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1 1 Introduction
2 In 2012, DOE/RL-2009-85, Remedial Investigation Report for the 200-PO-I Groundwater Operable
3 Unit, hereafter referred to as the 200-PO-1 Remedial Investigation (RI) Report, was completed. When the
4 report was submitted, the U.S. Department of Energy (DOE) planned to prepare a supplement or
5 addendum that would include an evaluation of additional groundwater data and related risks.

6 The scope of this addendum includes the following elements to address the Washington State Department
7 of Ecology's (Ecology's) comments:

8 * Update the baseline risk assessment (BRA) using current groundwater monitoring data (2008 to
9 2013). This is consistent with the data set used for the 200-BP-5 RI and supports continuing the

10 operable units (OUs) for the subsequent combined feasibility study (FS). Furthermore, the data
II provided information on 200-PO-I OU groundwater constituents for which data were previously
12 limited (e.g., total chromium). The updated BRA was used to refine the contaminants of potential
13 concern (COPCs) for the OU.

14 * Update the previous groundwater fate and transport (F&T) analysis presented in the 200-PO-I RI
15 Report (DOE/RL-2009-85) using an expanded model domain that covers the entire OU.

16 This addendum to the 200-PO-1 RI Report (DOE/RL-2009-85) has been prepared to incorporate
17 additional information and evaluations as follows:

18 e Chapter 1 discusses the scope of the addendum.

19 e Chapter 2 presents an evaluation of measured groundwater concentrations from samples collected
20 from monitoring wells within the 200-PO-1 OU. Individual analyte concentrations are compared to
21 federal and state chemical-specific regulatory standards to support the COPC identification process
22 provided in the BRA.

23 e Chapter 3 presents a description and results of the update to the F&T modeling of contaminants in the
24 OU that have well-defined distributions in groundwater, occur in high concentrations, or both. This
25 chapter is a replacement for the F&T transport evaluation presented in Chapter 5 of the 200-PO-I RI
26 Report (DOE/RL-2009-85). The model domain was expanded to include the areas north and west of
27 the 200 Areas, east to the Columbia River, and to include the entire area of the 200-PO-1 OU. The
28 previous analysis used numerical computer modeling in the Central Plateau and analytical
29 calculations from the Central Plateau downgradient to the Columbia River. The change to the
30 approach allows F&T to be calculated using the same numerical method for the entire 200-PO-I OU.

31 * Chapter 4 presents an update of the groundwater BRA using an approach similar to that used in the
32 200-PO-I RI Report (DOE/RL-2009-85), and it is a replacement for Chapter 6 of the 200-PO-I RI
33 Report (DOE/RL-2009-85). Updates to the BRA include (1) using a more current data set (2008
34 through 2013) to be consistent with the data used for the 200-BP-5 RI, (2) re-evaluating contaminants
35 with previously limited data sets (e.g., total chromium), (3) using the most current version of ProUCL
36 software (EPA/600/R-07/038, Pro UCL Version 4.00.05 User Guide) to calculate 95 percent upper
37 confidence limits (UCLs) for exposure point concentrations (EPCs), and (4) dividing the near-field
38 and far-field exposure areas into smaller exposure areas to better align groundwater analyses with
39 known or suspected source areas. Finally, this addendum provides an updated list of COPCs retained
40 for evaluation of remedial alternatives in the FS.

41 * Chapter 5 summarizes the BRA and F&T analysis updates that were conducted.

1-1
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1 The following appendices are included, which provide supporting information for the analyses presented
2 in Chapters 2, 3, and 4:

3 e Appendix A presents the analytical groundwater data used for the evaluation of measured
4 groundwater concentrations (Chapter 2), as well as the updated BRA (Chapter 4).

5 e Appendix B contains updated hydrogeologic cross sections to support the F&T evaluations
6 (Chapter 3), and it is a replacement for Appendix D of the 200-PO-1 RI Report (DOE/RL-2009-85).

7 e Appendix C provides supporting information for the groundwater F&T evaluations described in
8 Chapter 5.

9 e Appendix D provides supporting information for the evaluations of measured groundwater
10 concentrations (Chapter 2) and the updated BRA (Chapter 4).

11 e Appendix E provides supporting information for the BRA evaluations described in Chapter 4.

12 e Appendix F describes an evaluation of groundwater analytical results for specific wells in the OU
13 to support the BRA (Chapter 4).

14 e Appendix G provides, for reference, the inventory of contaminants or constituents discharged to
15 200-PO-I waste sites, as presented in Chapter 4 of the 200-PO-I RI Report (DOE/RL-2009-85).

16 The focus of this RI report addendum is the groundwater contamination associated with the 200-PO-I OU
17 (Figure 1-1). Information related to historical and ongoing waste disposal operations and conditions
18 related to residual contamination in the vadose zone overlying the 200-PO-1 OU are presented in this
19 report addendum to provide context and historical perspective only. As described in Appendix G, a large
20 inventory of chemicals and radionuclides was discharged to the vadose zone above the OU. Contaminants
21 that were mobile and discharged in large quantities formed extensive groundwater plumes of nitrate,
22 tritium, and iodine-129. A portion of this inventory remains in the vadose zone and is considered a
23 potential source for future groundwater contamination. However, with the cessation of liquid discharges
24 to the groundwater from site processes and operations, the driving force lessened, which diminishes the
25 overall rate of vadose zone contaminant migration. There are no significant ongoing contributions to
26 groundwater within OU. Potential future groundwater impacts from waste site or vadose zone
27 contamination will be assessed as part of the Comprehensive Environmental Response, Compensation,
28 and Recovery Act of 1980 (CERCLA) RI/FS process for the associated source OUs, as defined and
29 scheduled in the Tri-Party Agreement (Ecology et al., 1989, Hanford Federal Facility Agreement and
30 Consent Order).

31 In addition, the US Ecology commercial low-level radioactive waste disposal facility, located near the
32 western edge of the 200-PO-I OU (Figure 1-1), is performing an RI/FS under the Washington State
33 WAC 173-340, "Model Toxics Control Act-Cleanup" (MTCA) to assess contribution from that facility
34 to groundwater. Groundwater contamination identified during the US Ecology MTCA RI/FS will be the
35 responsibility of the US Ecology site.
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1 2 Evaluation of Measured Groundwater Concentrations

2 The 200-PO-I OU underlies numerous past-practice CERCLA sites; seven Resource Conservation and
3 Recovery Act of1976 (RCRA) treatment, storage, and disposal (TSD) units; and one state-regulated
4 landfill. As a result, the groundwater data used in this evaluation were collected to fulfill monitoring
5 requirements under RCRA, CERCLA, the Washington Administrative Code, and the Atomic Energy Act
6 of 1954 (AEA). Because the data are collected for different purposes, wells within the OU are monitored
7 for different target analytes, have different sampling frequencies, and have different required method
8 detection limits (MDLs).

9 This chapter presents a comprehensive interpretation of the sampling results used to identify contaminant
10 concentrations that are greater than state of Washington and federal groundwater action levels. Action
11 levels are defined as screening levels derived from chemical-specific drinking water standards (DWSs),
12 ambient water quality criteria (AWQC), state surface water quality standards, and/or risk-based
13 concentrations using default exposure assumptions. The results of this evaluation were used to support the
14 COPC identification process in the groundwater BRA, which is presented in Chapter 4. The groundwater
15 BRA provides a comprehensive evaluation of cumulative cancer risks and noncancer hazard risks from
16 exposure to current 200-PO-1 OU groundwater.

17 The exposure areas within the 200-PO-1 OU are shown in Figure 4-1 of Chapter 4, and listed in
18 Section 4.3.3 in Chapter 4. Summaries of the wells used to calculate the exposure concentrations
19 associated with each exposure area are provided in Tables 2-1 and 2-2.

Table 2-1. Summary of 200-PO-1 OU Monitoring Wells in the Near-Field Area

PUREX Cribs

299-E16-2 299-E17-18 299-E17-26 299-E24-24 299-E25-3

299-E17-1 299-E17-19 299-E18-1 299-E25-17 299-E25-36

299-E17-12 299-E17-21 299-E24-16 299-E25-18 299-E25-44

299-E17-13 299-E17-22 299-E24-18 299-E25-19 699-37-43

299-E17-14 299-E17-23 299-E24-21 299-E25-20 699-37-47A

299-E17-16 299-E17-25 299-E24-23 299-E25-22

WMA A-AX and 216-A-29 Ditch

299-E23-1 299-E25-236 299-E25-32Q 299-E25-42 299-E26-12

299-E24-20 299-E25-25 299-E25-34 299-E25-43 299-E26-13

299-E24-22 299-E25-26 299-E25-35 299-E25-47 299-E26-4

299-E24-3 299-E25-28 299-E25-37 299-E25-48 699-43-45

299-E24-33 299-E25-29P 299-E25-39 299-E25-6

299-E24-5 299-E25-31 299-E25-40 299-E25-93

299-E25-2 299-E25-32P 299-E25-41 299-E25-94

2-1
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Table 2-1. Summary of 200-PO-1 OU Monitoring Wells in the Near-Field Area

BC Cribs and Trenches

299-E13-11 299-E13-16 299-E13-19 299-E13-5 299-E13-8

299-E13-12 299-E13-17 299-E13-4 299-E13-6 299-E13-9

299-E13-14 299-E13-18

216-B-3 Pond Facility

699-39-39 699-42-39A 699-42-42B 699-43-44 699-44-39B

699-41-40 699-42-39B 699-43-41F 699-43-45 699-45-42

699-41-42 699-42-40A

PUREX = Plutonium-Uranium Extraction

WMA = waste management area

Table 2-2. Summary of 200-PO-1 OU Monitoring Wells in the Far-Field Area
NRDWL/SWL

699-22-35 699-24-34A 699-25-33A 699-25-34D 699-26-34B

699-23-34A 699-24-34B 699-25-34A 699-26-33 699-26-35A

699-23-34B 699-24-34C 699-25-34B 699-26-34A 699-26-35C

699-24-33 699-24-35

200-PO-1 OU Far-Field Area

499-S0-7 699-14-38 699-2-7 699-35-9 699-S12-3

499-S0-8 699-17-5 699-28-40 699-38-15 699-S19-E14

499-S1-8J 699-19-43 699-29-4 699-40-33A 699-S3-25

699-10-54A 699-20-20 699-31-11 699-41-23 699-S6-E14A

699-12-2C 699-20-E12S 699-31-31 699-42-12A 699-S6-E4A

699-12-4D 699-20-E5A 699-32-22A 699-46-21B 699-S6-E4B

699-13-0A 699-21-6 699-32-22B 699-50-28B 699-S6-E4D

699-13-1A 699-2-3 699-32-43 699-52-19 699-S6-E4E

699-13-1E 699-24-46 699-33-56 699-8-17 699-S6-E4K

699-13-2D 699-26-15A 699-34-41B 699-8-25 699-S6-E4L

699-13-3A 699-2-6A 699-34-42 699-9-E2 699-S8-19

200-PO-1 OU Near-River Area

699-10-E12 699-40-1 699-46-4 699-48-7A 699-S19-E13

699-20-E120 699-41-1A 699-47-5 699-49-13E 699-S3-E12

699-37-E4 699-43-3

NRDWL

OU

SWL

Nonradioactive Dangerous Waste Landfill

operable unit

Solid Waste Landfill

2
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1 A total of 168 monitoring and compliance wells were identified for inclusion in this evaluation and are
2 consistent with the data set used in the BRA described in Chapter 4. With the exception of a single well
3 screened in the basalt-confined aquifer, most wells are screened in the unconfined aquifer. This
4 groundwater evaluation was based on samples collected between January 2008 and December 2013, and
5 several groundwater samples that were collected in January 2014.

6 For the purpose of this evaluation, action levels are screening levels derived from chemical-specific
7 DWSs, AWQC, state surface water quality standards, and/or risk-based concentrations using default
8 exposure assumptions. It should be noted that exposure pathways for some of the screening levels are
9 incomplete. The comparisons discussed further in this chapter identify the screening levels that are

10 relevant for each exposure area.

11 The following federal regulations are sources of the action levels:

12 e 40 CFR 141, "National Primary Drinking Water Regulations"; and maximum contaminant levels
13 (MCLs), secondary MCLs, and nonzero maximum contaminant level goals (MCLGs) established
14 under the Safe Drinking Water Act of 1974

15 e National recommended water quality criteria and AWQC established under Section 304 of the Clean
16 Water Act of 1977 (CWA)

17 e 40 CFR 131, "Water Quality Standards," for states not complying with Section 303 of the CWA

18 The following are sources of the action levels from Washington State regulations:

19 e WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington"

20 e WAC 173-340-720, MTCA "Groundwater Cleanup Standards," based on a target risk level of
21 1 x 10' or a hazard quotient (HQ) of 1

22 e WAC 246-290-310, "Group A Public Water Supplies," "Maximum Contaminant Levels (MCLs)
23 and Maximum Residual Disinfectant Levels (MRDLs)"

24 While surface water and AWQC standards are considered for the identification of action levels, it must
25 be noted that these standards are only applicable to groundwater where it enters the Columbia River
26 (i.e., the near-river exposure area). Although groundwater concentrations were compared to AWQC or
27 state surface water quality standards, these concentrations would need to be measured as close as possible
28 to the groundwater/surface water interface or biologically active zone. A summary of the action levels
29 used for comparison of groundwater that could potentially discharge into the Columbia River is provided
30 in Table 2-3. For the upland portions of groundwater, only DWSs are applicable. A summary of the action
31 levels used for comparison of upland groundwater is provided in Table 2-4.

32 2.1 Results for the Unconfined Aquifer

33 Wells within the near-field areas of the 200-PO-I OU were separated into four exposure areas, and wells
34 within the far-field areas were separated into three exposure areas.

35 Groundwater data for each exposure area were compiled and statistically analyzed. The results of this
36 analysis are presented in Tables D-1 through D-7 in Appendix D. These tables present summary
37 statistics for each contaminant or analyte detected within the exposure area, the background
38 concentrations in Hanford Site groundwater (DOE/RL-96-6 1, Hanford Site Background: Part 3,
39 Groundwater Background), where available, and the action levels for each of the analyte. Data
40 processing and reduction steps are discussed in Section 4.2.
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1 With the exception of the near-river exposure area, total (unfiltered) sample results are compared to the
2 action levels described previously. For the near-river exposure area, dissolved (filtered) metal results are
3 used for comparison to AWQC or state surface water quality standards for protection of aquatic receptors.
4 The AWQC (Section 304a of the CWA) are shown as dissolved metals, which represent the form of
5 metals that are biologically available to aquatic life.

6 Additionally, the data set for total chromium is more robust than the data set for hexavalent chromium
7 (Cr(VI)). It is documented that filtered total chromium concentrations effectively represent Cr(VI)
8 concentrations (WHC-SD-EN-TI-302, Speciation and Transport Characteristics of Chromium in the
9 1OOD/H Areas of the Hanford Site). As such, filtered total chromium results were used as a surrogate for

10 Cr(VI) to perform comparisons to relevant standards and criteria (action levels).

11 2.1.1 Plutonium-Uranium Extraction Cribs
12 Twenty-nine wells are screened in the unconfined aquifer and monitor contaminants near the
13 Plutonium-Uranium Extraction (PUREX) Cribs. Groundwater samples are collected to fulfill CERCLA,
14 RCRA, and AEA monitoring requirements. Groundwater samples within this exposure area were
15 analyzed for anions, metals, radionuclides, volatile organic compounds (VOCs), phenols, semivolatile
16 organic compounds (SVOCs), and pesticides.

17 All sample results for phenols and pesticides were reported as nondetects and are not further discussed in
18 this section.

19 2.1.1.1 Radionuclides
20 Gross alpha, iodine- 129, strontium-90, and tritium concentrations were greater than their respective
21 DWSs (Table 2-5; Table D-1, Appendix D).

22 Gross alpha was detected in 101 of 184 groundwater samples (55 percent frequency), with concentrations
23 ranging between 1.5 and 33 pCi/L. Five of 28 wells reported gross-alpha concentrations greater than the
24 DWS of 15 pCi/L. Wells that reported gross alpha above the DWS include 299-E17-1, 299-E17-14,
25 299-E24-16, 299-E24-23, and 299-E25-36. Gross alpha is retained as a COPC.
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Table 2-3. Summary of Federal and State Water Quality Criteria Used as Action Levels for the 200-PO-1 OU

Groundwater Surface Water

CWA
WAC 246- National Recommended WAC 173-

40 CFR 141 290-310 WAC 173-340-720 Water Quality Criteria 201A 40 CFR 131 Action Level Value

Groundwater Groundwater
Method A Method B Acute

Federal Federal State Cleanup Unrestricted Freshwater Freshwater Freshwater Freshwater Freshwater Action
CAS Number Analyte Name Units MCL MCLG MCL Levels Land Use CMC CCC CCC CMC CCC Level Action Level Basis

67-64-1 Acetone gg/L -_ - - 7,200 7,200 WAC 173-340-720(4)(b)(iii)(A) and (B)

7429-90-5 Aluminum gg/L _- - - 16,000 750 87 87 CWA - freshwater CCC

7440-36-0 Antimony gg/L 6 6 6 6.4 - - - - - 6.0 40 CFR 141 -federal MCL

7440-38-2 Arsenic gg/L 10 -t10 0.058 340 150 360 190 190 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-39-3 Barium gg/L 2,000 2,000 2,000 3,200 2,000 40 CFR 141 - federal MCL

7440-42-8 Boron gg/L -_ - - 3,200 3,200 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-43-9 Cadmium gg/L 5 5 5 8 2 0.25 3.7 1 0.91 0.25 CWA - freshwater CCC

16887-00-6 Chloride gg/L 250,000 - 250,000 - - - - - - 250,000 40 CFR 141 - secondary federal MCL

7440-47-3 Chromium gg/L 100 100 100 24,000 570 64.878 550 180 156 65 CWA - freshwater CCC

7440-48-4 Cobalt g/L -4.8 - - - - - 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-50-8 Copper gg/L 1,300 1,300 640 9 17 11 9.0 CWA - freshwater CCC

16984-48-8 Fluoride gg/L 4,000 4,000 4,000 960 - - - - 960 WAC 173-340-720(4)(b)(iii)(A) and (B)

12587-46-1 Gross alpha pCi/L 15 - - - - - 15 40 CFR 141 -federal MCL

12587-47-2 Gross beta mrem/yr 4 - - - - - - 4.0 40 CFR 141 - federal MCL

18540-29-9 Heroavaent g/L 48 16 11 15 10 10 10 WAC 173-201A

150-46-84-1 Iodine-129 pCi/L 1 - - - - - - 1.0 40 CFR 141 - federal MCL

7439-89-6 Iron gg/L -_ - - 11,200 1,000 - - 1,000 CWA - freshwater CCC

7439-92-1 Lead gg/L 15 - 15- 65 2.5 65 2.5 2.1 2.1 WAC 173-201A

7439-93-2 Lithium gg/L - - 32 -_ -- -- -- 32 WAC 173-340-720(4)(b)(iii)(A) and (B)

7439-96-5 Manganese gg/L 384 -_ -- -- -- 384 WAC 173-340-720(4)(b)(iii)(A) and (B)

7439-98-7 Molybdenum gg/L - - 80 - - -- -- -- 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-02-0 Nickel gg/L - 100 - 320 470 52 1,400 160 137 52 CWA - freshwater CCC

14797-55-8 Nitrate gg/L 45,000 45,000-- 113,600 45,000 40 CFR 141 - federal MCL

14797-65-0 Nitrite gg/L 3,300 3,300 4,800 3,300 40 CFR 141 - federal MCL

7782-49-2 Selenium gg/L - - - 8 5 20 5 5 5.0 CWA - freshwater CCC
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Table 2-3. Summary of Federal and State Water Quality Criteria Used as Action Levels for the 200-PO-1 OU

Groundwater Surface Water

CWA
WAC 246- National Recommended WAC 173-

40 CFR 141 290-310 WAC 173-340-720 Water Quality Criteria 201A 40 CFR 131 Action Level Value

Groundwater Groundwater
Method A Method B Acute

Federal Federal State Cleanup Unrestricted Freshwater Freshwater Freshwater Freshwater Freshwater Action
CAS Number Analyte Name Units MCL MCLG MCL Levels Land Use CMC CCC CCC CMC CCC Level Action Level Basis

15758-45-9 Selenium-79 pCi/L - - -- - - 45 EPA, 2015

7440-22-4 Silver pg/L - 80 3.2 3.4 2.6 2.6 WAC 173-201A

7440-24-6 Strontium gg/L -_ - - 9,600 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

10098-97-2 Strontium-90 pCi/L 8 - - - - - 8.0 40 CFR 141 -federal MCL

14808-79-8 Sulfate pg/L 250,000 250,000 250,000 40 CFR 141 -federal secondary MCL

14133-76-7 Technetium-99 pCi/L 900 900 40 CFR 141 -federal MCL

7440-28-0 Thallium gg/L 2 0.5 - - - - 0.50 -

7440-31-5 Tin pg/L - - - 9,600 - - - 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

10028-17-8 Tritium pCi/L 20,000- - - - - -20,000 40 CFR 141 - federal MCL

7440-61-1 Uranium gg/L 30 48 - - - 30 40 CFR 141 - federal MCL

7440-62-2 Vanadium gg/L - - 8 - - - - - 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-66-6 Zinc gg/L 5,000 5,000 4,800 120 120 110 100 91 91 WAC 173-201A

Note: 40 CFR 131 and WAC 173-201A only apply in locations where groundwater has the potential to discharge to the Columbia River.

Sources:

40 CFR 131, "Water Quality Standards."

40 CFR 141, "National Primary Drinking Water Regulations."

EPA, 2015, Preliminary Remediation Goalsfbr Radionuclides; residential tap water scenario based on target risk level of 1 x 10-.

WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington."

WAC 173-340-720, "Model Toxics Control Act - Cleanup," "Groundwater Cleanup Standards."

WAC 173-340-730, "Model Toxics Control Act - Cleanup," "Surface Water Cleanup Standards."

WAC 246-290-3 10, "Group A Public Water Supplies," "Maximum Contaminant Levels (MCLs) and Maximum Residual Disinfectant Levels (MRDLs)."

CAS = Chemical Abstracts Service CWA = Clean Water Act of1977

CCC = criteria continuous concentration MCL = maximum contaminant level

CMC = criteria maximum concentration MCLG = maximum contaminant level guideline

1
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Table 2-4. Summary of Federal and State DWSs Used as Human Health Action Levels for the 200-PO-1 OU

Groundwater

WAC 246-290-
40 CFR 141a 310b WAC 173-340-720c Action Level Value

Groundwater
Groundwater Method B

Federal State Method A Unrestricted
CAS Number Analyte Name Units Federal MCL MCLG MCL Cleanup Levels Land Use Action Level Action Level Basis

71-55-6 1,1,1-Trichloroethane gg/L 200 200 -_ 16,000 200 40 CFR 141 -federal MCL

75-34-3 1,1-Dichloroethane g/L- - - - 8 8 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-35-4 1,1-Dichloroethene gg/L 7 7 - 400 7 40 CFR 141 -federal MCL

39227-28-6 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin g/L - - 1.12E-06 1.12E-06 WAC 173-340-720(4)(b)(iii)(A) and (B)

606-20-2 2,6-Dinitrotoluene g/L - 16 16 WAC 173-340-720(4)(b)(iii)(A) and (B)

67-64-1 Acetone g/L -- 7,200 7,200 WAC 173-340-720(4)(b)(iii)(A) and (B)

7429-90-5 Aluminum g/L -- 16,000 16,000 WAC 173-340-720(4)(b)(iii)(A) and (B)

14596-10-2 Americium-241 pCi/L 15- - - -15 40 CFR 141 - federal MCL

7440-36-0 Antimony pg/L 6 6 6 - 6.4 6 40 CFR 141 - federal MCL

7440-38-2 Arsenic gg/L 10 10 0.058 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-39-3 Barium gg/L 2,000 2,000 2,000 3,200 2,000 40 CFR 141 - federal MCL

100-51-6 Benzyl alcohol g/L - - - - 800 800 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-41-7 Beryllium gg/L 4 4 4 - 32 4 40 CFR 141 - federal MCL

117-81-7 Bis(2-ethylhexyl)phthalate g/L 6 - - - 6.3 6 40 CFR 141 - federal MCL

7440-42-8 Boron gg/L -3,200 3,200 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-27-4 Bromodichloromethane gg/L -0.71 0.71 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-25-2 Bromoform g/L - 80 -- 5.5 5.5 WAC 173-340-720(4)(b)(iii)(A) and (B)

74-83-9 Bromomethane g/L - 11 11 WAC 173-340-720(4)(b)(iii)(A) and (B)

85-68-7 Butylbenzylphthalate g/L - 46 46 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-15-0 Carbon disulfide g/L -- 800 800 WAC 173-340-720(4)(b)(iii)(A) and (B)

56-23-5 Carbon tetrachloride gg/L 5 0.625 0.625 WAC 173-340-720(4)(b)(iii)(A) and (B)

14762-75-5 Carbon-14 pCi/L 2,000 2,000 40 CFR 141 - federal MCL

16887-00-6 Chloride gg/L 250,000 250,000 -- 250,000 40 CFR 141 - secondary federal MCL

67-66-3 Chloroform pg/L 70 70 1.4 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-47-3 Chromium g/L 100 100 100- 24,000 100 40 CFR 141 - federal MCL

7440-48-4 Cobalt gg/L -4.8 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B)

2-7



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table 2-4. Summary of Federal and State DWSs Used as Human Health Action Levels for the 200-PO-1 OU

Groundwater

WAC 246-290-
40 CFR 141a 310b WAC 173-340-720c Action Level Value

Groundwater
Groundwater Method B

Federal State Method A Unrestricted
CAS Number Analyte Name Units Federal MCL MCLG MCL Cleanup Levels Land Use Action Level Action Level Basis

7440-50-8 Copper gg/L 1,300 1,300 - - 640 640 WAC 173-340-720(4)(b)(iii)(A) and (B)

57-12-5 Cyanide g/L 200 200 200 - 4.8 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B)

124-48-1 Dibromochloromethane gg/L 60 60 - 0.52 0.52 WAC 173-340-720(4)(b)(iii)(A) and (B)

84-66-2 Diethylphthalate g/L - - - - 12,800 12,800 WAC 173-340-720(4)(b)(iii)(A) and (B)

97-63-2 Ethyl methacrylate g/L - - - - 720 720 WAC 173-340-720(4)(b)(iii)(A) and (B)

100-41-4 Ethylbenzene gg/L 700 700 - 4 4 WAC 173-340-720(4)(b)(iii)(A) and (B)

16984-48-8 Fluoride gg/L 4,000 4,000 4,000 - 960 960 WAC 173-340-720(4)(b)(iii)(A) and (B)

12587-46-1 Gross alpha pCi/L 15 - - - - 15 40 CFR 141 -federal MCL

12587-47-2 Gross beta mrem/yr 4 -- - -4 40 CFR 141 -federal MCL

18540-29-9 Hexavalent chromium g/L -- 48 48 WAC 173-340-720(4)(b)(iii)(A) and (B)

150-46-84-1 Iodine-129 pCi/L 1- - - -1 40 CFR 141 -federal MCL

7439-89-6 Iron g/L - - 11,200 11,200 WAC 173-340-720(4)(b)(iii)(A) and (B)

7439-92-1 Lead gg/L 15 - 15- 15 40 CFR 141 - federal MCL

7439-96-5 Manganese g/L - - 384 384 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-09-2 Methylene chloride gg/L 5 21.9 5 40 CFR 141 - federal MCL

7439-98-7 Molybdenum g/L -- 80 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-02-0 Nickel g/L - 100 -- 320 100 40 CFR 141 - federal MCL

14797-55-8 Nitrate gg/L 45,000 45,000 -- 113,600 45,000 40 CFR 141 - federal MCL

14797-65-0 Nitrite gg/L 3,300 3,300 -- 4,800 3,300 40 CFR 141 - federal MCL

621-64-7 n-Nitrosodi-n-dipropylamine g/L -- 0.013 0.013 WAC 173-340-720(4)(b)(iii)(A) and (B)

14331-85-2 Protactinium-231 pCi/L 15- - - -15 40 CFR 141 - federal MCL

7782-49-2 Selenium g/L -- 80 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

15758-45-9 Selenium-79 pCi/L - - 45 EPA, 2013

7440-22-4 Silver g/L -80 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-24-6 Strontium g/L -- 9,600 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

10098-97-2 Strontium-90 pCi/L 8- - - -8 40 CFR 141 - federal MCL
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Table 2-4. Summary of Federal and State DWSs Used as Human Health Action Levels for the 200-PO-1 OU

Groundwater

WAC 246-290-
40 CFR 141a 310b WAC 173-340-720c Action Level Value

Groundwater
Groundwater Method B

Federal State Method A Unrestricted
CAS Number Analyte Name Units Federal MCL MCLG MCL Cleanup Levels Land Use Action Level Action Level Basis

14808-79-8 Sulfate gg/L 250,000 250,000 -- 250,000 40 CFR 141 - secondary federal MCL

14133-76-7 Technetium-99 pCi/L 900- - - -900 40 CFR 141 -federal MCL

127-18-4 Tetrachloroethene gg/L 5-- 20.8 5 40 CFR 141 -federal MCL

7440-31-5 Tin g/L - - 9,600 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

108-88-3 Toluene gg/L 1,000 - - 640 640 WAC 173-340-720(4)(b)(iii)(A) and (B)

TPHDIESEL Totalstrolem hydrocarbon g/L - - - 500 - 500 WAC 173-340-900, Table 720-1
diesel range

126-73-8 Tributyl phosphate g/L - - - - 9.72 9.72 WAC 173-340-720(4)(b)(iii)(A) and (B)

79-01-6 Trichloroethene gg/L 5 - - - 0.54 0.54 WAC 173-340-720(4)(b)(iii)(A) and (B)

75-69-4 Trichloromonofluoromethane g/L -- 2,400 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B)

10028-17-8 Tritium pCi/L 20,000 - - - - 20,000 40 CFR 141 - federal MCL

7440-61-1 Uranium gg/L 30 - - - 48 30 40 CFR 141 -federal MCL

7440-62-2 Vanadium g/L - - - - 80 80 WAC 173-340-720(4)(b)(iii)(A) and (B)

1330-20-7 Xylenes (total) gg/L 10,000 10,000 - 1,600 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

7440-66-6 Zinc gg/L 5,000 - 5,000 - 4,800 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B)

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

EPA, 2015, Preliminary Remediation Goals/br Radionuclides; residential tap water scenario based on target risk level of 1 x 10.

WAC 173-340-720, "Model Toxics Control Act - Cleanup," "Groundwater Cleanup Standards."

WAC 246-290-310, "Group A Public Water Supplies," "Maximum Contaminant Levels (MCLs) and Maximum Residual Disinfectant Levels (MRDLs)."

CAS = Chemical Abstracts Service

MCL = maximum contaminant level

MCLG = maximum contaminant level guideline

1
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Table 2-5. Summary of COPCs Retained for 200-PO-1 OU Based on Evaluation
of Measured Groundwater Concentrations, 2008 Through 2014

PUREX Cribs

Gross alphaa iodine-129, nitrate, strontium-90, sulfate,' tritium, and uranium

WMA A-AX Tank Farms and 216-A-29 Ditch

lodine-129, nitrate, technetium-99, and tritium

BC Cribs and Trenches

None identified

216-B-3 Pond Facility

lodine-129, nitrate, sulfate,' and tritium

NRDWL/SWL

lodine-129 and tritium

200-PO-1 OU Far-Field Area

lodine-129 and tritium

200-PO-1 OU Near-River Area

Tritium

Note: The COPCs presented in this table are based on an evaluation of data collected from January 2008
through December 2013.

a. Gross alpha is an indicator of the presence of uranium.

b. Groundwater concentrations exceed the secondary drinking water standard.

COPC
NRDWL

OU
PUREX

SWL

WMA

contaminant of potential concern

Nonradioactive Dangerous Waste Landfill

operable unit

Plutonium-Uranium Extraction

Solid Waste Landfill

waste management area

Iodine-129 was detected in 130 of 186 groundwater samples (70 percent frequency), with concentrations
ranging between 0.23 and 11 pCi/L. Twenty-one of 29 wells reported iodine-129 concentrations greater
than the DWS of 1 pCi/L. Wells reporting iodine-129 above the DWS include 299-E16-2, 299-E17-1,
299-E17-12, 299-E17-13, 299-E17-14, 299-E17-16, 299-E17-18, 299-E17-19, 299-E17-22, 299-E24-16,
299-E24-18, 299-E24-23, 299-E25-17, 299-E25-18, 299-E25-19, 299-E25-20, 299-E25-22, 299-E25-3,
299-E25-36, 299-E25-44, and 699-37-47A. Iodine-129 is retained as a COPC.

Strontium-90 was detected in 32 of 115 groundwater samples (28 percent frequency), with concentrations
ranging between 1 and 30 pCi/L. One of 20 wells reported strontium-90 concentrations greater than the
DWS of 8 pCi/L. Well 299-E17-14 reported strontium-90 concentrations above the DWS of 8 pCi/L,
with concentrations ranging between 11 and 30 pCi/L. Strontium-90 is retained as a COPC.

2-11

1

2
3
4
5
6
7

8
9

10
11



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 Tritium was detected in 135 of 137 groundwater samples (99 percent frequency), with concentrations
2 ranging between 240 and 650,000 pCi/L. Seventeen of 25 wells reported tritium concentrations greater
3 than the DWS of 20,000 pCi/L. Wells that reported tritium above the DWS include 299-E17-1,
4 299-E17-12, 299-E17-13, 299-E17-14, 299-E17-16, 299-E17-18, 299-E17-19, 299-E17-23, 299-E17-25,
5 299-E24-16, 299-E24-18, 299-E24-23, 299-E25-19, 299-E25-20, 299-E25-22, 299-E25-36, and
6 699-37-47A. Tritium is retained as a COPC.

7 2.1.1.2 Volatile Organic Compounds
8 Carbon tetrachloride, chloroform, and trichloroethene (TCE) were detected in groundwater (Table D- 1,
9 Appendix D).

10 Carbon tetrachloride was detected in one of 32 groundwater samples (3.1 percent frequency), with the
11 single detection reported at a concentration of 0.13 gg/L. The single detected carbon tetrachloride result
12 and 2 of 31 MDLs were less than the WAC 173-340-720 level of 0.63 pg/L. Carbon tetrachloride is not
13 retained as a COPC.

14 Chloroform was detected in 3 of 32 groundwater samples (9.4 percent frequency), with concentrations
15 ranging from 0.22 to 0.71 gg/L. All chloroform results (detected concentrations and MDLs) were less
16 than the WAC 173-340-720 level of 1.4 pg/L. Chloroform is not retained as a COPC.

17 TCE was detected in 5 of 32 groundwater samples (16 percent frequency), with concentrations ranging
18 from 0.27 to 3.1 gg/L. TCE was detected above Ecology's Cleanup Levels and Risk Calculations
19 (CLARC) database guidance value of 0.54 pig/L. Single detections above the action level were measured
20 in four wells, including 299-E17-14 (1.7 gg/L), 299-E17-19 (1.1 gg/L), 299-E24-16 (2.8 gg/L), and
21 299-E24-23 (3.1 gg/L). Figures D-4 through D-7 in Appendix D provide time-series plots of TCE at each
22 of the four wells over the past 10 years. As shown in these figures, TCE is not associated with a trend at
23 these wells. At Well 299-E 17-14, TCE was analyzed six times since 2008; it was detected twice in two
24 nonconsecutive samples and reported as nondetected in four samples. At Well 299-E 17-19, TCE was
25 analyzed five times (three times in 2008 and twice in 2014). One detection (1.1 pag/L) was reported
26 in 2008. A parent and duplicate sample were analyzed in 2014; one sample was reported as a nondetect
27 (less than 0.5 pag/L), and the second sample was a detection (1.3 pg/L). At Well 299-E24-16, only one
28 sample was collected during 2010 and analyzed for TCE (2.8 pg/L). At Well 299-E24-23, TCE was
29 analyzed three times since 2007 and was detected once in 2008 (3.1 pag/L); the previous sample collected
30 in 2007 and the subsequent sample collected in 2013 were both nondetects. Based on the results of this
31 evaluation, TCE is not retained as a COPC.

32 2.1.1.3 Semivolatile Organic Compounds
33 Contaminants 2,6-dinitrotoluene, bis(2-ethylhexyl)phthalate (BEHP), and n-nitrosodi-n-propylamine
34 were detected in groundwater (Table D-1, Appendix D).

35 2,6-Dinitrotoluene was analyzed once at Well 299-E24-23 at a concentration of 17 pag/L during 2013.
36 This single detection is greater than the WAC 173-340-720 level of 16 pg/L. This analyte was not
37 detected in any other sample analyzed within the 200-PO-1 OU and is not retained as a COPC.

38 BEHP was detected in 3 of 25 groundwater samples (12 percent frequency), with concentrations ranging
39 from 1.4 to 6.7 gg/L. A single detection of BEHP at Well 299-E25-20 (6.7 gg/L) was above than the
40 DWS of 6 pg/L. This is the only detection at this well, and two subsequent sample rounds were reported
41 as nondetects. Additionally, BEHP is a common laboratory contaminant that is introduced in the
42 laboratory after the sample is collected in the field. BEHP is not retained as a COPC.
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1 N-nitrosodi-n-dipropylamine was detected in one of 15 groundwater samples (6.7 percent frequency),
2 with a single detection reported at 2.9 gg/L. N-nitrosodi-n-dipropylamine was analyzed once at
3 Well 299-E24-23 at a concentration of 2.9 pag/L, which is greater than the WAC 173-340-720 level of
4 0.0 13 pg/L. This analyte was not detected in any other sample analyzed within the 200-PO-I OU.
5 Figure D-8 in Appendix D provides the time-series plot of n-nitrosodi-n-dipropylamine at
6 Well 299-E24-23 over the past 10 years. As shown in this figure, n-nitrosodi-n-dipropylamine is not
7 associated with a trend at this well. N-nitrosodi-n-dipropylamine was measured twice and was detected
8 in a single sample between 2007 and 2014; additionally, this is the only detection of this analyte in the
9 200-PO-I OU. Based on these results, n-nitrosodi-n-dipropylamine is not retained as a COPC.

10 2.1.1.4 Anions
11 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D- 1,
12 Appendix D). All chloride, fluoride, and nitrite results (detected concentrations and MDLs) were less
13 than their respective action levels.

14 Nitrate was detected in each of the 274 groundwater samples, with concentrations ranging between
15 3,460 and 172,000 gg/L. Eighteen of 29 wells reported nitrate concentrations above the DWS. Wells that
16 reported nitrate concentrations greater than the DWS include 299-E17-1, 299-E17-12, 299-E17-13,
17 299-E17-14, 299-E17-16, 299-E17-18, 299-E17-19, 299-E17-22, 299-E17-25, 299-E17-26, 299-E24-16,
18 299-E24-18, 299-E24-21, 299-E24-23, 299-E24-24, 299-E25-19, 299-E25-20, and 299-E25-36. Nitrate
19 is retained as a COPC.

20 Sulfate was detected in each of the 274 groundwater samples, with concentrations ranging between
21 19,600 and 371,000 gg/L. One of 29 wells (699-37-43) reported sulfate concentrations above the
22 secondary DWS. Sulfate is retained as a COPC.

23 2.1.1.5 Metals
24 With the exception of antimony, arsenic, beryllium, cadmium, chromium, cobalt, and uranium, all metals
25 results (detected concentrations and MDLs) were less than their respective action levels (Table D- 1,
26 Appendix D).

27 Antimony was detected in 9 of 22 unfiltered groundwater samples (41 percent frequency), with
28 concentrations ranging between 39 and 104 pg/L. Antimony was analyzed in 14 of 29 wells. All detected
29 concentrations were greater than DWS of 6 pag/L and were analyzed using U.S. Environmental Protection
30 Agency (EPA) Method 6010. Antimony results reported by Method 6010 are not accurate at
31 concentrations at or near the DWS or the Hanford Site background concentration of 55.1 pg/L.
32 Groundwater samples from 40 wells in the 200-PO-I OU were analyzed for antimony using Method 6010
33 and Method 200.8 to identify the differences in analytical method sensitivity. None of the antimony
34 samples were analyzed using both methods within this exposure area; areas of interest that contain
35 wells analyzed using both analytical methods include Waste Management Area (WMA) A-AX
36 (Section 2.1.2.5), the Nonradioactive Dangerous Waste Landfill (NRDWL)/Solid Waste Landfill (SWL)
37 (Section 2.1.5.5), 200-PO-1 OU far-field area (Section 2.1.6.5), and 200-PO-1 OU near-river area
38 (Section 2.1.7.4). As discussed in these sections, antimony results reported by Method 6010 are not
39 accurate at concentrations at or near the DWS or the Hanford Site background concentration, whereas
40 antimony concentrations reported by EPA Method 200.8 are less than the DWS. Based on these results,
41 antimony is not retained as a COPC.

42 Arsenic was detected in 130 of 134 unfiltered groundwater samples (97 percent frequency) at
43 concentrations ranging between 1.8 and 12 pg/L. Arsenic was analyzed in 24 of 29 wells. All of the
44 detected concentrations were greater than the MTCA (WAC 173-340-720) level of 0.058 pg/L.
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1 Minimum, maximum, and 9 0 1 percentile concentrations for (filtered) background concentrations of
2 arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. Arsenic concentrations were greater than the
3 maximum (filtered) background concentrations at five wells (299-E16-2, 299-E25-19, 299-E25-20,
4 299-E25-22, and 299-E25-44), where concentrations ranged up to 12 pg/L. Although some arsenic
5 concentrations were greater than the maximum filtered background concentration, the concentrations are
6 within naturally occurring levels. Based on these results, arsenic is not retained as a COPC.

7 Beryllium was detected in one of 333 unfiltered groundwater samples (0.3 percent frequency) at
8 a concentration of 9.4 pg/L. Beryllium was analyzed in 28 of 29 wells. A single detection greater than the
9 DWS of 4 pag/L was reported at Well 299-E17-1. Figure D-9 in Appendix D provides the time-series plot

10 of beryllium at Well 299-E 17-1 over the past 10 years. As shown in this figure, beryllium was measured
11 once above the DWS and did not recur. Additionally, a duplicate sample was collected on the same date
12 (October 20, 2008), and it was reported as a nondetected concentration less than the DWS. All remaining
13 beryllium results (MDLs) were less than or equal to the DWS. Based on these results, beryllium is not
14 retained as a COPC.

15 Cadmium was detected in 4 of 339 unfiltered groundwater samples (1.2 percent frequency), with
16 concentrations ranging between 4.1 and 18 gg/L. Cadmium was analyzed in 28 of 29 wells. A single
17 cadmium result from Well 299-E 17-1 was above the DWS of 5 gg/L. Figure D- 10 in Appendix D
18 provides the time-series plot of cadmium at Well 299-E17-1 over the past 10 years. As shown in this
19 figure, cadmium was measured once above the DWS and did not recur at concentrations above the DWS.
20 Additionally, a duplicate sample was collected on the same date (October 20, 2008), and it was reported
21 as a nondetected concentration less than the DWS. All remaining cadmium results (detected
22 concentrations and MDLs) were less than the DWS. Based on these results, cadmium is not retained
23 as a COPC.

24 Total chromium was detected in 156 of 335 unfiltered groundwater samples (47 percent frequency),
25 with concentrations ranging between 5.2 and 113 gg/L. Total chromium was analyzed in 28 of 29 wells.
26 Chromium was measured once above the DWS of 100 pag/L in Well 299-E18-1 (February 13, 2008).
27 This result was flagged as a suspected error because a duplicate sample collected on the same date
28 (February 13, 2008) reported a concentration of 30 gg/L, which is less than the DWS. All remaining
29 chromium results (detected concentrations and MDLs) were less than the DWS. Figure D- 11 in
30 Appendix D provides the time-series plot of chromium at Well 299-E18-1 over the past 10 years.
31 As shown in this figure, chromium is measured in this well, but concentrations above the DWS were
32 infrequent. Based on these results, chromium is not retained as a COPC.

33 Cobalt was detected in 4 of 326 unfiltered groundwater samples (1.2 percent frequency), with
34 concentrations ranging between 4 and 19 gg/L. Cobalt was analyzed in 28 of 29 wells. Cobalt was
35 detected once at Well 299-E17-1 above the MTCA (WAC 173-340-720) level of 4.8 pag/L
36 (October 20, 2008). Additionally, a duplicate sample was collected on the same date (October 20, 2008),
37 and it was reported as a nondetected concentration at less than the action level. All of the remaining
38 cobalt results (detected concentrations and MDLs) were less than the action level. Figure D-12 in
39 Appendix D provides the time-series plot of cobalt at Well 299-E17-1 over the past 10 years. As shown in
40 this figure, cobalt was measured once above the action level and did not recur. Based on these results,
41 cobalt is not retained as a COPC.

42 Uranium was detected in each of the 65 groundwater samples (100 percent frequency), with
43 concentrations ranging between 2.5 and 106 gg/L. Uranium was analyzed in 14 of 29 wells. Three of
44 14 wells reported uranium concentrations above the DWS of 30 gg/L. Wells with reported uranium above
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1 the DWS were 299-E24-23, 299-E17-14, and 299-E25-36. A single detection of uranium above the DWS
2 was reported at Well 299-E 17-14. Uranium is retained as a COPC.

3 Table D-1 in Appendix D summarizes the data discussed above.

4 2.1.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch
5 Thirty-one wells are screened in the unconfined aquifer and monitor contaminants near WMA A-AX and
6 the 216-A-29 Ditch. Groundwater samples are collected to fulfill CERCLA, RCRA, and AEA monitoring
7 requirements. Groundwater samples within this exposure area were analyzed for anions, cyanide, metals,
8 radionuclides, VOCs, phenols, SVOCs, pesticides, polychlorinated biphenyls (PCBs), herbicides, and
9 dioxins and furans.

10 All of the sample results for cyanide, VOCs, phenols, pesticides, PCBs, and herbicides were reported as
11 nondetected concentrations and are not further discussed in this section.

12 2.1.2.1 Radionuclides
13 Iodine-129, technetium-99, and tritium concentrations were greater than their respective DWSs
14 (Table D-2, Appendix D). Selenium-79 was also detected at a concentrations above the EPA screening
15 value (a DWS is not available). Thirty wells were analyzed for tritium, 26 wells were analyzed for
16 iodine-129, 3 wells were analyzed for selenium-79, and 14 wells were analyzed for technetium-99.
17 Radionuclides reported at concentrations above their DWS are discussed below.

18 Iodine-129 was detected in 120 of 138 groundwater samples (87 percent frequency), with concentrations
19 ranging between 1.3 and 10 pCi/L. Each of the 26 wells reported iodine-129 concentrations greater than
20 the DWS of 1 pCi/L. Iodine-129 is retained as a COPC.

21 Selenium-79 was detected in one of three groundwater samples (33 percent frequency). Three wells
22 (299-E25-25, 299-E25-39, and 299-E25-93) were each analyzed once for selenium-79. Of the three
23 wells analyzed, selenium was detected in Well 299-E25-93 at a concentration of 33 pCi/L, which is less
24 the EPA screening level of 73 pCi/L. Selenium-79 is not retained as a COPC.

25 Technetium-99 was detected in 220 of 227 groundwater samples (97 percent frequency), with
26 concentrations ranging between 9.3 and 8,000 pCi/L. Five of 14 wells reported technetium-99
27 concentrations greater than the DWS of 900 pCi/L. Wells reporting technetium-99 concentrations above
28 the DWS include 299-E24-22, 299-E24-33, 299-E25-236, 299-E25-93, and 299-E25-94. Technetium-99
29 is retained as a COPC.

30 Tritium was detected in 168 of 170 groundwater samples (99 percent frequency), with concentrations
31 ranging between 280 and 42,000 pCi/L. Three of 30 wells reported tritium concentrations greater than
32 the DWS of 20,000 pCi/L. Well 299-E26-4 reported concentrations of tritium above the DWS.
33 Wells 299-E25-25 and 299-E25-39 reported single measurements above the DWS in 2008. Tritium is
34 retained as a COPC.

35 2.1.2.2 Semivolatile Organic Compounds
36 BEHP was detected in one of 11 groundwater samples (9.1 percent frequency), with the single
37 measurement reported at 4.1 gg/L (Table D-2, Appendix D). All of the BEHP results
38 (detected concentrations and MDLs) were less than the DWS of 6 pg/L. BEHP is not retained as a COPC.
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1 2.1.2.3 Dioxins/Furans
2 Contaminant 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin was detected in one groundwater sample at
3 a concentration less than the MTCA (WAC 173-340-720) level of 0.0000067 pag/L (Table D-2,
4 Appendix D). 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin is not retained as a COPC.

5 2.1.2.4 Anions
6 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples. All chloride,
7 fluoride, nitrite, and sulfate results (detected concentrations and MDLs) were less than their respective
8 action levels (Table D-2, Appendix D).

9 Nitrate was detected in 370 of 371 groundwater samples (greater than 99 percent frequency), with
10 concentrations ranging between 1,140 and 118,000 gg/L. Nitrate was analyzed in each of the 31 wells,
11 and 4 of the 31 wells reported concentrations above the DWS. Wells that reported nitrate concentrations
12 greater than the DWS include 299-E23-1, 299-E24-20, 299-E25-29P, and 299-E25-93. Nitrate is retained
13 as a COPC.

14 2.1.2.5 Metals
15 With the exception of antimony, arsenic, cadmium, chromium, Cr(VI) (as dissolved chromium), and
16 nickel, all of the metals results (detected concentrations and MDLs) were less than their respective
17 action levels.

18 Antimony was detected in 8 of 19 unfiltered groundwater samples (42 percent frequency), with
19 concentrations ranging between 4.1 and 84 pag/L (Table D-2, Appendix D). Antimony was analyzed
20 in 15 of 31 wells. Seven of the eight detections were greater than DWS of 6 pag/L, and one of eight
21 detections was greater than the 9 0 ' percentile Hanford Site background level of 55 gg/L. Groundwater
22 samples from 40 wells in the 200-PO-I OU were analyzed using Method 6010 and Method 200.8 to
23 identify the differences in analytical method sensitivity. Groundwater samples from one well
24 (299-E25-236) were analyzed by both methods from this exposure area; other areas of interest that
25 contain wells analyzed using both analytical methods include NRDWL/SWL (Section 2.1.5.5),
26 200-PO-1 OU far-field area (Section 2.1.6.5), and the 200-PO-1 OU near-river area (Section 2.1.7.4).
27 Figure D- 13 in Appendix D provides time-series plots of antimony results for both analytical methods.
28 All MDLs for Method 6010 are greater than the DWS and many are greater than the Hanford Site
29 background level of 55 pag/L, whereas the MDLs for Method 200.8 are all less than the DWS (less than
30 1 pg/L). Results show that when groundwater samples are analyzed by Method 200.8, the antimony
31 concentrations are less than the DWS and Hanford Site background. Based on these results, antimony is
32 not retained as a COPC.

33 Arsenic was detected in each of the 149 unfiltered groundwater samples (100 percent frequency) at
34 concentrations ranging between 1.8 and 13 pag/L (Table D-2, Appendix D). Arsenic was analyzed in
35 30 of 31 wells. All detected concentrations were greater than the MTCA (WAC 173-340-720) level
36 of 0.058 pg/L. Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background
37 concentrations of arsenic were 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. Unfiltered arsenic
38 concentrations ranged up to 13 pag/L and were greater than the maximum (filtered) background
39 concentrations at 12 wells, including 299-E24-20, 299-E24-22, 299-E25-28, 299-25-29P, 299-E25-34,
40 299-E25-35, 299-E25-40, 299-E25-42, 299-E25-47, 299-E25-94, 299-E26-13, and 699-43-45. Although
41 some unfiltered arsenic concentrations were greater than the maximum filtered concentration, the
42 concentrations were within naturally occurring levels. Based on these results, arsenic is not retained as
43 a COPC.
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1 Cadmium was detected in 2 of 337 unfiltered groundwater samples (0.6 percent frequency), with
2 concentrations ranging between 4.4 and 5.2 pag/L (Table D-2, Appendix D). Cadmium was analyzed in
3 each of the 31 wells. A single detection of cadmium greater than the DWS of 5 pag/L was reported at
4 Well 299-E25-93. Figure D-14 in Appendix D provides the time-series plot of cadmium at
5 Well 299-E25-93 over the past 10 years. As shown in this figure, cadmium was measured once above
6 the DWS and did not recur at concentrations above the DWS. All remaining cadmium results (detected
7 concentrations and MDLs) were less than the DWS. Based on these results, cadmium is not retained
8 as a COPC.

9 Unfiltered Cr(VI) was analyzed once, with a concentration of 191 pag/L at Well 299-E25-236 (analyzed
10 on October 28, 2008) (Table D-2, Appendix D). This single result is greater than the MTCA
11 (WAC 173-340-720) level of 48 pig/L. Dissolved chromium (total) was detected in 55 of 303 filtered
12 groundwater samples, with concentrations ranging between 3.2 and 48 pg/L. All filtered dissolved
13 chromium results (detected concentrations and MDLs) were less than or equal to the action level of
14 48 pg/L. As shown in Figure D-15 in Appendix D, all filtered dissolved chromium results reported at
15 Well 299-E25-236 were less than the action level, where concentrations range between less than
16 5 and 14 pg/L. Based on these results, Cr(VI) and dissolved chromium are not retained as COPCs.

17 Nickel was detected in 153 of 336 unfiltered groundwater samples (46 percent frequency), with
18 concentrations ranging between 4 and 233 pg/L (Table D-2 Appendix D). Nickel was analyzed in each
19 of the 31 wells. Nickel was reported above the DWS in three wells (299-E25-236, 299-E25-48,
20 and 299-E25-93). Figures D-16 through D-18 in Appendix D provides the time-series plot of nickel at
21 Wells 299-E25-236, 299-E25-48, and 299-E25-93 over the past 10 years. As shown in these figures,
22 nickel was measured once above the DWS in Wells 299-E25-48 and 299-E25-93 and twice above the
23 DWS in Well 299-E25-236, and concentrations did not recur above the DWS. All remaining nickel
24 results (detected concentrations and MDLs) were less than the DWS. Based on these results, nickel is not
25 retained as a COPC.

26 2.1.3 BC Cribs and Trenches
27 Twelve wells are screened in the unconfined aquifer and monitor contaminants near the BC Cribs and
28 Trenches. Groundwater samples are collected to fulfill CERCLA, RCRA, and AEA monitoring
29 requirements. Groundwater samples within this exposure area were analyzed for anions, cyanide, metals,
30 radionuclides, VOCs, SVOCs, and pesticides.

31 All sample results for cyanide, SVOCs, and pesticides were reported as nondetected concentrations and
32 are not further discussed in this section.

33 2.1.3.1 Radionuclides
34 As shown in Table D-3 in Appendix D, all radionuclide results (detected concentrations and MDLs)
35 were less than their respective DWSs (Table D-3, Appendix D). None of the radionuclide COPCs
36 were retained.

37 2.1.3.2 Volatile Organic Compounds
38 Toluene was detected in groundwater (Table D-3, Appendix D). Toluene was detected in one of
39 12 groundwater samples (8.3 percent frequency), with the single detection reported at a concentration
40 of 0.065 gg/L. All of the toluene results (detected concentrations and MDLs) were less than the MTCA
41 (WAC 173-340-720) level of 640 pg/L. Toluene is not retained as a COPC.
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1 2.1.3.3 Anions
2 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D-3,
3 Appendix D). All anion results (detected concentrations and MDLs) were less than their respective action
4 levels. Anions are not retained as COPCs.

5 2.1.3.4 Metals
6 With the exception of antimony, arsenic, cobalt, iron, lead, manganese, and zinc, all metals results
7 (detected concentrations and MDLs) were less than their respective action levels.

8 Antimony was detected in two of four unfiltered groundwater samples (50 percent frequency), with
9 concentrations ranging between 47 and 52 pg/L (Table D-3, Appendix D). Antimony was analyzed in

10 2 of 12 wells, and both detected concentrations were greater than DWS of 6 pg/L. All of the antimony
11 results were less than the 9 0 ' percentile Hanford Site background level of 55 gg/L. Groundwater samples
12 from 40 wells within the 200-PO-1 OU were analyzed for antimony using Method 6010 and
13 Method 200.8 to identify the differences in analytical method sensitivity. None of the antimony samples
14 were analyzed by both methods within this exposure area; exposure areas that contain wells analyzed
15 by both analytical methods include WMA A-AX (Section 2.1.2.5), NRDWL/SWL (Section 2.1.5.5),
16 200-PO-1 OU far-field area (Section 2.1.6.5), and 200-PO-1 OU near-river area (Section 2.1.7.4).
17 As described in these sections, antimony results reported by Method 6010 are not accurate at
18 concentrations at or near the DWS or the Hanford Site background concentration; however, antimony
19 concentrations reported by EPA Method 200.8 are less than the DWS. Based on these results, antimony
20 is not retained as a COPC.

21 Arsenic was detected in 9 of 12 unfiltered groundwater samples (75 percent frequency), with
22 concentrations ranging between 0.8 and 3.4 pag/L (Table D-3, Appendix D). Arsenic was analyzed in
23 each of the 12 wells, and all detected concentrations were greater than the MTCA (WAC 173-340-720)
24 level of 0.058 pg/L. Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background
25 concentrations of arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. All arsenic results
26 (detected concentrations and MDLs) were less than the 90 ' percentile Hanford background concentration.
27 Based on these results, arsenic is not retained as a COPC.

28 Cobalt was detected in 2 of 31 unfiltered groundwater samples (6.5 percent frequency), with
29 concentrations ranging between 7.3 and 14 gg/L (Table D-3, Appendix D). Cobalt was analyzed in
30 each of the 12 wells. Cobalt was measured once at both Wells 299-E13-11 and 299-E13-16 above the
31 MTCA (WAC 173-340-720) level of 4.8 pg/L. All remaining unfiltered cobalt results (detected
32 concentrations and MDLs) were less than the action level. Figure D-19 in Appendix D provides the
33 time-series plot of cobalt at Well 299-E13-11 over the past 10 years. As shown in this figure, cobalt was
34 reported once above the action level in 2009, and all subsequent measurements were less than the action
35 level. Because cobalt was analyzed only once at Well 299-E 13-16, a time-series plot is not provided.
36 Based on these results, cobalt is not retained as a COPC.

37 Iron was detected in 25 of 31 unfiltered groundwater samples (81 percent frequency), with concentrations
38 ranging between 37 and 37,100 gg/L (Table D-3, Appendix D). Iron was analyzed in each of the 12 wells.
39 Iron was measured once at Well 299-E13-11 and twice at Well 299-E13-19 above the MTCA
40 (WAC 173-340-720) level of 11,200 pg/L. All remaining iron results (detected concentrations and
41 MDLs) were less than the action level. Figures D-20 and D-21 in Appendix D provide the time-series
42 plots of iron at Wells 299-E13-11 and 299-E13-19, respectively, over the past 10 years. As shown in
43 these figures, iron was reported once above the action level at Well 299-E 13-11 during 2009, and all
44 remaining concentrations were less than the action level. At Well 299-E 13-19, iron was detected above
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1 the action level during 2009 and 2010, with concentrations decreasing to below the detection limit
2 in 2012 and 2013. Based on these results, iron is not retained as a COPC.

3 Lead was detected in 2 of 12 unfiltered groundwater samples (17 percent frequency), with concentrations
4 ranging between 0.2 and 35 gg/L (Table D-3, Appendix D). Lead was analyzed in each of the 12 wells.
5 Lead was measured once at Well 299-E 13-8 above the DWS of 15 pg/L. All of the remaining lead results
6 (detected concentrations and MDLs) were less than the DWS. Lead was analyzed once at Well 299-E 13-8
7 during 2008 and did not recur. Lead has not been measured at concentrations above the DWS in
8 groundwater samples throughout the 200-PO-1 OU. Based on these results, lead is not retained as
9 a COPC.

10 Manganese was detected in 21 of 31 unfiltered groundwater samples (68 percent frequency), with
11 concentrations ranging between 1.1 and 833 gg/L (Table D-3, Appendix D). Manganese was analyzed in
12 each of the 12 wells. Manganese was measured twice at Well 299-E13-11 and once at Well 299-E13-19
13 above the MTCA (WAC 173-340-720) level of 384 pg/L. All remaining manganese results (detected
14 concentrations and MDLs) were less than the action level. Figures D-22 and D-23 in Appendix D
15 provide time-series plots of manganese at Wells 299-E13-11 and 299-E13-19, respectively, over the
16 past 10 years. As shown in these figures, manganese was reported twice above the action level at
17 Well 299-E 13-11 during 2009 and 2011, and all remaining concentrations were less than the action level.
18 At Well 299-E 13-19, manganese was detected once above the action level during 2010, with
19 concentrations decreasing to below the detection limit in 2012 and 2013. Based on these results,
20 manganese is not retained as a COPC.

21 Zinc was detected in 13 of 31 unfiltered groundwater samples (42 percent frequency), with concentrations
22 ranging between 5.5 and 10,200 gg/L (Table D-3, Appendix D). Zinc was analyzed in each of the
23 12 wells and was measured above the MTCA (WAC 173-340-720) level of 4,800 pag/L once at
24 Well 299-E13-16. All of the remaining zinc results (detected concentrations and MDLs) were less than
25 the action level. Zinc was analyzed once at Well 299-E13-16 during 2008, with no other samples
26 collected; therefore, a time-series plot is not provided. Based on these results, zinc is not retained as
27 a COPC.

28 2.1.4 216-B-3 Pond Facility
29 Twelve wells are screened in the unconfined aquifer and monitor contaminants near the 216-B-3 Pond
30 (B Pond) facility. Groundwater samples are collected to fulfill CERCLA, RCRA, and AEA monitoring
31 requirements. Groundwater samples within this exposure area were analyzed for anions, metals,
32 radionuclides, phenols, and SVOCs.

33 All sample results for phenols and SVOCs were reported as nondetected concentrations and are not
34 further discussed in this section.

35 2.1.4.1 Radionuclides
36 Iodine-129 and tritium concentrations were greater than their respective DWSs (Table D-4, Appendix D).
37 Each of the 12 wells was analyzed for iodine-129 and tritium. Radionuclides reported at concentrations
38 above their respective DWSs are discussed below.

39 Iodine-129 was detected in 38 of 48 groundwater samples (79 percent frequency), with concentrations
40 ranging between 0.24 and 10 pCi/L. Seven of 12 wells reported iodine-129 concentrations greater than
41 the DWS of 1 pCi/L. Wells reporting iodine-129 above the DWS include 699-41-40, 699-41-42,
42 699-42-42B, 699-43-41F, 699-43-44, 699-45-42, and 699-43-45. A single iodine-129 result was reported
43 at Well 699-43-41F during 2013. Iodine-129 is retained as a COPC.
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1 Tritium was detected in 51 of 55 groundwater samples (93 percent frequency), with concentrations
2 ranging between 670 and 46,000 pCi/L. Three of 12 wells reported tritium concentrations greater than
3 the DWS of 20,000 pCi/L. Wells reporting tritium above the DWS include 699-41-40, 699-41-42, and
4 699-42-40A. Tritium is retained as a COPC.

5 2.1.4.2 Anions
6 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D-4,
7 Appendix D). All of the chloride, fluoride, and nitrite results (detected concentrations and MDLs) were
8 less than their respective action levels.

9 Nitrate was detected in each of the 64 groundwater samples, with concentrations ranging between
10 2,200 and 94,700 gg/L. Eleven of 12 wells were analyzed for nitrate, one of which reported nitrate
11 concentrations above the DWS equivalent of 45,000 pg/L. Well 699-39-39 reported nitrate concentrations
12 greater than the DWS. Nitrate is retained as a COPC.

13 Sulfate was detected in each of the 64 groundwater samples, with concentrations ranging between
14 14,700 and 271,000 gg/L. One of 11 wells reported sulfate concentrations above the secondary DWS.
15 Well 699-39-39 reported sulfate concentrations above the secondary DWS. Sulfate is retained as a COPC.

16 2.1.4.3 Metals
17 With the exception of arsenic, iron, and manganese, all metals results (detected concentrations and
18 MDLs) were less than their respective action levels.

19 Arsenic was detected in 42 of 46 unfiltered groundwater samples (91 percent frequency), at
20 concentrations ranging between 1.0 and 10 pag/L (Table D-4, Appendix D). Arsenic was analyzed in
21 9 of 12 wells, and all detected concentrations were greater than the MTCA (WAC 173-340-720) level of
22 0.058 pg/L. Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background
23 concentrations of arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. Arsenic concentrations were
24 greater than the maximum (filtered) background concentrations at Well 699-43-45, with concentrations
25 ranging between 9.3 and 10 pg/L. Although arsenic concentrations were greater than the maximum
26 filtered background concentration, the concentrations are within naturally occurring levels. Based on
27 these results, arsenic is not retained as a COPC.

28 Iron was detected in 46 of 52 unfiltered groundwater samples (88 percent frequency), with concentrations
29 ranging between 18 and 36,000 gg/L (Table D-4, Appendix D). Iron was analyzed in 10 of 12 wells.
30 Iron was measured once at Well 699-42-40A above the MTCA (WAC 173-340-720) level of
31 11,200 pig/L. All of the remaining iron results (detected concentrations and MDLs) were less than the
32 action level. Figure D-24 in Appendix D provides the time-series plot of iron at Well 699-42-40A over
33 the past 10 years. As shown in this figure, iron was reported once above the action level during 2009, and
34 all remaining concentrations were less than the action level. Based on these results, iron is not retained
35 as a COPC.

36 Manganese was detected in 12 of 52 unfiltered groundwater samples (23 percent frequency), with
37 concentrations ranging between 4.3 and 930 gg/L (Table D-4, Appendix D). Manganese was analyzed
38 in 10 of 12 wells. Manganese was measured once at Well 699-42-40A above the MTCA
39 (WAC 173-340-720) level of 384 pig/L. All of the remaining manganese results (detected concentrations
40 and MDLs) were less than the action level. Figure D-25 in Appendix D provides the time-series plot of
41 manganese at Well 699-42-40A over the past 10 years. As shown in this figure, manganese was reported
42 once above the action level during 2009, and all remaining concentrations were less than the action level.
43 Based on these results, manganese is not retained as a COPC.
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1 2.1.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill
2 Seventeen wells screened in the unconfined aquifer are used to monitor contaminants near the
3 NRDWL/SWL. Groundwater samples are collected to fulfill CERCLA, RCRA, AEA, and Washington
4 State landfill monitoring requirements. Groundwater samples within this exposure area were analyzed
5 for anions, metals, radionuclides, phenols, VOCs, SVOCs, pesticides, PCBs, herbicides, and dioxins
6 and furans.

7 All sample results for phenols, pesticides, PCBs, herbicides, and dioxins and furans were reported as
8 nondetected concentrations and are not further discussed in this section.

9 2.1.5.1 Radionuclides
10 Iodine-129 and tritium concentrations were greater than their respective DWSs (Table D-5, Appendix D).
11 Five wells were analyzed for iodine-129 and tritium. Radionuclides reported at concentrations above their
12 DWSs are discussed below.

13 Iodine-129 was detected in 7 of 13 groundwater samples (54 percent frequency), with concentrations
14 ranging between 0.54 and 1.7 pCi/L. Two of five wells reported iodine-129 concentrations greater than
15 the DWS of 1 pCi/L, including Wells 699-26-33 and 699-26-35A. Concentrations of iodine-129 at
16 Well 699-26-35A are currently below the DWS. Iodine-129 is retained as a COPC.

17 Tritium was detected in 11 of 13 groundwater samples (85 percent frequency), with concentrations
18 ranging between 6,800 and 31,000 pCi/L. Two of five wells (699-26-33 and 699-26-35A) reported tritium
19 concentrations greater than the DWS of 20,000 pCi/L. Concentrations of tritium at Well 699-26-35A are
20 currently below the DWS. Tritium is retained as a COPC.

21 2.1.5.2 Volatile Organic Compounds
22 A total of 13 VOCs were detected in groundwater (Table D-5, Appendix D). With the exception of carbon
23 tetrachloride and TCE, all of the VOC results (detected concentrations and MDLs) were less than their
24 respective action levels.

25 Carbon tetrachloride was detected in 4 of 292 groundwater samples (1.4 percent frequency), with
26 concentrations ranging between 0.098 and 2.1 gg/L. Carbon tetrachloride was detected in
27 Wells 699-22-35 and 699-23-34A at concentrations greater than the MTCA (WAC 173-340-720) level of
28 0.63 pg/L. Figures D-26 and D-27 in Appendix D provide the time-series plots of carbon tetrachloride at
29 both wells, respectively, over the past 10 years. As shown in these figures, carbon tetrachloride is not
30 associated with a trend at these wells. At Well 699-22-35, carbon tetrachloride has been detected once
31 in 2008 above the action level, with the remaining detected concentrations less than the action level.
32 At Well 699-22-34A, carbon tetrachloride has been detected once recently above the action level, with
33 all of the remaining results reported as nondetected concentrations. Carbon tetrachloride is not retained
34 as a COPC.

35 TCE was detected in 22 of 292 groundwater samples (7.5 percent frequency), with concentrations ranging
36 between 0.25 and 0.57 pg/L. A single detection of TCE (0.57 pg/L) above the CLARC guidance value
37 was measured at Well 699-24-33 in 2011. TCE was analyzed 23 times at Well 699-24-33, with all but
38 one result reported as nondetected concentrations. TCE is not retained as a COPC.

39 2.1.5.3 Semivolatile Organic Compounds
40 Contaminant BEHP was detected in three of seven groundwater samples (43 percent frequency), with
41 concentrations ranging between 1.9 and 14 gg/L (Table D-5, Appendix D). BEHP was detected once
42 above the DWS of 6 pag/L at Well 699-25-34A in 2011, which was the only sample analyzed for this

2-21



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 analyte at this well. BEHP is a common laboratory contaminant that is introduced in the laboratory after
2 the sample is collected in the field. BEHP is not retained as a COPC.

3 2.1.5.4 Anions
4 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D-5,
5 Appendix D). All of the anion results (detected concentrations and MDLs) were less than their respective
6 action levels. Anions are not retained as COPCs.

7 2.1.5.5 Metals
8 With the exception of antimony, arsenic, and chromium, all metals results (detected concentrations and
9 MDLs) were less than their respective action levels.

10 Antimony was detected in 27 of 102 unfiltered groundwater samples (26 percent frequency), with
11 concentrations ranging between 0.1 and 62 pag/L (Table D-5, Appendix D). Antimony was analyzed in
12 11 of 17 wells. Three of the 27 results were greater than DWS of 6 pag/L, and one of the 27 results was
13 greater than the 9 0 ' percentile Hanford Site background level of 55 gg/L. Groundwater samples from
14 40 wells within the 200-PO-1 OU were analyzed using Method 6010 and Method 200.8 to identify the
15 differences in analytical method sensitivity. Groundwater samples from nine wells (699-22-35,
16 699-23-34A, 699-23-34B, 699-24-33, 699-24-34A, 699-24-34B, 699-24-34C, 699-24-35, and
17 699-26-35A) were analyzed using both methods from this exposure area; other areas of interest that
18 contain wells analyzed by both analytical methods include WMA A-AX (Section 2.1.2.5), 200-PO-I OU
19 far-field area (Section 2.1.6.5), and 200-PO-1 OU near-river area (Section 2.1.7.4). Figures D-28 through
20 D-36 in Appendix D provide the time-series plots of antimony analyzed by both analytical methods.
21 All MDLs for Method 6010 are greater than the DWS, and many are greater than the Hanford Site
22 background level of 55 pg/L. The MDLs for Method 200.8 are all less than the DWS (less than 1 pg/L).
23 Results show that when groundwater samples are analyzed using Method 200.8, antimony concentrations
24 are less than the DWS and Hanford Site background. Based on these results, antimony is not retained
25 as a COPC.

26 Arsenic was detected in 195 of 200 unfiltered groundwater samples (98 percent frequency) at
27 concentrations ranging between 1.1 and 5.6 pag/L (Table D-5, Appendix D). Arsenic was analyzed in
28 11 of 17 wells, and all detected concentrations were greater than the MTCA (WAC 173-340-720) level of
29 0.058 pg/L. Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background
30 concentrations of arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. All of the arsenic results
31 (detected concentrations and MDLs) were less than the 9 0 ' percentile Hanford Site background
32 concentration. Based on these results, arsenic is not retained as a COPC.

33 Total chromium was detected in 106 of 242 unfiltered groundwater samples (44 percent frequency),
34 with concentrations ranging between 3.6 and 147 gg/L (Table D-5, Appendix D). Total chromium was
35 analyzed in each of the 17 wells. Total chromium was measured once at Well 699-26-35C above
36 the DWS of 100 pg/L. All of the remaining total chromium results (detected concentrations and MDLs)
37 were less than the DWS. Figure D-37 in Appendix D provides the time-series plot of total chromium at
38 Well 699-26-35C over the past 10 years. As shown in this figure, total chromium was reported once
39 above the DWS during 2011, and all remaining results were less than the DWS. Based on these results,
40 total chromium is not retained as a COPC.

41 2.1.6 200-PO-1 Operable Unit Far-Field Area
42 Fifty-four wells monitor contaminants in the 200-PO-I OU far-field area; all but one well are screened
43 in the unconfined aquifer. Groundwater samples are collected to fulfill CERCLA, RCRA, and AEA
44 monitoring requirements. Groundwater samples within this exposure area were analyzed for anions,
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1 metals, radionuclides, VOCs, SVOCs, pesticides, and total petroleum hydrocarbon (TPH)-diesel range
2 organics. Some of the wells are located in 300-FF-5 OU and were included to provide spatial coverage of
3 contaminants originating from the 200-PO-I OU. Contaminants that do not originate from the
4 200-PO-I OU are explained within each class of analytes.

5 All sample results for pesticides and TPH-diesel range organics were reported as nondetected
6 concentrations and are not discussed further in this section.

7 2.1.6.1 Radionuclides
8 Gross alpha, iodine-129, and tritium concentrations were greater than their respective DWSs (Table D-6,
9 Appendix D). Each of the 54 wells was analyzed for tritium, 38 wells were analyzed for gross alpha, and

10 42 wells were analyzed for iodine-129. Radionuclides reported at concentrations above their respective
11 DWSs are discussed below.

12 Gross alpha was detected in 210 of 302 groundwater samples (70 percent frequency), with concentrations
13 ranging between 1.1 and 89 pCi/L. Four of 38 wells reported gross-alpha concentrations greater than the
14 DWS of 15 pCi/L. Wells that reported gross alpha above the DWS include 699-13-3A, 699-32-22B,
15 699-S6-E4K, and 699-S6-E4L. Three of the four wells (699-13-3A, 699-S6-E4K, and 699-S6-E4L)
16 are located within the 300-FF-5 OU and monitor the conditions near the 618-11 Burial Ground.
17 At Well 699-32-22B, gross alpha was analyzed five times. The most recent gross-alpha result reported
18 at Well 699-32-22B was above the DWS (25 pCi/L), with all previous results reported as nondetected
19 concentrations. Gross alpha is not retained as a COPC.

20 Iodine-129 was detected in 60 of 165 groundwater samples (36 percent frequency), with concentrations
21 ranging between 0.17 and 6.7 pCi/L. Eleven of 42 wells reported iodine-129 concentrations greater than
22 the DWS of 1 pCi/L. Wells that reported iodine-129 above the DWS include 699-20-20, 699-26-15A,
23 699-31-11, 699-31-31, 699-32-22A, 699-32-43, 699-34-41B, 699-34-42, 699-38-15, 699-41-23, and
24 699-42-12A. Iodine-129 is retained as a COPC.

25 Tritium was detected in 306 of 355 groundwater samples (86 percent frequency), with concentrations
26 ranging between 590 and 1,100,000 pCi/L. Twenty-two of 54 wells reported tritium concentrations
27 greater than the DWS of 20,000 pCi/L. Five of the 22 wells (699-12-2C, 699-13-OA, 699-13-lE,
28 699-13-2D, and 699-13-3A) monitor groundwater conditions near the 618-11 Burial Ground and are
29 located within the 300-FF-5 OU. Tritium concentrations measured at these five wells range up to
30 1,100,000 pCi/L; the highest tritium concentrations were measured at Well 699-13-3A. The remaining
31 17 monitoring wells are located within the 200-PO-1 OU, where concentrations range up to 72,000 pCi/L.
32 Monitoring wells within the 200-PO-1 OU that reported tritium measurements above the DWS include
33 699-20-20, 699-20-E5A, 699-21-6, 699-2-3, 699-26-15A, 699-2-6A, 699-29-4, 699-31-11, 699-32-22A,
34 699-32-43, 699-34-41B, 699-34-42, 699-35-9, 699-38-15, 699-42-12A, 699-46-21B, and 699-8-17.
35 The highest tritium concentrations measured in the 200-PO-1 OU were at Well 699-35-9. Tritium is
36 retained as a COPC.

37 2.1.6.2 Volatile Organic Compounds
38 A total of 17 VOCs were detected in groundwater. Bromodichloromethane, carbon tetrachloride,
39 chloroform, dibromochloromethane, and TCE were reported with concentrations greater than their
40 respective action levels (Table D-6, Appendix D). The results (detected concentrations and MDLs) for the
41 remaining 12 VOCs were less than their respective action levels.

42 Bromodichloromethane was detected in 10 of 99 groundwater samples (10 percent frequency), with
43 concentrations ranging between 0.17 and 2.1 gg/L. Bromodichloromethane was analyzed in 33 of
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1 54 wells. Bromodichloromethane was detected above the MTCA (WAC 173-340-720) level of 0.71 pag/L
2 in Wells 499-S0-7, 499-S0-8, and 499-S1-8J. These wells were evaluated in DOE/RL-2010-99, Remedial
3 Investigation/ Feasibility Study for the 300-FF-1, 300-FF-2, and 300-FF-5 Operable Units (hereafter
4 referred to as the 300 Area RI/FS Report) and bromodichloromethane was not identified as a COPC.
5 Well 499-S0-7 is a primary drinking water well. Wells 499-S0-7 and 499-S0-8 and their associated
6 pumps (P-14 and P-15) serve as a backup water supply to the 400 Area. Bromodichloromethane is
7 a trihalomethane that is formed as a byproduct when chlorine is added to water supply systems. The
8 drinking water in the 400 Area is chlorinated. An infrequent detection of bromodichloromethane was
9 reported at Well 499-Si -8J (0.17 to 1 gg/L). Bromodichloromethane is not associated with a Hanford Site

10 release; therefore, it was not retained as a COPC.

II Carbon tetrachloride was detected in 5 of 175 groundwater samples (2.9 percent frequency),
12 with concentrations ranging between 0.13 and 7.4 gg/L. Carbon tetrachloride was detected in
13 Wells 699-S6-E4A, 699-S6-E4K, and 699-S6-E4L at concentrations greater than the MTCA
14 (WAC 173-340-720) level of 0.63 pg/L. Figures D-38 through D-40 in Appendix D provide the
15 time-series plots of carbon tetrachloride for these wells, respectively, over the past 10 years. As shown in
16 these figures, carbon tetrachloride is not associated with a trend at these wells. At Wells 699-S6-E4A,
17 699-S6-E4K, and 699-S6-E4L, carbon tetrachloride was detected on February 16, 2010, with no
18 detections prior to or after this date. Carbon tetrachloride is not retained as a COPC.

19 Chloroform was detected in 23 of 175 groundwater samples (13 percent frequency), with concentrations
20 ranging between 0.086 and 7.1 pg/L. Chloroform was detected in Well 699-13-IA at concentrations
21 greater than the MTCA (WAC 173-340-720) level of 1.4 pg/L. This well was evaluated in the 300 Area
22 RI/FS Report (DOE/RL-2010-99), where it was determined that although concentrations were reported
23 above the action level and concentrations were less than the estimated quantitation limit; therefore, the
24 results were considered estimates. Based on these results, chloroform is not retained as a COPC.

25 Dibromochloromethane was detected in 7 of 99 groundwater samples (7.1 percent frequency), with
26 concentrations ranging between 1.6 and 3.3 gg/L. Dibromochloromethane was analyzed in 33 of 54 wells.
27 Dibromochloromethane was detected above the MTCA (WAC 173-340-720) level of 0.52 pag/L in
28 Wells 499-SO-7, 499-SO-8, and 499-Si-8J. These wells were evaluated in the 300 Area RI/FS Report
29 (DOE/RL-2010-99); Well 499-SO-7 is a primary drinking water well. Wells 499-SO-7 and 499-SO-8 and
30 their associated pumps (P-14 and P-15) serve as a backup water supply to the 400 Area.
31 Dibromochloromethane is a trihalomethane that is formed as a byproduct when chlorine is added to water
32 supply systems. The drinking water in the 400 Area is chlorinated. A single detection of
33 dibromochloromethane at 2.2 pag/L was reported at Well 499-S 1-8J (the other three samples were less
34 than 0.17 gg/L). Dibromochloromethane is not associated with a Hanford Site release; therefore, it was
35 not retained as a COPC.

36 TCE was detected in 6 of 173 groundwater samples (3.5 percent frequency), with concentrations ranging
37 between 1.1 and 3.5 pg/L. All of the reported detections of TCE at concentrations greater than the
38 CLARC guidance value of 0.54 pag/L were at Well 699-S6-E4L. This well is part of the 300-FF-5 OU,
39 and TCE was evaluated in the 300 Area RI/FS Report (DOE/RL-2010-99). This well was included in this
40 analysis for 200-PO-I to provide additional spatial coverage for analytes that originated from the
41 200-PO-I OU. Based on these results, TCE is not retained as a COPC.

42 2.1.6.3 Semivolatile Organic Compounds
43 Contaminants BEHP, butylbenzylphthalate, and diethylphthalate were detected in groundwater
44 (Table D-6, Appendix D). All of the butylbenzylphthalate and diethylphthalate results (detected

2-24



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 concentrations and MDLs) were less than the MTCA (WAC 173-340-720) levels of 46 and 12,800 pag/L,
2 respectively. Butylbenzylphthalate and diethylphthalate are not retained as COPCs.

3 BEHP was detected in 6 of 75 groundwater samples (8 percent frequency), with concentrations ranging
4 between 1 and 12 gg/L. BEHP was detected above the DWS of 6 pg/L at Well 699-S6-E4K; this is the
5 only detected result in the 12 samples. BEHP is a common laboratory contaminant that is introduced in
6 the laboratory after the sample is collected in the field. BEHP is not retained as a COPC.

7 2.1.6.4 Anions
8 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D-6,
9 Appendix D). All of the chloride, nitrite, and sulfate results (detected concentrations and MDLs) were

10 less than their respective action levels. Chloride, nitrite, and sulfate are not retained as COPCs.

11 Fluoride was detected in 328 of 339 groundwater samples (97 percent frequency), with concentrations
12 ranging between 39 and 1,200 gg/L. All of the reported detections of fluoride at concentrations greater
13 than the MTCA (WAC 173-340-720) level of 960 pag/L were at Well 699-32-22B. Minimum, maximum,
14 and 9 0 ' percentile concentrations for (filtered) background concentrations of fluoride are 267, 5,850, and
15 1,047 gg/L, respectively. Fluoride concentrations measured at Well 699-32-22B ranged between
16 1,100 and 1,200 pag/L, which is within the range of naturally occurring levels of fluoride. Based on these
17 results, fluoride is not retained as a COPC.

18 Nitrate was detected in 325 of 336 groundwater samples (97 percent frequency), with concentrations
19 ranging between 201 and 136,000 gg/L. Six of 54 wells reported nitrate concentrations greater than
20 the DWS of 45,000 gg/L. Four of the six monitoring wells (699-12-2C, 699-13-iE, 699-13-2D, and
21 699-13-3A) monitor groundwater conditions near the 618-11 Burial Ground, a 300 Area Waste site,
22 which was part of the 300 Area ROD. Well 699-S6-E4L is located downgradient of the 618-10 Burial
23 Ground and is within and part of the 300-FF-5 OU. Well 699-2-7 is located within the 200-PO-1 OU;
24 however, it is located downgradient of the underground sanitary sewer line from 400 Area to Washington
25 Public Power Supply System. Nitrate concentrations above the DWS do not originate from 200-PO-1 OU
26 near-field sources; therefore, nitrate is not retained as a COPC.

27 2.1.6.5 Metals
28 With the exception of antimony, arsenic, manganese, nickel, uranium, and zinc, all metals results
29 (detected concentrations and MDLs) were less than their respective action levels.

30 Antimony was detected in 8 of 97 unfiltered groundwater samples (8.3 percent frequency), with
31 concentrations ranging between 34 and 101 pag/L (Table D-6, Appendix D). Antimony was analyzed in
32 35 of 54 wells. Each of the eight results were greater than DWS of 6 pag/L, and three of eight results were
33 greater than the 9 0 ' percentile Hanford Site background level of 55 gg/L. Groundwater samples from
34 40 wells within the 200-PO-1 OU were analyzed using Method 6010 and Method 200.8 to identify the
35 differences in analytical method sensitivity. Groundwater samples from 27 wells (499-SO-7, 499-SO-8,
36 499-S1-8J, 699-8-25, 699-10-54A, 699-12-4D, 699-13-lA, 699-13-iE, 699-13-2D, 699-13-3A,
37 699-14-38, 699-17-5, 699-20-20, 699-20-E5A, 699-26-15A, 699-29-4, 699-31-11, 699-32-22A, 699-35-9,
38 699-38-15, 699-41-23, 699-42-12A, 699-46-21B, 699-50-28B, 699-S3-25, 699-S6-E4A, and 699-S8-19)
39 were analyzed using both methods from this exposure area; other areas of interest that contain wells
40 analyzed by both analytical methods include WMA A-AX (Section 2.1.2.5), NRDWL/SWL
41 (Section 2.1.5.5), and 200-PO-1 OU near-river area (Section 2.1.7.4). Figures D-41 through D-67 in
42 Appendix D provide the time-series plots of antimony analyzed by both analytical methods. All of the
43 MDLs for Method 6010 are greater than the DWS, and many are greater than the Hanford Site
44 background level of 55 pg/L. The MDLs (less than 1 pg/L) for Method 200.8 are all less than the DWS.
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1 The results show that when groundwater samples are analyzed using Method 200.8, antimony
2 concentrations are less than the DWS and Hanford Site background. Based on these results, antimony
3 is not retained as a COPC.

4 Arsenic was detected in 88 of 93 unfiltered groundwater samples (95 percent frequency) at concentrations
5 ranging between 1.7 and 15 pag/L (Table D-6, Appendix D). Arsenic was analyzed in 33 of 54 wells.
6 All of the detected concentrations were greater than the MTCA (WAC 173-340-720) level of 0.058 pg/L.
7 Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background concentrations of
8 arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. Arsenic concentrations were greater than the
9 maximum (filtered) background concentrations at five wells (699-13-lA, 699-20-20, 699-29-4,

10 699-S6-E14A, and 699-S8-19), where concentrations ranged up to 15 pg/L. Although some arsenic
11 concentrations were greater than the maximum filtered background concentration, they are within
12 naturally occurring levels. Based on these results, arsenic is not retained as a COPC.

13 Manganese was detected in 101 of 266 unfiltered groundwater samples (38 percent frequency), with
14 concentrations ranging between 1.8 and 462 gg/L (Table D-6, Appendix D). Manganese was analyzed
15 in 40 of 54 wells. Manganese was measured once at Well 699-32-22B above the MTCA
16 (WAC 173-340-720) level of 384 pig/L. All of the remaining manganese results (detected concentrations
17 and MDLs) were less than the action level. Figure D-68 in Appendix D provides the time-series plot of
18 manganese at Well 699-32-22B over the past 10 years. As shown in this figure, manganese was reported
19 once above the action level during 2012; however, all previous results were less than the action level.
20 Based on these results, manganese is not retained as a COPC.

21 Nickel was detected in 28 of 265 unfiltered groundwater samples (11 percent frequency), with
22 concentrations ranging between 4 and 196 pg/L (Table D-6, Appendix D). Nickel was analyzed in 40 of
23 54 wells. Nickel was reported twice above the DWS of 100 pag/L in Well 699-S6-E4L. All of the
24 remaining nickel results (detected concentrations and MDLs) were less than the DWS. Figure D-69 in
25 Appendix D provides the time-series plot of nickel at Well 699-S6-E4L over the past 10 years. As shown
26 in this figure, the highest nickel concentrations were measured during 2013 (132 to 196 pag/L); however,
27 nickel concentrations have decreased to levels near the DWS (110 pg/L) during 2014. Based on these
28 results, nickel is not retained as a COPC.

29 Uranium was detected in 173 of 176 groundwater samples (98 percent frequency), with concentrations
30 ranging between 0.08 and 151 gg/L (Table D-6, Appendix D). Uranium was analyzed in 27 of 54 wells.
31 Well 699-S6-E4L, located downgradient of the 618-10 Burial Ground in the 300-FF-5 OU, reported
32 uranium concentrations above the DWS of 30 gg/L in 11 of the 24 samples. Uranium concentrations
33 above the DWS do not originate from 200-PO-I OU near-field sources; therefore, uranium is not retained
34 as a COPC.

35 Zinc was detected in 95 of 264 unfiltered groundwater samples (36 percent frequency), with
36 concentrations ranging between 4 and 8,460 gg/L (Table D-6, Appendix D). Zinc was analyzed in
37 40 of 54 wells. Zinc was measured twice at Well 699-32-22B above the MTCA (WAC 173-340-720)
38 level of 4,800 pig/L. All remaining zinc results (detected concentrations and MDLs) were less than the
39 action level. Figure D-70 in Appendix D provides the time-series plot of zinc at Well 699-32-22B over
40 the past 10 years. Zinc was reported above the action level during 2010 and 2011, with concentrations
41 decreasing below the action level in 2012 and 2014. Based on these results, zinc is not retained as
42 a COPC.
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1 2.1.7 200-PO-1 Operable Unit Near-River Area
2 Twelve wells are screened in the unconfined aquifer and monitor contaminants in the 200-PO-1 OU
3 near-river area. Groundwater samples are collected to fulfill CERCLA, RCRA, and AEA monitoring
4 requirements. Groundwater samples within this exposure area were analyzed for anions, metals,
5 radionuclides, VOCs, SVOCs, and pesticides.

6 All sample results for SVOCs and pesticides were reported as nondetected concentrations and are not
7 further discussed in this section.

8 2.1.7.1 Radionuclides
9 Tritium was the only radionuclide with concentrations detected that were greater than the DWS

10 (Table D-7, Appendix D). Tritium was detected in 50 of 59 groundwater samples (85 percent frequency),
11 with concentrations ranging between 290 and 66,000 pCi/L. Six of 12 wells reported tritium
12 concentrations greater than the DWS of 20,000 pCi/L. Wells that reported tritium above the DWS include
13 699-37-E4, 699-40-1, 699-41-lA, 699-43-3, 699-46-4, and 699-47-5. Tritium is retained as a COPC.

14 2.1.7.2 Volatile Organic Compounds
15 Acetone was detected in groundwater (Table D-7, Appendix D). All acetone results (detected results and
16 MDLs) were less than the MTCA (WAC 173-340-720) level of 7,200 pg/L. Acetone is not retained
17 as a COPC.

18 2.1.7.3 Anions
19 Chloride, fluoride, nitrate, nitrite, and sulfate were detected in groundwater samples (Table D-7,
20 Appendix D). The results for all five of these anions (detected concentrations and MDLs) were less than
21 their respective action levels. Chloride, fluoride, nitrate, nitrite, and sulfate are not retained as COPCs.

22 2.1.7.4 Metals
23 With the exception of arsenic, cadmium (filtered), dissolved chromium, iron, manganese, and silver
24 (filtered), all of the metals results (detected concentrations and MDLs) were less than their respective
25 action levels.

26 Arsenic was detected in each of the 14 unfiltered groundwater samples (100 percent frequency) at
27 concentrations ranging between 1.6 and 6.8 pag/L (Table D-7, Appendix D). Arsenic was analyzed in
28 6 of 12 wells. All detected concentrations were greater than the MTCA (WAC 173-340-720) level
29 of 0.058 pg/L. Minimum, maximum, and 9 0 ' percentile concentrations for (filtered) background
30 concentrations of arsenic are 0.5 gg/L, 8.8 gg/L, and 7.85 gg/L, respectively. All of the arsenic results
31 (detected concentrations and MDLs) were less than the 9 0 ' percentile Hanford Site background
32 concentration. Based on these results, arsenic is not retained as a COPC.

33 Cadmium was detected in one of 9 unfiltered groundwater samples (11 percent frequency) and was
34 detected in 2 of 10 filtered groundwater samples (20 percent frequency) (Table D-7, Appendix D).
35 The single cadmium detection in unfiltered samples was 0.12 pag/L and ranged between 4.2 and 4.6 pag/L
36 in filtered samples. Wells located inland would need to meet the DWS of 5 gg/L. All of the cadmium
37 results (detected concentrations and MDLs) were less than the DWS. Cadmium was analyzed in
38 6 of 12 wells. Although groundwater concentrations were compared to the AWQC of 0.25 pag/L, these
39 concentrations would need to be measured as close as practicable to the groundwater/surface water
40 interface or biologically active zone. Cadmium in filtered samples was measured 11 times; it was
41 detected once at Well 699-41-lA, and it was measured 8 times and detected once at Well 699-S19-E13.
42 Figures D-71 and D-72 in Appendix D show the time-series plots for filtered cadmium in
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1 Wells 699-41-lA and 699-S19-E13 over the past 10 years. Cadmium is not associated with a trend at
2 these wells; cadmium results reported above the AWQC are analyzed using Method 6010, which is not
3 accurate at or near the AWQC. Results reported by trace analytical methods (Method 200.8) indicated
4 concentrations less than the AWQC. Additionally, Wells 699-41-lA and 699-S19-E13 are not located
5 adjacent to the Columbia River; these wells are located approximately 1,150 and 455 m (3,773 and
6 1,493 ft), respectively, from the river. Based on these results, cadmium is not retained as a COPC.

7 Dissolved chromium was detected in 10 of 36 unfiltered groundwater samples (28 percent frequency),
8 with concentrations ranging between 0.4 and 15 pag/L (Table D-7, Appendix D). Two sample results were
9 greater than the Washington State surface water quality standard (WAC 173-201A) of 10 pg/L. Both

10 results were reported using EPA Method 6010, which reports the MDL greater than the state standard,
11 and both results were flagged as "B" to indicate that they are estimated results. All of the dissolved
12 chromium results reported by the trace method (Method 200.8) were less than the standard. Dissolved
13 chromium results reported by Method 6010 are not accurate at concentrations at or near the Washington
14 State water quality standard, whereas dissolved chromium concentrations reported by Method 200.8 are
15 less than the standard. Based on these results, dissolved chromium is not retained as a COPC.

16 Iron was detected in 41 of 48 unfiltered groundwater samples (85 percent frequency) and was detected
17 in 14 of 33 filtered groundwater samples (42 percent frequency) (Table D-7, Appendix D). Iron
18 concentrations in unfiltered samples ranged between 24 and 20,700 pag/L and ranged between 15 and
19 230 pag/L in filtered samples. Iron was analyzed in 6 of 12 wells. Wells located inland would need to
20 meet the MTCA (WAC 173-340-720) level of 11,200 pg/L. Iron was reported once in an unfiltered
21 sample from Well 699-20-E120 at a concentration greater than the MTCA (WAC 173-340-720) level of
22 11,200 pg/L. Figure D-73 in Appendix D shows the time-series plot for unfiltered iron in
23 Well 699-20-E120 over the past 10 years. Iron is not associated with a trend at this well; iron was
24 detected once above the action level on January 29, 2013, but all other measurements were less than
25 2,300 pg/L. Although all monitoring wells within the groundwater area were compared to the AWQC of
26 1,000 pag/L, these concentrations would need to be measured as close as practicable to the
27 groundwater/surface water interface or biologically active zone. All filtered iron results (detected
28 concentrations and MDLs) were less than the AWQC. Based on these results, iron is not retained as
29 a COPC.

30 Manganese was detected in 23 of 49 unfiltered groundwater samples (47 percent frequency), with
31 concentrations ranging between 1.3 and 813 gg/L (Table D-7, Appendix D). Manganese was analyzed
32 in 6 of 12 wells. Manganese was measured once at Well 699-20-E120 above the MTCA
33 (WAC 173-340-720) level of 384 pig/L. All of the remaining manganese results (detected concentrations
34 and MDLs) were less than the action level. Figure D-74 in Appendix D provides the time-series plot
35 of manganese at Well 699-20-E 120 over the past 10 years. As shown in this figure, manganese is
36 not associated with a trend at this well. Manganese was detected once above the action level on
37 January 29, 2013, but all other measurements were less than 159 tg/L. Based on these results,
38 manganese is not retained as a COPC.

39 Silver was detected in 3 of 11 filtered groundwater samples (27 percent frequency), with concentrations
40 ranging between 7 and 8.1 pag/L (Table D-7, Appendix D). Silver was analyzed in 5 of 12 wells.
41 Wells located inland would need to meet the MTCA (WAC 173-340-720) level of 80 pg/L. All of the
42 silver results (detected concentrations and MDLs) were less than the MTCA (WAC 173-340-720) level of
43 80 pg/L. Although all of the monitoring wells within the groundwater area were compared to the
44 WAC 173-201A standard of 2.6 pag/L, these concentrations would need to be measured as close as
45 practicable to the groundwater/surface water interface or biologically active zone. Silver in filtered
46 samples was measured once above the Washington State water quality standard at Wells 699-10-E 12,
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1 699-46-4, and 699-S3-E12. Figures D-75 through D-77 in Appendix D show the time-series plots for
2 filtered silver in Wells 699-10-E12, 699-46-4, and 699-S3-E12 over the past 10 years. As shown in these
3 figures, silver is not associated with a trend at these wells; silver results reported above the Washington
4 State water quality standard are analyzed using Method 6010, which reports results that are not accurate
5 at or near the standard. Results reported by trace analytical methods (Method 200.8) indicated
6 concentrations less than the standard. Additionally, Wells 699-10-E12, 699-46-4, and 699-S3-E12 are
7 not located adjacent to the Columbia River; these wells are located approximately 1,592 m (5,223 ft),
8 1,137 m (3,730 ft), and 870 m (2,854 ft), respectively, from the river. Based on these results, silver is not
9 retained as a COPC.

10 2.2 Summary of Analytes Greater than Action Levels

11 Table 2-5 summarizes the outcome of the evaluation of individual groundwater concentrations. Analytes
12 that are retained as COPCs include iodine-129, nitrate, strontium-90, technetium-99, tritium, and
13 uranium. Sulfate is detected above the secondary DWS at several exposure areas and is retained as
14 a COPC. Gross alpha is detected above the DWS and is retained as a COPC; gross alpha is an indicator of
15 uranium. These results differ from the 2012 RI in that TCE and tetrachloroethene (PCE) are no longer
16 considered COPCs.

17 As described earlier in this chapter, the results of this evaluation will be used to support the COPC
18 identification process that is provided in the groundwater BRA, which is presented in Chapter 4.
19 The groundwater BRA provides a comprehensive evaluation of cumulative cancer risks and noncancer
20 hazards based on evaluation of each exposure area and on a well-specific basis for a subset of monitoring
21 wells. Additional analytes may be identified as COPCs based on cumulative health effects.
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3 Contaminant Fate and Transport
Numerical modeling was used to predict the F&T of nitrate, uranium, strontium-90, technetium-99,
iodine-129, and tritium, which are currently present in the unconfined aquifer at the 200-PO-1 OU.
These contaminants were selected for transport evaluations because their distribution is well defined,
occur in high concentrations, or both. These predictions were then used as a basis to evaluate future
contaminant transport within the OU. For this addendum, the model domain of the Central Plateau Model
used in the 200-PO-1 RI Report (DOE/RL-2009-85) was expanded to include the areas north and west of
the 200 Areas, east to the Columbia River, and to include the entire area of the 200-PO-1 OU. The model
presented in this addendum amends the previous analysis presented in the 200-PO-1 RI Report
(DOE/RL-2009-85) (Figure 3-1). The previous analysis used a combined numerical and analytical
approach, with F&T calculated numerically on the Central Plateau and analytically from the Central
Plateau to the Columbia River. The change to the approach allows F&T to be calculated using the same
numerical method for the entire 200-PO-I OU.

0 1.5 3 6 Kilometers

0 1.5 3 S Miles

100-R

- 00-re-,

Model Domains
100 Area Model

200 P0-I Far Fid Moel.

Central Plateau Model

Figure 3-1. Model Domains for the Central Plateau Model and the Streamtube "Far-Field" Model
Developed for the 200-PO-1 OU RI to Address Contaminant Migration in the Distal Portion of the OU

A three-dimensional, scale-appropriate numerical model of the unconfined aquifer was developed to
evaluate contaminant F&T within the entire OU. This model is designated as the Plateau to River
Groundwater Transport Model (P2R Model). The model was implemented using configuration-managed
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1 versions of the numerical simulation codes MODFLOW-2000 and MT3DMS, which include
2 modifications to incorporate minimum saturated thickness features needed for simulating conditions
3 in the transient Hanford Site unconfined aquifer. The model includes groundwater movement, as well
4 as contaminant F&T in three dimensions, within the Central Plateau unconfined aquifer system over the
5 area of interest. The conceptual and numerical models are described in Section 3.1.

6 For the purposes of the F&T modeling described below, a "scenario" is considered to be a single
7 realization of the model, defined by a single COPC and a set of physical and geochemical parameters
8 (e.g., hydraulic conductivity, porosity, and partition coefficient), boundary conditions (e.g., river stage
9 and recharge), initial conditions (e.g., initial heads and contaminant concentrations), and simulation

10 period. To illustrate the various groundwater components, a range of scenarios was developed and
11 analyzed. The scenarios are described in Section 3.2.

12 The result for any given scenario is contaminant concentrations over space and time. The model domain
13 spans an area of hundreds of square kilometers and thousands of model grid blocks. As discussed in
14 Section 3.3, the model domain was divided into several subregions, for which three statistical measures
15 of concentration (maximum, 9 0 ' percentile, and mean) were calculated for evaluation of contaminant
16 concentrations over time.

17 3.1 Model Construction and Parameterization

18 A complete description of the P2R Model is provided in CP-57037, Model Package Report: Plateau to
19 River Groundwater Transport Model Version 7.1 (provided in Appendix C of this addendum), and its
20 application to simulate contaminant F&T for the scenarios is detailed in ECF-Hanford- 13-0031, Fate and
21 Transport Modelingfor Baseline Conditions for Remedial Investigation/Feasibility Studies of the
22 200-BP-5 and 200-PO-1 Groundwater Operable Units (provided in Appendix C of this addendum).
23 A summary of the features of the P2R Model is presented in the following discussion.

24 The MODFLOW and MT3DMS software programs were used to simulate groundwater flow and
25 contaminant transport, respectively. MODFLOW solves the groundwater flow equation to calculate
26 hydraulic heads and groundwater flow velocities. MT3DMS uses the resultant groundwater flow
27 velocities, along with transport properties of the aquifer and contaminants, to solve the groundwater
28 advection-dispersion equation, yielding concentrations in time and space. Both software programs were
29 modified to incorporate minimum saturated thickness features needed for simulating transient conditions
30 in the unconfined aquifer. Detailed descriptions of the model basis and development are presented
31 in CP-57037 (provided in Appendix C of this addendum).

32 The following physical processes primarily control the mass transport of contaminants and, therefore,
33 impact contaminant concentrations over time and distance in the 200-PO-I OU. However, these processes
34 do not result in a reduction of contaminant mass within the aquifer:

35 * Advection of the contaminants occurs along the flow gradients, leading to distribution of mass
36 downgradient and away from the contaminant source or high groundwater concentration areas.
37 Advection is the primary mass transport process in the 200-PO-I OU. Reduction in contaminant
38 concentration may occur along the flow path from dilution as additional uncontaminated water mixes
39 with the contaminated water. This can include uncontaminated groundwater entering the model
40 domain from the lateral boundaries, meteoric water entering the aquifer from the top of the domain
41 as a fraction of the annual precipitation falling on the ground surface, and clean water discharges to
42 the aquifer from continuing Hanford Site operations.
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1 * Mechanical dispersion of the dissolved contaminants, with a reduction in groundwater concentrations,
2 occurs as groundwater moves through the aquifer system. Contaminants tend to become more
3 dispersed as groundwater flows through a porous medium. Dispersion occurs because of small,
4 localized variations in the groundwater flow velocity that result from local-scale heterogeneities in
5 the porous medium. This results in a more widespread distribution of the contaminant mass as
6 distance increases from the point of origin. This process is quantified by the coefficient of
7 hydrodynamic dispersion.

8 * Diffusion of dissolved contaminants occurs because of concentration gradients within the aquifer.
9 The result of diffusion is similar to that of dispersion, where the original contaminant mass becomes

10 more widespread throughout the aquifer over time, and overall concentrations are reduced. This
11 process is quantified by the coefficient of molecular diffusion. The effect of molecular diffusion
12 toward mass transport of contaminants in the 200-PO-1 OU is expected to be negligibly small
13 compared to the mass transport by advection and mechanical dispersion. As a result, the molecular
14 diffusion process was not simulated, thus making predicted concentrations slightly overestimated.

15 In addition to the advective-dispersive processes, contaminant-specific processes also affect groundwater
16 contaminant concentrations over time and distance. These processes were included in the F&T
17 simulations and result in reductions of dissolved mass within the aquifer:

18 e Radioactive decay of radionuclides (iodine-129, technetium-99, tritium, uranium, and strontium-90)
19 as quantified by the first-order decay constant, which is inversely proportional to the half-life of
20 the radionuclide. For the evaluation period (1,000 years), radioactive decay is only relevant for tritium
21 and strontium-90.

22 e Interaction of the contaminants with the solid-phase portion of the aquifer system (sorption of
23 contaminants to geologic aquifer materials) reduces the mass of dissolved contaminants at any
24 particular time and/or location. This process is quantified by the contaminant-specific distribution
25 coefficient (Kd) simulated using a linear relationship between concentration sorbed to the soil and
26 dissolved in the groundwater. The linear Kd term is nonzero for iodine-129, uranium, and
27 strontium-90.

28 The MODFLOW/MT3DMS family of numerical groundwater simulators used to implement the
29 P2R Model estimates groundwater flow and F&T using packages that represent certain processes
30 occurring in nature. For this simulation, the processes and corresponding simulation packages are shown
31 in Table 3-1, which includes any limitations that the implementation of the particular package in
32 MODFLOW/MT3DMS may impose on the model.

33 3.1.1 Domain and Spatial Discretization
34 The model domain incorporates the southern portion of the 200-BP-5 (south of the Gable Gap area) and
35 200-PO-I OUs (Figure 3-2). The northern portion of the 200-BP-5 OU was not included in the model
36 domain because contaminants simulated in the model above the DWS are not currently detected north of
37 Gable Gap, and flow direction for the simulated contaminants since 2011 has generally been southeast
38 with the 200-PO-1 OU portion of the model domain.
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Table 3-1. Groundwater Processes, Simulated Packages, and Limitations for the P2R Model

MODFLOWIMT3DMS Limitations
Groundwater Process Package (if any)

Groundwater Recharge Recharge package Considered recharge that reaches the
flow groundwater.

Columbia River River package

Injection/extraction Well package

Head at model Constant head boundaries Assessment of remedial alternatives that
boundaries package effect flow of water should be sufficiently

far from boundaries as to not significantly
influence flow through the constant head
boundaries.

May Junction fault Horizontal flow barrier -
package

Transport Soil adsorption Reaction package Only linear sorption is considered.
processes Uranium sorption could be more complex.

Radioactive decay Reaction package

Dispersion Dispersion package

Continuing sources Source/sink mixing
package

To effectively support the contaminant F&T calculations from the Central Plateau east to the Columbia
River, the P2R Model structure was designed to span those portions of the 200-BP-5 and 200-PO-I OUs
that could potentially serve as a future flow path for contaminants in the unconfined aquifer. Additionally,
the model domain was selected to take advantage of natural (i.e., hydraulically significant) features to
bound the domain and provide adequate spatial resolution while allowing simulations to be carried out
within acceptable computer run times. The resulting P2R Model is composed of 135 rows, 155 columns,
and 7 layers. Discretization on the horizontal plane is uniform across the model, with grid blocks spaced
at 200 m (656.2 ft) intervals aligned along lines of easting and northing. The seven model layers are
used to represent hydrostratigraphic units (HSUs) within the P2R Model, as discussed in Section 3.1.3.
The model origin at the lower left-hand corner of the grid is 564,000 m and 116,000 m easting
and northing, respectively, in NAD83, North American Datum of 1983, Washington State Plane
South projection.
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Figure 3-2. P2R Model Extent

3.1.2 Simulation Periods
A 1,000-year simulation was completed to support the RI. The start date of the simulation was
January 1, 2013, and the first 50 years are simulated using yearly stress periods. At this point, decadal
stress periods are then used for the next 50 years. Two additional stress periods are simulated, with
lengths of 200 years and 700 years. The boundary conditions for the final two stress periods are identical,
with the exception of a sensitivity simulation regarding continuing sources. After the first 100 years,
200-year and 700-year stress periods were used for this evaluation. The shorter initial stress periods
accommodate changes in the values assigned at boundary conditions based on expected behavior. By the
end of the first 50 years, the conditions at the boundaries are expected to remain relatively stable, so
increased temporal discretization is not necessary.

3.1.3 Hydrostratigraphy
The geologic representation for the model is derived from ECF-Hanford-13-0029, Development of the
Hanford South Geologic Framework Model, Hanford Site Washington (provided in Appendix C of this
addendum). The seven model layers used to represent the seven HSUs are defined in the Hanford South
Geoframework Model. The HSU definitions presented in this model include the Hanford formation and
the Cold Creek unit (CCU), as well as the Ringold Formation with the Taylor Flat, unit E, upper mud, and
unit A members of that formation. However, the Hanford South Geoframework Model only includes one
classification for the Hanford formation, which does not capture the large-scale hydraulic features of the
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1 groundwater flow within the model domain. For the P2R model, two additional HSU definitions were
2 added to the Hanford formation and were used to assign contrasting hydraulic properties to the model
3 cells. The CCU was also split into two HSU definitions to represent contrasting hydraulic properties.
4 Assignment of a numerical cell to an HSU is not dependent on the model layer; the decision regarding
5 assignment of these zones was the result of the calibration process, as these HSUs were not delineated as
6 part of the geologic framework.

7 3.1.4 Boundary Conditions
8 The boundary conditions for the numerical model represent interactions with the aquifer by water external
9 to the model. These conditions include water infiltrating through the vadose zone that becomes recharge,

10 movement to and from the Columbia River, liquid discharges from waste sites, and extraction and
11 injection at well locations. The details of each of these boundary conditions are discussed in the
12 following subsections.

13 3.1.4.1 Lateral Boundary Conditions
14 Figure 3-3 illustrates the locations and types of the lateral boundary conditions used in the P2R Model.
15 The lateral boundaries of the model domain are set to coincide (as much as practicable) with natural
16 features that bound the flow regime. Basalt outcrops to the north and south of the model domain form
17 no-flow boundaries. A hydraulic no-flow boundary occurs along the southernmost margin of the model
18 domain, where it was observed in Figure 1.5 of DOE/RL-2014-32, Hanford Site Groundwater Monitoring
19 Reportfor 2013, that the direction of groundwater flow is from west to east, parallel to the boundary
20 (a situation that is formally indistinguishable from the presence of an impermeable barrier). Note that if
21 significant changes to the observed magnitude or direction of groundwater flow at this location occur in
22 the future, this boundary may need to be reconsidered.

23 The Columbia River, extending along the eastern margin of the domain, was modeled as a third type of
24 boundary condition using the MODFLOW river package in the uppermost model layer. Stage values at
25 each Columbia River grid block were assigned by calculating the hydraulic gradient along the river based
26 on stage data obtained from May 2006 through September 2012. Grid blocks in layers 2 through 7
27 directly underlying the Columbia River grid blocks were represented as no-flow boundaries.

28 In addition to these natural lateral boundary conditions, four separate specified head (i.e., first type)
29 boundary conditions are defined in the model and are labeled as west, northeast, southwest, and
30 Gable Gap groups (Figure 3-3). These represent boundaries across which groundwater can flow either
31 into or out of the model domain. In each case, the location was selected to coincide with a groundwater
32 monitoring well in order to assign a specified head at that position during calibration.

33 3.1.4.2 Upper Boundary Conditions (Recharge)
34 The recharge boundary condition represents water that, from the top surface of the model, infiltrates
35 through the vadose zone until reaching the saturated zone. Mathematically, recharge is represented by
36 a prescribed-flux type boundary condition. Recharge water can originate from natural or anthropogenic
37 sources. Each of these types of recharge sources was included in the model using the MODFLOW
38 recharge package.
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Figure 3-3. P2R Model Lateral Boundary Conditions

The natural component of recharge includes water originating as precipitation and infiltration through
the vadose zone that ultimately reaches the saturated zone as recharge. In the P2R Model, recharge
magnitudes were varied spatially based on soil type (BNWL-243, Soil Survey Han/brd Project in Benton
County, Washington). Recharge values by soil type for the Hanford Site were taken from PNNL-14702,
Vadose Zone Hydrogeology Data Package/fbr Hanfbrd Assessments, to establish the initial range of
recharge value by soil type. The major soil types (sand, sandy loam, silty loam, and dune sand) in the P2R
Model are listed in Table 3-2. The spatial distribution of these soil types is shown in Figure 3-4.

Anthropogenic recharge from surface water discharge due to operations at the Hanford Site is archived in
a data package. The data include the magnitudes and locations of operational discharges for the simulated
periods in the model. Locations of discharge include waste sites, ponds, sewer discharge, French drains,
and documented unplanned releases (UPRs) for the entire operational period and projections of future
discharges. Waste sites (e.g., cribs and trenches) and tank farms were assigned a recharge magnitude of
50 and 100 mm/yr, respectively. Figure 3-5 shows the locations of discharges and provides an illustration
of how locations overlap more than one model cell. The total discharge is distributed on an area-weighted
basis to all cells that intersect the footprint of the discharge location. The anthropogenic flux is added to
the natural recharge component to establish the final total recharge flux used in the simulations. Included
discharges have been attenuated to account for travel through the vadose zone.
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Table 3-2. Soil Type and Natural Recharge Values

Simulated Soil Natural Recharge Values (mm/yr)

Type Soil Types* Minimum Maximum Calibrated

Silty loam Warden silt loam 0.04 0.08 0.04

Sandy loam Ephrata sandy loam, Burbank 1.5 52 3.6
loamy sand

Sand Rupert sand, Hanford sand 4 44 12

Dune sand Hanford sand, graveled surface 4 100 55

* Soil types referenced in PNNL-14702, Vadose Zone Hvdrogeoogv Data Packagefor HanfordAssessments, were used to
develop the range of recharge values.

Basalt Above Water Table 2013

SMud Above Water Table 2013

Area

River

Natural Recharge Groups

Sity Lcom

Sandy Loar

-Send
Dune Sand 0 1.5 3Miles

3 Figure 3-4. Spatial Distribution of Soil Types used to Define Natural Recharge to the Aquifer

4 Discharge from future use of the Treated Effluent Disposal Facility (TEDF) is one of the specific
5 discharge points that is key to this calculation (Figure 3-5) (see discussion in Section 3.2.3).

6 3.1.4.3 Lower Boundary Condition
7 The lower boundary of the model (i.e., the bottom of layer 7) represents the contact with the basalt.
8 This boundary is modeled as a no-flow boundary.
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0 2%, 24 17%

28%

Percent Allocation for 216-S-16PI

TEDF

Basalt Above Water Table 2013

Area

River

P2Rextend

Anthropogenic Recharge Location

0 3 6KM

1 3 I s
0 1.5 3SMiles

2 Figure 3-5. Locations of Anthropogenic Recharge in the P2R Model

3 3.1.4.4 Extraction/Injection Boundary Conditions
4 Groundwater pump-and-treat remediation systems have been implemented for the 200-UP-I and
5 200-ZP-1 OUs at the Hanford Site. Since these pump-and-treat systems exist within the model domain,
6 extraction and injection data for these pump-and-treat systems were used as part of model development.

7 Injection and extraction rates were input using the MODFLOW well package. In locations where the
8 well screen intersected multiple layers of the numerical model, the flow was proportioned based on the
9 relative transmissivity of the screened interval for that well. Locations and rates of the injection and

10 extraction wells are provided in ECF-Hanford-13-0031 (provided in Appendix C of this addendum).

11 3.1.5 Parameterization and Calibration

12 The selection of hydraulic parameters for the P2R Model was based on a database developed by Pacific
13 Northwest National Laboratory (PNNL) to provide an accessible repository for saturated media hydraulic
14 properties. The PNNL database is based on the results and supporting data from aquifer tests conducted
15 at the Hanford Site over the past 50 years (PNNL-17708, Three-Dimensional Groundwater Models of
16 the 300 Area at the Han/hrd Site, Washington State; PNNL-14186, Results of Detailed Hydrologic
17 Characterization Tests - Fiscal Year 2002). The database includes the results from in situ aquifer tests,
18 including pumping tests, slug tests, injection tests, and tracer tests; however, the database excludes the
19 laboratory analysis of discrete samples (e.g., permeameter testing).

20 A range of parameter values was initially used for each modeled HSU (Table 3-3). The final parameter
21 values used in the model were developed by calibrating the modeled water levels to measured water
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1 levels under both steady-state and transient conditions. In the calibration process model, input parameters
2 were altered in a systematic, iterative fashion in order to improve the models fit to the observed data.
3 Both manual and automated calibration to the set of historical water-level data were implemented using
4 the PEST parameter estimation software (Doherty, 2007, PEST Model - Independent Parameter
5 Estimation) in order to optimize the estimate of the model parameter values.

Table 3-3. P2R Model Hydraulic Parameters

Property Units HSU Low High Calibrated

Hydraulic conductivity m/d Hanford, Cold Creek 1 370,000 17,000
(paleo-channel)

Hanford (outside 0.1 19.7 2.27
paleo-channel)

Hanford (near 0.9 62 3
Columbia River)

Cold Creek 1 400 109

Ringold Taylor Flat* 1 20 3.26

Ringold unit E 0.1 18.6 1

Ringold lower mud 2.OOE-04 0.03 8.OOE-03

Ringold A 1 8 5

Vertical anisotropy of All 0.01 0.1 0.1
hydraulic conductivity

Specific yield m/m Hanford and Cold Creek 0.1 0.37 0.2

Ringold 0.05 0.11 0.095

Storativity 1/m All 2.30E-05 1.20E-03 1.OOE-04

* No description for this soil type is within the hydraulic properties database or the previous modeling efforts. Range of
values assumed based on pumping test values from other Hanford (outside paleo-channel) and Ringold unit E values.

HSU = hydrostratigraphic unit

6

7 3.1.6 Initial Hydraulic Head Conditions
8 The initial hydraulic head distribution was identical for all simulations and is different from the
9 contaminant concentration initial condition used in the scenarios documented in Section 3.2.1. Initial

10 heads were determined using a steady-state stress period at the beginning of the simulation,
11 where boundary conditions assignments matched the first transient simulation period representing
12 January 1, 2013.
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1 3.1.7 Contaminants of Potential Concern and Transport Properties
2 The F&T of the six selected 200-PO-1 OU contaminants were simulated to evaluate future impacts to
3 the unconfined aquifer: nitrate, uranium, strontium-90, technetium-99, iodine-129, and tritium.
4 These contaminants were selected for transport evaluation because the distribution is well defined, occurs
5 in high concentrations, or both. Table 3-4 summarizes the characteristics of these contaminants.
6 The contaminants evaluated in the F&T simulations exhibit the common characteristic of being present
7 in dissolved phase in groundwater.

Table 3-4. Physical Characteristics of COPCs

Molecular Weight
Chemical Name CAS Number Chemical Group (g/mole)

lodine-129 15046841 Radionuclide 129.91

Nitrate 14797558 Anion 62.00

Technetium-99 14133767 Radionuclide 98.91

Tritium* 10028178 Radionuclide 6.03

Uranium-238 N/A Metal 238.03

Strontium-90 10098972 Radionuclide 89.91

* Tritium is generally present as tritiated water.

CAS = Chemical Abstracts Service

N/A = not applicable

8

9 Note that cyanide and Cr(VI) F&T were simulated, but the results have been omitted because plumes of
10 these contaminants are not present in the 200-PO-1 OU. Results for cyanide and Cr(VI) are presented in
11 DOE/RL-2009-127, Remedial Investigation Report for the 200-BP-5 Groundwater Operable Unit.
12 Transport properties of the P2R Model are shown in Table 3-5.

13 Sorption processes in any aquifer may include electrostatic ion exchange (cationic or anionic),
14 precipitation reactions, physical adherence on particle surfaces, or combinations of multiple processes.
15 The sorption processes may exhibit varying degrees of reversibility, as well as variations in the rate of
16 reversibility. The Ka of groundwater contaminants varies, generally as a function of the geochemical
17 nature of the aquifer solids. A constituent may exhibit a higher Kd when reacting with fine-textured
18 secondary minerals (e.g., clays) and a lower Ka when reacting with coarse-textured primary minerals.
19 The sorption capacity of the aquifer formation solids generally varies as a function of its relative content
20 of fine-textured particles of active mineral species. The contaminant Kd values used for this study were
21 selected from published reports describing experimental determination of Kd values for specific
22 contaminants of interest conducted on samples of aquifer materials that represent aquifer conditions
23 within the OU.
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Table 3-5. P2R Model Transport Properties

Property Value Basis

Effective Hanford and Cold Creek 0.2 Approximate central value from
porosity DOE/RL-2007-28, Table D-2

Ringold unit E, Taylor Flat, and A 0.15

Ringold upper mud 0.3

Longitudinal dispersivity 6.2 m Schulze-Makuch (2005) using 200 m
(656.2 ft) horizontal grid size

Transverse dispersivity 1.2 m 20 percent of longitudinal dispersivity
(DOE/RL-2008-56)

Molecular diffusion constant 0 m Negligible term

Bulk density Hanford formation 1.93 g/cm 3  PNNL-18564, Table 6.2

Cold Creek 1.93 g/cm 3  PNNL-18564, Table 6.2

Ringold 1.90 g/cm 3  PNNL-18564, Table 6.2

Sources:

DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit.

DOE/RL-2008-56, 200 West Area Pre-Conceptual Designfir Final Extraction/Injection Well Network: Modeling Analyses.

PNNL-18564, Selection and Traceability of Parameters To Support Hanford-Specitic RESRAD Analyses Fiscal Year 2008
Status Report.

Schulze-Makuch, 2005, "Longitudinal Dispersivity Data and Implications for Scaling Behavior."

2 The COPCs in the OU exhibit varying levels of mobility in groundwater (Table 3-6). The COPCs are
3 sufficiently water soluble, so their solubility is not a limiting factor to transport in the aquifer system.
4 Maximum observed concentrations for all of the contaminants examined in this simulation were well
5 below their apparent solubility limits in water. The contaminants of interest for the OU fall into three
6 general categories of mobility in groundwater: highly mobile, moderately mobile, and slightly mobile.

7 Contaminants classified in this study as "highly mobile" move freely with the water in which they are
8 dissolved, exhibiting little to no direct interaction with the solid-phase portion of the aquifer that would
9 remove contaminant mass from the groundwater as it moves through the aquifer. The highly mobile

10 contaminants exhibit a Kd of 0 mL/g (i.e., no retardation). The modeled COPCs for the 200-PO-1 OU
11 that are highly mobile are nitrate, sulfate, technetium-99, and tritium (Kd = 0 mg/L).

12 Contaminants classified in this study as "moderately mobile" move readily with groundwater but also
13 exhibit a moderate degree of interaction with aquifer solids. Sorptive processes generally tend to slow the
14 rate of migration of these contaminants through the aquifer; their observed concentration in groundwater
15 decreases with migration downgradient through the aquifer system. The definition of "moderately
16 mobile" is clearly subjective; for the purposes of this study, moderately mobile contaminants are
17 identified to be those exhibiting Kd values greater than 0 mL/g but less than 1 mL/g. Uranium and
18 iodine-129 (Kd = 0.1 mL/g) are the modeled COPCs in the 200-PO-I OU that are moderately mobile.
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Table 3-6. Constituent-Specific Transport Parameter Values

Half-Life Decay
Kd Constant

Final COPCs (mL/g) (yr) (day) (k, day-1) Reference for Kd

Nitrate 0 - - No decay PNNL-18564, Table 6.9,
sandy-gravel sediment type

x 101 1.05 x 10 4  6 PNNL-18564, Table 6.9,Strontium-90 12 2.88 x6.601 x 10 sandy-gravel sediment type

9 12 -13 PNNL-18564, Table 6.9,Uranium-238 0.4* 4.47 x 10 1.63 x 10 4.25 x 10 sandy-gravel sediment type

Iodine-129 0.1 1.57 x 10 7  5.73 x 10 9  1.21 x 10-10 PNNL-18564, Table 6.9,
lodie-12 0.1 1.57sandy-gravel sediment type

Technetium-99 0 2.11 x 10 5  7.71 x 10 7  8.99 x 10- 9  PNNL-18564, Table 6.9,
1eheim9 0 2.11 sandy-gravel sediment type

Tritium 0 1.23 x 101 4.50 x 10 3  1.54 x 10- 4  PNNL-18564, Table 6.9,
Tritum 0 1.2 sandy-gravel sediment type

Note: The decay constant (k) is used to calculate decayed activity according to the equation Ai = Aoext.

Source: PNNL-18564, Selection and Traceability of Parameters To Support Hanlbrd-Specific RESRAD Analyses Fiscal
Year 2008 Status Report.

* Kd estimate assumes that uranium is present as a soluble oxy-anion (e.g., uranyl ion, UO22+).

COPC = contaminant of potential concern

Kd = distribution coefficient

1

2 Those contaminants classified in this study as "slightly mobile" exhibit a high degree of interaction with
3 aquifer solids and, as a result, migrate slowly through the aquifer. Their dissolved concentration in
4 groundwater decreases dramatically with distance from a source or release point due to the relatively
5 large fraction of the contaminant that becomes sorbed to the aquifer solids. For this study, slightly mobile
6 contaminants are identified as those contaminants that exhibit Kd values greater than one. Strontium-90
7 (Kd = 12 mL/g) is the only slightly mobile contaminant of the COPCs modeled for the 200-PO-1 OU.

8 3.2 Model Scenarios

9 The overall modeling approach for this RI addendum is to develop and simulate a "base case" scenario,
10 representing those features of the hydrogeological system reasonably anticipated to occur in across all
11 scenarios. Sensitivities to variations on the conceptual model are then explored by simulating F&T under
12 a range of permutations of scenarios. The base case is the model documented in CP-57037 (provided in
13 Appendix C of this addendum). The setup of the base case model is summarized in Section 3.1, and the
14 results are presented in Table 3-11 in Section 3.3.

15 A range of scenarios was developed to encompass the response of the model results to several key drivers.
16 These scenarios can be thought of as a sensitivity analyses, designed to test the response of the model to
17 perturbations in model parameters. Application of the P2R Model to simulate the range of contaminant
18 F&T scenarios is presented in ECF-Hanford-13-0031 (provided in Appendix C of this addendum) and is
19 summarized in Sections 3.2.1 and 3.2.2.
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1 The F&T of six contaminants (nitrate, uranium, strontium-90, technetium-99, tritium, and iodine-129)
2 were modeled under a range of scenarios. The scenarios were developed by varying components of the
3 conceptual model that are the key drivers of outcomes:

4 e Contaminant concentration initial conditions: The concentration of the COPCs at the beginning of
5 the model simulations was calculated either using an average or maximum basis for derivation of the
6 initial contaminant plume representation (Section 3.2.1).

7 e Vadose zone continuing sources: Three COPCs (technetium-99, uranium, and nitrate) are
8 anticipated to continue to be released from the vadose zone in two locations with the 200-BP-5 OU.
9 These continuing sources were either included or not included in model simulations to evaluate their

10 influence (Section 3.2.2) on 200-PO-I groundwater concentrations.

11 e TEDF: The hydraulic effect of the TEDF has the potential to influence local hydraulic conditions in
12 the future. This influence was either included or not included based on project discharges to evaluate
13 its influence (Section 3.2.3).

14 Each unique combination of COPC, contaminant concentration initial condition basis, inclusion or
15 exclusion of continuing source, and inclusion or exclusion of future TEDF discharges is considered
16 a scenario. The scenarios are presented using some common features with each modeled independently.
17 For the simulations in this report, the scenarios were grouped in the model by base case, TEDF future use,
18 continuing sources being predicted, and a combination of TEDF and continuing sources. These four
19 scenario groups are presented in Table 3-7 and discussed in the text that follows.

Table 3-7. Scenario Groups

Scenario Group Description

The base case scenario represents the expected behavior of the plume migration
Base case and will be used for assessing contaminant migration within the remedial

investigation. Neither TEDF nor continuing sources are represented.

TEDF future use These simulations consider the effect of projected future TEDF discharge on
the plume migration.

ECF-Hanford-13-0037 (provided in Appendix C of this addendum) was used to
Continuing source establish the unconfined aquifer source terms for technetium-99, nitrate,

and uranium.

TEDF future use with This scenario superposes the second and third scenarios into a single set
continuing source of simulations.

Source: ECF-Hanford- 13-0037, Development of Source Terms f]r Inclusion in Fate and Transport Modeling ]br Remedial
Investigation/Feasibility Studies of the 200-BP-5 and 200-PO-1 Groundwater Operable Units (Appendix C).

TEDF = Treated Effluent Disposal Facility

20

21 A total of 36 scenarios were simulated, as shown in Table 3-8. Each scenario is designated by a scenario
22 identification, in which the first four letters indicate the contaminant, the second set of four letters are
23 a flag indicating whether TEDF is included, the third set of two letters are a flag indicating whether
24 continuing sources were included, and the last set of three letters indicates if average or maximum basis
25 for initial conditions was used. Comprehensive results for these 36 scenarios are presented in
26 ECF-Hanford-13-0031 (provided in Appendix C of this addendum). Results for a few selected scenarios
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1 are discussed later in this chapter for the purposes of presenting expected contaminant transport for
2 baseline conditions and guiding understanding of the range of conditions simulated in the evaluated.

Table 3-8. Scenario List

Continuing Initial
Scenario ID Group ID Contaminant TEDF Source Condition

NITR-NTED-NS-AVG Base case Nitrate No No Average

1129-NTED-NS-AVG Base case lodine-129 No No Average

SR90-NTED-NS-AVG Base case Strontium-90 No No Average

TC99-NTED-NS-AVG Base case Technetium-99 No No Average

TRIT-NTED-NS-AVG Base case Tritium No No Average

URNM-NTED-NS-AVG Base case Uranium No No Average

NITR-NTED-NS-MAX Base case Nitrate No No Maximum

1129-NTED-NS-MAX Base case lodine-129 No No Maximum

SR90-NTED-N S-MAX Base case Strontium-90 No No Maximum

TC99-NTED-NS-MAX Base case Technetium-99 No No Maximum

TRIT-NTED-NS-MAX Base case Tritium No No Maximum

URNM-NTED-NS-MAX Base case Uranium No No Maximum

NITR-TEDF-NS-AVG TEDF Nitrate Yes No Average

1129-TEDF-NS-AVG TEDF lodine-129 Yes No Average

SR90-TEDF-NS-AVG TEDF Strontium-90 Yes No Average

TC99-TEDF-NS-AVG TEDF Technetium-99 Yes No Average

TRIT-TEDF-NS-AVG TEDF Tritium Yes No Average

URNM-TEDF-NS-AVG TEDF Uranium Yes No Average

NITR-TEDF-NS-MAX TEDF Nitrate Yes No Maximum

1129-TEDF-NS-MAX TEDF lodine-129 Yes No Maximum

SR90-TEDF-NS-MAX TEDF Strontium-90 Yes No Maximum

TC99-TEDF-NS-MAX TEDF Technetium-99 Yes No Maximum

TRIT-TEDF-NS-MAX TEDF Tritium Yes No Maximum

URNM-TEDF-NS-MAX TEDF Uranium Yes No Maximum

NITR-NTED-CS-AVG Continuing source Nitrate No Yes Average

TC99-NTED-CS-AVG Continuing source Technetium-99 No Yes Average

URNM-NTED-CS-AVG Continuing source Uranium No Yes Average

NITR-NTED-CS-MAX Continuing source Nitrate No Yes Maximum
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Table 3-8. Scenario List

Continuing Initial
Scenario ID Group ID Contaminant TEDF Source Condition

TC99-NTED-CS-MAX Continuing source Technetium-99 No Yes Maximum

URNM-NTED-CS-MAX Continuing source Uranium No Yes Maximum

NITR-TEDF-CS-AVG TEDF and continuing source Nitrate Yes Yes Average

TC99-TEDF-CS-AVG TEDF and continuing source Technetium-99 Yes Yes Average

URNM-TEDF-CS-AVG TEDF and continuing source Uranium Yes Yes Average

NITR-TEDF-CS-MAX TEDF and continuing source Nitrate Yes Yes Maximum

TC99-TEDF-CS-MAX TEDF and continuing source Technetium-99 Yes Yes Maximum

URNM-TEDF-CS-MAX TEDF and continuing source Uranium Yes Yes Maximum

ID = identification

TEDF = Treated Effluent Disposal Facility

1 3.2.1 Initial Contaminant Distribution Scenarios
2 The initial groundwater contaminant distributions of the six COPCs identified in Section 3.1.7 were based
3 on ECF-Hanford-13-0030, Initial Groundwater Plume Development to Support Fate and Transport
4 Modelingfor Remedial Investigation/Feasibility Studies of the 200-BP-5 and 200-PO-1 Groundwater
5 Operable Units (provided as Appendix C of this addendum). The following subsections summarize the
6 approach.

7 Contaminant plumes were created to represent average and maximum concentration initial conditions.
8 Figure 3-6 shows a visual representation of how this was determined. The original groundwater
9 contaminant distributions, presented in the 2013 annual Hanford Site groundwater monitoring report

10 (DOE/RL-2014-32), was produced using a 10 m by 10 m (32.8 ft by 32.8 ft) raster estimate of
11 concentrations in the unconfined aquifer. The initial estimate was upscaled to the P2R Model grid based
12 on the on the arithmetic average and peak concentration within each 200 m by 200 m (656.2 ft by
13 656.2 ft) cell for the average and maximum initial concentration conditions, respectively.

14 e Average initial condition: Represents the total contaminant mass in any given model cell, but the
15 maximum contaminant concentration may be not represented. The average initial condition is
16 considered more representative of the total mass within the aquifer.

17 e Maximum initial condition: Overestimates the total contaminant mass in any given model cell but
18 preserves the peak contaminant concentration occurring in that model cell. The maximum initial
19 condition provides a better visual match with respect to peak concentration but likely overestimates
20 the mass of contaminant in the aquifer.

21 The effect of the choice of initial condition type on the total contaminant inventory at the beginning of
22 simulation is shown in Table 3-9.

23
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Figure 3-6. Upscaling of (A) the Original Concentration Estimate was Completed
Based on the (B) Peak Concentration for the Maximum Initial Concentration Condition and

(C) the Average Value of Concentration for the Average Initial Concentration Condition

Table 3-9. Initial Mass/Activity of Contaminants for Average and Maximum Initial Conditions

Mass/Activity

Contaminant Units Average Initial Condition Maximum Initial Condition

Nitrate kg 360,000 400,000

Iodine-129 Ci 1.3 1.4

Strontium-90 Ci 0.3 0.4

Technetium-99 Ci 0.8 0.9

Tritium Ci 12,000 13,000

Uranium kg 40 53

3.2.2 Continuing Source Scenarios
Based on information presented in ECF-Hanford-13-0037, Development ofSource Termsfbr Inclusion in
Fate and Transport Modeling frr Remedial Investigation/Feasibility Studies qf the 200-BP-5 and
200-PO-1 Groundwater Operable Units, two areas have been identified within the 200 East Area where
continuing sources of contaminant release from the vadose zone into the 200-BP-5 OU are likely to
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1 persist over the foreseeable future: WMA C (C Tank Farm area) and the B Complex (B-BX-BY Tank
2 Farms and BY Cribs area). Note that the vadose zone sources described in this section are not associated
3 with TEDF, nor are they part of the 200-PO-I OU. However, the potential impact of these sources on
4 areas of the 200-PO-I OU suggested their inclusion in this analysis. The primary contaminants of concern
5 that are likely to provide continuing source from the vadose zone are technetium-99, uranium, and nitrate.
6 The recommended mass and activity from ECF-Hanford-13-0037 are presented in Table 3-10.
7 These values were included in the continuing source simulations using the source/sink mixing package
8 of MT3DMS.

Table 3-10. Vadose Zone COPC Continuing Sources

Duration
Area Contaminant Units Rate (yr)

WMA C Technetium-99 Ci/yr 0.2 60

BY Crib Technetium-99 Ci/yr 0.22 90

BY Crib Nitrate kg/yr 8,212.5 90

B-BX-BY Technetium-99 Ci/yr 0.008 300

B-BX-BY Uranium kg/yr 3.8 300

Source: ECF-Hanford-13-0037, Development of Source Terms ]br Inclusion in Fate and Transport Modeling for Remedial
Investigation/Feasibility Studies of the 200-BP-5 and 200-PO-1 Groundwater Operable Units (provided in Appendix C of
this addendum).

WMA = waste management area

9

10 3.2.3 Treated Effluent Disposal Facility Scenarios
11 One specific liquid discharge point that is important for this calculation is the 200 Area TEDF discharge,
12 which is shown in Figure 3-5. In order to evaluate the possible impact that the TEDF may have
13 on cleanup times, simulations will be conducted with and without this discharge simulated as
14 anthropogenic recharge.
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2 Figure 3-7. Subregions Used to Evaluate F&T of Contaminants over Time

3 3.3 Groundwater Contaminants Evaluation
4 The result of interest for any given scenario is contaminant concentrations over space and time.
5 The model domain simulated, however, spans an area of hundreds of square kilometers and thousands of
6 model cells. Therefore, to evaluate groundwater impact at relevant scales to support the decision-making
7 process, the model domain was divided into several subregions, and three statistical measures of
8 concentration (the maximum, 90h percentile, and mean) were calculated for the evaluation period in each
9 of these subregions (Section 3.3.1). From these statistics, cleanup times were determined (Section 3.3.2).

10 Base case results are presented for each COPC evaluated in Section 3.3.3 to show the expected baseline
11 groundwater conditions and cleanup times, and a summary comparison is provided for the range of
12 scenarios evaluated (ECF-Hanford-13-0031; provided in Appendix C of this addendum).

13 3.3.1 Statistical Metrics of Groundwater Impact
14 At any given time step of a scenario simulation, every one of the thousands of active cells in the model
15 domain has a concentration value. In order to evaluate these results efficiently, the full model domain was
16 divided into subregions and then each subregion was evaluated statistically.

17 Figure 3-7 shows the subregions into which the model domain is divided. The subregions represent the
18 groundwater interest areas (or portions of the groundwater interest areas) designated at the Hanford Site.
19 These subregions allow concentrations to be evaluated in the familiar context of the site, but the borders
20 between subregions may not correspond to physically meaningful boundaries (e.g., a groundwater divide
21 or the edges of a contaminant plume).
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1 Each subregion consists of hundreds to thousands of model cells. Three metrics are used to evaluate
2 concentration in the subregions:

3 e Peak concentration: The maximum concentration value of all model cells in a subregion.

4 e C9o: The 9 0 1 percentile of all concentration values in a subregion.

5 e Mean: The arithmetic mean of all concentration values in a subregion.

6 The three statistics are provided to illustrate contaminant concentration behavior; it is not the intent of
7 this evaluation to demonstrate compliance or to conduct a BRA. These different applications will
8 require different statistics (e.g., the 9 5t' UCL on the mean) based on actual measurements, not model
9 predictions. For the C9o and mean metrics, threshold values may be applied in order to remove bias

10 introduced by the limited extent of the plume. For example, a contaminant plume in the 200-BP-5 OU
11 subregion may only occupy a small part of the OU, meaning that the vast majority of model grid blocks
12 in that subregion will have a concentration very close to zero. In this case, both the C9o and mean
13 statistics would be overwhelmed by the near-zero concentrations outside of the plume rather than the
14 concentrations within the plume. One way to provide a meaningful statistic would be to calculate the
15 statistic for only those cells within the plume, which might be defined as having concentrations above
16 some limiting value, such as some fraction of the DWS.

17 In the results presented herein, the 9 0 1 percentile is estimated by tabulating all estimated concentration
18 values in a subregion, sorting the values, assigning a Weibull plotting position to the determined rank, and
19 selecting the concentration value corresponding to the 9 0 ' percentile value. The peak concentration is the
20 concentration with the highest magnitude from any estimated concentration within a given subregion.
21 When calculating the statistical values for mean and 9 0 ' percentile, only numerical cells with simulated
22 concentration values above one-half of the DWS were used in the calculation.

23 Note that the peak and mean evaluation statistics should not be confused with the maximum and average
24 initial conditions. The former are metrics used to evaluate results from hundreds or thousands of model
25 grid blocks in a simulation at a given time step. The latter are rules used to assign values of concentration
26 from a plume grid map to individual model grid blocks at the start of the simulation.

27 3.3.2 Cleanup Times
28 While the statistical methods described in Section 3.3.1 provide an evaluation metric, they do not
29 necessarily provide a normative scale. For this, cleanup times are determined by identifying the time
30 required for each cleanup statistic to decline to the relevant DWS for each simulated COPC.

31 3.3.3 Base Case Groundwater Impacts
32 The "base case" is defined as the set of model scenarios that possesses features of the hydrogeological
33 system reasonably anticipated to occur in across all scenarios, as documented in CP-57037 (provided in
34 Appendix C of this addendum) and summarized as follows:

35 e F&T is simulated with the P2R Model.

36 e Neither TEDF nor continuing sources are represented.

37 e Initial conditions for contaminant distribution are set using the average conditions.

38 e The metric of groundwater impact is the C9o statistic.

39 Results for each COPC are presented in Figures 3-8 through 3-13. For each COPC, a map view of the
40 evolution of the contaminant plume is shown. Each of these figures shows "snapshots" of the contaminant
41 distribution from the beginning of the simulation to a point in time at which the plume has reached its
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1 smallest extent. Note that the spatial extent and time steps for each contaminant are unique and intended
2 to depict the behavior of that plume.

3 The cleanup times for the six simulated COPCs in the 200-PO-I OU are shown in Table 3-11.

4 3.3.4 Comparison of Scenarios/Uncertainty Analysis
5 A comparison of the results for scenarios simulated with the average initial condition is shown in
6 Table 3-12. Note that only those contaminants anticipated to be subject to continued release from the
7 vadose zone are included in the "continuing source" and the "TEDF and continuing source" entries.
8 The conclusions are as follows:

9 e The addition of the TEDF to the base case does not change cleanup times for strontium-90,
10 iodine-129, or tritium.

11 e The addition of the TEDF to the base case increased cleanup times for both nitrate and technetium-99
12 by 5 years.

13 e The addition of the TEDF to the base case decreased cleanup times for uranium by 2 years.

14 e The continuing source has little to no effect on cleanup times for nitrate and uranium; however, for
15 technetium-99, the presence of the continuing source without the TEDF increases cleanup time by
16 29 to 34 years.

17 A comparison of results for all scenarios simulated with the maximum initial condition is shown in
18 Table 3-13. In most cases, the maximum initial condition simulations show a similar pattern of minimal
19 or no change resulting from the addition of the TEDF to the base case. The continuing source has little to
20 no effect on cleanup times for nitrate and uranium; however, for technetium-99, the presence of the
21 continuing source without the TEDF increases cleanup time by 23 to 24 years.
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Table 3-11. Base Case for 200-PO-1 OU Cleanup Times

Initial Continuing Cleanup Time*
Condition Sources TEDF COPC (yrs)

Nitrate 20

Uranium 18

Strontium-90 10
Average No No

Technetium-99 15

lodine-129 375

Tritium 17

* Cleanup time as measured by the C9o statistic.

COPC = contaminant of potential concern

TEDF = Treated Effluent Disposal Facility

Table 3-12. Comparison of Cleanup Times for Average Initial Condition Scenarios

Cleanup Time (yrs)

Scenario Group

Base case 20 18 10 15 375 17

TEDF 25 16 10 20 375 17

Continuing source 26 19 N/A 49 N/A N/A

TEDF and continuing source 22 18 N/A 24 N/A N/A

not applicable

Treated Effluent Disposal Facility

N/A

TEDF

2
3
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Table 3-13. Comparison of Cleanup Times for Maximum Initial Condition Scenarios

Cleanup Time (yrs)

a,

Scenario Group

Base case 29 100 25 25 400 36

TEDF 31 110 25 26 400 37

Continuing source 31 115 N/A 49 N/A N/A

TEDF and continuing source 32 105 N/A 31 N/A N/A

not applicable

Treated Effluent Disposal Facility

1
2
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1 4 Baseline Risk Assessment

2 A supplement to the BRA was performed for the 200-PO-1 OU. In a letter dated June 28, 2012
3 (12-NWP-104, "Department of Ecology (Ecology) Comments on the Remedial Investigation Report for
4 the 200-PO-1 Groundwater Operable Unit, DOE/RL-2009-85, Draft A"), the Washington Department of
5 Ecology (Ecology) provided the following comments pertaining to the groundwater risk assessment that
6 was completed for the RI Report (DOE/RL-2009-85):

7 e Re-evaluate the BRA with updated data consistent with the methodology provided in the RI report.

8 e Address contaminants for which limited data were available (e.g., total chromium).

9 e Use ProUCL to calculate 95 percent UCLs for the selection of EPCs.

10 The purpose of this supplemental analysis for the BRA is to confirm the prior defined list of COPCs and
11 to determine if these COPCs require evaluation (for remedial action) in the FS. The results of the analyses
12 indicate that concentrations of contaminants existing at this time within 200-PO-1 OU groundwater
13 exceed action levels and acceptable target risk and noncancer hazard thresholds, and remedial action for
14 risk reduction should be evaluated. Section 4.1 provides a summary of the conclusions drawn from the
15 200-PO-I RI Report (DOE/RL-2009-85) and the conclusions from this supplemental analysis

16 The groundwater analysis approach for this addendum had the following components:

17 e Evaluate current groundwater data to identify contaminants present in groundwater in the OU.
18 Analytical measurement data collected over the preceding 6 years were used to identify detected and
19 nondetected contaminants.

20 e Identify action levels for detected contaminants using chemical-specific promulgated standards
21 and/or risk-based concentrations using default exposure assumptions.

22 e Compare individual detected contaminant concentrations to action levels for each of seven exposure
23 areas within the 200-PO-I OU to establish a basis for identifying COPCs and to help define remedial
24 action objectives (RAOs).

25 e Evaluate all detected analytes with available toxicity information using the EPA tap water scenario to
26 identify analytes with greater than one percent contribution to total cumulative excess lifetime cancer
27 risk (ELCR) or noncancer hazard index (HI) within each of the seven exposure areas in order to
28 establish a basis for identifying COPCs and to help define RAOs.

29 e Estimate the sum of fractions and 4 mrem/yr dose equivalent for detected radioisotopes to establish
30 a basis for identifying COPCs and to help define RAOs.

31 EPA guidance provided in Woolford and Reeder, 2009, "Summary of Key Existing EPA CERCLA
32 Policies for Groundwater Restoration," clarifies EPA policies for determining whether a groundwater
33 remedial action is warranted under CERCLA. In discussing the role of the BRA, Woolford and Reeder
34 (2009) quote the preamble to the National Contingency Plan (NCP) (40 CFR 300, "National Oil and
35 Hazardous Substances Pollution Contingency Plan"):

36 The results of the baseline risk assessment are used to determine whether remediation is
37 necessary, to help provide justification for performing remedial action, and to assist in
38 determining what exposure pathways need to be remediated.
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1 Woolford and Reeder (2009) clarify when a CERCLA remedial action is appropriate:

2 A CERCLA remedial action generally is appropriate in various circumstances,
3 including: a standard that helps define protectiveness (e.g., a federal or state MCL or
4 nonzero MCLG for current or potential drinking water aquifers) is exceeded; when the
5 estimated risk calculated in a risk assessment exceeds a noncarcinogenic level for an
6 adverse health effect or the upper end of the NCP risk range for cumulative carcinogenic
7 site risk to an individual based on reasonable maximum exposure for both current and
8 future land use;2 the noncarcinogenic hazard index is greater than one (using reasonable
9 maximum exposure assumptions for either the current or reasonably anticipated future

10 land use); or the site contaminants cause adverse environmental impacts.1 It is important
11 to note that all conditions do not need to be present for action and the conditions may be
12 independent of each other.

13 EPA guidance provided in Clay, 1991, "Role of the Baseline Risk Assessment in Superfund Remedy
14 Selection Decisions," describes how to use the BRA to make risk management decisions, such as
15 determining whether remedial action under CERCLA Section 104 or Section 106 is necessary.
16 Clay (1991) describes the following conditions when a CERCLA action is generally warranted:

17 e The BRA indicates that a cumulative site risk to an individual using reasonable maximum exposure
18 (RME) assumptions for either current or future land use exceeds the 10-' ELCR end of the
19 risk range. 3

20 e For groundwater actions, MCLs and nonzero MCLGs will generally be used to gauge whether
21 remedial action is warranted.

22 e Chemical-specific standards that define acceptable risk levels also may be used to determine whether
23 an exposure is associated with an unacceptable risk to human health and the environment (HHE) and
24 if remedial action is warranted.

25 As stated in 40 CFR 300.430(a)(iii)(F), "Remedial Investigation/Feasibility Study and Selection of
26 Remedy," "It is EPA's expectation to return usable groundwaters to their beneficial uses wherever
27 practicable, within a timeframe that is reasonable given the particular circumstances of the site."
28 To determine if an action is warranted, the tap water (residential) scenario is used to calculate cumulative
29 cancer risks and noncancer hazards. The results of these calculations are presented in this chapter and
30 compared to the 10-' risk range for radionuclides, 10-5 risk range for hazardous chemicals, and an HI of 1
31 for noncancer hazards.

32 Additionally, human health protection was evaluated by comparing individual groundwater measurements
33 within the groundwater OU to existing federal or state MCLs or nonzero MCLGs. Individual groundwater
34 measurements were also compared to the 2007 MTCA (WAC 173-340-720) risk-based criteria.
35 The results of tap water (residential) scenario and the results of the BRA are used to identify COPCs that
36 should be evaluated in an FS.

37 Aquatic receptor protection was evaluated by comparing groundwater concentrations at the point of
38 discharge to AWQC established under Section 304 or Section 303 of the CWA, as well as

1 See EPA 540-R-97-013, Rules of Thumb for Superfund Remedy Selection.
2 See Clay, 1991, "Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions."
3 This risk range is also intended for groundwater actions, which are based on returning the groundwater to its
highest beneficial use.
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1 Washington State surface water quality standards. The point of compliance for surface water cleanup
2 levels is defined in WAC 173-340-730(7)(a), "Surface Water Cleanup Standards," as the point, or points,
3 at which hazardous substances are released to surface waters of the state. WAC 173-340-730(7)(b)
4 indicates that no mixing zone shall be allowed to demonstrate compliance with surface water cleanup
5 levels. Although groundwater concentrations were compared to AWQC or Washington State surface
6 water quality standards, these concentrations would need to be measured as close as practicable to the
7 groundwater/surface water interface or biologically active zone to determine the potential for impact
8 to aquatic receptors.

9 In addition to the comparison of groundwater concentrations to surface water quality criteria and
10 standards, the Columbia River Component (CRC) (DOE/RL-2010-117, Columbia River Component Risk
11 Assessment Volume I: Parts 1 & 2: Screening-Level Ecological Risk Assessment and Columbia River
12 Component Risk Assessment Volume 11, Parts 1 & 2: Baseline Human Health Risk Assessment) included
13 an ecological risk assessment that combines both screening and baseline elements. The CRC concluded
14 that seven contaminants of ecological concern (COECs) were within sediment, pore water, island soil,
15 and shoreline sediment (aluminum, chromium, Cr(VI), lead, manganese, nickel and nitrate). Groundwater
16 concentrations from monitoring wells within the 200-BP-5 OU located closest to the river were evaluated
17 to determine if these COECs were present at levels that could be of concern to aquatic receptors.

18 The following analyses are performed to identify COPCs that warrant evaluation of remedial alternatives
19 in the FS:

20 e Individual groundwater measurements are compared to WAC 173-340-720 to determine if individual
21 measurements are greater than cleanup levels based on a target HI greater than or equal to one.

22 e Individual measurements are also compared to WAC 173-340-720 to determine if individual
23 measurements are greater than cleanup levels based on a target risk level of 1 in 1,000,000 (1 x 10').

24 e Cumulative cancer risks for chemicals based on the results of the EPA tap water (residential)
25 scenario are compared to the WAC 173-340-708(5)(a), "Human Health Risk Assessment Procedures"
26 (hereafter referred to as MTCA Human Health Risk Assessment [HHRA] Procedures) cumulative
27 cancer and noncancer hazard thresholds.

28 e Cumulative cancer risks for radiological analytes based on the results of the EPA tap water (residential)
29 scenario are compared to the upper end of the NCP (40 CFR 300) risk range for cumulative
30 carcinogenic site risk to an individual based on RME to return groundwater to its highest
31 beneficial use.

32 EPA guidance (Fields, 1997, "Clarification of the Role of Applicable, or Relevant and Appropriate
33 Requirements in Establishing Preliminary Remediation Goals under CERCLA") clarifies the relationship
34 between two statutory mandates of CERCLA: (1) protect HHE; and (2) attain or waive, ifjustified, based
35 on site-specific circumstances, the applicable or relevant and appropriate requirements (ARARs). ARARs
36 are promulgated standards and chemical-specific requirements that are defined specifically in the FS.
37 However, the cumulative effect of some contaminants must be considered, and in some cases, cleanup
38 levels must be set at levels below the promulgated standards to be protective of HHE. It remains EPA
39 policy that ARARs will generally be considered protective, absent multiple contaminants or pathways of
40 exposure. However, the guidance clarifies that, in rare situations, even absent multiple pathways or
41 contaminants, preliminary remediation goals (PRGs) should be set at levels more protective than required
42 by a given ARAR, where application of the ARAR would not protect HHE.
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1 4.1 Conclusions of the Remedial Investigation Groundwater Risk Assessment

2 The conceptual exposure model (CEM) presented in Chapter 4 of the 200-PO-1 RI Report
3 (DOE/RL-2009-85) identified potentially complete human and ecological exposure pathways in the
4 near-field and far-field exposure areas. Potential human receptors, including Native American subsistence
5 users, are assumed to be hypothetical future domestic groundwater users. Ecological receptors are limited
6 to aquatic organisms in the Columbia River that may be exposed to contaminants in groundwater that
7 discharge into the river. The following potential exposure routes were identified:

8 e Ingestion of contaminated water by drinking or from food preparation

9 e Inhalation of contaminant vapors during showering or other household activities

10 e Dermal contact exposure to contaminants in groundwater

11 e External radiation exposure from radioactive contaminants in groundwater

12 Chapter 6 of the 200-PO-1 RI Report (DOE/RL-2009-85) described the BRA that was conducted to
13 evaluate current and potential future risks to hypothetical human and ecological receptors. Table 4-1
14 presents a comparison of the COPCs identified from both the initial RI and this supplemental analysis.
15 Table 4-1 also identifies the standards that are exceeded under current and estimated future groundwater
16 conditions, as well as the year that compliance with the standard is anticipated based on the simulations
17 performed in this report if remedial action is not taken.

18 With the exception of TCE, this supplemental BRA identifies the same COPCs for further evaluation of
19 remedial alternatives in the FS that were identified in the 200-PO-I RI Report (DOE/RL-2009-85) for the
20 near-field area. TCE was not retained as a COPC for further evaluation in the FS because concentrations
21 in groundwater were less than the WAC 173-340-720 level of 0.54 pg/L. The value of 0.54 pag/L is based
22 on a target risk level of 1 x 106. TCE measurements greater than the cleanup standard were limited to
23 single detections at four individual wells within the PUREX Cribs exposure area. Each well had
24 numerous TCE analyses over the 6-year period, and each well had a single nonrecurring detection.
25 It should also be noted that the EPA Integrated Risk Information System (IRIS) website updated the
26 toxicity information for TCE in November 2012. The updated oral cancer potency factor increased the
27 groundwater cleanup standard based on a target risk level of 1 x 106 from a concentration of 0.49 pag/L
28 to a concentration of 0.54 pg/L.

29 With the exception of PCE and TCE, this supplemental BRA identifies the same COPCs for further
30 evaluation of remedial alternatives in the FS that were identified in the 200-PO-1 RI Report
31 (DOE/RL-2009-85) for the far-field area. TCE was not retained as a COPC for further evaluation in the
32 FS because the only detections above the WAC 173-340-720 level of 0.95 pag/L were at a single well
33 located within the 300-FF-5 OU. TCE measurements in this well were evaluated in the 300 Area RI/FS
34 Report (DOE/RL-2010-99). PCE was not retained as a COPC for further evaluation in the FS because it
35 was only detected in a single sample within the far-field area and its concentration was less than the DWS
36 of 5 pg/L. It should also be noted that the EPA IRIS website updated the toxicity information for PCE in
37 November 2012. The updated oral cancer potency factor increased the groundwater cleanup standard
38 based on a target risk level of 1 x 106 from a concentration of 0.081 pag/L to a concentration of 20.5 pig/L.
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Table 4-1. Comparison of COPCs Retained for the RI and RI Addendum

Year Maximum
Projected

Concentration
RI Achieves

Exposure RI Addendum Groundwater Groundwater
Region Analyte Name COPC? COPC? Standard* Standard*

Near-field lodine-129 Yes Yes 1 pCi/L 2614
area

Technetium-99 Yes Yes 900 pCi/L 2039

Strontium-90 Yes Yes 8 pCi/L 2039

Tritium Yes Yes 20,000 pCi/L 2039

Trichloroethene Yes No 0.54 pg/L -

Nitrate in nitrogen Yes Yes 10,000 pg/L 2039
(NO- 3-N)

Uranium Yes Yes 30 ptg/L 2039

Far-field area lodine-129 Yes Yes 1 pCi/L 2614

Tritium Yes Yes 20,000 pCi/L 2039

Tetrachloroethene Yes No 5 pg/L -

Trichloroethene Yes No 0.54 pg/L -

Near-river Tritium Yes Yes 20,000 pCi/L 2039
area

* Drinking water standard or Cleanup Levels and Risk Calculations (CLARC) database guidance value.

COPC = contaminant of potential concern

RI = remedial investigation

The supplemental BRA identifies the same COPCs for further evaluation of remedial alternatives in
the FS that were identified in the 200-PO-1 RI Report (DOE/RL-2009-85) for the near-river area.

4 4.2 Data Analysis

5 This section describes the sources of data used in the risk assessment (Section 4.2.1), the data quality
6 assessment (DQA) and data validation process (Section 4.2.1.1), and the process used to identify COPCs
7 in groundwater that could be used as a resource for potential human exposures (Section 4.2.2).
8 During the course of this risk assessment, analytes were evaluated to identify COPCs and to prioritize
9 those estimated to pose an unacceptable risk and warrant evaluation in the FS.
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1 4.2.1 Sources of Analytical Data Used in the Risk Assessment
2 This groundwater risk assessment includes groundwater samples collected and analyzed using the methods
3 documented in the following work plan and sampling and analysis plans (SAPs):

4 e DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable Unit

5 e DOE/RL-2007-3 1, Remedial Investigation/Feasibility Study Work Plan for the 200-PO- 1
6 Groundwater Operable Unit, Appendix A, "Sampling and Analysis Plan for Remedial Investigation
7 and Characterization of the 200-PO-1 Groundwater Operable Unit"

8 e DOE/RL-2012-59, Surveillance Groundwater Monitoring on the Hanford Site

9 e PNNL- 15315, RCRA Assessment Plan for Single-Shell Tank Waste Management Area A-AX at
10 the Hanford Site

1 1 e RPP-PLAN-26534, Integrated Disposal Facility Operational Monitoring Plan to Meet
12 DOE Order 435.1

13 The groundwater data set collected for this RI addendum consists of sampling and analysis data collected
14 from 168 monitoring wells within the 200-PO-1 OU. A list of the monitoring wells associated with the
15 200-PO-I OU is provided in Appendix E, Table E-8, and this set of monitoring wells is the same as that
16 evaluated in the 200-PO-I RI Report (DOE/RL-2009-85). With the exception of one well located in the
17 far-field area, all of the monitoring wells are screened in the unconfined aquifer. The monitoring well
18 network represents locations where human receptors could potentially encounter groundwater within
19 the OU. The primary exposure pathway for humans is through groundwater obtained from a residential
20 or community water well, assuming development of the land for future human habitation.

21 The data set for the 200-PO-1 OU contains the analytical results from groundwater samples collected
22 over a 6-year period from January 1, 2008, through December 31, 2013. However, several groundwater
23 samples were also collected in January 2014 and are included in this data set. Sampling and analysis
24 activities for this data set were performed in accordance with the requirements in the OU work plan and
25 SAPs listed above. The work plan and SAPs are approved by Ecology, EPA, and DOE (referred to as the
26 Tri-Parties) and have undergone a series of revisions and modifications over time.

27 4.2.1.1 Data Quality Assessment and Data Validation
28 All of the sampling and analysis data for the 200-PO-I OU are located in the Hanford Environmental
29 Information System (HEIS) database. To support the use of the data during the RI/FS process, the data
30 were downloaded from the HEIS database and validated through a supplemental DQA process.
31 The results of the supplemental DQA are documented in SGW-56759, Supplement to the 200-PO-1
32 Groundwater Operable Unit Data Quality Assessment (2008 through 2013). The objective of the DQA
33 was to determine whether the data could support the BRA and the selection of remedial alternatives for
34 the 200-PO-I OU.

35 The DQA assesses the laboratory data for groundwater samples obtained from 168 wells in the
36 200-PO-I OU over a 6-year period. The DQA process follows the guidance established in
37 EPA/240/B-06/002, Data Quality Assessment: A Reviewer's Guide, and EPA/240/B-06/003, Data Quality
38 Assessment: Statistical Methodsfor Practitioners. The conclusions of the DQA determined that the
39 groundwater data are the correct type and are of sufficient quality and quantity to support the BRA and
40 the selection of remedial alternatives. The supplemental DQA document served as the source of the
41 analytical data used for this risk assessment.

4-6



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 4.2.1.2 Analytical Data Processing
2 The groundwater data set used for COPC identification includes analytical results from samples collected
3 from 168 monitoring wells in the 200-PO-1 OU (Appendix E, Table E-8). All of the monitoring wells are
4 screened in the unconfined aquifer. Note that Well 699-43-45 is assigned to two exposure areas:
5 the WMA A-AX Tank Farms and 216-A-29 Ditch, and the 216-B-3 Pond facility (all lobes). Figure 4-1
6 shows the locations of the 168 wells included in the BRA.

7 The analytical data set used for COPC identification was extracted from the HEIS database. Using the
8 validated data set described in Section 4.2.1, the analytical data are processed to obtain a single set of
9 results per sampling location and time of collection.

10 After data validation was complete, the data set contained a total of 118,034 records and 345 analytes
11 prior to analytical data processing. After analytical data processing and reduction (as described in the
12 following subsections), the final data set used for computation of EPCs contained a total of
13 99,972 records and 342 analytes. The data-processing steps and the numbers of records associated with
14 each step are presented in Figure 4-2.

15 The validated data set included the following types of information:

16 e Analytical results from both unfiltered and filtered samples

17 e Data qualification and data validation flags, including rejected results

18 e Results for a given analyte reported by more than one analytical method

19 e Parent, field duplicate, and field split sample results

20 The analytical data were processed using the steps described in the following subsections and, thus,
21 identify one set of results per sampling location and date of sample collection.

22 Sample Results

23 Analytical results from unfiltered samples are used to identify COPCs; results from filtered samples that
24 may have been collected in support of other monitoring or compliance programs are excluded. Unfiltered
25 sample results represent total concentrations of the analytes, while filtered sample results represent only
26 dissolved concentrations. The use of filtered sampling results might lead to underestimation of chemical
27 and radiological concentrations (e.g., in water from an unfiltered tap). The filtered metals results are
28 included in the near-river data set. Filtered metals are included for comparison of groundwater
29 concentrations to Washington State surface water quality standards and federal AWQC used to determine
30 if concentrations could impact aquatic receptors.

31 Additionally, a limited number of measurements are available for Cr(VI) relative to the number of total
32 chromium (unfiltered and dissolved) measurements that are available. It has been determined that filtered
33 total chromium concentrations effectively represent Cr(VI) (WHC-SD-EN-TI-302). As a result, filtered
34 total chromium concentrations are used as a surrogate to estimate exposure from Cr(VI). Additional
35 information regarding the use of filtered total chromium concentrations as a surrogate for Cr(VI) is
36 provided in the discussion on uncertainty in Section 4.6.1.

37 The risk assessment guide (EPA/540/1-89/002, Risk Assessment Guidancefor Superfund Volume 1
38 Human Health Evaluation Manual (Part A): Interim Final) provides guidance on estimating exposure
39 concentrations in groundwater. While filtration of groundwater samples provides useful information
40 for understanding chemical transport within an aquifer, the use of filtered samples for estimating
41 exposure is very controversial because these data may underestimate chemical concentrations in water
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1 from an unfiltered tap. Therefore, data from unfiltered samples should be used to estimate
2 exposure concentrations.

3 Laboratory and Data Validation Flags

4 Analytical data are received from the laboratory with data qualification flags. Validation qualifiers are
5 assigned during the data validation process. The following rules determine how flagged and/or qualified
6 sample results are used to calculate EPCs:

7 e Sample results flagged with a "U" data qualifier, or combinations of qualifiers that include a "U,"
8 (e.g., "UJ") are considered nondetected results.

9 e Sample results without a "U" data qualifier are considered detected concentrations, including results
10 with no qualifier or with a "J" data qualifier.

11 e Sample results that are rejected and flagged with an "R" validation qualifier are not used in
12 identifying COPCs.

13 The data qualifiers are defined as follows: "U" indicates analyzed for but not detected above limiting
14 criteria; "J" indicates an estimated value; and "R" indicates do not use, and further review indicates that
15 the result is not valid.

16 Analytes Reported by Numerous Analytical Methods

17 Analytes are often reported by more than one analytical method; therefore, multiple results for an analyte
18 at the same location and sample date are possible. Because multiple sets of analytical results cannot be
19 used to quantify risk (i.e., resulting in multiple counting of a chemical), the data set that best represents
20 the actual concentration will be retained. The results are processed to select the method that provides the
21 most reliable results. Considerations for determining data to be retained include method-associated
22 sample size, detection frequency, method sensitivity, and detection limits. The most conservative
23 (i.e., protective of health) use of these types of data is the goal. Larger sample sizes, higher detection
24 frequencies, and lower detection limits are given higher priority for method selection.

25 For example, lead may be analyzed using EPA Method 200.8 (EPA-600/R-94/1 11, Methodsfor the
26 Determination of Metals in Environmental Samples, Supplement 1) with an estimated quantitation limit
27 (EQL) of 2 pag/L or using EPA Method 6010 (SW-846, Test Methodsfor Evaluating Solid Waste:
28 Physical/Chemical Methods, Third Edition; Final Update IV-B) with an EQL of 50 pg/L. For a sample
29 with lead concentrations reported using both methods, the results reported by EPA Method 200.8 are
30 selected over EPA Method 6010 due to the more sensitive detection limit.

31 Field Duplicate and Field Split Results

32 Field quality control (QC) samples (field duplicates) are collected in the field and analyzed by the
33 laboratory as unique samples. The parent sample and QC samples are collected from the same location
34 (e.g., a monitoring well) on the same date, resulting in more than one sample per location and date.
35 The following criteria are used to reduce multiple sample results for an individual location and date to
36 a single result:

37 e If two or more detections exist, the maximum concentration is used.

38 e If at least one detection and one or more nondetected results exist, the detected concentration is used.

39 e If only (two or more) nondetected results exist, the lowest detection limit is used.

4-8



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

'V

N

N>

200-PO-1 Exposure
Overview

Road 
Expo

Columbia River

200-PO-1 A

Site Boundary

N

0 2 Miles
t ~ * j

Areas

sure Area

B Pond (all lobes)

BC Cribs

NRDWL/SWL

Near River

PO-1 Farfield

Purex Cribs

WMA A/AX

* +

+ 

+

BC Cribs

-V

* *

* *

2 0 0 - P

0 5

Figure 4-1. Exposure Areas and Associated Monitoring Wells for the 200-PO-1 OU2

Al..

2 0 0 -P 0 -1

8 Pond (all lobes A

A '-

A

0 1

20 1,000 Meters

L i r10,21/20

4-9

14 P01 Overview m

I



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

2 This page intentionally left blank.

3

4-10



118,034 records
200-PO-1 Groundwater OU Data Set 345 rniytes

January 2008 to December 2013

Are results rejecteda
,and flagged with an 'As analyte reported by Are results from a .,Does analyte is'analyte not

"R"dlgewihr1 nalytical method for a NO-K field duplicate or -- +< meet exclusion '-NK detected in any
sample result? field split? criteria? sample?

4,101 records 11,945 records 29,549 records 12,825 records
removed removed removed removed V" removed '''

Process parent and duplicate Remove analytes Remove arna lytes that
Remrove rejected Select single best result results to represent single set of that meet are not detected inE fresults per location and time exclusion criteria any sample

00

r-
200- PC-1 G ro un dwater D ata Set

6,an rcts Used for Exposure Point 90

1

2 Figure 4-2. Data Processing and Reduction Steps for the 200-PO-1 OU Data Set
C--i

3-i



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 4.2.2 Identification of Contaminants of Potential Concern
2 For the purposes of this groundwater risk assessment, a COPC is defined as an analyte suspected of
3 being associated with site-related activities that represent a potential threat to HHE, and whose data are
4 of sufficient quality for use in a quantitative BRA.

5 After extracting and processing the data set, the data set is further reduced by identifying a subset of
6 analytes (COPCs) that will be processed through ProUCL to calculate the UCL (described in
7 Section 4.3.4) and will then be included in the risk characterization step of the risk assessment
8 (Section 4.5). Analytes that meet exclusion criteria or were not detected in any of the groundwater
9 samples analyzed within the 200-PO-I OU are not carried forward for the statistical calculations and

10 EPC selection. The analyte identification steps and the number of records associated with each of the
11 steps are presented in Figure 4-2.

12 4.2.2.1 Apply Exclusion Criteria
13 The first step in identifying the analytes for UCL calculation is to apply certain exclusion criteria.
14 Analytes meeting one or more of the exclusion criteria were eliminated. The eliminated analytes are
15 listed in Appendix E, Table E-9. Analytes that did not meet any of the exclusion criteria were carried
16 forward into the next step. The exclusion criteria are as follows:

17 e Naturally occurring radionuclides associated with background radiation

18 e Radionuclides that have half-lives of less than 3 years and are not significant daughter products

19 e Essential nutrients (minerals)

20 e Analytes without known toxicity information

21 Three naturally occurring radionuclides associated with background radiation (potassium-40, radium-228,
22 and total alpha energy emitted from radium) were measured in groundwater from the 200-PO-1 OU and
23 were eliminated.

24 Radioisotopes with half-lives less than or equal to 3 years are eliminated from further consideration
25 because only a small fraction of their original activity remains after 30 years of decay since operations
26 have ceased. Four radioisotopes met this exclusion criterion (antimony-125, beryllium-7, cesium-134,
27 and ruthenium-106), and they were not detected. Additionally, these isotopes are not significant daughter
28 products associated with a decay chain.

29 Essential nutrients are those analytes considered essential for human nutrition. The essential nutrients
30 calcium, magnesium, potassium, and sodium were detected in samples in the 200-PO-1 OU but are
31 excluded from further consideration.

32 Analytes without known toxicity information were eliminated further from consideration of UCL
33 calculations. A total of 77 analytes were eliminated from further consideration because they do not have
34 available toxicological information.

35 4.2.2.2 Identify Nondetected Analytes
36 The next step in identifying analytes for UCL calculation is to identify nondetected analytes. Chemicals
37 and radionuclides that have been analyzed for, but not detected in any sample (collected from appropriate
38 locations with adequate detection limits), were eliminated. All analytes detected at least once were carried
39 forward to the next step.

40 A total of 187 analytes were not detected in samples from the 200-PO-I OU. These analytes are listed in
41 Appendix E, Table E-10, each with sampling dates and minimum and maximum MDLs.
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1 4.2.3 Evaluation Process for Identifying Contaminants of Potential Concern
2 Identification of groundwater COPCs that warrant evaluation of remedial alternatives in the FS for
3 the 200-PO-1 OU is a three-step process. Analytical measurements from groundwater data collected over
4 the 6-year period were evaluated using the following strategy:

5 1. Compare individual measurements from the 6-year data set to action levels (provided in Chapter 2,
6 Tables 2-1 and 2-2).to identify COPCs throughout the 200-PO-1 OU (Figure 4-3). This analysis was
7 performed (Chapter 2) to support the COPC identification process used in this BRA (see step 2
8 below). The results of this comparison are provided in the summary and conclusions of this chapter
9 (Section 4.8).

10 2. Calculate cumulative ELCR and noncancer hazards using EPCs from the 6-year data set based on
11 the EPA residential tap water scenario (Figure 4-4). The groundwater BRA provides a comprehensive
12 evaluation of cumulative cancer risks and noncancer hazards. These results are used to identify the
13 analytes that are the primary risk and hazard drivers within each exposure area identified within the
14 200-PO-1 OU. The results of this evaluation are provided in Section 4.5.4.

15 3. Calculate the sum of fractions and 4 mrem/yr dose equivalent for beta particle and photon emitters.
16 Current MCLs for beta particle and photon emitters are based on an annual dose equivalent of 4 mrem
17 to the total body or any internal organ. The results of this evaluation are provided in Section 4.5.4.
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Groundwater Data Set
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(Section 4.2.1.2)

Separate D ata Set by Exposure Area
Near Field Areas (e.g. PUREX Cribs)
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action level) -
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(not associated with a trend)
'Analyte is not retained as a COPC for this evaluation; however

see Figure 4-4
No

Yes

Analyte is Retained as a COPC Analyte is retained as a COPC(s Tbe ee Table 2-5) *AnaIyte isnot retained a COPC
(see ablez-5)(see Table 2-5)

18

19 Figure 4-3. Individual Contaminant Evaluation Process
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The exposure assessment, including the methodology used to calculate EPCs, is presented in Section 4.3,
and the toxicity assessment is presented in Section 4.4. Section 4.5 describes the risk characterization step
for the EPA tap water scenario and the calculation of cumulative annual dose.
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1 4.3 Exposure Assessment

2 The exposure assessment component of the risk assessment typically identifies the populations that may
3 be exposed; the routes by which these receptors may become exposed; and the magnitude, frequency, and
4 duration of potential exposures.

5 An exposure pathway can be described as the physical course that a COPC takes from the point of release
6 to a receptor. The route of exposure is the means by which a COPC enters a receptor. For an exposure
7 pathway to be complete, all of the following components must be present:

8 e Contaminant source (or release point)

9 e Mechanism of chemical release

10 e Environmental transport mechanism

11 e Exposure point

12 e Exposure route

13 e Receptor or exposed population

14 In the absence of any one of these components, an exposure pathway is considered incomplete; therefore,
15 it creates no risk or hazard.4 Figure 4-5 schematically presents the exposure pathway analysis in the form
16 of a human and ecological CEM.

17 4.3.1 Contaminant Release Points
18 The sources of contaminants are liquid releases primarily from nuclear fuel reprocessing waste streams
19 generated within the 200 East Area by the PUREX Plant and B Plant, both of which discharged
20 wastewater and various liquid process waste streams containing radioactive and nonradioactive
21 contaminants to the ground in the near-field area. These waste streams included concentrated chemical
22 and radiological liquid wastes, chemically and radiologically contaminated wastewater, and sanitary
23 system wastewater.

24 Evaluation of the groundwater contaminant plumes excluded contaminant plumes that originate at source
25 areas outside the 200 East Area (e.g., tritium plume associated with the 618-11 Burial Ground, plumes
26 associated with the 618-10 Burial Ground and neighboring waste sites, and groundwater plumes
27 originating from the 300 Area). These other plumes are within the 300-FF-5 OU.

28 4.3.2 Release Mechanisms and Environmental Transport Medium
29 The primary COPC release mechanisms and transport pathways evaluated include the following:

30 e Direct contact with groundwater containing COPCs

31 e Volatilization of COPCs in groundwater from showering or household activities

32 e Discharge of groundwater to the Columbia River through upwelling and seeps

4 With the exception of external irradiation from radionuclides, environmental contaminants must cross a cellular
barrier and enter the body of a receptor for exposure to occur.
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1 The observed groundwater contamination in the 200-PO-I OU has resulted largely from liquid wastes
2 generated by the PUREX Plant and B Plant that were discharged to surface ponds (e.g., B Pond) and cribs
3 and trenches (e.g., PUREX Cribs), and then allowed to infiltrate into the soil colunm. In limited instances,
4 injection wells were used for waste disposal near B Plant. Therefore, the primary release mechanism was,
5 in most cases, intentional release of liquid waste to the soil via an engineered structure intended to
6 facilitate infiltration into the soil. UPRs of liquid wastes also occurred that were generally associated with
7 leaks, spills, or overfills of tanks, aboveground and belowground pipelines, and other conveyance and
8 storage facilities. The discharged volumes were sufficient in many instances to allow the liquid waste to
9 reach the underlying groundwater. The contaminated groundwater in the aquifer is the transport medium

10 of interest for this risk evaluation. The contaminated groundwater migrates by advective downgradient
11 flow in the direction as defined by hydraulic head differences within the aquifer. The groundwater flow
12 direction is generally to the southeast in the near-field area and generally to the east in the far-field area.

13 The soil beneath the discharge facilities became a secondary source of contamination. Active discharges
14 to the fuel reprocessing plant liquid waste facilities were discontinued almost 20 years ago. In some
15 instances, however, some mobile contaminants and sufficient soil moisture remain to cause continued
16 slow release of soil contamination to the underlying groundwater, either by continued drainage of residual
17 soil moisture or by leaching of the soil by infiltrating precipitation. These residual secondary sources of
18 contamination in the vadose zone soil are part of the overlying waste site OUs and are being addressed
19 under the decisions that will accompany the associated vadose zone OUs identified in the Tri-Party
20 Agreement (Ecology et al., 1989). The potential for future (or continued) contaminant contribution to
21 groundwater plumes due to residual vadose zone sources introduces uncertainty in the estimated future
22 groundwater concentration. This uncertainty must be considered when evaluating anticipated
23 effectiveness of remedial alternatives for groundwater during the FS.

24 Low concentrations of contaminants have been detected in groundwater near the SWL and NRDWL,
25 located in the far-field area. UPRs of contaminated waste to the soil near the high-level waste tank farms
26 (e.g., WMA A-AX) may have also contributed to the observed groundwater contamination. All of these
27 contamination sources, both primary and secondary sources related to residual soil contamination, are
28 relegated to the specific source OUs for characterization and remediation.

29 As contaminated groundwater within the 200-PO-I OU flows away from sources within the near-field
30 area of the OU, definable contaminant plumes have been identified and tracked in the far-field area.
31 Groundwater within the 200-PO-1 OU eventually discharges to the Columbia River, which forms
32 a discharge boundary for the groundwater within the unconfined aquifer of the OU.

33 4.3.3 Potentially Complete Exposure Pathways and Receptors
34 There currently are no complete exposure pathways to human or ecological receptors from groundwater
35 contaminants in excess of the DWSs within the near-field or far-field areas of the 200-PO-1 OU.
36 Groundwater that discharges to the Columbia River adjacent to the OU is not used directly as a source of
37 potable water. However, water from the Columbia River is used for drinking water at the Columbia
38 Generating Station and as a supply of municipal potable water downstream at the cities of Richland,
39 Pasco, and Kennewick, Washington. Discharge of contaminated groundwater does present a potential for
40 exposure of aquatic receptors to groundwater contamination.

41 The OU is divided into two primary areas: near field and far field. The near-field area is divided into four
42 separate exposure areas: (1) the PUREX Cribs, (2) the WMA A-AX Tank Farms and 216-A-29 Ditch,
43 (3) the BC Cribs and Trenches, and (4) the 216-B-3 Pond facility (including all three lobes). These
44 exposure areas represent groundwater located near known or suspected plume sources. The far-field area
45 is divided into three separate exposure areas: (1) NRDWL/SWL, (2) the far-field exposure area, and
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1 (3) the near-river exposure area. The far-field area and the near-river area represent downgradient plume
2 conditions, whereas the NRDWL/SWL area represents downgradient plume conditions and is also located
3 beneath known or suspected plume sources. The near-river exposure area is identified by conditions
4 observed in groundwater monitoring wells that are closest to the Columbia River (distances range
5 between 89 and 1,700 m [292 and 5,577 ft] from the river). Five of the 12 wells selected to evaluate
6 near-river conditions are greater than 1,000 m [3,280 ft] from the river. The wells in this exposure area
7 are in closest proximity to the river and are also within the 200-PO-I OU boundary. The primary
8 objectives for evaluating each exposure area are to provide information necessary to determine the need
9 for remedial action and to use this information to select the best remedy.

10 Potential human receptors are assumed to be hypothetical future domestic groundwater users, including
11 Native American subsistence users. Ecological receptors are limited to aquatic organisms in the Columbia
12 River that may be exposed to contaminants in groundwater that discharges into the river through
13 upwelling and seeps.

14 Potential routes of exposure to human receptors from groundwater contaminants in the near-field and
15 far-field exposure areas include the following:

16 e Ingestion of contaminated water by drinking or in food preparation

17 e Inhalation of contaminant vapors during showering or other household activities

18 e Dermal contact exposure to contaminants in groundwater

19 e External radiation exposure from radioactive contaminants in groundwater

20 The EPA tap water (residential) exposure scenario is used to evaluate exposure to humans from the above
21 exposure pathways and routes. A description of the EPA tap water (residential) scenario is provided in
22 Section 4.3.3.1.

23 The Columbia River, which forms a discharge boundary for groundwater within the 200-BP-5 OU,
24 represents a potentially complete exposure pathway to both human receptors and aquatic ecological
25 receptors. Actual river water contaminant concentrations were not measured as part of this RI; however,
26 measurement of contaminants in river water, as well as in river bottom sediments, has been conducted as
27 part of another characterization effort under the DOE River Corridor contract. To evaluate the potential
28 exposure to groundwater contaminants following discharge of groundwater to the river, the groundwater
29 conditions observed within the OU in the near-river wells (i.e., those within about 1,000 m [3,280 ft] of
30 the river) are assumed to represent water discharged into the Columbia River.

31 Aquatic receptor protection is determined by the comparison of groundwater concentrations at the
32 point of discharge to surface water to water quality criteria established under Sections 304 or 303 of
33 the CWA, as well as Washington State water quality standards. The point of compliance for surface
34 water cleanup levels is defined in 2007 MTCA (WAC 173-340-730(7)(a)) as the point or points at
35 which hazardous substances are released to surface waters of the state. The 2007 MTCA criteria
36 (WAC 173-340-730(7)(b)) indicate that no mixing zone shall be allowed to demonstrate compliance with
37 surface water cleanup levels. A description of the federal and state standards used to evaluate protection
38 of aquatic receptors is provided in Section 4.3.3.2.

39 4.3.3.1 EPA Tap Water Scenario (Residential)
40 As described in EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites"
41 (hereafter referred to as Regional Screening Levels), the EPA tap water scenario reflects a RME scenario.
42 The EPA tap water scenario is consistent with a residential exposure scenario because it incorporates
43 default residential exposure assumptions. Potentially complete exposure routes for the EPA tap water
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1 scenario include exposure of adult and children residents to groundwater used as a drinking water source
2 and include the following:

3 e Ingestion of drinking water

4 e Inhalation of volatiles when showering and other domestic purposes

5 e Dermal contact with skin while showering and using groundwater for other domestic purposes
6 (e.g., washing dishes)

7 During September 2014, the EPA, 2015, Preliminary Remediation Goalsfor Radionuclides Superfund
8 download and calculation website published cancer slope factors and equations for immersion in the tap
9 water scenario to address external exposure from gamma and beta emitters. Immersion slope factors and

10 equations were not published at the time that the risk calculations were performed for this groundwater
11 data set. Therefore, radionuclide cancer risk is calculated in this risk assessment only for ingestion and
12 inhalation exposure routes. A summary of the exposure assumptions used for the tap water (residential)
13 scenario is provided in Appendix E, Table E-18. A detailed description of the EPA tap water scenario is
14 provided in ECF-Hanford-13-0035, Tap Water Risk Assessment for Remedial Investigation/Feasibility
15 Studies of the 200-BP-5 and 200-PO-1 Groundwater Operable Units.

16 4.3.3.2 Federal and State Standards and Criteria Used to Evaluate Protection
17 of Aquatic Receptors
18 The objectives and methodology for deriving the numerical AWQC are described in PB85-227049,
19 Guidelines for Deriving Numerical National Water Quality Criteria for the Protection ofAquatic
20 Organisms and Their Uses. The AWQC are intended to provide a reasonable level of protection of all but
21 a small fraction (0.05) of the taxa, unless a commercially or recreationally important species is very
22 sensitive. Protection of the following aquatic organisms and their uses are defined in PB85-227049 as
23 prevention of unacceptable long-term and short-term effects:

24 e Commercially, recreationally, and other important species

25 e Fish and benthic invertebrate assemblages in rivers and streams

26 e Fish, benthic invertebrate, and zooplankton assemblages in lakes, reservoirs, estuaries, and oceans

27 Numeric values are expressed as two numbers, which provide an appropriate degree of protection of
28 aquatic organisms and their uses from acute and chronic toxicity to animals, toxicity to plants, and
29 bioaccumulation by aquatic organisms: (1) criteria maximum concentration (CMC), and (2) criteria
30 continuous concentration (CCC). The CMC is an estimate of the highest concentration of a material
31 in surface water to which an aquatic community can be exposed briefly without resulting in an
32 unacceptable effect. EPA derives acute criteria from 48- to 96-hour tests of lethality or immobilization.
33 The CCC is an estimate of the highest concentration of a material in surface water to which an aquatic
34 community can be exposed indefinitely without resulting in an unacceptable effect. EPA derives chronic
35 criteria from longer-term (often greater than 28 days) tests that measure survival, growth, reproduction
36 or, in some cases, bioconcentration. The CMC and the CCC are two of the six parts of the aquatic life
37 criterion. The other four parts are the acute averaging period, chronic averaging period, acute frequency
38 of allowed exceedance, and chronic frequency of allowed exceedance. The lower of the CMC or the CCC
39 is the numeric water quality criteria used as the action level for protection of freshwater species.
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1 4.3.3.3 Identify Exposure Area Specific Data Sets
2 Seven exposure areas have been identified in the 200-PO-I OU. With the exception of a single far-field
3 well screened in the unconfined aquifer, all seven exposure areas contain wells screened in the unconfined
4 aquifer. A list of the wells associated with each exposure area was provided in Chapter 2. The seven
5 200-PO-1 OU exposure areas are as follows:

6 e PUREX Cribs

7 e WMA A-AX Tank Farms and 216-A-29 Ditch

8 e BC Cribs and Trenches

9 e 216-B-3 Pond facility (three lobes)

10 e NRDWL/SWL

11 e Far-field area

12 e Near-river area

13 4.3.4 Exposure Point Concentrations
14 OSWER 9285.6-10, Calculating Upper Confidence Limits for Exposure Point Concentrations at
15 Hazardous Waste Sites, states that, "...an exposure point concentration (EPC) is a conservative estimate
16 of the average chemical concentration in an exposure medium." OSWER Publication 9285.7-081,
17 Supplemental Guidance to RAGS: Calculating the Concentration Term, states that, "...because of the
18 uncertainty associated with estimating the true average concentration at a site, the 95 percent UCL of the
19 arithmetic mean should be used for this variable." Use of the 95 percent UCL of the arithmetic mean
20 yields risk estimates that correspond to an RME. Instances where a value different from a UCL is used as
21 the EPC are clearly identified and the reasons and/or justifications for the departure are provided in this
22 risk assessment.

23 OSWER 9285.6-10 further states that, "The EPC is determined for each individual exposure unit within
24 a site. An exposure unit is the area throughout which a receptor moves and encounters an environmental
25 medium for the duration of the exposure. Unless there is site-specific evidence to the contrary, an
26 individual receptor is assumed to be equally exposed to media within all portions of the exposure unit
27 over the time frame of the risk assessment."

28 For this groundwater risk assessment, the terms "exposure unit" and "exposure area" are considered
29 operationally equivalent.

30 4.3.4.1 95 Percent Upper Confidence Limit Calculation Methodology
31 OSWER 9285.6-10 is the most recent EPA guidance for UCL calculation, and ProUCL 4.00.05 serves
32 as the companion software package for this guidance. ProUCL 4.00.05 contains rigorous parametric and
33 nonparametric statistical methods (including bootstrap methods) that can be used on data sets without
34 nondetect results and on data sets with nondetect results (i.e., results reported below detection limits).
35 Both ProUCL and OSWER 9285.6-10 were used to calculate UCLs for the 200-PO-I OU.
36 ProUCL 4.00.05 user guidance is provided in EPA/600/R-07/038.
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1 Distributional Methods

2 Normal and lognormal are the most common data distributions for calculating UCLs. The following are
3 brief descriptions of recommended UCL calculation methods for these distribution types, as described in
4 OSWER 9285.6-10:

5 e Normal distribution: If the data are normally distributed, then the one-sided (1-a) UCL of the
6 arithmetic mean should be computed using the Student's t-statistic.

7 e Lognormal distribution: EPA had recommended the Land method to compute the UCL of the
8 arithmetic mean for lognormally distributed data. This method uses the H-statistic, tables for which
9 were published by Land. Land's approach is known to be sensitive to deviations from lognormality

10 and to commonly yield estimated UCLs substantially larger than appropriate when distributions are
11 not truly lognormal (i.e., if variance or skewness is large).

12 EPA also suggests the use of the Chebyshev inequality method to estimate UCLs, which should be
13 appropriate for a variety of distributions, as long as the skewness is not very large. The one-sided
14 version of the Chebyshev inequality is appropriate in this context. It can be applied to the sample
15 mean to obtain a distribution-free estimate of the UCL for the population mean when the population
16 variance or standard deviation is known. In practice, however, these values are not known and must
17 be estimated from data.

18 For lognormally distributed data sets, use of the minimum-variance unbiased estimators for the mean
19 and variance are suggested to obtain a UCL of the arithmetic mean. This approach may yield an
20 estimated UCL that is more useful than that obtained using the Land method (when the underlying
21 distribution of concentrations is lognormal). EPA points out that for highly skewed lognormal data
22 with small sample size and large standard deviation, the Chebyshev 99 percent UCL may be more
23 appropriate than the 95 percent UCL, because the Chebyshev 95 percent UCL may not provide
24 adequate coverage of the mean. As skewness increases further, the Chebyshev method is
25 not recommended.

26 Nonparametric or Distribution-Free Methods

27 Distribution-free approaches are available for computing UCLs that do not make specific assumptions
28 about the shape of the underlying distribution of concentrations. The following are brief descriptions of
29 recommended methods that are described in OSWER 9285.6-10:

30 * Central limit theorem (adjusted): If the sample size is sufficiently large, the central limit theorem
31 implies that the mean will be normally distributed, no matter how complex the underlying distribution
32 of concentrations might be. This is the case even if the underlying distribution is strongly skewed,
33 has outliers, or is a mixture of different populations, as long as it is stationary (i.e., not changing
34 over time), has finite variance, and the samples are collected independently and randomly.
35 However, the theorem does not identify how many samples are sufficient for normality to hold.
36 When sample size is moderate or small, the mean generally will not be normally distributed, and this
37 non-normality is intensified by the skewness of the underlying distribution. An approach that
38 accounts for positive skewness is suggested in Chen, 1995, "Testing the Mean of Skewed
39 Distributions." EPA/600/S-97/006, The Lognormal Distribution in Environmental Applications,
40 and OSWER 9285.6-10 refer to this approach the "adjusted central limit theorem" method.
41 These publications suggest that it is an appropriate alternative to the distribution-specific Land's
42 method, even if the distribution is lognormal, when the standard deviation is less than one and the
43 sample size is larger than 100.
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1 * Bootstrap resampling: Bootstrap procedures are robust, nonparametric statistical methods that can
2 be used to construct approximate confidence limits for the population mean. In these procedures,
3 repeated samples of size n are drawn with replacement from a given set of observations. The process
4 is repeated a large number of times (e.g., thousands), and each time an estimate of the desired
5 unknown parameter (e.g., the sample mean) is computed. There are different variations of the
6 bootstrap procedure available.

7 * Jackknife procedure: Like the bootstrap procedures, the jackknife technique is a robust procedure
8 based on resampling. In this procedure, repeated samples are drawn from a given set of observations
9 by omitting each observation in turn, yielding n data sets of size n-1. An estimate of the desired

10 unknown parameter (e.g., sample mean) is then computed for each sample. When the standard
11 estimators are used for the mean and standard deviation, this procedure reduces to the UCL based
12 on the Student's t-statistic. However, when other estimators (e.g., minimum-variance unbiased
13 estimators) are used, the jackknife procedure does not reduce to the UCL based on Student's
14 t-statistic.

15 * Chebyshev inequality method: As described previously, EPA suggests the use of the Chebyshev
16 inequality to estimate UCLs, which should be appropriate for a variety of distributions, as long as the
17 skewness is not very large. The one-sided version of the Chebyshev inequality is appropriate in this
18 context. It can be applied to the sample mean to obtain a distribution-free estimate of the UCL for the
19 population mean, when the population variance or standard deviation is known. In practice, however,
20 these values are not known and must be estimated from the data.

21 Minimum Data Size Requirements

22 Some decision statistics computed by ProUCL 4.00.05 require a minimum sample size. The following
23 limitations of ProUCL apply to data sets with nondetects (i.e., censored data sets):

24 e A UCL is not calculated for data sets with less than five results.

25 e For data sets of at least five results, a UCL is not calculated when there is only one detected result
26 in the data set.

27 e For data sets of at least five results, only Kaplan-Meier method-based UCLs are generated when
28 there are only two detected results.

29 e For data sets of at least five results, most parametric and nonparametric (except for gamma
30 distribution-based) UCLs are generated when there are at least three detected values.

31 e For data sets of at least five results, all parametric and nonparametric UCLs are generated when
32 there are four or more detected values.

33 ProUCL generates warning messages for all small (i.e., sample size of less than 8 to 10) data sets
34 processed, informing the user about potential deficiencies in the data set.

35 Maximum Detected Concentration Requirements

36 The EPC defaults to the maximum detected concentration when any of the following conditions are met:

37 e When a 95 percent UCL cannot be calculated due to small sample size

38 e When the 95 percent UCL is greater than the maximum detected concentration and the 97.5 percent
39 Chebyshev (mean, Sd) UCL either was not calculated by ProUCL or the calculated value was greater
40 than the maximum detected concentration
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1 ProUCL notes that the term "EPC" represents the average exposure contracted by a receptor over a long
2 exposure duration, and that this term should be estimated by an average value (e.g., 95 percent UCL) and
3 not by the maximum observed concentration. Use of maximum observed concentrations results in risk
4 estimates that correspond to maximum possible exposures. Such estimates effectively assume that
5 a drinking water supply well will be drilled at the location of the maximum detected concentration all
6 of the time. The following provides additional information regarding when a maximum detected
7 concentration is selected as the EPC in this evaluation.

8 OSWER Publication 9285.7-081 states that for exposure units with limited amounts of data or extreme
9 variability in measured or modeled data, the calculated UCL can be greater than the highest measured or

10 modeled concentration. In these cases, if additional data cannot practicably be obtained, the highest
11 measured or modeled value can be used as the concentration term. It further states that sampling data have
12 shown that data sets with fewer than 10 samples per exposure area provide poor estimates of the mean
13 concentration (i.e., there is a large difference between the sample mean and the UCL). As described
14 above, ProUCL has minimum size requirements to compute decision statistics. For data sets of at least
15 five results, a UCL is not calculated when there is only one detected result in the data set. ProUCL notes
16 that in cases where the number of available detected samples is small (i.e., less than five), the estimation
17 of the EPC term is decided upon on a site-specific basis. For small data sets where a UCL cannot be
18 calculated, the EPC defaults to the maximum detected concentration. ProUCL generates warning
19 messages regarding the potential deficiencies associated with a small data set.

20 Some of the methods described in this section can produce very high UCL estimates. OSWER 9285.6-10
21 acknowledges that the Land method can produce extremely high values for the UCL when data exhibit
22 high variance and the sample size is small. OSWER Publication 9285.7-081 recognizes the problem of
23 extremely high UCLs and recommends defaulting to the maximum detected concentration when the
24 calculated UCL exceeds this value. ProUCL, however, advises that an alternative UCL (e.g., Chebyshev
25 inequality) be selected as an EPC instead of the maximum detected concentration when the recommended
26 UCL exceeds the maximum detected concentration.

27 In this evaluation, when the recommended UCL exceeds the maximum detected concentration,
28 a 97.5 percent Chebyshev (mean, Sd) UCL is selected as the EPC, if it is available and its value is less
29 than the maximum detected concentration. If the 97.5 percent Chebyshev (mean, Sd) is available but is
30 greater than the maximum detected concentration, the maximum detected concentration is selected as the
31 EPC for risk characterization and the use of the 97.5 percent Chebyshev (mean, Sd), as an EPC will be
32 evaluated in the risk assessment uncertainty evaluation. When the recommended UCL exceeds the
33 maximum detected concentration and a Chebyshev (mean, Sd) UCL is not available, the maximum
34 detected concentration is selected as the EPC. ProUCL generates a warning message when the
35 recommended UCL exceeds the maximum observed concentration.

36 Develop ProUCL Input Files

37 ProUCL 4.00.05 compatible input files are created using the data sets for each exposure area and are
38 written to a Microsoft5 Excel file in *.xls format. The *.xls files are then imported directly into
39 ProUCL 4.00.05 to calculate UCLs and summary statistics. Batch processing is implemented to facilitate
40 this process due to the large data sets associated with each exposure area for the 200-PO-I OU. The batch
41 processing steps performed for ProUCL processing and data extraction are listed below:

5 Microsoft® Excel is a registered trademark of Microsoft Corporation in the United States and/or in other countries.
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1 1. Batch processing of the *.xls files through ProUCL 4.00.05 to generate a raw statistics output file
2 and a UCL output file for each exposure area.

3 2. Batch processing of the raw statistics and UCL output files to extract the following information
4 (if available) into a Microsoft Excel spreadsheet (*.xlsx file):

5 - Exposure area

6 - Analyte name and Chemical Abstracts Service (CAS) registry number

7 - Total number of sample results, total number of detects, and total number of nondetects

8 - Minimum and maximum detection limits for each detected analyte (when available) 6

9 - Minimum and maximum detected concentrations for each analyte

10 - Coefficient of variation for each analyte

11 - Recommended UCL value, the UCL basis, and comments and/or warning statements for
12 each analyte

13 Selection of Exposure Point Concentrations

14 The following provides a summary of the decision logic described in the previous sections that is used for
15 selection of EPCs for each detected analyte:

16 e If a valid UCL cannot be calculated, the maximum detected concentration is selected as the EPC.

17 e If a valid UCL can be calculated, the highest recommended UCL value (if multiple valid UCLs were
18 calculated) is selected.

19 e If a valid UCL equal to the maximum detected concentration was calculated, this value is selected
20 as the EPC.

21 e If the selected UCL is greater than the maximum detected concentration, then the following logic
22 is applied:

23 - If a 97.5 percent Chebyshev (mean, Sd) UCL was calculated, select the 97.5 percent
24 Chebyshev (mean, Sd) UCL as the EPC if its value is less than or equal to the maximum
25 detected concentration.

26 - If the 97.5 percent Chebyshev (mean, Sd) UCL was greater than the maximum detected
27 concentration, select the maximum detected concentration as the EPC.

28 - If a 97.5 percent Chebyshev (mean, Sd) UCL was not calculated, select the maximum detected
29 concentration as the EPC.

30 Selection of the EPC value using the above decision logic is presented in Figure 4-6. Summaries of the
31 EPCs for each exposure area are provided in Appendix E, Tables E- 11 through E- 17.

6 Minimum and maximum detection limits are summarized in the ProUCL output only when a valid UCL can
be calculated.
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Figure 4-6. EPC Selection Logic

4.4 Toxicity Assessment

The toxicity assessment evaluates the relationship between the magnitude of exposure to a contaminant
at the 200-PO-1 OU and the likelihood of adverse health effects to potentially exposed populations.
This assessment provides, where possible, a numerical estimate of the increased likelihood of adverse
effects associated with contaminant exposure. The toxicity assessment contains two steps, hazard
characterization and dose-response evaluation, which are discussed in the following subsections.

4.4.1 Hazard Characterization
Hazard characterization identifies the types of toxic effects that a chemical can exert. For the toxicity
assessment, chemicals can be divided into two broad groups (noncarcinogens and carcinogens) based on
their effects on human health.

Carcinogens are those contaminants that are known or suspected causes of cancer following exposure.
Noncarcinogenic compounds are associated with a wide variety of systemic effects, such as liver toxicity

4-25

Nn $1 AnaIlyFe Does ProUCL 239 exposure -r e/analytes
caIcLate a 9% input to ProUCL

UC?

Does ProUCL Select highest
recommended UCL as

< maximum observed EPCconcentration?

Does PrrjUCl colculate a
Select maximum detected 17.5% or 99% Chebyshev

concentration as EPC Mean, Sdj UCI?

Nci 
' 

N.Iye 

y4 
AnI V 

Xnaiy,

Use maximum detected N. |r n9% Yes ny

conenration as EPC inai,5) C

k rar r dis Chebyshev (Mean, SD) Evaluate Chebyshev

evaluate Chbhr UCL <= maximum observed (MeanSd) UCL as EPC in

(MeanSd} UC as FPC r concentration? Uncertainty Evaluation

uncertainty evaluation

1

2

3

4
5
6
7
8

9
10
11
12

13
14



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 or developmental effects. Some contaminants (e.g., arsenic) are capable of eliciting both carcinogenic and
2 noncarcinogenic responses; therefore, these contaminants are evaluated for both effects.

3 For cancer effects, EPA has developed a carcinogen classification system (EPA/630/P-03/00 IF,
4 Guidelinesfor Carcinogen Risk Assessment) that uses a weight-of-evidence approach for classifying the
5 likelihood that a chemical is a human carcinogen. Information considered in developing the classification
6 included human studies of the association between cancer incidence and exposure, as well as long-term
7 animal studies under controlled laboratory conditions. Other supporting evidence included short-term
8 tests for genotoxicity, metabolic and pharmacokinetic properties, toxicological effects other than cancer,
9 structure-activity relationships, and physical and chemical properties of the chemical.

10 For noncancer effects, toxicity values are derived based on the critical toxic endpoint (i.e., the most
11 sensitive adverse effect following exposure). The COPCs detected in the 200-PO-I OU that have been
12 identified as having documented systemic effects are listed in Appendix E, Table E-19.

13 4.4.2 Dose-Response Evaluation
14 The magnitude of toxicity of a contaminant depends on the dose to a receptor. Dose refers to exposure to
15 a contaminant concentration over a specified period. Human exposures are generally classified as acute
16 (typically less than 2 weeks), subchronic (about 2 weeks to 7 years), or chronic (7 years to a lifetime).
17 This HHRA specifically addresses chronic exposure. Acute exposures and risks are evaluated only when
18 chronic exposure estimates pose a high risk. A dose-response curve describes the relationship between the
19 degree of exposure (i.e., dose) and the incidence of the adverse effects (i.e., response) in the exposed
20 population. EPA uses this dose-response information to establish toxicity values for particular chemicals,
21 as described in the following subsections.

22 4.4.2.1 Reference Dose for Noncancer Effects
23 The toxicity value describing the dose-response relationship for noncancer effects is the reference dose
24 (RfD) value. For noncarcinogenic effects, the body's protective mechanisms must be overcome before
25 an adverse effect is manifested. If exposure is high enough and these protective mechanisms
26 (or thresholds) are exceeded, adverse health effects can occur. EPA attempts to identify the upper bound
27 of this tolerance range in the development of noncancer toxicity values. EPA uses the apparent toxic
28 threshold value, in conjunction with uncertainty factors based on the strength of the toxicological
29 evidence, to derive an RfD value. EPA defines an RfD, in general, as an estimate (with uncertainty
30 spanning perhaps an order of magnitude) of a daily exposure to the human population (including sensitive
31 subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime. The RfD
32 is generally expressed in units of mg/kg-day.

33 Available chronic RfD values for the oral and inhalation exposure routes are used to calculate PRGs.
34 Because EPA has not derived toxicity values specific to skin contact, dermal slope factors and RfD
35 values were derived from oral toxicity factors in accordance with EPA guidance. The RfD values for the
36 contaminants evaluated in the 200-PO-1 OU are summarized in Appendix E, Table E-19.

37 4.4.2.2 Slope Factors for Cancer Effects
38 The dose-response relationship for cancer effects is expressed as a cancer slope factor that converts
39 estimated intake directly to ELCR. Slope factors are expressed in units of risk per level of exposure
40 (or intake). The data used for estimating the dose-response relationship are taken from lifetime animal
41 studies or human occupational or epidemiological studies where excess cancer risk has been associated
42 with exposure to the chemical. However, because risk at low intake levels cannot be directly measured in
43 animal or human epidemiological studies, a number of mathematical models and procedures have been
44 developed to extrapolate from the high doses used in the studies to the low doses typically associated
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1 with environmental exposures. The model choice leads to uncertainty associated with the carcinogenic
2 response at very low exposure levels. EPA assumes linearity at low doses when uncertainty exists
3 regarding the mechanism of action of a carcinogen and when information suggesting nonlinearity
4 is absent.

5 It is assumed, therefore, that if a cancer response occurs at the dose levels used in the study, then there is
6 some probability that a response will occur at all lower exposure levels (i.e., a dose-response relationship
7 with no threshold is assumed). Moreover, the dose-response slope chosen is usually the 95 percent UCL
8 on the mean on the actual dose-response curve observed in the laboratory studies. As a result, uncertainty
9 and conservatism are built into the EPA risk extrapolation approach. EPA has stated that cancer risks

10 estimated by this method produce estimates that "provide a rough but plausible upper limit of risk."
11 The cancer slope factors used in this assessment are summarized in Appendix E, Table E-19.

12 4.4.3 Toxicity Values
13 The analyte-specific toxicity values presented in Appendix E, Table E-19 are determined using the following
14 recommended reference hierarchy, as described in "Human Health Toxicity Values in Superfund Risk
15 Assessments" (Cook, 2003):

16 e Tier 1: EPA IRIS database

17 e Tier 2: EPA provisional peer-reviewed toxicity values

18 e Tier 3: Other toxicity values

19 4.4.3.1 Tier 1: EPA Integrated Risk Information System (IRIS) Database
20 The preferred source of toxicity data is the EPA IRIS database. Expert toxicologists at EPA have derived
21 the values in this database, and the values have undergone thorough review and validation both within
22 and outside EPA. If a toxicity value is available in the IRIS database, that value is preferred to any
23 other value.

24 4.4.3.2 Tier 2 - EPA Provisional Peer-Reviewed Toxicity Values
25 If a toxicity value is not available in the IRIS database, the next source is EPA provisional peer-reviewed
26 toxicity values. This source includes toxicity values that have been developed by the Office of Research
27 and Development/National Center for Environmental Assessment/Superfund Health Risk Technical
28 Support Center. This database is not available to the public, but it is accessible to EPA risk assessors via
29 the EPA intranet. These values are also published in Regional Screening Levels (EPA, 2013).

30 4.4.3.3 Tier 3 - Other Toxicity Values
31 Tier 3 includes additional EPA and non-EPA sources of toxicity information, including the following:

32 e The California Environmental Protection Agency's Toxicity Criteria Database contains toxicity
33 values that are peer-reviewed and address both cancer and noncancer effects.

34 e The Agency for Toxic Substances and Disease Registry database, Minimal Risk Levels for Hazardous
35 Substances, includes peer-reviewed estimates of the daily human exposure to hazardous substances
36 that are likely to be without appreciable risk of adverse noncancer health effects over a specified
37 duration of exposure.

38 e Toxicity values in EPA 540-R-97-036, Health Effects Assessment Summary Tables: FY 1997 Update.
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1 When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a COPC, the toxicity values from
2 the National Center for Environmental Assessment are used. These values can be found in Oak Ridge
3 National Laboratory's Risk Assessment Information System database.

4 A derived RfD for nitrate was calculated from the RfD reported in the IRIS database (1.6 mg/kg-day)
5 for nitrate as nitrogen (N0 3-N) using the mass fraction of nitrogen in nitrate. The mass fraction of
6 nitrogen in nitrate = mol wt N/mol wt NO 3- = (14 g/mol)/(62 g/mol) = 0.226. The derived RfD for
7 nitrate = (1.6 mg N03-N/kg-day) x (1 mg N0 3-/0.226 mg N0 3-N) = 7.1 mg N03-/kg-day.

8 A derived RfD for nitrite was calculated from the RfD reported in the IRIS database (0.1 mg/kg-day)
9 for nitrite as nitrogen (N0 2-N) using the mass fraction of nitrogen in nitrite. The mass fraction of

10 nitrogen in nitrite = mol wt N/mol wt NO 2 - = (14 g/mol)/(46 g/mol) = 0.304. The derived RfD for
11 nitrite = (0.1 mg N02-N/kg-day) x (1 mg N0 2-/0.304 mg N0 2-N) = 0.3 mg N02-/kg-day.

12 Toxic equivalence factors were used to calculate toxicity values for dioxins, furans, and carcinogenic
13 polycyclic aromatic hydrocarbons as described in the MTCA HHRA Procedures
14 (WAC 173-340-708(8)(D)(iii)(A)).

15 The analyte-specific toxicity values for radionuclides presented in Appendix E, Table E-19 are
16 determined using the recommended values from the EPA health effects assessment summary tables
17 (EPA 540-R-97-036).

18 4.5 Risk Characterization

19 Risk characterization is completed by combining the results of the exposure assessment (estimated
20 chemical intakes) with the results of the dose-response assessment (toxicity values established in the
21 toxicity assessment) to provide numerical estimates of potential health effects. The quantification
22 approach differs for potential noncancer and cancer effects, as described in the following subsections.

23 Although this risk assessment produces numerical estimates of risk, it should be recognized that these
24 numbers might not predict actual health outcomes because they are based largely on hypothetical
25 assumptions. The purpose of these estimates is to provide a frame of reference for risk management
26 decision making. Interpretation of the risk estimates provided should consider the nature and weight of
27 evidence supporting these estimates, as well as the magnitude of uncertainty surrounding them.

28 For the purpose of this risk characterization step, the potential for unacceptable human health risk is
29 identified using the following risk thresholds:

30 e ELCR values for radionuclides are compared to the target range of 10 to 10 that is generally used
31 by the regulatory agencies.

32 e MTCA HHRA Procedures (WAC 173-340-708(5)) state that cumulative cancer risks resulting
33 from multiple hazardous substances should not exceed 1 x 10- for unrestricted land use. ELCR
34 values within or exceeding this target range require a risk management decision that includes
35 evaluating site-specific characteristics and exposure scenario factors to assess whether remedial
36 action is warranted.

37 * MTCA HHRA Procedures (WAC 173-340-708(5)) state that an HI (the sum of the ratios of the
38 chemical intake to the RfDs for all COPCs) greater than 1 indicates that some potential exists for
39 adverse noncancer health effects associated with exposure to the COPCs.
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1 4.5.1 Cancer Risk Estimation Method
2 To estimate the cancer risks from exposure to an individual carcinogen from the ingestion and dermal
3 contact routes (chemicals only) and inhalation (radionuclides only) exposure routes considered, the
4 following equation is used:

5 Risk = CDIx SF
6 where:

7 Risk = ELCR for individual chemical or radioisotope (unitless)

8 CDI = chronic daily intake averaged over a lifetime (mg/kg-day or pCi)

9 SF = cancer slope factor (risk/mg/kg-day or risk/pCi)

10 To estimate the cancer risks from exposure to an individual carcinogen from the inhalation (chemicals
11 only) exposure route, the following equation is used:

12 Risk = CDIx IUR
13 where:

14 Risk = ELCR for individual chemical (unitless)

15 CDI = chronic daily intake averaged over a lifetime (gg/m3 )

16 JUR = inhalation unit risk (risk/gg/m3 )

17 Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and
18 other chemicals, information is generally lacking in the toxicological literature to quantitatively predict
19 the effects of these potential interactions. Therefore, cancer risks are treated as additive within an
20 exposure route in this assessment. This is consistent with the EPA guidelines on chemical mixtures
21 (EPA, 1986, Risk Assessmentfor Carcinogens). For estimating the cancer risks from exposure to multiple
22 carcinogens from a single exposure route, the following equation is used:

23 RiskT = Z 1 Risk,

24 where:

25 RiskT = total cancer risk from route of exposure

26 Risk = cancer risk for the ih chemical

27 N = number of chemicals
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1 4.5.2 Noncancer Hazard Estimation
2 For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
3 comparing the predicted level of exposure for a particular chemical with the highest level of exposure that
4 is considered protective (i.e., RfD). The ratio of the chronic daily intake (CDI) divided by RfD is the HQ.
5 To estimate the HQ from the ingestion and dermal contact (chemicals only) and inhalation (radionuclides
6 only) exposure routes considered for an individual hazardous substance, the following equation is used:

7 HQ = CDI
IRJD

8 where:

9 HQ = hazard quotient for individual chemical (unitless)

10 CDI = chronic daily intake averaged over a lifetime (mg/kg-day)

11 RfD = reference dose (mg/kg-day)

12 To estimate the HQ from an individual hazardous substance from the inhalation (chemicals only)
13 exposure route, the following equation is used:

14 HQ= CD RC
RJC

15 where:

16 HQ = hazard quotient for individual chemical (unitless)

17 CDI = chronic daily intake averaged over a lifetime (mg/m3 )

18 RfC = reference concentration (mg/m3)

19 When the HQ for a chemical exceeds 1 (i.e., exposure exceeds the RfD), there is a concern for potential
20 noncancer health effects. To assess the potential for noncancer effects posed by exposure to multiple
21 chemicals, an HI approach was used in accordance with EPA/540/1-89/002. This approach assumes that
22 the noncancer hazard associated with exposure to more than one chemical is additive; therefore,
23 synergistic or antagonistic interactions between chemicals are not accounted for. The HI may exceed 1
24 even if all of the individual HQs are less than 1. In this case, the chemicals may be segregated by similar
25 mechanisms of toxicity and toxicological effects. Separate HIs may then be derived based on mechanism
26 and effect. The HI is calculated as follows:

27 
H =Y E

28 where:

29 HI = hazard index

30 E = daily intake of the ij' chemical (mg/kg-day)

31 RfD, = reference dose of the i"' chemical (mg/kg-day)

32 N = number of chemicals
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1 4.5.3 Estimating the Sum of Fractions and 4 mrem/yr Dose Equivalent
2 An annual cumulative dose equivalent of 4 mrem to the total body or internal organ from exposure to
3 beta and photon emitters is considered protective of human health. The sum of fractions is used to
4 determine whether the contribution of each beta and photon emitting radionuclide is greater than the
5 cumulative annual dose equivalent of 4 mrem to the total body or any internal organ. The following
6 equation is used to determine if the 4 mrem standard is exceeded when there is a mixture of
7 radioisotopes present:

A(pCi BpCi
8 Sum of fractions= + +L_ _

MCLA pCi) MCLB~pi
L )L)

9 The 4 mrem standard is not exceeded if the sum of fractions is less than or equal to 1. Each fraction is
10 converted to a dose equivalent by multiplying the fraction by 4 mrem/yr.

11 4.5.4 Risk Characterization Results of the EPA Tap Water Scenario
12 This section summarizes the results for each of the exposure pathways associated with use of groundwater as
13 a drinking water (tap water source). As described in Regional Screening Levels (EPA, 2013), the EPA
14 tap water scenario reflects an RME scenario. The EPA tap water scenario is consistent with a residential
15 exposure scenario because it incorporates default residential exposure assumptions. The results of the risk
16 characterization in regard to the EPA tap water scenario are provided in ECF-Hanford-13-0035 (provided
17 in Appendix E of this addendum). Potential routes of exposure to groundwater include ingestion, dermal
18 contact, and inhalation of volatiles during household activities.

19 The results from this analysis are used to provide baseline conditions for all analytes with available
20 toxicity information. A summary of the risk estimates by exposure route is provided for each exposure
21 area. As discussed in Section 4.3 and shown in Figure 4-4, all analytes that have reported concentrations
22 and available toxicity values are included in the calculation of cancer risks and noncancer hazards.
23 Additional details, including analyte-specific cancer risk and noncancer hazard contributions, are
24 provided in Appendix E, Tables E-13 through E-26.

25 A subset of 42 wells was identified by Ecology to identify the COPCs on a well-specific basis.
26 The approach used for the well-specific evaluation is consistent with that described for each exposure
27 area. Additional details, including analyte-specific cancer risk and noncancer hazard contributions for
28 each well, are provided in provided in Appendix F.

29 4.5.4.1 PUREX Cribs Exposure Area
30 Table 4-2 provides a summary of the cancer risks and noncancer hazards by exposure route for the
31 PUREX Cribs exposure area. Additional details, including analyte-specific risk contributions, are
32 provided in Appendix E, Tables E-20 and E-21.

33 The total cumulative ELCR for the PUREX Cribs exposure area is 1.9 x 10-. The total ELCR for
34 nonradiological analytes is 7.4 x 10-, which is greater than the MTCA cumulative risk threshold of
35 1 x 10-. The total ELCR for radiological analytes is 1.2 x 10-', which is greater than the upper risk
36 threshold of 1 x 10-4.

37 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
38 of total cumulative ELCR) are tritium (1.1 x 10-'; 56 percent contribution), 2,6-dintrotoluene (3.4 x 10-4;
39 18 percent contribution), n-nitrosodi-n-dipropylamine (2.7 x 10-4; 14 percent contribution), uranium-234
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Cr(VI) = hexavalent chromium

ELCR = excess lifetime cancer risk

HI = hazard index

HQ = hazard quotient

The total ELCR for the PUREX Cribs exposure area for nonradiological analytes without contribution
from arsenic, 2,6-dinitrotoluene, or n-nitrosodi-n-dipropylamine is 9.2 x 10-6, which is less than the
MTCA cumulative risk threshold of 1 x 10-5.

The HI for the PUREX Cribs exposure area is 8.5, which is greater than the MTCA target HI of 1.
The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of
total HI) is cadmium (HQ of 1.2; 14 percent contribution). All remaining individual analytes (arsenic,
beryllium, cobalt, fluoride, Cr(VI), nitrate, TCE, uranium, and vanadium) that contribute greater than
one percent of the HI also report an HQ less than 1. Contribution to HI is elevated for antimony
(HQ of 4.3; 50 percent contribution) where measured concentrations reflect false-positive results from

4-32

DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

(4.2 x 10-'; 2.2 percent contribution) and uranium-238 (4.1 x 10-'; 2.1 percent contribution). Contribution
to ELCR is elevated for arsenic (1.2 x 10-4; 6.3 percent contribution) where measured concentrations
(6.3 pg/L) are within natural background values.

As described in Section 2.1.1.3, n-nitrosodi-n-dipropylamine was measured twice and detected in a single
sample between 2007 and 2014; additionally this is the only detection of this analyte in the entire
200-PO-1 OU. 2,6-Dinitrotoluene was detected in a single sample during 2013 and is the only detection
of this analyte in the entire 200-PO-I OU.

Table 4-2. Summary of Cancer Risks and Noncancer Hazards for the PUREX Cribs Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 7.1 x 10-4 2,6-Dinitrotoluene 7.5 Antimony (HQ = 4.3; 50%)

Dermal (ELCR = 3.4 x 10-4; 18%) Arsenic (HQ = 0.63; 7.4%)
2.5 x 10- n-Nitrosodi-n-dipropylamine 0.53 Beryllium (HQ = 0.26; 3.1%)

Inaatin (ELCR = 2.7 x 10-4; 14%) Cadmium (HQ= 1.2; 14)
Inhalation Arsenic
of volatiles (ELCR = 1.2 x 0-4; 6.3%) Cobalt (HQ = 0.48; 5.6%)

Tritium Fluoride (HQ = 0.13; 1.5%)
(ELCR = 1.1 x i0-; 56%) Cr(VI) (HQ = 0.14; 1.6%)

4.4 x 10- Uranium-234 0.44 Nitrate (HQ = 0.24; 2.9%)
(ELCR = 4.2 x 10-5; 2.2%) TCE (HQ = 0.57; 6.7%)

Urn= 4.1 x i0 5; 2.Io%) Uranium (HQ = 0.26; 3.1o%)
Vanadium (HQ = 0.16; 1.9%)

Total 7.4 x 10_4 Total 8.5

Ingestion 3.0 x 10-4

Inhalation 9.0 X 10-4
.2 of volatiles

Total 1.2 x 10-3

Total cumulative 1.9 x 10-3

8

9
10
11

12
13
14
15
16
17
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1 the use of EPA Method 6010. Although the HQ for cadmium is greater than 1 (as discussed in
2 Section 2.1.1.5), it was measured once above the DWS of 5 pag/L, and its presence above the DWS did
3 not recur. The HI for the PUREX Cribs exposure area without contribution from arsenic, antimony, and
4 cadmium is 2.4, which is greater than the MTCA target HI of 1. The mechanisms of action (critical effect)
5 for each of the analytes that contribute to HI are as follows:

6 e Beryllium: small intestinal lesions

7 e Cobalt: thyroid, decreased iodine uptake

8 e Fluoride: objectionable dental fluorosis (a cosmetic effect)

9 e Cr(VI): nasal septum atrophy

10 e Nitrate: early clinical signs of methemoglobinemia

11 e TCE: adult immunological effects, development immunotoxicity, and heart malformations

12 e Uranium: initial body weight loss and moderate nephrotoxicity

13 e Vanadium: decreased hair cysteine

14 With the exception of beryllium and uranium, exposure to each of the analytes that contribute to the
15 HI of 2.4 results in a different critical effect; as such, it is appropriate to segregate the contributions of
16 each analyte. The critical effects listed are obtained from the EPA IRIS database. Combining the effects
17 for beryllium and uranium would result in an HQ of 0.53, which is less than the target HI of 1.

18 The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the PUREX Cribs
19 exposure area are shown in Table 4-3. The cumulative annual dose from drinking water exposure to all
20 beta- and photon-emitting radioisotopes in groundwater is 53 mrem/yr, which is greater than the
21 4 mrem/yr DWS.

Table 4-3. Summary of PUREX Cribs EPCs for Beta/Photon Emitters
and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

lodine-129 pCi/L 2.5 1 2.5

Strontium-90 pCi/L 5.1 8 0.63

Technetium-99 pCi/L 82 900 0.091

Tritium pCi/L 199,057 20,000 10

Sum of fractions 13

Cumulative annual dose (mrem) 53

EPC = exposure point concentration

DWS = drinking water standard

22 4.5.4.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch Exposure Area
23 Table 4-4 provides a summary of the cancer risks and noncancer hazards by exposure route for the
24 WMA A-AX Tank Farms and 216-A-29 Ditch exposure area. Additional details, including
25 analyte-specific risk contributions, are provided in Appendix E, Tables E-22 and E-23.

4-33



1
2
3
4
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ELCR = excess lifetime cancer risk

HI = hazard index

HQ = hazard quotient

The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (6.8 x 10-5; 23 percent contribution),
tritium (3.7 x 10-5; 12 percent contribution), iodine-129 (1.4 x 10-5; 4.8 percent contribution),
1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (5.9 x 10-6; 2.0 percent contribution), strontium-90 (4.8 x 10-6;
1.6 percent contribution), selenium-79 (4.6 x 10-6; 1.5 percent contribution), and uranium-234 (3.6 x 10-6;
1.2 percent contribution). Contribution to ELCR is elevated for arsenic (1.5 x 104; 52 percent
contribution) where measured concentrations (7.9 pg/L) are within natural background values. The total
ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area for nonradiological analytes
without contribution from arsenic is 7.8 x 10-6, which is less than the MTCA cumulative risk threshold
of I X 10-5.

The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is 5.7, which is greater than
the MTCA target HI of 1. All individual analytes (1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, cadmium,
cobalt, fluoride, Cr(VI), nitrate, and vanadium) contribute greater than one percent of the HI but also
report an HQ less than 1. Contribution to HI is elevated for arsenic (HQ of 0.80; 14 percent contribution),
where measured concentrations are within natural background values. Contribution to HI is elevated for
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The total cumulative ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is
3.0 x 1 0 -4. The total ELCR for nonradiological analytes is 1.6 x 10-, which is greater than the MTCA
cumulative risk threshold of 1 x 10-'. The total ELCR for radiological analytes is 1.3 x 10', which is
greater than the upper risk threshold of 1 x 10 -4.

Table 4-4. Summary of Cancer Risks and Noncancer Hazards
for the WMA A-AX and the 216-A-29 Ditch Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 1.5 x 10-4 HxCDD 5.3 HxCDD (HQ = 0.16; 2.8%)

(ELCR = 5.9 x 10-6;2.0%) 0.40 Antimony (HQ = 3.3; 58%)

contact 7.6 x 10-6 Arsenic Arsenic (HQ = 0.8; 14%)
(ELCR = 1.5 x 10-; 52%)

Inhalation Iodine-129 <0.001 Cadmium (HQ = 0.35; 6.I%)
of volatiles (ELCR = 1.4 x 10-'; 4.8%) Cobalt (HQ = 0.40; 7.0%)

Selenium-79 Fluoride (HQ = 0.090; 1.6%)

(ELCR = 4.6 x 10-6; 1.5%) Cr(VI) (HQ = 0.085; 1.5%)
Strontium-90 Nitrate (HQ = 0.11; 1.9%)
(ELCR = 4.8 x 10-6; 1.6%) Vanadium (HQ =0.18; 3.2%)

Total 1.6 x 1 Technetium-99
Tot (ELCR = 6.8 x 10-5; 23%) Total HI 5.7

Ingestion 1.0 x - Tritium
(ELCR = 3.7 x 10-5; 12%)

S Inhalation 3.0 x 10- Uranium-234
of volatiles (ELCR = 3.6 x 106; 1.2%)

9 Total 1.3 x 10-4

Total cumulative 3.0 x 10-4
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1 antimony (HQ of 3.3; 58 percent contribution) where measured concentrations reflect false-positive
2 results from the use of EPA Method 6010. The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch
3 exposure area without contribution from arsenic and antimony is 1.6, which is greater than the target
4 HI of 1. The mechanisms of action (critical effect) for each analytes that contributes to the HI are
5 as follows:

6 e 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin: decreased sperm count and motility in men exposed to
7 this analyte as boys; increased thyroid-stimulating hormone in neonates

8 e Cadmium: significant proteinuria

9 e Cobalt: thyroid, decreased iodine uptake

10 e Fluoride: objectionable dental fluorosis (a cosmetic effect)

11 e Cr(VI): nasal septum atrophy

12 e Nitrate: early clinical signs of methemoglobinemia

13 e Vanadium: decreased hair cysteine

14 With the exception of 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin and cobalt, exposure to each of the analytes
15 that contribute to the HI of 1.6 results in a different critical effect; as such, it is appropriate to segregate
16 the contributions of each analyte. The critical effects listed are obtained from the EPA IRIS database.
17 Combining the effects for 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin and cobalt would result in an HQ
18 of 0.56, which is less than the target HI of 1.

19 The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the WMA A-AX Tank
20 Farms and 216-A-29 Ditch exposure area are shown in Table 4-5. The cumulative annual dose from
21 drinking water exposure to all beta- and photon-emitting radioisotopes in groundwater is 29 mrem/yr,
22 which is greater than the 4 mrem/yr DWS.

Table 4-5. Summary of WMA A-AX Tank Farms and 216-A-29 Ditch
EPCs for Beta/Photon Emitters and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

lodine-129 pCi/L 5.0 1 5.0

Strontium-90 pCi/L 4.5 8 0.57

Technetium-99 pCi/L 1,291 900 1.4

Tritium pCi/L 6,649 20,000 0.33

Sum of fractions 7.3

Cumulative annual dose (mrem) 29

EPC = exposure point concentration

DWS = drinking water standard

23
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HI = hazard index

HQ = hazard quotient

The total cumulative ELCR for the BC Cribs and Trenches exposure area is 5.4 x 10-5. The total ELCR
for nonradiological analytes is 4.5 x 10-5, which is greater than the MTCA cumulative risk threshold of
1 x 10-5. The total ELCR for radiological analytes is 9.0 x 10-6, which is within the EPA risk range of
I x 104 to I x 10-6.

The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are strontium-90 (2.7 x 10-6; 5.0 percent contribution), uranium-234
(2.4 x 10-6; 4.4 percent contribution), uranium-238 (1.2 x 10-6; 2.2 percent contribution), and tritium

(1.0 x 10-6; 1.9 percent contribution). Contribution to ELCR is elevated for arsenic (4.5 x 10-5; 83 percent
contribution) where measured concentrations (2.3 pig/L) are within natural background values. A cancer
risk is not reported for nonradiological analytes at the BC Cribs and Trenches exposure area when
contribution from arsenic is not considered.

The HI for the BC Cribs and Trenches exposure area is 7.4, which is greater than the MTCA target
HI of 1. All individual analytes (cobalt, fluoride, Cr(VI), iron, manganese, vanadium, and zinc) contribute
greater than one percent of the HI but also report an HQ less than 1. Contribution to HI is elevated for
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4.5.4.3 BC Cribs and Trenches Exposure Area
Table 4-6 provides a summary of the cancer risks and noncancer hazards by exposure route for the
BC Cribs and Trenches exposure area. Additional details, including analyte-specific risk contributions,
are provided in Appendix E, Tables E-24 and E-25.

Table 4-6. Summary of Cancer Risks and Noncancer Hazards
for the BC Cribs and Trenches Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 4.5 x 10-' Arsenic 7.0 Antimony (HQ = 4.0; 55%)

Dermal (ELCR = 4.5 x 10-5; 83%) Arsenic (HQ = 0.23; 3.2%)

contact 2.5 x 10-7 Strontium-90 0.37 Cobalt (HQ = 0.81; 11%)
(ELCR = 2.7 X 10-6 .%

Fluoride (HQ = 0.16; 2.1 %)
Tritium

(ELCR = 1.0 x 10-6; 1.9%) Cr(VI) (HQ = 0.42; 5.6%)

nUranium-234 Iron (HQ = 0.72; 9.8%)

of volatiles (ELCR = 2.4 x 106; 4.4%) <0.00 Manganese (HQ = 0.29; 3.9%)

Uranium-238 Vanadium (HQ = 0.16; 2.1 %)
(ELCR = 1.2 x 10-6; 2.2%) Zinc (HQ = 0.38; 5.2%)

Total 4.5 x 10-5 Total HI 7.4

Ingestion 8.2 x 10-6

Inhalation 8.6 x i0-7o of volatiles

9 Total 9.0 X 10-6

Total cumulative 5.4 x 10-5
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1 arsenic (HQ of 0.23; 3.2 percent contribution) where measured concentrations are within natural
2 background values. Contribution to HI is elevated for antimony (HQ of 4.0; 55 percent contribution)
3 where measured concentrations reflect false-positive results from the use of EPA Method 6010.
4 The HI for the BC Cribs and Trenches exposure area without contribution from arsenic and antimony
5 is 3.1, which is greater than the target HI of 1. The mechanisms of action (critical effect) for each analyte
6 that contributes to the HI are as follows:

7 e Cobalt: thyroid, decreased iodine uptake

8 e Fluoride: objectionable dental fluorosis (a cosmetic effect)

9 e Cr(VI): nasal septum atrophy

10 e Iron: gastrointestinal tract effects

11 e Manganese: central nervous system effects

12 e Vanadium: decreased hair cysteine

13 e Zinc: decreased erythrocyte copper, zinc-superoxide dismutase (blood effects)

14 Exposure to each of the analytes that contribute to the HI of 3.1 results in a different critical effect; as
15 such, it is appropriate to segregate the contributions of each analyte. The critical effects listed are obtained
16 from the EPA IRIS database.

17 The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the BC Cribs and
18 Trenches exposure area are shown in Table 4-7. The cumulative annual dose from drinking water
19 exposure to all beta- and photon-emitting radioisotopes in groundwater is 1.3 mrem/yr, which is less than
20 the 4 mrem/yr DWS.

Table 4-7. Summary of BC Cribs and Trenches EPCs
for Beta/Photon Emitters and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

Strontium-90 pCi/L 2.5 8 0.31

Tritium { pCi/L 190 20,000 0.010

Sum of fractions 0.32

Cumulative annual dose (mrem) 1.3

EPC = exposure point concentration

DWS = drinking water standard

21

22 4.5.4.4 216-B-3 Pond Facility (All Lobes) Exposure Area
23 Table 4-8 provides a summary of the cancer risks and noncancer hazards by exposure route for the
24 216-B-3 Pond facility exposure area. Additional details, including analyte-specific risk contributions, are
25 provided in Appendix E, Tables E-26 and E-27.

26 The total cumulative ELCR for the 216-B-3 Pond facility exposure area is 2.4 x 10-. The total ELCR for
27 nonradiological analytes is 1.5 x 10-, which is greater than the MTCA cumulative risk threshold of
28 1 x 10-5. The total ELCR for radiological analytes is 9.1 x 10-5, which is within the EPA risk range of
29 1 x 10-4 to I x 10-6.
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Table 4-8. Summary of Cancer Risks and Noncancer Hazards
for the 216-B-3 Pond Facility (All Lobes) Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 1.5 x 10-4 Arsenic 1.6 Arsenic (HQ = 0.78; 46%)

Dermal (ELCR = 1.5 x 10-4; 62%) Fluoride (HQ = 0.16; 9.1o%)

a 8.3 x 10-' Iodine-129 3.4%) 0.093 Cr(VI) (HQ = 0.12; 7.2%)
(ELCR = 8.3 x 106;

Iron (HQ = 0.17; 9.9%)
Tritium
(ELCR = 8.2 x i0-5; 34%) Manganese (HQ = 0.093; 5.5%)

Nitrate (HQ = 0.098; 5.7%)
Inhalation . .%
of volatiles Nitrite (HQ = 0.019; 1.1o%)

Uranium (HQ = 0.040; 2.4%)

Vanadium (HQ = 0.18; 11%)

Total 1.5 x 10-4 Total HI 1.7

Ingestion 2.3 x 10-5

Inhalation 6.8 x 10-i
of volatiles

9 Total 9.1 x 10-5

Total cumulative 2.4 x 10-

Cr(VI) = hexavalent chromium

ELCR = excess lifetime cancer risk

HI

HQ

hazard index

hazard quotient

The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (8.2 x 10-; 34 percent contribution) and iodine-129 (8.3 x 10-6;
3.4 percent contribution). Contribution to ELCR is elevated for arsenic (1.5 x 104; 62 percent
contribution), where measured concentrations (7.8 pg/L) are within natural background values. A cancer
risk is not reported for nonradiological analytes at the 216-B-3 Pond facility exposure area when
contribution from arsenic is not considered.

The HI for the 216-B-3 Pond facility exposure area is 1.7, which is greater than the MTCA target HI of 1.
All individual analytes (fluoride, Cr(VI), iron, manganese, nitrate, nitrite, uranium, and vanadium)
contribute greater than one percent of the HI but also report an HQ of less than 1. Contribution to HI is
elevated for arsenic (HQ of 0.78; 46 percent contribution) where measured concentrations are within
natural background values. The HI for the 216-B-3 Pond facility exposure area without contribution from
arsenic is 0.92, which is less than the target HI of 1.

The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the 216-B-3 Pond facility
exposure area are shown in Table 4-9. The cumulative annual dose from drinking water exposure to all
beta- and photon-emitting radioisotopes in groundwater is15 mrem/yr, which is greater than the
4 mrem/yr DWS.
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Table 4-9. Summary of 216-B-3 Pond Facility EPCs
for Beta/Photon Emitters and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

lodine-129 pCi/L 2.9 1 2.9

Tritium pCi/L 15,005 20,000 0.75

Sum of fractions 3.7

Cumulative annual dose (mrem) 15

EPC = exposure point concentration

DWS = drinking water standard

1 4.5.4.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
2 Table 4-10 provides a summary of the cancer risks and noncancer hazards by exposure route for the
3 NRDWL/SWL exposure area. Additional details, including analyte-specific risk contributions, are
4 provided in Appendix E, Tables E-28 and E-29.

5 The total cumulative ELCR for the NRDWL/SWL exposure area is 2.0 x 10'. The total ELCR for
6 nonradiological analytes is 6.1 x 10-5, which is greater than the MTCA cumulative risk threshold of
7 1 x 10-5. The total ELCR for radiological analytes is 1.4 x 10-, which is greater than the upper risk
8 threshold of 1 x 10-4.

9 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
10 of total cumulative ELCR) are tritium (1.3 x 10-4; 63 percent contribution), BEHP (6.4 x 10-6; 3.1 percent
11 contribution), uranium-234 (5.3 x 10-6; 2.6 percent contribution), iodine-129 (4.0 x 10-6; 1.9 percent
12 contribution), uranium-238 (3.6 x 10-6; 1.8 percent contribution), and carbon tetrachloride (2.2 x 10-6;

13 1.1 percent contribution). Contribution to ELCR is elevated for arsenic (4.9 x 10-5; 24 percent
14 contribution), where measured concentrations (2.5 pag/L) are within natural background values.
15 As discussed in Section 2.1.5.3, BEHP was detected once above the DWS of 6 pag/L at Well 699-25-34A
16 in 2011, which was the only sample analyzed for this analyte at this well. BEHP is a common laboratory
17 contaminant that is introduced in the laboratory after the sample is collected in the field. The total ELCR
18 for the NRDWL/SWL exposure area for nonradiological analytes without contribution from arsenic and
19 BEHP is 5.1 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5.

20 The HI for the NRDWL/SWL exposure area is 1.5, which is greater than the MTCA target HI of 1.
21 All individual analytes (antimony, arsenic, barium, fluoride, Cr(VI), nitrate, nitrite, silver, strontium,
22 PCE, TCE, uranium, vanadium, and xylenes) contribute greater than one percent of the HI but also report
23 an HQ less than 1. The HI for the NRDWL/SWL exposure area without contribution from arsenic and
24 BEHP is 1.1, which is greater than the target HI of 1. The mechanisms of action (critical effect) for each
25 analytes that contributes to the HI are as follows:

26 e Antimony: longevity, blood glucose, and cholesterol

27 e Fluoride: objectionable dental fluorosis (a cosmetic effect)

28 e TCE: adult immunological effects, development immunotoxicity, and heart malformations

4-39



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table 4-10. Summary of Cancer Risks and Noncancer Hazards for the NRDWL/SWL Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 5.3 x 10-' Arsenic 1.2 Antimony (HQ = 0.38; 26%)

Dermal 106 (ELCR = 4.9 x 10-5; 24%) Arsenic (HQ = 0.26; 18%)
contact 4.6 x 106 BEHP 0.11 Barium (HQ = 0.015; 1.1 %)

(ELCR = 6.4 x 10-6; 3.1%) BFHP (HQ = 0.054; 370)

Carbon tetrachloride

(ELCR = 2.2 x 10-6; 1.1%) Fluoride (HQ = 0.11; 7.7%)

Iodine-129 Cr(VI) (HQ = 0.090; 6.2%)

(ELCR = 4.0 x 10-6; 1.9%) Nitrate (HQ = 0.072; 4.9%)

Tritium Nitrite (HQ = 0.028; 1.9%)

Inhalation (ELCR = 1.3 x 10-4; 63%) Silver (HQ = 0.035; 2.4%)

of volatiles 3.1 x 10-6 Uranium-234 0.13 Strontium (HQ = 0.02 1; 1.4%)
(ELCR = 5.3 x 10-; 2.6%) PCE (HQ = 0.018; 1.2%)
Uranium-23 8
(ELCR = 3.6 x 106; 1.8%) TCE (HQ = 0.12; 8.4%)

Uranium (HQ = 0.08 1; 5.6%)

Vanadium (HQ = 0.082; 5.7%)

Xylenes (HQ = 0.02 1; 1.4%)

Total 6.1 x 10-5 Total HI 1.5

Ingestion 3.7 x 10-

Inhalation 1.1 X 10-4
= of volatiles

9 Total 1.4 x 10-4

Total cumulative 2.0 x 10-4

BEHP = bis(2-ethylhexyl)phthalate

Cr(VI) = hexavalent chromium

ELCR = excess lifetime cancer risk

HQ = hazard quotient

PCE

TCE

tetrachloroethene

trichloroethene

HI = hazard index

Exposure to each of the analytes that contribute to the HI of 1.1 results in a different critical effect; as
such, it is appropriate to segregate the contributions of each analyte. The critical effects listed are obtained
from the EPA IRIS database.

The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the NRDWL/SWL
exposure area are shown in Table 4-11. The cumulative annual dose from drinking water exposure to all
beta- and photon-emitting radioisotopes in groundwater is 10 mrem/yr, which is greater than the
4 mrem/yr DWS.
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Table 4-11. Summary of NRDWL/SWL EPCs for Beta/Photon Emitters
and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

lodine-129 pCi/L 1.4 1 1.4

Technetium-99 pCi/L 24 900 0.027

Tritium pCi/L 23,462 20,000 1.2

Sum of fractions 2.6

Cumulative annual dose (mrem) 10

EPC = exposure point concentration

DWS = drinking water standard

1

2 4.5.4.6 200-PO-1 Operable Unit Far-Field Exposure Area
3 Table 4-12 provides a summary of the cancer risks and noncancer hazards by exposure route for the
4 200-PO-I OU far-field exposure area. Additional details, including analyte-specific risk contributions,
5 are provided in Appendix E, Tables E-30 and E-3 1.

6 The total cumulative ELCR for the 200-PO-1 OU far-field exposure area is 1.2 x 10-3. The total ELCR
7 for nonradiological analytes is 1.5 x 10-', which is greater than the MTCA cumulative risk threshold of
8 1 x 10-5. The total ELCR for radiological analytes is 1.1 x 10-3, which is greater than the upper EPA risk
9 threshold of 1 x 10-4.

10 The major contributors to the total cumulative ELCR (those analytes that contribute greater than
11 1 percent of total cumulative ELCR) are tritium (9.9 x 10-'; 80 percent contribution), uranium-233/234
12 (4.6 x 10-5; 3.7 percent contribution), uranium-238 (2.5 x 10-5; 2.0 percent contribution), and
13 dibromochloromethane (1.3 x 10-5; 1.1 percent contribution). Contribution to ELCR is elevated for
14 arsenic (1.2 x 10-4; 9.8 percent contribution), where measured concentrations (6.2 pig/L) are within natural
15 background values. As discussed in Section 2.1.6.2, contributions of bromodichloromethane, chloroform,
16 and dibromochloromethane are from wells located within the 300-FF-5 OU. Additionally, carbon
17 tetrachloride was measured once at three individual wells where it did not recur. The total ELCR for the
18 200-PO-I OU far-field exposure area for nonradiological analytes without contribution from arsenic,
19 bromodichloromethane, carbon tetrachloride, chloroform, and dibromochloromethane is 4.7 x 10-6,
20 which is less than the MTCA cumulative risk threshold of 1 x 10-5.
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Table 4-12. Summary of Cancer Risks and Noncancer Hazards
for the 200-PO-1 OU Far-Field Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 1.3 x 10-4 Arsenic 5.8 Antimony (HQ = 3.7; 52%)

(ELCR = 1.2 x 10-4; 9.8%) Arsenic (HQ = 0.63; 8.9%)

contact 2.5 x 10-6 Dibromochloromethane 0.28 Bromomethane (HQ = 0.53; 7.5%)
(ELCR = 1.3 x 10-; 1.l1%) Cadmium (HQ=0.30; 4.3%)

TritumFCa d eu (HQ =0.14; .3% )Tritium

(ELCR = 9.9 x 10-4; 80%) Fluoride (HQ = 0.14; 2.0%)

Uranium-233/234 Lithium (HQ = 0.16; 2.2%)

(ELCR = 4.6 x 10-5; 3.7%) Nitrate (HQ = 0.14; 2.0%)
Inhalation 2.2 x 10-5 Uranium-238 0.95 Silver (HQ = 0.12; 1.7%)
of volatiles (ELCR =2.5 x 105;2.O%) PCE (HQ = 0.080; 1.1%)

TCE (HQ = 0.57; 8.1%)

Uranium (HQ = 0.22; 3.1o%)

Vanadium (HQ = 0.093; 1.3%)

Total 1.5 x 10-4 Total HI 7.0

Ingestion 2.6 x 10-4

Inhalation 8.1 x 10-4
: of volatiles

9 Total 1.1 x 10-

Total cumulative 1.2 x 10-

Cr(VI) = hexavalent chromium

ELCR = excess lifetime cancer risk

HI = hazard index

HQ = hazard quotient

PCE = tetrachloroethene

TCE = trichloroethene

1 The HI for the 200-PO-1 OU far-field exposure area is 7.0, which is greater than the MTCA target
2 HI of 1. All individual analytes (bromomethane, cadmium, fluoride, lithium, nitrate, silver, PCE, TCE,
3 uranium, and vanadium) contribute greater than one percent of the HI but also report an HQ less than 1.
4 Contribution to HI from arsenic (HQ = 3.7; 52 percent contribution) reflects concentrations (6.2 pg/L)
5 that are within natural background values. Contribution to HI is elevated for antimony (HQ = 3.7;
6 52 percent contribution) where measured concentrations reflect false-positive results from the use of
7 EPA Method 6010. The HI for the 200-PO-1 OU far-field exposure area without contribution from
8 arsenic and antimony is 2.7, which is greater than the target HI of 1. The mechanisms of action (critical
9 effect) for each analytes that contributes to the HI are as follows:

10 e Bromomethane: epithelial hyperplasia of the forestomach and degenerative and proliferative lesions
11 of the olfactory epithelium of the nasal cavity

12 e Cadmium: significant proteinuria

13 e Fluoride: objectionable dental fluorosis (a cosmetic effect)
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1 e Lithium: nervous system and kidney effects

2 e Nitrate: early clinical signs of methemoglobinemia

3 e Silver: argyria (skin effects)

4 e PCE: neurotoxicity (reaction time, cognitive effects, and color vision)

5 e TCE: adult immunological effects, developmental immunotoxicity, and heart malformations

6 e Uranium: initial body weight loss and moderate nephrotoxicity

7 e Vanadium: decreased hair cysteine

8 With the exception of lithium and uranium, exposure to each of the analytes that contribute to the HI
9 of 2.7 results in a different critical effect; as such, it is appropriate to segregate the contributions of each

10 analyte. The critical effects listed are obtained from the EPA IRIS database and the critical effect for
11 lithium was obtained from the provisional peer-reviewed toxicity values derived by the Superfund Health
12 Risk Technical Supper Center for the EPA Superfund Program. Combining the effects for lithium and
13 uranium would result in an HQ of 0.38, which is also less than the target HI of 1.

14 The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the 200-PO-1 OU
15 far-field exposure area are shown in Table 4-13. The cumulative annual dose from drinking water
16 exposure to all beta- and photon-emitting radioisotopes in groundwater is 42 mrem/yr, which is greater
17 than the 4 mrem/yr DWS. Note that the highest tritium concentrations were measured near Energy
18 Northwest within the 300-FF-5 OU, with concentrations reported up to 1,100,000 pCi/L, and were
19 evaluated as part of the 300 Area RI/FS Report (DOE/RL-2010-99). A remedial decision for the tritium
20 was identified in the 300 Area Record of Decision (ROD) (EPA and DOE, 2013, Hanford Site 300 Area
21 Record ofDecision for 300-FF-2 and 300-FF-5, and Record ofDecision Amendment for 300-FF-1).
22 Tritium concentrations within the 200-PO-1 OU ranged up to 72,000 pCi/L.

Table 4-13. Summary of 200-PO-1 OU Far-Field EPC
for Beta/Photon Emitters and Associated Cumulative Annual Dose

Individual
Beta/Photon Emitter Units EPC DWS Fraction

Carbon-14 pCi/L 9.9 2,000 0.0049

lodine-129 pCi/L 1.3 1 1.3

Strontium-90 pCi/L 2.2 8 0.27

Technetium-99 pCi/L 80 900 0.088

Tritium pCi/L 179,470 20,000 9.0

Sum of fractions 10.6

Cumulative annual dose (mrem) 42

EPC = exposure point concentration

DWS = drinking water standard

23

4-43



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 4.5.4.7 200-PO-1 Operable Unit Near-River Exposure Area
2 Table 4-14 provides a summary of the cancer risks and noncancer hazards by exposure route for the
3 200-PO-1 OU near-river exposure area. Additional detail, including analyte-specific risk contributions,
4 is provided in Appendix E, Tables E-32 and E-33.

Table 4-14. Summary of Cancer Risks and Noncancer Hazards
for the 200-PO-1 OU Near-River Exposure Area

Analyte Exposure
Group Route ELCR % Risk Contribution HI % HI Contribution

Ingestion 8.3 x 10-' Arsenic 2.0 Antimony (HQ = 0.45; 22%)

(ELCR = 8.4 x 10-5; 22%) Arsenic (HQ = 0.43; 21 %)

contact 4.6 x 10-' Selenium-79 0.082 Cobalt (HQ = 0.031; 1.5%)
(FLCR = 5.5 X 10-6; 1.4%) Fluoride (HQ = 0.13; 6.1 %)
Tritium

(ELCR = 028 x -4; 73%) Cr(VI) (HQ = 0.074; 3.5%)

7; Iron (HQ = 0.11; 5.3 %)

Lithium (HQ = 0.32; 15%)
Inhalation <0.001 Manganese (HQ = 0.10; 4.8%)

= of volatiles
Molybdenum (HQ = 0.070; 3.4%)

Nitrate (HQ = 0.11; 5.2%)

Uranium (HQ = 0.069; 3.3%)

Vanadium (HQ =0.11; 5.1 %)

Total 8.4 x 10-5 Total HI 2.1

Ingestion 7.1 x 10-'

Inhalation 2.3 x 10-4
= of volatiles

9 Total 3.0 X 10-4

Total cumulative 3.9 x 10-'

Cr(VI) = hexavalent chromium

ELCR = excess lifetime cancer risk

HI

HQ

hazard index

hazard quotient

The total cumulative ELCR for the 200-PO-1 OU near-river exposure area is 3.9 x 10-4. The total ELCR
for nonradiological analytes is 8.4 x 10-5, which is greater than the MTCA cumulative risk threshold of
1 x 10-5. The total ELCR for radiological analytes is 3.0 x 10-4, which is greater than the upper EPA risk
threshold of 1 x 10-4.

The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (2.8 x 10-4; 73 percent contribution), and selenium-79 (5.5 x 10-6;

1.4 percent contribution). Contribution to ELCR is elevated for arsenic (8.4 x 10-5; 22 percent
contribution) where measured concentrations (4.3 pig/L) are within natural background values. A cancer
risk is not reported for nonradiological analytes at the far-field exposure area when contribution from
arsenic is not considered.

4-44

5

6
7
8
9

10
11
12
13
14
15



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 The HI for the 200-PO-I OU far-field exposure area is 2.1, which is greater than the MTCA target
2 HI of 1. All individual analytes (antimony, cobalt, fluoride, Cr(VI), iron, lithium, manganese,
3 molybdenum, nitrate, uranium, and vanadium) contribute greater than one percent of the HI but also
4 report an HQ less than 1. Contribution to HI from arsenic (HQ = 0.43; 21 percent contribution) reflects
5 concentrations (4.3 pg/L) that are within natural background values. The HI for the 200-PO-1 OU
6 near-river exposure area without contribution from arsenic is 1.6, which is greater than the target HI of 1.
7 The mechanisms of action (critical effect) for each analytes that contributes to the HI are as follows:

8 e Antimony: longevity, blood glucose, and cholesterol

9 e Cobalt: thyroid, decreased iodine uptake

10 e Fluoride: objectionable dental fluorosis (a cosmetic effect)

11 e Cr(VI): nasal septum atrophy

12 e Iron: gastrointestinal tract effects

13 e Manganese: central nervous system effects

14 e Molybdenum: increased uric acid levels

15 e Nitrate: early clinical signs of methemoglobinemia

16 e Uranium: initial body weight loss and moderate nephrotoxicity

17 e Vanadium: decreased hair cysteine

18 With the exception of antimony, nitrate, molybdenum, and uranium, exposure to each of the analytes that
19 contribute to the HI of 1.6 results in a different critical effect; as such, it is appropriate to segregate the
20 contributions of each analyte. The critical effects listed are obtained from the EPA IRIS database.
21 Combining the effects for antimony and nitrate would result in an HQ of 0.52, which is less than the
22 target HI of 1. Combining the effects for molybdenum and uranium would result in an HQ of 0.14, which
23 is also less than the target HI of 1.

24 The EPCs and DWSs for all beta- and photon-emitting radioisotopes detected in the 200-PO-1 OU
25 near-river exposure area are shown in Table 4-15. The cumulative annual dose from drinking water
26 exposure to all beta- and photon-emitting radioisotopes in groundwater is 13 mrem/yr, which is greater
27 than the 4 mrem/yr DWS.

Table 4-15. Summary of 200-PO-1 OU Near-River EPCs
for Beta/Photon Emitters and Associated Cumulative Annual Dose

Beta/Photon Emitter Units EPC DWS Individual Fraction

lodine-129 pCi/L 0.32 1 0.32

Strontium-90 pCi/L 2.8 8 0.34

Technetium-99 pCi/L 68 900 0.076

Tritium pCi/L 50,867 20,000 2.54

Sum of fractions 3.28

Cumulative annual dose (mrem) 13

EPC = exposure point concentration

DWS = drinking water standard
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1 4.6 Uncertainties in Risk Assessment

2 The purpose of this risk assessment is to determine whether groundwater remedial action is warranted
3 under CERCLA. Estimating and evaluating health risk from exposure to environmental contaminants is
4 a complex process with inherent uncertainties. Uncertainty reflects limitations in knowledge, and
5 simplifying assumptions must be made to quantify health risks.

6 In this assessment, uncertainties are related to the selection of COPCs and the development of media
7 concentrations to which receptors may be exposed, the assumptions about exposure and toxicity, and the
8 characterization of health risks. Uncertainties exist regarding the quantification of health risks in terms of
9 several assumptions about exposure and toxicity, including site-specific and general uncertainties.

10 4.6.1 Uncertainties Associated with Sampling and Analysis Data
11 Current baseline conditions are represented by groundwater data collected over the past 6 years from
12 168 monitoring wells within the 200-PO-I OU. The groundwater data set for the COPCs has over
13 8,600 samples available from 161 wells that were routinely sampled over many years. Therefore, the
14 groundwater data set is considered adequate for risk assessment.

15 Groundwater data from this OU are collected as specified in 10 different SAPs and 2 associated Tri-Party
16 Agreement change notices in accordance with CERCLA, RCRA, or Washington Administrative Code
17 regulatory requirements. One SAP and the associated Tri-Party Agreement change notice
18 (TPA-CN-2-253, Change Noticefor Modifying Approved Documents/Workplans In Accordance with the
19 Tri-Party Agreement Action Plan, Section 9.0, Documentation and Records: DOE/RL-2007-31 Rev. 0,
20 Remedial Investigation/Feasibility Study Work Plan for the 200-PO-I Operable Unit) address the
21 requirements of the characterization work plan (Appendix A of DOE/RL-2007-3 1). CERCLA routine
22 monitoring requirements are identified in the 200-PO-I OU SAP (DOE/RL-2003-04) and associated
23 Tri-Party Agreement change notice (TPA-CN-205, Change Noticefor Modifying Approved
24 Documents/Workplans In Accordance with the Tri-Party Agreement Action Plan, Section 9.0,
25 Documentation and Records: DOE/RL-2003-4, Revision 1, Sampling and Analysis Plan for the 200-PO-1
26 Operable Unit). Radionuclide sampling at the Integrated Disposal Facility is performed in accordance
27 with the AEA, as specified in RPP-PLAN-26534. Six SAPs address sampling requirements for RCRA
28 TSD units in the 200-PO-1 OU (DOE/RL-2010-92, Interim Status Groundwater Monitoring Plan for the
29 216-A-37-1 PUREX Plant Crib; DOE/RL-2012-59; DOE/RL-2008-58, Interim Status Groundwater
30 Monitoring Plan for the 216-A-29 Ditch; DOE/RL-20 10-93, Interim Status Groundwater Monitoring
31 Plan for the 216-A-36B PUREXPlant Crib; PNNL- 12227, Groundwater Monitoring Plan for the
32 Nonradioactive Dangerous Waste Landfill; and PNNL-15315). Requirements under the Washington
33 Administrative Code are addressed in PNNL-13014, Groundwater Monitoring Plan for the Solid Waste
34 Landfill. Samples collected under these SAPs are collected either quarterly, semiannually, annually,
35 or triennially.

36 Sampling and analysis results from these programs comprehensively define the suite of contaminants
37 associated with existing source area plumes. More frequent sampling frequencies are associated with
38 near-source areas. Lower frequency sampling (e.g., triennial sampling) is applied for data collection in
39 areas with contaminant plumes showing slow changes in concentrations, such as in the far-field portion
40 of the 200-PO-1 OU. Differences in sampling frequencies may create uncertainties associated with the
41 temporal representative qualities of the data set. These differences in sampling frequencies are not
42 anticipated to influence analyses concerning the overall concentrations of COPCs in groundwater.
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1 4.6.1.1 Uncertainties Associated with Antimony Results
2 For the purposes of this risk assessment, an analyte is identified as a COPC when the groundwater
3 concentration is greater than the published DWS. The DWS for antimony is 6 pag/L, and 90 ' percentile
4 Hanford Site background level is 55 gg/L.

5 The 200-PO-I OU data set contains antimony results that are reported by two different analytical
6 methods. The majority of the antimony results that are available in the HEIS database are reported using
7 EPA Method 6010. The MDLs reported using Method 6010 range between 4 and 60 pg/L. (Note that
8 more than 99 percent of the MDLs are above the DWS of 6 pg/L.) Consequently, detected antimony
9 concentrations less than the MDL are considered to be estimated results and are assigned a "B" flag by

10 the laboratory.

11 Antimony was also analyzed in a subset of 40 groundwater wells using EPA Method 200.8 or
12 Method 6020. The MDLs reported using Method 200.8/6020 range between 0.1 and 0.6 pg/L. All of
13 the detected antimony concentrations reported by Method 200.8/6020 were less than 1 pg/L. Chapter 3
14 provides the time-series plots of antimony concentrations reported by EPA Method 6010 and
15 Method 200.8 for results collected over the past 10 years. The purpose of these plots is to demonstrate
16 the differences in analytical method sensitivity (see Appendix D).

17 The results of the comparisons show that analytical sensitivity associated with EPA Method 6010 is not
18 adequate for determining the presence or absence of antimony at the DWS or the Hanford Site
19 background level. Although antimony results from EPA Method 6010 are included in the groundwater
20 evaluation presented in Chapter 3 and the risk assessment, these results represent false-positive results.
21 When antimony is analyzed using EPA Method 200.8/6020, the results show that antimony is not present
22 at levels above the DWS.

23 4.6.1.2 Uncertainties Associated with Hexavalent Chromium Results
24 The data set for total chromium is in general much more robust than the data set for Cr(VI). It is
25 documented that filtered total chromium concentrations effectively represent Cr(VI) concentrations
26 (WHC-SD-EN-TI-302). As such, filtered total chromium results were used as a surrogate for Cr(VI) to
27 compute EPCs and perform comparisons to relevant standards and criteria. Summary statistics for filtered
28 total chromium and Cr(VI) results from each exposure areas are shown in Table 4-16.

29 As shown in Table 4-16, the data sets for filtered total chromium are more robust than what is available
30 for Cr(VI). There were no samples analyzed for Cr(VI) at the BC Cribs and Trenches, the 216-B-3 Pond,
31 and the NRDWL/SWL exposure areas. With the exception of the WMA A-AX Tank Farms and
32 216-A-29 Ditch exposure area, the EPCs for filtered total chromium and Cr(VI) concentrations do not
33 differ more than three times their concentration. At the WMA A-AX Tank Farms and 216-A-29 Ditch
34 exposure area, a single sample was analyzed for Cr(VI) at Well 299-E25-236 on October 28, 2008, and
35 was reported with a concentration of 191 pig/L. However, 18 samples were analyzed for dissolved total
36 chromium at Well 299-E25-236 between February 2009 and March 2013, where concentrations ranged
37 between less than 5.1 and 14 pg/L. The single Cr(VI) result reported at Well 299-E25-236 is not
38 consistent with the filtered total chromium results and overestimates the concentration of Cr(VI).
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Table 4-16. Summary Statistics for Cr(VI) and Filtered Total Chromium within the 200-PO-1 OU Exposure Areas

Frequency Minimum Maximum Minimum Maximum
Analyte Total Total of Detection Detection Detection Detected Detected

Name Filtered? Samples Detects (%) Units Limit Limit Result Result EPC

PUREX Cribs

Chromium Yes 292 89 30 pg/L 3.1 14 3.2 31 9.5

Cr(VI) No 2 0 0 pg/L 2.0 2.0 - - -

WMA A-AX Tank Farms and 216-A-29 Ditch

Chromium Yes 303 55 18 pg/L 3.1 14 3.2 48 5.8

Cr(VI) No 1 1 100 pg/L - - 191 191 191

BC Cribs and Trenches

Chromium Yes 23 7 30 pg/L 5.0 14 3.7 47 28

Cr(VI) No Not analyzed

216-B-3 Pond Facility (All Lobes)
0

Chromium Yes 44 3 6.8 pg/L 4.0 14 7.7 16 8.4 12

Cr(VI) No Not analyzed

NRDWL/SWL Ip
02

Chromium Yes 231 52 23 pg/L 4.0 14 3.2 35 6.1

Cr(VI) No Not analyzed
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Table 4-16. Summary Statistics for Cr(VI) and Filtered Total Chromium within the 200-PO-1 OU Exposure Areas

Frequency Minimum Maximum Minimum Maximum
Analyte Total Total of Detection Detection Detection Detected Detected

Name Filtered? Samples Detects (%) Units Limit Limit Result Result EPC

200-PO-1 OU Far-Field Area

Chromium Yes 245 89 36 pg/L 1.0 14 1.1 72 4.6

Cr(VI) No 52 7 13 pg/L 2.0 2.0 2.2 5.8 2.9

200-PO-1 OU Near-River Area

Chromium Yes 36 10 28 pg/L 1.0 14 0.4 15 5.0

Cr(VI) No 5 2 40 pg/L 2.0 2.0 2.2 5.4 4.6

Cr(VI) = hexavalent chromium

EPC exposure point concentration

NRDWL = Nonradioactive Dangerous Waste Landfill

OU = operable unit

PUREX = Plutonium-Uranium Extraction

SWL = Solid Waste Landfill

WMA = waste management area
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1 4.6.2 Uncertainties Associated with Exposure Point Concentrations
2 OSWER 9285.6-10 recommends using a 95 percent UCL on the mean for estimating EPCs. Section 4.3.4
3 describes the methodology for calculating the EPCs for detected analytes. The EPC defaults to the
4 maximum detected concentration when any of the following conditions are met:

5 e When a 95 percent UCL cannot be calculated due to small sample size

6 e When the 95 percent UCL is greater than the maximum detected concentration and the 97.5 percent
7 Chebyshev (mean, Sd) UCL either was not calculated by ProUCL or the calculated value was greater
8 than the maximum detected concentration

9 When any of these conditions are met, the data set may be inadequate for estimating risk. The outcome
10 may underestimate or overestimate risk.

11 Selection of EPCs is discussed in detail in Section 4.3.4, and the EPC logic is shown in Figure 4-6. The

12 steps shown in Figure 4-6 are consistent with and follow ProUCL software and guidance. Table 4 -7

13 provides a summary of the number of individual records considered in the UCL selection steps for the

14 200-PO-1 OU. In a limited number of instances, ProUCL calculated a 95 percent UCL that was greater

15 than the maximum detected concentration. As shown in Table 4-17, there were three instances where the

16 UCL was greater than the maximum detected concentration. A 97.5 percent Chebyshev (mean, Sd) UCL

17 was calculated for two of the three instances, and these values were greater than or equal to the maximum

18 concentration. As shown in Table 4-18, the outcome of this evaluation does not impact the groundwater

19 risk assessment because the concentrations are below their respective DWSs.

20 4.6.3 Uncertainties Associated with Exposure Assumptions
21 The exposure assumptions used for the EPA tap water exposure scenario represent an RME. For
22 estimating the RME, 95 percentile values (or upper-bound estimates of national averages) are generally
23 used for exposure assumptions, and exposed populations and exposure scenarios are also selected to
24 represent upper bound exposures.

Table 4-17. Records in EPC Selection Steps for the 200-PO-1 OU

Number of Records 200-PO-1

Total analytes input to ProUCL from 200-PO-1 OU data set 238

Number of instances where highest recommended UCL was used as EPC 183

Number of instances that a UCL was not calculated and maximum detection was used as EPC 51

Number of instances that a UCL was greater than the maximum detection and maximum 3
detection was used as EPC

Number of instances that a UCL was greater than the maximum detection and the 97.5 percent 1
(mean, Sd) Chebyshev UCL was used as EPC

EPC = exposure point concentration

OU = operable unit

UCL = upper confidence limit

25
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Table 4-18. Comparison of 97.5% Chebyshev (Mean, Sd) UCL to DWS

Maximum 97.5% Chebyshev
Number of Detection (Mean, Sd) UCL DWS

Exposure Area Analyte Samples (pg/L) (pg/L) (pg/L)

. Molybdenum 8 12 12 900
Near-river area

Uranium 15 6.9 6.9 30

DWS = drinking water standard

UCL = upper confidence limit

1

2 The intent of the RME, as discussed by the EPA Deputy Administrator and the Risk Assessment Council
3 (Habicht, 1992, "Guidance on Risk Characterization for Risk Managers and Risk Assessors"), is to
4 present risks as a range from central tendency to high-end risk (i.e., above the 9 0th percentile of the
5 population distribution). This descriptor is intended to estimate the risks that are expected to occur in
6 small but definable "high-end" segments of the subject population (Habicht, 1992). EPA distinguishes
7 between those scenarios that are possible but highly improbable and those that are conservative but more
8 likely to occur within a population, with the latter being favored in risk assessment. In general, these
9 assumptions are intended to be conservative and yield an overestimate of the true risk or hazard.

10 4.6.3.1 Uncertainties Associated with Inhalation of Aerosols Containing Hexavalent Chromium
11 According to Finley et al., 1996, "Assessment of Airborne Hexavalent Chromium in the Home Following
12 Use of Contaminated Tapwater," the cancer risk from exposure during showering with Cr(VI) aerosols
13 from tap water ranged from 9.OE-07 to 5.5E-06 from water containing 2 to 10 mg/L Cr(VI). Average
14 airborne concentrations of Cr(VI) at breathing-zone height ranged from 0.087 to 0.324 pg/m 3, which was
15 measured over 24 hours of use. The air concentrations of 0.087 to 0.324 pg/m 3 were directly correlated to
16 water concentrations of 0.89 to 11.5 mg/L. This study concluded that exposure to indoor aerosols
17 containing up to 10 mg/L is unlikely to create a health hazard. Finley et al. (1996) also determined that
18 ambient (outdoor) concentrations of Cr(VI) were about the same as those calculated from indoor shower
19 aerosols, suggesting no difference between indoor and ambient air concentrations. Cr(VI) is not identified
20 as a COPC for any of the exposure areas within the 200-PO-I OU. Concentrations of Cr(VI) in
21 groundwater are well below the concentration range of 2 to 10 mg/L evaluated in these studies.

22 4.6.4 Uncertainties Associated with Toxicity Assessment
23 The toxicological database was also a source of uncertainty. EPA has outlined some of the sources of
24 uncertainty, as defined in the risk assessment guide (EPA/540/1-89/002) and by Cook (2003).
25 These sources may include or result from the extrapolation from high to low doses and from animals to
26 humans. This is contingent on the species, gender, age, and strain differences in the uptake, metabolism,
27 organ distribution, and target site susceptibility of a toxin. The human population's variability with
28 respect to diet, environment, activity patterns, and cultural factors are also sources of uncertainty.

29 Traditionally, EPA has developed toxicity criteria for carcinogens by assuming that all carcinogens
30 are nonthreshold contaminants. However, EPA recently published revised cancer guidelines
31 (EPA/63 0/P-03/00 1 F) in which they modified their former position of assuming nonthreshold action for
32 all carcinogens. This new guidance emphasizes establishing the specific toxicokinetic mode of action that
33 leads to development of cancer. In the future, toxicity criteria for carcinogens in the United States will be
34 developed assuming no threshold for contaminants that exhibit genotoxic modes of action, or where the
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1 mode of action is not known. However, currently available EPA toxicity criteria for carcinogens were all
2 derived assuming a nonthreshold model.

3 Throughout most of the world, nonthreshold toxicity criteria are developed only for those carcinogens
4 that appear to cause cancer through a genotoxic mechanism (TERA, 2011, International Toxicity
5 Estimates for Risk database). Specifically, for genotoxic contaminants, the cancer dose-response model is
6 based on high-dose to low-dose extrapolation and assumes there is no lower threshold for the initiation of
7 toxic effects. Cancer effects observed at high doses are found in laboratory animals or are extrapolated
8 from occupational or epidemiological studies. Cancer effects observed at low doses are commonly found
9 in environmental exposures. These models are essentially linear at low doses, so no dose is without some

10 risk of cancer.

11 4.6.4.1 Slope Factors for Hexavalent Chromium
12 The oral RfD of 0.003 mg/kg-day published in the IRIS database is used to develop the MTCA level
13 (WAC 173-340-720) for Cr(VI). An oral carcinogenic potency factor has recently been published
14 (NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation Criterion for Cr 6 Based on the NTP
15 Chronic Bioassay Data for Sodium Dichromate Dihydrate). The oral carcinogenic potency factor derived
16 is 0.5 mg/kg-day' (NJDEP, 2009); if this value was used to calculate the MTCA (WAC 173-340-720)
17 level, the groundwater concentration would decrease from 48 to 0.18 jig/L.

18 4.6.4.2 Slope Factors for Trichloroethene
19 The latest revisions (September 2011) of the oral carcinogenic potency factor, the oral reference dose, and
20 the inhalation reference concentration were used to calculate cancer risks and noncancer hazards. The oral
21 carcinogenic potency factor of 0.046 mg/kg-day published in the IRIS database is used to calculate cancer
22 risks associated with the ingestion and dermal contact exposure routes for the tap water exposure
23 scenario. TCE is carcinogenic by mutagenic mode of action for induction of kidney tumors. According
24 to EPA/630/R-03/003F, Supplemental Guidancefor Assessing Susceptibility from Early-Life Exposure to
25 Carcinogens, those exposed to carcinogens with a mutagenic mode of action are assumed to have
26 increased early-life susceptibility. However, data for TCE are not sufficient to develop separate risk
27 estimates for childhood exposure; therefore, age-dependent adjustment factors were not applied to the
28 oral carcinogenic potency factor. In addition, human evidence of carcinogenicity from epidemiologic
29 studies of TCE exposure is strong for non-Hodgkin lymphoma and more limited for liver and biliary
30 tract cancer. The adult-based oral cancer potency factor of 0.046 mg/kg-day is for total cancer incidence
31 based on the route-to-route extrapolation of the inhalation unit risk estimate for kidney cancer, with
32 a factor of five applied to include and liver cancer risks combined. The adult-based oral cancer potency
33 factor estimates for separate cancer types are 0.009 mg/kg-day for renal cell carcinoma, 0.02 mg/kg-day
34 for non-Hodgkin's lymphoma, and 0.02 mg/kg-day for liver cancer. If the IRIS database value of
35 0.046 mg/kg-day were used to calculate the MTCA level (WAC 173-340-720), the groundwater
36 concentration would equal 0.95 pg/L.

37 Ecology's CLARC data tables published a MTCA Method B groundwater cleanup level of 0.54 ig/L
38 for TCE, and the basis for the value can be found in this guidance.7 Contrary to the oral cancer potency
39 factor published in the EPA IRIS database, the TCE CLARC guidance acknowledges early-life
40 susceptibility for kidney cancer only, and age-dependent adjustment factors are applied when calculating
41 the associated Method B formula cleanup values for this cancer potency factor. For the MTCA Method B
42 groundwater cleanup level, the formula-based values for the three types of cancer are calculated

7 Ecology CLARC table guidance is available on the Internet at
https://fortress.wa.gov/ecy/clarc/FocusSheets/CLARC%20quidance%20TCE%20PCE.pdf.
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1 separately, and then the harmonic mean of these three values is determined to derive the final
2 formula-based cleanup level. Table 4 of the CLARC guidance (see footnote b in the CLARC table)
3 provides the equations used to calculate the MTCA Method B groundwater cleanup level.

4 There were no differences identified between the oral reference dose and the inhalation reference
5 concentrations published by the Ecology CLARC data tables and the IRIS website.

6 4.6.5 Uncertainties Associated with Risk Characterization
7 In the risk characterization, the assumption was made that the total risk of developing cancer from
8 exposure to site contaminants is the sum of the risk attributed to each individual contaminant. Likewise,
9 the potential for the development of noncancer adverse effects is the sum of the HQs estimated for

10 exposure to each individual contaminant. This approach, in accordance with EPA guidance, did not
11 account for the possibility that constituents act synergistically or antagonistically.

12 4.6.5.1 Uncertainties Associated with the Native American Risk Assessment
13 For the Native American risk assessment, the Confederated Tribes of the Umatilla Indian Reservation
14 (CTUIR) and the Yakama Nation have provided exposure scenarios (Harris and Harper, 2004, Exposure
15 Scenario for CTUIR Traditional Subsistence Lifeways; Ridolfi, 2007, Yakama Nation Exposure Scenario
16 for Hanford Site Risk Assessment). These scenarios represent their traditional activities related to rural
17 land-use patterns that involved exposure assumptions that represented subsistence use. Although
18 groundwater within the 200-PO-1 OU is not anticipated to become a source of drinking water,
19 contaminants in groundwater were assessed using the two Native American scenarios to provide estimates
20 of human health risks under the assumption of full-time occupancy in the future. In addition, the risks
21 calculated using the Native American scenarios were compared with risks estimated using EPA standard
22 default assumptions for residential tap water use (i.e., EPA tap water scenario). A summary of the risk
23 characterization results of the Native American risk assessments is provided in Appendix E, Section E. 1.
24 The uncertainties regarding the risks associated with groundwater contaminants based on current baseline
25 conditions are presented in the following discussion.

26 The Native American and tap water scenarios addressed direct exposure to contaminants in groundwater
27 associated with household uses of groundwater, such as drinking and cooking (ingestion) and bathing
28 (dermal absorption). If VOCs were measured in groundwater and identified as COPCs, indirect exposure
29 by inhalation of VOCs in air while bathing or when using groundwater in the home for other purposes
30 was also addressed. In addition to household use of groundwater, the CTUIR and Yakama Nation
31 scenarios also incorporated inhalation and dermal exposures to COPCs in groundwater used in a sweat
32 lodge. Results from the groundwater risk assessment are presented in Table 4-19. The risks and hazards
33 can be summed to obtain a cumulative estimate of risk and hazard for all groundwater exposure pathways
34 included in the CTUIR and Yakama Nation exposure scenarios.

35 Exposure parameters for drinking water ingestion, VOC inhalation, and dermal absorption differ between
36 the Native American exposure scenarios and the EPA tap water scenario. Examples of these differences
37 include the following:

38 e Exposure frequency: Native American 365 d/yr; EPA tap water 350 d/yr

39 e Exposure duration: Native American 70 years; EPA tap water 26 years

40 e Drinking water ingestion rate: Native American 4 L/d (1 gal/d), EPA tap water 2.5 L/d (0.66 gal/d)

41 e Inhalation rate: CTUIR 25 m3/d (883 ft3/d), Yakama Nation 26 m3/d (918 ft3/d), EPA tap water
42 20 m3/d (706 ft3/d)
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1 As a result, the Native American exposure scenarios produce higher total ELCR and HI than the EPA
2 tap water scenario. Depending on the contaminants and the pathways involved (described in the following
3 discussion), the ELCR and HI for the Native American scenarios may be four- to five-fold greater than
4 for the tap water scenario, drinking water ingestion, VOC inhalation, and dermal absorption exposure
5 pathways. The COPCs are the same in each of the exposure scenarios; however, the percent contribution
6 for each COPC is higher for the Native American scenarios than the EPA tap water scenario.

7 The largest uncertainties associated with the Native American scenarios are with the use of groundwater
8 in a sweat lodge. EPCs for air in a sweat lodge were calculated for the CTUIR resident and Yakama
9 resident scenarios. Appendix 4 of Harris and Harper (2004) provides equations for estimating air-phase

10 contaminant concentrations for volatile and semivolatile COPCs in the water used to create steam in the
11 lodge, as well as separate equations for nonvolatile COPCs. Inhalation exposure to nonvolatile COPCs in
12 the sweat lodge was evaluated in the CTUIR and Yakama Nation resident scenarios in spite of concerns
13 with the model for calculating these air-phase EPCs. The Harris and Harper (2004) equation for
14 calculating air-phase EPCs for nonvolatile analytes (Equation 3-2) calculates the concentration of
15 a nonvolatile COPC in air as a function of the concentration of water vapor produced by the volatilization
16 of water poured over hot rocks in a sweat lodge. Because nonvolatile contaminants have no vapor
17 pressure, Equation 3-2 in Harris and Harper (2004) does not have a common physical basis with volatile
18 chemicals. It is possible that inhalation of nonvolatile COPCs might occur by an alternative physical
19 model, such as respiration of respirable-size aerosols if such aerosols were formed when water is poured
20 over the hot rocks in a lodge. However, a model of resuspension of nonvolatile impurities in aerosol form
21 is inconsistent with other mechanical processes involving steam. For example, EPA does not address
22 this pathway in shower volatilization models (EPA 600/R-00/096, Volatilization Ratesfrom Water to
23 Indoor Air Phase 11). It is also inconsistent with the widespread use of steam distillation for commercial
24 water purification.

25 Groundwater within the 200-PO-1 OU is currently contaminated, and withdrawal is prohibited as a result
26 of institutional controls (ICs) placed by DOE (DOE/RL-2001-41, Sitewide Institutional Controls Planfor
27 Hanford CERCLA Response Actions and RCRA Corrective Actions). Under current site use conditions,
28 no complete human exposure pathways to groundwater are assumed to exist. Groundwater within the
29 200-PO-I OU is not anticipated to become a future source of drinking water until cleanup criteria are met,
30 and groundwater is restored to its highest beneficial use.

31 4.7 Ecological Risk Assessment Conclusions of the Near-Shore and
32 River Environments

33 Several ecological risk assessments have been conducted at groundwater OUs where the groundwater
34 discharges to the Columbia River. The 200-PO-1 OU extends to the Columbia River. The CRC
35 (DOE/RL-2010-117) included an ecological risk assessment that combines both screening and baseline
36 elements. Abiotic media were compared to screening benchmarks for surface water, sediment, and
37 pore water to identify contaminants of potential ecological concern (COPECs). Soil concentrations were
38 compared to plant and invertebrate benchmarks, while desktop food web models were used to evaluate
39 risks to wildlife. A baseline assessment was conducted to assess risk to fish using tissue residue data.
40 The CRC (DOE/RL-2010-117) concluded that for the 100 Areas sub-area, seven COECs were identified
41 for sediment, pore water, island soil, and shoreline sediment: aluminum, chromium, Cr(VI), lead,
42 manganese, nickel, and nitrate. The evaluation included distinct conclusions for the reach adjacent to the
43 100 Areas versus those for the reach adjacent to a specific source OU (e.g., the 100-B/C or 100-K
44 Source OUs).
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Table 4-19. Summary of Cancer Risks and Noncancer Hazards for Groundwater Exposure Pathways Associated with the CTUIR and the Yakama Nation Exposure Scenarios

CTUIR Yakama Nation
Environmental Medium/ CTUIR Risk Drivers CTUIR CTUIR Yakama Nation Risk Drivers Yakama Nation Yakama Nation

Exposure Pathway Total ELCR (Contributes >1 x 10-) HI Hazard Drivers Total ELCR (Contributes >1 x 10-6) HI Hazard Drivers

PUREX Cribs

Groundwater as a potential drinking water source 8.2 x 10-3 Tritium, uranium-234, 15 Cadmium 8.7 x 10 Tritium, uranium-234, 15 Cadmium
uranium-238 uranium-238

Cr(VI), uranium-234, Cadmium, cobalt, Cr(VI), uranium-234, Cadmium, cobalt,
Groundwater as a potential source of steam from 1.1 X 10-2 uranium-238, cobalt, 42 uranium, beryllium, 8.1 X 10-2 uranium-238, cobalt, 309 uranium, beryllium,
sweat lodge use (includes vaporized nonvolatiles) tritium, cadmium, manganese, vanadium tritium, cadmium 39manese, vanadium,

beryllium beryllium barium, Cr(VI), nickel

Groundwater as a potential source of steam from 2.3 x 10- Tritium 5.4 Beryllium, cadmium
sweat lodge use (excludes vaporized nonvolatiles)

WMA A-AX Tank Farms and 216-A-29 Ditch

Groundwater as a potential drinking water source 1.4 x 10- Technetium-99, tritium 11 None identified 1.4 x 10- Technetium-99, tritium 11 None identified

Cobalt, cadmium, Cr(VI), cobalt, Cobalt, cadmium,
Groundwater as a potential source of steam from 50-1 Cr(VI), cobalt, 22 vanadium, manganese, 37d '10'2 uranium-234, vanadium, manganese,
sweat lodge use (includes vaporized nonvolatiles) . uranium-234 nickel . uranium-238, cadmium, 158 nickel, uranium, barium,

technetium-99 Cr(VI)

Groundwater as a potential source of steam from 1.3 x 10-4 None identified 2.8 None identified
sweat lodge use (excludes vaporized nonvolatiles)

BC Cribs and Trenches

Groundwater as a potential drinking water source 2.5 x 10-4 None identified 14 Cobalt, iron 2.7 x 10-4 None identified 14 Cobalt, iron

Groundwater as a potential source of steam from2 1(2 Manganese, cobalt, 1.4 x 101 Cr(VI), cobalt 397 r(VI ,nadium, nickel,
sweat lodge use (includes vaporized nonvolatiles) 2.0 x1C(VI), cobalt 55 Cr(VI), vanadium1briu, aniumbarium, uranium

Groundwater as a potential source of steam from 8.3 x 10-6 None identified 3.8 Cr(VI)
sweat lodge use (excludes vaporized nonvolatiles)

216-B-3 Pond Facility (All Lobes)

Groundwater as a potential drinking water source 1.1 x 10- Tritium 3.2 None identified 1.1 x 10- Tritium 3.2 None identified

Groundwater as a potential source of steam from Manganese, vanadium,
sweat lodge use (includes vaporized nonvolatiles) 6.1 x 1ba Cr(VI 21 Manganese, vanadium 4.5 x 102 Cr(VI) 152 uranium, Cr(VI), nickel,barium

Groundwater as a potential source of steam from 1.8 x 10-4 Tritium 0.95 None identified
sweat lodge use (excludes vaporized nonvolatiles)

NRDWL/SWL

Groundwater as a potential drinking water source 8.5 x 10-4 Tritium 2.6 None identified 8.9 X 10-4 Tritium 2.6 None identified

Groundwater as a potential source of steam from 4 Cr(VI), uranium-234, 2 Cr(VI), uranium-234, Uranium, barium,

sweat lodge use (includes vaporized nonvolatiles) 4.7 x 10'_ uranium-238 8.1 Uranium, barium 3.5 x 10uranium-238 59 vanadium, mangane e

4-55



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table 4-19. Summary of Cancer Risks and Noncancer Hazards for Groundwater Exposure Pathways Associated with the CTUIR and the Yakama Nation Exposure Scenarios

CTUIR Yakama Nation
Environmental Medium/ CTUIR Risk Drivers CTUIR CTUIR Yakama Nation Risk Drivers Yakama Nation Yakama Nation

Exposure Pathway Total ELCR (Contributes >1 x 10-') HI Hazard Drivers Total ELCR (Contributes >1 x 10-6) HI Hazard Drivers

Groundwater as a potential source of steam from 2.7 x 10-4 Tritium 0.82 None identified
sweat lodge use (excludes vaporized nonvolatiles)

200-PO-1 OU Far-Field Area

Tritium, Tritium,
Groundwater as a potential drinking water source 5.1 x 10- uranium-233/234, 12 None identified 5.3 x 10- uranium-233/234, 12 None identified

uranium-238 uranium-238

Cr(VI) C(V) Uranium, cadmium,
Groundwater as a potential source of steam from 6.5 x 10-3 uranium-233/234, 19 Uranium, cadmium' 4.8 x 102uranium-233/234, 141 manganese, vanadium,
sweat lodge use (includes vaporized nonvolatiles) uranium-238, tritium manganese, vanadium uranium-238, tritium barium, nickel, Cr(VI),

cobalt

Groundwater as a potential source of steam from 1.9 x 10-3 Tritium 3.1 None
sweat lodge use (excludes vaporized nonvolatiles)

200-PO-1 OU Near-River Area

Groundwater as a potential drinking water source 1.6 x 10- Tritium 3.9 None identified 1.7 x 10- Tritium 3.9 None identified

Groundwater as a potential source of steam from4 10-3 Manganese, uranium, 3.0 x 10-2 Cr(VI), uranium-234, 142 Manganese, uranium,

sweat lodge use (includes vaporized nonvolatiles) 4.0 x Cr(VI), ranium-234 20 vanadium, barium tritium, uranium-238 Cr(VI), cobalt

Groundwater as a potential source of steam from 5.4 x 10-4 Tritium 0.84 None identified
sweat lodge use (excludes vaporized nonvolatiles)

Cr(VI) = hexavalent chromium

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

ELCR = excess lifetime cancer risk

HI hazard index

OU = operable unit

PUREX = Plutonium-Uranium Extraction

SWL

WMA

Solid Waste Landfill

waste management area

NRDWL = Nonradioactive Dangerous Waste Landfill

1
2
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1 Twelve wells are screened in the unconfined aquifer and are located closest to the Columbia River
2 (distances range between 89 and 1,700 m [292 and 5,577 ft] from the river). These wells are the closest
3 in proximity to the river and within the 200-PO-1 OU boundary. To determine if groundwater
4 concentrations within the OU have the potential to impact aquatic receptors, individual measurements
5 from the near-river wells were compared to following federal and Washington State standards
6 and criteria:

7 e National recommended water quality criteria, AWQC established under Section 304 of the CWA

8 e 40 CFR 131, "Water Quality Standards," for states not complying with Section 303 of the CWA

9 e WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington"

10 Each of the seven COECs relative to 200-PO-1 OU monitoring wells closest to the river is
11 discussed below:

12 * Aluminum: Analyzed in 5 of the 12 wells. Detected in four of eight unfiltered groundwater samples
13 (50 percent frequency), with concentrations ranging between 15 and 113 pg/L. Detected in two of
14 eight filtered groundwater samples (25 percent frequency), with concentrations ranging between
15 39 and 51 pg/L. All filtered results (detected concentrations and MDLs) were less than the AWQC
16 of 87 pg/L. Aluminum is not retained as a COEC for the 200-PO-I OU.

17 * Cr(VI): Analyzed in 5of 12 wells. Detected in two of five unfiltered groundwater samples
18 (52 percent frequency), with concentrations ranging between 2.2 and 5.4 pg/L. All results (detected
19 concentrations and MDLs) were less than the state surface water quality standard (WAC 173-201A)
20 of 10 gg/L. Cr(VI) is not retained as a COEC for the 200-PO-I OU.

21 * Dissolved total chromium: Analyzed in 6 of 12 wells. Detected in 10 of 36 filtered groundwater
22 samples (28 percent frequency), with concentrations ranging between 0.4 and 15 pg/L. Although
23 two results were reported at concentrations greater than the state surface water quality standard
24 (WAC 173-201A) of 10 gg/L, the method used does not provide results that are accurate at
25 concentrations less than the standard. Dissolved total chromium (evaluated as Cr(VI)) is not retained
26 as a COEC for the 200-PO-I OU.

27 * Total chromium: Analyzed in 6 of 12 wells. Detected in 10 of 36 filtered groundwater samples
28 (28 percent frequency), with concentrations ranging between 0.4 and 15 pig/L. All results (detected
29 concentrations and MDLs) are less than the AWQC of 65 pg/L. Total chromium is not retained as
30 a COEC for the 200-PO-I OU.

31 * Lead: Analyzed in 6 of 12 wells. Not detected in any of the 14 filtered samples that were analyzed.
32 All MDLs were less than the state water quality standard (WAC 173-201A) of 2.1 pg/L. Lead is not
33 retained as a COEC for the 200-PO-I OU.

34 e Manganese: Analyzed in 6 of 12 wells. Detected in 14 of 35 filtered groundwater samples
35 (40 percent frequency), with concentrations ranging between 0.41 and 43 pig/L. All filtered results
36 (detected concentrations and MDLs) are less than the 2007 MTCA (WAC 173-340-720) risk-based
37 value of 384 pg/L. Manganese is not retained as a COEC for the 200-PO-I OU.

38 e Nickel: Analyzed in 6 of 12 wells. Detected in 4 of 35 filtered groundwater samples (II percent
39 frequency), with concentrations ranging between 0.33 and 0.57 pg/L. All filtered results (detected
40 concentrations and MDLs) are less than the AWQC of 52 pg/L. Nickel is not retained as a COEC for
41 the 200-PO-I OU.
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1 * Nitrate: Analyzed in each of the 12 wells. Detected in 57 of 59 groundwater samples (97 percent
2 frequency), with concentrations ranging between 227 and 36,100 pg/L. All results (detected
3 concentrations and MDLs) are less than the DWS of 45,000 pg/L. Nitrate is not retained as a COEC
4 for the 200-PO-I OU.

5 4.8 Summary and Conclusions

6 This supplement to the BRA was performed for the 200-PO-I OU to address concerns identified in
7 Ecology's comments (12-NWP-104) regarding the 200-PO-I RI Report (DOE/RL-2009-85).
8 The following comments pertained specifically to the groundwater risk assessment:

9 e The risk assessment will be re-evaluated with the new data consistent using the methodology
10 provided in the draft RI report.

11 e The risk assessment should address contaminants for which limited data were available
12 (e.g., total chromium).

13 e ProUCL will be used to calculate 95 percent UCLs for the selection of EPCs.

14 The following subsections provide the conclusions for the human health and ecological risk evaluations.

15 4.8.1 Conclusions of the Human Health Risk Assessment
16 The primary objective of the groundwater risk assessment was to identify the COPCs in groundwater that
17 require further evaluation in the FS under CERCLA. Groundwater COPCs were identified using several
18 different analyses, including the following:

19 e Individual groundwater measurements were compared to MTCA (WAC 173-340-720) to determine
20 if individual measurements are greater than cleanup levels based on a target HI greater than or
21 equal to 1 (see Chapter 2 for the results of this evaluation).

22 e Individual measurements are also compared to MTCA (WAC 173-340-720) to determine if individual
23 measurements are greater than cleanup levels based on a target risk level of 1 in 1,000,000 (1 x 10-6)
24 (see Chapter 2 for the results of this evaluation).

25 e Individual groundwater measurements were compared to DWSs to identify with concentrations
26 greater than these standards (see Chapter 2 for the results of this evaluation).

27 e Individual groundwater measurements within the 200-PO-I OU near-river exposure area were also
28 compared to AWQC and state surface water quality standards to determine if groundwater located
29 approximately 1,000 m (3,280 ft) inland has the potential to impact aquatic organisms (see Chapter 2
30 for the results of this evaluation).

31 e Cumulative cancer risks for chemicals based on the results of the EPA tap water (residential) scenario
32 are compared to MTCA HHRA Procedures (WAC 173-340-708(5)(a)) cumulative cancer risk threshold
33 of 1 x 10-5 and the noncancer hazard threshold of 1 (see Section 4.5 for risk characterization results).

34 e Cumulative cancer risks for radiological analytes based on the results of the EPA tap water (residential)
35 scenario are compared to the upper end of the NCP (40 CFR 300) risk range (1 x 10-4)for cumulative
36 carcinogenic site risk to an individual based on an RME for both current and future land use
37 (see Section 4.5 for risk characterization results).
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1 * The sum of fractions and 4 mrem/yr dose equivalent are calculated for beta particle and photon
2 emitters. Current MCLs for beta particle and photon emitters are based on an annual dose equivalent
3 of 4 mrem to the total body or any internal organ (see Section 4.5 for risk characterization results).

4 In addition to the analyses described above, the CTUIR and Yakama Nation exposure scenarios evaluated
5 groundwater as a source of drinking water and as a source of steam for sweat lodge use (see Appendix E
6 and Section 4.6.5 for discussion of these results).

7 The 200-PO-I OU is divided into two primary areas: near field and far field. The near-field area is
8 subdivided into four separate exposure areas: (1) the PUREX Cribs, (2) the WMA A-AX Tank Farms and
9 216-A-29 Ditch, (3) the BC Cribs and Trenches, and (4) the 216-B-3 Pond facility. These exposure areas

10 represent groundwater concentrations located near known or suspected plume sources. The far-field area
11 is subdivided into three separate exposure areas: (1) the NRDWL/SWL, (2) the 216-B-3 Pond facility
12 (including all three lobes), and (3) the far-field area.

13 The far-field area represents downgradient plume conditions, whereas the NRDWL/SWL area and
14 216-B-3 Pond facility represent both downgradient plume conditions and are located beneath known or
15 suspected plume sources. The far-field area was further subdivided to include a near-river exposure area.
16 The near-river exposure area is identified by conditions observed in groundwater monitoring wells that
17 are generally closest to the west bank of the Columbia River and within the boundaries of the
18 200-PO-1 OU.

19 The CEM presented in Chapter 4 of the 200-PO-I RI Report (DOE/RL-2009-85) identified potentially
20 complete human and ecological exposure pathways in the near-field, far-field, and near-river exposure
21 areas. As a result, COPCs were identified based on three general exposure areas. As described above, the
22 supplemental BRA evaluated groundwater within the 200-PO-I OU based on seven separate exposure
23 areas. This was done for clear identification of COPCs associated with the RCRA-permitted TSD units
24 and the nonpermitted BC Cribs and Trenches area. The contaminants in groundwater that are the largest
25 contributors to calculated risks, dose, and hazards are summarized in Table 4-20. A summary of the
26 results for each exposure area is provided in the following subsections.

27 4.8.1.1 Plutonium-Uranium Extraction Cribs Exposure Area
28 For the PUREX Cribs exposure area, based on the comparison of individual groundwater measurements
29 to DWSs or state groundwater cleanup levels, the following analytes are retained as COPCs: iodine-129,
30 nitrate, strontium-90, tritium, and uranium. The results of this evaluation indicate the need to evaluate
31 these analytes for potential remedial technologies in the FS. The combination of iodine-129,
32 strontium-90, and tritium result in an annual dose equivalent greater than 4 mrem to the total body or
33 any internal organ. The results of this evaluation support the need for evaluation in the FS.

34 Gross-alpha concentrations were greater than the DWS; therefore, this analyte is retained as a COPC
35 (gross alpha is an indicator of uranium). Sulfate concentrations were greater than the secondary DWS;
36 therefore, this analyte is retained as a COPC.

37 Based on the results of the EPA tap water (residential) risk assessment, tritium is the primary
38 contributor to cancer risks, and no analytes were identified as contributors to noncancer hazards.
39 Tritium is retained as a COPC, indicating the need to evaluate potential remedial technologies in the FS.
40 Section 4.5.4.1 provides a detailed discussion of the cancer risks and noncancer hazards for this scenario.
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Table 4-20. Summary of Groundwater COPCs for the 200-PO-1 Groundwater OU

Tap Water Scenario
Individual Groundwater Primary Contributors to Cumulative Annual

Evaluation Results Cancer Risk and Dose
Exposure Area (Comparison to DWSs) Noncancer Hazards (4 mrem/yr)

PUREX Cribs Gross alpha Tritium lodine-129
lodine-129 Strontium-90
Nitrate Tritium
Strontium-90
Sulfate
Tritium
Uranium

WMA A-AX lodine-129 lodine-129 lodine-129
Tank Farms and Nitrate Technetium-99 Technetium-99
216-A-29 Ditch Technetium-99 Tritium

Tritium

BC Cribs and Trenches None identified None identified None identified

216-B-3 Pond facility lodine-129 None identified lodine-129
Nitrate Tritium
Sulfate
Tritium

NRDWL/SWL lodine-129 Tritium lodine-129
Tritium Tritium

200-PO-1 OU far-field lodine-129 Tritium lodine-129
area Tritium Tritium

200-PO-1 OU near-river Tritium None Tritium
area

NRDWL = Nonradioactive Dangerous Waste Landfill

OU = operable unit

PUREX = Plutonium-Uranium Extraction

SWL = Solid Waste Landfill

WMA = waste management area

1 4.8.1.2 Waste Management Area A-AX Tank Farms and the 216-A-29 Ditch Exposure Area
2 For the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area, based on the comparison of
3 individual groundwater measurements to DWSs or state groundwater cleanup levels, the following
4 analytes are retained as COPCs: iodine-129, nitrate, technetium-99, and tritium. The results of this
5 evaluation indicate the need to evaluate these analytes for potential remedial technologies in the FS.
6 The combination of iodine- 129 and technetium-99 results in an annual dose equivalent greater than
7 4 mrem to the total body or any internal organ.

8 Based on the results of the EPA tap water (residential) risk assessment, iodine-129, technetium-99, and
9 tritium are the primary contributors to cancer risk, and no analytes were identified as contributors to

10 noncancer hazards. Iodine-129, technetium-99, and tritium are retained as COPCs, indicating the need to
11 evaluate potential remedial technologies in the FS. Section 4.5.4.2 provides a detailed discussion of the
12 cancer risks and noncancer hazards for this scenario.
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1 4.8.1.3 BC Cribs and Trenches Exposure Area
2 For the BC Cribs and Trenches exposure area, based on the comparison of individual groundwater
3 measurements to DWSs or state groundwater cleanup levels, no COPCs are retained. Additionally, the
4 combination of all beta- and photon- emitting radioisotopes are less than 4 mrem to the total body or any
5 internal organ. Based on the results of this evaluation, no COPCs are retained for evaluation in the FS.

6 Based on the results of the EPA tap water (residential) risk assessment, no analytes were identified as
7 primary contributors to cancer risk or noncancer hazards. Section 4.5.4.3 provides a detailed discussion
8 of the cancer risks and noncancer hazards for this scenario.

9 4.8.1.4 216-B-3 Pond Facility Exposure Area
10 For the 216-B-3 Pond facility exposure area, based on the comparison of individual groundwater
11 measurements to DWSs or state groundwater cleanup levels, the following analytes are retained as
12 COPCs: iodine-129, nitrate, and tritium. The results of this evaluation indicate the need to evaluate these
13 analytes for potential remedial technologies in the FS. The combination of iodine- 129 and tritium results in
14 an annual dose equivalent greater than 4 mrem to the total body or any internal organ.

15 Sulfate concentrations were greater than the secondary DWS; therefore, this analyte is retained as
16 a COPC.

17 Based on the results of the EPA tap water (residential) risk assessment, no analytes were identified as
18 primary contributors to cancer risk or noncancer hazards. Section 4.5.4.4 provides a detailed discussion of
19 the cancer risks and noncancer hazards for this scenario.

20 4.8.1.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
21 For the NRDWL/SWL exposure area, based on the comparison of individual groundwater measurements
22 to DWSs or state groundwater cleanup levels, the following analytes are retained as COPCs: iodine-129
23 and tritium. The results of this evaluation indicate the need to evaluate these analytes for potential
24 remedial technologies in the FS. The combination of iodine-129 and tritium result in an annual dose
25 equivalent greater than 4 mrem to the total body or any internal organ.

26 Based on the results of the EPA tap water (residential) risk assessment, tritium is the primary contributor
27 to cancer risk, and no analytes were identified as contributors to noncancer hazards. Tritium is retained as
28 a COPC, indicating the need to evaluate potential remedial technologies in the FS. Section 4.5.4.5
29 provides a detailed discussion of the cancer risks and noncancer hazards for this scenario.

30 4.8.1.6 200-PO-1 Operable Unit Far-Field Exposure Area
31 For the 200-PO-I OU far-field exposure area, based on the comparison of individual groundwater
32 measurements to DWSs or state groundwater cleanup levels, iodine-129 and tritium are retained as
33 COPCs. The results of this evaluation indicate the need to evaluate these analytes for potential remedial
34 technologies in the FS. The combination of iodine-129 and tritium results in an annual dose equivalent
35 greater than 4 mrem to the total body or any internal organ.

36 Based on the results of the EPA tap water (residential) risk assessment, tritium is the primary contributor
37 to cancer risk, and no analytes were identified as contributors to noncancer hazards. Tritium is retained as
38 a COPC, indicating the need to evaluate potential remedial technologies in the FS. Section 4.5.4.6
39 provides a detailed discussion of the cancer risks and noncancer hazards for this scenario.
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1 4.8.1.7 200-PO-1 Operable Unit Near-River Exposure Area
2 For the 200-PO-I OU near-river exposure area, based on the comparison of individual groundwater
3 measurements to DWSs or state groundwater cleanup levels, tritium is retained as a COPC. The results of
4 this evaluation indicate the need to evaluate these analytes for potential remedial technologies in the FS.
5 Tritium results in an annual dose equivalent greater than 4 mrem to the total body or any internal organ.

6 Based on the results of the EPA tap water (residential) risk assessment, tritium is the primary contributor
7 to cancer risk, and no analytes were identified as contributors to noncancer hazards. Tritium is retained
8 as a COPC, indicating the need to evaluate potential remedial technologies in the FS. Section 4.5.4.7
9 provides a detailed discussion of the cancer risks and noncancer hazards from this scenario.

10 4.8.2 Conclusions of the Ecological Risk Evaluation
11 As stated previously, the purpose of this supplemental analysis of the BRA is to determine whether
12 groundwater remedial action may be required under CERCLA to protect ecological receptors.
13 The primary objective of the groundwater risk assessment is to identify COECs in groundwater that
14 require further evaluation in the FS.

15 As described in Section 4.7, the CRC (DOE/RL-2010-117) included an ecological risk assessment that
16 combines both screening and baseline elements. The CRC concluded that seven COECs were within
17 sediment, pore water, island soil, and shoreline sediment (aluminum, chromium, Cr(VI), lead, manganese,
18 nickel, and nitrate).

19 Individual groundwater measurements from the 12 wells located closest to the Columbia River
20 (distances range between 89 and 1,700 m [292 and 5,577 ft] from the river) were compared to the
21 following federal and Washington State standards and criteria:

22 e National recommended water quality criteria, AWQC established under Section 304 of the CWA

23 e 40 CFR 131, "Water Quality Standards," for states not complying with Section 303 of the CWA

24 e WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington"

25 All groundwater measurements in these 12 wells were less than the standards and criteria listed
26 above. These wells were also evaluated to determine if the seven COECs identified by the CRC
27 (DOE/RL-2010-117) were detected at concentrations above criteria or standards. No groundwater
28 COECs were identified for the 200-PO-I OU based on comparison to AWQC or state surface water
29 quality standards.

30 Monitoring wells from inland locations of the OU report concentrations of one of the seven COECs
31 identified by the CRC (DOE/RL-2010-117). Nitrate is retained as a COPC for inland locations because
32 concentrations are greater than the DWS. Surface water quality criteria or standards are not published for
33 nitrate; modeling results presented in Chapter 3 indicate that nitrate will attenuate to concentrations less
34 than the DWS of 45,000 pag/L within 25 years.
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1 5 Summary
2 This chapter summarizes the results of the updates to the contaminant F&T evaluations and BRA for
3 the 200-PO-I OU as an addendum to the 200-PO-I RI Report (DOE/RL-2009-85). Differences in the
4 outcomes of F&T and risk evaluations compared to the 200-PO-I RI Report (DOE/RL-2009-85) are
5 highlighted. This addendum is also intended to address the need for supplemental information requested
6 by Ecology and to be completed prior to the FS (12-NWP-104), and it includes an evaluation of
7 additional groundwater data and re-evaluation of risk using current groundwater monitoring data.

8 The RI report addendum activities consisted of the following major tasks:

9 * Contaminant F&T modeling: The previous groundwater F&T analysis presented in the
10 200-PO-I RI Report (DOE/RL-2009-85) was updated using a model domain that extends throughout
II the OU, improving the continuity of analysis. The model domain was expanded to include the areas
12 north and west of the 200 Areas, east to the Columbia River, and to include the entire area of the OU.
13 The previous analysis used a combined numerical and analytical approach, consisting of numerical
14 computer modeling in the Central Plateau and analytical calculations from the Central Plateau
15 downgradient to the Columbia River. The improved approach (Chapter 3) predicts the F&T of
16 contaminants that currently have well-defined distributions in groundwater, occur in high
17 concentrations, or both, and assuming no remedial action.

18 * Risk evaluation: An updated BRA was completed for the OU using current groundwater data
19 (2008 through 2013), including constituents where data were previously limited (e.g., total
20 chromium) at the time that the 200-PO-I RI Report (DOE/RL-2009-85) was prepared. The BRA was
21 also updated by using four exposure areas in the near field: (1) the PUREX Cribs, (2) the WMA
22 A-AX Tank Farms and 216-A-29 Ditch, (3) the BC Cribs and Trenches, and (4) the 216-B-3 Pond
23 facility (including all lobes) and three exposure areas in the remainder of the OU: (1) far field, (2)
24 NRDWL/SWL, and (3) near river. The exposure areas better align groundwater analyses with known
25 or suspected source areas. An updated ecological risk evaluation was also performed to assess
26 potential risk to aquatic receptors from exposure to the OU contaminants along the Columbia River
27 shoreline. In addition, two Native American exposure scenarios and an EPA tap water (including
28 cumulative risk) evaluations were completed for comparison and informational purposes (Chapter 4).

29 5.1 Contaminant Fate and Transport

30 A three-dimensional numerical model of the unconfined aquifer was used to evaluate F&T within the OU.
31 The evaluation used a set of numerical simulation codes (configuration-controlled and acceptance-tested
32 versions of MODFLOW-2000 and MT3DMS) to describe groundwater movement, as well as
33 contaminant F&T. The simulation of future contaminant F&T was completed for existing contaminants
34 (iodine-129, nitrate, strontium-90, technetium-99, tritium, and uranium) that are present in well-defined
35 distributions, in high concentrations, or both. Modeling simulations were performed that considered
36 impacts from the continuing permitted liquid discharges and continuing known vadose zone sources.
37 The following scenarios were used in the modeling:

38 e The base case scenario, which represents the expected future behavior of the contaminants based on
39 current groundwater flow conditions, with no continuing sources from the vadose zone or future
40 additional liquid discharges to the aquifer.

41 e The TEDF scenario, which is a state-permitted discharge facility located east of the 200 East Area
42 that accepts liquid waste from a number of Hanford Site facilities. The volume of water discharged to
43 TEDF is expected to have an impact on future contaminant migration.
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1 e Continuing sources scenario near the B Complex (nitrate, technetium-99, and uranium) and WMA C
2 (technetium-99), both associated with the 200-BP-5 OU, were simulated to evaluate the impact on
3 contaminant migration in the 200-PO-I OU.

4 e A combination of TEDF and continuing sources scenarios.

5 For the base case scenario, modeling results indicate that the time to reach DWSs using the average
6 groundwater concentration initial conditions ranged from 10 years for strontium-90 to 375 years for
7 iodine-129. Nitrate, uranium, and strontium-90 attenuate within the Central Plateau and are not
8 transported downgradient toward the Columbia River at concentrations above the DWS. Tritium and
9 iodine-129 take longer to attenuate below the DWS in the far-field area toward the Columbia River than

10 in the Central Plateau area.

11 A comparison of results for the scenarios simulated with TEDF discharge or continuing sources at the
12 B Complex and WMA C results in little to no effect on cleanup times for nitrate and uranium.
13 However, for technetium-99, the presence of the continuing source increases cleanup time by
14 approximately 25 years because of the proximity of the simulated continuing source at WMA C to the
15 200-PO-1 OU.

16 The results from the modeling simulations performed for this addendum confirm the results presented in
17 the 200-PO-1 RI Report (DOE/RL-2009-85) that concentrations of contaminants do not attenuate below
18 DWSs within a reasonable time frame under a no action scenario.

19 5.2 Risk Assessment

20 The BRA was prepared to identify COPCs for the 200-PO-I OU. For BRA evaluations, the OU was
21 divided into seven exposure areas, including four exposure areas in the near field: (1) the PUREX Cribs,
22 (2) the WMA A-AX Tank Farms and 216-A-29 Ditch, (3) the BC Cribs and Trenches, and (4) the
23 216-B-3 Pond facility (including all lobes); and three exposure areas in the remainder of the OU: (1) far
24 field, (2) NRDWL/SWL, and (3) near-river. The near-river exposure area is identified by wells located
25 closest to the Columbia River within the 200-PO-I OU boundary.

26 To identify COPCs, data reduction and analysis for this addendum included screening the results obtained
27 from 6 years of groundwater sampling and analysis (2008 through 2013). This screening is presented in
28 Chapter 4. The screening identified eight groundwater contaminants within the 200-PO-I OU that met the
29 criteria to be categorized as COPCs (i.e., calculated EPCs exceeded applicable DWSs or MTCA cleanup
30 levels) (Table 5-1): gross alpha, iodine-129, nitrate, strontium-90, technetium-99, sulfate, tritium,
31 and uranium.

32 All eight COPCs were identified in the near-field area. Two of the eight COPCs (iodine-129 and tritium)
33 were identified in the far-field exposure area, and only one COPC (tritium) was identified in the
34 near-river exposure area. Collectively, these COPCs represent the constituents most likely to contribute to
35 the overall risk within the 200-PO-I OU. No additional COPCs were identified for this addendum based
36 on cumulative risk or dose evaluations.

37 Similar to the 200-PO-I RI Report (DOE/RL-2009-85), the risk evaluations were limited to the
38 assessment of contaminants currently found in groundwater within the OU and did not consider future
39 contaminant contributions from sources within the overlying vadose zone since notable ongoing
40 discharges to groundwater from the vadose zone are not observed in the OU).
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Table 5-1. Summary of COPCs for the 200-PO-1 OU RI Addendum BRA

Near Field Far Field

WMA A-AX BC Cribs
PUREX Tank Farms and 216-B-3 NRDWL/

Cribs and 216-A-29 Trenches Pond Facility SWL Far Field Near-River
Exposure Ditch Exposure Exposure Exposure Exposure Exposure

Area Exposure Area Area Area Area Area Area

Gross alpha lodine-129 None lodine-129 lodine-129 lodine-129 Tritium

lodine-129 Nitrate identified Nitrate Tritium Tritium

Nitrate Technetium-99 Sulfate

Strontium-90 Tritium Tritium

Sulfate

Tritium

Uranium

The COPCs identified in the 200-PO-1 RI Report (DOE/RL-2009-85) are shown in Table 5-2. Gross
alpha and sulfate are new COPCs not previously identified in the RI report. In addition, two COPCs that
met the criteria as COPCs in the RI (PCE and TCE) no longer meet the criteria to be retained as COPCs.

Table 5-2. Summary of COPCs for the 200-PO-1 OU RI BRA

Near-Field Far-Field Near-River

Exposure Area Area Exposure Area

lodine-129 lodine-129 Tritium

Nitrate Tetrachloroethene

Strontium-90 Trichloroethene

Technetium-99 Tritium

Trichloroethene

Tritium

Uranium

The ecological risk evaluation for the 200-PO-I OU considered groundwater beneath the Central Plateau
and areas leading to the Columbia River (Section 4.7). Currently, several ecological risk assessments have
been conducted at groundwater OUs where the groundwater discharges to the Columbia River. A separate
risk assessment was also conducted related to the Columbia River, the CRC (DOE/RL-2010-117), which
included an ecological risk assessment that combined both screening and baseline elements. The CRC
concluded that seven COECs were within sediment, pore water, island soil, and shoreline sediment
(aluminum, chromium, Cr(VI), lead, manganese, nickel, and nitrate). Based on analytical results from the
near-river wells, none of these seven COECs was retained for the in the near-river area. Monitoring wells
from inland locations of the OU report concentrations of one of the seven COECs (nitrate) identified by
the CRC; however, nitrate is not predicted to arrive at the river above the DWS (AWQC and state water
quality standards are not published for nitrate).
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1 The assessment of risk to Native Americans posed by the conditions identified for the OU was performed
2 for informational purposes using two exposure scenarios provided by the CTUIR and Yakama Nation
3 (Section 4.6.5.1). These scenarios reflect exposure conditions that assume groundwater from the
4 200-PO-I OU is restored to its highest beneficial use, is used as a drinking water source, and is used to
5 make steam in a sweat lodge. The potential routes of exposure to groundwater evaluated in these
6 scenarios include ingestion of drinking water; dermal contact; and inhalation of volatiles, semivolatiles,
7 and vaporized nonvolatiles during household and sweat lodge activities. For comparison, the risks posed
8 from exposure to groundwater used as a drinking water source were evaluated using EPA tap water
9 equations. The results of the Native American risk and EPA tap water evaluations demonstrate that the

10 risks associated with the scenarios exceed the applicable MTCA HHRA Procedures (WAC 173-340-708)
11 thresholds and EPA thresholds for cumulative risk. Additional analytes contributing to risk in the CTUIR
12 scenarios included barium, beryllium, cadmium, cobalt, Cr(VI), manganese, uranium-234, uranium-238,
13 and vanadium. Additional analytes contributing to risk in the Yakama Nation scenarios included barium,
14 beryllium, cadmium, cobalt, Cr(VI), fluoride, manganese, nickel, uranium-234, uranium-238, and
15 vanadium (with many of these analyte concentrations with groundwater background values).

16 The analysis and evaluations conducted for this addendum support the following conclusions from the
17 200-PO-I RI Report (DOE/RL-2009-85):

18 e The observed groundwater contamination conditions confirm a basis for an FS.

19 e An FS is required.

20 e Sufficient data have been collected to support the preparation of an FS.
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1 Al Introduction
2 This appendix provides the groundwater data that were used for the updated risk assessment evaluations
3 completed for this addendum to the Remedial Investigation Report for the 200-PO-1 Groundwater
4 Operable Unit (DOE/RL-2009-85, Rev. 1). Electronically available groundwater data are provided on
5 the attached compact disc as Table A-I (Groundwater Analytical Data for the 200-PO-1 Operable Unit).
6 Table A-I was generated from available data for the period from January 2008 through January 2014.
7 The data were compiled from the Hanford Environmental Information System database. A data quality
8 assessment completed for the groundwater data included in the risk assessment is provided in Supplement
9 to the 200-PO-1 Groundwater Operable Unit Data Quality Assessment (2008 through 2013)

10 (SGW-56759).

11 A2 References

12 DOE/RL-2009-85, 2012, Remedial Investigation Report for the 200-PO-1 Groundwater Operable Unit,
13 Rev. 1, U.S. Department of Energy, Richland Operations Office, Richland, Washington.
14 Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0091415

15 SGW-56759, 2014, Supplement to the 200-PO-1 Groundwater Operable Unit Data Quality Assessment
16 (2008 through 2013), Rev. 0, CH2M HILL Plateau Remediation Company, Richland,
17 Washington. Available at:
18 httD://Ddw.hanford.-ov/ar ir/index.cfm/viewDoc?aeeession=0082290H
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2 Hydrogeologic Cross Sections for the 200-PO-1 Operable Unit
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1 B1 Introduction
2 This appendix includes 13 hydrogeologic cross sections, assembled to illustrate the 200-BP-I Operable
3 Unit (OU) near-field and far-field hydrogeology. The section orientations and locations are provided on
4 the cross-section location map (Figure B-1). Scales differ for each section, as necessary, to illustrate the
5 primary structural and hydrostratigraphic features, aquifer boundaries, and relative line length. The cross
6 sections were revised (except Q-Q' and S-S') based on additional geologic information collected since
7 publication of DOE/RL-2009-85, Remedial Investigation Report for the 200-PO-1 Groundwater
8 Operable Unit.

9 B2 Reference

10 DOE/RL-2009-85, 2012, Remedial Investigation Report for the 200-PO-1 Groundwater Operable Unit,
11 Rev. 1, U.S. Department of Energy, Richland Operations Office, Richland, Washington.
12 Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0091415.
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Appendix C

Groundwater Fate and Transport ECFs and Supporting Information

(ECFs and supporting information are provided on CD only)

C-i

1

2

3

4

5



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1

This page intentionally left blank.

3

C-ii

2



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Contents

ECF-Hanford-13-0029

ECF-Hanford-13-0030

ECF-Hanford-13-003 1

ECF-Hanford-13-0037

17 Model Package Report:

CP-57037

Geologic Framework Model to Support Fate and Transport
Modeling for Remedial Investigation/Feasibility Studies of the
200-BP-5 and 200-PO-1 Groundwater Operable Units

Initial Groundwater Plume Development to Support Fate and
Transport Modelingfor Remedial Investigation/Feasibility
Studies of the 200-BP-5 and
200-PO-1 Groundwater Operable Units

Fate and Transport Modeling for Baseline Conditions for
Remedial Investigation/Feasibility Studies of the 200-BP-5 and
200-PO-1 Groundwater Operable Units

Development of Source Terms for Inclusion in Fate and
Transport Modeling for Remedial Investigation/Feasibility
Studies of the 200-BP-5 and 200-PO-1 Groundwater
Operable Units

Model Package Report: Plateau to River Groundwater
Transport Model Version 7.1

C-iii

I

2 Environmental Calculation Files:

3
4
5

6
7
8
9

10
11
12

13
14
15
16

18
19



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1

This page intentionally left blank.

C-iv

2



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Appendix D

Groundwater Summary Statistics and Time Series

D-i

I

2



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1

This page intentionally left blank.

D-ii

2



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Contents
D 1 R eferences .................................................................................................................................... D -89

1

2

Figure D-1.

Figure D-2.

Figure D-3.

Figure D-4.

Figure D-5.

Figure D-6.

Figure D-7.

Figure D-8.

Figure D-9.

Figure D-10.

Figure D-11.

Figure D-12.

Figure D-13.

Figure D-14.

Figure D-15.

Figure D-16.

Figure D-17.

Figure D-18.

Figure D-19.

Figure D-20.

Figure D-2 1.

Figure D-22.

Figure D-23.

Figure D-24.

Figure D-25.

Figure D-26.

Figure D-27.

Figure D-28.

Figure D-29.

Figures

Overview of 200-PO-1 Groundwater OU and Monitoring Wells Located
in the Far-Field A rea ...................................................................................................... D -1

Monitoring Wells Located in the WMA A-AX Tank Farms, PUREX Cribs, and
B C C ribs and T renches ...................................................................................................... D -2

Monitoring Wells Located in the 216-A-29 Ditch and the 216-B-3 Pond Facility............D-3

Trichloroethene Concentrations in Well 299-E 17-14........................................................D-4

Trichloroethene Concentrations in Well 299-E 17-19 ........................................................ D-5

Trichloroethene Concentrations in Well 299-E24-16 ........................................................ D-6

Trichloroethene Concentrations in Well 299-E24-23 ........................................................ D-7

n-Nitrosodi-n-dipropylamine Concentrations in Well 299-E24-23 ................................... D-8

Beryllium Concentrations in Well 299-E 17-1 ................................................................... D-9

Cadmium Concentrations in Well 299-E 17-1.................................................................. D-10

Total Chromium Concentrations in Well 299-E18-1 ....................................................... D-11

Cobalt Concentrations in Well 299-E 17-1 ................................................................... D-12

Antimony Concentrations in Well 299-E25-236 Analyzed by Method 6010
(ICP-AES) and Method 200.8 (ICP-MS)......................................................................... D-13

Cadmium Concentrations in Well 299-E25-93................................................................ D-13

Dissolved Chromium (Total) Concentrations in Well 299-E25-236 .......................... D-14

Nickel Concentrations in Well 299-E25-236 ................................................................... D-15

Nickel Concentrations in Well 299-E25-48 ..................................................................... D-16

Nickel Concentrations in Well 299-E25-93 ..................................................................... D-17

Cobalt Concentrations in Well 299-E13-11 ..................................................................... D-18

Iron Concentrations in W ell 299-E 13-11 ......................................................................... D -19

Iron Concentrations in Well 299-E13-19 ......................................................................... D-20

Manganese Concentrations in Well 299-E13-11 ............................................................. D-21

Manganese Concentrations in Well 299-E13-19 ............................................................. D-22

Iron Concentrations in Well 699-42-40A......................................................................... D-23

Manganese Concentrations in Well 699-42-40A ............................................................. D-24

Carbon Tetrachloride Concentrations in Well 699-22-35................................................ D-25

Carbon Tetrachloride Concentrations in Well 699-23-34A............................................. D-26

Antimony Concentrations in Well 699-22-35 Analyzed by Method 6010
(ICP-AES) and Method 200.8 (ICP-MS)......................................................................... D-27

Antimony Concentrations in Well 699-23-34A Analyzed by Method 6010
(ICP-AES) and Method 200.8 (ICP-MS)......................................................................... D-28

D-iii



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Figure D-30.

Figure D-31.

Figure D-32.

Figure D-33.

Figure D-34.

Figure D-35.

Figure D-36.

Figure D-37.

Figure D-38.

Figure D-39.

Figure D-40.

Figure D-4 1.

Figure D-42.

Figure D-43.

Figure D-44.

Figure D-45.

Figure D-46.

Figure D-47.

Figure D-48.

Figure D-49.

Figure D-50.

Figure D-51.

Figure D-52.

Antimony Concentrations in Well 699-23-34B Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-29

Antimony Concentrations in Well 699-24-33 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-30

Antimony Concentrations in Well 699-24-34A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-30

Antimony Concentrations in Well 699-24-34B Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-31

Antimony Concentrations in Well 699-24-34C Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-31

Antimony Concentrations in Well 699-24-35 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-32

Antimony Concentrations in Well 699-26-35A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-32

Total Chromium Concentrations in Well 699-26-35C..................................................... D-33

Carbon Tetrachloride Concentrations in Well 699-S6-E4A ............................................ D-34

Carbon Tetrachloride Concentrations in Well 699-S6-E4K ............................................ D-35

Carbon Tetrachloride Concentrations in Well 699-S6-E4L............................................. D-36

Antimony Concentrations in Well 499-S0-7 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-37

Antimony Concentrations in Well 499-S0-8 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-38

Antimony Concentrations in Well 499-Si -8J Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-39

Antimony Concentrations in Well 699-8-25 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-40

Antimony Concentrations in Well 699-10-54A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-41

Antimony Concentrations in Well 699-12-4D Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-42

Antimony Concentrations in Well 699-13-lA Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-43

Antimony Concentrations in Well 699-13-1E Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-44

Antimony Concentrations in Well 699-13-2D Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-45

Antimony Concentrations in Well 699-13-3A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-46

Antimony Concentrations in Well 699-14-3 8 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-47

Antimony Concentrations in Well 699-17-5 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-48

D-iv



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Figure D-53.

Figure D-54.

Figure D-55.

Figure D-56.

Figure D-57.

Figure D-58.

Figure D-59.

Figure D-60.

Figure D-61.

Figure D-62.

Figure D-63.

Figure D-64.

Figure D-65.

Figure D-66.

Figure D-67.

Figure D-68.

Figure D-69.

Figure D-70.

Figure D-71.

Figure D-72.

Figure D-73.

Figure D-74.

Figure D-75.

Figure D-76.

Figure D-77.

Antimony Concentrations in Well 699-20-20 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-49

Antimony Concentrations in Well 699-20-E5A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-50

Antimony Concentrations in Well 699-26-15A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-51

Antimony Concentrations in Well 699-29-4 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-52

Antimony Concentrations in Well 699-31-11 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-53

Antimony Concentrations in Well 699-32-22A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-54

Antimony Concentrations in Well 699-35-9 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-55

Antimony Concentrations in Well 699-38-15 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-56

Antimony Concentrations in Well 699-41-23 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-57

Antimony Concentrations in Well 699-42-12A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-58

Antimony Concentrations in Well 699-46-2 1B Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-59

Antimony Concentrations in Well 699-50-28B Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-60

Antimony Concentrations in Well 699-S3 -25 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-61

Antimony Concentrations in Well 699-S6-E4A Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-62

Antimony Concentrations in Well 699-S8-19 Analyzed by Method 6010
(ICP-AES) and M ethod 200.8 (ICP-M S)......................................................................... D-63

Manganese Concentrations in Well 699-32-22B ............................................................. D-64

Nickel Concentrations in Well 699-S6-E4L .................................................................... D-65

Zinc Concentrations in W ell 699-32-22B ........................................................................ D-66

Filtered Cadmium Concentrations in Well 699-41-1A .................................................... D-67

Filtered Cadmium Concentrations in Well 699-SI9-E13 ................................................ D-68

Iron Concentrations in W ell 699-20-E120 ...................................................................... D-69

Manganese Concentrations in Well 699-20-E120........................................................... D-70

Filtered Silver Concentrations in Well 699-10-E12......................................................... D-71

Filtered Silver Concentrations in Well 699-46-4 ............................................................. D-72

Filtered Silver Concentrations in Well 699-S3-E2 ........................................................ D-73

D-v



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

1 Tables
2 Table D-1. Groundwater Summary Statistics for PUREX Cribs Exposure
3 A rea - U nconfined A quifer .............................................................................................. D -75

4 Table D-2. Groundwater Summary Statistics for WMA A-AX Tank Farms and 216-A-29
5 Ditch Exposure Area - Unconfined Aquifer .................................................................... D-77

6 Table D-3. Groundwater Summary Statistics for BC Cribs and Trenches Exposure
7 A rea - U nconfined A quifer .............................................................................................. D -79

8 Table D-4. Groundwater Summary Statistics for 216-B-3 Pond Facility Exposure
9 A rea - U nconfined A quifer .............................................................................................. D -80

10 Table D-5. Groundwater Summary Statistics for NRDWL/SWL Exposure
11 A rea - U nconfined A quifer .............................................................................................. D -81

12 Table D-6. Groundwater Summary Statistics for 200-PO-1 OU Far-Field Exposure Area -
13 U nconfined A quifer ......................................................................................................... D -83

14 Table D-7. Groundwater Summary Statistics for the 200-PO-I OU Near-River Exposure
15 A rea - U nconfined A quifer .............................................................................................. D -86

16

D-vi



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

F2635A 26-34A 26-34B
100-FR-3 26-33

26-35C--. - 25-34A

NRDWL 25-33A
8 -SWL - 25-34B

% 4-- 4-E -A

I - *'' 2434C

. --- 45-4 4 21B-48«<

243 24-33
24 ' 3 4-4B

3z//,2-34A

2334A

200-ZP-1 200 East -64
42-12A 43

40*33A 41-23 41-1A

38-15 - 37 E4

43443 35 9
34-41 B 0

3-6 34 42 32-2 31-11
32-43 32-22B 0

31-31 29-4

26-15A
24 -46

20-20 200-PO-1 21-6 2

19-43 17-5 0 20-E12S
S300-FF 5t

14-38 13 2D y' 13-A DA
12 4D -A

10-54A 13 3A 1 10-E12
8-25 8-17 1 2C 9 E2

2-7 2-3

S3-25 81 2-26A S
SO-S 7 -6

S3-25 S-Jj~jS-1* 300-FF-S 5
S6-E4A

6 -E4L S6 E4D S6-E14A
8-19 S6-E4K S6-E4B *

S6-E4E

* Monitoring Well S 12-3
Waste Site of Interest

Area Boundary

- - Groundwater Operable E14
Unit Boundary S19-E13
Hanford Site Boundary

2013 Basalt above Water Table I 300-FF-5

2013 MUD above Water Table

Roads 1100-EM
o 1 2 3 4 km

0 i. Smi
OH SGW2D140237 PRC-SpaiaI.Pro1e-s=0 IS~ro5 c sMX2 P~Z 0F CHICW2O14Oflt o

2 Figure D-1. Overview of 200-PO-1 Groundwater OU and Monitoring Wells Located in the Far-Field Area

3

D-1

I



E23-1
4

E17-21

E24-22 * E5 41
WMA A/A X N

E24-5 E24-20 E25-2
:E25-93'

E24-3 %E25-94
E25-236 E25-42

E25-35
E25-48

E2421 216-A-29
E25-3

< PUREX Zx
E25-36

E2 4-23
E24-18 E24-16

216-A-1 0
E17-19

E17-1 E17-14

216-A-36B

E17-22 E17-16
E17-13 *

E17-18
El7-12

El 7-26

E17-25 E17-23

- *

37-47A

E13-14 BC Cribs and Trenches

E13-9
< , E13-4

E13-16-
JE13 8 E13-6

E13-5

- - -- E13-11
E13-17 .E *

E13-18/ 13-12

E13-19

RC-$atial\roiects\$GRPIGISPietsOMXt\CP\200rO,\CHSW2014r238.mxd

/7

I *

Monitoring Well

Waste Site of Interest

Area Boundary

Groundwater Operable
Unit Boundary

Hanford Site Boundary il
2013 Basalt above Water Table

2013 MUD above Water Table
- Roads
0 125 250 375 500m

0 750 1,500 ft
CHOGW2C 140238

Figure D-2. Monitoring Wells Located in the WMA A-AX Tank Farms, PUREX Cribs, and BC Cribs and Trenches

%0 E24-24

C §4

IDF

El 8-1

r -
0
PN) I

2

0
0
m

N)

(D

C -
(i>



* Monitoring Well

Waste site of Interest

Area Boundary

- - Groundwater Operable
Unit Boundary

L -1 Hanford Site Boundary
I

2013 Basalt above Water Table

2013 MUD above Water Table

- Roads
0 125 250 375 500m

0 750 1,500 ft
CHSGW20140239

, O,
E26-13

E26-E26-4

E24-33 E25-43
E25-40

OE 2 5 41 E25-6 216- /
E24-22 E25-28

E24-5 WMA AAX E25-2 E25-34
0 E24-E20-34 E25-3

E24-20 -E25-93 E25-3
E24-30 E25-94

E25-236 E25-47
25-42 E25-26
E25-35 E25 37

E25-48 0E25-1

~l 'i--E25-29P
25-3 E25-17 7-E25 18 E25-44

PUREX4 > 5 E25-19 2

24-23 E E25-20E
216-A-10VE 2216-A-37-1

E24-16

E17-19 E16-2
E17-1

E17-14

- 216-A-36B
RC-Soat Ilroiaecs\SGRP ISPIOIects\MXD\C

45-42

216-B-3A 44
- -2> B-/4344

216-BA RA D

043-45

42-42B 216-B-3B RADd4 04 940

1 2 
/4 2 R - #

42-39A

42-39B

4 42 - - 216-B-3C RAD
2P
2Q E25-25

E25-39

I

39-39

F OPOl1\CHSGW20140239.mxd

Figure D-3. Monitoring Wells Located in the 216-A-29 Ditch and the 216-B-3 Pond Facility

0
60

-398

2

0
0
m

N)

0p
O0

N) -

C>



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Figure D-4. Trichloroethene Concentrations in Well 299-E17-14
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Figure D-5. Trichloroethene Concentrations in Well 299-E17-19
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Figure D-9. Beryllium Concentrations in Well 299-E17-1
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Figure D-11. Total Chromium Concentrations in Well 299-E18-1
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Figure D-15. Dissolved Chromium (Total) Concentrations in Well 299-E25-236
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Figure D-16. Nickel Concentrations in Well 299-E25-236
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Figure D-18. Nickel Concentrations in Well 299-E25-93
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Figure D-19. Cobalt Concentrations in Well 299-E13-11
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Figure D-20. Iron Concentrations in Well 299-E13-11
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Figure D-22. Manganese Concentrations in Well 299-E13-11
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Figure D-23. Manganese Concentrations in Well 299-E13-19
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Figure D-24. Iron Concentrations in Well 699-42-40A
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Figure D-25. Manganese Concentrations in Well 699-42-40A
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Figure D-26. Carbon Tetrachloride Concentrations in Well 699-22-35
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Figure D-27. Carbon Tetrachloride Concentrations in Well 699-23-34A
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Figure D-28. Antimony Concentrations in Well 699-22-35
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-29. Antimony Concentrations in Well 699-23-34A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-30. Antimony Concentrations in Well 699-23-34B
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-31. Antimony Concentrations in Well 699-24-33
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-32. Antimony Concentrations in Well 699-24-34A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-33. Antimony Concentrations in Well 699-24-34B
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-34. Antimony Concentrations in Well 699-24-34C
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-35. Antimony Concentrations in Well 699-24-35
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-36. Antimony Concentrations in Well 699-26-35A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-37. Total Chromium Concentrations in Well 699-26-35C
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Figure D-38. Carbon Tetrachloride Concentrations in Well 699-S6-E4A
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Figure D-40. Carbon Tetrachloride Concentrations in Well 699-S6-E4L
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Figure D-41. Antimony Concentrations in Well 499-SO-7
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-42. Antimony Concentrations in Well 499-SO-8
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-43. Antimony Concentrations in Well 499-S1-8J
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-44. Antimony Concentrations in Well 699-8-25
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-45. Antimony Concentrations in Well 699-10-54A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)

D-41

60

50

40

30

20

10

0 -
Jan-4 Jan-09

1

2
3

Jan-1 0

699-10-54A 6



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

699-12-4D -- 6G1l

50
Open symbols used
for non-detect

40

30
E

20

10

Jan-08 Jan-09 Jan-10 Jan-II Jan-12 Jan-13 Jan-14

Collection Date

2 Figure D-46. Antimony Concentrations in Well 699-12-40
3 Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-47. Antimony Concentrations in Well 699-13-1A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-48. Antimony Concentrations in Well 699-13-1E
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-50. Antimony Concentrations in Well 699-13-3A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-51. Antimony Concentrations in Well 699-14-38
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-52. Antimony Concentrations in Well 699-17-5
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-53. Antimony Concentrations in Well 699-20-20
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-54. Antimony Concentrations in Well 699-20-ESA
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-55. Antimony Concentrations in Well 699-26-15A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-56. Antimony Concentrations in Well 699-29-4
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-57. Antimony Concentrations in Well 699-31-11
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)

D-53

50

45

40

_i 30

25

20

10

5

6991-il-e-6010

-E-00.8

Open symbols used
for non-detect

0 -
Jan-08 Jan-09

1

2
3

Jan-1 0

699-31-11

I



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

70
699-32-22A -0-6010

-E-00.8

Open symbols used

50

40

E
30

20

10

Jan-OS Jan-09 Jan-10 Jan-II Jan-12 Jan-13 Jan-14

Collection Date
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3 Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-59. Antimony Concentrations in Well 699-35-9
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-60. Antimony Concentrations in Well 699-38-15
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-61. Antimony Concentrations in Well 699-41-23
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-62. Antimony Concentrations in Well 699-42-12A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-63. Antimony Concentrations in Well 699-46-21B
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-64. Antimony Concentrations in Well 699-50-28B
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-65. Antimony Concentrations in Well 699-S3-25
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-66. Antimony Concentrations in Well 699-S6-E4A
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-67. Antimony Concentrations in Well 699-S8-19
Analyzed by Method 6010 (ICP-AES) and Method 200.8 (ICP-MS)
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Figure D-68. Manganese Concentrations in Well 699-32-22B
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Figure D-69. Nickel Concentrations in Well 699-S6-E4L
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Figure D-70. Zinc Concentrations in Well 699-32-22B
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Figure D-71. Filtered Cadmium Concentrations in Well 699-41-1A
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Figure D-72. Filtered Cadmium Concentrations in Well 699-S19-E13
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Figure D-73. Iron Concentrations in Well 699-20-E120
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Figure D-76. Filtered Silver Concentrations in Well 699-46-4
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Figure D-77. Filtered Silver Concentrations in Well 699-S3-E12
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Table D-1. Groundwater Summary Statistics for PUREX Cribs Exposure Area - Unconfined Aquifer

No. of
Number Number Frequency Max Groundwater No. of Detects > Detects >

First Sample Last Sample of of of Detects Min Non- Min. Max. Background Groundwater Groundwater Background Action Action
Analyte Filtered? Units Date Date Results Detects (%) Nondetect detect Detect Detect 90th Percentile Background Level Basis Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 1/9/2008 12/17/2013 184 101 54.89 -6.3 11 1.5 33 -- -- -- 15 13 40 CFR 141--federal MCL

lodine-129 No pCi/L 1/9/2008 12/17/2013 186 130 69.89 -0.71 5.6 0.23 11 9.OOE-07 130 DOE/RL-96-61 Rev0, Table ES- 1.0 93 40 CFR 141--federal MCL

Strontium-90 No pCi/L 3/30/2008 12/17/2013 115 32 27.83 -2,000 2.0 1.0 30 0.0010 32 DOE/RL-96-61 Rev.0, Table ES-1 8.0 8 40 CFR 141--federal MCL

Technetium-99 No pCi/L 1/9/2008 12/17/2013 118 94 79.66 -8.2 5.6 6.8 340 0.83 94 DOE/RL-96-61 Rev.0, Table ES- 900 0 40 CFR 141--federal MCL

Tritium No pCi/L 3/30/2008 12/17/2013 137 135 98.54 250 290 240 650,000 119 135 DOE/RL-96-61 Rev.0, Table ES-1 20,000 94 40 CFR 141--federal MCL

Uranium-234 No pCi/L 9/29/2008 12/8/2008 3 3 100 -- -- 1.93 31 -- -- -- -- -- No action value

Uranium-235 No pCi/L 9/29/2008 12/8/2008 3 2 66.67 0.059 0.059 0.448 2.1 -- -- -- -- -- No action value

Uranium-238 No pCi/L 9/29/2008 12/8/2008 3 3 100 -- -- 1.05 34 -- -- -- -- -- No action value

Volatile Organic Compounds

Carbon tetrachoride No pg/L 9/29/2008 12/17/2013 32 1 3.13 0.042 1.8 0.13 0.13-- 0.63 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Chloroform No pg/L 9/29/2008 12/17/2013 32 3 9.38 1.0 1.0 0.22 0.71 -- -- -- 1.4 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Trichoroethene No pg/L 9/29/2008 12/17/2013 32 5 15.63 0.5 1.0 0.27 3.1 0.54 4 CLARC guidance

Seivolatile Organic Compounds

2,6-Dinitrotoluene No pg/L 12/17/2013 12/17/2013 1 1 100 -- -- 17 17 -- -- 16.0 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Bis(2-ethylhexyl) phthalate No pg/L 9/29/2008 12/17/2013 25 3 12 0.90 1.0 1.4 6.7 -- -- -- 6.0 1 40 CFR 141--federal MCL

n-Nitrosodi-n-dipropylamine No pg/L 1/9/2012 12/17/2013 15 1 6.67 0.90 1.0 2.9 2.9 -- -- -- 0.013 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Metals

Antimony No pg/L 3/24/2008 5/14/2012 22 9 40.91 4.0 4.0 39 104 55.1 3 DOE/RL-96-61 Rev.0, Table ES- 6.0 9 40 CFR 141--federal MCL

Arsenic No pg/L 3/30/2008 12/17/2013 134 130 97.01 1.9 4.0 1.8 12 7.9 23 DOE/RL-96-61 Rev.0, Table ES-1 0.058 130 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 1/9/2008 12/17/2013 339 339 100 -- -- 15 114 105 1 DOE/RL-96-61 Rev.0, Table ES- 2,000 0 40 CFR 141--federal MCL

Beryllium No pg/L 1/9/2008 6/18/2013 333 1 0.3 0.50 4.0 9.4 9.4 2.3 1 DOE/RL-96-61 Rev.0, Table ES-1 4.0 1 40 CFR 141--federal MCL

Cadmium No pg/L 1/9/2008 12/17/2013 339 4 1.18 0.45 4.1 4.1 18 0.92 4 DOE/RL-96-61 Rev.0, Table ES- 5.0 1 40 CFR 141--federal MCL

Chromium No pg/L 1/9/2008 12/17/2013 335 156 46.57 3.1 14 5.2 113 2.4 156 DOE/RL-96-61 Rev.0, Table ES- 100 1 40 CFR 141--federal MCL

Chromium Yes pg/L 1/9/2008 1/22/2013 292 89 30.48 3.1 14 3.2 31 2.4 89 DOE/RL-96-61 Rev.0, Table ES-1 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cobalt No pg/L 1/9/2008 12/17/2013 326 4 1.23 4.0 4.1 4.0 19 0.92 4 DOE/RL-96-61 Rev.0, Table ES- 4.8 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 1/9/2008 12/17/2013 339 14 4.13 4.0 6.0 4.1 38 0.81 14 DOE/RL-96-61 Rev.0, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron No pg/L 1/9/2008 12/17/2013 338 209 61.83 9.0 62 11 5,540 570 6 DOE/RL-96-61 Rev.0, Table ES-1 11,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lead No pg/L 9/29/2008 12/17/2013 4 2 50 0.10 0.10 0.10 0.12 0.92 0 DOE/RL-96-61 Rev.0, Table ES- 15 0 40 CFR 141--federal MCL

Manganese No pg/L 1/9/2008 12/17/2013 339 70 20.65 0.96 6.0 2.8 276 38.5 26 DOE/RL-96-61 Rev.0, Table ES-1 384 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 1/9/2008 12/17/2013 339 82 24.19 4.0 67 4.0 49 1.6 82 DOE/RL-96-61 Rev.0, Table ES- 100 0 40 CFR 141--federal MCL
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Table D-1. Groundwater Summary Statistics for PUREX Cribs Exposure Area - Unconfined Aquifer

No. of
Number Number Frequency Max Groundwater No. of Detects > Detects >

First Sample Last Sample of of of Detects Min Non- Min. Max. Background Groundwater Groundwater Background Action Action
Analyte Filtered? Units Date Date Results Detects (%) Nondetect detect Detect Detect 90 h Percentile Background Level Basis Level Level Action Level Basis

Silver No pg/L 1/9/2008 12/17/2013 336 10 2.98 4.0 12 4.0 21 5.3 7 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium No pg/L 1/9/2008 6/18/2013 336 335 99.7 4.0 4.0 125 602 323 74 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 4/2/2008 12/17/2013 65 65 100 -- -- 2.5 106 9.9 43 DOE/RL-96-61 Rev.0, Table ES-1 30 9 40 CFR 141--federal MCL

Vanadium No pg/L 1/9/2008 12/17/2013 339 314 92.63 7.0 42 6.9 43 11.5 308 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 1/9/2008 12/17/2013 338 69 20.41 4.0 25 4.0 196 21.8 7 DOE/RL-96-6 Rev.0, Table ES- 4,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Anions

Chloride No pg/L 1/9/2008 12/17/2013 274 274 100 -- -- 3,400 33,300 15,630 51 DOE/RL-96-61 Rev.O, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 1/9/2008 12/17/2013 274 264 96.35 60 250 61 418 1,047 0 DOE/RL-96-61 Rev.0, Table ES-1 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 1/9/2008 12/17/2013 274 274 100 -- -- 3,460 172,000 26,871 191 DOE/RL-96-61 Rev.0, Table ES- 45,000 122 40 CFR 141--federal MCL

Nitrite No pg/L 1/9/2008 12/17/2013 271 45 16.61 9.9 2,500 126 427 93.7 45 DOE/RL-96-61 Rev.0, Table ES-1 3,300 0 40 CFR 141--federal MCL

Sulfate No pg/L 1/9/2008 12/17/2013 274 274 100 -- -- 19,600 371,000 47,014 204 DOE/RL-96-61 Rev.0, Table ES-1 250,000 2 40 CFR 141--secondary federal MCL

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-6 1, Hanfrrd Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

CLARC = Cleanup Levels and Risk Calculations (database)

MCL = maximum contaminant level

1

D-76



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table D-2. GroundwaterSummaryStatistics for WMA A-AX Tank Farms and 216-A-29 DitchExposureArea - Unconfined Aquifer

T T TNo. of
First L ast Number Number Frequency Groundwater No. of Detects> erectsSample Sample of of of Detects Min. Max. Min. Max. Background Groundwater Groundwater Background Action Action

Analyte Filtered? Units Date Date Results Detects (%) Nondetect Nondetect Detect Detect 90th Percentile Background Level Basis Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 1/2/2008 12/23/2013 185 64 34.59 -13 5.9 0.72 11 -- -- -- 15 0 40OCFR 141--federal MCL

Gross beta No pCi/L 1/2/2008 12/23/2013 186 182 97.85 0.090 3 1.9 4,400 3.1 179 DOE/RL-96-61 Rev.0, Table ES- 4 mrem/pr -- 40 CFR 141--federal MCL

Iodine- 129 No pCi/L 1/3/2008 12/23/2013 138 120 86.96 -0.96 4.45 1.3 10 9.00E-07 120 DOE/RL-96-61 Rev.0, Table ES- 1.0 120 40 CFR 141--federal MCL

Selenium-79 No pCi/L 7/10/2008 12/8/2008 3 1 33.33 2.0 3.07 33 33 -- -- -- 73 0 EPA, 2013

Strontium-90 No pCi/L 1/2/2008 12/23/2013 79 4 5.06 -9.4 1.3 1.1 5.8 0.0010 4 DOE/RL-96-61 Rev.0, Table ES-1 8.0 0 40 CFR 141--federal MCL

Technetium-99 No pCi/L 1/2/2008 12/23/2013 227 220 96.92 -9.4 7.8 9.3 8,000 0.83 220 DOE/RL-96-61 Rev.0, Table ES- 900 44 40 CFR 141--federal MCL

Tritium No pCi/L 1/2/2008 12/23/2013 170 168 98.82 44 180 280 42,000 119 168 DOE/RL-96-61 Rev.0, Table ES- 20,000 7 40 CFR 141--federal MCL

Uranium-234 No pCi/L 7/10/2008 12/8/2008 3 3 100 -- -- 1.1 2.7 -- -- -- -- -- No action value

Uranium-238 No pCi/L 7/10/2008 12/8/2008 3 3 100 -- -- 0.72 2.0 -- -- -- -- -- No action value

Dioxins/Furans

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin No pg/L 12/12/2012 12/12/2012 1 1 100 -- -- 1.70E-06 i.70E-06 -- -- -- 6.73E-06 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Volatile Organic Compounds

Toluene No pg/L 7/10/2008 12/12/2012 6 1 16.67 0.029 1.0 0.029 0.029 -- -- -- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Semivolatile Organic Compounds

Bis(2-ethylhexyl) phthalate No pg/L 7/10/2008 1/25/2013 11 1 9.09 0.90 1.0 4.1 4.1 -- -- -- 6.0 0 40 CFR 141--federal MCL

Metals

Antimony No pg/L 1/3/2008 12/12/2012 19 8 42.11 0.60 4.0 4.1 84 55.1 1 DOE/RL-96-61 Rev.0, Table ES- 6.0 7 40OCFR 141--federal MCL

Arsenic No pg/L 1/3/2008 12/23/2013 149 149 100 -- -- 1.8 13 7.9 66 DOE/RL-96-61 Rev.0, Table ES- 0.058 149 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 1/2/2008 12/23/2013 336 336 100 -- -- 12 89 105 0 DOE/RL-96-61 Rev.0, Table ES-1 2,000 0 40 CFR 141--federal MCL

Cadmium No pg/L 1/2/2008 12/23/2013 337 2 0.59 0.45 4.1 4.4 5.2 0.92 2 DOE/RL-96-61 Rev.0, Table ES- 5.0 1 40 CFR 141--federal MCL

Chromium No pg/L 1/2/2008 12/23/2013 333 139 41.74 3.1 14 5.0 190 2.4 139 DOE/RL-96-61 Rev.0, Table ES-1 100 2 40 CFR 141--federal MCL

Chromium Yes pg/L 1/2/2008 12/23/2013 303 55 18.15 3.1 14 3.2 48 2.4 55 DOE/RL-96-61 Rev.0, Table ES- 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cobalt No pg/L 1/2/2008 12/23/2013 323 1 0.31 4.0 4.1 4.0 4.0 0.92 1 DOE/RL-96-61 Rev.0, Table ES-1 4.8 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 1/2/2008 12/23/2013 337 18 5.34 4.0 11 4.0 12 0.81 18 DOE/RL-96-61 Rev.0, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Hexavalent chromium No pg/L 10/28/2008 10/28/2008 1 1 100 -- -- 191 191 -- -- -- 48.0 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron No pg/L 1/2/2008 12/23/2013 336 225 66.96 9.0 68 9.7 2,000 570 11 DOE/RL-96-61 Rev.0, Table ES- 11,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lead No pg/L 1/2/2008 12/23/2013 217 57 26.27 0.10 0.20 0.078 1.8 0.92 2 DOE/RL-96-61 Rev.0, Table ES- 15.0 0 40 CFR 141--Federal MCL

Manganese No pg/L 1/2/2008 12/23/2013 337 59 17.51 0.96 6.9 2.7 191 38.5 6 DOE/RL-96-61 Rev.0, Table ES- 384 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 1/2/2008 12/23/2013 336 153 45.54 4.0 67 4.0 233 1.6 153 DOE/RL-96-61 Rev.0, Table ES- 100 3 40 CFR 141--Federal MCL

Selenium No pg/L 12/12/2012 12/12/2012 1 1 100 -- -- 4.5 4.5 10.5 0 DOE/RL-96-61 Rev.0, Table ES- 80.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Silver No pg/L 1/3/2008 12/23/2013 331 8 2.42 4.0 7.0 4.0 i 5.3 6 DOE/RL-96-61 Rev.0, Table ES-1 80.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium No pg/L 1/2/2008 12/23/2013 336 335 99.7 195 195 112 475 323 90 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 1/2/2008 9/19/2013 30 30 100 -- -- 1.8 13 9.9 1 DOE/RL-96-61 Rev.0, Table ES- 30.0 0 40 CFR 141--federal MCL

Vanadium No pg/L 1/3/2008 12/23/2013 333 320 96.1 8.1 26 6.7 42 11.5 319 DOE/RL-96-61 Rev.0, Table ES- 80.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 1/2/2008 12/23/2013 337 65 19.29 4.0 19 4.0 399 21.8 9 DOE/RL-96-61 Rev.0, Table ES- 4,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)
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Table D-2. GroundwaterSummaryStatistics for WMA A-AX Tank Farms and 216-A-29 DitchExposureArea - Unconfined Aquifer

No. of
First L ast Number Number Frequency Groundwater No. of Detects > Detects

Sample Sample of of of Detects Min. Max. Min. Max. Background Groundwater Groundwater Background Action > Action
Analyte Filtered? Units Date Date Results Detects (%) Nondetect Nondetect Detect Detect 90th Percentile Background Level Basis Level Level Action Level Basis

Anions

Chloride No pg/L 1/2/2008 12/23/2013 371 370 99.73 13,000 13,000 2,150 48,400 15,630 215 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 1/2/2008 12/23/2013 371 347 93.53 46 360 52 510 1,047 0 DOE/RL-96-61 Rev.0, Table ES- 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 1/2/2008 12/23/2013 371 370 99.73 33,900 33,900 1,140 118,000 26,871 141 DO/RL-96-61 Rev.0, Table ES- 45,000 36 40 CFR 141--federal MCL

Nitrite No pg/L 1/2/2008 12/23/2013 365 64 17.53 9.9 657 125 552 93.7 64 DOE/RL-96-61 Rev.0, Table ES- 3,300 0 40 CFR 141--federal MCL

Sulfate No pg/L 1/2/2008 12/23/2013 371 370 99.73 68,700 68,700 11,800 213,000 47,014 279 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--secondary federal MCL

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-6 1, Hanford Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

MCL =maximum contaminant level

1

2
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Table D-3. Groundwater Summary Statistics for BC Cribs and Trenches Exposure Area - Unconfined Aquifer
No. of

Number Number Frequency Groundwater No. of Detects > Detects >
First Sample Last Sample of of of Detects Min Max Min Max Background Groundwater Groundwater Background Action Action

Analyte Filtered? Units Date Date Results Detects (%) Non- Detect Non- Detect Detect Detect 90th Percentile Background Level Basis Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 5/6/2008 10/1/2013 31 8 25.81 -1.7 2.3 1.9 13 -- -- -- 15 0 40 CFR 141--federal MCL

Gross beta No pCi/L 5/6/2008 10/1/2013 31 31 100 -- -- 2 23 3.1 30 DOE/RL-96-61 Rev.0, Table ES- 4 mrem/yr -- 40 CFR 141--federal MCL

Protactinium-231 No pCi/L 12/2/2008 12/8/2008 10 1 10 -0.021 0.12 0.28 0.28 -- -- -- 15 0 40 CFR 141--federal MCL

Selenium-79 No pCi/L 12/2/2008 12/8/2008 10 1 10 -1.6 5.2 6.0 6.0 -- -- -- 7.3 0 EPA, 2013

Strontium-90 No pCi/L 5/6/2008 10/1/2013 31 4 12.9 -11 1.5 0.64 4.1 0.0010 4 DOE/RL-96-61 Rev.0, Table ES- 8.0 0 40OCFR 141--federal MCL

Tritium No pCi/L 5/6/2008 10/1/2013 31 1 3.23 -370 290 190 190 119 1 DOE/RL-96-61 Rev.0, Table ES- 20,000 0 40 CFR 141--federal MCL

Volatile Organic Compounds

Toluene No pg/L 5/6/2008 12/8/2008 12 1 8.33 0.029 0.029 0.065 [ 0.065 -- -- -- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Metals

Antimony No pg/L 5/6/2008 4/27/2012 4 2 50 4.0 4.0 47 52 55.1 0 DOE/RL-96-61 Rev.0, Table ES- 6.0 2 40 CFR 141--federal MCL

Arsenic No pg/L 5/6/2008 12/8/2008 12 9 75 0.40 1.9 0.79 3.4 7.9 0 DOE/RL-96-61 Rev.0, Table ES- 0.058 9 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 17 82 105 0 DOE/RL-96-61 Rev.0, Table ES- 2,000 0 40 CFR 141--federal MCL

Chromium No pg/L 5/6/2008 10/1/2013 31 14 45.16 5.0 14 3.6 52 2.4 14 DOE/RL-96-61 Rev.0, Table ES- 100 0 40OCFR 141--federal MCL

Chromium Yes pg/L 5/6/2008 7/21/2011 23 7 30.43 5 14 3.7 47 2.4 7 DOE/RL-96-61 Rev.0, Table ES-1 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cobalt No pg/L 5/6/2008 10/1/2013 31 2 6.45 4.0 4.1 7.3 14 0.92 2 DOE/RL-96-61 Rev.0, Table ES- 4.8 2 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 5/6/2008 10/1/2013 31 1 3.23 4.0 6.0 4.0 4.0 0.81 1 DOE/RL-96-61 Rev.0, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

hon No pg/L 5/6/2008 10/1/2013 31 25 80.65 19 25 37 37,100 570 1 DOE/RL-96-61 Rev.0, Table ES- 11,200 3 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lead No pg/L 5/6/2008 12/8/2008 12 2 16.67 0.10 0.49 0.20 35 0.92 1 DOE/RL-96-61 Rev.0, Table ES-1 15 1 40 CFR 141--federal MCL

Manganese No pg/L 5/6/2008 10/1/2013 31 21 67.74 4.0 6.0 1.1 833 38.5 13 DOE/RL-96-61 Rev.0, Table ES-1 384 3 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 5/6/2008 10/1/2013 31 3 9.68 4.0 13 4.7 9.0 1.6 3 DOE/RL-96-61 Rev.0, Table ES- 100 0 40OCFR 141--federal MCL

Silver No pg/L 5/6/2008 10/1/2013 31 1 3.23 4.0 7.0 8.0 8.0 5.3 1 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 110 315 323 0 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 5/6/2008 10/1/2013 31 30 96.77 0.050 0.050 0.33 4.4 9.9 0 DOE/RL-96-61 Rev.0, Table ES-1 30 0 40OCFR 141--federal MCL

Vanadium No pg/L 5/6/2008 10/1/2013 31 21 67.74 8.1 17 13 45 11.5 21 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 5/6/2008 10/1/2013 31 13 41.94 5.0 19 5.5 10,200 21.8 3 DOE/RL-96-61 Rev.0, Table ES- 4,800 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Anions

Chloride No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 6,820 24,600 15,630 1 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 90 687 1,047 0 DOE/RL-96-61 Rev.0, Table ES- 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 145 15,900 26,871 0 DOE/RL-96-61 Rev.0, Table ES- 45,000 0 40 CFR 141--federal MCL

Nitrite No pg/L 5/6/2008 10/1/2013 31 8 25.81 84 2,500 228 401 93.7 8 DOE/RL-96-61 Rev.0, Table ES- 3,300 0 40OCFR 141--federal MCL

Sulfate No pg/L 5/6/2008 10/1/2013 31 31 100 -- -- 5,040 47,900 47,014 1 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--secondary federal MCL

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-6 1, Hanfrrd Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

MCL = maximum contaminant level

1
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Table D-4. Groundwater Summary Statistics for 216-B-3 PondFacilityExposure Area - Unconfined Aquifer

No. of
Number Number Frequency Groundwater No. of Detects > Detects >

First Sample Last Sample of of of Detects Min. Max. Min. Max. Background Groundwater Groundwater Background Action Action
Analyte Filtered? Units Date Date Results Detects (%) Nondetect Nondetect Detect Detect 90 th Percentile Background Level Basis Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 1/25/2008 7/29/2013 56 24 42.86 -0.86 6.1 1.4 3.7 -- -- -- 15.0 40 CFR 141--federal MCL

Gross beta No pCi/L 1/25/2008 7/29/2013 56 54 96.43 0.090 0.72 3.5 29 3.1 54 DOE/RL-96-61 Rev.O, Table ES- 4 mrem/yr -- 40 CFR 141--federal MCL

Iodine-129 No pCi/L 2/4/2008 10/7/2013 48 38 79.17 -0.068 0.20 0.24 10.0 9.00E-07 38 DOE/RL-96-61 Rev.0, Table ES- 1.0 25 40 CFR 141--federal MCL

Tritium No pCi/L 10/23/2008 7/29/2013 55 51 92.73 -100 160 670 46,000 119 51 DOE/RL-96-61 Rev.0, Table ES- 20,000 13 40 CFR 141--federal MCL

Metals

Arsenic No pg/L 10/23/2008 7/29/2013 46 42 91.3 2.4 6.7 0.98 10 7.9 13 DOE/RL-96-61 Rev.0, Table ES- 0.058 42 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No Pg/L 1/25/2008 7/29/2013 52 52 100 -- -- 17 89 105 0 DOE/RL-96-61 Rev.0, Table ES- 2,000 0 40 CFR 141--federal MCL

Chromium No pg/L 1/25/2008 7/29/2013 52 20 38.46 4.0 14 5.0 47 2.4 20 DOE/RL-96-61 Rev.O, Table ES- 100 0 40 CFR 141--federal MCL

Chromium Yes pg/L 1/25/2008 4/2/2013 44 3 6.82 4.0 14 7.7 16 2.4 3 DOE/RL-96-61 Rev.0, Table ES- 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 1/25/2008 7/29/2013 52 2 3.85 4.0 6.0 4.9 12 0.81 2 DOE/RL-96-61 Rev.O, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron No pg/L 1/25/2008 7/29/2013 52 46 88.46 18 43 18 36,000 570 5 DOE/RL-96-61 Rev.0, Table ES- 11,200 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Manganese No pg/L 1/25/2008 7/29/2013 52 12 23.08 3.3 6.0 4.3 930 38.5 6 DOE/RL-96-61 Rev.0, Table ES- 384 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No Pg/L 1/25/2008 7/29/2013 52 22 42.31 4.0 67 4.0 25 1.6 22 DOE/RL-96-61 Rev.0, Table ES- 100 0 40 CFR 141--federal MCL

Strontium No pg/L 1/25/2008 7/29/2013 52 52 100 -- -- 137 902 323 5 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 4/6/2011 4/2/2013 10 10 100 -- -- 2.3 5.2 9.9 0 DOE/RL-96-61 Rev.0, Table ES-i 30.0 0 40 CFR 141--federal MCL

Vanadium No Ig/L 1/25/2008 7/29/2013 52 48 92.31 5.0 12 6.8 38 11.5 46 DOE/RL-96-61 Rev.0, Table ES- 80.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 1/25/2008 7/29/2013 52 14 26.92 4.0 9.0 5.3 196 21.8 4 DOE/RL-96-61 Rev.0, Table ES- 4,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Anions

Chloride No Pg/L 1/25/2008 10/7/2013 64 64 100 0 0 2,150 84,100 15,630 4 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 1/25/2008 10/7/2013 64 64 100 0 0 90 559 1,047 0 DOE/RL-96-61 Rev.0, Table ES- 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 1/25/2008 10/7/2013 64 64 100 0 0 2,200 94,700 26,871 4 DOE/RL-96-61 Rev.0, Table ES-1 45,000 4 40 CFR 141--federal MCL

Nitrite No pg/L 1/25/2008 10/7/2013 64 19 29.69 9.9 296 136 874 93.7 19 DOE/RL-96-61 Rev.0, Table ES- 3,300 0 40 CFR 141--federal MCL

Sulfate No pg/L 1/25/2008 10/7/2013 64 64 100 0 0 14,700 271,000 47,014 4 DOE/RL-96-61 Rev.0, Table ES-i 250,000 4 40 CFR 141--secondary federal MCL

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-6 1, Hanfrrd Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

MCL = maximum contaminant level

1
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Table D-5. Groundwater Summary Statistics for NRDWL/SWL Exposure Area - UnconfinedAquifer
No. of

Number Number Frequency Groundwater No. of Detects > Detects >
First Sample Last Sample of of of Detects Min. Max. Min. Max. Background Groundwater Groundwater Background Action Action

Analyte Filtered? Units Date Date Results Detects (%) Nondetect Nondetect Detect Detect 90 th Percentile Background Level Basis Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 3/6/2008 1/10/2013 9 3 33.33 0.53 2.9 3.1 11 -- -- -- 15 0 40 CFR 141--federal MCL

Gross beta No pCi/L 3/6/2008 1/10/2013 9 9 100 -- -- 23 34 3.1 54 DOE/RL-96-6 Rev.0, Table ES- 4 mrem/yr -- 40 CFR 141--federal MCL

Iodine-129 No pCi/L 3/6/2008 1/10/2013 13 7 53.85 -1.6 1.5 0.54 1.7 9.OOE-07 7 DOE/RL-96-61 Rev.0, Table ES- 1.0 6 40 CFR 141--federal MCL

Technetium-99 No pCi/L 11/3/2008 1/9/2012 4 4 100 -- -- 17 24 0.83 4 DOE/RL-96-61 Rev.0, Table ES- 900 0 40 CFR 141--federal MCL

Tritium No pCi/L 3/6/2008 1/10/2013 13 11 84.62 30 120 6,800 31,000 l19 11 DOE/RL-96-61 Rev.0, Table ES- 20,000 8 40 CFR 141--federal MCL

Uranium-234 No pCi/L 11/3/2008 11/6/2008 2 2 100 -- -- 1.6 3.9 -- -- -- -- -- No action value

Uranium-238 No pCi/L 11/3/2008 11/6/2008 2 2 100 -- -- 0.68 2.9 -- -- -- -- -- No action value

Volatile Organic Compounds

1,1,1-Trichlioroethane No pg/L 2/25/2008 10/14/2013 297 27 9.09 0.099 1.0 0.25 1.5 -- -- -- 200 0 40 CFR 141--federal MCL

1,1-Dichioroethane No pg/L 2/25/2008 10/14/2013 292 9 3.08 0.046 1.0 0.090 0.18 -- -- -- 7.7 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

1,1-Dichoroethene No pg/L 2/25/2008 10/14/2013 292 1 0.34 0.045 1.0 0.19 0.19 -- -- -- 7.0 0 40 CFR 141--federal MCL

Acetone No pg/L 2/25/2008 10/14/2013 286 2 0.7 0.34 5.0 1.4 6.6 -- -- -- 7,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Carbon tetrachloride No pg/L 2/25/2008 10/14/2013 292 4 1.37 0.042 5.0 0.098 2.1 -- -- -- 0.63 3 WAC 173-340-720(4)(b)(iii)(A) and (B)

Chloroform No pg/L 2/25/2008 10/14/2013 293 14 4.78 0.080 1.0 0.10 1.0 -- -- -- 1.4 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Ethylbenzene No pg/L 2/25/2008 10/14/2013 292 1 0.34 0.061 1.0 2.1 2.1 -- -- -- 4.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Methylene chloride No pg/L 2/25/2008 10/14/2013 291 1 0.34 0.091 1.9 1.5 1.5 -- -- -- 5.0 0 40 CFR 141--federal MCL

Tetrachoroethene No pg/L 2/25/2008 10/14/2013 296 58 19.59 0.14 1.0 0.28 4.5 -- -- -- 5.0 0 40 CFR 141--federal MCL

Toluene No pg/L 2/25/2008 10/14/2013 293 1 0.34 0.029 1.0 1.4 1.4 -- -- -- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Trichoroethene No pg/L 2/25/2008 10/14/2013 292 22 7.53 0.11 1.0 0.25 0.57 -- -- -- 0.54 1 CLARC guidance

Trichoromonofluoromethane No pg/L 11/3/2008 12/6/2012 6 4 66.67 0.10 1.0 0.29 0.58 -- -- -- 2,400 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Xylenes (total) No pg/L 2/25/2008 10/14/2013 293 2 0.68 0.20 1.6 1.4 4.1 -- -- -- 1,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Semivolatile Organic Compounds

Bis(2-ethylhexyl) phthalate No pg/L 11/3/2008 12/6/2012 7 3 42.86 0.90 1.0 1.9 14 -- -- -- 6.0 1 40 CFR 141--federal MCL

Metals

Antimony No pg/L 2/26/2008 10/14/2013 102 27 26.47 0.10 4.0 0.10 62 55.1 1 DOE/RL-96-61 Rev.0, Table ES- 6.0 3 40 CFR 141--federal MCL

Arsenic No pg/L 2/25/2008 10/14/2013 200 195 97.5 2.9 3.3 1.1 5.6 7.9 0 DOE/RL-96-61 Rev.0, Table ES- 0.058 195 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 2/25/2008 10/14/2013 251 251 100 -- -- 35 160 105 73 DOE/RL-96-61 Rev.0, Table ES-1 2,000 0 40 CFR 141--federal MCL

Chromium No pg/L 2/25/2008 10/14/2013 242 106 43.8 4.0 15 3.6 147 2.4 106 DOE/RL-96-61 Rev.0, Table ES-1 100 1 40 CFR 141--federal MCL

Chromium Yes pg/L 2/25/2008 10/14/2013 231 52 22.51 4.0 14 3.2 35 2.4 52 DOE/RL-96-61 Rev.0, Table ES- 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 2/25/2008 10/14/2013 250 4 1.6 4.0 6.0 4.0 9.0 0.81 4 DOE/RL-96-61 Rev.0, Table ES-1 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron No pg/L 2/25/2008 10/14/2013 236 158 66.95 9.0 120 19 3,320 570 13 DOE/RL-96-61 Rev.0, Table ES- 11,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lead No pg/L 11/3/2008 11/6/2008 2 1 50 0.10 0.10 0.15 0.15 0.92 -- DOE/RL-96-61 Rev.0, Table ES- 15 0 40 CFR 141--federal MCL

Manganese No pg/L 2/25/2008 10/14/2013 251 11 4.38 0.96 6.0 4.1 76 38.5 1 DOE/RL-96-61 Rev.0, Table ES-1 384 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 2/25/2008 10/14/2013 251 92 36.65 4.0 67 4.0 86 1.6 92 DOE/RL-96-61 Rev.0, Table ES- 100 0 40 CFR 141--federal MCL

Silver No pg/L 2/25/2008 10/14/2013 250 4 1.6 4.0 13 5.4 7.0 5.3 4 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium No pg/L 2/25/2008 7/11/2013 244 244 100 -- -- 192 788 323 180 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 11/3/2008 11/6/2008 2 2 100 -- -- 3.4 8.0 9.9 -- DOE/RL-96-61 Rev.0, Table ES- 30 0 40 CFR 141--federal MCL

Vanadium No pg/L 3/6/2008 10/14/2013 240 141 58.75 5.0 17 5.3 23 11.5 76 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 2/25/2008 10/14/2013 249 74 29.72 4.0 9.0 4.0 203 21.8 7 DOE/RL-96-61 Rev.0, Table ES- 4,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)
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Table D-5. Groundwater Summary Statistics for NRDWL/SWL Exposure Area - UnconfinedAquifer

No. of
Number Number Frequency Groundwater No. of Detects > Detects >

First Sample Last Sample of of of Detects Min. Max. Min. Max. Background Groundwater Groundwater Background Action Action
Analyte Filtered? Units Date Date Results Detects (%) Nondetect Nondetect Detect Detect 90 th Percentile Background Level Basis Level Level Action Level Basis

Anions

Chloride No pg/L 2/25/2008 10/14/2013 296 296 100 -- -- 1,280 10,300 15,630 0 DOE/RL-96-61 Rev.0, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 2/25/2008 10/14/2013 296 289 97.64 46 72 66 360 1,047 0 DOE/RL-96-61 Rev.0, Table ES-1 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 2/25/2008 10/14/2013 296 296 100 -- -- 3,150 27,000 26,871 1 DOE/RL-96-61 Rev.0, Table ES- 45,000 0 40 CFR 141--federal MCL

Nitrite No pg/L 2/25/2008 10/14/2013 295 73 24.75 9.9 131 88 1,100 93.7 72 DOE/RL-96-6 Rev.0, Table ES- 3,300 0 40OCFR 141--federal MCL

Sulfate No pg/L 2/25/2008 10/14/2013 296 296 100 -- -- 9,200 118,000 47,014 43 DOE/RL-96-6 Rev.0, Table ES- 250,000 0 40 CFR 141--secondary federal MCL

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-6 1, Hanfrrd Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

CLARC = Cleanup Levels and Risk Calculations (database)

MCL = maximum contaminant level

1
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Table D-6. GroundwaterSummary Statistics for 200-PO-1 OU Far-FieldExposure Area - Unconfined Aquifer

First Groundwater No. of Detects > No. of
Sample Last Sample Number of Number of Frequency of Min. Max. Min. Max. Background 90Lh Groundwater Groundwater Background Level Action Detects>

Analyte Filtered? Units Date Date Results Detects Detects (%) Nondetect Nondetect Detect Detect Percentile Background Basis Level Action Level Action Level Basis

Radionuclides

Americium-241 No pCi/L 4/9/2010 12/17/2010 52 1 1.92 -0.16 2.1 0.11 0.11 7.70E-05 1 DOE/RL-96-61 Rev0, Table ES-1 15 0 40 CFR 141--federal MCL

Carbon-14 No pCi/L 4/9/2010 12/17/2010 52 16 30.77 -3.15 7.8 8.2 16 -- -- -- 2,000 0 40 CFR 141--federal MCL

Gross alpha No pCi/L 1/17/2008 12/9/2013 302 210 69.54 -1.4 3.8 1.1 89 -- -- -- 15.0 9 40 CFR 141--federal MCL

Gross beta No pCi/L 1/17/2008 12/9/2013 302 295 97.68 -0.062 6 2.2 174 3.1 294 DOE/RL-96-61 Rev0, Table ES-i 4 mrem/yr -- 40 CFR 141--federal MCL

Iodine-129 No pCi/L 2/13/2008 10/22/2013 165 60 36.36 -1.38 5.6 0.17 6.66 9.OOE-07 60 DOE/RL-96-61 Rev.0, Table ES-1 1.0 41 40 CFR 141--federal MCL

Protactinium-231 No pCi/L 4/15/2008 4/29/2009 11 3 27.27 0.015 0.20 0.15 0.308 -- -- -- 15 0 40 CFR 141--federal MCL

Strontium-90 No pCi/L 2/13/2008 10/22/2013 137 2 1.46 -12 1.6 2.0 4.7 0.0010 2 DOE/RL-96-61 Rev.0, Table ES-1 8.0 0 40 CFR 141--federal MCL

Technetium-99 No pCi/L 1/18/2008 12/9/2013 163 112 68.71 -13 7.2 6.7 225 0.83 112 DOE/RL-96-61 Rev0, Table ES-1 900 0 40 CFR 141--federal MCL

Tritium No pCi/L 1/17/2008 12/9/2013 355 306 86.2 -160 240 590 1,100,000 119 306 DOERL-96-61 Rev.0, Table ES-1 20,000 170 40 CFR 141--federal MCL

Uranium-233/234 No pCi/L 2/16/2010 1/15/2013 8 8 100 -- -- 2.4 48 -- -- -- -- -- No action value

Uranium-234 No pCi/L 2/21/2008 12/1/2011 19 16 84.21 0.0585 0.14 0.548 5.7 -- -- -- -- -- No action value

Uranium-235 No pCi/L 2/21/2008 1/15/2013 27 11 40.74 -0.0183 0.15 0.12 2.4 -- -- -- -- -- No action value

Uranium-238 No pCi/L 2/21/2008 1/15/2013 27 25 92.59 -0.00607 0.11 0.21 46 -- -- -- -- -- No action value

Volatile Organic Compounds

1,1,1-Trichoroethane No pg/L 2/13/2008 10/22/2013 175 3 1.71 0.067 1.0 0.15 0.21 -- -- -- 200 0 40 CFR 141--federal MCL

1,1-Dichoroethane No pg/L 2/13/2008 10/22/2013 175 3 1.71 0.068 1.0 0.19 0.25 -- -- -- 7.7 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

1,1-Dichoroethene No pg/L 2/13/2008 10/22/2013 175 2 1.14 0.051 1.0 0.14 0.14 -- -- -- 7.0 0 40 CFR 141--federal MCL

Acetone No pg/L 2/13/2008 10/22/2013 169 5 2.96 0.34 5.0 0.76 2.2 -- -- -- 7,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Benzyl alcohol No pg/L 6/10/2010 12/20/2010 33 1 3.03 1.0 1.0 1.1 1.1 -- -- -- 800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Bromodichloromethane No pg/L 4/15/2008 10/22/2013 99 10 10.1 0.082 1.0 0.17 2.1 -- -- -- 0.71 5 WAC 173-340-720(4)(b)(iii)(A) and (B)

Bromoform No pg/L 4/15/2008 10/22/2013 99 6 6.06 0.094 1.0 1.6 2.9 -- -- -- 5.5 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Bromomethane No pg/L 4/15/2008 10/22/2013 99 4 4.04 0.084 2.0 0.33 4.5 -- -- -- 11.0 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Carbon disulfide No pg/L 2/13/2008 10/22/2013 175 3 1.71 0.029 1.0 0.053 0.12 -- -- -- 800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Carbon tetrachloride No pg/L 2/13/2008 10/22/2013 175 5 2.86 0.042 5.0 0.13 7.4 -- -- -- 0.63 3 WAC 173-340-720(4)(b)(iii)(A) and (B)

Chloroform No pg/L 2/13/2008 10/22/2013 175 23 13.14 0.067 1.0 0.086 7.1 -- -- -- 1.4 2 WAC 173-340-720(4)(b)(iii)(A) and (B)

Dibromochloromethane No pg/L 4/15/2008 10/22/2013 99 7 7.07 0.057 1.0 1.6 3.3 -- -- -- 0.52 7 WAC 173-340-720(4)(b)(iii)(A) and (B)

Ethyl methacrylate No pg/L 4/15/2008 10/22/2013 99 1 1.01 0.11 1.0 0.82 0.82 -- -- -- 720 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Methylene chloride No pg/L 2/13/2008 10/22/2013 172 2 1.16 0.091 1.0 0.39 1.9 -- -- -- 5.0 0 40 CFR 141--federal MCL

Tetrachoroethene No pg/L 2/13/2008 10/22/2013 174 1 0.57 0.065 1.0 4.0 4.0 -- -- -- 5.0 0 40 CFR 141--federal MCL

Tributyl phosphate No pg/L 2/21/2008 5/20/2013 74 4 5.41 0.48 1.5 1.8 6.7 -- -- -- 9.7 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Trichloroethene No pg/L 2/13/2008 10/22/2013 173 6 3.47 0.091 1.0 1.1 3.5 -- -- -- 0.54 6 CLARC guidance
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Table D-6. GroundwaterSummary Statistics for 200-PO-1 OU Far-FieldExposure Area - Unconfined Aquifer
First Groundwater No. of Detects > No. of

Sample Last Sample Number of Number of Frequency of Min. Max. Min. Max. Background 90Lh Groundwater Groundwater Background Level Action Detects>
Analyte Filtered? Units Date Date Results Detects Detects (%) Nondetect Nondetect Detect Detect Percentile Background Basis Level Action Level Action Level Basis

Semivolatile Organic Compounds

Bis(2-ethylhexyl) phthalate No pg/L 2/21/2008 5/20/2013 75 6 8 0.70 1.0 1.0 12 -- -- -- 6.0 1 40 CFR 141--Federal MCL

Butylbenzylphthalate No pg/L 6/10/2010 12/20/2010 33 1 3.03 1.0 1.0 1.3 1.3 -- -- -- 46 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Diethylphthalate No pg/L 6/10/2010 12/20/2010 33 1 3.03 1.0 1.0 1.7 1.7 -- -- -- 12,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Metals

Aluminum No pg/L 4/9/2010 12/20/2010 82 20 24.39 5.0 10 9.7 539 7.1 20 DOE/RL-96-61 Rev.0, Table ES- 16,000 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Antimony No pg/L 1/17/2008 6/19/2012 97 8 8.25 0.30 4.0 34 101 55.1 3 DOE/RL-96-61 Rev.0, Table ES- 6.0 8 40 CFR 141--federal MCL

Arsenic No pg/L 4/15/2008 12/20/2010 93 88 94.62 0.40 7.2 1.7 15 7.9 15 DOE/RL-96-61 Rev.0, Table ES-1 0.058 88 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 1/17/2008 12/9/2013 266 266 100 0 0 12 259 105 6 DOE/RL-96-61 Rev.0, Table ES- 2,000 0 40 CFR 141--federal MCL

Boron No pg/L 4/9/2010 12/20/2010 81 22 27.16 19 41 19 107 36.0 10 DOE/RL-96-61 Rev.0, Table ES- 3,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cadmium No pg/L 1/17/2008 12/9/2013 266 1 0.38 0.10 4.1 4.5 4.5 0.92 1 DOE/RL-96-61 Rev.0, Table ES- 5.0 0 40 CFR 141--federal MCL

Chromium No pg/L 1/17/2008 12/9/2013 266 116 43.61 1.0 14 1.1 70 2.4 108 DOE/RL-96-61 Rev.0, Table ES- 100 0 40OCFR 141--federal MCL

Chromium Yes pg/L 1/17/2008 12/9/2013 245 89 36.33 1.0 14 1.1 72 2.4 80 DOE/RL-96-61 Rev.0, Table ES- 48 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cobalt No pg/L 1/17/2008 12/9/2013 252 16 6.35 0.050 4.1 0.12 4.2 0.92 2 DOE/RL-96-61 Rev.0, Table ES- 4.8 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 1/17/2008 12/9/2013 260 38 14.62 0.10 6.0 0.27 27 0.81 26 DOE/RL-96-61 Rev.0, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Hexavalent chromium No pg/L 4/9/2010 12/17/2010 52 7 13.46 2.0 2.0 2.2 5.8 -- -- -- 48 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron No pg/L 1/17/2008 12/9/2013 260 192 73.85 9.0 179 12 7,890 570 15 DOE/RL-96-61 Rev.0, Table ES- 11,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lead No pg/L 4/15/2008 12/20/2010 93 36 38.71 0.10 1.4 0.10 13 0.92 10 DOE/RL-96-61 Rev.0, Table ES- 15 0 40 CFR 141--federal MCL

Lithium No pg/L 4/9/2010 12/20/2010 81 60 74.07 4.0 4.0 4.0 31 11.3 21 DOE/RL-96-61 Rev0, Table 5-2 32 0 WAC 173-340-720(4)(b)(iii)(A) and (B)
(Table ES-i off by E+03 for lithium) 3 A 7-4-2()b(i)A n B

Manganese No pg/L 1/17/2008 12/9/2013 266 101 37.97 0.96 18 1.8 462 38.5 13 DOE/RL-96-61 Rev.0, Table ES- 384 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Molybdenum No pg/L 4/9/2010 12/20/2010 82 82 100 0 0 0.63 11 3.2 60 DOE/RL-96-61 Rev.0, Table ES-1 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 1/17/2008 12/9/2013 265 28 10.57 4.0 67 4.0 196 1.6 28 DOE/RL-96-61 Rev.0, Table ES-1 100 2 40 CFR 141--federal MCL

Selenium No pg/L 4/15/2008 12/20/2010 83 62 74.7 0.48 6.0 0.63 6.8 10.5 0 DOE/RL-96-61 Rev.0, Table ES-1 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Silver No pg/L 1/17/2008 12/9/2013 253 3 1.19 0.10 9.4 5.2 18 5.3 2 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium No pg/L 1/17/2008 12/9/2013 265 265 100 0 0 22 615 323 42 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Tin No pg/L 4/9/2010 12/20/2010 82 5 6.1 0.050 0.10 0.12 4.5 21.6 0 DOE/RL-96-61 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 1/18/2008 12/9/2013 176 173 98.3 0.050 0.10 0.080 151 9.9 62 DOE/RL-96-61 Rev.0, Table ES-1 30 11 40 CFR 141--federal MCL

Vanadium No pg/L 1/17/2008 12/9/2013 264 142 53.79 4.1 26 5.4 39 11.5 100 DOE/RL-96-61 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 1/17/2008 12/9/2013 264 95 35.98 4.0 15 4.0 8,460 21.8 32 DOE/RL-96-61 Rev.0, Table ES-1 4,800 2 WAC 173-340-720(4)(b)(iii)(A) and (B)

D-84



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table D-6. GroundwaterSummary Statistics for 200-PO-1 OU Far-FieldExposure Area - Unconfined Aquifer

First Groundwater No. of Detects > No. of
Sample Last Sample Number of Number of Frequency of Min. Max. Min. Max. Background 90th Groundwater Groundwater Background Level Action Detects >

Analyte Filtered? Units Date Date Results Detects Detects (%) Nondetect Nondetect Detect Detect Percentile Background Basis Level Action Level Action Level Basis

Anions

Chloride No pg/L 1/17/2008 12/9/2013 339 339 100 0 0 1,390 183,000 15,630 67 DOE/RL-96-61 Rev.0, Table ES-i 250,000 40 CFR 141--federal MCL

Fluoride No pg/L 1/17/2008 12/9/2013 339 328 96.76 50 302 39 1,200 1,047 5 DOE/RL-96-61 Rev.0, Table ES- 960 5 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 1/17/2008 12/9/2013 336 325 96.73 38 491 201 136,000 26,871 174 DOE/RL-96-61 Rev.0, Table ES- 45,000 53 40 CFR 141--federal MCL

Nitrite No pg/L 1/17/2008 12/9/2013 336 72 21.43 9.9 2,500 32 2,200 93.7 70 DOE/RL-96-61 Rev.0, Table ES- 3,300 40 CFR 141--federal MCL

Sulfate No pg/L 1/17/2008 12/9/2013 339 334

Sources:

40 CFR 141, "National Primary Drinking Water Regulations."

DOE/RL-96-61, Hanjfrd Site Background: Part 3, Groundwater Background.

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

CLARC = Cleanup Levels and Risk Calculations (database)

MCL = maximum contaminant level

98.53 50 300 1,220 104,000 47,014 181 DOE/RL-96-61 Rev.0, Table ES- I 250,000 40 CFR 141--secondary federal MCL

I
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Table D-7. Groundwater Summary Statistics for the 200-PO-1 OU Near-River Exposure Area - Unconfined Aquifer

No. of
Number Groundwater No. of Detects > Detects >

First Sample Last Sample Number of Frequency of Min. Max. Min. Max. Background Groundwater Groundwater Background Action
Analyte Filtered? Units Date Date of Results Detects Detectsy Nondetect Nondetect Detect Detect 90 Percentile Background Level Basis Action Level Level Action Level Basis

Radionuclides

Gross alpha No pCi/L 2/15/2008 1/6/2014 47 13 27.66 -0.59 2.6 2.3 3.5 -- -- -- 15.0 0 40 CFR 141--federal MCL

Gross beta No pCi/L 2/15/2008 1/6/2014 47 44 93.62 0.94 1.3 4.2 71 3.1 44 DOE/RL-96-61 Rev.0, Table ES- 4.0 mrem/yr -- 40 CFR 141--federal MCL

Iodine-129 No pCi/L 2/15/2008 1/6/2014 40 15 37.5 -0.89 0.62 0.17 0.56 9.00E-07 15 DOE/RL-96-61 Rev.0, Table ES- 1.0 40 CFR 141--federal MCL

Selenium-79 No pCi/L 11/3/2008 1/6/2014 9 3 33.33 -8.0 -1.6 31 39 -- -- -- 73 0 EPA, 2013

Strontium-90 No pCi/L 2/15/2008 1/6/2014 48 6 12.5 -11 1.1 2.3 4.7 0.0010 6 DOE/RL-96-61 Rev.0, Table ES- 8.0 40 CFR 141--federal MCL

Technetium-99 No pCi/L 11/3/2008 12/31/2013 9 6 66.67 -1.1 -1.70E-01 13 110 0.83 6 DOE/RL-96-61 Rev.0, Table ES-1 900 40 CFR 141--federal MCL

Tritium No pCi/L 2/15/2008 1/6/2014 59 50 84.75 -200 1,700 290 66,000 119 50 DOE/RL-96-61 Rev.0, Table ES- 20,000 23 40 CFR 141--federal MCL

Uranium-234 No pCi/L 11/3/2008 11/14/2008 6 5 83.33 0.18 0.18 0.46 2.7 -- -- -- No Value -- No toxicity value

Uranium-235 No pCi/L 11/3/2008 1/6/2014 9 2 22.22 0 0.078 0.14 0.15 -- -- -- No Value -- No toxicity value

Uranium-238 No pCi/L 11/3/2008 1/6/2014 9 7 77.78 0.060 0.17 1.1 2.4 -- -- -- No Value -- No toxicity value

Volatile Organic Compounds

Acetone No p g/L 2/15/2008 1/6/2014 46 1 2.17 0.34 5.0 2.5 2.5 -- -- -- 7,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Metals

Aluminum No pg/L 6/10/2010 1/6/2014 8 4 50 20 20 15 113 7.1 4 DOE/RL-96-61 Rev.0, Table ES-1 16,000 0 Clean Water Act --freshwater CCC

Aluminum Yes pg/L 6/10/2010 1/6/2014 8 2 25 10 20 39 51 7.1 2 DOE/RL-96-61 Rev.0, Table ES- 87 0 Clean Water Act --freshwater CCC

Antimony No pg/L 6/10/2010 1/6/2014 9 1 11.11 0.60 0.60 5.8 5.8 55.1 0 DOE/RL-96-61 Rev.0, Table ES- 6.0 0 40OCFR 141--federal MCL

Arsenic No pg/L 11/3/2008 1/6/2014 14 14 100 -- -- 1.6 6.8 7.9 0 DOE/RL-96-61 Rev.0, Table ES- 0.058 14 WAC 173-340-720(4)(b)(iii)(A) and (B)

Arsenic Yes pg/L 11/3/2008 1/6/2014 14 14 100 -- -- 1.7 7.0 7.9 0 DOE/RL-96-61 Rev.0, Table ES-1 0.058 14 WAC 173-340-720(4)(b)(iii)(A) and (B)

Barium No pg/L 2/15/2008 1/6/2014 49 48 97.96 4.0 4.0 11 194 105 1 DOE/RL-96-61 Rev.0, Table ES- 2,000 0 40 CFR 141--federal MCL

Barium Yes pg/L 2/15/2008 1/6/2014 36 35 97.22 4.0 4.0 9.9 72 105 0 DOE/RL-96-61 Rev.0, Table ES-1 2,000 0 40 CFR 141--federal MCL

Boron No pg/L 6/10/2010 1/6/2014 8 6 75 19 41 7.2 25 36.0 0 DOE/RL-96-61 Rev.0, Table ES- 3,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Boron Yes pg/L 8/2/2010 1/6/2014 7 5 71.43 41 41 14 26 36.0 0 DOE/RL-96-61 Rev.0, Table ES-1 3,200 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cadmium No pg/L 6/10/2010 1/6/2014 9 1 11.11 0.10 4.0 0.12 0.12 0.92 0 DOE/RL-96-61 Rev.O, Table ES- 5.0 0 40OCFR 141--federal MCL

Cadmium Yes pg/L 11/3/2008 1/6/2014 10 2 20 0.050 0.20 4.2 4.6 0.92 2 DOE/RL-96-61 Rev.0, Table ES- 0.3 2 Clean Water Act -- freshwater CCC

Chromium No pg/L 2/15/2008 1/6/2014 49 11 22.45 0.20 14 2.2 16 2.40 10 DOE/RL-96-61 Rev.0, Table ES- 100 0 Clean Water Act -- freshwater CCC

Chromium Yes pg/L 2/15/2008 1/6/2014 36 10 27.78 1.0 14 0.40 15 2.40 8 DOE/RL-96-61 Rev.0, Table ES-1 10 2 WAC 173-201A

Cobalt No pg/L 2/15/2008 1/6/2014 41 1 2.44 0.10 4.0 0.31 0.31 0.92 0 DOE/RL-96-61 Rev.0, Table ES- 4.8 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Cobalt Yes pg/L 2/15/2008 1/6/2014 28 6 21.43 0.050 4.0 0.13 6.5 0.92 2 DOE/RL-96-61 Rev.0, Table ES-1 4.8 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper No pg/L 2/15/2008 1/6/2014 48 6 12.5 0.20 6.0 0.21 17 0.8 4 DOE/RL-96-61 Rev.0, Table ES- 640 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Copper Yes pg/L 2/15/2008 1/6/2014 35 4 11.43 0.20 6.0 0.20 5.5 0.8 1 DOE/RL-96-61 Rev.0, Table ES- 9.0 0 Clean Water Act -- freshwater CCC
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Table 0-7. Groundwater Summary Statistics for the 200-PO-1 OU Near-River Exposure Area - Unconfined Aquifer
No. of

Number Groundwater No. of Detects > Detects >
First Sample Last Sample Number of Frequency of Min. Max. Min. Max. Background Groundwater Groundwater Background Action

Analyte Filtered? Units Date Date of Results Detects Detects (%) Nondetect Nondetect Detect Detect 9 0 th Percentile Background Level Basis Action Level Level Action Level Basis

Hexavalent Chromium No pg/L 12/31/2013 1/6/2014 5 2 40 2.0 2.0 2.2 5.4 -- -- -- 10 0 WAC 173-201A

Hexavalent Chromium Yes pg/L 12/31/2013 1/6/2014 5 3 60 2.0 2.0 2.4 5.6 -- -- -- 10 0 WAC 173-201A

Iron No pg/L 2/15/2008 1/6/2014 48 41 85.42 18 40 24 20,700 570 5 DOE/RL-96-6 Rev.0, Table ES- 11,200 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Iron Yes pg/L 2/15/2008 1/6/2014 33 14 42.42 9.0 54 15 230 570 0 DOE/RL-96-6 Rev.0, Table ES-1 1,000 0 Clean Water Act -- freshwater CCC

Lithium No pg/L 6/10/2010 12/7/2010 3 3 100 -- -- 12 21 11.3 3 DOE/RL-96-6 Rev.0, Table ES- 32 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Lithium Yes pg/L 5/7/2008 12/7/2010 3 3 100 -- -- 12 15 11.3 3 DOE/RL-96-6 Rev.0, Table ES-1 32 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Manganese No pg/L 2/15/2008 1/6/2014 49 23 46.94 4.0 6.0 1.3 813 38.5 11 DOE/RL-96-6 Rev.0, Table ES- 384 1 WAC 173-340-720(4)(b)(iii)(A) and (B)

Manganese Yes pg/L 2/15/2008 1/6/2014 35 14 40 4.0 6.0 0.41 43 38.5 4 DOE/RL-96-6 Rev.0, Table ES- 384 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Molybdenum No pg/L 6/10/2010 1/6/2014 8 8 100 -- -- 2.4 12 3.2 6 DOE/RL-96-6 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Molybdenum Yes pg/L 6/10/2010 1/6/2014 8 8 100 -- -- 2.7 12 3.2 7 DOE/RL-96-6 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nickel No pg/L 2/15/2008 1/6/2014 47 5 10.64 0.20 10 0.23 7.7 1.6 1 DOE/RL-96-6 Rev.0, Table ES- 100 0 40 CFR 14--federal MCL

Nickel Yes pg/L 2/15/2008 1/6/2014 35 4 11.43 0.20 6.0 0.33 0.57 1.6 0 DOE/RL-96-6 Rev.0, Table ES- 52 0 Clean Water Act -- freshwater CCC

Selenium No pg/L 6/10/2010 1/6/2014 8 1 12.5 0.60 2.0 2.2 2.2 10.5 0 DOE/RL-96-6 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Selenium Yes pg/L 6/10/2010 1/6/2014 8 1 12.5 0.60 2.0 1.5 1.5 10.5 0 DOE/RL-96-6 Rev.0, Table ES- 5.0 0 Clean Water Act -- freshwater CCC

Silver Yes pg/L 2/15/2008 1/6/2014 11 3 27.27 0.050 0.20 7.0 8.1 5.3 3 DOE/RL-96-6 Rev.0, Table ES- 2.6 3 WAC 173-201A

Strontium No pg/L 2/15/2008 1/6/2014 48 47 97.92 4.0 4.0 56 734 323 13 DOE/RL-96-6 Rev.0, Table ES-1 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Strontium Yes pg/L 2/15/2008 1/6/2014 35 34 97.14 4.0 4.0 67 734 323 10 DOE/RL-96-6 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Thallium No pg/L 11/3/2008 1/6/2014 14 1 7.14 0.050 0.10 0.37 0.37 1.7 0 DOE/RL-96-6 Rev.0, Table ES-1 0.50 0 40 CFR 14--federal MCLG

Thallium Yes pg/L 11/3/2008 1/6/2014 14 1 7.14 0.050 0.10 0.14 0.14 1.7 0 DOE/RL-96-6 Rev.0, Table ES- 0.50 0 40 CFR 14--federal MCLG

Tin No pg/L 6/10/2010 1/6/2014 8 1 12.5 0.10 0.10 0.12 0.12 21.6 0 DOE/RL-96-6 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Tin Yes pg/L 6/10/2010 1/6/2014 8 1 12.5 0.050 0.10 0.13 0.13 21.6 0 DOE/RL-96-6 Rev.0, Table ES- 9,600 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Uranium No pg/L 11/3/2008 1/6/2014 15 15 100 -- -- 0.10 6.9 9.9 0 DOE/RL-96-6 Rev.0, Table ES- 30 0 40 CFR 141--federal MCL

Uranium Yes pg/L 12/31/2013 1/6/2014 5 5 100 -- -- 0.16 4.6 9.9 0 DOE/RL-96-6 Rev.0, Table ES-1 30 0 40OCFR 14--federal MCL

Vanadium No pg/L 2/15/2008 1/6/2014 49 29 59.18 4.1 17 0.63 27 11.5 24 DOE/RL-96-6 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Vanadium Yes pg/L 2/15/2008 1/6/2014 35 24 68.57 10 17 0.75 21 11.5 20 DOE/RL-96-6 Rev.0, Table ES- 80 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc No pg/L 2/15/2008 1/6/2014 49 10 20.41 4.0 9.0 4.2 145 21.8 2 DOE/RL-96-6 Rev.0, Table ES- 4,800 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Zinc Yes pg/L 2/15/2008 1/6/2014 35 6 17.14 2.0 9.0 4.6 10 21.8 0 DOE/RL-96-6 Rev.0, Table ES- 91 0 WAC 173-201A
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Table D-7. Groundwater Summary Statistics for the 200-PO-1 OU Near-River Exposure Area - Unconfined Aquifer

No. of
Number Groundwater No. of Detects > Detects >

First Sample Last Sample Number of Frequency of Min. Max. Min. Max. Background Groundwater Groundwater Background Action
Analyte Filtered? Units Date Date of Results Detects Detectsy Nondetect Nondetect Detect Detect 90 Percentile Background Level Basis Action Level Level Action Level Basis

Anions

Chloride No pg/L 1/17/2008 12/9/2013 59 58 98.31 86 86 1,080 19,100 15,630 6 DOE/RL-96-6 Rev.0, Table ES- 250,000 0 40 CFR 141--federal MCL

Fluoride No pg/L 1/17/2008 12/9/2013 59 52 88.14 50 320 47 430 1,047 0 DOE/RL-96-61 Rev.0, Table ES-1 960 0 WAC 173-340-720(4)(b)(iii)(A) and (B)

Nitrate No pg/L 1/17/2008 12/9/2013 59 57 96.61 274 274 227 36,100 26,871 22 DOE/RL-96-61 Rev.0, Table ES- 45,000 0 40 CFR 141--federal MCL

Nitrite No pg/L 1/17/2008 12/9/2013 58 12 20.69 9.85 131 131 460 93.7 12 DOE/RL-96-61 Rev.0, Table ES- 3,300 0 40OCFR 141--federal MCL

Sulfate No pg/L 1/17/2008 12/9/2013 59 58 98.31 130 130 3,980 61,400 47,014 6 DOE/RL-96-61 Rev.0, Table ES-1 250,000 0 40OCFR 141--secondary federal MCL

Sources:

40 CFR 131, "Water Quality Standards."

40 CFR 141, "National Primary Drinking Water Regulations."

Clean Water Act of1977.

DOE/RL-96-61, Hanfbrd Site Background: Part 3, Groundwater Background.

WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington."

WAC 173-340-720, "Model Toxics Control Act-Cleanup," "Groundwater Cleanup Standards."

CC = criteria continuous concentration

MCL = maximum contaminant level

MCLG = maximum contaminant level guideline

I
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1 El Risk Characterization Results of the Native American Risk Assessments

2 Several local and regional Tribes have ancestral ties to the Hanford Reach of the Columbia River and
3 surrounding lands. The U.S. Department of Energy (DOE) requested that each Tribe provide an exposure
4 scenario that reflects their traditional activities. The scenarios (Harris and Harper, 2004, Exposure
5 Scenario for CTUIR Traditional Subsistence Lifeways; Harris, 2008, Application of the CTUIR
6 Traditional Lifeways Exposure Scenario in Hanford Risk Assessments) were provided by the
7 Confederated Tribes of the Umatilla Indian Reservation (CTUIR), and Ridolfi, 2007, Yakama Nation
8 Exposure Scenariofor Hanford Site Risk Assessment, has been provided by the Yakama Nation.

9 The CTUIR and Yakama Nation scenarios reflect exposure conditions that assume groundwater from
10 the 200-PO-I Groundwater Operable Unit (OU) is restored to its highest beneficial use and is used as
11 a drinking water source and to generate steam in a sweat lodge. Use of groundwater to irrigate crops and
12 water livestock is not evaluated in this risk evaluation because those exposure pathways, although
13 potentially complete, are considered insignificant and secondary to the drinking water and sweat lodge
14 exposure pathways.

15 Potentially complete exposure routes for adult and child Tribal members associated with use of
16 groundwater as a drinking water source are as follows:

17 e Ingestion of drinking water

18 e Inhalation of volatiles when showering and other domestic purposes

19 e Dermal contact with skin while showering and using groundwater for other domestic purposes
20 (e.g., washing dishes)

21 Potentially complete exposure routes for adult Tribal members associated with the use of groundwater
22 to generate steam in a sweat lodge are as follows:

23 e Inhalation of tritium, volatiles, and semivolatiles as vapors

24 e Inhalation of aerosolized nonvolatiles

25 e Dermal contact with vapors from volatile and semivolatile compounds

26 e Dermal contact with vapor and aqueous condensate from nonvolatile compounds

27 A complete description of each of the Tribal-use exposure scenarios is provided in
28 ECF-Hanford- 13-0036, Native American Risk Assessment for Remedial Investigation/Feasibility Studies
29 of the 200-BP-5 and 200-PO-1 Groundwater Operable Units, which is provided as an attachment to this
30 appendix. This calculation describes the methodology, assumptions, and input; presents the calculation of
31 risks and hazards; and discusses the results of the groundwater risk assessment for each of the Native
32 American scenarios.

33 Tables E-1 through E-33 in this appendix provide additional data to support the groundwater risk
34 assessment for the 200-PO-1 OU remedial investigation report addendum.
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1 E.1 200-PO-1 Operable Unit - Summary of the CTUIR Groundwater
2 Risk Assessment

3 This section summarizes the results for each of the exposure pathways associated with the use of
4 groundwater as a drinking water source and use of groundwater to generate steam in a sweat lodge by
5 the CTUIR, where the groundwater source is from the 200-PO-I OU.

6 E1.1.1 CTUIR Use of 200-PO-1 Operable Unit Groundwater as a Potential Drinking Water Source
7 Potential exposure to 200-PO-I OU groundwater as a drinking water source was evaluated under
8 the CTUIR exposure scenario. Potential routes of exposure to groundwater include ingestion,
9 dermal contact, 1 and inhalation of volatiles during household activities. Table E-1 provides a summary

10 of the CTUIR risk estimates by exposure route for each exposure area evaluated in the 200-PO-I OU.
II Additional details, including analyte-specific risk contributions, are provided in the calculation
12 spreadsheets presented in ECF-Hanford-13-0036 (provided as an attachment to this appendix).

13 E1.1.1.1 Plutonium-Uranium Extraction Cribs Exposure Area
14 The total cumulative excess lifetime cancer risk (ELCR) for the Plutonium-Uranium Extraction (PUREX)
15 Cribs exposure area is 8.2 x 10-3. The total ELCR for the PUREX Cribs exposure area is 3.3 x 10-3 for
16 nonradiological analytes and 4.9 x 10-3 for radiological analytes, both of which are greater than the
17 U.S. Environmental Protection Agency (EPA) upper target risk threshold of I x 10 4 . The major
18 contributors to the total cumulative ELCR (those analytes that contribute greater than I percent of total
19 cumulative ELCR) are tritium (4.4 x 10-3, 54 percent contribution), 2,6-dinitrotoluene (1.5 x 10-3,
20 18 percent contribution), n-nitrosodi-n-dipropylamine (1.2 x 10-3, 15 percent contribution),
21 uranium-234 (2.1 x 10-4, 2.6 percent contribution), and uranium-238 (2.1 x 10-4, 2.5 percent contribution).
22 Contribution to ELCR is elevated for arsenic (5.5 x 10-4, 6.6 percent contribution), where measured
23 concentrations are within natural background values.

24 The hazard index (HI) for the PUREX Cribs exposure area is 15, which is greater than the EPA target
25 HI of 1. The primary contributor to the noncancer HI (those analytes that contribute greater than I percent
26 of total HI) is cadmium (hazard quotient [HQ] of 2.2, 14 percent contribution). The remaining individual
27 analytes that contribute greater than one percent of the HI also report an HQ less than I and include
28 cobalt, trichloroethene (TCE), uranium, nitrate, beryllium, vanadium, fluoride, and hexavalent chromium
29 (Cr(VI)). Contribution to HI is elevated for arsenic (HQ of 1.2, 7.7 percent contribution), where measured
30 concentrations are within natural background values. Contribution to HI is elevated for antimony
31 (HQ of 8.0, 52 percent contribution), where measured concentrations reflect false-positive results from
32 the use of EPA Method 6010.

1 The dermal contact exposure route is only evaluated for nonradionuclide analytes.
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Table E-1. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of 200-PO-1 OU Groundwater as a Potential Drinking Water Source

WMA A-AX 216-B-3 Pond 200-PO-1 OU
Tank Farms and BC Cribs and Facility 200-PO-1 OU Near-River

PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Area
Exposure F

Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Nonradionuclide Analytes

Ingestion 3.2E-03 14 6.9E-04 10 2.OE-04 13 6.8E-04 3.1 2.4E-04 2.3 5.8E-04 II 3.8E-04 3.8

Dermal 7.4E-05 0.64 2.3E-05 0.47 7.5E-07 0.44 2.5E-06 0.11 l.4E-05 0.13 7.6E-06 0.33 l.4E-06 0.10

Inhalation 1.2E-05 0.46 - <0.01 - <0.01 - - 8.6E-06 0.14 6.IE-05 0.99 - <0.01

Total 3.3E-03 15 7.2E-04 11 2.OE-04 14 6.8E-04 3.2 2.6E-04 2.6 6.5E-04 12 3.8E-04 3.9

Radionuclide Analytes

Ingestion 1.5E-03 - 5.2E-04 - 4.IE-05 - l.IE-04 - 1.8E-04 - 1.3E-03 - 3.6E-04 -

Inhalation 3.5E-03 - 1.2E-04 - 3.3E-06 - 2.6E-04 - 4.IE-04 - 3.IE-03 - 8.8E-04 -

Total 4.9E-03 - 6.4E-04 - 4.4E-05 - 3.7E-04 - 5.9E-04 - 4.4E-03 - 1.2E-03 -

Total cumulative 8.2E-03 - 1.4E-03 - 2.5E-04 - 1.1E-3 - 8.5E-04 - 5.1E-03 - 1.6E-03 -
ELCR*

* Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

- = indicates HI or ELCR not applicable OU = operable unit

CTUIR = Confederated Tribes of the Umatilla Indian Reservation PUREX = Plutonium-Uraniu

ELCR = excess lifetime cancer risk SWL = Solid Waste Land

HI = hazard index WMA = waste managemer

NRDWL = Nonradioactive Dangerous Waste Landfill

m Extraction

fill

nt area

CA)

0
0
I-

N)
C0
CD

CO
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1 E1.1.1.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch Exposure Area
2 The total cumulative ELCR for the Waste Management Area (WMA) A-AX Tank Farms and
3 216-A-29 Ditch exposure area is 1.4 x 10-3. The total ELCR for the WMA A-AX Tank Farms and
4 216-A-29 Ditch exposure area is 7.2 x 10-' for nonradiological analytes and 6.4 x 10-' for radiological
5 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-'. The major
6 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
7 cumulative ELCR) are technetium-99 (3.4 x 10-4, 25 percent contribution), tritium (1.5 x 10-4, 11 percent
8 contribution), iodine-129 (7.1 x 10-5, 5.2 percent contribution), strontium-90 (2.4 x 10-5, 1.8 percent
9 contribution), selenium-79 (2.3 x 10-5, 1.7 percent contribution), uranium-234 (1.8 x 10-5, 1.3 percent

10 contribution), and 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (1.8 x 10-5, 1.3 percent contribution).
11 Contribution to ELCR is elevated for arsenic (6.9 x 10-4 , 51 percent contribution), where measured
12 concentrations are within natural background values.

13 The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is 11, which is greater
14 than the EPA target HI of 1. All individual analytes that contribute greater than one percent of the
15 HI also report an HQ less than 1 and include cobalt, cadmium, vanadium, nitrate, 1,2,3,4,7,8-
16 hexachlorodibenzo-p-dioxin, fluoride, and Cr(VI). Contribution to HI is elevated for arsenic (HQ of 1.5,
17 14 percent contribution), where measured concentrations are within natural background values.
18 Contribution to HI is elevated for antimony (HQ of 6.3, 59 percent contribution), where measured
19 concentrations reflect false-positive results from the use of EPA Method 6010.

20 E1.1.1.3 BC Cribs and Trenches Exposure Area
21 The total cumulative ELCR for the BC Cribs and Trenches exposure area is 2.5 x 1 0 -4. The total ELCR
22 for the BC Cribs and Trenches exposure area is 2.0 x 10-4 for nonradiological analytes and 4.4 x 10-5 for
23 radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
24 1 x 10-4, and the radiological ELCR is within the EPA range of 1 x 10-4 to 1 x 106. The major
25 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
26 cumulative ELCR) are strontium-90 (1.3 x 10-5, 5.4 percent contribution), uranium-234 (1.2 x 10-5,
27 4.8 percent contribution), uranium-238 (5.9 x 106, 2.4 percent contribution), protactinium-231 (4.6 x 10-6,
28 1.9 percent contribution), tritium (4.2 x 10-6, 1.7 percent contribution), and selenium-79 (4.2 x 10-6,
29 1.7 percent contribution). Contribution to ELCR is elevated for arsenic (2.0 x 10-4, 82 percent
30 contribution), where measured concentrations are within natural background values.

31 The HI for the BC Cribs and Trenches exposure area is 14, which is greater than the EPA target HI of 1.
32 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
33 total HI) are cobalt (HQ of 1.5, 11 percent contribution) and iron (HQ of 1.4, 9.9 percent contribution).
34 The remaining individual analytes that contribute greater than one percent of the HI also report an HQ
35 less than 1 are zinc, Cr(VI), manganese, arsenic, fluoride, and vanadium. Contribution to HI is elevated
36 for antimony (HQ of 7.6, 55 percent contribution), where measured concentrations reflect false-positive
37 results from the use of EPA Method 6010.

38 E1.1.1.4 216-B-3 Pond Facility (All Lobes) Exposure Area
39 The total cumulative ELCR for the 216-B-3 Pond facility exposure area is 1.1 x 10-3. The total ELCR for
40 the 216-B-3 Pond exposure area is 6.8 x 10-4 for nonradiological analytes and 3.7 x 10-4 for radiological
41 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4. The major
42 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
43 cumulative ELCR) are tritium (3.3 x 10-4, 32 percent contribution) and iodine-129 (4.1 x 10-5, 3.9 percent
44 contribution). Contribution to ELCR is elevated for arsenic (6.8 x 10-4, 64 percent contribution), where
45 measured concentrations are within natural background values.
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1 The HI for the 216-B-3 Pond facility exposure area is 3.2, which is greater than the EPA target HI of 1.
2 Contribution to HI is elevated for arsenic (HQ of 1.5, 47 percent contribution), where measured
3 concentrations are within natural background values. All remaining individual analytes that contribute
4 greater than one percent of the HI also report an HQ less than 1 and include vanadium, iron, fluoride,
5 Cr(VI), nitrate, manganese, uranium, and nitrite.

6 E1.1.1.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
7 The total cumulative ELCR for the Nonradioactive Dangerous Waste Landfill (NRDWL)/Solid Waste
8 Landfill (SWL) exposure area is 8.5 x 1 0 -4. The total ELCR for the NRDWL/SWL exposure area is
9 2.6 x 10-4 for nonradiological analytes and 5.9 x 10-4 for radiological analytes, both of which are greater

10 than the EPA upper target risk threshold of 1 x 10-4. The major contributors to the total cumulative ELCR
11 (those analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium (5.2 x 10-4,
12 61 percent contribution), uranium-234 (2.6 x 10-5, 3.1 percent contribution), bis(2-ethylhexyl)phthalate
13 (BEHP) (2.3 x 10-5, 2.7 percent contribution), iodine-129 (2.0 x 10-5, 2.3 percent contribution), and
14 uranium-238 (1.8 x 10-5, 2.1 percent contribution). Contribution to ELCR is elevated for arsenic
15 (2.2 x 10-4, 26 percent contribution), where measured concentrations are within natural
16 background values.

17 The HI for the NRDWL/SWL exposure area is 2.6, which is greater than the EPA target HI of 1.
18 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1
19 and include fluoride, uranium, Cr(VI), TCE, vanadium, and nitrate.

20 E1.1.1.6 200-PO-1 Operable Unit Far-Field Exposure Area
21 The total cumulative ELCR for the 200-PO-I OU far-field exposure area is 5.1 x 10-. The total ELCR
22 for the 200-PO-1 OU far-field exposure area is 6.5 x 10-4 for nonradiological analytes and 4.4 x 10- for
23 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4.

24 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
25 of total cumulative ELCR) are tritium (4.0 x 10-3, 79 percent contribution), uranium-233/234 (2.3 x 10-4,
26 4.5 percent contribution), and uranium-238 (1.3 x 10-4, 2.5 percent contribution). Contribution to ELCR
27 is elevated for arsenic (5.4 x 10-4, 11 percent contribution), where measured concentrations are within
28 natural background values.

29 The HI for the 200-PO-I OU far-field exposure area is 12, which is greater than the EPA target HI of 1.
30 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1
31 and include bromomethane, cadmium, fluoride, lithium, nitrate, silver, TCE, uranium, and vanadium.
32 Contribution to the noncancer HI is elevated for arsenic (HQ of 1.2, 9.6 percent contribution), where
33 measured concentrations are within natural background values. Contribution to HI is elevated for
34 antimony (HQ of 6.9, 56 percent contribution), where measured concentrations reflect false-positive
35 results from the use of EPA Method 6010.

36 E1.1.1.7 200-PO-1 Operable Unit Near-River Exposure Area
37 The total cumulative ELCR for the 200-PO-1 OU near-river exposure area is 1.6 x 10-3. The total ELCR
38 for the 200-PO-1 OU near-river exposure area is 3.8 x 10-4 for nonradiological analytes and 1.2 x 10-3
39 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4

40 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
41 of total cumulative ELCR) are tritium (1.1 x 10-3, 70 percent contribution), selenium-79 (2.7 x 10-5,

42 1.7 percent contribution), technetium-99 (1.8 x 10-5, 1.1 percent contribution), and uranium-234
43 (1.7 x 10-5, 1.1 percent contribution). Contribution to ELCR is elevated for arsenic (3.8 x 10-4, 23 percent
44 contribution), where measured concentrations are within natural background values.
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1 The HI for the 200-PO-I OU near-river exposure area is 3.9, which is greater than the EPA target HI of 1.
2 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1
3 and include lithium, fluoride, iron, nitrate, vanadium, manganese, molybdenum, uranium, and Cr(VI).

4 E1.1.2 CTUIR Use of 200-PO-1 Operable Unit Groundwater as a Source of Steam
5 for Sweat Lodge Use
6 Potential exposure to 200-PO-I OU groundwater as a source of steam in a sweat lodge is evaluated under
7 the CTUIR exposure scenario. Potential routes of exposure to steam generated from groundwater include
8 inhalation of vaporized volatiles, semivolatiles, and aerosolized nonvolatiles and dermal contact with
9 vaporized volatiles, semivolatiles, and nonvolatiles and condensed liquid while spending time in

10 a sweat lodge. Table E-2 provides a summary of the CTUIR risk estimates from use of a sweat lodge
11 by exposure route for each exposure area evaluated in the 200-PO-1 OU. Additional details, including
12 analyte-specific risk contributions, are provided in the calculation spreadsheets presented in
13 ECF-Hanford-13-0036, which included as at attachment to this appendix.

14 E1.1.2.1 Plutonium-Uranium Extraction Cribs Exposure Area
15 The total cumulative ELCR for the PUREX Cribs exposure area is 1.1 x 102. The total ELCR for the
16 PUREX Cribs exposure area is 7.7 x 10- for nonradiological analytes and 3.2 x 10- for radiological
17 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major
18 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
19 cumulative ELCR) are Cr(VI) (6.6 x 10-, 60 percent contribution), uranium-234 (1.5 x 10-, 14 percent
20 contribution), uranium-238 (1.3 x 10-, 12 percent contribution), cobalt (3.6 x 10-4, 3.3 percent
21 contribution), tritium (2.8 x 10-4, 2.5 percent contribution), cadmium (2.7 x 10-4, 2.5 percent
22 contribution), and beryllium (1.9 x 10-4, 1.7 percent contribution). Contribution to ELCR is elevated for
23 arsenic (2.3 x 10-4, 2.1 percent contribution), where measured concentrations are within natural
24 background values.

25 The HI for the PUREX Cribs exposure area is 42, which is greater than the EPA target HI of 1.
26 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
27 total HI) are cadmium (HQ of 16, 37 percent contribution), cobalt (HQ of 6.8, 16 percent contribution),
28 uranium (HQ of 5.6, 13 percent contribution), beryllium (HQ of 4.2, 9.9 percent contribution), manganese
29 (HQ of 2.0, 4.8 percent contribution), and vanadium (HQ of 1.9, 4.4 percent contribution). The remaining
30 individual analytes that contribute greater than one percent of the HI also report an HQ less than or equal
31 to 1 and include barium, Cr(VI), and nickel. Contribution to HI is elevated for arsenic (HQ of 3.6,
32 8.4 percent contribution), where measured concentrations are within natural background values.

33 E1.1.2.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch Exposure Area
34 The total cumulative ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is
35 5.0 x 10-. The total ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is
36 4.7 x 10-3 for nonradiological analytes and 3.0 x 10-4 for radiological analytes, both of which are greater
37 than the EPA upper target risk threshold of 1 x 1 0 -4. The major contributors to the total cumulative ELCR
38 (those analytes that contribute greater than 1 percent of total cumulative ELCR) are Cr(VI) (4.0 x 10-3,
39 80 percent contribution), cobalt (3.0 x 10-4, 6.0 percent contribution), uranium-234 (1.3 x 10-4, 2.6 percent
40 contribution), uranium-238 (8.0 x 10-5, 1.6 percent contribution), cadmium (7.8 x 10-5, 1.6 percent
41 contribution), and technetium-99 (7.7 x 10- , 1.5 percent contribution). Contribution to ELCR is elevated
42 for arsenic (2.9 x 10-4, 5.7 percent contribution), where measured concentrations are within natural
43 background values.
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Table E-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of 200-PO-1 OU Groundwater in a Sweat Lodge

WMA A-AX
Tank Farms 216-B-3 Pond 200-PO-1 OU

and BC Cribs and Facility 200-PO-1 OU Near-River
PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Nonradionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 1.2E-06 0.05 - <0.01 - <0.01 - 8.4E-07 0.01 5.9E-06 0.10 - <0.01
(vapor)

Nonvolatile (aerosol) 7.7E-03 42 4.7E-03 21 2.OE-02 54 6.IE-03 21 4.3E-03 8.0 3.5E-03 19 3.7E-03 19

Total 7.7E-03 42 4.7E-03 21 2.0E-02 54 6.1E-03 21 4.3E-03 8.0 3.5E-03 19 3.7E-03 19

Dermal Exposure in Sweat Lodge

Volatile and semivolatiles 3.E-10 <0.01 - <0.01 - <0.01 - 6.2E-10 <0.01 1.6E-09 <0.01 - <0.01
(vapor only)

Nonvolatile (vapor and 2.8E-05 0.72 7.8E-06 0.40 8.7E-07 0.54 2.9E-06 0.14 2.2E-06 0.10 2.8E-06 0.34 1.6E-06 0.12
aqueous condensate)

Total 2.8E-05 0.72 7.8E-06 0.40 8.7E-07 0.54 2.9E-06 0.14 2.2E-06 0.10 2.8E-06 0.34 1.6E-06 0.12

Total nonradionuclide 7.7E-03 42 4.7E-03 22 2.0E-02 55 6.1E-03 21 4.3E-03 8.1 3.5E-03 19 3.7E-03 20

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 2.8E-04 - 9.2E-06 - 2.6E-07 - 2.IE-05 - 3.3E-05 - 2.5E-04 - 7.IE-05 -
(vapor)

Nonvolatile (aerosol) 2.9E-03 - 2.9E-04 - 1.8E-04 - 7.5E-07 - 3.IE-04 - 2.7E-03 - 3.2E-04 -

Total radionuclide 3.2E-03 - 3.0E-04 - 1.8E-04 - 2.2E-05 - 3.4E-04 - 3.0E-03 - 3.9E-04 -

Total cumulative ELCR* 1.1E-02 5.0E-03 2.0E-02 6.1E-03 4.7E-03 6.5E-03 4.0E-03 -
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Table E-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of 200-PO-1 OU Groundwater in a Sweat Lodge

WMA A-AX
Tank Farms 216-B-3 Pond 200-PO-1 OU

and BC Cribs and Facility 200-PO-1 OU Near-River
PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

* Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the

- = indicates HI or ELCR not applicable OU

CTUIR = Confederated Tribes of the Umatilla Indian Reservation PUREX

ELCR = excess lifetime cancer risk SWL

HI = hazard index WMA

NRDWL = Nonradioactive Dangerous Waste Landfill

total radionuclide ELCR.

operable unit

Plutonium-Uranium Extraction

Solid Waste Landfill

waste management area
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1 The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is 22, which is greater than
2 the EPA target HI of 1. The primary contributors to the noncancer HI (those analytes that contribute
3 greater than 1 percent of total HI) are cobalt (HQ of 5.7, 26 percent contribution), cadmium (HQ of 4.5,
4 21 percent contribution), vanadium (HQ of 2.2, 10 percent contribution), manganese (HQ of 1.3,
5 5.8 percent contribution), and nickel (HQ of 1.1, 5.1 percent contribution). The remaining individual
6 analytes that contribute greater than one percent of the HI also report an HQ less than 1 and include
7 uranium, barium, and Cr(VI). Contribution to HI is elevated for arsenic (HQ of 4.5, 21 percent
8 contribution), where measured concentrations are within natural background values.

9 E1.1.2.3 BC Cribs and Trenches Exposure Area
10 The total cumulative ELCR for the BC Cribs and Trenches exposure area is 2.0 x 102. The total ELCR
11 for the BC Cribs and Trenches exposure area is 2.0 x 10-2 for nonradiological analytes and 1.8 x 10-4
12 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-.
13 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
14 of total cumulative ELCR) are Cr(VI) (2.0 x 102, 96 percent contribution) and cobalt (6.0 x 10
15 2.9 percent contribution).

16 The HI for the BC Cribs and Trenches exposure area is 55, which is greater than the EPA target HI of 1.
17 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
18 total HI) are manganese (HQ of 34, 63 percent contribution), cobalt (HQ of 11, 21 percent contribution),
19 Cr(VI) (HQ of 2.6, 4.8 percent contribution), and vanadium (HQ of 1.9, 3.5 percent contribution.
20 The remaining individual analytes that contribute greater than one percent of the HI also report an HQ
21 less than 1 and include nickel, barium, and uranium. Contribution to the noncancer HI is elevated for
22 arsenic (HQ of 1.3, 2.4 percent contribution), where measured concentrations are within natural
23 background values.

24 E1.1.2.4 216-B-3 Pond Facility (All Lobes) Exposure Area
25 The total cumulative ELCR for the 216-B-3 Pond facility exposure area is 6.1 x 10-3. The total ELCR
26 for the 216-B-3 Pond facility exposure area is 6.1 x 10-3 for nonradiological analytes and 2.2 x 10-5
27 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold
28 of 1 x 10-4 and the radiological ELCR is within the EPA range of 1 x 10-4 to 1 x 106. The major
29 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
30 cumulative ELCR) is Cr(VI) (5.8 x 10-3, 95 percent contribution). Contribution to ELCR is elevated for
31 arsenic (2.8 x 10 -, 4.6 percent contribution), where measured concentrations are within natural
32 background values.

33 The HI for the 216-B-3 Pond facility exposure area is 21, which is greater than the EPA target HI of 1.
34 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
35 total HI) are manganese (HQ of 11, 53 percent contribution) and vanadium (HQ of 2.1, 10 percent
36 contribution). The remaining individual analytes that contribute greater than one percent of the HI also
37 report an HQ less than 1 and include uranium, Cr(VI), nickel, and barium. Contribution to HI is elevated
38 for arsenic (HQ of 4.4, 21 percent contribution), where measured concentrations are within natural
39 background values.
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1 E1.1.2.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
2 The total cumulative ELCR for the NRDWL/SWL exposure area is 4.7 x 10-. The total ELCR for the
3 NRDWL/SWL exposure area is 4.3 x 10- for nonradiological analytes and 3.4 x 10-' for radiological
4 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4. The major
5 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
6 cumulative ELCR) are Cr(VI) (4.2 x 10-, 90 percent contribution), uranium-234 (1.9 x 10-4, 4.0 percent
7 contribution), and uranium-238 (1.2 x 10-4, 2.5 percent contribution). Contribution to ELCR is elevated
8 for arsenic (9.1 x 10-5, 1.9 percent contribution), where measured concentrations are within natural
9 background values.

10 The HI for the NRDWL/SWL exposure area is 8.1, which is greater than the EPA target HI of 1.
11 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
12 total HI) are uranium (HQ of 1.7, 21 percent contribution) and barium (HQ of 1.6, 20 percent
13 contribution). The individual analytes that contribute greater than one percent of the HI also report
14 an HQ less than 1 and include vanadium, manganese, nickel, Cr(VI), and fluoride. Contribution to HI is
15 elevated for arsenic (HQ of 1.4, 18 percent contribution), where measured concentrations are within
16 natural background values.

17 E1.1.2.6 200-PO-1 Operable Unit Far-Field Exposure Area
18 The total cumulative ELCR for the 200-PO-I OU far-field exposure area is 6.5 x 10-. The total ELCR
19 for the 200-PO-1 OU far-field exposure area is 3.5 x 10- for nonradiological analytes and 3.0 x 10- for
20 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4.

21 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
22 of total cumulative ELCR) are Cr(VI) (3.2 x 10-, 49 percent contribution), uranium-233/234 (1.6 x 10-,
23 25 percent contribution), uranium-238 (8.1 x 10-4, 12 percent contribution), and tritium (2.5 x 10-4,
24 3.8 percent contribution). Contribution to ELCR is elevated for arsenic (2.2 x 10-4, 3.5 percent
25 contribution), where measured concentrations are within natural background values.

26 The HI for the 200-PO-I OU far-field exposure area is 19, which is greater than the EPA target HI of 1.
27 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
28 total HI) are uranium (HQ of 4.6, 24 percent contribution), cadmium (HQ of 3.9, 20 percent contribution),
29 manganese (HQ of 3.2, 17 percent contribution), and vanadium (HQ of 1.1, 5.7 percent contribution.
30 The remaining individual analytes that contribute greater than one percent of the HI also report an HQ
31 less than 1 and include barium, nickel, Cr(VI), and cobalt. Contribution to the noncancer HI is elevated
32 for arsenic (HQ of 3.5, 18 percent contribution), where measured concentrations are within natural
33 background values.

34 E1.1.2.7 200-PO-1 Operable Unit Near-River Exposure Area
35 The total cumulative ELCR for the 200-PO-I OU near-river exposure area is 4.0 x 10-. The total ELCR
36 for the 200-PO-I OU near-river exposure area is 3.7 x 10- for nonradiological analytes and 3.9 x 10-4

37 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4

38 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
39 of total cumulative ELCR) are Cr(VI) (3.5 x 10-3, 86 percent contribution), uranium-234 (1.2 x 10-4,
40 3.0 percent contribution), tritium (7.1 x 10-5, 1.7 percent contribution), and uranium-238 (6.9 x 10-5,
41 1.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.6 x 10-4, 3.9 percent
42 contribution), where measured concentrations are within natural background values.

43 The HI for the 200-PO-I OU near-river exposure area is 20, which is greater than the EPA target HI of 1.
44 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
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1 total HI) are manganese (HQ of 12, 61 percent contribution), uranium (HQ of 1.5, 7.5 percent
2 contribution), vanadium (HQ of 1.3, 6.5 percent contribution), and barium (HQ of 1.1, 5.5 percent
3 contribution). The remaining individual analytes that contribute greater than one percent of the HI also
4 report an HQ less than 1 and include Cr(VI) and cobalt. Contribution to HI is elevated for arsenic
5 (HQ of 2.5, 13 percent contribution), where measured concentrations are within natural
6 background values.

7 E1.2 200-PO-1 Operable Unit - Summary of the Yakama Nation
8 Groundwater Risk Assessment

9 This section summarizes the results for each of the exposure pathways associated with use of groundwater
10 as a drinking water source and use of groundwater to generate steam in a sweat lodge by the Yakama
11 Nation, where the groundwater source is from the 200-PO-1 OU.

12 E1.2.1 Yakama Nation Use of 200-PO-1 Operable Unit Groundwater as a Potential
13 Drinking Water Source
14 Potential exposure to 200-PO-I OU groundwater as a drinking water source is evaluated under the
15 Yakama Nation exposure scenario. Potential routes of exposure to groundwater include ingestion, dermal
16 contact, 2 and inhalation of volatiles during household activities. Table E-3 provides a summary of the
17 Yakama Nation risk estimates by exposure route for each exposure area evaluated in the 200-PO-1 OU.
18 Additional details, including analyte-specific risk contributions, are provided in the calculation
19 spreadsheets presented in ECF-Hanford-13-0036, which is included as an attachment to this appendix.

20 E1.2.1.1 Plutonium-Uranium Extraction Cribs Exposure Area
21 The total cumulative ELCR for the PUREX Cribs exposure area is 8.7 x 10-3. The total ELCR for the
22 PUREX Cribs exposure area is 3.6 x 10-3 for nonradiological analytes and 5.1 x 10-3 for radiological
23 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major
24 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
25 cumulative ELCR) are tritium (4.6 x 10-3, 53 percent contribution), 2,6-dinitrotoluene (1.6 x 10-3,
26 19 percent contribution), n-nitrosodi-n-dipropylamine (1.3 x 10-3, 15 percent contribution), uranium-234
27 (2.2 x 10-4, 2.5 percent contribution), and uranium-238 (2.1 x 10-4, 2.4 percent contribution). Contribution
28 to ELCR is elevated for arsenic (5.9 x 10-4, 6.8 percent contribution), where measured concentrations are
29 within natural background values.

30 The HI for the PUREX Cribs exposure area is 15, which is greater than the EPA target HI of 1.
31 The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of
32 total HI) is cadmium (HQ of 2.2, 14 percent contribution). The remaining individual analytes that
33 contribute greater than one percent of the HI also report an HQ less than 1 and include cobalt, TCE,
34 uranium, nitrate, beryllium, vanadium, fluoride, and Cr(VI). Contribution to HI is elevated for arsenic
35 (HQ of 1.2, 7.7 percent contribution), where measured concentrations are within natural background
36 values. Contribution to HI is elevated for antimony (HQ of 8.0, 52 percent contribution), where measured
37 concentrations reflect false-positive results from the use of EPA Method 6010.

2 The dermal contact exposure route is only evaluated for nonradionuclide analytes.
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Table E-3. Yakima Nation Exposure Scenario - Summary of Risk Estimates from Use
of 200-PO-1 OU Groundwater as a Potential Drinking Water Source

WMA A-AX 216-B-3 Pond
Tank Farms and BC Cribs and Facility 200-PO-1 OU 200-PO-1 OU

PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Near-River Area
Exposure

Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Nonradionuclide Analytes

Ingestion 3.5E-03 14 7.5E-04 10 2.2E-04 13 7.3E-04 3.1 2.6E-04 2.3 6.3E-04 II 4.IE-04 3.8

Dermal 7.3E-05 0.64 2.2E-05 0.47 7.5E-07 0.44 2.5E-06 0.11 l.4E-05 0.13 7.5E-06 0.33 l.4E-06 0.10

Inhalation 1.2E-05 0.46 - <0.01 - <0.01 - - 8.6E-06 0.14 6.IE-05 0.99 - <0.01

Total 3.6E-03 15 7.8E-04 11 2.2E-04 14 7.4E-04 3.2 2.8E-04 2.6 7.OE-04 12 4.1E-04 3.9

Radionuclide Analytes

Ingestion 1.5E-03 - 5.3E-04 - 4.2E-05 - 1.2E-04 - 1.9E-04 - 1.3E-03 - 3.6E-04 -

Inhalation 3.6E-03 - 1.2E-04 - 3.4E-06 - 2.7E-04 - 4.2E-04 - 3.2E-03 - 9.2E-04 -

Total 5.1E-03 - 6.5E-04 - 4.5E-05 - 3.9E-04 - 6.1E-04 - 4.6E-03 - 1.3E-03 -

Total
cumulative 8.7E-03 - 1.4E-03 - 2.7E-04 - 1.1E-03 - 8.9E-04 - 5.3E-03 - 1.7E-03 -

ELCR*

* Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

-- indicates HI or ELCR not applicable OU = operable unit

ELCR = excess lifetime cancer risk PUREX = Plutonium-Uranium Extraction

HI = hazard index SWL = Solid Waste Landfill

NRDWL = Nonradioactive Dangerous Waste Landfill WMA = waste management area
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1 E1.2.1.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch Exposure Area
2 The total cumulative ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is
3 1.4 x 10-. The total ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is
4 7.8 x 10-4 for nonradiological analytes and 6.5 x 10-4 for radiological analytes, both of which are
5 greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major contributors to the total
6 cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
7 technetium-99 (3.5 x 10-4, 24 percent contribution), tritium (1.5 x 10-4, 11 percent contribution),
8 iodine-129 (7.2 x 10-5, 5.1 percent contribution), strontium-90 (2.5 x 10-5, 1.7 percent contribution),
9 selenium-79 (2.3 x 10-5, 1.6 percent contribution), uranium-234 (1.9 x 10-5, 1.3 percent contribution),

10 and 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (1.8 x 10-5, 1.3 percent contribution). Contribution to ELCR
11 is elevated for arsenic (7.5 x 10-4, 53 percent contribution), where measured concentrations are within
12 natural background values.

13 The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area is 11, which is greater
14 than the EPA target HI of 1. All individual analytes that contribute greater than one percent of
15 the HI also report an HQ less than 1 and include cobalt, cadmium, vanadium, nitrate,
16 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, fluoride, and Cr(VI). Contribution to HI is elevated for
17 arsenic (HQ of 1.5, 14 percent contribution), where measured concentrations are within natural
18 background values. Contribution to HI is elevated for antimony (HQ of 6.3, 59 percent contribution),
19 where measured concentrations reflect false-positive results from the use of EPA Method 6010.

20 E1.2.1.3 BC Cribs and Trenches Exposure Area
21 The total cumulative ELCR for the BC Cribs and Trenches exposure area is 2.7 x 1 0 -4. The total ELCR
22 for the BC Cribs and Trenches exposure area is 2.2 x 10-4 for nonradiological analytes and 4.5 x 10-5 for
23 radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
24 1 x 1 0 -4 and the radiological ELCR is within the EPA range of 1 x 1 0 -4 to 1 x 106. The major contributors
25 to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative
26 ELCR are strontium-90 (1.4 x 10-5, 5.2 percent contribution), uranium-234 (1.2 x 10-5, 4.5 percent
27 contribution), uranium-238 (6.0 x 106, 2.3 percent contribution), protactinium-231 (4.7 x 106, 1.8 percent
28 contribution), tritium (4.4 x 106, 1.6 percent contribution), and selenium-79 (4.3 x 10-6, 1.6 percent
29 contribution). Contribution to ELCR is elevated for arsenic (2.2 x 10-4, 83 percent contribution), where
30 measured concentrations are within natural background values.

31 The HI for the BC Cribs and Trenches exposure area is 14, which is greater than the EPA target HI of 1.
32 The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of
33 total HI) are cobalt (HQ of 1.5, 11 percent contribution) and iron (HQ of 1.4, 9.9 percent contribution).
34 The remaining individual analytes that contribute greater than one percent of the HI but report an HQ
35 less than 1 are zinc, Cr(VI), manganese, arsenic, fluoride, and vanadium. Contribution to HI is elevated
36 for antimony (HQ of 7.6, 55 percent contribution), where measured concentrations reflect false-positive
37 results from the use of EPA Method 6010.

38 E1.2.1.4 216-B-3 Pond Facility (All Lobes) Exposure Area
39 The total cumulative ELCR for the 216-B-3 Pond facility exposure area is 1.1 x 10-. The total ELCR
40 for the 216-B-3 Pond facility exposure area is 7.4 x 10-4 for nonradiological analytes and 3.9 x 10-4 for
41 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4.

42 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
43 of total cumulative ELCR) are tritium (3.5 x 10-4, 31 percent contribution) and iodine-129 (4.2 x 10-5,

44 3.8 percent contribution). Contribution to ELCR is elevated for arsenic (7.4 x 10-4, 66 percent
45 contribution), where measured concentrations are within natural background values.
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1 The HI for the 216-B-3 Pond facility exposure area is 3.2, which is greater than the EPA target HI of 1.
2 Contribution to HI is elevated for arsenic (HQ of 1.5, 47 percent contribution), where measured
3 concentrations are within natural background values. The remaining individual analytes that contribute
4 greater than one percent of the HI also report an HQ less than 1 and include vanadium, iron, fluoride,
5 Cr(VI), nitrate, manganese, uranium, and nitrite.

6 E1.2.1.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
7 The total cumulative ELCR for the NRDWL/SWL exposure area is 8.9 x 10 -. The total ELCR for the
8 NRDWL/SWL exposure area is 2.8 x 10- for nonradiological analytes and 6.1 x 10- for radiological
9 analytes, both of which are greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major

10 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
11 cumulative ELCR) are tritium (5.4 x 10-4, 60 percent contribution), uranium-234 (2.7 x 10-5, 3.0 percent
12 contribution), BEHP (2.4 x 10-5, 2.6 percent contribution), iodine-129 (2.0 x 10-5, 2.3 percent
13 contribution), and uranium-238 (1.8 x 10-5, 2.1 percent contribution). Contribution to ELCR is elevated
14 for arsenic (2.4 x 10-4, 27 percent contribution), where measured concentrations are within natural
15 background values.

16 The HI for the NRDWL/SWL exposure area is 2.6, which is greater than the EPA target HI of 1.
17 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1
18 and include fluoride, uranium, Cr(VI), TCE, vanadium, and nitrate.

19 E1.2.1.6 200-PO-1 Operable Unit Far-Field Exposure Area
20 The total cumulative ELCR for the 200-PO-I OU far-field exposure area is 5.3 x 10-. The total ELCR
21 for the 200-PO-1 OU far-field exposure area is 7.0 x 10-4 for nonradiological analytes and 4.6 x 10- for
22 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4.

23 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
24 of total cumulative ELCR) are tritium (4.1 x 10-, 78 percent contribution), uranium-233/234 (2.3 x 10-4,
25 4.4 percent contribution), and uranium-238 (1.3 x 10-4, 2.4 percent contribution). Contribution to ELCR
26 is elevated for arsenic (5.9 x 10-4, 11 percent contribution), where measured concentrations are within
27 natural background values.

28 The HI for the 200-PO-I OU far-field exposure area is 12, which is greater than the EPA target HI of 1.
29 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1
30 and include TCE, bromomethane, cadmium, uranium, lithium, nitrate, fluoride, silver, and vanadium.
31 Contribution to the noncancer HI is elevated for arsenic (HQ of 1.2, 9.6 percent contribution), where
32 measured concentrations are within natural background values. Contribution to HI is elevated for
33 antimony (HQ of 6.9, 56 percent contribution), where measured concentrations reflect false-positive
34 results from the use of EPA Method 6010.

35 E1.2.1.7 200-PO-1 Operable Unit Near-River Exposure Area
36 The total cumulative ELCR for the 200-PO-1 OU near-river exposure area is 1.7 x 10-3. The total ELCR
37 for the 200-PO-1 OU near-river exposure area is 4.1 x 10-4 for nonradiological analytes and 1.3 x 10-3

38 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-4.
39 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
40 of total cumulative ELCR) are tritium (1.2 x 10-3, 69 percent contribution), selenium-79 (2.8 x 10-5,

41 1.7 percent contribution), and technetium-99 (1.8 x 10-5, 1.1 percent contribution). Contribution to ELCR
42 is elevated for arsenic (4.1 x 10-4, 24 percent contribution), where measured concentrations are within
43 natural background values.
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1 The HI for the 200-PO-I OU near-river exposure area is 3.9, which is greater than the EPA target HI of 1.
2 All individual analytes that contribute greater than one percent of the HI also report an HQ less than 1 and
3 include lithium, fluoride, iron, nitrate, vanadium, manganese, molybdenum, uranium, and Cr(VI).

4 E1.2.2 Yakama Nation Use of 200-PO-1 Operable Unit Groundwater as a Source
5 of Steam for Sweat Lodge Use
6 Potential exposure to 200-PO-I OU groundwater as a source of steam in a sweat lodge is evaluated under
7 the Yakama Nation exposure scenario. Potential routes of exposure to steam generated from groundwater
8 include inhalation of vaporized volatiles; semivolatiles; and aerosolized nonvolatiles and dermal contact
9 with vaporized volatiles, semivolatiles, and nonvolatiles and condensed liquid while spending time in

10 a sweat lodge. Tables E-4 and E-5 provide summaries of the Yakama Nation risk estimates by exposure
11 route for each exposure area evaluated in the 200-PO-I OU.

12 Table E-4 summarizes cancer risks and noncancer hazards that include exposure from dermal contact
13 with aerosolized nonvolatiles and inhalation of aerosolized nonvolatiles. Table E-5 summarizes the risk
14 estimates without exposure from dermal contact with aerosolized nonvolatiles and inhalation of
15 aerosolized nonvolatiles. Additional details, including analyte-specific risk contributions, are provided in
16 the calculation spreadsheets presented in ECF-Hanford-13-0036, which is provided as an attachment to
17 this appendix.

18 E1.2.2.1 Plutonium-Uranium Extraction Cribs Exposure Area
19 The total cumulative ELCR for the PUREX Cribs exposure area with contributions from aerosolized
20 nonvolatile analytes is 8.1 x 102. The total ELCR for the PUREX Cribs exposure area with contributions
21 from aerosolized nonvolatile analytes is 5.7 x 102 for nonradiological analytes and 2.4 x 102 for
22 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-.
23 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
24 of total cumulative ELCR) are Cr(VI) (4.8 x 102, 60 percent contribution), uranium-234 (1.1 x 102,
25 14 percent contribution), uranium-238 (9.9 x 10-, 12 percent contribution), cobalt (2.7 x 10-3, 3.3 percent
26 contribution), tritium (2.1 x 10-3, 2.6 percent contribution), cadmium (2.0 x 10-3, 2.5 percent
27 contribution), and beryllium (1.4 x 10-3, 1.7 percent contribution). Contribution to ELCR is elevated for
28 arsenic (1.7 x 10-3, 2.1 percent contribution), where measured concentrations are within natural
29 background values.

30 The total cumulative ELCR for the PUREX Cribs exposure area without contributions from aerosolized
31 nonvolatile analytes is 2.3 x 10-3. The total ELCR without contributions from aerosolized nonvolatile
32 analytes is 2.1 x 10- for nonradiological analytes and 2.1 x 10-3 for radiological analytes, both of which
33 are greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major contributors to the total
34 cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
35 tritium (2.1 x 10-3, 91 percent contribution), 2,6-dinitrotoluene (9.6 x 10-5, 4.2 percent contribution), and
36 n-nitrosodi-n-dipropylamine (8.4 x 10-5, 3.7 percent contribution).

37 The HI for the PUREX Cribs exposure area with contributions from aerosolized nonvolatile analytes
38 is 309, which is greater than the EPA target HI of 1. The primary contributors to the noncancer HI (those
39 analytes that contribute greater than 1 percent of total HI) are cadmium (HQ of 113, 37 percent
40 contribution), cobalt (HQ of 49, 16 percent contribution), uranium (HQ of 41, 13 percent contribution),
41 beryllium (HQ of 30, 9.8 percent contribution), manganese (HQ of 15, 4.8 percent contribution),
42 vanadium (HQ of 14, 4.4 percent contribution), barium (HQ of 7.3, 2.3 percent contribution), Cr(VI)
43 (HQ of 6.3, 2.1 percent contribution), and nickel (HQ of 3.8, 1.2 percent contribution). Contribution to
44 noncancer HI is elevated for arsenic (HQ of 26, 8.4 percent contribution), where measured concentrations
45 are within natural background values.
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Table E-4. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use of
200-PO-1 OU Groundwater in a Sweat Lodge (with Aerosolized Nonvolatile Analytes)

WMA A-AX
Tank Farms 216-B-3 Pond 200-PO-1 OU

and BC Cribs and Facility 200-PO-1 OU Near-River
PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Nonradionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 8.9E-06 0.33 - <0.01 - <0.01 - 6.3E-06 0.10 4.4E-05 0.71 - <0.01
(vapor)

Nonvolatile (aerosol) 5.6E-02 303 3.5E-02 155 1.4E-01 393 4.5E-02 151 3.2E-02 58 2.6E-02 138 2.7E-02 141

Total 5.6E-02 304 3.5E-02 155 1.4E-01 393 4.5E-02 151 3.2E-02 59 2.6E-02 139 2.7E-02 141

Dermal Exposure in Sweat Lodge

Volatile and semivolatiles 2.2E-09 <0.01 - <0.01 - <0.01 - 4.5E-09 <0.01 1.2E-08 <0.01 - <0.01
(vapor only)

Nonvolatile (vapor and 2.OE-04 5.1 5.6E-05 2.8 6.3E-06 3.8 2.IE-05 0.95 1.6E-05 0.72 2.OE-05 2.4 1.2E-05 0.84
aqueous condensate)

Total 2.0E-04 5.1 5.6E-05 2.8 6.3E-06 3.8 2.1E-05 0.95 1.6E-05 0.72 2.OE-05 2.4 1.2E-05 0.84

Total nonradionuclide 5.7E-02 309 3.5E-02 158 1.4E-01 397 4.5E-02 152 3.2E-02 59 2.6E-02 141 2.7E-02 142

m
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Table E-4. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use of
200-PO-1 OU Groundwater in a Sweat Lodge (with Aerosolized Nonvolatile Analytes)

WMA A-AX
Tank Farms 216-B-3 Pond 200-PO-1 OU

and BC Cribs and Facility 200-PO-1 OU Near-River
PUREX Cribs 216-A-29 Ditch Trenches (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 2.IE-03 - 6.9E-05 - 2.OE-06 - 1.6E-04 - 2.4E-04 - 1.9E-03 - 5.3E-04 -
(vapor)

Nonvolatile (aerosol) 2.2E-02 - 2.2E-03 - 1.3E-03 - 5.6E-06 - 2.3E-03 - 2.OE-02 - 2.4E-03 -

Total radionuclide 2.4E-02 - 2.2E-03 - 1.3E-03 - 1.6E-04 - 2.5E-03 - 2.2E-02 - 2.9E-03 -

Total cumul e 8.1E-02 - 3.7E-02 - 1.4E-01 - 4.5E-02 - 3.5E-02 - 4.8E-02 - 3.OE-02 -

* Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

-- indicates HI or ELCR not applicable OU = operable unit

ELCR = excess lifetime cancer risk PUREX = Plutonium-Uranium Extraction

HI = hazard index SWL = Solid Waste Landfill

NRDWL = Nonradioactive Dangerous Waste Landfill WMA = waste management area

m

0
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m
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Table E-5. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use
of 200-PO-1 OU Groundwater in a Sweat Lodge (without Aerosolized Nonvolatile Analytes)

WMA A-AX
Tank Farms BC Cribs and 216-B-3 Pond 200-PO-1 OU
and 216-A-29 Trenches Facility 200-PO-1 OU Near-River

PUREX Cribs Ditch Exposure Area (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Nonradionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 8.9E-06 0.33 - <0.01 - <0.01 - 6.3E-06 0.10 4.4E-05 0.71 - <0.01
(vapor)

Nonvolatile (aerosol) _b _b _b _b _b _b _b _b _b _b _b _b _b -_b

Total 8.9E-06 0.33 - <0.01 - <0.01 - _ 6.3E-06 0.10 4.4E-05 0.71 - <0.01

Dermal Exposure in Sweat Lodge

Volatile and semivolatiles 2.2E-09 <0.01 - <0.01 - <0.01 - _ 4.5E-09 <0.01 1.2E-08 <0.01 - <0.01
(vapor only)

Nonvolatile (aqueous 2.OE-04 5.1 5.6E-05 2.8 6.3E-06 3.8 2.IE-05 0.95 1.6E-05 0.72 2.OE-05 2.4 1.2E-05 0.84
condensate only)

Total 2.OE-04 5.1 5.6E-05 2.8 6.3E-06 3.8 2.1E-05 0.95 1.6E-05 0.72 2.OE-05 2.4 1.2E-05 0.84

Total nonradionuclide 2.1E-04 5.4 5.6E-05 2.8 6.3E-06 3.8 2.1E-05 0.95 2.2E-05 0.82 6.5E-05 3.1 1.2E-05 0.84

m
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Table E-5. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use
of 200-PO-1 OU Groundwater in a Sweat Lodge (without Aerosolized Nonvolatile Analytes)

WMA A-AX
Tank Farms BC Cribs and 216-B-3 Pond 200-PO-1 OU
and 216-A-29 Trenches Facility 200-PO-1 OU Near-River

PUREX Cribs Ditch Exposure Area (All Lobes) NRDWL/SWL Far-Field Area Area

Exposure Route ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI ELCR HI

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and semivolatiles 2.IE-03 - 6.9E-05 - 2.OE-06 - 1.6E-04 - 2.4E-04 - 1.9E-03 - 5.3E-04 -
(vapor)

Nonvolatile (aerosol) _b -- -b -- -b -- -b -- b - b - --

Total radionuclide 2.1E-03 - 6.9E-05 - 2.OE-06 - 1.6E-04 - 2.4E-04 - 1.9E-03 - 5.3E-04 -

Total cumulative
ELCR a 2.3E-03 - 1.3E-04 - 8.3E-06 - 1.8E-04 - 2.7E-04 - 1.9E-03 - 5.4E-04 -

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. Aqueous condensate contribution only (aerosol nonvolatile phase contribution excluded).

-- indicates HI or ELCR not applicable OU = operable unit

ELCR = excess lifetime cancer risk PUREX = Plutonium-Uranium Extraction

HI = hazard index SWL = Solid Waste Landfill

NRDWL = Nonradioactive Dangerous Waste Landfill WMA = waste management area

m
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1 The HI without contributions from aerosolized nonvolatile analytes is 5.4, which is greater than the EPA
2 target HI of 1. The primary contributors to the noncancer HI (those analytes that contribute greater than
3 1 percent of total HI) are beryllium (HQ of 1.2, 22 percent contribution) and cadmium (HQ of 1.3,
4 24 percent contribution). The remaining individual analytes that contribute greater than one percent of
5 the HI also report an HQ less than 1 and include Cr(VI), TCE, and vanadium. Contribution to HI is
6 elevated for antimony (HQ of 1.6, 30 percent contribution), where measured concentrations reflect
7 false-positive results from the use of EPA Method 6010.

8 E1.2.2.2 Waste Management Area A-AX Tank Farms and 216-A-29 Ditch Exposure Area
9 The total cumulative ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area with

10 contributions from aerosolized nonvolatile analytes is 3.7 x 102. The total ELCR for the WMA A-AX
11 Tank Farms and 216-A-29 Ditch exposure area with contributions from aerosolized nonvolatile analytes
12 is 3.5 x 102 for nonradiological analytes and 2.2 x 10- for radiological analytes, both of which are greater
13 than the EPA upper target risk threshold of 1 x 10 -. The major contributors to the total cumulative ELCR
14 (those analytes that contribute greater than 1 percent of total cumulative ELCR) are Cr(VI) (3.0 x 10-2,
15 80 percent contribution), cobalt (2.2 x 10-, 6.0 percent contribution), uranium-234 (9.7 x 10-, 2.6 percent
16 contribution), uranium-238 (6.0 x 10-, 1.6 percent contribution), cadmium (5.8 x 10-, 1.6 percent
17 contribution), and technetium-99 (5.8 x 10- , 1.6 percent contribution). Contribution to ELCR is elevated
18 for arsenic (2.1 x 10-, 5.8 percent contribution), where measured concentrations are within natural
19 background values.

20 The total cumulative ELCR for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area
21 without contributions from aerosolized nonvolatile analytes is 1.3 x 1 0 -4. The total ELCR without
22 contributions from aerosolized nonvolatile analytes is 5.6 x 10-5 for nonradiological analytes and
23 6.9 x 10-5 for radiological analytes, both of which are within the EPA range of 1 x 10-4 to 1 x 10-6.
24 The major contributors to the total cumulative ELCR (those analytes that contribute greater than
25 1 percent of total cumulative ELCR) are tritium (6.9 x 10-5, 55 percent contribution),
26 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (3.2 x 10-5, 26 percent contribution), and BEHP (2.6 x 10-6,
27 2.1 percent contribution). Contribution to ELCR is elevated for arsenic (2.1 x 10-5, 17 percent
28 contribution), where measured concentrations are within natural background values.

29 The HI for the WMA A-AX Tank Farms and 216-A-29 Ditch exposure area with contributions from
30 aerosolized nonvolatile analytes is 158, which is greater than the EPA target HI of 1. The primary
31 contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
32 cobalt (HQ of 41, 26 percent contribution), cadmium (HQ of 33, 21 percent contribution), vanadium
33 (HQ of 16, 10 percent contribution), manganese (HQ of 9.1, 5.8 percent contribution), nickel (HQ of 8.0,
34 5.1 percent contribution), uranium (HQ of 6.3, 4.0 percent contribution), barium (HQ of 5.0, 3.2 percent
35 contribution), and Cr(VI) (HQ of 3.9, 2.5 percent contribution). Contribution to noncancer HI is elevated
36 for arsenic (HQ of 33, 21 percent contribution), where measured concentrations are within natural
37 background values.

38 The HI without contributions from aerosolized nonvolatile analytes is 2.8, which is greater than the
39 EPA target HI of 1. All individual analytes that contribute greater than one percent of the HI also report
40 an HQ less than 1 and include cadmium, 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, vanadium, Cr(VI),
41 arsenic, and silver. Contribution to HI is elevated for antimony (HQ of 1.3, 46 percent contribution),
42 where measured concentrations reflect false-positive results from the use of EPA Method 6010.

43 E1.2.2.3 BC Cribs and Trenches Exposure Area
44 The total cumulative ELCR for the BC Cribs and Trenches exposure area with contributions from
45 aerosolized nonvolatile analytes is 1.4 x 10-. The total ELCR for the BC Cribs and Trenches exposure
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1 area with contributions from aerosolized nonvolatile analytes is 1.4 x 10- for nonradiological analytes
2 and 1.3 x 10- for radiological analytes, both of which are greater than the EPA upper target risk threshold
3 of 1 x 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater
4 than 1 percent of total cumulative ELCR) are Cr(VI) (1.4 x 10-, 95 percent contribution) and cobalt
5 (4.5 x 10-3, 3.1 percent contribution).

6 The total cumulative ELCR for the BC Cribs and Trenches exposure area without contributions from
7 aerosolized nonvolatile analytes is 8.3 x 10-. The total ELCR without contributions from aerosolized
8 nonvolatile analytes is 6.3 x 106 for nonradiological analytes and 2.0 x 106 for radiological analytes,
9 both of which are within the EPA range of 1 x 10-4 of 1 x 10-6. The major contributor to the total

10 cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
11 tritium (2.0 x 10-6, 24 percent contribution). Contribution to ELCR is elevated for arsenic (6.3 x 10-6,

12 76 percent contribution), where measured concentrations are within natural background values.

13 The HI for the BC Cribs and Trenches exposure area with contributions from aerosolized nonvolatile
14 analytes is 397, which is greater than the EPA target HI of 1. The primary contributors to the noncancer
15 HI (those analytes that contribute greater than 1 percent of total HI) are manganese (250, 63 percent
16 contribution), cobalt (HQ of 83, 21 percent contribution), Cr(VI) (HQ of 19, 4.8 percent contribution),
17 vanadium (HQ of 14, 3.5 percent contribution), nickel (HQ of 6.2, 1.6 percent contribution), barium
18 (HQ of 6.0, 1.5 percent contribution), and uranium (HQ of 5.9, 1.5 percent contribution). Contribution to
19 noncancer HI is elevated for arsenic (HQ of 9.7, 2.4 percent contribution), where measured concentrations
20 are within natural background values.

21 The HI without contributions from aerosolized nonvolatile analytes is 3.8, which is greater than the
22 EPA target HI of 1. The primary contributor to the noncancer HI (those analytes that contribute greater
23 than 1 percent of total HI) is Cr(VI) (HQ of 1.4, 36 percent contribution). The remaining analytes that
24 contribute greater than one percent of the HI also report an HQ less than 1 and include manganese,
25 vanadium, iron, and silver. Contribution to HI is elevated for antimony (HQ of 1.6, 42 percent
26 contribution), where measured concentrations reflect false-positive results from the use of EPA
27 Method 6010.

28 E1.2.2.4 216-B-3 Pond Facility (All Lobes) Exposure Area
29 The total cumulative ELCR for the 216-B-3 Pond facility exposure area with contributions from
30 aerosolized nonvolatile analytes is 4.5 x 102. The total ELCR for the 216-B-3 Pond facility exposure area
31 with contributions from aerosolized nonvolatile analytes is 4.5 x 102 for nonradiological analytes and
32 1.6 x 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
33 1 x 10-4. The major contributor to the total cumulative ELCR (those analytes that contribute greater than
34 1 percent of total cumulative ELCR) is Cr(VI) (4.3 x 102, 95 percent contribution). Contribution to
35 ELCR is elevated for arsenic (2.1 x 10-3, 4.7 percent contribution), where measured concentrations are
36 within natural background values.

37 The total cumulative ELCR for the 216-B-3 Pond facility exposure area without contributions from
38 aerosolized nonvolatile analytes is 1.8 x 10-4. The total ELCR without contributions from aerosolized
39 nonvolatile analytes is 2.1 x 10-5 for nonradiological analytes and 1.6 x 10-4 for radiological analytes.
40 The nonradiological ELCR is within the EPA range of 1 x 10-4 to 1 x 10-6 and the radiological ELCR is
41 greater than the EPA upper target risk threshold of 1 x 10-4. The major contributor to the total cumulative
42 ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is tritium
43 (1.6 x 10-4, 88 percent contribution). Contribution to ELCR is elevated for arsenic (2.1 x 10-5, 12 percent
44 contribution), where measured concentrations are within natural background values.
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1 The HI for the 216-B-3 Pond facility exposure area with contributions from aerosolized nonvolatile analytes
2 is 152, which is greater than the EPA target HI of 1. The primary contributors to the noncancer HI (those
3 analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 81, 53 percent
4 contribution), vanadium (HQ of 16, 10 percent contribution), uranium (HQ of 6.2, 4.1 percent contribution),
5 Cr(VI) (HQ of 5.6, 3.7 percent contribution), nickel (HQ of 5.0, 3.3 percent contribution), and barium (HQ
6 of 4.5, 3.0 percent contribution). Contribution to noncancer HI is elevated for arsenic (HQ of 32, 21 percent
7 contribution), where measured concentrations are within natural background values.

8 The HI without contributions from aerosolized nonvolatile analytes is 0.95, which is less than the EPA
9 target HI of 1.

10 E1.2.2.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
11 The total cumulative ELCR for the NRDWL/SWL exposure area with contributions from aerosolized
12 nonvolatile analytes is 3.5 x 102. The total ELCR for the NRDWL/SWL exposure area with contributions
13 from aerosolized nonvolatile analytes is 3.2 x 102 for nonradiological analytes and 2.5 x 10-3 for
14 radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10-.
15 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
16 of total cumulative ELCR) are Cr(VI) (3.1 x 102, 90 percent contribution), uranium-234 (1.4 x 10-3,
17 4.1 percent contribution), and uranium-238 (8.7 x 10-4, 2.5 percent contribution). Contribution to ELCR
18 is elevated for arsenic (6.8 x 10-4, 2.0 percent contribution), where measured concentrations are within
19 natural background values.

20 The total cumulative ELCR for the NRDWL/SWL exposure area without contributions from
21 aerosolized nonvolatile analytes is 2.7 x 10-4. The total ELCR without contributions from aerosolized
22 nonvolatile analytes is 2.2 x 10-5 for nonradiological analytes and 2.4 x 10-4 for radiological analytes.
23 The nonradiological ELCR is within the EPA range of 1 x 10-4 to 1 x 106 and the radiological ELCR is
24 greater than the EPA upper target risk threshold of 1 x 10-4. The major contributors to the total cumulative
25 ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium
26 (2.4 x 10-4, 92 percent contribution) and BEHP (8.8 x 10', 3.3 percent contribution). Contribution to
27 ELCR is elevated for arsenic (6.8 x 10, 2.6 percent contribution), where measured concentrations are
28 within natural background values.

29 The HI for the NRDWL/SWL exposure area with contributions from aerosolized nonvolatile analytes
30 is 59, which is greater than the EPA target HI of 1. The primary contributors to the noncancer HI
31 (those analytes that contribute greater than 1 percent of total HI) are uranium (HQ of 12, 21 percent
32 contribution), barium (HQ of 12, 20 percent contribution), vanadium (HQ of 7.1, 12 percent contribution),
33 manganese (HQ of 6.6, 11 percent contribution), nickel (HQ of 5.4, 9.1 percent contribution), Cr(VI)
34 (HQ of 4.1, 6.9 percent contribution), and fluoride (HQ of 1.1, 1.8 percent contribution). Contribution to
35 noncancer HI is elevated for arsenic (HQ of 11, 18 percent contribution), where measured concentrations
36 are within natural background values.

37 The HI without contributions from aerosolized nonvolatile analytes is 0.82, which is less than the EPA
38 target HI of 1.

39 E1.2.2.6 200-PO-1 Operable Unit Far-Field Exposure Area
40 The total cumulative ELCR for the 200-PO-1 OU far-field exposure area with contributions from
41 aerosolized nonvolatile analytes is 4.8 x 102. The total ELCR for the 200-PO-I OU far-field exposure
42 area with contributions from aerosolized nonvolatile analytes is 2.6 x 10-2 for nonradiological analytes
43 and 2.2 x 102 for radiological analytes, both of which are greater than the EPA upper target risk
44 threshold of 1 x 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute
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1 greater than 1 percent of total cumulative ELCR) are Cr(VI) (2.4 x 102, 49 percent contribution),
2 uranium-233/234 (1.2 x 10-2, 25 percent contribution), uranium-238 (6.0 x 10-, 13 percent contribution),
3 and tritium (1.9 x 10-, 3.9 percent contribution). Contribution to ELCR is elevated for arsenic (1.7 x 10-3,
4 3.5 percent contribution), where measured concentrations are within natural background values.

5 The total cumulative ELCR for the 200-PO-I OU far-field exposure area without contributions from
6 aerosolized nonvolatile analytes is 1.9 x 10-3. The total ELCR without contributions from aerosolized
7 nonvolatile analytes is 6.5 x 10-5 for nonradiological analytes and 1.9 x 10-3 for radiological analytes.
8 The nonradiological ELCR is within the EPA range of 1 x 10- to 1 x 106 and the radiological ELCR is
9 greater than the EPA upper target risk threshold of 1 x 10 -. The major contributors to the total cumulative

10 ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium
11 (1.9 x 10-3, 97 percent contribution) and dibromochloromethane (2.2 x 10-5, 1.1 percent contribution).

12 The HI for the 200-PO-I OU far-field exposure area with contributions from aerosolized nonvolatile
13 analytes is 141, which is greater than the EPA target HI of 1. The primary contributors to the noncancer
14 HI (those analytes that contribute greater than 1 percent of total HI) are uranium (HQ of 34, 24 percent
15 contribution), cadmium (HQ of 28, 20 percent contribution), manganese (HQ of 23, 17 percent
16 contribution), vanadium (HQ of 8.0, 5.7 percent contribution), barium (HQ of 6.5, 4.6 percent
17 contribution), nickel (HQ of 5.7, 4.1 percent contribution), Cr(VI) (HQ of 3.1, 2.2 percent contribution),
18 and cobalt (HQ of 2.3, 1.7 percent contribution). Contribution to noncancer HI is elevated for arsenic
19 (HQ of 26, 18 percent contribution), where measured concentrations are within natural
20 background values.

21 The HI without contributions from aerosolized nonvolatile analytes is 3.1, which is greater than the
22 EPA target HI of 1. All individual analytes that contribute greater than one percent of the HI also report
23 an HQ less than 1 and include TCE, bromomethane, cadmium, Cr(VI), vanadium, silver, arsenic,
24 tetrachloroethene (PCE), and manganese. Contribution to HI is elevated for antimony (HQ of 1.4,
25 46 percent contribution), where measured concentrations reflect false-positive results from the use of
26 EPA Method 6010.

27 E1.2.2.7 200-PO-1 Operable Unit Near-River Exposure Area
28 The total cumulative ELCR for the 200-PO-I OU near-river exposure area with contributions from
29 aerosolized nonvolatile analytes is 3.0 x 10-2. The total ELCR for the 200-PO-1 OU near-river exposure
30 area with contributions from aerosolized nonvolatile analytes is 2.7 x 10-2 for nonradiological analytes
31 and 2.9 x 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold
32 of 1 x 1 0 -4. The major contributors to the total cumulative ELCR (those analytes that contribute greater
33 than 1 percent of total cumulative ELCR) are Cr(VI) (2.6 x 10-2, 86 percent contribution), uranium-234
34 (9.2 x 10-4, 3.1 percent contribution), tritium (5.3 x 10-4, 1.8 percent contribution), and uranium-238
35 (5.2 x 10-4, 1.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x 10-3, 3.9 percent
36 contribution), where measured concentrations are within natural background values.

37 The total cumulative ELCR for the 200-PO-I OU near-river exposure area without contributions from
38 aerosolized nonvolatile analytes is 5.4 x 10-4. The total ELCR without contributions from aerosolized
39 nonvolatile analytes is 1.2 x 10-5 for nonradiological analytes and 5.3 x 10-4 for radiological analytes.
40 The nonradiological ELCR is within the EPA range of 1 x 10-4 to 1 x 106 and the radiological ELCR is
41 greater than the EPA upper target risk threshold of 1 x 1 0 -4. The major contributor to the total cumulative
42 ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is tritium
43 (5.3 x 10-4, 98 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x 10-5, 2.2 percent
44 contribution), where measured concentrations are within natural background values.
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1 The HI for the 200-PO-I OU near-river exposure area with contributions from aerosolized nonvolatile
2 analytes is 142, which is greater than the EPA target HI of 1. The primary contributors to the noncancer
3 HI (those analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 86, 61 percent
4 contribution), uranium (HQ of 11, 7.5 percent contribution), vanadium (HQ of 9.2, 6.5 percent
5 contribution), barium (HQ of 7.8, 5.5 percent contribution), Cr(VI) (HQ of 3.3, 2.4 percent contribution),
6 and cobalt (HQ of 3.2, 2.3 percent contribution). Contribution to noncancer HI is elevated for arsenic
7 (HQ of 18, 13 percent contribution), where measured concentrations are within natural
8 background values.

9 The HI without contributions from aerosolized nonvolatile analytes is 0.84, which is less than the EPA
10 target HI of 1.

11 E1.3 Comparison of Native American and EPA Tap Water Risk
12 Characterization Results

13 Exposure parameters for the Native American scenarios and the EPA tap water scenario differ, as
14 summarized in Table E-6. As a result, the EPA tap water scenario has a lower total ELCR and HI than
15 the Native American scenarios.

Table E-6. Comparison of Exposure Parameters for the Native American
Exposure Scenarios and the EPA Tap Water Scenario

Exposure Scenario

Exposure CTUIRf Yakama Nation' EPA Tap Waterc

Parameter Adult Child Adult Child Child Adult

Body weight (kg) 70 15 70 16 80 15

Drinking water ingestion rate 4 1 4 2 2.5 0.78(L/d)

Exposure duration (yr) 70 6 70 6 26 6

Inhalation rate (m3/d) 25 15 26 16 20 10

Exposure frequency (d/yr) 365 365 350

a. Harris and Harper, 2004, Exposure Scenario ]br CTUIR Traditional Subsistence Lijkways, and Harris, 2008, Application of
the CTUIR Traditional Lijkways Exposure Scenario in Hanlord Risk Assessments.

b. Ridolfi, 2007, Yakama Nation Exposure Scenariofir Hanlord Site Risk Assessment.

c. OSWER Directive 9200.1-120, Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Defoult
Exposure Factors; OSWER Directive 9285.6-03, Risk Assessment Guidance For Superfund Volume I: Human Health
Evaluation Manual Supplemental Guidance, "Standard Default Exposure Factors Interim Final"; and EPA/600/P-95/002Fa,
Exposure Factors Handbook Volume 1: General Factors.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

EPA = U.S. Environmental Protection Agency

16

17 A summary of the 200-PO-1 OU risk estimates and the HIs for each of the Native American scenarios and
18 the EPA tap water scenario is provided in Table E-7. Results are provided for ingestion, dermal contact,
19 and inhalation of volatiles during household activities.
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR IHI ELCR Primary Contributors to Risk IHI Primary Contributors to HI

PUREX Cribs Exposure Area

Nonradiological 3.2 x 10- 14 7.4 x 10- 0.64 1.2 x 10- 0.46 3.3 x 1W- 15 Cobalt (HQ = 0.91, 5.9%)

Radiological 1.5 x 10-- 3.5 x 10 4.9 x 10-1 - ICE (HQ = 0.69, 4.5%)

-Uranium (HQ = 0.50, 3.3%)Tritium (EL CR = 4.4 x 10-3, 54%)Nrate (HQ - 0.46, 3.3%)
CTUIR Uranium-234 (ELCR = 2.1 x 10-, 2.6%)NBe (HQ 0.4, .0 )

Beryllium (Q = 0.41, 2.7%)
Total 4.7 x 10-' 14 7.4 x 10-' 0.64 3.5 x 10- 0.46 8.2 x 10- 3  Uranium-238 (ELCR =2.1 x 10-4, 2.5%) 15 Vanadium (HQ = 0.28, 1.8%)

Fluoride (HQ = 0.24, 1.6%)

Cr(VI) (HQ = 0.23, 1.5 %)

Nonradiological 3.5 x 10 14 7.3 x 10-' 0.64 1.2 x 10 0.46 3.6 x 10' 15 Cobalt (HQ = 0.91, 5.9%)

Radiological 1.5 x 10-3 3.6 x 10-3 - 5.1 x 10- - TCE (HQ =0.69, 4.5%)
-Uranium (HQ = 0.50, 3.3%)

Tritium (EL CR = 4.6 x 10-3, 53%) Ntratem(HQ-0.04 3.3%
Yakama Uranium-234 (EL CR = 2.2 x 10-, 2.5%)N=
Nation Beryllium (HQ = 0.41, 2.7%)

Total 5.0 x 10 14 7.3 x 10- 0.64 3.6 x 10 0.46 8.7 x 10' 3  Uranium-238 (ELCR =2.1 x 10-, 2.4%) 15 Vanadium (HQ = 0.28, 1.8%)

Fluoride (HQ = 0.24, 1.6%)

Cr(VI) (HQ = 0.23, 1.5%)

Nonradiological 7.1 x 10-4 7.5 2.5 x 10-6 0.53 4.4 x 10 0.44 7.4 x 10-4 8.5 TCE (HQ =0.57; 6.7%)

Radiological 3.0 x 10-4 9.0 x 10-4 1.2 x 10- 3  Cobalt (HQ =0.48; 5.6%)

Tritium (ELCR =1.1 x 10-; 56%) Beryllium (Q = 0.26; 3.I)
EPA tap Uranium-234-Uranium (HQ = 0.26; 3.1 %)
water (EC . .0)Nitrate (HQ = 0.24; 2.9%o)

Total 1.0 x 10-3 7.5 2.5 x 10-6 0.53 9.4 x 10-4 0.44 1.9 X to- Uranium-238 (ELCR = 4.1 x 10-; 2.1%) 8.5 Vanadium (HQ = 0.16; 1.9%

Cr(VI) (HQ = 0.14; 1.6%)
Fluoride (HQ = 0.13; 1.5%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR IHI ELCR Primary Contributors to Risk IHI Primary Contributors to HI

WMA A-AX Exposure Area

Nonradiological 6.9 x 10-4 10 2.3 x 10- 0.47 <0.01 7.2 x 10-4 Technetium-99 (ELCR = 3.4 x 10-4, 25%) II Cobalt (HQ = 0.76, 7.2%)

Radiological 5.2 x 104 1.2 x 104 6.4 x 10 4  Tritium (EL CR =1.5 x 10-, 11%) _ Cadmium (HQ = 0.64, 6.0%)
Iodine-129 (ELCR -7.1 x 10-, 5.2%) - Vanadium (HQ = 0.32, 3.1 %)

CTUIR Strontium-90 (ELCR = 2.4 x 10-, 1.8%) Nitrate (HQ = 0.21, 2.0%)

Total 1.2 x 10-t 10 2.3 x 10- 0.47 1.2 x 10-4 <0.01 1.4 x 10- Selenium-79 (ELCR = 2.3 x 10-5, 1.7%) HxCDD (HQ = 0.19, 1.8%)

HxCDD (ELCR = 1.8 x 10-, 1.3%) Fluoride (HQ = 0.17, 1.6%)

Uranium-234 (ELCR = 1.8 x 10-, 1.3%) Cr(VI) (HQ = 0.14, 1.3 %)

Nonradiological 7.5 x 10-4 10 2.2 x 10- 0.47 <0.01 7.8 x 10-4 Technetium-99 (ELCR = 3.5 x 10-4, 24%) 11 Cobalt (HQ = 0.76, 7.2%)

Radiological 5.3 x 104 1.2 x 104 6.5 x 10 4  Tritium (ELCR =1.5 x 10-4, 11%) Cadmium (HQ = 0.64, 6.0%o)
Iodine-129 (ELCR - 7.2 x 10-, 5.1%) - Vanadium (HQ = 0.32, 3.1 %)

Yakama Strontium-90 (ELCR = 2.5 x 10-, 1.7%) Nitrate (HQ = 0.21, 2.0%)
Nation

Total 1.3 x 10-3 10 2.2 x 10- 0.47 1.2 x 10-4 <0.01 1.4 x 10- 3  Selenium-79 (ELCR = 2.3 x 10-5, 1.6%) 1HxCDD (HQ = 0.19, 1.8%)
HxCDD (ELCR = 1.8 x 10-, 1.3%) Fluoride (HQ = 0.17, 1.6%)

Uranium-234 (ELCR = 1.9 x 10-, 1.3%) Cr(VI) (HQ = 0.14, 1.3 %)

Nonradiological 1.5 x 10-4 5.3 7.6 x 10-6 0.40 <0.001 1.6 x 10-4 Techntium-99 (ELCR = 6.8 x 10-; 23%) 5.7 Cobalt (HQ =0.40; 7.0%)

Radiological 1.0 x 104 3.0 x 0-- 1.3 x 10-4  Tritium (ELCR = 3.7 x 10-; 12%) _ Cadmium (HQ = 0.35; 6.1%)
Iodine-129 (ELCR - 1.4 x 10-; 4.8%) - Vanadium (HQ = 0.18; 3.2%)

EPA tap HxCDD (ELCR = 5.9 x 10-; 2.0%) HxCDD (HQ = 0.16; 2.8%)
water

Total 2.5 x 10-4 5.3 7.6 x 10-6 0.40 3.0 x 10- <0.001 3.0 x 10-4  Strontium-90 (ELCR=4.8 x 10-6; 1.6%) 5.7 Nitrate (HQ =0.11; 1.9%)
Selenium-79 (ELCR = 4.6 x 10-6; 1.5%) Fluoride (HQ = 0.090; 1.6%)

Uranium-234 (ELCR = 3.6 x 10-6; 1.2%) Cr(VI) (HQ = 0.085; 1.5%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR IHI ELCR Primary Contributors to Risk IHI Primary Contributors to HI

BC Cribs and Trenches Exposure Area

Nonradiological 2.0 x 10-4 13 7.5 x 10- 0.44 <0.01 2.0 x 10-4 14 Cobalt (HQ = 1.5, 11%)
Strontium-90 (ELCR = 1.3 x 105 5.4%~)

Radiological 4.1 x 10- 3.3 x 10 4.4 x 10- Uranium-234 (ELCR = 1.2 x 10-, 4.8%) Iron (HQ = 1.4, 9.9%)
____________ Uaniu-23 (ELR =1.2 Io, 4.0o)Zinc (HQ = 0.73, 5.2%o)

Uranium-238 (ELCR = 5.9 x 10-, 2.4%)
CTUIR Protactinium-231 (ELCR = 4.6 x 10-6, 1.9%) C(VI) (HQ - 0.70, 5.%)

Total 2.4 x 10-4 13 7.5 x 10- 0.44 3.3 x 10-6 <0.01 2.5 x 10-4 Tritium (ELCR = 4.2 x 10-6, 1.7%) 14 Manganese (HQ = 0.52, 3.8%)
Fluoride (HQ = 0.30, 2.2%o)

Selenium-79 (ELCR = 4.2 x 106, 1.7%) Vanadi (HQ = 0.8,2.%)Vanadium (Q= 0.28, 2.0%)

Nonradiological 2.2 x 10-4 13 7.5 x 10- 0.44 <0.01 2.2 x 10-4 14 Cobalt (1.5,11%)

Radiological 4.2 x 10- 3.4 x 10- 4.5 x 10- Uranium-234 (ELCR = 1.2 x 10-, 4.5%) Iron (1.4, 9.9%)
_____________Uranum-34 ELC = 12 x1o~ 4.o~)Zinc (0.73, 5.2%o)

Yakama Uranium-238 (ELCR = 6.0 x 10-6, 2.3%)
Nation Protactinium-231 (ELCR = 4.7 x 10-6, 1.8%) Cr(VI) (0.70,5.%)

Total 2.6 x 10-4 13 7.5 x 10- 0.44 3.4 x 10-6 <0.01 2.7 x 10-4 Tritium (ELCR = 4.4 x 10-6, 1.6%) 14 Manganese (0.52, 3.8%)
Fluoride (0.30, 2.2%o)

Selenium-79 (ELCR = 4.3 x 106, 1.6%) Vanadi(0.8, 2.%)Vanadium (0.28, 2.0%)

Nonradiological 4.5 x 10- 7.0 2.5 x 10- 0.37 <0.001 4.5 x 10- 7.4 Cobalt (HQ =0.81; II%)

Radiological 8.2 x 106 8.6 x 10- 9.0 x 106 Strontium-90 (ELCR = 2.7 x 10-6; 5.0%) Iron (HQ = 0.72; 9.8%)

Cr(VI) (HQ = 0.42; 5.6%o)
EPA tap Uranium-234 (ELCR = 2.4 x 10-6; 4.4%) Zi (HQ - 0.38; 5.6%)
water Uranium-238 (ELCR = 1.2 x 10-6; 2.2%)

Total 5.3 x 10- 7.0 2.5 x 10- 0.37 8.6 x 10- <0.001 5.4 x 10- Tritium (ELCR = 1.0 x 10-6; 1.9%) 74 Manganese (HQ = 0.29; 3.9%)
Fluoride (HQ =0.16; 2.1 %)

Vanadium (HQ = 0.16; 2.1 %)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR IHI ELCR Primary Contributors to Risk IHI Primary Contributors to HI

216-B-3 Pond Facility (All Lobes) Exposure Area

Nonradiological 6.8 x 10-4 3.1 2.5 x 10-6 0.11 -_ 6.8 x 10-4 3.2 Vanadium (HQ = 0.32, 10%)

Radiological 1.1 x 0-- 2.6 x 10-- 3.7 x 104 Iron (HQ = 0.32, 10%)
Fluoride (HQ = 0.30, 9.3%)

CTUIR Tritium (ELCR =3.3 x 10-4, 32%) Cr(VI) (HQ = 0.21, 6.5%)
Iodine-129 (ELCR = 4.1 x 10, 3.9%) Nitrate (HQ = 0.19, 5.9%)

Total 7.9 x 10- 3.1 2.5 x 106 0.11 2.6 x 10- 1.1 x 0- 3.2 Manganese (HQ = 0.17, 5.3 %)

Uranium (HQ = 0.08, 2.4%)

Nitrite (HQ = 0.04, 1.2%)

Nonradiological 7.3 x 10- 3.1 2.5 x 106 0.11 - 7.4 x 104 3.2 Vanadium (HQ = 0.32, 10%)

Radiological 1.2 x 10-4 - - 2.7 x 10-4 3.9 X10-4- Iron (HQ = 0.32, 10%)
- Fluoride (HQ = 0.30, 9.3%)

Yakama Tritium (ELCR = 3.5 x 10-4, 31%) Cr(VI) (HQ = 0.21, 6.5%)
Nation Iodine-129 (ELCR = 4.2 x 10-, 3.8%) Nitrate (HQ = 0.19, 5.9%)

Total 8.50 x 10- 3.1 2.5 x 106 0.11 2.7 x 10- 1.1 x t0- 3.2 Manganese (HQ = 0.17, 5.3%)

Uranium (HQ = 0.08, 2.4%)

Nitrite (HQ = 0.04, 1.2%)

Nonradiological 1.5 x 10-4 1.6 8.3 x 10-7 0.093 -_ 1.5 x 10-4 1.7 Vanadium (HQ = 0.18; 11%)

Radiological 2.3 x 10- 6.8 x 10- 9.1 x to- 5  Iron (HQ = 0.17; 9.9%)
- Fluoride (HQ = 0.16; 9.1%)

EPA tap Tritium (ELCR = 8.2 x 10 ; 34%) Cr(VI) (HQ = 0.12; 7.2%)
water Iodine-129 (ELCR = 8.3 x 10-6; 3.4%) Nitrate (HQ = 0.098; 5.7%)

Total 1.7 x 10-4 1.6 8.3 x 10-7 0.093 6.8 x 10- 2.4 x 10-4 1.7 Manganese (HQ = 0.093; 5.5%)

Uranium (HQ = 0.040; 2.4%)

Nitrite (HQ = 0.019; 1.1%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR IHI ELCR Primary Contributors to Risk IHI Primary Contributors to HI

NRDWL/SWL Exposure Area

Nonradiological 2.4 x 10-4 2.3 1.4 x 10- 0.13 8.6 x 10-6 0.14 2.6 x 10-4 2.6 Antimony (HQ = 0.71, 28%)

Radiological 1.8 x 10-4 - - 4.1 x 10-4 - 5.9 x 10-4 Fluoride (HQ = 0.21, 8.3%)

- Uranium (HQ = 0.15, 6.0%)

Tritium (ELCR = 5.2 x 10-4, 61%) Cr(VI) (HQ = 0.15, 5.9)
TCE (HQ = 0.15, 5.8%o)

Uranium-234 (ELCR = 2.6 x 10-, 3.1%) Vanadium (HQ15,.1%)
CTUIR BEHP (ELCR = 2.3 x 10-5,2 .7 %)Vniae(Q - 0.1, 5.7)

Nitrate ( Q= 0. 14, 5.3%)
Total 4.2 x 10- 2.3 1.4 x 10- 0.13 4.2 x 10- 0.14 8.5 X 10- Iodine-129 (ELCR = 2.0 x 10-', 2.3%) 2.6 BEHP (HQ = 0.08, 3.1%)

Uranium-238 (ELCR = 1.8 x 10, 2.1 %) Silver (HQ 0.07, 2.5%)

Nitrite (HQ = 0.05, 2.1%)

Strontium (HQ = 0.04, 1.5%)

Barium (HQ = 0.03, 1.1%)

Nonradiological 2.6 x 10-4 2.3 1.4 x 10-5 0.13 8.6 x 10-6 0.14 2.8 x 10-4 2.6 Antimony (HQ = 0.71, 28%)

Radiological 1.9 x 10-1- - - 4.2 x 104 - 6.1 X104 - Fluoride (HQ = 0.21, 8.3%)

Uranium (HQ = 0.15, 6.0%)

Tritium (ELCR = 5.4 x 10-4, 60%) Cr(VI) (HQ - 0.15, 5.9%)
TCE (HQ = 0.15, 5.8%)

Yakama Uraniu-234 (LCR - 2.7 x 1', 3.%) Vanadium (HQ = 0.15, 5.7%)
Nation BEHP (ELCR - 2.4 x 1', 2.6%) Nitrate (HQ = 0.14, 5.3%)

Total 4.5 x 10-4 2.3 1.4 x 10- 0.13 4.3 x 10-4 0.14 8.9 x 10-4  Iodine-129 (ELCR = 2.0 x 10-, 2.3%) 2.6 BEHP (HQ = 0.08, 3.1%)
Uranium-238 (ELCR = 1.8 x 10-, 2.1%) Silver (HQ - 0.07, 2.5%)

Nitrite (HQ = 0.05, 2.1%)

Strontium (HQ = 0.04, 1.5%)

Barium (HQ = 0.03, 1.1%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR HI ELCR Primary Contributors to Risk HI Primary Contributors to HI

Nonradiological 5.3 x 10- 1.2 4.6 x 106 0.11 3.1 x 10-6 0.13 6.1 x 10- 1.5 Antimony (HQ =0.38; 26%)

Radiological 3.7 x 10- - - 1.1 x 10-4 - 1.4 x 10-4 TCE (HQ = 0.12; 8.4%)
Fluoride (HQ = 0.11; 7.7%)

Cr(VI) (HQ = 0.090; 6.2%)
Tritium (ELCR =1.3 x 10-; 63%) Vanadium (HQ = 0.082; 5.7%)

BEHP (ELCR = 6.4 x 10-6; 3.1 %) Uranium (HQ = 0.081; 5.6%)

EPA tap Uranium-234 (ELCR = 5.3 x 10-; 2.6%) Nitrate (HQ = 0.072; 4.9%)
water Iodine-129 (ELCR -=4.0 x 106; 1.9%) BEHP (HQ = 0.054; 3.7%)

Total 9.0 x 10- 1.2 4.6 x 10-6 0.11 1.1 x 10-4 0.13 2.0 x 10-4 Uranium-238 (ELCR = 3.6 x 10-6; 1.8%) 1.5 Silver (HQ =0.035; 2.4%)

Carbon tetrachloride (ELCR = 2.2 x 10-6; 1.1%) Nitrite (HQ = 0.028; 1.9%)
Strontium (HQ = 0.021; 1.4%)

Xylenes (HQ = 0.02 1; 1.4%)

PCE (HQ = 0.018; 1.2%)

Barium (HQ = 0.015; 1.I%)

200-PO-1 OU Far-Field Exposure Area

Nonradiological 5.8 x 10-4 11 7.6 x 10-6 0.33 6.1 x 10 0.99 6.5 x 10-4 12 TCE (HQ = 0.70, 5.6%)

Radiological 1.3 x 10--- 3.1 x 10- - 4.4 x 10- 3  Bromomethane (HQ = 0.64, 5.1%)

- Cadmium (HQ = 0.55, 4.5%)

Tritium (ELCR = 4.0 x 10-, 79%) Uranium (HQ = 0.41, 3.3%)

CTUIR Uranium-233/234 (ELCR =2.3 x 10-4, 4.5%) Lithium (HQ = 0.30, 2.4%)

Total 1.9 x 1W-1 11 7.6 x 10-6 0.33 3.2 x 10- 0.99 5.1 x 10- 3  Uranium-238 (ELCR = 1.3 x 10-, 2.5%) 12 Nitrate (HQ = 0.27, 2.2%)
Fluoride (HQ = 0.27, 2.1%)

Silver (HQ = 0.22, 1.8%)

Vanadium (HQ = 0.17, 1.3 %)

Nonradiological 6.3 x 10-4 11 7.5 x 10- 0.33 6.1 x 10- 0.99 7.0 x 10-4 12 TCE (0.70, 5.6%)

Radiological 1.3 x 10-3 - - 3.2 x 10-3 - 4.6 x 10- 3  Bromomethane (0.64, 5.1 %)
Cadmium (0.55, 4.5%)

Tritium (ELCR = 4.1 x 10-3, 78%) Uranium (0.41, 3.3%)
Yakama Uranium-233/234 (ELCR =2.3 x 10-4, 4.4%) Lithium (0.30, 2.4%)
NationI

Total 1.9 x 10-3 11 7.5 x 10- 0.33 3.3 x 10- 0.99 5.3 x 10 3  Uranium-238 (ELCR =1.3 x 10-4, 2.4%) 12 Nitrate (0.27, 2.2%)
Fluoride (0.27, 2.1%)

Silver (0.22, 1.8%)

Vanadium (0.17, 1.3%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR HI ELCR Primary Contributors to Risk HI Primary Contributors to HI

Nonradiological 1.3 x 10-4 5.8 2.5 x 10-6 0.28 2.2 x 10- 0.95 1.5 x 10-4 7.0 TCE (HQ = 0.57; 8.1%)

Radiological 2.6 x 10-4 - - 8.1 x 10-4 - 1.1 x t0-- Bromomethane (HQ = 0.53; 7.5%)
Cadmium (HQ = 0.30; 4.3%)

Tritium (ELCR = 9.9 x 10-4; 80%) Uranium (HQ = 0.22; 3.1 %)

EPA tap Uranium-233/234 (ELCR = 4.6 x 10-; 3.7%) Lithium (HQ = 0.16; 2.2 %)
water Uranium-238 (ELCR = 2.5 x 10-; 2.0%) Fluoride (HQ = 0.14; 2.0%)

Total 3.9 x 10-4 5.8 2.5 x 10-6 0.28 8.3 x 10-4 0.95 1.2 x 10 Dibromochloromethane (ELCR = 1.3 x 10-; 1.1%) 7.0 Nitrate (HQ = 0.14; 2.0%)
Silver (HQ = 0.12; 1.7%)
Vanadium (HQ = 0.093; 1.3%)

PCE (0.080; 1.1%)

200-PO-1 OU Near-River Exposure Area

Nonradiological 3.8 x 10-4 3.8 1.4 x 10-6 0.10 <0.01 3.8 x 10-4 3.9 Antimony (HQ = 0.85, 22%)

Radiological 3.6 x 10- 8.8 x i0-oI- 1.2 x 10- 3  Lithium (HQ = 0.60, 15%)
Fluoride (HQ = 0.24, 6.2%)

Tritium (ELCR =1.1 x 10-, 70%) Iron (HQ 0.21, 5.3%)
Nitrate (HQ = 0.20, 5.2%o)

Selenium-79 (ELCR = 2.7 x 10-, 1.7%)Nadi(Q = 0.9, .2% )
CTUIR Vndu H .9 .%Technetium-99 (ELCR = 1.8 x 10-5, 1.1%)

Total 7.4 x 10-4 3.8 1.4 x 10-6 0.10 8.8 X 10-4 <0.01 1.6 x 10 Uranium-234 (ELCR = 1.7 x 10, 1.1%) 3.9 Manganese (HQ = 0.18, 4.6%)
Molybdenum (HQ = 0.13, 3.4%)

Uranium (HQ = 0.13, 3.4%)

Cr(VI) (HQ = 0.12, 3.2%)

Cobalt (HQ = 0.06, 1.5%)

Nonradiological 4.1 x 10-4 3.8 1.4 x 10-6 0.10 <0.01 4.1 x 10-4 3.9 Antimony (0.85, 22%)

Radiological 3.6 x 10-4 - - 9.2 x 10-4 - 1.3 x 10- 3  Lithium (0.60, 15%)
- Fluoride (0.24, 6.2%)

Iron (0.21, 5.3%)

Tritium (ELCR =1.2 x 10-3, 69%) Nitrate (0.20, 5.2%)
Yakama Selenium-79 (ELCR = 2.8 x 10-, 1.7%) Vanadium (0.19, 4.8%)
Nation

Total 7.7 x 10- 3.8 1.4 x 106 0.10 9.2 x 10- <0.01 1.7 x 10- 3  Technetium-99 (ELCR = 1.8 x 10-, 1.1%) 3.9 Manganese (0.18, 4.6%)

Molybdenum (0.13, 3.4%)

Uranium (0.13, 3.4%)

Cr(VI) (0.12, 3.2%)

Cobalt (0.06, 1.5%)
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Table E-7. Comparison of 200-PO-1 OU Risk Estimates and His for the CTUIR, Yakama Nation, and EPA Tap Water Scenarios

Drinking Water Dermal Contact Inhalation
Ingestion with Water of Volatiles Total

Total
Exposure Cumulative
Scenario Analyte Type ELCR HI ELCR HI ELCR HI ELCR Primary Contributors to Risk HI Primary Contributors to HI

Nonradiological 8.3 x 10-1 2.0 4.6 x 10-1 0.082 <0.00 1 8.4 x 10- 2.1 Antimony (HQ -0.45; 22%)

Radiological 7.1 x 10-5 - - 2.3 x 10-4 - 3.0 x 10-4 - Lithium (HQ = 0.32; 15%)
Fluoride (HQ = 0.13; 6.1 %)

Iron (HQ = 0.11; 5.3%)

Nitrate (HQ = 0.11; 5.2%o)
EPA tap Tritium (EL CR = 2.8 x 104; 73%)NVandu(HQ =0115.2% )
water Selenium-79 (ELCR = 5.5 x 10; 1.4%)

Total 1.5 x 10-4 2.0 4.6 x 10-7 0.082 2.3 x 10-4 <0.001 3.9 x 10-4 2.1 Manganese (HQ = 0.10; 4.8%)

Cr(VI) (HQ = 0.074; 3.5%)
Molybdenum (HQ = 0.070; 3.4%)

Uranium (HQ = 0.069; 3.3%)

Cobalt (HQ = 0.031; 1.5%)

Note: Analytes in bold italicfimt in the table indicate that the individual ELCR is greater than 1 x 1-4 or has a HQ greater than 1.

BEHP =-bis(2-ethylhexl)phthalate

Cr(VI) = hexavalent chromium

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

ELCR = excess lifetime cancer risk

EPA = U.S. Environmental Protection Agency

HI = hazard index

HQ = hazard quotient

NRDWL = Nonradioactive Dangerous Waste Landfill

OU = operable unit

PCE = tetrachloroethene

PUREX = Plutonium-Uranium Extraction

SWL = Solid Waste Landfill

TCE = trichloroethene

WMA = waste management area

1
2
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1 E1.3.1 Plutonium-Uranium Extraction Cribs Exposure Area
2 The total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 8.2 x 10- and
3 8.7 x 10-, respectively. The total cumulative ELCR for the EPA tap water scenario is 1.9 x 10-. Both of
4 the Native American scenarios and the EPA tap water scenario are greater than the EPA upper target risk
5 threshold of 1 x 10-4 (Table E-7). The major contributor to risk for the Native American scenarios and
6 the EPA tap water scenario is tritium. Major contributors to risk for the Native American scenarios also
7 include uranium-234, and uranium-238.

8 The total HI is 15 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA
9 tap water scenario is 8.5. There are no primary contributors to noncancer HI for the Native American

10 scenarios and EPA tap water exposure scenario.

11 E1.3.2 Waste Management Area A-AX Exposure Area
12 The total cumulative ELCR is 1.4 x 10-3 for both the CTUIR and Yakama Nation exposure scenarios.
13 The total cumulative ELCR for the EPA tap water scenario is 3.0 x 1 0 -4. Both Native American scenarios
14 and the EPA tap water scenario are greater than the EPA upper target risk threshold of 1 x 10-4

15 (Table E-7). Major contributors to risk for the Native American scenarios are technetium-99 and tritium.
16 There are no primary contributors to risk for the EPA tap water scenario.

17 The total HI is 11 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA
18 tap water scenario is 5.7. There are no primary contributors to noncancer HI for the Native American
19 scenarios and EPA tap water exposure scenario.

20 E1.3.3 BC Cribs and Trenches Exposure Area
21 The total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 2.5 x 10-4 and
22 2.7 x 10-4, respectively. The total cumulative ELCR for the EPA tap water scenario is 5.4 x 10-5. Both
23 Native American scenarios are greater than the EPA upper target risk threshold of 1 x 1 0 -4 (Table E-7),
24 and the EPA tap water scenario is within the EPA range of 1 x 10-4 to 1 x 106. There are no primary
25 contributors to risk for the EPA tap water scenario and the Native American scenarios.

26 The total HI is 14 for both the CTUIR scenario and the Yakama Nation exposure scenarios. The HI for
27 the EPA tap water scenario is 7.4. Cobalt and iron are primary contributors to the noncancer HI for the
28 Native American scenarios. There are no primary contributors to noncancer HI for the EPA tap water
29 exposure scenario.

30 E1.3.4 216-B-3 Pond Facility (All Lobes) Exposure Area
31 The total cumulative ELCR is 1.1 x 10-3- for both the CTUIR and Yakama Nation exposure scenarios.
32 The total cumulative ELCR for the EPA tap water scenario is 2.4 x 1 0 -4. Both Native American scenarios
33 and the EPA tap water are greater than the EPA upper target risk threshold of 1 x 1 0 -4 (Table E-7).
34 Tritium is a primary contributor to risk for the Native American scenarios. There are no primary
35 contributors to risk for the EPA tap water scenario.

36 The total HI is 3.2 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA
37 tap water scenario is 1.7. There are no primary contributors to noncancer HI for the Native American
38 scenarios and EPA tap water exposure scenario.

39 E1.3.5 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill Exposure Area
40 The total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 8.5 x 10-4 and
41 8.9 x 1 0 -4, respectively. The total cumulative ELCR for the EPA tap water scenario is 2.0 x 10-4.

42 Both Native American scenarios and the EPA tap water scenario are greater than the EPA upper target
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1 risk threshold of 1 x 10-4 (Table E-7). The major contributor to risk for the Native American scenarios
2 and the EPA tap water scenario is tritium.

3 The total HI is 2.6 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA
4 tap water scenario is 1.5. There are no primary contributors to noncancer HI for the Native American
5 scenarios and EPA tap water exposure scenario.

6 E1.3.6 200-PO-1 Operable Unit Far-Field Exposure Area
7 The total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 5.1 x 10-'
8 and 5.3 x 10-3, respectively. The total cumulative ELCR for the EPA tap water scenario is 1.2 x 10-3.
9 All of the scenarios are greater than the EPA upper target risk threshold of 1 x 10-4 (Table E-7).

10 The major contributor to risk for the Native American scenarios and the EPA tap water scenario is
11 tritium. Uranium-233/234 and uranium-238 are also primary contributors to risk for the Native
12 American scenarios.

13 The total HI is 12 for both the CTUIR scenario and the Yakama Nation exposure scenarios. The HI for
14 the EPA tap water scenario is 7.0. There are no primary contributors to noncancer HI for the Native
15 American scenarios and EPA tap water exposure scenario.

16 E1.3.7 200-PO-1 Operable Unit Near-River Exposure Area
17 The total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 1.6 x 10-3 and
18 1.7 x 10-3, respectively. The total cumulative ELCR for the EPA tap water scenario is 3.9 x 1 0 -4. All of
19 the scenarios are greater than the EPA upper target risk threshold of 1 x 10-4 (Table E-7). The major
20 contributor to risk for the Native American scenarios and the EPA tap water scenario is tritium.

21 The total HI is 3.9 for both the CTUIR scenario and the Yakama Nation exposure scenarios. The HI for
22 the EPA tap water scenario is 2.1. There are no primary contributors to noncancer HI for the Native
23 American scenarios and the EPA tap water exposure scenario.

24 E2 Uncertainties Associated with the Native American Risk Assessments

25 The exposure scenarios provided by the CTUIR (Harris and Harper, 2004) and the Yakama Nation
26 (Ridolfi, 2007) represent their traditional activities related to rural land-use patterns involving exposure
27 assumptions that represented subsistence use. Although groundwater within the 200-PO-I OU is not
28 anticipated to become a source of drinking water, contaminants in groundwater were assessed using the
29 two Native American scenarios to provide estimates of human health risks under the assumption of
30 full-time occupancy in the future. The risks calculated using the Native American scenarios were
31 compared with risks estimated using EPA standard default assumptions for residential tap water use
32 (i.e., the tap water scenario). The following discussion addresses the uncertainties with risks associated
33 with groundwater contaminants based on current baseline conditions.

34 The Native American and tap water scenarios addressed direct exposure to contaminants in groundwater
35 associated with household uses of groundwater, such as drinking and cooking (ingestion) and bathing
36 (dermal absorption). If volatile organic compounds (VOCs) were measured in groundwater and identified
37 as contaminants of potential concern (COPCs), indirect exposure by inhalation of VOCs in air while
38 bathing or when using groundwater in the home for other purposes was also addressed. In addition to
39 household use of groundwater, the CTUIR and Yakama Nation scenarios also incorporated inhalation and
40 dermal exposures to COPCs in groundwater used in a sweat lodge. Results from the groundwater risk
41 assessment are presented in Tables E-1 through E-4. The risks and hazards can be summed to obtain
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1 a cumulative estimate of risk and hazard for all groundwater exposure pathways included in the CTUIR
2 and Yakama Nation exposure scenarios.

3 Exposure parameters for drinking water ingestion, VOC inhalation, and dermal absorption differ between
4 the Native American exposure scenarios and the EPA tap water scenario. Examples of these differences
5 include the following:

6 e Exposure frequency: Native American, 365 d/yr; EPA tap water, 350 d/yr

7 e Exposure duration: Native American, 70 years; EPA tap water, 26 years

8 e Drinking water ingestion rate: Native American, 4 L/d (1 gal/d); EPA tap water, 2.5 L/d (0.66 gal/d)

9 e Inhalation rate: CTUIR, 25 m3/d (883 ft3/d), Yakama Nation, 26 m3/d (918 ft3/d); EPA tap water,
10 20 m3/d (706 ft3/d)

11 As a result, the Native American exposure scenarios both produce higher total ELCR and HI than the
12 EPA tap water scenario. Depending on the contaminants and pathways involved (as discussed below),
13 the ELCRs and His for the Native American scenarios may be four- to five-fold greater than for the
14 tap water scenario, drinking water ingestion, VOC inhalation, and dermal absorption exposure pathways.
15 The COPCs are the same between each of the exposure scenarios. The percent contribution for each
16 COPC is higher for the Native American scenarios than the EPA tap water scenario.

17 The largest uncertainties associated with the Native American scenarios are regarding the use of
18 groundwater in a sweat lodge. Exposure point concentrations (EPCs) for air in a sweat lodge were
19 calculated for the CTUIR and Yakama Nation resident scenarios. Appendix 4 of the CTUIR exposure
20 scenario (Harris and Harper, 2004) provides equations for estimating air-phase contaminant
21 concentrations for volatile and semivolatile COPCs in the water used to create steam in the lodge, as well
22 as separate equations for nonvolatile COPCs. Inhalation exposure to nonvolatile COPCs in the sweat
23 lodge was evaluated in the CTUIR and Yakama Nation resident scenarios in spite of concerns with the
24 model for calculating these air-phase EPCs. The CTUIR exposure scenario equation for calculating
25 air-phase EPCs for nonvolatile analytes (Equation 3-2 in Harris and Harper, 2004) calculates the
26 concentration of a nonvolatile COPC in air as a function of the concentration of water vapor produced by
27 the volatilization of water poured over hot rocks in a sweat lodge. Because nonvolatile contaminants have
28 no vapor pressure, Equation 3-2 does not have a common physical basis with volatile chemicals.

29 It is possible that inhalation of nonvolatile COPCs might occur by an alternative physical model
30 (e.g., respiration of respirable-size aerosols, if such aerosols were formed when water is poured over
31 the hot rocks in a sweat lodge). However, a model of resuspension of nonvolatile impurities in aerosol
32 form is inconsistent with other mechanical processes involving steam. For example, EPA does not
33 address this pathway in shower volatilization models (EPA 600/R-00/096, Volatilization Ratesfrom
34 Water to Indoor Air Phase 11). It is also inconsistent with the widespread use of steam distillation for
35 commercial water purification.

36 Groundwater within the 200-PO-1 OU is currently contaminated, and withdrawal is prohibited as
37 a result of institutional controls put in place by DOE (DOE/RL-2001-41, Sitewide Institutional Controls
38 Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions). Under current site use
39 conditions, no complete human exposure pathways to groundwater are assumed to exist. Groundwater
40 within the OU is not anticipated to become a future source of drinking water until cleanup criteria are met
41 and groundwater is restored to its highest beneficial use.
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1 Summaries of the monitoring wells and contaminants in the 200-PO-1 OU are provided in Tables E-8
2 through E-33.
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Table E-8. Summary of 200-PO-1 Groundwater OU Monitoring Wells by Exposure Area

PUREX Cribs

299-E16-2* 299-E17-18 299-E17-26 299-E24-24 299-E25-3*

299-E17-1* 299-E17-19* 299-E18-1 299-E25-17 299-E25-36

299-E17-12 299-E17-21 299-E24-16* 299-E25-18 299-E25-44

299-E17-13 299-E17-22 299-E24-18 299-E25-19* 699-37-43

299-E17-14* 299-E17-23 299-E24-21 299-E25-20* 699-37-47A

299-E17-16 299-E17-25 299-E24-23* 299-E25-22*

WMA A-AX and 216-A-39 Ditch

299-E23-1 299-E25-236* 299-E25-32Q 299-E25-42* 299-E26-12

299-E24-20* 299-E25-25 299-E25-34* 299-E25-43 299-E26-13

299-E24-22* 299-E25-26 299-E25-35 299-E25-47 299-E26-4

299-E24-3 299-E25-28* 299-E25-37 299-E25-48 699-43-45*

299-E24-33 299-E25-29P* 299-E25-39 299-E25-6

299-E24-5 299-E25-31 299-E25-40 299-E25-93*

299-E25-2 299-E25-32P 299-E25-41 299-E25-94*

BC Cribs and Trenches

299-E13-11* 299-E13-16 299-E13-19 299-E13-5* 299-E13-8

299-E13-12 299-E13-17 299-E13-4 299-E13-6 299-E13-9

299-E13-14 299-E13-18

216-B-3 Pond Facility (All Lobes)

699-39-39 699-42-39A 699-42-42B* 699-43-44* 699-44-39B

699-41-40 699-42-39B 699-43-41F* 699-43-45* 699-45-42

699-41-42 699-42-40A*

NRDWL/SWL

699-22-35* 699-24-34A* 699-25-33A 699-25-34D* 699-26-34B

699-23-34A* 699-24-34B* 699-25-34A* 699-26-33* 699-26-35A

699-23-34B* 699-24-34C* 699-25-34B* 699-26-34A 699-26-35C

699-24-33* 699-24-35

200-PO-1 Far-Field Area

499-S0-7* 699-14-38 699-2-7 699-35-9 699-S12-3

499-S0-8* 699-17-5 699-28-40 699-38-15 699-S19-E14
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Table E-8. Summary of 200-PO-1 Groundwater OU Monitoring Wells by Exposure Area

499-S1-8J*

699-10-54A*

699-12-2C*

699-12-4D

699-13-OA

699-13-1A*

699-13-1E

699-13-2D

699-13-3A*

699-19-43

699-20-20*

699-20-El2S

699-20-E5A

699-21-6

699-2-3

699-24-46

699-26-15A

699-2-6A

699-S3-25

699-S6-E14A

699-S6-E4A*

699-S6-E4B

699-S6-E4D

699-S6-E4E*

699-S6-E4K*

699-S6-E4L*

699-S8-19*

699-29-4*

699-31-11*

699-31-31

699-32-22A

699-32-22B*

699-32-43*

699-33-56

699-34-41B

699-34-42

Near-River Area

699-10-E12 699-40-1* 699-46-4 699-48-7A 699-S19-E13

699-20-E120 699-41-1A* 699-47-5 699-49-13E 699-S3-E12

699-37-E4 699-43-3

* Indicates a location identified for well-specific analysis.

NRDWL = Nondangerous Radioactive Waste Landfill

PUREX = Plutonium-Uranium Extraction

SWL = Solid Waste Landfill

WMA = waste management area

1
2
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Table E-9. Summary of Groundwater Analytes that Meet Exclusion Criteria in the 200-PO-1 Groundwater OU

Minimum Maximum Minimum Maximum
Begin Sample End Sample Total Total Frequency Detection Detection Detected Detected

Analyte Name Analyte Class Date Date Samples Detects of Detection Units Limit Limit Result Result Basis for Exclusion

Bromide ANION 1/3/2008 12/20/2010 93 16 17 pLg/L 45 250 93 242 No toxicity value

Chloride ANION 1/2/2008 1/6/2014 1,425 1,423 99.9 pg/L 86 13,000 1,080 183,000 No toxicity value

Phosphate ANION 1/3/2008 12/20/2010 102 0 0 tg/L 215 429-- No toxicity value

Sulfate ANION 1/2/2008 1/6/2014 1,425 1,418 99.5 tg/L 50 68,700 1,220 371,000 No toxicity value

Sulfide ANION 12/12/2012 12/12/2012 1 0 0 pg/L 83 83 - - No toxicity value

Ammonium ion CATION 2/25/2008 10/14/2013 208 98 47 pg/L 1.8 240 1.9 71 No toxicity value

Coliform bacteria COLIFORM 1/2/2008 10/14/2013 206 17 8.3 Col/100 mL 0 1.0 1.0 1,990 No toxicity value

Heptachlorodibenzo-p-dioxins DIOXIN 3/16/2009 12/12/2012 4 0 0 pg/L 1.60E-06 2.90E-06 - - No toxicity value

Hexachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0 pg/L 1.30E-06 3.80E-06 No toxicity value

Pentachlorodibenzo-p-dioxins DIOXIN 3/16/2009 12/12/2012 4 1 25 pg/L 1.80E-06 2.30E-06 2.20E-06 2.20E-06 No toxicity value

Tetrachlorodibenzo-p-dioxins DIOXIN 3/16/2009 12/12/2012 4 1 25 pg/L 3.80E-06 6.10E-06 1.60E-06 1.60E-06 No toxicity value

Heptachlorodibenzoftirans FURAN 3/16/2009 12/12/2012 4 0 0 pg/L 1.20E-06 1.90E-06 No toxicity value

Hexachlorodibenzofurans FURAN 3/16/2009 12/12/2012 4 0 0 pg/L 7.OOE-07 1.10E-05 No toxicity value

Pentachlorodibenzofurans FURAN 3/16/2009 12/12/2012 4 0 0 tg/L 1.30E-06 7.40E-06 No toxicity value

Tetrachlorodibenzofurans FURAN 3/16/2009 12/12/2012 4 1 25 tg/L 2.60E-06 4.OOE-06 7.40E-05 7.40E-05 No toxicity value

Alkalinity GEN CHEM 1/2/2008 12/23/2013 697 697 100 pg/L - - 32,000 260,000 No toxicity value

Ammonia GEN CHEM 11/3/2011 11/7/2011 8 1 13 pg/L 11 50 22 22 No toxicity value

Bicarbonate GEN CHEM 11/18/2010 12/23/2013 41 41 100 pg/L - - 38,000 120,000 No toxicity value

Bi-carbonate alkalinity GEN CHEM 11/9/2011 11/10/2011 3 3 100 pg/L - - 92,400 103,000 No toxicity value

Carbonate alkalinity GEN CHEM 11/18/2010 12/23/2013 44 4 9.1 pg/L 540 1,000 3,200 84,000 No toxicity value

Chemical oxygen demand GEN CHEM 2/25/2008 10/14/2013 200 4 2.0 pg/L 6,500 10,000 10,000 18,000 No toxicity value

Dissolved oxygen GEN CHEM 1/17/2008 12/9/2013 409 409 100 pg/L - - 30 19,280 No toxicity value

Hydroxylion GEN CHEM 11/18/2010 12/23/2013 44 0 0 pg/L 540 1,000 - - No toxicity value

Oxidation-reduction potential GEN CHEM 1/17/2008 12/9/2013 357 357 100 mV - - -1.58E+02 929 No toxicity value

pH measurement GEN CHEM 1/2/2008 1/6/2014 1,593 1,593 100 Unitless 6.3 9.9 No toxicity value

Specific conductance GEN CHEM 1/2/2008 1/6/2014 1,593 1,593 100 pS/cm - 158 1,107 No toxicity value

Temperature GEN CHEM 1/2/2008 1/6/2014 1,593 1,593 100 Degrees-12 32 No toxicity value

Total organic carbon GEN CHEM 1/2/2008 12/23/2013 865 701 81 pg/L 100 300 102 38,300 No toxicity value
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Table E-9. Summary of Groundwater Analytes that Meet Exclusion Criteria in the 200-PO-1 Groundwater OU

Minimum Maximum Minimum Maximum
Begin Sample End Sample Total Total Frequency Detection Detection Detected Detected

Analyte Name Analyte Class Date Date Samples Detects of Detection Units Limit Limit Result Result Basis for Exclusion

Turbidity GEN CHEM 1/2/2008 1/6/2014 1,594 1,594 100 NTU - - 0.060 772 No toxicity value

Bismuth METAL 4/9/2010 12/20/2010 168 4 2.4 tg/L 23 37 31 38 No toxicity value

Calcium METAL 1/2/2008 1/6/2014 2,487 2,485 99.9 pg/L 39 49 307 142,000 Essential nutrient

Magnesium METAL 1/2/2008 1/6/2014 2,489 2,487 99.9 tg/L 4.0 16 73 34,300 Essential nutrient

Phosphorus METAL 4/9/2010 12/20/2010 168 51 30 pg/L 55 194 61 162 No toxicity value

Potassium METAL 1/2/2008 1/6/2014 2,489 2,484 99.8 pg/L 55 5,000 888 14,800 Essential nutrient

Silicon METAL 4/9/2010 12/20/2010 168 168 100 pg/L - - 13,500 23,400 No toxicity value

Sodium METAL 1/2/2008 1/6/2014 2,489 2,487 99.9 pg/L 10 23 71 84,000 Essential nutrient

Thorium METAL 12/31/2013 1/6/2014 10 0 0 pg/L 0.10 0.20 - - No toxicity value

Delta-BHC PESTICIDE 4/15/2008 12/31/2013 41 0 0 pg/L 0.0032 0.0096 - - No toxicity value

Dichloroprop PESTICIDE 12/12/2012 12/12/2012 1 0 0 pg/L 1.6 1.6 - - No toxicity value

Endosulfan sulfate PESTICIDE 4/15/2008 12/31/2013 41 0 0 pg/L 0.0063 0.017 - - No toxicity value

Endrin aldehyde PESTICIDE 4/15/2008 12/31/2013 41 0 0 pg/L 0.0027 0.0096 - - No toxicity value

Endrin ketone PESTICIDE 12/17/2013 12/31/2013 3 0 0 tg/L 0.0095 0.0096 - - No toxicity value

Famphur PESTICIDE 3/16/2009 1/6/2014 45 0 0 tg/L 1.7 5.0-- No toxicity value

Isodrin PESTICIDE 3/16/2009 1/6/2014 45 0 0 tg/L 0.90 1.0-- No toxicity value

Antimony-125 RAD 1/2/2008 10/1/2013 172 0 0 pCi/L -2.50E+01 29 - - Less than 3-year half-life

Beryllium-7 RAD 1/2/2008 10/1/2013 171 0 0 pCi/L -4.80E+01 61 - - Less than 3-year half-life

Cesium-134 RAD 1/2/2008 10/1/2013 172 0 0 pCi/L -3.40E+01 39 - - Less than 3-year half-life

Gross alpha RAD 1/2/2008 1/6/2014 803 418 52 pCi/L -1.30E+01 11 0.72 89 No toxicity value

Gross beta RAD 1/2/2008 1/6/2014 804 787 98 pCi/L -6.20E-02 6.0 1.9 4,400 No toxicity value

Potassium-40 RAD 1/2/2008 10/1/2013 172 7 4.1 pCi/L -9.30E+02 43 34 340 Hanford background

Radium-228 RAD 4/9/2010 12/17/2010 52 1 1.9 pCi/L -1.19E+00 1.9 2.4 2.4 Hanford background

Ruthenium-106 RAD 1/2/2008 10/1/2013 171 0 0 pCi/L -5.20E+01 67 - - Less than 3-year half-life

Totalralpha energy emitted RAD 4/9/2010 8/29/2010 33 0 0 pCi/L -6.80E-02 0.29 - - Hanford background
from radium

1,4-Naphthloquinone SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 1.0 - - No toxicity value

1-Naphthylamine SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 1.0 2.0 - - No toxicity value

2-Nitrophenol SVOC 1/25/2008 1/6/2014 283 0 0 Lg/L 0.48 2.3-- No toxicity value
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2-Picoline SVOC 2/21/2008 1/6/2014 139 0 0 pLg/L 0.90 5.5 - - No toxicity value

3+4 Methyphenol SVOC 1/25/2008 1/6/2014 245 0 0 ptg/L 0.48 2.2 - - No toxicity value
(cresol, m+p)

4-Bromophenylphenyl ether SVOC 3/16/2009 1/6/2014 46 0 0 pLg/L 0.90 1.0 - - No toxicity value

4-Chorophenylphenyl ether SVOC 3/16/2009 1/6/2014 46 0 0 ptg/L 0.90 1.0 - - No toxicity value

4-Nitroquinoline-1-oxide SVOC 3/16/2009 1/6/2014 45 0 0 pLg/L 0.90 5.0 - - No toxicity value

Acenaphthylene SVOC 3/16/2009 1/6/2014 46 0 0 pLg/L 0.90 1.0-- No toxicity value

Dimethlphenethylamine SVOC 3/16/2009 1/6/2014 45 0 0 tg/L 5.0 22 - - No toxicity value

Benzo(ghi)perylene SVOC 3/16/2009 1/6/2014 46 0 0 tg/L 0.90 1.0 No toxicity value

Dimethyl plithalate SVOC 3/16/2009 1/6/2014 46 0 0 pLg/L 0.90 1.1 - - No toxicity value

DipienylainemN- SVOC 12/6/2012 1/6/2014 6 0 0 pLg/L 0.90 1.0 - - No toxicity value
Nitrosodiphenylamine

Ethyl cyanide SVOC 2/13/2008 1/6/2014 564 0 0 tg/L 1.2 4.7-- No toxicity value

Ethyl methanesulfonate SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 1.2 - - No toxicity value

Hexachloropropene SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 2.4 - - No toxicity value

Isosafrole SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 2.3-- No toxicity value

Methapyrilene SVOC 3/16/2009 1/6/2014 45 0 0 pLg/L 0.90 13 - - No toxicity value

posphorothlote SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 1.0 - - No toxicity value

O,-Diethyl 0-2-pyrazinyl SVOC 3/16/2009 1/6/2014 45 0 0 pg/L 0.90 1.0 - - No toxicity value
phosphorothioate

o-Toluidine SVOC 3/16/2009 1/6/2014 45 0 0 pLg/L 0.90 1.0-- No toxicity value

Phenanthrene SVOC 3/16/2009 1/6/2014 46 0 0 pg/L 0.90 1.0 - - No toxicity value

Total organic halides TOX 1/9/2008 10/10/2013 458 175 38 pLg/L 3.5 5.0 3.2 52 No toxicity value

Oil and grease TPH 3/17/2009 3/17/2009 1 0 0 pLg/L 2,100 2,100 - - No toxicity value

Total petroleum hydrocarbons TPH 3/16/2009 12/17/2010 55 1 1.8 tg/L 70 70 100 100 No toxicity value
- diesel range

Total petroleum hydrocarbons TPH 3/16/2009 3/17/2009 3 0 0 pLg/L 50 50 - - No toxicity value
- gasoline range

1,3-Dichlorobenzene VOC 3/16/2009 1/6/2014 46 0 0 pg/L 0.90 1.0 No toxicity value
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2,6-Dichlorophenol VOC 1/25/2008 1/6/2014 189 0 0 pLg/L 0.90 2.1 - - No toxicity value

4-Nitrophenol VOC 1/25/2008 1/6/2014 242 0 0 pLg/L 0.60 2.2 - - No toxicity value

Acetonitrile VOC 4/15/2008 1/6/2014 137 0 0 pLg/L 2.0 4.2 - - No toxicity value

Benzothiazole VOC 2/21/2008 5/20/2013 94 0 0 pLg/L 0.50 1.1 - - No toxicity value

Choroethane VOC 4/15/2008 1/6/2014 137 0 0 tg/L 0.085 2.0 - - No toxicity value

Chloromethane VOC 4/15/2008 1/6/2014 137 8 5.8 pg/L 0.036 2.0 0.058 0.63 No toxicity value

lodomethane VOC 4/15/2008 1/6/2014 137 2 1.5 pg/L 0.091 2.0 0.52 4.3 No toxicity value

trans-1,4-Dichloro-2-butene VOC 4/15/2008 1/6/2014 137 0 0 pg/L 0.20 2.0 - - No toxicity value

NTU

RAD

svoc

TOX

TPH

voc

nephelometric turbidity unit

radiological

semivolatile organic compound

total organic halide

total petroleum hydrocarbon

volatile organic compound

1
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1,2,3,4,6,7,8-Heptachlorodibenzodioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pig/L 1.50E-06 2.60E-06

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pg/L 3.80E-07 2.00E-06

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pg/L 1.10E-06 1.80E-06

1,2,3,7,8-Pentachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pig/L 1.40E-07 2.30E-06

2,3,7,8-Tetrachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pg/L 1.60E-07 6.10E-06

Octachlorodibenzo-p-dioxin DIOXIN 3/16/2009 12/12/2012 4 0 0% pg/L 1.40E-06 5.40E-06

1,2,3,4,6,7,8-Heptachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 9.50E-07 1.50E-06

1,2,3,4,7,8,9-Heptachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 8.50E-07 2.40E-06

1,2,3,4,7,8-Hexachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 6.60E-07 1.10E-06

1,2,3,6,7,8-Hexachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 5.70E-07 1.10E-06

1,2,3,7,8,9-Hexachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 5.OOE-07 1.60E-06

1,2,3,7,8-Pentachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 5.80E-07 1.90E-06

2,3,4,6,7,8-Hexachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 5.OOE-07 1.20E-06

2,3,4,7,8-Pentachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 1.20E-07 1.70E-06

2,3,7,8-Tetrachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 1.50E-07 4.OOE-06

Octachlorodibenzofuran FURAN 3/16/2009 12/12/2012 4 0 0% pg/L 1.70E-06 3.OOE-06

2-(2-methyl-4-chlorophenoxy) propionic acid HERBICIDE 12/12/2012 12/12/2012 1 0 0% pg/L 130 130

2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) HERBICIDE 3/16/2009 12/12/2012 4 0 0% pg/L 0.081 0.16

2,4,5-TP(2-(2,4,5-Trichlorophenoxy) propionic HERBICIDE 3/16/2009 12/12/2012 4 0 0% pg/L 0.069 0.14
acid) Silvex

2,4-D(2,4-Dichlorophenoxyacetic acid) HERBICIDE 3/16/2009 12/12/2012 4 0 0% pg/L 0.77 2.0

2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) HERBICIDE 12/12/2012 12/12/2012 1 0 0% pg/L 2.5 2.5

2-Methyl-4 chlorophenoxyacetic acid HERBICIDE 12/12/2012 12/12/2012 1 0 0% pg/L 130 130

Dalapon HERBICIDE 12/12/2012 12/12/2012 1 0 0% pg/L 3.8 3.8

Dicamba HERBICIDE 12/12/2012 12/12/2012 1 0 0% pg/L 0.28 0.28

Mercury METAL 5/6/2008 1/6/2014 136 0 0% pg/L 0.050 0.10

Aroclor 1016 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.090 0.21

Aroclor 1221 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.20 0.21

Aroclor 1232 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.090 0.21
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Aroclor 1242 PCB 3/16/2009 12/12/2012 4 0 0% pxg/L 0.090 0.21

Aroclor 1248 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.090 0.21

Aroclor 1254 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.090 0.14

Aroclor 1260 PCB 3/16/2009 12/12/2012 4 0 0% pg/L 0.090 0.14

4,4'-DDD (Dichlorodiphenyldichloroethane) PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0031 0.0096

4,4'-DDE (Dichlorodiphenyldichloroethylene) PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0027 0.013

4,4'-DDT (Dichlorodiphenyltrichloroethane) PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0056 0.022

Aldrin PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0040 0.0096

Alpha-BHC PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0025 0.0096

Alpha-chlordane PESTICIDE 12/17/2013 12/31/2013 3 0 0% pg/L 0.014 0.014

Aramite PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 20

beta- 1,2,3,4,5,6-Hexachlorocyclohexane PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0065 0.015
(beta-BHC)

Chlordane PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.032 0.18

Chlorobenzilate PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Diallate PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 2.0

Dieldrin PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0023 0.0096

Dimethoate PESTICIDE 4/15/2008 1/6/2014 80 0 0% pg/L 0.90 1.1

Dinoseb(2-secButyl-4,6-dinitrophenol) PESTICIDE 1/25/2008 1/6/2014 189 0 0% pg/L 0.27 2.4

Disulfoton PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Endosulfan I PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0025 0.018

Endosulfan11 PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0032 0.010

Endrin PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0028 0.017

Gamma-BHC (Lindane) PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0025 0.0096

Heptachlor PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0025 0.034

Hexachlorophene PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 10

Kepone PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 20

Methoxychlor PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.0050 0.012

Methyl parathion PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0
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Parathion PESTICIDE 3/16/2009 1/6/2014 45 0 0% pxg/L 0.90 1.0

Pentachloronitrobenzene (PCNB) PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 1.0 2.0

Pentachlorophenol PESTICIDE 1/25/2008 1/6/2014 295 0 0% pg/L 0.50 2.4

Phorate PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Pronamide PESTICIDE 3/16/2009 1/6/2014 45 0 0% tg/L 0.90 1.0

Tetraethyl dithiopyrophosphate (Sulfotepp) PESTICIDE 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Toxaphene PESTICIDE 4/15/2008 12/31/2013 41 0 0% pg/L 0.19 0.59

trans-Chlordane PESTICIDE 12/17/2013 12/31/2013 3 0 0% pg/L 0.0095 0.0096

Cesium-137 RAD 1/2/2008 1/6/2014 178 0 0% pCi/L -5.3 8.8

Cobalt-60 RAD 1/2/2008 1/6/2014 178 0 0% pCi/L -8.5 6.8

Europium-152 RAD 1/2/2008 1/6/2014 178 0 0% pCi/L -27 16

Europium-154 RAD 1/2/2008 1/6/2014 178 0 0% pCi/L -26 29

Europium-155 RAD 1/2/2008 1/6/2014 178 0 0% pCi/L -35 19

Neptunium-237 RAD 4/15/2008 1/6/2014 38 0 0% pCi/L -0.09 0.17

2,3,4,6-Tetrachlorophenol SVOC 1/25/2008 1/6/2014 189 0 0% pg/L 0.90 2.1

2,4-Dinitrotoluene SVOC 2/21/2008 1/6/2014 104 0 0% pg/L 0.48 1.0

2-Acetylaminofluorene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

2-Chloronaphthalene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

2-Methylnaphthalene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

2-Methylphenol (cresol, o-) SVOC 1/25/2008 1/6/2014 283 0 0% pg/L 0.48 2.2

2-Nitroaniline SVOC 3/16/2009 1/6/2014 47 0 0% tg/L 0.90 2.0

3,3'-Dichlorobenzidine SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.3

3-Methylcholanthrene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

3-Nitroaniline SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

5-Nitro-o-toluidine SVOC 3/16/2009 1/6/2014 45 0 0% tg/L 0.90 1.0

7,12-Dimethylbenz[a]anthracene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Acenaphthene SVOC 2/21/2008 1/6/2014 104 0 0% pg/L 0.50 2.5

Acetophenone SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.2

Anthracene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0
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Benzo(a)anthracene SVOC 3/16/2009 1/6/2014 46 0 0% pig/L 0.90 1.0

Benzo(a)pyrene SVOC 3/16/2009 1/6/2014 46 0 0% pig/L 0.90 1.0

Benzo(b)fluoranthene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Benzo(k)fluoranthene SVOC 3/16/2009 1/6/2014 46 0 0% pig/L 0.90 1.0

Carbazole SVOC 10/14/2009 1/6/2014 43 0 0% pg/L 0.90 1.0

Chrysene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Dibenz[a,h]anthracene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Dibenzofuran SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Di-n-butylphthalate SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Di-n-octylphthalate SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Fluoranthene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Fluorene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Heptachlor epoxide SVOC 4/15/2008 12/31/2013 41 0 0% tg/L 0.0032 0.016

Hexachlorobutadiene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Hexachloroethane SVOC 3/16/2009 1/6/2014 46 0 0% tg/L 0.90 1.0

Indeno(1,2,3-cd)pyrene SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Isophorone SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

m-Dinitrobenzene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Methyl methanesulfonate SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 2.0

Nitrosopyrrolidine SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

n-Nitrosodiethylamine SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.2

n-Nitrosodimethylamine SVOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 2.0

n-Nitrosodiphenylamine SVOC 3/16/2009 12/20/2010 40 0 0% pg/L 1.0 1.0

n-Nitrosomorpholine SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.2

n-Nitrosopiperidine SVOC 3/16/2009 1/6/2014 45 0 0% tg/L 0.90 1.0

p-Dimethylaminoazobenzene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Pentachlorobenzene SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Phenacetin SVOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Pyrene SVOC 2/21/2008 1/6/2014 104 0 0% pg/L 0.48 1.0
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Safrol SVOC 3/16/2009 1/6/2014 45 0 0% pig/L 0.90 1.1

sym-Trinitrobenzene SVOC 3/16/2009 1/6/2014 45 0 0% pig/L 0.90 1.4

Tris-2-chloroethyl phosphate SVOC 2/21/2008 5/20/2013 94 0 0% pg/L 0.50 1.2

1,1,1,2-Tetrachloroethane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.090 1.0

1,1,2,2-Tetrachloroethane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.098 1.0

1,1,2-Trichloroethane VOC 2/13/2008 1/6/2014 564 0 0% pig/L 0.063 1.0

1,2,3 -Trichloropropane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.15 1.0

1,2,4,5-Tetrachlorobenzene VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 2.5

1,2,4-Trichlorobenzene VOC 2/21/2008 1/6/2014 104 0 0% tg/L 0.70 2.1

1,2,4-Trimethylbenzene VOC 4/4/2013 4/4/2013 1 0 0% pg/L 50 50

1,2-Dibromo-3-chloropropane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.20 1.0

1,2-Dibromoethane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.098 1.0

1,2-Dichlorobenzene VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

1,2-Dichloroethane VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.050 1.0

1,2-Dichloroethene (Total) VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.13 1.0

1,2-Dichloropropane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.054 1.0

1,4-Dichlorobenzene VOC 2/13/2008 1/6/2014 578 0 0% pg/L 0.10 1.0

1,4-Dioxane VOC 2/25/2008 1/6/2014 347 0 0% pg/L 0.67 12

1-Butanol VOC 2/13/2008 1/6/2014 563 0 0% pg/L 8.1 100

2,4,5 -Trichlorophenol VOC 1/25/2008 1/6/2014 190 0 0% pg/L 0.90 2.2

2,4,6-Trichlorophenol VOC 1/25/2008 1/6/2014 190 0 0% pg/L 0.90 2.2

2,4-Dichlorophenol VOC 1/25/2008 1/6/2014 282 0 0% pg/L 0.48 2.1

2,4-Dimethylphenol VOC 1/25/2008 1/6/2014 190 0 0% pg/L 1.0 2.1

2,4-Dinitrophenol VOC 1/25/2008 1/6/2014 224 0 0% pg/L 0.90 10

2-Butanone VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.52 1.8

2-Chlorophenol VOC 1/25/2008 1/6/2014 246 0 0% pg/L 0.48 2.2

2-Hexanone VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.080 5.0

2-Naphthylamine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 1.0 2.0

3,3'-Dimethylbenzidine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 2.6 4.0
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Analyte Begin Sample End Sample Total Total Frequency of Minimum Maximum
Analyte Name Class Date Date Samples Detects Detection Units Detection Limit Detection Limit

4,6-Dinitro-2-methylphenol VOC 1/25/2008 1/6/2014 190 0 0% pig/L 0.90 2.2

4-Aminobiphenyl VOC 3/16/2009 1/6/2014 45 0 0% pig/L 1.0 2.0

4-Chloro-3-methylphenol VOC 1/25/2008 1/6/2014 246 0 0% pg/L 0.48 2.4

4-Chloroaniline VOC 3/16/2009 1/6/2014 46 0 0% pig/L 0.90 1.3

4-Methyl-2-pentanone VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.12 1.0

4-Methylphenol (cresol, p-) VOC 3/16/2009 12/20/2010 39 0 0% pg/L 10 20

4-Nitroaniline VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.6

Acrolein VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.52 5.0

Acrylonitrile VOC 3/16/2009 12/31/2013 11 0 0% pg/L 1.0 5.0

Allyl chloride VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.091 1.0

Aniline VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 2.0

Azobenzene VOC 6/10/2010 12/20/2010 36 0 0% pg/L 1.0 1.0

Benzene VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.032 1.0

Bis(2-chloro-1-methylethyl)ether VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.1

Bis(2-Chloroethoxy)methane VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Bis(2-chloroethyl) ether VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Chlorobenzene VOC 2/13/2008 1/6/2014 540 0 0% pg/L 0.060 1.0

Chloroprene VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.083 1.0

cis- 1,2-Dichloroethylene VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.048 1.0

cis- 1,3 -Dichloropropene VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.073 1.0

Cyanide VOC 5/6/2008 10/1/2013 28 0 0% pg/L 2.8 4.0

Dibromomethane VOC 4/15/2008 1/6/2014 137 0 0% tg/L 0.095 1.0

Dichlorodifluoromethane VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.058 2.0

Hexachlorobenzene VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Hexachlorocyclopentadiene VOC 3/16/2009 1/6/2014 46 0 0% pg/L 0.90 1.0

Hexane VOC 4/15/2008 1/15/2009 34 0 0% pg/L 0.16 0.16

Isobutyl alcohol VOC 4/15/2008 1/6/2014 137 0 0% pg/L 5.0 200

Methacrylonitrile VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.050 2.0

Methyl methacrylate VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.26 2.0
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Analyte Begin Sample End Sample Total Total Frequency of Minimum Maximum
Analyte Name Class Date Date Samples Detects Detection Units Detection Limit Detection Limit

Naphthalene VOC 2/21/2008 1/6/2014 140 0 0% pig/L 0.50 2.0

Nitrobenzene VOC 4/15/2008 1/6/2014 81 0 0% pig/L 0.90 1.0

n-Nitrosodi-n-butylamine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.2

n-Nitrosomethylethylamine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.1

Pentachloroethane VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 2.4

Phenol VOC 1/25/2008 1/6/2014 295 0 0% pg/L 0.48 4.0

p-Phenylenediamine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 1.0

Pyridine VOC 3/16/2009 1/6/2014 45 0 0% pg/L 0.90 5.7

Styrene VOC 4/15/2008 1/6/2014 136 0 0% pg/L 0.036 1.0

Tetrahydrofuran VOC 2/13/2008 1/6/2014 564 0 0% pg/L 1.1 7.5

Total cresols VOC 4/12/2012 5/20/2013 4 0 0% pg/L 0.90 1.0

trans-1,2-Dichloroethylene VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.081 1.0

trans-1,3-Dichloropropene VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.080 1.0

Vinyl acetate VOC 4/15/2008 1/6/2014 137 0 0% pg/L 0.17 2.0

Vinyl chloride VOC 2/13/2008 1/6/2014 564 0 0% pg/L 0.032 1.0

PCB

RAD

svoc

voc

polychlorinated biphenyl

radiological

semivolatile organic compound

volatile organic compound

1
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Table E-11. Summary of Groundwater EPCs for PUREX Cribs Exposure Area

Analyte CAS . EEPC
Group Analyte No. E- 5 ;zo =W 9 E g M U EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1,1-Trichloroethane 71-55-6 32 0 32 0 pxg/L 0.099 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethane 75-34-3 32 0 32 0 pxg/L 0.070 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethene 75-35-4 32 0 32 0 pg/L 0.085 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Maximum Warning: This data set only has one observation. Data set is too
NON-RAD 2,6-Dinitrotoluene 606-20-2 1 1 0 100 ptg/L- 17 17 0 17 daximu small to compute reliable and meaningful statistics and estimates.detect The data set for variable 2,6-dinitrotoluene was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Acetone 67-64-1 32 0 32 0 pxg/L 0.56 5.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: There are only nine detected values in this data.

NON-RAD Antimony 7440-36-0 22 9 13 41 pg/L 4.0 4.0 39 104 0.43 55 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

NON-RAD Arsenic 7440-38-2 134 130 4 97 ptg/L 1.9 4.0 1.8 12 0.34 6.3 95%KM (t) _
UCL

95%

NON-RAD Barium 7440-39-3 339 339 0 100 pg/L - - 15 114 0.34 58 Student's t -
UCL

Warning: This data set only has one observation. Data set is too
NON-RAD Benzyl alcohol 100-51-6 1 0 1 0 pg/L 1.0 1.0 small to compute reliable and meaningful statistics and estimates.

The data set for variable benzyl alcohol was not processed.
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Table E-11. Summary of Groundwater EPCs for PUREX Cribs Exposure Area

4! C

Analyte CAS . EEPC
Group Analyte No. E- 5 ;zo =W 9 E g M U EPC Basis Comment

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Beryllium 7440-41-7 333 1 332 0.30 pxg/L 0.50 4.0 9.4 9.4 0 9.4 Maximum suggested to use alternative site-specific values determined by the
detect project team to estimate environmental parameters (e.g., EPC and

BTV). The data set for variable beryllium was not processed.

95% KM Warning: There are only three distinct detected values in this data

NON-RAD Bis(2-ethylhexyl) 117-81-7 25 3 22 12 pg/L 0.90 1.0 1.4 6.7 0.68 6.7 (percentile set. The number of detected data may not be adequate to perform
phthalate bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will return

UCL an "N/A" value on the output display.

Warning: This data set only has for observations. Data set is too
NON-RAD Bromodichloromethane 75-27-4 4 0 4 0 pxg/L 0.088 1.0 - - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable bromodichloromethane was not processed.

Warning: This data set only has four observations. Data set is too
NON-RAD Bromoform 75-25-2 4 0 4 0 pxg/L 0.27 1.0 - - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable bromoform was not processed.

Warning: This data set only has four observations. Data set is too
NON-RAID Bromomethane 74-83-9 4 0 4 0 pg/L 0.50 1.0 - - - - - small to compute reliable and meaningfil statistics and estimates.

The data set for variable bromomethane was not processed.

Warning: This data set only has one observation. Data set is too
NON-RAD Butylbenzylphthalate 85-68-7 1 0 1 0 pg/L 1.0 1.0 - - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable butylbenzylphthalate was not processed.

95% KM Warning: There are only three distinct detected values in this data
NON-RAD Cadmium 7440-43-9 339 4 335 1.2 pLg/l_ 0.45 4.1 4.1 18 0.90 i8 (% bootstrap) set. The number of detected data may not be adequate to perform

UCL GOF tests, bootstrap, and ROS methods. Those methods will return
an "N/A" value on the output display.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon disulfide 75-15-0 32 0 32 0 pg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Carbon tetrachloride 56-23-5 32 1 31 3.1 pg/L 0.042 1.8 0.13 0.13 0 0.13 Maximum suggested to use alternative site-specific values determined by the
detect project team to estimate environmental parameters (e.g., EPC and

BTV). The data set for variable carbon tetrachloride was
not processed.
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Analyte CAS . EEPC
Group Analyte No. E- 5 ;zo =W 9 E g M U EPC Basis Comment

95% KM Warning: Recommended UCL exceeds the maximum observation.

NON-RAD Chloroform 67-66-3 32 3 29 9.4 pg/L 1.0 1.0 0.22 0.71 0.50 0.71 (percentile Note: DL/2 is not a recommended method.
bootstrap) Note: Suggestions regarding the selection of a 95% UCL are

UCL provided to help the user to select the most appropriate 95% UCL.

95% KM
NON-RAD Chromium 7440-47-3 335 156 179 47 pg/L 3.1 14 5.2 113 0.64 13 (%obootstrap) -

UCL

Warning: There are only four distinct detected values in this
95% KM data set.

NON-RAD Cobalt 7440-48-4 326 4 322 1.2 ptg/L 4.0 4.1 4.0 19 0.92 4.8 (% bootstrap) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

95% KM
NON-RAD Copper 7440-50-8 339 14 325 4.1 pxg/L 4.0 6.0 4.1 38 0.93 5.2 (% bootstrap)

UCL

Warning: This data set only has four observations. Data set is too
NON-RAD Dibromochloromethane 124-48-1 4 0 4 0 pxg/L 0.17 1.0 - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable dibromochloromethane was not processed.

Warning: This data set only has one observation. Data set is too
NON-RAD Diethylphthalate 84-66-2 1 0 1 0 pg/L 1.0 1.0 small to compute reliable and meaningfil statistics and estimates.

The data set for variable diethylphthalate was not processed.

Warning: This data set only has 4 observations. Data set is too
NON-RAD Ethyl methacrylate 97-63-2 4 0 4 0 pg/L 0.39 1.0 small to compute reliable and meaningful statistics and estimates.

The data set for variable Ethyl methacrylate was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethylbenzene 100-41-4 32 0 32 0 pxg/L 0.061 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

95% KM

NON-RAD Fluoride 16984-48-8 274 264 10 96 pxg/L 60 250 61 418 0.31 251 (percentile
bootstrap)

UCL

95% KM
NON-RAD Hexavalent chromium 18540-29-9 292 89 203 30 ptg/L 3.1 14 3.2 31 0.48 9.5 (% bootstrap)

(Cr-filtered) UCL
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Analyte CAS EPC
Group Analyte No. A 9 C-) EPC Basis Comment

95% KM
NON-RAD Iron 7439-89-6 338 209 129 62 pxg/L 9.0 62 11 5,540 2.6 205 (Chebyshev) -

UCL

.xu Warning: This data set only has 4 observations. Data set is too
NON-RAD Lead 7439-92-1 4 2 2 50 tg/L 0.10 0.10 0.10 0.12 0.12 0.12 Maximum small to compute reliable and meaningful statistics and estimates.

The data set for variable Lead was not processed.

NON-RAD Manganese 7439-96-5 339 70 269 21 pg/L 0.96 6.0 2.8 276 1.2 12 95%UCL(t)

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Methylene chloride 75-09-2 32 0 32 0 pg/L 0.091 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

95% KM
NON-RAD Nickel 7440-02-0 339 82 257 24 tg/L 4.0 67 4.0 49 0.75 5.5 (% bootstrap) -

UCL

95%

NON-RAD Nitrate 14797-55-8 274 274 0 100 pg/L - - 3,460 172,000 0.69 57,651 Chebyshev _
(mean, Sd)

UCL

NON-RAD Nitrite 14797-65-0 271 45 226 17 tg/L 9.9 2,500 126 427 0.37 152 95%UL(t) _

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD n-Nitrosodi-n- 621-64-7 15 1 14 6.7 pg/L 0.90 1.0 2.9 2.9 0 2.9 Maximum suggested to use alternative site-specific values determined by the
dipropylamine detect project team to estimate environmental parameters (e.g., EPC and

BTV). The data set for variable n-nitrosodi-n-dipropylamine was
not processed.

95% KM (%

NON-RAD Silver 7440-22-4 336 10 326 3.0 tg/L 4.0 12 4.0 21 0.70 5.2 Bootstrap) -
UCL

NON-RAD Strontium 7440-24-6 336 335 1 99.7 pg/L 4.0 4.0 125 602 0.28 287 (BC) UCL
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Analyte CAS . EEPC
Group Analyte No. E- 5 ;zo =W 9 E g M U EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tetrachloroethene 127-18-4 32 0 32 0 pxg/L 0.14 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: This data set only has four observations. Data set is too
NON-RAD Thallium 7440-28-0 4 0 4 0 pg/L 0.050 0.10 small to compute reliable and meaningful statistics and estimates.

The data set for variable thallium was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Toluene 108-88-3 32 0 32 0 pxg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tributyl phosphate 126-73-8 25 0 25 0 pxg/L 0.90 1.5 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).

95% KM Warning: There are only five detected values in this data set.

NON-RAD Trichloroethene 79-01-6 32 5 27 16 pxg/L 0.50 1.0 0.27 3.1 0.66 1.8 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: This data set only has four observations. Data set is too
NON-RAD Trichloromonofluoro- 75-69-4 4 0 4 0 pg/L 0.10 1.0 small to compute reliable and meaningful statistics and estimates.

methane The data set for variable trichloromonofluoromethane was
not processed.

NON-RAD Uranium 7440-61-1 65 65 0 100 pg/L -2.5 106 1.0 26 95% H-UCL -

NON-RAD Vanadium 7440-62-2 339 314 25 93 pg/L 7.0 42 6.9 43 0.28 22 95 )KM(BCA) UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Xylenes (total) 1330-20-7 32 0 32 0 ptg/L 1.0 1.6 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters (e.g., EPC
and BTV).
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Analyte CAS EPC
Group Analyte No. A C-> EPC Basis Comment

95% KM
NON-RAD Zinc 7440-66-6 338 69 269 20 pxg/L 4.0 25 4.0 196 1.8 7.9 (% bootstrap)

UCL

95% KM

RAD lodine-129 15046-84-1 186 130 56 70 pCi/L -7.07E-01 5.6 0.23 11 0.89 2.5 (percentile
bootstrap)

UCL

Warning: This data set only has three observations. Data set is too
RAD Protactinium-231 14331-85-2 3 0 3 0 pCi/L 0 0.066 small to compute reliable and meaningful statistics and estimates.

The data set for variable protactinium-231 was not processed.

Warning: This data set only has three observations. Data set is too
RAD Selenium-79 15758-45-9 3 0 3 0 pCi/L -7.60E+00 5.3 - - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable selenium-79 was not processed.

97.5% KM
RAD Strontium-90 10098-97-2 115 32 83 28 pCi/L -2.OOE+03 2.0 1.0 30 1.1 5.1 (Chebyshev) -

UCL

97.5% KM
RAD Technetium-99 14133-76-7 118 94 24 80 pCi/L -8.20E+00 5.6 6.8 340 1.2 82 (Chebyshev) -

UCL

95% KM
RAD Tritium 10028-17-8 137 135 2 99 pCi/L 250 290 240 650,000 1.3 199,057 (Chebyshev) -

UCL

Maximu Warning: This data set only has three observations. Data set is too
RAD Uranium-234 13966-29-5 3 3 0 100 pCi/L - - 1.9 31 1.1 31 imum small to compute reliable and meaningful statistics and estimates.

The data set for variable uranium-234 was not processed.

Maxmum Warning: This data set only has three observations. Data set is too
RAD Uranium-235 15117-96-1 3 2 1 67 pCi/L 0.059 0.059 0.45 2.1 0.91 2.1 daxiu small to compute reliable and meaningful statistics and estimates.detect The data set for variable uranium-235 was not processed.

Maximum Warning: This data set only has three observations. Data set is too
RAD Uranium-238 U-238 3 3 0 100 pCi/L - - 1.1 34 1.2 34 detect small to compute reliable and meaningftil statistics and estimates.

The data set for variable uranium-238 was not processed.

bias-corrected accelerated bootstrap method

background threshold value

Chemical Abstracts Service

exposure point concentration

goodness-of-fit

Kaplan-Meier

N/A

ND

ROS

UCL

UPL

not applicable

not detected

regression on order statistics

upper confidence limit

upper prediction limit

1
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Analyte CAS EPC
Group Analyte No. n rz9 Q> EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1,1-Trichloroethane 71-55-6 6 0 6 0 tg/L 0.099 1.0 --- UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethane 75-34-3 6 0 6 0 pg/L 0.070 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethene 75-35-4 6 0 6 0 pg/L 0.085 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

1,2,3,4,7,8- Warning: This data set only has one observation. Data set is too

NON-RAD Hexachlorodibenzo- 39227-28-6 1 1 0 100 pg/L 1.70E-06 1.70E-06 0 1.70E-06 Maximum small to compute reliable and meaningful statistics and estimates.

p-dioxin detect The data set for variable 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin
was not processed.

Warning: This data set only has one observations. Data set is too
NON-RAD 2,6-Dinitrotoluene 606-20-2 1 0 1 0 pg/L 0.90 0.90 small to compute reliable and meaningful statistics and estimates.

The data set for variable 2,6-dinitrotoluene was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Acetone 67-64-1 6 0 6 0 pg/L 0.56 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM Warning: There are only eight detected values in this data set.

NON-RAD Antimony 7440-36-0 19 8 11 42 pg/L 0.60 4.0 4.1 84 0.54 43 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

95%

NON-RAD Arsenic 7440-38-2 149 149 0 100 pg/L 1.8 13 0.27 7.9 Student's-t -
UCL
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Analyte CAS EPC
Group Analyte No. n rz9 Q> EPC Basis Comment

95%
NON-RAD Barium 7440-39-3 336 336 0 100 pg/L - - 12 89 0.36 41 Student's-t

UCL

Warning: This data set only has one observations. Data set is too
NON-RAD Benzyl alcohol 100-51-6 1 0 1 0 tg/L 0.90 0.90 - small to compute reliable and meaningful statistics and estimates.

The data set for variable benzyl alcohol was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Beryllium 7440-41-7 319 0 319 0 pg/L 0.50 4.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Bis(2-ethylhexyl) 117-81-7 11 1 10 9.1 pg/L 0.90 1.0 4.1 4.1 0 4.1 Maximum suggested to use alternative site-specific values determined by
phthalate detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable bis(2-ethylhexyl)phthalate
was not processed.

Warning: This data set only has four observations. Data set is too

NON-RAD Bromodichloromethane 75-27-4 4 0 4 0 pg/L 0.088 1.0 small to compute reliable and meaningful statistics and estimates.
The data set for variable bromodichloromethane was
not processed.

Warning: This data set only has four observations. Data set is too
NON-RAD Bromoform 75-25-2 4 0 4 0 pg/L 0.27 1.0 small to compute reliable and meaningful statistics and estimates.

The data set for variable bromoform was not processed.

Warning: This data set only has four observations. Data set is too
NON-RAD Bromomethane 74-83-9 4 0 4 0 pg/L 0.50 1.0 small to compute reliable and meaningful statistics and estimates.

The data set for variable bromomethane was not processed.

Warning: This data set only has 1 observations. Data set is too
NON-RAD Butylbenzylphthalate 85-68-7 1 0 1 0 pg/L 0.90 0.90-- small to compute reliable and meaningful statistics and estimates.

The data set for variable Butylbenzylphthalate was not processed.

Warning: Data set has only two distinct detected values. This
95% KM may not be adequate to compute meaningful and reliable test

NON-RAD Cadmium 7440-43-9 337 2 335 0.59 pg/L 0.45 4.1 4.4 5.2 0.12 5.2 (% bootstrap) statistics and estimates. The project team may decide to use
UCL alternative site-specific values to estimate environmental

parameters (e.g., EPC and BTV).
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Analyte CAS EPC
Group Analyte No. n rz9 Q> EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon disulfide 75-15-0 6 0 6 0 tg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon tetrachloride 56-23-5 6 0 6 0 pg/L 0.042 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Chloroform 67-66-3 6 0 6 0 pg/L 0.080 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Chromium 7440-47-3 333 139 194 42 pg/L 3.1 14 5.0 190 1.1 13 (% bootstrap)

UCL

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Cobalt 7440-48-4 323 1 322 0.31 pg/L 4.0 4.1 4.0 4.0 0 4.0 Maximum suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable cobalt was not processed.

95% KM
NON-RAD Copper 7440-50-8 337 18 319 5.3 tg/L 4.0 11 4.0 12 0.36 4.8 (obootstrap)

UCL

Warning: This data set only has four observations. Data set is too

NON-RAD Dibromochloromethane 124-48-1 4 0 4 0 tg/L 0.17 1.0 - - - - small to compute reliable and meaningful statistics and estimates.
The data set for variable dibromochloromethane was
not processed.

Warning: This data set only has one observations. Data set is too
NON-RAD Diethylphthalate 84-66-2 1 0 1 0 pg/L 0.90 0.90 small to compute reliable and meaningful statistics and estimates.

The data set for variable diethylphthalate was not processed.

Warning: This data set only has four observations. Data set is too
NON-RAD Ethyl methacrylate 97-63-2 4 0 4 0 pg/L 0.39 1.0 small to compute reliable and meaningful statistics and estimates.

The data set for variable ethyl methacrylate was not processed.
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r r

E Z

Analyte CAS EPC
Group Analyte No. c rr 4 Q ;o o Q > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethylbenzene 100-41-4 6 0 6 0 tg/L 0.061 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

NON-RAD Fluoride 16984-48-8 371 347 24 94 pg/L 46 360 52 510 0.42 179 (B ) UCL

95% KM
NON-RAD filtered)chomium 18540-29-9 303 55 248 18 pg/L 3.1 14 3.2 48 0.83 5.8 (% bootstrap) -

(Cr-ilteed)UCL

NON-RAD Iron 7439-89-6 336 225 111 67 pg/L 9.0 68 9.7 2,000 1.7 129 (B ) UCL

95% KM
NON-RAD Lead 7439-92-1 217 57 160 26 pg/L 0.10 0.20 0.078 1.8 1.1 0.16 (% bootstrap) -

UCL

95% KM
NON-RAD Manganese 7439-96-5 337 59 278 18 pg/L 0.96 6.9 2.7 191 1.4 7.3 (% bootstrap) -

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Methylene chloride 75-09-2 6 0 6 0 ptg/L 0.091 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Nickel 7440-02-0 336 153 183 46 tg/L 4.0 67 4.0 233 1.7 12 (% bootstrap) -

UCL

95% KM
NON-RAD Nitrate 14797-55-8 371 370 1 99.7 pg/L 33,900 33,900 1,140 118,000 0.75 26,216 (Chebyshev) -

UCL

95% KM
NON-RAD Nitrite 14797-65-0 365 64 301 18 pg/L 9.9 657 125 552 0.32 148 (% bootstrap) -

UCL
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r r

Analyte CAS EPC
Group Analyte No. Q rr o 4XP2 a Q> EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD n-Nitrosodi-n- 621-64-7 8 0 8 0 pg/l 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
dipropylamine detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Maximum Warning: This data set only has one observation. Data set is too
NON-RAD Selenium 7782-49-2 1 1 0 100 pg/L - - 4.5 4.5 0 4.5 detect small to compute reliable and meaningful statistics and estimates.

The data set for variable selenium was not processed.

95% KM Warning: There are only eight detected values in this data set.

NON-RAD Silver 7440-22-4 331 8 323 2.4 pg/L 4.0 7.0 4.0 11 0.36 6.0 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

NON-RAD Strontium 7440-24-6 336 335 1 99.7 pg/L 195 195 112 475 0.32 271 (BA)%UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tetrachloroethene 127-18-4 6 0 6 0 pg/L 0.14 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: This data set only has four observations. Data set is too
NON-RAD Thallium 7440-28-0 4 0 4 0 tg/L 0.10 0.10 small to compute reliable and meaningful statistics and estimates.

The data set for variable thallium was not processed.

Warning: Only one distinct data value was detected. ProUCL (or
Maximum any other software) should not be used on such a data set. It is

NON-RAD Toluene 108-88-3 6 1 5 17 pg/L 0.029 1.0 0.029 0.029 0 0.029 detect suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable toluene was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tributyl phosphate 126-73-8 12 0 12 0 pg/L 0.90 1.5 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte CAS EPC
Group Analyte No. n r ; XO z Q > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Trichloroethene 79-01-6 6 0 6 0 tg/L 0.11 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: This data set only has four observations. Data set is too

NON-RAD Trichloromonofluoro- 75-69-4 4 0 4 0 pg/L 0.10 1.0 - small to compute reliable and meaningful statistics and estimates.
methane-The data set for variable trichloromonofluoromethane was

not processed.

95%

NON-RAD Uranium 7440-61-1 30 30 0 100 tg/L 1.8 13 0.70 4.1 modified-t -
UCL

95%o KM
NON-RAD Vanadium 7440-62-2 333 320 13 96 g/L 8.1 26 6.7 42 0.23 25 (BCA) UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Xylenes (total) 1330-20-7 6 0 6 0 pg/L 1.0 1.6 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Zinc 7440-66-6 337 65 272 19 pg/L 4.0 19 4.0 399 2.8 9.0 (%o bootstrap) -

UCL

95% KM

RAD lodine-129 15046-84-1 138 120 18 87 pCi/L -9.56E-01 4.5 1.3 10.0 0.34 5.0 (percentile
bootstrap)

UCL

Warning: This data set only has three observations. Data set is

RAD Protactinium-231 14331-85-2 3 0 3 0 pCi/L -4.40E-02 0.29 too small to compute reliable and meaningful statistics and
estimates. The data set for variable protactinium-231 was
not processed.

Warning: This data set only has three observations. Data set is
RAD Selenium-79 15758-45-9 3 1 2 33 pC/l_ 2.0 3.1 33 33 0 33 Maximum too small to compute reliable and meaningful statistics and

detect estimates. The data set for variable selenium-79 was
not processed.
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Analyte CAS E*E EPC
Group Analyte No. n rr -O 2 A z Q> EPC Basis Comment

Warning: There are only four distinct detected values in this
95% KM data set.

RAD Strontium-90 10098-97-2 79 4 75 5.1 pCi/L -9.40E+00 1.3 1.1 5.8 0.63 4.5 (percentile Note: It should be noted that even though bootstrap may bebootstrap)
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

97.5% KM
RAD Technetium-99 14133-76-7 227 220 7 97 pCi/L -9.40E+00 7.8 9.3 8,000 1.8 1,291 (Chebyshev) -

UCL

RAD Tritium 10028-17-8 170 168 2 99 pCi/L 44 180 280 42,000 1.2 6,649 (BA) UCL

Warning: This data set only has three observations. Data set is
RAD Uranium-234 13966-29-5 3 3 0 100 pCi/L - - 1.1 2.7 0.47 2.7 Maximum too small to compute reliable and meaningful statistics and

detect estimates. The data set for variable uranium-234 was
not processed.

Warning: This data set only has three observations. Data set is

RAD Uranium-235 15117-96-1 3 0 3 0 pCi/L 0.027 0.094 too small to compute reliable and meaningful statistics and
estimates. The data set for variable uranium-235 was
not processed.

Warning: This data set only has three observations. Data set is
RAD Uranium-238 U-238 3 3 0 100 pCi/L- 0.72 2.0 0.57 2.0 Maximum too small to compute reliable and meaningful statistics and

detect estimates. The data set for variable uranium-238 was
not processed.

bias-corrected accelerated bootstrap method

background threshold value

Chemical Abstracts Service

exposure point concentration

goodness-of-fit

Kaplan-Meier

N/A

ND

ROS

UCL

UPL

not applicable

not detected

regression on order statistics

upper confidence limit

upper prediction limit

BCA

BTV

CAS

EPC

GOF

KM

1
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Analyte CAS EPC
Group Analyte No. ccr &O E-0 4 9'Z9 U > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD 1,1,1-Trichloroethane 71-55-6 12 0 12 0 ptg/L 0.099 0.099 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD 1,1-Dichloroethane 75-34-3 12 0 12 0 ptg/L 0.070 0.070 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD 1,1-Dichloroethene 75-35-4 12 0 12 0 pLg/L 0.085 0.085 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Acetone 67-64-1 12 0 12 0 p g/L 0.56 0.56 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: This data set only has four observations. Data set is

NON-RAD Antimony 7440-36-0 4 2 2 50 pLg/L 4.0 4.0 47 52 0.065 52 Maximum too small to compute reliable and meaningful statistics and
detect estimates. The data set for variable Antimony was

not processed.

95% KM Warning: There are only nine detected values in this data set.

NON-RAD Arsenic 7440-38-2 12 9 3 75 pg/l 0.40 1.9 0.79 3.4 0.47 2.3 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

95%

NON-RAD Barium 7440-39-3 31 31 0 100 pg/L -17 82 0.36 48 Student's-t
UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Beryllium 7440-41-7 29 0 29 0 pLg/L 0.50 4.0 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).
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Analyte CAS EPC
Group Analyte No. ccr &O E-0 4 9'Z9 U > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Bis(2-ethylhexyl) 117-81-7 10 0 10 0 ptg/L 1.0 1.0 UCLs, UPLs, and other statistics are also NDs lying below the
phthalate largest detection limit. The project team may decide to use

alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Bromodichloromethane 75-27-4 10 0 10 0 ptg/L 0.088 0.088 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Bromoform 75-25-2 10 0 10 0 pLg/L 0.27 0.27 -UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Bromomethane 74-83-9 10 0 10 0 p g/L 0.50 0.50 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Cadmium 7440-43-9 31 0 31 0 pLg/L 0.45 4.1 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Carbon disulfide 75-15-0 12 0 12 0 pLg/L 0.029 0.029 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Carbon tetrachloride 56-23-5 12 0 12 0 ptg/L 0.042 0.042 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).
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Group Analyte No. cc 4 9' U > 2 EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Chloroform 67-66-3 12 0 12 0 ptg/L 0.080 0.080 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95% KM

NON-RAD Chromium 7440-47-3 31 14 17 45 pLg/L 5.0 14 3.6 52 0.75 17 (bpoercentle

UCL

Warning: Data set has only two distinct detected values. This
95% KM (t) may not be adequate to compute meaningful and reliable test

NON-RAD Cobalt 7440-48-4 31 2 29 6.5 pLg/L 4.0 4.1 7.3 14 0.46 8.1 UCL statistics and estimates. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

NON-RAD Copper 7440-50-8 31 1 30 3.2 pLg/L 4.0 6.0 4.0 4.0 0 4.0 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable copper was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Dibromochloromethane 124-48-1 10 0 10 0 ptg/L 0.17 0.17 -UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Ethyl methacrylate 97-63-2 10 0 10 0 pLg/L 0.39 0.39 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Ethylbenzene 100-41-4 12 0 12 0 p g/L 0.061 0.061 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).
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Analyte CAS 4 EPC
Group Analyte No. r c 9'Z X U > EPC Basis Comment

95%
NON-RAD Fluoride 16984-48-8 31 31 0 100 pLg/L- 90 687 0.33 314 Modified-t

UCL

95% KM Warning: There are only seven detected values in this data set.

NON-RAD Hexavalent chromium 18540-29-9 23 7 16 30 p g/L 5.0 14 3.7 47 0.62 28 (percentile Note: It should be noted that even though bootstrap may be
(Cr-filtered) bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

99% KM
NON-RAD Iron 7439-89-6 31 25 6 81 pLg/L 19 25 37 37,100 2.1 16,816 (Chebyshev) -

UCL

Maximum Recommended UCL exceeds maximum concentration. EPC
NON-RAD Lead 7439-92-1 12 2 10 17 pg/L 0.10 0.49 0.20 35 1.4 35 detect defaulting to maximum concentration since 97.5% and 99%

Chebyshev (mean, Sd) UCLs were not calculated.

95%o KM
NON-RAD Manganese 7439-96-5 31 21 10 68 pg/L 4.0 6.0 1.1 833 1.4 201 (BCA) UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Methylene chloride 75-09-2 12 0 12 0 pg/L 0.091 0.091 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95% KM Warning: There are only three distinct detected values in this

NON-RAD Nickel 7440-02-0 31 3 28 9.7 pg/L 4.0 13 4.7 9.0 0.33 9.0 (percentile data set. The number of detected data may not be adequate to
bootstrap) perform GOF tests, bootstrap, and ROS methods. Those

UCL methods will return an "N/A" value on the output display.

95%

NON-RAD Nitrate 14797-55-8 31 31 0 100 pLg/L - - 145 15,900 0.42 9,777 Student's-t -
UCL

95% KM Warning: There are only eight detected values in this data set.

NON-RAD Nitrite 14797-65-0 31 8 23 26 p g/L 84 2,500 228 401 0.18 308 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

NON-RAD Silver 7440-22-4 31 1 30 3.2 pg/L 4.0 7.0 8.0 8.0 0 8.0 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable silver was not
processed.
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95%
NON-RAD Strontium 7440-24-6 31 31 0 100 pLg/L- 110 315 0.23 224 Student's-t

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Tetracliloroethene 127-18-4 12 0 12 0 pg/L 0.14 0.14 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Thallium 7440-28-0 10 0 10 0 pLg/L 0.10 0.10 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

NON-RAD Toluene 108-88-3 12 1 11 8.3 pLg/L 0.029 0.029 0.065 0.065 0 0.065 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable toluene was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Tributyl phosphate 126-73-8 10 0 10 0 pxg/L 1.5 1.5 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Trichloroethene 79-01-6 12 0 12 0 pLg/L 0.11 0.11 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Trichloromonofluoro- 75-69-4 10 0 10 0 pg/L 0.10 0.10 UCLs, UPLs, and other statistics are also NDs lying below the
methane largest detection limit. The project team may decide to use

alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).
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Analyte CAS EPC
Group Analyte No. cc 4 9' U > 2 EPC Basis Comment

95% KM
NON-RAD Uranium 7440-61-1 31 30 1 97 pLg/L 0.050 0.050 0.33 4.4 0.29 3.8 (Chebyshev) -

UCL

950o KM
NON-RAD Vanadium 7440-62-2 31 21 10 68 ptg/L 8.1 17 13 45 0.40 22 (BCA) UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Xylenes (total) 1330-20-7 12 0 12 0 p g/L 1.6 1.6 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

99% KM
NON-RAD Zinc 7440-66-6 31 13 18 42 ptg/L 5.0 19 5.5 10,200 2.9 3,813 (Chebyshev)

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

RAD lodine-129 15046-84-1 12 0 12 0 pCi/L -4.05E-01 0.87 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

RAD Protactinium-231 14331-85-2 10 1 9 10 pCi/L -2.10E-02 0.12 0.28 0.28 0 0.28 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable protactinium-231
was not processed.

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

RAD Selenium-79 15758-45-9 10 1 9 10 pCi/L -1.61E+00 5.2 6.0 6.0 0 6.0 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable selenium-79 was
not processed.

Warning: There are only four distinct detected values in this95% KM data set.

RAD Strontium-90 10098-97-2 31 4 27 13 pCi/L -1.10E+01 1.5 0.64 4.1 0.61 2.5 (percentile Note: It should be noted that even though bootstrap may bebootstrap)

UCL performed on this data set, the resulting calculations may not be
reliable enough to draw conclusions.
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Table E-13. Summary of Groundwater EPCs for the BC Cribs and Trenches Exposure Area

E E

Analyte CAS =S W .4 EPC
Group Analyte No. rg> 2 EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

RAD Technetium-99 14133-76-7 31 0 31 0 pCi/L -1.60E+01 5.2 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL
(or any other software) should not be used on such a data set.

RAD Tritium 10028-17-8 31 1 30 3.2 pCi/L -3.70E+02 290 190 190 0 190 Maximum It is suggested to use alternative site-specific values determined
detect by the project team to estimate environmental parameters

(e.g., EPC and BTV). The data set for variable tritium was not
processed.

Warning: There are only eight detected values in this data set.

RAD Uranium-234 13966-29-5 10 8 2 80 pCi/L 0.025 0.082 0.51 2.0 0.38 1.7 95% KM Note: It should be noted that even though bootstrap may be
(BCA) UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

RAD Uranium-235 15117-96-1 10 0 10 0 pCi/L -6.85E-03 0.11 -UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95% KM Warning: There are only eight detected values in this data set.

RAD)Uraum-238 U-238 10 8 2 80 pCi/L 0.019 0.053 0.40 1.4 0.38 0.96 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

bias-corrected accelerated bootstrap method

background threshold value

Chemical Abstracts Service

exposure point concentration

N/A

ND

ROS

UCL

GOF = goodness-of-fit

KM = Kaplan Meier

not applicable

not detected

regression on order statistics

upper confidence limit

UPL = upper prediction limit

1
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Table E-14. Summary of Groundwater EPCs for the 216-B-3 Pond Facility (Three Lobes) Exposure Area

E E

Analyte CAS .EE 'aEPC
Group Analyte No. c r 2 E X4 9z z EPC Basis Comment

Warning: This data set only has one observation. Data set is too
NON-RAD Antimony 7440-36-0 1 0 1 0 pLg/L 4.0 4.0 - - - small to compute reliable and meaningful statistics and

estimates. The data set for variable antimony was not processed.

95% KM
NON-RAD Arsenic 7440-38-2 46 42 4 91 ptg/L 2.4 6.7 0.98 10 0.42 7.8 (Chebyshev) -

UCL

NON-RAD Barium 7440-39-3 52 52 0 100 pg/L - - 17 89 0.44 36 95%modified-
UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Beryllium 7440-41-7 49 0 49 0 pLg/L 0.61 4.0 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Cadmium 7440-43-9 52 0 52 0 p g/L 0.91 4.1 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95% KM
NON-RAD Chromium 7440-47-3 52 20 32 38 ptg/L 4.0 14 5.0 47 0.85 10 (% bootstrap)

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Cobalt 7440-48-4 48 0 48 0 p g/L 4.0 4.1 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

Warning: Data set has only two distinct detected values. This
95% KM may not be adequate to compute meaningful and reliable test

NON-RAD Copper 7440-50-8 52 2 50 3.9 pLg/L 4.0 6.0 4.9 12 0.60 12 (% bootstrap) statistics and estimates. The project team may decide to use
UCL alternative site-specific values to estimate environmental

parameters (e.g., EPC and BTV).

95%

NON-RAD Fluoride 16984-48-8 64 64 0 100 pLg/L- 90 559 0.42 309 approximate
gamma UCL
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Table E-14. Summary of Groundwater EPCs for the 216-B-3 Pond Facility (Three Lobes) Exposure Area

E E

Analyte CAS'E E 'aEPC
Group Analyte No. rc c;E* E*X4 9z z EPC Basis Comment

Warning: There are only three distinct detected values in this

NON-RAD Hexavalent chromium 18540-29-9 44 3 41 6.8 pg/L 4.0 14 7.7 16 0.39 8.4 95% KM (t) data set. The number of detected data may not be adequate to
(Cr-filtered)D1UCL perform GOF tests, bootstrap, and ROS methods. Those

methods will return an "N/A" value on the output display.

95% KM
NON-RAD Iron 7439-89-6 52 46 6 88 pLg/L 18 43 18 36,000 5.3 3,901 (Chebyshev) -

UCL

NON-RAD Manganese 7439-96-5 52 12 40 23 pLg/L 3.3 6.0 4.3 930 2.0 65 95%KM (t) _
UCL

95% KM
NON-RAD Nickel 7440-02-0 52 22 30 42 p g/L 4.0 67 4.0 25 0.65 7.3 (% bootstrap) -

UCL

95%

NON-RAD Nitrate 14797-55-8 64 64 0 100 ptg/L 2,200 94,700 1.8 23,125 Chebyshev
(mean, Sd)

UCL

95% KM
NON-RAD Nitrite 14797-65-0 64 19 45 30 pLg/L 9.9 296 136 874 0.68 192 (% bootstrap)

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

NON-RAD Silver 7440-22-4 52 0 52 0 pxg/L 4.0 7.0 -UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95%

NON-RAD Strontium 7440-24-6 52 52 0 100 pLg/L 137 902 0.78 284 modified-t -
UCL

95%

NON-RAD Uranium 7440-61-1 10 10 0 100 pg/L - - 2.3 5.2 0.33 4.0 approximate -
gamma UCL

95% KM

NON-RAD Vanadium 7440-62-2 52 48 4 92 ptg/L 5.0 12 6.8 38 0.33 25 boorcentie

UCL

NON-RAD Zinc 7440-66-6 52 14 38 27 pLg/L 4.0 9.0 5.3 196 1.7 21 (BC) UCL
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Analyte CAS EPC
Group Analyte No. C r *2X* 4 a 9 > EPC Basis Comment

95% KM

RAD (odine-129 15046-84-1 48 38 10 79 pCi/L -6.81E-02 0.20 0.24 10.0 0.92 2.9 (percentile
bootstrap)

UCL

Warning: This data set only has one observations. Data set is too

RAD Strontium-90 10098-97-2 1 0 1 0 pCi/L 0.67 0.67 small to compute reliable and meaningful statistics and
estimates. The data set for variable strontium-90 was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean,

RAD Technetium-99 14133-76-7 9 0 9 0 pCi/L -9.40E+00 3.6 UCLs, UPLs, and other statistics are also NDs lying below the
largest detection limit. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

RAD Tritium 10028-17-8 55 51 4 93 pCi/L -1.OOE+02 160 670 46,000 0.95 15,005 (BC) UCL

bias-corrected accelerated bootstrap method

background threshold value

Chemical Abstracts Service

exposure point concentration

goodness-of-fit

Kaplan-Meier

N/A

ND

not applicable

not detected

ROS = regression on order statistics

UCL = upper confidence limit

UPL = upper prediction limit

BCA

BTV

CAS

EPC

GOF

KM

1
2

E-74



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table E-15. Summary of Groundwater Exposure Point Concentrations for the NRDWL/SWL Exposure Area

Analyte CAS EEPC
Group Analyte No. 9 r 9 X .A EPC Basis Comment

NON-RAD 1,1,-Trichoroethane 71-55-6 297 27 270 9.1 p g/L 0.099 1.0 0.25 1.5 0.57 0.62 95%UCL(t)

95% KM Warning: There are only nine detected values in this data set.

NON-RAD 1,1-Dichloroethane 75-34-3 292 9 283 3.1 pLg/L 0.046 1.0 0.090 0.18 0.25 0.16 (% bootstrap) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD 1,1-Dichloroethene 75-35-4 292 1 291 0.34 pg/L 0.045 1.0 0.19 0.19 0 0.19 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable 1,1-dichloroethene was not
processed.

1,2,3,4,7,8- Warning: This data set only has three observations. Data set is

NON-RAD Hexachlorodibenzo- 39227-28-6 3 0 3 0 pLg/L 1.30E-06 1.80E-06 too small to compute reliable and meaningful statistics and
. .nestimates. The data set for variable

p-dioxin 1,2,3,4,7,8 -hexachlorodibenzo-p-dioxin was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 2,6-Dinitrotoluene 606-20-2 5 0 5 0 pLg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Data set has only two distinct detected values. This
95% KM may not be adequate to compute meaningful and reliable test

NON-RAD Acetone 67-64-1 286 2 284 0.70 ptg/L 0.34 5.0 1.4 6.6 0.92 6.6 (BCA) UCL statistics and estimates. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95% KM
NON-RAD Antimony 7440-36-0 102 27 75 26 p g/L 0.10 4.0 0.10 62 2.8 4.9 (Chebyshev)

UCL

NON-RAD Arsenic 7440-38-2 200 195 5 98 pLg/L 2.9 3.3 1.1 5.6 0.26 2.5 (BC) UCL

95%

NON-RAD Barium 7440-39-3 251 251 0 100 pg/L -35 160 0.32 94 approximate
gamma UCL

Warning: This data set only has four observations. Data set is too
NON-RAD Benzyl alcohol 100-51-6 4 0 4 0 pLg/L 0.90 1.0 - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable Benzyl alcohol was not processed.
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Analyte CAS EEPC
Group Analyte No. 9 r 9 X .A EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Beryllium 7440-41-7 237 0 237 0 ptg/L 0.50 4.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM Warning: There are only three distinct detected values in this data

NON-RAD Bis(2-ethylhexyl) 117-81-7 7 3 4 43 pg/L 0.90 1.0 1.9 14 1.0 14 (percentile set. The number of detected data may not be adequate to perform
phthalate bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromodichloromethane 75-27-4 6 0 6 0 pLg/L 0.088 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromoform 75-25-2 6 0 6 0 ptg/L 0.15 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromomethane 74-83-9 6 0 6 0 pLg/L 0.096 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Butylbenzylphthalate 85-68-7 5 0 5 0 pLg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Cadmium 7440-43-9 251 0 251 0 p g/L 0.45 4.1 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte CAS EEPC
Group Analyte No. 9 r 9 X .A EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon disulfide 75-15-0 292 0 292 0 ptg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM Warning: There are only three distinct detected values in this data

NON-RAD Carbon tetrachloride 56-23-5 292 4 288 1.4 pg/L 0.042 5.0 0.098 2.1 0.78 1.0 (percentile set. The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

NON-RAD Chloroform 67-66-3 293 14 279 4.8 pg/L 0.080 1.0 0.10 1.0 1.0 0.17 95%KM (t) _

UCL

95% KM (%
NON-RAD Chromium 7440-47-3 242 106 136 44 pLg/L 4.0 15 3.6 147 1.3 11 Bootstrap) -

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Cobalt 7440-48-4 231 0 231 0 p g/L 4.0 4.1 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM Warning: There are only three distinct detected values in this data

NON-RAD Copper 7440-50-8 250 4 246 1.6 pLg/L 4.0 6.0 4.0 9.0 0.43 9.0 (percentile set The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Dibromochloromethane 124-48-1 6 0 6 0 tg/L 0.17 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Diethylphthalate 84-66-2 5 0 5 0 pg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte CAS EEPC
Group Analyte No. 9 r;9 XAA EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethyl methacrylate 97-63-2 6 0 6 0 ptg/L 0.39 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Ethylbenzene 100-41-4 292 1 291 0.34 pg/l 0.061 1.0 2.1 2.1 0 2.1 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable ethylbenzene was
not processed.

NON-RAD Fluoride 16984-48-8 296 289 7 98 pLg/L 46 72 66 360 0.28 223 (BC) UCL

NON-RAD fHexavaent chromium 18540-29-9 231 52 179 23 pLg/L 4.0 14 3.2 35 0.65 6.1 95% KM (t)
(Cr-filtered) UCL

95% KM
NON-RAD Iron 7439-89-6 236 158 78 67 p g/L 9.0 120 19 3,320 2.2 225 (Chebyshev)

UCL

Maximum Warning: This data set only has two observations. Data set is too
NON-RAD Lead 7439-92-1 2 1 1 50 pg/L 0.10 0.10 0.15 0.15 0 0.15 detect small to compute reliable and meaningful statistics and estimates.

The data set for variable lead was not processed.

95% KM (%

NON-RAD Manganese 7439-96-5 251 11 240 4.4 pLg/L 0.96 6.0 4.1 76 1.7 5.3 Bootstrap)
UCL

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD) Methylene chloride 75-09-2 291 1 290 0.34 pg/L 0.091 .9 1.5 1.5 0 1.5 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC,

and BTV). The data set for variable Methylene chloride was
not processed.

95% KM
NON-RAD Nickel 7440-02-0 251 92 159 37 pg/L 4.0 67 4.0 86 0.82 7.8 (% bootstrap) -

UCL

95%

NON-RAD Nitrate 14797-55-8 296 296 0 100 pg/L - - 3,150 27,000 0.19 16,979 Student's-t -
UCL
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Analyte CAS EEPC
Group Analyte No. 9 r 9 X .A EPC Basis Comment

95% KM

NON-RAD Nitrite 14797-65-0 295 73 222 25 pLg/l_ 9.9 131 88 1,100 0.41 278 (percentile
bootstrap)

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD n-Nitrosodi-n- 621-64-7 21 0 21 0 pg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
dipropylamine detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: There are only four distinct detected values in this
data set.

NON-RAD Silver 7440-22-4 250 4 246 1.6 p g/L 4.0 13 5.4 7.0 0.12 5.4 95CKML(t) Note: It should be noted that even though bootstrap may beUCL
performed on this data set, the resulting calculations may not be
reliable enough to draw conclusions

95%

NON-RAD Strontium 7440-24-6 244 244 0 100 pg/L - - 192 788 0.27 411 approximate -
gamma UCL

95% KM
NON-RAD Tetrachloroethene 127-18-4 296 58 238 20 pLg/L 0.14 1.0 0.28 4.5 0.63 0.90 (% bootstrap) -

UCL

Warning: This data set only has two observations. Data set is too
NON-RAD Thallium 7440-28-0 2 0 2 0 pLg/L 0.050 0.050 - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable thallium was not processed.

Warning: Only one distinct data value was detected. ProUCL (or
Maximum any other software) should not be used on such a data set. It is

NON-RAD Toluene 108-88-3 293 1 292 0.34 pLg/L 0.029 1.0 1.4 1.4 0 1.4 detect suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable toluene was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tributyl phosphate 126-73-8 6 0 6 0 ptg/L 0.90 1.5 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Trichloroethene 79-01-6 292 22 270 7.5 p g/L 0.11 1.0 0.25 0.57 0.24 0.39 (percentilebootstrap)

UCL
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Table E-15. Summary of Groundwater Exposure Point Concentrations for the NRDWL/SWL Exposure Area

Analyte CAS EEPC
Group Analyte No. 9 r 9 X .A EPC Basis Comment

Warning: There are only four distinct detected values in this
data set.Tricloromonofluoro- 95% KM (t)daaet

NON-RAD methane75-69-4 6 4 2 67 pLg/L 0.10 1.0 0.29 0.58 0.27 0.56 UCL Note: It should be noted that even though bootstrap may be

performed on this data set, the resulting calculations may not be
reliable enough to draw conclusions.

Maximum Warning: This data set only has two observations. Data set is too
NON-RAD Uranium 7440-61-1 2 2 0 100 pxg/L - - 3.4 8.0 0.57 8.0 detect small to compute reliable and meaningful statistics and estimates.

The data set for variable uranium was not processed.

95% KM

NON-RAD Vanadium 7440-62-2 240 141 99 59 pLg/L 5.0 17 5.3 23 0.32 11 (percentile
NON-AD anaium 44062- 240 141 99 9 jxIL .0 7 5. 230.3 11 bootstrap)

UCL

Warning: Data set has only two distinct detected values. This
95% KM may not be adequate to compute meaningful and reliable test

NON-RAD Xylenes (total) 1330-20-7 293 2 291 0.68 pxg/L 0.20 1.6 1.4 4.1 0.69 4.1 (% bootstrap) statistics and estimates. The project team may decide to use
UCL alternative site-specific values to estimate environmental

parameters (e.g., EPC and BTV).

95% KM
NON-RAD Zinc 7440-66-6 249 74 175 30 pLg/L 4.0 9.0 4.0 203 1.7 8.9 (% bootstrap) -

UCL

95% KM Warning: There are only seven detected values in this data set.

RAD lodine-129 15046-84-1 13 7 6 54 pCi/L -1.61E+00 1.5 0.54 1.7 0.30 1.4 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: This data set only has two observations. Data set is too
RAD Protactinium-231 14331-85-2 2 0 2 0 pCi/L -2.60E-02 0 small to compute reliable and meaningful statistics and estimates.

The data set for variable protactinium-231 was not processed.

Warning: This data set only has two observations. Data set is too
RAD Selenium-79 15758-45-9 2 0 2 0 pCi/L -6.82E+00 -2.03E+00 small to compute reliable and meaningful statistics and estimates.

The data set for variable selenium-79 was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

RAD Strontium-90 10098-97-2 8 0 8 0 pCi/L -6.80E+00 0.34 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Maxi mum Warning: This data set only has four observations. Data set is too
RAD Technetium-99 14133-76-7 4 4 0 100 pCi/L 17 24 0.16 24 detect small to compute reliable and meaningful statistics and estimates.

The data set for variable technetium-99 was not processed.
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Table E-15. Summary of Groundwater Exposure Point Concentrations for the NRDWL/SWL Exposure Area

E E

E~-. E 2- E
Analyte CAS 5 *5EPC
Group Analyte No. c r * E*24 ge g 9 C EPC Basis Comment

95% KM

RAD Tritium 10028-17-8 13 11 2 85 pCi/L 30 120 6,800 31,000 0.36 23,462 (percentile
bootstrap)

UCL

.xu Warning: This data set only has two observations. Data set is too
RAD Uranium-234 13966-29-5 2 2 0 100 pCi/L 1.6 3.9 0.60 3.9 Maximum small to compute reliable and meaningful statistics and estimates.

The data set for variable uranium-234 was not processed.

Warning: This data set only has two observations. Data set is too
RAD Uranium-235 15117-96-1 2 0 2 0 pCi/L -3.1OE-03 0.023 - - - - small to compute reliable and meaningful statistics and estimates.

The data set for variable uranium-235 was not processed.

Warning: This data set only has two observations. Data set is too
RAD Uranium-238 U-238 2 2 0 100 pCi/L - 0.68 2.9 0.88 2.9 Maximum small to compute reliable and meaningful statistics and estimates.detect The data set for variable uranium-238 was not processed.

bias-corrected accelerated bootstrap method

background threshold value

Chemical Abstracts Service

exposure point concentration

GOF = goodness-of-fit

KM = Kaplan-Meier

N/A = not applicable

ND = not detected

ROS = regression on order statistics

UCL = upper confidence limit

UPL = upper prediction limit

1
2
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Table E-16. Summary of Groundwater EPCs for the 200-PO-1 Far-Field Exposure Area

Analyte CAS E. E E EEPC
Group Analyte No. cr U > 2 EPC Basis Comment

Warning: There are only three distinct detected values in this data

NON-RAD 1,1,1-Trichoroethane 71-55-6 175 3 172 1.7 ptg/L 0.067 1.0 0.15 0.21 0.19 0.15 95% KM (t) set. The number of detected data may not be adequate to perform
UCL GOF tests, bootstrap, and ROS methods. Those methods will

return an "N/A" value on the output display.

Warning: Data set has only two distinct detected values. This
95% KM may not be adequate to compute meaningful and reliable test

NON-RAD 1,1-Dichloroethane 75-34-3 175 3 172 1.7 pLg/L 0.068 1.0 0.19 0.25 0.16 0.25 (% bootstrap) statistics and estimates. The project team may decide to use
UCL alternative site-specific values to estimate environmental

parameters (e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD ,1-Dichloroethene 75-35-4 175 2 173 1.1 pLg/L 0.051 1.0 0.14 0.14 0 0.14 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable 1,1-dichloroethene was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 2,6-Dinitrotoluene 606-20-2 33 0 33 0 pLg/L 2.2 2.2 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: There are only four distinct detected values in this95% KM data set.

NON-RAD Acetone 67-64-1 169 5 164 3.0 ptg/L 0.34 5.0 0.76 2.2 0.39 1.2 (percentile Note: It should b noted that even though bootstrap may bebootstrap) Nt:I hudb oe htee huhbosrpmyb

UCL performed on this data set, the resulting calculations may not be
reliable enough to draw conclusions.

NON-RAD Aluminum 7429-90-5 82 20 62 24 pLg/L 5.0 10 9.7 539 1.4 47 95%UCL(t)

95% KM Warning: There are only eight detected values in this data set.

NON-RAD Antimony 7440-36-0 97 8 89 8.3 pLg/L 0.30 4.0 34 101 0.39 47 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

95%o KM
NON-RAD Arsenic 7440-38-2 93 88 5 95 pLg/L 0.40 7.2 1.7 15 0.49 6.2 (BCA) UCL

95%

NON-RAD Barium 7440-39-3 266 266 0 100 pg/L - - 12 259 0.47 53 modified-t -
UCL
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Table E-16. Summary of Groundwater EPCs for the 200-PO-1 Far-Field Exposure Area

E z

Analyte CAS EPC
Group Analyte No.r=W9W M EPC Basis Comment

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Benzyl alcohol 100-51-6 33 1 32 3.0 pg/L 1.0 1.0 1.1 1.1 0 1.1 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable benzyl alcohol was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Beryllium 7440-41-7 261 0 261 0 pLg/L 0.050 4.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: There are only six detected values in this data set.

NON-RAD Bis(2-ethylhexyl) 117-81-7 75 6 69 8.0 pg/L 0.70 1.0 1.0 12 1.2 1.5 95% KM (t) Note: It should be noted that even though bootstrap may be
phthalate UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

NON-RAD Boron 7440-42-8 81 22 59 27 pLg/L 19 41 19 107 0.62 30 95%UL(t) _

95% KM

NON-RAD Bromodichloromethane 75-27-4 99 10 89 10 pLg/L 0.082 1.0 0.17 2.1 0.68 0.58 (percentilebootstrap)
UCL

95% KM Warning: There are only six detected values in this data set.

NON-RAD Bromoform 75-25-2 99 6 93 6.1 pg/L 0.094 1.0 1.6 2.9 0.20 2.3 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: There are only three distinct detected values in this
NON-RAD Bromomthane 74-83-9 99 4 95 4.0 pg/L 0.084 2.0 0.33 4.5 1.5 4.5 Maximum data set. The number of detected data may not be adequate to

detect perform GOF tests, bootstrap, and ROS methods. Those methods

will return an "N/A" value on the output display.

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Butylbenzylphthalate 85-68-7 33 1 32 3.0 pg/L 1.0 1.0 1.3 1.3 0 1.3 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable Butylbenzylphthalate was
not processed.
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Analyte CASE EPC
Group Analyte No. r cc 4 2 X U > EPC Basis Comment

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Cadmium 7440-43-9 266 1 265 0.38 ptg/L 0.10 4.1 4.5 4.5 0 4.5 Maximum suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable cadmium was not processed.

95% KM Warning: There are only three distinct detected values in this data

NON-RAI) Carbon disulfide 75-15-0 175 3 172 1.7 p g/L.029 1.0 0.053 0.12 0.46 0.12 (percentile set. The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

95% KM Warning: There are only five detected values in this data set.

NON-RAD Carbon tetrachloride 56-23-5 175 5 170 2.9 pLg/L 0.042 5.0 0.13 7.4 0.96 4.0 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

NON-RAD Chloroform 67-66-3 175 23 152 13 ptg/L 0.067 1.0 0.086 7.1 2.0 0.33 95% KM 
(BCA) UCL

95% KM
NON-RAD Chromium 7440-47-3 266 116 150 44 ptg/L 1.0 14 1.1 70 1.0 5.3 (bootstrap) -

UCL

NON-RAD Cobalt 7440-48-4 252 16 236 6.4 pLg/L 0.050 4.1 0.12 4.2 1.6 0.23 95%UL(t) _

NON-RAD Copper 7440-50-8 260 38 222 15 pLg/L 0.10 6.0 0.27 27 1.4 1.3 95%UL(t) _

95% KM Warning: There are only seven detected values in this data set.

NON-RAD Dibromochloromethane 124-48-1 99 7 92 7.1 pLg/L 0.057 1.0 1.6 3.3 0.25 2.2 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Diethylphthalate 84-66-2 33 1 32 3.0 pg/L 1.0 1.0 1.7 1.7 0 1.7 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable diethylphthalate was
not processed.

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Ethyl methacrylate 97-63-2 99 1 98 1.0 pg/L 0.11 1.0 0.82 0.82 0 0.82 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable ethyl methacrylate was
not processed.
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Analyte CAS E*E EPC
Group Analyte No. r 4 U > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethylbenzene 100-41-4 174 0 174 0 ptg/L 0.061 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

NON-RAD Fluoride 16984-48-8 339 328 11 97 p g/L 50 302 39 1,200 0.65 278 (B ) UCL

95% KM
NON-RAD Crfiltere )chromium 18540-29-9 245 89 156 36 pLg/L 1.0 14 1.1 72 1.3 4.6 (% bootstrap) -

(Cr-ilteed)UCL

95% KM
NON-RAD Iron 7439-89-6 260 192 68 74 ptg/L 9.0 179 12 7,890 2.4 381 (Chebyshev) -

UCL

NON-RAD Lead 7439-92-1 93 36 57 39 pLg/L 0.10 1.4 0.10 13 1.8 0.98 (B ) UCL

NON-RAD Lithium 7439-93-2 81 60 21 74 pLg/L 4.0 4.0 4.0 31 0.59 10 (BA) UCL

NON-RAD Manganese 7439-96-5 266 101 165 38 pLg/L 0.96 18 1.8 462 2.1 19 (BA) UCL

Warning: Data set has only two distinct detected values. This
maximum may not be adequate to compute meaningful and reliable test

NON-RAD Methylene chloride 75-09-2 172 2 170 1.2 pLg/L 0.091 1.0 0.39 1.9 0.93 1.9 detect statistics and estimates. The project team may decide to use
alternative site-specific values to estimate environmental
parameters (e.g., EPC and BTV).

95%

NON-RAD Molybdenum 7439-98-7 82 82 0 100 pLg/L - - 0.63 11 0.53 6.9 Chebyshev
(mean, Sd)

UCL

NON-RAD Nickel 7440-02-0 265 28 237 11 p g/L 4.0 67 4.0 196 1.6 8.3 (B ) UCL

95% KM
NON-RAD Nitrate 14797-55-8 336 325 11 97 pLg/L 38 491 201 136,000 0.72 33,541 (Chebyshev) -

UCL

95% KM
NON-RAD Nitrite 14797-65-0 336 72 264 21 pLg/L 9.9 2,500 32 2,200 0.92 166 (% bootstrap) -

UCL
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Analyte CASE EPC
Group Analyte No. cr U > 2 EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD n-Nitrosodi-n- 621-64-7 54 0 54 0 pg/L 0.50 1.0 UPLs, and other statistics are also NDs lying below the largest
dipropylamine detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM

NON-RAD Selenium 7782-49-2 83 62 21 75 pLg/L 0.48 6.0 0.63 6.8 0.56 2.1 (percentile
bootstrap)

UCL

95% KM Warning: There are only three distinct detected values in this data

NON-RAD Silver 7440-22-4 253 3 250 1.2 pg/L 0.10 9.4 5.2 18 0.69 18 (percentile set. The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

95%

NON-RAD Strontium 7440-24-6 265 265 0 100 p g/L 22 615 0.34 270 modified-t -
UCL

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Tetrachloroethene 127-18-4 174 1 173 0.57 pg/L 0.065 1.0 4.0 4.0 0 4.0 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable tetrachloroethene was
not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Thallium 7440-28-0 93 0 93 0 pLg/L 0.050 0.10 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: There are only five detected values in this data set.

NON-RAD Tin 7440-31-5 82 5 77 6.1 pg/l 0.050 0.10 0.12 4.5 1.9 0.41 95% KM Note: It should be noted that even though bootstrap may be
(BCA) UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Toluene 108-88-3 174 0 174 0 pLg/L 0.029 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte CAS E. E E EEPC
Group Analyte No. r cc 49 X> EPC Basis Comment

Warning: There are only four distinct detected values in this
95% KM data set.

NON-RAD Tributyl phosphate 126-73-8 74 4 70 5.4 pLg/L 0.48 1.5 1.8 6.7 0.54 5.6 (percentile Note: It should be noted that even though bootstrap may bebotstrap)
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

95% KM Warning: There are only six detected values in this data set.
NON-RAD Trichloroethene 0.091 1.0 1.1 3.5 0.47 1.8 (percentile Note: It should be noted that even though bootstrap may be79-01-6 173 6 167 3.5 gl 0.091bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Trichloromonofluoro- 75-69-4 99 0 99 0 pg/l 0.041 1.0 UPLs, and other statistics are also NDs lying below the largest
methane detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Uranium 7440-61-1 176 173 3 98 ptg/L 0.050 0.10 0.080 151 1.8 22 (Chebyshev) -

UCL

NON-RAD Vanadium 7440-62-2 264 142 122 54 pLg/L 4.1 26 5.4 39 0.38 13 95%UL(t) _

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Xylenes (total) 1330-20-7 174 0 174 0 p g/L 0.11 1.6 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Zinc 7440-66-6 264 95 169 36 pLg/L 4.0 15 4.0 8,460 4.2 284 (Chebyshev)

UCL

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

RAD Americium-241 14596-10-2 52 1 51 1.9 pCi/L -1.60E-01 2.1 0.11 0.11 0 0.11 Maximum suggested to use alternative site-specific values determined by
detect the project team to estimate environmental parameters (e.g., EPC

and BTV). The data set for variable americium-241 was
not processed.

95% KM

RAD Carbon-14 14762-75-5 52 16 36 31 pCi/L -3.15E+00 7.8 8.2 16 0.20 9.9 (percentile
bootstrap)

UCL
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E z

Analyte CAS E EPC
Group Analyte No.r g =W9 W> EPC Basis Comment

RAD lodine-129 15046-84-1 165 60 105 36 pCi/L -1.38E+00 5.6 0.17 6.7 0.80 1.3 95%UCL(t)

95% KM Warning: There are only three distinct detected values in this data

RAD Protactinium-231 14331-85-2 11 3 8 27 pCi/L 0.015 0.20 0.15 0.31 0.39 0.31 (percentile set. The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

RAD Selenium-79 15758-45-9 10 0 10 0 pCi/L -4.21E+00 3.4 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Data set has only two distinct detected values. This
97.5% KM may not be adequate to compute meaningful and reliable test

RAD Strontium-90 10098-97-2 137 2 135 1.5 pCi/L -1.20E+01 1.6 2.0 4.7 0.57 2.2 (Chebyshev) statistics and estimates. The project team may decide to use
UCL alternative site-specific values to estimate environmental

parameters (e.g., EPC and BTV).

97.5% KM
RAD Technetium-99 14133-76-7 163 112 51 69 pCi/L -1.30E+01 7.2 6.7 225 0.86 80 (Chebyshev) -

UCL

1.1OE+0 97.5% KM
RAD Tritium 10028-17-8 355 306 49 86 pCi/L -1.60E+02 240 590 6 2.0 179,470 (Chebyshev) -

UCL

95% Warning: There are only eight values in this data set.

RAD Uranium-233/234 U-233/234 8 8 0 100 pCi/L - - 2.4 48 1.6 34 Chebyshev Note: It should be noted that even though bootstrap methods may
(mean, Sd) be performed on this data set, the resulting calculations may not

UCL be reliable enough to draw conclusions.

RAD Uranium-234 13966-29-5 19 16 3 84 pCi/L 0.059 0.14 0.55 5.7 0.58 2.9 95%UL(t) _

99% KM
RAD Uranium-235 15117-96-1 27 11 16 41 pCi/L -1.83E-02 0.15 0.12 2.4 1.6 1.1 (Chebyshev) -

UCL

99% KM
RAD Uranium-238 U-238 27 25 2 93 pCi/L -6.07E-03 0.11 0.21 46 2.0 20 (Chebyshev) -

UCL
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E E

Analyte CAS Z 12! .!2E EPC
Group Analyte No. rf; g _ X EPC Basis Comment

BCA = bias-corrected accelerated bootstrap method

BTV = background threshold value

CAS = Chemical Abstracts Service

EPC = exposure point concentration

GOF = goodness-of-fit

KM = Kaplan-Meier

N/A

ND

ROS

UCL

UPL

not applicable

not detected

regression on order statistics

upper confidence limit

upper prediction limit

1
2
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Analyte EEPC
Group Analyte CAS No. r 4 4oXz 9 > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1,1-Trichloroethane 71-55-6 47 0 47 0 pg/L 0.067 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethane 75-34-3 47 0 47 0 pg/L 0.068 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 1,1-Dichloroethene 75-35-4 47 0 47 0 pg/L 0.051 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD 2,6-Dinitrotoluene 606-20-2 6 0 6 0 pg/L 0.90 2.2 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
Maximum any other software) should not be used on such a data set. It is

NON-RAD Acetone 67-64-1 46 1 45 2.2 pxg/L 0.34 5.0 2.5 2.5 0 2.5 detect suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable acetone was not processed.

Warning: There are only four distinct detected values in this
data set.

NON-RAD Aluminum 7429-90-5 8 4 4 50 pg/L 20 20 15 113 1.1 54 95CKML(t) Note: It should be noted that even though bootstrap may beUCL
performed on this data set, the resulting calculations may not be
reliable enough to draw conclusions.

Warning: Only one distinct data value was detected. ProUCL (or
Maximum any other software) should not be used on such a data set. It is

NON-RAD Antimony 7440-36-0 9 1 8 11 pg/L 0.60 0.60 5.8 5.8 0 5.8 detect suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable antimony was not processed.
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Analyte EEPC
Group Analyte CAS No. ur 2O 4X4o z 9 > EPC Basis Comment

95%
NON-RAD Arsenic 7440-38-2 14 14 0 100 pg/L - - 1.6 6.8 0.46 4.3 Student's-t -

UCL

95% KM
NON-RAD Barium 7440-39-3 49 48 1 98 pxg/L 4.0 4.0 11 194 0.55 63 (Chebyshev) -

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Benzyl alcohol 100-51-6 6 0 6 0 pg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Beryllium 7440-41-7 48 0 48 0 pxg/L 0.10 4.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bis(2-ethylhexyl) 117-81-7 12 0 12 0 pxg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
phthalate detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: There are only six detected values in this data set.

NON-RAD Boron 7440-42-8 8 6 2 75 pg/L 19 41 7.2 25 0.36 21 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromodichloromethane 75-27-4 14 0 14 0 pg/L 0.088 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromoform 75-25-2 14 0 14 0 pg/L 0.17 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte EEPC
Group Analyte CAS No. r 4 4oXz 9 > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Bromomethane 74-83-9 14 0 14 0 pg/L 0.13 2.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Butylbenzylphthalate 85-68-7 6 0 6 0 pg/L 0.90 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Cadmium 7440-43-9 9 1 8 11 pxg/L 0.10 4.0 0.12 0.12 0 0.12 Maximum suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable cadmium was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon disulfide 75-15-0 47 0 47 0 pxg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Carbon tetrachloride 56-23-5 47 0 47 0 pxg/L 0.042 1.3 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Chloroform 67-66-3 47 0 47 0 pg/L 0.080 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM

NON-RAD Chromium 7440-47-3 49 11 38 22 pg/L 0.20 14 2.2 16 0.63 5.1 (percentile
bootstrap)

UCL
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Table E-17. Summary of Groundwater EPCs for the 200-PO-1 Near-River Exposure Area

Analyte EEPC
Group Analyte CAS No. r 4 4oXz 9 > EPC Basis Comment

Warning: Only one distinct data value was detected. ProUCL (or

Maximum any other software) should not be used on such a data set. It is
NON-RAD Cobalt 7440-48-4 41 1 40 2.4 pg/L 0.10 4.0 0.31 0.31 0 0.31 detect suggested to use alternative site-specific values determined by

the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable cobalt was not processed.

95% KM Warning: There are only six detected values in this data set.

NON-RAD Copper 7440-50-8 48 6 42 13 pg/L 0.20 6.0 0.21 17 1.3 2.5 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Dibromochloromethane 124-48-1 14 0 14 0 pg/L 0.13 1.0 -UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Diethylphthalate 84-66-2 6 0 6 0 pg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethyl methacrylate 97-63-2 14 0 14 0 ptg/L 0.11 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Ethylbenzene 100-41-4 47 0 47 0 pxg/L 0.061 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM

NON-RAD Fluoride 16984-48-8 59 52 7 88 pg/L 50 320 47 430 0.34 252 (percentile
bootstrap)

UCL

95% KM

NON-RAD Hexavalent chromium 18540-29-9 36 10 26 28 pxg/L 1.0 14 0.40 15 0.79 5.0 (percentile
(Cr-filtered) bootstrap)

UCL
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Analyte EEPC
Group Analyte CAS No. ur 2O 4X4o z 9 > EPC Basis Comment

95% KM
NON-RAD Iron 7439-89-6 48 41 7 85 pg/L 18 40 24 20,700 4.2 2,530 (Chebyshev)

UCL

Warning: There are only seven detected values in this data set.

NON-RAD Lead 7439-92-1 14 7 7 50 ptg/L0.10 0.20 0.10 2.1 1.3 0.68 95% KM Note: It should be noted that even though bootstrap may be
(BCA) UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Maximum Warning: This data set only has three observations. Data set is
NON-RAD Lithium 7439-93-2 3 3 0 100 tg/L 12 21 0.29 21 detect too small to compute reliable and meaningful statistics and

estimates. The data set for variable lithium was not processed.

95% KM
NON-RAD Manganese 7439-96-5 49 23 26 47 pxg/L 4.0 6.0 1.3 813 2.4 69 (BCA) UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Methylene chloride 75-09-2 47 0 47 0 pg/L 0.091 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Recommended UCL exceeds maximum concentration. EPC

NON-RAD Molybdenum 7439-98-7 8 8 0 100 pg/L- 2.4 12 0.55 12 Maximum defaulting to maximum concentration since 97.5% and 99%
detect Chebyshev (mean, Sd) UCLs also exceed maximum

concentration.

Warning: There are only five detected values in this data set.

NON-RAD Nickel 7440-02-0 47 5 42 11 pg/L 0.20 10 0.23 7.7 1.6 0.99 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

95% KM
NON-RAD Nitrate 14797-55-8 59 57 2 97 pg/L 274 274 227 36,100 0.63 25,288 (Chebyshev) -

UCL

95% KM
NON-RAD Nitrite 14797-65-0 58 12 46 21 pg/L 9.9 131 131 460 0.48 176 (% bootstrap) -

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD n-Nitrosodi-n- 621-64-7 6 0 6 0 pg/L 0.90 1.0 UPLs, and other statistics are also NDs lying below the largest
dipropylamine detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte EPC
Group Analyte CAS No. cr 4Xpro a a oz 0> EPC Basis Comment

Warning: Only one distinct data value was detected. ProUCL (or

Maximum any other software) should not be used on such a data set. It is
NON-RAD Selenium 7782-49-2 8 1 7 13 ptg/L 0.60 2.0 2.2 2.2 0 2.2 detect suggested to use alternative site-specific values determined by

the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable selenium was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Silver 7440-22-4 9 0 9 0 pg/L 0.10 5.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM
NON-RAD Strontium 7440-24-6 48 47 1 98 pxg/L 4.0 4.0 56 734 0.60 384 (Chebyshev) -

UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tetrachloroethene 127-18-4 47 0 47 0 ptg/L 0.088 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: Only one distinct data value was detected. ProUCL (or
Maximum any other software) should not be used on such a data set. It is

NON-RAD Thallium 7440-28-0 14 1 13 7.1 pg/L 0.050 0.10 0.37 0.37 0 0.37 detect suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable thallium was not processed.

Warning: Only one distinct data value was detected. ProUCL (or
any other software) should not be used on such a data set. It is

NON-RAD Tin 7440-31-5 8 1 7 13 pxg/L 0.10 0.10 0.12 0.12 0 0.12 Maximum suggested to use alternative site-specific values determined by
the project team to estimate environmental parameters (e.g., EPC
and BTV). The data set for variable tin was not processed.

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Toluene 108-88-3 47 0 47 0 pg/L 0.029 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).
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Analyte EEPC
Group Analyte CAS No. r 4 4oXz 9 > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Tributyl phosphate 126-73-8 12 0 12 0 pg/L 0.90 1.5 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Trichloroethene 79-01-6 47 0 47 0 pg/L 0.11 1.0 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Trichloromonofluoro- 75-69-4 14 0 14 0 pg/L 0.10 1.0 UPLs, and other statistics are also NDs lying below the largest
methane detection limit. The project team may decide to use alternative

site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

97.5% Recommended UCL exceeds maximum concentration. EPC set
NON-RAD Uranium 7440-61-1 15 15 0 100 pg/L - - 0.10 6.9 0.96 6.9 Chebyshev edxede

to 97.5% Chebyshev (mean, Sd).(mean, Sd)

95% KM

NON-RAD Vanadium 7440-62-2 49 29 20 59 pxg/L 4.1 17 0.63 27 0.32 14 (percentilebootstrap)
UCL

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

NON-RAD Xylenes (total) 1330-20-7 47 0 47 0 pxg/L 0.11 1.6 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

NON-RAD Zinc 7440-66-6 49 10 39 20 pg/L 4.0 9.0 4.2 145 1.7 17 95B KM
NON-RAD(BCA) UCL

95% KM

RAD lodine-129 15046-84-1 40 15 25 38 pCi/L -8.94E-01 0.62 0.17 0.56 0.33 0.32 (percentile
bootstrap)

UCL
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Analyte EEPC
Group Analyte CAS No. ur 2O 4X4o z 9 > EPC Basis Comment

Warning: All observations are NDs; therefore, all statistics and
estimates should also be NDs. Specifically, sample mean, UCLs,

RAD Protactinium-231 14331-85-2 9 0 9 0 pCi/L -5.80E+01 51 UPLs, and other statistics are also NDs lying below the largest
detection limit. The project team may decide to use alternative
site-specific values to estimate environmental parameters
(e.g., EPC and BTV).

95% KM Warning: There are only three distinct detected values in this data

RAD Selenium-79 15758-45-9 9 3 6 33 pCi/L -7.99E+00 -1.58E+00 31 39 0.12 39 (percentile set, The number of detected data may not be adequate to perform
bootstrap) GOF tests, bootstrap, and ROS methods. Those methods will

UCL return an "N/A" value on the output display.

95% KM Warning: There are only six detected values in this data set.

RAD Strontium-90 10098-97-2 48 6 42 13 pCi/L -1.10E+01 1.1 2.3 4.7 0.32 2.8 (percentile Note: It should be noted that even though bootstrap may be
bootstrap) performed on this data set, the resulting calculations may not be

UCL reliable enough to draw conclusions.

Warning: There are only six detected values in this data set.

RAD Technetium-99 14133-76-7 9 6 3 67 pCi/L -1.10E+00 -1.70E-01 13 110 0.77 68 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

99% KM
RAD Tritium 10028-17-8 59 50 9 85 pCi/L -2.OOE+02 1,700 290 66,000 0.92 50,867 (Chebyshev) -

UCL

Warning: This data set only has three observations. Data set is
RAD Uranium-233/234 U-233/234 3 3 0 100 pCi/L - 1.8 2.4 0.17 2.4 Maximum too small to compute reliable and meaningful statistics and

detect estimates. The data set for variable uranium-233/234 was
not processed.

Warning: There are only five detected values in this data set.

RAD Uranum-234 13966-29-5 6 5 1 83 pCi/L 0.18 0.18 0.46 2.7 0.47 2.5 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.

Maxi mum Recommended UCL exceeds maximum concentration. EPC
RAD Uranium-235 15117-96-1 9 2 7 22 pCi/L 0 0.078 0.14 0.15 0.054 0.15 detect defaulting to maximum concentration since 97.5% and 99%

Chebyshev (mean, Sd) UCLs were not calculated.

Warning: There are only seven detected values in this data set.

RAD Uranium-238 U-238 9 7 2 78 pCi/L 0.060 0.17 1.1 2.4 0.28 1.8 95% KM (t) Note: It should be noted that even though bootstrap may be
UCL performed on this data set, the resulting calculations may not be

reliable enough to draw conclusions.
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Analyte E ' .! E E-EPC
Group Analyte CAS No. r W) PLX9z AD 9z M 02 9W CAM > EPC Basis Comment

BCA = bias-corrected accelerated bootstrap method

BTV = background threshold value

CAS = Chemical Abstracts Service

EPC = exposure point concentration

GOF = goodness-of-fit

KM = Kaplan-Meier

N/A = not applicable

ND = not detected

ROS = regression on order statistics

UCL = upper confidence limit

UPL = upper prediction limit

1
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Table E-18. Summary of Exposure Assumptions Used for the Tap Water Exposure Scenario

Exposure Factor Value Units Source

Averaging time - carcinogen 70 years EPA/540/R-92/003

Averaging time - noncarcinogen 26 years EPA/600/R-090/052F

Adult body weight 80 kilograms EPA/600/R-090/052F

Body weight - child 15 kilograms EPA/600/R-090/052F

Exposure duration - adult 26 years EPA/600/R-090/052F

Exposure duration - child 6 year EPA/540/R-92/003

Exposure frequency 350 days/year EPA/540/R-92/003

Exposure time 24 hours/day OSWER Directive 9200.1-120

Event time - adult 0.71 hours/event EPA/600/R-090/052F

Event Time - child 0.54 hours/event EPA/600/R-090/052F

Age-adjusted event time 0.671 hours/event Calculated value

Event frequency 1 event/day EPA/540/R/99/005

Age-adjusted inhalation rate - radiological 460 cubic meters-year/day Calculated value

Inhalation rate - adult 20 m 3/day OSWER Directive 9285.6-03

Inhalation rate - child 10 m 3/day EPA/600/P-95/002Fa

Water ingestion rate - adult 2.5 liters/day EPA/600/R-090/052F

Water ingestion rate - child 0.78 liters/day EPA/600/R-090/052F

Age-adjusted water ingestion rate - 0.937 liters-year/kg-day Calculated value
nonradiological

Age-adjusted water ingestion rate - radiological 54.68 liters-year/day Calculated value
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Table E-18. Summary of Exposure Assumptions Used for the Tap Water Exposure Scenario

Exposure Factor Value Units Source

Age-adjusted skin surface area 7,776 centimeters squared-year- Calculated value
event/kg-day

Skin surface area - adult 20,900 centimeters squared EPA/600/R-090/052F

Skin surface area - child 6,378 centimeters squared EPA/600/R-090/052F

Volatilization factor 0.5 liters/cubic meter EPA/540/R-92/003

Sources:

ECF-HANFORD-13-0033, Exposure Point Concentrations f]r Baseline Conditions f]r Remedial Investigation/Feasibility Studies for the 200-BP-5 and 200-
PO-1 Groundwater Operable Units.

EPA/540/R-92/003, Risk Assessment Guidance f]r Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary
Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance f]r Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance f]r Dermal Risk
Assessment): Final.

OSWER Directive 9285.6-03, Risk Assessment Guidance For Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance, Standard
Defjult Exposure Factors, Interim Final. 0

OSWER Directive 9200.1-120, Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.

EPA/600/P-95/002Fa, Exposure Factors Handbook Volume 1: General Factors.

EPA/600/R-090/052F, Exposure Factors Handbook 2011 Edition (Final).
C)
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Table E-19. Summary of Toxicity Values and Chemical-Specific Information for the 200-PO-1 Groundwater OU

Oral Cancer
Slope Factora Inhalation Unit
(mg/kg-day)-' Inhalation Risk (g/m 3)-1

or Slope Factor Reference or Slope Factor
Oral Reference Dose Water Ingestion Concentrationa Inhalation" GIABSa, Kpc Bc T et* FA

Analyte Name (mg/kg-day) Source (Risk/pCi) Source (mg/m 3) Source (Risk/pCi) Source Volatilea,b (unitless) (cm/hr) (unitless) (hours/event) (hours) (unitless)

1,1,1-Trichoroethane 2 1 - - 5 1 Yes 1 0.013 0.1 0.6 1.43 1

1,1-Dichoroethane 0.2 P 0.0057 C - 0.0000016 C Yes 1 0.0067 0 0.38 0.92 1

1,1-Dichoroethene 0.05 1 - 0.2 1 - Yes 1 0.012 0 0.37 0.89 1

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 0.000000007 WAC 13,000 WAC - - - 1 0.81 5.6 6.82 30.09 0.5

2,6-Dinitrotoluene 0.0003 X 1.5 P - 1 0.0021 0 1.12 2.69 1

Acetone 0.9 1 - 31 A Yes 1 0.000512-- - - -

Aluminum 1 P - - 1 0.001 -

Antimony 0.0004 1 - - - 0.15 0.001 -

Arsenic 0.0003 1 1.5 1-- - 1 0.001 -

Barium 0.2 1 0.07 0.001

Benzyl alcohol 0.1 P - - - 1 0.00209 -

Beryllium 0.002 1 - - - - - 0.007 0.001 - - - -

Bis(2-ethylhexyl)phthalate 0.02 1 0.014 1 - - - 1 0.025 0.2 16.64 39.93 0.8

Boron 0.2 1 1 0.001 -

Bromodichloromethane 0.02 1 0.062 1 - - 0.000037 C Yes 1 0.0046 0 0.88 2.12 1

Bromoform 0.02 1 0.0079 1 - - - 1 0.0022 0 2.79 6.7 1

Bromomethane 0.0014 1 - - 0.005 1 Yes 1 0.0028 0 0.36 0.87 1

Butylbenzylphthalate 0.2 1 0.0019 P - - 1 0.0385-- - - -

Cadmium 0.0005 1 - - - 0.05 0.001 - - - -

Carbon disulfide 0.1 1 - - 0.7 1 - - Yes 1 0.017 0.1 0.3 0.72 1

Carbon tetrachloride 0.004 1 0.07 1 0.1 1 0.000006 1 Yes 1 0.016 0.1 0.78 1.86 1

Chloroform 0.01 1 0.031 C 0.098 A 0.000023 1 Yes 1 0.0068 0 0.5 1.19 1

Chromium 1.5 1 - 0.013 0.001 -

Cobalt 0.0003 P 1 0.0004

Copper 0.04 H - 1 0.001 -

Dibromochloromethane 0.02 1 0.084 1 0.000027 C Yes 1 0.0032 0 1.57 3.77 1

Diethylphthalate 0.8 1 1 0.0039 0 1.87 4.5 1
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Table E-19. Summary of Toxicity Values and Chemical-Specific Information for the 200-PO-1 Groundwater OU

Oral Cancer
Slope Factora Inhalation Unit
(mg/kg-day)- 1  Inhalation Riska (g/m 3)-1

or Slope Factor Reference or Slope Factor
Oral Reference Dose Water Ingestion Concentrationa Inhalation GIABSa,b Kp Bce t* FA

Analyte Name (mg/kg-day) Source (Risk/pCi) Source (mg/m 3) Source (Risk/pCi) Source Volatilea, (unitless) (cm/hr) (unitless) (hours/event) (hours) (unitless)

Ethyl methacrylate 0.09 H - 0.3 P Yes 1 0.00698 -

Ethylbenzene 0.1 1 0.011 C 1 1 0.0000025 C Yes 1 0.049 0.2 0.42 1.01 1

Fluoride 0.06 C - - - - 1 0.001 - - - -

Hexavalent chromium 0.003 1 0.025 0.002 -

Iron 0.7 P-- 1 0.001 - - - -

Lead - - 1 0.0001 - - - -

Lithium 0.002 P-- 1 0.001 - - - -

Manganese 0.024 1 - - - - - - - 0.04 0.001 - - - -

Methylene chloride 0.006 1 0.002 1 0.6 1 0.00000001 1 Yes 1 0.0035 0 0.32 0.76 1

Molybdenum 0.005 1 - 1 0.001 -

Nickel 0.02 1 0.04 0.0002

Nitrate 7.1 1 1 0.001

Nitrite 0.3 1 1 0.001 -

n-Nitrosodi-n-dipropylamine - 1 0.0023 0 0.57 1.37 1

Selenium 0.005 1 1 0.001 - - - -

Silver 0.005 1 0.04 0.0006

Strontium 0.6 1 1 0.001 - - - -

Tetrachloroethene 0.006 1 0.0021 1 0.04 1 0.00000026 1 Yes 1 0.033 0.2 0.91 2.18 1

Thallium 0.00001 X - - - - - - 1 0.001 - - - -

Tin 0.6 H 1 0.001 - - - -

Toluene 0.08 1 - Yes 1 0.031 0.1 0.35 0.84 1

Tributyl phosphate 0.01 P 0.009 P - - - - 1 0.0228 -

Trichloroethene 0.0005 1 0.046 1 0.002 1 0.0000041 1 Yes 1 0.012 0.1 0.58 1.39 1

Trichloromonofluoromethane 0.3 1 0.7 H - - Yes 1 0.013 0.1 0.63 1.51 1

Uranium 0.003 1 - 1 0.001 -

Vanadium 0.005 S - - 0.026 0.001 - - - -

Xylenes (total) 0.2 1 0.1 1 Yes 1 0.053 0.2 0.42 1.01 1
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Table E-19. Summary of Toxicity Values and Chemical-Specific Information for the 200-PO-1 Groundwater OU

Oral Cancer
Slope Factora Inhalation Unit
(mg/kg-day)-' Inhalation Risk (g/m 3)-1

or Slope Factor Reference or Slope Factor
Oral Reference Dose Water Ingestion Concentrationa Inhalation" GIABSa,b Kpc Bc T et* FA

Analyte Name (mg/kg-day) Source (Risk/pCi) Source (mg/m 3) Source (Risk/pCi) Source Volatilea,b (unitless) (cm/hr) (unitless) (hours/event) (hours) (unitless)

Zinc 0.3 1 1 0.0006

Americium-241 - - 1.04E-10 H - - - - - 0.0005 -

Carbon-14 - - 1.55E-12 H -1 - - - -

lodine-129 - - 1.48E-10 H - - - - - 1 - - - - -

Neptunium-237 - - 6.18E-11 H - - - - - 0.0005 - - - - -

Plutonium-238 - - 1.31E-10 H - - - - - 0.0005 - - - - -

Protactinium-231 - - 1.73E-10 H - - - - - 0.0005 - - - - -

Selenium-79 - - 7.29E-12 H - - - - - 0.8 - - - - -

Strontium-90 - - 5.59E-11 H 0.3 - -

Technetium-99 2.75E-12 H - - 0.5 - - - - -

Tritium - - 5.07E-14 H 5.62E-14 H Yes 1

Uranium-233/234 - - 7.18E-11 H - - 0.02 - - - - -

Uranium-234 - - 7.07E-11 H 0.02

Uranium-235 - - 6.96E-11 H - - 0.02 - - - - -

Uranium-238 - - 6.4E-11 H - - 0.02 - - - - -

Note: Abbreviations for the references listed in the "Source" column are as follows:

A = The Agency for Toxic Substances and Disease Registry

C = The California Environmental Protection Agency (CalEPA)

E = Environmental Criteria and Assessment Office

H = Health Effects Assessment Summary Tables (HEAST)

I = EPA Integrated Risk Information System (IRIS)

P = Provisional Peer Reviewed Toxicity Values (PPRTV)

S = special case chemical; basis for value discussed on EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

a. U.S. Environmental Protection Agency web site (EPA, 2013).

b. EPA 540-R-97-036, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

c. EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume 1I Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment.

d. Kp value was taken from the Risk Assessment Information System (RAIS) (ORNL, 2014).

B = partitioning constant derived from Bungee model Kp = dermal permeability constant

FA = fraction of absorbed water t* = time to reach steady state

GIABS = gastrointestinal absorption factor T-= lag time

1
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Table E-20. 200-PO-1 Groundwater OU (PUREX Cribs) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Total Risk Contribution

2,6-Dinitrotoluene 606-20-2 0.017 - 3.27E-04 1.37E-05 - 3.41E-04 17.603

Antimony 7440-36-0 0.055 - - 0.OOE+00 0.000

Arsenic 7440-38-2 0.0063 - 1.20E-04 6.70E-07 - 1.21E-04 6.250

Barium 7440-39-3 0.058 - - 0.OOE+00 0.000

Beryllium 7440-41-7 0.0094 - - 0.OOE+00 0.000

Bis(2-ethylhexyl)phthalate 117-81-7 0.0067 - 1.20E-06 1.85E-06 - 3.05E-06 0.157

Cadmium 7440-43-9 0.018 - - 0.OOE+00 0.000

Carbon tetrachloride 56-23-5 0.00013 Yes 1.17E-07 3.10E-08 1.39E-07 2.87E-07 0.015

Chloroform 67-66-3 0.00071 Yes 2.83E-07 2.55E-08 2.91E-06 3.22E-06 0.166

Chromium 7440-47-3 0.013 - - - - 0.OOE+00 0.000

Cobalt 7440-48-4 0.0048 - - - - 0.OOE+00 0.000

Copper 7440-50-8 0.0052 - - - - 0.OOE+00 0.000

Fluoride 16984-48-8 0.25 - - - - 0.OOE+00 0.000

Hexavalent chromium 18540-29-9 0.0095 - - - - 0.OOE+00 0.000

Iron 7439-89-6 0.21 - - - - 0.OOE+00 0.000

Lead 7439-92-1 0.00012 - - - - 0.OOE+00 0.000

Manganese 7439-96-5 0.012 - - - - 0.OOE+00 0.000

Nickel 7440-02-0 0.0055 - - - - 0.OOE+00 0.000
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Table E-20. 200-PO-1 Groundwater OU (PUREX Cribs) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Total Risk Contribution

Nitrate 14797-55-8 57.7 - - 0.OOE+00 0.000

Nitrite 14797-65-0 0.15 - - 0.00E+00 0.000

n-Nitrosodi-n- 621-64-7 0.0029 - 2.61E-04 8.50E-06 - 2.69E-04 13.891
dipropylamine

Silver 7440-22-4 0.0052 - - 0.00E+00 0.000

Strontium 7440-24-6 0.29 - - 0.OOE+00 0.000

Trichloroethene 79-01-6 0.0018 Yes 1.08E-06 1.86E-07 1.34E-06 2.60E-06 0.134

Uranium 7440-61-1 0.026 - - 0.OOE+00 0.000

Vanadium 7440-62-2 0.022 O- - - O.E+00 0.000

Zinc 7440-66-6 0.0079 O- - - O.E+00 0.000

lodine-129 15046-84-1 2.5 - 7.06E-06 - - 7.06E-06 0.364

Strontium-90 10098-97-2 5.1 - 5.41E-06 - - 5.41E-06 0.279

Technetium-99 14133-76-7 81.7 - 4.30E-06 - - 4.30E-06 0.222

Tritium 10028-17-8 199,057 Yes 1.93E-04 - 9.01E-04 1.09E-03 56.464

Uranium-234 13966-29-5 31.4 4.25E-05 - 4.25E-05 2.193

Uranium-235 15117-96-1 2.1 2.74E-06 - 2.74E-06 0.142

Uranium-238 U-238 33.5 4.10E-05 - 4.10E-05 2.118

Total cumulative ELCR 1.01E-03 2.49E-05 9.05E-04 1.94E-03 100
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Table E-20. 200-PO-1 Groundwater OU (PUREX Cribs) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Total Risk Contribution

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Table E-21. 200-PO-1 Groundwater OU (PUREX Cribs) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) HQ (Dermal) (Inhalation) HQ Contribution

2,6-Dinitrotoluene 606-20-2 0.017 - - - - 0 0

Antimony 7440-36-0 0.055 - 4.1 0.16 - 4.3 50

Arsenic 7440-38-2 0.0063 - 0.62 0.0037 - 0.63 7.4

Barium 7440-39-3 0.058 - 0.0087 7.41E-04 - 0.0095 0.11

Beryllium 7440-41-7 0.0094 - 0.14 0.12 - 0.26 3.1

Bis(2-ethylhexyl) 117-81-7 0.0067 - 0.010 0.016 - 0.026 0.31
phithalate

Cadmium 7440-43-9 0.018 - 1.1 0.13 - 1.2 14

Carbon tetrachloride 56-23-5 0.00013 Yes 9.74E-04 2.68E-04 6.23E-04 0.0019 0.022

Chloroform 67-66-3 0.00071 Yes 0.0021 1.99E-04 0.0035 0.0058 0.068

Chromium 7440-47-3 0.013 - 2.57E-04 1.17E-04 - 3.74E-04 0.0044

Cobalt 7440-48-4 0.0048 - 0.48 0.0011 - 0.48 5.6

Copper 7440-50-8 0.0052 - 0.0039 2.30E-05 - 0.0039 0.046

Fluoride 16984-48-8 0.25 - 0.13 7.44E-04 - 0.13 1.5

Hexavalent chromium 18540-29-9 0.0095 - 0.095 0.045 - 0.14 1.6

Iron 7439-89-6 0.21 - 0.0088 5.22E-05 - 0.0088 0.10

Lead 7439-92-1 0.00012 - - - - 0 0

Manganese 7439-96-5 0.012 - 0.015 0.0022 - 0.017 0.20

Nickel 7440-02-0 0.0055 - 0.0082 2.44E-04 - 0.0085 0.100
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Table E-21. 200-PO-1 Groundwater OU (PUREX Cribs) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) HQ (Dermal) (Inhalation) HQ Contribution

Nitrate 14797-55-8 57.7 - 0.24 2.03E-04 - 0.24 2.9

Nitrite 14797-65-0 0.15 - 0.015 9.01E-05 - 0.015 0.18

n-Nitrosodi-n- 621-64-7 0.0029 - - - - 0 0
dipropylamine

Silver 7440-22-4 0.0052 - 0.031 0.0028 - 0.034 0.40

Strontium 7440-24-6 0.29 - 0.014 8.52E-05 - 0.014 0.17

Trichloroethene 79-01-6 0.0018 Yes 0.11 0.020 0.44 0.57 6.7

Uranium 7440-61-1 0.026 0.26 0.0016 - 0.26 3.1

Vanadium 7440-62-2 0.022 0.13 0.030 0.16 1.9

Zinc 7440-66-6 0.0079 7.90E-04 2.81E-06 - 7.92E-04 0.0093

Total HI 7.5 0.53 0.44 8.5 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

= indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Table E-22. 200-PO-1 Groundwater OU (WMA A-AX Tank Farms and 216-A-29 Ditch) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,b (Ingestion) (Dermal) (Inhalation) Risk Contribution

1,2,3,4,7,8-Hexachlorodibenzo- 39227-28-6 1.70E-09 - 2.84E-07 5.64E-06 - 5.92E-06 2.0
p-dioxin

Antimony 7440-36-0 0.043 - - 0.00E+00 0

Arsenic 7440-38-2 0.0079 - 1.52E-04 8.49E-07 - 1.53E-04 52

Barium 7440-39-3 0.041 - - 0.00E+00 0

Bis(2-ethylhexyl)phthalate 117-81-7 0.0041 - 7.37E-07 1.13E-06 - 1.87E-06 0.63

Cadmium 7440-43-9 0.0052 - - - - 0.OOE+00 0

Chromium 7440-47-3 0.013 - - - - 0.OOE+00 0

Cobalt 7440-48-4 0.0040 - - - - 0.OOE+00 0

Copper 7440-50-8 0.0048 - - - - 0.00E+00 0

Fluoride 16984-48-8 0.18 - - - - 0.OOE+00 0

Hexavalent chromium 18540-29-9 0.0058 - - - - 0.OOE+00 0

Iron 7439-89-6 0.13 - - - - 0.OOE+00 0

Lead 7439-92-1 0.00016 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.0073 - - - - 0.OOE+00 0

Nickel 7440-02-0 0.012 - - - - 0.OOE+00 0

Nitrate 14797-55-8 26.2 - - - - 0.OOE+00 0

Nitrite 14797-65-0 0.15 - - - - 0.OOE+00 0

Selenium 7782-49-2 0.0045 - - - - 0.OOE+00 0
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Table E-22. 200-PO-1 Groundwater OU (WMA A-AX Tank Farms and 216-A-29 Ditch) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,b (Ingestion) (Dermal) (Inhalation) Risk Contribution

Silver 7440-22-4 0.0060 - 0.00E+00 0

Strontium 7440-24-6 0.27 - - 0.00E+00 0

Toluene 108-88-3 2.90E-05 Yes - - - 0.00E+00 0

Uranium 7440-61-1 0.0041 - - - - 0.OOE+00 0

Vanadium 7440-62-2 0.025 - - - - 0.OOE+00 0

Zinc 7440-66-6 0.0090 - - - - 0.OOE+00 0

lodine-129 15046-84-1 5.0 - 1.42E-05 - - 1.42E-05 4.8

Selenium-79 15758-45-9 32.8 - 4.58E-06 - - 4.58E-06 1.5

Strontium-90 10098-97-2 4.5 - 4.85E-06 - - 4.85E-06 1.6

Technetium-99 14133-76-7 1,291 - 6.80E-05 - - 6.80E-05 23

Tritium 10028-17-8 6,649 Yes 6.45E-06 - 3.01E-05 3.65E-05 12

Uranium-234 13966-29-5 2.7 3.64E-06 - 3.64E-06 1.2

Uranium-238 U-238 2.0 2.49E-06 - 2.49E-06 0.84

Total cumulative ELCR 2.58E-04 7.61E-06 3.01E-05 2.95E-04 100
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Table E-22. 200-PO-1 Groundwater OU (WMA A-AX Tank Farms and 216-A-29 Ditch) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,b (Ingestion) (Dermal) (Inhalation) Risk Contribution

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Table E-23. 200-PO-1 Groundwater OU (WMA A/AX Tank Farms and 216-A-29 Ditch) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile,b (Ingestion) (Dermal) (Inhalation) HQ Contribution

1,2,3,4,7,8-Hexachlorodibenzo- 39227-28-6 1.70E-09 - 0.0073 0.15 - 0.16 2.8
p-dioxin

Antimony 7440-36-0 0.043 - 3.2 0.13 - 3.3 58

Arsenic 7440-38-2 0.0079 - 0.79 0.0047 - 0.80 14

Barium 7440-39-3 0.041 - 0.0061 5.16E-04 - 0.0066 0.12

Bis(2-ethylhexyl)phthalate 117-81-7 0.0041 - 0.0061 0.0098 - 0.016 0.28

Cadmium 7440-43-9 0.0052 - 0.31 0.037 - 0.35 6.1

Chromium 7440-47-3 0.013 - 2.54E-04 1.16E-04 - 3.70E-04 0.0065

Cobalt 7440-48-4 0.0040 - 0.40 9.49E-04 - 0.40 7.0

Copper 7440-50-8 0.0048 - 0.0036 2.14E-05 - 0.0036 0.064

Fluoride 16984-48-8 0.18 - 0.090 5.32E-04 - 0.090 1.6

Hexavalent chromium 18540-29-9 0.0058 - 0.058 0.027 - 0.085 1.5

Iron 7439-89-6 0.13 - 0.0055 3.27E-05 - 0.0055 0.097

Lead 7439-92-1 0.00016 - - - - 0 0

Manganese 7439-96-5 0.0073 - 0.0092 0.0014 - 0.011 0.18

Nickel 7440-02-0 0.012 - 0.017 5.18E-04 - 0.018 0.32

Nitrate 14797-55-8 26.2 - 0.11 9.25E-05 - 0.11 1.9

Nitrite 14797-65-0 0.15 - 0.015 8.80E-05 - 0.015 0.26

Selenium 7782-49-2 0.0045 - 0.027 1.62E-04 - 0.027 0.48
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Table E-23. 200-PO-1 Groundwater OU (WMA A/AX Tank Farms and 216-A-29 Ditch) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile,b (Ingestion) (Dermal) (Inhalation) HQ Contribution

Silver 7440-22-4 0.0060 0.036 0.0032 0.039 0.69

Strontium 7440-24-6 0.27 0.014 8.02E-05 0.014 0.24

Toluene 108-88-3 2.90E-05 Yes 1.09E-05 3.88E-06 2.78E-06 1.75E-05 3.08E-04

Uranium 7440-61-1 0.0041 0.041 2.41E-04 0.041 0.72

Vanadium 7440-62-2 0.025 0.15 0.034 0.18 3.2

Zinc 7440-66-6 0.0090 9.OOE-04 3.21E-06 9.03E-04 0.016

Total HI 5.3 0.40 2.78E-06 5.7 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Table E-24. 200-PO-1 Groundwater OU (BC Cribs and Trenches) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Antimony 7440-36-0 0.052 - - 0.OOE+00 0

Arsenic 7440-38-2 0.0023 - 4.49E-05 2.50E-07 - 4.52E-05 83

Barium 7440-39-3 0.048 - - - - 0.OOE+00 0

Chromium 7440-47-3 0.017 - - - - 0.OOE+00 0

Cobalt 7440-48-4 0.0081 - - - - 0.OOE+00 0

Copper 7440-50-8 0.0040 - - - - 0.00E+00 0

Fluoride 16984-48-8 0.31 - - - - 0.00E+00 0

Hexavalent chromium 18540-29-9 0.028 - - - - 0.OOE+00 0

Iron 7439-89-6 16.8 - - - - 0.OOE+00 0

Lead 7439-92-1 0.035 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.20 - - - - 0.OOE+00 0

Nickel 7440-02-0 0.0090 - - - - 0.OOE+00 0

Nitrate 14797-55-8 9.8 - - - - 0.OOE+00 0

Nitrite 14797-65-0 0.31 - - - - 0.OOE+00 0

Silver 7440-22-4 0.0080 - - - - 0.OOE+00 0

Strontium 7440-24-6 0.22 - - - - 0.OOE+00 0

Toluene 108-88-3 6.50E-05 Yes - - - 0.OOE+00 0

Uranium 7440-61-1 0.0038 O- - - O.E+00 0
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Table E-24. 200-PO-1 Groundwater OU (BC Cribs and Trenches) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Vanadium 7440-62-2 0.022 - - O.OOE+00 0

Zinc 7440-66-6 3.8 - - - 0.00E+00 0

Protactinium-231 14331-85-2 0.28 - 9.27E-07 - - 9.27E-07 1.7

Selenium-79 15758-45-9 6.0 - 8.37E-07 - - 8.37E-07 1.5

Strontium-90 10098-97-2 2.5 - 2.68E-06 - - 2.68E-06 5.0

Tritium 10028-17-8 190 Yes 1.84E-07 - 8.60E-07 1.04E-06 1.9

Uranium-234 13966-29-5 1.7 2.36E-06 - 2.36E-06 4.4

Uranium-238 U-238 1.0 1.18E-06 - 1.18E-06 2.2

Total cumulative ELCR 5.31E-05 2.50E-07 8.60E-07 5.42E-05 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

= indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Table E-25. 200-PO-1 Groundwater OU (BC Cribs and Trenches) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Antimony 7440-36-0 0.052 - 3.9 0.15 - 4.0 55

Arsenic 7440-38-2 0.0023 - 0.23 0.0014 - 0.23 3.2

Barium 7440-39-3 0.048 - 0.0072 6.1OE-04 - 0.0078 0.11

Chromium 7440-47-3 0.017 - 3.34E-04 1.53E-04 - 4.87E-04 0.0066

Cobalt 7440-48-4 0.0081 - 0.80 0.0019 - 0.81 11

Copper 7440-50-8 0.0040 - 0.0030 1.78E-05 - 0.0030 0.041

Fluoride 16984-48-8 0.31 - 0.16 9.30E-04 - 0.16 2.1

Hexavalent chromium 18540-29-9 0.028 - 0.28 0.13 - 0.42 5.6

Iron 7439-89-6 16.8 - 0.72 0.0043 - 0.72 9.8

Lead 7439-92-1 0.035 - - - - 0 0

Manganese 7439-96-5 0.20 - 0.25 0.037 - 0.29 3.9

Nickel 7440-02-0 0.0090 - 0.013 4.OOE-04 - 0.014 0.19

Nitrate 14797-55-8 9.8 - 0.041 3.45E-05 - 0.041 0.56

Nitrite 14797-65-0 0.31 - 0.031 1.83E-04 - 0.031 0.42

Silver 7440-22-4 0.0080 - 0.048 0.0043 - 0.052 0.70

Strontium 7440-24-6 0.22 - 0.011 6.64E-05 - 0.011 0.15

Toluene 108-88-3 6.50E-05 Yes 2.43E-05 8.69E-06 6.23E-06 3.93E-05 5.29E-04

Uranium 7440-61-1 0.0038 0.038 2.26E-04 0.038 0.52
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Table E-25. 200-PO-1 Groundwater OU (BC Cribs and Trenches) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Vanadium 7440-62-2 0.022 0.13 0.030 0.16 2.1

Zinc 7440-66-6 3.8 0.38 0.0014 0.38 5.2

Total HI 7.0 0.37 6.23E-06 7.4 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Table E-26. 200-PO-1 Groundwater OU (216-B-3 Pond Facility [All Lobes]) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Arsenic 7440-38-2 0.0078 - 1.50E-04 8.34E-07 - 1.51E-04 62

Barium 7440-39-3 0.036 - - - - 0.OOE+00 0

Chromium 7440-47-3 0.010 - - - - 0.OOE+00 0

Copper 7440-50-8 0.012 - - - - 0.OOE+00 0

Fluoride 16984-48-8 0.31 - - - - 0.OOE+00 0

Hexavalent chromium 18540-29-9 0.0084 - - - - 0.OOE+00 0

Iron 7439-89-6 3.9 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.065 - - - - 0.00E+00 0

Nickel 7440-02-0 0.0073 - - - - 0.00E+00 0

Nitrate 14797-55-8 23.1 - - - - 0.00E+00 0

Nitrite 14797-65-0 0.19 - - - - 0.OOE+00 0

Strontium 7440-24-6 0.28 - - - - 0.OOE+00 0

Uranium 7440-61-1 0.0040 - - - - 0.OOE+00 0

Vanadium 7440-62-2 0.025 - - - - 0.OOE+00 0

Zinc 7440-66-6 0.021 - - - - 0.OOE+00 0

Iodine-129 15046-84-1 2.9 - 8.30E-06 - - 8.30E-06 3.4

Tritium 10028-17-8 15,005 Yes 1.46E-05 - 6.79E-05 8.24E-05 34

Total cumulative ELCR 1.73E-04 8.34E-07 6.79E-05 2.41E-04 100
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Table E-26. 200-PO-1 Groundwater OU (216-B-3 Pond Facility [All Lobes]) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Table E-27. 200-PO-1 Groundwater OU (216-B-3 Pond Facility [All Lobes]) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Arsenic 7440-38-2 0.0078 - 0.78 0.0046 - 0.78 46

Barium 7440-39-3 0.036 - 0.0055 4.64E-04 - 0.0059 0.35

Chromium 7440-47-3 0.010 - 2.02E-04 9.23E-05 - 2.95E-04 0.017

Copper 7440-50-8 0.012 - 0.0091 5.42E-05 - 0.0092 0.54

Fluoride 16984-48-8 0.31 - 0.15 9.15E-04 - 0.16 9.1

Hexavalent chromium 18540-29-9 0.0084 - 0.084 0.040 - 0.12 7.2

Iron 7439-89-6 3.9 - 0.17 9.91E-04 - 0.17 9.9

Manganese 7439-96-5 0.065 - 0.081 0.012 - 0.093 5.5

Nickel 7440-02-0 0.0073 - 0.011 3.24E-04 - 0.011 0.66

Nitrate 14797-55-8 23.1 - 0.098 8.16E-05 - 0.098 5.7

Nitrite 14797-65-0 0.19 - 0.019 1.14E-04 - 0.019 1.1

Strontium 7440-24-6 0.28 - 0.014 8.42E-05 - 0.014 0.84

Uranium 7440-61-1 0.0040 - 0.040 2.38E-04 - 0.040 2.4

Vanadium 7440-62-2 0.025 - 0.15 0.034 - 0.18 11

Zinc 7440-66-6 0.021 - 0.0021 7.46E-06 - 0.0021 0.12

Total HI 1.6 0.093 0 1.7 100
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Table E-27. 200-PO-1 Groundwater OU (216-B-3 Pond Facility [All Lobes]) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) (Dermal) (Inhalation) HQ Contribution

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Table E-28. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

1,1,1-Trichloroethane 71-55-6 0.00062 Yes 0.OOE+00 0

1,1-Dichloroethane 75-34-3 0.00016 Yes 1.17E-08 9.11E-10 4.57E-08 5.84E-08 0.029

1,1 -Dichloroethene 75-35-4 0.00019 Yes - 0.OOE+00 0

Acetone 67-64-1 0.0066 Yes - 0.OOE+00 0

Antimony 7440-36-0 0.0049 - - 0.OOE+00 0

Arsenic 7440-38-2 0.0025 - 4.88E-05 2.72E-07 - 4.91E-05 24

Barium 7440-39-3 0.094 - - 0.00E+00 0

Bis(2-ethylhexyl) 117-81-7 0.014 - 2.52E-06 3.86E-06 - 6.37E-06 3.1
phithalate

Carbon tetrachloride 56-23-5 0.0010 Yes 9.12E-07 2.42E-07 1.08E-06 2.24E-06 1.1

Chloroform 67-66-3 0.00017 Yes 6.63E-08 5.99E-09 6.83E-07 7.55E-07 0.37

Chromium 7440-47-3 0.011 -0.OOE+00 0

Copper 7440-50-8 0.0090 -0.OOE+00 0

Ethylbenzene 100-41-4 0.0021 Yes 2.97E-07 1.77E-07 9.35E-07 1.41E-06 0.69

Fluoride 16984-48-8 0.22 - - - - 0.OOE+00 0

Hexavalent chromium 18540-29-9 0.0061 - - - - 0.OOE+00 0

Iron 7439-89-6 0.23 - - - - 0.OOE+00 0

Lead 7439-92-1 0.00015 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.0053 - - - - 0.OOE+00 0
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Table E-28. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Methylene chloride 75-09-2 0.0015 Yes 3.85E-08 1.43E-09 2.67E-09 4.26E-08 0.021

Nickel 7440-02-0 0.0078 - - - - 0.00E+00 0

Nitrate 14797-55-8 17.0 - - - - 0.OOE+00 0

Nitrite 14797-65-0 0.28 - - - - 0.OOE+00 0

Silver 7440-22-4 0.0054 - - - - 0.OOE+00 0

Strontium 7440-24-6 0.41 - - - - 0.OOE+00 0

Tetrachloroethene 127-18-4 0.00090 Yes 2.43E-08 1.44E-08 4.18E-08 8.05E-08 0.040

Toluene 108-88-3 0.0014 Yes -0.00E+00 0

Trichloroethene 79-01-6 0.00039 Yes 2.32E-07 3.98E-08 2.86E-07 5.58E-07 0.27

Trichloromonofluoro- 75-69-4 0.00056 Yes - 0.OOE+00 0methane

Uranium 7440-61-1 0.0080 - - 0.OOE+00 0

Vanadium 7440-62-2 0.011 - - 0.OOE+00 0

Xylenes (total) 1330-20-7 0.0041 Yes - - 0.OOE+00 0

Zinc 7440-66-6 0.0089 - - 0.OOE+00 0

lodine-129 15046-84-1 1.4 3.97E-06 - - 3.97E-06 1.9

Technetium-99 14133-76-7 24.0 1.26E-06 - - 1.26E-06 0.62

Tritium 10028-17-8 23,462 Yes 2.28E-05 - 1.06E-04 1.29E-04 63
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Table E-28. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Uranium-234 13966-29-5 3.9 5.28E-06 5.28E-06 2.6

Uranium-238 U-238 2.9 3.59E-06 3.59E-06 1.8

Total cumulative ELCR 8.97E-05 4.61E-06 1.09E-04 2.04E-04 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Table E-29. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) (Dermal) (Inhalation) HQ Contribution

1,1,1-Trichloroethane 71-55-6 0.00062 Yes 9.32E-06 1.83E-06 5.96E-05 7.08E-05 0.0049

1,1-Dichloroethane 75-34-3 0.00016 Yes 2.40E-05 1.93E-06 2.60E-05 0.0018

1,1-Dichloroethene 75-35-4 0.00019 Yes 1.14E-04 1.62E-05 4.55E-04 5.86E-04 0.040

Acetone 67-64-1 0.0066 Yes 2.20E-04 - 1.02E-04 3.22E-04 0.022

Antimony 7440-36-0 0.0049 - 0.36 0.014 - 0.38 26

Arsenic 7440-38-2 0.0025 - 0.25 0.0015 - 0.25 18

Barium 7440-39-3 0.094 - 0.014 0.0012 - 0.015 1.1

Bis(2-ethylhexyl) 117-81-7 0.014 - 0.021 0.033 - 0.054 3.7phithalate

Carbon tetrachloride 56-23-5 0.0010 Yes 0.0076 0.0021 0.0049 0.015 1.0

Chloroform 67-66-3 0.00017 Yes 4.99E-04 4.68E-05 8.15E-04 0.0014 0.094

Chromium 7440-47-3 0.011 2.24E-04 1.02E-04 3.27E-04 0.023

Copper 7440-50-8 0.0090 0.0067 4.OOE-05 - 0.0068 0.47

Ethylbenzene 100-41-4 0.0021 Yes 6.29E-04 3.89E-04 0.0010 0.0020 0.14

Fluoride 16984-48-8 0.22 - 0.11 6.62E-04 - 0.11 7.7

Hexavalent chromium 18540-29-9 0.0061 - 0.061 0.029 - 0.090 6.2

Iron 7439-89-6 0.23 - 0.0096 5.73E-05 - 0.0097 0.67

Lead 7439-92-1 0.00015 - - - 0 0

Manganese 7439-96-5 0.0053 - 0.0066 9.80E-04 - 0.0076 0.52
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Table E-29. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Methylene chloride 75-09-2 0.0015 Yes 0.0075 2.89E-04 0.0012 0.0090 0.62

Nickel 7440-02-0 0.0078 - 0.012 3.45E-04 - 0.012 0.83

Nitrate 14797-55-8 17.0 - 0.072 5.99E-05 - 0.072 4.9

Nitrite 14797-65-0 0.28 - 0.028 1.65E-04 - 0.028 1.9

Silver 7440-22-4 0.0054 - 0.033 0.0029 - 0.035 2.4

Strontium 7440-24-6 0.41 - 0.021 1.22E-04 - 0.021 1.4

Tetrachloroethene 127-18-4 0.00090 Yes 0.0045 0.0028 0.011 0.018 1.2

Toluene 108-88-3 0.0014 Yes 5.24E-04 1.87E-04 1.34E-04 8.46E-04 0.058

Trichloroethene 79-01-6 0.00039 Yes 0.024 0.0042 0.094 0.12 8.4

Trichloromonofluoro- 75-69-4 0.00056 Yes 5.59E-05 1.12E-05 3.83E-04 4.50E-04 0.031
methane

Uranium 7440-61-1 0.0080 0.080 4.77E-04 0.081 5.6

Vanadium 7440-62-2 0.011 0.067 0.015 - 0.082 5.7

Xylenes (total) 1330-20-7 0.0041 Yes 6.14E-04 4.11E-04 0.020 0.021 1.4

Zinc 7440-66-6 0.0089 8.92E-04 3.18E-06 - 8.95E-04 0.062

Total HI 1.2 0.11 0.13 1.5 100
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Table E-29. 200-PO-1 Groundwater OU (NRDWL/SWL) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatile',' (Ingestion) (Dermal) (Inhalation) HQ Contribution

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI

HQ

hazard index

hazard quotient
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Table E-30. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatile',' (Ingestion) (Dermal) (Inhalation) Risk Contribution

1,1,1-Trichloroethane 71-55-6 0.00015 Yes 0.00E+00 0

1,1-Dichloroethane 75-34-3 0.00025 Yes 1.83E-08 1.42E-09 7.12E-08 9.09E-08 0.0074

1,1-Dichloroethene 75-35-4 0.00014 Yes - 0.00E+00 0

Acetone 67-64-1 0.0012 Yes - 0.OOE+00 0

Aluminum 7429-90-5 0.047 - - 0.OOE+00 0

Antimony 7440-36-0 0.047 - - 0.OOE+00 0

Arsenic 7440-38-2 0.0062 - 1.20E-04 6.67E-07 - 1.20E-04 9.8

Barium 7440-39-3 0.053 - - 0.OOE+00 0

Benzyl alcohol 100-51-6 0.0011 - - 0.OOE+00 0

Bis(2-ethylhexyl) 117-81-7 0.0015 - 2.66E-07 4.08E-07 - 6.74E-07 0.055
phithalate

Boron 7440-42-8 0.030 - - 0.OOE+00 0

Bromodichloromethane 75-27-4 0.00058 Yes 4.62E-07 3.75E-08 3.83E-06 4.33E-06 0.35

Bromoform 75-25-2 0.0023 2.35E-07 1.62E-08 - 2.51E-07 0.020

Bromomethane 74-83-9 0.0045 Yes - - 0.OOE+00 0

Butylbenzylphthalate 85-68-7 0.0013 3.17E-08 - - 3.17E-08 0.0026

Cadmium 7440-43-9 0.0045 - - 0.OOE+00 0

Carbon disulfide 75-15-0 0.00012 Yes - - 0.OOE+00 0

Carbon tetrachloride 56-23-5 0.0040 Yes 3.64E-06 9.66E-07 4.33E-06 8.93E-06 0.73
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Table E-30. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatile',' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Chloroform 67-66-3 0.00033 Yes 1.29E-07 1.17E-08 1.33E-06 1.47E-06 0.12

Chromium 7440-47-3 0.0053 -0.OOE+00 0

Cobalt 7440-48-4 0.00023 -0.OOE+00 0

Copper 7440-50-8 0.0013 -0.OOE+00 0

Dibromochloromethane 124-48-1 0.0022 Yes 2.42E-06 1.82E-07 1.08E-05 1.34E-05 1.1

Diethylphthalate 84-66-2 0.0017 - 0.OOE+00 0

Ethyl methacrylate 97-63-2 0.00082 Yes - - 0.OOE+00 0

Fluoride 16984-48-8 0.28 - - - - 0.OOE+00 0

Hexavalent chromium 18540-29-9 0.0046 - - - - 0.OOE+00 0

Iron 7439-89-6 0.38 - - - - 0.OOE+00 0

Lead 7439-92-1 0.0010 - - - - 0.OOE+00 0

Lithium 7439-93-2 0.010 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.019 - - - - 0.OOE+00 0

Methylene chloride 75-09-2 0.0019 Yes 4.88E-08 1.81E-09 3.38E-09 5.40E-08 0.0044

Molybdenum 7439-98-7 0.0069 - - - - 0.OOE+00 0

Nickel 7440-02-0 0.0083 - - - - 0.OOE+00 0

Nitrate 14797-55-8 33.5 - - - - 0.OOE+00 0

Nitrite 14797-65-0 0.17 - - - - 0.OOE+00 0
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Table E-30. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatile',' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Selenium 7782-49-2 0.0021 -0.00E+00 0

Silver 7440-22-4 0.018 -0.00E+00 0

Strontium 7440-24-6 0.27 -0.00E+00 0

Tetrachloroethene 127-18-4 0.0040 Yes 1.08E-07 6.38E-08 1.85E-07 3.57E-07 0.029

Tin 7440-31-5 0.00041 -0.OOE+00 0

Tributyl phosphate 126-73-8 0.0056 6.52E-07 6.52E-07 0.053

Trichloroethene 79-01-6 0.0018 Yes 1.09E-06 1.87E-07 1.35E-06 2.63E-06 0.21

Uranium 7440-61-1 0.022 - - 0.00E+00 0

Vanadium 7440-62-2 0.013 - - - 0.00E+00 0

Zinc 7440-66-6 0.28 - - - 0.00E+00 0

Americium-241 14596-10-2 0.11 - 2.19E-07 - - 2.19E-07 0.018

Carbon-14 14762-75-5 9.9 - 2.93E-07 - - 2.93E-07 0.024

lodine-129 15046-84-1 1.3 - 3.54E-06 - - 3.54E-06 0.29

Protactinium-231 14331-85-2 0.31 - 1.02E-06 - - 1.02E-06 0.083

Strontium-90 10098-97-2 2.2 - 2.35E-06 - - 2.35E-06 0.19

Technetium-99 14133-76-7 79.6 - 4.19E-06 - - 4.19E-06 0.34

Tritium 10028-17-8 179,470 Yes 1.74E-04 - 8.12E-04 9.86E-04 80

Uranium-233/234 U-233/234 33.7 4.56E-05 - 4.56E-05 3.7
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Table E-30. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatile',' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Uranium-234 13966-29-5 2.9 3.93E-06 3.93E-06 0.32

Uranium-235 15117-96-1 1.1 1.46E-06 1.46E-06 0.12

Uranium-238 U-238 20.5 2.51E-05 2.51E-05 2.0

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route

CAS = Chemical Abstracts Service

ELCR = excess lifetime cancer risk

EPC = exposure point concentration
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Total cumulative ELCR 3.91E-04 8.34E-04 1.23E-03 100



Table E-31. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

1,1,1-Trichloroethane 71-55-6 0.00015 Yes 2.28E-06 4.46E-07 1.46E-05 1.73E-05 2.46E-04

1,1-Dichloroethane 75-34-3 0.00025 Yes 3.75E-05 3.01E-06 4.05E-05 5.75E-04

1,1-Dichloroethene 75-35-4 0.00014 Yes 8.39E-05 1.19E-05 3.36E-04 4.31E-04 0.0061

Acetone 67-64-1 0.0012 Yes 4.10E-05 1.90E-05 6.OOE-05 8.52E-04

Aluminum 7429-90-5 0.047 - 0.0014 8.34E-06 - 0.0014 0.020

Antimony 7440-36-0 0.047 - 3.5 0.14 - 3.7 52

Arsenic 7440-38-2 0.0062 - 0.62 0.0037 - 0.63 8.9

Barium 7440-39-3 0.053 - 0.0079 6.68E-04 - 0.0085 0.12

Benzyl alcohol 100-51-6 0.0011 - 3.30E-04 - - 3.30E-04 0.0047

Bis(2-ethylhexyl) 117-81-7 0.0015 - 0.0022 0.0035 - 0.0057 0.082
phithalate

Boron 7440-42-8 0.030 - 0.0045 2.69E-05 - 0.0046 0.065

Bromodichloromethane 75-27-4 0.00058 Yes 8.70E-04 7.3 1E-05 - 9.43E-04 0.013

Bromoform 75-25-2 0.0023 0.0035 2.49E-04 - 0.0037 0.053

Bromomethane 74-83-9 0.0045 Yes 0.096 0.0032 0.43 0.53 7.5

Butylbenzylphthalate 85-68-7 0.0013 1.95E-04 - - 1.95E-04 0.0028

Cadmium 7440-43-9 0.0045 0.27 0.032 0.30 4.3

Carbon disulfide 75-15-0 0.00012 Yes 3.60E-05 6.52E-06 8.22E-05 1.25E-04 0.0018

Carbon tetrachloride 56-23-5 0.0040 Yes 0.030 0.0083 0.019 0.058 0.83
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Table E-31. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Chloroform 67-66-3 0.00033 Yes 9.74E-04 9.12E-05 0.0016 0.0027 0.038

Chromium 7440-47-3 0.0053 1.05E-04 4.82E-05 - 1.54E-04 0.0022

Cobalt 7440-48-4 0.00023 0.023 5.35E-05 - 0.023 0.32

Copper 7440-50-8 0.0013 0.0010 5.97E-06 - 0.0010 0.014

Dibromochloromethane 124-48-1 0.0022 Yes 0.0034 2.62E-04 - 0.0036 0.052

Diethylphthalate 84-66-2 0.0017 6.37E-05 6.61E-06 - 7.03E-05 9.99E-04

Ethyl methacrylate 97-63-2 0.00082 Yes 2.73E-04 0.0013 0.0016 0.023

Fluoride 16984-48-8 0.28 - 0.14 8.23E-04 - 0.14 2.0

Hexavalent chromium 18540-29-9 0.0046 - 0.046 0.022 - 0.068 0.96

Iron 7439-89-6 0.38 - 0.016 9.69E-05 - 0.016 0.23

Lead 7439-92-1 0.0010 - - - 0 0

Lithium 7439-93-2 0.010 - 0.16 9.26E-04 - 0.16 2.2

Manganese 7439-96-5 0.019 - 0.023 0.0035 - 0.027 0.38

Methylene chloride 75-09-2 0.0019 Yes 0.0095 3.66E-04 0.0015 0.011 0.16

Molybdenum 7439-98-7 0.0069 - 0.041 2.44E-04 - 0.041 0.59

Nickel 7440-02-0 0.0083 - 0.012 3.69E-04 - 0.013 0.18

Nitrate 14797-55-8 33.5 - 0.14 1.18E-04 - 0.14 2.0

Nitrite 14797-65-0 0.17 - 0.017 9.83E-05 - 0.017 0.24

Selenium 7782-49-2 0.0021 - 0.012 7.34E-05 - 0.012 0.18
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Table E-31. 200-PO-1 Groundwater OU (200-PO-1 Far-Field Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Silver 7440-22-4 0.018 0.11 0.0096 0.12 1.7

Strontium 7440-24-6 0.27 0.014 8.01E-05 - 0.014 0.19

Tetrachloroethene 127-18-4 0.0040 Yes 0.020 0.012 0.048 0.080 1.1

Tin 7440-31-5 0.00041 2.04E-05 1.21E-07 - 2.05E-05 2.92E-04

Tributyl phosphate 126-73-8 0.0056 0.017 - - 0.017 0.24

Trichloroethene 79-01-6 0.0018 Yes 0.11 0.020 0.44 0.57 8.1

Uranium 7440-61-1 0.022 0.22 0.0013 - 0.22 3.1

Vanadium 7440-62-2 0.013 0.076 0.017 0.093 1.3

Zinc 7440-66-6 0.28 0.028 1.01E-04 - 0.029 0.41

Total HI 5.8 0.28 0.95 7.0 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

= indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Table E-32. 200-PO-1 Groundwater OU (Near-River Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Acetone 67-64-1 0.0025 Yes - 0.OOE+00 0

Aluminum 7429-90-5 0.054 - - 0.00E+00 0

Antimony 7440-36-0 0.0058 - - 0.00E+00 0

Arsenic 7440-38-2 0.0043 - 8.32E-05 4.63E-07 - 8.37E-05 22

Barium 7440-39-3 0.063 - - - - 0.OOE+00 0

Boron 7440-42-8 0.021 - - - - 0.OOE+00 0

Cadmium 7440-43-9 0.00012 - - - - 0.OOE+00 0

Chromium 7440-47-3 0.0051 - - - - 0.00E+00 0

Cobalt 7440-48-4 0.00031 - - - - 0.00E+00 0

Copper 7440-50-8 0.0025 - - - - 0.OOE+00 0

Fluoride 16984-48-8 0.25 - - - - 0.OOE+00 0

Hexavalent chromium 18540-29-9 0.0050 - - - - 0.OOE+00 0

Iron 7439-89-6 2.5 - - - - 0.OOE+00 0

Lead 7439-92-1 0.00068 - - - - 0.OOE+00 0

Lithium 7439-93-2 0.021 - - - - 0.OOE+00 0

Manganese 7439-96-5 0.069 - - - - 0.OOE+00 0

Molybdenum 7439-98-7 0.012 -0.OOE+00 0
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Table E-32. 200-PO-1 Groundwater OU (Near-River Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Nickel 7440-02-0 0.0010 - - - - 0.OOE+00 0

Nitrate 14797-55-8 25.3 - - - - 0.OOE+00 0

Nitrite 14797-65-0 0.18 - - - - 0.OOE+00 0

Selenium 7782-49-2 0.0022 - - - - 0.OOE+00 0

Strontium 7440-24-6 0.38 - - - - 0.OOE+00 0

Thallium 7440-28-0 0.00037 - - - - 0.OOE+00 0

Tin 7440-31-5 0.00012 - - - - 0.OOE+00 0

Uranium 7440-61-1 0.0069 - - - - 0.OOE+00 0

Vanadium 7440-62-2 0.014 - - - - 0.OOE+00 0

Zinc 7440-66-6 0.017 - - - - 0.OOE+00 0

lodine-129 15046-84-1 0.32 - 9.10E-07 - - 9.10E-07 0.24

Selenium-79 15758-45-9 39.4 - 5.50E-06 - - 5.50E-06 1.4

Strontium-90 10098-97-2 2.8 - 2.96E-06 - - 2.96E-06 0.77

Technetium-99 14133-76-7 68.0 - 3.58E-06 - - 3.58E-06 0.93

Tritium 10028-17-8 50,867 Yes 4.94E-05 - 2.30E-04 2.79E-04 73

Uranium-233/234 U-233/234 2.4 3.25E-06 - 3.25E-06 0.84

Uranium-234 13966-29-5 2.5 3.42E-06 3.42E-06 0.89
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Table E-32. 200-PO-1 Groundwater OU (Near-River Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive and Nonradioactive Analytes in Groundwater

EPC in
Groundwater
Cw (mg/L or Risk Risk Risk Total %

Analyte Name CAS No. pCi/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) Risk Contribution

Uranium-235 15117-96-1 0.15 1.98E-07 1.98E-07 0.052

Uranium-238 U-238 1.8 2.14E-06 2.14E-06 0.56

Total cumulative ELCR 1.55E-04 4.63E-07 2.30E-04 3.85E-04 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

- = indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

Chemical Abstracts Service

excess lifetime cancer risk

exposure point concentration

hazard index

hazard quotient
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Table E-33. 200-PO-1 Groundwater OU (Near-River Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Acetone 67-64-1 0.0025 Yes 8.32E-05 3.87E-05 1.22E-04 0.0059

Aluminum 7429-90-5 0.054 - 0.0016 9.62E-06 - 0.0016 0.079

Antimony 7440-36-0 0.0058 - 0.43 0.017 - 0.45 22

Arsenic 7440-38-2 0.0043 - 0.43 0.0026 - 0.43 21

Barium 7440-39-3 0.063 - 0.0094 7.97E-04 - 0.010 0.49

Boron 7440-42-8 0.021 - 0.0032 1.90E-05 - 0.0032 0.16

Cadmium 7440-43-9 0.00012 - 0.0070 8.25E-04 - 0.0078 0.38

Chromium 7440-47-3 0.0051 - 1.03E-04 4.68E-05 - 1.49E-04 0.0072

Cobalt 7440-48-4 0.00031 - 0.031 7.40E-05 - 0.031 1.5

Copper 7440-50-8 0.0025 - 0.0019 1.12E-05 - 0.0019 0.092

Fluoride 16984-48-8 0.25 - 0.13 7.47E-04 - 0.13 6.1

Hexavalent chromium 18540-29-9 0.0050 - 0.050 0.024 - 0.074 3.5

Iron 7439-89-6 2.5 - 0.11 6.43E-04 - 0.11 5.3

Lead 7439-92-1 0.00068 - - - - 0 0

Lithium 7439-93-2 0.021 - 0.31 0.0019 - 0.32 15

Manganese 7439-96-5 0.069 - 0.087 0.013 - 0.100 4.8

Molybdenum 7439-98-7 0.012 - 0.070 4.13E-04 - 0.070 3.4

Nickel 7440-02-0 0.0010 - 0.0015 4.41E-05 - 0.0015 0.074

Nitrate 14797-55-8 25.3 - 0.11 8.92E-05 - 0.11 5.2
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Table E-33. 200-PO-1 Groundwater OU (Near-River Area) Exposure Area Tap Water Risk Assessment -
Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive Analytes in Groundwater

EPC in
Groundwater HQ HQ HQ Total %

Analyte Name CAS No. Cw (mg/L) Volatilea,' (Ingestion) (Dermal) (Inhalation) HQ Contribution

Nitrite 14797-65-0 0.18 - 0.018 1.04E-04 - 0.018 0.85

Selenium 7782-49-2 0.0022 - 0.013 7.79E-05 - 0.013 0.64

Strontium 7440-24-6 0.38 - 0.019 1.14E-04 - 0.019 0.93

Thallium 7440-28-0 0.00037 - - - 0 0

Tin 7440-31-5 0.00012 - 6.19E-06 3.68E-08 - 6.23E-06 3.01E-04

Uranium 7440-61-1 0.0069 - 0.068 4.06E-04 - 0.069 3.3

Vanadium 7440-62-2 0.014 - 0.086 0.020 - 0.11 5.1

Zinc 7440-66-6 0.017 - 0.0017 6.16E-06 - 0.0017 0.084

Total HI 2.0 0.082 3.87E-05 2.1 100

a. Volatile contaminants as defined by EPA, 2013, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

= indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route

CAS = Chemical Abstracts Service

EPC = exposure point concentration

HI = hazard index

HQ = hazard quotient
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Well-Specific Groundwater Evaluation
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1 F1 Introduction
2 This appendix summarizes the risk estimates for monitoring wells selected for well-specific risk
3 evaluation. Risk estimates were calculated for analytes detected in each monitoring well using the
4 U.S. Environmental Protection Agency (EPA) tap water (residential) scenario. The methods and
5 assumptions used to calculate the groundwater cleanup levels are described in ECF-Hanford-13-0035,
6 Tap Water Risk Assessment for Remedial Investigation/Feasibility Studies of the 200-BP-5 and 200-PO-1
7 Groundwater Operable Units. Within the 200-PO-1 Groundwater Operable Unit (OU), 42 of
8 168 monitoring wells were selected by the Washington State Department of Ecology (Ecology) to
9 confirm that the contaminants of potential concern (COPCs) identified in Chapter 2 and in Chapter 4,

10 Section 4.5, of this remedial investigation (RI) report addendum are consistent with those that are
II identified in the selected wells.

12 The 42 monitoring wells were selected by Ecology for the purpose of calculating well-specific cancer risk
13 and noncancer hazards. Table F-I lists the 42 monitoring wells and the associated exposure areas within
14 the 200-PO-I OU that are included in the well-specific evaluation.

15 Due to the large number of figures and tables included in this appendix, Figures F-I through F-48 and
16 Tables F-I through F-13 are provided at the end of the appendix rather than immediately following their
17 callouts in the text discussion.

18 F.1 Groundwater Data Used for Analysis

19 Groundwater data collected over 6 years and 9 months of measurement (January 2008 through
20 December 2013) were used for the analysis. The groundwater data set was processed and reduced using
21 the same methods as those described in Chapter 4, Section 4.2.1.2, of this RI report addendum.
22 Data processing and reduction steps included the following:

23 e Analytical results from both unfiltered and filtered samples

24 e Data qualification and data validation flags, including rejected results

25 e Results for a given analyte reported by more than one analytical method

26 e Parent, field duplicate, and field split sample results

27 Similarly, the exclusion criteria applied to this data set are the same as those described in Chapter 4,
28 Section 4.2.2.1, of this RI report addendum. Exclusion criteria include the following:

29 e Analytes that were not detected at least once

30 e Naturally occurring radionuclides associated with background radiation

31 e Radionuclides that have half-lives of less than 3 years and are not significant daughter products

32 e Essential nutrients (minerals)

33 e Analytes without known toxicity information

34 The exposure point concentrations (EPCs) that were calculated for each analyte that did not meet the
35 exclusion criteria in each monitoring well are listed in Tables F-2 through F-6.

36 The results of the well-specific risk evaluation are provided in Tables F-8 through F-12. Each table lists
37 the well name, the total cumulative cancer risk, the major risk contributors, the hazard index (HI), and the
38 major noncancer hazard contributors. Additionally, figures are provided for each exposure are that show
39 in graphical format (i.e., pie charts) the primary risk contributors and primary noncancer
40 hazard contributors.
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1 F1.1.1 Evaluation of Arsenic Results
2 A total of 17 of 168 wells within the 200-PO-I OU reported at least one measurement greater than the
3 drinking water standard (DWS) of 10 pg/L. Of these 17 wells, 10 wells (299-E 16-2, 299-E25-20,
4 299-E25-22, 299-E25-28, 299-E25-29P, 299-E25-34, 699-43-45, 699-13-iA, 699-20-20, and 699-S8-19)
5 are selected for the well-specific evaluation. Arsenic concentrations in the remaining 151 wells in
6 the 200-PO-I OU reported concentrations within naturally occurring levels. Minimum, maximum, and
7 90"' percentile concentrations for (filtered) background concentrations of arsenic are 0.5 gg/L, 8.8 gg/L,
8 and 7.85 gg/L, respectively.

9 Unfiltered arsenic concentrations are plotted on time-series charts for all of the wells within each of the
10 exposure areas (Figures F-I through F-7). Additionally, a time-series chart is provided for the
II 10 monitoring wells that reported at least one measurement greater than the DWS; these charts show both
12 unfiltered and filtered arsenic concentrations. These time-series charts represent measurements that have
13 been collected during the past 10 years.

14 For the purpose of this evaluation, monitoring wells with arsenic concentrations greater than the DWS are
15 included in the cancer risk and noncancer hazard estimates and are included in the figures that show the
16 primary cancer risk and noncancer hazard contributors. Monitoring wells with arsenic concentrations
17 within the range of naturally occurring levels are not included in the cancer risk and noncancer hazard
18 calculations or figures.

19 F1.1.2 Evaluation of Antimony Results
20 The evaluation of measured groundwater concentrations provided in Chapter 3 of this RI report
21 addendum determined that antimony results reported by EPA Method 6010 are not accurate at
22 concentrations at or near the DWS (6 pag/L) or the Hanford Site background concentration (55 pag/L),
23 whereas antimony concentrations reported by EPA Method 200.8 are less than the DWS. As a result, the
24 EPCs for antimony are elevated where measured concentrations reflect false-positive results. Because
25 antimony concentrations reflect false-positive results, noncancer hazards for antimony are not calculated
26 or reported for any of the wells in this evaluation.

27 F1.1.3 Evaluation of Cumulative Noncancer Effects
28 When the reported HI is above the 2007 WAC 173-340-708(5), "Model Toxics Control Act-Cleanup,"
29 "Human Health Risk Assessment Procedures" (hereafter referred to as MTCA HHRA Procedures)
30 target HI of 1 (unity), then EPA guidance (EPA/540/1-89/002, Risk Assessment Guidancefor Superfund
31 Volume I Human Health Evaluation Manual (Part A): Interim Final) recommends the segregation of
32 HIs by critical effect and mechanism of action. If exposure levels exceed the reference dose (RfD)
33 (unity), then adverse effects, in addition to the critical toxic effect, may begin to appear. The RfD is
34 developed from a no observable adverse effect level for the most sensitive, or critical, toxic effect based
35 in part on the assumption that if the critical toxic effect is prevented, then all toxic effects are prevented.
36 EPA guidance (EPA/540/1-89/002) indicates that "...although higher exposure levels may be required to
37 produce adverse health effects other than the critical effect, the RfD can be used as the toxicity value for
38 each effect category as a conservative and simplifying step." Based on the results of the well-specific
39 evaluation presented in the following discussion, each analyte that is determined to contribute greater than
40 1 percent of the total HI is listed in Table F-7. For each analyte, the critical effect associated with the
41 RfD is also listed.
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1 F2 Well-Specific Cancer Risk and Noncancer Hazard Results

2 The results of the well-specific risk evaluation are provided in Tables F-8 through F-13. Each table lists
3 the well name, the total cumulative cancer risk, the major risk contributors, the HI, and the major
4 noncancer hazard contributors. In addition, the primary cancer risk and noncancer hazard contributors are
5 shown in Figures F-8 through F-29 for each exposure area.

6 F2.1 Results of Well-Specific Evaluation in the Plutonium-Uranium
7 Extraction Cribs Exposure Area

8 Table F-8 provides a summary of the cancer risk and noncancer hazards for each of the six wells selected
9 for well-specific evaluation within the Plutonium-Uranium Extraction (PUREX) Cribs exposure area.

10 Figures F-8 and F-9 show the primary cancer risk contributors for wells within the PUREX Cribs
11 exposure area. Figures F-10 and F-Il show the primary noncancer hazard contributors for wells within
12 this exposure area. Figure F-I provides a time-series chart showing the unfiltered arsenic concentrations
13 for all wells within this exposure area.

14 F2.1.1 Well 299-E16-2
15 As shown in Table F-8, the total cumulative excess lifetime cancer risk (ELCR) is 2.2 x 10-4. The total
16 ELCR for nonradiological analytes is 1.9 x 10-4, which is greater than the MTCA cumulative risk
17 threshold of 1 x 10-5. The total ELCR for radiological analytes is 3.2 x 10-5, which is less than the upper
18 risk threshold of 1 x 1 0 -4. The major contributors to the total cumulative ELCR (those analytes that
19 contribute greater than 1 percent of total cumulative ELCR) are arsenic (1.9 x 10-4; 85 percent
20 contribution), iodine-129 (4.3 x 10-6; 1.9 percent contribution), and tritium (2.6 x 10-5; 12 percent
21 contribution). Contribution to ELCR is elevated for arsenic, where measured concentrations range
22 between 4.1 and 9.9 pg/L. The total cumulative ELCR is 3.2 x 10-5 without contribution from arsenic.
23 Figure F-32 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over
24 the past 10 years (if available) at Well 299-E16-2.

25 As shown in Table F-8, the HI is 1.7, which is greater than the 2007 MTCA HHRA Procedures
26 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
27 contribute greater than 1 percent of the total HI) are arsenic (hazard quotient [HQ] of 1.0; 58 percent
28 contribution), vanadium (HQ of 0.3; 17 percent contribution), and fluoride (HQ of 0.2; 9.2 percent
29 contribution). The remaining analytes, hexavalent chromium (Cr(VI)), iron, manganese, nitrate, and
30 nitrite, report an HQ less than 0.1.

31 The critical effect for each analyte is listed in Table F-8. With the exception of nitrate and nitrite, exposure
32 to each of the analytes that contributes to the HI of 1.7 results in a different critical effect; as such, it is
33 appropriate to segregate the contributions of each analyte. Exposure to nitrate and nitrite both results in the
34 same critical effect (i.e., blood effects). Summing the HQs for nitrate and nitrite results in an HQ of 0.05,
35 which is less than the target HI of 1. All analytes report an individual HI less than or equal to 1. The HI for
36 all analytes summed is 0.7 without contribution from arsenic.

37 F2.1.2 Well 299-E17-1
38 As shown in Table F-8, the total cumulative ELCR is 2.9 x 10-. The total ELCR for radiological analytes
39 is 2.9 x 10-, which is greater than the upper risk threshold of 1 x 10-4. There were no carcinogenic
40 nonradiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
41 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
42 cumulative ELCR) is tritium (2.9 x 10-'; 99 percent contribution).
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1 As shown in Table F-8, the HI is 4.9, which is greater than the 2007 MTCA HHRA Procedures
2 (WAC 173-340-708(5)) target HI of 1. The primary contributors to the noncancer HI (those analytes that
3 contribute greater than 1 percent of total HI) are cadmium (HQ of 1.2; 25 percent contribution) and
4 cobalt (HQ of 1.9; 39 percent contribution). All remaining individual analytes (beryllium, fluoride, iron,
5 manganese, nitrate, uranium, and vanadium) that contribute greater than one percent of the HI also report
6 an HQ less than 1.

7 As discussed in Chapter 3, Section 3.1.1.5, in the main text of this RI report addendum, cadmium was
8 measured once above the DWS of 5 pag/L (on October 20, 2008), and its presence above the DWS did
9 not recur. Similarly, cobalt was measured once above the WAC 173-340-720 level of 4.8 pag/L (on

10 October 20, 2008) and did not recur. The presence of detected cadmium and cobalt was associated with
11 data quality and is not the result of a site release. Therefore, cadmium and cobalt are not considered
12 contributors to noncancer cumulative effects. Without contribution from cadmium or cobalt, the HI is 1.8.
13 Figures F-33 and F-34 provide time-series charts showing unfiltered cadmium and unfiltered cobalt
14 concentrations, respectively, over the past 10 years (if available) at Well 299-E 17-1.

15 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
16 to the HI of 1.8 (without contribution from cadmium or cobalt) results in a different critical effect; as such, it
17 is appropriate to segregate the contributions of each analyte. All analytes report an individual HI less than 1.

18 F2.1.3 Well 299-E24-23
19 As shown in Table F-8, the total cumulative ELCR is 3.5 x 10-3. The total ELCR for nonradiological
20 analytes is 6.2 x 10-, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
21 ELCR for radiological analytes is 2.9 x 10-3, which is greater than the upper risk threshold of 1 x 10-4

22 The major contributors to the total cumulative ELCR (those analytes that contribute greater than
23 1 percent of total cumulative ELCR) are 2,6-dintrotoluene (3.4 x 10-4; 9.8 percent contribution),
24 n-nitrosodi-n-dipropylamine (2.7 x 10-4; 7.7 percent contribution), tritium (2.7 x 10-3; 79 percent
25 contribution), uranium-234 (4.2 x 10-5; 1.2 percent contribution), and uranium-238 (4.1 x 10-5;

26 1.2 percent contribution).

27 As discussed in Chapter 3, Section 3.1.1.3, in the main text of this RI report addendum, 2,6-dinitrotoluene
28 was analyzed once (on December 17, 2013) at Well 299-E24-23 and detected above the
29 WAC 173-340-720 level of 16 pg/L. n-Nitrosodi-n-dipropylamine was analyzed twice and was
30 detected once (on December 17, 2013) above the WAC 173-340-720 level of 0.013 pg/L. The presence
31 of these analytes is determined to be associated with data quality because their presence did not recur,
32 nor were these analytes detected in any other sample analyzed within the 200-PO-I OU. Therefore,
33 2,6-dinitrotoluene and n-nitrosodi-n-dipropylamine are not considered to be contributors to cancer risk.
34 The total cumulative ELCR remains at 2.7 x 10-3 without contribution from 2,6-dinitrotoluene and
35 n-nitrosodi-n-dipropylamine.

36 As shown in Table F-8, the HI is 2.7, which is greater than the 2007 MTCA HHRA Procedures
37 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
38 contribute greater than 1 percent of the total HI) are uranium (HQ of 1.1; 39 percent contribution),
39 trichloroethene (TCE) (HQ of 1.0; 35 percent contribution), nitrate (HQ of 0.4; 13 percent contribution),
40 vanadium (HQ of 0.2; 6.4 percent contribution), and fluoride (HQ of 0.1; 4.1 percent contribution).

41 The critical effect for each analyte is listed in Table F-8. Exposure to each of these analytes that
42 contributes to the HI results in a different critical effect; as such, it is appropriate to segregate the
43 contributions of each analyte. Uranium is the only analyte that reports an HI greater than 1.
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1 F2.1.4 Well 299-E25-19
2 As shown in Table F-8, the total cumulative ELCR is 9.8 x 10-1. The total ELCR for radiological analytes
3 is 9.8 x 10-', which is greater than the upper risk threshold of 1 x 10-. There were no carcinogenic
4 nonradiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
5 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
6 cumulative ELCR) is tritium (9.7 x 10-4; 99 percent contribution).

7 As shown in Table F-8, the HI is 0.75, which is less than the 2007 MTCA HHRA Procedures
8 (WAC 173-340-708(5)) target HI of 1.

9 F2.1.5 Well 299-E25-20
10 As shown in Table F-8, the total cumulative ELCR is 1.2 x 10-. The total ELCR for nonradiological
11 analytes is 1.9 x 10-, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
12 ELCR for radiological analytes is 1.0 x 10-, which is greater than the upper risk threshold of 1 x 10-4.
13 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
14 of total cumulative ELCR) are arsenic (1.9 x 10-4; 15 percent contribution) and tritium (1.0 x 10-';
15 84 percent contribution). Contribution to ELCR is elevated for arsenic, where measured concentrations
16 for unfiltered samples range between 7.4 and 10.8 pg/L. The total cumulative ELCR is 1.0 x 10- without
17 contribution from arsenic. Figure F-35 provides a time-series chart showing unfiltered and filtered arsenic
18 concentrations over the past 10 years (if available) at Well 299-E25-20.

19 As shown in Table F-8, the HI is 2.0, which is greater than the 2007 MTCA HHRA Procedures
20 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
21 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.0; 48 percent contribution),
22 vanadium (HQ of 0.3; 13 percent contribution), nitrate (HQ of 0.3; 13 percent contribution), Cr(VI)
23 (HQ of 0.2; 12 percent contribution), and fluoride (HQ of 0.1; 5.4 percent contribution). The remaining
24 analytes, manganese and bis(2-ethylhexyl)phthalate (BEHP), report an HQ less than 0.1.

25 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
26 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
27 each analyte. All analytes report an individual HI less than 1. The HI for all analytes summed is 1.0 without
28 contribution from arsenic.

29 F2.1.6 Well 299-E25-22
30 As shown in Table F-8, the total cumulative ELCR is 3.6 x 1 0 -4. The total ELCR for nonradiological
31 analytes is 2.1 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
32 ELCR for radiological analytes is 1.5 x 10-4, which is greater than the upper risk threshold of 1 x 10-4.

33 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
34 of total cumulative ELCR) are arsenic (2.1 x 10-4; 58 percent contribution), iodine-129 (6.7 x 10-6;
35 1.9 percent contribution), and tritium (1.4 x 10-4; 39 percent contribution). Contribution to ELCR is
36 elevated for arsenic, where measured concentrations for unfiltered samples range between 8.4 and
37 11.8 pg/L. The total cumulative ELCR is 1.5 x 10-4 without contribution from arsenic. Figure F-36
38 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
39 10 years (if available) at Well 299-E25-22.

40 As shown in Table F-8, the HI is 1.6, which is greater than the 2007 MTCA HHRA Procedures
41 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
42 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.1; 66 percent contribution),
43 vanadium (HQ of 0.3; 19 percent contribution), and fluoride (HQ of 0.1; 8.0 percent contribution).
44 The remaining analyte, nitrate, reports an HQ less than 0.1.
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1 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
2 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
3 each analyte. All analytes report an individual HI less than 1. The HI for all analytes summed is 0.6 without
4 contribution from arsenic.

5 F2.2 Results of Well-Specific Evaluation in the Waste Management Area A-AX Tank
6 Farms Exposure Area

7 Table F-9 provides a summary of the cancer risk and noncancer hazards for each of the six wells selected
8 for well-specific evaluation within the Waste Management Area (WMA) A-AX Tank Farms exposure
9 area. Figures F-12 and F-13 show the primary cancer risk contributors for wells, and Figures F-14 and

10 F-15 show the primary noncancer hazard contributors for wells within this exposure area. Figure F-2
11 provides a time-series chart showing the unfiltered arsenic concentrations for all wells within the
12 WMA A-AX Tank Farms exposure area.

13 F2.2.1 Well 299-E24-20
14 As shown in Table F-9, the total cumulative ELCR is 6.6 x 10-5. The total ELCR for radiological analytes
15 is 6.6 x 10-5, which is less than the upper risk threshold of 1 x 10'. There were no carcinogenic
16 nonradiological contaminants reported in this well; therefore, a cancer risk was not reported.

17 As shown in Table F-9, the HI is 1.5, which is greater than the 2007 MTCA HHRA Procedures
18 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
19 contribute greater than 1 percent of the total HI) are cobalt (HQ of 0.4; 27 percent contribution), cadmium
20 (HQ of 0.3; 20 percent contribution), vanadium (HQ of 0.2; 15 percent contribution), nitrate (HQ of 0.2;
21 12 percent contribution), and Cr(VI) (HQ of 0.1; 8.3 percent contribution). The remaining analytes
22 (fluoride, nitrite, silver, and uranium) report an HQ less than or equal to 0.1.

23 The critical effect for each analyte is listed in Table F-8. With the exception of arsenic, silver, nitrate, and
24 cobalt, exposure to each of the analytes that contributes to the HI of 1.5 results in a different critical
25 effect; as such, it is appropriate to segregate the contributions of each analyte. Exposure to arsenic and
26 silver results in a similar critical effect (i.e., skin effects). Summing the HQs for arsenic and silver results
27 in an HQ of 0.94, which is less than the target HI of 1. Exposure to nitrate and cobalt results in a similar
28 critical effect (i.e., blood effects). Summing the HQs for nitrate and cobalt results in an HQ of 0.6, which
29 is less than the target HI of 1. The HI for all analytes summed is 1.5 without contribution from arsenic;
30 all individual analytes report an HI less than 1.

31 F2.2.2 Well 299-E24-22
32 As shown in Table F-9, the total cumulative ELCR is 6.7 x 10-5. The total ELCR for radiological analytes
33 is 6.7 x 10-5, which is less than the upper risk threshold of 1 x 10-. There were no carcinogenic
34 nonradiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
35 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
36 cumulative ELCR) are iodine-129 (1.8 x 10-5; 27 percent contribution), technetium-99 (3.7 x 10-5;

37 56 percent contribution), and tritium (1.2 x 10-5; 18 percent contribution).

38 As shown in Table F-9, the HI for all analytes summed is 0.5, which is less than the 2007 MTCA HHRA
39 Procedures (WAC 173-340-708(5)) target HI of 1.

40 F2.2.3 Well 299-E25-28
41 As shown in Table F-9, the total cumulative ELCR is 2.4 x 10 -. The total ELCR for nonradiological
42 analytes is 2.0 x 10-, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
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1 ELCR for radiological analytes is 3.9 x 10-, which is less than the upper risk threshold of 1 x 10-.
2 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
3 of total cumulative ELCR) are arsenic (2.0 x 10-4; 84 percent contribution), iodine-129 (1.2 x 10-';
4 5.1 percent contribution), and tritium (2.7 x 10-5; 11 percent contribution). Contribution to ELCR is
5 elevated for arsenic, where measured concentrations for unfiltered samples range between 6.7 and
6 10.9 pg/L. The total cumulative ELCR is 3.9 x 10-5 without contribution from arsenic. Figure F-37
7 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
8 10 years (if available) at Well 299-E25-28.

9 As shown in Table F-9, the HI is 1.7, which is greater than the 2007 MTCA HHRA Procedures
10 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
11 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.0; 61 percent contribution), Cr(VI)
12 (HQ of 0.3; 16 percent contribution), vanadium (HQ of 0.2; 13 percent contribution), fluoride (HQ of 0.1;
13 5.7 percent contribution), and uranium (HQ of 0.03; 1.5 percent contribution).

14 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
15 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
16 each analyte. All individual analytes report an HI less than 1. The HI for all analytes summed is 0.7 without
17 contribution from arsenic.

18 F2.2.4 Well 299-E25-29P
19 As shown in Table F-9, the total cumulative ELCR is 2.3 x 10-4. The total ELCR for nonradiological
20 analytes is 1.9 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
21 ELCR for radiological analytes is 4.0 x 10-5, which is less than the upper risk threshold of 1 x 10-4.

22 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
23 of total cumulative ELCR) are arsenic (1.9 x 10-4; 83 percent contribution), iodine-129 (8.4 x 10-;
24 3.6 percent contribution), and tritium (3.1 x 10-5; 13 percent contribution). Contribution to ELCR is
25 elevated for arsenic, where measured concentrations for unfiltered samples range between 8.0 and
26 10.7 pg/L. The total cumulative ELCR is 4.0 x 10-5 without contribution from arsenic. Figure F-38
27 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
28 10 years (if available) at Well 299-E25-29P.

29 As shown in Table F-9, the HI is 1.9, which is greater than the 2007 MTCA HHRA Procedures
30 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
31 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.0; 51 percent contribution), nitrate
32 (HQ of 0.4; 23 percent contribution), vanadium (HQ of 0.2; 10 percent contribution), fluoride (HQ of 0.2;
33 8.2 percent contribution), and Cr(VI) (HQ of 0.09; 4.5 percent contribution.

34 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
35 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
36 each analyte. All individual analytes report an HI less than 1. The HI for all analytes summed is 1.0 without
37 contribution from arsenic.

38 F2.2.5 Well 299-E25-34
39 As shown in Table F-9, the total cumulative ELCR is 2.2 x 10-4. The total ELCR for nonradiological
40 analytes is 2.2 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
41 ELCR for radiological analytes is 1.7 x 10-5, which is less than the upper risk threshold of 1 x 10-4.
42 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
43 of total cumulative ELCR) are arsenic (2.2 x 10-4; 93 percent contribution), iodine-129 (1.4 x 10-5;
44 6.0 percent contribution), and tritium (3.1 x 10-'; 1.3 percent contribution). Contribution to ELCR is
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1 elevated for arsenic, where measured concentrations for unfiltered samples range between 9.1 and
2 12.1 pg/L. The total cumulative ELCR is 1.7 x 10- without contribution from arsenic. Figure F-39
3 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
4 10 years (if available) at Well 299-E25-34.

5 As shown in Table F-9, the HI is 1.7, which is greater than the 2007 MTCA HHRA Procedures
6 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
7 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.1; 65 percent contribution),
8 vanadium (HQ of 0.3; 15 percent contribution), and Cr(VI) (HQ of 0.1; 6.9 percent contribution).
9 The remaining analytes (fluoride, nickel, silver, and uranium) report an HQ less than 0.1.

10 The critical effect for each analyte is listed in Table F-8. With the exception of arsenic and silver, exposure
11 to each of the analytes that contributes to the HI results in a different critical effect; as such, it is
12 appropriate to segregate the contributions of each analyte. Exposure to arsenic and silver results in
13 a similar critical effect (i.e., skin effects). Summing the HQs for arsenic and silver results in an HQ of 1.1,
14 which is greater than the target HI of 1 (note that silver contributes less than 1 percent). The HI for all
15 analytes summed is 0.6 without contribution from arsenic.

16 F2.2.6 Well 299-E25-236
17 As shown in Table F-9, the total cumulative ELCR is 9.3 x 10-5. The total ELCR for nonradiological
18 analytes is 5.9 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
19 for radiological analytes is 8.7 x 10-5, which is less than the upper risk threshold of 1 x 10-. The major
20 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
21 cumulative ELCR) are 1,2,3,4,7,8-hexachloro-p-dioxin (5.9 x 10-6; 6.4 percent contribution), iodine-129
22 (1.6 x 10-5;18 percent contribution), technetium-99 (2.9 x 10-5; 31 percent contribution), and tritium
23 (4.1 x 10-5; 45 percent contribution).

24 As shown in Table F-9, the HI is 0.9, which is less than the 2007 MTCA HHRA Procedures
25 (WAC 173-340-708(5)) target HI of 1.

26 F2.3 Results of Well-Specific Evaluation in the 216-B-3 Pond Facility
27 Exposure Area

28 Table F-10 provides a summary of the cancer risk and noncancer hazards for each of the three wells
29 selected for well-specific evaluation within the 216-B-3 B Pond facility exposure area. Figures F-18
30 and F-19 show the primary cancer risk and noncancer hazard contributors for wells within this exposure
31 area, respectively. Figure F-4 provides a time-series chart showing the unfiltered arsenic concentrations
32 for all wells within the 216-B-3 Pond facility exposure area.

33 F2.3.1 Well 699-42-40A

34 As shown in Table F- 10, the total cumulative ELCR is 2.4 x 10-4. The total ELCR for radiological
35 analytes is 2.4 x 10-4, which is greater than the upper risk threshold of 1 x 10-4. There were no
36 carcinogenic nonradiological contaminants reported in this well; therefore, a cancer risk was not reported.
37 The major contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent
38 of total cumulative ELCR) are iodine-129 (2.6 x 10-6; 1.1 percent contribution) and tritium (2.4 x 10-4;
39 99 percent contribution).

40 As shown in Table F-10, the HI is 3.3, which is greater than the 2007 MTCA HHRA Procedures
41 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
42 contribute greater than 1 percent of the total HI) are iron (HQ of 1.6; 47 percent contribution), manganese
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1 (HQ of 1.3; 40 percent contribution), vanadium (HQ of 0.1; 3.8 percent contribution), and fluoride (HQ
2 of 0.1; 3.0 percent contribution). The remaining analytes (nickel, nitrate, and nitrite) report an HQ less
3 than 0.1. The mechanisms of action (critical effect) for each of the analytes are listed in Table F-8.

4 As discussed in Chapter 3, Section 3.1.4.3, in the main text of this RI report addendum, iron was measured
5 once above the WAC 173-340-720 level of 11,200 pag/L (on July 8, 2009), and its presence above the
6 action level did not recur. Similarly, manganese was measured once above the WAC 173-340-720 level
7 of 384 pag/L (on July 8, 2009) and did not recur. The presence of iron and manganese is associated with
8 data quality and is not from a discharge. Iron and manganese are not considered contributors to
9 cumulative noncancer effects. Figures F-40 and F-41 provide time-series charts showing the unfiltered

10 iron and unfiltered manganese concentrations over the past 10 years (if available) at Well 699-42-40A.

11 The critical effect for each analyte is listed in Table F-8. With the exception of nitrate and nitrite, exposure
12 to each of the analytes that contributes to the HI results in a different critical effect; as such, it is
13 appropriate to segregate the contributions of each analyte. Exposure to nitrate and nitrite results in the
14 same critical effect (i.e., blood effects). Summing the HQs results in an HQ of 0.1, which is less than the
15 target HI of 1. All individual analytes report an HI less than 1.

16 F2.3.2 Well 699-43-44
17 As shown in Table F- 10, the total cumulative ELCR is 1.0 x 10 -. The total ELCR for radiological
18 analytes is 1.1 x 10-, which is greater than the upper risk threshold of 1 x 10 -. There were no
19 carcinogenic nonradiological contaminants reported in this well; therefore, a cancer risk was not reported.
20 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
21 of total cumulative ELCR) are iodine-129 (1.5 x 10-5; 14 percent contribution) and tritium (9.0 x 10-5;

22 86 percent contribution).

23 As shown in Table F-10, the HI is 0.52, which is less than the 2007 MTCA HHRA Procedures
24 (WAC 173-340-708(5)) target HI of 1.

25 F2.3.3 Well 699-43-45
26 As shown in Table F-10, the total cumulative ELCR is 2.3 x 1 0 -4. The total ELCR for nonradiological
27 analytes is 1.9 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
28 ELCR for radiological analytes is 3.2 x 10-5, which is less than the upper risk threshold of I X 10-4.

29 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
30 of total cumulative ELCR) are arsenic (1.9 x 10-4; 86 percent contribution), iodine-129 (2.6 x 10-5;

31 12 percent contribution), and tritium (6.2 x 10-6; 2.7 percent contribution). Contribution to ELCR is
32 elevated for arsenic, where measured concentrations for unfiltered samples range between 7.8 and
33 10.3 pg/L. The total cumulative ELCR is 3.2 x 10-5 without contribution from arsenic. Figure F-42
34 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
35 10 years (if available) at Well 699-43-45.

36 As shown in Table F-10, the HI is 1.5, which is greater than the 2007 MTCA HHRA Procedures
37 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
38 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.0; 69 percent contribution) and
39 vanadium (HQ of 0.3; 18 percent contribution). The remaining analytes (fluoride, nitrate, nitrite, and
40 uranium) report an HQ less than 0.1.

41 The critical effect for each analyte is listed in Table F-8. With the exception of nitrate and nitrite, exposure
42 to each of the analytes that contributes to the HI results in a different critical effect; as such, it is
43 appropriate to segregate the contributions of each analyte. Exposure to nitrate and nitrite results in similar
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1 critical effect (i.e., blood effects). Summing the HQs results in an HQ of 0.05, which is less than the target
2 HI of 1. All individual analytes report an HI less than or equal to 1. The HI for all analytes summed is
3 0.5 without contribution from arsenic.

4 F2.4 Results of Well-Specific Evaluation in the Nonradioactive Dangerous
5 Waste Landfill/Solid Waste Landfill Exposure Area

6 Table F- 1 provides a summary of the cancer risk and noncancer hazards for each of the three wells
7 selected for well-specific evaluation within the Nonradioactive Dangerous Waste Landfill
8 (NRDWL)/Solid Waste Landfill (SWL) exposure area. Figures F-20 and F-21 show the primary cancer
9 risk contributors for wells within the NRDWL/SWL exposure area. Figures F-22 and F-23 show the

10 primary noncancer hazard contributors for wells within this exposure area. Figure F-5 provides
11 a time-series chart showing the unfiltered arsenic concentrations for all wells within the NRDWL/SWL
12 exposure area.

13 F2.4.1 Well 699-22-35
14 As shown in Table F-11, the total cumulative ELCR is 4.3 x 106. The total ELCR for nonradiological
15 analytes is 4.3 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. There were no
16 radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
17 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
18 cumulative ELCR) are carbon tetrachloride (2.2 x 10-6; 52 percent contribution) and chloroform
19 (1.2 x 10-6; 28 percent contribution).

20 As shown in Table F-11, the HI is 0.8, which is less than the 2007 MTCA HHRA Procedures
21 (WAC 173-340-708(5)) target HI of 1.

22 F2.4.2 Well 699-23-34A
23 As shown in Table F-11, the total cumulative ELCR is 5.9 x 106. The total ELCR for nonradiological
24 analytes is 5.9 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. There were no
25 radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
26 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
27 cumulative ELCR) is carbon tetrachloride (4.6 x 10-6; 78 percent contribution).

28 As shown in Table F-11, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
29 (WAC 173-340-708(5)) target HI of 1.

30 F2.4.3 Well 699-23-34B
31 As shown in Table F-11, the total cumulative ELCR is 3.1 x 106. The total ELCR for nonradiological
32 analytes is 3.1 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. There were no
33 radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
34 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
35 cumulative ELCR) is chloroform (1.4 x 10-6; 43 percent contribution).

36 As shown in Table F-11, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
37 (WAC 173-340-708(5)) target HI of 1.

38 F2.4.4 Well 699-24-33
39 As shown in Table F-11, the total cumulative ELCR is 1.4 x 106. The total ELCR for nonradiological
40 analytes is 1.4 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5.
41 All nonradiological carcinogenic analytes were reported with individual risk contributions less than
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1 1 x 106. There were no radiological contaminants reported in this well; therefore, a cancer risk was
2 not reported.

3 As shown in Table F-11, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
4 (WAC 173-340-708(5)) target HI of 1.

5 F2.4.5 Well 699-24-34A

6 As shown in Table F-11, the total cumulative ELCR is 1.3 x 106. The total ELCR for nonradiological
7 analytes is 1.3 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. All
8 nonradiological carcinogenic analytes were reported with individual risk contributions less than 1 x 10-6.
9 There were no radiological contaminants reported in this well; therefore, a cancer risk was not reported.

10 As shown in Table F-11, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
11 (WAC 173-340-708(5)) target HI of 1.

12 F2.4.6 Well 699-24-34B
13 As shown in Table F-11, the total cumulative ELCR is 2.3 x 106. The total ELCR for nonradiological
14 analytes is 2.3 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. There were no
15 radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
16 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
17 cumulative ELCR) is ethylbenzene (1.4 x 10-6; 61 percent contribution).

18 As shown in Table F-11, the HI is 0.8, which is less than the 2007 MTCA HHRA Procedures
19 (WAC 173-340-708(5)) target HI of 1.

20 F2.4.7 Well 699-24-34C
21 As shown in Table F-11, the total cumulative ELCR is 4.0 x 10-5. The total ELCR for nonradiological
22 analytes is 1.0 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
23 for radiological analytes is 3.9 x 10-5, which is less than the upper risk threshold of 1 x 10 -. The major
24 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
25 cumulative ELCR) are iodine-129 (1.5 x 10-6; 3.9 percent contribution) and tritium (3.7 x 10-5;

26 94 percent contribution).

27 As shown in Table F-11, the HI is 1.1, which is greater than the 2007 MTCA HHRA Procedures
28 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
29 contribute greater than 1 percent of the total HI) are Cr(VI) (HQ of 0.5; 47 percent contribution), TCE
30 (HQ of 0.2; 15 percent contribution), vanadium (HQ of 0.1; 11 percent contribution), and fluoride
31 (HQ of 0.1; 10 percent contribution). The remaining analytes (barium, nickel, nitrate, strontium, and
32 tetrachloroethene) report an HQ less than 0.1.

33 The critical effect for each analyte is listed in Table F-8. With the exception of barium and
34 tetrachloroethene, exposure to each of the analytes that contributes to the HI results in a different critical
35 effect; as such, it is appropriate to segregate the contributions of each analyte. Exposure to barium and
36 tetrachloroethene results in a similar critical effect (i.e., central nervous system effects). Summing the HQs
37 results in an HQ of 0.07, which is less than the target HI of 1. All individual analytes report an HI less than
38 or equal to 1.

39 F2.4.8 Well 699-25-34A

40 As shown in Table F-11, the total cumulative ELCR is 1.1 x 10-5. The total ELCR for nonradiological
41 analytes is 1.1 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. There were
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1 no radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
2 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
3 cumulative ELCR) are BEHP (6.1 x 10-6; 61 percent contribution), carbon tetrachloride (2.2 x 10-6;
4 21 percent contribution), and chloroform (1.0 x 10-6; 9.9 percent contribution).

5 As discussed in Chapter 3, Section 3.1.5.3, in the main text of this RI report addendum, BEHP was detected
6 once above the DWS of 6 pag/L on March 16, 2009, which was the only sample analyzed for this analyte
7 at this well. BEHP is a common laboratory contaminant that is introduced in the laboratory after the
8 sample is collected in the field. Therefore, BEHP is not considered a contributor to cancer risk.

9 As shown in Table F-11, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
10 (WAC 173-340-708(5)) target HI of 1.

11 F2.4.9 Well 699-25-34B
12 As shown in Table F-11, the total cumulative ELCR is 3.6 x 106. The total ELCR for nonradiological
13 analytes is 3.6 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. There were no
14 radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
15 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
16 cumulative ELCR) are BEHP (1.5 x 10-6; 42 percent contribution) and chloroform (1.0 x 10-6;
17 30 percent contribution).

18 As shown in Table F-11, the HI is 0.6, which is less than the 2007 MTCA HHRA Procedures
19 (WAC 173-340-708(5)) target HI of 1.

20 F2.4.10 Well 699-25-34D
21 As shown in Table F-i1, the total cumulative ELCR is 1.9 x 106. The total ELCR for nonradiological
22 analytes is 1.9 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. All
23 nonradiological carcinogenic analytes were reported with individual risk contributions less than 1 x 10-6.
24 There were no radiological contaminants reported in this well; therefore, a cancer risk was not reported.

25 As shown in Table F-11, the HI is 0.8, which is less than the 2007 MTCA HHRA Procedures
26 (WAC 173-340-708(5)) target HI of 1.

27 F2.5 Results of Well-Specific Evaluation in the 200-PO-1 Operable Unit
28 Far-Field Exposure Area

29 Table F-12 provides a summary of the cancer risk and noncancer hazards for each of the three wells
30 selected for well-specific evaluation within the 200-PO-I OU far-field exposure area. For wells within
31 this exposure area, Figures F-24 through F-26 show the primary cancer risk contributors, and
32 Figures F-27 through F-29 show the primary noncancer hazard contributors. Figure F-6 provides
33 a time-series chart showing the unfiltered arsenic concentrations for all wells within the 200-PO-1 OU
34 far-field exposure area.

35 F2.5.1 Well 499-S0-7
36 As shown in Table F-12, the total cumulative ELCR is 8.7 x 10-5. The total ELCR for nonradiological
37 analytes is 4.1 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
38 ELCR for radiological analytes is 4.7 x 10-5, which is less than the upper risk threshold of 1 x 10-.
39 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
40 of total cumulative ELCR) are bromodichloromethane (1.6 x 10-5; 18 percent contribution), chloroform
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1 (5.0 x 10-6; 5.7 percent contribution), dibromochloromethane (2.0 x 10-5; 23 percent contribution), and
2 tritium (4.7 x 10-5; 53 percent contribution).

3 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, this well and its
4 associated pumps serve as a backup water supply to the 400 Area. Bromodichloromethane, chloroform,
5 and dibromochloromethane are trihalomethanes (THMs) that are formed as a byproduct when chlorine is
6 added to the water supply systems and are not the result of a Hanford Site release. Additionally, the total
7 concentration of all THMs detected in Well 499-SO-7 (9.7 pg/L) is less than the DWS of 80 pg/L for
8 total THMs.

9 As shown in Table F- 12, the HI is 1.1, which is greater than the 2007 MTCA HHRA Procedures
10 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
11 contribute greater than 1 percent of the total HI) are lithium (HQ of 0.4; 34 percent contribution),
12 manganese (HQ of 0.4; 34 percent contribution), and fluoride (HQ of 0.1; 11 percent contribution).
13 The remaining analytes (bromomethane, molybdenum, nitrate, nitrite, and uranium) report an HQ less
14 than 0.1.

15 The critical effect for each analyte is listed in Table F-8. With the exception of nitrate, nitrite, lithium,
16 manganese, molybdenum, and uranium, exposure to each of the analytes that contributes to the HI results
17 in a different critical effect; as such, it is appropriate to segregate the contributions of each analyte.
18 Exposure to nitrate and nitrite results in a similar critical effect (i.e., blood effects). Summing the HQs for
19 nitrate and nitrite results in an HQ of 0.06. Exposure to lithium and manganese results in a similar critical
20 effect (i.e., central nervous system effects). Summing the HQs for lithium and manganese results in
21 an HQ of 0.8. Exposure to molybdenum and uranium results in a similar critical effect (i.e., kidney effects).
22 Summing the HQs for molybdenum and uranium results in an HQ of 0.09. All cumulative HIs are less than
23 the target HI of 1.

24 F2.5.2 Well 499-S0-8
25 As shown in Table F-12, the total cumulative ELCR is 7.8 x 10-5. The total ELCR for nonradiological
26 analytes is 3.2 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
27 ELCR for radiological analytes is 4.6 x 10-5, which is less than the upper risk threshold of 1 x 10'.
28 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
29 of total cumulative ELCR) are bromodichloromethane (1.2 x 10-5; 15 percent contribution), chloroform
30 (3.4 x 10-'; 4.4 percent contribution), dibromochloromethane (1.7 x 10-5; 21 percent contribution),
31 technetium-99 (1.3 x 10-6; 1.6 percent contribution), and tritium (4.5 x 10-5; 57 percent contribution).

32 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, this well and its
33 associated pumps serve as a backup water supply to the 400 Area. Bromodichloromethane, chloroform,
34 and dibromochloromethane are THMs that are formed as a byproduct when chlorine is added to the water
35 supply systems and are not the result of a Hanford Site release. Additionally, the total concentration of
36 all THMs detected in Well 499-SO-8 (8.1 pg/L) is less than the DWS of 80 pg/L for total THMs.

37 As shown in Table F-12, the HI is 0.8, which is less than the 2007 MTCA HHRA Procedures
38 (WAC 173-340-708(5)) target HI of 1.

39 F2.5.3 Well 499-SI-8J
40 As shown in Table F-12, the total cumulative ELCR is 3.7 x 10-5. The total ELCR for nonradiological
41 analytes is 2.3 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
42 ELCR for radiological analytes is 1.4 x 10-5, which is less than the upper risk threshold of 1 x 10'.
43 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
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1 of total cumulative ELCR) are bromodichloromethane (7.4 x 10-6; 20 percent contribution), chloroform
2 (2.1 x 10-6; 5.8 percent contribution), dibromochloromethane (1.3 x 10-5; 36 percent contribution), and
3 tritium (1.4 x 10-5; 38 percent contribution).

4 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, this well and its
5 associated pumps serve as a backup water supply to the 400 Area. Bromodichloromethane, chloroform,
6 and dibromochloromethane are THMs that are formed as a byproduct when chlorine is added to the water
7 supply systems and are not the result of a Hanford Site release. Additionally, the total concentration of
8 all THMs detected in Well 499-S1-8J (6.3 pg/L) is less than the DWS of 80 pag/L for total THMs.

9 As shown in Table F-12, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
10 (WAC 173-340-708(5)) target HI of 1.

11 F2.5.4 Well 699-10-54A

12 As shown in Table F-12, the total cumulative ELCR is 4.7 x 106. The total ELCR for nonradiological
13 analytes is 1.1 x 10-, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
14 for radiological analytes is 4.7 x 106, which is less than the upper risk threshold of 1 x 10 -. The major
15 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
16 cumulative ELCR) are technetium-99 (2.6 x 10-6; 55 percent contribution) and uranium-234 (1.2 x 10-6;
17 24 percent contribution).

18 As shown in Table F-12, the HI is 0.6, which is less than the 2007 MTCA HHRA Procedures
19 (WAC 173-340-708(5)) target HI of 1.

20 F2.5.5 Well 699-12-2C
21 As shown in Table F-12, the total cumulative ELCR is 7.3 x 1 0 -4. The total ELCR for radiological
22 analytes is 7.3 x 10-4, which is greater than the upper risk threshold of 1 x 1 0 -4. There were no
23 carcinogenic nonradiological contaminants reported in this well; therefore, a cancer risk was not reported.
24 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
25 of total cumulative ELCR) are tritium (7.2 x 10-4; 98 percent contribution) and technetium-99 (1.1 x 10-5;

26 2 percent contribution).

27 As shown in Table F-12, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
28 (WAC 173-340-708(5)) target HI of 1.

29 F2.5.6 Well 699-13-1A
30 As shown in Table F-12, the total cumulative ELCR is 3.2 x 1 0 -4. The total ELCR for nonradiological
31 analytes is 3.2 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. There were
32 no radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
33 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
34 cumulative ELCR) are arsenic (2.9 x 10-4; 89 percent contribution), bromodichloromethane (4.2 x 10-6;
35 1.3 percent contribution), and chloroform (3.2 x 10-5; 9.9 percent contribution). Contribution to ELCR is
36 elevated for arsenic, where measured concentrations for unfiltered samples range between 13.8 and
37 14.9 pg/L. The total cumulative ELCR is 3.6 x 10-5 without contribution from arsenic. Figure F-43
38 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
39 10 years (if available) at Well 699-13-lA.

40 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, this well is
41 located in the 300-FF-5 OU and was evaluated in the 300 Area RI/feasibility study (FS) report
42 (DOE/RL-2010-99, Remedial Investigation/Feasibility Study for the 300-FF-1, 300-FF-2, and 300-FF-5
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1 Operable Units). This well was included to provide spatial coverage for contaminants that have originated
2 from 200-PO-I OU. This report determined that although chloroform concentrations were reported above
3 the WAC 173-340-720 level of 1.4 tg/L, concentrations were less than the estimated quantitation limit;
4 therefore, the results were considered estimates. Chloroform is not considered a contributor to cumulative
5 cancer risk.

6 As shown in Table F-12, the HI is 2.2, which is greater than the 2007 MTCA HHRA Procedures
7 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
8 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.5; 67 percent contribution),
9 vanadium (HQ of 0.2; 6.6 percent contribution), fluoride (HQ of 0.1; 6.3 percent contribution), and

10 lithium (HQ of 0.1; 6.1 percent contribution). The remaining analytes (chloroform, manganese,
11 molybdenum, nitrate, and uranium) report an HQ less than 0.1.

12 The critical effect for each analyte is listed in Table F-8. With the exception of lithium, manganese,
13 molybdenum, and uranium, exposure to each of the analytes that contributes to the HI results in a different
14 critical effect; as such, it is appropriate to segregate the contributions of each analyte. Exposure to lithium
15 and manganese results in a similar critical effect (i.e., central nervous system effects). Summing the HQs for
16 lithium and manganese results in an HQ of 0.2. Exposure to molybdenum and uranium results in a similar
17 critical effect (i.e., kidney effects). Summing the HQs for molybdenum and uranium results in an HQ of 0.1.
18 Both cumulative HIs are less than the target HI of 1. Arsenic is the only analyte in this well that reports
19 an HI greater than 1. The HI is 0.7 without contribution from arsenic.

20 F2.5.7 Well 699-20-20
21 As shown in Table F-12, the total cumulative ELCR is 5.2 x 1 0 -4. The total ELCR for nonradiological
22 analytes is 2.5 x 10-4, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
23 ELCR for radiological analytes is 2.7 x 10-4, which is greater than the upper risk threshold of 1 x 10-4.

24 The major contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent
25 of total cumulative ELCR) are arsenic (2.5 x 10-4; 48 percent contribution), iodine-129 (9.0 x 10-6;
26 1.7 percent contribution), and tritium (2.6 x 10-4; 50 percent contribution). Contribution to ELCR is
27 elevated for arsenic, where measured concentrations for unfiltered samples range between 12.3 and
28 12.9 pg/L. The total cumulative ELCR is 2.7 x 10-5 without contribution from arsenic. Figure F-44
29 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
30 10 years (if available) at Well 699-20-20.

31 As shown in Table F-12, the HI is 2.2, which is greater than the 2007 MTCA HHRA Procedures
32 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
33 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.3; 59 percent contribution), lithium
34 (HQ of 0.2; 10 percent contribution),vanadium (HQ of 0.2; 7.8 percent contribution), fluoride (HQ of 0.2;
35 7.0 percent contribution), nitrate (HQ of 0.2; 7.0 percent contribution), Cr(VI) (HQ of 0.1; 4.7 percent
36 contribution), and molybdenum (HQ of 0.03; 1.6 percent contribution).

37 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
38 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
39 each analyte. Arsenic is the only analyte in this well that reports an HI greater than 1. The HI for all analytes
40 summed is 0.9 without contribution from arsenic.

41 F2.5.8 Well 699-29-4
42 As shown in Table F-12, the total cumulative ELCR is 3.6 x 1 0 -4. The total ELCR for radiological
43 analytes is 3.6 x 10-4, which is greater than the upper risk threshold of 1 x 1 0 -4. There were no
44 carcinogenic nonradiological contaminants reported in this well; therefore, a cancer risk was not reported.
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1 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
2 of total cumulative ELCR) are technetium-99 (6.3 x 10-'; 1.8 percent contribution) and tritium (3.5 x 10-4;
3 98 percent contribution).

4 As shown in Table F-12, the HI is 0.6, which is less than the 2007 MTCA HHRA Procedures
5 (WAC 173-340-708(5)) target HI of 1.

6 F2.5.9 Well 699-31-11
7 As shown in Table F-12, the total cumulative ELCR is 3.4 x 10-4. The total ELCR for nonradiological
8 analytes is 6.3 x 10-7, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
9 for radiological analytes is 3.3 x 10-4, which is greater than the upper risk threshold of 1 x 1 0 -4. The major

10 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
11 cumulative ELCR) are iodine-129 (4.7 x 10-6; 1.4 percent contribution), technetium-99 (5.1 x 10-6;
12 1.5 percent contribution), and tritium (3.2 x 10-4; 97 percent contribution).

13 As shown in Table F-12, the HI is 0.6, which is less than the 2007 MTCA HHRA Procedures
14 (WAC 173-340-708(5)) target HI of 1.

15 F2.5.10 Well 699-32-22B
16 As shown in Table F-12, the total cumulative ELCR is 7.2 x 10-7. The total ELCR for nonradiological
17 analytes is 4.6 x 10-7, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
18 for radiological analytes is 2.6 x 10-7, which is less than the upper risk threshold of 1 x 10-4. No major
19 contributors to cancer risk were identified.

20 As shown in Table F-12, the HI is 2.3, which is greater than the 2007 MTCA HHRA Procedures
21 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
22 contribute greater than 1 percent of the total HI) are zinc (HQ of 0.7; 31 percent contribution), manganese
23 (HQ of 0.7; 29 percent contribution), fluoride (HQ of 0.6; 26 percent contribution), and iron (HQ of 0.3;
24 11 percent contribution). The remaining analytes (barium and nitrite) report an HQ less than 0.1.

25 The critical effect for each analyte is listed in Table F-8. With the exception of nitrite, zinc, barium, and
26 manganese, exposure to each of the analytes that contributes to the HI results in a different critical effect;
27 as such, it is appropriate to segregate the contributions of each analyte. Exposure to nitrite and zinc results
28 in a similar critical effect (i.e., blood effects). Summing the HQs for nitrite and zinc results in an HQ of 0.7.
29 Exposure to barium and manganese results in a similar critical effect (i.e., central nervous system effects).
30 Summing the HQs for barium and manganese results in an HQ of 0.8. Both cumulative HIs are less than
31 the target HI of 1.

32 F2.5.11 Well 699-32-43
33 As shown in Table F-12, the total cumulative ELCR is 1.4 x 10-4. The total ELCR for nonradiological
34 analytes is 1.4 x 106, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
35 for radiological analytes is 1.4 x 10-4, which is greater than the upper risk threshold of 1 x 10-4. The major
36 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
37 cumulative ELCR) are iodine-129 (3.6 x 10-'; 2.6 percent contribution), tritium (1.3 x 10-4; 90 percent
38 contribution), uranium-234 (4.3 x 10-'; 3.1 percent contribution), and uranium-238 (2.7 x 10-6;
39 1.9 percent contribution).

40 As shown in Table F- 12, the HI is 1.4, which is greater than the 2007 MTCA HHRA Procedures
41 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
42 contribute greater than 1 percent of the total HI) are cobalt (HQ of 0.4; 30 percent contribution),
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1 Cr(VI) (HQ of 0.4; 25 percent contribution), vanadium (HQ of 0.2; 15 percent contribution), and fluoride
2 (HQ of 0.2; 14 percent contribution). The remaining analytes (nitrate, nitrite, and uranium) report
3 an HQ less than 0.1.

4 The critical effect for each analyte is listed in Table F-8. With the exception of cobalt, nitrate, and nitrite,
5 exposure to each of the analytes that contributes to the HI results in a different critical effect; as such, it is
6 appropriate to segregate the contributions of each analyte. Exposure to cobalt, nitrate, and nitrite results in
7 a similar critical effect (i.e., blood effects). Summing the HQs for nitrite and zinc results in an HQ of 0.5,
8 which is less than the target HI of 1.

9 F2.5.12 Well 699-41-23
10 As shown in Table F-12, the total cumulative ELCR is 6.5 x 10-5. The total ELCR for nonradiological
11 analytes is 4.5 x 10-7, which is less than the MTCA cumulative risk threshold of 1 x 10-5. The total ELCR
12 for radiological analytes is 6.5 x 10-5, which is less than the upper risk threshold of 1 x 10-. The major
13 contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
14 cumulative ELCR) are iodine-129 (1.6 x 10-5; 25 percent contribution) and tritium (4.7 x 10-5;
15 72 percent contribution).

16 As shown in Table F-12, the HI is 0.7, which is less than the 2007 MTCA HHRA Procedures
17 (WAC 173-340-708(5)) target HI of 1.

18 F2.5.13 Well 699-S6-E4A
19 As shown in Table F-12, the total cumulative ELCR is 7.8 x 10-5. The total ELCR for nonradiological
20 analytes is 1.1 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
21 ELCR for radiological analytes is 6.6 x 10-5, which is less than the upper risk threshold of 1 x 10-.
22 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
23 of total cumulative ELCR) are carbon tetrachloride (1.0 x 10-5; 13 percent contribution), technetium-99
24 (1.3 x 10-6, 1.7 percent contribution), tritium (5.4 x 10-5; 70 percent contribution), uranium-234
25 (5.2 x 10-6; 6.6 percent contribution), and uranium-238 (5.4 x 10-6; 7.0 percent contribution).

26 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, carbon
27 tetrachloride is not associated with a trend at this well. Carbon tetrachloride was detected once in a parent
28 and duplicate sample on February 16, 2010, with no detections prior to or after this date. The presence of
29 carbon tetrachloride is the result of data quality and not associated with a release. Carbon tetrachloride is
30 not considered a contributor to cumulative cancer risk. Figure F-45 provides a time-series chart showing
31 the unfiltered carbon tetrachloride concentrations over the past 10 years (if available)
32 at Well 699-S6-E4A.

33 As shown in Table F-12, the HI is 1.3, which is greater than the 2007 MTCA HHRA Procedures
34 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
35 contribute greater than 1 percent of the total HI) are lithium (HQ of 0.3; 26 percent contribution), fluoride
36 (HQ of 0.1; 11 percent contribution), nitrate (HQ of 0.1; 9.9 percent contribution), and uranium
37 (HQ of 0.1; 9.4 percent contribution). The remaining analytes (carbon tetrachloride, cobalt, Cr(VI), iron,
38 manganese, molybdenum, nitrite, selenium, strontium, tributyl phosphate, and vanadium) report an HQ
39 less than or equal to 0.1.

40 The critical effect for each analyte is listed in Table F-8. With the exception of cobalt, nitrate, nitrite,
41 lithium, manganese, molybdenum, and uranium, exposure to each of the analytes that contributes to the
42 HI results in a different critical effect; as such, it is appropriate to segregate the contributions of each
43 analyte. Exposure to cobalt, nitrate, and nitrite results in a similar critical effect (i.e., blood effects).
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1 Summing the HQs for cobalt, nitrate, and nitrite results in an HQ of 0.3. Exposure to lithium and
2 manganese results in a similar critical effect (i.e., central nervous system effects). Summing the HQs for
3 lithium and manganese results in an HQ of 0.4. Exposure to molybdenum and uranium results in a similar
4 critical effect (i.e., kidney effects). Summing the HQs for molybdenum and uranium results in an HQ of 0.2.
5 All cumulative His are less than the target HI of 1.

6 F2.5.14 Well 699-S6-E4E
7 As shown in Table F-12, the total cumulative ELCR is 6.0 x 10-5. The total ELCR for radiological
8 analytes is 6.0 x 10-5, which is less than the upper risk threshold of 1 x 10 -. There were no carcinogenic
9 nonradiological contaminants reported in this well; therefore, a cancer risk was not reported. The major

10 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
11 cumulative ELCR) is tritium (6.0 x 10-5; 100 percent contribution).

12 As shown in Table F-12, the HI is 1.0, which is equal to the 2007 MTCA HHRA Procedures
13 (WAC 173-340-708(5)) target HI of 1.

14 F2.5.15 Well 699-S6-E4K
15 As shown in Table F-12, the total cumulative ELCR is 8.2 x 10-5. The total ELCR for nonradiological
16 analytes is 2.2 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
17 ELCR for radiological analytes is 6.0 x 10-5, which is less than the upper risk threshold of 1 x 10-.
18 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
19 of total cumulative ELCR) are BEHP (5.5 x 10-6; 6.7 percent contribution), carbon tetrachloride
20 (1.6 x 10-5; 20 percent contribution), technetium-99 (1.0 x 106, 1.3 percent contribution), tritium
21 (5.0 x 10-5; 61 percent contribution), uranium-234 (5.3 x 10-6; 6.4 percent contribution), and uranium-238
22 (3.9 x 10-6; 4.7 percent contribution).

23 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, carbon
24 tetrachloride is not associated with a trend at this well. Carbon tetrachloride was detected once on
25 February 16, 2010, with no detections prior to or after this date. The presence of carbon tetrachloride is
26 the result of data quality and not associated with a release. Carbon tetrachloride is not considered
27 a contributor to cumulative cancer risk. Figure F-46 provides a time-series chart showing the unfiltered
28 carbon tetrachloride concentrations over the past 10 years (if available) at Well 699-S6-E4K.

29 As discussed in Chapter 2, Section 2.1.6.3, in the main text of this RI report addendum, BEHP is not
30 associated with a trend at this well. BEHP was detected once above the DWS of 6 pag/L at this well and
31 is the only detected result in the 12 samples analyzed. BEHP is a common laboratory contaminant that is
32 introduced in the laboratory after the sample is collected in the field. BEHP is not considered a
33 contributor to cumulative cancer risk.

34 As shown in Table F-12, the HI is 0.8, which is less than the 2007 MTCA HHRA Procedures
35 (WAC 173-340-708(5)) target HI of 1.

36 F2.5.16 Well 699-S6-E4L
37 As shown in Table F-12, the total cumulative ELCR is 1.3 x 1 0 -4. The total ELCR for nonradiological
38 analytes is 1.2 x 10-5, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. The total
39 ELCR for radiological analytes is 1.2 x 10-4, which is greater than the upper risk threshold of 1 x 10-4.

40 The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
41 of total cumulative ELCR) are carbon tetrachloride (8.8 x 10-6; 6.9 percent contribution), TCE (3.3 x 10-6;
42 2.6 percent contribution), tritium (4.6 x 10-5; 36 percent contribution), uranium-234 (7.7 x 10-6;
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1 6.0 percent contribution), uranium-235 (3.2 x 10-6; 2.5 percent contribution), and uranium-238 (5.6 x 10-5;

2 44 percent contribution).

3 As discussed in Chapter 2, Section 2.1.6.2, in the main text of this RI report addendum, carbon
4 tetrachloride is not associated with a trend at this well. Carbon tetrachloride was detected once on
5 February 16, 2010, with no detections above the 2007 MTCA groundwater cleanup prior to or after this
6 date. The presence of carbon tetrachloride is the result of data quality and not associated with a release.
7 Carbon tetrachloride is not considered a contributor to cumulative cancer risk. Figure F-47 provides
8 a time-series chart showing the unfiltered carbon tetrachloride concentrations over the past 10 years
9 (if available) at Well 699-S6-E4L.

10 As discussed in Chapter 2, Section 2.1.6.2, the main text of this RI report addendum and in the 300 Area
11 RI/FS report (DOE/RL-2010-99), this well was included to provide spatial coverage for analytes that
12 originate from the 200-PO-1 OU. TCE detections were evaluated in the in the 300 Area RI/FS report.
13 TCE is not considered a contributor to cumulative cancer risk.

14 As shown in Table F-12, the HI is 2.5, which is greater than the 2007 MTCA HHRA Procedures
15 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
16 contribute greater than 1 percent of the total HI) are uranium (HQ of 1.0; 39 percent contribution), TCE
17 (HQ of 0.7; 28 percent contribution), nitrate (HQ of 0.19; 7.5 percent contribution), nickel (HQ of 0.1;
18 4.8 percent contribution), and Cr(VI) (HQ of 0.1; 4.5 percent contribution). The remaining analytes
19 (carbon tetrachloride, fluoride, and tetrachloroethene) report an HQ less than or equal to 0.1.

20 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
21 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
22 each analyte. All individual His are less than the target HI of 1.

23 F2.5.17 Well 699-S8-19
24 As shown in Table F-12, the total cumulative ELCR is 2.5 x 10 -. The total ELCR for nonradiological
25 analytes is 2.5 x 10-, which is greater than the MTCA cumulative risk threshold of 1 x 10-5. There were
26 no radiological contaminants reported in this well; therefore, a cancer risk was not reported. The major
27 contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
28 cumulative ELCR) is arsenic (2.5 x 10-4; greater than 99 percent contribution). Contribution to ELCR is
29 elevated for arsenic, where measured concentrations for unfiltered samples range between 9.75 and
30 12.7 pg/L. A total cumulative ELCR is not reported without contribution from arsenic. Figure F-48
31 provides a time-series chart showing the unfiltered and filtered arsenic concentrations over the past
32 10 years (if available) at Well 699-S8-19.

33 As shown in Table F-12, the HI is 2.5, which is greater than the 2007 MTCA HHRA Procedures
34 (WAC 173-340-708(5)) target HI of 1. The primary contributors to noncancer HI (those analytes that
35 contribute greater than 1 percent of the total HI) are arsenic (HQ of 1.3; 51 percent contribution), fluoride
36 (HQ of 0.5; 18 percent contribution), vanadium (HQ of 0.2; 6.2 percent contribution), lithium (HQ of 0.4;
37 14 percent contribution), nitrate (HQ of 0.1; 4.7 percent contribution), and uranium (HQ of 0.05;
38 1.8 percent contribution).

39 The critical effect for each analyte is listed in Table F-8. Exposure to each of the analytes that contributes
40 to the HI results in a different critical effect; as such, it is appropriate to segregate the contributions of
41 each analyte. All individual His are less than the target HI of 1.
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1 F3 Summary of Contaminants of Potential Concern
2 Retained for Further Evaluation

3 The COPC retained for further evaluation are summarized in Table F-13. The individual COPCs that are
4 retained include the following:

5 e Radionuclides that report an individual cancer risk greater than 1 x 10-4, when the cumulative cancer
6 risk is greater than upper end of the range (1 x 10-4) identified in 40 CFR 300, "National Oil and
7 Hazardous Substances Pollution Contingency Plan"

8 e Hazardous chemicals that report an individual cancer risk greater than 1 x 10-6 when the
9 cumulative cancer risk is greater than 1 x 10-, as defined in the MTCA HHRA Procedures

10 (WAC 173-340-708(5)(a))

11 e Hazardous chemicals that report an HI greater than the target HI of 1, as defined in the MTCA
12 HHRA Procedures (WAC 173-340-708(5)(a))

13 F4 References

14 40 CFR 300, "National Oil and Hazardous Substances Pollution Contingency Plan," Code ofFederal
15 Regulations. Available at: http://www.ecfr.gov/cgi-bin/text-
16 idx?SID=0cff01005f9529de9127ab4a8e355abd&node=40:28.0. 1.1. 1&rgn=div5.

17 DOE/RL-2010-99, 2013, Remedial Investigation/Feasibility Study for the 300-FF-1, 300-FF-2, and
18 300-FF-5 Operable Units, Rev. 0, U.S. Department of Energy, Richland Operations Office,
19 Richland, Washington. Available at:
20 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0088359.
21 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0088307.
22 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0088306.
23 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0088305.

24 ECF-Hanford-13-003 5, 2015, Tap Water Risk Assessment for Remedial Investigation/Feasibility Studies
25 of the 200-BP-5 and 200-PO-1 Groundwater Operable Units, Rev. 0, CH2M HILL Plateau
26 Remediation Company, Richland, Washington.

27 EPA/540/1-89/002, 1989, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation
28 Manual (Part A): Interim Final, Office of Emergency and Remedial Response,
29 U.S. Environmental Protection Agency, Washington, D.C. Available at:
30 http://epa.gov/swerrims/riskassessment/ragsa/pdf/rags-voll-pta complete.pdf.

31 WAC 173-340, "Model Toxics Control Act-Cleanup," Washington Administrative Code, Olympia,
32 Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite= 173-340.

33 WAC 173-340-708, "Human Health Risk Assessment Procedures."

34 WAC 173-340-720, "Groundwater Cleanup Standards."
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
2007 MTCA GW CUL (TR=1 0e-5) ( 0.58 ug/L)

-0- Non-Detoct * 299-E17-13-4- 299-E17-19 299-E17-25 * 299-E24-23-A- 299-E25-20 299-E25-44
-.- Detect - 299-E17-14-e- 299-E17-1 - - 299-E1S-1 4 299-E25-17-- 299-E25-22-- 699-37-47A

+ 299-E16-2 299-E17-16 * 299-E17-21 + 299-E24-16 299-E25-18 A 299-E25-36
-.- 299-E17-12-1- 299-EI7-18 - 299-E17-23-4- 299-E24-18-+- 299-E25-19 A 299-E25-3

0

UD

Yea

P01 Purex Cribs
Figure F-I. Unfiltered Arsenic Concentrations for Wells within the PUREX Cribs Exposure Area
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
S o--2007 MTCA GW CUL (TR=1 0e-5) ( 0.58 ug/L)

Non-Detect + 299-E724-33 299-E25-28 -- 299-E25-34 -A- 299-E25-41 -A- 299-E25-6 299-E26-4
-.- Detect 299-E24-5 - 299-E25-29P * 299-E25-35 -A- 299-E25-42 -v- 299-E25-93 -,- 699-43-45

299-E23-1 * 299-E25-236 299-E25-2 + 299-E25-37 299-E25-43 - 299-E25-94
299-E24-20 -.- 299-E25-25 299-E25-32P 299-E25-39 A 299-E25-47 v 299-E26-12

o 299-E24-22 -.- 299-E25-26 - 299-E25-320 * 299-E25-40 299-E25-48 V 299-E26-13

ID)

Yea

InIN

P01 WMA A-AX

Figure F-2. Unfiltered Arsenic Concentrations for Wells within the WMA A-AX Exposure Area
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
2007 MTCA GW CUL (TR=1 0e-5) ( 0.58 ug/L)

-0- Non-Dotoct -*- 299-E13-11 299-E13-14 299-E13-17-t- 299-E13-19 299-E13-5 299-E13-8
-+- Detect -+- 299-E13-12 * 299-E13-16 * 299-E13-18- - 299-E13-4 * 299-E13-6 E 299-E13-9

Yaa

0.

P01 BC Cribs

Figure F-3. Unfiltered Arsenic Concentrations for Wells within the BC Cribs and Trenches Exposure Area
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
2007 MTCA GW CUL (TR=1 0e-5) ( 0.58 ug/L)

-t- Nor-Detect -- 699-39-39 * 699-42-40A 699-43-41 -- 699-43-45 * 699-45-42
--- Detect -- 699-41-42 * 699-42 42B * 699-43-44 --- 699-44-39B

0e F -2

C 5

0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

P01 B Pond (all lobes)

Figure F-4. Unfiltered Arsenic Concentrations for Wells within the 216-B3-3 Pond Facility Exposure Area
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
2007 MTCA GW CUL (TR=10e-5) ( 0.58 ug/L)

-t- Non-Detect - - 699-22-35 + 699-23-34B 699-24-34A -- 699-24-34C + 699-25-33A 699-26-35A
--- Detect --- 699-23-34A * 699-24-33 * 699-24-34B -- 699-24-35 * 699-26-33

2 0 2----- 2----- 2-- --- 2-- 1-- 2-- 11- 2- 12-- 2- 13-- 2- 14-- 2-1--- 2-1-

Yea

C'4

0 
S

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

P01 NRDWL-SWL
Figure F-5. Unfiltered Arsenic Concentrations for Wells within the NRDWLJSWL Exposure Area
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2 Figure F-6. Unfiltered Arsenic Concentrations for Wells within the 200-PO-1 OU Far-Field Exposure Area
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
S on c-2007 MTCA GW CUL (TR=1 Oe-5) (0.58 ug/L)

N.nDtec + 699-10-54A - 699-13-3A -4- 699-24-46 -A- 699-32-22A -A- 699-38-15 699-8-25
-.- Detect 699-12-4D - 699-14-38 - 699-26-15A -A- 699-32-22B -,- 699-41-23 -v- 699-83-25

+ 499-80-7 * 699-13-1A 699-17-5 * 699-29-4 A 699-32-43 v 699-42-12A - 699-S6-E14A
-.- 499-80- - - 699-13-1E -=- 699-20-20 699-31-11 A 699-33-56 v 699-46-21B - 699-S6-E4A

o * 499-81-8J -- 699-13-2D -+- 699-20-E5A * 699-31-31 699-35-9 . 699-50-28B 699-88-19

ICN

UDU

en

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

P01 Far FieldI
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Federal MCL (10 ug/L)
Max Background ( 8.8 ugJL)

90th Percentile Background ( 7.85 ug/L
2007 MTCA GW CUL (TR=1 0e-5) ( 0.58 ug/L)

Non-Dote - - 699-10-E12 * 699-41-1A 699-S19-E13
- .- Detect -+- 699-20-E120 * 699-46-4 * 699-S3-E12

Yaa

0 :

P01 Near River

Figure F-7. Unfiltered Arsenic Concentrations for Wells within the 200-PO-1 OU Near-River Exposure Area
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200-PO-1
299-E25-3 299-E25-19

Total Risk Total Risk PUREX Cribs (East)
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241A
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Route 4S
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Total Risk Total Risk Total Risk

4.10E-0
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2 Figure F-8. Cancer Risk Contributors for Wells within the East Area of the PUREX Cribs Exposure Area
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Figure F-9. Cancer Risk Contributors for Wells within the West Area of the PUREX Cribs Exposure Area
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Figure F-10. Noncancer Hazard Contributors for Wells within the East Area of the PUREX Cribs Exposure Area
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Figure F-11. Noncancer Hazard Contributors for Wells within the West Area of the PUREX Cribs Exposure Area
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Figure F-12. Cancer Risk Contributors for Wells within the East Area of the WMA A-AX Tank Farms Exposure Area
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Figure F-13. Cancer Risk Contributors for Wells within the West Area of the WMA A-AX Tank Farms Exposure Area
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Figure F-14. Noncancer Hazard Contributors for Wells within the East Area of the WMA A-AX Tank Farms Exposure Area

F-35

0.10

10

I ,

I



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

299-E24-20
Hazard Index

299-E24-22
Hazard Index

0.02

A0 02

aFlutOr ibe

efliOraie

FH0 rd

rCt r.-e

,n.dm

HI xvlrt

241AN _2

299-E24- 3
299-E24-22

299-E24-20

299-E23-1

299-E25-94
Hazard Index

0.02

- strotnticm

f \tttod

V '0dw(r

299-E24-5

299-E25-236_ -

299-E25-94

4th Street

202A
PUREX CANYON

299-E25-93
Hazard index

004

0.35 0

0.06

0.02 0.02

1 o M trs

699-43-45

299-E26-13

299-E26-4

299-E25-28
,299-E25-40

241AX 299-E$5-41 299-E25-6

241A

24 1AW

241AP

299-E25-93

299-E25-2

299-E25-47

299-E25-26
299-E25-32

299-E25-37

299-E25-31
299-E25-48

299-E25-34

200-PO-1
WMA AAX (West)
Noncancer Hazard Index

: I

,1

Waste Site
(Crib,Trench)

Facility

299-E26-12

299-E25-43

299-E25-32
299-E25-32Q9

29299-E25-25

299-E25-39

2330VVTP

299-E25-42

299-E25-29P

299-E25-42
Hazard Index

L24
1.07

..tioida

vNdim

tHl v.i r
0hr0rmum

NCHazard_WMAA_AX{Vt)17x11r1

0i

WMA A-AX
Hazard Index

0.35

Ni toid

VCttromiumi

Cobalt

Cotdmiumr

1,2,3,4,7,-
HxCDD

0.6 0.0

Figure F-15. Noncancer Hazard Contributors for Wells within the West Area of the WMA A-AX Tank Farms Exposure Area

F-36

0.30 0

0.40

0.02
0.02

I



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

200-PO-1
BC Cribs and Trenches
Total Cancer Risk

1E-5

>1E-5 and 1E-4

>1F-4

Road

Facility

Was.Steo"ntrs

299-E1 3-14

299-E1 3-9

299-E1 3-4

299-E1 3-16 299-E13-6

299-E 13-5
299-El3-8

299-E13-1 7 299-E13-18

299-E13-5
Total Risk

299-E13-11

299-E13-12

BC Cribs and Trenches
Total Risk

299-E13-19
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Figure F-32. Unfiltered and Filtered Arsenic Concentrations for Well 299-E16-2 (PUREX Cribs Exposure Area)
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Figure F-36. Unfiltered and Filtered Arsenic Concentrations
for Well 299-E25-22 (PUREX Cribs Exposure Area)
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2 Figure F-37. Unfiltered and Filtered Arsenic Concentrations
3 for Well 299-E25-28 (WMA A-AX Tank Farms Exposure Area)
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Figure F-38. Unfiltered and Filtered Arsenic Concentrations
for Well 299-E25-29P (WMA A-AX Tank Farms Exposure Area)
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Figure F-39. Unfiltered and Filtered Arsenic Concentrations
for Well 299-E25-34 (WMA A-AX Tank Farms Exposure Area)
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Figure F-40. Iron Concentrations in Well 699-42-40A
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Figure F-41. Manganese Concentrations in Well 699-42-40A
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Figure F-42. Unfiltered and Filtered Arsenic Concentrations
for Well 699-43-45 (216-B3-3 Pond Facility Exposure Area)
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Figure F-43. Unfiltered and Filtered Arsenic Concentrations
for Well 699-13-1A (200-PO-1 OU Far-Field Exposure Area)
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Figure F-44. Unfiltered and Filtered Arsenic Concentrations
for Well 699-20-20 (200-PO-1 OU Far-Field Exposure Area)
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Figure F-45. Carbon Tetrachloride Concentrations in Well 699-S6-E4A
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Figure F-46. Carbon Tetrachloride Concentrations in Well 699-S6-E4K
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Figure F-47. Carbon Tetrachloride Concentrations in Well 699-S6-E4L
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2 Figure F-48. Unfiltered and Filtered Arsenic Concentrations
3 for Well 699-S8-19 (200-PO-1 OU Far-Field Exposure Areas)
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Table F-1. Summary of Monitoring Wells Identified for Well-Specific Risk Evaluation

200-PO-1 OU
WMA A-AX 216-B-3 Pond 200-PO-1 OU BC Cribs and Near-River

PUREX Cribs Tank Farms Facility NRDWL/SWL Far-Field Area Trenches Area

299-E16-2 299-E24-20 699-42-40A 699-22-35 499-S0-7 699-32-22B No wells identified for

299-E17-1 299-E24-22 699-43-44 699-23-34A 499-S0-8 699-32-43 well-specifi evaluation.

299-E24-23 299-E25-28 699-43-45 699-23-34B 499-Si-8J 699-41-23

299-E25-19 299-E25-29P 699-24-33 699-10-54A 699-S6-E4A

299-E25-20 299-E25-34 699-24-34A 699-12-2C 699-S6-E4E

299-E25-22 299-E25-236 699-24-34B 699-13-1A 699-S6-E4K

699-24-34C 699-20-20 699-S6-E4L

699-25-34A 699-29-4 699-S8-19

699-25-34B 699-31-11

699-25-34D

NRDWL

OU

PUREX

SWL

WMA

Nonradioactive Dangerous Waste Landfill

operable unit

Plutonium-Uranium Extraction

Solid Waste Landfill

waste management area
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Table F-2. Summary of Analytes and EPCs for Wells Associated with PUREX Cribs Exposure Area

PUREX Cribs

Analyte Name CAS No. Units 299-E16-2 299-E17-1 299-E24-23 299-E25-19 299-E25-20 299-E25-22

1,1,1-Trichloroethane 71-55-6 pg/l - - - - - -

1,1-Dichloroethane 75-34-3 pg/l - - - - - -

1,1-Dichloroethene 75-35-4 pg/l - - - - - -

1,2,3,4,7,8-392-86 gl ----
Hexachlorodibenzo-p-dioxin 39227-28-6 p/L

2,6-Dinitrotoluene 606-20-2 pg/l - - 17 - - -

Acetone 67-64-1 pg/l - - - - - -

Aluminum 7429-90-5 pg/l - -

Antimony 7440-36-0 pg/l - - - - - -

Arsenic 7440-38-2 pg/l 9.7 5.5 6.1 8.1 9.6 11

Barium 7440-39-3 pg/l 16 88 82 27 25 20

Benzyl alcohol 100-51-6 pg/l - - - - - -

Beryllium 7440-41-7 pg/l - 9.4 -

Bis(2-ethylhexyl)phthalate 117-81-7 pg/l - - - - 6.7

Boron 7440-42-8 pg/l - - - - - -

Bromodichloromethane 75-27-4 pg/l - - - - - -

Bromoform 75-25-2 pg/l - - - - - -

Bromomethane 74-83-9 pg/l - - - - - -

Butylbenzylphthalate 85-68-7 pg/l - - - - - -
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Table F-2. Summary of Analytes and EPCs for Wells Associated with PUREX Cribs Exposure Area

PUREX Cribs

Analyte Name CAS No. Units 299-E16-2 299-E17-1 299-E24-23 299-E25-19 299-E25-20 299-E25-22

Cadmium 7440-43-9 pg/L - 18

Carbon disulfide 75-15-0 ptg/L - -

Carbon tetrachloride 56-23-5 pg/l - - -

Chloroform 67-66-3 ptg/L - - 0.57 -

Chromium 7440-47-3 ptg/L 23 17 - 7.5

Chromium (dissolved) 7440-47-3-D ptg/L - - - -

Cobalt 7440-48-4 pg/L - 19 - -

Copper 7440-50-8 pg/L - 38 - 5.0

Dibromochloromethane 124-48-1 pg/l - - - - - -

Diethylphthalate 84-66-2 pg/l - - - - - -

Ethyl methacrylate 97-63-2 pg/l - - - - - -

Ethylbenzene 100-41-4 pg/l - - - - - -

Fluoride 16984-48-8 ptg/L 312 306 221 224 215 260

Hexavalent chromium 18540-29-9 ptg/L 6.0 - - 9.1 16 -

Iron 7439-89-6 ptg/L 1,027 5,287 49 412 350 129

Lead 7439-92-1 ptg/L - - 0.10 - - -

Lithium 7439-93-2 pg/l - - - - -

Manganese 7439-96-5 ptg/L 40 225 62 57

Methylene chloride 75-09-2 pg/l-
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Table F-2. Summary of Analytes and EPCs for Wells Associated with PUREX Cribs Exposure Area

PUREX Cribs

Analyte Name CAS No. Units 299-E16-2 299-E17-1 299-E24-23 299-E25-19 299-E25-20 299-E25-22

Molybdenum 7439-98-7 ptg/L- - - - -

Nickel 7440-02-0 pg/l 11 18 - - 4.0 4.9

Nitrate 14797-55-8 ptg/L 7,204 82,935 84,391 41,106 60,220 17,857

Nitrite 14797-65-0 ptg/L 191 263 147 - 174 126

n-Nitrosodi-n-dipropylamine 621-64-7 pg/l - - 2.9 - -

Selenium 7782-49-2 pg/l- - -

Silver 7440-22-4 pg/l - 5.5 - - - -

Strontium 7440-24-6 pg/l 147 345 453 203 195 184

Tetrachloroethene 127-18-4 pg/l - - - - - -

Thallium 7440-28-0 pg/l - - - - - -

Tin 7440-31-5 pg/l - - - - - -

Toluene 108-88-3 pg/l - - - - - -

Tributyl phosphate 126-73-8 pg/l - - - - - -

Trichloroethene 79-01-6 pg/l - - 3.1 - - -

Trichloromonofluoromethane 75-69-4 pg/l - - - - - -

Uranium 7440-61-1 pg/l - 13 106 - - -

Vanadium 7440-62-2 pg/l 40 24 24 28 34 41

Xylenes (total) 1330-20-7 pg/l - - - - - -

Zinc 7440-66-6 pg/l 79 7.0 9.7 16 6.9
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Table F-2. Summary of Analytes and EPCs for Wells Associated with PUREX Cribs Exposure Area

PUREX Cribs

Analyte Name CAS No. Units 299-E16-2 299-E17-1 299-E24-23 299-E25-19 299-E25-20 299-E25-22

Americium-241 14596-10-2 pCi/L

Carbon-14 14762-75-5 pCi/L - - - - - -

lodine-129 15046-84-1 pCi/L 1.5 7.1 6.8 2.4 2.4 2.4

Protactinium-231 14331-85-2 pCi/L - - - - - -

Selenium-79 15758-45-9 pCi/L - - - - - -

Strontium-90 10098-97-2 pCi/L 2.1 1.7 2.8 1.8 1.7 3.2

Technetium-99 14133-76-7 pCi/L - 107 250 84 - -

Tritium 10028-17-8 pCi/L 4,652 530,289 499,634 175,648 185,787 25,359

Uranium-233/234 U-233/234 pCi/L - - - - - -

Uranium-234 13966-29-5 pCi/L - - 31 - - -

Uranium-235 15117-96-1 pCi/L - - 2.1 - - -

Uranium-238 U-238 pCi/L - - 34 - - -

CAS = Chemical Abstracts Service

PUREX = Plutonium-Uranium Extraction
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Table F-3. Summary of Analytes and EPCs for Wells Associated with WMA A-AX Tank Farms Exposure Area

WMA A/AX 216-B-3 Pond Facility

Analyte Name CAS No. Units 299-E24-20 299-E24-22 299-E25-28 299-E25-29P 299-E25-34 299-E25-236 699-42-40A 699-43-44 699-43-45

1,1,1 -Trichlioroethane 71-55-6 pLg/L - - - - - - -

1,1-Dichlioroethane 75-34-3 pg/L - - - - -

1,1-Dichloroethene 75-35-4 ptg/L

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 pg/L - - - - - 1.70E-06

2,6-Dinitrotoluene 606-20-2 pg/L - - - - - - - - -

Acetone 67-64-1 pg/L - - - - - - - - -

Aluminum 7429-90-5 pg/L - - - - - - - - -

Antimony 7440-36-0 pLg/L 46 - - - - - - - -

Arsenic 7440-38-2 p g/L 8.8 9.1 10 9.9 11 6.9 2.3 8.3 10.0

Barium 7440-39-3 ptg/L 48 33 57 43 21 41 48 28 33

Benzyl alcohol 100-51-6 pg/L - - - - - - - - -

Beryllium 7440-41-7 pg/L - - - - - - - - -

Bis(2 -ethylhexyl)phthalate 117-81-7 pg/L - - - - - - - - -

Boron 7440-42-8 pg/L - - - - - - - - -

Bromodichloromethane 75-27-4 pg/L - - - - - - - - -

Bromoform 75-25-2 pg/L - - - - - - - - -

Bromomethane 74-83-9 ptg/L

Butylbenzylphthalate 85-68-7 pg/L - - - - - - - - -

Cadmium 7440-43-9 ptg/L 4.4 - - - - - - - -

Carbon disulfide 75-15-0 pg/L - - - - - - - - -

Carbon tetrachloride 56-23-5 p g/L

Chloroform 67-66-3 pg/L- - - - - - - - -

Chromium 7440-47-3 p g/L 15 7.3 10 15 51 25 47 7.5

Chromium (dissolved) 7440-47-3-D ptg/L 8.3 6.6 6.0

Cobalt 7440-48-4 pLg/L 4.0 - - - - - - -

Copper 7440-50-8 ptg/L 5.6 6.2 12

Dibromochloromethane 124-48-1 pig/L - - -

Diethylphthalate 84-66-2 p g/L
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Table F-3. Summary of Analytes and EPCs for Wells Associated with WMA A-AX Tank Farms Exposure Area

WMA A/AX 216-B-3 Pond Facility

Analyte Name CAS No. Units 299-E24-20 299-E24-22 299-E25-28 299-E25-29P 299-E25-34 299-E25-236 699-42-40A 699-43-44 699-43-45

Ethyl methacrylate 97-63-2 pLg/L - -

Ethylbenzene 100-41-4 pg/L - - - - - - - - -

Fluoride 16984-48-8 ptg/L 197 219 193 318 187 164 200 325 186

Hexavalent chromium 18540-29-9 pg/L - - 18 - 8.1 9.0 - - -

Iron 7439-89-6 ptg/L 40 35 76 59 97 302 36,000 370 68

Lead 7439-92-1 pLg/L 0.19 0.11 - - - 0.14 - - -

Lithium 7439-93-2 p g/L - - - -

Manganese 7439-96-5 pLg/L 5.2 12 930

Methylene chloride 75-09-2 pg/L- - - - - - - - -

Molybdenum 7439-98-7 ptg/L

Nickel 7440-02-0 pLg/L 6.3 4.2 -- 9.0 27 72 25 14 6.3

Nitrate 14797-55-8 ptg/L 41,217 18,147 3,754 104,194 1,645 24,926 9,250 3,329 5,851

Nitrite 14797-65-0 pLg/L 203 173 157 175 162 182 874 267 233

n-Nitrosodi-n-dipropylamine 621-64-7 pg/L - - - - - - - - -

Selenium 7782-49-2 pLg/L - - 4.5

Silver 7440-22-4 p g/L 8.7 - - - 5.8 - - - -

Strontium 7440-24-6 tg/L 263 240 254 253 132 302 231 197 158

Tetrachloroethene 127-18-4 pg/L - - - - - - - - -

Thallium 7440-28-0 pg/L - - - - - - - - -

Tin 7440-31-5 pg/L - - - - - - - - -

Toluene 108-88-3 pg/L - - - - - - - - -

Tributyl phosphate 126-73-8 pg/L - - - - - - - - -

Trichloroethene 79-01-6 pg/L - - - - - - - - -

Trichloromonofluoromethane 75-69-4 pg/L

Uranium 7440-61-1 pLg/L 2.4 2.5 2.5 - 2.1 - - 5.2 2.8

Vanadium 7440-62-2 ptg/L 30 25 31 27 35 23 17 26 35

Xylenes (total) 1330-20-7 pLg/L - - - - - - - - -

Zinc 7440-66-6 p g/L 18 22 5.1 9.0 6.7 66 196 27
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Table F-3. Summary of Analytes and EPCs for Wells Associated with WMA A-AX Tank Farms Exposure Area

WMA A/AX 216-B-3 Pond Facility

Analyte Name CAS No. Units 299-E24-20 299-E24-22 299-E25-28 299-E25-29P 299-E25-34 299-E25-236 699-42-40A 699-43-44 699-43-45

Americium-241 14596-10-2 pCi/L - -

Carbon-14 14762-75-5 pCi/L - - - - - - - - -

lodine-129 15046-84-1 pCi/L 5.5 6.3 4.3 3.0 4.9 5.8 0.93 5.1 9.2

Protactinium-231 14331-85-2 pCi/L - - - - - - - - -

Selenium-79 15758-45-9 pCi/L

Strontium-90 10098-97-2 pCi/L - - - - - -

Technetium-99 14133-76-7 pCi/L 186 707 - - - 550

Tritium 10028-17-8 pCi/L 7,408 2,134 4,837 5,645 559 7,550 43,853 16,400 1,123

Uranium-233/234 U-233/234 pCi/L - - - - - - - - -

Uranium-234 13966-29-5 pCi/L - - - - - - - - -

Uranium-235 15117-96-1 pCi/L - - - - - - - - -

Uranium-238 U-238 pCi/L - - - - - - - - -

Chemical Abstracts Service

waste management area

1
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Table F-4. Summary of Analytes and EPCs for Wells Associated with NRDWL/SWL Exposure Areas

NRDWL/SWL

Analyte Name CAS No. Units 699-22-35 699-23-34A 699-23-34B 699-24-33 699-24-34A 699-24-34B 699-24-34C 699-25-34A 699-25-34B 699-25-34D

1,1,1 -Trichlioroethane 71-55-6 pLg/L 1.5 0.95 0.95 0.70 1.4 1.4 0.64 0.30 0.40 0.40

1,1-Dichlioroethane 75-34-3 pg/L 0.18 0.16 0.18 0.17 0.17 0.16 - - - 0.094

1,1-Dichloroethene 75-35-4 pig/L

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 pg/L - - - - - - -

2,6-Dinitrotoluene 606-20-2 pig/L - -

Acetone 67-64-1 pLg/L 6.6 1.4

Aluminum 7429-90-5 pg/L - - - - - - - -

Antimony 7440-36-0 pLg/L 0.14 0.20 0.16 2.7 0.16 0.15 0.11 62

Arsenic 7440-38-2 pg/L 2.7 2.5 2.3 2.4 3.1 2.3 2.0 - - -

Barium 7440-39-3 ptg/L 149 116 128 99 94 97 82 107 70 74

Benzyl alcohol 100-51-6 pg/L - - - - - - - - - -

Beryllium 7440-41-7 pig/L

Bis(2-ethylhexyl)phthalate 117-81-7 g/L - - 1.9 - - - - 14 3.2

Boron 7440-42-8 pig/L

Bromodichloromethane 75-27-4 pg/L- - - - - - - - - -

Bromoform 75-25-2 pig/L

Bromomethane 74-83-9 pig/L - - - - - - -

Butylbenzylphthalate 85-68-7 pig/L -

Cadmium 7440-43-9 pLg/L -

Carbon disulfide 75-15-0 pg/L - - - - -

Carbon tetrachloride 56-23-5 pig/L 1.0 2.1 1.0 0.098

Chloroform 67-66-3 pLg/L 0.26 0.11 0.30 0.10 0.10 - - 0.23 0.23 0.18

Chromium 7440-47-3 pig/L 8.9 7.6 8.1 6.0 8.2 32 27 10 14 11

Chromium (dissolved) 7440-47-3-D pg/L - - - - - - - - - -

Cobalt 7440-48-4 pig/L - - -

Copper 7440-50-8 pLg/L 4.0 5.0 4.0

Dibromochloromethane 124-48-1 pg/L

Diethylphthalate 84-66-2 pig/L
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Table F-4. Summary of Analytes and EPCs for Wells Associated with NRDWL/SWL Exposure Areas

NRDWL/SWL

Analyte Name CAS No. Units 699-22-35 699-23-34A 699-23-34B 699-24-33 699-24-34A 699-24-34B 699-24-34C 699-25-34A 699-25-34B 699-25-34D

Ethyl methacrylate 97-63-2 pLg/L - - -

Ethylbenzene 100-41-4 pg/L - - - - - 2.1 - - - -

Fluoride 16984-48-8 pLg/L 116 187 165 221 223 229 227 237 282 249

Hexavalent chromium 18540-29-9 Ig/L 14 6.9 5.2 3.2 4.1 7.6 35 - - 17

Iron 7439-89-6 pLg/L 51 70 34 146 51 1,558 143 73 52

Lead 7439-92-1 pg/L

Lithium 7439-93-2 pig/L

Manganese 7439-96-5 pg/L 4.2 - - - 4.1 6.0 - - -

Methylene chloride 75-09-2 pig/L

Molybdenum 7439-98-7 pLg/L - - - - - -

Nickel 7440-02-0 Ig/L 7.1 5.7 5.2 8.0 19 9.6 11 - - -

Nitrate 14797-55-8 pLg/L 18,126 19,482 17,420 14,885 14,226 16,285 14,972 22,475 19,585 18,624

Nitrite 14797-65-0 pg/L 907 733 799 756 601 655 - 585 446 867

n-Nitrosodi-n-dipropylamine 621-64-7 pig/L

Selenium 7782-49-2 pg/L - - - - - - - - - -

Silver 7440-22-4 pg/L -5.4 5.6 7.0

Strontium 7440-24-6 pLg/L 613 495 500 469 413 429 484 386 337 355

Tetrachloroethene 127-18-4 Ig/L 1.1 2.4 2.7 1.7 2.0 1.7 2.9 3.5 3.5 2.8

Thallium 7440-28-0 pg/L - - - - - - - - - -

Tin 7440-31-5 pg/L - -

Toluene 108-88-3 pig/L - 1.4

Tributyl phosphate 126-73-8 pg/L - - - - - - - - - -

Trichloroethene 79-01-6 pig/L 0.32 0.35 0.42 0.53 0.46 0.48 0.52 0.40 0.48 0.41

Trichloromonofluoromethane 75-69-4 pg/L - - - - - - - 0.29 0.51 0.50

Uranium 7440-61-1 Ig/L - - - -

Vanadium 7440-62-2 pLg/L 9.6 11 9.0 11 11 13 16 9.7 15 14

Xylenes (total) 1330-20-7 pg/L - - - - 1.4 4.1

Zinc 7440-66-6 pig/L 16 132 9.2 4.0 6.7 11 12 11 11
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Table F-4. Summary of Analytes and EPCs for Wells Associated with NRDWL/SWL Exposure Areas

NRDWL/SWL

Analyte Name CAS No. Units 699-22-35 699-23-34A 699-23-34B 699-24-33 699-24-34A 699-24-34B 699-24-34C 699-25-34A 699-25-34B 699-25-34D

Americium-241 14596-10-2 pCi/L

Carbon-14 14762-75-5 pCi/L

lodine-129 15046-84-1 pCi/L 0.54

Protactinium-23 1 14331-85-2 pCi/L

Selenium-79 15758-45-9 pCi/L

Strontium-90 10098-97-2 pCi/L

Technetium-99 14133-76-7 pCi/L

Tritium 10028-17-8 pCi/L 6,800

Uranium-233/234 U-233/234 pCi/L--

Uranium-234 13966-29-5 pCi/L

Uranium-235 15117-96-1 pCi/L

Uranium-238 U-238 pCi/L

CAS

NRDWL

SWL

Chemical Abstracts Service

Nonradioactive Dangerous Waste Landfill

Solid Waste Landfill

1

2
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Table F-5. Summary of Analytes and EPCs for Wells Associated with the 200-PO-1 OU Far-Field Exposure Area

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 499-SO-7 499-SO-8 499-S1-8J 699-10-54A 699-12-2C 699-13-A 699-20-20 699-29-4 699-31-11 699-32-22B 699-32-43 699-41-23

1,1,1-Trichlioroethane 71-55-6 pg/L - - - - - - - - - - - -

1,1-Dichlioroethane 75-34-3 pg/L - - - - - - - - - - - -

1,1-Dichloroethene 75-35-4 ptg/L

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 pg/L - - - - - - - - - - - -

2,6-Dinitrotoluene 606-20-2 pg/L - - - - - - - - - - - -

Acetone 67-64-1 pg/L - - - - - - - - - - - -

Aluminum 7429-90-5 pg/L - - - - - - - 19 - - - -

Antimony 7440-36-0 pg/L - - - - - - - - - - - -

Arsenic 7440-38-2 pg/L 2.6 2.8 2.3 4.9 - 15 13 9.0 4.2 -- 4.4 5.4

Barium 7440-39-3 ptg/L 40 21 18 24 60 28 58 72 50 259 48 17

Benzyl alcohol 100-51-6 pg/L - - - - - 1.1 - - - - - -

Beryllium 7440-41-7 ptg/L - - - - - - - -

Bis(2-ethylhexyl)phthalate 117-81-7 pg/L - - - - - - - 1.0 - -

Boron 7440-42-8 pg/L - - - - - - 29 22 - - 28

Bromodichloromethane 75-27-4 ptg/L 2.1 1.6 1.0 - - 0.56 - - -

Bromoform 75-25-2 pg/L 2.9 2.5 2.3 - - -

Bromomethane 74-83-9 ptg/L 0.33 0.41 0.33 -

Butylbenzylphthalate 85-68-7 pig/L - - - - - - - -

Cadmium 7440-43-9 ptg/L - - - - - - - - -

Carbon disulfide 75-15-0 pg/L - - - - - - - - 0.12

Carbon tetrachloride 56-23-5 pg/L - - - - - - - - - - -

Chloroform 67-66-3 pg/L 1.1 0.76 0.47 - - 7.1 - - 0.14 0.31 0.10

Chromium 7440-47-3 pg/L - - 8.1 4.3 6.8 - 6.6 4.7 4.1 18 5.0

Chromium (dissolved) 7440-47-3-D pg/L - 3.6 - - - - - -

Cobalt 7440-48-4 pg/L - - - - - 4.2

Copper 7440-50-8 pg/L 4.3 15 18 0.29 3.2 9.4

Dibromochloromethane 124-48-1 pg/L 3.3 2.8 2.2 ---

Diethylphthalate 84-66-2 pg/L - - 1.7 --
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Table F-5. Summary of Analytes and EPCs for Wells Associated with the 200-PO-1 OU Far-Field Exposure Area

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 499-SO-7 499-SO-8 499-S1-8J 699-10-54A 699-12-2C 699-13-A 699-20-20 699-29-4 699-31-11 699-32-22B 699-32-43 699-41-23

Ethyl methacrylate 97-63-2 ptg/L - - - - -

Ethylbenzene 100-41-4 pg/L - - - - - - - - - - - -

Fluoride 16984-48-8 ptg/L 246 230 236 256 179 279 306 166 275 1,176 385 487

Hexavalent chromium 18540-29-9 pg/L - - - - 7.4 - 6.9 4.1 2.8 - 24 -

Iron 7439-89-6 ptg/L 147 130 112 147 49 394 202 41 2,600 5,897 40 626

Lead 7439-92-1 ptg/L 0.36 - 1.8 - - - 0.39 1.3 0.20 0.81 - -

Lithium 7439-93-2 pg/L 25 24 25 6.0 - 9.0 15 8.5 7.3 - 10

Manganese 7439-96-5 ptg/L 269 16 16 4.6 - 46 - - 39 462 29

Methylene chloride 75-09-2 pg/L - - - 0.39 - - - - - - -

Molybdenum 7439-98-7 ptg/L 8.5 8.8 8.9 2.8 6.0 5.8 0.88 3.2 11

Nickel 7440-02-0 pg/L - - 4.0 - 17 - - - - - -

Nitrate 14797-55-8 tg/L 3,709 16,600 695 21,010 58,851 14,300 36,100 34,100 29,300 -- 21,008 7,029

Nitrite 14797-65-0 tg/L 394 306 281 270 181 - - - - 325 260 229

n-Nitrosodi-n-dipropylamine 621-64-7 pg/L - - - - - - - - - - -

Selenium 7782-49-2 tg/L 2.3 2.4 2.0 2.0 0.94

Silver 7440-22-4 pg/L - - - - - - - - - - - -

Strontium 7440-24-6 tg/L 198 201 170 205 367 232 214 281 265 126 238 163

Tetrachloroethene 127-18-4 pg/L - - - - - - - - - - - -

Thallium 7440-28-0 pg/L - - -

Tin 7440-31-5 tg/L 0.18 0.12 0.26

Toluene 108-88-3 pg/L - - -

Tributyl phosphate 126-73-8 pg/L

Trichloroethene 79-01-6 pg/L - - - - - - - - -

Trichloromonofluoromethane 75-69-4 pg/L

Uranium 7440-61-1 tg/L 3.6 4.7 0.26 1.8 10 6.1 - - 0.17 6.8 1.2

Vanadium 7440-62-2 pg/L - - - 24 10 20 23 23 29 16

Xylenes (total) 1330-20-7 pg/L - - - - - - - - - - - -

Zinc 7440-66-6 pg/L 76 12 14 14 8.3 17 4.0 7,046 107 8.4
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Table F-5. Summary of Analytes and EPCs for Wells Associated with the 200-PO-1 OU Far-Field Exposure Area

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 499-SO-7 499-SO-8 499-S1-8J 699-10-54A 699-12-2C 699-13-A 699-20-20 699-29-4 699-31-11 699-32-22B 699-32-43 699-41-23

Americium-241 14596-10-2 pCi/L - - - 0.11 - - - - -

Carbon-14 14762-75-5 pCi/L - - - - - - 9.8 8.2 14 - -

lodine-129 15046-84-1 pCi/L - - - - - - 3.2 0.77 1.7 1.3 5.6

Protactinium-231 14331-85-2 pCi/L - - - - - - - - - - -

Selenium-79 15758-45-9 pCi/L - - - - - -

Strontium-90 10098-97-2 pCi/L - - - - - - - - - - -

Technetium-99 14133-76-7 pCi/L - 24 - 50 204 - 45 120 97 22 6.7

Tritium 10028-17-8 pCi/L 8,472 8,131 2,529 - 130,978 - 47,000 63,000 59,000 22,848 8,555

Uranium-233/234 U-233/234 pCi/L - - - - - - - - - - -

Uranium-234 13966-29-5 pCi/L - - - 0.86 3.2 0.76

Uranium-235 15117-96-1 pCi/L - - - - - - -

Uranium-238 U-238 pCi/L - - - 0.59 0.21 2.2 0.34

Note: The exposure point concentrations for the 200-PO-1 OU far-field exposure area are presented in Tables F-5 and F-6.

CAS = Chemical Abstracts Service

OU = operable unit

1
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Table F-6. Summary of Analytes and Exposure Point Concentrations for Wells
Associated with the 200-PO-1 OU Far-Field Exposure Area (includes Table F-5 and Table F-6)

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 699-S6-E4A 699-S6-E4E 699-S6-E4K 699-S6-E4L 699-S8-19

1,1,1-Trichloroethane 71-55-6 pg/l - - - - -

1,1-Dichloroethane 75-34-3 pg/l - - - - -

1,1-Dichloroethene 75-35-4 pg/l - - - - -

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 pg/l - - - - -

2,6-Dinitrotoluene 606-20-2 pg/l - - - - -

Acetone 67-64-1 pg/l - - 1.2 - 1.6

Aluminum 7429-90-5 pg/l - - - - 13

Antimony 7440-36-0 pg/l 66 56 -

Arsenic 7440-38-2 pg/l 6.3 - - - 13

Barium 7440-39-3 pg/l 55 59 49 107 61

Benzyl alcohol 100-51-6 pg/l - - - - -

Beryllium 7440-41-7 pg/l- - - -

Bis(2-ethylhexyl)phthalate 117-81-7 pg/l - 12 - 3.0

Boron 7440-42-8 pg/l 52 - - 107

Bromodichloromethane 75-27-4 ptg/L- - -

Bromoform 75-25-2 pg/l-

Bromomethane 74-83-9 pg/l-

Butylbenzylphthalate 85-68-7 pg/l-
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Table F-6. Summary of Analytes and Exposure Point Concentrations for Wells
Associated with the 200-PO-1 OU Far-Field Exposure Area (includes Table F-5 and Table F-6)

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 699-S6-E4A 699-S6-E4E 699-S6-E4K 699-S6-E4L 699-S8-19

Cadmium 7440-43-9 pg/L- 4.5

Carbon disulfide 75-15-0 pg/L - - - -

Carbon tetrachloride 56-23-5 pg/L 4.6 7.4 4.0

Chloroform 67-66-3 pg/L 0.11 - - -

Chromium 7440-47-3 pg/L 6.1 11 6.4 11 1.1

Chromium (dissolved) 7440-47-3-D pg/l - - - - -

Cobalt 7440-48-4 pg/L 1.0 - - - -

Copper 7440-50-8 pg/l - - - - -

Dibromochloromethane 124-48-1 pg/l - - - - -

Diethylphthalate 84-66-2 pg/l - - - - -

Ethyl methacrylate 97-63-2 pg/l - - - - -

Ethylbenzene 100-41-4 pg/l - - - - -

Fluoride 16984-48-8 pg/L 287 267 251 205 894

Hexavalent chromium 18540-29-9 pg/L 5.3 11 5.7 7.8 1.1

Iron 7439-89-6 pg/L 414 237 130 122 57

Lead 7439-92-1 pg/L 0.42 - - - -

Lithium 7439-93-2 pg/L 22 - - - 23

Manganese 7439-96-5 pg/L 23 5.9 31 28
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Table F-6. Summary of Analytes and Exposure Point Concentrations for Wells
Associated with the 200-PO-1 OU Far-Field Exposure Area (includes Table F-5 and Table F-6)

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 699-S6-E4A 699-S6-E4E 699-S6-E4K 699-S6-E4L 699-S8-19

Methylene chloride 75-09-2 pg/L - 1.9 -

Molybdenum 7439-98-7 pg/L 5.6 - - 3.7

Nickel 7440-02-0 pg/L - - 6.1 79 -

Nitrate 14797-55-8 pg/l 29,487 27,507 28,133 45,100 27,600

Nitrite 14797-65-0 pg/l 208 238 281 214 -

n-Nitrosodi-n-dipropylamine 621-64-7 pg/l - - - - -

Selenium 7782-49-2 pg/l 6.1 1.3

Silver 7440-22-4 pg/l - - - - -

Strontium 7440-24-6 pg/l 315 328 294 505 233

Tetrachloroethene 127-18-4 pg/l - - - 4.0 -

Thallium 7440-28-0 pg/l - - - - -

Tin 7440-31-5 pg/l - - - - -

Toluene 108-88-3 pg/l - - - - -

Tributyl phosphate 126-73-8 pg/l 5.8 - - - -

Trichloroethene 79-01-6 pg/l - - - 2.3 -

Trichloromonofluoromethane 75-69-4 pg/l - - - - -

Uranium 7440-61-1 pg/l 12 15 9.8 98 4.6

Vanadium 7440-62-2 pg/l 14 14 13 10 21
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Table F-6. Summary of Analytes and Exposure Point Concentrations for Wells
Associated with the 200-PO-1 OU Far-Field Exposure Area (includes Table F-5 and Table F-6)

200-PO-1 OU Far-Field Area

Analyte Name CAS No. Units 699-S6-E4A 699-S6-E4E 699-S6-E4K 699-S6-E4L 699-S8-19

Xylenes (total) 1330-20-7 pg/L - - - -

Zinc 7440-66-6 pg/L 66 8.7 6.1 7.0

Americium-241 14596-10-2 pCi/L - - - - -

Carbon-14 14762-75-5 pCi/L - - - - -

lodine-129 15046-84-1 pCi/L - - - - -

Protactinium-231 14331-85-2 pCi/L - - - - -

Selenium-79 15758-45-9 pCi/L - - - - -

Strontium-90 10098-97-2 pCi/L - - - - -

Technetium-99 14133-76-7 pCi/L 25 - 20 24 -

Tritium 10028-17-8 pCi/L 9,878 10,849 9,035 8,451 -

Uranium-233/234 U-233/234 pCi/L 3.8 - 4.5 48 -

Uranium-234 13966-29-5 pCi/L 3.8 - 3.9 5.7 -

Uranium-235 15117-96-1 pCi/L 0.21 - 0.21 2.4 -

Uranium-238 U-238 pCi/L 4.4 - 3.2 46 -

CAS = Chemical Abstracts Service

OU = operable unit
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Table F-7. Noncancer Hazard Contributors and Associated Critical Effect

Contaminant Name Critical Effect

Blood Effects

Cobalt Increased production of red blood cells

Nitrate Early clinical signs of methemoglobinemia

Nitrite Methemoglobinemia

Zinc Decreased erythrocyte copper, zinc-superoxide dismutase (erythrocyte
superoxide dismutase [ESOD])

Body or Organ Weight Loss

Nickel Decreased body and organ weights

Uranium Initial body weight loss

Central Nervous System Effects

Barium Neuropathy

Lithium Nervous system

Manganese Central nervous system

Tetrachloroethene Neurotoxicity - reaction time, cognitive effects, color vision

Kidney Effects

Cadmium Significant proteinuria

Lithium Kidney effects (nephrogenic diabetes insipidus)

Molybdenum Increased uric acid levels

Uranium Moderate nephrotoxicity

Liver and Liver Enzyme Effects

Bis(2-ethylhexyl)phthalate Increased relative liver weight

Carbon tetrachloride Elevated serum sorbitol dehydrogenase activity

Chloroform Moderate marked fatty cyst formation in the liver and elevated serum

glutamate pyruvate transaminase (SGPT)

Skin Effects

Arsenic Hyperpigmentation, keratosis, and possible vascular complications

Silver Argyria
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Table F-7. Noncancer Hazard Contributors and Associated Critical Effect

Contaminant Name Critical Effect

Miscellaneous Effects

Beryllium Small intestinal lesions

Bromomethane Epithelial hyperplasia of the forestomach (gastric polyps)

Fluoride Objectionable dental fluorosis (a cosmetic effect)

Hexavalent chromium Nasal septum atrophy

Iron Gastrointestinal effects (epigastric pain, nausea, vomiting, diarrhea)

Selenium Clinical selenosis (loss of hair and nails)

Strontium Rachitic bone

Tributyl phosphate Salivary gland (occasional salivation)

Trichloroethene Adult immunological effects, developmental immunotoxicity,
heart malfunctions

Vanadium Decreased hair cysteine
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Table F-8. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the PUREX Cribs Exposure Area

Total Cumulative Major Noncancer
Well Name Cancer Risk Major Risk Contributors HI Hazard Contributors

Arsenic: HQ = 0.98, 58% contribution

Fluoride: HQ = 0.16, 9.2% contribution

. 4 Arsenic: 1.9 x 10-, 85% contribution Cr(VI): HQ = 0.09; 5.2% contribution

2.2 x 1041.7 Iron: HQ = 0.04, 2.6%o contribution
299-E16-2 Iodine-129: 4.3 x 10-6, 1.9% contribution

3.2 x 10-5a 0.7 Manganese: HQ = 0.06, 3.4% contribution
Tritium: 2.6 x 103 l2%o contribution

Nitrate: HQ = 0.03, 1.8% contribution

Nitrite: HQ = 0.02; 1.10% contribution

Vanadium: HQ = 0.29, 17% contribution

Beryllium: HQ = 0.26, 5.3% contribution

Cadmium: HQ = 1.2, 25% contribution

Cobalt: HQ = 1.9, 39% contribution

Fluoride: HQ = 0.15, 3.l1% contribution

299-E17-1 2.9 x 10-3 Tritium: 2.9 x 10-3, 99% contribution 4.9 Iron: HQ = 0.23, 4.7% contribution

Manganese: HQ = 0.32, 6.6% contribution

Nitrate: HQ = 0.35, 7.2% contribution

Uranium: HQ = 0.13, 2.7% contribution

Vanadium: HQ = 0.18, 3.6% contribution

2,6-Dinitrotoluene: 3.4 x 10-4, 9 .8% contribution Fluoride: HQ = 0.11; 4.1% contribution
n-Nitrosodi-n-dipropylamine: 2.7 x 10-4, Nitrate: HQ = 0.36; 13% contribution
7.7% contribution

299-E24-23 3.5 x 10-3 Tritium: 2.7 x 10, 79% contribution 2.7 TCE: HQ = 0.96; 35% contribution

Uranium-234: 4.2 x 10-5, 1.2% contribution Uranium: HQ = 1.1; 39% contribution

Uranium-238 - 4.1 x 10-5, 1.2% contribution Vanadium: HQ = 0.18; 6.4% contribution
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Table F-8. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the PUREX Cribs Exposure Area

Total Cumulative Major Noncancer
Well Name Cancer Risk Major Risk Contributors HI Hazard Contributors

299-E25-19 9.8 x 10-4 Tritium: 9.7 x 10-4; 99% contribution 0.8 None

Arsenic: HQ = 0.97, 49% contribution

Bis(2-ethylhexyl)phthalate: HQ = 0.03,
1. 3 % contribution

1.2 x 10- Arsenic: 1.9 x 1 0 -4, 15% contribution 2.0 Fluoride: HQ = 0.11, 5.4% contribution
299-E25-20

1 0 x 10-3a Tritium: 1.0 x 10-'; 84% contribution 1.0b Cr(VI): HQ = 0.24, 12% contribution

Manganese: HQ = 0.08, 4.1% contribution

Nitrate: HQ = 0.25, 13% contribution

Vanadium: HQ = 0.25, 13% contribution

Arsenic: HQ = 1.1, 66% contribution
Arsenic: 2.1 x 1 0 -4, 58% contribution

3.6 x 10 -4 1.6 Fluoride: HQ = 0.13, 8.0%o contribution
299-E25-22 lodine-129: 6.7 x 10-6, 1.9% contribution 1.6 Nitrate: HQ - 0.8, 4.0o contribution

1.5 x 10-4a Trtu:14x1- 9 otiuin0.6b Nitrate: HQ = 0.08, 4.6% contribution
1.5 x1o.4a Tritium: 1.4 x i0-4; 39%o contribution

Vanadium: HQ = 0.30, 19% contribution

a. Total cumulative cancer risk without contribution from arsenic.

b. HI without contribution from arsenic.

Cr(VI)

HI

HQ

TCE

hexavalent chromium

hazard index

hazard quotient

trichloroethene
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Table F-9. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the WMA A-AX Tank Farms Exposure Area

Total
Well Cumulative Major Noncancer
Name Cancer Risk Major Risk Contributors HI Hazard Contributors

Cadmium: HQ = 0.30, 20% contribution

Cobalt: HQ = 0.40, 27% contribution

Fluoride: HQ = 0.10, 6.8% contribution

lodine-129: 1.5 x 10-1, 6.6% contribution Cr(VI): HQ = 0.12; 8.3% contribution

299-E24-20 6.6 x 10-5 Technetium-99: 9.8 x 10-6, 4.2% contribution 1.5 Nitrate: HQ = 0.17, 12% contribution

Tritium: 4.1 x 10-, 17% contribution Nitrite: HQ = 0.02, 1.4% contribution

Silver: HQ = 0.06; 3.9% contribution

Uranium: HQ = 0.02, 1.6% contribution

Vanadium: HQ = 0.22, 15% contribution

lodine-129: 1.8 x 10-, 27% contribution

299-E24-22 6.7 x 10-5 Technetium-99: 3.7 x 10-5, 56% contribution 0.54 None

Tritium: 1.2 x 10-, 18% contribution

Arsenic: HQ = 1.0, 6 1% contribution

Arsenic: 2.0 x 10-, 84% contribution Fluoride: HQ = 0.10; 5.7% contribution
2.4 x i0-4 1.7

299-E25-28 3.lodine-129: 1.2 x 10-, 5.10% contribution Cr(VI): HQ = 0.27; 16% contribution
3.9 x 1-a07

Tritium: 2.7 x 10-'; 11% contribution Uranium: HQ = 0.03; 1.5% contribution

Vanadium: HQ = 0.23; 13% contribution

Arsenic: HQ = 1.0, 51 % contribution

Arsenic: 1.9 x 10-4, 83% contribution Fluoride: HQ = 0.16; 8.2% contribution
2.3 x 10-4 1.9

299-E25-29P 4.0 x 10-5a lodine-129: 8.4 x 106, 3.6% contribution 1 .0b Cr(VI): HQ = 0.09; 4.5% contribution

Tritium: 3.1 x 10-5; 13% contribution Nitrate: HQ = 0.44; 23% contribution

Vanadium: HQ = 0.20; 10% contribution
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Table F-9. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the WMA A-AX Tank Farms Exposure Area

Total
Well Cumulative Major Noncancer
Name Cancer Risk Major Risk Contributors HI Hazard Contributors

Arsenic: HQ = 1.1, 65% contribution

Fluoride: HQ = 0.09; 5.4% contribution

Arsenic: 2.2 x 10-4, 93% contribution Cr(VI): HQ = 0.12; 6.9% contribution
2.2 x i0-4 1.7

299-E25-34 1.7 lodine-129: 1.4 x 10-1, 6.0% contribution 0 Nickel: HQ = 0.04; 2.4% contribution

Tritium: 3.1 x 10-6; 1.3% contribution Silver: HQ = 0.04; 2.2% contribution

Uranium: HQ = 0.02; 1.2% contribution

Vanadium: HQ = 0.26; 15% contribution

1,2,3,4,7,8-HxCDD: 5.9 x 10-6,
6.4% contribution

299-E25-236 9.3 x 10-5 lodine-129: 1.6 x 10-'; 18% contribution 0.9 None

Technetium-99: 2.9 x 10-'; 31 % contribution

Tritium: 4.1 x 10-'; 45% contribution

a. Total cumulative cancer risk without contribution from arsenic.

b. HI without contribution from arsenic.

Cr(VI) = hexavalent chromium

HI = hazard index

HQ = hazard quotient
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Table F-10. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 216-B-3 Pond Facility Exposure Area

Total
Well Cumulative Major Noncancer

Name Cancer Risk Major Risk Contributors HI Hazard Contributors

Fluoride: HQ = 0.10, 3.0% contribution

Iron: HQ = 1.6; 47% contribution

lodine-129: 2.6 x 10-6, 1.1% contribution Manganese: HQ - 1.3; 40% contribution
699-42-40A 2.4 x 10-4 3.3 Nickel: HQ = 0.04; 1.2% contribution

Tritium: 2.4 x 0.-4, 99% contribution
Nitrate: HQ = 0.04, 1.2% contribution

Nitrite: HQ = 0.09; 2.7%o contribution

Vanadium: HQ = 0.13, 3.8% contribution

lodine-129: 1.5 x 10-, 14% contribution
699-43-44 1.0 x i0-4 0.52 None

Tritium: 9.0 x 10-'; 86% contribution

Arsenic: HQ = 1.0, 69% contribution

Fluoride: HQ = 0.09, 6.4% contribution
Arsenic: 1.9 x 10-4, 86% contribution

2.3 x i0-4 1.5 Nitrate: HQ = 0.02, 1.7%o contribution
699-43-45 lodine-129: 2.6 x i0-3, 12%o contribution

3.2 x 10-5a 0.5 Nitrite: HQ = 0.02, 1.6% contribution
Tritium: 6.2 x 10-6; 2.7%o contribution

Uranium: HQ = 0.03, 1.9% contribution

Vanadium: HQ = 0.26, 18% contribution

a. Total cumulative cancer risk without contribution from arsenic.

b. HI without contribution from arsenic.

Cr(VI) = hexavalent chromium

HI = hazard index

HQ = hazard quotient
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Table F-11. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the NRDWL/SWL Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Carbon tetrachloride: 2.2 x 106, 52% contribution
699-22-35 4.3 x 10-6 0.8 None

Chloroform: 1.2 x 10-6, 28% contribution

699-23-34A 5.9 x 10-6 Carbon tetrachloride:4.6 x 10-6, 78% contribution 0.7 None

699-23-34B 3.1 x 10-6 Chloroform: 1.4 x 10-6, 43% contribution 0.7 None

699-24-33 1.4 x 10-6 None 0.7 None

699-24-34A 1.3 x 10-6 None 0.7 None

699-24-34B 2.3 x 10-6 Ethylbenzene: 1.4 x 10-6, 61% contribution 0.8 None

Barium: HQ = 0.01, 1.2% contribution

Fluoride: HQ = 0.11; 10% contribution

Cr(VI): HQ = 0.52, 47% contribution

Nickel: HQ = 0.02, 1.5% contribution
lodine-129: 1.5 x 10-6; 3.9% contribution

699-24-34C 4.0 x 10-' 1.1 Nitrate: HQ = 0.06; 5.8% contribution
Tritium: 3.7 x 10-5; 94%o contribution

Strontium: HQ = 0.02; 2.2% contribution

Tetrachloroethene: HQ = 0.06; 5.3% contribution

TCE: HQ = 0.16; 15% contribution

Vanadium: HQ = 0.12; 11% contribution

Bis(2-ethylhexyl) phthalate: 6.4 x 10-6; 61% contribution

699-25-34A 1.1 x 10-5 Carbon tetrachloride: 2.2 x 10-6, 21% contribution 0.7 None

Chloroform: 1.0 x 10-6, 9.9% contribution
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Table F-11. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the NRDWL/SWL Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Bis(2-ethylhexyl)phthalate: 1.5 x 10-6; 42% contribution
699-25-34B 3.5 x 10-6 0.6 None

Chloroform: 1.0 x 10-6, 3 0% contribution

699-25-34D 1.9 x 10-6 None 0.84 None

Cr(VI) = hexavalent chromium

HI = hazard index

HQ hazard quotient

TCE = trichloroethene

I

-1

0
0
m

N)

CD

CD

00

c--

Co

01 >



Table F-12. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 200-PO-1 OU Far-Field Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Bromomethane: HQ = 0.04, 3.5% contribution

Fluoride: HQ = 0.12, 110% contribution

Bromodichloromethane: 1.6 x 10-, 18% contribution Lithium: HQ = 0.38; 34% contribution

Chloroform: 5.0 x 10-6, 5.7% contribution Manganese: HQ = 0.39; 34% contribution
499-SO-7 8.7 x i0-3 1.1

Dibromochloromethane: 2.0 x 10-, 23% contribution Molybdenum: HQ = 0.05; 4.6% contribution

Tritium: 4.7 x 10-, 53% contribution Nitrate: HQ = 0.02, 1.4% contribution

Nitrite: HQ = 0.04; 3.5% contribution

Uranium: HQ = 0.04; 3.2% contribution

Bromodichloromethane: 1.2 x 10-, 15% contribution

Chloroform: 3.4 x 10-6, 4 .4% contribution

499-SO-8 7.8 x 10-5 Dibromochloromethane: 1.7 x 10-, 21% contribution 0.8 None

Technetium-99: 1.3 x 10-6, 1.6% contribution

Tritium: 4.5 x 10-, 57% contribution

Bromodichloromethane: 7.4 x 10-6, 20% contribution

_ Chloroform: 2.1 x 10-6, 5. 8% contribution
499-S1-8J 3.7 x i0-3 0.7 None

Dibromochloromethane: 1.3 x 10-, 36% contribution

Tritium: 1.4 x 10-, 38% contribution

Technetium-99: 2.6 x 10-6, 55% contribution
699-10-54A 4.7 x 10-6 0.6 None

Uranium-234: 1.2 x 10-6; 24% contribution

Tritium: 7.2 x 10-4; 98% contribution
699-12-2C 7.3 x 10-4 0.7 None

Technetium-99: 1.1 x i0-3, 1.5%o contribution
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Table F-12. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 200-PO-1 OU Far-Field Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Arsenic: HQ = 1.5, 67% contribution

Chloroform: HQ = 0.06; 2.6% contribution

Fluoride: HQ = 0.14; 6.3% contribution

Arsenic: 2.9 x 10-, 89% contribution Lithium: HQ = 0.14, 6.1o% contribution

699-13-1A 3.2 x 10-4 Bromodichloromethane: 4.2 x 10-6, 1.3% contribution 2.2 Manganese: HQ = 0.07, 2.9% contribution

Chloroform: 3.2 x 10-, 9.9% contribution Molybdenum: HQ = 0.04, 1.6% contribution

Nitrate: HQ = 0.06; 2.7% contribution

Uranium: HQ = 0.06; 2.7% contribution

Vanadium: HQ = 0.15; 6.6% contribution

Arsenic: HQ = 1.3, 59% contribution

Fluoride: HQ = 0.15; 7.0% contribution

Arsenic: 2.5 x 10-4, 48% contribution Cr(VI): HQ = 0.10, 4.7% contribution

699-20-20 5.2 x 10-4 lodine-129: 9.0 x 10-6; 1.7% contribution 2.2 Lithium: HQ = 0.23, 10% contribution

Tritium: 2.6 x 10-4; 50% contribution Molybdenum: HQ = 0.03, 1.6% contribution

Nitrate: HQ = 0.15; 7.0% contribution

Vanadium: HQ = 0.17; 7.8% contribution

Technetium-99: 6.3 x 10-6; 1.8% contribution
699-29-4 3.6 x i0-4 0.6 None

Tritium: 3.5 x 10-4; 98% contribution

lodine-129: 4.7 x 10-6, 1.4% contribution

699-31-11 3.4 x 10-4 Technetium-99: 5.1 x 10-6; 1.5% contribution 0.6 None

Tritium: 3.2 x 10-4; 97% contribution
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Table F-12. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 200-PO-1 OU Far-Field Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Barium: HQ = 0.04, 1.8% contribution

Fluoride: HQ = 0.59; 26% contribution

699-32-22B 7.2 x 10- None 2.3 Iron: HQ = 0.25, 11% contribution

Manganese: HQ = 0.66, 29% contribution

Nitrite: HQ = 0.03; 1.4% contribution

Zinc: HQ = 0.71; 31 % contribution

Cobalt: HQ = 0.42, 30% contribution

Fluoride: HQ = 0.19; 14% contribution
lodine-129: 3.6 x 10-6, 2.6%o contribution

Tritium: 1.3 x 10'; 90%o contribution Cr(VI): HQ = 0.35, 25% contribution

699-32-43 1.4 x 10-4 1.4 Nitrate: HQ = 0.09; 6.3% contribution
Uranium-234: 4.3 x 106 3.l1% contribution

Uranium-238: 2.7 x 10-6, 1.9% contribution Nitrite: HQ - 0.03; 1.8% contribution
Uranium: HQ = 0.07; 4.8% contribution

Vanadium: HQ = 0.22; 15% contribution

lodine-129: 1.6 x 10-, 25% contribution
699-41-23 6.5 x 11' 0.7 None

Tritium: 4.7 x 10-5; 72%o contribution
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Table F-12. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 200-PO-1 OU Far-Field Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Carbon tetrachloride: HQ = 0.07, 5.2% contribution

Cobalt: HQ = 0.10, 7.9% contribution

Fluoride: HQ = 0.14; 110% contribution

Cr(VI): HQ = 0.08, 6.l1% contribution

Iron: HQ = 0.02, 1.4% contribution

Carbon tetrachloride: 1.0 x 10-, 13% contribution Lithium: HQ = 0.33, 26% contribution

Technetium-99: 1.3 x 10-6, 1.7% contribution Manganese: HQ = 0.03, 2.6% contribution

699-S6-E4A 7.8 x 10-' Tritium: 5.4 x 10-'; 70% contribution 1.3 Molybdenum: HQ = 0.04, 2.7% contribution

Uranium-234: 5.2 x 10-6, 6.6% contribution Nitrate: HQ = 0.13; 9.9% contribution

Uranium-238: 5.4 x 10-6 7.0% contribution Nitrite: HQ = 0.02; 1.7% contribution

Selenium: HQ = 0.04; 2.9% contribution

Strontium: HQ = 0.02; 1.3% contribution

Tributyl phosphate: HQ = 0.02, 1.4% contribution

Uranium: HQ = 0.12; 9.4% contribution

Vanadium: HQ = 0.10; 7.9% contribution

699-S6-E4E 6.0 x 10-5 Tritium: 6.0 x 10-'; 100% contribution 1.0 None

Bis(2-ethylhexyl)phthalate: 5.5 x 10-6, 6.7% contribution

Carbon tetrachloride: 1.6 x 10-5, 20% contribution

Technetium-99: 1.0 x 10-6, 1.3% contribution
699-56-E4K 8.2 x i0-3 0.8 None

Tritium: 5.0 x 10-'; 61% contribution

Uranium-234: 5.3 x 10-6 6.4% contribution

Uranium-238: 3.9 x 10-6 4.7% contribution

~11

0
0
m

N)

C)

1

C

C

01 >



Table F-12. Summary of Summary of Well-Specific Cancer Risks, Noncancer Hazards,
and Major Contributors for Monitoring Wells in the 200-PO-1 OU Far-Field Exposure Area

Total
Cumulative

Well Cancer Major Noncancer
Name Risk Major Risk Contributors HI Hazard Contributors

Carbon tetrachloride: HQ = 0.06, 2.3% contribution

Fluoride: HQ = 0.10; 4.1%o contribution
Carbon tetrachloride: 8.8 x 10-6, 6.9% contribution

ICE: 3.3 X 10-6 , 2.6% contribution Cr(VI): HQ = 0.11, 4.5% contribution

Nickel: HQ = 0.12, 4.8% contribution
Tritium: 4.6 x 10--; 360% contribution

699-S6-E4L 1.3 x 0 2.5 Nitrate: HQ = 0.19; 7.5%0 contribution
Uranium-234: 7.7 x 10, 6.0% contribution

Tetraciloroethene: HQ = 0.08, 3.2% contribution
Uranium-235: 3.2 x 10-6, 2.5% contribution

Trc: HQ ., 281% contribution

Uranium-238: 5.6 x 105 44%o contributionIC:H 0.128ocnrbtn
Uranium: HQ = 0.98; 39% contribution

Vanadium: HQ = 0.08; 3.O0% contribution

Arsenic: HQ = 1.3, 51%o contribution
Fluoride: HQ = 0.45; 18%o contribution

Lithium: HQ = 0.35, 14%o contribution
699-S8-19 2.5 x 10-4 Arsenic: 2.5 x 10-4, >99% contribution 2.5

Nitrate: HQ = 0.12; 4.7% contribution

Uranium: HQ = 0.05; 1.8% contribution

Vanadium: HQ = 0.16; 6.2% contribution

Cr(VI)

HI

HQ

TCE

hexavalent chromium

hazard index

hazard quotient

trichloroethene
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Table F-13. Summary of Analytes Retained as COPCs for Well-Specific Risk Evaluation

2,6- n-Nitrosodi-n- Carbon
Well Name Exposure Area Tritium Arsenic Cadmium Cobalt Dinitrotoluene dipropylamine Iron Manganese BEHP Trihalomethanes Chloroform Tetrachloride TCE

299-E16-2 PUREX Cribs X
261-A-30 Trench

299-E17-1 PUREX Cribs X 0 0216-A-10

299-E24-23 PUREX Cribs X 0 0

299-E25-19 PUREX Cribs X
216-A-6

299-E25-20 PUREX Cribs X X216-A-27

299-E25-22 PUREX Cribs X X
216-A-27

299-E24-20 WMA A-AX-AY
216-A-9

299-E,24-22 WMA A-AX-AY
216-A-9

299-E25-28 WMA A-AX-AY X
216-A-29

299-E25-34 WMA A-AX-AY X216-A-29

299-E25-29P WMA A-AX-AY X
216-A-31

299-E25-236 WMA A-AX-AY
241-AP

699-42-40A 216-B-3 Pond X 0 0

699-43-44 216-B-3 Pond X

699-43-45 216-B-3 Pond X

699-22-35 NRDWL/SWL

699-23-34A NRDWL/SWL

699-23-34B NRDWL/SWL

699-24-33 NRDWL/SWL

699-24-34A NRDWL/SWL

699-24-34B NRDWL/SWL

699-24-34C NRDWL/SWL

699-25-34A NRDWL/SWL 0

699-25-34B NRDWL/SWL
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Table F-13. Summary of Analytes Retained as COPCs for Well-Specific Risk Evaluation

2,6- n-Nitrosodi-n- Carbon
Well Name Exposure Area Tritium Arsenic Cadmium Cobalt Dinitrotoluene dipropylamine Iron Manganese BEHP Trihalomethanes Chloroform Tetrachloride TCE

699-25-34D NRDWL/SWL

499-SO-7 Far-field area
400 Area 0

499-SO-8 Far-field area
400 Area 0

499-Sl-8J Far-field area
400 Area 0

699-10-54A Far-field area

699-12-2C Far-field area X
618-11?

699-13-1A Far-field area X o
618-11

699-20-20 Far-field area
NRDWL/600-CL

699-29-4 Far-field area X

699-31-11 Far-field area X

699-32-22B Far-field area

699-32-43 Far-field area X

699-41-23 Far-field area

699-S6-E4E Far-field area

618-10 0

699-S6-E4 8Far-field area
699-S-E4E618-10

699-S-E4KFar-field area
699-S6-E4 618-10 0 0

699-S6-E4L Far-field area X
6 18-1000

699-S8-19 Far-field area X

Note: Gray-shaded cells indicate that the analyte was not retained as a COPC.

BHEP =-bis(2-ethylhexyl)phthalate

COPC = contaminant of potential concern

NRDWL = Nonradioactive Dangerous Waste Landfill

0 = analyte detected once at a concentration greater than risk-based screening level

PUREX = Plutonium-Uranium Extraction

SWL = Solid Waste Landfill

TCE = trichloroethene

WMA = waste management area

X = retained as a COPC

1
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Appendix G

Waste Site Inventories Overlying the 200-PO-1 Operable Unit
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1 G1 Waste Site Inventories Overlying the 200-PO-1 Operable Unit

2 The inventory of contaminants or constituents discharged to 200-PO-I Operable Unit (OU) waste sites is
3 summarized in Tables G- 1 and G-2 for chemicals and radionuclides, respectively. The inventory was
4 determined using the Soil Inventory Model (SIM), as documented in RPP-26744, Hanford Soil Inventory
5 Model, Rev. 1, which generates inventory and uncertainty estimates for 46 radionuclides and 29 chemicals
6 using approximately 200 waste streams applied to about 400 liquid waste disposal sites, unplanned
7 releases, and tank leaks primarily located on the Central Plateau portion of the Hanford Site.
8 The calculation period is from 1944 to 2001, and the inventory is estimated in one-year increments, which
9 are then decay corrected to a common date of January 1, 2001. The output of the SIM is in terms of

10 discharged mass (in kilograms) for the chemicals and activity (in curies) for the radionuclides. The SIM is
11 run in a probabilistic mode by using Monte Carlo sampling methodology. Tables G-1 and G-2 provide
12 the mean cumulative inventory estimates in the SIM. Table G- 1 presents the inventory of chemical
13 constituents, while Table G-2 presents the inventory of selected radionuclides with cumulative inventories
14 exceeding 1 Ci when combined for all waste sites. The last column in Table G-1 provides the mean
15 cumulative estimate of the liquid effluent volume discharged to each waste site. The SIM does not consider
16 mass removal from waste sites due to remedial actions or a loss of liquid volume from evaporation.

17 Based on the information presented in Tables G-1 and G-2, significant inventory was available of the
18 chemicals and radionuclides discharged to the vadose zone. Contaminants that were mobile and discharged
19 in large quantities formed extensive groundwater plumes in the OU (i.e., nitrate, tritium, and iodine- 129).
20 A portion of this inventory remains in the vadose zone and is considered a potential source for future
21 groundwater contamination. However, with the cessation of artificial liquid discharges to the groundwater,
22 the driving force has attenuated, which diminishes the overall rate of vadose zone contaminant migration.

23 The chemical contaminant with the largest discharged inventory is nitrate (Table G-1). Because of its high
24 mobility and large discharged quantity, nitrate formed a large plume in the unconfined aquifer on the
25 Central Plateau (discussed in detail in Section 4.2.2 of DOE/RL-2009-85, Remedial Investigation Report
26 for the 200-PO-1 Groundwater Operable Unit). A smaller uranium groundwater plume has been
27 identified beneath the Plutonium-Uranium Extraction (PUREX) Cribs that might have resulted from
28 releases of steam condensate containing uranium to the cribs (discussed in Section 4.2.6 of
29 DOE/RL-2009-85).

30 The radionuclides listed in Table G-2 with long half-lives and relatively high mobility are likely to be
31 contaminants that could impact groundwater in the future. However, due to the large discharged inventory
32 generated at the PUREX Plant, the mobile inventory has already reached groundwater in appreciable
33 quantity and formed extensive iodine-129 and tritium plumes. The concentrations of tritium in
34 groundwater in the Central Plateau portion of Hanford Site have been declining (discussed in
35 Section 4.2.1 of DOE/RL-2009-85), indicating that most of the tritium mass has either traveled through
36 the aquifers in the Central Plateau or has undergone decay due a to relatively short half-life (about
37 12.5 years). The primary sources of iodine-129 contaminants were from PUREX discharges of process
38 effluent waste streams to the soil column. A large and diffuse iodine-129 plume developed in the
39 unconfined aquifer and migrated beyond the 200 East Area off the Central Plateau, with areas of
40 higher activity near the original disposal sites. Iodine-129 is a mobile, long-lived radionuclide with
41 a half-life of 15.7 million years. Following the end of PUREX operations, there has been a gradual
42 decreasing trend in iodine-129 concentrations and a slightly reduced areal extent. Strontium-90 and
43 technetium-99 are also present in localized plumes associated with PUREX Cribs and Waste Management
44 Area A-AX Tank Farms, respectively.
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1 Additional discussion regarding the relationship of groundwater plumes and their association with
2 overlying sources are provided in Section 4.2 of DOE/RL-2009-85. Uncertainty exists in regard to future
3 vadose zone contributions to groundwater from the overlying source waste sites. Potential future
4 groundwater impacts from waste site or vadose zone contamination will be assessed as part of the
5 Comprehensive Environmental Response, Compensation, and Liability Act of 1980 remedial
6 investigation/feasibility study process for the associated source OUs, as defined and scheduled in the Tri-
7 Party Agreement (Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order).
8 This may include the development and application of deep vadose zone remedial technologies. As the
9 source OU remedial investigation/feasibility study process is completed and approved by the

10 U.S. Department of Energy, Washington State Department of Ecology, and U.S. Environmental
11 Protection Agency, the need for appropriate remedial actions to mitigate future groundwater impacts will
12 be defined.
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Table G-1. Mean Inventory of Chemical Constituents Discharged at the Waste Sites That Can Impact the 200-PO-1 Groundwater OU (Based on Soil Inventory Model, 2005)

Volume

Nun,# Site ID Na Al Fe Cr Ri La Hg Zr Ph Ni Ag Mn Ca K N03 N02 C03 P04 S04 Si F Cl CCL4 Rutanol TRP NPH NHS Fe(CN)6 U-Total __Discharged

______ (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (ML)

1 216-Al1 1.66E+'03 0.OOE+0O 6.68E+'01 4.11E+01 0.OOE+00 0.OOE+00 1.17E-01 0.OOE+00 2.29E+00 1.28E+01 0.OOE+00 0.OOE+00 2.48E+01 1.21E+01 1.07E+03 1.25E+03 3.72E+01 0.OOE+00 4.15E+02 4.70E+01 0.OOE+00 5.06E+01 0.OOE+O0 0.OOE+00 0.OOE+00 0.OOE+00 1.50E+01 0.OOE+00 1.38E+02 4.OOE-03

2 216-A-2 5.97E+00 0.OOE+0O 6.05E-02 4.56E-03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 7.OOE-04 0.OOE+00 0.OOE+00 1.36E-01 0.OOE+00 2.37E+03 0.OOE+00 2.04E-01 0.OOE+00 2.44E+00 1.06E-01 0.OOE+00 1.85E-01 0.OOE+O0 0.OOE+00 1.49E+05 6.39E+04 5.16E-02 0.OOE+00 2.28E+02 9.84E-02

3 216-A-3 7.OOE+0l 0.OOE+0O 3.54E-01 3.39E-01 0.OOE+00 0.OOE+00 1.13E-02 0.OOE+00 0.OOE+00 1.70E-01 8.49E-07 2.75E-02 6.03E+01 3.73E+04 4.65E+04 1.96E-02 4.50E-03 8.14E+02 1.09E-01 0.OOE+00 7.56E+01 4.84E-02 0.OOE+O0 1.53E-02 0.OOE+00 0.OOE+00 1.53E-02 0.OOE+00 2.64E+03 l.OOE-0l
4 216-A-4 4.47E+02 0.OOE+0O 1.20E+01 2.34E+00 0.OOE+00 0.OOE+00 2.29E-02 0.OOE+00 0.OOE+00 1.16E+00 3.56E-02 5.61E-02 1.25E+02 7.60E+04 9.54E+04 3.90E+00 3.56E+00 1.69E+03 2.16E+01 0.OOE+00 1.54E+02 9.62E+00 0.OOE+O0 3.11E-02 0.OOE+00 0.OOE+00 3.13E-02 0.OOE+00 5.39E+03 9.61E-01

5 216-A-S 1.66E+04 0.OOE+0O 1.85E+03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 1.07E+06 0.OOE+00 0.OOE+00 0.OOE+00 9.21E+03 0.OOE+00 0.OOE+00 1.65E+05 0.OOE+O0 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00O0.OOE+00 1.98E+02 7.79E+01

6 1216-A-6 I6.20E+04 5.60E+0O1 1.54E03 O+03 O+0 .OOE+001 0.OOE+00 2.71E-031 2.77E-061 1.36E-01 1.29E+031 3.38E-081 2.02E+01 3.66E+041 1.52E+04 2.02E+051 1.33E+041 2.42E+05 4.84E+031 4.16E+041 8.05E+03 4.56E+021 1.60E+04 0.OOE+00 3.72E-041 0.OOE+00 0.OOE+001 1.56E-03 0.OOE+001 1.70E+02 2.99E-03
7 216-A-7 1.03E+01 0.OOE+0O 7.02E-02 4.84E-03 0.OOE+00 0.OOE+00 8.49E-06 0.OOE+00 4.08E-04 7.33E-04 0.OOE+00 1.16E-03 1.72E+00 6.23E-02 1.49E+03 0.OOE+00 2.13E-01 0.OOE+00 8.07E+00 3.16E-01 1.05E-02 4.42E-01 0.OOE+O0 1.02E-01 1.60E+05 6.84E+04 1.97E-01 0.OOE+00 4.81E+02 3.86E-03

8 216-A-S 2.55E+03 1.07E+02 2.37E+02 3.90E-03 0.OOE+00 0.OOE+00 4.54E+00 0.OOE+00 1.16E+02 5.91E-04 0.OOE+00 2.49E+01 2.18E+04 1.13E+03 1.83E+03 0.OOE+00 4.98E+03 0.OOE+00 1.23E+04 2.90E+03 1.52E+02 1.22E+03 0.OOE+O0 1.36E+03 1.29E+05 5.51E+04 1.59E-01 0.OOE+00 3.91E+02 1.OOE-03

9 216-A-9 2.05E+04 4.16E+0O 2.71E+02 8.36E+02 0.OOE+00 0.OOE+00 3.20E-02 0.OOE+00 1.54E+00 6.42E+02 0.OOE+00 8.60E+00 1.39E+04 7.89E+02 2.01E+04 1.29E+03 5.24E+04 1.35E+04 1.12E+04 2.47E+03 1.32E+02 1.29E+03 0.OOE+O0 3.60E+02 0.OOE+00 0.OOE+00 0.OOE+00O0.OOE+00 1.89E+03 2.32E+01

10 216-A-10 3.03E+04 0.OOE+0O 3.32E+03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 1.46E+00 2.29E+03 1.74E+02 1.92E+06 0.OOE+00 1.77E+04 0.OOE+00 1.90E+04 5.88E+02 3.19E+01 2.96E+05 0.OOE+O0 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+0 O.OOE+00 3.58E+02 3.05E+00

11 216-A-21 1.07E+05 0.OOE+0O 8.16E+03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 2.81E+00 0.OOE+00 2.81E+04 6.10E+02 3.20E+05 0.OOE+00 2.24E+03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 2.54E+03 0.OOE+O0 0.OOE+00 0.OOE+00 0.OOE+00 6.63E+04 0.OOE+00 1.95E+02 4.OOE-03

12 216-A-24 1.82E+03 3.77E+01 1.20E+02 6.49E-04 0.OOE+00 0.OOE+00 1.65E+00 0.OOE+00 4.31E+01 9.86E-05 0.OOE+00 1.49E+01 1.60E+04 7.19E+02 6.53E+02 0.OOE+00 2.87E-02 0.OOE+00 8.75E+03 2.07E+03 1.08E+02 8.91E+02 0.OOE+O0 1.03E+03 2.14E+04 9.19E+03 2.64E-02 0.OOE+00 6.51E+01 3.15E+02

13 216-A-27 1.86E+03 S.OOE-03 6.87E+01 1.06E+01 0.OOE+00 0.OOE+00 1.15E-07 1.89E-06 6.03E-05 5.40E+00 2.12E-01 8.77E-06 4.75E+02 8.53E+03 1.12E+04 2.34E+01 2.13E+01 3.50E+03 1.73E+03 1.22E-04 1.29E+01 7.48E+01 0.OOE+O0 2.54E-04 0.OOE+00 0.OOE+00 2.29E-03 0.OOE+00 6.51E+01 3.68E+02

14 216-A-30 8.12E+04 1.52E+01 1.89E+03 6.04E+03 0.OOE+00 0.OOE+00 7.35E-03 1.70E-05 3.68E-01 1.63E+03 2.08E-07 4.68E+01 8.27E+04 8.28E+04 2.08E+05 1.60E+04 5.58E+05 2.98E+04 9.87E+04 1.86E+04 1.13E+03 9.68E+03 0.OOE+O0 2.29E-03 0.OOE+00 0.OOE+00 9.62E-03 0.OOE+00 6.56E+02 1.10E+031

15 1216-A-31 1.26E+00 0.OOE+0O 7.87E-031 6.OOE-04 0.OOE+001 0.OOE+00 0.OOE+001 0.OOE+00 0.OOE+00 9.10E-051 0.OOE+00 0.OOE+00 1.77E-021 0.OOE+00 1.85E+i021 0.OOE+00 2.65E-02 0.OOE+001 8.95E-01 1.38E-02 0.OOE+001 4.38E-02 0.OOE+00 0.OOE+00 1.98E+04 8.49E+031 2.45E-02 0.OOE+00 5.98E+01 9.46E-01

16 216-A-32 2.87E-03 8.65E-07 1.82E-04 1.04E-04 0.OOE+00 0.OOE+00 2.OOE-11 3.26E-10 1.04E-08 8.70E-05 3.98E-12 1.52E-09 7.97E-02 1.47E+00 1.21E+00 2.02E-061 8.76E-07 5.70E-01 2.76E-011 2.11E-08 2.24E-03 2.96E-03 0.OOE+O0 4.39E-081 0.OOE+00 0.OOE+00 1.84E-07 0.OOE+00 5.61E-09 1.OOE-02
17 216-A-36A 1.47E+03 0.OOE+0O 1.12E+02 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 3.86E-02 0.OOE+00 3.85E+02 8.36E+00 4.39E+03 0.OOE+00 3.07E+01 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 3.49E+01 OOE .OOE+00 0O+0 .OOE+00 9.9+0 .OOE+001.5+2.6E0

18 216-A-36B 4.35E+05 0.00E+00 3.30E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.14E+01 0.00E+00 1.14E+05 2.47E+03 1.30E+06 0.00E+00 9.05E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.03E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.68E+05 0.00E+00 1.22E+02 3.36E+03

19 216-A-37-1 8.20E+02 0.OOE+0O 3.12E+01 0.OOE+00 0.OOE+00 0.OOE+00 3.87E-02 0.OOE+00 1.86E+00 0.OOE+00 0.OOE+00 5.30E+00 7.17E+03 2.84E+02 2.05E+02 0.OOE+00 0.OOE+00 0.OOE+00 3.92E+03 9.30E+02 4.79E+01 4.09E+02 6.68E+O1 4.65E+02 0.OOE+00 0.OOE+00 0.OOE+00O0.OOE+00 1.93E-01 6.32E+00

20 216-A-37-2 2.37E+03 0.OOE+0O S.66E+01 0.OOE+00 0.OOE+00 0.OOE+00 1.16E-02 0.OOE+00 S.SSE-01 0.OOE+00 0.OOE+00 7.73E+00 1.1SE+04 S.1SE+02 6.18E+02 0.OOE+00 7.47E+04 0.OOE+00 1.16E+04 2.76E+03 1.49E+02 1.17E+03 0.OOE+O0 1.39E+02 0.OOE+00 0.OOE+00 0.OOE+00O0.OOE+00 4.76E+01 6.35E+00

21 216-A-39 S.40E-01 0.OOE+0O 2.10E-03 S.47E-03 0.OOE+00 0.OOE+00 6.49E-06 0.OOE+00 2.9SE-03 2.14E-03 7.61E-07 0.OOE+00 3.01E-03 4.49E-03 1.49E-01 S.66E-01 4.S0E-03 0.OOE+00 2.3SE-01 S.92E-03 0.OOE+00 1.S7E-02 0.OOE+O0 0.OOE+00 0.OOE+00 0.OOE+00 1.0SE-02 0.OOE+00 6.21E-04 4.68E+00

22 216-A-41 3.43E-02 1.54E-06 3.56E-03 1.S6E-04 0.OOE+00 0.OOE+00 3.56E-11 S.S2E-10 1.S6E-0S 1.SSE-04 7.11E-12 2.71E-09 1.42E-01 2.63E+00 4.03E+00 3.61E-06 1.56E-06 1.02E+00 S.09E-01 3.7SE-0S 3.99E-03 2.94E-01 0.00E+00 7.S3E-0S 0.00E+00 0.00E+00 3.2SE-07 0.00E+00 3.40E-04 4.52E+00

23 216-A-45 1.67E+03 6.76E-05 6.S1E+01 S.45E+00 6.90E-09 0.00E+00 1.45E-01 9.13E-10 4.S2E-03 2.7SE+00 0.00E+00 4.59E-01 1.01E+03 6.16E+05 S.00E+05 2.60E-04 6.57E+01 1.34E+04 3.05E+02 2.16E+00 1.24E+03 S.29E+03 0.00E+00 2.53E-01 0.00E+00 0.00E+00 2.53E-011 0.00E+00 7.S2E+00 I 4.87E+001

24 1216-B-14 I7.S1E+05 0.00E+00 9.0SE+021 1.49E+03 3.35E+021 0.00E+00 2.76E+001 0.00E+001 0.00E+00 9.11E+021 S.07E+001 0.00E+00 1.2SE+03 S.70E+03 1.73E+061 4.91E+02 1.92E+03 S.S1E+04 1.02E+05 2.52E+03 3.S1E+04 2.37E+04 0.00E+001 0.00E+00 0.00E+00 0.00E+00 4.53E-03 0.00E+00 2.69E+02 2.83E+05

25 216-B-1S S.72E+05 0.00E+00 6.62E+02 1.09E+03 2.44E+02 0.00E+00 2.01E+00 0.00E+00 0.00E+00 6.64E+02 6.06E+00 0.00E+00 9.33E+021 4.1SE+03 1.26E+06 2.02E+021 1.40E+03 4.24E+041 7.43E+041 1.S4E+03 2.56E+041 1.73E+04 0.00E+00 0.00E+001 0.00E+00 0.00E+00 S.1SE-04 0.00E+00 1.96E+02 4.85E+00

26 216-B-16 4.92E+05 S.33E+02 S.66E+02 1.0SE+03 2.40E+02 0.00E+00 1.6SE+00 1.14E+01 2.2SE+00 S.S9E+02 3.75E+00 0.00E+00 S.26E+02 3.SSE+03 1.06E+06 9.40E+03 1.06E+04 3.61E+04 6.45E+04 1.37E+03 1.S9E+04 1.56E+04 0.00E+00 1.S9E+00 0.00E+00 0.00E+00 7.37E+02 0.00E+00 1.73E+02 4.88E+00

27 216-B-17 2.79E+05 1.08E+03 3.16E+02 8.19E+02 1.79E+02 0.00E+00 8.72E-01 2.30E+01 4.60E+00 3.58E+02 1.82E-03 0.00E+00 5.03E+02 1.98E+03 5.62E+05 1.87E+04 1.97E+04 2.01E+04 3.74E+04 4.80E+02 6.11E+03 9.94E+03 0.00E+00 3.82E+00 0.00E+00 0.00E+00 1.49E+03 0.00E+00 1.04E+02 8.53E+00

2S 216-B-1S 7.71E+05 0.00E+00 8.93E+02 1.46E+03 3.29E+02 0.00E+00 2.71E+00 0.00E+00 0.00E+00 8.95E+02 8.17E+00 0.00E+00 1.26E+03 5.60E+03 1.70E+06 2.73E+02 1.88E+03 5.71E+04 1.00E+05 2.47E+03 3.45E+04 2.33E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-03 0.00E+00 2.64E+02 4.17E-01

29 216-B-19 5.37E+05 1.39E+03 6.12E+02 1.39E+03 3.07E+02 0.00E+00 1.75E+00 2.98E+01 5.94E+00 6.67E+02 1.86E+00 0.00E+00 9.37E+02 3.84E+03 1.11E+06 2.43E+04 2.58E+04 3.89E+04 7.11E+04 1.18E+03 1.58E+04 1.82E+04 0.00E+00 4.94E+00 0.00E+00 0.00E+00 1.92E+03 0.00E+00 1.94E+02 3.16E+03

30 216-A-iS 8.24E+03 0.00E+00 3.31E+02 2.04E+02 0.00E+00 0.00E+00 5.82E-01 0.00E+00 1.13E+01 6.33E+01 0.00E+00 0.00E+00 1.23E+02 6.02E+01 5.29E+03 6.22E+03 1.84E+02 0.00E+00 2.06E+03 2.33E+02 0.00E+00 2.51E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.45E+01 0.00E+00 6.82E+02 1.00E-01
31 216-A-19 2.77E+04 0.00E+00 1.83E+04 4.59E+02 0.00E+00 0.00E+00 2.79E+01 0.00E+00 2.55E+01 8.41E+02 0.00E+00 0.00E+00 3.40E+03 1.36E+02 1.09E+04 1.47E+04 5.10E+03 0.00E+00 4.64E+03 6.09E+03 0.00E+00 5.65E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.57E+02 0.00E+00 4.34E+04 1.00E-02

32 216-A-20 2.37E+03 0.00E+00 2.72E+02 5.65E+01 0.00E+00 0.00E+00 4.34E-01 0.00E+00 3.14E+00 2.47E+01 0.00E+00 1.19E-02 8.23E+01 1.73E+01 1.45E+03 1.73E+03 9.90E+01 0.00E+00 5.79E+02 1.24E+02 1.07E-01 7.04E+01 0.00E+00 1.04E+00 0.00E+00 0.00E+00 2.36E+011 0.00E+00 6.21E+02 I 1.00E-031

33 1216-A-40 I1.97E+00 7.36E-051 3.34E-021 1.17E-05 7.52E-091 0.00E+00 2.32E-091 9.95E-10 5.25E-03 7.83E-07 0.00E+00 4.78E-03 1.80E+01 7.08E-01 4.78E-011 2.83E-04 7.16E+01 4.40E-06 9.84E+00 2.35E+00 1.26E-01 8.36E-01 0.00E+001 1.39E-11 0.00E+00 0.00E+00 2.98E-06 0.00E+00 2.22E-07 1.00E+01

34 216-B-20 3.99E+05 8.99E+02 4.88E+02 9.98E+02 2.20E+02 0.00E+00 1.36E+00 1.92E+01 3.84E+001 5.18E+02 6.69E+001 0.00E+00 7.24E+021 2.86E+03 8.33E+05 1.58E+04 1.69E+041 2.91E+04 5.28E+041 9.42E+02 1.25E+04 1.33E+0400E0 .9+000E0 .0+0 .4+3S1E0 .5+24SE0

35 216-B-21 4.17E+05 2.11E+02 4.81E+02 8.49E+02 1.90E+02 0.00E+00 1.45E+00 4.52E+00 9.03E-01 4.91E+02 3.83E+00 0.00E+00 6.89E+02 3.02E+03 9.07E+05 3.81E+03 4.75E+03 3.07E+04 5.44E+04 1.26E+03 1.74E+04 1.29E+04 0.00E+00 7.50E-01 0.00E+00 0.00E+00 2.92E+02 0.00E+00 1.44E+02 1.10E+00

36 216-B-22 4.13E+05 5.80E+02 4.74E+02 9.41E+02 2.09E+02 0.00E+00 1.40E+00 1.24E+01 2.48E+00 4.98E+02 2.78E+00 0.00E+00 7.00E+02 2.98E+03 8.81E+05 1.02E+04 1.12E+04 3.02E+04 5.43E+04 1.10E+03 1.50E+04 1.33E+04 0.00E+00 2.06E+00 0.00E+00 0.00E+00 8.02E+02 0.00E+00 1.46E+02 2.30E-01
37 216-B-23 3.94E+05 5.68E+02 4.52E+02 9.00E+02 2.00E+02 0.00E+00 1.33E+00 1.21E+01 2.43E+00 4.75E+02 2.61E+00 0.00E+00 6.67E+02 2.83E+03 8.38E+05 9.96E+03 1.10E+04 2.88E+04 5.17E+04 1.04E+03 1.42E+04 1.27E+04 0.00E+00 2.02E+00 0.00E+00 0.00E+00 7.85E+02 0.00E+00 1.39E+02 9.99E-03

3S 216-B-24 4.41E+05 0.00E+00 5.10E+02 8.38E+02 1.88E+02 0.00E+00 1.55E+00 0.00E+00 0.00E+00 5.12E+02 4.67E+00 0.00E+00 7.19E+02 3.20E+03 9.70E+05 1.56E+02 1.08E+03 3.26E+04 5.73E+04 1.42E+03 1.97E+04 1.33E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.31E-04 0.00E+00 1.51E+02 2.99E-03

39 216-B-25 4.45E+05 0.00E+00 5.14E+02 8.44E+02 1.90E+02 0.00E+00 1.56E+00 0.00E+00 0.00E+00 5.16E+02 4.71E+00 0.00E+00 7.25E+02 3.23E+03 9.78E+05 1.57E+02 1.08E+03 3.29E+04 5.78E+04 1.43E+03 1.99E+04 1.35E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.36E-04 0.00E+00 1.52E+02 8.21E+02

40 216-B-26 4.30E+05 0.00E+00 5.60E+02 8.17E+02 1.83E+02 0.00E+00 1.63E+00 0.00E+00 0.00E+00 5.11E+02 1.73E+01 0.00E+00 7.22E+02 3.12E+03 9.46E+05 1.96E+02 1.08E+03 3.20E+04 5.61E+04 1.40E+03 1.92E+04 1.30E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.79E-01 2.47E+01 1.59E+02 3.00E-02

41 216-B-27 4.00E+05 0.00E+00 4.63E+02 7.60E+02 1.71E+02 0.00E+00 1.41E+00 0.00E+00 0.00E+00 4.65E+02 4.24E+00 0.00E+00 6.52E+02 2.90E+03 8.81E+05 1.42E+02 9.77E+02 2.96E+04 5.20E+04 1.28E+031 1.79E+04 1.21E+041 0.00E+00 0.00E+00 0.00E+001 0.00E+00 5.72E-041 0.00E+00 1.37E+02 I 7.64E+031

42 1216-B-285 4.42E+05 5.45E+021 5.08E+021 9.86E+02 2.19E+021 0.00E+00 1.50E+001 1.17E+01. 2.33E+00 5.31E+021 3.18E+00, 0.00E+00 7.45E+021 3.19E+03 9.46E+05. 9.60E+03. 1.07E+04 3.24E+04. 5.80E+04 1.21E+03 1.65E+04 1.41E+04 0.00E+001 1.94E+00 0.00E+00 0.00E+00 7.54E+02 0.00E+00 1.56E+02 3.05E-02
43 216-B-29 4.36E+05 0.00E+00 5.06E+02 8.31E+02 1.86E+02 0.00E+00 1.54E+00 0.00E+00 0.00E+00 5.07E+02 3.56E+00 0.00E+00 7.13E+02 3.17E+03 9.62E+05 2.25E+02 1.07E+03 3.24E+04 5.68E+04 1.40E+03 1.96E+04 1.32E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.75E-03 0.00E+00 1.50E+02 i.00E-02

44 216-B-30 4.03E+05 1.10E+03 4.58E+02 1.06E+03 2.33E+02 0.00E+00 1.30E+00 2.35E+01 4.71E+00 5.02E+02 1.24E+00 0.00E+00 7.05E+02 2.88E+03 8.32E+05 1.92E+04 2.04E+04 2.92E+04 5.34E+04 8.66E+02 1.15E+04 1.37E+04 0.00E+00 3.91E+00 0.00E+00 0.00E+00 1.52E+03 0.00E+00 1.46E+02 1.07E+00

45 216-B-31 4.09E+05 1.10E+03 4.66E+02 1.07E+03 2.36E+02 0.00E+00 1.33E+00 2.35E+01 4.70E+00 5.10E+02 1.31E+00 0.00E+00 7.16E+02 2.92E+03 8.46E+05 1.92E+04 2.04E+04 2.96E+04 5.42E+04 8.87E+02 1.18E+04 1.39E+04 0.00E+00 3.91E+00 0.00E+00 0.00E+00 1.52E+03 0.00E+00 1.48E+02 2.00E-05
46 216-B-32 3.98E+05 1.14E+03 4.54E+02 1.06E+03 2.34E+02 0.00E+00 1.29E+00 2.45E+01 4.89E+00 S.00E+02 7.87E-01 0.00E+00 7.02E+02 2.85E+03 8.21E+05 2.00E+04 2.12E+04 2.89E+04 5.30E+04 8.38E+02 1.11E+04 1.37E+04 0.00E+00 4.06E+00 0.00E+00 0.00E+00 1.58E+03 0.00E+00 1.45E+02 6.21E+00

47 216-B-33 3.93E+05 1.34E+03 4.46E+02 1.11E+03 2.42E+02 0.00E+00 1.25E+00 2.87E+01 5.73E+00 4.99E+02 3.77E-03 0.00E+00 7.01E+02 2.80E+03 7.99E+05 2.34E+04 2.46E+04 2.83E+04 5.25E+04 7.44E+02 9.63E+03 1.38E+04 0.00E+00 4.76E+00 0.00E+00 0.00E+00 1.85E+03 0.00E+00 1.45E+02 1.03E+02

4S 216-B-34 4.02E+05 1.40E+03 4.57E+02 1.14E+03 2.50E+02 0.00E+00 1.28E+00 3.00E+01 5.99E+00 5.13E+02 3.66E-03 0.00E+00 7.20E+02 2.87E+03 8.18E+05 2.44E+04 2.57E+04 2.90E+04 5.38E+04 7.51E+02 9.70E+03 1.41E+04 0.00E+00 4.98E+00 0.00E+00 0.00E+00 1.94E+03 0.00E+00 1.48E+02 3.27E-01

49 216-B-52 7.11E+05 2.17E+03 8.11E+02 1.94E+03 4.26E+02 0.00E+00 2.29E+00 4.65E+01 9.29E+00 8.96E+02 8.59E-03 0.00E+00 1.26E+03 5.08E+03 1.46E+06 3.80E+04 4.01E+04 5.15E+04 9.47E+04 1.45E+03 1.90E+04 2.46E+04 0.00E+00 7.71E+00 0.00E+00 0.00E+00 3.00E+03 0.00E+00 2.60E+02 1.15E+03

SO 216-B-53A 6.63E+02 0.00E+00 2.89E+01 3.86E+00 0.00E+00 0.00E+00 1.19E-02 0.00E+00 2.84E-01 1.92E+00 1.43E-01 2.98E-03 1.63E+01 5.37E+00 1.53E+03 8.38E+00 8.79E+00 7.65E+01 5.24E+01 1.26E+001 7.15E-02 2.14E+01 0.00E+00 0.00E+00 0.00E+001 0.00E+00 4.38E-041 0.00E+00 3.07E+01 I 9.81E+021

Si 1216-B-53B I3.83E+02 0.00E+00 8.66E+001 2.10E+00 0.00E+001 0.00E+00 3.33E-041 0.00E+00 7.92E-03 8.26E-01 2.80E-02 8.32E-05 2.37E+00 2.90E+00 8.92E+021 4.89E+00 3.12E+00 3.90E+01 2.72E+01 3.52E-02 2.00E-03 1.21E+01 0.00E+001 0.00E+00 0.00E+00 0.00E+00 2.57E-04 0.00E+00 8.26E+00 8.67E+001
52 216-B-54 3.85E+02 0.00E+00 8.70E+00 2.61E+00 0.00E+00 0.00E+00 2.19E-02 0.00E+00 5.22E-011 8.26E-01 1.22E-011 5.48E-03 2.13E+011 3.66E+00 8.92E+02 4.89E+001 3.12E+00 3.90E+011 3.83E+01 2.32E+00 1.32E-01 1.35E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.57E-04 0.00E+00 1.34E+01 5.60E+00

53 216-B-58 3.07E+02 0.00E+00 6.94E+00 1.89E+00 0.00E+00 0.00E+00 9.10E-03 0.00E+00 2.17E-01 6.60E-01 6.09E-02 2.27E-03 9.64E+00 2.63E+00 7.13E+02 3.91E+00 2.49E+00 3.12E+01 2.63E+01 9.62E-01 5.46E-02 1.02E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.05E-04 0.00E+00 8.76E+00 3.41E+00

54 216-A-il 2.15E-01 0.00E+00 4.80E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.23E-04 9.80E-01 7.43E-02 5.64E-02 0.00E+00 7.58E+00 0.00E+00 1.06E+00 2.51E-01 1.36E-02 1.06E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.82E-03 8.52E+00

55 216-A-12 2.i5E-01 0.00E+00 4.80E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.23E-04 9.80E-01 7.44E-02 5.65E-02 0.00E+00 7.58E+00 0.00E+00 i.06E+00 2.5iE-01 i.36E-02 i.06E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.82E-03 4.67E+00

S6 216-A-13 7.i8E-03 2.16E-06 4.55E-04 2.60E-04 0.00E+00 0.00E+00 4.99E-ii 8.15E-10 2.61E-08 2.17E-04 9.95E-12 3.79E-09 i.99E-01 3.68E+00 3.01E+00 5.05E-06 2.19E-06 i.43E+00 6.91E-01 5.29E-085S.59E-03 7.39E-03 0.00E+00 i.10E-07 0.00E+00 0.00E+00 4.60E-07 0.00E+00 i.40E-08 4.74E+00

S7 216-A-14 7.17E-04 2.16E-07 4.54E-05 2.59E-05 0.00E+00 0.00E+00 4.98E-12 8.14E-ii 2.60E-09 2.17E-05 9.94E-13 3.79E-10 i.99E-02 3.67E-01 3.01E-01 5.04E-07 2.19E-07 i.42E-01 6.90E-02 5.28E-09 5.58E-04 7.38E-04 0.00E+00 i.09E-08 0.00E+00 0.00E+00 4.59E-08 0.00E+00 i.40E-09 4.91E+00

SS 216-A-iS 2.i5E+01 0.00E+00 4.80E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.23E-02 9.80E+01 7.43E+00 5.64E+00 0.00E+00 7.57E+02 0.00E+00 i.06E+02 2.5iE+01 i.36E+00 i.06E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.82E-01 4.75E+00

S9 216-A-23A 6.58E-03 7.79E-04 i.29E-03 0.00E+00 0.00E+00 0.00E+00 3.27E-05 0.00E+00 8.20E-04 0.00E+00 0.00E+00 i.08E-04 5.82E-02 4.09E-03 i.61E-03 0.00E+00 0.00E+00 0.00E+00 3.20E-02! 7.50E-03 4.6-04 2.89E-03 0.00E+00 3.74E-031 0.00E+00 0.00E+001 0.00E+001 0.00E+00 7.26E-07 4.42 E+

60 216-A-23B I6.58E-031 7.79E-041 i.29E-031 0.00E+001 0.00E+001 0.00E+001 3.27E-051 0.00E+00 8.20E-04 0.00E+00 0.00E+00 i.08E-041 5.83E-02 4.09E-03 i.61E-03 0.00E+00 0.00E+00 0.00E+00 3.20E-02 750E-03 4.06E-04 2.89E-03 0.00E+00 3.74E-031 0.00E+00 0.00E+001 0.00E+001 0.00E+00 7.26E-07 5.5E+0000

G-3



DOE/RL-2009-85-ADD1, DRAFT A
JULY 2015

Table G-1. Mean Inventory of Chemical Constituents Discharged at the Waste Sites That Can Impact the 200-PO-1 Groundwater OU (Based on Soil Inventory Model, 2005)

Volume
Num# Site ID Na Al Fe Cr Bi La Hg Zr Pb Ni Ag Mn Ca K NO3 N02 CO3 P04 S04 Si F Cl CCL4 Butanol TBP NPH NH3 Fe(CN)6 U-Total Discharged

(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (ML)

61 216-A-22 1.77E-01 0.00E+00 9.98E-04 8.31E-04 0.00E+00 0.00E+00 2.64E-05 0.00E+00 0.00E+00 4.23E-04 0.00E+00 8.38E-05 1.75E-01 9.39E+01 1.17E+02 0.00E+00 1.77E-01 2.05E+00 2.48E-02 5.88E-03 1.90E-01 2.48E-03 0.00E+00 3.85E-05 0.00E+00 0.00E+00 3.85E-05 0.00E+00 4.61E+00 4.83E+00
62 216-A-26 2.77E-03 8.34E-07 1.75E-04 1.00E-04 0.00E+00 0.00E+00 1.92E-11 3.14E-10 1.00E-08 8.38E-05 3.84E-12 1.46E-09 7.68E-02 1.42E+00 1.16E+00 1.95E-06 8.45E-07 5.50E-01 2.66E-01 2.04E-08 2.16E-03 2.85E-03 0.00E+00 4.23E-08 0.00E+00 0.00E+00 1.77E-07 0.00E+00 5.40E-09 4.78E+00
63 216-A-26A 7.18E-04 2.16E-07 4.55E-05 2.60E-05 0.00E+00 0.00E+00 4.99E-12 8.15E-11 2.61E-09 2.17E-05 9.95E-13 3.79E-10 1.99E-02 3.68E-01 3.01E-01 5.05E-07 2.19E-07 1.43E-01 6.91E-02 5.29E-09 5.59E-04 7.39E-04 0.00E+00 1.10E-08 0.00E+00 0.00E+00 4.60E-08 0.00E+00 1.40E-09 4.75E+00
64 216-A-28 6.41E-01 0.00E+00 3.29E-03 3.09E-03 0.00E+00 0.00E+00 1.05E-04 0.00E+00 0.00E+00 1.57E-03 0.00E+00 2.57E-04 5.64E-01 3.49E+02 4.35E+02 0.00E+00 0.00E+00 7.61E+00 0.00E+00 0.00E+00 7.07E-01 0.00E+00 0.00E+00 1.43E-04 0.00E+00 0.00E+00 1.43E-04 0.00E+00 6.54E+02 4.75E+00
65 216-A-35 7.17E-03 2.16E-06 4.54E-04 2.60E-04 0.00E+00 0.00E+00 4.98E-11 8.14E-10 2.60E-08 2.17E-04 9.94E-12 3.79E-09 1.99E-01 3.68E+00 3.01E+00 5.05E-06 2.19E-06 1.42E+00 6.90E-01 5.28E-08 5.59E-03 7.38E-03 0.00E+00 1.10E-07 0.00E+00 0.00E+00 4.59E-07 0.00E+00 1.40E-08 5.49E-01
66 216-B-3 5.23E+05 1.04E+04 2.18E+04 1.41E+03 1.81E+01 7.42E-03 2.79E+02 1.19E+00 5.88E+03 2.50E+02 2.56E+02 2.27E+03 4.13E+06 3.64E+05 2.94E+05 2.07E+02 1.37E+07 9.84E+04 3.31E+06 6.04E+05 4.61E+04 3.30E+05 4.68E+03 4.26E+04 0.00E+00 3.75E+04 7.46E+01 0.00E+00 2.79E+03 2.01E-02
67 200-E-103 2.87E-03 8.63E-07 1.82E-04 1.04E-04 0.00E+00 0.00E+00 1.99E-11 3.26E-10 1.04E-08 8.68E-05 3.97E-12 1.52E-09 7.95E-02 1.47E+00 1.20E+00 2.02E-06 8.76E-07 5.69E-01 2.76E-01 2.11E-08 2.23E-03 2.96E-03 0.00E+00 4.38E-08 0.00E+00 0.00E+00 1.84E-07 0.00E+00 5.61E-09 4.00E-03
68 200-E-107 1.80E+01 0.OOE+00 4.19E-01 1.67E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 4.28E-01 0.OOE+00 0.OOE+00 1.44E+00 1.08E-01 3.89E+01 4.42E+00 4.73E-01 0.OOE+00 1.54E+00 0.OOE+00 0.OOE+00 4.50E-01 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 3.75E-09 9.99E-01
69 241-A-103 6.45E+03 9.84E+02 2.18E+00 5.99E+01 8.27E-01 1.92E-05 6.75E-03 1.79E-01 3.10E+00 2.23E+00 7.13E-14 6.35E-01 3.13E+00 6.76E+01 4.52E+03 2.59E+03 7.19E+02 1.23E+02 2.48E+02 6.16E+00 3.82E+01 2.13E+02 0.OOE+00 3.40E+01 0.OOE+00 0.OOE+00 3.24E+01 0.OOE+00 6.44E-01 2.08E-02
70 241-A-104 2.35E+02 4.60E+00 7.91E-01 6.71E+00 3.27E-03 2.28E-10 2.44E-03 3.55E-05 3.54E-01 8.08E-01 1.69E-06 7.38E-02 1.14E+00 2.28E+00 1.41E+02 1.66E+02 6.39E+01 1.60E+01 5.39E+01 2.23E+00 9.65E-02 5.14E+00 0.OOE+00 1.30E-02 0.OOE+00 0.OOE+00 2.27E+00 0.OOE+00 2.34E-01 1.14E-02
71 241-A-105 9.16E+01 0.OOE+00 4.46E-01 1.59E+00 0.OOE+00 0.OOE+00 1.15E-03 0.OOE+00 4.09E-01 4.04E-01 1.43E-04 6.51E-03 1.08E+01 1.49E+00 3.35E+01 8.57E+01 8.27E+01 0.OOE+00 4.61E+01 3.68E+00 1.42E-01 4.06E+00 0.OOE+00 4.75E-01 0.OOE+00 0.OOE+00 1.49E+00 0.OOE+00 1.68E-01 7.57E-03
72 241-AX-102 1.71E+02 2.20E+01 1.16E+00 1.48E+00 4.22E-04 0.OOE+00 3.51E-03 4.84E-05 1.57E+00 1.19E+00 2.39E-05 5.OOE-03 1.67E+00 1.34E+00 1.95E+02 2.09E+01 6.88E+00 1.OOE+00 2.11E+01 3.21E+00 1.39E-02 5.29E+00 0.OOE+00 1.65E-01 0.OOE+00 0.OOE+00 1.52E-01 0.OOE+00 3.44E-01 1.05E+00

Sum 1.17E+07 2.56E+04 1.04E+05 3.76E+04 5.23E+03 7.44E-03 3.SOE+02 3.02E+02 6.1SE+03 1.73E+04 3.52E+02 2.40E+03 4.49E+06 1.28E+06 2.85E+07 3.OSE+05 1.49E+07 9.26E+05 4.90E+06 6.77E+05 4.30E+05 1.17E+06 4.74E+03 4.60E+04 4.79E+05 2.43E+05 3.56E+05 7.65E+01 6.52E+04 | 3.04E+05

2
3
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Table G-2. Mean Cumulative Inventory of Radionuclides Discharged at the Waste Sites That Can Impact the 200-PO-1 Groundwater OU (Based on Soil Inventory Model, 2005)

Num# Site ID H-3 C-14 Ni-59 Ni-63 Co-60 Se-79 Sr-90 Y-90 Zr-93 Nb-93m Tc-99 Cd-113m Sb-125 Sn-126 1-129 Cs-137 Ba-137m Sm-151 Eu-152 Eu-154 Eu-155 U-233 U-234 U-238 Np-237 Pu-238 Pu-239 Pu-240 Pu-241 Am-241
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)

1 216-A-1 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 5.30E-07 4.49E-02 4.59E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
2 216-A-2 1.40E-03 2.21E-03 8.01E-06 7.46E-04 5.38E-03 8.60E-05 8.92E-01 8.92E-01 1.49E-01 3.42E-02 2.70E-02 3.64E-02 5.38E-03 2.86E-03 1.76E-05 1.86E+00 1.75E+00 2.72E+01 4.07E-03 3.02E-01 1.38E-01 3.58E-05 7.43E-02 7.62E-02 6.23E-02 1.95E-01 7.88E+00 1.58E+00 6.95E+00 1.76E-01
3 216-A-3 4.13E+01 4.04E-07 3.82E-08 3.69E-06 2.72E-06 1.70E-08 2.08E-02 2.09E-02 1.01E-06 7.54E-07 2.73E-01 1.49E-06 1.32E-06 7.30E-08 O.OOE+00 2.45E-02 2.32E-02 6.61E-04 4.24E-07 3.04E-05 1.12E-05 5.25E-06 8.64E-01 8.81E-01 1.52E-08 1.10E-05 9.78E-05 3.42E-05 6.47E-04 2.69E-05
4 216-A-4 6.45E+01 8.02E-05 1.46E-05 1.41E-03 5.39E-04 3.37E-06 4.14E+00 4.14E+00 1.99E-04 1.50E-04 5.72E-01 2.97E-04 2.62E-04 1.45E-05 O.OOE+00 4.86E+00 4.60E+00 1.31E-01 8.40E-05 6.03E-03 2.22E-03 7.39E-02 1.76E+00 1.80E+00 3.02E-06 1.23E-01 1.08E+00 3.82E-01 7.20E+00 5.35E-03
5 216-A-5 1.71E+04 9.98E-03 2.50E-03 2.33E-01 5.04E-02 9.77E-04 3.03E+01 3.03E+01 5.82E-02 4.84E-02 3.07E-01 5.15E-02 7.63E-03 4.04E-03 9.63E-01 1.16E+01 1.10E+01 3.OOE+01 4.48E-03 3.33E-01 1.52E-01 3.11E-05 6.45E-02 6.62E-02 1.31E+00 8.08E-01 3.26E+01 6.55E+00 2.88E+01 4.30E+01
6 216-A-6 1.16E+03 1.32E-02 1.78E-04 1.66E-02 3.46E-03 6.70E-05 2.09E+00 2.09E+00 3.99E-03 3.32E-03 2.10E-02 3.53E-03 5.40E-04 2.77E-04 7.30E-02 1.10E+00 1.04E+00 2.06E+00 3.07E-04 2.29E-02 1.04E-02 2.74E-02 5.79E-02 5.69E-02 9.19E-02 1.11E-01 2.95E+00 6.59E-01 5.08E+00 2.94E+00

7 1216-A-7 I 2.33E-01 3.15E-031 1.84E-051 1.77E-03 1.10E-021 2.05E-04 1.02E+011 1.02E+011 3.54E-01 7.71E-02 6.39E-02 1.13E-01 2.64E-02 6.85E-03 4.19E-05 2.99E+03 2.82E+03 1.72E+01 3.95E-03 3.17E-011 1.75E-01 2.33E-05 1.64E-011 1.60E-01 3.14E-03 2.93E-02 6.10E-01 1.50E-011 1.33E+00 1.85E-01
8 216-A-8 2.46E+04 3.53E+00 1.48E-05 1.42E-03 8.83E-03 1.65E-04 8.65E+00 8.66E+00 2.85E-01 6.21E-02 5.15E-02 9.09E-02 2.13E-02 5.52E-03 3.74E-05 2.41E+03 2.27E+03 1.38E+01 3.19E 03 2.55E 01 1.41E-01 1.85E-05 1.73E 01 1.30E-01 3.77E-03 7.01E-02 8.69E 01 2.57E 01 3.91E+00 5.18E-01
9 216-A-9 8.07E+02 1.17E+00 1.21E-03 1.17E-01 8.70E-04 5.44E-06 6.81E+00 6.81E+00 3.21E-04 2.41E-04 2.30E-031 4.76E-041 4.23E-04 2.33E-05 1.22E-031 7.84E+00 7.41E+00 2.12E-01 1.35E-04 9.73E-03 3.57E-03 1.26E+01 9.27E-01 6.28E-01 1.30E-03 2.07E+01 1.83E+02 6.43E+01 1.21E+03 1.02E-01
10 216-A-10 5.78E+04 1.11E-02 3.83E-03 3.66E-01 7.14E-02 1.57E-03 1.84E+01 1.84E+01 9.36E-02 7.32E-02 4.89E-01 1.OOE-01 1.73E-01 6.56E-03 1.73E+00 2.84E+01 2.68E+01 2.21E+01 4.70E-03 3.99E-01 2.32E-01 2.80E-05 1.26E-01 1.19E-01 2.50E+00 2.68E+00 5.64E+01 1.34E+01 1.38E+02 7.53E+01
11 216-A-21 4.95E+01 O.OOE+00 O.OOE+00 O.OOE+00 7.71E-02 1.31E-04 6.06E+00 6.06E+00 1.69E-03 O.OOE+00 7.53E-03 3.71E-07 O.OOE+00 O.OOE+00 O.OOE+00 6.37E+01 6.03E+01 3.80E-01 9.83E-05 1.14E-02 1.44E-05 9.42E-06 6.65E-02 6.50E-02 2.37E-02 2.22E-01 4.61E+00 1.13E+00 1.01E+01 4.61E+00
12 216-A-24 8.80E+03 3.03E+00 2.47E-06 2.37E-04 1.47E-03 2.74E-05 1.75E+00 1.75E+00 4.75E-02 1.03E-02 8.57E-03 1.52E-02 3.57E-03 9.18E-04 5.64E-06 4.01E+02 3.78E+02 2.30E+00 5.31E-04 4.26E-02 2.35E-02 3.05E-06 2.86E-02 2.16E-02 2.27E-03 1.67E-02 3.55E-01 8.50E-02 8.22E-01 2.98E-01
13 216-A-27 5.01E-02 4.82E-04 8.98E-05 8.66E-03 3.25E-03 2.03E-05 2.48E+01 2.48E+01 1.21E-03 9.04E-04 8.61E-03 1.78E-03 1.58E-03 8.75E-05 7.40E-08 2.94E+01 2.77E+01 7.89E-01 5.05E-04 3.63E-02 1.33E-02 4.44E-01 3.23E-02 2.17E-02 1.83E-05 7.33E-01 6.49E+00 2.27E+00 4.31E+01 3.21E-02
14 216-A-30 1.81E-02 2.89E-02 2.21E-04 2.12E-02 2.52E-04 2.04E-06 1.10E+00 1.10E+00 1.21E-04 9.42E-05 7.39E-04 1.53E-04 1.71E-04 8.63E-06 8.91E-03 2.80E+00 2.64E+00 5.70E-02 2.63E-05 1.92E-03 7.66E-04 2.05E+00 3.OOE-01 2.19E-01 3.31E-03 3.44E+00 3.07E+01 1.07E+01 2.03E+02 1.47E-03
15 216-A-31 5.52E-04 3.51E-04 2.28E-06 2.19E-04 1.36E-03 2.54E-05 1.27E+00 1.27E+00 4.40E-021 9.57E-03 7.93E-03 1.40E-02 3.28E-03 8.51E-04 5.20E-06 3.71E+02 3.50E+021 2.13E+00 4.91E-04 3.93E-02 2.18E-02 2.89E-061 2.04E-02 1.99E-02 3.89E-041 3.64E-03 7.58E-02 1.86E-02 1.66E-01 2.29E-021
16 1216-A-32 I 1.09E-08 2.49E-101 3.98E-101 3.81E-08 2.01E-09 2.11E-11 2.22E-07 2.22E-07 1.26E-09 1.OOE-09 6.67E-09 1.37E-09 1.86E-09 8.81E-11 1.28E-11 2.77E-05 2.61E-05 4.12E-07 7.60E-11 6.16E-09 3.31E-09 1.70E-11 2.22E-12 1.87E-12 2.70E-11 4.53E-11 9.10E-10 2.23E-10 2.82E-09 7.86E-10
17 216-A-36A 1.OOE+02 O.OOE+00 O.OOE+00 O.OOE+00 1.16E-01 8.52E-031 7.89E+021 7.89E+02 1.10E-01 O.OOE+00 4.89E-01 2.84E-05 3.88E-17 O.OOE+00 O.OOE+00 6.87E+02 6.50E+02 2.54E+01 7.71E-031 8.55E-011 2.70E-03 6.69E-06 6.41E-02 4.83E-02 5.96E-03 2.83E-01 2.51E+001 8.78E-01 1.66E+01 2.40E+00

18 216-A-36B 2.OOE+02 O.OOE+00 O.OOE+00 O.OOE+00 1.15E+00 1.10E-03 2.75E+02 2.75E+02 1.43E-02 O.OOE+001 6.33E-02 4.22E-061 1.33E-17 O.OOE+001 8.64E-031 2.92E+02 2.76E+02 3.33E+00 1.09E-03 1.19E-01 O.OOE+00 6.19E-06 5.91E-02 4.08E-02 2.43E-04 6.05E-03 5.84E-02 1.65E-02 4.88E-01 2.26E-01
19 216-A-37-1 5.92E+02 1.50E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 1.85E-01 1.85E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 9.51E-09 9.09E-05 6.44E-05 4.31E-04 1.28E-02 1.20E 01 3.65E-02 9.37E-01 1.20E-01
20 216-A-37-2 9.51E+00 4.53E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 5.56E-02 5.56E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 5.44E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.41E-06 2.30E-02 1.59E-02 5.76E-04 1.44E-02 1.39E-01 3.91E-02 1.16E+00 3.60E-02
21 216-A-39 2.36E-04 5.96E-05 2.68E-05 2.58E-03 4.80E-04 1.09E-05 4.96E-02 4.96E-02 6.46E-04 5.10E-04 3.39E-03 7.47E-04 1.75E-04 4.53E-05 2.04E-07 1.45E+01 1.37E+01 8.84E-02 2.04E-05 1.63E-03 9.04E-04 3.OOE-11 2.12E-07 2.07E-07 9.14E-06 4.85E-06 1.01E-04 2.47E-05 2.20E-04 1.35E-04
22 216-A-41 1.04E-01 8.93E-09 4.51E-09 4.35E-07 7.18E-08 1.58E-09 7.44E-06 7.45E-06 9.43E-08 7.43E-08 4.93E-07 1.09E-07 2.82E-08 6.60E-09 1.68E-06 7.01E-05 6.62E-05 1.33E-05 3.03E-09 2.43E-07 1.34E-07 4.68E-11 1.16E-07 1.13E-07 2.51E-06 2.66E-06 5.53E-05 1.35E-05 1.20E-04 7.40E-05
23 216-A-45 3.22E+03 3.96E-05 3.57E-05 3.46E-03 6.76E-04 1.98E-05 6.99E-02 6.99E-02 1.20E-03 6.59E-04 5.84E-03 1.21E-03 2.54E-02 8.78E-05 3.26E-02 1.59E+00 1.51E+00 1.04E-01 1.35E-04 1.65E-02 1.33E-02 3.88E-07 3.77E-03 2.60E-03 4.35E-02 9.45E-02 9.23E-01 2.58E-01 7.62E+00 1.25E+00
24 216-B-14 5.41E+01 2.10E+00 6.92E-02 6.04E+00 1.63E+00 9.46E-02 5.95E+02 5.95E+02 2.54E-021 2.25E-02 3.29E+01 2.84E+00 8.44E-02 3.57E-01 4.23E-02 3.04E+021 2.87E+021 3.51E+03 1.28E-01 9.73E+00 5.70E+00 8.95E-081 8.81E-02 8.98E-021 2.61E-011 4.93E-02 6.90E+00 7.43E-01 1.45E+00 1.44E+011

25 1216-B-15 I 3.94E+01 1.53E+001 6.62E-021 5.79E+00 1.19E+00 6.89E-02 1.68E+02 1.68E+02 1.85E-02 1.64E-02 2.40E+01 2.07E+00 6.15E-02 2.60E-01 3.08E-02 2.22E+02 2.09E+02 2.56E+03 9.33E-02 7.09E+00 4.15E+00 6.52E-08 6.42E-02 6.54E-02 1.91E-01 3.59E-02 5.03E+00 5.42E-011 1.06E+00 1.05E+01
26 216-B-16 3.50E+01 1.31E+00 5.36E-02 4.75E+00 1.24E+00 5.74E-021 1.45E+021 1.45E+02 5.02E-01 4.47E-01 1.97E+01 1.77E+00 5.14E-02 2.16E-01 2.98E-02 1.97E+02 1.86E+02 2.18E+03 7.90E-021 6.OOE+001 3.51E+00 5.79E-08 5.65E-02 5.76E-02 1.58E-01 3.24E-02 4.45E+00 4.87E-01 9.67E-01 8.83E+00
27 216-B-17 2.13E+01 7.41E-01 2.54E-02 2.37E+00 1.01E+00 2.97E-02 8.29E+01 8.29E+01 9.90E-01 8.82E-011 9.84E+00 9.93E-011 2.69E-02 1.12E-011 2.17E-02 1.20E+02 1.13E+02 1.20E+03 4.28E-02 3.26E+00 1.90E+00 3.54E-08 3.40E-02 3.46E-02 8.04E-02 2.07E-02 2.71E+00 3.06E-01 6.32E-01 4.65E+00
28 216-B-18 5.31E+01 2.06E+00 8.92E-02 7.80E+00 1.60E+00 9.29E-02 2.27E+02 2.27E+02 2.50E-02 2.21E-02 3.24E+01 2.79E+00 8.28E-02 3.51E-01 4.15E-02 2.99E+02 2.83E+02 3.45E+03 1.26E-01 9.57E+00 5.60E+00 8.79E-08 8.65E-02 8.82E-02 2.57E-01 4.84E-02 6.78E+00 7.31E-01 1.43E+00 1.42E+01
29 216-B-19 3.97E+01 1.43E+00 5.32E-02 4.84E+00 1.68E+00 5.96E-02 1.59E+02 1.59E+02 1.29E+00 1.15E+00 2.01E+01 1.92E+00 5.37E-02 2.25E-01 3.75E-02 2.23E+02 2.11E+02 2.34E+03 8.40E-02 6.39E+00 3.73E+00 6.58E-08 6.36E-02 6.48E-02 1.62E-01 3.77E-02 5.05E+00 5.62E-01 1.14E+00 9.25E+00
30 216-A-18 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.63E-06 2.22E-01 2.27E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
31 216-A-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.19E-05 1.42E+01 1.45E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
32 216-A-20 2.33E+00 3.37E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4.15E-04 4.15E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 8.91E-07 2.02E-01 2.07E-01 2.13E-06 6.67E-06 2.69E-04 5.42E-05 2.38E-04 2.70E-04
33 216-A-40 1.40E-07 2.69E-08 5.07E-09 4.82E-07 3.10E-07 3.20E-09 1.73E-07 1.74E-07 1.91E-071 1.54E-07 1.02E-06 1.99E-07 4.74E-08 1.33E-08 6.04E-10 1.13E-04 1.07E-041 4.20E-05 7.84E-09 5.84E-07 2.69E-07 1.13E-101 7.90E-11 7.40E-111 3.32E-091 1.55E-09 3.61E-08 8.38E-09 7.06E-08 5.08E-081
34 1216-B-20 I 2.92E+01 1.06E+001 4.39E-021 3.98E+00 1.19E+00 4.48E-02 3.07E+02 3.08E+02 8.33E-01 7.42E-01 1.52E+01 1.43E+00 4.03E-02 1.69E-01 2.70E-02 5.49E+02 5.19E+02 1.74E+03 6.28E-02 4.77E+00 2.79E+00 5.OOE-08 4.84E-02 4.93E-02 1.22E-01 2.84E-02 3.83E+001 4.24E-011 8.57E-01 6.94E+00
35 216-B-21 2.92E+01 1.11E+00 4.69E-02 4.13E+00 9.51E-011 4.95E-021 1.23E+02 1.23E+02 2.06E-01 1.84E-01 1.71E+01 1.50E+00 4.42E-02 1.87E-01 2.38E-02 1.64E+02 1.55E+02 1.85E+03 6.75E-021 5.13E+00 3.OOE+00 4.83E-08 4.73E-02 4.82E-02 1.36E-01 2.68E-02 3.72E+00 4.03E-01 7.93E-01 7.58E+00
36 216-B-22 2.96E+01 1.10E+00 4.41E-02 3.93E+00 1.09E+00 4.77E-02 1.22E+02 1.22E+02 5.43E-01 4.83E-01 1.63E+011 1.49E+001 4.27E-02 1.80E-011 2.58E-02 1.66E+02 1.57E+02 1.82E+03 6.59E-02 5.01E+00 2.93E+00 4.91E-08 4.78E-02 4.87E-02 1.31E-01 2.76E-02 3.77E+00 4.14E-01 8.26E-01 7.34E+00
37 216-B-23 2.82E+01 1.05E+00 4.19E-02 3.74E+00 1.05E+00 4.53E-02 1.16E+02 1.16E+02 5.31E-01 4.72E-01 1.55E+01 1.41E+00 4.07E-02 1.71E-01 2.47E-02 1.59E+02 1.50E+02 1.73E+03 6.28E-02 4.77E+00 2.79E+00 4.68E-08 4.55E-02 4.64E-02 1.24E-01 2.64E-02 3.59E+00 3.95E-01 7.88E-01 6.99E+00
38 216-B-24 3.04E+01 1.18E+00 5.10E-02 4.46E+00 9.16E-01 5.31E-02 1.30E+02 1.30E+02 1.43E-02 1.26E-02 1.85E+01 1.59E+00 4.74E-02 2.01E-01 2.37E-02 1.71E+02 1.61E+02 1.97E+03 7.19E-02 5.46E+00 3.20E+00 5.03E-08 4.95E-02 5.04E-02 1.47E-01 2.76E-02 3.87E+00 4.18E-01 8.15E-01 8.11E+00
39 216-B-25 3.06E+01 1.19E+00 5.14E-02 4.50E+00 9.24E-01 5.36E-02 1.31E+02 1.31E+02 1.44E-02 1.27E-02 1.87E+01 1.61E+00 4.78E-02 2.02E-01 2.39E-02 1.72E+02 1.63E+02 1.99E+03 7.26E-02 5.51E+00 3.23E+00 5.07E-08 4.99E-02 5.08E-02 1.48E-01 2.79E-02 3.91E+00 4.21E-01 8.21E-01 8.18E+00
40 216-B-26 2.96E+01 1.15E+00 5.16E-02 4.51E+00 8.93E-01 5.18E-02 4.88E+02 4.88E+02 1.39E-02 1.23E-02 1.80E+01 1.55E+00 4.62E-02 1.95E-01 2.31E-02 5.85E+02 5.52E+02 1.92E+03 7.01E-02 5.33E+00 3.12E+00 5.28E-08 5.20E-02 5.30E-02 1.43E-01 2.75E-02 3.86E+00 4.16E-01 8.11E-01 7.91E+00

41 216-B-27 2.76E+01 1.07E+00 4.63E-02 4.05E+00 8.31E-01 4.82E-02 1.18E+02 1.18E+02 1.30E-02 1.15E-02 1.68E+01 1.45E+00 4.30E-02 1.82E-01 2.15E-02 1.55E+02 1.46E+02 1.79E+03 6.53E-02 4.96E+00 2.91E+00 4.56E-08 4.49E-02 4.58E-02 1.33E-01 2.51E-02 3.52E+00 3.79E-01 7.39E-01 7.36E+00
42 216-B-28 3.15E+01 1.18E+00 4.77E-02 4.24E+00 1.14E+00 5.13E-02 1.30E+02 1.30E+02 5.12E-011 4.56E-01 1.76E+01 1.59E+00 4.60E-02 1.93E-01 2.72E-02 1.77E+021 1.67E+021 1.95E+03 7.08E-02 5.38E+00 3.15E+00 5.22E-081 5.09E-02 5.19E-021 1.41E-011 2.93E-02 4.02E+00 4.40E-01 8.76E-011 7.89E+001
43 1216-B-29 I 3.01E+01 1.17E+001 4.34E-021 3.80E+00 9.08E-01 5.27E-02 2.49E+021 2.49E+02 1.42E-02 1.25E-02 1.84E+01 1.58E+00 4.70E-02 1.99E-01 2.35E-02 1.70E+02 1.60E+02 1.95E+03 7.14E-02 5.42E+001 3.17E+00 4.98E-08 4.90E-02 5.OOE-02 1.46E-01 2.74E-02 3.84E+001 4.14E-01 8.08E-01 8.05E+00
44 216-B-30 2.99E+01 1.07E+00 3.96E-02 3.61E+00 1.28E+001 4.45E-02 1.19E+02 1.19E+02 1.02E+00 9.06E-01 1.50E+01 1.44E+00 4.01E-02 1.68E-01 2.85E-02 1.68E+02 1.58E+02 1.75E+03 6.29E-02 4.78E+00 2.79E+00 4.95E-08 4.78E-02 4.88E-02 1.21E-01 2.85E-02 3.80E+00 4.24E-01 8.63E-01 6.92E+00
45 216-B-31 3.03E+01 1.09E+00 4.03E-02 3.67E+00 1.29E+00 4.52E-02 1.21E+02 1.21E+02 1.02E+00 9.06E-01 1.52E+011 1.46E+001 4.08E-02 1.71E-011 2.88E-02 1.70E+02 1.61E+02 1.78E+03 6.39E-02 4.86E+00 2.84E+00 5.03E-08 4.86E-02 4.95E-02 1.23E-01 2.89E-02 3.86E+00 4.30E-01 8.75E-01 7.03E+00
46 216-B-32 2.97E+01 1.06E+00 3.69E-02 3.38E+00 1.29E+00 4.39E-02 1.51E+02 1.51E+02 1.06E+00 9.41E-01 1.47E+01 1.42E+00 3.96E-02 1.65E-01 2.85E-02 1.67E+02 1.58E+02 1.73E+03 6.22E-02 4.73E+00 2.76E+00 4.93E-08 4.76E-02 4.84E-02 1.19E-01 2.84E-02 3.78E+00 4.23E-01 8.60E-01 6.83E+00
47 216-B-33 2.97E+01 1.04E+00 3.38E-02 3.13E+00 1.36E+00 4.25E-02 1.70E+02 1.70E+02 1.24E+00 1.10E+00 1.42E+01 1.40E+00 3.84E-02 1.60E-01 2.94E-02 1.67E+02 1.57E+02 1.70E+03 6.07E-02 4.62E+00 2.70E+00 4.93E-08 4.74E-02 4.83E-02 1.15E-01 2.86E-02 3.77E+00 4.25E-01 8.71E-01 6.63E+00
48 216-B-34 3.05E+01 1.07E+00 3.49E-02 3.25E+00 1.40E+00 4.34E-02 1.65E+02 1.66E+02 1.29E+00 1.15E+00 1.45E+01 1.43E+00 3.93E-02 1.64E-01 3.04E-02 1.71E+02 1.62E+02 1.74E+03 6.22E-02 4.73E+00 2.76E+00 5.06E-08 4.87E-02 4.96E-02 1.18E-01 2.94E-02 3.87E+00 4.36E-01 8.96E-01 6.79E+00
49 216-B-52 5.33E+01 1.89E+00 5.81E-02 5.38E+00 2.36E+00 7.79E-02 3.87E+02 3.87E+02 2.OOE+00 1.79E+00 2.61E+01 2.54E+00 7.03E-02 2.94E-01 5.18E-02 3.OOE+02 2.83E+02 3.09E+03 1.11E-01 8.42E+00 4.92E+00 8.85E-08 8.53E-02 8.70E-02 2.12E-01 5.11E-02 6.78E+00 7.60E-01 1.55E+00 1.21E+01
50 216-B-53A 1.79E-02 1.44E-02 3.43E-05 3.31E-03 7.36E-03 7.23E-06 8.88E+00 8.88E+00 4.29E-04 3.21E-04 3.07E-03 6.36E-04 5.63E-04 3.11E-05 O.OOE+00 1.05E+01 9.87E+00 2.82E-01 1.80E-04 1.30E-02 4.76E-03 1.90E-01 1.48E-02 1.02E-02 4.35E-04 3.18E-01 2.86E+00 9.97E-01 1.86E+01 3.08E-01
51 216-B-53B 1.05E-02 4.97E-04 1.47E-05 1.42E-03 8.49E-04 4.22E-06 5.19E+00 5.19E+00 2.50E-041 1.88E-04 1.79E-03 3.71E-04 3.29E-04 1.82E-05 O.OOE+00 6.10E+001 5.76E+001 1.64E-01 1.05E-041 7.58E-03 2.78E-03 5.55E-021 4.08E-03 2.75E-031 1.90E-051 9.28E-02 8.24E-01 2.89E-01 5.44E+00 1.50E-021
52 1216-B-54 I 1.04E-02 2.62E-021 1.48E-051 1.42E-03 1.21E-02 4.22E-06 5.19E+001 5.19E+00 2.50E-04 1.88E-04 1.79E-03 3.71E-04 3.29E-04 1.82E-05 O.OOE+00 6.12E+00 5.77E+00 1.64E-01 1.05E-04 7.57E-03 2.78E-03 5.57E-02 5.84E-03 4.48E-03 7.93E-04 1.OOE-01 9.76E-011 3.24E-011 5.76E+00 5.52E-01
53 216-B-58 8.36E-03 1.09E-02 1.18E-05 1.14E-03 5.27E-031 3.38E-06 4.15E+00 4.15E+00 2.OOE-04 1.50E-04 1.43E-03 2.97E-04 2.63E-04 1.45E-05 O.OOE+00 4.89E+00 4.61E+00 1.32E-01 8.44E-05 6.06E-03 2.23E-03 4.47E-02 3.99E-03 2.90E-03 3.30E-04 7.73E-02 7.22E-01 2.46E-01 4.49E+00 2.32E-01
54 216-A-11 O.OOE+00 3.90E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.40E-08 2.40E-08 O.OOE+00 O.OOE+00 0.00E+001 O.OOE+001 O.OOE+00 O.OOE+001 5.51E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4.45E-10 1.76E-06 1.61E-06 5.69E-08 5.99E-07 1.04E-05 2.69E-06 3.07E-05 2.OOE-10
55 216-A-12 O.OOE+00 3.90E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.40E-08 2.40E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 5.51E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4.62E-10 1.75E-06 1.61E-06 5.83E-08 5.80E-07 1.04E-05 2.65E-06 2.95E-05 2.OOE-10
56 216-A-13 2.72E-08 6.23E-10 9.95E-10 9.53E-08 5.02E-09 5.29E-11 5.54E-07 5.54E-07 3.14E-09 2.50E-09 1.67E-08 3.41E-09 4.66E-09 2.20E-10 3.20E-11 6.92E-05 6.53E-05 1.03E-06 1.90E-10 1.54E-08 8.27E-09 4.26E-11 5.54E-12 4.67E-12 6.75E-11 1.13E-10 2.27E-09 5.57E-10 7.05E-09 1.96E-09
57 216-A-14 2.72E-09 6.22E-11 9.94E-11 9.52E-09 5.02E-10 5.28E-12 5.53E-08 5.53E-08 3.14E-10 2.50E-10 1.66E-09 3.41E-10 4.65E-10 2.20E-11 3.19E-12 6.91E-06 6.52E-06 1.03E-07 1.90E-11 1.54E-09 8.26E-10 4.25E-12 5.54E-13 4.67E-13 6.74E-12 1.13E-11 2.27E-10 5.56E-11 7.04E-10 1.96E-10
58 216-A-15 O.OOE+00 3.90E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 2.40E-06 2.40E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 5.51E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4.62E-08 1.75E-04 1.61E-04 5.84E-06 5.80E-05 1.04E-03 2.65E-04 2.96E-03 2.OOE-08
59 216-A-23A 1.55E-01 5.63E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 6.94E-07 6.94E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 1.14E-13 2.36E- I 2.42E-10 6.35E-09 5.39E-08 1.09E-06 2.67E-07 2.61E-06 1.09E-06
60 216-A-23B 1.49E-01 5.63E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 6.94E-07 0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 E 991 O ON 99 9 N 99 O.OOE+00 1.14E-131 2.36E-10, 2 H-61i0j 6 N-92 4 H-911 51 99EE-061 6.57E 07 2 20E-06! 1 09E 06

E+00 0 OOE+001 0 9OOE+001 
1 4

54E 2 64 E 091 7 7
5 +00 4.89E-04 O.OOE+00 O.OOE+00 O.OOE+00 1.29E-101 Q O 0 14 08161 1216-A-22 I 7.97E-021 9.13E-091 O.OOE+001 O.OOE+001 O.OOE+00 O.OOE+001 63E 101 EME Ed 9FZO E +90901 9FZO E+O F9090 E +90901 9F9090 E +90901 9F090 O.OOE+001 1.83E .l 1.50E-031 7 E Y70E 07 4tE 12
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Table G-2. Mean Cumulative Inventory of Radionuclides Discharged at the Waste Sites That Can Impact the 200-PO-1 Groundwater OU (Based on Soil Inventory Model, 2005)

Num# Site ID H-3 C-14 Ni-59 Ni-63 Co-60 Se-79 Sr-90 Y-90 Zr-93 Nb-93m Tc-99 Cd-113m Sb-125 Sn-126 1-129 Cs-137 Ba-137m Sm-151 Eu-152 Eu-154 Eu-155 U-233 U-234 U-238 Np-237 Pu-238 Pu-239 Pu-240 Pu-241 Am-241
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)

62 216-A-26 1.05E-08 2.40E-10 3.84E-10 3.68E-08 1.94E-09 2.04E-11 2.14E-07 2.14E-07 1.21E-09 9.66E-10 6.43E-09 1.32E-09 1.80E-09 8.49E-11 1.23E-11 2.67E-05 2.52E-05 3.97E-07 7.33E-11 5.94E-09 3.19E-09 1.64E-11 2.14E-12 1.80E-12 2.60E-11 4.37E-11 8.77E-10 2.15E-10 2.72E-09 7.57E-10

63 216-A-26A 2.72E-09 6.23E-11 9.95E-11 9.53E-09 5.02E-10 5.29E-12 5.54E-08 5.54E-08 3.14E-10 2.50E-10 1.67E-09 3.41E-10 4.66E-10 2.20E-11 3.20E-12 6.92E-06 6.53E-06 1.03E-07 1.90E-11 1.54E-09 8.27E-10 4.26E-12 5.54E-13 4.67E-13 6.75E-12 1.13E-11 2.27E-10 5.57E-11 7.05E-10 1.96E-10

64 216-A-28 3.66E-01 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 2.48E-03 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 2.57E-07 2.14E-01 2.18E-01 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
65 216-A-35 2.72E-08 6.22E-10 9.94E-10 9.52E-08 5.02E-09 5.29E-11 5.53E-07 5.53E-07 3.14E-09 2.50E-09 1.67E-08 3.41E-09 4.65E-09 2.20E-10 3.20E-11 6.91E-05 6.52E-05 1.03E-06 1.90E-10 1.54E-08 8.26E-09 4.25E-11 5.54E-12 4.67E-12 6.74E-11 1.13E-10 2.27E-09 5.57E-10 7.04E-09 1.96E-09
66 216-B-3 2.01E+04 9.90E+01 3.22E-03 3.05E-01 5.18E-02 8.17E-04 1.34E+02 1.34E+02 4.42E-02 3.73E-02 3.20E-01 3.86E-02 6.65E-03 3.24E-03 3.20E-03 4.26E+02 4.02E+02 2.34E+01 1.70E-03 1.28E-01 6.47E-02 1.93E-04 1.24E+00 9.28E-01 8.66E-02 1.82E+00 1.91E+01 5.20E+00 1.40E+02 1.19E+01
67 200-E-103 1.09E-08 2.49E-10 3.98E-10 3.81E-08 2.01E-09 2.11E-11 2.21E-07 2.21E-07 1.26E-09 1.OOE-09 6.66E-09 1.36E-09 1.86E-09 8.78E-11 1.28E-11 2.76E-05 2.61E-05 4.11E-07 7.59E-11 6.16E-09 3.30E-09 1.70E-11 2.21E-12 1.87E-12 2.70E-11 4.54E-11 9.09E-10 2.23E-10 2.82E-09 7.85E-10
68 200-E-107 7.28E-09 1.67E-10 2.67E-10 2.55E-08 1.34E-09 1.42E-11 1.49E-07 1.49E-07 8.41E-10 6.70E-10 4.47E-09 9.16E-10 1.25E-09 5.92E-11 2.34E-06 1.85E-05 1.75E-05 2.76E-07 5.07E-11 4.12E-09 2.21E-09 1.14E-11 1.49E-12 1.24E-12 1.81E-11 3.03E-11 6.11E-10 1.49E-10 1.89E-09 5.26E-10

69 241-A-103 6.33E-01 1.77E-01 3.25E-02 3.12E+00 4.99E-01 1.5E-02 5.16E+01 5.16E+01 9.40E-01 7.60E-01 5.11E+00 8.95E-01 1.45E-01 6.56E-02 5.28E-03 6.53E+03 6.17E+03 1.11E+02 2.27E-02 1.70E+00 7.91E-01 1.37E-03 2.39E-04 2.1E-04 9.75E-03 4.46E-03 1.05E-01 2.45E-02 2.22E-01 1.40E-01
70 241-A-104 S.OSE-02 1.46E-02 4.19E-03 3.97E-01 1.40E-01 1.75E-03 1.57E+01 1.57E+01 1.04E-01 S.42E-02 5.47E-01 1.06E-01 3.20E-02 7.25E-03 2.91E-04 2.20E+03 2.OSE+03 4.23E+01 7.93E-03 6.16E-01 3.17E-01 3.12E-05 7.56E-05 7.52E-05 2.25E-03 1.28E-03 3.83E-02 S.35E-03 5.30E-02 5.08E-02
71 241-A-105 3.44E-02 1.02E-02 4.06E-03 3.89E-01 7.41E-02 1.64E-03 8.92E+00 8.93E+00 9.74E-02 7.74E-02 5.12E-01 1.09E-01 2.44E-02 6.82E-03 6.40E-05 2.16E+03 2.04E+03 1.85E+01 3.69E-03 2.90E-01 1.53E-01 1.20E-08 6.17E-05 5.59E-05 1.58E-03 7.89E-04 1.92E-02 4.45E-03 3.45E-02 2.39E-02
72 241-AX-102 1.77E-01 1.19E-02 1.18E-02 1.14E+00 2.57E-01 2.62E-03 2.70E+01 2.71E+01 1.56E-01 1.17E-01 8.04E-01 2.27E-01 9.25E-02 1.13E-02 6.94E-05 4.08E+02 3.85E+02 2.14E+01 1.23E-02 8.85E-01 3.30E-01 2.96E-05 1.50E-04 1.15E-04 2.42E-03 5.87E-03 5.44E-02 1.86E-02 3.42E-01 7.32E-02

Sum I 1.35E+051 1.37E+021 1.13E+001 1.01E+021 2.98E+011 1.23E+001 5.85E+031 5.85E+031 1.57E+011 1.31E+011 4.20E+021 3.91E+011 1.65E+001 4.64E+001 3.48E+001 2.40E+041 2.27E+041 4.61E+041 1.74E+001 1.32E+021 7.63E+011 1.55E+011 2.22E+011 2.18E+011 7.45E+001 3.27E+011 4.51E+021 1.20E+021 1.88E+031 3.29E+021

2
3
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