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EXECUTIVE SUMMARY 

E l  .O INTRODUCTION 

This cleanup verification package (CVP) documents completion of remedial action for 

the I 16-F-I Lewis Canal (also referred to as the I 16-F-1 site). The 1 16-F-I 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 4)-long, unlined I 16-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 

I60  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 1 16-F-1 site; remediation of 

these pipelines (1 00-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 1 16-F-1 site; remediation of these 

pipelines ( I  00-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 US. 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 lnterim 

Action Record of Decision for the IOO-BC-I, IOO-DR-I, and IOO-HR-I Operable Units 

(ROD) (EPA 1997) and the Remedial Design RepoWRemedial Action Work Plan for the 

100 Area (DOE-RL 2002). 

The selected remedial action for the I 16-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) bacMilling 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 700 Area Remedial Action Sampling and 

Analysis Plan (DOE-RL 2001). The COCs for this site consist of the following: 

0 Carbon-I4 

0 Cesium-I37 

0 Cobalt-60 

0 Europium-I 52 

0 Europium-I 54 

0 Arsenic 

0 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 m2 (267,000 ft2) 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-I . Summary of Cleanup Verification Results for the 
11 6-F-I Lewis Canal. 

Remedial 
Action 

Objectives 

- 

Lf. 

- 
a 

1. Attain 15 mrem/yr dose rate 
above background over 
1,000 years. 

Attained? 

Yes 
1. Maximum dose rate calculated by 

RESRAD is 5.61 mrem/yr (not 
accounting for clean backfill). 

Regulatory 
Requirement 

1. Hazard quotient of < I  for 
noncarcinogens. 

2. Cumulative hazard quotient of 

3. Excess cancer risk of < I  x 
for individual carcinogens. 

< I  for noncarcinogens. 

1. All hazard quotients are below 1, 

2. Cumulative hazard quotient is 

3. Excess cancer risk for individual Yes 

3.8 IO-~. 

carcinogens are all less than 
1 x lo4. 

Iirect Exposure - 
iadionuclides 

Xrect Exposure - 
donradionuclides I Yes 1. Attain individual COC RAGs. 1. All individual COC concentrations I are below the RAGs. b 

Aeet 
donradionuclide Risk 
iequirements 

b 

b 

- 

- 
b 

4. Attain a total excess cancer risk 4. Total excess cancer risk is 
of <I x l o 5  for carcinogens. I 7 x loe7, which is below I x lo". b 

- 
C 
- 

C 

- 

C 

;roundwater/River 
'rotection - 
iadionuclides 

1. All single-COC groundwater and 
river RAGs have been attained. 

2. All organ-specific dose rates are 
below the 4 mremlyr dose rate limit. 

3. There are no alpha-emitting COCs 
for this site. 

1. Attain single-COC groundwater 
and river protection RAGs. 

2. Attain National Primary Drinking 
Water Standards: 4 mrem/yr 
(beta/gamma) dose rate to target 
receptorlorgans. 

for alpha emitters: the more 
stringent of 15 pCi/L MCL or 
1/25th of the derived 
concentration guide per DOE 
Order 5400.5. 

3. Meet drinking water standards Yes 

I 4. Meet total uranium standard of 4. Uranium is not a COC for this site. 
21.2 pCi/L.' I 

;roundwater/River 
'rotection - 
donradionuclides 

1. Attain individual nonradionuclide 
groundwater and river cleanup 
requirements. 

1. All the groundwater and river RAGs 
have been attained. Yes 

Ither Supporting 
nformation 

d I. 
2. 

Sample variance calculation (Appendix C). 

Sample location design (Appendix C). e - 
al 16-F-1 Lewis Canal RESRAD Calculation, OIOOF-CA-VO140, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
bl 16-F-1 Lewis Canal Cleanup Verification 95% UCL Calculation, OIOOF-CA-VO138, Rev. 0, Bechtel Hanford, Inc., 
Richland, Washington. 
'116-F-I Lewis Canal Comparison to Drinking Water Standards (MCL), OIOOF-CA-VO139, Rev. 1, Bechtel Hanford, Inc., Richland, 
Washington. 
d116-F-1 Lewis Canal Trench Sample Variance, OIOOF-CA-VO150, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
eLewis Canal Trench/Overburden Sampling Design, 01 OOF-CA-VO154, Rev. 0, Bechtel Hanford, Inc., Richland, Washington. 
'Uranium limits selected in the ROD and RDWRAWP were based on 1125th 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 pg/L for total 
uranium (65 Federal Register76708). Based on the isotopic distribution of uranium in the 100 Areas, the 30 pg/L MCL corresponds to 
21.2 pCilL. 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, 01 OOX-CA-VOO38, Bechtel Hanford, Inc., Richland, 
Washington (BHI 2001). 

ES-3 



cvP-2002-00009 
Rev. 0 

E2.1 DIRECT EXPOSURE SOIL CLEANUP STANDARDS 

E2.1 .I 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 mremlyr). 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 mremlyr and would occur at present (year 2003); this dose rate 

decreases to 2.81 x lo-'' mremlyr in 1,000 years. The estimated total dose rate from 

the shallow zone in the year 201 8 is 0.836 mremlyr. The 201 8 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 mremlyr, and decreases to 9.05 x I Owl7 mremlyr in 1,000 years. The 

estimated total dose rate from the overburden in the year 201 8 is 0.201 mremlyr. Total 

dose rate estimates never exceed the direct exposure RAG of 15 mremlyr 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 1 O4 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.govlradiationlheast). Because of radioactive decay, the risk associated 

with radionuclides decreases over time. Based on RESRAD results, the excess lifetime 

ncer risk for the site is largest, 2.1 nt (year 2003)- 
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4.58 x 1 0-l6 in 1,000 years. The estimated excess cancer risk due to radionuclides for 

the site in 2018 is 9.80 x For overburden, the estimated excess cancer risk due to 

radionuclides is largest at present (year 2003), 7.39 x 1 04, and decreases to 6.09 x lo-= 
in 1,000 years. The estimated excess cancer risk due to radionuclides for the 

overburden in 2018 is 2.04 x 1 O-6. 

E2.1.2 Nonradionuclides 

The nonradionuclide COCs are arsenic and hexavalent chromium. All nonradionuclide 

COC concentrations are below the RAGs for direct exposure. 

With respect 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 .O in both cases). The cumulative hazard 

quotient for the site is 3.8 x lom3, and the cumulative hazard quotient for the overburden 

is 1.1 x IO-~. 

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 [ I5  ft]) are all below the risk 

limit for individual COCs of 1 x 

the site and overburden (7 x 

corresponding risk limits of 1 x 

The total excess lifetime cancer risk estimates for 

and 2 x respectively) are also below their 

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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Date Submitted: 
0911 112003 

Orininator: 
R. A. Carlson 

____. Phone: 372-9632 

Attachment ES-1 
Waste Site Reclassification Form 

Operable Unittsl: 100-FR-1 

Waste Site ID: 116-F-1 Lewis Canal 

Twe  of Reclassification Action: 

Rejected CI 
Closed Out CI 
Interim Closed Out El 
No Action CI 

Control Number: 
2003-07 

Lead Agency: EPA 

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 US. 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 1 16-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-7, and 100-HR-I Operable Units, 
US. Environmental Protection Agency, Region 10, Seattle, Washington. Remedial actions were performed so 
as to ailow rural-residential use of shallow zone soils (i.e., surface to 4.6 m [I 5 ft] deep) and to protect 
groundwater and the Columbia River. The basis for reclassification is described in detail in the CIeanup 
verifcation Package for the II6-F-7 Lews Canal (CVP-2002-00009), Bechtel Hanford, Inc., Richland, 
Washington. / 
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1 .O INTRODUCTION 

1.1 PURPOSE 

The purpose of this cleanup verification package (CVP) is to document that the 
I 16-F-I Lewis Canal (herein referred to as the 1 16-F-1 site) was remediated in 
accordance with the Amendment to the Interim Action Record of Decision for the 
100-BC-1, 100-DR-7, 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 1 16-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 
Section 3.0 
Section 4.0 
Section 5.0 
Section 6.0 
Section 7.0 
Section 8.0 
Section 9.0 
Section 10.0 

Site Description and Supporting Information 
Summary of Remedial Action Objectives and Goals 
Remedial Action Field Activities 
Cleanup Verification Data Evaluation 
Evaluation of Remedial Action Goal Attainment 
Radionuclide Risk Information 
Statement of Protectiveness 
References 
Bibliography. 

The main text is supported by the following appendices: 

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

2.0 SITE DESCRIPTION AND SUPPORTING INFORMATION 

2.1 SITE HISTORY 

The 11 6-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 4)-long, unlined 
1 16-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 

d of the canal is locate actor process tub 
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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 I 16-F-1 site; remediation of these pipelines (1 00-F-I 9:3) 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 1 16-F-1 Lewis Canal site, the feed pipelines associated 
with these facilities are not a part of the 1 16-F-1 site; remediation of these pipelines 
(IOO-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 ~anford/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: 

0 Carbon-14 
0 Cesium-I37 
0 Cobalt-60 
0 Europium-I52 
0 Europium-I 54 
0 Arsenic 
0 Hexavalent chromium. 
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Figure 1. Hanford Site Map and I 16-F-1 Site Plan. 

+ 

____.._____ 

SCALE 1:6000 

60 0 60 120 240 meters 

I NOTE: NORTHINGS AND EASTINGS ARE NAD83 WASHINGTON STATE M E  COORDINATES 
1F030403E 
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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-I 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 ReporVRernedial Action 
Work Plan forthe 700Area (RDWRAWP) (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 (1 5 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 [ I5  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 [I 5 ft]). Because shallow zone 
soil cleanup criteria have been applied to the entire vadose zone underlying the 
1 16-F-I 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 RDWRAWP (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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Groundwater 

(pCilL) 
Direct Exposure Protection RAG 

RAG COCs 

Table 1. Summary of Remedial Action Goals. 

Columbia River 
Protection RAG 

(pCilL) 

COCs 

Cesium-I 37 
Cobalt-60 

Europium-I 52 
Eurooium-I 54 

15 mrem/yr 
(cumuiative)a 

Direct Exposure Soil RAG for 
RAGs Groundwater Protection 

tmglkg) (mglkg) 

4 mrem/yr 

Hexavalent chromium 2.1C'd, 400' 
Arsenic 20h, 60' 

I 

8f 
2Oh 

4 mremlyr 
(cumulative)b 

Soil RAG for Columbia 
River Protection 

(mglkg) 

2.09 
2Oh 

aLookup values that correspond to the 15 mrem/yr dose rate are based on a generic site model and are presented 
in the RDWRAWP (DOE-RL 2002). 
bLookup 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 RDWRAWP (DOE-RL 2002). 
'Washington Administrative Code (WAC) 173-340 Method B carcinogenic cleanup limit. 
dCaiculation of Hexavalent Chromium Carcinogenic Risk, 01 OOX-CA-VOO31 (BHI 2000). 
WAC 173-340 Method B noncarcinogenic cleanup limit. 
'Soil RAG based on "100 times groundwater cleanup" rule. 

hThe WAC 173-340 Method B direct exposure soil value, "100 times groundwater cleanup," andlor 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. 

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

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. 

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

0 Nonradionuclide COCs: 

- Hazard quotient of less than 1 .O for noncarcinogenic contaminants. 

- Excess cancer risk of less than I x 

- Cumulative excess cancer risk of less than I x loe5. 
for individual carcinogenic contaminants. 

- Cleanup verification sample results pass the ~ a ~ ~ i n g t o n  Administrative Code 
AC) 173-340 ( I Toxics ~ o f f t ~ 5 ~ A ~ t  CIea 
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3.2.2 Groundwater and River Protection 

Groundwater and river protection RAGs are applicable to all vadose zone soils (shallow 
and deep zone soils). For this CVP, river protection and surface water protection are 
synonymous, since the Columbia River is the only surface water in proximity to the 
Hanford Site. The term river protection is used throughout this CVP. The groundwater 
and river protection RAGs are listed in Table 1 and summarized below. 

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

Alpha-emitting radionuclide COCs: Meet drinking water standards for 
nonuranium alpha-emitting radionuclides based on the more stringent of 15 pCilL or 
1125th 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. 

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 
“1 00 times rule” or are soil background concentrations. 

4.0 REMEDIAL ACTION FIELD ACTIVITIES 

4.1 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. 

6 
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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 m2 (267,000 fi?) 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 lnvestigafion Report for the 100-FR-I 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-I 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 1 16-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 

cision subunit. 
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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 (1 5 ft) below the ground surface. This soil zone is referred to as the 
deep zone. 

The 11 6-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 (1 5 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-I site. 

The shallow zone decision unit contained 7 decision subunits, which were divided into 
28 sampling areas (Al-A4, B5-B8, C1 , C2, C9, CIO, D3-D6, E7-El0, FI-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 
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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 assurancelquality control samples). 

5.0 CLEANUP VERIFICATION DATA EVALUATION 

This section presents the evaluation and modeling of the 1 16-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 6. 

5.2 CONTAMINANTS OF CONCERN 95% UPPER CONFIDENCE LIMIT 

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

Verification sampling summary statistics (95% UCL values) are listed in Table 2. 
Individual sample cleanup verification results are presented in Appendix A. 
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Cesium-I37 0.1 10 0.0258 l.la 0.1 10 0 (43G) 
Cobal t-60 0.0549 0.0242 0.008a 0.0549 0.0162 

Europium-I52 0.177 0.0524 NIA" 0.1 77 0.0524 
I 

Table 2. Cleanup Verification Data. 

COCS 

Cleanup Verification 
Data Set' 95% UCL Statistical Values Hanford Site' Or 

Washington Stateb 1 ~ 1  
Shaiiow I Overburden Background Overburden 

Zone 

Radionuclides (pCi/g)d 

Carbon-14 I 1.47 I 0.633 I NlA" 1 1.47 I 0.633 

Europium-I54 0.137 I 0.0821 0.033' I 0.137 I 0.0491 

Arsenic 

Hexavalent chromium 

0 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. 

6.0 11.0 2Ob 6.0 11 .o 
1.5 0.43 NIAC 1.5 0.43 

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 1 73-340-740[7][g]). 

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

Statistical calculations are presented in the I 16-F-I 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. 
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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 1 16-F-1 site, the site-specific cleanup 
verification model assumes the worst case described in the RDWRAWP (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 ,I 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 lo-” mrem/yr in 1,000 years. The 
estimated dose rate from the site in 201 8 is 0.836 mrem/yr. The 201 8 date corresponds 
to the 30-year site cleanup schedule of the Hanford Federal Facility Agreement and 
Consenf Order (Ecology et al. 1998). For overburden, the dose rate is largest at 
present (year 2003), 1.87 mremlyr, and decreases to 9.05 x I 
1,000 years. The estimated dose rate from overburden in 201 8 is 0.201 mrem/yr. All 
dose rate estimates are less than the 15 mremlyr RAG. The RESRAD computations 
are presented in detail in the referenced calculation briefs summarized in Appendix C. 

mrem/yr in 

Figure 4. RESRAD Analysis - All Radionuclides, All-Pathways 
Dose Rate Estimate for the Shallow Zone. 

15 mrernlyr limit 
15 
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Direct Exposure RAG 
(mgMl) 

Nonradionuclides 

Figure 5. RESRAD Analysis - All Radionuclides, All-Pathways 
Dose Rate Estimate for the Overburden. 

Statistical Value Direct Exposure 
(mglkg)a RAGs Attained?a 

15 mrem/yr limit 
15 

h Q 
2 5  
8 

g 10 
E 
9 
Y 

Q 

0 
0 

Arsenic 

Hexavalent chromium 

1 

~ ~ 

20 11 .o Yes 
2.1b 0.43 Yes 

10 

Time (Years) 

I Hexavalent chromium I 2.1b 

1 

1.5 Yes 

100 1000 

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. 

I Overburden I 

Site Excavation (Shallow Zone) 

Arsenic I 20 I 6.0 I Yes 

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. 
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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 and the sum of the hazard quotients for the overburden 
is 1.1 x 1 0-3, 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 
excess cancer risk must be less than 1 x lom5 (EPA et al. 1998). 

For nonradionuclide carcinogenic COCs, the total 

The nonradionuclide carcinogenic COCs at this site are hexavalent chromium and 
arsenic. For the site, the total excess lifetime cancer risk is 7 x lo-’. 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 
also below the individual and total risk limits. This calculation is documented in the 
95% UCL calculation brief (Appendix C). 

which is 

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 mremlyr 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 pglL have been met. 
Results of the RESRAD calculations are shown in Appendix C. 
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Peak Concentration 
(pCilL) 

Radionuclide RAG RAGS Attained? 
(pCilL) (Y eslN 0)  

Carbon-I 4 0.oa 2,00Ob Yes 

I Overburden I 

Cesium-I37 
Cobalt-60 

0.0045 60b Yes 

0.0093 1 OOb Yes 

Europium-I 52 
Eurooium-I 54 

Figure 6. Dose Rates to Organs from Groundwater. 

0.oa 20Ob Yes 
0.oa 60b Yes 

Carbon-I 4 
Cesium-I 37 

0.oa 2,00Ob Yes 
0.oa 60b Yes 

Cobal t-60 
Europium-I 52 

Europium-I 54 

0.oa 1 OOb Yes 
0.oa 20Ob Yes 

0.oa 60b Yes 
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Nonradionuclides 

6.2.2 Nonradionuclides 

Soil RAG for Soil RAG for Cleanup Does RESRAD 
Groundwater Columbia River Verification Predict Migration Attained? 

Protection Protection Data Value to Groundwater 
tmglkg) (mglkg) (mglkg) in 1,000 Years? 

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. 

Arsenic 
Hexavalent chromium 

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

20 20 1 1  NA Yes 
8 2.0 0.43 NA Yes 

Arsenic 
Hexavalent chromium 

Overburden I 

20 20 6.0 NA Yes 
8 2.0 1.5 NA Yes 

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. 
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Nonradionuclides 

6.4 WAC 173-340 THREE-PART TEST FOR NONRADIONUCLIDES 

Most Stringent Statistical Maximum Total Number RAGS 
Applicable RAG Value Detected Number of Exceedhg Attained? 

(mglkg) (mglkg)" (mg/kg)b Samples' Criteria (YeslNo) 

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%. 

Arsenic 
Hexavalent chromium 

Table 6 summarizes the results of the WAC 173-340 three-part test 
(WAC 173-340-740f7][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 I),  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. 

20 11 16 9 0 Yes 
2.0 0.43 0.4 9 0 Yes 

Arsenic 20 

Hexavalent chromium 2.0 
6.0 16 30 0 Yes 
1.5 1.5 30 0 Yes 
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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 mremlyr). 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 
~.epa.gov/radiation/heast). The "National Oil and Hazardous Substances Pollution 
Contingency Plan" (40 CFR 300) presents a target range for residual risk of I O4 to 1 O-6. 
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 
decreases to 4.58 x 1 0-l6 in 1,000 years. The estimated excess cancer risk for the site 
in 2018 is 9.80 x lo-'. 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 lo", at present 
(year 2003), and decreases to 6.09 x I O-** in 1,000 years. The estimated excess 
cancer risk for the overburden in 2018 is 2.04 x 
rate above background for the overburden, similar to Figure 6, and also shows the 
corresponding radionuclide risk at present and in 2018. 

at present (year 2003), and 

Figure 10 plots the radiation dose 
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Figure 7. RESRAD Analysis - Radionuclide Risk for the Site, All Pathways. 
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Figure 8. RESRAD Analysis - Radionuclide Dose Rate for the Site, 
All Pathways, With Corresponding Risk Values. 
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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, 
All Pathways, With Corresponding Risk Values. 
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8.0 STATEMENT OF PROTECTIVENESS 

This CVP demonstrates that remedial action at the 116-F-I site has achieved the RAOs 
and corresponding RAGs established in the ROD (EPA 1997) and RDWRAWP 
(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 

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-I site is verified to be remediated in accordance with the 
ROD (EPA 1997) and may be backfilled. 

t disposed of at ERDF. These results also indicate that residual concentrations at the 
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APPENDIX A 

SUMMARY OF VERIFICATION SOIL SAMPLING 
AND ANALYTICAL RESULTS 
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