0.0042 2.565E-05 0.0033 3.025E-04 0.0384
Eu-152 0.000E+00 0.0000 0.C00E+00 0.0000 O0.0C00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 6.174E-03 0.7844 7.303E-05 0.0093 0.000E+00 0.0000 7.442E-04 0.0945 3.355E-04 0.0426 2.418E-04 0.0307 7.56S9E-03 0.9616
TP1181F TEFETT8% IE898% IIMIII81% IRI88F PIPPP8%2% 9% LTLIT188% f818%%f fPI117977 FFTfff SITTff7ff f1f177 IPPTTf3ff fifift
Total 6.339E-03 0.8053 1.335E-04 0.0170 O0.CO00E+00 0.0000 7.626E-04 0.0969 3.688E-04 0.0468 2.674E-04 0.0340 7.872E-03 1.0000
0*sum of all water independent and dependent pathways.
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116£f6_deep.rad

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

As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

[+} Water Independent Pathways (Inhalation excludes radon)
0 Ground Inhalation Radon Plant Meat
Radio- AAAAAAARRARARAAAR ARARAA AARAAAR AAAAAARAARAAAAAA ARAAARAARAAAARAA
Nuclide mrem/yr f£ract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRRARA AARARAA AA ARAAAA AAAARAAAA ARRAAA ARAARAAA A ARAAARR AAAAAAAAR ARRARR AAARAAARA AAARAA
Co-60 0.000E+00 0.0000 O0.000E+00 0.0000 O0.00CE+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 O0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 O0.C00E+00 0.0000 0.000E+00 0.0000
FETEE9T IFETITILT PITIEE IEITITITEL TITETT TEIITETIFT 18711 IiffTiees fifffe fffffrife fifiis
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O.0COE+00 0.0000
0

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

As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

0 Water Dependent Pathways
[¢] Water Fish Radon Plant Meat
Radio- AAAAAARARRARAARAR AAAAAAAARAAARAAAR AAARARAARAARAARR ARAAAARARRRAARAR AAAAARAAAARRARAA
Nuclide wrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRRAAA AAAAARARA AAAAAA AAAARAAAR AAARAA ARAARAAAA AAAMAA AARARAARA ARAARAA AAAAAAAAR ABRAAR
Co-60 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000
Cs-137 5.113E-11 0.0419 1.878E-11 0.0154 0.000E+00 0.0000 5.717E-12 0.0047 1.035E-11 0.0085
Eu-152 O0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000
Eu-154 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 9.177E-10 0.7528 1.086E-11 0.0089 O0.000E+00 0.0000 1.106E-10 0.0908 4.990E-11 0.0409
fE1781% TITLITITET IEf11% PILIIFLIT TITFET TETTIETLT ITIFET fITRTIfEL fIffET IfRffTiff fifiif
Total 9.689E~10 0.7948 2.963E-11 0.0243 O0.000E+00 0.0000 1.164E-10 0.0954 6.025E-11 0.0494
0*Sum of all water independent and dependent pathways.
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Pathways (p)

Milk Soil
mrem/yr fract. mrem/yr fract.
AARAARAAA AARARA ARAAA AAR AAAAAR
0.C00E+00 0.0000 O.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O.0C0E+00 0.0000
G.000E+00 0.0000 O.000E+00 0.0000
0.000E+C0 0.0000 0.000E+00 0.0000
IETITITIL ITITFT ITITIIR1T fifiit
0.000E+0C0 0.0000 O0.000E+00 0.0000

Pathways (p)

Milk All Pathways*
AAARAAAAARAARAAR ARAAAAAAARARARAA
mrem/yr fract. mrem/yr fract.
ARAARAAAR AAAAAR AAAAAAARA AARAARA
0.000E+00 0.0000 O0.00CE+00 0.0000
7.968E-12 0.0065 9.394E-11 0.0771
0.00CE+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 O0.000E+00 0.0000
3.595E-11 0.0295 1.125E-09 0.9229
IIIFTIITEF IIFTIET fffffiifii ififit
4.392E-11 0.0360 1.219%9E-09 1.0000
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116£6_deep.rad
Dose/Source Ratios Summed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated
OParent Product Branch DSR(j,t) {(mrem/yr)/(pCi/g)
(i) (i) Fraction* t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03

ARRARRA AAARAAA AAARAARAA AAAARAAAA AAARAAAAR ARAARAAAR ARAARAAAR AAAARARAA AAAAAAARA ARARAARRAA AARAARAARA ARAARARAA
Co-60 Co-60 1.000E+00 2.779E-05 7.928E-05 1.468E-04 1.882E-04 1.365E-04 1.078E-05 1.241E-08 1.399E-19 0.000E+00
0Cs-137 Cs-137 1.000E+00 7.288E-05 2.346E-04 5.425E-04 1.099E-03 1.859E-03 2.740E-03 1.657E-03 4.976E-05 1.545E-11
O0Eu-~152 Eu-152 7.208E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00C0E+00 0.000E+00 0.000E+00 0.000E+00
O0Bu-152 Eu-152 2.7%2E-01 -000E+00 0.000E+00 0.000E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.0C0E+00 0.000E+00
Eu-152 Gd-152 2.792E-01 .G00E+00 0.0CO0E+00C 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
j .000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
OEu-154 Eu-154 1.000E+00 .000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.000E+00 0.000E+00
0Sr-90 Sr-90 1.000E+00 1.215E-03 3.659E-03 8.221E-03 1.643E-02 2.750E-02 3.961E-02 2.345E-02 5.913E-04 8.790E-11
ITEFTET ITI1%7T TIffIfiic IITTIETI3T TITITTEIT TITILE18F PIF2788% PETIT9077 TTT8877F ITFTT9787 TETTR978% fRfffrass
*Branch Fraction is the cumilative factor for the j't principal radiomuclide daughter: CUMBRF(j} = BRF(1)*BRF(2)* ... BRF{j).
The DSR includes contributions from associated (half-life 6 0.5 yr) daughters.
0

[« B Y o

Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 4.000E+00 mrem/yr

ONuclide
(i) = 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03
ARAARAA ARRAAARRAR  ARRRAAARR  AAAAAAAAA  AAAARAAAAR  ARAAAAAAR  AAARRARAA  ARRAARAARR  ARARARARAAA  AARAARAAR
Co~60 1.439E+05 5.046E+04 2.726E+04 ° 2.125E+04 2.930E+04 3.712E+05  3.223E+08 *1.131E+15 *1.131E+15
Cs-137 5.48BE+04 1.705E+04 7.373E+03 3.639E+03 2.152E+03 1.460E+03 2.358E+03 8.039E+04 2.589E+11
Bu-152 *1.765E+14 *1.76BE+14 *1.765E+14 *1.765E+14 *1.765E+14 *1.765E+14 *1.765E+14 *1.765E+14 *1.765E+14
Eu-154 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14 *2.639E+14
Sr-90 3.293E+03 1.093E+03 4.865E+02 2.435E+02 1.455E402 1.010E+02 1.705E+02 6.764E+03 4.551E+10
Ifffirs fiffffiis  IITITIEIEf fITFfEfir fEffIfErY fEifEiEEd fffffiiif ffffEfiie 0 Ififiifir fiTifiias
*At specific activity limit
0
Summed Dose/Source Ratios DSR(i,t) in (mrem/yx)/{(pCi/g)
and Single Radionuclide Soil Guidelines G{i,t) in pCi/g
at tmin = time of wminimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 41.44 @A 0.08 years
ONuclide Initial tmin DSR{i,tmin) G(i,tmin) DSR(i,tmax) G{i,tmax)
D BCi/g) o dyears) o G o (pCE/g)
AAAAAAAAA  AAAAAAAADAAAARAA AAAAARARA  AAAAAAAAA  AAAAAAAAA AAAAAARMAA
Co-60 3.400E-01 7.18 i 0.01 1.882E-04 2.125E+04 1.145E-05 3.493E+05
Cs-137 6.080E+00 42.82 @1 0.09 2.741E-03 1.459E+03 2.739E-03 1.460E+03
Eu-152 7.510E+00 0.000E+00 0.000E+00 *1.765E+14 (0.000E+00 *1.765E+14
Eu-~154 7.270E-01 0.000E+00 0.000E+00 *2.639E+14 O0.000E+00 *2.639E+14
Sr-90 1.280E+01 41.39 fi 0.08 3.961E-02 1.010E+02 3.961E-02 1.010E+02

f1111%7 TITTITLTT IITTIFILTICLLILE IILITTTIIT IITETILTT IfTffiise ffffifiitf
*At specific activity limit
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Summary : 116-F-6 Cleanup Verification - Deep Zone File: 116f6_ deep.rad
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated
ONuclide Parxent BRF (i) DOSE(j,t), mrem/yr
(i) t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+0

AAAAAAA ARAARAA AAARAAAAR BAARAAARA RAAARRAAAR AAARAAAAA ARAAARRAA AARAAAAAA ARAAAAAAR AARAAARAA AAARAAAAR AARARRARR
Co-60 Co-60  1.000E+00 9.448E-06 2.695E-05 4.990E-05 6.399E-05 4.642E-05 3.664E-06 4.219E-09 4.756E-20 0.000E+00
0Cs-137 Cs-137 1.000E+00 4.431E-04 1.427E-03 3.298E-03 6.683E-03 1.130E-02 1.666E-02 1.032E-02 3.025E-04 9.394E-11
0Eu-152 Eu-152 7.208E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Bu-152 Eu-152 2.792E-01 0-.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

o 0

0 0

0 0

4 2

0
Eu-152 A&DOSE(j) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0Gd-152 Eu-152 2.792E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0Bu-154 Eu-154 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

08r-90 Sr-80 1.000E+00 1.555E-02 .683E~02 1.052E-01 2.103E-01 3.520E-01 5.070E-01 3.002E-01 7.569E-03 1.125E-09%
TE1f1if ITIfILY ITITIRILL ITTIITTET FITTET8%7 ITFTET81T IFFLE933F FETTI971F L8298 807 TR99018F TITE71187 frfffesess
BRF{i) is the branch fraction of the parent nuclide.

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated
ONuclide Parent  BRF (i) s{j,t), pCi/g
{3} (i} t= 0.000E+00 1.000E+00 3.000E+00 7.200E+00 1.500E+01 4.200E+01 1.000E+02 3.000E+02 1.000E+03

Co-60 Co-60  1.000E+00 3.400E-01 2.981E-01 2.291E-01 1.318E-01 4.722E-02 1.351E-03 6.540E-07 2.419E-18 0.000E+00
0Cs-137 Cs-137 1.000E+00 6.080E+00 5.940E+00 5.671E+00 5.144E+00 4.292E+00 2.293E+00 5.965E-01 5.741E-03 5.023E-10
0BEu-152 Eu-152 7.208E-01 5.413E+00 5.139E+00 4.631E+00 3.722E+00 2.480E+00 6.088E-01 2.978E-02 9.014E-07 1.375E-22

Eu-152 Eu-152 2.792E-01 2.097E+00 1.990E+00 1.794E+00 1.442E+00 9.608E-01 2.358E-01 1.154E-02 3.492E-07 5.327E-23

Eu-152 &S(j): 7.510E+00 7.129E+00 6.425E+00 5.164E+00 3.441E+00 8.446E-01 4.132E-02 1.251E-06 1.908E-22
0Gd-152 Eu-152 2.792E-01 0.000E+00 1.311E-14 3.738E-14 8.081E-14 1.401E-13 2.295E-13 2.571E-13 2.582E-13 2.565E-13
OEu-154 Eu-154 1.000E+00 7.270E-01 6.719E-01 5.739E-01 4.122E-01 2.230E-01 2.656E-02 2.751E-04 3.940E-11 4.379E-35
0Sr-90  Sr-90  1.000E+00 1.280E+01 1.250B+01 1.191E+01 1.077E+01 8.927E+00 4.666E+00 1.158E+00 9.481E-03 4.706E-10

fEIff9f fEI1111 1TLTTI111 ITIT13197 ITL0997F FETEL909% fIFTI098F $R11797%7 PRI7170F fITTTLEIT TITTLIITT TRRRTETTE

BRF{i) is the branch fraction of the parent nuclide.
ORESCALC.EXE execution time = 1.80 seconds
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DISCLAIMER FOR CALCULATIONS

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 pertment 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

ERC personnel. Without this review, the ER Project cannot assume any responsibility for the
use of these calculations.
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CALCULATION BRIEFS

The following calculation briefs have been prepared in accordance with BHI-DE-01,
Design Engineering Procedures Manual, EDP1-4.37-01, "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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CALCULATION COVER SHEET
Project Title: Group 4 Remedial Action Job No. 22192
Area 100F
Discipline Environmental Calc. No. olO0OF- CA-VO\S2-
Subject 116-F-6 Liquid Waste Trench Sample Variance Calculation
Computer Program 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
Rev. | Sheet Numbers Originator Checker Reviewer - / rmra” P Date
‘ Cover - | F-5-7 3-5-03 B/f/é) [
0 |Calc. Summary - | .
Calculation - 6 /%/Z/Z:? S ¢q%"—/ 317/0 3
Total - 3 M. T. Stankovich | S. W. Callison J.E. Thomson . A. Buckmaster
SUMMARY OF REVISIONS
Scanned Rev. Date Bar Code No.

* Obtain Calc. No. from DIS.

C-49



I RN A A S

CVP-2002-0001 0

Rev. 0
CALCULATION SHEET
nanwoan ;. Bechtel Hanford Inc. ) 7
Originator M. T. Stankovich Date 3/5/2003 Calc. No. Ol00F-CA~- VO'? Rev. No. 0
Project  Group 4 Remedial Action Job No. 22192 Checked _ Sw) - Culliggn 3<Date 2-5-03
Subject  116-F-6 Liquid Waste Trench Sample Variance Calculation SheetNo. 10f7

Conclusion: :

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:

Calculate the number of close 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-86-22, Rev 3) and “Instruction
Guide for the Remediation of 100 Areas Waste Sites” (0100X-1G-G0001, Rev 3).

Givem: )

1) Sample locations for the 116-F-6 Shallow Zone are identified on the 116-F-6 Liquid Waste Trench Disposal
Shallow & Deep Zone Design, Calculation number 0100F-CA-V0159, Rev. 0.

2) Lookup values from DOE/RL-96-22, Rev 3. . .

3) Sample Design requirements from DOE/RL-96-22, Rev 3 and 0100X-1G-G0001, Rev 3.

Solution:

Calculation methodology is described in Appendix A of DOE/RL-96-22, Rev 3. Data from attached worksheets
are used to calculate the required number of closeout samples. Variance calculation is based on the same three
isotopes used to develop the statistical approach in DOE/RL-96-22, Rev 3. The statistical design is based on the
premise that these isotopes are the predominant components of the contamination and are representative of the

contamination distribution.
Sheet No. _ Contents Topic
1 Calc. Summary Summary of Calc Brief
2-3 Shallow Zone Required Number of Samples Calculation
4-5 Shallow Zone Formulas Formulas
6-7 Shallow Zone Data Raw Data from Sample Management
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CALCULATION SHEET
Bechtel Hanford Inc. Kb : :
Originator M. T. Stankovich ¢ Date _ 3/5/2003 Cale. No. 0100F-CA-V0152 Rev. No. 0
Project Group 4 Remedial Action JobNo. 22192 Checked 4w Callison swe Date_3-5-03
Subject 116-F-6 Liguid Waste Trench Sample Variance Calculation . Sheet No. 2 of7

1 Statistical Evaluation of Analytical Data

2

3 The required number of samples resulting from the calculation is highlighted at the bottorn of the page.

4 Each value is reflective of the specific analyte evaluated.

s The highest value of the three evaluations is used to determine the required number of samples as compared
¢ against the default of four.

7 Sample locations are from Calculation 0100F-CA-V0158.

& Mean, Standard Deviation, f, and Number of Samples formulas are from DOE/RL-96-22, Appendix A.

8

10

1 Decision Unit: Shallow Zone

12 Samples values from GEA analysis

13 Sample Areas A, B,C&D Constituent

14 Sample # Sample Date Location Cobalt-60 Q Cesium-137 Q Europium-152 Q
15 pCilg pCilg pCilg
1s{Look-up Value (HT) > 1.4 6.2 3.3

il Jooitt 04-Nov-2002 S-A1-2 0.1 U 0.394 0.38 U
w  Joo112 04-Nov-2002 S-A1-3 0.057 U 0.332 : 0.143

W J00113 04-Nov-2002 S-Al-4 0.089 U 0.558 0.348

20 JO0114 04-Nov-2002 8-A1-10 0.055 U 0.286 0.2 U
2] J00115 04-Nov-2002 S-A1-13 0.058 U 0.177 0.15 U
2 JO0116 04-Nov-2002 S-A1-16 0.16 U 0.186 0.269

21 J00117 04-Nov-2002 S-A2-3 0.057 U 0.108 0.21 U
2«4 J00118 04-Nov-2002 S-A2-6 0.081 [¥] 0.237 0.32 U
250 J00119 04-Nov-2002 S-A2-7 0.058 U 0.394 0.17 U
=]  JO0120 04-Nov-2002 S-A2-10 0.067 U 0.108 0.15 U
a7f  Jo0121 04-Nov-2002 S-A2-14 0.087 U 0.108 0.22 U
20 Jo0122 04-Nov-2002 S-A2-15 0.065 U 0.096 U 0.14 U
2 J0o0123 04-Nov-2002 S-A3-1 0.071 U 0.1 U 0.22 U
30 J00124 04-Nov-2002 S-A3-2 0.066 U 0.072 J 0.161

nl J00125 04-Nov-2002 S-A3-4 0.06 U 0.067 Ul 014 U
32 J00126 04-Nov-2002 S-A3-5 0.11 U 0.095 U 0.23 U
3 Jo0127 04-Nov-2002 S-A3-9 0.063 U 0.885 0.334

34 J0o0o128 04-Nov-2002 S-A3-11 0.12 U 0.11 U Q.22 8]
i J00129 04-Nov-2002 S-A4-3 0.076 U 1.74 0.635

i~ J00130 04-Nov-2002 S-Ad-4 0.067 U 0.166 . 017 U
wf  Jo0131 04-Nov-2002 S-Ad-7 0.056 U 0.127 0.11 U
B J00132 04-Nov-2002 S-A4-9 0.03 U 0.129 0.099 U
] Jo0133 04-Nov-2002 S-A4-12 0.067 U 0.39 0.18 U
40  J00134 04-Nov-2002 S-A4-13 0.039 U 0.037 U 0.087 8]
“ J00135 05-Nov-2002 S-B5-1 0.063 U 1.16 0.613

42} JO0136 05-Nov-2002 S-B5-2 0.039 U 0.547 0.293

43 J00137 05-Nov-2002 S-B85-5 0.058 U 0.133 0.14 U
«| Joo138 05-Nov-2002 S-B5-7 0.035 U 0.118 0.12 U
«sf  J00139 05-Nov-2002 S-85-13 0.043 U 0.041 U 0.09 [¥]
] J00140 05-Nov-2002 S-B5-15 0.11 U 0.084 9] 0.15 U
«f  Jo0141 05-Nov-2002 S-B6-1 0.043 u 0.046 U 0.12 U
«{ J00142 05-Nov-2002 S-B6-10 0.08 U 0.072 U 0.2 U
4 00143 05-Nov-2002 S-B6-12 0.06 u 0.234 0.464

sof  J00144 05-Nov-2002 S-86-13 0.071 U 0.078 U 0.17 U
st Jo0145 05-Nov-2002 S-B6-15 0.04 U 0.037 U 0.093 U
s2|  J00148 05-Nov-2002 S-B6-16 0.027 U 0.053 J 0.068 U
ssf  J00147 05-Nov-2002 S-B7-1 0.045 U 0.043 U 0.099 8]
s J00148 05-Nov-2002 $-B7-3 0.026 U 0.096 J 0.061 U
ss|  JO0149 05-Nov-2002 S-B7-4 - 0.035 U 0.113 0.092 J
s J00150 05-Nov-2002 S-B7-5 0.081 U 0.1 U 0.14 U
s7t 00151 05-Nov-2002 S5-B7-8 0.059 U 0.328 2.84

sl J00152 05-Nov-2002 S-B7-11 0.086 U 0.135 0.13 U
sat  JO0153 06-Nov-2002 S-B8-2 0.091 8] 0.198 0.19 U
80 JO0154 06-Nov-2002 S-B8-3 0.11 U 0.1 U 0.2 U
sl J00155 06-Nov-2002 S-B8-4 0.066 U 0.086 J 0.16 U
s2f  JOO156 05-Nov-2002 S-B8-8 0.149 0.836 5.66

saf  JOO157 05-Nov-2002 S-B8-12 0.061 U 0.284 0.163

Shallow Zone
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CALCULATION SHEET
Bechtel Hanford Inc.

- Originator M. T. Stankovich Date  3/5/2003 Calc. No. 0100F-CA-VO0152 Rev.No. 0
Project Group 4 Remedial Action Job No. 22192 Checked S\W Callison »we  Date 2-5-03
Subject 116-F-6 Liquid Waste Trench Sample Variance Calculation Sheet No. g of7

sl  JOO158 05-Nov-2002 S-B8-13 0.068 U 0.076 J 0.13 U '
es{  JO0866 06-Nov-2002 S-C9-3 0.057 U 0.054 U 0.11. U
6| Jo0867 06-Nov-2002 S-C9-4 0.034 U 0.053 U 0.12 U
67| Jooges 06-Nov-2002 S-C8-5 0.058 U 0.052 U 0.12 U
ss| .J00869 06-Nov-2002 S-C9-10 0.035 U 0.085 J 0.077 ]
ss|  J0O0870 06-Nov-2002 S-C9-14 0.04 U 0.041 U 0.093 U
ol . JO0871 06-Nov-2002 S-C9-16 0.089 8] 0.085 U 0.2 1]
nf J00g72 06-Nov-2002 5-C10-3 0.045 [¥) 0.05 U 0.11 Ul
2 J00873 06-Nov-2002 S-C10-4 0.051 U 0.101 0.11 U
i Joos74 06-Nov-2002 S-C10-8 0.052 U 0.127 0.15 U
e Jo0875 06-Nov-2002 | S-C10-10 0.054 ] 0.179 0.15 U
sl JO0876 06-Nov-2002 | S-C10-14 0.067 U 0.174 0.191
el JOOB77 . 08-Nov-2002 S-C10-16 0.058 U 0.482 0.276
7| J00878 06-Nov-2002 S-Ci-2 0.095 Uj. 0.082 J 0.22 U
Bl JO0879 06-Nov-2002 S-C1-3 0.05 U 0.071 U 0.21 U
7 J00880 06-Nov-2002 S-C1-4 0.058 U 0.161 0.133
80 JO0881 06-Nov-2002 S-C1-1 0.089 U 0.179 0.21 U
8 Jooss2 06-Nov-2002 S-C1-13 0.047 Ul 0132 0.17 U
82 J00883 06-Nov-2002 S-C1-16 0.084 U 0.121 0.23 U
8 J00884 06-Nov-2002 S-C2-3 0.07 U 0.36 0.2 1Y)
8 J00885 06-Nov-2002 S-C2-6 0.073 U 0.192 0.16 U
85 J00886 06-Nov-2002 - S-C2-7 0.054 U 0.058 U 0.13 U
ss] J00887 06-Nov-2002 S-C2-10 0.048 U 0.448 - 0.282
&7} J00B8BB 06-Nov-2002 S-C2-14 0.11 uU 2.41 1.02
88 Jo0889 06-Nov-2002 §-C2-15 0.047 U 0.055 U 0.13 U
89 J008s0 07-Nov-2002 S-D3-1 0.11 U 0.443 0.25 U
90| JO0891 07-Nov-2002 S-D3-2 0.069 U 0.603 0.323
91 J0oogg2 07-Nov-2002 S-D34 0.088 3] 0.689 0.28 U
92 JO0893 07-Nov-2002 S-D3-6 0.064 U 0.221 0.176
93  J00894 07-Nov-2002 S-D3-9 0.082 Y] 0.555 0.261
34 J00895 07-Nov-2002 S-D3-11 0.11 U 0.356 0.23
85| J008gs 07-Nov-2002 S-D4-3 0.059 U 0.132 0.13 U
% J00897 07-Nov-2002 S-D4-4 0.085 U 0.081 U 0.2 U
7 J00898 07-Nov-2002 S-D4-7 0.066 U 0.085 J 0.14 U
%] J0O0899 07-Nov-2002 S$-D4-9 0.062 U 0.07 U 0.15 U
99| JoosBo 07-Nov-2002 S-D4-12 0.1 U 0.149 0.177
100 Joo8B1 07-Nov-2002 S-D4-13 0.054 U 0.429 0.315
| JoosB2 07-Nov-2002 S-D5-1 0.093 U 0.103 1] 0.19 U
2|  JOO8B3 07-Nov-2002 S-D5-2 0.065 U 0.433 0.29 U
wf J008B4 07-Nov-2002 S-D5-5 0.066 U 0.06 U 0.14 U
104 J0osBs 07-Nov-2002 S-D5-7 0.071 ] 0.1 U 0.14 U
105 JoosBe 07-Nov-2002 S-D5-13 0.031 U 0.055 U 0.098 U
106 JoosB7 07-Nov-2002 S-D5-18 0.056 U 0.123 0.135
wrl JO0sB8 07-Nov-2002 S-D6-1 0.045 U 0.415 0.286
108 JoosBg 07-Nov-2002 S-D6-10 0.053 8] 0.194 0.432
108 JOOBCO 07-Nov-2002 S-D6-12 0.16 U 0.918 2.3
110 Joo8C1 07-Nov-2002 S-D6-13 0.059 U 0.074 J 0.13 [3)
wil J008C2 07-Nov-2002 $-D6-15 0.11 U 0.12 U 0.21 U
1zl JOOBC3 07-Nov-2002 S-D6-16 0.072 U 0.08 U 0.217
wlMean (LV) > 0.07 0.25 0.31
14 Standard Deviation (S) > 0.03 0.35 0.66
1l (5%) > 1.645 1.645 1.645
1siB (20%) > 0.842 0.842 0.842
w7fNumber of Samples ; > 1 1 1
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ATTACHMENT ¢
Bechiat Hantors inc.
4 Oate 93105/03 Cale. N DIOOF-CAVOLS Rav. No.
Action Job Mo. 22192 Checked Dain
116-F6 Liquid Waste Trench Sample Varisnce i Sheet No.
Statistical Evaluation of Anatytical
The requirsd numbar of samples fesulting from the calculation is highlighted at the boltom of the pag
Each value is raflactive of the specific anaiyte evaluate
‘The highest valua of the three evaluaticns is used to determine the required number of semples as compared agains! the default ol &
Sample focatians afe from Caleulation100F-CAVDS!
Mean, Standard DeviationZ, snd Number of Samples formulas are lrom DOE/RL-96-22, Appendix A.
Gacision Unk; Shattow Zore o5 o> $-© 3
Sampias valuss from GEA anaysis.. ¢ b
Sample Areas A, B, C,AD 5\‘)" 4w < .03 5““0 3
Sample § Sample Date Locaion Cobalt-60 a % Cesivm-137 Q Europlum-152 a
8Cig i
Look-up Valuexsss F 0 A "‘ A (’. = Feie 3 03 oo
*Shatnw Zans Dataie? #'Shutlow Zone Dat#1C?  wShaow Zone Date™07  ='Shallaw 20ne Dal2’1E7 ~'Shaftow Zone Dala'F?  ='Shatiow Zone Data’iG? =Shatiow Zone DulaTHT *Shatlow 2 ‘Shatiow ’
='Shatow Zore Oais B8 wShakow Zone Date'CB  ='Shafow Zone O#ta’8  »'Shaliow Zone DatalE8 ='Shaflow Zone DalalF8  ='Shatiow Zone Data’1G8 =Shallow 2008 DataHE :gmaow Zone g:::’x:: :?‘hm iw 3::3:
Shutow Zone Data B9 »Shatow Zons DaiaiC8  w'Shatow Zons Dstl09  ='Staflow Zone Data'E9 ='Shattow Zone Dat’F§  ='Shaliow 2one Data 1G9 *Shatiow Zone Data ™9 w'Shefiow Zone Datais =Shalt 2o Datatls
=Shaflow Zuna Data1B10 ='Shallow Zone DalalC10  ='Shakow Zone DalgtD10  ='Shaliow Zune Dats1E10 aShatfow Zooe DalsTF10  »Shultow Zons DataiG10 ='Shatiow Zone Data?™10  ='Shafiow Zone Datati1d n'Shs«: z:: Datai10

~Shaluw Zone DutaB it
=Shutiow Zune Data1B12
«Shabow Zone Data’B13
='Shaflow Zons DatatBi4
=Bhatiow Zons Data'tB15
='Shakiow Zone DataiB18
«Shallow Zons DatatB1?
=Shakow Zong Data'lB 18
=Shallow Zone Data’B19
a'Shakiow Zore Data'lB20
*Bha¥ow 2one Data'tB2
=‘Shafow Zone Date’ 822
='Ghafiow Zons Dala1B23
='Shufow Zone Data'iB24
«'Shakiow Zons Data't825
='Shaflow Zone Dain'tB26
='Ghakow Zone Data1827
=‘Shatiaw Zone Dnta'lB28
='Shallow Zone Date'1829
=Shalow 2ana Dala'1B30
="Shaliow Zone Data’tB3t
=Shakow 20ne Dsta’tBI2
='Ghalow Zone DataB33
«‘Bhytiuw 2one Date'tB34
«'Shufow Zone Dats'1815
#'Shafiow Zons Dals'tB36
=Shaftow Zone DstaiB37
»'Shalicw Zone Deta’B8
="Shatow Zore Data'lB39
='Shakow 2one Data'B40
=Shafow Zone Oata'tBat
='Shattow Zons Data'tB42
=Shatow Zona Data1B43
='Shaktow Zone Data'1B44
="Shakaw 2one Data'lB45
=Shakow 2ane Datwr'1848
*Shallow Zone Data'tB47
=Shatiow Zons Dota’tB4d
w'Shakow Zone Data'1B49
='Shaflow 2one Data'BS0
*'Shaow Zone OaleB51
a'Bhelow Zone DatatBS2
='Shatow 2one Dals1B53
='Shatiow Zone Ozta'tis4
=Shaklow Zone Data'1B55
*Ghaltow 2one Dats'1B56
@"Bhakow 2ore DataBE7
»'Shatow 2one Data'tB58
»'Shalow Zone Data'lB59
=Shakow Zons Datn'880
«'Shatow 2one Osia'1BE1
«'Shakow Zons Dsta'l662
='Shakow Zons Data'(BE3

aShafow Zose DatalC1t  #'Shokuw Zose Dz1atDt  #Shafuw Zuae Date €11
=Stiokow Zone DawiC12  ='Shafiow Zone OpiaiD12 =Shatow Zons DalatE12
='Ghalow Zone Detw'!C1y  x'Shatiow Zone DstaiD13 *'Shakiow Zone Daia1E13
='Shakow 2one Osis'iC14  ='Shatow Zons DataiD14 ="Shafow Zone Data€ 14
wShaliow Zons DalgiC1s  ='Shihow Zone Data®D15 ” ='Shatow Zone D3a1E15
w'Shatow Zone Data'’C¥6  ='Shafow Zons Datg D18 a'Shatlow Zors DataE 16
='Shatow Zone Data'iC1? = 'Shsfow Zone DataiD17 ='Shatow Zons Data'lE 17
>Shatiow Zona DataiC18  ='Shafow Zons Data’D18  'Shakow Zone DalatE18
w'Shafiow Zons Deta'iC19  #'Shakow Zona Date'19 *Shalow Zone DaiatE 19
wShatow Zone Data’lC20  ='Shakiow Zone Datai020 »'Shakow Zone DatalE20
whakow Zone Dala’lC21  =Shatow 2one DalaD21 ='Shatow Zooe DataiE21
*Shefiow Zone Data'lC22  ='Shskiow Zone Dala'D22 =Shalow Zona DIwIE2
wShatow Zone Data'tC23  ~'Shafow Zona DatatD23 ='Shafiow Zons Dala'lE23
wEhalow Zone DataiC24  w'Shatow 2one DalxiD24 #'Shalow Zone DatalE24
wShakow Zone OaiaiC25  »'Shatow Zons DataiD25  ='Shatiow 2one Dalz'1E25.
w'Shaiow Zone DateiC26  ='Shakow Zore Data'lD26  ='Shafow Zone Dals'tE26
wShakow Zone DstalC2?  ='Shallow 2one Dala'lD2? *Shakow 2ons Datat627
='Ghakow Zons DatalC28  #'Shakow Zons DatalD28 *Shottow Zone DalalE28
='Shakow Zone DatalC28  w'Shakow Zone DaiaiD29 *"Shakow Zone Data1€29
='Shalow Zona DBlRiC30  ='Shatow Zone Data’lD30 wBhakow Zone DataE30
=Shatow Zone DaICH  #'Shatow Zons Data DIt ='Shattow Zons Data €31
a'Shatlow Zone Data’iC32  ='Shatow Zone Dats1032  ='Shatlow Zone DatsE32
#'Shafow Zone DateiC33  ='Shatlow Zone Data1D33 ='Shatiow Zone DatalE33
w'Ghefow Zons DataiC34  ='Shatow Zonw Data'DI4 *'Shatow Zone DatatE34
¥Shofow Zone DataiC}5  #'Shefow Zone Date’ D35 aShakow Zone Dats 635
'Shakow Zons DatiCI  »'Shatow Zone Datp'iDI6  ='Shatow Zone Data'1E36
wShallow Zone Data'iCI7  #'Shafow Zone DataiDI7 ='Shattow Zone DaletE37
«Shatow Zone DataiC38  =‘Shatow Zone Oala'iD38 »Shatow Zona Dala1E38
wShaflow Zons Dala’lC38  ='Shatow Zona Deta’lDI8  »Shatiow Zons Date'1E22
wShatow Zone Daia’lC40  *Shatow Zoos Data’iD40  ='Shaltow Zone Dala' €40
#Shalow Zons DstalC4s  w'Shatow Zons Data' D41 »'Shakow Zone DatalE4t
#Shatow Zone Dald1C4Z  =Shatlow Zons DalaiD42 =Shatow Zone Dala'lE42 -
wSha¥ow Zone DawiC43  »'Shakow Zone DataD43 ='Shatiow 2one Data'IEAI
=Shetow Zone DalelCA4  ='Shatiow Zone DatatD44  ='Shallow Zone Data'lEdd
~'Ghatow Zona DsialCAS  ='Shalow Zons Data'tD45 «Shakow Zone Datw1E4S
w'Ghalow Zons DalaiC48  *'Shafow Zone DatsiD6 ='Shatow Zone Data'lE46
=Shatow Zone DatstCAT  ='Shatow Zone DalaiD47 = Shatow Zone DstalEA7
w'Shatow Zone DatsiC48  »'Shakow Zons Data'tD48 *'Shatiow Zone OatatE4R
*'Shatow Zone DalaiC48  ='Shakow 2one Data'tD48 w'Shakow Zone DatatE49
'Shallow Zane DatsC50  w'Shakow Zone DataiD50 wShatow 2o08 Oala1ESY
#'Shaftow Zone DatalC51  *'Shatow Zons Dala'iD51 =Shatow Zone DatatES)
wEhatow Zone Dala'iC52  ='Shafow Zone DalaiDS2  w'Shafow Zone DatalES2
whatow Zons DainlC53  w'ShatowZone Dala1053  wShakow Zone Dot IES3
wShatow Zone DSWICSs  ='Shotow 2one Data’iD64  ='Shaliow 2ons Data €54 R
*Ghatow Zone DatsiC55  w'Shakow Zons Data'iDSS w'Shalow Zone Dala1ESS
='Shatow 2one DatsiCE6  wShalow Zone Oata'DS6 wShatow 2one Data1ESE
*Shalow Zons DalsICS7  wShafow Zons Data' 1057 =Shatow Zons OsB1ES?
w'Shatow Zone Data’C58  wShalow 2o0e DetatD58  'Shalow 2one Data'1EG8
*'Shatow Zone DstalC58  »'Shalow Zons Dala'iDS9 *Shatow Zone DetaESS
wShatow Zons DataIC60  »'Shatow Zons DataT060  ='Shakow Zone Date1E60
w'Shatlow Zons DsaCe!  =Shaow 20ns DalaiDB1 *Shakow Zone DalatE6T
='Shatlow Zons Data'1C82  #'Shallow Zone DatatD62  =Shatlow Zone Daty1E62
w'Shatlow Zons Dte'iC83  *'Shatow Zons DatsID63 *Shatow Zone DatwiE63

='Shiallow Zons DataF 11 -=Shufiow Zone Data1G11
=Shallow Zons DalaF 12 ='Shaflow Zone Data1G 12
=Shallow Zons DataF 13 ='Shaltow Zons DawIG 18
=Shallow 20ns Dala'lF 14 ='Shatiow 2ona Detw'G14
=Shallow Zone Data’F 1§ ='Shatlow Zone DalaG18
=Shaflow Zone Dsta’F 16 ='Shattow Zone Data1G16
=Shallow Zone Dala’F 17 ='Shaliow Zons Data'iG17
*Shatiow Zons Dala'F 18 'Shatiow 2ons Data'1G18
=Shailow Zona Dats'F 19 =Shatiow Zona Dals'G18
=Shaliow Zone DalsF20  «'Shallow 2one DalatG20
«'Shallow Zons Daw'iF21 = Shaliow Zons Daw'iG21
='Shallow Zone DetatF22  ='Shaliow Zone Dala1G22
wShatlow Zone Dala'F23  »Shallow Zone Data'1G23
='Shallow Zone DalsiF24  «'Shaliow Zone Data’G24
=Shallow Zone Data’lF25  »'Shallow Zone Data1G25
='Shaliow Zone DatslF26  »'Shallow Zona Dala'tG28
=Shatiow Zone DalaiF27  ='Shaflow Zona Daa1G27
=Sheffow Zone Data'lF28  ='Shaifow Zons Osta1G28
='Shaflow Zone Data'iF28  ='Shallow Zone Data1329
wShatiow Zone Data’F30  ='Shaflow Zone Datai330
«'Bhaliow Zons DslaF3)  ='Shalow Zona DataiG1
=Shafiow Zons DatatF32 = Shuliow Zone DalaiG3Z
>'Shaflow Zons DalaF33  #'Shatiow Zons Data'tG33
='Shatiow Zone DatalF3d  «'Shatiow Zone DataiGI4
=Shaliow Zone DatatF35  s'Shaliow 2ons Dsta1G35
=Shatiow Zone DataF36  ='Shatiow Zone Data'iG36
#Shallow Zone Daa'iF)7  ='Shaliow Zons DatatG37
oShatlow Zone DataiF38  «'Shatiow Zone Data1G38
='Shaltow Zone DatalF39  =Shallow Zone DalatG39
*Shatiow Zone DataF40  ='Shaliow Zone Data1G40
wShaliow Zone DataiF41 = 'Shaltow Zone Daia'IG41
'Shallow Zons DeiaiFd2  #'Shafiow Zone Dala'tG42
«Shallow Zona Dala'F43  =w'Shatiow 2ons Dala'iG4d
='Stwfiow 2ons DalaF44  ='Sheliow Zons Dala'iGe4
«'Shaltow Zons DataF45 - ='Shaliow 2one DalalG45
#Shaliow Zone Dala’iF46  ='Shaliow Zone DataiG46
wGhallow Zone Dain'Fa7  ='Shatiow Zone Dala'iG47
«Shallow Zone Datz'F48  =Shaliow Zona Data'tGAS
wShallow Zone Data'iF48  =‘Shallow Zons Daw1G4S
*'Ghaftow Zons DotaiFS0  w'Shaliow Zons DatatG50
='Shallow Zone Data'iFSt  #'Shaliow Zone DatalGS1
«Shatiow Zone Data'lF52  ="Shaflow Zone Data'lG52
='Bhallaw Zoas DataIF5)  ='Shatiow Zone DatatG53
w'Shaliow Zone Det{F54  »'Shallow Zons Data'tG54
*'Shaliow Zons DstaiF5S  ='Shallow Zons Data1G55.
wShaltow Zone DatatF56  a‘Shatiow Zons DatelG56
wShallow Zons DatalF57  ='Shatiow Zons DatsiG57
='Shaliow Zone DataiF58  =Shatiow Zone Data'!lG58
='Shaliow Zone Dale'F58  »Shallow 2one Data1G59

2'Shaliow Zonw DataiF81  »'Shaliow Zone DalaiG81
«'Shattow Zons Daw’iF62  ='Shallow 2ons Data'iG62
*Shallow 20ns DalaF6)  =Shailow Zone Dalai363
'Shaliow Zone Data'iF64  »Shaliow Zons Daia1G84

w'Shakow 2one Data'tB64 whatow Zone Dala¥C84  w'Shallow 200w Data'tD64 ='Shatow Zone DatsTES4

='Shaow Zone Dala'tB65 *'Bhakow Zone DatwiC85  *'Shaow Zone Dsla'iDSS w'Shatow Zone DaiatEES a'Shaltow Zone DalaiFE5  a'Shatiow Zone Dala'tGES
='Shatow Zons Dala'iB6s ='Shatow Zons DelaiCE6  »'Shatow Zone Dala'1D6E ='Shatow Zons DatalE6E *Shatfow Zone DetaiF66  »*Shatlow Zons Data’tG68
w*Shakow Zone Dats1BE7 w'Shatow Zone DatsiC67  w'Shatow Zone Data' D67 ='Shalow Zone DataiES? *'Shallow Zone DalaIF67  wBhalow Zons Data1GE7

wShatiow Zone Dawa'lFEs  »"Shallow Zons Dala'iG6a
'Shaflow Zone Data'iF89  w'Shaliow Zone Data'i369
«'Shaliow 2ons DataiF70  ="Shatfow Zons Data’iG70
«'Shaliow Zons DelwiF71  »'Shaliow Zons Dala1G71
=Ghatiow Zone DataF72  »'Shaliow Zone Datai372
=Shatiow Zone Dale'iF 73 *Shallow Zone Dala1G73
*'Shuliow Zone DataiF74  wShallow Zone Data'iG74
«'Shafiow 2one DawlF 75 »'Shaliow Zons Dats'iG75
='Bhaliow Zons DatalF?8  »Shatiow Zone D628
='Shallow Zone Data1F77  «Shallow Zone Data1G77
*Shallow Zons DaalF?8  ¥Shallow 2one Data'iG78

wShatow Zone Date'ICEA  ='Shakow Zone Data'D68 ='Shatow Zons DatalEEE
»'Shatow Zone Data'lC68  ='Shelow Zons Date'iD6S  xShakow Zone DataiEE9
='Shatiow Zone Deta'iCT0  wShakkow Zone Dats’iD70 wShakow 2one DatalE70
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2'Shalow Zone DalnC76  =‘Shaliow 2one Dats'D78 =Bhatow Zone Dals1E78
'Shaflow Zone Dsla’C77  #‘Shakaw Zons Data 077 *'Shatow 2ons Daw'IET7

»'Shatow 2one Daln1B68
~'Shaktow Zone Data 108
*Shasow Zors DaliB70
‘#*Shatow Zone Dats'iB71
*Shatow Zons Osta'1B72
#Shulow Zone Dala'tB7d
*'Shatow Zone DatafB74
='Shaklow 20ne Dats'1RTS
=Shatow Zons Date'1B76
«'Shaow 2one Date'1B77

wStatow Zone Dats'tB78 =Shaflow Zone Data’C78  #'Shatow Zona Data'iD78 »'Shatow Zona Datat678
wShakow Zone Dsia'tB78 *#Shatow 2one Deta'lC78  «'Shakow Zons DatatD79 *Shulow 2one DawiE?S #Shallow Zons Ds1E78  »'Shattow Zone Dala1G79
= Shekow Zone Oala'IBS0 wShatow Zons DataiC80  «'Shellow Zone DatatD80 *‘Shatow Zone DalatE 80 «'Shaliow 2ons Data'iFB0  ='Shatiow Zone Dsia1GE0

#'Ghatiow Zone DawiFB!  ='Shallow Zone Date'IG81
w'Shatlow Zons DalatF82  ='Sheliow Zons Dela"tGE2
*'Shaltow Zone Date'F63  »"Shallow Zone Duis’C83
»'Shatiow Zone Data'tFB4  a'Shatlow Zons DMaIGS4
#Stialiow Zons DalalF8s ' Shalfow Zona Data’1GE5
=Shalfow Zons Dala'iF88  w'Shattow Zona Datn1GE8

'Shakow Zonk DatwriC8S  a‘Shatow Zona DataD81  w'Stiakow Zons DataiER1
»Shetow Zone DataiCEZ  =Shatow Zone Datln’D82  ='Shakow Zone Data1E62
wShalow Zone Data1CBY  *Shakow Zone DalwiD83  'Shakow Zone Dals €83
=Shatow Zone DatwiCB4  ='Shaliow Zone DataiD84  w'Shaow Zone DatE84
w'Bhatow Zone DMAICES  »Shatow Zone DaiatDBS  »'Shattow Zons Dats1E8S
=Shatow Zone Data’ICBE  o'Shatow Zone Data'iD88  »'Shatiow Zons Dala1ES6

«Shatow Zone Oata’tBBt
w'Bhakaw Zone Dats'1B82
*Shakow Zone DatatB83
=Shatow Zone Data'iBe4
='Shatow Zone DaiwiBES
*'Shutiow Zone DatatB86

Shatiow Zone Formutas.

=Shattow. Zone DatsiH1 1
="Shafiow Zone DatatH12
= Shatow Zone DataHi3
«Shatiow Zone DataTH14
= Shaliow Zone Dawr1H18
w'Shatiow Zone Data?16
wShatlow Zons DatatH17
*Shatiow Zone DataTH1B
wShaliow Zons Data'tH19
wShalow Zone OatatH20
~'Shallow Zons Data1H21

='Shafiow Zoos DalatH24
wShailow Zone DataHz5
wShatiow Zons DabafH2g
=Shaliow Zone DetaH27
=Shatiow Zone DataTH28
*Shpliow 2one DatatH29
= Bhgliow Zoos Oala'tH30

*'Shaliow Zons DatatH5
«Shatiow Zone Dala'tHI§
=Shaftow Zoae Data1HI?
="Shaitow Zons DataTHg
=Shailow 2one Dala1HI8
*'Shatfow Zore Dals1HAQ
«Shatlow Zons Datathid s
#Shattow Zone Data'the2
*='Shallow Zons Dala'tHe3

#Shaiow Zoae DalatH4?
*'Shaliow Zone DatatHés
wShallow Zone DataH4d
*Shaliow Zone OptatH50
*Shaltow Zone DalatHs1
#Shafiow Zons DalatH52
*Shallow Zona DatatH63
#Shaltow Zone DetaiH54
wihatiow Zons DatatH5S
=Shaliow Zone DalatH5E8
*Shatiow Zons DataTH57
*'Shatiow Zons DataTH5A
#'Shallow 2one DalwiH59
#Shaliow Zons Dalatii60
=Shaliow Zone Duta'tHE1
a'Shaltow Zone Data1H62
wShatiow Zone Dais1HE3
#Shallow 2orve Data1H64
wghalow Zorse DalatHES
#Shallow Zone Dala1HE8
wShalow Zoas Data'tHET
=Shaliow Zone DalaTHES
='Shatiow Zons Data1H69
='Shatiow Zons DatstH70
*Shatiow Zone Data'thl 1
*Shatlow 2one Date1HI2

*Shallow Zone DataHTS
*Shallow Zone DalaTH78
=Shatiow Zone DatatH??
«Shatiow Zons DalatH?8
=Shaflow Zone DalatH79
*Shallow Zone DatatHB0
*'Shaliow Zone DatatHEt

a‘Shatfow Zonu Dutati1t
*Shatlow Zone Datlat12
="Stiatiow Zone Deta i1}
»‘Shaltow Zone Datali14
='Bhallow 2one Daa'iits
*'Shaltow 2one Dala 18
=Shaellow Zoos Daa'ti1?
#Shallow Zone Datati18
*Shuflow Zone Data' {8
='Bhaflow Zone Data 20
«'Shaltow 2one Dalati2y
Shaflow Zons Dalgli22
whallow Zone Dsw1i23
#'Shallow Zone UstaliZ4
'Shatiow Zons Data'125
Shaltow Zone Datai28
*Shatlow Zore Detai2?.
=Shaliow Zone Delatl28
*Shatlow Zone Dalatiz9
='Shaflow Zone Datat30
*'Shatiow Zons Data731
«Bhafiow Zons Dats 132
#'Shafiow Zona Datati3}
*'Shaliow Zone Data1i34
w'Shaliow Zone Datati35

*Shallow 2one Datalie!
«'Ghallow Zore Datafl42
*Shallow Zone Datatiél
= Shatiow Zone Datalidd

*Shatlow Zone Datatis
~'Shatiow Zone Datal52
=Shallow Zors Ustati53
='Shafiow 2ons Dalatiss
Shaliow Zone Datatiss

*Shatiow Zone Data®i74
*'Shaliow Zone Duta 75
*'Shatiow Zoos Dalai76
»'Shallow 2one Datali??
w'Shallow 2one DalaN78
«'Shatiow 2one Datati78
*Shaliow Zona Data 0
w'Shaifow Zone Datal81

#'Shaliow Zone Data'tiss

=Shaliow Zons Datati11
*Shaliow Zone Dutat12
=Shallow Zons Datal 113
=Shafiow Zone Datals14
«Shaflow Zone Data't}15
=Shatiow Zons Data1J16
=Shallow Zone Daw'1i17
=Shaltow Zone Dt 1318
«Shaliow Zone DatalJ19
#'Shatiow Zons Datald20
*Shaliow Zone Data1i2)
*Shallow Zons DataJ22
wShafiow Zone Datal/23
=Shallow Zone DutatJ24
= Shatlow Zone Data'425
= Shatiow Zons Date’t)28
wShaltow Zone Data 27
=Shaliow Zons DatalJ28
#Shatiow Zons Datn1128
wShattow Zone Data’t30
*'Shallow Zooe Data1d3t
='Shaliow Zone Datat32
»Shaliow Zona Date’1433
='Shatiow 2one Dsta’ts34
='Shatiow Zone DatalJ33
=Shafiow Zone Dala1338
=Shaliow Zone Dataj37
=Shaliow Zone (atalJ38
*Shaliow Zons DetatJ39
«Shatiow Zona DatalJ40
Shaltow Zone DatalJ4§
='Shatlow Zons DatatJ42
#Shallow Zons DatsJ43
#Shafiow Zons Dala’lJ44

* *'Shaftow Zona Dala'1J45

'Shaliow Zone Dalat48
«Shatiow Zone Dals'li47
=Shatlow Zone Dals'148
«'Shatiow Zone Data149
='Shallow Zors Dalali50
wShatiow Zone Dataly51
wShafiow Zone DatatJ52
«'Shatiow Zone Data'l53
«Shaltow Zone Data1J54
=Bhatlow Zona Data1J55
wShafiow Zone DatalJ56
wShatlow Zons Data'l57
*Shatiow Zons Data158
*'Shaltow Zona Dala1J69

#Shatiow Zone Date168
«'Shaflow Zons Data'tiog
*Shaliow Zons Datats10
wShatlow Zone Dala1J71
#Shallow Zone Data1J72
u'Shaiow Zone Data!473
wShallow Zone Date’lJ74
#Bhallow Zone Duts476
='Shatiow Zone Dalat76
*Shaflow Zone Data 177
«Shallow Zone Dsta 178
wShallow Zons Dala1379
*'Shaliow Zone Dats1180
*Shallow Zone Dets1161

#Shaliow Zons Diata1484
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Bechtel Hanford '"ﬁz}z
Originator M. T. Stankovich Date 3/5/2003 Calc. No.  oworcavois2  Rev. No. 0
Project Group 4 Remedial Action JobNo. 22192  Checked $W Culiisn™~  Date 3-S -03
Subject 116-F-6 Liquid Waste Trench Sample Variance Calculation SheetNo. {&eof7
samp_num samp_date_time | Sample Node Co60 |Q Cs137 | Q| Euis2 | Q
1]JO0111 11/4/2002 S-A1-2 0.1{U 0.394 0.38]U
2/J00112 11/4/2002] S-A1-3 0.057{U 0.332 0.143
3/J00113 11/4/2002 S-A1-4 0.089{U 0.558 0.346
4400114 11/4/2002] S-A1-10 0.055{U 0.286 0.2{U
s}J00115 11/4/2002] S-A1-13 0.058{U 0177 0.15{U
6/J00116 11/4/2002] S-A1-16 0.16{U 0.186 0.269
71400117 11/4/2002 S-A2-3 0.057{U 0.108 0.21{U
8/J00118 11/4/2002] S-A2-6 0.081{U 0.237 0.32{U
sJ00119 11/4/2002 S-A2-7 0.058{U 0.394 0.171U
10}J00120 11/4/2002] S-A2-10 0.067{U 0.108 0.15]U
1]J00121 11/4/2002] S-A2-14 0.087{U 0.108} - 0.22{U
12|J00122 ) 11/4/2002] S-A2-15 0.065{U 0.096{U 0.14{U
13}J00123 11/4/2002 S-A3-1 0.071{U. 0.1]U - 0.221U
14]J00124 11/4/2002 S-A3-2 0.066]U 0.072{J 0.161
15}J00125 11/4/2002 S-A3-4 0.06{U 0.067{U 0.14]U
16[J00126 11/4/2002 S-A3-5 0.11{U 0.095{U 0.231U
17]400127 11/4/2002 S-A3-9 0.083{U 0.885 0.334
18]J00128 11/4/2002] S-A3-11 0.12{U 0.11{U 0.221U
19]J00129 11/4/2002 S-A4-3 0.076{U 1.74 0.635
20{J00130 11/4/2002 S-Ad-4 0.067{U 0.166 0.171U
211J00131 11/4/2002 S-A4-7 0.056|U 0.127 0.11]U
2{J00132 11/4/2002 S-Ad-9 0.03{U 0.129 0.099]U
231J00133 11/4/12002] S-A4-12 0.067{U 0.39 0.181U
24|J00134 11/4/2002]  S-A4-13 0.03%jU 0.037{U 0.087]U
25{J00135 11/5/2002 S-B5-1 0.063]U 1.16 0.613
26/J00136 11/5/2002 S-B5-2 0.039]U 0.547 0.293
271J00137 11/5/2002 S-B5-5 0.058{U 0.133 0.14]U
28/J00138 11/5/2002 S-BS-7 0.035]U 0.118 0.12]U
29{J00139 11/5/2002] S$-B5-13 0.043{U 0.041{U 0.09{U
30{J00140 11/5/2002] S-B5-15 0.11jU 0.084{U ©0.15]U
311J00141 11/5/2002 S-B6-1 0.043{U 0.046{U 0.12]U
32J00142 11/5/2002] S-B6-10 0.08{U 0.072{U 0.2{U
33{J00143 11/5/2002] S-B6-12 0.06{U 0.234 0.464
341J00144 11/5/2002{ S$-B6-13 0.071jU 0.0781U 0.17]U
351J00145 11/5/2002] S-B6-15 0.04}U 0.037{U 0.093|U
36|J00146 11/5/2002] S-B6-16 0.0271U 0.0531J 0.068|U
37]J00147 11/5/2002 S-B7-1 0.045]U 0.043{U 0.0991U
38/.J00148 11/5/2002 S-B7-3 0.026{U 0.096]J 0.061{U
391J00149 11/5/2002 S-B7-4 0.035|U 0.113 0.092{J
+{J00150 11/5/2002 S-B7-5 0.081]U 0.1jU 0.14]U
«1}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 0.13jU
43}J00153 11/6/2002 S-B8-2 0.091]U 0.198 0.19jU
4]J00154 11/6/2002] © S-B8-3 0.11jU 0.1{U 0.2{U
45{J00155 11/6/2002 S-B8-4 0.066|U 0.086]J 0.16]U
4[J00156 11/5/2002 S-88-8 0.149 0.836 5.66
471J00157 11/5/2002] S-B8-12 0.061{U 0.284 0.163
48{J00158 11/5/2002] S-B8-13 0.068|U 0.0761J 0.13{U
4JO0866 11/6/2002 S-C9-3 0.057|U 0.054{U 0.11]U
50{J00§67 . 11/6/2002 S-C9-4 0.034{U 0.053{U 0.121U
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Rev. O
ATTACHMENT 3
(marconn| Bechtel Hanford In :

Originator M. T. Stankovich %’ Date 3/5/2003 Calc. No.  oioorca-voisz . Rev. No. 0

Project Group 4 Remedial Action Job No. 22192 Checked - 6w Calkise, 3¢ Date 2-s.03

Subject 116-F-6 Liquid Waste Trench Sample Variance Calculation SheetNo. 9 of7
-| samp_num samp_date_time | SampleNode | Co80 |Q | ©s137 | Q |" Eu152 |-Q B
51|J00868 11/6/2002f S-C9-5 0.058]U 0.052{U 0.12}U |
52}JO0B69 11/6/2002f S-C9-10 0.035jV 0.085}J 0.077{U
53}J00870 11/6/2002] S-C9-14 0.04{U 0.041jU | 0.093{U
54/ JO0871 11/6/2002] S-C9-16 0.089jU 0.085]U ~0.2iU |-
ss}JO0B72 11/6/2002f S-C10-3 0.045]U 0.05|U 0.11jU
6}J00873 11/6/2002] S-C10-4 0.051]U 0.101 0.11jU
571J00874 11/6/2002f S-C10-8 0.052{U 0.127 0.15jU
58/JO0875 11/6/2002f S-C10-10 0.054|U 0.179 0.15]U
55| JOOB76 11/6/2002] S-C10-14 0.067]U 0.174 0.191
60| JOOBT7 11/6/2002] S-C10-16 0.058{U | 0.482 0.276
811J00878 11/6/2002] S-C1-2 0.095|U 0.082{J 0.22]U .
62| JOOB79 . 11/6/2002] S-C1-3 0.05|U 0.0711U 0.21{U
3/J00880 11/6/2002f S-C1-4 -0.058]U 0.161 0.133
64/ J00881 11/6/2002f  S-C1-1 0.089jU 0.179 0.21{U
65{J00882 11/6/2002] S-C1-13 0.047]U 0.132 0.17{U
66/JO0883 11/6/2002] S$-C1-16 0.084]U 0.121 0.23jU
67/J00884 11/6/2002] S-C2-3 0.071U 0.36 0.2iU
68/J00885 11/6/2002 S-C2-6 0.073jU {1 0.192 0.16]U
60{J00886 11/6/2002] S-C2-7 0.054]U 0.058lU 0.131U
70|J00887 11/6/2002] S$-C2-10 0.048jU 0.448 0.282
7]J00888 11/6/2002] S-C2-14 0.11jU 2.41 1.02
72|J00889 11/6/2002] S-C2-15 0.047]U 0.055|U 0.13]V
731400880 11/7/12002]  S-D3-1 0.11jU 0.443 0.25]U
74]J00891 11/7/2002]  S-D3-2 0.069]U 0.603] - 0.323
75|J00892 11/7/2002] S-D3-4 0.098]U 0.689 0.28jU
76{J00893 11/7/2002] S-D3-5 0.064]U 0.221 0.176
771J00894 11/7/2002] S-D3-9 0.082{U 0.555 0.261
76| J00895 11/7/2002] S-D3-11 0.11{U 0.356 0.23
79|JO0896 11/7/2002]  S-D4-3 0.059{U 0.132 0.13{U
8| J00897 11/7/2002] S-D4-4 0.085]U 0.081JU | - 0.2]U
#11J00898 11/7/2002]  S-D4-7 0.066{U 0.085{J 0.141U
#2{J00899 11/7/2002 S-D4-9 0.062{U 0.07]U 0.15]U |
#3(JOOBBO 11/7/2002] S-D4-12 0.1jU 0.149] | 0.177
84|JO08B1 11/7/2002] S-D4-13 0.054{U 0.429 0.315
5{J008B2 11/7/2002 S-D5-1 0.093{U 0.103{U 0.19{U
8s/JO08B3 11/7/2002]  S-D5-2 0.065]U 0.433 0.29{U
#7]J008B4 11/7/2002 S-D5-5 0.066]U 0.06{U 0.14}jU
| JOOBBS 11/7/2002 S-D5-7 0.071ju 0.1jU 0.14{U
89]JO08B6 11/7/2002] S-D5-13 0.031jU | 0.055|U 0.098{U
%/J008B7 : 1177/2002] S-D5-15 0.056{U 0.123 0.135
91/J008B8 11/7/2002 S-D6-1 0.045]U 0.415 0.286
s2{JO08BY 11/7/12002] S-D6-10 0.0531U 0.194 0.432
3}J008C0O 11/7/12002] S-D6-12 0.16{U 0.918 .23
%]J008C1 11/7/2002] © S-D6-13 0.059{U 0.074]J 0.13jU
95{J008C2 11/7/2002] S-D6-15 0.11jU 0.12{U 0.21jU
s|[J008C3 11/7/2002] S-D6-16 0.072}V 0.081U 0.217
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CVP-2002-00010

Rev. 0
CALCULATION COVER SHEET
Project Title: 116-F-6 Liquid Waste Disposal Trench
Shallow & Deep Zone Design Job No. 22192

Area 100-F .
Discipline Environmental Engineering Cale. No.  0100F-CA-V0159
Subject 116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design
Computer Program 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 Preliminary D Superseded D
Rev. Sheet Numbers 0;'igiﬁltor Checker Reviewer Ap};é\al Date
Vsl
Cover =1 Sht L/'__/ Jrigfe—
Calc = 2 Shts M.T. Al Dg
b G. Cruz C.ATBentz | . . ‘,H
Attachl =1 Sht Stankovich | Buckmater | 4 U
Attach2 = 1 Sht Wé/d% 2/ b/ 08 | 3> Z, (4o 3
Attach 3 =2 Shts i '
Total =7 Shts
SUMMARY OF REVISIONS

*Obtain Calc. No. from DIS January 2003

DE01-437.03
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CVP-2002-00010

; Rev. 0
BN
& Bechtel Hanford, Inc. CALCULATION SHEET
}/ Z/' 1of2
Originator G Cruz Date 12/6/2002 Calc. No. 0100F-CA-V0159 Rev. No. =]
Project  116-F-6 Liquid Waste Disposal Trench »
Shallow & Deep Zone Design JobNo. 22192 Checked & 6‘ Date {2 /jr [62

Subject  116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design Sheet No.
Problem: |Calculate and display required sampling nodes in concurrence with 100 Area i ‘

' SAP DOE/RL—QG 22 Rev. 3 for verification and closure. ! : i !

i ! i

Given: -SAP (DOE/RL -96-22 Rev 3) and 1G {0100X-1G-G0001 Rev. 3) requurements

-Shallow Sampling Area (Surface area of each zone determined from CAD program,

Attachment 3, Sht 1 of 2, CAD file 1F:110502E, 116-F-6 Shallow Zone Sampling Plan)

-Deep Zone Sampling Area (Surface area of each zone determined from CAD program,

Attachment 3, Sht 2 of 2, CAD file 1F:110502F, 116-F-6 Deep Zone Sampling Plan)

SAP and |G Requirements: :

-Develop a 16 node sampling gnd for the sampling area

Shallow Zone-Use appendix A of the IG to determine which six of the sixteen will be sampled

to collect HPGe and clean up verification samples

Determination of Shallow Zone Sampling Grid:

Shallow Zoné Sampling Grid Area determined from Table 5-1, 1G

Attachment 2, Number of Decision Subunits Based on Area (Converted to Sq Meters)

Total Area: . 3337.91.m°

Area of Decis‘ion Subunits (total area 4 subunit) 834.47.m°

Decision Sub!unit divided into 4 Sampling Aréas: ‘ 208.61 m?

Sampling Areas divided into a 16 node grid (node numbers 1-16): 13403’m2 i
i . H T

Nodes to be tSampled (é_s determined from Attachment 1, Table A-1, Sémple Grid Point Lookup Table) ]

:See Attachment 3, Sht 1 of 2, 116-F-6 Shallow Zone Samplmg Pian,

{for Sample Location Table
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Rev. 0
X\ Bechtel Hanford, Inc. CALCULATION SHEET -
/ - 20f2
_
Originator G. Cruz Date 12/6/2002 Calc. No. 0100F-CA-V0159 Rev; No. 6

Project  116-F-6 Liquid Waste Disposal Trench _
Shallow & Deep Zone Design JobNo. 22192 Checked Céé pate 12/1/ JoZ

Subject  116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design  Sheet No.

Determination of Deep Zone Sampling Grid:

' i (
Deep Zone Sampling Grid Area determined from Table 5-1, IG
Attachment 2, Number of Decision Subunits Based on Area (Converted to Sq Meters)

Total Area: 1934.35!m?
Area of Decision Subunits (total area 2 subunits) 967.17|m*
10 I ! I [
Decision Subunits divided into 3 Sampling Areas: 322.39|m*
12 J | !
13{Sampling Areas divided into a 16 node grid (node numbers 1-16): 20.14im*

14 ! 1 I ! ;
15/Nodes to be Sampled (as determined from Attachment 1, Table A-1, Sample Grid Point Lookup Table)
16 See Attachment 3, Sht 2 of 2, 116-F-6 Deep Zone Sampling Plan, i
17 for Sample Location Table

O O ~ D on b )R e

-
oy

i3
©
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) Rev. 0
Bechtel Hanford, Inc. .
Originator G.Cruz Date 121612002 Caic. No. 0100F-CA-V0159 Rev. No. 6 )
Project 116-F-6 Liquid Waste Disposal Trench
Shallow & Deep Zone Design JobNo. 22192 Checked m& Date JAHljp2

Subject 116-F-6 Liquid Waste Disposal Trench Shailow & Deep Sampling Design Sheet No

1 ATTACHMENT 1

2

s Sample Grid Point Lookup Table.

4 . .

5

Defaut Plan Area1 Areaz | Area3 Area s Areas Areas | Area? | Area8 | Areas | Areato

7] HPGe/Closeout 3 6 1 4 5 K 3 3 4 16

8] HPGe/Closeout 4 7 1 3 15 15 5 13 10 10

| HPGe/Closeout 16 3 2 7 7 10 11 4 3 14
10} . HPGe/Closeout 10 15 4 12 1 13 4 8 16 4
11] HPGe 2 14 5 9 13 12 8 2 14 8
12f HPGe 13 10 9 13 2 ~ 16 1 12 5 3
13} Not Sampling 6 1 10 8 14 4 16 5 8 6
14} Not Sampling 1 9 13 1 10 5 12 1 1 15
15} Not Sampling 9 12 7 5 6 2 6 15 9
16| Not Sampling 15 16 15 14 16 6 2 15 1 1
17| _Not Sampling 8 13 8 10 12 1 13 14 2 12
18] Not Sampling 5 2 3 11 4 3 9 10 7 11
18] Not Sampling 7 11 14 15 11 14 14 [ 13 2
20] Not Sampling 1 4 6 2 9 7 7 11 9 7
21]  Not Sampling 12 8 16 16 3 8 15 9 6 13
22| Not Sampling 14 5 12 6 8. 9 10 16 12 5
23] Note: Grid nodes for each sampling area in each waste site should be numbered consistently, e.g., begin numbering
24|the nodes in the northwesternmost node. Then number consecutively left to right as shown in Fig. 5-1 of this IG

25
26
27

8HhEBL28YY

37

39
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FARFORD

Originator G. Cruz

B\
=X Bechtel Hanford, Inc.

Date 12/6/2002

CVP-2002-00010

Rev. 0

Calc. No. 0100F-CA-V0159 Rev. No.

Project  116-F-6 Liquid Waste Disposal Trench
Shallow & Deep Zone Design

JobNo. 22192 Checked
Subject  116-F-6 Liquid Waste Disposal Trench Shallow & Deep Sampling Design  Sheet No.

1 ATTACHMENT 2
2

3 Number of Decision Subunits Based on Area.

Area of Primary Decision Unit (m2)

Number of Subunits

<1,394

>1,394 to <2,326

>2,326 to <3,256

>3,256 to <4,186

>4,186 to <9,303

>08,303 to <13,024

>13,024 to <16,745

>16,745 to <20,466

Oy BN ] W N -

>20,466

ROUNDa (Area/3,720)

16fa ROUND is an integer rounding function.

E488¥88

39

41
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NOTES

Ongmm ‘L’
Chi'd By
Cale.No. 202 = Ch-Ma )

1. SHALLOW ZONE NODE AREAS ARE APPROXIMATELY 13.03
METERS.

2. SAMPLES ARE TAKEN FROM THE APPROXIMATE CENTER
OF EACH NODE.
3, THE SHALLOW ZONE CONSISTS OF SAMPLING AREAS A1,
A2, A3 & A4 WITHIN DECISION SUBUNIT 1. SAMPLING AREAS
85, B6, B7, & B8 WITHIN DECISION SUBUNIT 2. SN[PUNG

AREAS Cg, €10, C1, & C2 WITHIN DECISION SUBUNIT 3.

PLING AREAS D3, D4, D5, & DB WITHIN DECISION

SUBUNIT 4,

ALL ELEVATIONS SHOWN ARE REFERENCED DATUM NGVD28
CONVERSION 70 NAVDBS + 1,031 METERS.

*

LECEND

VERIFICATION SAMPUNG

GAMMA ENERGY ANALYSIS
SAMPUNG NODE

GAMMA ENERGY ANALYSIS & CLOSEOUT
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ATTACHMENT 3

U.S DEPARTMENT OF ENERGY

100 F AREA
100 AREA REMEDIAL DESIGN

SCALE 1:700
DOE FIELD OFFICE, RICHLAND
A PROGRA 116—F—6 SHALLOW ZONE
7 0 7 T4 o8 meters HANFORD ENVIRONMENTAL RESTORATION SAMPLING PLAN
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CH. 17ERC. DWG

NOTES

1. DEEP ZONE NODE AREAS ARE APPROXIMATELY 20.14
SQUARE METERS. .
2. SAMPLES ARE TAKEN FROM THE APPROXIMATE CENTER
OF ENCH NODE. .
3, THE DEEP ZONE CONSISTS OF SAMPLING AREAS Af,
A2, & A3 WITHIN DECISION SUBUNIT 1, SAMPLING AREAS
B4, BS, & B6 WITHIN DECISION SUBUNIT 2,
— ALL ELEVATIONS SHOWN ARE REFERENCED DATUM NGVD29
. ! CONVERSION TO NAVDBS + 1.031 METERS.

1F:110502F

E 580437.3

>

N 147510.4

LEGEND

GAMMA ENERGY ANALYSIS & CLOSEOUT
VERIFICATION SAMPUNG NODE

GAMMA. ENERGY ANALYSIS
SAMPLING NODE

SAMPLE LOCATION TABLE
i AT N -

116~F-6 BOTTOM OF EXCAVATION/SLOPE

Ll

L]

Originstor_Goe CRU L. g’:"“' <

Chicd By Y Duso A
Ca No. B[20L-CH=UR[ET " Rovno, 5

ATTACHMENT 3

100 F AREA
SCALE 1:600 U.S DEPARTMENT OF ENERGY 100 AREA REMEDIAL DESIGN

. DOE FIELD OFFICE, RICHLAND
) 116—-F-6 DEEP ZONE
PROGRAM
HANFORD ENVIRONMENTAL RESTORATION SAMPLING PLAN

6 ¢ 8 12 24 meters

0 A8y
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CVP-2002-00010

Rev. 0
CALCULATION COVER SHEET
Project Title: 116-F-6 Cleanup Verification ' Job No. 22192
Area 100-F . R
Discipline ' Environmental *Calc. No.  0100F-CA-V01i41
Subject 116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL Calculation
Computer Program 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
ahd authorized Hanford site ERC personnel. Without this review, the ERC cannot assume any responsibility for the use of
these calculations.

* Committed Calculation Preliminary D Superseded D
Rev. Sheet Originator Checker Reviewer Agprtf a Dat
* Numbers 9 P Y ./ ale

Covetri1 yg 3(,;";(%,,4/ "
0 Sheets = 5 %@Wﬂflv-jf'g\hf%ug; 3’/&/#3 3/7/03

bl
Total = 6 Bill Hudson T.B. rémey K.E. Cook M.A. Buckmaster

A

SUMMARY OF REVISIONS

* Obtain calc no. from DIS Nov-98

DE01-437.03
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CVP-2002-00010
Rev. 0

Bechtel Hanford, Inc. CALCULATION SHEET

Originator Bt tudson__CH pate  3/5[*%  calc. No. 0100F-CA-VO141 o

Project 116-F-6 Cleanup Verification Job Na. 22192 Checked J.E. Thomson o '
' T.8. Miley 5% Z ?‘: & o ‘

k 116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL Calculation Sheet No. 10l5

Purpose:
Calculate the 95% UCL to evaiuat i with ¢l p standards for the 116-F-6 Trench. Also, catculate the carch ic risk for ap dionuclic iy

(shallow zone only), WAC 173-340 (Model Toxics Control Act (MTCA)) 3-part test, if required (au i iytes), and the refative percent difference (RPD) for each
contaminant of concern (COC).

Table of Contents:

Page 1 of§:  Calculation Sheet Summary (Page 1)
Page 2 0f5: Calculation Sheet Summary (Page 2)
Page 30f5: Shallow Zone Data
Page 4of5: Deep Zone Data
Page 5of5:  Split-Dup Analysis

smmummhmma

-,
N -

Given/References:
1) Sample Resuits

b
R

15 [2) Lookup values from Remedial Design Repor/Remedial Action Work Plan (RDR/RAWP) (DOE-RL 2002). All lookup values and RAGs are taken from
16 RDF/RAWP unless otherwise specified.

17 |3) DOE-RL, 2001, 100 Area Remedial Action ling and Analysis Plan (SAP), DOE/RL-96-22, Rev. 3, U.S. Department of Energy, Richland

18 Operations Office, Richiand

19 l4) DOE-AL, 2002, Remedial Design ReporvRemedial Action Work Plan for the 100 Area, DOE/RL-96-17, Flev. 4, U.S. Department of
20 Energy, R d Op Office, Richland, Washington.
21 |5) BHI, 1999, Instruction Guide for the Remediation of the 100-BC-1, 100-DR-1, and 100-HR-1 Waste Shtes, 0100X-1G-G0001, Rev. 4,

22 Bechtel Hanford, Inc., Richland, Washington.
23 |5) Model Toxics Control Act, Washington Administrative Code-173-340, and Statistical Guidance for Ecology Site Managers,

24 Ecology Pub. #92-54, Washington Department of Ecalogy, Olympia, Washington.

25 {7) Ecology, 1993, Statistical Guidance for Ecology Site Managers, Supplement S-6, Analyzing Site or Background Data with
26 Below-Detection Limit or Below-PQL Values (Censored Data Sets).

27 |s) EPA, 1994, WSEPA Contract Laboratory Program National Functional Guidefines for Inorganic Data Review, EPA 540/R-94/013,

28 lg) Ecology, 2001 Model Toxic Control Act Cleanup Levels and Risk Calculations (CLARC {Hf) Update, Publi #940145, Washington State Department of
29 Ecology, Olympia, Washington.

30

31 {Solution:

32 |Calculation methadology is described in Ecology Pub. #92-54 and below. Use data from attached worksheets to calculate the 85% upper confidence limit (UCL)
a3 | for each analyte, calculate carcinogenic risk, perform the WAC 173-340 3-part test for nonradi lidas, and calculate an RPD for each COC as indicated.

34

35 |Calculation Description:

35 |The subject calculations were performed on data from soil verification samples from waste site 116-F-6 Trench. The data were entered into an EXCEL 97

a7 |spreadsheet and calcutations performed by utilizing the built-in spreadshest functions and/or creating formulae within the cells. The statistical evaluation of data

38 |for use in accordance with the RDR/RAWP is dc d by this calcutation. Split and duplicate RPD resuits are used in evaluation of data quality and are
presented in the Cleanup Verfication Package (CVP) for this site.

41 'IMethodology:
42 {The statistical valus calculated 10 evaluate the effectiveness of cl p was the 85% UCL. For nonradioactive analtytes with > 50% of the data below detection

fimits, the maximum value for the sample data was used instead of the 95% UCL. All nonradionuclide (e.g., metals) data reported as being below detection fimits
were set to one-half the detection limit value for caiculation of the statistics (Ecoiogy, 1993). For radi fide data, calculation of the statistics was done on the
reported value. In cases where the laboratory does not report a value below the minimal detectable actmty (MDA}, half of the MDA is used in the calculation.

For the statistical evaluation of duplicate sample pairs, the samples are averaged before being included in the data set, after adjustments for censored

47

48 |data as described above.

49

50 |The estimated hazard quotient tfor applicable nonradionuctide COCs} is ined by dividi g the stati { value (derived in this calculation) by the WAC 173-340 8

51 |non-carcinogenic cleanup limit. The nonradionuclide carcinogenic risk, above background, is d ined by dividing the statistical value by the WAC 173-340 8

62 |carcinogenic cleanup limit and then ‘muttlptymg by 10°. For data sets where all values are below detection, nenher of these calculations are required. For noncarcinogenic
§3 |nonradionuclide COCs, only the d fraction of risk computation must be performed.

54

55 |The WAC 173-340 3-part test determines if:
1) the statistical value exceeds the most stringent cleanup limit for each non-radionuclide COC,

2) greater than 10% of the raw data exceed thé most stringent cleanup limit for each non-radionuclide COC,
3) the maximum value of the raw data set exceeds two times the most stringent cleanup limit for each non-radionuclide COC.

The 3-part test is performed for nonradionuclide analytes found in shallow zone and deap zone soil.
The RPD is performed when both the main value and, either the duplicate or split values are above detection limits and are greater than 5 times the target detection limit (TDL).

The TDL is a laboratory detection limit pre-d d for each analytical method. These detection limit requirements are located in Tabie -2 of the SAP, DOE/RL-96-22,
where they are raferred to as the RDL. The RPD calculations use the following formula:  APD =[ IM-SJ{(M+S)/2)]*100

where,” M = Main Sample Value S = Spiit {or duplicate} Sample Value

A8R2BB2888%%
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CVP-2002-00010

) Rev. 0
Bechtel Hanftord, Inc.
) CALCULATION SHEET
Originator Mgso__n_ﬂ______ Date ® Caic. No. O100F-CA-VOI4l . Rev.Nou: [}
Project 1166 Cleanup Verfication __ JobNo. _ 22182 Checkedbry: JE. Thomson Date
Subject 116-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 95% UCL Calculati I8 Miey ABM
. SheetNo:  3ol5
1S Trench Shatlow Zone Dafa
2| Sampling HEIS Sampie Cs-137 Co-60 Eu-152 Eu-154 Sr-80° - [
3] Ares Number Date pClg 1Q| MDA pClg |QG! MDA | pClg 1Q| MDA pClg 10! MDA pClig | Q| MDA Qi POL
4 A1 JOGEFO 25-Nov-2002_| 3.13E-01 230EG7 | 420E02 | U | 420E07 | 1.60E01 1.00E-01 | 1.80E01 | U | 1.90E01 |  1.58E400" 230E.01 | 4.10E01 | U | 450601
Duplicale of X008HE 25-Nov-2002 | 328501 a30E02 | asoec | u|axeoz | 1eseor 860602 | 120601 | U | 120801 | zerE0r 220601 | 410801 | U | 410801
5 JOOBFQ .
€ SAZ JOGBF | 25-Nov-2002 | 5.21E01 320602 | 3.40E-02 | U | 3.40E02 | 2.56E01 GE0EO2 | 110601 | U 110E01 | €70EG2 | U | 2.10601 | 4.10E01 | U | 4.10E01
7 SA3 JOOBFZ 25-Nov-2002 | 1.83ED1 280602 | 340ELR | U | 3.40E02 | 140601 770602 | 120601 U | 120801 | 460EQ2 | U | 280501 | 42001 | U | 4.20601
8 Sia JHGBF3 25-Nov-2002_ | 1.31E+00 360602 | 340EGZ | U | SA0E02 | 445ED1 670602 | 9.40E02 | U | 9.80E02 |  388E 01 220E01 | 440501 | M | 440E01
gl SB5 JOOBF 4 25-Nov-2002_| 1.24E01 AOCEQZ | 320602 | U | 320602 | 1.30E-01 610602 | 110601 | UT 1.90E01 | 106601 | U | 270801 | 490601 420601
e B-Nov-R002and | coneon |y | sooeoe | 280802 | u| 2eceoe | esoene | u] esoece | asoece | u] ssoece| teceee | u|2i0e01]azosor] ulazeo
700502 1O0E0Z | 260602 | U | 260602 | 6.00E02 | U | G.00E02 | BEOE0R | U | BEOEO2 |  7T.H0E02 | U | 1L.BOED | 410601 | U | 4.10E01
1.056-01 270602 | 32002 | U | 3.20602 | 120601 ] U] 120E01 | 1.10E01 | U | 130601 | -160EG2 | U | 270E01 | 4.20601 ] U | 42060
ST0E0Z | U | 370602 | 2.006402 | U | 3.20602 | 140602 | U | 740E-02 | 1.00E01 | U | 1.OOED) | -BOOELZ | U | 280E01 | A10E01 | U | 410601 |
AS0EQT | | 290E02 | 300E02 | U | 300602 | 1LOTED T20E02 | 1.00E01 | U | 1.00E01 | 8.20EG2 | U | 290E-01 | 4.10E-01 | U | A90E01 |
1.68E-01 290E02 | 350E02 | U | 3.5002 | 1.38E-01 650602 | VIOED1 | U | 1.10E01 | 4 14EwX 220601 | 420601 | U | 420801 |
1:31E+00 420E02 | 830602 A90E02 | 6.1E01 10001 | 1.506-01 | U | 1.50E01 | 1.70EeX 230601 | 5.30E.01 410EDT
826501 320602 | 3seewz | Ul asoecz | aoEm 79002 | 120801 | U] 120601 | 880602 | U ] 220601 | 410601 | U | 4.10E01
1.92E01 3BOE0Z | A00EL2 | U | 400E02 | 1.99E01 870E02 | 1.40E-01 | U | 140E01 | 980E02 | U | 270601 | 430E-01 | U | 490E-01
1.59E-01 1.10E02 | V.O0EG2 | U | 1.00E-02 | 1.27E-01 1.90E-02 | 340E02 | U | S40E02 | 1.37E01 | U | 230601 | 4.10E01 | U | 4.10E01
237E01 1.30E02 | 200602 | U | 20002 | 4.27E-01 25002 - | 390602 | U | ascEce | 7.22601 250601 | 410E01 | U | 4.10E01
on the Indicated dates followi Tomadiation, and fe: ndicated
Cs-137 Co-60 Eu-152 Ew-154 Sr-80° Cri8
pClg pClg pelg pClig pClg my/kg
321E01 1.889E02 1.63E01 6.256-02 921501 205E-01
£21E01 170E02 256E-01 5.60E02 6.70E02 205€-01
1.83E-0¢ LI0E-62 1.40E-01 6.00E-02 4.60E-02 2 10E-01
1.31E400 1.70E-02 445601 470602 3.B8E01 220E01
124E.01 1.60E02 1.30E-01 550602 1.06E-01 490601
250602 1.40E02 325602 4.90E-02 1.80E-02 210601
700502 1.80E02 3.00E-02 430E-02 7.906-02 2.05E01
1.056-01 1.60E-02 S.O0ED2 550602 LBOEG2 210601
1.85E-02 160602 270E-02 5006402 S.00E-02 205601
24f 010 JO06FS 25-Nov-2002__| 350E-01 1 50602 197601 500602 820602 205E01
25 3] J00BHG 25-Nov-2002 | 188601 175602 1.38E-01 6.50E-02 414E+00 210601
26] 52 308 Z5-Nov-2002__ | 1.31E400 8.30E£-02 6.31E-O 7.50E-02 1.7OE+00 S30E01
o1l 303 JOGBHE 25-Nov-2002__| 6.26E-01 1.75E02 3.02E-01 6.00E-02 880EC2 2 06E-01
25[ S04 JOOBHI 25-Now-2002 192601 2Z00E42 1.99E-01 7.00E-02 3.30E-02 2 AGEQ1
29 S0 3506 25-Nov-2002 | 1.53601 500603 1.27E01 1.70E-02 137604 2 05E-01
0] 506 JO0BHE 25-Now-2002 | 23TE01 1.00E02 A27EDN 195662 7.22E01 2 6501
k3
&P_M&-Mﬁ
33 Cs-137 Co-80 Eu-152 Eu-154 Sr-90° Cr6 |
K
Radionucide dalasel | . o ise dataset, | Radionucide data set, || oconucide datasel | o,y cie gata set >50% Belaw |
Use nonparametric Z- Use i 2-stat |Use i z-stat Use nonparametric z- Use nonparamatric 2-stat Detection, Default to
stat v - osat Maximum Value
s  sttisical value based onl
35 N 18} 161 18 18f 16}
36{ % < Detection limit 13%] 25% 100%, 63% 8%
37] mean} 3.57E-0t! 2.07E-01 5, 14E-02] 5.30€-01 2.46E-01
38} st dev.] 4.08E-01 1.70E-01 1.53E: 1.07E+00} 1.03E01!
39 18451 1845 1.845] 1845 1845
40| 2770 S7TEC2 9.69E01 286E-01
44 631E01 1.50801} 4.14E+00) 5.30E-01
42| 277TED STIEL2 9.696.01 5.30E.01
43 NA] NA NAJ
a4 ZITED] 577602 BEFE E30EQ]
45| 33 30 45
Tovwr
45[Most Strings Limit for nonradionuciide and RAG Type 20 Prolection
47|WAC 173-340 3-PART TEST
48| NO
49 > 10% above Cieanup Limit? NO
50i Any sample > 2X Cleanup Limit? Ino
51
S2{EXCESS RISK EVALUATION
53]  WAC 173-340 B Non-C. Cl 400
54 Hazard g for each 133603
55 WAC 173-340 B C; e Cl 21
58] Excess risk for each carcinogenic 282607
§7]
g NON-RAD SUMMARY
60 WAC 173-340 3-Part-Test Compiiance: YES
81 sumol g 1.33E-03
82, Nonrad carcin risk:  2sgeor
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CALCULATION SHEET
ornigi Bil ugson  OR pate ¥S[o Calc.No.:  O100F-CAVOI41 . Rev. No.:
Project 116-F-6 Cleanup Verification Job No.: 22182 Checked by: J.E. Thomson Date ©3
Subject 116-F-6, 1608-F Liquid Wasta Disposal Trench Cleanup Verification 95% UCL Calcufation T.B. Miler
1[T16-F-2 Tranch Deep Zons Data Sheetho: 4ol
2[  Sample HEIS Samp Cs-137 Co-60 Eu-152 Eu-154 Sr-90 [
3 Area Number Date pClig Q| MDA pClg Q MDA pCilg Q MDA pClig. Q MDA pclig 1Q| MDA mgkg Q PQL
4 DAt J00801 21-Nov-2002 8.90E-02 340802 | 2.90E-02 U 2.908-02 1.366-01 6.50E-02 1.10E-01 U 1.10E-01 3.18E4+01 3.30E-01 7.10E-01 4.10E-01
Duplicate of JO0BD? 21-Nov-2002 | 9.50E-02 5.408
s J008D1 2 X . 40E-02 5.50E-02 [ 5.50E-02 1.808-0t U 1.80E-01 1.80E-01 U 1.808-01 B8.71E-01 2.208-01 8.00E-01 4,10E-01
6 DA2 J008D2 21-Nov-2002 | 4.77E01 310602 | 3.90E02 2.90€-02 1.12E+00 5.40E-02 1.08E-01 8.506-02 1.83E+01 3.00E-01 6.80E-01 4.20E-01
7 DA3 J008D3 21-Nov-2002 | 1.66E-01 6.20E-02 | 5.30E-02 u 5.30E-02 6.90E-01 1.10E-01 2.00E-01 Y] 2.00E-01 1.94E400 250501 1 '705.00 320501
8| DB4 JOOBD4 21-Nov-2002 | 4.48E-01 3.80E-02 | 3.60E-02 u 3.80E-02 3.40E-01 7.30E-02 1.30E-01 U 1.30E-01 2.326400 2.30E-04 4‘.205-61 u 4:zoEm
9 DBS JOOBDS 21-Nov-2002 | 3.80E+00 $.30E-02 | 4.61E-01 5.80E-02 8.51E400 1.60E-01 7.74E-01 2.20E-01 1.97E+00 2.50E-01 4,10E-01 u 4.10E-01
:(1) DB6 JOOBDS 21-Nov-2002 | 1.22E+01 8.60E-02 | 5.14E01 4.90E-02 1.27E+01 1,60E-01 1.24E4+00 1.70E-01 5.17E+00 2.20€-01 1.70E+00 : 4.20E-01
12 Statistical Computation Input Data R
13] - Sample HEIS Sample Cs-137 Co-60 Eu-152 Eu-154 Sr-90 Crs+6
14 Paint Number Date pCig pelg pclg pCilg pClg mglkg
15 DA1 J00SD1AOCAD? | 21-Nov-2002 | B.20E-02 2.10E-02 1,13E-01 7.256-02 1.63E+01 6.55E-01
16 DA2 JO0802 21-Nov-2002 | 4.77E-01 3.90E-02 1.12E+00 1.06E-01 1.83E+01 8.80E-01
17| DA3 J008D3 21-Nov-2002 1.66E-01 2.65E-02 8.80E-01 1,00E-01 1.94E+00 1,70E+00
18 DB4 JOOBDA 21-Nov-2002 | 4.46E-01 1.80E-02 3.40E-01 6.50E-02 2.32E+00 2.40E-01
18] DBS J008DS5 21-Nov-2002 | 3.80E+00 4.51E-01 8.51E400 7.74E-01 1.97E+00 2.056-01
20{ DB6 J0osD8 21-Nov-2002 | 1.22E401 5.14E-01 1.278+01 1.24E4+00 5.17E+400 1.70E+00
21 Statistical Computations
22 Cs-137 Co-60 Eu-152 Eu-154 Sr-80 Cr+8
Radionuclide data set. Radionuclide data set. Use Radionuclide data set. Use Radionuclide data set. Use Radionuclide data set, Use Small data set. Use
Use nonparametric z-stat nonparametric z-stat nonparametric z-stat nonparametric z-stat nonparametric z-stat nonparametric z-stat .
23 Statistical value based on N
24 N 6§ 8 8 § ¢ |
25 % < Detection limit 0%] 50%) 0%] 50%] %) 23%!
26 mean| _ 2.86E+00 1.80E-01 3.91E400 3.93E-01 7.67E+00) 8.58E-01
27 st. dev.| 4.79E+00) 2.39E-01 5.36E+00/ 4.96E-01 7.89E+00) 6.84E-01
28 Z-statistic| 1.645 1.648] 1.845 1.645] 1645 1.845
28 95%UCL on meany M 3.40E01 : 7.51E+00] 727601 1.28E401 132400
30 max valus] _ 1.22E+01 5.14E-01 1.27E+01 1.24E+00 3.18E401 1.70E+
31 Statistical value] _6.08€+00] 3.40E-01 7.51E400 7.27E-01 - 1.28E401 1:32E+00)
32 Backgrou m NA NA 14 b Ha
33 Statistical value above background| 8 .06€+00) 3.406-01 7.51E4+00) 7.27E-01 l.gg_sia 1.326+00
34, . gokup Value - 15 mrel or ra 14 . 3.0 5 .
35 Most Stringent Cleanup Limit for nonradionuclide and RAG Type 2.0 River Protection
36{WAC 173-340 3-PART TEST NO
37 95% UCL > Cl p Limit?
38 > 10% above Cleanup Limit? ::g
39 Any sample > 2X Cl p Limit?
40{EXCESS RISK EVALUATION 400
41} WAG 173-340 B Non-Carcinogenic Cl ¥ 320609
42 Hazard quotient for each nonradionuclide: 2‘1
43 WAC 173-340 B Carcl Ic Cleanup: 6'27E~07
44 Excess risk for each carcinogenic ¥
45|NON-RAD SUMMARY
46 WAC 173-340 3-Part-Test Compllance: YES
47 Nonrad inogenic sum of quotient 3.29E-03
48 Nonrad carcinogenic risk: _ 6.27€:07
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Originator
Project

Sribslont

Bill Hudson
6-F-8 Cleanup Verification

b

Trench Split/Duplicate Analysis;

CALCULATION SHEET

Job No.:

22192
8-F-6, 1608-F Liquid Waste Disposal Trench Cleanup Verification 5% UCL Caleulation

~

Cate. No.: 0100F-CA-V0141 .
Checked by:  J.E. Thomson
: T1.B. Mile: A

Rev. No.: 0.

SheetNo.:__ 5415

Sample [ Cs-137 | Co-60 | Eu-152 | Eu-154 1 Sr-80 I [Tl

Ares l HE\S Number [ pClUg TGT "MBA | pClg JGT WDA | pClUy [Q] WDA | pCig | G| MDA | povg |Gl MDA | mokg [ 61 FaL
Trench Shallow Zone Resuits:

SA1 JOOBFO 3.13E-01 AE02 | 420802 | U] 420802 | 1.60E:01 100E-07 | 130601 | U | 130601 | 1.88E+00 2E0 | 41001 | U | azopor
M'C“;%"’ JOOBHE 328601 330602 | 3mE02 | U] 380802 | 165601 sooE02 | 120801 | U | 120801 | 261801 220801 | 410801 | u | 410801
Snpu'::s JOOBH? 2.97€-01 181602 | 311E02 | U] 246602 | 458E02 | U | 64902 | 214802 | U | s2sE02 | 225801 140E-01 | 0.00E400 250801
Trench Deep Zone Resuits: : .

DAl J008D1 8.90E-02 340E-02 | 2.90E-02 2.00E02 | 1.38E-01 650602 | 1.10E01 | U | 1.0E0Y 3188401 3.30E-01 7.10E-01 4.00E01
D‘j}gg’;gs‘m J008D7 9.60E-02 S40E02 | S80E-02 | U] ss0E02 | 18080t | U] 1me0 | ymeor | u | 1e0E0t | a7iE0 220601 | 6.00E01 4.006-01
J%‘ggg; JOo8DS 5.62E-02 471602 | 835603 | U| 502602 | 554602 | U| 122601 | 1moEo2 | L | 168801 | 174400 157601 | 488801 B.00E-02
Trench Shallow Zone Analysis:

(TDL) 0.1 0.05 0.1 0.1 1.0 0.5
Both>
Duplicat . MDA? Yes (continue) No-Stop (acceptable) Yes {continus) No-§t able Yes (continue) No-Stop (acceptable)
Analysis Both>5TDL? | No-Stop (acceptabie) No-Stop (acceptabie) No-Stop (acceptatie)
RPD
Both>
MDA? Yes (continus) | No-St able No-St able No-Stop (scceptable) | Yes({continue) | No-St table)
Split Analysis .
’ Both >8xTDL? | No-Stop (acceptable) No-Stop {acceptable)
RPD
Trench Deep Zone Analysis:
Both>
MDA? Yes (continue) No-Stop (acceplable) | _No-St sble) | No-St sble Yo (continue) Yos (continue)
Duplicate
Analysis Both >5xTDL? No-Stop (acceptable) No-Stop (acceptable) ; No-Stop (acceptable) |
RPD
Both> :
MDA? Yes (continue} 1 No-S able No-St e) | No-Stop (acceptable) | Yes {continue) Yes (continue) -
Split Analysis Both >5XTDL? No-St ) . No-Stop (acceptable) | No-Ston (acceptable)
RPD
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CALCULATION COVER SHEET
Project Title _116-F-6 Cleanup Verification JobNo. 22192

Area 100 Area; 100-FR-1 Operable Unit
Discipline Environmental

Subject 116-F-6 RESRAD Calculation
Computer Program RESRAD

*Calc, No.  0100F-CA-V0143

Program No. Version 6.21

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 theroughly reviewed with appropriate
and authorized Hanford site ERC personnel. Without this review, the ERC cannot assume any responsibility for the use of
these calculations. '

A Committed Calculation [X

Preliminary H Superseded  [_]

Rev. Sheet Numbers Originator Checker Reviewer Approval Date

Cover - lpg
Summary - 5 pg
O |ammi1- 1pg
Attm.2 - 20pg
Atm. 3 - 29pg

B. Hudson S.W.Clark | K.E. Cook | M.A.Buckmaster

Attm. 4 - 10pg
Attm. 2 - 20 pg
Aum.3 - 20pg

Bluden—

2f2yls3

=it /o5

\0’5 |

R ar /(gﬁ./(
;,].wllzf

o, N

SUMMARY OF REVISION

*Obtain Calc. No. from DIS
DEQ1-437.03

January 2003
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3
(I | Bechtcl Hanford, Inc. CALCULATION SUMMARY
Originator: | B. Hudson Date: 234+ | Calc. No.: | 0100F-CA-V0143 Rev.: 0
Project: | 116-F-6 Cleanup Verification JobNo: | 22192 Checked: | §.W.Clarkk ,£x s <_ | Date: <
Subject: | 116-F-6 Cleanup Verification RESRAD Calculation Sheet No. 1 of 5
PROBLEM STATEMENT:

Calculate the soil and groundwater concentrations, dose, and risk contributions from remaining
radionuclide contaminants in the vadose zone soil at the 116-F-6 Liquid Waste Disposal Trench
remediation site over a period of 1,000 years.

REFERENCES:

1) Cleanup verification data from 116-F-6 Cleanup Verification 95% UCL Calculation, ‘
Calculation No. 0100F-CA-V0141, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

'2) Remedial Design Report/Remedial Action Work Plan for the 100 Area (RDR/RAWP),
DOE/RL-96-17, Rev. 4, U.S. Department of Energy, Richland Operations Office, Richland,
Washington. '

3) Radioactive and nonradioactive contaminants of concern from the 100 Area Remedial Action
Sampling and Analysis Plan (100 Area SAP), DOE/RL-96-22, Rev. 3, U.S. Department of
Energy, Richland Operations Office, Richland, Washington. For the purpose of these
RESRAD calculations, the radioactive contaminants of concern (COCs) are cobalt-60,
cesium-137, europium-152, europium-154, and strontium-90. Hexavalent chromium is the
only nonradionuclide COC.

4) RESidual RADioactivity (RESRAD) computer code, version 6.21, to calculate compliance
with residual radioactivity guidelines, developed for the U.S. Department of Energy by the
Environmental Assessment Division of Argonne National Laboratory, Argonne, Illinois.

SOLUTION:

1) Separate RESRAD runs were performed for the relevant vadose zone soil horizons (shallow
zone and deep zone). Table 1 shows the elevations (NAVD’88) and dimensions of each soil
horizon. The shallow zone was chosen as the sidewalls of the excavation to 4.6 m deep
(from the backfill reference elevation of 127.5 m to an elevation of 122.9 m). The deep zone
is the remaining portion of the vadose zone from 4.6 m below ground surface to groundwater
(elevation 114.0 m). The total-plan view area of the excavation was used to conservatively
estimate the site area input parameter for each soil horizon. Attachment 1 shows the
dimensions of each soil horizon and the contaminant pathways considered for dose, risk, and
groundwater protection.

Input factors for each run are shown in the "Summary" section of the RESRAD "Part I
Mixture Sums and Single Radionuclide Guidelines” printouts in the Attachments to this
Calculation Summary.
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Rev. 0

Bechtel Hanford, Inc. CALCULATION SUMMARY
Originator: | B. Hudson Tt Date: | 2-24-%3 | Calc. No.: | 0100F-CA-V0143 Rev. | 0 ]
Project: | 116-F-6 Cleanup Verification | JobNo: | 22192 | Checked: | S. W.Clark ,@x J€_ | Date:
Subject: | 116-F-6 Cleanup Verification RESRAD Calculation - Sheet No. 2 of 5
Table 1. Dimensions and Elevations of 116-F-6 Soil Horizons
Lower .
RESRADRun# | ¥210% Zone Elovmten Elevation Thickness \
orizon (m)
(m) (m)_
1-Radionuclides Shallow Zone 1275 122.9 46
2-Radionuclides Deep Zone 122.9 114.0 8.9

2) The year where the peak dose (or concentration) occurs from each individual COC and layer
is determined by a preliminary run. This year is then added for all horizons for the final
RESRAD runs. For the direct exposure pathways (i.e., soil ingestion and inhalation and

external radiation), the peak year occurred at year 0 (the present, year 2003). For the water
dependent pathways (i.e., drinking water and food ingestion) the peak years were year 7.2 for
cobalt-60 and year 42 for cesium-137 and strontium-90. The 7 2 and 42-year time periods
were included in all of the RESRAD runs.

METHODOLOGY:

1) Runs of RESRAD Version 6.21 were completed for the vadose zone using the radionuclide
concentrations shown in Table 2. RESRAD numerical output reports for dose, risk, and
concentration for the shallow and deep zones are presented in the Attachments to this
Calculation Summary. Shallow and deep zone concentrations of hexavalent chromium are
included in Table 2 for evaluation of their potential to affect groundwater or the Columbia
River. However, the concentrations of hexavalent chromium are less than the remedial
action goals (RAGs) from the RDR/RAWP so0 no evaluation is necessary.

Table 2. Cleanup Verification Data Set

. Shallow Zone® ] Deep Zone®
Radionuclide COCs Radionuclide Activity, pCilg
Cs-137 5.25E-01 6.08E+00
Co-60 2.67E-02 3.40E-01
Eu-152 2.77E-01 7.51E+00
Eu-154 5.77E-02 (U) 7.27E-01
Sr-90 9.69E-01 1.28E+01
Nonradionuclide COCs Nonradionuclide Concentration, mg/kg
Cr (VD) 5.30E-01” 1.32E+00"

* The Shallow Zone and Deep Zone concentrations are from the 116-F-6 Cleanup Verification 95% UCL Calculation, Calculation
No. 0100F-CA-V0141, Rev. 0.
® Value was not input into RESRAD because the concentration is below RAGs, below Hanford Site background, below ‘Washington
State background, or because the analyte was not detected in cleanup verification samples at the indicated PQLs.
(U) = All analytical results for the data set were below laboratory detection limits.
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Bechtel Hanford, Inc. CALCULATION SUMMARY
Originator: | B. Hudson m Date: 2.24-¢3 | Calc. No.: | 0100F-CA-V0143 Rev.: 0
Project: | 116-F-6 Cleanup Verification | JobNo: | 22192 | Checked: | S.W.Clark _gw)®__ | Date: Az
Subject: | 116-F-6 Cleanup Verification RESRAD Calculation : Sheet No. 3 of 5

RESULTS:

1) Radionuclide “All Pathways” Dose Rate:

1) The “all pathways” (maximum) dose rates are shown in Table 3. The maximum total all .
pathways dose rate of 5.81 mrem/yr occurs at year zero (2003) (pnncxpally from the shallow
zone). The maximum deep zone dose rate of 5.24 x 10" mrem/yr occurs in year 42.

Table 3. All Pathways Dose Rate (mrem/yr)
RESRAD | Vadose Zone “All Pathways” Dose Contributions in mrem/yr at Each Time Slice (yr)
Run # Horizons 0 1 3 12 15 2 100 300 1000
1 Shallow Zone |5.79E+00 | 5.58E+00| 5.20E+00 ) 4.50E+00 | 3.51E+00| 1.63E+003.78E-01 | 3.10E-03 | 1.75E-10
2 Deep Zone | 1.60E-02| 4.83E-02| 1.09E-01] 2.17E-01] 3.63E-01| 5.24E-01{3.11E-01| 7.87E-03| 1.22E-09
Total All Pathways Dose | 5 g5 00| 5 635400} 5.31E+00| 4.72E+00| 3.87E+00] 2.15E+00 6.89E-01| 1.10E-02 1.39E-09
Rate (mrem/yr)

2) Radionuclide Excess Cancer Risk

The radionuclide excess cancer risk results are shown on Table 4. The maximum risk

(8.13x 10’5) occurs at year 0 and is primarily from shallow zone soils.

Table 4. Radionuclide Excess Cancer Risk
RESRAD | Vadose Zone Excess Cancer Risk at Each Time Slice (yr)
Run # Horizons 0 1 3 72 15 42 100 300 1000
1 Shallow Zone | 7.64E-05 | 7.39E-05 | 6.93E-05 | 6.08E-05 | 2.56E-06 | 2.30E-05 | 5.41E-06 | 4.49E-08 | 2.62E-15
2 Deep Zone | 4.94E-06 | 5.19E-06 | 5.65E-06 { 6.43E-06 | 7.38E-06 | 7.59E-06 | 3.91E-06 | 9.17E-08 | 1.38E-14
Total Excess Cancer Risk | 8.13E-05 | 7.91E-05 | 7.49E-05 | 6.72E-05 | 9.94E-06 | 3.06E-05 | 9.32E-06 | 1.37E-07 | 1.64E-14

3) Radionuclide Groundwater Protection

The radionuclide concentrations in groundwater calculated by the RESRAD model are
summarized in Table 5. Only concentrations are presented here. Cobalt-60, cesium-137, and
strontium-90 were calculated to reach groundwater in the 1,000 years of the RESRAD model run
for the vadose zone. These radionuclide contaminants reach groundwater at concentrations
below the RAGs.
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Table 5. RESRAD Estimated Groundwater (Well Water) Concentrations.

Radio- |Vadose Zone Groundwater Concentration in pCi/L at Each Time Slice (yr) RA:{;D t;om
nuclide | Horizon 0 1 3 7.2 15 42‘ 100 300 | 1000 (Ci/L)
SZ 0 0 0 0 0 0 0 0 [

Cs-137 DZ 0 1.53E-02| 4.38E-02| 9.54E-02] 1.66E-01] 2.49E-01] 1.55E.01] .4.56E-03] 1.42E-09 60
Total 0 1.53E-02( 4.38E-02{ 9.54E-02]| 1.66E-01] 2.49E-01| 1.55E-01] 4.56E-03] 142E-09
SZ 0 0 0 — 0 0 0 0 0 0
Co-60 DZ O | 7.67E-04 | 1.77E-03 | 2.45E-03 | 1.83E-03 | 1.48E-04 | 1.70E-07 | 1.92E-18 0 100
Total 0 | 7.67E-04 | 1.77E-03 | 2.45E-03 | 1.83E-03 | 1.48E-04 | 1.70E-07 | 1.92E-18 0
[ SZ 0 0 0 0 0 0 0 0 0
Eu-152 DZ 0 0 0 0 0 0 0 0 0 200
Total 0 0 [} 0 [ 0 0 0 0
SZ 0 0 0 0 ] 0 0 [ 0
Eu-154 DZ 0 0 0 ] 0 0 0 0 0 60
Total 0 0 0 .0 1] 0 0 0 0
SZ 0 0 0 0 0 0 0 0 0
Sr-90 DZ 0 2.35E-01|_6.72E-01] 1.46E+00] 2.52E+00} 3.71E+00] 2.21E+00] 5.59E-02| 8.32E09 s
Total 0 2.35E-01] 6.72E-01} 1.46E+00| 2.52E+00] 3.71E+00} 2.21E+00| 5.59E-02| 8.32E-09

4) Nonradionuclide Groundwater Protection

The nonradionuclide COC associated with this site; hexavalent chromium, is present at
concentrations below the applicable RAGs for direct exposure and groundwater protection.

CONCLUSIONS:

¢ The maximum total dose rate for the 116-F-6 Trench site is 5.81 mrem/yr and occurs at year
zero (year 2003). Maximum total dose rate at year 2018 is 3.87 mrem/yr. Maximum total
dose rate after 1,000 years is 1.39 x 10 mrem/yr.

‘e The dominant pathways for the dose rate at the year of maximum dose are direct external
exposure and plant ingestion.

¢ The primary radionuclide contributing to the dose rate at the year of maximum dose is
strontium-90 from the plant ingestion pathway.

¢ None of the 116-F-6 site COCs are projected to exceed remedial action goals (RAGs) within
the 1,000 years of the RESRAD evaluation.

o Maximum total excess lifetime cancer risk (8.13 x 10'®) occurs at year zero and is primarily
contributed from the shallow zone. Maximum total excess lifetime cancer risk at year 2018
is 9.94 x 10, Maximum total excess lifetime cancer risk after 1,000 years is 1.64 x 104,

¢ Of the contaminants of concern, cobalt-60, cesium-137, and strontium-90 are calculated to
reach groundwater within the 1,000 years of the RESRAD model run. These radionuclides
reach groundwater at concentrations significantly below the RAGs.
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ATTACHMENTS:

—

Graphic showing 116-F-6 Cleanup Verification Model (1 page)

RESRAD Output: 116-F-6 — Shallow Zone (Run #1), Part I: Mixture Sums and Single
Radionuclide Guidelines (20 pages)

RESRAD Output: 116-F-6 — Shallow Zone (Run #1), Part III: Intake Quantities and Health
Risk Factors (29 pages) ‘

RESRAD Output: 116-F-6 — Shallow Zone (Run #1), Part IV: Concentration of
Radionuclides (10 pages)

RESRAD Output: 116-F-6 — Deep Zone (Run #2), Part I: Mixture Sums and Single
Radionuclide Guidelines (20 pages)

RESRAD Output: 116-F-6 — Deep Zone (Run #2), Part III Intake Quantities arid Health Risk
Factors (20 pages)

RESRAD Output: 116-F-6 — Deep Zone (Run #2), Part I'V: Concentration of Radionuclides
(10 pages)
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Subject
Computer Program

CVP-2002-00010

Rev. 0
CALCULATION COVER SHEET
116-F-6 Site Closeout Job No. 22192
100-F Area
Environmental - *Calc. No. 0100F-CA-V0142
116-F-6 Trench Comparison to Drinking Water Standards
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
Rev.| Sheet Numbers Originator Checker Reviewer Approval Date
Bill Hudson S. W. Clark K.E.Cook | M,A. Buckmaster

Total - 4
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2silod VAL | Laofes o 0° q/\qi“\

SUMMARY OF REVISIONS

*Obtain Calc. No. from DIS

January 2003
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Bechtel Hanford, Inc. CALCULATION SHEET
Originator B Hudson G pate  fiff6y  Cale. No. 0100F-CAVO142 Rev. No. o
Project 116-F-6 Site Closeout Job No. 22192 Checked 5. W. Clark_ I < Date
Subject 116-F-6 Trench Comparison to Drinking Water Standards : Sheet No. of 3
1 Purpose: .
2 |Compare RESRAD derived groundwater radionuciide to MCLs . Compare beta/gamma emitter dose ion to the maxit allowable dose
3 |of 4 mrem/yr {National Primary Drinking Water Requiations, 40 CFR Part 141, Subpart B, 141.16), as calculated using NBS Handbook 69 individual organ-dose
e lulati gy and EPA-570/9-76-003 total organ-dose calulation methodology.
5
g . [Tabie of Contents:
7 1. Calculation Summary
2. Compatison to MCLs -
8 |3, Cumulative Dose Compari
9
10 |GivervReferences:
1 |y RESRAD derived groundwater radionuclide s from Calculation 0100F-CA-V0143.
12
13 |2) Radionuclid in water ¢ pondil ,mAnruwyoar(mmmvyr)ﬁomCalcdaﬁoanOX-CA-Voozsorudetaminedﬁmmmmh
14 |item 5.
15
16 |3 MCLs summarized in Table 2-3 of: DOE, 2001, Remedial Design Report/Remedial Action Work Plan for the 100 Area (ROR/RAWP), DOE/RL-96-17, Rev. 3,
17 U.S. Department of Energy, Richiand Oparations office, Richiand, WA. ’
:g 4) Maximum allowable gross particle activity (alpha emitters) and i liowable dose (bota/g emitters) from:
20 40 CFR 141, "National Primary Drinking Water Regulation,” Code of Federal Regtiations, as amended.
21 5) tndividual organ-dose caclulati 1 methodology from: NBS 1963, Maximum P bie Body and Maximum Permissible Concstrations of
22 | Radionuciides in Air or Waler for Occupational Exposure, NBS Handbook 69, as ded, U.S. Dep of C: Washington D.C., and National

23 | interim Primary Drinking Water Regulations , EPA-570/8-76-003, U.S. Environmental Protection Agency, Office of Water Supply, Washington D.C.

25 |Solution: -
26 {1. The site data for the jation are the grounch co jons for the COCs (daughter prod; are not considerad) over time from the RESRAD

27 |groundwater (GW) concentration file. ’

28

29 2.mrwsmanormptualmodelbrsakslhecontanﬁnaﬁonlmorruﬁplehymwimmﬂmngconcmmﬂom.mﬂnswmmmmvmnw
20 runs are added (for each time interval) loprwidethewmemaﬁondaﬂfwaonpuisonmﬂnimduﬂmuammdosawmmbrm beta and gamma
a1 emitters. .

gg 3. Compare the summed concentrations for each radionuclide to the GW MCL given in the ROFVRAWP, Table 2-3. .

34 |4 The cumiative dose for each organ for all beta and gamma emitting COCs (Co-60, Cs-137, Eu-152, Eu-154, and $r-90) at time t is calculated separately

35 |using the corresponding to 4 mAenvyear dose (C4) and the sum of fractions equation shown below (from EPA-570/9-76-003). The organs for which doses need
36 |to be computed are total body, bone, liver and gastrolntestinal tract {lower large intestine] (GI(LL1)). The individual organ doses are compared 10 4 mremdyr.

37

38 |Doseorgan x (1} = [ConcA(t/C4A(x} + ConcB(tYCAB(X) + ...} x (4 mrem/yr)

39

40 |where:

4 Dosaorgan x (1} is the total dose %o organ x in mwemvyr

ConcA(t) is the concentration of isatope A at time t in pCirl

43 CAA(x)isIhQAmmmlyrdosaoqtivaleﬁconoemaﬁontomrganxolisotopeAatﬁmﬂanVL
Itmedo«brorganutnwemlyr.mnmmndardlsm

46 |conclusions:
47 {The summed ¢ for each ragi tide are less than the GW MCL given in the Soil Screening Guidance for Radionuclides: User's Guide.

49 | The cumulative dose for each total body, bone, liver and gastrointestinal tract for all beta and gamma emitting COCs is less than 4 mwem/yr
{using EPA-570/9-76-003 total dose caiculation methodology).
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Bechtel Hanford, inc.

Bill Hudson

Bk

116-F-6 Site Closeout

Date 2:24*93

. Job 22192

116-F-6 Trench Comparison to Drinking Water Standards

Comparison of the summed concentrations for each radionuctide to the GW MCL.
Data derived from RESRAD modelling, units are pCi/L.

CALCULATION SHEET

Cale. No. 0100F-CA-V0142

Checked S. W. Clark

Radlonuclide Tlmeéyeam 1 3 7.2 15 42 150 300 1000 ML E;cgf:s g::: Y;:;:f
Gs-137 0 152603 | 4.98E-02 | 0.64E-03 | 1.66E-01 | 2.40E-01 | 1.55E-01 | 4.56E-03 | 142E-09| 60 No | 249601 | 42
Co-60 0T 567E04 | 177603 | 2.45E-03 | 1.89E-03 | 1.4BE-04 | 1.70E-07 | 1.92E-18 | 0.00E+00] 100 TR R
Eu-152 0 0 0 0 5 0 0 0 0 200 No o 0
Eu-154 0 0 o 0 0 0 0 0 0 &0 No ) o
5180 | 535601 | 6.785-01 | 1.46E+00 | 259E700 | 3.71E+00| 2.26E+00 | 65902 | 832E:09] 8 No a7l a2
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Originator
Project
Subject

Bechtel Hanford, Inc.

Bill Hudson
Sita Closeout

Date
Job

- 240

22192
Trench Comparison to Drinking Water Standards

CALCULATION SHEET

Cale. No. 0100F-CA-V0142 e

Checked S. W. Clark

Rev. No.
Date p
Sheet No. of 3

1 Comp of the d for each radi fide to the GW MCL
2 Data derlved from RESRAD modelling, units are pCit.
3
Time (years) Exceeds 4| Peak | YeRrO!
4 | Radionuciide Organ G mrem/yr? | Cone. Peak
5 5 3 3 72 I 2z 100 300 1600 Cone.
6
7 Cs-137 Q 1.53E-02 | 4.386-02 1 9.54E-02 | 1.66E-01 | 2.49E-01 | 1.55E-01 | 4.58E-03 1.42E-09 Bons 80 No 2.49E-01 42
8 _GHLLY 2,000 No
8 Total Body! 200 No
:‘1) : Liver 60 No
12 |Co-60 [} 767E-04 | 1.77E-03 | 2.45E-03 | 1.83E-03 | 1.48E-04 | 1.70E-07 | 1.92E-18 | 0.00E+00 GHLLY 100 No 2.45E-03 7.2
13 Total Body 200 No
14 Liver 3,000 No
15 . g
16 [Eu-152 0 [ 0 g 0 0 0 0 0 Bone 30,000 o 1] 0
17 [ GHLLY 200 o
18 Total Body| 200,000 o
19 Liver 100,000 o
20 .
1 @3-154 0 0 0 0 [+ [1] 0 0 [] Bone 5,000 No [ 0
22 GHLLY) [ No
23 Total Body! 70,000 No
24 Liver 60,000 No
25
26 [Sr-80 g 2.35E-01 | 6.72E-01 ] 1466400 | 2.52E6400 | 3.71E+00{ 2.21E+00 | 5.59E-02 | 8.32€-00 Bone No 371 42
27 GI{LLD 100 No
28 Tofal Body No
28 . v
30 Cumulative dose for each organ (with time)
- , Year of
3t organ | trears) #| Peak Cone.|  Peak
9 mremfyr? | .
32 0 1 3 1.2 15 42 100 300 1000 Cone.
33 I_E_o_ne . 00E+00 -18E-01 | 3.38€-01 1 7.35E-01 | 1.27E+00 | 1.87E400] 1.11E+00| 2.82E-02 | 4.23E-09 No 1.87E400 42
34 jGILh LOOE +X L46E-03 | 2.70E-02 | 5.87E-02 | 1.01E-01 | 1.49E-01] 8.87E-02 | 2.25£-03 | 3.36E-10 No 1.49E-01 42
35 {Totsl Body LO0EHX .18E-01 | 3.37E-01 | 7.32E-01 | 1.26E+00 | 1.86E+00] 1.11E+00| 2.80E-02 | 4.19E-08| No 1.88E+00 42
36 {Liver .00E+00 | 1:18E-01 | 3.99E-01] 7.36E-01 | 1.27E+00 | 1.87E+00] 1.12E+00 | 2.83E-02 | 4.25E-08]  No 1.87E+00 42
a7 T
k]
3: Dose Equivalent tor Orgens
41 . i i e Bons -
42 ; ! oLy
45 : Total Body
44 . 3 g
45 : -
46 |
47 s
48
D ¥ S " HRA 150 N T ) D Eum T AUOUUE SR VAN R Rt R iois Sy s e i =
50 :
51
52 400 500 800 700 800 800 1000
53 Tl (Yours}
54
85
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