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EXECUTIVE SUMMARY

E1.0 INTRODUCTION

This cleanup verification package (CVP) documents completion of remedial action for
the 116-F-1 Lewis Canal (also referred to as the 116-F-1 site). The 116-F-1 site is
located within the 100-FR-1 Operable Unit in the 100-F Area of the Hanford Site in
southeastern Washington State. The 1,744-m (5,721-ft)-long, unlined 116-F-1 Lewis
Canal was used to dispose of 105-F Reactor cooling water effluent and to carry effluent
to the Columbia River primarily during the 1953 Ball 3X Project and during reactor
process tube cleaning activities. The head end of the canal is located approximately
160 m (525 ft) west of the 105-F Reactor building. From the head end, the canal leads
to the west and bends due north ending at the river. Effluent from the reactor entering
the 116-F-1 Lewis Canal at the head end was transported by two 122-cm (48-in.)-
diameter pipelines. These pipelines are not part of the 116-F-1 site; remediation of
these pipelines (100-F-19:3) is included in another CVP. Water effluent also entered
the 116-F-1 Lewis Canal at two locations father north along the canal from the

183-F water treatment facility and from the 182-F raw water reservoir. Feed pipelines
associated with these facilities are not part of the 116-F-1 site; remediation of these
pipelines (100-F-19:2) is included in another CVP.

Remedial action objectives and goals for the 116-F-1 site were established by the

U.S. Environmental Protection Agency (EPA) and the U.S. Department of Energy,
Richland Operations Office, in concurrence with the Washington State Department of
Ecology. These goals and objectives are documented in the Amendment to the Interim
Action Record of Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units
(ROD) (EPA 1997) and the Remedial Design Report/Remedial Action Work Plan for the
100 Area (DOE-RL 2002).

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

extent required to meet specified soil cleanup levels, (2) disposing of contaminated
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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 COCs identified
through process knowledge are listed in the 100 Area Remedial Action Sampling and
Analysis Plan (DOE-RL 2001). The COCs for this site consist of the following:

e Carbon-14

o Cesium-137

e Cobalt-60

e Europium-152
e Europium-154
e Arsenic

e 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 remedial
action, the total excavation was approximately 24,820 m? (267,000 ft?) in area with a
depth of approximately 4.5 m (14.8 ft). Approximately 77,696 metric tons (70,634 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-1 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-1 Lewis Canal.

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 5.61 mrem/yr (not Yes a
1,000 years. accounting for clean backfill).
Direct Exposure — 1. Attain individual COC RAGs. 1. All individual COC concentrations Yes b
Nonradionuclides are below the RAGs.
Meet 1. Hazard quotient of <1 for 1. All hazard quotients are below 1. b
Nonradionuclide Risk noncarcinogens.
Requirements 2. Cumulative hazard quotientof |2. Cumulative hazard quotient is b
<1 for noncarcinogens. 3.8x10%
3. Excess cancer risk of <1 x10® |3. Excess cancer risk for individual Yes
for individual carcinogens. carcinogens are all less than b
1x10°.
4. Atftain a total excess cancerrisk |4. Total excess cancer risk is b
of <1 x 10°° for carcinogens, 7 x 107, which is below 1 x 10°.
Groundwater/River |1. Attain single-COC groundwater |1. All single-COC groundwater and c
Protection — and river protection RAGs. river RAGs have been attained.
Radionuclides : : p — -
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. c
(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 15 pCi/L MCL or c
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.!
Groundwater/River | 1. Attain 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 (Appendix C).
Information 2. Sample location design (Appendix C). e

2116-F-1 Lewis Canal RESRAD Calculation, 0100F-CA-V0140, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

®116-F-1 Lewis Canal Cleanup Verification 95% UCL Calculation, 0100F-CA-V0138, Rev. 0, Bechtel Hanford, Inc.,

Richland, Washington.

€116-F-1 Lewis Canal Comparison to Drinking Water Standards (MCL), 0100F-CA-V0139, Rev. 1, Bechtel Hanford, Inc., Richiand,

Washington.

4116-F-1 Lewis Canal Trench Sample Variance, 0100F-CA-V0150, Rev. 0, Bechtel Hanford, inc., Richland, Washington.
®Lewis Canal Trench/Overburden Sampling Design, 0100F-CA-V0154, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.
TUranium limits selected in the ROD and RDR/RAWP were based on 1/25th of the derived concentration guide from DOE Order 5400.5.
Since the time of ROD signature, EPA 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.. Concentration-to-activity calculations are documented in Calculation of Total Uranium Activity Corresponding to a Maximum
Contaminant Level for Total Uranium of 30 Micrograms per Liter in Groundwater, 0100X-CA-V0038, Bechtel Hanford, Inc., Richland,

Washington (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 shallow
zone of the site is 5.61 mrem/yr and would occur at present (year 2003); this dose rate
decreases to 2.81 x 10™"" mrem/yr in 1,000 years. The estimated total dose rate from
the shallow zone in the year 2018 is 0.836 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). For the overburden, the dose rate is largest at present
(year 2003), 1.87 mrem/yr, and decreases to 9.05 x 10™" mrem/yr in 1,000 years. The
estimated total dose rate from the overburden in the year 2018 is 0.201 mrem/yr. 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 CVP
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 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). Because of radioactive decay, the risk associated
with radionuclides decreases over time. Based on RESRAD results, the excess lifetime

cancer risk for the site is largest, 2.18 x 107°, at present (year 2003), and decreases to
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4.58 x 107" in 1,000 years. The estimated excess cancer risk due to radionuclides for
the site in 2018 is 9.80 x 10°. For overburden, the estimated excess cancer risk due to
radionuclides is largest at present (year 2003), 7.39 x 10, and decreases to 6.09 x 10°%
in 1,000 years. The estimated excess cancer risk due to radionuclides for the
overburden in 2018 is 2.04 x 10°®.

E2.1.2 Nonradionuclides

The nonradionuclide COCs are arsenic and hexavalent chromium. All nonradionuclide
COC concentrations are below the RAGs for direct exposure.

With réspect to noncarcinogenic risk, the individual and cumulative hazard quotients for
COCs with noncarcinogenic effects (arsenic and hexavalent chromium) are below the
corresponding RAGs (a hazard quotient of 1.0 in both cases). The cumulative hazard
quotient for the site is 3.8 x 10, and the cumulative hazard quotient for the overburden
is 1.1 x 10,

With respect to carcinogenic risk, the nonradionuclide carcinogenic COCs are arsenic
and hexavalent chromium. The excess lifetime cancer risk estimates for these
individual COCs for the site and the overburden (0 to 4.6 m [15 ft]) are all below the risk
limit for individual COCs of 1 x 10®. The total excess lifetime cancer risk estimates for
the site and overburden (7 x 107 and 2 x 107, respectively) are also below their
corresponding risk limits of 1 x 10~

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. This site does not have alpha-
emitting COCs. In summary, all radionuclide RAGs for protection of groundwater and

the river have been met.
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E2.2.2 Nonradionuclides

Based on comparison with groundwater and river protection RAGs, cleanup verification
results indicate that residual concentrations of nonradionuclide COCs (i.e., arsenic and
hexavalent chromium) are protective of groundwater and the river.

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 Gontrol Number:
09/11/2003 2003-07
Waste Site ID: 116-F-1 Lewis Canal
Originator: Lead Agency: EPA
R.A. Carlson Type of Reclassification Action:
Phone: 372-9632 Rejected O
Closed Out n
Interim Closed Out [
No Action O

This form documents agreement among the parties listed below authorizing classification of the subject unit as
rejected, closed out, interim closed out, or no action and authorizing backfill of the site, if appropriate. Final
removal from the National Priorities List of no action, interim closed-out, 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 U.S. Department of Energy, Richland
Operations Office, in concurrence with the Washington State Department of Ecology. 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-1 Lewis Canal 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 basis for reclassification is described in detail in the Cleanup
Verification Package for the 116-F-1 Lewis Canal (CVP-2002-00009), 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-1 Lewis Canal (herein referred to as the 116-F-1 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,
guide, and objectives to conduct this remedial action. The preferred remedy specified in
the ROD (EPA 1997) and conducted for the 116-F-1 site was excavation and disposal
of contaminated materials at the Environmental Restoration Disposal Facility (ERDF).

1.2 DOCUMENT ORGANIZATION

‘The cleanup verification evaluation is presented in the following sections:

Section 2.0  Site Description and Supporting Information
Section 3.0 Summary of Remedial Action Objectives and Goals
Section 4.0 Remedial Action Field Activities

Section 5.0 Cleanup Verification Data Evaluation

Section 6.0 Evaluation of Remedial Action Goal Attainment
Section 7.0 Radionuclide Risk Information

Section 8.0 Statement of Protectiveness

Section 9.0 References

Section 10.0 Bibliography.

The main text is supported by the following appendices:

s Appendix A Summary of Verification Soil Sampling and Analytical Results
o Appendix B Data Quality Assessment
o Appendix C RESRAD Input Parameters and Calculation Brief Excerpts.

2.0 SITE DESCRIPTION AND SUPPORTING INFORMATION

2.1  SITE HISTORY

The 116-F-1 site is located within the 100-FR-1 Operable Unit in the 100-F Area of the
Hanford Site in southeastern Washington State. The 1,744-m (5,721-ft)-long, unlined
116-F-1 Lewis Canal was used to dispose of 105-F Reactor cooling water effluent and
to carry effluent to the Columbia River, primarily during the 1953 Ball 3X Project and
during reactor process tube cleaning activities. The head end of the canal is located
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approximately 160 m (525 ft) west of the 105-F Reactor building. From the head end,
the canal leads to the west and quickly bends due north ending at the south bank of the
Columbia River (Figure 1).

Effluent from the reactor entering the 116-F-1 Lewis Canal at the head end was
transported by two 122-cm (48-in.)-diameter pipelines. These pipelines are not part of
the 116-F-1 site; remediation of these pipelines (100-F-19:3) is included in another CVP
(BHI 2003). Water effluent also entered the 116-F-1 Lewis Canal at two locations
farther north along the canal from the 183-F water treatment facility and from the

182-F raw water reservoir. Although the lateral ditches extending toward the 183-F and
182-F facilities are part of the 116-F-1 Lewis Canal site, the feed pipelines associated
with these facilities are not a part of the 116-F-1 site; remediation of these pipelines
(100-F-19:2) is included in another CVP (BHI 2002a).

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. 114.2 m (374.7 ft) for
analysis purposes, based on historical and current information from adjacent
groundwater wells. The depth to groundwater is estimated to be 1.9 m (6.2 ft) beneath
the floor of the excavation and 6.4 m (21 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:

Carbon-14
Cesium-137
Cobalt-60
Europium-152
Europium-154
Arsenic

Hexavalent chromium.

® & o o o o o
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Figure 1. Hanford Site Map and 116-F-1 Site Plan.
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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-1 site were established in the ROD
(EPA 1997). The RAOs are narrative statements that define the extent to which the
waste site requires 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 shallow zone
soils at the site. The scenario for sites with the high potential to have leached
contamination into deeper soil zones assumes institutional controls against uncontrolled
drilling or digging into deep zone soils (i.e., below 4.6 m [15 ft]). Because shallow zone
soil cleanup criteria have been applied to the entire vadose zone underlying the

116-F-1 excavation, institutional controls against drilling or digging are not required for
this site. 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 that are applicable to the 116-F-1 site are listed in
Table 1.
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Table 1. Summary of Remedial Action Goals.
. Groundwater Columbia River
cocs D"‘*“‘g‘g"s“m Protection RAG Protection RAG
(pCilL) (pCiiL)
Radionuclides
Carbon-14
Cesium-137 15 , 4 / 4 /
y mrem/yr mrem/yr mrem/yr
Cob'alt 60 (cumulative)® (cumulative)” (cumulative)®
Europium-152
Europium-154
Direct Exposure Soil RAG for Soil RAG for Columbia
COCs RAGs Groundwater Protection River Protection
(mglkg) (mglkg) (mglkg)
Nonradionuclides
Hexavalent chromium 2.1%° 400° iy 2.0°
Arsenic 20", 60° 20" 20"

#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).

®ookup values that correspond to individual radionuclide 4 mrem/yr dose rate equivalents for beta and gamma
emitters, per National Drinking Water Standards, are presented in the RDR/RAWP (DOE-RL 2002).

“Washington Administrative Code (WAC) 173-340 Method B carcinogenic cleanup limit.

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

SWAC 173-340 Method B noncarcinogenic cleanup limit,

'Soil RAG based on "100 times groundwater cleanup" rule.

9 Soil RAG based on 100 times dilution attenuation factor (DAF) times surface water cleanup level.

"The WAC 173-340 Method B direct exposure soil value, "100 times groundwater cleanup,” and/or the "100 times
DAF times surface water protection” soil values were less than Washington State soil background concentrations;
therefore, background values are used as the soil RAG.

3.2.1 Direct Exposure RAGs

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

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

¢ Nonradionuclide COCs:
— Hazard quotient of less than 1.0 for noncarcinogenic contaminants.
— Excess cancer risk of less than 1 x 10 for individual carcinogenic contaminants.

—  Cumulative excess cancer risk of less than 1 x 10,

— Cleanup verification sample results pass the Washington 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.

e 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 15 pCi/L. or
1/25th of the derived concentration guide per DOE Order 5400.5. The maximum
contaminant level for uranium is 30 pg/L as promulgated by the U.S. Environmental
Protection Agency (EPA) on December 7, 2000 (65 Federal Register 76708). For
the 116-F-1 site there are no alpha-emitting COCs.

e Nonradionuclide COCs: Meet the individual RAGs listed in Table 1 with cleanup
verification sample results passing the WAC 173-340 (Model Toxics Control Act
Cleanup Regulation) 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 water RAGs). The nonradionuclide groundwater and river
protection RAGs listed in Table 1 were calculated using the WAC 173-340
"100 times rule" or are soil background concentrations.

4.0 REMEDIAL ACTION FIELD ACTIVITIES

41 EXCAVATION AND DISPOSAL

Remedial action at the 116-F-1 site began in June 2002. Excavation of the site involved
removing the overburden materials, buried sludge and debris, the contaminated
structure, and underlying contaminated soil. Based on field screening (discussed in
Section 4.2), overburden materials identified as potentially clean were placed in
stockpiles for potential use as backfill. Contaminated materials were disposed of at
ERDF.

In December 2002, excavation was completed for the main excavation. Initial sampling
results indicated small areas of contamination in the shallow zone and overburden soils,
and additional remediation of a small portion of the site was completed in January of 2003.
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Verification sampling activities following the initial and secondary excavation events are
discussed in Section 4.4. Pre- and post-remediation topographic maps are shown in
Figures 2 and 3, respectively. The general average elevation of the bottom of the
excavation was at about 120.6 m (396 ft) upon completion. The excavation was
approximately 24,820 m? (267,000 ft%) in area with a maximum depth of approximately
4.5 m (14.8 ft). Approximately 77,696 metric tons (76,469 tons) of material from the site
were disposed of at ERDF.

The two parallel lateral ditches (Figure 1) that carried water effluent from the

183-F water treatment facility and the 182-F raw water reservoir effluent pipeline outlets
to the 116-F-1 Lewis Canal did not require remediation and were not excavated. Based
on data collected during excavation of the 183-F and 182-F pipelines, test pit data from
Limited Field Investigation Report for the 100-FR-1 Operable Unit (DOE-RL 1995b),
data collected from the 116-F-1 Lewis Canal and ditch intersections, and based on
concurrence with the EPA, the lateral ditches did not require excavation or verification
sampling. Concurrence is documented in the 100 Area remedial action unit managers'
meeting minutes from April 2002 (EPA et al. 2002).

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-1 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 analysis was 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 December 2002. As specified in the
SAP and the instruction guide (DOE-RL 2001, BHI 2002b), variance analysis was
performed for the shallow zone decision unit. A total of 168 variance samples were
collected from the 116-F-1 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 decision subunit.



Figure 2. Pre-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 in December of 2002 and
finished in February of 2003. Initial results indicated small areas of hexavalent
chromium contamination in the shallow zone (sample areas A3, A4, B6, and E9) and
overburden (sample area A3) soils, and additional remediation was completed in
January of 2003. Following additional remedial excavation, resampling occurred in
February of 2003. Verification sample results for hexavalent chromium 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 samples 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 (e.g., shallow zone and
overburden) as shown on the sample design figures on pages C-66 and C-67 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 116-F-1 site consisted of a shallow and an overburden decision unit. The site was
excavated to a depth of approximately 4.5 m (14.8 ft) with the shallow zone consisting
of the excavation sidewalls and floor of the excavation. Because contaminants
associated with the 116-F-1 site did not migrate to any significant depth and generally
did not require excavation below 4.6 m (15 ft), a separate deep zone decision unit was
not established. The more stringent shallow zone criteria (direct exposure, groundwater
protection, and river protection) are being applied to all cleanup verification data for the
116-F-1 site.

The shallow zone decision unit contained 7 decision subunits, which were divided into
28 sampling areas (A1-A4, B5-B8, C1, C2, C9, C10, D3-D6, E7-E10, F1-F4, and G5-G8).
The overburden decision unit contained two subunits that were divided into eight
sampling areas (A1-A4 and B5-B8). One composite cleanup verification sample was
collected from each sample area. The sample design for this site is documented in the

10
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sample design calculation brief included in Appendix C. Northing and easting
coordinates appearing on the design map are in North American Vertical Datum 1983
(NAVD83) Washington State Plane coordinates. Note that the two east-west parallel
ditches are not included on the sample design, because the ditches did not require
remediation and verification sampling (see discussion in Section 4.1).

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 and overburden decision subunits
(excluding the quality assurance/quality control samples).

5.0 CLEANUP VERIFICATION DATA EVALUATION

This section presénts the evaluation and modeling of the 116-F-1 cleanup verification
data for comparison with the data quality criteria and RAGs.

5.1 DATA QUALITY ASSESSMENT PROCESS

A data quality assessment (DQA) 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 DQA for the 116-F-1 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
DQA is presented in Appendix B.

52 CONTAMINANTS OF CONCERN 95% UPPER CONFIDENCE LIMIT

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

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

11
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Table 2. Cleanup Verification Data.
95% UCL Statistical Values | Hanford Site'or | 0 pog aie 2o
COCs p—— Washington State” p——
Zone Overburden Background Zone | Overburden
Radionuclides (pCi/g)*
Carbon-14 1.47 0.633 N/A® 1.47 0.633
Cesium-137 0.110 0.0258 1.4? 0.110 0 (<BG)
Cobalt-60 0.0549 0.0242 0.008° 0.0549 0.0162
Europium-152 0.177 0.0524 N/A® 0.177 0.0524
Europium-154 0.137 0.0821 0.033° 0.137 0.0491
Nonradionuclides (mg/kg)®
Arsenic 6.0 11.0 20° 6.0 11.0
Hexavalent chromium 1.5 0.43 N/A® 1.5 0.43

*Hanford Site background represents the 90th percentile of the lognormal distribution (DOE-RL 1995a).
®\Washington State soil background (WAC 173-340-740).

“The statistical value above background is used as the input value for RESRAD. For overburden, anthropogenic
background (DOE-RL 1996) and naturally occurring background is subtracted from all radionuclides. Refer to
Appendix C for additional details on determination of statistical values.

9L aboratory data including the minimum detectable activity or practical quantitation limit for the individual cleanup
verification samples are included in Appendix A and the 95% UCL calculation brief.

®A background value for this analyte has not been established.

BG = background

NA = not applicable

e 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.

o 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][a]).

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-1 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; it is these
values that constitute the cleanup verification data set and are used for RESRAD
modeling.

12
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5.3 SITE-SPECIFIC CLEANUP VERIFICATION MODEL

The statistical values summarized in Table 2 were evaluated and used to develop a
site-specific cleanup verification model. For the 116-F-1 site, the site-specific cleanup
verification model assumes the worst case described in the RDR/RAWP (DOE-RL
2002), where the excavation statistical concentrations continue for the deep zone at the
same concentrations to groundwater. A schematic cross section of this site-specific
cleanup verification model is included in the RESRAD calculation in Appendix C.

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 that are 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-1 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.
This test is required for nonradionuclide COCs only and is based on the most restrictive
RAG for each zone.

13
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6.1 DIRECT EXPOSURE SOIL REMEDIAL ACTION GOALS ATTAINED
6.1.1 Radionuclides

The results of the RESRAD dose rate estimate for the site all-pathways scenarios are
presented in Figures 4 and 5. The dose rates represent the dose contributions from
soils at relevant time periods. For the shallow zone, the dose rate is largest at present
(year 2003), 5.61 mrem/yr, and decreases to 2.81 x 10" mrem/yr in 1,000 years. The
estimated dose rate from the site in 2018 is 0.836 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). For overburden, the dose rate is largest at
present (year 2003), 1.87 mrem/yr, and decreases to 9.05 x 10™" mrem/yr in

1,000 years. The estimated dose rate from overburden in 2018 is 0.201 mrem/yr. 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 for the Shallow Zone.
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Figure 5. RESRAD Analysis — All Radionuclides, All-Pathways
Dose Rate Estimate for the Overburden.
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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.

Table 3. Attainment of Nonradionuclide Direct Exposure Standards.

Nonradionuclides Direct l(':';r;c;lfgu)re RAG Stat:;tigc"a(lg\)laalue &gﬁtfgg&zﬂ";
Overburden
Arsenic 20 11.0 Yes
Hexavalent chromium 2.1° 0.43 Yes
Site Excavation (Shallow Zone)
Arsenic 20 6.0 Yes
Hexavalent chromium 2.1° 15 Yes

ECriterion is comparison to the cleanup criteria (RAG).
®Calculation of Hexavalent Chromium Carcinogenic Risk, 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 1995a). For cleanup actions under
the ROD (EPA 1997), a comparable conservative approach is used to demonstrate
attainment of the noncarcinogenic risk requirements.

15
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The COCs with noncarcinogenic effects at this site are arsenic and hexavalent
chromium. Hexavalent chromium and arsenic are also carcinogens. Carcinogenic risk
is discussed in Section 6.1.2.3. The sum of the individual COC hazard quotients for the
shallow zone soils is 3.8 x 10 and the sum of the hazard quotients for the overburden
is 1.1 x 10, which are both 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 nonradionuclide carcinogenic COCs at this site are hexavalent chromium and
arsenic. For the site, the total excess lifetime cancer risk is 7 x 107. This value is below
the individual and total risk limits; therefore, the carcinogenic risk standards have been
attained. For the overburden the total excess lifetime cancer risk is 2 x 107, which is
also below the individual and total risk limits. 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.

Figure 6 shows the 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 are predicted to
exceed the 4 mrem/yr standard over 1,000 years.

There are no alpha emitters identified at this site; therefore, the drinking water standard

for nonuranium alpha emitters and the uranium standard of 30 ug/L have been met.
Results of the RESRAD calculations are shown in Appendix C.
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Table 4. Attainment of Radionuclide Remedial Action Goals for
Protection of Groundwater and the Columbia River.

Radionuclide Peak Com:.entration RAG RAGS Attained?
{pCilL) {pCilL) (Yes/No)
Shallow Zone
Carbon-14 0.0° 2,000 Yes
Cesium-137 0.0045 60° Yes
Cobalt-60 0.0093 100° Yes
Europium-152 0.0 200° Yes
Europium-154 0.0° 60° Yes
Overburden

Carbon-14 0.0° 2,000° Yes
Cesium-137 0.0° 60° Yes
Cobalt-60 0.0 100° Yes
Europium-152 0.0 200° Yes
Europium-154 0.0° ' 60° Yes

*These radionuclides do not reach groundwater in 1,000 years.
®Lookup value corresponding to a dose rate of 4 mrem/yr.

Figure 6. 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 residual concentrations (statistical
values) of hexavalent chromium and arsenic for the site are less than the listed
groundwater protection soil RAG. The listed RAGs are based on background or the
"100 times groundwater cleanup rule." The results of the comparison in Table 5
demonstrate that the RAGs have been attained.

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

cS;ail RAG for Soil Rl_\G f-or Cl_e.anu'p Dogs RE:SRA.D RAGS
Nonracionuctides. | Cfoaruater | Gojumbla Sver | erficaion | Predit Migrtion | ataneds
{mg/kg) (mg/kg) (mg/kg) in 1,000 Years? (Yes/No)
Overburden
Arsenic 20 20 11 NA Yes
Hexavalent chromium 8 20 0.43 NA Yes
Shallow Zone
Arsenic 20 20 6.0 NA Yes
Hexavalent chromium 8 20 15 NA Yes

NA = Not applicable. RESRAD modeling was not performed because residual concentrations meet the listed
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 indicate 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 residual concentration
(statistical value) of hexavalent chromium and arsenic for the site are less than the
listed river protection soil RAG. The listed RAGs are based on background or the
"100 times groundwater cleanup rule." The results of the comparison in Table 5
demonstrates that the RAGs have been attained.

18



CVP-2002-00009
Rev. 0

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 for each 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. 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][e]) for the shallow and deep zone sample data sets. For

each nonradionuclide COC, 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 all
nonradionuclide COCs pass the WAC 173-340 three-part test for the site excavation
and overburden soil.

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)
Overburden
Arsenic 20 11 16 9 0 Yes
Hexavalent chromium 20 0.43 04 9 0 Yes
' Site Excavation (Shallow Zone)
Arsenic 20 6.0 16 30 0 Yes
Hexavalent chromium 20 1.5 1.5 30 0 Yes

Criterion 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%.
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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 7 illustrates excess lifetime cancer risk associated with the site, and Figure 9
illustrates excess lifetime cancer risk associated with overburden soil as estimated
using the RESRAD model. Because of radioactive decay, the risk decreases over time.
For the site, the estimated risk is largest, 2.81 x 107, at present (year 2003), and
decreases to 4.58 x 107"° in 1,000 years. The estimated excess cancer risk for the site
in 2018 is 9.80 x 105, Figure 8 plots the radiation dose rate above background for the
site, similar to Figure 5, and also shows the corresponding radionuclide risk at present
and in 2018. For the overburden, the estimated risk is largest, 7.39 x 10®, at present
(year 2003), and decreases to 6.09 x 10?2 in 1,000 years. The estimated excess
cancer risk for the overburden in 2018 is 2.04 x 10®. Figure 10 plots the radiation dose
rate above background for the overburden, similar to Figure 6, and also shows the
corresponding radionuclide risk at present and in 2018.
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Figure 7. RESRAD Analysis — Radionuclide Risk for the Site, All Pathways.
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Figure 9. RESRAD Analysis — Radionuclide Risk
for the Overburden, All Pathways.
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Figure 10. RESRAD Analysis — Radionuclide Dose Rate for the Overburden,
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8.0 STATEMENT OF PROTECTIVENESS

This CVP demonstrates that remedial action at the 116-F-1 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-1 site have been sampled, analyzed,
and modeled. The results of this effort indicate that the materials from the 116-F-1 site
containing COCs at concentrations exceeding RAGs have been excavated and
disposed of at ERDF. These results also indicate that residual concentrations at the
site, including overburden, will support future land uses that can be represented (or
bounded) by a rural-residential scenario, and are protective of groundwater and the
Columbia River. The 116-F-1 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. (4 Pages)

Sampling HEIS Sample As Cr+6 C-14 Cs-137
Area Number Date mgkg |Q| PAL | makg [Q]| PaL pCilg |Q| MDA pCilg |[a| mpA
SA1 JOOFF9 1/07/2003 3.0E+00 4.0E-01 | 4.30E-01 | U | 4.30E-01 | 2.75E-01 | U | 3.40E+00 | 1.35E-01 | | 8.90E-02
Duplicate of JOOFF9 JOOFHO 1/07/2003 4.1E+00 4.0E-01 | 4.3E-01 [ U| 4.3E-01 |-1.09E+00 | U | 3.70E+00 | 1.57E-01 | |8.50E-02
Split of JOOFF9 JOOFK9 1/07/2003 3.3E+00 1.0E-01 | 3.98E-01 1.2E-01 | 2.77E-01 |U| 8.07E-01 | 6.35E-02 | |2.36E-02
SD5 JOOFJ4 1/8/2003 7.7E+00 2.9E-01 | 4.38-01 | U| 4.3E-01 | 2.06E+00 | U | 2.70E+00 | 6.30E-02 | | 4.30E-02
Duplicate of JOOFJ4 JOOFJ5 1/8/2003 6.0E+00 3.3E-01 | 4.8E-01 | U| 4.8E-01 | 2.85E+00 2.60E+00 | 1.30E-01 1.10E-01
Split of JOOFJ4 JOOFLO 1/8/2003 6.3E+00 1.1E-01 | -2.6E-02 | U | 8.00E.02 | -2.51E-01 | U | 8.07E-01 | 6.85E-02 | | 2.26E-02
SA2 JOOFH1 1/07/2003 4.3E+00 3.5E-01 | 4.4E-01 |U| 4.4E-01 | 8.10E-01 |U | 3.60E+00 | 1.07E-01 | U] 1.10E-01
SA3 JOOFH2/JOOHLS | 1/7/2003, 2/26/03 | 3.7E+00 4.3E-01 | 42E-01 |U| 4.2E-01 | 3.02E-01 |U | 2.80E+00 | 1.00E-01 |U | 1.00E-01
SA4 JOOFH3/JOOHLS | 1/7/2003, 2/26/03 | 1.7E+00 3.6E-01 | 4.2E-01 | U| 4.2E-01 | 5.09E-01 | U | 3.50E+00 | 5.00E-02 |U | 5.00E-02
SB5 JOOFH4 1/07/2003 1.9E+00 3.8E-01 | 4.2E-01 4.2E-01 | -2.06E-01 | U | 3.10E+00 | 8.50E-02 | U | 8.50E-02
SB6 JOOFH5/JOOHLE | 1/7/2003, 2/26/03 | 4.1E+00 4.1E-01 | 41E-01 |U| 4.1E-01 | -9.80E-02 | U | 3.30E+00 | 1.63E-01 | | 9.40E-02
SB7 JOOFH6 1/07/2003 2.4E+00 4.0E-01 | 1.3E+00 4.2E-01 | 8.65E-01 |U| 3.10E+00 | 7.40E-02 |U | 7.40E-02
SB8 JOOFH7 11712003 3.4E+00 3.8E-01 | 6.3E-01 4.3E-01 | 4.35E-01 |U| 3.10E+00 | 7.70E-02 |U | 7.70E-02
SC9 JOOFH8 1/7/2003 7.3E+00 3.8E-01 | 1.5E+00 4.4E-01 | 4.86E-01 | U | 3.20E+00 | 1.30E-01 | U | 1.30E-01
SC10 JOOFH9 1/7/2003 6.3E+00 '3.5E-01 | 45E-01 |U| 4.5E-01 | 1.54E+00 | U | 2.90E+00 | 7.30E-02 |U | 7.30E-02
sct JOOFJO 1/7/2003 1.3E+01 4.2E-01 | 4.6E-01 |U| 4.6E-01 | 2.32E+00 | U | 2.70E+00 | 1.00E-01 |U | 1.00E-01

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

U = Analytical result was below laboratory detection limit.
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Table A-1. Shallow Zone Cleanup Verification Data. (4 Pages)
Sampling HEIS Sample Co-60 Eu-152 Eu-154
Area Number Date pCilg |Q| MDA pCilg |Q| MDA pCilg |Q| MDA
SA1 JOOFF9 1/07/2003 8.50E-02 |U| 850E-02 | 1.90E-01 |U| 1.90E-01 | 2.20E-01 |U| 2.20E-01
Duplicate of JOOFF9 JOOFHO 1/07/2003 9.60E-02 |U| 9.60E-02 | 2.00E-01 |U| 2.00E-01 | 2.90E-01 |U| 2.90E-01
Split of JOOFF9 JOOFK9 1/07/2003 -1.70E-03 |U| 2.11E-02 | 7.42E-02 |U| 6.44E-02 | -3.24E-03 |U| 7.06E-02
SD5 JOOFJ4 1/8/2003 4.20E-02 |U| 4.20E-02 | 1.00E-01 |U| 1.00E-01 | 1.30E-01 |U| 1.30E-01
Duplicate of JOOF J4 JOOFJ5 1/8/2003 1.00E-01 |U| 1.00E-01 | 2.30E-01 {U| 2.30E-01 | 2.90E-01 |U]| 2.90E-01
Split of JOOFJ4 JOOFLO 1/8/2003 -2.35E-03 |U| 2.14E-02 | 1.95E-01 |U| 6.55E-02 | 7.08E-03 |U| 6.80E-02
SA2 JOOFH1 1/07/2003 1.10E-01 |U| 1.10E-01 | 2.50E-01 U | 2.50E-01 | 2.90E-01 |U| 2.90E-01
SA3 JOOFH2/JOOHL8 | 1/7/2003, 2/26/03 | 1.30E-01 |U| 1.30E-01 | 2.50E-01 |U| 2.50E-01 | 3.10E-01 |U]| 3.10E-01
SA4 JOOFH3/JOOHLS | 1/7/2003, 2/26/03 | 6.60E-02 |U| 6.60E-02 | 1.40E-01 |U| 1.40E-01 | 2.10E-01 [U| 2.10E-01
SB5 JOOFH4 1/07/2003 1.00E-01 |U| 1.00E-01 | 1.90E-01 |U| 1.90E-01 | 2.80E-01 |U| 2.80E-01
SB6 JOOFHS/JOOHLS | 1/7/2003, 2/26/03 | 2.70E-01 |U| 2.70E-01 | 6.16E-01 2.40E-01 | 250E-01 |U| 2.50E-01
SB7 JOOFHS 1/07/2003 570E-02 |U| 5.70E-02 | 1.20E-01 U | 1.20E-01 | 1.70E-01 |U| 1.70E-01
sB8 JOOFH7 1/7/2003 6.30E-02 |U| 6.30E-02 | 1.40E-01 |U| 1.40E-01 | 2.10E-01 |U| 2.10E-01
SC9 JOOFH8 1/7/2003 1.20E-01 |U| 1.20E-01 | 2.90E-01 |U| 2.90E-01 | 3.90E-01 |U| 3.90E-01
SC10 JOOFH9 1/7/2003 7.20E-02 |U| 7.20E-02 | 1.80E-01 |U| 1.80E-01 | 2.50E-01 |U| 2.50E-01
sc1 JOOFJO 1/7/2003 1.10E-01 |U| 1.10E-01 | 2.70E-01 |U| 2.70E-01 | 2.90E-01 |U| 2.90E-01

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

= Analytical result was below faboratory detection limit.
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Table A-1. Shallow Zone Cleanup Verification Data. (4 Pages)

Sampling HEIS Sample As Cr+6 C-14 Cs-137
Area Number Date mgkg |Q| PQL | mgkg |Q| PaL pCilg |Q| MDA pCilg Q| MDA
sc2 JOOFJ1 1/7/2003 5.7E+00 3.8E-01 | 4.2E-01 |U | 4.2E-01 | 2.10E+00 | U | 2.90E+00 | 9.80E-02 | U | 9.80E-02
SD3 JOOFJ2 1/7/2003 3.9E+00 3.7E-01 | 1.2E+00 4.6E-01 | 2.05E+00 | U | 2.50E+00 | 6.60E-02 | U | 6.60E-02
SD4 JOOFJ3 1/7/2003 6.0E+00 4.2E-01 | 4.5E-01 |U | 4.5E-01 | 8.30E-01 | U | 2.20E+00 | 8.00E-02 | U | 8.00E-02
SD6 JOOFJ6 1/8/2003 5.5E+00 4.3E-01 | 1.2E+00 4.6E-01 | 2.37E+00 | U | 2.40E+00 | 2.436-01| | 2.90E-02
SE7 JOOFJ7 1/8/2003 4.0E+00 4.2E-01 | 44E-01 |U| 4.4E-01 | 1.30E+00 | U | 2.50E+00 | 3.00E-02 | U | 3.00E-02
SES8 JOOFJ8 1/8/2003 5.7E+00 4.1E-01 | 4.6E-01 |U | 4.6E-01 | 1.46E+00 | U | 2.20E+00 | 5.60E-02 | U | 5.60E-02
SE9 JOOFJY/JOOHL? | 1/7/2003, 2/26/03 | 2.6E+00 3.9E-01 | 4.5E-01 | U| 4.5E-01 | 1.05E+00 | U [ 2.50E+00 | 1.74E-01 | | 1.20E-01
SE10 JOOFKO 1/8/2003 1.6E+01 3.8E-01 | 4.4E-01 |U| 4.4E-01 | 1.47E+00 | U | 2.90E+00 | 7.10E-02 | U | 7.10E-02
SF1 JOOFK1 1/8/2003 3.8E+00 3.9E-01 | 4.7E-01 | U| 4.7E-01 | 1.97E+00 | U | 3.60E+00 | 9.00E-02 | U | 9.00E-02
SF2 JOOFK2 1/8/2003 2.3E+00 3.8E-01 | 4.2E-01 | U| 4.2E-01 | 1.02E+00 | U | 2.50E+00 | 9.20E-02 | U | 9.20E-02
SF3 JOOFK3 1/8/2003 3.7E+00 4.2E-01 | 4.8E-01 4.5E-01 | 1.55E+00 | U | 2.40E+00 | 9.00E-02 | U | 9.00E-02
SF4 JOOFK4 1/8/2003 5.2E+00 4.0E-01 | 6.4E-01 4.2E-01 | 1.04E+00 | U | 2.30E+00 | 1.00E-01 | U | 1.00E-01
SG5 JOOFK5 1/8/2003 6.1E+00 4.2E-01 | 4.4E-01 |U| 4.4E-01 | 1.81E+00 | U | 2.00E+00 | 9.50E-02 | U | 9.50E-02
SG6 JOOFK8 1/8/2003 3.5E+00 3.7E-01 | 4.4E-01 |U| 4.4E-01 | 1.91E+00 | U | 2.50E+00 | 7.50E-02 | U | 7.50E-02
SG7 JOOFK7 1/8/2003 2.3E+00 4.1E-01 | 4.38-01 |U| 4.3E-01 | 1.06E+00 | U | 2.10E+00 | 1.00E-01 | U| 1.00E-01
SG8 JOOFK8 1/8/2003 2.1E+00 3.6E-01 | 4.3E-01 | U | 4.3E-01 | 2.14E+00 | |2.10E+00 | 5.50E-02 | U | 5.50E-02

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

U = Analytical result was below laboratory detection limit.
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Table A-1. Shallow Zone Cleanup Verification Data. (4 Pages)

Sampling HEIS Sample Co-60 Eu-152 Eu-154

Area Number Date pCilg [Q| MDA | pCilg |Q| MDA pCilg |Q| MDA
SC2 JOOFJ1 1/7/2003 1.00E-01 | U | 1.00E-01 | 2.30E-01 | U | 2.30E-01 | 2.90E-01 | U | 2.90E-01
SD3 JOOFJ2 1/7/2003 7.70E-02 | U | 7.70E-02 | 1.60E-01 | U | 1.60E-01 | 2.30E-01 | U | 2.30E-01
SD4 JOOFJ3 1/7/2003 8.70E-02 | U | 8.70E-02 | 2.30E-01 | U | 2.30E-01 | 2.80E-01 | U | 2.80E-01
SD6 JOOFJ6 1/8/2003 7.80E-02 | U | 7.80E-02 | 5.61E-01 6.50E-02 | 1.00E-01 | U | 1.00E-01
SE7 JOOFJ7 1/8/2003 3.20E-02 | U | 3.20E-02 | 7.50E-02 | U | 7.50E-02 | 1.10E-01 | U | 1.10E-01
SE8 JOOFJ8 1/8/2003 3.50E-02 | U | 3.50E-02 | 8.20E-02 | U | 8.20E-02 | 1.10E-01 | U | 1.10E-01
SE9 JOOFJO/JOOHL? | 1/7/2003, 2/26/03 | 1.20E-01 | U | 1.20E-01 | 2.31E-01 | U | 2.50E-01 | 3.50E-01 | U | 3.50E-01
SE10 JOOFKO 1/8/2003 7.40E-02 | U | 7.40E-02 | 1.70E-01 | U | 1.70E-01 | 2.30E-01 | U | 2.30E-01
SF1 JOOFK1 1/8/2003 1.90E-01 | U | 1.90E-01 | 2.40E-01 | U | 2.40E-01 | 3.20E-01 | U | 3.20E-01
SF2 JOOFK2 1/8/2003 1.10E-01 | U | 1.10E-01 | 2.20E-01 | U | 2.20E-01 | 2.70E-01 | U | 2.70E-01
SF3 JOOFK3 1/8/2003 9.60E-02 | U | 9.60E-02 | 2.20E-01 | U | 2.20E-01 | 2.90E-01 | U | 2.90E-01
SF4 JOOFK4 1/8/2003 1.10E-01 | U | 1.10E-01 | 2.60E-01 | U | 2.60E-01 | 3.30E-01 | U | 3.30E-01
SG5 JOOFK5 1/8/2003 9.40E-02 | U | 9.40E-02 | 2.00E-01 | U | 2.00E-01 | 2.70E-01 | U | 2.70E-01
SG6 JOOFK6 1/8/2003 7.00E-02 | U | 7.00E-02 | 1.60E-01 | U | 1.60E-01 | 2.30E-01 | U | 2.30E-01
SG7 JOOFK? 1/8/2003 7.60E-02 | U | 7.60E-02 | 2.20E-01 | U | 2.20E-01 | 3.50E-01 | U | 3.50E-01
SG8 JOOFK8 1/8/2003 6.20E-02 | U | 6.20E-02 | 1.30E-01 | U | 1.30E-01 | 1.90E-01 | U | 1.90E-01

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

U = Analytical result was below laboratory detection limit.
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Table A-2. Overburden Cleanup Verification Data. (2 Pages)

Sample HEIS Sample As Cr+6 C-14 Cs-137
Area Number Date mgikg |Q| PaL mgkg |Q| PQL pCilg |[Q| MDA pCilg [Q| MDA
OA1 JO0Co1 12/11/2002 3.3E+00 4.0E-01 | 43E-01 [U| 4.3E-01 | -7.57E-01 |U| 2.00E+00 |4.40E-02|U | 4.40E-02
Duplicate of JOOCO1 Jooco9 12/11/2002 3.5E+00 3.9E-01 | 4.2E-01 |U| 4.2E-01 | -6.25E-01 |U | 2.90E+00 |4.10E-02|U | 4.10E-02
Split of JOOCO1 JooC11 12/11/2002 2.7E+00 1.0E-01 | 24E-02 [U| 8.0E-02 | 1.70E-02 |U| 3.16E-01 |4.15E-02| |2.10E-02
OA2 J00Co2 12/11/2002 3.5E+00 41E-01 | 4.3E-01 |U| 4.3E-01 | 1.66E-01 |U| 1.80E+00 |4.50E-02|U |4.50E-02
OA3 JOOCO3/JOOHLY | 12/11/2002, 2/26/03 | 3.6E+00 4.0E-01 | 42E-01 |U| 4.2E-01 | 4.12E-01 |U| 1.90E+00 |3.90E-02|U | 3.90E-02
OA4 Jooco4 12/11/2002 1.0E+01 39E-01 | 42E-01 |U| 4.2E-01 | 810E-02 |U| 1.80E+00 |5.30E-02| U | 5.30E-02
0BS5 Joocos 12/11/2002 1.6E+01 40E-01 | 42E-01 |U| 4.2E-01 | -1.02E+00 |U | 2.90E+00 |4.00E-02|U | 4.00E-02
0B6 JO0C06 12/11/2002 1.2E+01 3.7E-01 | 42E-01 [U| 4.2E-01 | -1.13E-01 [U| 3.40E+00 |6.10E-02|U | 6.10E-02
OB7 Jooco7 12/11/2002 1.0E+01 3.8E-01 | 4.2E-01 |U| 4.2E-01 | 2.30E+00 |U| 3.50E+00 |5.40E-02|U | 5.40E-02
0B8 Joocos 12/11/2002 5.0E+00 4.0E-01 | 43601 |U| 4.3E-01 | -1.15E+00 |U | 3.30E+00 |4.00E-02|U | 4.00E-02

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

U = Analytical result was below laboratory detection limit.
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Table A-2. Overburden Cleanup Verification Data. (2 Pages)

Sample HEIS Sample C0-60 Eu-152 Eu-154

Area Number Date pCilg |Q| MDA pCilg |Q| MDA pCilg |Q| MDA
OA1 J00Co1 12/11/2002 4.70E-02 |U| 4.70E-02 | 1.10E-01 |U| 1.10E-01 | 1.70E-01 [U| 1.70E-01
Duplicate of JOOCO1 J00Co9 12/11/2002 4.30E-02 |U| 4.30E-02 | 9.90E-02 |U| 9.90E-02 | 1.40E-01 |U| 1.40E-01
Split of JOOCO1 Jooc11 12/11/2002 1.43E-02 |U| 2.40E-02 | -1.53E-02 |U | 5.43E-02 | 3.85E-03 |U| 6.56E-02
OA2 J00C02 12/11/2002 4.90E-02 |U| 4.90E-02 | 1.10E-01 {U| 1.10E-01 | 1.60E-01 |U| 1.60E-01
OA3 JOOCO03/JOOHLY | 12/11/2002, 2/26/03 | 4.00E-02 |U| 4.00E-02 | 9.00E-02 |U| 9.00E-02 | 1.40E-01 |U| 1.40E-01
OA4 Jo0C04 12/11/2002 4.80E-02 |U| 4.80E-02 | 1.10E-01 |U| 1.10E-01 | 1.50E-01 |U| 1.50E-01
OB5 JO0C05 12/11/2002 410E-02 |U| 4.10E-02 | 8.70E-02 |U | 8.70E-02 | 1.40E-01 |U| 1.40E-01
0B6 Jo0Ccos 12/11/2002 3.90E-02 |U| 3.90E-02 | 9.00E-02 |U| 9.00E-02 | 1.40E-01 |U| 1.40E-01
0B7 Jooco7 12/11/2002 5.70E-02 |U| 5.70E-02 | 1.10E-01 |U| 1.10E-01 | 2.00E-01 |U| 2.00E-01
oB8 JooCcos 12/11/2002 4.00E-02 |U| 4.00E-02 | 8.50E-02 |U| 8.50E-02 | 1.20E-01 |U| 1.20E-01

HEIS = Hanford Environmental Information System
MDA = Minimum detectable activity
PQL = practical quantitation limit

U = Analytical result was below laboratory detection limit.
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B1.0 DATA QUALITY ASSESSMENT FOR THE 116-F-1 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 700 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-1 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-1 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

Al 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.

* 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 [LCS] or blank spike sample).

e 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,
H2024, 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).
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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 by the validator 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 (£t30%), 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 H2024 follows.

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

e Of the 14 nondetect results reported above their TDLs, none exceeded the TDL by
more than a factor of 2. All missed TDL nondetects in the validated results were
less than one-tenth of their associated remedial action goals (RAGs). Additional
discussion on analyses with missed TDLs is provided in Section B1.3.

Nonradionuclides. No major or minor deficiencies were noted for nonradionuclides
during validation.

B-3
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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 contaminants of concern
(COCs):

Cesium-137: 6 of 32 nondetect results
Cobalt-60: 33 of 44 nondetect results
Europium-152: 34 of 42 nondetect results
Europium-154: 43 of 44 nondetect results.

* & o o

Of the 101 nondetect results reported above their TDLs, only 8 exceeded the TDL by
more than a factor of 3. All missed TDL nondetects in shallow zone and overburden
samples were less than one-tenth of their associated RAGs with eight exceptions:
0.27 pCi/g and 0.19 pCi/g versus 1.4 pCi/g for cobalt-60; 0.31 pCi/g, 0.32 pCi/g,

0.33 pCi/g, 0.35 pCi/g, 0.35 pCi/g, and 0.39 pCi/g versus 3.0 pCi/g for europium-154.
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.

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.
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The RPDs for laboratory duplicates were within acceptable limits for all COCs except as
follows:

e The cesium-137 sample batch laboratory duplicate result (duplicate performed on
another sample in the batch) for sample JOOFJ6 was 33%, which is slightly higher
than the contractual control limit of 30%. Other results in the duplicate analysis were
within control limits. Because the result for cesium-137 was well below the cleanup
criteria, and the RPD is very near the contractual limit, the data are of sufficient
quality for decision-making purposes.

Spike recoveries for laboratory batches were within acceptable limits for all COCs
except as follows:

e In shallow zone field split sample JOOFF8, the laboratory hexavalent chromium MS
recovery was 59%, which is outside control limits (+30%). The laboratory notes that
the low recovery indicates matrix effects. The LCS recovery results for this data
package (SDG W03941), including the LCS result for hexavalent chromium,
generally indicate that the laboratory methodology is working well, which is one
purpose of the MS analysis. Thus, the low MS recovery is assumed to be
attributable to limited matrix heterogeneity, and the data are believed to be of
sufficient quality for decision-making purposes.

All other parameters meet acceptance criteria.

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 (JOOC10), and the following field duplicate and split samples:
Duplicate pairs:

Sample JOOFHO, duplicate of shallow zone sample JOOFF9

Sample JOOFJ5, duplicate of shallow zone sample JOOFJ4

Sample JOOCO09, duplicate of overburden sample JOOCO1.

Split pairs:

Sample JOOFKO9, split of shallow zone sample JOOFHO

Sample JOOFLO, split of shallow zone sample JOOFJ4

Sample JOOC11, split of overburden sample JOOCO1.

B1.4.1 Equipment Blank Samples

One equipment blank sample (JOOC10) was collected as part of the QA/QC measures.
The blank sampie results for this site were less than detection for ali COCs.

B-5



CVP-2002-00009
Rev. 0

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 duplicates are 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 RPD was required for arsenic in both shallow
zone duplicate pairs, and in the overburden pair as well. All RPD results were within the
+/-30% range with one exception. The RPD between samples JOOFHO and JOOFF9
was 31%, which is very close to the +/-30% limit. These field QA/QC sample results
tend to suggest a limited degree of heterogeneity with regard to arsenic. Variance
analysis (Appendix C) indicates that the number of verification samples that were taken
at this site is sufficient for cleanup verification. The use of statistical values described in
Section 5.0 is used to compensate for COC variance at the site and ensure that
decisions are made within acceptable error tolerance. On this basis, the usefulness of
these data is not affected.

B1.4.3 Field Split Samples

Split samples were 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 RPD 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.

Based on these criteria, calculation of the RPD was required for arsenic in both shallow
zone split pairs, and in the overburden pair as well. All RPD results were within the
+/-30% range.

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.

B-6



CVP-2002-00009
Rev. 0

B2.0 REFERENCES

BHI, 2000a, Data Validation Procedure for Radiochemical Analysis, BHI-01433, Bechtel
Hanford, Inc., Richland, Washington.

BHI, 2000b, Data Validation Procedure for Chemical Analysis, BHI-01435, Bechtel
Hanford, Inc., Richland, Washington.

BHI-EE-01, Environmental Investigations Procedures, Bechtel Hanford, Inc., Richland,
Washington.

DOE-RL, 2001, 100 Area Remedial Action Sampling and Analysis Plan, DOE/RL-96-22,
Rev. 3, U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

DOE-RL, 2002, Remedial Design Report/Remedial Action Work Plan for the 100 Area,
DOE/RL-96-17, Rev. 4, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

EPA, 1994, USEPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review, EPA 540/R-94/013, U.S. Environmental Protection
Agency, Washington, D.C.

EPA, 2000, Guidance for Data Quality Assessment, EPA QA/G-9, QA00 Update,
U.S. Environmental Protection Agency, Office of Environmental Information,
Washington, D.C.

Tech Law, 2003a, /Inorganics - Data Package No. H2024-LLI (SDG No. H2024),
Tech Law, Inc., Richland, Washington.

Tech Law, 2003b, Radionuclides - Data Package No. H2024-EB (SDG No. H2024),
Tech Law, Inc., Richland, Washington.

B-7



CVP-2002-00009
Rev. 0



CVP-2002-00009
Rev. 0

APPENDIX C

RESRAD INPUT PARAMETERS
AND CALCULATION BRIEF EXCERPTS



CVP-2002-00009
Rev. 0



CVP-2002-00009
Rev. 0

RESRAD INPUT PARAMETERS FOR THE
SHALLOW ZONE

C-1



C-2

CVP-2002-00009
Rev. 0



1RESRAD, Version 6.21
Summary : 116-F-1 Shallow Zone Radionuclides

Part T
f1rfiiiz

M
I

Table of Contents

xture Sums and Single Radionuclide Guidelines

i
TP IITfIIIIIITIIII T IIeaneqesssssesee

Dose Conversion Factor (and Related) Parameter Summary ...
Site-Specific Parameter SUMMAYY .. .vrr v rrieeenoneennannnns
Summary of Pathway Selections ................iiininnannnn
Contaminated Zone and Total Dose Summary .........cceeuna.
Total Dose Components

Time =
Time =
Time =
Time =
Time =
Time =
- Time =
Time =
Time =
Dose/SBource

0.000E+00 ... it it i i i e
1.000E+00 . ... .t i i i i e
3.000E+00 ..ot e e i e
7.100E+00

[

o
o
S
=
+

o
X1

.000E+03
Ratios Summed Over All Pathways ..............

Single Radionuclide Soil Guidelines ......................
Dose Per Nuclide Summed Over All Pathways ................
Scil Concentration Per Nuclide .......... ...t

T« Limit = 0.5 year 03/07/2003
File: 116-F-1_82Z_ rad.RAD

11:35 Page

C-3

1

CVP-2002-00009
Rev. 0



CVP-2002-00009

Rev. 0
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z_rad.RAD
Dose Conversion Factor (and Related) Parameter Summary
File: HEAST 2001 Morbidity
¢ 2 * Current @ *  Parameter

Menu ? Parameter 3 Value > Default * Name

B-1 * Dose conversion factors for inhalation, mrem/pCi: 3 3 3
B-1 3 C-14 > 2.090E-06 * 2.090E-06 ® DCF2{ 1)
B-1 * Co-60 * 2.190E-04 * 2.190E-04 3 DCF2{ 2)
B-1 * Cs-137+D > 3.190E-05 > 3.190E-05 3 DCF2{ 3)
B-1 * Eu-152 * 2.210E-04 * 2.210E-04 * DCF2( 4)
B-1 * Eu-154 * 2.860E-04 * 2.860E-04 3 DCF2( 6)
B-1 % Gd-152 * 2.430E-01 ° 2.430E-01 * DCF2( 7)

3 3 3 3
D-1 * Dose conversion factors for ingestion, mrem/pCi: 3 3 3
D-1 * C-14 : * 2.090E-06 * 2.090E-06 3 DCF3{ 1)
D-1 * Co-60 * 2.690E-05 * 2.690E-05 * DCF3({ 2)
D-1 . * Cs-137+D * 5.000E-05 3 5.000E-05 > DCF3( 3)
D-1 * Eu-152 * 6.4B0E-06 * 6.480E-06 * DCF3( 4)
D-1 ° Eu-154 * 9.550E-06 * 9.550E-06 * DCF3( 6)
D-1 * Gd-152 * 1.610E-04 * 1.610E-04 * DCF3( 7)

3 3 3 3
D-34 ?® Food transfer factors: 3 3 2
D-34 3 C-14 , plant/soil concentration ratio, dimensionless * 5.500E+00 * 5.500E+00 * RTF( 1,1)
D-34 3 C-14 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) > 3.100E-02 * 3.100E-02 * RTF{ 1,2}
D-34 * C-14 , milk/livestock-intake ratio, (pCi/L) / (pCi/d) * 1.200E-02 * 1.200E-02 * RTF( 1,3)
D_34 3 3 k] 3
D-34 * Co-60 ., plant/soil concentration ratio, dimensionless * 8.000E-02 * 8.000E-02 * RTF{ 2,1)
D-34 * Co-60 , beef/livestock-intake ratio, {pCi/kg)/{(pCi/d) * 2.000E-02 * 2.0008-02 * RTF({ 2,2)
D-34 * Co-60 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) * 2.000E-03 * 2,.000E-03 * RTF{ 2,3)
D_34 3 3 3 3
D-34 ?* Cs-137+D , plant/soil concentration ratio, dimensionless * 4.000E-02 * 4.000E-02 * RTF( 3,1)
D-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg) / (pCi/d) * 3.000E-02 3 3.000E-02 ® RTF( 3,2}
D-34 * Cs-137+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ° 8.000E-03 * 8.000E-03 * RTF( 3,3)
D_34 3 a 3 3
D-34 3 Bu-152 , plant/soil concentration ratio, dimensionless 3 2.500E-03 3 2.500E-03 * RTF{ 4,1)
D-34 * REu-152 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) * 2.000E-03 * 2.000E-03 3 RTF({ 4,2)
D-34 * Eu-152 , milk/livestock-intake ratio, (pCi/L) / (pCi/d) * 2.000E-05 * 2.000E-05 * RTF{ 4,3)
D_34 3 3 3 3
D-34 * Bu-154 , plant/soil concentration ratio, dimensionless 3 2.500E-03 ? 2.500E-03 » RTF{ 6,1
D-34 * Eu-154 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF( 6,2)
D-34 * Eu-154 , milk/livestock-intake ratio, (pCi/L)/{pCi/d) * 2.000E-05 * 2.000E-05 ? RTF{ 6,3
9.34 k) 3 3 3
D-34 ?* Gd-152 , plant/soil concentration ratio, dimensionless > 2.500E-03 * 2.500E-03 °® RTF({ 7,1)
D-34 * Gd-152 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d} 3 2.000E-03 * 2.000E-03 * RTF{ 7,2)
D-34 * Gd-152 . milk/livestock-intake ratio, {pCi/L} /{pCi/d) * 2.000E-05 * 2.000E-05 * RTF( 7,3)

3 3 3 3
D-5 * Biocaccumulation factors, fresh water, L/kg: 3 3 2
D-5 * C-14 , fish : > 5S.000E+04 3 5.000E+04 ° BIOFAC( 1,1)
D-5 3 C-14 , crustacea and mollusks * 9.100E+03 * 9.100E+03 3 BIOFAC( 1,2)
D_S 3 3 3 3
D-5 * Co-60 , fish * 3.000E+02 * 3.000E+02 * BIOFAC( 2,1)
D-5 * Co-60 , crustacea and mollusks * 2.000E+02 * 2.000E+02 * BIOFAC( 2,2)
D_S 3 3 3 3
D-5 * Cs-137+D , fish 3 2.000E+03 3 2.000E+03 * BIOFAC( 3,1)
D-5 * Cs-137+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 ® BIOFAC{ 3,2}
D-S 3 3 3 3
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_SZ_rad.RAD
Dose Conversion Factor {and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity
0 2 * Current °? *  Parameter

Menu 3 Parameter 3 Value * Default Name

D-5 ? Eu-152 , fish * 5.000E+01 * 5.000E+01 * BIOFAC( 4,1)
D-5 3 Eu-152 . crustacea and mollusks * 1.000E+03 2 1.000E+03 * BIOFAC( 4,2)
D-S 3 3 3 a

D-5 2 Eu-154 , fish * 5.000E+01 * 5.000E+01 * BIOFAC( 6,1)
D-5 3 Eu-154 . crustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC{ 6,2)
D_S 3 3 3 3

D-5 3 Gd-152 , fish * 2.500E+01 * 2.500E+01 * BIOFAC{ 7,1)
b-5 * Gd-152 , crustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC( 7,2)
FSSR SN ISEPAFE IR SRS SASIRRITAE SRS SRS S SRS EEEEPAIER SR SRS EE S OIS RA SRS S LSS EeItTa:
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z_xrad.RAD
Site-8pecific Parameter Summary

0 3 3 User 3 2 Used by RESRAD *  Parameter
Menu 2 b “_?§§§1}}§ (If different from user input) 2 Name
RO11 * Area of contaminated zone (m**2) * 2.482E+04 * 1.000E+04 3 --- * AREA
RO11 * Thickness of contaminated zone (m) * 6.400E+00 * 2.000E+00 ? -—- 3 THICKO
RO11 ? Length parallel to aquifer flow (m) * 3.100E+01 * 1.000E+02 ? - * LCZPAQ
R0O11 * Basic radiation dose limit (mrem/yr) 3 1.500E+01 * 2.500E+01 °? -—- * BRDL
R0O11 * Time since placement of material (yr) * 0.000E+00 * 0.000E+00 ? - : TI
R0O11 * Times for calculations (yr) 3 1.000E+00 * 1.000E+0Q0 3 - 3T 2)
RO11 ?* Times for calculations {(yr) 3 3.000E+00 * 3.000E+00 3 “-- 2 T{ 3)
R011 * Times for calculations (yr) 3 7.100E+00 * 1.000E+01 * --- 3 T( 4)
R011 ®* Times for calculations {yr} 2 1.500E+01 * 3.000E+01 - 2 T( 5)
R011 * Times for calculations (yr) 3 4.300E+01 * 1.000E+02 * --- 3 T( 6)
RO11 * Times for calculations (yr) * 1.000E+02 * 3.000E+02 3 -—- > T( 7)
RO11 * Times for calculations (yr) 3 3.000E+02 * 1.000E+03 ? --- 3 1T({ 8)
RO11 * Times for calculations (yr) * 1.000E+03 * 0.000E+00 ?* --- 3 7T( 9)
R0O11 * Times for calculations (yr) * not used 3 0.000E+00 * -—- 3 T{10)

3 3 3 3 3
R012 3 Initial principal radionuclide (pCi/g): C-14 3 1.470E+00 * 0.000E+00 ? - 2 s1( 1)
R012 * Initial principal radionuclide (pCi/g): Co-60 3 5.490E-02 * 0.000E+00 ? .- 3 81( 2)
R012 * Initial principal radionuclide {(pCi/g): Cs-137 * 1.100E-01 * 0.000E+00 ? - 3 51( 3)
RO12 * Initial principal radionuclide {pCi/g): Eu-152 * 1.770E-01 * 0.000E+00 @ - * 81( 4)
R012 * Initial principal radionuclide (pCi/g): Eu-154 °* 1.370E-01 * 0.000E+G0 3 - 2 81( 6)
R012 * Concentration in groundwater (pCi/L): C-14 * not used > 0.000E+00 * - S Wi( 1)
R0O12 * Concentration in groundwater {pCi/L): Co-60 * not used 3 0.000E+00 °? - 3 Wi( 2)
R012 * Concentration in groundwater (pCi/L): Cs-137 * not used * 0.000E+00 3 --- P W1 3)
R012 * Concentration in groundwater (pCi/L): Eu-152 3 not used * 0.000E+00 @ - P W1( 4)
R012 * Concentration in groundwater (pCi/L): Eu-154 * not used * 0.000E+00 * --- 2 Wi( 8)

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

3 3 k] 3 3
R014 * Density of saturated zone (g/cm**3) * 1.600E+00 * 1.500E+00 ? --- 2 DENSAQ
R014 ?* Saturated zone total porosity > 4.000E-01 * 4.000E-01 ? --- * TPSZ
RO14 * Saturated zone effective porosity 3 2.500E-01 ? 2.000E-01 ? --- 3 EPSZ
RO14 * Saturated zone field capacity * 1.500E-01 * 2.000E-01 * --- * FCSz
RO14 * Saturated zone hydraulic conductivity {(m/yr) * 5.530E+03 * 1.000E+02 ? --- 3 HCSZ
RO14 * Saturated zone hydraulic gradient * 1.250E-03 * 2.000E-02 3 - 3 HGWT
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_SZ_rad.RAD
Site-Specific Parameter Summary {continued)
[} 3 3 User 2 3 Used by RESRAD *  Parameter
Menu * Parameter 3 Input * Default * (If different from user input) 2 Name

R

RO14 * Saturated zone b parameter 2 4.050E+00 * 5.300E+00 ? - 3 BSz
RO14 * Water table drop rate (m/yr) * 1.000E-03 * 1.000E-03 * - 3 VWT
RO14 * Well pump intake depth (m below water table) 3 4.600E+00 * 1.000E+01 3 - 2 DWIBWT
RO14 * Model: Nondispersion (ND) or Mass-Balance (MB) 3 ND * ND 2 --- * MODEL
R0O14 ?* Well pumping rate (m**3/yr) 3 2.500E+02 * 2.500E+02 ? - > UW
3 3 3 3 3
RO15 * Number of unsaturated zone strata 20 P 1 2 -—- * NS
3 3 3 3 3
RO16 * Distribution coefficients for C-14 s s s s
RO16 *  Contaminated zone {cm**3/g) 3 2.000E+02 3 0.000E+00 3 - » peNUCC( 1)
RO16 * Saturated zone (cm**3/g) * 2.000E+02 * 0.000E+00 * - * DONUCS( 1)
RO16 * Leach rate (/yr) 2 0.000E+00 * 0.000E+00 * 3.900E-05 * ALEACH( 1)
R016 *  Solubility comstant * 0.000E+00 * 0.000E+00 * not used * SOLUBK( 1)
3 3 3 3 3
RO16 * Distribution coefficients for Co-60 4 3 3 3
RO16 3 Contaminated zone (cm**3/g) * S5.000E+01l * 1.000E+03 ? - 3 DCNuCcc( 2}
RO16 * Saturated zome (cm**3/g) > 5.000E+01 3 1.000E+03 ? --- * DCNUCS( 2)
RO16 * Leach rate (/yr) > 0.000E+00 * 0.000E+00 3 1.557E-04 * ALEACH( 2)
ROl6 3 Solubility constant * 0.000E+00 * 0.000E+00 3 not used * SOLUBK({ 2)
3 3 3 3 3
R016 * Distribution coefficients for Cs-137 2 2 3 3
RO16 3 Contaminated zone (cm**3/g) 3> 5.000E+01 * 1.000E+03 * - 3 DONUCC{ 3)
RO16 3 Saturated zome (cm**3/g) * 5.000E+01 * 1.000E+03 ? - > DCNUCS{ 3)
R016 * Leach rate (/yr) 3 0.000E+00 3 0.000E+00 3 1.557E-04 * ALEACH( 3)
RO16 @ Solubility constant * 0.000E+00 * 0.000E+00 not used * SOLUBK{ 3)
3 3 3 3 3
R016 * Distribution coefficients for Eu-152 3 3 3 3
RO16 3 Contaminated zone (cm**3/g) 3 2.000E+02 *-1.000E+00 * --- 3 DCNUCC( 4)
RO16 2 Saturated zone (cm**3/g) 3 2.000E+02 3-1.000E+00 3 --- 3 DCNUCS( 4)
RO1l6 * Leach rate {/yr) ® 0.000E+00 * 0.000E+00 3 3.900E-05 3 ALEACH{ 4)
RO16 2 Solubility constant * 0.000E+00 * 0.000E+00 * not used * SOLUBK/({ 4)
3 3 3 3 3
R016 ? Distribution coefficients for Eu-154 3 3 3 3
RO16 ? Contaminated zone (cm**B/g)' 3 2.000E+02 3-1.000E+00 3 - * DCNUCC( 6)
RO16 * Saturated zone (cm**3/g) 2 2.000E+02 *-1.000E+00 2 - > DCNUCS({ 6)
RO16 3 Leach rate (/yr) * 0.000E+00 * 0.000E+00 2 3.900E-05 * ALEACH{ &)
ROl6 * Solubility constant * 0.000E+00 * 0.000E+00 * not used 3 SOLUBK({ 6)
3 3 3 3 3
RO16 * Distribution coefficients for daughter Gd-152 2 3 ? 3
RO16 * Contaminated zone (cm**3/g) *-1.000E+00 *-1.000E+00 3 8.249E+02 * pONUCC( 7)
RO16 *  Saturated zone {cm**3/g) 2-1.000E+00 *-1.000E+00 3 - 8.249E+02 3 pONUCS ( 7)
RO16 *  Leach rate {/yr) 3 0.000E+00 * 0.000E+00 ? 9.460E-06 3 ALEACH( 7)
RO16 3  Solubility constant * 0.000E+00 * 0.000E+00 3 not used * SOLUBK{ 7)
EY . 3 3 3 3
RO17 * Inhalation rate (m**3/yr) 3 7.300E+03 * 8.400E+03 2 - 3 INHALR
R017 * Mass loading for inhalation (g/m**3) 3 1.000E-04 ® 1.000E-04 * - 3 MLINH
R017 * Exposure duration * 3.000E+01 * 3.000E+01 3 - 3 ED
R017 3 ghielding factor, inhalation * 4.000E-01 * 4.000E-01 3 - ! SHF3
R017 * Shielding factor, external gamma 3 B8.000E-01 * 7.000E-01 °* - 3 SHF1
R0O17 * Fraction of time spent indoors * 6.000E-01 * 5.000E-01 * - 3 FIND
R017 * Fraction of time spent ocutdoors (on site) * 2.000E-01 * 2.500E-01 2 - * FOTD
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_SZ_rad.RAD
Site-gpecific Parameter Summary {continued)
0 2 3 User > 2 Used by RESRAD *  Parameter
3 Default * (If different from user input) 2 Name

3 Shape factor flag, external gamma * 1.000E+00 * 1.000E+00 * >0 shows circular AREA. * FS
R0O17 * Radii of shape factor array {(used if FS = -1): 2 3 3 3
RO17 ? Outer annular radius (m), ring 1: ?* not used * 5.000E+01 ? - 3 RAD_SHAPE( 1)
RO17 3 Outer annular radius (m), ring 2 * not used * 7.071E+01 ? -—- * RAD_SHAPE( 2)
ROL7 * Quter annular radius {(m}), ring 3 * not used 3 0.000E+00 3 —-- * RAD_SHAPE{ 3)
RG17 2 Outer annular radius (m), ring 4: > not used * 0.000E+00 » - * RAD_SHAPE{ 4)
RO17 3 Outer anmular radius (m), ring 5: * not used * 0.000E+00 ° B * RAD _SHAPE{ 5)
ROL17 3 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 ? R 3 RAD SHAPE{ 7)
R017 *  Outer annular radius {(m), ring : * not used * 0.000E+00 @ --- * RAD_SHAPE( 8)
RO17 @ Outer annular radius {(m), ring 9: * not used * 0.000E+00 ? - ® RAD SHAPE{ 39)
RO17 *  Outer annular radius (m), ring 10: * not used * 0.000E+00 ? --- * RAD_SHAPE (10)
ROL7 2 Quter annular radius (m), ring 11: 3 not used * 0.000E+00 2 -—— * RAD_SHAPE(11)
RO17 3 Quter annular radius (m), ring 12: * not used * 0.000E+00 3 - 3 RAD_SHAPE{12)
3 3 3 3 3
RO17 * Fractions of annular areas within AREA: B : s 3
RO17 * Ring 1 * not used 3 1.000E+00 3 .- > FRACA( 1)
RO17 * Ring 2 * not used 3 2.732E-01 3 - * FRACA({ 2)
RO17 * Ring 3 * not used * 0.000E+00 3 - * FRACA( 3)
R0O17 * Ring 4 * not used * 0.000E+00 ? - > FRACA( 4)
RO17 * Ring 5 * not used * 0.000E+00 ? - * FRACA{ 5)
RO17 * Ring 6 *> not used * 0.000E+00 * - * FRACA( 6)
RO17 * Ring 7 * not used 3 0.000E+00 3 - * FRACA( 7)
RO17 * Ring 8 * not used * 0.000E+00 °? --- > FRACA{ 8)
RO17 * Ring 9 > not used 3 0.000E+00 3 - * FRACA( 9)
RO17 *  Ring 10 > not used * 0.000E+00 3 --- * FRACA(10)
RO17 *  Ring 11 * not used * 0.000E+00 2 - * FRACA(11)
RO17 *  Ring 12 * not used * 0.000E+00 °? - > FRACA(12)
3 3 3 E 3
R018 * Fruits, vegetables and grain consumption (kg/yr) * 1.100E+02 * 1.600E+02 2 = * DIET(1)
R018 * Leafy vegetable consumption (kg/yr) * 2.700E+00 * 1.400E+01 3 - * DIET(2)
RO18 * Milk consumption (L/yr) > 1.000E+02 * 9.200E+01 3 —-- * DIET(3)
R018 * Meat and poultry consumption (kg/vyr) * 3.600E+01 * 6.300E+01 3 -~ * DIET {(4)
R018 * Fish consumption (kg/yr) > 1.970E+01 * 5.400E+00 °* - * DIET(5)
R0O18 * Other seafood consumption (kg/yr) * 9.000E-01 * 2.000E-01 ? --- * DIET{&)
R018 * Soil ingestion rate {g/yr} * 7.300E+061 * 3.650E+01 * --- i 80IL
RO18 * Drinking water intake (L/yr) * 7.300E+02 * 5.100E+02 2 - 3 DWI
R018 * Contamination fraction of drinking water > 1.000E+00 2 1.000E+00 ? - * FDW
RO18 * Contamination fraction of household water * not used 2 1.000E+00 ? - 3 FHHW
R018 * Contamination fraction of livestock water * 1.000E+00 * 1.000E+00 3 --- > FLW
RO18 * Contamination fraction of irrigation water * 1.000E+00 * 1.000E+00 3 --- * FIRW
R0O18 * Contamination fraction of aquatic food * 5.000E-01 * 5.000E-01 ? - > FRY
R018 * Contamination fraction of plant food 3-1 -1 ? 0.500E+00 * FPLANT
R018 * Contamination fraction of meat 31 -1 3 0.100E+01 * FMEAT
R018 * Contamination fraction of milk 3-1 -1 3 0.100E+01 3 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 3 5.500E+01 @ - 3 LFIs
R0O19 * Livestock water intake for meat (L/day) * 5.000E+01 ® 5.000E+01 2 -— 3 LWIS
RO19 ? Livestock water intake for milk (L/day) * 1.600E+02 2 1.600E+02 * --- * LWI6
RO19 * Livestock soil intake (kg/day) * 5.000E-01 * 5.000E-01 @ - * LSI
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_SZ rad.RAD
Site-Specific Parameter Summary (contlnued)

0 3 2 User 3 Used by RESRAD 3  Parameter
Menu 3 Parameter 2 Input 3 Default 2 (Iguq}ffgrent from user input) ? Name .
R0O19 * Mass loading for foliar deposition (g/m**3) * 1.000E-04 * 1.000E-04 ? === 3 MLFD
RO19 ? Depth of soil mixing layer (m) * 1.500E-01 ® 1.500E-01 °* - * DM
RO19 ? Depth of roots (m) * 9.000E-01 * 9.000E-01 3 --- * DROOT
R019 * Drinking water fraction from ground water * 1.000E+00 * 1.000E+00 3 --- * FGWDW
R019 * Household water fraction from ground water > not used @ 1.000E+00 ? - 3 FGWHH
R019 * Livestock water fraction from ground water * 1.000E+00 * 1.000E+00 ? --- 3 FGWLW
RO19 ? Irrigation fraction from ground watex * 1.000E+00 * 1.000E+00 * - 3 FGWIR

3 2 3 3 3
R19B 3 Wet weight crop yield for Non-Leafy (kg/m**2) * 7.000E-01 3 7.000E-01 ? --- 2 YV(1)
R19B * Wet weight crop yield for Leafy (kg/m**2) * 1.500E+00 3 1.500E+00 3 - 2 YV{2)
R19B * Wet weight crop yield for Fodder (kg/m*+*2) 3 1.100E+00 * 1.100E+00 3 - 3 YV(3)
R19B * Growing Season for Non-Leafy (years) * 1.700E-01 3 1.700E-01 ? - * TE(1)
R19B ? Growing Season for Leafy (years) 3 2.500E-01 * 2.500E-01 ?* - > TE(2)
R19B * Growing Season for Fodder (years) * 8.000E-02 * 8.000E-02 ? == 3 TE(3)
R19B * Translocation Factor for Non-Leafy * 1.000E-01 * 1.000E-01 * --- 3 TIV(1)
R19B * Translocation Factor for Leafy 3 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 Intercepticn Fraction for Non-Leafy 3* 2.500E-01 * 2.500E-01 3 --- 3 RDRY (1)
R19B * Dry Foliar Interception Fraction for Leafy ® 2.500E-01 * 2.500E-01 * --- * RDRY{2)
R19B * Dry Foliar Interception Fraction for Fodder 3 2.500E-01 * 2.500E-01 ? - 3 RDRY (3}
R19B * Wet Foliar Interception Fraction for Non-Leafy * 2.500E-01 * 2.500E-01 °® - 3 RWET (1)
R19B * Wet Foliar Interception Fraction for Leafy 3 2.500E-01 * 2.500E-01 * --- * RWET (2)
R19B * Wet Foliar Interception Fraction for Fodder * 2.500E-01 * 2.500E-01 ? == 3 RWET(3)
R19B * Weathering Removal Constant for Vegetation 3 2.000E+01 * 2.000E+01 3 - 3 WLAM

3 a 3 3 3
Cl4a 3 C-12 concentration in water (g/cm**3) 3 2.000E-05 * 2.000E-05 3 - 3 CL2WTR
Cl4 * C-12 concentration in contaminated soil (g/g) * 3.000E-02 * 3.000E-02 2 - 3 C12CzZ
Cl4 * Fraction of vegetation carbon from soil * 2.000E-02 * 2.000E-02 * -—- > CSOIL
C14 * Fraction of vegetation carbon from air * 9.800E-01 * 9.800E-01 @ - * CAIR
Cl4 * C-14 evasion layer thickness in soil (m) * 3.000E-01 ° 3.000E-01 3 - * DMC
Ci4 * C-14 evasion flux rate from soil (1/sec) * 7.000E-07 * 7.000E-07 3 --- 3 EVSN
Ci4 * C-12 evasion flux rate from soil (1/sec) ® 1.000E-10 * 1.000E-10 2 - > REVSN
Cl4 * Fraction of grain in beef cattle feed * 8.000E-01 * 8.000E-01 ? - 3 AVFG4
Cl4a * Fraction of grain in milk cow feed > 2.000E-01 * 2.000E-01 3 - 3 AVFGS
Cl4 * DCF correction factor for gaseous forms of Ci4 3 8.894E+01 ? 8.894E+01 2 - ¥ CO2F

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

3 3 3 E) 3
R021 ? Thickness of building foundation (m) * not used * 1.500E-01 3 - * 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 3 4.000E-01 ? - 2 TPCV
RO21 * Total porosity of the building foundation > not used * 1.000E-01 ? ——— 3 TPFL
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z rad.RAD

Site-Specific Parameter Summary {continued)
[ 2 3 User 3 3 Used by RESRAD > Parameter
Paramet§§ 3 Default i

R021 ?* Volumetric water content of the cover material * not used ? 5.000E-02 * - 3 PH20CV
‘RO21 * Volumetric water content of the foundation * not used 3* 3.000E-02 °? - * PH20FL
R021 3 Diffusion coefficient for radon gas {m/sec): 3 3 3 3

RO21 2 in cover material * not used * 2.000E-06 3 - 3 DIFCV
RO21 3 in foundation material * not used ?* 3.000E-07 * - * DIFFL
RO21 * in contaminated zone soil * not used * 2.000E-06 ? - * DIFCZ
R021 ® Radon vertical dimension of mixing (m) * not used * 2.000E+00 ? ——— * HMIX
R021 ?* Average building air exchange rate (1/hr) ®* not used * 5.000E-01 @ - * REXG
R021 * Height of the building (room) {(m) * not used * 2.500E+00 3 ——— * HRM
R021 * Building interior area factor * not used 2 0.000E+00 * --- 3 FAI
R021 * Building depth below ground surface (m) 3 not used *-1.000E+00 * --- 3 DMFL
R021 * Emanating power of Rn-222 gas * not used ? 2.500E-01 ? - > EMANA (1)
R021 * Emanating power of Rn-220 gas * not used * 1.500E-01 * - 3 EMANA(2)

3 3 k] 3 3

TITL * Number of graphical time points 2 32 3 - 2 - 3 NPTS
TITL * Maximum number of integration points for dose 2 17 3 - 2 -—- * LYMAX
TITL * Maximum number of integration points for risk 3 257 3 - 3 --- 3 KYMAX
FESSSSENSESSSRSSS SIS EECRSNONRRT RS EARRRSANETERARSIR SRR IR ARRACEUSEEURCRNTOIRERRISERRARRRE RS R SR SRR RIS SRS E RN SR RS S e SR TN

Summary of Pathway Selections

Pathway 2 User Selection
1 -- external gamma 3 active
2 -~ inhalation {w/o radon)? active
3 -- plant ingestion 3 active
4 -- meat ingestion 3 active
5 -- milk ingestion 3 active
6 -- aquatic foods 3 active
7 -- drinking water 3 active
8 -- soil ingestion 2 active
9 -- radon 2 suppressed
Find peak pathway doses 3 active
I IITIIIIIfTI I I I I I TSI TIIITITITTIILLTITTS
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_SZ_rad.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
ARARAAAAARAARARAAAARARAARARAA  AAARARAAAARAARARARARAAARARAARAAAAR
Area: 24817.00 square meters C-14 1.470E+00
Thickness: 6.40 meters Co-60 5.490E-02
Cover Depth: 0.00 meters Cs~137 1.100E-01
Eu-152 1.770E-01
Eu-154 1.370E-01
o]

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 1.3500E+01 mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t {years): 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03

TDOSE(t): 5.613E+00 3.315E+00 1.973E+00 1.373E+00 8.359E-01 2.130E-01 3.322E-02 2.957E-04 2.813E-11

M(t): 3.742E-01 2.210E-01 1.315E-01 9.157E-02 5.572E-02 1.420E-02 2.215E-03 1.971E-05 1.875E-12
OMaximum TDOSE(t): 5.613E+00 mrem/yr at t = 0.000E+00 years

C-11



1RESRAD,

Summary :

Radio-
Nuclide
C-14
Co~60
Cs-137
Eu-152
Eu-154
Ifffiis
Total

Radio-
Nuclide
C-14
Co-60 -
Cs-137
Eu-152
Eu-154
Total
0*Sum of

Version 6.21 T« Limit 0.5 year
116-F-1 Shallow Zone Radionuclides

03/07/2003  11:35 Page 10
File: 116-F-1_8Z rad.RAD

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

CVP-2002-00009
Rev. 0

(i} and
years

Pathways {p)

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
AAAAARAARRAARAAR ARAAARAARAARAAAA AARARAAARRARRAAAAR RAARAARAAARARAAR AARAAARAARRAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract.
AAABARARA AARARR ARAAAAAAR AAAAAR ARRAAAAAA ARAARR ARAAAAAAA AARRAA ARRARAARA AARAAR AABRAARRAR ARAAAA AAARAAARAA AAAAAA
8.221E-06 0.0000 4.888E-0G4 0.0001 O0.000E+00 0.0000 1.879E+00 0.3347 B8.238E-01 0.1468 6.385E-01 0.1138 1.117E-04 0.0000
5.320E-01 0.0960 4.995E-07 0.0000 O0.000E+00 0.0000 6.238E-03 0.0011 5.918E-03 0.0011 1.356E-03 0.0002 8 GB1E-05 0.0000
2.389E-01 0.0426 1.538E-07 0.0000 O0.000E+00 0.0000 1.225E-02 0.0022 1.891E-02 0.0034 1.174E-02 0.0021 3.175E-04 0.0001
7.812E-01 0.1392 1.690E-06 0.0000 0.000E+00 0.0000 1.575E-04 0.0000 5.394E-05 0.0000 1.425E-06 0.0000 6.527E-05 0.0000
6.548E-01 0.1167 1.671E-06 0.0000 0.000E+00 0.0000 1.773E-04 0.0000 6.072E-05 0.0000 1.605E-06 0.0000 7.347E-05 0.0000Q
TITTEIIET TIEI81 fIEFE99%f fE298%f FITTLITIT fIT9TF LTTTf7iff TP88ff PTE7F171% $T18fFf ITTT1911% TETfTf SIFEFT€1f PITT1f
2.214E+00 0.3944 4.928E-04 0.0001 0.000E+00 0.0000 1.83%7E+00 0.3381 8.487E-01 0.1512 6.516E-01 0.1161 6.487E-04 0.0001
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

Water Fish Radon Plant Meat All Pathways*
ARAARAARRAAARAAR AAAAAAAAARAAAAAR AARARARARARARARAA AARAARAARARAARAR AARARAAABARRAAAA ARARAAARAAARAARAR
mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAARRRAAA AARAAAR ARRARARAA AAARAR AARRARAAA AARARA AAAAAAAAA ARRARA AAAAAARAA AAAAAA AARARRAAR ARARRR AARAAARAAA RAARAAA
0.000E+00 6.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 O.C00E+00 0.0000 3.342E+00 0.5953
1.255E-06 0.0000 1.537E-06 0.0000 O.000E+00 0.0000 .1.188E-07 0.0000 2.129E-07 0.0000 1.133E-07 0.0000 5.526E-01 0.0984
5.024E-06 0.0000 3.993E-05 0.0000 O0.000E+00 0.0000 4.708E-07 0.0000 1.290E-06 0.0000 1.821E-06 0.0000 2.821E-01 0.0503
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 O.000E+00 0.0000 7.815E-01 0.1392
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 0.000E+00 0.0000 6.551E-01 0.11€67
TITTIIIIT L9111 fPFE9988%F fIff%f fEI89%% fI93% IIfIffT€f FITRf7 SEfff177f PEE8ff fTTT1811f TTf7ff FTTTFIfff FIffet
6.279E-06 0.0000 4.147E-05 0.0000 0.000E+00 0.0000 5.895E-07 0.0000 1.503E-06 0.0000 1.934E-06 0.0000 5.613E+00 1.0000

all water independent and dependent pathways.

C-12



1RESRAD,

Summary :

o

Radio-
Nuclide

C-14
Co-60
Cs-137
Eu-152
Eu-154
Titfiiz
Total

<

Radio-
Nuclide
ARAARAA
C-14
Co-60
Cs-137
Eu-152
Eu-154
1f1ifis
Total
O0*Sum of

Version 6.21 T« Limit = 0.5 year
116-F-1 Shallow Zone Radionuclides

03/07/2003 11:35 Page 11
File: 116-~F-1_SZ_rad.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+00 years

Water Independent Pathways (Inhalation excludes radon)

Inhalation Radon Plant Meat

ARRARAARAARAAAAR AAARARRARARAAAAA AAAAAARRARAARAAA AAAAARAAARARAAAR AAARARAARAARARAA
mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
BAAAARARARA AAAARA ARARRAAAR ARRAAR AARARARARR ARAAAAR ARARAAAAA RARAAR ARAARARAR ARRRAA
2.914E-06 0.0000 1.732E-04 0.0001 0.000E+00 0.0000 6.715E-01 0.2026 3.031E-01 0.0914
4.725E-01 0.1425 4.379E-07 0.0000 0.000E+00 0.0000 5.468E-03 0.0016 5.188E-03 0.0016
2.334E-01 0.0704 1.503E-07 0.0000 0.000E+00 0.0000 1.197E-02 0.0036 1.8478E-02 0.0056
7.416E-01 0.2237 1.604E-06 0.0000 O0.000E+00 0.0000 1.495E-04 0.0000 5.120E-05 0.0000
6.052E-01 0.1826 1.544E-06 0.0000 O0.000E+00 0.0000 1.639E-04 0.0000 5.612E-05 0.0000
IITFTIT9L fI1%F% FIEITE17% ff7%FfF PIRET187f Tfffff TITTTTIEf fETTff PPETEIET TIIEif
2.053E+00 0.6152 1.770E-04 0.0001 O0.0CO0E+00 0.0000 6.892E-01 0.2079 3.269E-01 0.0986
Total Dose Contributions TDOSE({i,p,t) for Individual Radiomuclides (i) and

As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

Water Dependent Pathways
Water Fish Radon Plant Meat

AAAAAAAAAAARAARD  AAAABAAAADRAARAAN AAAAAAAAAAAARAAR AAAAAAARARRAARRA AAAAAARAAARARRAAR

mrem/yr fract mrem/yr £fract mrem/yr fract. mrem/yr fract. mrem/yr fract
AAARRRAAA AAAAAR AARAAARAR ARARAR AAAAARRAA AAARAA AAARARAAA AARAAA AAAAABAAR ARAAAR
0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
3.378E-06 0.0000 4.355E-06 0.0000 0.000E+00 0.0000 3.583E-07 0.0000 1.212E-06 0.0000
1.488E-05 0.0000 1.244E-04 0.0000 0.000E+00 0.0000 1.561E-06 0.0000 8.020E-06 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.0C0E+00 0.06000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.06000 0.000E+00 0.0000
ITTTITTIT ITI1T IEETIE1IT PP€%F7 PLPTETLEf TT1187 IRfffIRFF f1fiff fITITEEET fIfifs
1.826E~05 0.0000 1.288E-04 0.0000 0.000B+00 0.0000 1.919E-06 0.0000 9.232E-06 0.0000

all water independent and dependent pathways.

C-13

CVP-2002-00009

Rev. 0

Pathways (p)

AABRAAA
0.0701
0.0004
0.003s5
0.0000
0.0000

2.325E-01
1.189E-03
1.147E-02
1.353E-06
1.483E-06
Ifirfaeg
2.452E-01 0.0740

Pathways (p)

0.000E+00
4.190E-07
7.386E-06
0.000E+00
0.000E+00
iffrrfiig
7.805E-06

0.0000
6.0000
0.0000
0.0000
I1ifit
6.0000

3.958E-05
7.084E-05
3.102E-04
6.196E-05
6.791E-05
frfitiiis
5.505E-04

0.0000
11fiit
6.0002

All Pathways*

1.207E+00
4.844E-01
2.758E-01
7.419E-01
6.055E-01
Ifririnis
3.315E+00



1RESRAD,
Summary

Radio-
Nuclide
RAARAAA
C-14
Co-60
Cs-137
Eu-152
Bu-154
ITITIIE
Total

Radio-
Ngclide
C-14
Co-60
Cs-137
Eu-152
Bu~154
firriis
Total
0*3Sum of

CVP-2002-00009

Rev. 0
Version 6.21 T« Limit = 0.5 year 03/07/2003 11:35 Page 12
: 116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z rad.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 Meat Milk Soil
RAARRARARAAARARAA ARAAAARAAAAAARAR AAAARRARAARARAAR AARARAARAAARRARAA AAAARAAAARARARAAA ARARAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
““““““““ AAAARAR AAAAAAAAR AAAAAR AAAARAAAA AAAAAR AAARRAAARA AAARRA ARARAAARAA AAAAAA AAAAAARAA AAARRA ARAAARRAA RRAAAA

3.656E-07 0.0000 2.174E-05 0.0000 0.000E+00 0.0000 8.426E-02 0.0427 3.804E-02 0.0193 2.917E-02 0.0148 4.966E-06 O
3.631E-01 0.1840 3.365E-07 0.0000 0.000E+00 0.0000 4.202E-03 0.0021 3.987E-03 0.0020 9.136E-04 0.0005 5.444E-05 0.0000
2.22BE-01 0.1129 1.434E-07 0.0000 0.000E+00 0.0000 1.143E-02 0.0058 1.763E-02 0.0089 1.095E-02 0.0056 2.961E-04 0
6.683E-01 0.3387 1.446E-06 0.0000 0.000E+00 0.0000 1.347E-04 0.0001  4.614E-05 0.0000 1.219E-06 0.0000 5.584E-05 0
5.169E-01 0.2620 1.319E-06 0.0000 0.000E+00 0.0000 1.400E-04 0.0001 4.793E-05 0.0000 1.267E-06 0.0000 5.800E-05 0.0000
TITILTET PE89F EIINLITIT FITTIT PLIT879%% f198%% TERP99%% T9E197 $IfII17%7 $192f% FEFESffff fT18f1 fITffTff 1fiiff
1.771E+00 0.8977 2.498E-05 0.0000 0.000E+00 0.0000 1.002E-01 0.0508 5.975E-02 0.0303 4.104E-02 0.0208 4.693E-04 0.0002

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
Water Fish Radon Plant Meat Milk All Pathways*

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

0.000E+00 0.0000 .0.000E+00 0.0000 0.000E+00 0
6.102E-06 0.0000 8.004E-06 0.0000 O0.000E+00 0.0000 6.721E-07 0.0000 2.728E-06 0.0000 .406E-07 0.0000 3.723E-01 O
3.327E-05 0.0000 2.830E-04 0.0001 O0.000E+00 0.0000 3.622E-06 0.0000 2.230E-05 0.0000 .832E-05 0.0000 2.634E-01 0.1335
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 -0C0E+00 0.0000 6.686E-01 ©
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E«00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.172E-01 0
IETTLIET IITIIT SITITTLLT TIT8ff ITPE98%%1 TITIIf TITC811%f TEP79% fPfPffP¢f fID1ff $IPTTF11T TTIFff FPPfFfTeif ff1if
3.937E-05 0.0000 2.910E-04 0.0001 0.000E+00 0.0000 4.294E-06 0.0000 2.503E-05 0.0000 1.916E-05 0.0000 1.973E+00 1.0000
all water independent and dependent pathways.

.0000 O0.000E+00 0.0000 0.000E+00 0.0000 -000E+00 0.0000 1.515E-01

OO0 0o

C-14



1RESRAD,
Summary

<

Radio-
Nuclide

Cs~-137
Eu-152
Eu-154
FITIILE
Total

Eu-154
Ifrifis
Total

0*Sum of

Version 6.21

T« Limit = 0.5 year 03/07/2003 11:35 Page 13
116-F-1 Shallow Zone Radionuclides File: 116-F-1_82 rad.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Rad
As mrem/yr and Fraction of Total Dose At t
Water Independent Pathways (Inhalation e
Ground Inhalation Radon Plant
AARAARARAARAAAAA ARRARARARARARAAA ARARARAAARAAARAR AAARAAAARAAAAARA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARARAARA ARARAR ARBARARAA AAAAAR ARRRRARAA RAARAA AARKARRA RAARAR
5.167E-09 0.0000 3.072E-07 0.0000 0.000E+00 0.0000 1.191E-03 0.0009
2.116E-01 0.1541 1.961E-07 0.0000 0.000E+00 0.0000 2.449E-03 0.0018
2.025E-01 0.1474 1.304E-07 0.0000 O0.000E+00 0.0000 1.039E-02 0.0076
5.399E-01 0.3931 1.16BE-06 0.0000 O0.000E+00 0.0000 1.088E-04 0.0001
3.742E-01 0.2724 9.547E-07 0.0000 0.000E+00 0.0000 1.013E-04 0.0001
ITTfTE988 f11F%%F fIPTE9%T IIT8If IETTFFEEL PETPff PITTITITT FETLT
1.328E+00 0.9671 2.756E-06 0.0000 0.000E+00 0.0000 1.424E-02 0.0104
Total Dose Contributions TDOSE(i,p,t) for Individual Rad
As mrem/yr and Fraction of Total Dose At t
Water Dependent Pathways
Water Fish Radon - Plant
AAARRAAAAAARARAR ARAARARARAAAARAAR ARAAARRRAAAARAAA ABRAAARARARARAAR
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARARAAAA AARARA AAAARAARA ARAARA AARARAAAA ARAARAR ARAAAARAA ARARAR
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
7.748E-06 0.0000 1.023E-05 0.0000 0.000E+00 0.0000 8.660E-07 0.0000
6.580E-05 0.0000 5.636E-04 0.0004 0.000E+00 0.0000 7.267E-06 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 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000
IITITTIIT TEEf1% IEFETITE7 I119ff IIL1118%f f1%5fFf TITTTT117 TPFffff
7.355E-05 0.0001 5.738E-04 0.0004 0.000E+00 0.0000 8.133E-06 0.0000
all water independent and dependent pathways.

C-15

CVP-2002-00009
Rev. 0

ionuclides (i) and
7.100E+00 vears
xcludes radon)

Pathways (p)

Meat Milk Soil

AAAAAAAAARAARARA ARAARAARAARAAAAR ARAARAAARAARARAA

mrem/yr fract mrem/yr fract. mrem/yr fract.
AAARARARA ARAAAA AARARAAAR AARARA AAARARARA AARAAA
5.378E-04 0.0004 4.124E-04 0.0003 7.020E-08 0.0000
2.324E-03 0.0017 5.325E-04 0.0004 3.173E-05 0.0000
1.603E-02 0.0117 9.956E-03 0.0072 2.692E-04 0.0002
3.728E-05 0.0000 9.851E-07 0.0000 4.511E-05 0.0000
3.470E-05 0.0000 9.170E-07 0.0000 4.199E-05 0.0000
ITITET3EE T1%%f7 ITTEfITI7 IITfff $PEE111%f fTifff
1.896E-02 0.0138 1.090E-02 0.0079 3.881E-04 0.0003
ionuclides (i)} and Pathways (p)

7.100E+00 years

fract. mrem/yr fract mrem/yr fract.
AARARABAR ARAAAR ARAAAAAAA ARRARA AAARARRAA AAAAAA
G.000E+00 0.0000 0.000E+00 0.0000 2.142E-03 0.0016
3.739E-06 0.0000 1.110E-06 0.0000 2.170E-01 0.1580
4.758E~05 0.0000 3.768E-05 0.0000 2.399E-01 0.1746
0.000E+00 0.0000 O0.00C0E+00 0.0000 5.401E-01 0.3932
0.C00E+00 0.0000 0.000E+00 0.0000 3.744E-01 0.2726
IITI192%F f117%% IETITT18% IIFFET FITTETEPT PREfEf
5.132E-05 0.0000 3.879E-05 0.0000 1.373E+00 1.0000



1RESRAD,
Summary

]

0
Radio-
Nuclide
ARARAAA
C-14
Co-60
Cs-137
Eu-152
Eu-154
1111111
Total

Radio-
Nuclide

Co-60
Cs-137
Eu-152
BEu-154
I1fiiis
Total
0*Sum of

Version 6.
: 116-F-1 Shallow Zone Radionuclides

21

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

T« Limit =

0.5 year

03/07/2003

File:

11:35

116-F-1_SZ_rad.RAD

Page 14

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

Ground Inhalation Radon

ARAAARARAAAARARA AAARAAAARAAAABAA ARRARRAAARAAAAAR
mrem/yr fract. mrem/yr fract. mrem/yr fract.
RIRARRENEE REREFS NRRARALER REeins: SeRcakiis rrocs:
1.388BE-12 0.0000 B8.255E-11 0.0000 0.000E+00 0.0000
7.480E~02 0.0895 6.932E-08 0.0000 0.000E+00 0.0000
1.685E-01 0.2016 1.085E-07 0.0000 0.000E+00 0.0000
3.579E 01 0.4282 7.743BE-07 0 0000 O0.000E+00 0.0000

.00BE-~-01 0.2402 5.123E-07 0.0000 0.000E+00 0.0000
iiIiiiiIi 111iif frffiiiii iiiiii IffTifife frfiis
8.020E-01 0.9595 1.464E-06 0.0000 0.000E+00 0.0000

0.000E+00
5.596E-06
1.118E-04
0.000E+00
0.000E+00
11fIiiiis
1.174E-04
all water

Total Dose Contributions TDOSE(i,p,t)

0.0000
0.0000
0.0001
6.0000
¢.0000
11111t
0.0001

mrem/yr

3.200E-07
8.657E-04
8.645E-03
7.216E-05
5.437E-05
1111118488
9.6378-03

fract.
0.0000
0.0010
0.0103
0.0001
0.0001
ffi1it
0.0115

= 1.500E+01 years

AARRRAAAR
1.445E-07
8.213E-04
1.334E-02
2.471E-05
1.862E-05
IiTIiriis
1.420E-02

for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t
Water Dependent Pathways
Plant

0.000E+00 0.0000
7.413E-06 0.0000
9.606E-04 0.0011
0.000E+00 0.0000
0.000E+00 0.0000
IIfI11181 fE1fisf
9.680E-04 0.0012

Radon

0.000E+00
0.000E+00
0.000E+00 0.0000
0.000E+00 0.0000
IT1111197 111111
0.000E+00 0.0000

0.0000

independent and dependent pathways.

0.000E+00
6.294E-07
1.243E-05
0.000E+00
0.000E+00
fIrfriris
1.306E-05

C-16

0.0000
0.0000
0.0000
friiis
0.0000

0.0000
0.0010
0.0160
0.0000
6.0000
111111
0.0170

(i) and

= 1.500E+01 years

2.786E-06
8.344E-05
0.000E+00
0. 000E+00

8.622E-05

0.0001
0.0000
0.0000
Iirris
0.0001

CVP-2002-00009
Rev. 0

Pathways (p)

1.109E-07
1.882E-04
8.285E-03
6.531E-07
4.921E-07
ITTILILIT
8.474E-03

.0000
iiiii:
0.0101

Pathways (p)

0.000E+00
8.150E-07
6.510E-05
0.000E+00
0.000E+00
TITIIIfis
6.591E-05

6.0001
0.0000
0.0000
111111
0.0001

mrem/yr
1.886E~11
1.121E-05
2.240E-04
2.990E-05
2.253E-05
firifises
2.876E-04

0.0003

All Pathways*

5.755E-07
7.670E-02
2.002E-01
3.580E-01
2.009E-01
II1fifies
8.359E-01

0.2396
0.4284
0.2403
frifit
1.0000



1RESRAD, Version 6.21

Summary :
0
0 Ground
Radio- ARAAAAARARARRAAR
Nuclide mrem/yr fract.
ARRAAAA ARAARARAA ARAARA
C-14 2.601E-25 0.0000
Co-60 1.875E-03 0.0088
Cs~137 B8.786E-02 0.4125
BEu-152 8.337E-02 0.3914
Eu-154 2.210E-02 0.1038
TifIiiT IfiiiEifii ififif
Total 1.952E-01 0.9164
0
0
0 Water

T« Limit =

0.5 year
116-F-1 Shallow Zone Radionuclides

03/07/2003

11:35 Page
File: 116-F-1_SZ rad.RAD

15

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As wmrem/yr and Fraction of Total Dose At t

Water Independent Pathways (Inhalation excludes radon)
Radon

Inhalation

1.737E-09
5.657E-08
1.803E-07
5.639E-08
I1fiifTis
2.950E-07

0.0000
0.0000
0.0000
0.0000
0.0000
fii1isf
0.0000

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

0.0000
111111
0.0000

Total Dose Contributions TDOSE(i,p,t}
As wmrem/yr and Fraction of Total Dose At t
Water Dependent Pathways
Radon

Plant

mrem/yr
5.998E-20
2.170E-05
4.507E-03
1.681E-05
5.985E-06
IfffIreis
4.552E-03

fract.
0.0000
0.0001
0.0212
0.0001
0.0000
fiffii
0.0214

= 4.300E+01 years

2.712E-20
2.058E-05
6.954E-03
5.756E-06
2.049E-06
IIfifisss
6.983E-03

for Individual Radionuclides

0.0000
0.0001
0.0326
0.0000
0.0000
i111it
0.0328

(i} and

= 4.300E+01 years

CVP-2002-00009
Rev. 0

Pathways

2.079E-20
4.717E-06
4.319E-03
1.521E-07
5.416E-08
Irigigeis
4.324E-03

Pathways

(p)

0.0000
0.0203
0.0000
0.0000
111111
0.0203

(p)

1.168E-04 0.0005
6.965E-06 0.0000
2.480E-06 0.0000
II171111F 118331
1.265E-04 0.0006

All Pathways*

Eu-152
Eu-154
IffiTis
Total

0*Sum of

0.000E+00
3.949E-07
1.641E-04
0.000E+00
0.000E+00
1.645E-04
all water

0.000E+00
5.242E-07
1.413E-03
0.000E+00
0.000E+00
IIITI1I1%
1.413E-03

0.0000
0.0066
0.0000
0.0000
ifiiss
0.0066

G.000E+00
0.000E+00
G.000E+00
0.000E+00
0.000E+00
111111111
0.000E+00

independent and dependent pathways.

0.0000
G.0000

0.0000.

0.0000
0.0000
11111t
0.0000

0.000E+00
4.460E-08
1.831E-05
0.000E+00
.000E+00
111frfris
1.836E-05

<

C-17

6.0000
0.0001
0.0000
0.0000
ififis
0.0001

0.000E+00
2.004E-07
1.248E-04
0.000E+00
0.000E+00
ITffiiniz
1.250E-04

0.0000
0.0000
0.0006
0.0000
0.0000
111111
0.0006

G .000E+00
5.811E-08
9.651E-05
0.000E+00
0.000E+00
1irifisss
9.657E-05

0.0005
0.0000
0.0000
111111
0.0005

N

-211E-02 0.1038
ITI119441 11888
2.130E-01 1.0000
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116~F-1_SZ rad.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

0 Water Independent Pathways (Inhalation excludes radon)
s} Ground Inhalation Radon Plant Meat Milk

Radio- AAAAARAAAAAARAAAA AAAAAAAAARAAARAA AAAAAARAAAAARAAR AAAAAAAARAAARAAL AARAAARARARAAAAZ ARAAAARARARARAAR

Nuclide wmrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/y: fract. mrem/yr fract. mrem/yr fract.

....... AARAAAARA AAAARA ARAARAAAA AARAAR ARARARAAA AARAAA AAARAAARA ARAAAA AARARAAAA ARAARA ARARASRAR RAARAA

C-14 0.000E+00 0000 .000E+00 0.0000 -000E+00 0.0000 0.CO00E+00 0.0000 O.000E+00 0.0000 0.C00E+00 0.0000 0©.000E+00 0.0000

-000E+00 0.0000 1.195E-08 0.0000 1.133E-08 0.0000 2.597E-09 0.0000 1.548E-10 0.0000

0 o] 0

Co-60 1.032E-06 0.0000 9.566E-13 0.0000 O 4]
1.502E-08 0.0000 0.000E+00 0.0000 1.197E-03 0.0360 1.847E-03 0.0556 1.147E-03 0.0345 3.101E-05 0.0009

9 4] 0

0 0

0
]
Cs-137 2.333E-02 0.7024
Eu-152 4.293E-03 0
Eu-154 2.475E-04 0.0075 6.315E-10 0.0000 0.000E+00 0.0000 6.702E-08 0.0000 2.295E-08 0.0000 6.066E-10 0.0000 2.777E-08 0.0000
T1TII11 ILITETELT TITIET IITIITINT RITIST ZELfF978% f18f9f LTEITI91 11117 SITTIR1%F T1797F ITTTETE9f f1T11%f SPTITTI1F T7L17f
Total  2.788E-02 0.8391 2.494E-08 0.0000 0.000E+00 0.0000 1.198E-03 0.0361 1.847E-03 0.0556 1.147E-03 0.0345 3.140E-05 0.0009

.2BBE-092 0.0000 -00OE+00 0.0000 8.655E-07 0.0000 2.964E-07 0.0000 7.834E-09 0.0000 3.587E-07 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+02 years

[s] Water Dependent Pathways
4] Water Fish Radon Plant Meat Milk All Pathways*
Radio- ARARAAAAAAARAAAA AAABAAAAAAAAARAA ARAAAAAARARAAAAAE AARAARRKARARARAA PR

Nuclide mrem/yr fract; ?rgm/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
C-14 G.GOOE+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+G0 0.0000 0.000E+00 0.0000
Co-60 5.053E-10 6.0000 6.711E-10 0.0000 O.000E+00 0.0000 5.713E-11 0.0000 2.579E-10 0.0000 7.458E-11 0.0000 1.060E-06 0.0000
Cs-137 1.013E-04 0.0030 8.721E-04 0.0263 O0.000E+00 0.0000 1.131E-05 0.0003 7.746E-05 0.0023 5.974E-05 0.0018 2.858E-02 0.8632
Eu-152 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 0.000E+00 0.0000 4.295E-03 0.1293
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 O.000E+00 0.0000 2.476E-04 0.0078
IP1823% TITITIETT IIT38%F IITEISR8T IPRR8% PIIfTIIIT fRIifT TIETEIEER EETITT PTEITERET TTITIL PITTITIET FITELT FTITETIfT fiiiif
Total 1.013E-04 0.0030 8.721E-04 0.0263 0.000E+00 0.0000 1.131E-05 0.0003 7.746E-05 0.0023 5.974E-05 0.0018 3.322E-02 1.0000

0+*Sum of all water independent and dependent pathways.

C-18
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z_rad.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

Radio- AARAARAAARAARAAA AAAAAAAAARAAARAR ARARAARRRAARAAKA ARAAAARASSREAZ34 ’

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

AAARAAA AARAAAAAA AARAAA ARAAAAARA AAAAAA AAAAAAARA AAAAAR ARAAARRAR ARAAAA ARRARARAA AARARR ARRRRAARR AAARAA AAARAAARAR AAARAA
Cc-11 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
Co-60  3.785E-18 0.0000 3.508E-24 0.0000 0.000E+00 0.0000 4.381E-20 0.0000 4.157E-20 0.0000 9.524E-21 0.0000 5.675E-22 0.0000
Cs-137 2.226E-04 0.7529 1.433E-10 0.0000 0.000E+00 0.0000 1.142E-05 0.0386 1.762E-05 0.0596 1.095E-05 0.0370 2.959E-07 0.0010
Eu-152 1.297E-07 0.0004 2.806E-13 0.0000 0.000E+00 0.0000 2.614E-11 0.0000 8.952E-12 0.0000 2.366E-13 0.0000 1.083E-11 0.0000
Eu-154  3.537E-11 0.0000 9.024E-17 0.0000 0.000E+00 0.0000 9.577E-15 0.0000 3.280E-15 0.0000 8.668E-17 0.0000 3.969E-15 0.0000
TIITTIT ITTITILLT LI198% fRf9199%% $£9877 FITTI987 PIPfT7 ITFEPF1ff 11781 IfFII11f7 T17171 FTTTET1Ff FTLTTT ITITIfiff iffi1t
Total  2.228E-04 0.7533 1.436E-10 0.0000 0.000E+00 0.0000 1.142E-05 0.0386 1.762E-05 0.0596 1.095E-05 0.0370 2.959E-07 0.0010
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

o Water Dependent Pathways

(] Water Fish Radon Plant

Radio- ARAR AAARARARARAARARR

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

C-14 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0
Co-60 5.651E-21 0.0000 7.507E-21 0.0000 0.000E+00 0.0000 6.393E-22 0.0000 2.893E-21 0.0000 8.354E-22 0.0000 3.898E-18 0.0000
Cs-137 2.946E-06 0.0100 2.538E-05 0.0858 0.000E+00 0.0000 3.294E-07 0.0011 2.260E-06 0.0076 1.741E-06 0.005% 2.956E-04 0.9996
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 1.297E-07 0.0004
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 3.539E-11 0.0000
TITIIIT IIITITIIT ITIFT IEIEL18%%F fEF87% FIT13119% f1178%F STEFRffPf TEIfff FIFTI717f FETfff TfFTE175f PTTIff I1Efffiff 1f11is
Total 2.946E-06 0.0100 2.538E-05 0.0858 0.000E+00 0.0000 3.294E-07 0.0011 2.260E-06 0.0076 1.741E-06 0.0059 2.957E-04 1.0000
0*Sum of all water independent and dependent pathways.

-000E+00 0.0000 O0.000E+00 0.0000 O0.000E+0G0 0.0000
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Radio-
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C-14
Co-60
Cs-137
Bu-152
Bu-154
Iffifis
Total

oo

Radio-
Nuclide

Co~-60
Cs-137
Eu-152
Eu-154
fifiiis
Total
0*Sum of
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116-F-1 Shallow Zone Radionuclides File: 116-F-1_8Z rad.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
Water Independent Pathways (Inhalation excludes radon)

Inhalation Radon Plant Meat Milk Soil
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARAAAA ARAAAA AARARAAAAA ARAARA ARRARAAAA ARAAAR AAAARAAAA RARRAR & ARAR ARARRA AARRRRAARA ARRRRR ARAAAARAR AAARAA
0.000E+00 0.0000 O0.C0CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.889E-11 0.6715 1.216E-17 0.0000 O0.C00E+00 0.0000 $.690E-13 0.0344 1.495E-12 0.0532 9.287E-13 0.0330 2.511E-14 0.0009
1.963E-23 0.0000 6.506E-17 0.0000 O0.000E+00 0.0000 1.370E 16 0.0000 4.692E-17 0.0000 1.240E-18 0.0000 5.678E-17 0.0000
0.000E+0C 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 .000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

TITIR119F TE198% ETRT1F%f fI1317 PPTTITT8T PILT1T iiiiiiiil ITIITT TITITIIET fE1F%% EREERE197 TEIRE7 IPfRfffif TERIEf
1.889E-11 0.6715 7.722E-17 0.0000 0.000E+00 0.0000 9.691E-13 0.0345 1.495E-12 0.0532 9.287E-13 0.0330 2.516E-14 0.0009

Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
Water Dependent Pathways
Fish Radon Plant Meat Milk All Pathways*

0.000E+00 0.0000 O.0O00E+00 0.0000 O0.000E+00 0.0000 O0.Q00E+00 0.0000 O [

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

5.252E-13 0.0187 4.525E-12 0.1608 0.000E+00 0.0000 5.873E-14 0.0021 4.035E-13 0.0143 3.106E-13 0.0110 2.813E-11 1.0000
0 o 0

.000E+00 0

0

0

0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 0.000E+00 0.0000 3.070E-16
0

1

0

.0000 O.000E+00 0.0000 0.000E+00

0.000E+00 0.0000 0.000E+00 0.0000 O.C00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 .0000 0.000E+00 0.0000
TITITITIT TID981 LE19199F fI818% IRI1F9%%% fE90%% FIIT1117f ID888%F FET1717%f TPP11f <TTf1f11ff TTf1ff FIEITITIT TITFIif
5.252E-13 0.0187 4.525E-12 0.1608 0.000E+00 0.0000 5.873E-14 0.0021 4.035E-13 0.0143 3.1086E-13 -0110 2.813E-11 1.0000
all water independent and dependent pathways.
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_S2Z_rad.RAD
Dose/Source Ratios Summed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated
OParent Product Branch DSR{j,t) ({(mrem/vr)/(pCi/g)
{i) {3) Fraction* t= 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03
C-14 C-14 1.000E+00 2.273E+00 8.213E-01 1.031E-01 1.457E-03 3.915E-07 7.341E-20 0.000E+00 0.000E+00 0.000E+00
0Co-60 Co-60 1.000E+00 1.006E+01 8.823E+00 6.781E+00 3.953E+00 1.397E+00 3.S503E-02 1.930E-05 7.100E-17 0.000E+00
0Cs-137 Cs-137 1.000E+00 2.565E+00 2.507E+00 2.395E+00 2.181E+00 1.820E+00 9.598E-01 2.607E-01 2.687E-03 2.557E-10
0Bu-~152 Eu-152 7.208E-01 3.183E+00 3.021E+00 2.723E+00 2.199E+00 1.458E+00 3.396E-01 1.749E-02 5.282E-07 7.997E-23
Q0Eu-152 Eu-152 2.792E-01 1.233E+00 1.170E+00 1.055E+00 8.520E-01 5.648E-01 1.315E-01 6.775E-03 2.046E-07 3.098E-23
Eu-152 Gd4-152 2.792E-01 4.477E-17 1.313E-16 2.913E-16 5.717E-16 9.690E-16 1.568E-15 1.740E-15 1.746E-15 1.734E-15
BEu-152 &DSR (3} 1.233E+00 1.170E+00 1.055E+00 8.520E-01 5.648E-01 1.315E-01 6.775E-03 2.046E-07 1.734E-15
0Eu-154 Eu-154 1.000E+00 4.782E+00 4.419E+00 3.775E+00 2.733E+00 1.466E+00 1.614E-01 1.808E-03 2.583E-10 2.849E-34
TITEIIT TITIELT fITTIfICI ITITITI9T ITPTTF10% TIRFF19FT TETI80977 TITTTLD8% TETFF088F FRTPE785F fTTE1991 TIFfffsse
*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 6 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
{1} t= 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03
C-14 6.599E+00 1.826E+01 1.455E+02 1.030E+04 3.831E+07 *4.454E+12 *4.454E+12 *4.454E+12 *4.454E+12
Co-60 1.490E+00 1.700E+00 2.212E+00 3.795E+00 1.074E+01 4.282E+02 7.771E+05 *1.131E+15 *1.131E+15
Cs-137 5.848E+00 5.983E+00 6.263E+00 6.879E+00 8.240E+00 1.563E+01 5.754E+01 5.582E+03 5.866E+10
BEu-152 3.397E+00 3.579E+00 3.971E+00 4.916E+00 7.415E+00 3.184E+01 6.182E+02 2.047E+07 *1.765E+14
Eu-154 3.137E+00 3.334E+00 3.974E+00 5.489E+00 1.023E+01 9.293E+01 8.298E+03 5.807E+10 *2.639E+14
1111iit L1111 ILITI08T  LI18%9%ff  $PRIEE1TT  EITIIEEET fRfTEEffT PPEFTEEET TITITTIET  PEIFffiiT
*At specific activity limit
[
Summed Dose/Source Ratios DSR{i,t) in (mrem/yr)/{(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 0.000E+00 years
ONuclide Initial tmin DSR{i,tmin} G(i,tmin) DSR(i,tmax) G(i,tmax)

(1) (pCi/q) (years) (pCi/g) (pCi/g)

P A Y T VNG -t - S

C-14 1.470E+00 G.000E+00 2.273E+00 6.599E+00 2.273E+00 6.599E+00
Co-60 5.490E-02 0.0C00E+00 1.006E+01 1.490E+00 1.006E+01 1.490E+00
Cs-137 1.100E-01 0.000E+00 2.565E+00 5.848E+00 2.565E+00 5.848E+00
Eu-152 1.770E-01 0.000E+00 4.415E+00 3.397E+00 4.415E+00 3.397E+00
Bu-154 1.370E-01 0.000E+00 4.782E+00 3.137E+00 4.782E+00 3.137E+00-

TITTTIT TITIT9%%f TIITLTTITLRLT99Ff FITLETTIELT IETPI110% IRPRfEfff PFfffifis
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Summary : 116-F-1 Shallow Zone Radionuclides File: 116-F-1_82_rad.RAD
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated
ONuclide Parent BRF (i) DOSE(j,t), mrem/yr
(3) (i) t= 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03
ARAARAA ARARRARA AAARARAAAR AAAARAAAA ARRAAAAAA AAAAARARA ARRAAARAR AARAAAAAR AAAARAAAA AAAAAARAA AARRAARAA AAARAARAR
C-14 C-14 1.000E+00 3.342E+00 1.207E+00 1.515E-01 2.142E-03 S5.755E-07 1.079E-19 0.000E+00 0.000E+00 0.000E+00
0Co-60 Co-60 1.000E+00 5.526E-01 4.844E-01 3.723E-01 2.170E-01 7.670E-02 1.923E-03 1.060E-06 3.898E-18 0.000E+00
0Cs-137 Cs~137 1.000E+00 2.821E-01 2.758E-01 2.634E-01 2.399E-01 2.002E-01 1.056E-01 2.868E-02 2.956E-04 2.813E-11
0Eu-152 Eu-152 7.208E-01 5.633E-01 5.348E-01 4.819E-01 3.893E-01 2.581E-01 6.011E-02 3.096E-03 9.350E-08 1.416E-23
Eu-152 Eu-152 2.792E-01 2.182E-01 2.071E-01 1.867E-01 1.508E-01 9.997E-02 2.328E-02 1.199E-03 3.622E-08 5.483F-24
Eu-152 &DOSE(3]) 7.815E-01 7.419E-01 6.686E-01 5.401E-01 3.580E-01 8.340E-02 4.295E-03 1.297E-07 1.964E-23
0Gd-152 Bu-152 2.792E-01 7.924E-18 2.323E-17 5.157E-17 1.012E-16 1.715E-16 2.776E-16 3.080E-16 3.090E-16 3.070E-16
O0BEu-154 Eu-154 1.000E+00 6.551E-01 6.055E-01 5.172E-01 3.744E-01 2.009E-01 2.211E-02 2.476E-04 3.539E-11 0.000E+00
TITIILT ITITITT IIfRfiiiz TITTII99% FEFTTTFRT TETIETE07 TERTE007 SREL7177F RTT988F FITT1998F TTIR17187 TETTEF541

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{i.t), pCi/g
(3) {1} t= 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03
RARRARA AAAAAARA ARRARARAA BARARARAR ARAAAAAAA AAAAAAAAR AARRAAAAA AARARRARA AAAAAAAAA ARARAARAA AAAAAARAA AARAAAAAA
C-14 C-14 1.000E+00 1.470E+00 5.210E-01 6.540E-02 9.249E-04 2.4B8E-07 4.678E-20 0.000E+00 0.000E+00 0.000E+00
0Co-60 Co-60 1.000E+00 5.430E-02 4.813E-02 3.699E-02 2.156E-02 7.619E-03 1.909E-04 1.051E-07 3.856E-19 0.000E+00
0Cs-137 C(Cs-137 1.000E+00 1.100E-01 1.075E-01 1.026E-01 9.325E-02 7.760E~02 4.046E-02 1.074E-02 1.025E-04 8.698E-12
0Eu-152 Eu-152 7.208E-01 1.276E-01 1.211E-01 1.091E-01 8.817E-02 5.845E-02 1.361E-02 7.011E-04 2.118E-08 3.206E-24
Eu-152 Eu-152 2.792E-01 4.942E-02 4.691E-02 4.228E-02 3.41SE-02 2.264E-02 5.273E-03 2.716E-04 8.202E-09 1.242E-24
Eu-152 &8{j): 1.770E-01 1.680E-01 1.514E-01 1.223E-01 8.109E-02 1.889E-02 9.727E-04 2.3%38E-08 4.448E-24
0Gd~152 Eu-152 2.792E-01 0.000E+00 3.091E-16 8.809E-16 1.8B3E-15 3.302E-15 5.443E-15 6.057E-15 6.079E-15 6.039E-15
0Eu-154 Eu-154 1.000E+00 1.370E-01 1.266E-01 1.082E-01 7.829E-02 4.201E-02 4.624E-03 5.179E-05 7.400E-12 8.163E-36
TI1f1%f I7ITTI7 fPfiffiis TITITIE0T ITFIETE98 PEf1F0098 TRITIT177 TRTTL995F FOETR717F TEETTF19F TEF11706F TTTE117%8
BRF (i) is the branch fraction of the parent nuclide.
ORESCALC.EXE execution time = 4.51 seconds
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Dose Conversion Factor {and Related) Parameter Summary
File: HEAST 2001 Morbidity
2 * Current 3 ? Parameter

2 Parameter

B-1 * Dose conversion factors for inhalation, mrem/pCi: 3 3 3
B-1 * C-14 * 2.090E-06 * 2.090E-06 * DCF2( 1)
B-1 * Co-60 * 2.190E-04 * 2.190E-04 ® DCF2( 2)
B-1 2 Cs-137+4D > 3.190E-05 * 3.190E-05 * DCF2( 3)
B-1 * Eu-152 > 2.210E-04 ° 2.210E-04 * DCF2( 4)
B-1 * Eu-154 > 2.860E-04 * 2.860E-04 * DCF2( 6)
B-1 * Gd-152 * 2.430E-01 * 2.430E-01 > DCF2( 7)

3 3 3 3
D-1 * Dose conversion factors for ingestion, mrem/pCi: 3 2 3
D-1 * C-14 3 2.090E-06 * 2.090E-06 * DCF3{ 1)
D-1 * Co-60 3 2.690E-05 * 2.690E-05 * DCF3({ 2)
D-1 % Cs-1374D * 5.000E-05 > 5,000E-05 * DCF3( 3)
D-1 * Eu-152 * 6.480E-06 * 6.480E-06 » DCF3{ 4)
D-1 * Eu-154 3 9.550E-06 * 9.550E-06 * DCF3{ 6)
D-1 * Gd-152 > 1.610E-04 * 1.610E-04 > DCF3{ 7)

3 3 3 3
D-34 * Food transfer factors: 3 2 3
D-34 ¥ C-14 , plant/soil concentration ratio, dimensionless * 5.500E+00 * 5.500E+00 * RTIF{ 1,1)
D-34 * C-14 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 2 3.100E-02 * 3.100E-02 * RTF{ 1,2)
D-34 * C-14 , milk/livestock-intake ratio, (pCi/L)/{pCi/d) * 1.200E-02 * 1.200E-02 * RTF{ 1,3)
D-34 3 2 3 3
D-34 * Co-60 , plant/soil concentration ratio, dimensionless > 8.000B-02 * 8.000B-02 * RTF{ 2,1)
D-34 * Co-60 , beef/livestock-intake ratio, {(pCi/kg) / (pCi/d) 3 2.000E-02 3 2.000E-02 * RTF{ 2,2)
D-34 * Co-60 , milk/livestock-intake ratio, {pCi/L)/(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF{ 2,3)
D..34 3 3 3 3
D-34 * Cs-137+D , plant/soil concentration ratio, dimensionless * 4.000E-02 * 4.000E-02 * RTF( 3,1)
D-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg) / {pCi/d) * 3.000E-02 * 3.000E-02 * RTF{ 3,2)
D-34 * Cs-137+D , milk/livestock-intake ratio, {(pCi/L) / (pCi/d) * 8.000E-03 * B8.000E-03 * RTF{ 3,3
D_34 3 3 3 3
D-34 * Eu-152 . Plant/soil concentration ratio, dimensionless * 2.500E-03 * 2.500E-03 * RTF{ 4,1)
D-34 * Eu-152 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) * 2.000E-03 ?* 2.000E-~03 * RTF( 4,2)
D-34 * EBu-152 , milk/livestock-intake ratio, {pCi/L) / (pCi/d) * 2.000E-05 * 2.000E-05 ® RTF{ 4,3)
D_34 3 3 3 2
D~34 * Eu-154 , plant/soil concentration ratio, dimensionless * 2.500E-03 * 2.500E-03 * RTF({ 6,1)
D-34 * Eu-154 , beef/livestock-intake ratio, (pCi/kg)/{pCi/d) * 2.000E-03 * 2.000E-03 * RTF{ 6,2)
D-34 3 EBEu-154 , milk/livestock-intake ratio, (pCi/L) / (pCi/a) * 2.000E-05 * 2.000E-05 * RTF({ 6,3)
D_34 2 K] 3 3
D-34 * G4-152 , plant/soil concentration ratio, dimensionless * 2.500E-03 * 2.500E-03 * RTF{ 7,1}
D-34 * Gd-152 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) » 2.000E-03 ?* 2.000E-03 * RTF( 7,2)
D-34 ? Gd-152 , milk/livestock-intake ratio, (pCi/L) /(pCci/d) * 2.000E-05 3 2.000E-05 3 RTF({ 7,3)

3 3 3 3
D-5 °? Bioaccumulation factors, fresh water, L/kg: 3 2 3
D-5 2 C-14 , fish- 3 5.000E+04 ® 5.000E+04 3 BIOFAC{ 1,1)
D~5 °® C-14 , crustacea and mollusks * 9.100E+03 °® 9.100E+03 * BIOFAC{ 1,2)
D..5 3 3 3 3
D-5 2 Co-60 , fish * 3.000E+02 * 3.000E+02 * BIOFAC( 2,1)
D-5 2 Co-60 , crustacea and mollusks * 2.000E+02 * 2.000E+02 * BIOFAC( 2,2)
D_S 3 3 3 a
D-5 * Cs-137+D , fish * 2.000E+03 * 2.000E+03 * BIOFAC( 3,1)
D-5  Cs-137+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC{ 3,2}
D_.S 3 3 3 3
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity
0 3 3 Current 3 3  Parameter

Menu 3 Parameter 3 Value 3 Default 3 Name

* BEu-152 , fish * 5.000E+01 * 5.000E+01 * BIOFAC({ 4,1)
D-5 3 Eu-152 , ¢rustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC{ 4,2)
D_S 3 3 3 3
D-5 3 Eu-154 , fish * 5.000E+01 * S5.000E+01 % BIOFAC{ 6,1)
D-5 * Bu-154 . crustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC{ 6,2)
D_.S 3 3 3 a
D-5 3 Gd-152 , fish * 2.500E+01 ®* 2.500E+01 * BIOFAC{ 7,1)
-5 2 Gd-152 . crustacea and mollusks * 1.000E+03 * 1.000E+03 * BIOFAC( 7,2)
SESSRRA SRS EIRRENISERARRRRR LSS L SN ANERESEE AR LR CE SIS SRR IERARAREREIRN SRS SRR SRS S SRR SRR IS L)

C-27



CVP-2002-00009

Rev. 0
1RESRAD, Version 6.21 T« Limit = 0.5 year 03/10/2003 11:35 Page 4
Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Site-Specific Parameter Summary
0 2 3 User 3 3 Used by RESRAD *  Parameter

Menu Parameter

user input)

erent from

RO11 * Area of contaminated zone (m**2)} * 2.482E+04 * 1.000E+04 * - * AREA
RO11 * Thickness of contaminated zone (m) * 4.500E+00 * 2.000E+00 ? - * THICKO
RO11 * Length parallel to aguifer flow {(m) * 3.100E+01 * 1.000E+02 * - * LCZPAQ
RO11 * Basic radiation dose limit (mrem/yr) * 1.500E+01 * 2.500E+01 * - * BRDL
RO11 * Time since placement of material (yr) > 0.000E+00 * 0.000E+00 @ - 3 TI
RO11 * Times for calculations (yr) * 1.000E+00 * 1.000E+00 @ - 2 T( 2)
RO11 * Times for calculations (yr) 3 3.000E+00 * 3.000E+00 @ m—— 2 T{ 3)
RO11 * Times for calculations (yr) 3 7.100E+00 * 1.000E+01 @ - 2T 4)
RO11 * Times for calculations (yr) 3 1.500E+01 * 3.000E+01 2 - * T 5)
RO11 * Times for calculations (yr) * 4.300E+01 * 1.000E+02 ° .- 2 T{ &)
RO11 ° Times for calculations (yr) > 1.000E+02 * 3.000E+02 ? .- 217
RO11 °* Times for calculations {(yr) 2 3.000E+02 * 1.000E+03 ? - 2 1{ 8)
RO11 * Times for calculations (yr) * 1.000E+03 ? 0.000E+00 * .- *T(9)
RO11 * Times for calculations {yr) 3 not used * 0.000E+00 3 - * T{(10)

3 3 3 3 3
R012 * Initial principal radionuclide (pCi/g): C-14 3 6.330E-01 3 0.000E+00 @ - 3 81(¢ 1)
R012 * Initial principal radionuclide (pCi/g): Co-60 * 1.620E-02 * 0.000E+00 ? - 2 81( 2)
R012 ® Initial principal radionuclide (pCi/g): Eu-152 3 5.240E-02 *® 0.000E+00 * --- 3 81( 4)
R012 * Initial principal radionuclide (pCi/g): Eu-154 * 4.910E-02 * 0.000E+00 = -—- 3 S1{ 6)
R012 ? Concentration in groundwater (pCi/L): C-14 * not used * 0.000E+00 * - T WL( 1)
R012 * Concentration in groundwater {(pCi/L): Co-60 > not used * 0.000E+00 3 - 2 Wi{ 2)
RO12 * Concentration in groundwater (pCi/L): Eu-152 * not used 3 0.000E+00 @ --- 3 W1( 4)
R0O12 * Concentration in groundwater (pCi/L): Eu-154 * not used * 0.000E+00 ? -—- * W1( 6)

3 3 3 3 E]
R013 * Cover depth (m) * 0.000E+00 * 0.000E+00 3 - * COVERO
RO13 * Density of cover material (g/cm**3) 3 not used * 1.500E+00 3 —— 3 DENSCV
R013 * Cover depth erosion rate (m/yr) 3 not used * 1.000E-03 3 -—— 3 yev
R013 * Density of contaminated zone (g/cm**3) 3 1.600E+00 * 1.500E+00 2 --- 3 DENSCZ
RO13 * Contaminated zone erosion rate (m/yr) * 1.000E-03 * 1.000E-03 3 - > VCz
R013 * Contaminated zone total porosity * 4.000E-01 * 4.000E-01 * - * TPCZ
R013 * Contaminated zone field capacity 3 1.500E-01 * 2.000E-01 3 .- 3 FCCZ
R013 * Contaminated zone hydraulic conductivity (m/yr) * 2.500E+02 * 1.000E+01 @ - * HCCZ
RO13 * Contaminated zone b parameter * 4.050E+00 * 5.300E+00 * - 3 BCZ
R013 * Average annual wind speed (m/sec) * 3.400E+00 * 2.000E+00Q 2 - 3 WIND
RO13 * Humidity in air {(g/m**3) > not used * 8.000E+00 3 - * HUMID
RO13 ? Evapotranspiration coefficient * 9.100E-01 * 5.000E-Q1 ? .- 3 EVAPTR
RO13 * Precipitation (m/yr) > 1.600E-01 * 1.000E+00 2 EE * PRECIP
RO13 * Irrigation (m/yr) > 7.600E-01 * 2.000E-01 @ - > RI
ROL3 * Irrigation mode > overhead * overhead 3 - * IDITCH
RO13 ?* Runoff coefficient * 2.000E-01 * 2.000E-01 @ .- * RUNOFF
RO13 * Watershed area for nearby stream or pond {m**2} * 1.000E+06 3 1.000E+06 * - 3 WAREA
RO13 3 Accuracy for water/soil computations * 1.000E-03 * 1.000E-03 @ --- 3 EPS

3 3 3 3 E]
RO14 * Density of saturated zone (g/cm**3) * 1.600E+00 * 1.500E+00 ? - * DENSAQ
R014 * saturated zone total porosity * 4.000E-01 * 4.000E-01 * - 3 TPSZ
RO14 * Saturated zone effective porosity 3 2.500E-01 * 2.000E-01 - * EPSZ
RO14 * Saturated zone field capacity * 1.500E-~01 ? 2.000E-01 » - 3 FCSZ
RO14 * Saturated zone hydraulic conductivity {(m/yr) * 5.530B+03 * 1.000E+02 * - * HCSZ
R014 * Saturated zone hydraulic gradient * 1.250E-03 3 2.000E-02 * - 3 HGWT
R014 ? Saturated zone b parameter ' 4.050E+00 ?* 5.300E+00 °* - 3 BSZ
R014 * Water table drop rate (m/yr) * 1.000E-03 * 1.000E-03 * - 3 VWT
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Site-Specific Parameter Summary {(continued)
0 3 3 Userx * 3 Used by RESRAD 3  Parameter
Menu 3 Parameter 2 Input 3 Default * (If different from user input) ? Name

RO14 * Well pump intake depth (m below water table) * 4.600E+00 * 1.000E+01 ? - 3 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 ? - :UwW

3 3 3 E 3
RO15 ?* Number of unsaturated zone strata 31 21 3 --- ® NS
RO15 * Unsat. zone 1, thickness (m) * 1.900E+00 > 4.000E+00 * - 3 H(1)
RO15 * Unsat. zone 1, soil density {(g/cm**3) 3 1.600E+00 * 1.500E+00 2 --- > DENSUZ (1}
RO1S5 * Unsat. zone 1, total porosity * 4.000E-01 * 4.000E-01 * --- @ TPUZ (1)
R0O15 * Unsat. zone 1, effective porosity 3 2.500E-01 * 2.000E-01 * --- 3 EPUZ{1)
RO15 * Unsat. zone 1, field capacity * 1.500E-01 * 2.000E-01 3 - * FCUZ (1)
RO15 * Unsat. zone 1, socil-specific b parameter * 4.050E+00 * 5.300E+00 2 --- 3 BUZ (1)
RO1S5 * Unsat. zone 1, hydraulic conductivity (m/yr) # 2.500E+02 * 1.000E+01 * - * HCUZ (1)
- 3 3 3 3 E]
R016 * Distribution coefficients for C-14 3 3 3 3
R0O16 * Contaminated zone (cm**3/g) * 2.000E+02 * 0.000E+00 ° - * pCNUcc( 1)
RO16 3 Unsaturated zone 1 (cm**3/g) 3 2.000E+02 * 0.000E+00 ? - 3 DCNUCU( 1,1)
RO16 *  Saturated zome (cm**3/g) 3 2.000E+02 * 0.000E+00 @ - > DCNUCS{ 1)
R016 * Leach rate (/yr) 3 0.000E+00 * 0.000E+00 3 5.547E-05 * ALEACH( 1)
RO16 *  Solubility constant > 0.000E+00 * 0.000E+00 3 not used > SOLUBK{ 1)

3 3 3 3 3
RO16 * Distribution coefficients for Co-60 3 2 ? 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 = e * DONUCU( 2,1)
RO16 ? Saturated zone {cm**3/g) > 5.000E+01 * 1.000E+03 3 - 2 DONUCS( 2)
RO16 * Leach rate (/yr) 3 0.000E+00 * 0.000E+00 2 2.215E-04 * ALEACH( 2)
RO16 *  Solubility constant > 0.000E+00 * 0.000E+00 * not used * SOLUBK( 2)

k) 3 2 3 a
R0O16 * Distribution coefficients for Eu-152 3 ? 3 H
RO16 * Contaminated zone (cm**3/g) 3 2.000E+02 3-1.000E+00 * - * DCNUCC( 4)
R016 ¥ Unsaturated zone 1 (cm**3/g) ? 2.000E+02 2-1.000B+00 ? --- > DCNUCU( 4,1)
RO16 *  Saturated zone (cm**3/g) > 2.000E+02 *-1.000E+00 3 EEES * DCNUCS{ 4)
RO16 *  Leach rate (/yr) 3 0.D00E+00 * 0.000E+00 * 5.547E-05 * ALEACH( 4)
RO16 »  Solubility constant * 0.000E+00 * 0.000E+00 2 not used * SOLUBK( 4)

3 3 3 3 3
RO16 * Distribution coefficients for Eu-154 3 3 3 )
ROle * Contaminated zone (cm**3/g) * 2.000E+02 *-1.000E+00 ? - 3 DONUCC( 6)
RO16 * Unsaturated zone 1 (cm**3/qg) * 2.000E+02 *-1.000E+00 ? - 3 DCNUCU{( 6,1)
ROl6 * Saturated zone (cm**3/g) * 2.000E+02 *-1.000E+00 ? --- * DCNUCS( 6)
RO16 ? Leach rate (/yr) 3 0.000E+00 * 0.000E+00 * 5.547E-05 3 ALEACH({ &)
ROl6 3 Solubility constant 3 0.000E+00 * 0.000E+00 ? not used 3 SOLUBK{ §)

3 3 3 3 3
RO16 3 Distribution coefficients for daughter Cs-137 H 3 3 3
RO16 * Contaminated zone (cm**3/g) 3 5.000E+01 * 1.000E+03 3 - * DCNUCC( 3)
ROL6 * Unsaturated zone 1 (cm**3/g) > 5.000E+01 * 1.000E+03 * e * DCWUCU( 3,1}
RO16 * Saturated zone {(cm**3/g) > 5.000E+01 * 1.000E+03 3 - * DCNUCS( 3)
RO16 * Leach rate (/yr) > 0.000E+00 * 0.000E+0C 3 2.215E-04 * ALEACH( 3)
RO16 *  Solubility constant 3 0.000E+00 * 0.000E+00 3 not used 3 SOLUBK( 3)
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Summary : 116-F-1 Overburden Radiomuclides File: 116-F-1_OB_rad.RAD
Site-Specific Parameter Summary {(continued)

0 ? 3 User ? B Used by RESRAD *  Parameter
Menu Parameter n 3 3 i 3 Name
RO16 * Distribution coefficients for daughter Gd-152 3 3 3 3
RO16 * Contaminated zome (cm**3/g) *-1.000E+00 *-1.000E+00 ? 8.249E+02 > peNucc{ 7)
RO16 * Unsaturated zome 1 (cm**3/g) *-1.000E+00 *-1.000E+00 °? 8.249E+02 * DONUCU( 7,1)
RO16 *  Saturated zone (cm**3/g) *-1.000E+00 *-1.000E+00 3 8.249E+02 * DCNUCS( 7)
RO16 * Leach rate {/yr) 3 0.000E+00 * 0.000E+00 ° 1.345E-05 3 ALEACH( 7)
RO16 2 Solubility constant * 0.000E+00 * 0.000E+00 * not used * SOLUBK( 7}

3 3 3 3 3
RO17 * Inhalation rate {m**3/yr) * 7.300E+03 * 8.400E+03 3 - 3 INHALR
RO17 * Mass loading for inhalation {(g/m**3) * 1.000E-04 * 1.000E-04 * --- * MLINH
RO17 * Exposure duration * 3.000E+01 * 3.000E+01 3 - * ED
RO17 * Shielding factor, inhalation * 4.000E-01 * 4.000E-~01 3 R * SHF3
RO17 * Shielding factor, external gamma > 8.000E-01 3 7.000E-01 3 - * 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 3 2.500E-01 * --- 3 FOTD
R017 * sShape factor flag, external gamma ? 1.000E+00 * 1.000E+00 °* >0 shows circular AREA. 1 FS
R017 * Radii of shape factor array (used if FS = -1): 3 H 3 3
RO17 *  Outer annular radius (m), ring 1: * not used * 5.000E+01 * -— * RAD_SHAPE( 1)
R0O17 *  Outer annular radius (m), ring 2: * not used * 7.071E+01 ? - * RAD_SHAPE( 2)
RO17 @ Outer annular radius (m), ring 3: * not used * 0.000E+00 3 - 3 RAD_SHAPE( 3)
RO17 3 Outer annular radius (m), ring 4: * not used * 0.000E+00 ? -- 3> RAD_SHAPE( 4)
RO17 *  Outer annular radius (m), ring 5: * not used 3 0.000E+00 ? -—- * RAD_SHAPE( 5)
RO17 @ Outer annular radius (m), ring 6: 3 not used 3 0.000E+00 3 --- * RAD _SHAPE( &)
RO17 @ Outer annular radius (m), ring 7: * not used * 0.000E+00 °® - * RAD SHAPE( 7)
RO17 3 Outer ammular radius (m), ring 8: * not used * 0.000E+00 3 - * RAD_SHAPE({ 8)
RO17 ? Outer annular radius (m), ring 9: * not used * 0.000E+00 @ - * RAD_SHAPE( 9)
RO17 @ Outer annular radius (m}, ring 10: * not used 3 0.000E+00 3 --- * RAD SHAPE(10)
RO17 @ Outer annular radius (m), ring 11: * not used * 0.000E+00 @ --- * RAD SHAPE (11)
RO17 @ Outer annular radius (m), ring 12: * not used 3 0.000E+00 ? - * RAD_SHAPE (12)

3 3 3 3 3
R017 * Fractions of annular areas within AREA: 3 3 3 2
RO17 @ Ring 1 * not used * 1.000E+00 3 B * FRACA( 1)
ROL17 2 Ring 2 > not used * 2.732E-01 ? - 3 FRACA({ 2)
RO17 3 Ring 3 3 not used * 0.000E+00 * --- 3 FRACA( 3)
ROL7 * Ring 4 * not used * 0.000E+00 2 --- 2 FRACA( 4}
ROL17 » Ring 5 * not used * 0.000E+00 3 - 3 FRACA( 5)
ROL7 3 Ring 6 3 not used * 0.000E+00 ? - 3 FRACA({ &)
RO17 @ Ring 7 * not used 3 0.000E+00 2 - 3 FRACA( 7)
ROL17 ? Ring 8 * not used * 0.000E+00 ° --- 3 FRACA( 8)
ROL17 @ Ring 9 3 not used * 0.000E+00 *’ - 3 FRACA( 9)
RO17 @ Ring 10 * not used * 0.000E+00 * - 3 FRACA(10)
RO17 2 Ring 11 * not used * 0.000E+00 ? -—— 3 FRACA(11)
RO17 2 Ring 12 * not used * 0.000E+00 * ~-= 3 FRACA(12)

3 3 a 2 E]
R0O18 * Fruits, vegetables and grain consumption (kg/yr) * 1.100E+02 * 1.600E+02 ? R 3 DIET(1)
R0O18 * Leafy vegetable consumption (kg/yr) 3 2.700E+00 3 1.400E+01 ? - * DIET(2)
RO18 * Milk consumption (L/yr) * 1.000E+02 * 9.200E+01 * - > DIET(3)
R0O18 * Meat and poultry consumption (kg/yr) * 3.600E+01 * 6.300E+01 * - * DIET({4)
R0O18 * Fish consumption (kg/yr) * 1.970E+01 * 5.400E+00 * - * DIET(S)
RO18 * Other seafood consumption (kg/yr) * 9.000E-01 * 9.000E-01 ? e 3 DIET {6}
RO18 * Soil ingestion rate (g/yr) * 7.300E+01 * 3.650E+01 ? —-- ? S0IL
RO18 3 Drinking water intake (L/yr) 3 7.300E402 * 5.100E+02 * - 3 DWI
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_ OB rad.RAD
Site-Specific Parameter Summary (continued)
¢] 2 3 User 3 3 Used by RESRAD ® Parameter
Menu 3 Input * Default * (If different from user input) 3 Name

R018 3 Contamination fraction of drinking water * 1.000E+00 * 1.000E+00 ? - 3 FDW
R018 * Contamination fraction of household water > not used * 1.000E+00 * -—- 3 FHHW
R018 * Contamination fraction of livestock water 3 1.000E+00 * 1.000E+00 3 - 3 FLW
R018 * Contamination fraction of irrigation water 3 1.000E+00 * 1.000E+00 2 --- * FIRW
R018 * Contamination fraction of aquatic food 3 5.000E-01 * 5.000E-01 * - 3 FR9Y
R0O18 * Contamination fraction of plant food -1 -1 2 0.500E+00 * FPLANT
R018 * Contamination fraction of meat -1 3-1 3 0.100E+01 * FMEAT
R018 ? Contamination fraction of milk 3.1 -1 3 0.100E+01 3 FMILK
i 3 3 2 3 3
RO19 * Livestock fodder intake for meat (kg/day) * 6.800E+01 * 6.800E+01 * - 3 LFIS
RO19 * Livestock fodder intake for milk (kg/day) 3 5.500E+01 * 5.500E+01 * - * LFI6
RO19 * Livestock water intake for meat (L/day) * 5.000E+01 ® 5.000E+01 2 ——— 3 LWIS
R019 * Livestock water intake for milk (L/day) * 1.600E+02 * 1.600E+02 ? - 3 LWIe
R0O19 * Livestock soil intake (kg/day) * 5.000E-01 * 5.000E-01 * - 3 LsI
RO19 3 Mass loading for foliar deposition (g/m**3) * 1.000E-04 * 1.000E-04 ? --- * MLFD
R0O19 * Depth of soil mixing layer (m) : 1.500E-01 * 1.500E-01 @ --- : DM
R0O19 * Depth of roots (m) * 9.000E-01 * 9.000E-01 @ --- * DROOT
RO19 ? Drinking water fraction from ground water * 1.000E+00 3 1.000E+00 3 == * FGWDW
RO19 3 Household water fraction from ground water * not used * 1.000E+00 3 --- * FGWHH
R0O19 * Livestock water fraction from ground water 2 1.000E+00 3 1.000E+00 * --- 3 FGWLW
R019 ?* Irrigation fraction from ground water > 1.000E+00 * 1.000E+00 2 --= * FGWIR

3 3 3 3 3
R19B * Wet weight crop yield for Non-Leafy (kg/m**2) 3 7.000B-01 * 7.000E-01 ? - 3 YVI(L)
R19B * Wet weight crop yield for Leafy (kg/m**2) * 1.500E+00 * 1.500E+00 * - 2 Yv(z)
R19B 3 Wet weight crop yield for Fodder (kg/m**2) * 1.100E+00 * 1.100E+00 ? - 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 3 --- > TE(2)
R19B * Growing Season for Fodder (years) 3 B8.000E-02 * 8.000E-02 * - * TE(3)
R19B ® Translocation Factor for Non-Leafy > 1.000E-01 ® 1.000E-01 *? --- @ TIV(1)
R19B * Translocation Factor for Leafy 3 1.000E+00 * 1.000E+00 * - 2 TIV{2)
R19B * Translocation Factor for Fodder > 1.000E+00 * 1.000E+00 3 --- 3 TIV(3)
R19B 3 Dry Foliar Interception Fraction for Non-Leafy * 2.500E-01 * 2.500E-01 3 - * RDRY (1}
R19B * Dry Foliar Interception Fraction for Leafy * 2.500E-01 3 2.500E-01 2 e * RDRY(2)
R19B * Dry Foliar Interception Fraction for Fodder * 2.500E-01 * 2.500E-01 3 - * RDRY(3)
R19B * Wet Foliar Interception Fraction for ©Non-Leafy * 2.500E-01 * 2.500E-01 3 --- > RWET (1)
R19B 3 Wet Foliar Interception Fraction for Leafy > 2.500E-01 * 2.500E-01 3 --- * RWET(2)
R19B * Wet Foliar Interception Fraction for Fodder 3 2.500E-01 ® 2.500E-01 * - 3 RWET (3)
R19B * Weathering Removal Constant for Vegetation 3 2.000E+01 * 2.000E+01 ? - 3 WLAM

3 3 3 3 3
Cl4 @ (C-12 concentration in water (g/cm**3) 3 2.000E-05 ® 2.000E-05 3 - 3 C12WTR
Ci4 * (C-12 concentration in contaminated soil (g/g) 3 3.000E-02 ® 3.000E-02 * --- > C12CZ
Cl4 * Fraction of vegetation carbon from soil * 2.000E-02 *» 2.000E-02 3 - * CSOIL
Cl4 * Fraction of vegetation carbon from air 3 9.B00E-01 * 9.B00E-01 3 - 3 CAIR
Cl4 * (C-14 evasion layer thickness in soil (m) * 3.000E-01 * 3.000E-01 ? -—- * DMC
Cl4 3 C-14 evasion flux rate from soil (1/sec) * 7.000E-07 * 7.000E-07 * --- > EVSN
Cl4 * (C-12 evasion flux rate from soil (1/sec) 3 1.000E-10 3 1.000E-10 * - 3 REVSN
C1i4 ° Fraction of grain in beef cattle feed 3 8.000E-01 * 8.000E-01 @ - > AVFG4
Cl4 3 Fraction of grain in milk cow feed 3 2.000E-01 ?* 2.000E-01 2 - *  AVFGS
Cl4 * DCF correction factor for gaseous forms of Cl4 3 8.894E+01 * 8.894E+01 3 - 3 CO2F

3 3 3 3 3
8TOR * Storage times of contaminated foodstuffs (days): * : » 2
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Summary : 116-F-1 Overburden Radionuclides File: 116-F~1_OB_rad.RAD
Site-Specific Parameter Summary (continued)
3 User 2 2 Used by RESRAD * Parameter
Default * (If different from user input) 2 Name

STOR * Fruits, non-leafy vegetables, and grain * 1.400E+01 * 1.400E+01 * - 3 STOR_T(1)
STOR * Leafy vegetables * 1.000E+00 * 1.000E+00 * - ! 8TOR_T{2)
STOR *  Milk * 1.000E+00 * 1.000E+00 ? - * STOR_T(3)
STOR ? Meat and poultry * 2.000E+01 * 2.000E+01 ? - 3 STOR_T(4)
STOR *  Fish * 7.000E+00 * 7.000E+00 @ .- » STOR_T(5)
STOR 2 Crustacea and mollusks * 7.000E+00 * 7.000E+00 ? - * STOR_T(6)
STOR * Well water 2 1.000E+00 * 1.000E+00 3 - * STOR_T(7)
STOR ° Surface water * 1.000E+00 * 1.000E+00 * - * STOR_T(8)
STOR * Livestock fodder * 4.500E+01 * 4.500E+01 3 --= 3 STOR_T(9)
3 3 3 a 3
R021 * Thickness of building foundation (m) 3 not used 3 1.500E-01 * - 3 FLOOR1
R021 * Bulk density of building foundation (g/cm*=*3) * not used * 2.400E+00 °? .- * DENSFL
R021 * Total porosity of the cover material > not used * 4.000E-01 - * TPCV
R021 * Total porosity of the building foundation > not used * 1.000E-01 3 - * TPFL
R021 * Volumetric water content of the cover material * not used * 5.000E-02 2 ——— 3 PH20CV
R021 ?* Volumetric water content of the foundation * not used * 3.000E-02 ? - * PH20FL
R021 * Diffusion coefficient for radon gas (m/sec): 3 2 3 3
RO21 ? in cover material > not used * 2.000E-06 3 - * DIFCV
ROZ21 @ in foundation material * not used * 3.000E-07 * -—- 3 DIFFL
RO21 @ in contaminated zone soil * not used * 2.000E-06 ? - * DIFCZ
R021 * Radon vertical dimension of mixing (m) ? not used * 2.000E+00 * - * HMIX
R021 ?* Average building air exchange rate (1/hr) 3 not used * S.000E-01 * -—- * REXG
R021 * Height of the building (room) {(m) 3 not used ? 2.500E+00 °* -—- 3 HRM
R021 * Building interior area factor * not used ?* 0.000E+00 ? - * FAIL
R021 * Building depth below ground surface (m) 3 not used *-1.000E+00 * - * DMFL
R021 * Emanating power of Rn-222 gas > not used * 2.500E-01 ? - > EMANA (1)
R021 * Emanating power of Rn-220 gas * not used *? 1.500E-01 * --= 3 EMANA (2}
3 3 3 3 3
TITL * Number of graphical time points 3 32 3 - ? - * NPTS
TITL * Maximum number of integration points for dose 3 17 3 -—- 3 - 3 LYMAX
TITL ? Maximum number of integration points for risk 3 257 3 --- 3 -—- 3 KYMAX

Summary of Pathway Selections

Pathway . : User Selection
1 -~ external gamma * active
2 -- inhalation (w/o radon)? active
3 -- plant ingestion : active
4 -- meat ingestion 3 active
5 -~ milk ingestion 3 active
6 -~ aquatic foods 3 active
7 -~ drinking water 3 active
8 ~-- so0il ingestion 2 active
9 -- radon 2 suppressed
Find peak pathway doses 2 active
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
ARAARARAARARAARARAAARRRAAAAAR  ARAARARARARRAARARARRRAAARARRARARAA
Area: 24817.00 square meters C-14 6.330E-01
Thickness: 4.50 meters Co-60 1.620E-02
Cover Depth: 0.00 meters BEu-152 5.240E-02
Eu-154 4.910E-02
0

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 1.500E+01 mrem/yr
Fraction of Basic Dose Limit Received at Time (t)

t (years): O.C00E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03

- TDOSE(t): 1.872E+00 8.728E-01 5.084E-01 3.581E-01 2.006E-01 3.316E-02 1.358E-03 3.822E-08 9.050E-17

M(t): 1.248E-01 5.819E-02 3.389E-02 2.387E-02 1.337E-02 2.210E-03 9.055E-05 2.548E-03 6.034E-18
OMaximum TDOSE(t): 1.872E+00 mrem/yr at £t = 0.000E+00 years
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File: 116-F-1_OB_rad.RAD

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

CVP-2002-00009
Rev. 0

Pathways {p)

0 Water Independent Pathways (Inhalation excludes radon)

] Ground Inhalation Radon

Radio-

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

C-14 2.974E-06 0.0000 1.768E-04 0.0001 0.000E+00 0.0000 6.874E-01 0.3672 3 150E-01 0.1683 2.401E-01 0.1282 4.040E-05 0.0000
Co-60 1.590E-01 0.0850 1.474E-07 0.0000 0.000E+00 0.0000 1.841E-03 0.0010 1.746E-03 0.0009 4.002E-04 0.0002 2.384E-05 0.0000
Eu-152 2.313E-01 0.1236 5.003E-07 0.0000 0.000E+00 0.0000 4.663E-05 0.0000 1.597E-05 0.0000 4.220E-07 0.0000 1.932E-05 0.0000
Eu-154 2.347E-01 0.1254 ©5.987E-07 0.0000 0.000E+00 0.0000 6.354E-05 0.0000 2.176E-05 0.0000 5.751E-07 0.0006 2.633E-05 0.0000
TITTI17 ITIES8F8T f9998F FRSIFE1F f0877 fITRT79%% PPETTf TPTT811%T 1797 TIETIfTff FLTTif ITIf1958% £1817% TIITTLLEf fiffet
Total 6.250E-01 0.3339 1.781E-04 0.0001 O0.000E+00 0.0000 6.893E-01 0.3683 3.168E-01 0.1692 2.405E-01 0.1285 1.099E-04 0.0001
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

[+] Water Fish Radon Plant Meat Milk All Pathways*
Radio- AARAAAAAAAAAARAA ARAARAARAAAARAAR AAAAAAAARARARRAR ARARARAAARRAAAAA AAARRAAAAARAAAAA AARRARAAAAAAAAAA ARARARARARARARRRA
Nuclide mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARAAAA AAARARAAA RAAARA ARAKARAAR ARAAAR ARRAAAA A AARRAA AARARARAR AARARA RAARARAAA ARARAR ARRARARAR ARAARAR AARRARARRA ARAAAA
Cc-14 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.243E+00 0.6639
Co-60 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 O0.000E+00 0.0000 1.630E-01 0.0871
Eu-152 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+G0 0.0000 0.000E+00 0.0000 2.314E-01 0.1236
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 2.348E-01 0.1254
TITII1F IITITIT98 89937 fFTEFRE8% PIT13T D28 F781%f FETEFT PTTTTFEIf TPTf17 FITITTE1T TITiff TITII9997 fE§1%% IPfTTI81f Fiffis
Total 0.000E+C0 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 1.872E+00 1.0000
O*Sum of all water independent and dependent pathways.
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BEu~154
1f1f1i1
Total

0

Bu-152
Eu-154
TITfies
Total

0*Sum of
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116-F-1 Overburden Radionuclides
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File: 116-F-1_OB_rad.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+00 years

Water Independent Pathways {Inhalation excludes radon)
Radon

Inhalation

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRAAAAAA AARAAA ~ RARAARARA AAAARA ARARAARAAA ARARAR ARARAAAAR ARRAAAR AARAAARAA AAARAA
6.801E-07 0.0000 4.044E-05 0.0000 0.000E+00 0.0000 1.594E-01 0.1826 7.649E-02 0.0876
1.394E-01 0.1597 1.292E~07 0.0000 O.000E+00 0.0000 1.613E-03 0.0018 1.531E-03 0.0018
2.195E-01 0.2515 4.750E-07 0.0000 0.000E+00 0.0000 4.426E-05 0.0001 1.516E-05 0.0000
2.169E-01 0.2485 5.534E-07 0.0000 0.000E+00 0.0000 5.873E-05 0.0001 2.011E-05 0.0000
IfTIEE5%T IIIT8F IIITIIIEL fRTI%% fIRTI%9%% 1% IfIPTffff TEF7FY $ETTITTET Ififif
5.758E-01 0.6597 4.159E-05 0.0000 0.000E+00 0.0000 1.611E-01 0.1846 7.806E-02 0.08%4
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and

As mrem/yr and Fraction of Total Dose At t =
Water Dependent Pathways

1.000E+00 years

Water Fish Radon Plant Meat

AAARAAAARAAARARR AAARAAAARRAAARAA ARAAARRARAAARARAR AAAARARAARAAARAR AAARAARAAAARARAA
mrem/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr fract.
ARAAAAAAR ARAAAA AAARBAARA AAAAAR AARAARARAA RAAAAR AAARARAAR ARARAR ARARARAAR 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
0.000E+00 0.0000 O0.COOE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
0.000E+00 0.0000 O0.0C00E+00 0.0000 0.CO00E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITITILIT IIETIT IITIITIIT IITITT FIFEFT807 fI08%% fRPLfffff TEFf7% TTfTE777f fEffif
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

C-35

CVP-2002-00009
Rev. 0

Pathways (p)

wmrem/yr fract. mrem/yr fract

AARAARAAA AAAAAR ARAAARAAR RARRAA
5.735BE-02 0.0657 9.239E-06 0.0000
3.508E-04 0.0004 2.090E-05 0.0000
4 .006E-07 0.0000 1.834E-05 0.0000
5.315E-07 0.0000 2.434E-05 0.0000
IITfEE18T fIE88F $TfT11%%f fRffff
5.770E-02 0.0661 7.282E-0S5 0.0001

Pathways (p)

. @zlk All Pathways*
AARAAARAAARARAAR AAAARRAAARARARARR
mrem/yr fract. mrem/yr fract.
AAARARARR AARAARR ARRARAARAR ARRRAA
0.000E+00 0.0000 2.933E-01 0.3360
0.000E+00 0.0000 1.429E-01 0.1637
0.000E+00 0.0000 2.196E-01 0.2516
0.000E+00 0.0000 2.170E-01 0.2486
ITTFFEI9F TIE96f II1TIf1fT TIfffs
0.000E+00 0.0000 8.728E-01 1.0000



Version 6.21

1RESRAD, T« Limit = 0.5 year 03/10/2003 11:35 Page 12

Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

[+] X Water Independent Pathways {(Inhalation excludes radon)

o Inhalation Radon Plant Meat
Radio- AAARAAAAAARAARAR ARAAAAAAAAAARARA AARAAAAAAAAARARA AAAARARRARAAAARAA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract
AARAAAR AAAAAARAA AAAARAR AAARAAAA AARRRRR AAARAAARR AAAAAR ARRRAAAAR AARAAR AAARARAAA AARARA
C-14 3.550E-08 0.0000 2.111E-06 0.0000 O0.000E+00 0.0000 B8.321E-03 0.0164 3.993E-03 0.0079
Co-60 1.071E-01 0.2107 9.927E-08 0.0000 0.000E+00 0.0000 1.240E-03 0.0024 1.176E-03 0.0023
Eu-152 1.978E-01 0.3892 4.280E-07 0.0000 O0.000E+00 0.0000 3.988E-05 0.0001 1.366E-05 0.0000
Eu-154 1.852E-01 0.3644 4.726E-07 0.0000 O0.000E+00 0.0000 5.016E-05 0.0001 1.718E-05 0.0000
TIIT797 IITILITIT TI993F FOIfR998% IIE88F PPRTTT797 TTT17T ITIPTfEfff fIFFff FPPPf8fif f11iff
Total 4.902E-01 0.9643 3.110E-06 0.0000 0.000E+00 0.0000 9.650E-03 0.0190 5.200E-03 0.0102

0

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

Q Water Dependent Pathways

[ Water Fish Radon Plant Meat
Radio- ARAAAAARAAAAAAAA AAAAAARRARARARAA ARRAAARAAAARRAAR AARRARAAAAAAAAAAR AAARAAAARAARAAAR
Nuclide mrem/yr fract. mrem/yr fract. mrem/y fract. mrem/yr fract. mrem/yr fract.
ARRRAAA ARARRAR A AAARAA AARRAAAAR ARARAR AARAR ARA ARAAAA AARARRAAAR AAARAAA ARRARAAAR ARAAAR
C~-14 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
Co~60 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 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 O0.000E+00 0.0000 0.000E+00 0.0000
TEIE391 IITE0890F fET88% ITPfIT77 fI181F FITITTITT TFTFEf FITITIEEF PFREffT FETTTIf1F frifif
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0*Sum of all water independent and dependent pathways.
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Pathways (p)

Milk Soil

AARARABARAAARAAR ARAARAARARAARAARA
mrem/yr fract. mrem/yr fract.
ARAARARARA ARAARA AARRARARARR ARAAR
2.994E-03 0.0059 4.822E-07 0.0000
2.695E-04 0.0005 1.606E-05 0.0000
3.610E-07 0.0000 1.653E-05 0.0000
4.540E-07 0.0000 2.079E-05 0.0000
ITTIET197 111993 fEIRTI%F ffffit |
3.264E-03 0.0064 5.386E-05 0.0001

Pathways (p)

. Mil}f“ . All Pathways*
AARRAAARAAAARAAR ARARAARAAR
mrem/yr fract. mrem/yr fract.
ARRRRAAAR AARRRR ARRRRAARA ERARAR
0.000E+0G0 0.0000 1.531E-02 0.0301
0.000E+00 0.0000 1.098E-01 0.2160
0.000E+00 0.0000 1.979E-01 0.3893
0.000E+00 0.0000 1.853E-01 0.3646
TITIIIIET fTE78% PRELIf111F fiifff
0.000E+00 0.0000 5.084E-01 1.0000
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File: 116-F-1_OB_rad.RAD

Total Dese Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 7.100E+00 years
Water Independent Pathways (Inhalation excludes radon)

Pathways (p)

Ground Inhalation Radon Plant Meat Milk
AARAAARAAARARAAA AAARARAARRRARAAR AAAAAAAAAARARAAR ARAAAAARAARAARAA AAAARRRAARAAAAAAR ARAAAARAAARARAAA
mrem/yr fract. mrewm/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAAARAAR ARAAAR AAAAAAAAA AARAAR AAARAAAAA ARAAAR AAARAARAAR ARAAAA AARARAARA ARRAAA AABARARAR AARRRAA
8.274E-11 0.0000 4.919E-09 0.0000 0.000E+00 0.0000 1.940E-05 0.0001 9.313E-06 0.0000 6.980E-06 0.0000
6.242E-02 0.1743 5.785E-08 0.0000 O0.000E+00 0.0000 7.224E-04 0.0020 6.854E-04 0.0019 1.571E-04 0.0004
1.598E-01 0.4463 3.457E-07 0.0000 ©0.00CE+00 0.0000 3.222E-05 0.0001 1.103E-05 0.0000 2.916E-07 0.0000
1.341E-01 0.3745 3.421E-07 0.0000 O0.000E+00 0.0000 3.631E-035 0.0001 1.243E-05 0.0000 3.286E-07 0.0000
IITIITIIT IITIST ITTTELIIT TILTTT ITTEF17%T FRTT8f FIfL8%71% fFE1ff ITTIFTEff TE7T8Ff fIffP9f9f ff1f1%
3.563E-01 0.8952 7.506E-07 0.0000 0.000E+00 0.0000 8.104E-04 0.0023 7.182E-04 0.0020 1.647E-04 0.0005
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways {p)
As mrem/yr and Fraction of Total Dose At t = 7.100E+00 years
Water Dependent Pathways
Water © Fish Radon Plant Meat Milk

AAAAAAAAAAAADARA  AAAARAAARAAAANAN AAARAAAAARAAAARAAA AAARRAAAARARRAAA AARAARAAAARRARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract
ARAARAAAR ARAAAR AARAAAAAA ARARAR AARARAAARA AARAAR AARAARAAR ARARAR ARRARAAAR ARARAR AAARARARRRA ARRAAA
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+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+0C 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 O.000E+00 0.0000 0.000E+00 0.0000 O.0COE+00C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O.0C00E+G0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 0.000E+00 0.0000
TITTIIETE fITIIf FETTIILEL FITTET PEFTR0967 $1f87f TETff1187 $T11ff IIfITffff fEEfff TIfTIfEfT FITiee
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
all water independent and dependent pathways.

C-37

1.335E-05
1.503E-05
TIIII1is
3.776E-05

1.599E-01
1.342E-01
111111181
3.581E-01
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.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

0 Water Independent Pathways (Inhalation excludes radon)

[¢] Ground Inhalation Radon Plant Meat Milk Soil
Radio- AARABAAARAAAAAAA AAARAAAARAAARAAAA AARAARAAAABAARAR AARAAARAARAAAAAR AAAAAAARAARARAAA ARAARARAARAAAARA ARAAARAAAAAAAARA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/y fract. mrem/yr fract. mrem/yr Ffract. mrem/yr fract.
ARAAAAR ARRAAR AR ARAARA AARAAARAA ARAAAA AARARARRA ARRAARR RAAAA ARA AAARAR AAAAARAAA ARAAAR ARARRAARA ARAAAA AARARARARA AARAA
C-14 6.790E-16 0.0000 4.037E-14 0.0000 0.000E+00 0.0000 1.592E-10 0.0000 7.649E-11 0.0000 5.732E-11 0.0000 9.223E-15 0.0000
Co-60 2.205E-02 0.1099 2.043E-08 0.0000 0.000E+00 0.0000 2.552E-04 0.0013 2.421E-04 0.0012 5.548E-05 0.0003 3.306E-06 0.0000
Eu-152 1.059E-01 0.5282 2.292E-07 0.0000 0.000E+00 0.0000 2.136E-05 0.0001 7.314E-06 0.0000 1.933E-07 0.0000 8.B50E-06 0.0000
Eu-154 7.194E-02 0.3587 1.835E-07 0.0000 O0.000E+00 0.0000 1.948E-05 0.0001 6.671E-06 0.0000 1.763E-07 0.0000 8.073E-06 0.0000
TI19197 fITET9937 $1949F FTET1797% f1£99%F fETIT95T ITI8ff fEfEf71%f $9F1%f LITTTT1ff $117ff FTITEfTff T7fFff FFIFETfff TETTi% :
Total 1.999E-01 0.9969 4.332E-07 0.0000 O0.000E+00 0.0000 2.960E-04 0.0015 2.561E-04 0.0013 5.585E-05 0.0003 2.023E-05 0.0001

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 = 1.500E+01 years

o Water Dependent Pathways

0 Water Pish Radon Plant Meat Milk All Pathways*
Radio- AARRAAAAAAAAAAAAA AAAARAAAAARAARAA AAAAAAAAARARARAR ARAAARAAAAAARARA ARAAAAARARAAAAAR AAARAAAAAAAAARAAR ARAAAAAAAARAAAAA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARAAAA AAAARAAAA AARARA ARAAAAAAR ARAARR AARAARARAR ARARAA AARARAKAR AARAAR ARRAAAAAA AARAAA AAAARARAR AAAAAA AARKAARAA ARAARAA
C-14 0.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0006 0.000E+00 0.0000 2.931E-10 0.0000
Co-60 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 2.260E-02 0.1127
Eu-152 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 1.060E-01 0.5284
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 7.197E-02 0.3589
TEII118 ITLTILTLT DETRET ITITTINIT ITITEL DES9988% fE92ff ITTIETI17 TITETF $EfTTR18% TPEf%f fTEfEP7Tf T1f111 TTTTTITEf TTifsf
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.006E-01 1.0000

0*Sum of all water

independent and dependent pathways.

CVP-2002-00009

C-38
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CVP-2002-00009
Rev. 0

Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.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 = 4.300E+01 years

[+] Water Independent Pathways (Inhalation excludes radon)
0 Ground Inhalation Plant Meat Milk Soil
Radio- AARARRARARRAAARA AAARAARAAAAARRAA AAAAAAARAAARAARA ARAARARAARAARARA AARRARAARARARAAR ARAAARAAARRAARAR
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract.
C-14 0.000E+00 0.0000 0.0C0E+00 0.0000 0.000E+00 0.0000 1.074E-28 0.0000 5.175E-29 0.0000 3.874E-29 0.0000 0.000E+00 0.0000
Co-60 5.516E-04 0.0166 5.112E-10 0.0000 0.000E+00 0.0000 6.384E-06 0.0002 6.057E-06 0.0002 1.388E-06 0.0000 8.270E-08 0.0000
Bu-152 2.466E-02 0.7438 5.335E-08 0.0000 O0.000E+00 0.0000 4.972E-06 0.0001 1.703E-06 0.0001 4.500E-08 0.0000 2.060E-06 0.0001
Bu-154 7.915E-03 0.2387 2.020E-08 0.0000 0.000E+00 0.0000 2.143E-06 0.0001 7.340E-07 0.0000 1.940E-08 0.0000 8.882E-07 0.0000
TITTIIT IITTIILIT II1TTT IITITIIETL L7997F FREfI1997 fI98%7 TETFTRFff FP71f%F FTETITE0f TITFIT FIfTTT1Tf FEEfff ITFTITITT TTEfif
Total 3.313E-02 0.9992 7.406E-08 0.0000 O0.000E+00 0.0000 1.350E-05 0.0004 B8.493E-06 0.0003 1.452E-06 0.0000 3.031E-06 0.0001
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 = 4.300E+0l years

0. Water Dependent Pathways
0 Water Fish Radon Plant Meat Milk All Pathways*
Radio- AAAAARARRAAAARAA AARAAARRAARRKARA AARAARAARRRARAAA AARAAARRAARAAAAA AAAARARAAAAARARA ABRARAAARAAARAAAAA AAAAAAAAARAARAAA
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract.
C-14 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.979E-28 0.0000
Co-60 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 ¢.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.655E-04 0.0171
Eu-152 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 2.467E-02 0.7441
Eu-154 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 O0.000E+00 0.0000 7.919E-03 0.2388
IITITIT ITITIITLT 117177 IETETITIT TI1%9% DITTL9%87 f2717f fEEfR1787 FR11%f FITSITITT TPT1FT FITSfF1ff fE7ff ITTITITIFT TITFif
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 ©.000E+00 0.0000 3.316E-02 1.0000
0*3um of all water independent and dependent pathways.

C-39
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.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

4] Water Independent Pathways (Inhalation excludes radon)

0 Ground Inhalation Radon Plant Meat Milk Soil
Radio- AARAAARAAAAAAAAR ARAAAARRAAARAAAA AAAAARAAZRARAAAR AR ARRRAREERAREE RARNAESRRREREREE RNETREERRREES 288 2 msss oo s s
Wuclide mrem/yr fract. mrem/yr fract. ‘mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

AAAAARA AAAMAAMDD ARAAAN AARARAAAR AARAAAA AAAAARAAA ARARAA AARARAARR ARAARR AAAAARARR AARARA AARARAAAA ARAAAR AAARAARAA ARAAAA
C-14 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 O.000E+00 0.0000
Co-60 3.026E-07 0.0002 2.804E-13 0.0000 0.000E+00 0.0000 3.502E-09 0.0000 3.322E-09 0.0000 7.613E-10 0.0000 4.536E-11 0.0000
Eu-152 1.269E-03 0.9342 2.745E-09 0.0000 0.000E+00 0.0000 2.558E-07 0.0002 8.761E-08 0.0001 2.315E-09 0.0000 1.060E-07 0.0001
Eu-154 8.856E-05 0.0652 2.260E-10 0.0000 0.000E+00 0.0000 2.398E-08 0.0000 8.212E-09 0.0000 2.170E~10 0.0000 9.938E-09 0.0000
119117 IIPITTEET TIS9%Ff fITTTTI9T T1T790 FITTTF98F FRP187 FITfET17f T111FF fER7fFfff PT197% TIffT198% T8 TITIEFFIT fPfift
Total 1.358E-03 0.9996 2.971E-09 0.0000 O0.000E+00 0.0000 2.833E-07 0.0002 9.914E-08 0.0001 3.294E-09 0.0000 1.160E-07 0.0001
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+02 years
Water Dependent Pathways

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

ARAARRRAA ARARAA AAARARARA AARRAR AARARRARA ARAAAA ARARAARAA ARARAAR AAARARRAA AAARAA AAAAAAAAA ARARAA
C-14 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+G0 0.0000 0.000E+00 0.0000 ©.0C0E+00 0.0000
Co-60 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.G00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.102E-07 0.0002
Eu-152 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+0Q0 0.0000 1.269E-03 0.9345
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 8.860E-05 0.0652
TITIIIT PIITITIIT ITTE37 FOITRTI9% fREf1%f ITEET98197 f791Ff IfITF871% P1f3%f TIILT181F FPE7fF FTIETTT%T IT7iff IITIIIEIIT fiffis
Total 0.000E+00 0.0000 O0.CO00BE+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.358E-03 1.0000

0*sum of all water independent and dependent pathways.

C-40
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1l6-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.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
..................... HRRERARAERS BRARRRERRRARFRAERE EERARRARGRRAR AR RN AR KA NS REHRE  EE A A E e
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

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
1.095E-18 0.0000 1.015E-24 0.0000 O0.000E+00 0.0000 1.267E-20 0.0000 1.203E-20 0.0000 2.755E-21 0.0000
3.820E-08 0.9993 B8.265E-14 0.0000 0.000E+00 0.0000 7.701E-12 0.0002 2.637E-12 0.0001 6.970E-14 0.0000
1.261E-11 0.0003 3.218E-17 0.0000 0.000E+00 0.0000 3.415E-15 0.0000 1.170E-15 0.0000 3.091E-17 0.0000
TILEE9907 $EE98% SEEIETEIT II118% PRIS99%%T fITTTT TLTTITFfT $FFfFF FITITTTIT $P171f IITTEfffs ffifis
3.821E-08 0.9996 B8.26%E-14 0.0000 O0.000E+00 0.0000 7.704E-12 0.0002 2.638E-12 0.0001 6.973E-14 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

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

Water Pish Radon Plant Meat Milk
R EETRREASARREEE KRR RRREERRRRFRAEE SRR R R RRE R RS R R R Hr GRS H AR S nw A EE R R R AL e ks s mm e
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

0.000E+CO 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 O0.000E+0C0 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 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 O0.000E+0Q 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITITILIT IfIT1T IIFTTLTIT LIITTT TETTIT9EL D118 FITTET7I7 fPEfff TIffeffff f7ffff fITTf11fT PIffif
0.000E+00 0.0000 0.000E+0C 0.0000 0.C00E+00 0.0000 0.000E+00C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

C-41

0.000E+00
1.642E-22
3.191E-12
1.415E-15
Ifrrfises
3.193E-12

0.0000
0.0001
0.0000
iffit
0.0001

All Pathways*

0.CGO0E+00
1.123E-18
3.821E-08

3.822E-08

0.0003
f11iff
1.0000
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116-F~1 Overburden Radionuclides File: 116-F-1_OB_rad.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
Water Independent Pathways {Inhalation excludes radon)

Inhalation Radon Plant Meat Milk
R R AR SR LS B R ARAARAARAAAAARAA AAAAARAARAARAARA AAABAAARAAAAAAAZ
mrem/yr fract. “mrem/yg fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
................... FEAE  RAARAREEY RERARE REASSRNER srmsss REESseisi siancs sancabie. croact-

0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 6.0000 0.000E+00 0.0000 O.000E+00 0.0000
0.000E+00 0.0000 O.000E+G0 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 Q.000E+00 0.0000
5.717E-24 0.0000 1.918E-17 0.2119 0.000E+00 0.0000 4.039E-17 0.4463 1.383E-17 0.1528 3.655E-19 0.0040
0.000E+00 0.0000 O0.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.00CE+00 0.0000
TITITIIIT IITITT TITITIIIT TRTE8% CETETR197 $EF8f7 fIITFITET TEPTTT IETITTf%F £7fFf% TPITE117f TITIif
5.717E-24 0.0000 1.918E-17 0.2119 O0.000E+00 0.0000 4.039E-17 0.4463 1.383E-17 0.1528 3.655E-19 0.0040
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
.................................... R R KR ERRARERRRE  HENG AR R e s oassss ErRmEEec e rrscrs  msman T e
mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.00CE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 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+Q0 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 0.00600
TITITITT T1T391 IIITPTTEF PITTET TRTFTERPFf fEF1ff SITTITIIT ITTIEf SPTTITTff TETTTf TTTFFIiff 11riis
0.000E+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
all water independent and dependent pathways.

C-42

0.000E+00
0.000E+00
1.674E-17
0.000E+00
Ifififsss
1.6748-17

0.1849
0.0000
fif1ff.
0.1849

All Pathways*

0.000E+00
0.000E+00
9.050E-17
0.000E+00
1111111t
9.050E-17
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Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.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 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03

AAAAAAA AAAAAAR AAAAARARA ABAARRRRR AMARAAAAR ARARAAAAA AAARAAAAA AAARAAAAA ARAAAAAAA AAAAAAAAA AAAAAAAAA AAARARAAAA

C-14 C-14 1.000E+00 1.963E+00 4.634E-01 2.419E-02 5.639E-05 4.630E-10 3.127E-28 0.000E+00 0.000E+00 0.000E+00
0Co-60 Co-60 1.000E+00 1.006E+01 B.822E+00 6.779E+00 3.950E+00 1.395E+00 3.491E-02 1.915E-05 6.930E-17 0.000E+00
OEu-152 Eu-152 7.208E-01 3.183E+00 3.021E+00 2.722E+00 2.199E+00 1.458E+00 3.394E-01 1.746E-02 5.2S56E-07 7.867E-23
0Eu-152 Eu-152 2.792E-01 1.233E+00 1.170E+00 1.055E+00 8.519E-01 5.646E-01 1.315E-01 6.764E-03 2.036E~07 3.047E-23

Eu-152 Gd-152 2.792E-01 4.477E-17 1.313E-16 2.913E-16 5.717E-16 9.689E-16 1.568E-15 1.739E-15 1.744E-15 1.727E-15

Eu-152 &DSR(j) 1.233E+00 1.170E+00 1.055E+00 8.519E-01 5.646E-01 1.315E-01 6.764E-03 2.036E-07 1.727E-15
OEu-154 Eu-154 1.000E+00 4.782E+00 4.419E+00 3.775E+00 2.732E+00 1.466E+00 1.613E-01 1.805E-03 2.570E-10 2.802E-34

£ITIIIT fITITEf IfEfifiis TITITTTIT ITITI799% IRTTET08F ITTET1007 TIT0H09FF FRTTFR15F FI988¢T TITITTI5F ITTE1FFFE
*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 6 0.5 yr) daughters.

0

. 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 7.100E+00 1.500E+01 4 .300E+01 1.000E+02 3.000E+02 1.000E+03
C-14 7.641E+00 3.237E+01 6.202E+02 2.660E+05 3.240E+10 *4.454E+12 *4.454E+12 *4.454E+12 *4.454E+12
Co-60 1.490E+00 1.700E+00 2.213E+00 3.797E+00 1.075E+01 4.2978+02 7.834E+05 *1.131E+15 *1.131E+15
BEu-152 3.397E+00 3.579E+00 3.971E+00 4.916E+00 7.417E+00 3.186E+01 €.192E+02 2.057E+07 *1.765E+14
Eu-154 3.137E+00 3.394E+00 3.974E+00 5.490E+00 1.023E+01 9.300E+01 8.312E+03 5.836E+10 *2.639E+14
Tiiziiz TITTI111T IPIFERR8F  PEFEE18F  fITTIIRTT RIffEffff  fEEfffEET  DTITITITT TITIITETT  fPPfffEif
*At specific activity limit
0
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
ONuclide Initial tmin DSR{i,tmin) G(i,tmin} DSR{i,tmax) G(i,tmax)
(i) (pCi/g) (years) (pCi/g) (pCi/g)

ARAARAR ABAAAAARA ARAAARAAAARAA ARRAAAARR AAAAARARA ARARABAAR ARARARARAR

Cc-14 6.330E-01 0.000E+00 1.963E+00 7.641E+00 1.963E+00 7.641E+00

Co-60 1.620E-02 0.000E+00 1.006E+01 1.490E+00 1.006E+01 1.490E+00

Eu-152 5.240E-02 0.000E+00 4.415E+00 3.397E+00 4.415E+00 3.397E+00

Eu-154 4.910E-02 0.000E+00 4.782E+00 3.137E+00 4.782E+00 3.137E+00

IITEI8T ITITEILET IETTEPTTTL997881 TITI77I71 FTfffffff FIffifffr Iriifiiis
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1RESRAD, Version 6.21 T« Limit = 0.5 year 03/10/2003 11:35 Page 20
Summary : 116-F-1 Overburden Radionuclides File: 116-F-1_OB_rad.RAD
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated
ONuclide Parent BRF{i) DOSE(j,t), wmrem/yr
{3) (i) t= 0.000E+00 1.000E+00 3.000E+00 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03
ARAAAARR ARAARAAR AARRAARAR ARAAAARAR AAAARAAAR ARARAAAAA AARAAAAAR AARAAARAR AAAAARARA AAAAAAAAA ARARAAARR AAAAARRAA

C-14 C-14 .000E+00 1.243E+00 2.933E-01

1 .531E-02 3.570E~05 2.931E-10
0Co-60 Co~60 1.000E+00 1.630E-01 1.429E-01

7

2

1 1.979E-28 0.000E+00 0.000E+00 0.000E+00
1.098E-01 6.399E-02 2.260E-02 5.655E-04 3.102E-07 1.123E-18 0.000E+00
OEu-152 Eu-152 7.208E-01 1.668E-01 1.583E-01 1.427E-01 1.152E-01 7.638E-02 1.778E-02 9.150E-04 2.754E-08 4.122E-24
Eu-152 Eu-152 2.792E-01 6.460E-02 6.132E-02 5.526E-02 4.464E-02 2.959E-02 6.888E-03 3.544E-04 1.067E-08 1.597E-24
Eu-152 &DOSE(j) 2.314E-01 2.196E-01 1.979E-01 1.599E-01 1.060E-01 2.467E-02 1.269E-03 3.821E-08 5.719E-24
0GA-152 Eu-152 2.792E-01 2.346E-18 6.878E-18 1.527E-17 2.995E-17 5.077E-17 8.214E-17 9.112E-17 9.136E-17 9.050E-17
0Eu-154 Eu-154 1.000E+00 2.348E-01 2.170E-01 1.853E-01 1.342E-01 7.197E-02 7.919E-03 8.860E-05 1.262E-11 0.000E+00
IT1191% IT1179F fifffffss ITITISIET TITITITIL ITREL199% FEEL9988% fRET7000F IPTTTT7EF FTIT2708F fET1728¢% TE1158145

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 7.100E+00 1.500E+01 4.300E+01 1.000E+02 3.000E+02 1.000E+03

Cc-14 Cc-14 1.000E+00 6.330E-01 1.448E-01 7.561E-03 1.764E-05 1.451E-10 9.852E-29 0.000E+00 0.000E+00 0.000E+00
0Co-60  Co-60  1.000E+00 1.620E-02 1.420E-02 1.091E-02 6.358E-03 2.246E-03 5.619E-05 3.082E-08 1.116E-19 0.000E+00
OEu-152 Eu-152 7.208E-01 3.777E-02 3.585E-02 3.231B-02 2.610E-02 1.730E-02 4.028E-03 2.072E-04 6.238E-09 9.336E-25

Eu-152 Eu-152 2.792E-01 1.463E-02 1.389E-02 1.251E-02 1.011E-02 6.701E-03 1.560E-03 B.027E-05 2.416E-09 3.616E-25

Eu-152 &S(j): 5.240E-02 4.974E-02 4.482E-02 3.621E-02 2.400E-02 5.588E-03 2.875E-04 8.654E-09 1.295E-24
0Gd-152 Eu-152 2.792E-01 0.000E+00 9.149E-17 2.608E-16 5.573E-16 9.775E-16 1.611E-15 1.792E-15 1.797E-15 1.780E-15
OEu-154 Eu-154 1.000E+00 4.910E-02 4.538E-02 3.876E-02 2.806E-02 1.505E-02 1.656E-03 1.853E-05 2.639E-12 2.878E-36

I111837 TEI188% IfTfR1%iS TILIIITTT ITTTITI0T IFE11988F TEFLRE5T TPITLT80F TIIT99097 77H1798F TRE1TT18T TEEFRIT141

BRF{i) is the branch fraction of the parent nuclide.
ORESCALC.EXE execution time = 5.18 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 pertinent factors
could lead to incorrect conclusions or assumptions.

Before applying these calculations to work activities or projects outside the context of this report,
these calculations must be thoroughly reviewed with appropriate and authorized Hanford Site

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, EDPI-4.37-01, "Project Calculations," Bechtel
Hanford, Inc., Richland, Washington.

116-F-1 Lewis Canal Trench Sample Variance, Calculation No. 0100F-CA-V0150,
Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

Lewis Canal Trench/Overburden Sampling Design, Calculation No. 0100F-CA-V0154,
Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

116-F-1 Lewis Canal Cleanup Verification 95% UCL Calculation, Calculation
No. 0100F-CA-V0138, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

116-F-1 Lewis Canal RESRAD Calculation, Calculation No. 0100F-CA-V0140, Rev. 0,
Bechtel Hanford, Inc., Richland, Washington.

116-F-1 Lewis Canal Comparison to Drinking Water Standards (MCL), Calculation
No. 0100F-CA-V0139, Rev. 1, 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.

C-47



CVP-2002-00009
Rev. 0

C-48



‘CVP-2002-00009

Rev. 0
CALCULATION COVER SHEET
Project Title: Group 4 Remedial Action ~ Job No. 22192
Area 100-F Area ]
Discipline Enviromental - ' Calc. No.  0100F-CA-V0150
Subject 116-F-1 Lewis Canal Trench Sample Variance .
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 Originator Checker Reviewer Approval Date
Cover - 1
Calc Summary - 1
0 Shallow Zone -
Calculations - 3 ‘ ‘
Overburden Zone ' . : _
Calculations - 2 - SW Ol ?liﬁ-.-— l 03
Shallow Zone Data- 4 o 3]a
Overburden Zone Data 2,-1§-03 '3/ ¢0> 3' @lo b)
1 3/18/2003
Total - 12 MT Stankovich | SW Calison | JE Thomson | MA Buckmaster
SUMMARY OF REVISIONS
*QObtain Calc. No. from DIS January-2003
DE01-437.03
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ST _ CALCULATION SHEET
sasaced| Bechtel Hanford inc.
Date

Originator M. T. Stankovich 3/18/2003  Calc. No. 0100F-CA-V0150 Rev. No. 0
Prqject Group 4 Remedial Action Job No. 22192 Checked Sw &ﬂ:sm SV Date 3-5-03
Subject  _116-F-1 Lewis Canal Trench Sample Variance . SheetNo. _1of11

Conclusion:

The required number of samples calculated (1 samples) for each decision sub-unit is less than the default
number (4 samples) specified in the "100 Area Remedial Action Sampling and Analysis Plan" DOE/RL-86-22,
Rev 3. Therefore, the default number of sampies will be collected from each shallow zone and overburden

zone decision sub-unit.

Probiem:

Calcuiate the number of verification samples required for 116-F-1 Shallow and Overburden Zone Decision
Unit verification sampling as required in "100 Area Remedial Action Sampling and Analysis Plan" (DOE/RL-96-
22, Rev 3) and "Instruction Guide for the Remediation of 100 Areas Waste Sites" (0100X-1G-G0001, Rev 4).

Given:
1) Sample locations for the 116-F-1 Lewis Canal Trench Shallow and Overburden Zone are identified on the

116-F-1 Lewis Canal Shallow and Overburden Zone Design, Calculation numbers 0100F-CA-V0154.
2) Lookup values from DOE/RL-96-22, Rev 3.
3) Sample Design requirements from DOE/RL-96-22, Rev 3 and 0100X-IG-G0001, Rev 4.

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 verification 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
2-4 Shallow Zone Samples Calculation
5-6 OQverburden Zone Samples Calculation
7-10 Shallow Zone Data Sample Management Shailow Zone Raw Data
11 Overburden Zone Data Sample Management Overburden Zone Raw Data
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Bechtel Hanford inc.

Originator M. T. Stankovich

Date _ 3/18/2003

Project Group 4 Remedial Action Job No.

22192

Subject 116-F-1 Lewis Canal Trench Sample Variance

~ CALCULATION SHEET

+ Statistical Evaluation of Analytical Data

2

+ Each value is reflective of the specific analyte evaluated.
s The highest value of the three evaluations is used to determme the required number of samples as compared
¢ against the default of four.
7 Sample locations are from Calculation 0100F-CA-V0156.

¢ Mean, Standard Deviation, t, and Number of Samples formulas are from DOEIRL-96-22 Appendix A :

3
10 Decision Unit:

1 Samples values from GEA analysis

12 Sample Areas A, B,C, D, E,F, &G

13 Sample # Sample Date

Shallow Zone

Location

Constituent
Cobalt-60 Q Cesium-137 Q Europium-152 Q

Calc. No. OIOOF—CA-VOISO
Checked

CVP-2002-00009
Rev. 0

Rev.No. o

< Date3-jg-03
~ SheetNo. 2. of 11

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

14 pClig
15|Look-up Value (HT) 1.4
]  JOO8Y6 10-Dec-02 SA1-2 0.045 U] 0.228 0.095 U
7} JOOBY7 10-Dec-02 SA1-3 0.095 U] .0.088 [ 0.149 U
sl JOOBY8 10-Dec-02 SA1-4 - 0.063 U] 0.195 0.18 ]
] J008YS 10-Dec-02 SA1-10 0.051 U] 0.138 0.1 U
20 JO0900 10-Dec-02 SA1-14 0.035 V) 0.048 0.088 1]
2t J00g01 10-Dec-02 SA1-16 0.048 V] 0.095 0.12 U
2 JO0902 10-Dec-02 SA2-3 0.057 u 0.222 0.1: [Y)
»|  J00903 10-Dec:02 SA2-6 0.082 Uy 0117 0.1¢ U
2l J00S04 10-Dec-02 SA2-7 0.086 U] 0.189 019 - U
| JO0905 10-Dec-02 SA2-10 0.046 [¥) 0.13 0.13 1]
= J00906 10-Dec-02 SA2-14 0.048 U 0.067 U 0.13 U
4 JO0907 10-Dec-02 SA2-15 - 0.081 U 0.124 0.15 U
228 00908 10-Dec-02 SA3-1 0.065 U 0.061 U -0.14 U
»f  J00909 10-Dec-02 SA3-2 0.058 U 0.052 [¥] 0.13 U
of  JO0910 10-Dec-02 SA3-4 0.084 U 0.081 U 0.18 U
# JO0911 10-Dec-02 SA3-5 0.067 U 0.067 U 0.15 U
2| JO0912 10-Dec-02 SA3-9 0.059 Uj 005 U 0.13 1]
sl JO0913 10-Dec-02 SA3-11 0.07 U 0.073 U 0.2 U
»  J00914 10-Dec-02 SA4-3 0.05 U 0.045 [¥) 0.1 u
st J00915 10-Dec-02 SA4-4 0.056 U 0.051 U 0.11 7]
sl JO0916 10-Dec-02 SA4-7 0.038 Y] 0.041 1] 0.094 Y]
w  Jo0%17 10-Dec-02 SA4-9 0.043 U 0.036 U -0.083 U
i JO0918 10-Dec-02 SA4-12 0.063 1] 0.05 U 0.15 1]
sf  JO0919 10-Dec-02 SA4-13 0.038 Ul 0034 U 0.085 U
«f J00920 10-Dec-02 SB5-1 0.061 U 0.049 1] 0.12 U
ol J00921 10-Dec-02 SB&-2 0.061 U 0.058 1] 0.13 U
«f  J00922 10-Dec-02 SB5-5 0.047 U 0.043 U 0.11 U
«of 100923 10-Dec-02 SBS-7 0.053 1] 0.049 U 0.12 U
«  Jo0924 10-Dec-02 SB5-13 0.063 U 0.077 U 0.17 1)
| J00925 10:Dec-02 SB5-15 0.064 U 0.053 U .12 U
wl  JO0926 10-Dec-02 SB6-1 0.231 1.28 2.42 .
sl J00927 10-Dec-02 S$B6-10 0.054 U 0.048 U 0.12 U
e  J00928 10-Dec-02 SB6-12 0.062 1] 0.092 U 0.2 U
wrl  J00929 10-Dec-02 SB6-13 0.049 U 0.041 U 0.11 [J)
w0l JO0930 10-Dec-02 SB6-15 0.068 U 0.064 u 0.14 U
ml  JO0931 -10-Dec-02 SB6-16 0.05 U 0.043 U 0.12 U
ws]  J00932 10-Dec-02 SB7-1 0.053 U 0.05 ¥} 0.12 1]
sl JO0933 10-Dec-02 SB7-3 0.058 U 0.053 U 0.13 U
00934 10-Dec-02 SB7-4 0.075 U 0.053 U 0.15 ‘U
wsi  JO0935 10-Dec-02 SB7-5 0.071 U 0.073 0.26
el JO0936 10-Dec-02 SB7-8 0.053 [¥) 0.052 U 0.13 [3)
wo JO0937 10-Dec-02 SB7-11 0.044 U 0.052 U 0.12 U
wl.  J00938 10-Dec-02 SB8-2 0.043 Ul 0.036 U 0.087 U
w2l JO0939 10-Dec-02 SB8-3 0.036 U 0.036 U 0.084 U
w3 J00940 10-Dec-02 SBs-4 0.042 ) 0.045 U 0.11 U
W J00941 10-Dec-02 SB8-8 0.041 U 0.058 U 0.092 U
w51 ,J00942 10-Dec-02 SB8-12 0.029 U 0.033 [¥] 0.078 [1]
16 JO0943 10-Dec-02 SB8-13 0.034 U 0.033 U 0.081 U
wl  J00944 09-Dec-02 SC9-3 0.13 U 0.13 0.406
Shallow Zone
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CALCULATION SHEET
Bechtel Hanford Inc. ‘ﬁo
Originator M. T. Stankovich Date  3/18/2003 Calc. No. 0100F-CA-V0150 Rev.No. o0

Project Group 4 Remedial Action Job No, 22182 Checked S Swe Date 31§-03
Subject 116-F-1 Lewis Canal Trench Sample Variance Sheet No. Fof11 .

1w __J00945 09-Dec-02 5Co4 0.055 U] 0.048 0.105

1| J00946 09-Dec-02 SC9-5 0.082 Ul o062 (U 0.16 U

1ol J00G47 09-Dec-02 $C9-10 0.052 U] 0044 (U 0.11 U

o[ J00948 09-Dec-02 5C9-14 0.1 0.83 1.48

1w J00949 09-Dec-02 SCO-16 0.11 U] o.181 0.29 U

13 JOOG50 09-Dec-02 5C10-3 0.052 U[ 0045 _|U 0.11 ]

14| JO0951 09-Dec-02 SC104 0.074 U] 0059 U 0.14 U

18| J00952 09-Dec-02 SC10-8 0.12 Ul 0384 0.744

s J00953 09-Dec-02 SC10-10] __ 0.061 U| oore [U] o048l

w7 Jo0954 09-Dec-02 SC10-14 0.05 Ul 0051 _|U 0.11 U

el J00955 09-Dec-02 SC10-16] __ 0.067 U|_0.167 0.442

1| JOO956 05-Dec-02 5C1-2 0.13 U 0.444 0.756

2of  JO0957 09-Dec-02 SC1-3 0.044 U] 0047 |U 0.12 U
J00958 09-Dec-02 SCi4 047 U| o0.74 1.26
J00959 09-Dec-02 SC1-10 0.1 U] 0608 1.34
JO0950 09-Dec-02 5C1-13 0.06 U] o0.087 0.081 U
J00961 09-Dec-02 SC1-16 0.058 U] 0065 |U 0.15 U
J00962 09-Dec-02 SC2-3 0.074 U] 0323 0.673
J00963 09-Dec-02 5C2-6 0.085 U| 0384 0.733
J00964 09-Dec-02 SC2-7 0.076 U 0082 0.165
J00965 09-Dec-02 S5C2-10 0.059 U] 0057 |U 6.13 U
J00966 09-Dec-02 SC2-14 0.13 Ul 0.441 1.35
JO0967 09-Dec-02 SC2-15 0.069 Ul 0242 0.462
J00968 16-Nov-02 SD3-1 0.091 U| 0083 |U 0.2 U
J00963 19-Nov-02 5032 0.062 U] 0062 U 0.15 U
J00970 19-Nov-02 SD34 0.1 U] 0085 [U 0.23 U
J00971 19-Nov-02 SD3-5 0.067 Ul 007 (U 0.14 U
J00972 19-Nov-02 SD3-9 0.067 U| 0064 [U 0.14 ]
J00973 19-Nov-02 5D3-11 0.12 U] 043 (U 0.25 U
00974 19-Nov-02 SD4-3 0.081 U] 0082 |U 0.19 U
J00975 19-Nov-02 SD4-4 0.11 U] o067 [0 0.2 U
J00976 19-Nov-02 SDa-7 0.678 Ul 0077 |U 0.17 U
J00977 19-Nov-02 SD4-9 0.077 U] 0057 [U 0.14 U
J00978 15-Nov-02 SD4-12 0.12 Ul _o011_1U 0.21 U
J00379 19-Nov-02 SD4-13 0.054 U] 0063 |U 0.15 U
J00980 19-Nov-02 SD5-1 011 U] 0087 |U 0.26 U
JO0981 19-Nov-02 SD5-2 0.052 U] 0052 (U 0.12 U
J00982 19-Nov-02 SD5-5 0.067 Ul o068 [U 0.14 ]
J00983 19-Nov-02 SD5-7 0.087 Ul 0077 |U 0.15 U
J00G84 19-Nov-02 §D5-13 0.099 Ul 06071 |U 0.19 U
J00985 19-Nov-02 SD05.15 0.083 Ul o171 0.429
J00S86 19-Nov-02 SDB-1 0.053 Ul 0054 U 0.13 1]
J00987 19-Nov-02 SDB-10 0.051 Ul 0048 U 0.11 U
J00988 19-Nov-02 SD6-12 0.073 U| 0062 |U 0.14 U
JO0989 19-Nov-02 S06-13 0.047 Ul 0227 0.458
J00990 19-Nov-02 5D6-15 0.084 Ul 0063 |U 0.17 U
J00991 19-Nov-02 SD6-16 0.041 U| 0044 U 0.1 U
J00552 19-Nov-02 SE7-1 0.069 U] 0056 |U 0.12 V]
J00993 19-Nov-02 SE7-3 0.036 U| 0036 (Ul o088 U
J00854 19-Nov-02 SE7-4 0.054 Ul 006 U 0.14 U
J00395 19-Nov-02 SE7-5 0.041 Ul 0037 |U] 0089 U
J00398 19-Nov-02 SE7-8 0.057 Ul 0049 [U 0.1 ]
J00997 79-Nov-02 SE7-11 013 Ul 041 _JU 0.22 U
J00S38 19-Nov-02 SEg-2 0.055 Ul 0043 |U 0.14 U
J00399 19-Nov-02 SEB-3 0.089 U] 007 lU 0.18 u
JO0SB0 19-Nov-02 SEB-4 0.096 Ul 0729 0.979
JO09B1 19-Nov-02 SE8-8 0.096 U ooss_[U 0.18 ]
JO09B?2 19-Nov-02 SE8-12 0.062 Ul o048 _[U 0.12 U
JO09B3 19-Nov-02 SEB-13 0.039 Ul 0037 {0 0.09 U
J009E4 19-Nov-02 SE9.3 0.074 U] G055 [u 0.15 U
JO09E5 19-Nov-02 SES-4 0.062 U] 0396 0.858
JO09EB 19-Nov-02 SES-5 0.043 Ul 604 11U 0.1 U
J009B7 19-Nov-02 SES9-10 0.068 Ul 0052 (U 0.13 U

Shallow Zone
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CALCULATION SHEET
; Bechtel Hanford Inc. ’ .
Originator M. T. Stankovich Date  3/18/2003 Calc. No. 0100F-CA-V0150 Rev.No. ¢
Project Group 4 Remedial Action Job No.” 22192 Checked S\) (allisgn swe Date 3-%-53
Subject 116-F-1 Lewis Canal Trench Sample Variance ‘ SheetNo.___ & of11_
JO09ES 19-Nov-02 SES-14 0.038 U] 0035 [U 0.094 1]
JO09B9 19-Nov-02 SE9-16]  0.059 U] 0053 U 0.13 U
JO09CO 19-Nov-02 SE10-3 0.04 Ul 0037 U 0.083 Ul
J009C1 19-Nov-02 SE10-4 0.048 Ul 0045 U] 0.1 U
JO09C2 19-Nov-02 SE10-8 0.078 U] 0064 |U 0.13 1]
JO09C3 19-Nov-02 SE10-10 0.043 Ul 0044 |U 0.11 V]
JO09C4 19-Nov-02 SE10-14 011 |U] 0083 |U 0.22 Y]
J009C5 19-Nov-02 SE10-16 0.057- JU| 0.055. |U 0.13 U
JO09C6 18-Nov-02 SFi-2 0.14 U] 0248 ~ 0.363
JO09C7 18-Nov-02 SF1-3 0.061 U] 0063 |U 0.15 U
J009C8 18-Nov-02- SF14 0.13 U] o011 |U 0.27 U
J00SCY 18-Nov-02 SF1-10 0.054 Ul 0062 |Ul 0.4 V]
JO0SD0 18-Nov-02 SF1-13 0.1 Ul 0.074 |U 0.17 U
J009D1 18-Nov-02 SF1-16 0.098 U] o008 |U 0.19 1]
J009D2 18-Nov-02 SF2-3 0.04 U] 0067 |U 0.1 U
J00SD3 18-Nov-02° SF2-6 0.074 Ul 0068 |U 0.16 1]
J0o9D4 | 18-Nov-02 SF2-7 0.037 U] 0036 [U 0.081 U
J009D5 18-Nov-02 SF2-10| - 0.064 Ul 0055 (U 0.16 U
J009D6 18-Nov-02 SF2-14 0.077 U] 008 |U 0.17 U
J009D7 —__18-Nov-02 SF2-15 0.051 Ul 0092 |U 0.093
J009D8 18-Nov-02 SFa-1 0.089 Ul 0066 |U 0.19 U
JO08DY 18-Nov-02 SF3-2 | 0.07 U] 0067 |U 0.15 1]
JOOSFO 18-Nov-02 SF34 0.079 U] 0081 |U 0.2 U
JOO9F1 18-Nov-02 SF3-6 0.081 Ul o087 |U 0.16 U
JOO9F2 18-Nov-02 SF3-9 0.051 U] 0045 |U 0.11 u
JOO9F3 18-Nov-02 SF3-11 0.12 Ul 0224 0.688
JOOSF4 18-Nov-02 SF4-3 0.065 U] 0064 |U 0.15 U
JOOSF5 18-Nov-02 SF44 0.082 Ul 006 |U 0.16 1]
JOO9F6 18-Nov-02 SFa-7 0.049 Ul 0044 |U 0.098 U
JOGOF7 18-Nov-02 SF4-8 0.034 Ul 06028 |U 0.078 U
JOOSF8 18-Nov-02 SF4-12 0.059 U] 0052 |U 0.13 U
JOO9F9 18-Nov-02 SF4-13 0.228 0.705 2.77
JOOSHO 18-Nov-02 SG5-1 0.071 Ul 0061 |U 0.14 U
JO09H1 18-Nov-02 SG5-2 0.033 U] 0036 |U 0.088 1]
JOOSH2 18-Nov-02 SG5-5 0.066 Ul 0047 |U 0.14 U
JOOSH3 18-Nov-02 SG5-7 0.043 ul 004 U 0.095 1]
JO0SH4 18-Nov-02 S§G5-131  0.043 Ul o004 U 0.004 1]
JOO09HS 18-Nov-02 SG5-15 0.1 U] 06073 |U 017 U
JO0SH6 18-Nov-02 SG6-1 0.051 U] 0044 JU 0.11 V]
JOO9H7 18-Nov-02 SG6-10 0.089 U| 0057 |U 0.206
JO0aH8 10-Dec-02 SG6-12 0.073 Ul 0072 U 0.14 V]
JOOSH9 18-Nov-02 S$G6-13 0.05 Ul 0042 |U 0.1 U
J009J0 10-Dec-02 SG6-15 0.065 U[ o.082 0.16 V]
J009J1 10-Dec-02 SG6-16 0.058 Ul 0.057 0.12 1]
J009J2 18:Nov-02 SG7-1 0.065 ul 0057 luU 0.14 u
J009J3 18-Nov-02 S$G7-3 0.069 Ul 007 U 013 1 U
J009J4 18-Nov-02 S-G7-4 0.046 Ul 0045 1U 011 U
J009J5 18-Nov-02 S-G7-5 0.071 ul 00673 U 0.16 ¥]
J008J6 18-Nov-02 S-G7-8 0.049 Ul 0052 JU 0.1 U
J009J7 18-Nov-02 S-G7-11 0.061 U] 0049 U 0.13 U
J009J8 -18-Nov-02 5-G8-2 0.064 U] 0044 [U 0.11 U
J009J9 18-Nov-02____ | 5G8-3 0.038 U] 0047 | U 0.173
JOOSKO 18-Nov-02 SG8-4 0.065 Ul 0062 U 0.15 U
JOO9K1 18-Nov-02 SG8-8 0.043 Ul 0037 |U 0.087 1]
JO09K2 18-Nov-02 SG8-12 0.047 U] 0038 |U 0.093 U
JOOSK3 18-Nov-02 SG8-13 0.095 Ul 007 |u 0.14 1]
Mean (LV) > 0.07 0.11 0.24
Standard Deviation (S) > 0.03 - 0.16 0.35
o (5%) > 1.645 1.645 1.645
B (20%) > 0.842 0.842 0.842
Number of Samples > 1 1 1

Shallow Zone
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1 Statistical Evaluation of Analytical Data

2

3 The required number of samples resulting from the calculation is highlighted at the bottom of the page.
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Bechtel Hanford Inc.
Originator M. T. Stankovich

Date

CALCULATION SHEET
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Subject 116-F-1 Lewis Canal Trench Sample Variance

Cale. No. 0100F-CA-V0150
Rt bcnTa kALl —
Checked Sw Caflison swe  Date 2-8-03

- CVP-2002-00009
Rev. 0

Rev.No.. o

SheetNo. € of 11

+ 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 Sampie locations are from Calculation 0100F-CA-V0156..

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

10 Decision Unit:
. 1 Samples values from GEA analysis

Overburden Zone

12 Sample Areas A& B Constituent

13 Sample # Sample Date Location  Cobalt-60 Q Cesium-137 Q Europium-152 Q
“ pCilg pCilg pCilg

5| Look-up Value (HT) > 14 §.200 3.300 .
©f  JODBRO . 11/12/02 0-A1-2 0.120 U 0.096 U 0.190 U
7 JOO8R1 11/12/02 0-A1-3 0.064 U 0.074 U 0130 {U
18] JOOBR2 11/12/02 0-A1-4 0.078 U 0.076 U 0.150 U
1] JOOBR3 11/12/02 0-A1-10 0.076 U 0.073 U 0.150 U
2]  JOOBR4 11/12/02 0-A1-13 0.058 U 0.051 U 0.130 U
21 JOOBRS 11/12/02 0-A1-18 0.045 U 0.054 U 0.110 U
2|  JOO8R6 11/12/02 0O-A2-3 0.072 U 0.069 U 0.160 1]
»f  JOOBR7 11/12/02 0-A2-6 0.150 U 0.110 u 0.260 U
24| JOOBRS 11/12/02 O-A2-7 0.086 U 0.100 U 0.210 ‘B
25 JOOBRY 11/12/02 0-A2-10 0.084 U 0.085 u 0.180 u
= JOOBT1 11/12/02 0-A2-15 0.071 U 0.070 U 0.190 U
27 JOosTo 11/12/02 0O-AZ-14 0.098 U 0.110 U 0.280 U
81 JOO8T2 11/12/02 0-A3-1 0.074 U 0.071 U 0.140 U
2] JOO8T3 11/12/02 0O-A3-2 0.042 U 0.077 U 0.100 U
| JoosT4 11/12/02 0-A34 0.047 U 0.050 U 0.110 U
1) JOO8TS 11/12/02 0-A3-5 0.120 Ul - 0.120 U 0.270 U
21 JOOBT6 11/12/02 0-A3-9 0.060 U 0.056 U 0.120 [¥)
) JOOBT7 11/12/02 0-A4-11 0.083 U 0.092 [§] 0.190 U
4| Joo8Ts 11/12/02 0-A4-3 0.100 U 0.230 U 0.260 ]
s JOOBTY 11/12/02 0-Ad44 0.092 U 0.100 U 0.200 U
s Joosvo 11/12/02 O-A4-7 0.072 U 0.072 U 0.160 U
w7 Joosv1 11/12/02 0O-A4-9 0.120 U 0.100 U 0.210 - U
38 Joosv2 11/12/02 0-A4-12 0.110 U 0.110 U 0.230 U
i Joo8v3 11/12/02 0-A4-13 0.076 U 0.067 U 0.150 7]
40 Joosv4 11/14/02 0O-B5-1 0.100 U 0.090 U 0.160 U
«] Joo8vS 11/14/02 0-B5-2 0.051 U 0.052 U 0.120 U
2|  Jo08V6 11/14/02 O-B5-5 0.084 U 0.081 U 0.190 3]
«af  Joo8v7 11/14/02 O-B5-7 0.053 U 0.050 U 0.120 U
«|  Joosvs 11/14/02 0-B5-13 0.072 U 0.088 J 0.140 U
4| Joosve 11/14/02 0-B5-15 0.120 U 0.120 U 0220 - U
s JOOBWO 11/14/02 0-B6-1 0.072 U 0.071 U 0.160 U
a7f  JOOBWI1 11/14/02 O-B6-10 0.083 U 0.079 U 0.190 U
«af JOO8W2 11/14/02 0-B6-12 0.076 U 0.071 U 0.160 U
4 JOOBW3 11/14/02 0-B6-13 0.095 U 0.093 U 0.180 U
sof  JOOBW4 11/14/02 0-B6-15 0.130 U 0.120 U 0.220 U
s JOOBWS 11/14/02 0-B6-16 0.059 U 0.062 U 0.140 Ul
s2{  JOOBWE 11/14/02 0-B7-1 0.120 U 0.110 Ul 0230 U
s3}  JOOBWY 11/14/02 0-B7-3 0.077 U 0.070 U 0.160 U

Overburden Zone
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Subject 116-F-1 Lewis Canal Trench Sample Variance Sheet No. &of 11

s|  JOOBWS 11/14/02 O-B7-4 0.095 Uj o008 . 1U 0.170 U
s JOOBWS 11/14/02 0-B7-8 0.100 Uj 0120 U 0.170 [¥]
s JO08X0 11/14/02 O-B7-8 0.064 Ul 0.094 U 0.150 U
st JO08X1 11/14/02 0-B7-11 0.100 Uj 0.097 U 0.200 U
ss|  J008X2 11/14/02 0-B8-2 0.068 Ul 0069 U 0.160 U
ssf  JODBX3 11/14/02 0-B8-3 0.072 U] 0075 U 0.190 U
sof  JOO8X4 11/14/02 0O-B8-4 0.120 Uj 0.110 Ul 0270 U
et JOOBXS 11/14/02 0-B8-8 0.080 U} 0.060 1] 0.170 U
s2f . JO08X6 11/14/02 0-B8-12 0.084 Ul 0.096 1] 0.170 U
s3] JOOBX7 11/14/02 0-B8-13 0.062 Ul 0.108 0.130 U
sIMean (LV) > 0.08 0.088 0.178
ss|Standard Deviation (8) > 0.03 0.036 0.053

sl (5%) > 1.645 1.645 1.645

7] (20%) > 0.842 _0.842 0.842

5| Number of Samples > 1 1 1

Overburden Zone
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Originator M. T. Stankovich
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Job No. 22192
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CVP-2002-00009
Rev. 0

O0100F-CA-V0150 Rev.No. 0

3w Callison ¢ Date 3-5-03

Subject 116-F-1 Lewis Canal Trench Sample Variance Sheet No. -7 of 11
samp_numisamp_date Sample Node| Co60 |Q] Cs137 |Q | Eut152 |Q
11J008YS6 10-Dec-02]  SA1-2 0.045]U 0.228 0.095/U
2}JO08Y7 10-Dec-02] SA1-3 0.095/U 0.088{U 0.149|U
3{.JO08Y8 10-Dec-02| SA14 0.063{U 0.195 0.18JU
4J008Y9 10-Dec-02] SA1-10 0.051jU 0.138] 0.1jU
s{JO0S00 10-Dec-02] SA1-14 0.035|U 0.048 0.088{U
6/J00901 10-Dec-02] SA1-16 0.048|U 0.095 0.12jU
7400902 10-Dec-02] SA2-3 0.057{U 0.222 0.13[U
3}J00903 10-Dec-02] SA2-6 0.082]U 0.117 0.18{U
s{J00904 10-Dec-02]  SA2-7 0.086{U 0.189] 0.181U
10{.JO0S05 10-Dec-02] SA2-10 0.046{U 0.13 0.13jU
1{J00S06 10-Dec-02] SA2-14 0.048{U 0.067]U 0.13jU
124J00807 10-Dec-02| SA2-15 0.081{U 0.124] 0.15]U
12}J00908 10-Dec-02] SA3-1 ~ 0.0651U 0.061jU 0.14{U
141J00909 10-Dec-02] SA3-2 0.058]U 0.052JU 0.13JU
151J00910 10-Dec-02] SA34 0.084]U 0.081{U 0.18]U
18{J00911 10-Dec-02] SA3-5 0.0671U 0.067{U 0.15]U
17}J00912 10-Dec-02] SA3-9 0.059{U 0.056]U 0.13{U
18{J00913 10-Dec-02] SA3-11 0.07]U 0.073]U 0.2]U
19{J009 14 10-Dec-02] SA4-3 0.05{U 0.045|U 0.1jU
20[JO09 15 10-Dec-02] SA4-4 0.056{U 0.051jU 0.11jU
214J00916 10-Dec-02] SA4-7 0.039{U 0.041jU 0.094{U
2]J00917 10-Dec-02] SA4-9 0.043{U 0.036]U 0.083jU
2}J00918 10-Dec-02] SA4-12 0.063|U 0.05]U O.LS*Q
24J00919 10-Dec-02] SA4-13 0.038{U 0.034jU 0.085{U
25J00920 10-Dec-02] SBS5-1 0.061jU 0.049/U 0.12jU
26}JO0921 10-Dec-02] SB5-2 0.061jU 0.058{U 0.13JU
27}J00922 10-Dec-02] SB5-5 0.047|U 0.043|U 0.11juU
28]J00923 10-Dec-02] SB5-7 0.053|U 0.049{U 0.12jU
20[J00924 10-Dec-02| SB5-13 0.063{U 0.077|U 0.17]U
30}J00925 10-Dec-02] SB5-15 0.064{U 0.053jU 0.12{U
31}J00926 10-Dec-02] SB6-1 0.231 1.28 2.420
32{J00927 10-Dec-02] SB6-10 0.054[{U 0.048]U 0.12]U
]J00928 10-Dec-02] SB6-12 0.062{U 0.0921U 0.2jU
24]J00929 10-Dec-02] SB6-13 0.049/U 0.041jU 0.11jU
35}J00930 10-Dec-02] SB6-15 0.068{U 0.064iU 0.14{U
38| JO0931 10-Dec-02{ SB6-16 0.05|U 0.0431U 0.12lU
27}J00932 10-Dec-02]  SB7-1 0.053]U 0.05]U 0.121U
26}JO0933 10-Dec-02| SB7-3 0.058{U 0.053jU 0.13jU
30]J00934 10-Dec-02] SB7-4 0.075]U 0.053jU 0.15]U
4]J00935 10-Dec-02]  SB7-5 0.071{U 0.073] 0.26]
«1}J00936 10-Dec-02| SB7-8 0.053[U 0.052{U 0.13{U
2{J00937 10-Dec-02]  SB7-11 0.044{U 0.052{U 0.12|U
4{J00838 10-Dec-02]  SB8-2 0.043jU 0.036{U 0.087]U
«]J00939 10-Dec-02| SB8-3 0.036{U 0.036{U 0.084{U
451J00940 10-Dec-02] SB8-4 0.042{U 0.045{U 0.11jU
41J00941 10-Dec-02| SB8-8 0.041jU 0.058{U 0.0921U
7]J00942 10-Dec-02] SB8-12 0.029{U 0.033|U 0.078{U
45)J00943 10-Dec-02] SB8-13 0.034{U 0.033{U 0.0811U
41400944 09-Dec-02] SC9-3 0.13jU 0.13 0.406
50{J00945 09-Dec-02] SC9-4 0.055|U 0.048 0.105
511400946 09-Dec-02| SC9-5 0.082{U 0.062{U 0.16{U
52{J00947 09-Dec-02) SC8-10 0.052{U 0.044{U 0.11{U
53}.J00948 09-Dec-02] SC9-14 0.1 0.83 1.48]
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Shallow Zone Data

C-57

~ Project Group 4 Remedial Action Job No. 22192 Checked o Swé Date 3-18-03
Subject 116-F-1 Lewis Canal Trench Sample Variance : & of 11
samp_numisamp_date Sample Node] Co60 |Q| Cs137 |Q [:Eud

54/ J00S49S 09-Dec-02] SC9-16- 0.11jU 0.181

5s]J00950 09-Dec-02 SC10-3 0.052jU 0.04j_U

56]J00951 09-Dec-02| SC10-4 0.074jU 0.0591U

s71J00952 09-Dec-02} SC10-8 0.12jU 0.384

55| JO0G53 09-Dec-02f SC10-10 0.061jU 0.078|U

59}JO0954 09-Dec-02] SC10-14 0.05U 0.051{U

60} JOOS55 09-Dec-02] SC10-16 0.067|U 0.16

61{.JO0S56 09-Dec-02] SC1-2 0.131U 0.

624J00957 09-Dec-02] SC1-3 0.044iU 0.047]U

63/ JO0958 08-Dec-02] SC1-4 0.17jy 0.74)

64| JO0959 09-Dec-02 SC1-10 0.1ju 0.608]

65J00960 098-Dec-02] SC1-13 0.06jU 0.08

e6{JO0961 09-Dec-02] SC1-16 0.058{U 0.065{U

671,J00962 09-Dec-02] SC2-3 0.074{U 0.323]

s8{JO0963 09-Dec-02| SC2-6 0.085|U 0.384]

89}.JO0964 09-Dec-02| SC2-7 0.076|U 0.08

70} JO0965 09-Dec-02] SC2-10 0.059{U 0.057jU

7{J00966 09-Dec02] SC2-14 0.13lU]__ 0.441|

72J00967 09-Dec-02} SC2-15 0.069{U 0.24

73}J00968 19-Nov-02f SD3-1 0.091|U 0.083jU

74} JO0S69 19-Nov-02| SD3-2 0.062|U 0.062jU

7s1.J00970 19-Nov-02| SD3-4 0.1juU 0.0&%U

76|J00971 19-Nov-02f SD3-5 0.067]U 0.07jU

77{J00972 19-Nov-02{ SD3-9 0.067{U 0.064{U

78/JO0973 19-Nov-02{ SD3-11 0.121U 0.13{U

79|J00974 19-Nov-02f SD4-3 0.081|U 0.0821U

0| JO0975 19-Nov-02| SD4-4 0.11U 0.07]U

81{JO0976 19-Nov-02{ SD4-7 0.078U 0.077{U

82{JO0977 19-Nov-02f SD4-9 0.077jU 0.0571U
- 8}J00978 19-Nov-02f SD4-12 0.121U 0.11jU
84/JO0979 19-Nov-02] SD4-13 0.054{U 0.063jU
85}J00980 19-Nov-02] SD5-1 0.11jy 0.087{1U
8(J00981 19-Nov-02| SD5-2 0.052iU 0.0521U
87{J00982 19-Nov-02  SD5-5 0.067]U 0.068{U .
85{J00983 19-Nov-02]  SD5-7 0.087]U 0.07ﬂU 0.15]U
3|J00984 19-Nov-02] SD5-13 0.099{U 0.071ju 0.191U
9000985 19-Nov-02] SD5-15 0.083jU 0.171] 0.429]
911J00986 19-Nov-02] SD6-1 0.053{U 0.054U 0.13]U
$2{J00987 19-Nov-02f SD6-10 0.051ju 0. U 0.11jU
$3]J00988 19-Nov-02| SD6-12 0.073jU 0.062]U 0.14]U
300989 19-Nov-02| _SD6-13 0.047]U| 022 0.455_1
95J00990 19-Nov-02 SD6-15 0.084jU 0.063jU 0.171U
+6]J0O0991 19-Nov-02] SD6-16 0.041jU 0. U 0.1ju
o7{J00992 19-Nov-02 SE7-1 0.0691U 0.056{U 0.121U
28/JO0983 19-Nov-02] SE7-3 0.036|U 0.036{U 0.088jU
99]J00994 19-Nov-02| SE7-4 0.054{U | 0.06{U 0.14]U
100]JO0S95 19-Nov-02] SE7-5 0.041jU 0.037U 0.0891U
101{.J0O09S6 19-Nov-02] SE7-8 0.0571U 0.0491U 011U
102{.J00997 19-Nov-02f SE7-11 0.131U 0.11jU 0.221U
102}JO0998 19-Nov-02] SE8-2 0.055|U 0.043jU 0.14jU
104}JO0S9S 19-Nov-02 SE8-3 0.089{U 0.0ﬂU 0.18]U
105{JOO9BO 19-Nov-02| SE8-4 0.086{U 0.729 0.979]
10| JO09B1 19-Nov-02) SE8-8 0.096|U 0.084{U 0.18jU
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Subject  116-F-1 Lewis Canal Trench Sample Variance Sheet No. q of 11
samp_num|samp_date Sample Node] Co60 ]Q| Cs137 |Q | Eu152 |Q
107{J009B2 19-Nov-02] SE8-12 0.062{U 0.048jU 0.121U
108{JO09B3 19-Nov-02] SEB8-13 0.0391U 0.0371U 0.091U
10¢{.JO09B4 19-Nov-02|  SE9-3 0.074jU 0.055[U 0.15[U
110{JO0SBS 19-Nov-02|  SE9-4 0.062/U 0.396) 0.858
111,JO0SB6 19-Nov-02|  SE9-5 0.043{U 0.04jU 0.1u
112}JO0SB7 19-Nov-02]  SES-10 0.068]U 0.052jU 0.131U
13{J009B8 19-Nov-02| SE9-14 0.038{U 0.035/U 0.0941U
114/J002B9 19-Nov-02| SES-16 0.059{U 0.0531U 0.13jU
115(JO09CO 19-Nov-02| 'SE10-3 0.04iU 0.037{U 0.0931U
116}JO0SC1 19-Nov-02|  SE10-4 0.048{U 0.0451U 0.1jU
1170J009C2 19-Nov-02| SE10-8 0.0781U 0.064{U 0.131U
118{JO0SC3 19-Nov-02] SE10-10 0.043{U 0.044U 0.11{U
119/.JO09C4 19-Nov-02| "SE10-14 0.11ju 0.083{U 0.221y
120{JO0SCS 19-Nov-02| SE10-16 0.0571U 0.085|U 0.13{U
121}J00SC6 18-Nov-02]  SF1-2 0.14jU 0.248 0.363
122{.JO09C7 18-Nov-02|  SF1-3 0.061jU 0.063jU 0.151U
123,.J009C8 18-Nov-02]  SF1-4 0.13{U 0.11ju 0.27]U
124{JO09CYH 18-Nov-02| SF1-10 0.054jU 0.062{U 0.14[u
125}JO0SD0O 18-Nov-02|  SF1-13 0.1]U 0.074jU 0.171U
126{JO0SD1 18-Nov-02| SF1-16 0.098{U 0.086|U 0.19{U
121{J009D2 18-Nov-02|  SF2.3 0.041U 0.067]U 0.11U
1281J009D3 18-Nov-02| SF2-6 0.0TQ'U 0.068{U 0.16{U
120{.JO09D4 18-Nov-02f  SF2-7 0.037]u 0.036lU 0.081{U
130} JO0SD5S 18-Nov-02| SF2-10 0.064jU 0.055[U 0.16{U
131/.JO0SD6 18-Nov-02| SF2-14 0.0771U 0.085(U 0.17]U
+22[JO0SD7 18-Nov-02f SF2-15 0.051U 0.092jU 0.093
123},JO0SD3 18-Nov-02|  SF3-1 0.0891U 0.066/U 0.19{U
134/J009DY 18-Nov-02f  SF3-2 0.07{u 0.067]U 0.15[U
135{JOOSFO 18-Nov-02|  SF3-4 0.079)U 0.081ju 0.2l
136{JOOSF 1 18-Nov-02|  SF3-5 0.081jU 0.087{U 0.16{U
137}JO09F 2 18-Nov-02  SF3-9 0.051jU 0.0451U 1. 0.11jU
128} JOO9F 3 18-Nov-02]  SF3-11 0.12)U 0.224 0.688
139| JOOOF 4 18-Nov-02|  SF4-3 0.065iU 0.064{U 0.15]U
140 JOOSF 5 18-Nov-02]  SF4-4 0.0821U 0.06{U 0.16|U
1411JOOOF6 18-Nov-02|  SF4-7 0.049]U 0.044{U 0.098{U
142]JOOSF7 18-Nov-02|  SF4-8 0.034/U 0.028y 0.078]U
143/ JOOOF8 18-Nov-02f SF4-12 0.0591U 0.052]U 0.13{U
144 JOO9FS 18-Nov-02] SF4-13. 0.228 0.705 2.77]
145{JOOSHO 18-Nov-02|  SG5-1 0.071jU 0.061{U 0.14]U
18] JOO9H1 18-Nov-02| S8G5-2 0.033jU 0.036(U 0.088jU
147JO0SH2 18-Nov-02f  SGS5-5 _0.0661U 0.0471U 0.14jU
148{JOO9H3 18-Nov-02| SG5-7 0.0431U 0.04{U 0.095{U
149]JOOOH4 18-Nov-02|  SG5-13 0.0431U 0.04|U 0.094/U
15[ JOOGHS 18-Nov-02] SG5-15 0.1jU 0.073{U 0.17{U
161{JOO9HE 18-Nov-02  SG6-1 0.051U 0.044{U 0.11ju
152 JOOSH7 18-Nov-02| SG6-10 0.0891U 0.057{U 0.206
153 JOOSHB 10-Dec-02] SG6-12 0.0731U 0.072jU 0.14jU
154/ JOOSHY 18-Nov-02| 8G6-13 0.05(U 0.042{U 01U
155|JO0SJO 10-Dec-02]  SG6-15 0.065|U 0.082, 0.16{U
156}J00SJ1 10-Dec-02| - SG6-16 0.058{U 0.057, 0.12I1U
1571J009J2 18-Nov-02  SG7-1 0.065/U 0.057|U 0.14{U
158/ J009J3 18-Nov-02|  SG7-3 0.069[U 0.071y 0.13{U
159]J009J4 18-Nov-02| S-G7-4 ~0.048|U 0.045(U 0.11ju

Shallow Zone Data
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- CALCULATION

c. ’ - ’
Originator M. T. Stankovich. ﬁﬁ::‘x)ate anso03  Cale. No. 0100F-CA-V0150  Rev.No. 0
Project  Group 4 Remedial Action JobNo. 22192 Checked <) Eﬂgsg swe Date 3-%-03

Subject 116-F-1 Lewis Canal Trench Sample Variance SheetNo. - 20 of 11
samp_num|samp_date , Sample Node] Co60 ]Q]- Cs137- |@ | Eu152.]Q: N

160{JO09J5 18-Nov-02] S-G7-5- 0.071jU 0.073jU 0.16}U

161{J009J6 18-Nov-02f S-G7-8 0.0491U 0.052]U 0.11jU

1521 J009J7 18-Nov-02) S-G7-11 0.061{U 0.049{U 0.13jU

163)JO09J8 18-Nov-02| S-G8-2 0.064{U 0.0441U | 011U

164/JO09J9 ) 18-Nov-02f  SG8-3 0.038jU 0.0471U 0.17.

185{JOOSKO 18-Nov-02| SG84 0.065(U 0.062jU 0.1§U

16| JOOIK1 18-Nov-02| SG8-8 .| 0.043{U 0.0371U 0.0871U

187 JOOSK2 18-Nov-02] SG8-12 0.047jU 0.038jU 0.0931U

168} JOOSK3 18-Nov-02] SG8-13 0.095|U 0.07ju 0.14jU

Shallow Zone Data
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CALCULATION

‘ 2| Bechtel Hanford Inc. , :
Originator M. T. Stankovich ‘1% Date 3/18/2003  Calc. No. _0100F-CA-V0150 Rev.No. 0

‘Project Group 4 Remedial Action JobNo. 22192 Checked sw sza sweDate  3-18-03
Subject 116-F-1 Lewis Canal Trench Sample Vanance Sheet No. of 11
sampiHum|. -2 samp dateZ 5| Sample Node| - Co607 | Q: Cela e GllbaEn o

1}JOOBRO 11/12/2002 0O-A1-2  10.12 U ‘0;096 U 0.19 U
2|JOO8R1 11/12/2002f O-A1-3  ]0.064 {[U0.074 |U |0.13 U
2lJOOBR2 11/12/2002]  O-A1-4  10.078 ]U|0.076 U 10.15 U
«JOD8BR3 11/12/2002] O-A1-10 10.076  jU0.073 U ]0.15 V]
s|JOOSR4 11/12/2002] 0O-A1-13 ]0.058 |U 0.051 U ]0.13 U
¢/JOOBRS 11/12/2002] O-A1-16 10.045 |U ]0.054 U {0.11 U
7}JOOBR6 : 11/12/2002] ©-A2-3  10.072 .U 0.069 U 10.16 U
8] JOOBR7 11/12/2002) O-A2-6  [0.15 |Uj0.11 U {0.26 U
9| JOOBRS" 1112/2002] O-A2-7  [{0.086 U jo0.1 U j0.21 U
10]JOOSRY 11112/2002] O-A2-10 10.084 JU |0.085 U ]0.18 U
1{JO08T1 11/12/2002] 0O-A2-15 10.071 U 10.07 U 10.19 U
12{JO08TO 11/12/2002] O-A2-14 10.098 .Jul0.11 U 10.28 U
13}JO08T2 11/12/2002f O-A3-1  10.074 U |0.071 U 10.14 U
14]JO0ST3 111122002} 0O-A3-2 ]0.042 U }0.077 U ]0.1 U
15}J008T4 11/12/2002] O-A3-4  {0.047 |U]0.05 U }0.11 U
16)JO08TS 11/12/2002f O-A3-5 0.12 U Jo.12 U 10.27 V]
17} JOOBTE 11/12/2002 0O-A3-9 0.06 U ]0.056 U 10.12 U
181J008T7 11/12/2002] O-A4-11 {0.083 |U|{0.092 U 10.19 U
- 1}JOOBTS 11/12/2002 0-A4-3 0.1 U 10.23 U 10.26 U
20{JO08TY 11/12/2002f O-A4-4  10.092 U 0.1 U 0.2 U
_211J008VO 11/12/2002 0O-Ad-7 0.072 |U10.072 U [0.16 U
22{J008V1 11/12/2002 0O-A4-9 0.12 U {0.1 U ]0.21 U
23}J008V2 11/12/2002] O-A4-12 0.1 U1]0.11 U 10.23 U
24}J008V3 11/12/2002f O-A4-13 [0.076 U |0.067 U |0.15 U
2s]J008V4 11/14/2002{ O-B5-1 0.1 U 10.09 U 10.16 U
26]J008VS 11/14/2002 0O-B5-2 0.051 U ]0.052 U 10.12 U
27|JO08VE 11/14/2002] O-B5-5 {0.084 |U 0.081 U ]0.19 U
28{JO08V7 11/14/2002] ©O-B5-7 ]0.053 (U |0.05 U.]0.12 U
26{J008VS 11/14/2002] O-B5-13 10.072 [u].08800 |J |0.14 U
30{JO08VY 11/14/2002] O-B5-15 10.12 U j0.12 U 10.22 U
x1|JO08WO 11/14/2002] O-B6-1  [0.072 (U ]0.071 U [0.16 U
122 JOOSW1 11/14/2002] O-B6-10 10.083 |U |0.079 U 10.19 U
2}JO0OBW2 11/14/2002] O-B6-12 {0.076 |U 10.071 U 10.16 U
34{JOOSW3 11/14/2002] O-B6-13 10.095 U ]0.093 U {0.18 U
35| JO0BW4 11/14/2002] O-B6-15 10.13 Uljo.12 U 10.22 U
16/ JOOBWS 11/14/2002] O-B6-16 10.059 U [0.062 U 10.14 U
37}JO08WE 11/14/2002] ©-B7-1 0.12 U 10.11 U 10.23 U
18| JOOSW7 11/14/2002f O-B7-3 [0.077 (U ]0.07 U l0.16 ]
39[J008W8 11/14/2002 O-B7-4 0.095 U 10.083 U 10.17 U
40fJOOBWY 11/14/2002 O-B7-5 0.1 U 10.12 U 10.17 U
41]JO08X0 11/14/2002 0O-B7-8 0.064 U ]0.094 U 10.15 U
4]J008X1 11/14/2002| O-B7-11  10.1 U }0.097 U 0.2 U
|J008X2 11/14/2002] O-B8-2 10.068 |U|0.069 U 10.16 U
4]J008X3 11/14/2002] O-B8-3 {0.072 {U [0.075 U [0.19 U
45].J008X4 11/14/2002 Q-88-4 0.12 U 10.11 U ]0.27 U
46|JO08BX5 11/14/2002 0-B8-8 0.08 U ]0.06 U 10.17 U
]JO08X6 __11/14/2002] O-B8-12 10.084 (U ]0.096 U {0.17 U
48{JO08X7 11/14/2002] O-B8-13 {0.062 U ].10800 0.13 U

Overburden Zone Data
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CALCULATION COVER SHEET

Project Title: Lewis Canal Trench/Overburden Sample
Design Job No. 22192

Area 100-F
Discipline * Environmental Engineering Calc. No.  0100F-CA-V0154
Subject Lewis Canal Trench/Overburden 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 Iead 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 L—J
Rev. Sheet Numbers O;'ginator Checker Reviewer ’ Ap;y@ Date
Cover =1 Sht g | U w
O [Cale=2Shts M.T. > ,
G. Cruz C.A, Bentz . )03
Attachl = 1 Sht Stankovich Buckmaster g{ { H-‘
~ |Attach? = 1 Sht Z/[ @ Clo 31 o2/3-3 Z2)14]p3
Attach 3 = 2 Shts . »
Total =7 Shts
SUMMARY OF REVISIONS
*QObtain Calc. No. from DIS January 2003
DE(1-437.03
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Bechtel Hanford, Inc. CALCULATION SHEET o2
O
Originato /G. Cruz Date 12/6/2002 Calc. No. 0100F-CA-V0154 Rev. No. (s}
Project  Lewis Canal Trench/Overburden Sample, )
Design Job No. 22192 Checked (X @ Date /. Z/DZ
LA

Subject Lewis Canal Trench/Overburden Sampling Design

Sheet No.

Problem: |Calculate and display required sampling nodes in concurrence with 100 Area

SAP DOE/RL-96-22 Rev. 3 for verification and closure.

Given: -SAP (DOE/RL-96-22 Rev. 3) and |G (0100X-IG-G0001 Rev. 3) requirements

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

Attachment 3, Sht 1 of 2, CAD file 1F:110502A, 116-F-1 Lewis Canal Trench Overburden Sampling Plan)

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

l

Aftachment 3, Sht 2 of 2, CAD file 1F:120602A, 116-F-1 Lewis Canal Trench Shallow Zone Sampling Plan)

L e R L

l

3
o

SAP and IG Requirements:

11

-Develop a 16 node sampling grid for the sampling area

Overburden: |-Use appendix A of the IG to determine which six of the sixteen will be sampled

13

to collect HPGe and clean up verification samples

14

15

18

17

18

19

Determination of Overburden Sampling Grid:

I

Overburden Sampling Grid Area determined from Table 5-1, IG

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

Total Area:

6757.16

Area of Decision Subunits (total area 2 subunits)

3378.58

5 ] }

Decision Subunit divided into 4 Sampling Areas:

844.64

1

Sampling Areas divided into a 16 node grid (node numbers 1-16):

52.79

Nodes to be Sampled (as determined from Attachment 1, Table A-1, Sample Grid Point Lookup Table)

See Attachment 3, Sht 1 of 2, Lewis Canal Trench Overburden Sampling Plan,

for Sample Location Table

LSS YRR I RN NRBRNNNSY

42
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X\ Bechtel Hanford, Inc. CALCULATION SHEET
3 20f2
Originato¥ G. Cruz Daté” 12/6/2002 Calc. No. 0100F-CA-V0154 Rev.No. (2]
Project | ewis Canal Trench/Overburden Sample
Design JobNo. 22192 Checked 54@ Date rz/m%yz.
7
Subject  Lewis Canal Trench/Overburden Sampling Design ~ Sheet No.
1
2
3jDetermination of Shallow Zone Sampling Grid:
4 i l l
5{Shallow Zone Sampling Grid Area determined from Table 5-1, IG
sjAttachment 2, Number of Decision Subunits Based on Area (Converted to Sq Meters)
7
8{Total Area: 24816.78|m?
sjArea of Decision Subunits (total area 7 subunits) 3545.25|m?
10 } 1 I !
11{Decision Subunits divided into 4 Sampling Areas: . 886.31|m*
12 i l ! l ”
13{Sampling Areas divided into a 16 node grid (node numbers 1-16): 55.39|m?
14 | |
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-1 Lewis Canal Trench Shallow Zone Sampling Plan,
17 for Sample Location Table
18
19
20
21
22
23
24
25
26
a7
28
29
30
3
32
33
34
'35
36
a7
38
39
40
41
42
43
44
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Rev.0
\ Bechtel Hanford, inc.
Originator é Cru Date 121612002 Calc. No. 0100F-CA-V0154 Rev. No. 0
Project - |ewis Canal Trench/Overburden Sample
Design JobNo. 22192 Checked (< 5 Date IZ]1t o2
Subject Lewis Canal Trench/Overburden Sampling Design Sheet No
1 ATTACHMENT 1
2 .
3 Sample Grid Point Lookup Tabile.
4
5
Default Plan Areat | Area2 Area3 Area 4 Area 5 Area 6 Area? Arsa 8 Areas | - Area10
7] HPGefCloseout 3 [ 1 4 5 1 3 3 4 16
8] HPGelCloseout 4 7 11 3 15 15 5 13 10 10
8} 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 [ 13 12 8 2 14 8
12 HPGe 13 10 9 13 2 16 1 12 5 3
13] Not Sampling 3 1 10 8 14 4 16 5 8 8
14]  Not Sampling 1 ] 13 1 10 5 12 1 1 15
15| Not Sampling 9 12 7 5 6 2 6 7 15 )
18]  Not Sampling 15 16 15 14 16 [ 2 15 11 1
17} Not Sampling 8 13 8 10 12 11 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 8 13 2
20 Not Sampling 11 4 6 2 9 7 7 11 3 7
21} Not Sampling 12 8 16 18 3 8 15 .98 [ 13
221 Not Sampling 14 5 12 8 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

C-64



Bechtel Hanford, Inc.

Originator G’ Cruz Date 12/6/2002

CVP-2002-00009

Rev. 0

Calc. No. 0100F-CA-V0154 Rev. No.

Project | ewis Canal Trench/Overburden Sample

Design

Subject Lewis Canal Trench/Overburden Sampling Design

]

Job No. 22192 Checked &]é Date /z/f//o,.

Sheet No.

1 ATTACHMENT 2

2

s Number of Decision Subunits Based on Area.

Area of Primary Decision Unit (m2)

<1,394

Number of Subunits
. 1

>1,394 to <2,326

>2,326 to <3,256

>3,256 to <4,186

>4,186 to <9,303

>9,303 to <13,024

>13,024 to0 <16,745

>16,745 to <20,466

] B W RO WEN

>20,466

ROUNDa (Area/3,720)

a ROUND is-an integer rounding function.
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171105024

NOTES

N 148800

. OVERBURDEN NODE AREAS ARE APPROXIMATELY 52.79
SQUARE METERS,
SAMPLES ARE TAKEN FROM THE APPROXIMATE CENTER
OF EACH NODE.

THE OVERBURDEN CONSISTS OF SAMPLING AREAS A1,
AZ, A3 & A4 WITHIN DECISION SUBUNIT 1. SAMPLING
£ 580000 AREAS BS, BS, B7, & BB WITHIN DECISION SUBUNIT 2.

i

[

LEGEND
GAMMA ENERGY ANALYSIS & CLOSEOUT
- VERIFICATION SAMPUNG NODE
’ e?@f‘@:s!-e:g’v:l@;!"’_.
JolBlel-T-[-[-[- ol [elel-Telal-Iee -1 - Bl - Bl ol [ Jy By~
L GAMMA ENERGY ANALYSIS

SAMPLING NODE

SAMPLE LOCATION TABLE

DECISION SUBUNIT| SAMPLING AREA | SAMPLE NODE

0 'A9Y

CH_ 1 7ERC.OWG

DOE FELD OFFICE, RICHLAND
HANFORD ENVIRONMENTAL RESTORATION PROGRAM

1 At ™
SCALE 1:1200 =
12 0 12 24 48 meters oA
AL G
£ 580000 ---’ _:é%——:
1)
Ad
B7 __———B8 2 _ =
: # T
2 E :
z e ==
A 49 Sheet No. -
o G CRUE Dats I
. Dax e
o, A dIEYRenNo. 5 ____:_'; :‘
8 SCALE 1:800 s
3 s ‘ et
= 8 0 8 16 32 met
= meters ATTACHMENT 3
U.S DEPARTMENT OF ENERGY 100 F AREA

100 AREA REMEDIAL DESIGN
116—F~1 LEWIS CANAL TRENCH

OVERBURDEN SAMPLING PLAN

60000-2002-dAD



NOTES
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1588004

TOP OF SLOPE/116-F-1 LEWIS CANAL

HARORCARR-0CR uon '“HE"Q! - T

TOP OF SLOPE/116-F=1 UEWSS CANM,

20; 8 B0on0ze:

; _ ;00 =nanoon
CHNEC=ZHHN G8: ! ARER 048 8 - SABHRE GG B BREZ Basm:ctd.

n. 2
SHHBHEHSHG

1. SHALON JONE NODZ AYEAS ARE APPROXWATELY 65.3

2. SAMPLES WAL BE TAXEN FROM THE APPROXIMATE CONTER
OF EACH NOODK.

3. THE SKALLOW J0HE CONSISTS OF SAMPUNG AREAS A%, AZ AY, &
A WITH DECEION SUBUNT 1, s 8, 06, o &S0 MTw

R )

SOALE 1:1200
126 17 24 A6 msters

L9-O

N 148100

SAMPLE LOCATION TABLE

100 F AREA
116-F—1 LEWIS CANAL TRENCH

SHALLOW ZONE SAMPLING PLAN |07

0 ‘roy
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CVP-2002-00009

Rev. 0
CALCULATION COVER SHEET
Project Title: 116-F-1 Cleanup Verification Job No. 22192
Area 100 F
Discipline Environmental Calc. No.  0100F-CA-V0138
Subject 116-F-1 Lewis Canal 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 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
R Sheet Originat Check Revi A 1
€ | Numbers riginator ecker eviewer ﬂ prova Date
Cover =1 S et~ P
3-25-03 | y b&‘l’“

Sheets = 6 yé’%v—/ S. W. Callison .
0 . [re)
3ovfo3 38 ey 9”“1 Haelo? ,5‘%(0’5

Total =7 J. E. Thomson T.B. Miley K.E. Cook |M.A. Buckmaster

SUMMARY OF REVISIONS

*Obtain Calc. No. from DIS Dec-02

DE01-437.03
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Bechtel Hanford, Inc. - CALCULATION SHEET

igi J. £. Thomson %7 Date ﬂo} Calc. No, 0100F-CAVD138 - Rev. No. ]
Project 116-F-1 Cleanup Verification Job No. 22192 " Checked 8. W. Callison (-~ Date %~ -0%
Tt BN 33505

116-F-1 Lewis Canal Cleanup Verification 85% UCL Calculation Sheet No. 106

W oGO DWN -

2852502888498 8888

48
49

51
52
53
54

B8ELHQ

61

882883

68
69
70
71
72
73
73
73

[Purpose:

(Caiculate the 95% UCL to evaluate ol with ¢l P for the 116-F-1 Lewis Canal. Also, the i ic risk for ly
(shallow zone only), WAC 173-340 (Model Toxics Control Act) 3-part test, if required {all nor i ytes), and the relative percent dm‘erence (RPD) for each contamnant
of concern {COC),

Tabte of Contents:

Page 1of 6. Calculation Sheet Summary {Page 1)
Page 2 0f & Calculation Sheet Summary (Page 2)
Page30of6: Shaliow Zone Data

Page4of 6. MTCAStat UCL Calcuiation for Arsenic
Page 5of6: Overburden Data

Page 6 of 6 Split -Dup Analysis

Given/References:
1) Sample Results

2) Lookup values from F dial Design Report/Remediat Action Work Pian (RDR/RAWP) (DOE-RL 2001). All lookup values and RAGs are taken from RDR/RAWP uniess
otherwise specified. .

3) DOE-RL, 2001, 100 Area R dial Action pling and Analysis Plan (SAP), DOE/RL-96-22, Rev. 3, U.S. Dep of Energy, Rich O ions Office, Richiand,
Washington,

4) DOE-RL, 2002, Remedial Design Report/Remedial Action Work Plan for the 100 Area, DOE/RL-86-17, Rev. 4, U.S. Department of Energy, Richland Operations Offics,
Richland, Washington.

5) BHI, 1999, Instruction Guide for the Remediation of the 100-BC-1, 100-DR-1, and 100-HR-1 Waste Sites, 0100X-1G-G0001, Rev. 3, Bechte! Hanfcrd Inc.,, Richland,
{washington.

6) Model Toxics Control Act, Washington Administrative Code-173-340, and Statistical Guodame for Ecology Site Managers, Ecology Pub. #92-54, Washington Depanmam of

Ecology, Olympia, Washington.
7) Ecology, 1993, Statistical Guidance for Ecology Site Managers, Supplement §-6, Analyzing Site or Background Data with Below-Detection Limit or Below-PQL Values

{Censored Data Sets).
8) EPA, 1984, WSEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data Review, EPA 540/R-94/013.

9) Ecology, 1996 Model Toxic Controt Act Cleanup Levels and Risk Calculations (CLARC 1) Update, Publication #940145, Washington State Dep wof Ecology, Olympia,
'Washington.

Solution:
Calcutation methodology is described in Ecology Pub, #92-54 and below. Use data from attached worksheets to calculate the 95% upper confidence limit (UCL)

for each analyte and carcinogenic risk and to perform the WAC 173-340 3-part test for nonradionuclides and RPD caloulations for each COC.
&

Calcutation Description:
The sub;ea calculations were performed on data from soil verification samples from waste site 116-F-1 Lewis Canal. The data were enterad into an EXCEL 97 spreadsheet and

i by utilizing the built-in spreadsheet functions and/or creating formulae within the celis. The statistical evaluation of data for use in accordance with the
RDR.IRAWP is documented by this calculation. Split and duplicate RPD results are used in evaluation of data quality and are presented in the Cleanup Verfication Package

{CVP) for this site.

Methodology:
The statistical value calculated to evaluate the effectiveness of cleanup was the 95% UCL. For nonradicactive analytes with > 50% of the data below detection fimits, the

maximum value for the sample data was used instead of the 95% UCL. All norradionuclide {e.g., metals} data reported as being below detection fimits were set fo % the detection:
fimit value for calculation of the statistics {Ecology, 1993). For radionuciide data, calculation of the statistics was done on the reported vaiue, in.cases where the iaboratory does
not report a value below the minimal detectable activity (MDA), half of the MDA is used in the caloulation,

< above.

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

For nonradionuclides the WAC 173-340 statistical guidance suggests that a test for distributional form be performed on the data, and the 95% UCL calculated on the appropriate
distribution. For nonradionuclide smail data sets (n < 10) and all radionuclide data sets, the caiculations are performed assuming nonparametric distribution, and no test for
distribution is performed.  For nonradionuclids large data sets (n >= 10}, a distribution test is conducted on the data set using Ecology MTCAS!at software.

The estimated hazard quotient (for applicable nonradionuclide COCs) is determined by dividing the istical value {derived in this calcutation) by the WAC 173-340 B non-
carcinogenic cleanup limit. The nonradionuclide carcinogenic risk, above background, is determined by dividing the statistical vahue by the WAC 173-340 8 carcinogenic cleanup

limit and then multiplying by 10%. For data sets where all values are below detection, neither of these calculations are required. For noncarcinogenic nonradionuclide COCs, only
the estimated fraction of risk computation must be performed,

The WAC 173-340 3-part test determines it

1) the statistical value exceeds the most stringent cleanup limit for each non-radionuclide COC,

2) greater than 10% of the raw data exceed the 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-radionuciide COC.

The 3-part test is performed for nonradionuclide analytes found in overburden, the shaliow zons, and the deep zone (as necessary).

The RPD is performed when both the main value and, either the duplicate or spiit vaiues are above detection limits and are greater than 5 times the target detection imit {TDL).
The TDL is a laboratory detection limit pre-determined for each analytical method. These detection limit requirements are located in Tabls 1-2 of the SAP, DOE/RL-96-22, where
they are referred to as the ROL. The RPD calculations use the following formula: - RPD ={ [M-SJ({M+8)/2)]*100

where, M = Main Sample Value S = Split (or duplicate) Sample Value

For QA/QC spiit and duplicate RPD caiculations, a value less than +/- 30% indicates the data compare favorably. If the RPD is greater than +/~ 30%, further investigation
regarding the usability of the data is performed. Additional discussion as necessary is provided in the data quality section of the appli cvp,
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CVP-2002-00009

Rev. 0
Bechtel Hanford, Inc. )
‘ CALCULATION SHEET
o J. E. Thomson W Date 3/24/ (32 Calc. No. 0100F-CA-VO138 Rev. No. )
Project 116-F-1 Cleanup Verification Job No. - 22192 Checked S. W. Caliison W e Date 2-25-0. !
§ - I8 ME’ SEE 2-35-03
Subject 116-F-1 Lewis Canal Cleanup Verification 95% UCL Calculation Sheet No, 20f6
[Resuits: .
ed in the summary tables that follow are for use in RESRAD dose/risk analysis and the Cle: -
Result Summary - Shallow Zone » Resuit Summary- Overburden
As 6.0E+00 mglkg As 1.1E+01 mgikg
CreGa 1.56+00 mglkg Cr6 43E01U mg/kg
C-14 1.47E+00 pCilg C-14 8.33E01U pCilg
Cs-137 1.10E-01 pCilg Cs-137 0(<8G)U pCiig
Co-60 S5.49E-02 U pCilg Co-60 1.626-02U pCig
1.77E-01 pCilg Eu-152 §.24E-02V pCilg
1.37E-01 U pCilg Eu-154 4.91E-02U pCilg
WAGC 173-340 Evaluation (Shallow Zone) WAC 173-340 Evailuation (Overburden)
WAC 173-340 3-Part Test: 173-340 3-Pai 4
95% UCL > Cleanup Limit? NO 95% UCL > Cleanup Limit? NO
> 10% above Cleanup Limit? NO > 10% above Cleanup Limit? NO
Any sample > 2X Cleanup Limit? NO Any sample > 2X Cleanup Limit? NO
8| mate:
Nonrad noncarcinogenic sum of quotients: 3.758-03 |Nonrad noncarcinogenic sum of quotients: 1.08E-03
Nonrad carcinogenic risk: JE-O7 Nonrad carcinogenic risk: 25.07!
Spiit/Duplicate Resul
Refative Parcent Difference {(RPD) Resuits®
QAIQC Analysis QAIQC Analysis
Shallow Zone Shallow Zone
Duplicate Analysis Split Analysis ) . N .
Analyte JOOFF9/J00FHO JOOFFS/I00FKY Analyte Duplicate Analysis JOOF.WJOQFI 5 | Split Analysis JOOFJ4/JOOFLY
AS 3% 9.5% As 25% 20%
Cr+6 Cr+6 :
C-14 C-14
Cs-137 Cs-137
Co-60 Co-60
Eu-152 Eu-152
Eu-154 Eu-154
QA/QC Analysis
Overburden SplitDuyj
Analyte Dugplicate Analysis Split Analysis
As 5.9% 20.0%
Cr+6
C-14
Cs-137
Co-6
Eu-152
Eu-154

* A blank box indicates the RPD did not need to be calculated.
RPD caiculation is required when both samplas are greater than
the MDA and both samples are greater than § times the TDL.
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Bachiel Henford, ing.
. CALCULATION SHEET
Originator 3, E. Thomsaa Oate 22y (e Calc.No.  O100F-CAVO13S Rav. No.: [
Project 116-F-1 Cloanuyp Verification Job No, 22192 Checkedby: S W. Callison o Date_3~26-03
Bubject 116-F-1 Lawis Canal Claarup Vedfication 8% UCL Calcutstion 18, 3-35-03
ShestNo: 308
A[TT6F-T Shatiow Zone Data
2| Sampling HEIS Sampie Yy ary Gt [y ) Euisg Euied
3 A Numbar. Date ecig 1 | gl Mpa | gClig | O MbBa | piig | Q] MDA [l wba QT MDA al "MBA
AT JOOFFD AR772003 306400 | U} €30E 0T | FTEEO | U] SA0E00 | 135601 880602 | BEOEOZ | U| 650600 | 1.90K-01 | U] 150501 | 320601 | U 230E.01
o Wm" J00FHO 172003 P Ui 4360 | 00800 | U] 370E000 | 157501 osesw | sa0s02 |yl ssosgy | ZORYT{UI# R Rl N el
o EBE - T TR0 TIEMQ UL A3EST | 70eesi0 | U1 LT0EMD | 6Em A3Ew 1 A20E07 T U 430607 | T00E01 | U LOORGl.| 130801 | U L3051
7} ___soese HNEIS 122003 §0E200 ul ol | 2usewme 160E+00 | 13080t piogor | rooeet ful 1oomor | z30e0r Jul 230801 | 200m0r | ul 29080
o[ sAz JOFHY 1772003 AIET00 U U] 3806000 } TOTED1 | O] TVABEDT | Y1001 | U1 110E01 | 250601 1 U] 280E61 ] 200601 | U 200601
o EA JOOFHZLI00HLE | V172003, 202608 | 376400 U U 2R0ES00 | 100601 | U | 1.00EGT | 130607 | U] 130601 [ "o aee01
w0 SAL JOOFHA/J00HLES | V112003, 228 | 4 7Ev00 [ | SEGEVOD | 500602 | U | 600EG2 | 680603 | U T U | 2 0E01
R2 JOOFHA TR008 1FEV00 U1 SI0E400 | 30607 | U1 kseEs | TooEAl 1 U 1) | U1 THEDT
1] 688 JOOFHE/JODHL 6 V712003, 260653 | 4 sgamn u 330500 801 | U N U| 25601
R - JOFH 10773003 AR O TREGY
EY -— JOOFHT 772003 IAEI00 3062 TEDT
18568 JOGFHE 473003 T3E+00 HE2 BOE01
wl3e JOFHY 77003 36300 ") 2084  SOE-01
1w TUsEr “JOGF, 72003 3E01 U U2 11054 . SGE-0F
18 5C7 JOOF. 2063 . TE+00 U 1Y L00E01 { U | 290601 |
18] 803 300F. 17003 SEX00 70602 L U | U 230661 |
200 S04 HGF, 772008  OEA00 '] 7061  S0E01
21506 J0OF. 182003  SEY00 40T GOEO1 )
F-S —cs JOF,; V003 GE+G0 1)  70E 4 001 |
2 SER JOOF 182003 TE00 [ [0 |3 506 . DES1 )
4] sEw JOOFJBIIOOHLT® | V712003, 272640 2 8E+00 [u] | 20E [3B0E01
25 SEW JOGFKD V2008 SE401 1) 6] | 7TaEGE U [0l 736E8T
26T 8FY JOOFK1 V2003 SE700 1] N E | 1908 i {"320601 |
ol 0K 182063 3E500 7} X T6EQ) ]
28] 5F3 OGP HB2003 TE+00 HEBI_|
28] 54 JOGFIA V782063 3E900 J0E1 |
30{ 565 JOGFK 182003 TEr0 0BG |
3] ses JOGFKE 1872003 €400  30E01 |
2| S6T JOOFIT 1872003 IEH00 7 | S0ED1 |
33] " TBGE JOOFKS 4182063 21609 i #0601 |
34 3Thase aceas wera resampiod Gn tha INGCAISd dates folowing
35 Statistical Computation input Dats
0] HELS Sampie A [XT] (X}
37| Point Gate Py pCilg
38| 8AT JOOFFaIO0F T 772003 L 6EV00 A08E-G01 TABEGT
o[ 7S05 JOOF J41300F J& CRIZ003 SE0 ZACED BE5E.02
L - JO0FH1 V772005 3640 8 T0EHT TO7ED1
41 SA3 JOGFHIO0HLS® | 11712003, 2120008" TESC0 3.026-01 100801
] 8k4 J0OFH3LIOGHLSS 1™~ 41712003, 228003 | 1.7E+00 509601 500602
43 568 JOOFEHA 16772003 TRE0 ~2.08E-01 8 50E.02
| Ses JOGFHSIJOOHLSS | 47712003, 220/03° | 416400 80E-02 83E.01
as| BT JOGFTR 712003 TE0 65ED1 4BEGY
L ) JOOFHT 72003 4E+00 JSEO1 TOEG)
L) JOOFHE 1772003 SEV00 B6E D 36E-01
48] SC16 JOOFF TTR00  3EY00 S4EH00 30602
P -] JOOF, 71663 IE401 326400 G0E-01
sl 562 HGF, A7R003 TEVG0 O£+  85E-62
3 - JOOF, 172063 BE00 GEE00 | 80E-02
s2| 804 JOOF, 1772003 [ GE00 30E01 00E-02
3 SDe JOOE 36 R0  SEV00  37EV0 AZEGT
s SET JOOFFT 3063 0ETH0 ; sy
) JOEJ6 82003 7E+00 | 48EX00  BIE07
ss]  sew KOFJRIOGHLTM | 17777003, 272603 | 26E+00 . Y  74E-01
s7{_GEN0 JO0FRG TR2063 SESGT {TEYD I0ED7
s SF1 JOGEK1 BEV00 X BOE-02
s SF2 HOFKZ A0 A€ 02E+00 . 20E-07
“eof T SEy JBOFK 87003 FEY00 S5E400 GOE 67
8% SF4 D0FKA 1/82003 26400 DAE+OC 00601
ez 565 JOGEKS 3872003 JE00 BIES00 508 62
63l sGs HOOFKE 672063 SE+00 FHEY0D 50E-0)
e SGT JOOFKT A2003 BES0G 0BE+00 Q0E01
o5 SGE JOOFKE V03 TE+00 T4E+00  S0E07
&
87| statistical Co
o8] (X ZXE o8 Eui57 (L
data sel. Use data sel. Use Radionuctida data set. Use
2stat atat 2estut
9] Substical value based o
0] N
b % < Gataciion i
72 ‘meay
73] st dav;
74 Zatatisti]
75§ BE%UCL on monrt
8 1nx yaksl
77] Siatistcal vaid
78]
9 Slatistical vaiue above
80) Lookup Velue - 15 for rag
Most Stringen up Limit for nd RA
&1{Type
B2WAC 173340 3PARY TEST
&) 95% UCL > Claarup LIt ING. NO
a4 > 10% above Cleanup Lmit{NG ()
854 Any sampig > ZX Claanup [NO. INO
6
STJEXCESS RISK EVALUATION
4] WAC 173340 8 Nen-Carcinogenic Clesaupl24 100
89) ‘Hazard quotient for euch T
90| WAC 173-340 B Carcinogenic 67 2.1
1l Exonss dek for g TAEDT
)
GINON-RAD BUNMARY -
WAC 173340 3-Part Test e auion vehu for |
24|Compiance: YEs
background, the hazsrd
[Norrsd roncarcinogenic sum of quotient st Excass dak are.
o5l quotients: 12503 not
Nonrad rik: IE.
a7 aios based on MTCAGIR Ars method end o
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CVP-2002-00009

Rev. 0
Bechtel Hanford, Inc. ’ CALCULATION SHEET
J.E.Thomson  Z257 Date /Yo cac. No. 0100F-CAVD138  Rev. No. 0
116-F-1 Cleanup Verification JobNo. 22192 Checked S. W. Callison Swé Date 3-28-0%
T.B Miey IRM - 3-35-03
116-F-1 Lewis Canal Cleanup Verification 95% UCL Calculation Sheet No. 40f6

Shaliow zone arsenic MTCAStat UCL Calculation

Number of samples Uncensored values
Uncensored 28 Mean 49
Censored Lognormal mean 49
Detection limit or PQL Std. devn, 3.2
Maethod detection fimit Median 4.0
TOTAL 28 Min. 17
Max, 16
Lognormal distribution? Normai distribution?
r-squared is: 0.956  r-squared is: - 0.748
Recommendations: i
Use lognormal distribution, |
i
UCL (Land's method) is 6.0
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. CALCULATION SHEET
Originator J. E, Thomson : g Date . ;Z 'Z! / o3 Caic. No. O100FCCA-VO138 Rev. No.: 0
Project 116-F1 Cleanup Verification Job No, 22192 Cheackedby: S W.Callison  $bes Date: - .9
Subject 116-F-1 Cleanup Verification 85% LUCL Calcutation 1.8 Muo; EE .
Sheet No.: Bof8
1[EFA G Daia -
2 Sample HEIS Sample ) A Crie* 14 137 €0-80 Eu-182 Eu-i64
3 Arsa Number Dats pCig_ 1 G | MDA MDA | Q] MDA | A MDA | iy [al WbA ] polg la MDA__|
4 OAT .~ Jo0cot 121172002 3E0D 4.0E-01 4.3ES U U |_4.40E-02 ATOE-DZ | 1.40-01 | U U1 T.70E-01
8| Buphoats of J6GCET J00C0Y 1271172003 EES00 VT 260 U Ul 410602 | 4 4.30E02 | 900E02 | U U1 1.40E.07 |
e OA2 J06C02 121172502 BE+00 B Ul 43E 7] U | 4.50E-02 | 4.80E-02 |U[ 4.80E:02 | 1.106.01 | U U | 1.80E01
7 JOOCO3JOOHLY® | 12/11/2002, 2726703 BEV00 4.0E- U428 U U | 3.80E-02 | 4.00E-02 |U| 4.006-02| 8.006.02 | U U | T40E-01
[} Jo0C04 211172007 OE¥ DEL U azE 810E02 | U U | E30E.07 | 480E.02 | U| 480E-02 | T6EG1 | U U | 160801
JoncEs 21172002 BEY oE Ui 4.2E 1026400 [ U U4 K U 436E02 ] ED2 | U U | 140501 |
N 21112002 2E+ N U 42860 | 493661 [0 U]s, U| 380E-02 | 9.00E02 | U U] 140E01 |
07 121172602 BES 8E- O [ 7E E+00 | U Y] Ul B70E-62 | 1.108:01 | U U | 2.00E-01 |
3 J00C08 127172602 | T5.0EY00 4.0E- 43E: U 43E 456460 | U U U| 400602 |8 80E02 | U U | 120801 |
s were resampled on the Indicated dates following additional remediation, and reanatyzed for the indicaled COTS T
13 Statistical Computation fnput Data ; -
14 Sampla HEIS Sample As Cra8 C-14 Ca-137 Co-60 N Eu-182 Eu-164
15 Point Number Date pClig peils pClig pCly plilg pClg
__OAY T Jouco1n06C08 12/11/2002 346000 | |_-6.81E-01 213E-02 | §.23E-02 7.75E-02
16! OAZ J00C02 121172002 3.5E500 1.66E-01 2, 3 2 T B.50E-02 8.00E-02
17 OA3 JOOCOYJOOHLE® | 12/11/2002, 2/26/0%° | 3.6E+00 4.126-01 2.00E-02 4.50£-02 7.00E-02
18 AL J06C04 12/1172002 = 24E01 8.10E.02  40E-02 ) 5.50E-02 7.50E-02
19 OBS J0GC08 112002 BEY AE0 1026400 . 0SE-07 35E-02 Q002
20 5] JOOCDE 172002 ZE¥ AE- 1A3E-0Y S5E02 50602 00E-02
21 [ JO0CH 172002 = AE 2.30E+60 8EE-02 50E-02 .00E-01
2 o JOGC 172002 OE+00 264 +1.15E+00 00E-02 35602 . 00E-02
23|Statistical Computations :
24 : As Cref €14 Cs-137 cos0 - TEu182 TEu-iia
Sl data sl Use >50% Below Detection. Radloniiclide data sel. Use | Radionucide date sel. Use | Redionuolids data 31, Use adionuclide data sel. Use adionuciide data sel. Use
25| Statistical value based on z-stat Defautt 1o Value 2-stat z-slat z-stat z-8tat z-stat
28 T N [ g
27, o % < Detection mlf 100% |
28 o meant 4.92E.
0 st. dev. 5.84€-03
30 Z-statistiG 1045
A’ 95%UCL on mean . 5.24-02
32 -
33 £.02 £
3 NA . 0:0081 NA
L Statisticel valus above background __ 1.4E+01 4336011 U 182602 §24E02] U
38 Lookup Valus - 18 mremiyr for ra 518 14 33
River Protection,
Hanford Site
37| Most Stringent Cleanup Limit for nonradlonuclids and RAG Typd 20 Background 2 River Protection
38|WAC 173340 3.PART TEST
38 95% UCL > Cleanup LIMiZNG NO
40 > 10% above Cleanup Limt7NO NO
4t Any sample > 2X Cleanup LimitING NO
42{EXCESS RISK EVALUATION .
4 WAC 173-340 B N 24 oo
44 Hazard quotient for each NA 1.4E-03
45 WAG 173340 8 67 23
Ao Excessdiskfor each carcinogenic nonradionucide!NA [20E07
Because statistical vatus for
47{NON-RAD SUMMARY arsenic is below Hanford Ske
background, the hazand quotient]
48{WAC 173-340 3-Part-Test Compliance: NA #nd excess risk are not
48|Nonrad noncarcinogenic sum of 1.088-03 calcuiated.
5°L"_°EL'1°_'.'EL"_°2M‘_“S 2E:07
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CALCULATION SHEET
Originator J. E. Thomson Date; Calc. No.: 0100F-CA-V0138 Rev, No.:
Project 116-F-1 Cleanup Verification Job No.: 22192 Checkedby:  S.W. Caliison Date_ g * -ge
Subject 116-F-1 Cleanup Verification 85% UCL Calcuiation 1.8 Milez IEE N ~AS-
‘ Shest Nos ™ 8ol8
116-F-1 SplivDuplicate Analysis:
ample As Cri6 C-14 C-137 Co-80 Eu-182 Eu-154
Area HEIS Number pCUs MDA pCilg MDA pCVg 1 Gl MDA pCilg | Q1 MDA pCig 1 Q1 MDA pCiz 1 Q| MDA sCig 101 MDA
116-F-1 Shallow Zone Results:
SAL JOOFFg 3.0E+00 4.0E-01 43E-01 1 U] 4.3E-01 2.75E-01 | U | 3.40E+00 | 1,356-01 8.80E-02 B.50E-02] U 8.50E-02] 1.90E-01 | U | 1.80E-01 2.20E-01 Ui 220E-01
D‘;‘:;?;Of JOOFHO 4,1E+00 4.08-01 4.3E-01 4.38-01 3.81E-01 | U | B03E.01 | 8.94E-02 186802 | B.ESE03 | U | 201602 1.34E-01 | U | 5.40E.02 42703 U} 6.00E-02
oo JOOFKS 336400 10801 | 1.4E+01 12601 | 277601 | u| 807801 | sasE02 23802 | 170803 | U | 241602 | 742602 | U | 644B02 | 324803 | U| 708802
SDS JOOF.J4 7.76+00 2.98-01 43E01 | U! 4.3E-01 2.08E+00 | U | 2.70E+00 | 6.306-02 4.30E-02 | 4.20E-02 | U| 4.20ED2 | 1.00E-01 U! 1.00E-01 1.30E-01 Ui 1.30E-04
Du;)ol:)‘::;:of JOOF.J5 8.0E+00 3.38-01 48601 | U] 48E.01 2.B5E+00 2.60E+00 | 1.30E-01 | U | 1.008-01 1.00E-01 | U | 1.00E-01 { 2.30E-01 | U 2.30E-01 | | 2.80E.01 U} 2.80E-0%
fo‘g‘;j: JOOFLO B.3E+00 AME-01 | -28E-02 | U | B.00EO2 | -2.51E-01 | U| 8.07E-01 | 685802 226802 | -2356-03 | U | 214802 | 185601 | U | 855E.02 | 7.06£:03 | U| 680802
116-F-1 Overburden Results: .
DAL J00Co1 3.3E+00 4.0E-01 43601 | U] 43601 | 177E+00 | U] 5.00E-02 | 45002 | U 4.808-02 | 580E02 U | S80ED2 | 1.00E.01 ] U | 1.00E01 1.70E-01 | U] 1.70E-01
D\;pol(;mof Joocos 3.5E+00 3.8E-01 42B-01 | U] 42E-01 | -1.588+00| U | 4.408+00 4.10B-02 | U | 4.10E-02 | 4.50E:02 | U| 4.50E.02 9.508-02 | U | 8.50E-02 1.50E-01 Ul 1.508-01
js&i‘é:{ 100C11 2.7E+00 1.0E-01 24802 | U 8.0E-02 170E-02 | U | 3.18E-01 | 4.156-02 | U] 2.108-02 143E-02 | U | 240802 | -4.538-02 | U 5.43E 3.85E-03 Ui 658602
Shallow Zone Analysis:
(TDL) 0.5 0.5 50 [X] 008 0.1 [
Both>
MDA? Yes {continue) No-Stop (whble! Ne-Stop (acceptablc) Yes {continue) No-Stop {acceptable) NW) No-Stop {accoptable) . |
Duplicate
Analysis Both >5xTDL? Yes (calc RPD) No-Stop {acceptable)
RPD 3% »
Both>
MDA? Yes (continue) No-Stop (ccspuable) | No-Stop (ccepiable Yer Gontinue) Ne-Siop (acczpuable No-Stop (wospuabl NoStop (cosptabl
Split Analysis Both >$xTOL? Yes (caic RPD) No-Si blc)
RPD 9.5%
A i .
Shallow Zone Anal: ﬁ) 73 55 £ 5T XL T LN}
Both> . )
MDA? Yes (continue) No-Stop (acceptable) | No-Stop (acceptable) Yes (continue} No-Stop (acceptable) No-Stop (scccptable) No-Stop (acceptable)
Duplicate .
Ansysis | Both >$<TDLY Yes (cale RPD) ‘ No-Stop (scceptabe)
RPD 25% :
Both> .
MDA? Yes (continue) No-Stop (acceptable) No-Stop (acceptable) Yes {continue) No-Smp(.mublc} No-Stop (acceptable) No- 5‘22‘ !MP‘G)
Split Analysisg Both >$xTDLY Yes (esle RPD! No-Stop (acceptable)
RPD 0%
verburden Anaiysls: A"‘f:n'lf)':m> 3 , Y ] Tl 03 X B
MDA? Yes (continue) No-Stop (acceptable) No-Stop (accoptable) No-Stop (acceptable) No-Stop (acceptable) No-Stop (acceptable) No-Stop (acceptable)
Duplicate
Analysis Both »SxTDL? Yes (eale RPD)
: RPD S9% : :
Both>
MDA? Yes {continue) No-Stop {acceptable) No-Stop (acceptable) No-Stap (acceptable) No-Stop (acceptable) No-Stop {scceptable) No-Stop {acceptable)
SplitAnalysid  pon >sxroLy Yes (cale RPD)
RPD 20%
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CALCULATION COVER SHEET
Project Title 116-F-1 Lewis Canal Cleénup Verification Job No. 22192
Area 100-F Area
Discipline Environmental *Calc. No. 0100F-CA-V0140
Subject 116-F-1 Lewis Canal RESRAD Calculation
Computer Program RESRAD 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 thoroughly reviewed with appropriate
and authorized Hanford sitc ERC personnel. Without this review, the ERC cannot assume any responsibility for the use of
these calculations.

Committed Calculation Preliminary Superseded

Rev. Sheet Numbers Originator Checker Reviewer Approval Date

Cover ~ 1pg

Aty =3 ve | J.E.Thomson | S.W.Clark | K.E.Cook | M. uckmaster |-

Atim.2 - 20 ‘

R o ol et Wariri 103

O | Ams 2 | 3472 3/(4/&? 3/”/"5 3
e b 3 18(0%
Total - 107 pages , l
SUMMARY OF REVISION

*QObtain Calc. No. from DIS ' January 2003
DE01-437.03
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CVP-2002-00009

Rev. 0
Bechtel Hanford, Inc, CALCULATION SHEET
Originator: | J. E. Thomson 45/ Date: >/10/6%] Calc. No.: | 0100F-CA-V0140 Rev.: 0
Project: | 116-F-1 Cleanup Verification JobNe: | 22192 Checked: | S. W. Clark Date: 7(} /93
Subject: | 116-F-1 Lewis Canal RESRAD Calculation ~ SheetNo. 1 of 5

PURPOSE:

Calculate the soil and groundwater concentrations, dose, and risk contributions from remaining
radionuclide contaminants in vadose zone and overburden soil at the 116-F-1 Lewis Canal

_ remediation site over a period of 1,000 years.

GIVEN/REFERENCES:

1. Cleanup verification data from 1/6-F-1 Lewis Canal Cleanup Verification 95% UCL ‘
Calculation, Calculation No. 0100F-CA-V0138, 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 carbon-14, cobalt-60, cesium-137, europium-152, and Europium-154. Arsenic and
hexavalent chromium are the nonradionuclide COCs.

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.

5. Sample design data from 716-F-1 Lewis Canal Shallow Zone and Overburden Sampling
Design, Calculation No. 0100F-CA-V0154, Rev. 0, Bechtel Hanford, Inc., Richland,
Washington.

6. Group 4 Status Meeting with EPA, CCN 100107, ERC Team meeting minutes, dated J uly
8, 2002, Bechtel Hanford, Inc., Richland, Washington. The distribution coefficient (Kd
value) for carbon-14 was changed to 200 mL/g (from 0 mlL/g in the RDR/RAWP) based on
the 100-F Area Leachability Study results (Appendix D of CVP-2001-00002), and on
concurrence with the regulators documented in these meeting minutes.

7. Ecology, EPA, and DOE, 1998, Hanford Federal Facility Agreement and Consent Order,
2 vols., as amended, Washington State Department of Ecology, U.S. Environmental
Protection Agency, and U.S. Department of Energy, Olympia, Washington.
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' Bechtel Hanford, Inc. CALCULATION SHEET

CVP-2002-00009

Rev. 0

Originator: | J. E. Thomson 2570 Date: =//%/03 | Calc. No.: | 0100F-CA-V0140 Rev.:

Fa

0
y
Project: | 116-F-1 Cleanup Verification | Job No: | 22192 Checked: | S. W. Clark _y&o) Y] Date: |3 /79 /93

Subject: | 116-F-1 Lewis Canal RESRAD Calculation SheetNof 2 éf 5

SOLUTION:

1) Separate RESRAD runs were performed for the vadose zone and for overburden. The

2)

cleanup verification sample data was used to conservatively represent the entire vadose
zone below the site. It was conservatively assumed that the concentrations of contaminants
detected in the shallow zone soils were consistent to the groundwater table to simplify the
process for estimating dose, excess lifetime cancer risk, and groundwater concentrations at
the 116-F-1 site. Table 1 shows the elevations (NAVD’88) and dimensions of the vadose
zone and overburden. The backfill reference elevation for the excavation is 120.6 m, the
elevation at the bottom of the excavation is 116.1 m, and the groundwater elevation
beneath the site is 114.2 m. Attachment 1 shows the dimensions of the soil horizon and the
contaminant pathways considered for dose, risk, and groundwater protection. A separate
RESRAD run was performed using the verification samples collected from the overburden
soils. Because overburden soil was used to backfill the site excavation, the contaminated
zone thickness model assumes that the contamination is equal to the depth of the remedial
site excavation. RESRAD input parameters 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.

Table 1. Dimensions and Elevations (NAVD’88) of 116-F-1 Soil Horizons

RESRAD Vadose Zone Upper Lower Thickness
Run# Horizon Elevation (m) Elevation (m) (m)
1 Vadose Zone 120.6 114.2 6.4
2 - Overburden 120.6 116.1 4.5

The year where the peak dose (or concentration) occurs from each individual radionuclide
COC and layer is determined by a preliminary run. This year is then included for all
horizons for the final RESRAD runs. For the direct exposure pathway (i.e. soil ingestion
and inhalation and external radiation), the peak year occurred at year zero (2003) for all
radionuclide COCs. For the water pathway (i.e. drinking water and food ingestion) the
peak year was 7.1 for cobalt-60, and 43 for cesium-137. The 7.1 and 43-year time-periods
were included in all RESRAD runs. The year 2018 is included for evaluation in all
horizons (the year 15 time-period) as 2018 corresponds to the 30-year site cleanup schedule
of the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1998).

METHODOLOGY:

1) Runs of RESRAD version 6.21 were completed for the shallow zone and overburden soil

concentrations shown in Table 2. RESRAD numerical output reports for radionuclide
dose, risk, and concentration for the vadose zone and overburden are presented in the
Attachments to this Calculation Summary. Shallow zone and overburden concentrations of
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hexavalent chromium are included in Table 2 for evaluation of their potential to affect
groundwater or the Columbia River. ~

Table 2. 116-F-1 Cleanup Verification Data Set

Radionuclide COCs

Radionuclide Activity, pCi/g

Shallow Zone *

Overburden®

C-14

1.47E-+00

6.33E-01 (U)

Cs-137

1.10E-01

0 (<BG)Y ()

Co-60

5.49E-02 (U)

1.62E-02 (U)

Eu-152

1.77E-01

5.24E-02 (U)

Eu-154

1.37E-01 (U)

4.91E-02 (U)

Nonradionuclide COCs

Nonradionuclide Concentration, mg/kg

As

8.0E+00°

LIE+01°

Cr (VD)

1.5E+00°

4.3E-01 (U)°

* The shallow zone and overburden concentrations are from the //6-F-1 Lewis Canal Cleanup Verification 95% UCL
Calculation, Calculation No. 0100F-CA-V0140, 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
detection fimits.
U = All analytical results for the data set were below laboratory detection limits.

RESULTS:

1) Radionuclide “All Pathways” Dose Rate

The “all pathways” (maximum) dose rates are shown in Table 3. The maximum dose rate for
the 116-F-1 vadose zone is 5.61 mrem/yr and occurs at present (2003). The maximum
overburden dose rate of 1.87 mrem/yr occurs at present (2003). The all pathways dose rate at
year 2018 (time slice 15) is 0.836 mrem/yr for the vadose zone and 0.201 mrem/yr for the
overburden.

Table 3. All Pathways Dose Rate (mrem/yr)

RESRAD
Run#

Vadose Zone

“All Pathways” Dose Contributions in mrem/yr at Each Time Slice (yr)

Horizons

0 1 3 7.1

15

43 100

300 1000

Vadose Zone

5.61E+00

3.32E+00] 1.97E+00

1.37E+00

8.36E-01

2.13E-01{ 3.32E-02

2.96E-04| 2.81E-11

Overburden

1.87E+00

8.73E-01| S5.08E-01| 3.58E-0l

2.01E-01

3.32E-02| 1.36E-03

3.82E-08} 9.05E-17

2) Radionuclide Excess Cancer Risk

The radionuclide excess lifetime cancer risk results are shown in Table 4. The maximum
excess lifetime cancer risk for vadose zone soil (2.81 x 10”%) occurs at present (2003). The
maximum risk from overburden soil (7.39 x 10°®) occurs at present (2003). The excess lifetime
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cancer risk at year 2018 (time slice 15) is 9.80 x 10" for the vadose zone and 2.04 x 10 for the

overburden.
Table 4. Radionuclide Excess Lifetime Cancer Risk
RESRAD| Vadose Zone Excess Cancer Risk at Each Time Slice (yr)
" Run# Horizons 0 1 3 7.1 15 43 100 300 1000
1 Vadose Zone | 2.81E-05| 2.35E-05| 1.94E-05| 1.50E-05| 9.80E-06{ 2.93E-06| 5.24E-07 4.85E-09| 4.58E-16
2 Overburden | 7.39E-06| 5.79E-06| 4.70E-06] 3.49E-06| 2.04E-06] 3.66E-07| 1.58E-08| 4.50E-13] 6.09E-22

3) Radionuclide Groundwater Protection

The radionuclide concentrations in groundwater calculated by the RESRAD model are
summarized in Table 5. The organ specific dose via the groundwater (and river) pathway is
calculated in a separate calculation brief. Only concentrations are presented here. Cobalt-60
and cesium-137 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 significantly below the RAGs.

Table 5. RESRAD Predicted Groundwater (Well Water/Drinking Water) Concentrations

Vadose Groundwater Concentrations in pCi/L at Each Time Slice (yr) %AGS
coc Zone 0 1 3 7.1 15 43 100 300 1000 ;gr;
Horizon . (pCi/L)
Vadose Zone 0 0 0 Q 1] 0 0 0 0
C-14 Overburden | 0 0 0 0 0 0 0 0 0 2000
Cont0 Vadose Zone 0 1.24E-04| 9.10E-05| 3.94E-04| 2.95E-04| 2.12E-05| 2.73E-08] 3.07E-19] 0 100
%% 1 Overburden | 0 0 0 0 0 0 0 0 0
o137 Vadose Zone 0 2.77E-04] 7.93E-04| 1.71E-03| 3.00E-03| 4.50E-03| 2.79E-03| 8.15E-05| 1.46B-11 60
) Overburden 0 0 0 0 0 0 0 0 0
Vadose Zone 0 4] Q 0 0 0 0 0 [
Eu-152 75 turden |0 0 0 0 0 0 0 0 0 200
Vadose Zone 4] 4] 0 0 0 0 0 ] 0
Bu-154 17 erden |0 0 0 0 0 0 0 0 0 8
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CONCLUSIONS:

The maximum vadose zone all pathways dose rate of 5.61 mrem/yr occurs at present (in
year 2003). The maximum overburden dose rate of 1.87 mrem/yr occurs at present (in year
2003). The dose rate in year 2018 is 0.836 mrem/yr for the vadose zone and 0.201
mrem/yr for the overburden. °

The dominant pathway for the dose rate is direct external exposure.

* The primary radionuclide contributing to the direct cxposuré pathway dose rate is

europium-152.

The maximum excess lifetime cancer risk for vadose zone soil (2.81 x 10"%) occurs at
present (in year 2003). The maximum risk from overburden soil (7.39 x 10°®) occurs at
present (in year 2003). The excess lifetime cancer risk in year 2018 is 9.80 x 10 for the
vadose zone and 2.04 x 10 for the overburden.

Among the radionuclide contaminants of concern, cobalt-60 and cesium-137 are calculated
to reach groundwater in the 1,000 years of the RESRAD model run. These radionuclides
are predicted to reach groundwater at concentrations significantly below the RAGs.

None of the site COCs are projected to exceed remedial action goals (RAGs).

ATTACHMENTS:

fum—y

Graphic showing 116-F-1 Cleanup Verification Model (1 page) :
RESRAD Output: 116-F-1 Vadose Zone Rad (Run 1), Mixture Sums and Single
Radionuclide Guidelines (20 pages)

RESRAD Output: 116-F-1 Vadose Zone Rad (Run 1), Intake Quantities and Health Risk.
Factors (20 pages)

RESRAD Output: 116-F-1 Vadose Zone Rad (Run 1), Concentration of Radionuclides (10
pages) , S

RESRAD Output: 116-F-1 Overburden Rad (Run 2), Mixture Sums and Single
Radionuclide Guidelines (20 pages)

RESRAD Output: 116-F-1 Overburden Rad (Run 2), Intake Quantities and Health Risk
Factors (20 pages)

RESRAD Output: 116-F-1 Overburden Rad (Run 2), Concentration of Radionuclides
(10 pages) -
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+ Inhalation Ingestion Water Used for
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»
Committed Calculatios X Preliminary Superseded
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1 |Calculations - 3
2. N A 1
Total - 4 s /o3 ‘f/ﬁ‘/“:? Lﬂls‘o
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SUMMARY OF REVISIONS

affected. The entire calculation brief was replaced for convenience.

Revision was necessary to correct incorrect data for Cs-137 entered on page 2. The Conclusions on page 1 are not

*Obtain Calc. No. from DIS
DE01-437.03

‘,;

DE01437.03
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116-F-1 Lewis Canal Comparison to Drinking Water Standards (MCL) Sheet No.
iPurpose:
Compare RESRAD derived ground di lide ot to dial action goals and maximum contarminant levels (MCLS) for groundwater.
Ci b emitter dose ib to the 1 doss of 4 mremfyr. Compare alpha emitier dose ributions to the

“Lallowable gross particie aciivity of 15 pCUL.

Table of Contents:
1. Calculation Summary

2. Comparison to MCLs

3. Cumulative Dose Comp

Given/References: . .

1) RESRAD derived ground di o ions from Calculation 0100F-CA-V0140, 116-F-1 Lewis Canal RESRAD Calculation.,

2) Remedial action goals for ground! and MCLs ized in Table 2-3 of the Remedial Design Report/Remedial Action Work Plan for the 100 Area
(RDR/RAWP), DOE/RL-96-17, Rev. 4, U.S. Department of Energy, Richiand Operati , Richland, WA, .

3) Maximum allowable dose of 4 mrenvyr for beta/gamma emittersand maximum allowable gross particle activity of 15 pCil. for alpha emitters from: 40 CFR
141, “*National Primary Drinking Water Regulation,” Code of Federal Regulations , as amended (40 CFR Part 141, Subpant B, 141.51).

4) individual organ-dose caclul thodology for beta/ emitter dose contribution to the maximum allowable dose of 4 mremvyr from: Maximum
Permissible Body Burdens and M f s C ions of Radk lides in Air or Water for O ional Exp o+ N Bureau of Stand:
{NBS) Handbook 69, as ded, U.S. Dep of C , Washington D.C,, and National Primary Drinking Water Regulations, EPA-570/9-76-003,
U.S. Environmental Protection Agency, Office of Water Supply, Washington D.C.

Solution: .

1. The site data for the calculation are the g o ns for the i of {COCs) (daughter products are not considered) over time
{from the RESRAD groundwater concentration file.

2. if the site conceptual model breaks the contamination into multiple layers with differing ot ions, then the g ions from the various y
model runs are added (for each time interval) to provide the ¢« ion data for comparison to the individual remedial action goals and MCLs and the dose

calculation for the beta and gamma emitters.

3. Compare the d CONG ions for each radi ide to the groundy T dial action goal and MCL. given in the RDR/RAWP, Table 2-3.

4. The cumulative dose for each organ for all beta and gamma emitting COCs (C-14, Co-60, Cs-137, Eu-152, and Eu-1 54) attime tis calculated separately
using the corresponding to 4 mremvyear dose (C4) and the sum of fractions equation shown below {from EPA-570/9-76-003). The organs for which doses need
to be computed are total body, bone, liver and gastrointastinal tract [lower large intestine] (GI(LL!)). The individual organ doses are compared to 4 mremvyr.

Doseargan x (t) = [ConcA(l)/C4A(x) + ConcB(t)/C4B(X) + ...] x (4 mremiyr)

wheore:

Doseorgan x (1) is the total dose to organ x in mrem/yr

ConcA(Y) is the concentration of isotops A at time tin pCil.

C4A(x) is the 4 mrem/yr dose equivalent concentration for organ x of isotope A at time tin pCiL
if the dose for organ x < 4 mremvyr, then the standard is met.

Conclusions: .
1. The d ions for each rad lide COC are less than the groundwater remedial action goal and MCL given in the RDR/RAWP, Table 2-3.

2. The cumulative dose for each total body, bone, liver and gastrointéstinal tract for all beta and gamma emitting COCs is less than 4 mrem/yr

3. Thers are no alpha emitters among the radionuclide COCs at this site. Theretore, the summed concentrations for the alpha emitting COCs are less than the
maximum aflowable gross particle activity of 15 pCilL.
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Subject 116-F-1 Lewis Canal Comparison to Drinking Water Standards (MCL)
Comparison of the summed concentrations for each radionuclide to the GW MCL
2 Data derived from RESRAD modelling, units are pCI/L.
Time (years) Exceeds | Peak | Yearof
Radionuclide ™™= 1 3 ] 73 16 3 100 30 | 1000 | MO | ‘mcL? | conc. | Peak
C-14 0 0 0 0 0 0 0 0 0 2,000 No 0 0
Cs-137 0 2.77E-04 | 7.93E-04 | 1.71E-03 | 3.00E-03 | 4.50E-03 | 2.79E-03 | 8.15E-05 | 1.46E-11 60 No 4.50E-03 43
Co-60 0 2.91E-03 | 6.75E-03 | 9.34E-03 | 6.53E-03 | 5.03E-04 | 6.49E-07 | 7.33E-18 [1] 100 No 9.34E-03 7.3
Eu-152 4] 0 0 0 0 0 1] 0 ] 200 No 0 1]
Eu-154 0 0 [ Q (4] 0 0 0 0 60 No 0 0

116-F-1 MCL (0100F-CA-V0139) Rev. 1

Rev. No. 1
Date O
SheetNo, " 20f3

Comparison to MCLs
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Originstor  J, E. Thomson E pate ¥/ /03 Calc. No. 0100F-CA-V0139 Aev. No. ¢
Project 116-F-1 Lewis Canal Cleanup Verification Job 22192 Checked S W, Clark 0] & nm%&}
3 of

Subject 116-F-1 Lewis Canal Comparison to Drinking Water Standards (MCL Sheet No.

t  Comp of the for each o the GW MCL

2 Data derived from RESRAD modelling, units are pCIL..

3

4 | Redionuciide Time (years) Organ C4 Exceads 4|  Poak Y;:::f
s G i 3 71 i @ 100 3001060 Cone.
7 [C14 [ [} [} ] [} [} [] [} 0 | Total Body 00K No [] [}
8 Bone ,00C No

9 Fat ,00C No

10

11 1Cs-137 0 2.77€-04 | 7.93E-04 | 1.716-03 | 3.00E-03 | 4.50E-03 | 2.79E-03 | B.15€-05 | 1.46E-11 Bone 80 No 4.50E-03 43
12 Gi{LLY) 2,000 No -
13 Total 200 No

14 Liver 60 No .

15

16 (Co-80 0 2.91E-03 | 6.75E-03 | 9.34E-03 | 6.53E-03 | 5.03E-04 | 6.49E-07 | 7.33E-18 ] GHLLY 1 No 9.34E-03 7.1
4 Total Body| 80X No

18 Liver 3,000 No

18

20 [Eu-152 [ 0 ] 0 . 1] g 0 0 4] Bone 30,000 lo 0 - 0
21 GILLY 200 o

22 Total Body] 200,000 o
23 . Liver 100,000 No
24

2 E‘_msa 0 [ [} [ ] ] 9 [ [ Bone 5,000 No ] [
2 GILED 60 No :
27 Total Body| 70,000 No

28 Liver 60,000 No

29

30 (Cumuiative dose for each organ (with time]

. - Yesr of

3 Organ Time treary) mmnlyr?‘ Peak Conc. | Peak

a2 [ 1 3 7.1 18 43 100 300 1000 Cone.,

33 [Bone .00E+00 | 2.68E-05 | 6.97E-05 | 1.27E-04 | 1.79E-04 | 1.42E-04 | 4.08E-06 | 7.30E- 7.30E-13 No 79E-04 15

34 Gty DOE+00 | 1.17E-04 2.72E-04 | 3.77€-04 | 2.67E-04 | 2.57E-05| 1.89E-07 | 2.52E-14 ; . 92E-14 No L 77E-04 7.

35 (Total .00E+00 | 1.85E-05 | 4.59E-05 | 7.57E-05 | 8.90E-05 | 5.80&-05 | 1.63E-06 | 2.526-13 | 2.92E-13 No . 90E-05 15

36 |Liver . 00E+00 | 2.23E-05 | 6 19E-05 | 1.26E-04 | 2.09E-04 | 1.87E-04 | 5.43E-06 | 9.73E-13 | 9.73E-13 No ,09E-04 15

37

38 Dose Equivatert for Organs

a8 4 - - T T T ? T T o Bones =

s sl g e g - : s Totat Body |
43 ’ i i | b et
45 £2? - : i : i
46 [N T (P O A I : : : )
47 g : N " - :
48 L PO S TG RPN I Vi A NS IS : R :
50 o } : { ; ; : : ; ;
51 ¢ 100 200 a0 400 500 800 700 so¢ 800
52 Time (Yours)
53
54
§5

Cumulative Dose Comparison
116-F-1 MCL (0100F-CA-V0139) Rev. 1
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