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1 Introduction
CHPRC has prepared this Environmental Cost Estimate (ECE) to support the evaluation of remedial

action alternatives in the 200 UP-1 GW RI/FS, DOE/RL-2009-122, Remedial Investigation/Feasibility

Study for the 200-UP-1 Groundwater Operable Unit, Draft B .

This cost estimate was developed in accordance with EPA/540/R-00/002, A Guide to Developing and
Documenting Cost Estimates During the Feasibility Study, OSWER 9355.0-75 (EPA, 2000), and PRC-PRO-
EP-40282 Cost Estimating Procedurefor Response Action Decision-Making (PRC, 2010).The cost
estimates for the groundwater areas, presented in this ECE, have been prepared using the information
available from the 200-UP-1 project at the time of preparation. The cost estimates reflect specific
response action approaches, and scope assumptions and exclusions as well as cost estimating
methodologies. The response action cost estimates have expected ranges of accuracy described in the
"Estimate Classification" section. The final costs of the selected response alternative(s) will depend on
actual labor and material costs, actual site conditions, productivity, competitive market conditions, final
project scope, final project schedule, and other factors.

2 Purpose of Estimate
This ECE and backup material supports the response action alternatives analysis for the 200-UP-1
Feasibility Study project.

The purpose of this ECE document is to:

* Describe the methodology applied in performing the cost estimates.

* Describe the key general and response action-specific assumptions and cost inputs applied to
the subject cost estimates.

* Summarize the response action alternative cost estimates.

This ECE also documents the references that provide additional scope and cost estimate information

used to prepare these estimates.

3 General Project Description
The 200-UP-1 Groundwater OU, is the southernmost of two groundwater OUs that underlie the

200 West Area located on the Central Plateau of the Site. The 200-UP-1 Groundwater OU extends to the

south-southeast of the 200 West Area across the Site, east to the 200-PO-1 Groundwater OU interface

and north to the 200-ZP-1 Groundwater OU.

The observed groundwater contamination in the 200-UP-1 OU has resulted largely from operations and

disposal of process liquid waste associated with the Uranium Recovery Plant (U Plant), S Plant

(Reduction-Oxidation [REDOX] Plant), the 241-S-SX Single-Shell Tank (SST) Farm and the 241-U Tank

Farm Waste Management Areas (WMAs). Liquid wastes generated by the U Plant and S Plant operations

were routinely discharged to the ground through engineered discharge structures and surface

01/31/2012 1 Page 6 of 30
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impoundments including cribs, French drains, reverse wells, ditches, and ponds. A number of the SSTs in

the 241-S, SX Tank Farm (WMA S-SX), and 241-U Tank Farm (WMA U) have leaked and are suspected or

known contributors to vadose zone soil contamination. These represent the 200-UP-1 OU groundwater

contaminant sources.

Consistent with the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement [TPA];

Ecology et al., 1989a), DOE/RL-2007-20, and DOE/RL-2009-81, the evaluation and remediation of waste

sites and impacted vadose zone soils overlying the 200-UP-1 Groundwater OU will be addressed as

discrete CERCLA OUs with their own accompanying Record of Decision (ROD).

The 200-UP-1 Groundwater OU RI/FS addresses the contamination already present in the aquifer, within

the geographic boundary of the OU. The waste site/vadose zone OU RODs when complete will include

provisions to define and incorporate future groundwater protection requirements intended to prevent

further degradation of the groundwater beneath the Site and to restore Central Plateau groundwater to

beneficial use.

2
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4 Scope of Work
Quantities used in the creation of this estimate were based on the information provided by the technical
project manager in the Environmental Calculation File (ECF) document, ECF-200UP1-10-0375, Rev 3.
January 31, 2012. The ECF defines the project assumptions and cost quantity inputs for the following
four response action alternatives:

* Alternative 1 - 120 Year Cleanup Timeframe

* Alternative 2 - 45 Year Cleanup Timeframe

* Alternative 3 - 35 Year Cleanup Timeframe

* Alternative 4 - 25 Year Cleanup Timeframe

5 Groundwater Alternatives

5.1 Groundwater Alternatives:

Alternative 1-120 Year Cleanup Timeframe

Alternative 1 proposed remedial components that will achieve cleanup levels within a 120 year time
frame, including P&T for the Tc-99 plume (15 years) and uranium plume (40 years), hydraulic
containment for the 1-129 plume (10 years), and natural attenuation processes for tritium (25 years) to
achieve RAOs. The time required for the chromium plume (120 years) and nitrate plume (35 years) to
achieve cleanup levels fall within the 150 year timeframe established by the RAOs. Periodic
groundwater monitoring will be conducted to monitor these plumes during the timeframe needed for
these plumes to reach cleanup levels. Alternative 1 also includes ICs to prevent exposure and
groundwater use until cleanup levels are achieved.

Alternative 2- 45 Year Cleanup Timeframe

Alternative 2 combines P&T at an estimated extraction rate of 1,250 L/min (330 gpm) for the Tc-99,
uranium, and chromium plumes with hydraulic containment of the 1-129 plume at an estimated
injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 45 year timeframe. MNA for the
tritium plume achieves cleanup levels within 25 years. Groundwater monitoring for the nitrate plume is
included to monitor the plume until the cleanup level is reached (35 years). ICs prevent exposure and
groundwater use until cleanup levels are achieved.

Alternative 3- 35 year Cleanup Timeframe

Alternative 3 combines P&T at an estimated extraction rate of 1,250 L/min (430 gpm) for the Tc-99,
uranium, and chromium plumes with hydraulic containment of the 1-129 plume at an estimated
injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 35 year timeframe. MNA for the
tritium plume achieves cleanup levels within 25 years. Groundwater monitoring for the nitrate plume is

4
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included to monitor the plume until the cleanup level is reached (35 years). ICs prevent exposure and
groundwater use until cleanup levels are achieved.

Alternative 4-25 year Cleanup Timeframe

Alternative 4 combines P&T at an estimated extraction rate of 2,010 L/min (530 gpm) for the Tc-99,
uranium, chromium, and nitrate plumes with hydraulic containment of the 1-129 plume at an estimated
injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 25 year timeframe. MNA for the
tritium plume achieves cleanup levels within 25 years. ICs prevent exposure and groundwater use until
cleanup levels are achieved.

6 Overall Costs
Starting with "Total Duration (years)", Table 1 presents key scope information for each alternative. The

cost summary lists total capital, annual, and periodic costs along with a non-discounted total for these

three cost components, and the percentage that each component represents out of the non-discounted

total. Total discounted costs, the discount rate used, and the corresponding order-of-magnitude

discounted cost range are presented for each alternative.

5
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TABLE 1 - OVERALL COSTS

1 D E F G

2 COMPARISON OF TOTAL COST OF RESPONSE ACTION ALTERNATIVES*

4 Site: 200-UP-1 Base Year: 2015
5 Location: Hanford, WA Date: Jan-31-2012
6 Phase: FS Rev: 0

Aiternative 1 Alternative 2 Alternative 3 Alternative 4
6

120 Year Cleanup 45 Year Cleanup 35 Year Cleanup 25 Year Cleanup

Timeframe Timeframe Timeftamne Timeframe

1_ Total Durafon (yearsl 126 51 41 31
11 L ~lre ~&Tfow avge: gprn 100 100 150 150
12 L Piume P&T years 40 40 25 25
13 Cr P u me P &T flow (avg|, gp m NA 150 200 200
14 Cr Plume P&T years NA 45 25 25
15 Cr Pume mon ito rng on vyears 120 NA MA NA
16 NOB P ume P&T flow (agl, gpm MA NA MA 100
17 NO3 P ume P&T ers NA NA MA 20
1_ NO3 P ume moritor: ng on y yrs 35 35 35 NA
19 1-129 P ume Injection (a4g) gpm 150 150 150 150
21 -129 P ume Injection years 10 10 10 10

21 SSX P ume P&T flow (a'eg)I gpm 80 30 80 8.0
22 SSX P ume P&T years 15 15 15 15
2 3 Tritium MNA years 25 25 25 25
24 Final Compliance Monitoring yrs 5 5 5
36 Cost Summary

39 Capital Cost $65,594,000 $83,048,000 $131.346,000 $141,629,000
40 % of Total Non-discounted cost 16.49% 20.53% 32.98% 33.41%
41 Total Annual Cost $198,677,000 $207297000 $179,164000 $189,052,00
42 6 of Total Non-discounted cost 49.94% 4834% 44.99%A 44.60%
43 Total Per odic Cost $133,533,000 $133,493,000 $87,690,000 $93,201,000
44 b of Total Non-dIscounted cost 34% 31% 22% 22%
45 Non-Discounted $397,803,000 $428837A00 $398,200,000 $423,881,000
46 Real Discount Rate 2.0% 2.0% 2A0% 2.0%

Total Present Value of Afternatiwe

47 (Discounted} $243,497,000 $3134r043A0M $319083,00 $342,180,000

46 Expected Accuracy Range for total presentvalue is +50%-30%

49 -30% $170,443,0D $212r331r00 $223,359,001 $239,526,000

53 50% $365,246,000 $456065,000 $478,625,000 $513,270,000

51
52 'Notes:
53 Range of accuracy is expected to be +5C?%j-3C%

54

6
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TABLE 2 - SITE SPECIFIC COSTS

Title: TRACE Site Summary

Purpose: 200 UP-1 Feasibility Study

Site: 200-UP-i Date: Jan-31-2C12

Location: Hanford, WA Base Year: 2015

Phase: FS Prepared By: K. K nk

Description:

ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 ALTERNATIVE 4

Site number 1
Site name URANIUM

Capital Cost S 37,918,000 S 37,918,000 S 40,750,000 S 40,750,000
Discounted Capital S 35,731,000 S 35,731,000 S 38,400,000 S 38,400,000

Annual S 66,300,000 S 66,300,000 S 60,578,000 S 60,578,000

Discounted-Annual S 42,727,000 S 42,727,000 S 44,579,000 S 44,579,000

Periodic S 45,610,000 S 45,610,000 S 16,770,000 S 16,770,000

Discounted - Periodic S 25,019,000 S 25,019,000 S 10,791,000 S 10,791,000

individual Site (Non Discounted) S 149,828,000 S 149,828,000 S 118,098,000 S 118,098,000
Discounted (PV) S 103,477,000 S 103,477,000 S 93,770,000 S 93,770,000

Site number 2
Site name CHROMIUM
Capital Cost S - S 22,455,000 S 27,818,000 S 27,818,000
Discounted Capital S - $ 21,180,000 S 26,214,000 S 26,214,000

Annual S - $ 54,130,000 S 37,788,000 S 37,788,000

Discounted-Annual S - $ 32,967,000 S 27,808,000 S 27,808,000

Periodic S 2,764,000 S 39,587,000 S 23,762,000 S 23,762,000

Discounted - Periodic S 878,000 S 21,122,000 S 15,384,000 S 15,384,000

Individual Site (Non Discounted) S 2,764,000 S 116,172,000 S 89,368,000 S 89,368,000
Discounted (PV) S 878,000 S 75,249,000 S 69,406,000 S 69,406,000

Site number 3
Site name NITRATE

Ca ital cost 5- $ - $ 35A000 < 45 387 000
p

Discounted Capital
Annual
Discounted-Annual
Periodic
Discounted - Periodic
Individual Site (Non Discounted)
Discounted (PV)

994,000

594,000

994,000
594,000

$S

$S

$S

S
$S

$S

$S

994
594
994
594

- $S

- S
- S

,000 S
,000 S
,000 S
,000 S

33,080,000 S
- S
- S

994,000 S
594,000 S

36,090,000 S
33,674,000 S

42,770,000
15,956,000
12,293,000
7,641,000
4,741,000

68,984,000
59,804,000

7
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Site number4

Site name 1-129
Capital Cost $ 12,769,000 S 12,769,000 S 12,768,000 $ 12,768,000

Discounted Capital $ 12,033,000 S 12,033,000 S 12,032,000 $ 12,032,000

Annual $ 30,924,000 5 30,924,000 $ 30,924,000 $ 30,924,000

Discounted-Annual 5 26,176,C00 5 26,176,000 5 26,176,000 $ 26,176,000

Periodic 5 24,181,000 5 24,181,000 5 24,181,000 5 24,181,000

Discounted - Periodic $ 20,303,000 $ 20,303,000 $ 20,303,000 $ 20,303,000

individual Site (Non Discounted) $ 67,874,000 $ 67,874,000 $ 67,673,000 $ 67,673,000

Discounted (PV) $ 58,512,000 $ 58,512,000 $ 58,511,000 $ 56,511,000

Site number 5

Site name SSX
Capital Cost S - $ - S - S -

Discounted Capital $ - $ - S - S -

Annual $ 20,176,000 $ 20,176,000 S 20,176,000 S 20,176,000

Discounted-Annual $ 17,111,000 $ 17,111,000 $ 17,111,000 $ 17,111,000

Periodic $ 7,448,000 $ 7,448,000 $ 7,448,000 $ 7,448,000

Discounted - Periodic $ 5,356,000 $ 5,356,000 $ 5,356,000 $ 5,356,000

Individual Site (Non Discounted) $ 27,624,000 $ 27,624,000 $ 27,624,000 $ 27,624,000

Discounted (PV) $ 22,467,000 $ 22,467,000 $ 22,467,000 $ 22,467,000

Site number .

Site name 200 UP-1 CU-Wide Remedy Performance Monitoring Program

Capital Cost S 14,908,000 5 14,908,000 S 14,906,000 $ 14,906,000

Discounted Capital 5 14,049,000 5 14,049,000 5 14,049,000 S 14,049,000

Annual S 61,277,000 S 35,767,000 5 29,699,000 $ 23,631,000

Discounted-Annual 5 28,819,000 5 21,368,000 5 19,256,000 S 16,687,000

Periodic S 52,538,000 S 15,675,000 5 14,536,000 $ 13,401,000

Discounted - Periodic 5 14,708,000 5 8,336,000 5 7,956,000 $ 7,497,000

individual Site (Non Discounted) 5 148,723,C00 5 66,350,000 5 59,145,000 $ 51,940,000

Discounted (PV) 5 57,576,000 5 43,753,000 5 41,265,000 5 38,233,000

NOTE: The above plumne/area totals are rounded up to nearest thousand dollars individually - if added together they will give slightly
different totals (approximately 0.003% more) for each Response Action Alternative than the corresponding totals in the TRACE V3

"Totals" spreadsheet (the latter totals cost for all line itemns for all plumnes and then rounds to the nearest thousand dollars).

Table 2 presents site specific capital, annual, periodic, total non-discounted, and total discounted
(present value) costs for the following 200-UP-1 groundwater OU areas: Uranium Plume, Chromium
Plume, Nitrate Plume, 1-129 Plume, and SSX Plume. In addition, monitoring wells and associate
maintenance and monitoring costs are presented as "200 UP-1 OU-wide Remedy Performance
Monitoring" costs Totals are presented at the bottom of the table for the specific capital, annual,
periodic, total non-discounted, and total discounted (present value) costs for the groundwater
alternatives, and then separate site-specific subtotals are presented for each of the key groundwater
areas.

7 Major Assumptions
There are two different types of assumptions and inputs for cost estimation; general and response-
activity specific.

7.1 General Assumptions and Inputs

8
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General assumptions apply to all response action cost estimates. The general assumptions discussed in
the sections below include direct and indirect cost assumptions and other general pricing assumptions.

General Direct Cost Assumptions

Direct costs include all costs that can be directly attributed to a particular construction activity or item of
work required to accomplish the project. Typical direct cost items include: labor, material, equipment
and subcontract items. Direct cost assumptions for this estimate include:

* Scope and Bid Contingencies, see Section 8.

* Project management, remedial design, and construction management capital costs, see Section 9.

* Construction labor is discussed in Section 17.

* Material such as: well casings and screens, ion exchange resin, vapor phase granular activated carbon,
worker health and safety protective items, HDPE pipe, and are included in the estimates. Material

costs were based on operating Hanford systems costs and supplemented by RACER 2010 unit costs

* Equipment such as: trucks, backhoes, drill rigs, tanks, pumps, mixers, process treatment panels and

controls are included in the estimates. Equipment units were estimated based on standard

commercial estimating resources and databases: Means 2010a, Building Construction Cost Data; and

20 1Ob, Heavy Construction Cost Data, Richardson's Process Plant Construction Estimating

Standards; and the Equipment Watch Rental Rate Blue Book for Construction Equipment.

* The units may have been factored or adjusted by the estimator as appropriate to reflect influences by

contract, work site, or other identified project or special conditions.

* Site preparation costs such as site access enhancements and controls, utility connections, site clearing

and leveling, concrete pads were included as allowances based on estimator judgment.

* Cost impacts for performing work under specific levels of worker health safety protection:

o Work assumed to be performed under worker health and safety level D was assumed to be at the

standard TRACE V3 unit cost rates.

o Worker health and safety levels beyond level D were assumed to be not needed for any of the

remediation activities in this estimate.

General Indirect Cost Assumptions

Indirect costs are costs not directly attributable to the completion of an activity. Indirect costs are
typically allocated or spread across all activities on a predetermined basis. Indirect costs items can
include the following job-related overhead items: taxes; project-specific insurance; bonds; permits and
licenses; general supervision; temporary office personnel; schedules; preparatory work and testing
services; temporary project facilities; temporary utilities; operations and maintenance of temporary
project-site facilities; project vehicles; personal protective equipment and OSHA requirements; quality
controls; mobilization and demobilization; and site security.

General indirect cost assumptions for this estimate include:

9
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* Markups are included for profit and DD/G&A, see Section 9.

* Mobilization/demobilization and bonding/insurance - a standard TRACE V3 percentage allowance
was used based on project size and using the high percentage value from the low, medium, and high
percentages presented by TRACE V3 for the project size.

Other General Cost Assumptions

Remedial action assumptions and cost inputs used in this cost estimate were provided by the technical
team in the Environmental Calculation File, ECF-200UP1-10-0375, Rev 3. January 31, 2012 Cost Estimate
Scoping Forms For Feasibility Study Alternative Costing. Any changes from the original quantities and
any additional cost estimate basis assumptions are documented below in this section.

7.2 Response Activity-Specific Assumptions and Inputs
Assumptions specific (see Appendix) to the proposed remedial activities for this cost estimate are

described below. Quantity inputs used in the TRACE V3 cost estimating workbook are summarized for

the waste sites and groundwater estimates in Tables 3 and 4, respectively.

Summary of cost by site:

The costs for the four 200-UP-1 remedial action alternatives were calculated both individually and

combined as a total cost, with itemized groundwater remediation costs included in each alternative.

Costs for each of the groundwater areas were calculated and summarized separately from the

alternative total costs by:

* Breaking out and summing each of the area-specific costs.

* Allocating a portion of the overall mobilization/demobilization/bonding/insurance, site preparation,
and alternative markup costs to each specific site based on the site subtotal cost of the overall
alternative cost.

Modified standard TRACE V3 unit costs

The following unit costs were used in the cost estimate and were added to the original TRACE V3 default

costs. The source of the unit cost is listed beside the item in the list below:

Capital Costs

o U/I-129 Transfer Systems Building (Alts 1&2) = $4,751,880/LS; based on SSX estimated

final extraction transfer station costs - scaled for combined UP-I extraction+injection

flows using 0.6 power factor applied to ratio of (these UP1 flows/SSX extraction flow).

o U/I-129 Transfer Systems/Building (Alts 3&4) = $5,525,253/LS based on SSX estimated

final extraction transfer station costs - scaled for combined UP-I extraction+injection

flows using 0.6 power factor applied to ratio of (these UP1 flows/SSX extraction flow).

o Road Crossings Allowance = $512,000; based on SSX project costs & assumed for each

plume/area with extraction/injection piping.

10
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o Uranium IX System Installed Direct Cost (250) gpm) = $4,000,000; based on ZP-1 Tc-99

estimated final direct installed IX system cost.

o Tc-991X System 3 rd Train Installed Direct Cost = $4,000,000/LS; based on ZP-1 Tc-99

estimated final direct installed IX system cost.

o 3 Train Bio-processes Systems (1250 gpm) = $12,000,000/LS; based on ZP-1 estimated

final direct installed system cost for fluidized bed bioreactor system plus two membrane

bioreactor systems with an added $1,000,000 for air stripper, vapor phase carbon and

miscellaneous pumps piping and process systems to provide a complete functional 3rd

bio-process train integrated with the rest of ZP- 1 process systems..

o Chromium extraction/injection Transfer Systems/Building (Alt 2) = $4,332,089/LS;
based on SSX estimated final extraction transfer station costs - scaled for combined UP-I

extraction+injection flows using 0.6 power factor applied to ratio of (these UPI
flows/SSX extraction flow).

o Chromium extraction/injection Transfer Systems/Building (Alts 3&4) = $5,148,262/LS;
based on SSX estimated final extraction transfer station costs - scaled for combined UP-I

extraction+injection flows using 0.6 power factor applied to ratio of (these UPI

flows/SSX extraction flow).

o Nitrate Extraction Transfer Systems/Building (Alt 4) = $3,396,586/LS; based on SSX

estimated final extraction transfer station costs - scaled for combined UP-I injection

flows using 0.6 power factor applied to ratio of (these UP1 flows/SSX extraction flow).

O&M Costs

o Renovate installed process systems at 25 yrs (U Alts 1&2) = $7,563,848/LS; This is

based on 50% of the first year direct capital costs for transfer stations and piping, plus the

direct capital cost for a new uranium IX system with a 50% allowance for

building/process infrastructure for the new stand alone system.

o Renovate installed process systems at 25 yrs (Cr Alt 2) = $4,436,119/LS; This is based on

50% of the first year direct capital costs for transfer stations and piping, plus a direct cost

allowance of $1,500,000 for the new stand alone system.

o Surveillance and monitoring of systems during P&T Compliance check per plume =

$200,000/LS; Estimator's allowance.

o Systems decommissioning and closeout (U Alts 1&2) = $2,718,309/LS; Based on 30%
allowance for the total of piping, transfer stations and process systems not in the ZP-1

building.

11
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o 1-129 Closeout (alts 1-4) = $610,956/LS; Based on 30% allowance for the total of piping,
and transfer stations.

o R&D for 1-129 Treatment Technology = $1,000,000/LS; Based on separate line item

estimate for annual innovative technology R&D.

o 1-129 Injection Pumping Systems Annual O&M @5% of Capital Cost = $288,592/LS;
Estimator's allowance.

o Systems decommissioning and closeout (U Alts 3&4) = $1,222,953/LS; Based on 30%
allowance for the total of piping, transfer stations and process systems not in the ZP-1

building.

o Systems decommissioning and closeout (Nitrate Alt 4) = $711,850/LS; Based on 30%

allowance for the total of piping, transfer stations and process systems not in the ZP-1

building.

o Systems decommissioning and closeout (SSX) = $842,852/LS; Based on 30% allowance

for the total of piping, transfer stations and process systems not in the ZP-1 building.

o Systems decommissioning and closeout (Cr Alt 2) = $2,661,672/LS; Based on 30%

allowance for the total of piping, transfer stations and process systems not in the ZP-1

building.

o Systems decommissioning and closeout (Cr Alts 3&4) = $2,125,415; Based on 30%
allowance for the total of piping, transfer stations and process systems not in the ZP-1

building.

o SSX O&M for 2013, 2014, and 2015 = $1,700,000/LS; based on three times TRACE

annual SSX O&M annual cost for 80 gpm annualized average SSX flow.

Specific assumptions

The following specific assumptions were included in the cost estimates:

* Site Preparation - estimator's judgment at $ 50,000 to $100,000 for each groundwater plume/area

with capital construction.

* A single mobilization/demobilization for each groundwater remediation alternative.

Alternative Specific Assumptions Used in Estimate

200-UP-1 Groundwater Area

The following assumptions for the waste sites and groundwater portions of the alternatives are based

on data for the operable units, as presented in Chapter 9 of DOE/RL-2009-122, Draft B

Alternative 1- 120 Year Cleanup Timeframe

12
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Alternative 1 proposed remedial components that will achieve cleanup levels within a 120 year time

frame, including P&T for the Tc-99 plume (15 years) and uranium plume (40 years), hydraulic

containment for the 1-129 plume (10 years), and natural attenuation processes for tritium (25 years) to

achieve RAOs. The time required for the chromium plume (120 years) and nitrate plume (35 years) to

achieve cleanup levels fall within the 150 year timeframe established by the RAOs. Periodic

groundwater monitoring will be conducted to monitor these plumes during the timeframe needed for

these plumes to reach cleanup levels. Alternative 1 also includes ICs to prevent exposure and

groundwater use until cleanup levels are achieved.

Alternative 1 includes the following common elements implemented over the durations noted:

* ICs (125 years)

* MNA for tritium (25 years)

Tc-99 P&T operation in the S-SX area (15 years) - 3 extraction wells operating at a total annual
averaged flow rate of 300 I/min (80 gpm)

* Hydraulic containment for the 1-129 plume and technology evaluation for 1-129 groundwater
treatment methods (10 years) - 3 injection wells operating at a total annual averaged flow rate of
570 1/min (150 gpm)

* Groundwater treatment for Tc-99 (15 years) and uranium (40 years) P&T components

* Remedy O&M and performance monitoring (P&T components and MNA wells)

* Natural attenuation monitoring for the tritium plume MNA component (25 years)

* Groundwater compliance monitoring after cleanup levels are initially reached (5 year period after
pumping ceases)

Alternative 1 also includes the following specific remedy components:

* P&T for the U Plant Area Uranium plume (40 years) - 2 extraction wells and 2 injection wells
operating at a total annual averaged flow rate of 380 I/min (100 gpm)

* Groundwater monitoring for the Southeast Area Chromium plume (120 years)

* Groundwater monitoring for the Northeast Area Nitrate plume (35 years)

Alternative 2- 45 Year Cleanup Timeframe

Alternative 2 combines P&T at an estimated annual averaged extraction rate of 1,250 L/min (330 gpm)
for the Tc-99, uranium, and chromium plumes with hydraulic containment of the 1-129 plume at an
estimated annual averaged injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 45
year timeframe. MNA for the tritium plume achieves cleanup levels within 25 years. Groundwater
monitoring for the nitrate plume is included to monitor the plume until the cleanup level is reached (35
years). ICs prevent exposure and groundwater use until cleanup levels are achieved.

Alternative 2 includes the following common elements implemented over the durations noted:

* ICs (50 years)

* MNA for tritium (25 years)

13
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* Tc-99 P&T operation in the S-SX area (Annual averaged 300 I/min [80 gpm], 15 years) - Same as
Alternative 1

* Hydraulic containment for the 1-129 plume and technology evaluation for 1-129 groundwater
treatment methods (Annual averaged 570 I/min [150 gpm], 10 years) - Same as Alternative 1

* Groundwater treatment for Tc-99 (15 years), uranium (40 years), and chromium (45 years) P&T
components

* Remedy O&M and performance monitoring (P&T components and MNA wells)

* Natural attenuation monitoring for the tritium plume MNA component (25 years)

* Groundwater compliance monitoring after cleanup levels are initially reached (5 year period after
pumping ceases)

Alternative 2 also includes the following specific remedy components:

* P&T for the U Plant Area Uranium plume (Annual averaged 380 I/min [100 gpm], 40 years) - Same
as Alternative 1.

* P&T for the SE Area Chromium plume (45 years) - 2 extraction wells and 2 injection wells operating
at a total annual averaged flow rate of 570 I/min (150 gpm).

* Groundwater monitoring for the Northeast Area Nitrate plume (35 years) - Same as Alternative 1.

Alternative 3- 35 Year Cleanup Timeframe

Alternative 3 combines P&T at an estimated annual averaged extraction rate of 1,250 L/min (430 gpm)
for the Tc-99, uranium, and chromium plumes with hydraulic containment of the 1-129 plume at an
estimated annual averaged injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 35
year timeframe. MNA for the tritium plume achieves cleanup levels within 25 years. Groundwater
monitoring for the nitrate plume is included to monitor the plume until the cleanup level is reached (35
years). ICs prevent exposure and groundwater use until cleanup levels are achieved.

Alternative 3 includes the following common elements implemented over the durations noted:

* ICs (40 years)

* MNA for tritium (25 years)

* Tc-99 P&T operation in the S-SX area (Annual averaged 300 I/min [80 gpm], 15 years) - Same as
Alternative 1

* Hydraulic containment for the 1-129 plume and technology evaluation for 1-129 groundwater
treatment methods (Annual averaged 570 I/min [150 gpm], 10 years) - Same as Alternative 1

* Groundwater treatment for Tc-99 (15 years), uranium (25 years), and chromium (25 years) P&T
components

* Remedy O&M and performance monitoring (P&T components and MNA wells)

* Natural attenuation monitoring for the tritium plume MNA component (25 years)

* Groundwater compliance monitoring after cleanup levels are initially reached (5 year period)

Alternative 3 also includes the following specific remedy components:

14
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* P&T for the U Plant Area Uranium plume (25 years) -2 extraction wells and 2 injection wells
operating at a total annual averaged flow rate of 570 I/min (150 gpm)

* P&T for the SE Area Chromium plume (25 years) - 2 extraction wells and 2 injection wells operating
at a total annual averaged flow rate of 760 I/min (200 gpm)

* Groundwater monitoring for the Northeast Area Nitrate plume (35 years) - Same as Alternative 1

Alternative 4-25 Year Cleanup Timeframe

Alternative 4 combines P&T at an estimated extraction rate of 2,010 L/min (530 gpm) for the Tc-99,
uranium, chromium, and nitrate plumes with hydraulic containment of the 1-129 plume at an estimated
annual averaged injection rate of 570 L/min (150 gpm), to reach cleanup levels within a 25 year
timeframe. MNA for the tritium plume achieves cleanup levels within 25 years. ICs prevent exposure
and groundwater use until cleanup levels are achieved.

Alternative 4 includes the following common elements implemented over the durations noted:

* ICs (30 years)

* MNA for tritium (25 years)

* Tc-99 P&T operation in the S-SX area (Annual averaged 300 I/min [80 gpm], 15 years) - Same as
Alternative 1

* Hydraulic containment for the 1-129 plume and technology evaluation for 1-129 groundwater
treatment methods (Annual averaged 570 I/min [150 gpm], 10 years) - Same as Alternative 1

* Groundwater treatment for Tc-99 (15 years), uranium (25 years), chromium (25 years), and nitrate
(20 years) P&T components

* Remedy O&M and performance monitoring (P&T components and MNA wells)

* Natural attenuation monitoring for the tritium plume MNA component (25 years)

* Groundwater compliance monitoring after cleanup levels are initially reached (5 year period)

Alternative 4 also includes the following specific remedy components:

* P&T for the U Plant Area Uranium plume (Annual averaged 570 I/min [150 gpm], 25 years) -Same as
Alternative 3

* P&T for the Southeast Area Chromium plume (Annual averaged 760 I/min [200 gpm], 25 years) -
Same as Alternative 3

* P&T for the Northeast Area Nitrate plume (20 years) - 1 extraction well operating at annual
averaged 380 I/min (100 gpm)

8 Exclusions
This section identifies costs that have not been included in the estimate. The following items have been
excluded from the estimate:

* Escalation - Escalation has not been included in these calculations. All capital costs are present
day (fiscal year 2012), and from this basis the PV analysis is performed.
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* Costs for remediating the groundwater areas individually under separate contracts. The costs in
this estimate assume that the groundwater areas are remediated under one contract
corresponding to the specific alternative. If the groundwater areas are remediated separately,
the individual groundwater area costs would be expected to be higher than shown for the
individual sites in Table 2, since certain fixed costs would not be spread over all the groundwater
areas, and certain project efficiencies would not be realized.

9 Markups

The following markups have been included in the Cost Estimate:
* Washington State sales tax for the Hanford site (8.3%) - this tax was applied to 30% of the subtotal

capital costs with mobilization/demobilization & bonding/insurance (MDBI) and was applied to 30%

of each O&M cost line item subtotal cost.

* Subcontractor Overhead at 10 percent.
* Subcontractor Profit at 10 percent.
* PRC direct distributable/general and administrative (DD/G&A) costs have been applied at a rate of

26.41 percent to all project costs. This markup includes a number of job-related overhead items:
- Taxes
- Project-specific insurance
- Bonds
- Permits and licenses
- General supervision
- Temporary office personnel
- Schedules
- Preparatory work and testing services
- Temporary project facilities and O&M of these facilities
- Temporary utilities (e.g. phone, electrical)
- Project vehicles
- Personal protective equipment and Occupational Health and Safety requirements
- Quality controls
- Mobilization and demobilization
- Site security

10 Contingencies
Contingency is factored into a cost estimate to cover unknowns, unforeseen circumstances, or
unanticipated conditions that are not possible to evaluate from the available data at the time the
estimate is prepared. It is used to reduce the risk of possible cost overruns.

1 DD/G&A rate is obtained from CH2M Hill Plateau Remediation Company FY 2011 Rates/Multipliers, effective
10/1/11 \rates\FY12 Rates\FY12 Rates Multipliers.xls
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* Scope Contingency. Contingency rates have been applied to the capital costs based on consideration
of the range of 15 to 35 percent as per EPA/540/R-00/002, Section 5.4 for groundwater pump and
treat with multiple treatment technologies,the scope contingencies for this estimate for Alternatives
1, 2, 3 and 4 were set at 25%.

* Bid Contingency. The range for bid contingency is typically from 10 to 20 percent. The bid
contingency for this estimate for Alternatives 1, 2, 3 and 4 were been set at 20%.

* O&M Contingency. Typical O&M contingencies for CERCLA groundwater pump and treat with
multiple treatment technologies range from 20% to 50%. The O&M contingencies for Alternatives 1,
2, 3 and 4 were set at 20% in these cost estimates.

11 Project Management, Remedial Design, and Construction
Management Costs

* Project management, remedial design, and construction management capital costs are estimated
using factors based on EPA/540/R-00/002, Exhibit 5-8.: For projects with construction costs from
$100,000 to $500,000 - remedial design is planned at 15 percent, project management is planned at
8 percent, and construction management is planned at 10 percent of the construction cost.

* For projects with construction costs from $500,000 to $2 million - remedial design is planned at
12 percent, project management is planned at 6 percent, and construction management is planned
at 8 percent of the construction cost.

* For projects with construction costs from $2 million to $10 million - remedial design is planned at
8 percent, project management is planned at 5 percent, and construction management is planned at
6 percent of the construction cost.

* For projects with construction costs greater than $10 million - remedial design is planned at
6 percent, project management is planned at 5 percent, and construction management is planned at
6 percent of the construction cost.

Since Alternatives 1, 2, 3, and 4 all have estimated construction costs greater than $10 million, the
following percentages were used in these estimates:

* Remedial Design at 6%

* Project Management at 5%

* Construction Management at 6 %

12 Present Worth

As per EPA Guidance, EPA/540/R-00/002, A Guide to Developing and Documenting Cost Estimates
During the Feasibility Study, OSWER 9355.0-75 (EPA, 2000) the estimate includes present worth
calculations for work performed in out years.
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The costs are presented as present worth values. The present worth value method establishes a
common baseline for evaluating costs that occur during different time periods, thus allowing for direct
cost comparisons between different alternatives. The present worth value represents the dollars that
would need to be set aside today, at the defined real discount rate, to ensure that funds would be
available in the future as they are needed to perform the response action alternative.

Present worth costs were estimated using the real discount rate published in Appendix C of the Office of
Management and Budget (OMB) Circular No. A-94, Guidelines and Discount Ratesfor Benefit-Cost
Analysis of Federal Programs, effective through January 2013 (OMB, 2011). Based on this guidance and
a duration of more than 30 years for Alternatives 1, 2, 3 and 4, a real discount rate of 2.0 percent was
used in cost estimate present value calculations for all alternatives.

13 Estimate Classification

This estimate was prepared in accordance with the guidelines of "A Guide to Developing and
Documenting Cost Estimates During the Feasibility Study, EPA 540-R-00-002, OSWER 9355.0-75, July
2000. It's important to remember that at the FS stage, the design for the response action project is still
conceptual, not detailed, and the cost estimate is considered to be "order-of-magnitude." The expected
accuracy range of the cost estimate at this stage is approximately plus 50 percent, minus 30 percent.

The expected accuracy range is an indication of the degree to which the final cost outcome for a given
project could vary from the estimated cost. Accuracy is traditionally expressed as a +/- percentage range
around the point estimate after application of contingency, with a stated level of confidence that the
actual cost outcome would fall within this range (+/- measures are a useful simplification, given that
actual cost outcomes have different frequency distributions for different types of projects). Typically,
this results in a 90% confidence that the actual cost will fall within the bounds of the low and high
ranges.

The accuracy range of an estimate is dependent upon a number of characteristics of the estimate input
information and the estimating process. The extent and the maturity of the input information as
measured by percentage completion (and related to level of project definition) is an important
determinant of accuracy. However, there are factors besides the available input information that also
greatly affect estimate accuracy measures. Primary among these are the state of technology in the
project and the quality of reference cost estimating data.

The accuracy of any given estimate is not fixed or determined by its classification category. Significant
variations in accuracy from estimate to estimate are possible if any of the determinants of accuracy,
such as technology, quality of reference cost data, quality of the estimating process, and skill and
knowledge of the estimator vary. Accuracy is also not necessarily determined by the methodology used
or the effort expended. Estimate accuracy must be evaluated on an estimate-by estimate basis, usually
in conjunction with some form of risk analysis process.

14 Cost Resources

The following is a list of the cost resources used in the development of the cost estimate.
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* Hanford historical actual costs and detailed estimates for project underway or completed (and final
actual costs not yet compiled)

* TRACE V3 (ECF-Hanford-11-0098 through 0107)

* RACER T M

* RS Means

* Estimator Judgment

15 Estimate Methodology

The cost estimate for the 200 UP-1 project was developed in accordance with EPA/540/R-00/002, A
Guide to Developing and Documenting Cost Estimates During the Feasibility Study, OSWER 9355.0-75
(EPA, 2000), and PRC-PRO-EP-40282 Cost Estimating Procedure for Response Action Decision-Making
(PRC, 2010). The TRACE V3 cost estimating workbook was used to develop the cost estimate for each of
the removal action alternatives.

This cost estimate has been prepared for guidance in project evaluation from the information available
at the time of the estimate. The final cost of the project will depend on final design, selected scope of
work, actual labor and material costs, competitive market conditions, implementation schedule and
other variable factors. As a result, the final project costs will vary from the estimate presented here.
Because of this, project feasibility and funding needs must be carefully reviewed prior to making specific
financial decisions to help ensure proper project evaluation and adequate funding.

16 Sensitivity Analysis

Sensitivity analysis for this cost estimate was not performed. The following factors might cause
the estimate to significantly change.

* Actual levels and distribution of contamination, differing from the data/assumptions/models in the
RI/FS

* Actual ZP-1 operations and maintenance requirements and costs

* Duration and actual operations and maintenance requirements for pump and treat systems

* Less favorable working conditions

* Increased monitoring requirements

* Conditions causing upgrade from assumed Level D worker health and safety protection .

* Results of 1-129 R&D that might change the assumed 1-129 approach and costs

Because of these factors:
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1. The remedy selection process must consider differences in response action cost
uncertainties/cost risks in addition to response action-specific cost estimates and ranges.

2. Funding needs must be carefully reviewed before making specific financial decisions or
establishing final budgets.

17 Labor Costs

Fixed-price (FP) construction craft labor rates are those listed in Appendix A of the Site Stabilization
Agreement for All Construction Work for the U.S. Department of Energy at the Hanford Site (commonly
known as the Hanford Site Stabilization Agreement [HSSA]). The HSSA rates include base wage, fringe
benefits, and other compensation as negotiated between CH2M HILL Plateau Remediation Company
(CHPRC) and the National Building and Construction Trades Department American Federation of
Labor-Congress of Industrial Organizations (AFL-CIO). Other factors that account for additional costs
(Workman's Compensation, Federal Insurance Contributions Act (FICA), and state and Federal
unemployment insurance) to develop a fully burdened rate by craft, have been incorporated. The labor
rates used are for 2012.

Plateau Remediation Contractor (PRC) labor rates for management, engineering, safety oversight, and
technical support are based on the PRC-approved planning rates for fiscal year 2012.

18 Sales Tax

Washington State sales tax has been applied to all materials and equipment purchases at 8.3 percent.
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1298

1299
1300
1301
1302
1303
1304
1305

SCH EDU LE/DU RATIONS COMMENTS
Construction base year - U Plume 2015 2015 2015 2015
Construction base year - Cr Plume 2015 2015 2015 2015
Construction base year - Nitrate Plume 2015 2015 2015 2015
Construction base year - 1-129 Plume 2015 2015 2015 2015
Construction base year - SSX Plume NA NA NA NA Construction $ not incl. in this estimate

1306 Start O&M year - U Plume 2016 2016 2016 2016
1307 Start O&M year - Cr Plume 2016 2016 2016 2016
1308 Start O&M year - Nitrate Plume 2016 2016 2016 2016
1309 Start O&M year - 1-129 Plume 2016 2016 2016 2016
1310 Start O&M year - SSX Plume 2013 2013 2013 2013 1st 3 yrs of SSX O&M ind in 2016 (TRACE limitation)
1311 Pump and treat years - U Plume 40 40 25 25
1312 Pump and treat years - Cr Plume NA 45 25 25
1313 Pump and treat years - Nitrate Plume NA NA NA 20
1314 Injection years - 1-129 Plume 10 10 10 10

1315 Pump and treat years - SSX Plume (after 2015.. 1st 3 yrs included in 2016) 12 12 12 12
1316 (MNA) years - U Plume NA NA NA NA
1317 (MNA) years - Cr Plume NA NA NA NA
1318 (MNA) years - Nitrate Plume NA NA NA NA
1319 (MNA) years - 1-129 Plume NA NA NA NA
1320 (MNA) years - SSX Plume NA NA NA NA
1321 (MNA) years - Tritium 25 25 25 25
1322 Monitor only years - U Plume NA NA NA NA
1323 Monitor only years - Cr Plume 120 NA NA NA
1324 Monitor only years - Nitrate Plume 35 35 35 NA
1325 Monitor only years - 1-129 Plume NA NA NA NA
1326 Monitor only years - SSX Plume NA NA NA NA
1327 Monitor only years -Tritium NA NA NA NA
1328 Compliance Monitoring after P&T, years 5 5 5 5
1329 Decomissioning/closeout year - U Plume 2061 2061 2046 2046 All schedules include P&T or monitoring durations, plus 5 yr
1330 Decomissioning/closeout year - Cr Plume 2141 2066 2046 2046 compliance monitoring. Decommissioning/closeout is
1331 Decomissioning/closeout year - Nitrate Plume 2056 2056 2056 2041 assumed to occur the year following the 5th year of final
1332 Decomissioning/closeout year - 1-129 Plume 2031 2031 2031 2031 compliance monitoring
1333 Decomissioning/closeout year - SSX Plume 2033 2033 2033 2033
1334
1335 WELLS - INJECTION (W), EXTRACTION (EW), and MONITORING (MW) COMMENTS
1336 Well depth - extraction, ft 400 400 400 400
1337 Well diameter - extraction, in 8 8 8 8
1338 Well screen - extraction, ft 100 100 100 100
1339 Well depth - injection, ft 400 400 400 400
1340 Well diameter - injection, in 8 8 8 8
1341 Well screen - injection, ft 100 100 100 100
1342 Well depth - monitoring, ft 350 350 350 350
1343 Well diameter - monitoring, in 4 4 4 4
1344 Well screen - monitoring, ft 30 30 30 30
1345 Well replacement interval - extraction, years 20 20 20 20
1346 Well replacement interval - injection, years 10 10 10 10
1347 Well replacement interval - monitoring, years 30 30 30 30
1348 Well rehab interval - extraction, years 10 10 10 10
1349 Well rehab interval - injection, years 2 2 2 2 1-129 IWs assumed to have quarterly rehab
1350 Well pump replacement - extraction, years 5 5 5 5
1351 Well pump replacement - monitoring, years 5 5 5 5
1352 New extraction wells - U Plume 2 2 2 2
1353 Existing extraction wells -U Plume 0 0 0 0
1354 New extraction wells - Cr Plume 0 2 3 3
1355 Existing extraction wells - Cr Plume 0 0 0 0
1356 New extraction wells - Nitrate Plume 0 0 0 2 Existing Wells not included in this estimate by plume. Well
1357 Existing extraction wells - Nitrate Plume 0 0 0 0 maintenance and replacement assumed for new wells only.
1358 New extraction wells -1-129 Plume 0 0 0 0
1359 Existing extraction wells -1-129 Plume 0 0 0 0
1360 New extraction wells - SSX Plume 0 0 0 0
1361 Existing extraction wells -SSX Plume 3 3 3 3
1362 New injection wells -U Plume 2 2 2 2
1363 Existing injection wells -U Plume 0 0 0 0
1364 New injection wells - Cr Plume 0 2 3 3
1365 Existing injection wells - Cr Plume 0 0 0 0
1366 New injection wells - Nitrate Plume 0 0 0 0 Existing Wells not included in this estimate by plume. Well
1367 Existing injection wells - Nitrate Plume 0 0 0 0 maintenance and replacement assumed for new wells only.
1368 New injection wells -1-129 Plume 3 3 3 3
1369 Existing injection wells -1-129 Plume 0 0 0 0
1370 New injection wells - SSX Plume 0 0 0 0
1371 Existing injection wells -SSX Plume 0 0 0 0
1372 New monitoring wells -U Plume 0 0 0 0
1373 Existing monitoring wells - U Plume 16 16 16 16
1374 New monitoring wells - Cr Plume 10 10 10 10
1375 Existing monitoring wells - Cr Plume 16 16 16 16 These existing MWs are not final numbers. MW well
1376 New monitoring wells - Nitrate Plume 10 10 10 10 maintenance assumed for NEW wells only. See below for
1377 Existing monitoring wells - Nitrate Plume 16 16 16 16 number of wells monitored - not all new+ existing wells are
1378 New monitoring wells -1-129 Plume 6 6 6 6 monitored each year.
1379 Existing monitoring wells -1-129 Plume 0 0 0 0
1380 New monitoring wells - SSX Plume 0 0 0 0
1381 Existing monitoring wells -SSX Plume 16 16 16 16
1382 New monitoring wells - 200 UP-10 U-wide 26 26 26 26

Not all wells in OU monitored each yr. Monitoring of 75
Wells sampled annually for all COPCs - 200 UP-1CU-wide 75 75 75 75 assumed for duration of longest plume cleanup in OU.

1383
1384 Samples per well per year, 1st year 2 2 2 2
1385 Samples per well per year, years 2-5 2 2 2 2
1386 Samples per well per year, balance of P&T, MNA and GW monitoring 1 1 1 1

01/31/2012
D-29

Page 28 of 30



DOE/RL-2009-122, REV. 0
ECE-200-UP-1 10-00005 ECE Document

-d B C D E F G H
1387 Samples per well per year, 5 yr compliance period after cleanup level is 2 2 2 2
1388

1389 Extraction normal operating flow rate - U Plume, gpm 125 125 188 188 Normal operating flow assumes 80% uptime - this rate must
1390 Extraction peak flow - U Plume,gpm 150 150 225 225 be maintained to give overall annual flow rate meeting

1391 Extraction normal operating flow rate - Cr Plume, gpm 0 188 250 250 groundwater modeling scenarios for cleanup. Peak flow is
1392 Extraction peak flow - Cr Plume,gpm 0 225 300 300 assumed at 20% above normal operating flow - this is used
1393 Extraction normal operating flow rate - Nitrate Plume, gpm 0 0 0 125 for sizing equipment and process systems for upper limit
1394 Extraction peak flow- Nitrate Plume,gpm 0 0 0 150 hydraulic flow.
1395 Extraction normal operating flow rate - 1-129 Plume, gpm 0 0 0 0
1396 Extraction peak flow - 1-129 Plume,gpm 0 0 0 0
1397 Extraction normal operating flow rate - SSX Plume, gpm 100 100 100 100
1398 Extraction peak flow - SSX Plume,gpm 120 120 120 120

1399 Injection normal operating flow rate - U Plume, gpm 125 125 188 188 Normal operating flow assumes 80% uptime - this rate must
1400 Injection peak flow - U Plume,gpm 150 150 225 225 be maintained to give overall annual flow rate meeting

1401 Injection normal operating flow rate - Cr Plume, gpm 0 188 250 250 groundwater modeling scenarios for cleanup. Peak flow is
1402 Injection peak flow - Cr Plume,gpm 0 225 300 300 assumed at 20% above normal operating flow - this is used
1403 Injection normal operating flow rate - Nitrate Plume, gpm 0 0 0 0 for sizing equipment and process systems for upper limit
1404 Injection peak flow - Nitrate Plume,gpm 0 0 0 0 hydraulic flow.
1405 Injection normal operating flow rate - 1-129 Plume, gpm 188 188 188 188
1406 Injection peak flow - 1-129 Plume,gpm 225 225 225 225
1407 Injection normal operating flow rate - SSX Plume, gpm 100 100 100 100
1408 Injection peak flow - SSX Plume,gpm 120 120 120 120
1409 PROCESS TREATMENT SYSTEMS AND SIZING AND ALLOCATION COMMENTS

Used to determine when major process systems renovation
140Process systems design life, years 25 25 25 25 nee1410 needed

1411 Annual average flow multiplier 0.80 0.80 0.80 0.80 Multiplies by normal ops flow to get annual avg.

1412 Annual operating time basis, minutes 420,480 420,480 420,480 420,480 365 days x 1440 minutes/dayx.8
1413 Process peak design flow multiplier 1.2 1.2 1.2 1.2 Multiplies by normal ops flow to get design peak flow
1414 New Uranium IX System in alternative specific process train? YES YES YES YES URANIUM PLUME ONLY
1415 Peak design flow for new uranium IX, gpm 150 150 225 225 URANIUM PLUME ONLY
1416 Uranium IX train size per ZP-1 design, gpm 250 250 250 250 ONE TRAIN FOR URANIUM PLUME ONLY
1417 Fraction of UIX train allocated to U-plume 1 1 1 1
1418 Annual O&M treatment throughput for uranium IX, gallons 52,560,000 52,560,000 78,840,000 78,840,000 URANIUM PLUME ONLY
1419 New Tc-99 IX System in alternative specific process train? YES YES YES YES ALLOCATE TO URANIUM PLUME ONLY
1420 Peak design U-Plume flow for new Tc-99 IX, gpm 120 120 180 180 ALLOCATE TO URANIUM PLUME ONLY

1421 Tc-99 IX train size per ZP-1 design, gpm 300 300 300 300 ONE TRAIN FOR URANIUM PLUME ONLY
1422 Fraction of Tc99-IX train capital $ allocated to U-plume 1 1 1 1

1423 Fraction of Tc99-IX train capital $ allocated to SSX-plume 0 0 0 0
1424 Annual U-Plume O&M treatment Tc-99 IX throughput, gallons 0 0 0 0 Contingent system only for U-PLUME
1425 Annual SSX-Plume O&M treatment Tc-99 IX throughput, gallons 42,048,000 42,048,000 42,048,000 42,048,000 SSX-PLUME
1426 New Bio-processes in alternative specific process train? NO NO YES YES
1427 Peak design flow to bio-treatment, gpm 240 420 540 660
1428 Maximum capacity in existing ZP-1 bio-treatment for UP-1, gpm 350 350 350 350
1429 Peak capacity in existing ZP-1 bio-treatment for UP-1, gpm 420 420 420 420 Uses 20% peak capacity over normal operating capacity
1430 Bio-process train size per ZP-1 design, gpm 0 0 1250 1250 ALLOCATE TO NITRATE PLUME ONLY
1431 Fraction of Bio-process 3rd train capital $ allocated to U-plume 0 0 0 0
1432 Fraction of Bio-process 3rd train capital $ allocated to Cr-plume 0 0 0 0
1433 Fraction of Bio-process 3rd train capital $ allocated to Nitrate-plume 0 0 1 1
1434 Fraction of Bio-process 3rd train capital $ allocated to SSX-plume 0 0 0 0

1435 Annual U-Plume O&M treatment Bio-process throughput, gallons 52,560,000 52,560,000 78,840,000 78,840,000 U-PLUME
1436 Annual Cr-Plume O&M treatment Bio-process throughput, gallons 0 78,840,000 105,120,000 105,120,000 Cr-PLUME
1437 Annual Nitrate-Plume O&M treatment Bio-process throughput, gallons 0 0 0 52,560,000 Nitrate-PLUME

1438 Annual SSX-Plume O&M treatment Bio-process throughput, gallons 42,048,000 42,048,000 42,048,000 42,048,000 SSX-PLUME
1439 PIPELINEs, TRANSFER STATIONS, OTHER SITE IMPROVEMENTS COMMENTS
1440 Pipeline run allowance for vertical and horizontal routing beyond straight 40% 40% 40% 40%

1441 CrEx-EW1, meters 0 4033 4033 4033
1442 CrEx-EWi, feet 0 13228 13228 13228
1443 CrEx-EW2, meters 0 5327 5327 5327
1444 CrEx-EW2, feet 0 17472 17472 17472
1445 CrExToZP1_segmenti, meters 0 1980 1980 1980
1446 CrExToZP1_segmenti, feet 0 6496 6496 6496
1447 CrExToZP1_segment2, meters 0 4402 4402 4402
1448 CrExToZP1_segment2, feet 0 14438 14438 14438
1449 CrlnjToTransfer, meters 0 6515 6515 6515
1450 CrnjToTransfer, feet 0 21369 21369 21369
1451 Crnj-IW2, meters 0 3201 3608 3608 Per GW modeling, IW2 for Cr is assumed to be in a different
1452 Crnj-IW2, feet 0 10500 11833 11833 location for Alts 3 &4 than Alt 2.
1453 Crnj-IW1, meters 0 3154 3154 3154
1454 Crnj-IW1, feet 0 10345 10345 10345
1455 1l29lnj_IW1, meters 5201 5201 5201 5201
1456 1l29lnj_IW1, feet 17058 17058 17058 17058
1457 l129lnj_IW2, meters 4618 4618 4618 4618
1458 l129lnj_IW2, feet 15147 15147 15147 15147
1459 l129lnj_IW3, meters 4056 4056 4056 4056
1460 l129lnj_IW3, feet 13304 13304 13304 13304
1461 NO3Ex_EW1, meters 0 0 0 2119
1462 NO3Ex_EW1, feet 0 0 0 6949
1463 NO3Ex_toZP, meters 0 0 0 3473
1464 NO3Ex_toZPl, feet 0 0 0 11393
1465 NO3Ex_EW2, meters 0 0 0 2497
1466 NO3ExEW2, feet 0 0 0 8189
1467
1468

1469-- 9 -No injection associated with N03
1470
1471
1472
1473 Uex_EW2, meters 226 226 226 226
1474 Uex_EW2, feet 740 740 740 740

1475 Uex_EW1, meters 334 334 334 334
1476 Uex_EW1, feet 1095 1095 1095 1095
1477 UextoZP1, meters 3206 3206 3206 3206

F1478 UextoZPlfeet 10514 10514 10514 10514
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1479 UinjIW2, meters 187 187 187 187
1480 UinjIW2, feet 613 613 613 613
1481 UinjIWl, meters 325 325 325 325
1482 Uinj_IWl, feet 1067 1067 1067 1067
1483 UinjtoZPl, meters 2290 2290 2290 2290
1484 UinjtoZP1, feet 7511 7511 7511 7511

Per Jan. 13, 2012 "200 UP-1Overall Approach and Cost
Transfer Building - U/I-129 YES YES YES YES

1485 Estimating Inputs"
1486 U-plume flow fraction of transfer station 0.57 0.57 0.67 0.67 Flow fraction based on ratio of sum of plume specific
1487 1-129 plume flow fraction of transfer station 0.43 0.43 0.33 0.33 injection flow + extraction flow to total for both plumes.
1488 Transfer Building - Nitrate NO NO NO YES Per Jan. 13, 2012 "200 UP-1Overall Approach and Cost
1489 Transfer Building - SE Cr NO YES YES YES Estimating Inputs"
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Terms

BDL below detection limit

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of
1980

COPC contaminants of potential concern

CV coefficient of variation

ECF environmental calculation file

EPA U.S. Environmental Protection Agency

EPC exposure point concentrations

HEIS Hanford Environmental Information System

OU Operable Unit

RI/FS Remedial Investigation/Feasibility Study

RME Reasonable Maximum Exposure

UCL Upper Confidence Limit
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1 Purpose
This environmental calculation file (ECF) describes the calculation of exposure point concentrations
(EPCs) for the contaminants of potential concern (COPCs) that are identified for the 200-UP-1
Groundwater Operable Unit (OU). The EPCs are compared to applicable actions levels to identify final
COPCs for use in the groundwater risk assessment at the 200-UP-1 groundwater OU. This ECF details
the methodology implemented to calculate the EPCs and supports a separate brief addressing the process
for selecting initial and final COPCs for the 200-UP-1 groundwater OU (ECF-200UP1-10-0231). It
supports the remedial investigation/feasibility study (RI/FS) process being conducted at the 200-UP-i
groundwater OU under the Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA). The process is currently at the RI stage of completion.

An EPC is an conservative estimate of the contaminant concentration at an exposure point where an
exposed receptor may reasonably be assumed to move at random and where contact with an
environmental medium (e.g., water) is equally likely at all sub-locations. The U.S. Environmental
Protection Agency (EPA) Risk Assessment Guidance for Superfund Volume I Human Health Evaluation
Manual (Part A) (EPA/540/1-89/002) defines the exposure concentration as follows:

"Although this concentration does not reflect the maximum concentration that could be
contacted at any one time, it is regarded as a reasonable estimate of the concentration
likely to be contacted over time. This is because in most situations, assuming long-term
contact with the maximum concentration is not reasonable."

This ECF addresses a key element of the risk assessment process for hazardous waste sites: estimation of
the concentration of a chemical in the environment.

2 Methodology
Final COPCs are identified by comparing the EPC to the action level for each detected COPC in an
exposure area. The following subsections discuss the methodology used to determine the EPC values for
the 200-UP-I groundwater OU. A description detailing the comparison of EPCs to action levels to
identify final COPCs is provided in ECF-200UP 1-10-0231.

2.1 Determination of Statistical Calculation Method for EPC Values
In general, EPA Superfund guidance recommends using a 95% Upper Confidence Limit (UCL) on the
average for estimating exposure point concentrations. However, experience at the Hanford Site indicates
that averages and UCLs cannot be reliably calculated for groundwater data sets. The 200-UP-1
groundwater OU exhibits an aquifer setting where multiple groundwater contaminants are present in
overlapping plumes and the highest concentrations have different locations within the plumes. The 90th
percentile from a distribution of groundwater concentration data as an exposure point concentration is a
different approach from Superfund guidance for estimating exposure point concentrations in risk
assessments (OSWER 9285.6-10). However as described below, the 90th percentile exposure is identified
in EPA risk assessment guidance for describing and characterizing health risks, and produces risk
estimates that correspond to a Reasonable Maximum Exposure (RME).

According to EPA's "Examination of EPA Risk Assessment Principles and Practices,"
(EPA/i 00/B-04/00 1) the RME represents an exposure scenario within the realistic range of exposure,
since the goal of the Superfund program is to protect against high-end, not average, exposures. The "high
end" is defined as that part of the exposure distribution that is above the 90th percentile, but below the
99.9th percentile. The approach is consistent with the peer reviewed EPA Exposure Assessment
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Guidelines (EPA/600/Z-92/001, May 1992). Groundwater concentrations directly reflect potential

exposures and risks, so a 90th percentile concentration reflects an RME scenario.

Groundwater data sets at the Hanford site are highly skewed with a large proportion of below detection

limit (BDL) values, and ProUCL generally gives warning flags for 95% UCLs from these kinds of data

sets. EPA data analysis guidance (EPA/240/B-06/003) provides guidance for estimating statistical

parameters (whether means or upper percentiles) depending on the variability in the data set. The

variability of the data set is expressed as the coefficient of variation (CV) and the proportion of

observation that are BDL. For data sets with CVs > 1 and 50% or more observations that are BDL, EPA
recommends using upper percentiles as opposed to means to develop summary statistics.

Therefore, the rationale for using a 90th percentile value as an exposure point concentration is consistent

with the definition of an RME scenario, and is an appropriate summary statistic for groundwater data sets

at the Hanford site.

2.2 Methodology Used for Calculating the 90th Percentile Value

The 90th percentile value is the concentration that corresponds to the position in an ordered data set

which has 90% of data points below it, and 10% above it. The 90th percentile value is calculated by first

placing all sample results in order from the lowest concentration to the highest concentration. Next, assign

each sample result a number, starting with the number 1 for the lowest concentration result up to the

highest concentration being given the number equal to the total number of samples collected from a

particular sampling location. The position corresponding to the 90th percentile is determined using the

following equation:

k - i(n + where p = 90 for a 90th percentile calculatio n
100

n = total number of samples

If the number corresponding to the calculated value, k, is an integer, the sample result with rank

corresponding to k is the 90th percentile value. If k is not an integer, then the average or mean of the

values on either side of k (the values in the positions krounddown and kroundup) is calculated using the

following equation to determine the 90th percentile value:

kthddo,,,, value + kthod,,p value
90th percentile value =

2

3 Assumptions and Inputs

The evaluation methodology involves processing an exposure area-specific analytical data set to calculate

EPCs for each of the COPCs applicable to the exposure areas. Processing of the analytical data set used is

fully described in the COPC ECF (ECF-200UIP1-10-023 1).
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4 Software Applications
Software used for this analysis includes the Hanford Environmental Information System database (HEIS),
Microsoft Access database software, ProUCL statistical software 2, and Microsoft Excel3 . HEIS is a
central repository for storing and maintaining access to environmental data collected and analyzed for the
Hanford Site. Microsoft Access is used to query and sort the data downloaded from HEIS. ProUCL is
used to perform statistical calculations on the analytical data sets. Microsoft Excel is used to calculate the
90th percentile concentrations and to present the groundwater data and information in spreadsheets.

5 Calculation

5.1 90th Percentile Values and Summary Statistics for the 200-UP-1 Groundwater
OU Data Sets

The 90th percentile value and ProUCL statistical calculations were performed for each of the initial
COPCs that have been identified for the 200-UP-I groundwater OU. The results of the ProUCL statistical
calculations and the 90th percentile calculations are summarized in Table 5-1. The table includes the raw
statistics calculated by ProUCL, the 90th percentile EPC result, the applicable action level and action
level basis, and a determination of whether the EPC exceeded the action level.

The following statistical definitions are provided for assistance in interpreting the information provided in
Table 5-1.

* Mean: The sum of all the values of a set of measurements divided by the number of values in the set;
a measure of central tendency.

* Median: The middle value for an ordered set of n values. Represented by the central value when n is
odd or by the average of the two most central values when n is even. The median is the 50th
percentile.

* Standard Deviation (sd): A measure of variation (or spread) from an average value of the sample
data values.

* Median Absolute Deviation (MAD): For observations xj, x2 ,--., x,, with median m, the median
absolute deviation is the median of the differences Ixi-m, Ix2 -mI,..., Ixn-mI.

* MAD/0.675 = Robust estimate of variability (standard deviation) where MAD = Median Absolute
Deviation

* Skewness: A measure of asymmetry of the distribution of the characteristic under study (e.g., lead
concentrations). It can also be measured in terms of the standard deviation of log-transformed data.

3
The higher is the standard deviation, the higher is the skewness. Coefficient of Skewness = CV + 3CV
where CV is the coefficient of variation.

* Coefficient of Variation (CV): A dimensionless quantity used to measure the spread of data relative
to the size of the numbers. For a normal distribution, the coefficient of variation is given by standard
deviation divided by the mean. Also known as the relative standard deviation (RSD).

1 Access is a trademark of Microsoft Corporation, Redmond, Washington.
2 ProUCL is a statistical software package developed by the U.S. Environmental Protection Agency, distributed free
of charge, and made available for download at http://www.epa.gov/nerlesdl/tsc/TSC form.htm.
3 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
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* 90'h Percentile Value: k-- p(n+l)/100 where n=number of data points and p=percentile; take the
values on either side of k (the values in position kirounded down] and kirounded up]) and take the simple
average of the two values. If the data set is too small, i.e., k>n, the maximum concentration reported
is then used (the value at position n in the ranked list).

5.2 ProUCL-Generated 95th Percentile Upper Confidence Limits

EPA's ProUCL 4.0 statistical software package (EPA/600/R-07/038) was used to generate an estimate of

the 95% upper confidence limit (95UCL) on the mean concentration for each detected COPC in the

exposure area. ProUCL 4.0 contains statistical methods to address data sets both with and without

nondetects and computes the UCL for a given data set by a variety of alternative statistical approaches

(including several approaches that do not require the assumption of normality or lognormality).
ProUCL 4.0 then recommends specific UCL values as being the most appropriate for that particular data
set. The input data files used to calculate the 95UCL values are provided in Appendix A. The ProUCL

output generated for the 200-UP-1 groundwater OU is provided in Appendix B. A summary table with the

ProUCL comments and recommended UCL calculation methods for each COPC is provided in Table 5-2.
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Table 5-1. 200-UP-1 Groundwater Operable Unit COPC Summary Statistics and Comparison of EPCs to Action Levels

Frequency Minimum Maximum Exposure EPC Basis EPC >
Anayte Number of Number of of Detected Detected Media Standard MADO Coefficient Point Action Action Level Action

Analyte Name Class Detects Nondetects Nondetects Units Value Value Mean n Deviation .675 Skewness of Variation Concentration Level Basis Level?
Aluminum METAL 40 28 41% ug/L 8.5 311 70 59 61 31 2.7 0.87 96 90th 50 40 CFR 143.3 Yes

Percentile
Antimony METAL 15 257 94% ug/L 1.8 74 31 36 23 27 -2.80E-02 0.74 28 90th 6.0 40 CFR 141.62 Yes

Percentile
Arsenic METAL 67 32 32% ug/L 0.93 6.9 3.5 3.4 1.3 0.89 0.61 0.36 6.6 90th 0.058 WAC 173-340- Yes

Percentile 720(4)(b)(iii)(A)
and (B)

Beryllium METAL 3 269 99% ug/L 0.23 5.5 2.0 0.35 3.0 0.18 1.7 1.5 2.0 90th 4.0 40 CFR 141.62 No
Percentile

Cadmium METAL 1 272 100% ug/L 9.7 9.7 9.7 9.7 N/A 0 N/A N/A 2.0 90th 5.0 40 CFR 141.62 No
Percentile

Chromium METAL 191 89 32% ug/L 1.3 846 80 18 163 17 3.1 2.0 99 90th 100 40OCFR 141.62 No
Percentile

Cobalt METAL 31 241 89% ug/L 0.15 16 6.9 7.6 4.6 4.6 -2.63E-02 0.67 2.8 90th 4.8 WAC 173-340- No
Percentile 720(4)(b)(iii)(A)

and (B)
Hexavalent Chromium METAL 42 32 43% ug/L 2.0 236 25 9.4 40 9.0 3.8 1.6 52 90th 48 WAC 173-340- Yes

Percentile 720(4)(b)(iii)(A)
and (B)

Iron METAL 223 49 18% ug/L 9.6 3,780 234 92 477 90 4.7 2.0 406 90th 300 40 CFR 143.3 Yes
Percentile

Lead METAL 6 78 93% ug/L 0.18 38 7.9 1.9 15 2.5 2.4 1.9 3.7 90th 15 40OCFR141.62 No
Percentile

Manganese METAL 117 156 57% ug/L 1.0 580 25 7.0 67 5.5 6.0 2.6 18 90th 50 40 CFR 143.3 No
Percentile

Molybdenum METAL 25 0 0% ug/L 3.6 87 16 7.4 22 2.4 2.7 1.4 60 90th 80 WAC 173-340- No
Percentile 720(4)(b)(iii)(A)

and (B)
Nickel METAL 104 168 62% ug/L 0.90 206 17 11 25 7.0 5.6 1.5 18 90th 100 WAC 246-290- No

Percentile 310

Thallium METAL 5 20 80% ug/L 0.12 6.0 2.5 0.25 3.2 0.19 0.61 1.3 5.0 90th 2.0 40 CFR 141.62 Yes
Percentile

Uranium METAL 736 7 1% ug/L 0.097 613 56 4.6 109 5.3 2.4 1.9 206 90th 30 WAC 173-340- Yes
Percentile 720(4)(b)(iii)(A)

- and (B)
Gross alpha RAD 42 106 72% pCi/L 1.2 17 4.0 2.3 3.6 1.1 2.0 0.90 4.1 90th 15 40OCFR 141.66 No

Percentile
Iodine-129 RAD 79 373 83% pCi/L 0.58 39 7.3 4.6 7.6 3.5 2.5 1.0 3.5 90th 1.0 40 CFR 141.66 Yes

Percentile
Strontium-90 RAD 12 122 91% pCi/L 0.60 32 7.8 1.4 12 0.99 1.4 1.5 0.66 90th 8.0 40 CFR 141.66 No

Percentile
Technetium-99 RAD 952 142 13% pCi/L 5.0 137,000 2,730 271 9,794 351 7.9 3.6 4,150 90th 900 40 CFR 141.66 Yes

Percentile
Tritium RAD 348 103 23% ug/L 220 1.02E+06 30,661 13,000 76,081 16,916 8.0 2.5 51,150 90th 20,000 40 CFR 141.66 Yes

Percentile

Bis(2-ethylhexyl) SVOC 4 71 95% ug/L 0.90 7.4 3.6 3.1 2.8 2.2 1.0 0.78 1.8 90th 6.0 40 CFR 141.61 No
phthalate ___Percentile

1,1,2-Trchoroethane VOC 1 562 100% ug/L 1.0 1.0 1.0 1.0 N/A 0 N/A N/A 0.50 90th 0.77 WAC 173-340- No
Percentile 720(4)(b)(iii)(A)
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Table 5-1. 200-UP-1 Groundwater Operable Unit COPC Summary Statistics and Comparison of EPCs to Action Levels

Frequency Minimum Maximum Exposure EPC Basisa EPC >
Analyte Number of Number of of Detected Detected Media Standard MADO Coefficient Point Action Action Level Action

Analyte Name Class Detects Nondetects Nondetects Units Value Value Mean n Deviation .675 Skewness of Variation Concentration Level Basis Level ?
1,2-Dichoroethane VOC 2 561 100% ug/L 0.66 1.2 0.93 0.93 0.38 0.40 N/A 0.41 0.50 90th 0.48 WAC 173-340- Yes

Percentile 720(4)(b)(ii)(A)
and (B)

1,4-Dioxane VOC 1 339 100% ug/L 120 120 120 120 N/A 0 N/A N/A 6.0 90th 4.0 WAC 173-340- Yes
Percentile 720(4)(b)(iii)(A)

I and (B)
Acroein VOC 1 121 99% ug/L 11 11 11 11 N/A 0 N/A N/A 1.4 90th 4.0 WAC 173-340- No

Percentile 720(4)(b)(iii)(A)
and (B)

Benzene VOC 5 587 99% ug/L 0.085 2.6 0.85 0.38 1.0 0.44 1.7 1.2 0.50 90th 0.80 WAC 173-340- No
Percentile 720(4)(b)(iii)(A)

and (B)
Bromodichoro- VOC 31 151 83% ug/L 0.11 1.1 0.29 0.20 0.23 0.074 2.3 0.81 2.5 90th 0.71 WAC 173-340- Yes
methane Percentile 720(4)(b)(iii)(A)

and (B)
Carbon tetrachloride VOC 564 64 10% ug/L 0.061 1,600 95 41 171 56 4.7 1.8 189 90th 0.34 WAC 173-340- Yes

Percentile 720(4)(b)(iii)(A)
and (B)

Chloroform VOC 506 108 18% ug/L 0.081 35 3.7 2.6 4.0 1.9 3.3 1.1 7.2 90th 1.4 WAC 173-340- Yes
Percentile 720(4)(b)(iii)(A)

and (B)
Methylene chloride VOC 61 504 89% ug/L 0.15 71 5.2 2.0 12 2.2 4.9 2.4 1.1 90th 5.0 40 CFR 141.61 No

Percentile

Tetrachloroethene VOC 47 558 92% ug/L 0.077 3.8 0.78 0.34 0.88 0.22 2.0 1.1 1.0 90th 0.081 WAC 173-340- Yes
Percentile 720(4)(b)(iii)(A)

and (B)
Trichloroethene VOC 244 387 61% ug/L 0.16 13 2.3 1.1 2.5 1.2 1.4 1.1 3.3 90th 0.49 40OCFR 141.61 Yes

I__Percentile

Chloride WET 1034 0 0% ug/L 1,700 386,000 14,193 9,915 15,531 6,056 14 1.1 30,600 90th 250,00 40 CFR 143.3 No
CHEM Percentile 0

Fluoride WET 1015 13 1% ug/L 49 790 362 360 84 74 0.16 0.23 470 90th 480 WAC 173-340- No
CHEM Percentile 720(4)(b)(iii)(A)

and (B)
Nitrate WET 1043 1 0% ug/L 753 1.74E+06 76,922 40,900 161,978 36,471 7.0 2.1 133,000 90th 25,600 WAC 173-340- Yes

CHEM Percentile 720(4)(b)(iii)(A)
and (B)

Nitrite WET 66 921 93% ug/L 33 7,230 464 186 954 168 5.8 2.1 105 90th 1,600 WAC 173-340- No
CHEM Percentile 720(4)(b)(iii)(A)

and (B)
Nitrogen in Nitrate and WET 53 2 3.6% ug/L 2,000 79,300 14,794 12,900 13,259 11,268 2.6 0.90 30,650 90th 10,000 40 CFR 141.62 Yes
Nitrite CHEMIIIIII _ Percentile
a. 90th percentile EPC values calculated

COPC = contaminant of potential concern
EPC = exposure point concentration
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Table 5-2. Summary of ProUCL Warning Statements and Comment

COPC ProUCL Comment Calculation Method

1,1,2-Trichloroethane Warning: Only one distinct data value The data set for variable 1,1,2-
was detected! Trichloroethane was not processed!

ProUCL (or any other software) should
not be used on such a data set!

1,2-Dichloroethane Warning: Data set has only 2 Distinct 95% KM (t) UCLb
Detected Values. 95% KM (% Bootstrap) UCLC
It is recommended to have 10 to 15 or
more observations for accurate and
meaningful results and estimates.

1,4-Dioxane Warning: Only one distinct data value The data set for variable 1,4-Dioxane was
was detected! not processed!

ProUCL (or any other software) should
not be used on such a data set!

Acrolein Warning: Only one distinct data value The data set for variable Acrolein was not
was detected! processed!

ProUCL (or any other software) should
not be used on such a data set!

Aluminum Data appear Lognormal at 5% 95% KM (t) UCLb
Significance Level 95% KM (% Bootstrap) UCLC

Antimony Data appear Normal at 5% Significance 95% KM (t) UCLb
Level 95% KM (% Bootstrap) UCLc

Arsenic Data follow Appr. Gamma Distribution 95% KM (% Bootstrap) UCLC
at 5% Significance Level

Benzene Warning: There are only 5 Detected 95% KM (t) UCLb
Values in this data. 95% KM (% Bootstrap) UCLC
It is recommended to have 10-15 or
more distinct observations for accurate
and meaningful results.

Beryllium Warning: There are only 3 Distinct 95% KM (t) UCLb
Detected Values in this data set 95% KM (% Bootstrap) UCLc
It is recommended to have 10 to 15 or
more observations for accurate and
meaningful results and estimates.

Bis(2-ethylhexyl) phthalate Warning: There are only 4 Distinct 95% KM (t) UCLb

Detected Values in this data 95% KM (% Bootstrap) UCLC
It is recommended to have 10-15 or
more distinct observations for accurate
and meaningful results.

Bromodichloromethane Data do not follow a Discernable 95% KM (t) UCLb
Distribution (0.05) 95% KM (% Bootstrap) UCLC

Cadmium Warning: Only one distinct data value The data set for variable Cadmium was not
was detected! processed!

ProUCL (or any other software) should
not be used on such a data set!
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Table 5-2. Summary of ProUCL Warning Statements and Comment

COPC ProUCL Comment Calculation Method

Carbon tetrachloride Data do not follow a Discemable 97.5% KM (Chebyshev) UCLd
Distribution (0.05)

Chloride Data do not follow a Discemable Use 95% Chebyshev (Mean, Sd) UCL
Distribution (0.05)

Chloroform Data do not follow a Discemable 95% 1KM (BCA) UCLa
Distribution (0.05)

Chromium Data do not follow a Discemable 95% KM (Chebyshev) UCLd
Distribution (0.05)

Cobalt Data do not follow a Discernable 95% KM (BCA) UCLa
Distribution (0.05)

Fluoride Data not Normal at 5% Significance 95% KM (BCA) UCL
Level
Data not Gamma Distributed at 5%
Significance Level

Data not Lognormal at 5% Significance
Level
Data do not follow a Discemable
Distribution (0.05)

Gross alpha Data not Normal at 5% Significance 97.5% KM (Chebyshev) UCLd
Level

Hexavalent Chromium Data do not follow a Discemable 95% KM (Chebyshev) UCLd
Distribution (0.05)

Iodine-1 29 Data not Normal at 5% Significance 97.5% KM (Chebyshev) UCLd
Level

Iron Data appear Lognormal at 5% 95% KM (Chebyshev) UCLd
Significance Level

Lead Waming: There are only 6 Detected 95% KM (t) UCLb
Values in this data

It is recommended to have 10-15 or
more distinct observations for accurate
and meaningful results.

Manganese Data do not follow a Discernable 95% KM (BCA) UCLa
Distribution (0.05)

Methylene chloride Data appear Lognormal at 5% 95% KM (BCA) UCLa
Significance Level

Molybdenum Data do not follow a Discemable Use 95% Chebyshev (Mean, Sd) UCL
Distribution (0.05)

Nickel Data do not follow a Discemable 95% KM (t) UCLb
Distribution (0.05) 95% KM (% Bootstrap) UCL'

Nitrate Data do not follow a Discemable 95% KM (Chebyshev) UCLd
Distribution (0.05)
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Table 5-2. Summary of ProUCL Warning Statements and Comment

COPC ProUCIL Comment Calculation Method

Nitrite Data appear Lognormal at 5% 95% KM (BCA) UCLa
Significance Level

Nitrogen in Nitrate and Data not Normal at 5% Significance 95% KM (Chebyshev) UCL
Nitrite Level

Data appear Lognormal at 5%
Significance Level

Strontium-90 Data not Normal at 5% Significance 97.5% KM (Chebyshev) UCLd
Level

Technetium-99 Data not Normal at 5% Significance 97.5% KM (Chebyshev) UCLd
Level

Tetrachloroethene Data do not follow a Discemable 95% KM (t) UCLb
Distribution (0.05) 95% KM (% Bootstrap) UCLC

Thallium Waming: There are only 5 Detected 95% KM (t) UCLb
Values in this data

It is recommended to have 10-15 or
more distinct observations for accurate
and meaningful results.

Trichloroethene Data do not follow a Discemable 95% KM (BCA) UCLa
Distribution (0.05)

Tritium Data not Normal at 5% Significance 97.5% KM (Chebyshev) UCLd
Level

Uranium Data do not follow a Discemable 97.5% KM (Chebyshev) UCLd
Distribution (0.05)

a. KM (BCA) UCL: UCL based upon Kaplan-Meier Estimates using the Bias Corrected Accelerated Percentile
Bootstrap Method
b. KM (t) UCL: UCL based upon Kaplan-Meier Estimates using Student's t-Distribution Critical Value
c. KM (% Bootstrap) UCL: UCL based upon Kaplan-Meier Estimates using the Percentile Bootstrap Method.
d. KM (Chebyshev) UCL: UCL based upon Kaplan-Meier Estimates using the Chebyshev Inequality

The 200-UP-1 groundwater OU data set is highly skewed or left-censored containing a significant number
of results reported below detection limits. The verification of the distribution of left-censored data sets,
especially when a large percentage (> 40% -50%) of observations are being censored (nondetected) is
very difficult (EPA/600/R-07/038). The 200-UP-1 groundwater OU data set generally does not fit either
normal or lognormal distributions as demonstrated by the comments generated in the ProUCL output.

Skewed or highly censored data sets cause problems in calculating the UCL as well. Upon reviewing the
ProUCL output, the majority of the recommended calculation methods utilize Kaplan -Meier estimates. It
is noted that an estimation method such as Kaplan-Meier, yields reasonably good 95UCLs (providing
adequate coverage for the population mean) for symmetric or mildly skewed distributions but may not
perform well on a data set obtained from moderately or highly skewed distributions such as the 200-UP-I
groundwater OU datasets (EPA/600/R-06/022).
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The following subsections summarize the characteristics of the 200-UP-I groundwater OU data set with
respect to left-censoring or skewness, adequate detected results, and variance of the data in order to
evaluate the reliability of the 95UCL values generated by the ProUCL software.

5.3 Number of Less than Detectable Results Reported for the 200-UP-1 Groundwater
OU Data Sets

As previously mentioned, the 200-UP-1 OU data set contained results reported less than the detection
limits and are considered left-censored. For 200-UP-1 groundwater OU, 59% of COPCs had more than
50% of the results reported as less than detectable.

5.4 Number of Detectable Results for the 200-UP-1 Groundwater OU Data Sets
Several COPCs had insufficient detectable results in order for the ProUCL software to calculate reliable
and meaningful results. The 200-UP-I groundwater OU COPCs with insufficient detectable results
included 1,1,2-trichloroethane, 1,4-dioxane, acrolein, and cadmium (11% of the COPCs).

5.5 Coefficient of Variation for the Results Reported for the 200-UP-1 Groundwater
OU Data Sets

A large sample variance implies the data are not clustered close to the mean. A small sample variance
(relative to the mean) implies most of the data are near the mean. The sample variance is affected by
extreme values and by a large number of non-detects. Guidelines in the EPA document, Data Quality
Assessment: Statistical Methods for Practitioners (EPA/240/B-06/003) provide recommendations -
regarding statistical parameters to use for different values of the coefficient of variation when censoring is
present in data sets. Coefficients of variation greater than 0.5 is the benchmark used in EPA/240/B-06/003
for using an upper percentile value instead of mean-based value for a statistical parameter and is therefore
adopted for the evaluation of the 200-UP-1 groundwater OU data sets as well. For the 200-UP-1
groundwater OU, 92% of COPCs had coefficients of variation greater than 0.5 or not applicable.

6 Results/Conclusions

6.1 Summary Results Reported for the 200-UP-1 Groundwater OU Data Sets

A summary of the COPCs with respect to sufficient number of detectable results, the percentage of
detected results (left-censored indicator), and the coefficient of variation is provided in Table 6-1. The
COPC that has sufficient number of results above detection limits and a coefficient of variation less than
0.5 is shaded for clarity. The COPC that has a data set which could provide a generally reliable 95UCL
value is arsenic. A summary of the percentage values associated with this information is provided in
Table 6-2.
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Table 6-1. Data Set Summary by COPC for 200-UP-1 Groundwater OU Data Set

Contaminant of Number Number of Frequency Sufficient Coefficient Coefficient
Potential Concern(1) of Nondetects of Percentage of Variation of Variation

Detects Nondetects of Detectsa >0 .5b

1,1,2-Trichloroethane 1C 562 99.82% NO N/A YES

1,2-Dichloroethane 2 561 99.64% NO 0.41 NO

1,4-Dioxane 10 339 99.71% NO N/A YES

Acrolein 10 121 99.18% NO N/A YES

Aluminum 40 28 41.18% YES 0.87 YES

Antimony 15 257 94.49% NO 0.74 YES

Arsenic 67 32 32.32% YES 0.36 NO

Benzene 5 587 99.16% NO 1.2 YES

Beryllium 3 269 98.90% NO 1.5 YES

Bis(2-ethylhexyl) 4 71 94.67% NO 0.78 YES
phthalate

Bromodichloromethane 31 151 82.97% NO 0.81 YES

Cadmium 1C 272 99.63% NO N/A YES

Carbon tetrachloride 564 64 10.19% YES 1.8 YES

Chloride 1034 0 0.00% YES 1.1 YES

Chloroform 506 108 17.59% YES 1.1 YES

Chromium 191 89 31.79% YES 2.0 YES

Cobalt 31 241 88.60% NO 0.67 YES

Gross alpha 42 106 71.62% NO 0.90 YES

Fluoride 1015 13 1.26 YES 0.23 NO

Hexavalent Chromium 42 32 43.24% YES 1.6 YES

lodine-129 79 373 82.52% NO 1.0 YES

Iron 223 49 18.01% YES 2.0 YES

Lead 6 78 92.86% NO 1.9 YES

Manganese 117 156 57.14% NO 2.6 YES

Methylene chloride 61 504 89.20% NO 2.4 YES

Molybdenum 25 0 0.00% YES 1.4 YES

Nickel 104 168 61.76% NO 1.5 YES

Nitrate 1043 1 0.10% YES 2.1 YES

Nitrite 66 921 93.31% NO 2.1 YES
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Table 6-1. Data Set Summary by COPC for 200-UP-1 Groundwater OU Data Set
Contaminant of Number Number of Frequency Sufficient Coefficient Coefficient

Potential Concern(1) of Nondetects of Percentage of Variation of Variation
Detects Nondetects of Detectsa >0 .5

Nitrogen in Nitrate and 53 2 3.64% YES 0.9 YES
Nitrite

Strontium-90 12 122 91.04% NO 1.5 YES

Technetium-99 952 142 12.98% YES 3.6 YES

Tetrachloroethene 47 558 92.23% NO 1.1 YES

Thallium 5 20 80.00% NO 1.3 YES

Trichloroethene 244 387 61.33% NO 1.1 YES

Tritium 348 103 22.84% YES 2.5 YES

Uranium 736 7 0.94% YES 1.9 YES

a. Sufficient number of detections is consider to be 50% or greater

b. Coefficient of Variation = Standard Deviation / Mean. Data is considered variable if greater than 0.5 or not
applicable

c. Number of detected results insufficient for ProUCL to calculate meaningful and reliable results.

Note: Shading indicates those COPCs that have sufficient number of results, sufficient number of detects and a
coefficient of variation less than 0.5

Table 6-2. General Summary of Data Sets for the 200-UP-1 Groundwater OU
Number of Detected Results % Analytes Detected Sufficient CV>0.5

Sufficient

No Yes %No No Yes %No No Yes %Yes

4 33 11% 22 15 59% 3 34 92%
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Terms

COPCs contaminants of potential concern

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of

1980

ECF Environmental Calculation File

EPA U.S. Environmental Protection Agency

EPCs exposure point concentrations

OU Operable Unit

RI/FS remedial investigation/feasibility study
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1 Purpose
This environmental calculation file (ECF) describes the calculation of exposure point concentrations
(EPCs) based on future groundwater modeling results for the final contaminants of potential concern
(COPCs) in the 200-UP-1 Groundwater Operable Unit (OU). The values used in the EPC calculations are
from the 1,000 year fate and transport simulation time period. To determine the approximate timeframe
for when cleanup levels are attained, future groundwater concentrations are calculated at 25 year intervals
up to a total of 200 years and at 100-year intervals thereafter for each location and each final COPC. The
EPCs for the final COPCs are compared to applicable actions levels to determine if current groundwater
concentrations will naturally attenuate to acceptable levels over the 1,000 year fate and transport time
frame. This ECF details the methodology implemented to calculate the EPCs. The selection of the final
COPCs for the 200-UP-I Groundwater OU is documented in a separate ECF (ECF-200UP 1- 10-0231).

This ECF supports the remedial investigation/feasibility study (RI/FS) process being conducted at the
200-UP-1 Groundwater OU under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA). The process is currently at the RI stage of completion.

An EPC is an conservative estimate of the contaminant concentration at an exposure point where an
exposed receptor may reasonably be assumed to move at random and where contact with an
environmental medium (e.g., water) is equally likely at all sub-locations. The U.S. Environmental
Protection Agency (EPA) Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part A) (EPA/540/1-89/002) defines the exposure concentration as follows:

"Although this concentration does not reflect the maximum concentration that could be
contacted at any one time, it is regarded as a reasonable estimate of the concentration
likely to be contacted over time. This is because in most situations, assuming long-term
contact with the maximum concentration is not reasonable."

This ECF addresses a key element of the risk assessment process for hazardous waste sites: estimation of
the concentration of a chemical in the environment.

2 Background
The evaluation methodology involves processing an exposure area-specific data set to calculate EPCs and
to identify the maximum projected concentrations that reflect future groundwater conditions for each of
the final COPCs.

The groundwater concentrations in the 200-UP-1 Groundwater OU are simulated using the Central
Plateau Groundwater Model Version 3 (ECF-HANFORD-10-0371). This model predicts groundwater
concentrations for the Central Plateau, including the 200-UP-1 Groundwater OU that is entirely within the
model domain. Of the 93 wells in 200-UP-1 Groundwater OU, 90 wells were reported with
concentrations of one or more final COPCs above their action level. A subset of 23 wells was selected to
represent contamination within the 200-UP-I Groundwater OU; these wells are listed in Table 2-1.

Groundwater concentrations for each final COPC were calculated at 25-year intervals up to a total of 200
years and at 100-year intervals thereafter for each of the 23 locations listed in Table 2-1. Groundwater
concentrations at some wells were calculated at several screened intervals during the same year, resulting
in multiple concentrations predicted for the same well. For these instances, the highest predicted
+concentration for the well was used for the calculation of the EPC.

1
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Table 2-1. 200-UP-1 Groundwater Operable Unit Well Locations Used
1-129 Tc-99 Tritium Chromium Uranium Tetrachloroethene Trichloroethene Chloroform Fluoride Nitrate

Well Name (1 pCi/L) (900 pCi/L) (20,000 pCi/L) (100 pg/L) (30 pg/L) (0.081 pg/L) (0.49 pg/L) (1.4 pg/L) (480 pg/L) (25,600 pg/L)

299-W14-71 X X X X X X X X X X

299-W18-15 X X X X X X X X X X

299-W18-21 X X X X X X X X X X

299-W18-30 X X X X X X X X X X

299-W19-101 X X X X X X X X X X

299-W19-35 X X X X X X X X X X

299-W19-36 X X X X X X X X X X

299-W19-40 X X X X X X X X X X

299-W19-48 X X X X X X X X X X

299-W22-44 X X X X X X X X X X

299-W22-47 X X X X X X X X X X

299-W22-72 X X X X X X X X X X

299-W22-83 X X X X X X X X X X

299-W22-86 X X X X X X X X X X

299-W23-19 X X X X X X X X X X

299-W23-4 X X X X X X X X X X

699-30-66 X X X X X X X X X X

699-33-74 X X X X X X X X X X

699-34-72 X X X X X X X X X X

699-36-66B X X X X X X X X X X

699-36-70B X X X X X X X X X X

699-37-68 X X X X X X X X X X

699-38-70 X X X X X X X X X X

2

0
0
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Furthermore, a maximum predicted concentration that best represents 200-UP-1 Groundwater OU,
labeled Cmax, was calculated and included in the data set. The Cmax value represents the maximum
concentration that occurs within the modeling zone at each time step and is not necessarily associated

with a particular well.

The Central Plateau Groundwater Model Version 3 was used to predict future concentrations of

chloroform, chromium, fluoride, iodine-129, nitrate, technetium-99, tetrachloroethene, trichloroethene,

tritium, and uranium. Future groundwater conditions are not estimated for carbon tetrachloride measured
in the 200-UP-1 groundwater OU. This is because the source of carbon tetrachloride originates from the

200-ZP-1 groundwater OU and is actively being treated as part of the remedial design for this OU.

The computational basis for simulation of the fate and transport of contaminants in groundwater within

the affected aquifer associated with the 200-UP-1 Groundwater OU is documented in separate ECFs:

ECF-HANFORD-10-0371, Central Plateau Version 3 MODFLOWModel, and ECF-200UP1 -10-0373,
200-UP-1 Remedial Investigation Report; Groundwater Contaminant Fate and Transport Model.

3 Methodology
The following subsections discuss the methodology used to calculate the EPC values for the 200-UP-1
groundwater future concentrations.

3.1 Determination of Statistical Calculation Method for EPC Values
The use of the 9 0 th percentile from a distribution of groundwater concentration data as an exposure point
concentration was established during the final COPC selection process for the 200-UP-1 Groundwater
OU and is documented in an environmental calculation file (ECF-200UP1-10-0229). The 90h percentile
calculation method is used, in conjunction with the calculated maximum concentration values, to

calculate the EPC of predicted future groundwater concentrations to maintain consistency with the
methodology used to calculate the EPCs based on historical groundwater sampling and analyses.

3.2 Methodology Used for Calculating the 90th Percentile
The 90h percentile value is the concentration that corresponds to the position in an ordered data set which

has 90% of data points below it, and 10% above it.

1. The 90' percentile value is calculated by first placing all sample results in order from the lowest
concentration to the highest concentration.

2. Next, assign each sample result a number, starting with the number 1 for the lowest concentration
result up to the highest concentration being given the number equal to the total number of

samples collected from a particular sampling location.

3. The position corresponding to the 90h percentile is determined using the following equation:

p(n + i)
k = where p =90 for a 90th percentile calculation

100

n = total number of samples

3
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4. If the number corresponding to the calculated value, k, is an integer, the sample result with rank

corresponding to k is the 90t percentile value.

5. If k is not an integer, then the average or mean of the values on either side of k (the values in the

positions krounddo., and k,,undup) is calculated using the following equation to determine the 9 0th

percentile value:

kthrounddown value + kthroundup value
90th percentile value =2 2

4 Assumptions and Inputs

The input data for the 9 0 th percentile calculation is provided in Appendix A.

5 Software Applications

Microsoft Excel was used to sort, order, and rank the input concentration data, calculate the 9 0 th

percentile concentrations and present the groundwater concentration data and calculation results. The

software applications used to calculate the future concentrations of the final COPCs is documented in

separate environmental calculation files (ECF-200UP1 -10-0231 and ECF-200UPI -10-0229).

6 Calculation

The 9 0 th percentile value calculations were performed for each of the final COPCs that have been

identified for each modeled time interval. A hand calculation of the 90 percentile value is provided in

Figure 6-1.

4
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7 Results/Conclusions

The results of the 9 0 'h percentile calculations are summarized in Table A-I in Appendix A. The table
includes the minimum and maximum concentrations, the Cmax concentration, the 901 percentile EPC
result, the applicable action level and action level basis, and a determination of whether the EPC exceeded
the action level for each COPC at each projected year.
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Appendix A

Results of the 90h Percentile Calculations
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Table A-1.

200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects

n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
cmax
excel percentile
Row Labels

200-UP-1
25

16
8

24
90

22.5
9.17E-06
5.05E+00
3.38E-08

Subarea
Time (years)

detects
nondletects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
50
23

1
24
90

22.5
1.96E-05

2.10E+00
3.39E-09

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
75
24
0

24
90

22.5
1.52E-05
8.59E-01
8.92E-10

Ma__CNCRow Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC1 299-W22-470.0E+00 699-36-70B O.OOE+00 699-30-66 1.16E-44 699-30-66 2.75E-41 1699-30-66 4.76E-39__92 699-33-74 O.E+00 699-30-66 2.29E-51 699-33-74 2.37E-33 699-33-74 1.34E-30 699-33-74 l.03E-283 699-30-66 0.00E+00 1699-33-741.81E-38__ 699-34-72 1.73E-29 699-34-72 8.66E-27 699-34-72 5.96E-25
299-W 19- 101 .OOE+00 _ 299- 3-72 7.02E-34 299-W22-86 2.OO E-26 299-W22-86 9.60E-25 299-W22-86 1.50E-23

___-299-W2-8.OOE+00 299-W22-8.06.07E-30 __E299-W22-47 1.0E-24 299-W22-47 1.18E-23 299-W22-47 7.71E-23
299-W 2-850.OOE+00 -_4,57E-27 -_299-W22-83 1.22E-24 299-W22-83 2.14-23 299-W22-83 1.73E-22

8299-19 299-W22-47 1.01E-26 __ 299-W22-72 1.05E-22 299-W23-19 8.41E-22 299-W23-19 2.81E-21
9 699-3- OOE+00 299-W22-72 2.42E-25 _ 299-W23-19 1.67E-22 299-W22-72 2.16E-21 299-W22-72 1.71E-209-34-72 1.98-39 299-W23-19 5.48E-24 1299-W23-4 1.38E-18 299-W23-4 1.44E-18 299-W23-4 1.32E-1810 299-W22-83 8.38E-31 299-W23-4 4.77E-19 699-36-70B 3.46E-18 699-37-68 2.48E-18 1699-36-66B 7.OE-1811 299-W22-72 1.63E-27 299-W22-44 6.90E-18 699-37-68 5.63E-17 699-36-66B 6.19E-17 699-37-68 9.78E-18

13 299-W23-4 2.86E-25 699-37-68 .48E-15 299-W22-44 7.61E-17 699-36-70B 9.92E-17 299-W22-44 3.04E-16
14 299-W22-44 3.31E-21 299-W6 9 40 3.79E-15 699-36-66B 5.33E-16 299-W22-44 1.91E-16 699-36-70B 8.89E-16
15 299-W19-40 3.73E-18 299-W18-15 6.OOE-15 299-W18-15 3.94E-14 299-W18-15 9.46E-15 299-W18-15 2.20E-15
16 699-38-70 .1E-16 299-W18-1 1.40E-13 299-W19-40 1.07E-13 299-W18-21 4.01E-14 299-W18-21 7.09E-15

1 699-3-70 4.06E-16 299-W19-21 1.53E-12 299-W18-21 2.37E-13 299-W19-40 4.07E-13 299-W19-40 9.40E-1317 699-36-66B 4.82E-15 299-W9-48 1.74E-12 299-W19-48 7.06E-12 299-W19-48 1.28E-11 299-W19-48 1.67E-11
19 299-W38-15 -.E-14 _ _99-38-7 5.43E-12 299-W19-35 9.25E-1 299-W19-35 1.42E-10 299-W18-30 8.74E-11

20 299-W99W98,22E-1299-W19-0 299-W19-101 1.56E-10 299-W19-36 1.30E-10
21 299W19-36 8.22E-12 299-W19-101 3.52E-11 299-W19-36 1.95F-10 299-W19-36 1.75E-10 299-W19-35 1.37E-10
22 299-W19-364,E-19-36 .43E-10 699-38-70 2.31E-10 299-W18-30 3.12E-10 299-W19-101 1.38E-10
23 299-W14-71 4.83E-08 _ 299-W18-30 4.78E-09 299-W18-30 1.17E-09 699-38-70 9.14E-10 699-38-70 1.41E-09
23 C99AX -183E 299-14-71 391-05 _______ 299-W14-71OE-05 299-W14-71 1.73E-05 299-W14-71 1.05E-052.E+ECMAX8.59E-3.3-02 4 CMA X 50F+0____CMAX 2.10E+00 ____CMAX 8. _E01_____CMAX38F-i___CMX24E0

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100

24
0

24
90

22.5
8.66E-06
3.86E-01
7,34E-10

Subarea
Time (years)
detects
nondetects

n (number of values)
p (percentile) s
k (position in sequence)
revised mean 90th percent
Cmax
excel percentile

90 th percentile
k+k

k , 2ddown +kondup
2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-1

D-68

Chloroform

Rank

125
24

2
24
90

22.5
5.23E-06
2 34E-01
1.03E-09

p(n+1)
100

200-UP-1
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Ra I b Pl

200-UP-1
150

24
0

24
90

22.5
3.68E-06
2.15E-01
9.43E-10

m f ~

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

ln a~

200-UP-1
175
24

0
24
90

22.5
2.82E-06
1.98E-01
6.36E-10

mn f N

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Ro Labels

200-UP-1
200

24
0

24
90

22.5
2.20E-06
1.83E-01
3.51E-10

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1

22
9.85E-0
1.33E-0
1.17E-1

Max of CONC

Subarea
300 Time (years)

24 detects
0 nondetects
24 n (number of values)
90 p (percentile)
.5 k (position in sequence)
07 revised mean 90th percent
01 Cmax
11 excel percentile

Row Labels r
anx ROW La eS Maxo CONC Row Laes Max o CNC MOW aeI mas OLNMO ae5mxr UNMWLdebIdAl

1 699-30-66 1.87E-37 699-30-66 3.15E-35 1699-30-66 6.81E-33 1699-30-66 4.68E-27 699-33-74 1.19E-25
2 699-33-74 2.21E-27 699-33-74 1.96E-26 1699-33-74 8.68E-26 699-33-74 5.43E-25 299-W22-47 1.38E-24
3 699-34-72 1.21E-23 699-34-72 1.03E-22 299-W22-86 4.36E-22 299-W22-47 6.21E-23 699-30-66 2.54E-24
4 299-W22-86 8.51E-23 299-W22-86 2.50E-22 699-34-72 4.44E-22 299-W22-86 1.97E-22 299-W23-19 4.22E-24
5 299-W22-47 2.34E-22 299-W22-47 4.10E-22 299-W22-47 4.58E-22 299-W22-83 2.36E-22 299-W22-83 5.85E-24
6 299-W22-83 5.87E-22 299-W22-83 1.13E-21 299-W22-83 1.38E-21 299-W23-19 3.01E-22 299-W22-86 8.54E-24

7 299-W23-19 5.11E-21 299-W23-19 6.03E-21 299-W23-19 4.94E-21 699-34-72 2.69E-21 299-W23-4 1.77E-23
8 299-W22-72 5.69E-20 299-W22-72 1.07E-19 299-W22-72 1.30E-19 299-W23-4 3.03E-21 299-W18-21 9.63E-23
9 299-W23-4 9.02E-19 299-W23-4 4.98E-19 299-W23-4 2.24E-19 .299-W22-72 2.24E-20 1299-W18-15 1.77E-22

10 699-36-66B 2.63E-18 699-36-66B 2.57E-17 _ 299-W18-15 3.04E-17 299-W18-21 6.45E-20 1299-W22-72 5.37E-22
11 699-37-68 8.41E-17 299-Wi8-15 1.29E-16 299-W18-21 4.62E-17 299-W18-15 7.91E-20 1699-34-72 5.80E-22
12 299-W22-44 3.09E-16 299-W22-44 2.28E-16 299-W22-44 1.29E-16 299-W22-44 2.97E-18 299-W22-44 2.17E-20
13 299-W18-iS 5.31E-16 299-W18-21 2.44E-16 699-36-66B 1.91E-16 299-W18-30 6.47E-15 299-W18-30 1.60E-17
14 299-W18-21 1.30E-15 699-37-68 4.21E-16 699-37-68 1.36E-15 699-37-68 6.82E-15 699-36-70B 9.72E-16
15 699-36-70B 4.13E-15 699-36-70B 1.19E-14 699-36-70B 2.23E-14 699-36-668 1.19E-14 299-W19-36 1.49E-15
16 299-W19-40 1.49E-12 299-W19-40 1.70E-12 299-W19-40 1.49E-12 699-36-70B 1.65E-14 699-37-68 1.52E-15
17 299-W19-48 1.64E-11 299-W18-30 6.88E-12 299-W18-30 1.84E-12 299-W19-40 1.37E-13 299-W19-48 2.23E-15
18 299-W18-30 2.48E-11 299-W19-48 1.23E-11 299-W19-48 7.47E-12 299-W19-48 2.49E-13 299-W19-40 2.25E-15
19 299-W19-36 8.12E-11 299-W19-36 4.26E-11 299-W19-36 1.92E-11 299-W19-36 2.75E-13 299-W19-101 7.94E-15
20 299-W19-101 LO_E-10 299-W19-101 6.30E-11 299-W19-101 3.42E-11 299-W19-101 9.40E-13 299-W19-35 1.34E-14
21 299-W19-35 1.06E-10 299-W19-35 6.98E-11 299-W19-35 4.00E-11 299-W19-35 1.35E-12 699-36-66B 1.57E-14
22 699-38-70 1.30E-09 _____ 699-38-0 8.79E-10 699-38-70 4.84E-10 699-38-70 1.61E-11 699-38-70 2.23E-13
23 299-W14-71 7.37E-06 _299-W14-71 5.63E-06 299-W14-71 4.39E-06 299-W14-71 1.97E-06 299-W14-71 1.21E-06
24 CMAX 2.15E-01 _ CMAX 1.98E-01 CMAX 1.83E-01 CMAX 1.33E-01 CMAX 9.65E-02

90 th percentile

reference for K calculation: Hogg and Tanis, Probobility and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-2

D-69

Chloroform, cont. 200-UP-1
400

24
0

24
90

22.5
6.07E-07
9.65E-02
1.61E-13

Max of CONC

K= p(n±)
100

k rotIlddow,,+ krndup

2

Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
500

24
0

24
90

22.5
4.05E-07
7.01E-02
2.16E-15

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
600

24
0

24
90

22.5
2.77E-07
5.10E-02
7.98E-17

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-U P-1
700

24
0

24
90

22.5
1.92E-07
3.71E-02
1.80E-17

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
800
24

0
24
90

22.5
1.34E-07
2.69E-02
1.26E-17

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percent
Cmax
excel percentile
Row Labels

1 699-33-74 5.28E-27 299-W22-47 8.40E-29 1299-W22-47 4.55E-31 1299-W22-47 4.77E-32 299-W22-47 3.47E-32
2 299-W22-47 1.35E-26 699-33-74 9.62E-29 299-W23-19 8.46E-31 1699-33-74 i.80E-3 699-33-74 1.28E-31
3 299-W23-19 3.03E-26 299-W23-19 1.51E-28 699-33-74 1.22E-30 1299-W23-19 1.88E-31 299-W23-19 1.39E-31
4 299-W22-83 6.05E-26 299-W23-4 2.41E-28 299-W22-83 2.25E-30 1299-W22-83 3.17E-31 299-W22-83 2.34E-31
5 299-W23-4 7.09E-26 299-W22-83 3.87E-28 299-W22-86 8.06E-30 1299-W22-86 1.74E-30 299-W22-86 1.27E-30
6 299-W22-86 1.26E-25 299-W22-86 1.03E-27 299-W23-4 9.17E-30 299-W23-4 6.43E-30 299-W23-4 4.89E-30
7 299-W18-15 3.72E-25 299-W18-15 5.47E-27 299-W22-72 2.98E-28 299-W22-72 1.22E-28 299-W22-72 9.01E-29
8 299-W18-21 6.32E-25 299-W22-72 3.12E-26 299-W18-5 3.69E-27 299-W18-15 2.89E-27 .699-34-72 2.11E-27
9 299-W22-72 5.22E-24 299-W22-44 3.18E-25 1299-W22-44 5.86E-27 699-34-72 2.91E-27 1299-W18-15 2.27E-27

10 699-34-72 2.46E-23 299-W18-21 4.07E-25 1699-34-72 7.66E-27 299-W22-44 3.73E-27 299-W22-44 2.77E-27

11 699-30-66 3.13E-23 699-34-72 4.1SE-25 299-W18-21 3.42E-25 299-W18-21 2.88E-25 299-W18-21 2.42E-25
12 299-W22-44 9.44E-23 699-30-66 5.22E-23 699-30-66 4.91E-23 699-30-66 4.48E-23 699-30-66 3.67E-23
13 299-W18-30 2.48E-19 299-W19-36 6.96E-20 699-36-70B 7.45E-21 .699-36-70B 5.49E-21 699-36-708 4.22E-2i
14 299-W19-36 5.08E-18 299-W19-48 8.21E-20 299-W19-40 3.09E-20 1699-37-68 2.15E-20 299-W19-40 1.78E-20
15 299-W19-48 1.04E-17 299-W19-40 1.05E-19 699-37-68 3.45E-20 299-W19-40 2.37E-20 699-37-68 1.79E-20
16 299-W19-40 1.56E-17 699-36-70B 1.33E-19 299-W9-48 3.85E-20 299-W19-48 2.92E-20 299-W19-48 2.18E-20
17 699-36-708 1.59E-17 299-W18-30 1.64E-19 299-W19-36 4.54E-20 299-W19-36 3.53E-20 299-W19-36 2.71E-20
18 299-W19-101 3.62E-17 299-W19-101 4.13E-19 _ 299-W18-30 1.25E-19 299-W18-30 9.53E-20 299-W18-30 7.30E-20
19 699-37-68 6.69E-17 299-W19-35 7.29E-19 299-W19-101 2.30E-19 299-W19-101 1.72E-19 299-W19-101 1.27E-19
20 299-W19-35 6.80E-17 699-37-68 1.20E-18 299-W19-35 3.82E-19 299-W19-35 2.85E-19 299-W19-35 2.10E-19
21 699-38-70 1.67E-15 699-38-70 4.24E-17 699-36-66B 2.19E-18 699-36-66B 6.53E-19 699-36-668 5.75E-19
22 699-36-66B 2.38E-1B 699-36-66B 9.59E-17 699-38-70 2.48E-17 699-38-70 1.77E-17 699-38-70 1.27E-17
23 299-W14-71 8.09E-07 299-W14-71 5.SSE-07 299-W14-7 3.84E-07 299-W14-71 2.67E-07 299-W14-71 1.87E-07
24 CMAX 7.01E-02 _ CMAX 5.10E-02 CMAX 3.71E-02 CMAX 2.69E-02 CMAX 1.96E-02

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-3

D-70

Chloroform, cont.

Rank

200-UP-1
900

24
0

24
90

22.5
9.34E-08
1.96E-02
9.04E-18

Max of CONC

K=P(n±1)
100

k rounddow r+ kroudup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Chloroform, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
1000

24
0

24
90

22.5
6.52E-08
1.42E-02
6.52 E-18

Max of CONC
1 299-W22-47 2.60E-32
2 699-33-74 9.30E-32
3 299-W23-19 1.05E-31
4 299-W22-83 1.75E-31
5 299-W22-86 9.37E-31
6 299-W23-4 3.75E-30
7 299-W22-72 6.62E-29
8 699-34-72 1.53E-27
9 299-W18-15 1.79E-27

10 299-W22-44 2.05E-27
11 299-W18-21 2.04E-25
12 699-30-66 2.79E-23
13 699-36-70B 3.16E-21
14 299-W19-40 1.31E-20
15 699-37-68 1.41E-20
16 299-W19-48 1.61E-20
17 299-W19-36 2.05E-20
18 299-W18-30 5.60E-20
19 299-W19-101 9.36E-20
20 299-W19-35 1.54E-19
21 699-36-66B 4.70E-19
22 699-38-70 9.11E-18
23 299-W14-71 1.30E-07
24 CMAX 1.42E-02

K=p(n+1
100

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-4

D-71

90 th percentile = k ...dd 2 + koundu

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
24
0

24
90

22.5
3.75E+01
1.45E+02
2.54E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
50
24

0
24
90

22.5
8.39E+00
1.38E+02
6.10E+00

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
75
24
0

24
90

22.5
2.85E+00
1.29E+02
1.97E+00

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100
24
0

24
90

22.5
2.27E+00
1.25E+02
9.51E-01

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 3.78E-16 299-W18-21 1.06E-14 299-W8-21 1.99E-14 299-W18-21 1.58E-14 299-W18-21 7.57E-15
2 699-36-66B 2.25E-10 299-W18-15 4.36E-08 299-W18-15 1.9E-0 299-W18-15 4.88E-09 299-W18-15 1.10E-09
3 699-37-68 3.48E-09 299-W18-30 1.21E-04 299-W18-30 1.77E-05 299-W18-30 2.63E-06 299-W18-30 3.84E-07
4 299-W18-15 1.73E-08 699-36-66B 2.40E-04 299-W23-4 8.33E-05 299-W23-4 1.36E-05 299-W23-4 2.16E-06
5 699-38-70 1.05E-05 299-W23-4 4.96E-04 299-W14-71 6.93E-03 299-W23-19 .I6E-03_ 299-W23-19 1.66E-04
6 299-W18-30 5.62E-04 699-37-68 3.95E-03 299-W23-19 8.44E-03 299-W14-71 2.35E-03 299-W22-47 4.17E-04
7 299-W23-4 2.51E-03 299-W14-71 1.32E-02 .299-W22-47 2.03E-02 299-W22-47 2.84E-03 299-W14-71 6.53E-04
8 299-W14-71 3.10E-03 699-33-74 2.27E-02 699-33-74 3.88E-02 299-W22-44 6.50E-03 299-W22-44 9.22E-04
9 699-33-74 6.99E-03 299-W23-19 6.91 E-02 699-36-66B 3.92E-02 299-W22-83 1.08E-02 299-W22-83 1.63E-03

10 699-36-70B 4.35E-02 699-38-70 9.29E-02 299-W22-44 4.66E-02 299-W22-86 2.53E-02 299-W22-86 4.80E-03
11 299-W9-35 8.19E-02 299-W22-47 1.60E-01 299-W22-83 7.36E-02 699-33-74 3.01E-02 299-Wi9-36 1.05E-02
12 299-Wi19-101 2.14E-01 299-W22-44 3.53E-01 299-W22-86 1.32E-01 299-W19-36 5.85E-02 699-33-74 1.48E-02
13 299-W19-40 2.90E-01 299-W22-83 5.33E-01 699-37-68 1.59E-01 299-W22-72 1.63E-01 299-W22-72 2.70E-02
14 299-W19-48 6.94E-01 299-W22-86 6.81E-01 299-W19-36 2.84E-01 699-30-66 2.20E-01 699-30-66 3.27E-02
15 299-W23-19 9.81E-01 299-W19-36 1.09E+00 699-38-70 5.98E-01 299-W19-48 3.20E-01 299-W19-48 7.80E-02
16 299-W19-36 1.39E+00 299-W19-35 1.19E+00 299-W19-101 9.10E-01 299-W19-101 3.29E-01 299-W19-101 8.88E-02
17 299-W22-47 2.08E+00 299-W19-101 1.41E+00 299-W22-72 9.43E-01 699-34-72 4.27E-01 699-34-72 1.33E-01
18 299-W22-44 2.57E+00 699-36-70B 1.74E+00 299-W19-48 1.03E+00 699-36-66B 4.31E-01 299-W19-35 1.52E-01
19 299-W22-86 5.34E+00 299-W19-48 2.08E+00 299-W19-35 1.08E+00 299-W19-35 4.84E-01 299-W19-40 3.41E-01
20 299-W22-83 5.69E+00 299-W19-40 2.26E+00 699-30-66 1.55E+00 699-37-68 5.93E-01 699-38-70 5.25E-01
21 699-34-72 2.16E+01 299-W22-72 5.10E+00 699-34-72 1.64E+00 699-38-70 7.99E-01 699-37-68 8.67E-01
22 299-W22-72 2.71E+01 .699-34-72 6.53E+00 299-W19-40 2.12E+00 299-W19-40 1.02E+00 699-36-66B 1.47E+00
23699-30-66 4.80E+01 ___699-30-66 1.02E+01 699-36-70B 3.58E+00 699-36-70B 3.53E+00 699-36-70B 2.17E+00
24 CMAX 1.45E+02 CMAX 1.38E+02 _ CMAX 1.29E+02 _ CMAX 1.25E+02 CMAX 1.18E+02

K-p(n±1)
100

90 th percentile
k roIlddown + kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-5

D-72

Chromium

Rank

200-UP-1
125
24
0

24
90

22.5
1.82E+00
1.18E+02
1.29E+00
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)

revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150

24
0

24
90

22.5
1.82E+00
1.05E+02
9.04E-01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)

revised mean 90th percentile
Cmax
excel percentile

200-UP-1
175
24

0
24
90

22.5
1.84E+00
8.73E+01
4.20E-01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)

revised mean 90th percentile
Cmax
excel percentile

200-UP-1
200

24
0

24
90

22.5
1.54E+00
6.90E+01
1.82E-01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)

k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
300

24
0

24
90

22.5
1.57E-01

2.32E+01
6.50E-02

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)

revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONC Row Labels Max of CON Row Labels Max of CONC Row Labels Max of CON Row Labels Max of CONC
1 299-W18-21 2.72E-15 299-W18-21 8.09E-16 299-W18-21 2.14E-16 299-W18-21 5.59E-19 299-W18-21 9.07E-22
2 299-W18-15 2.25E-10 299-W18-15 4.35E-11 299-W18-15 8.06E-12 299-W18-15 7.76E-15 299-W18-15 6.66E-18
3 299-W18-30 5.65E-08 299-W18-30 8.34E-09 299-W18-30 1.24E-09 299-W18-30 6.33E-13 299-W18-30 5.60E-16
4 299-W23-4 3.45E-07 299-W23-4 5.51 E-08 299-W23-4 8.79E-09 299-W23-4 5.71E-12 299-W23-4 3.79E-15
5 299-W23-19 2.48E-05 299-W23-19 3.78E-06 299-W23-19 5.81E-07 299-W23-19 3.47E-10 299-W23-19 2.18E-13
6 299-W22-47 6.38E-05 299-W22-47 9.95E-06 299-W22-47 1.57E-06 299-W22-47 1.01E-09 299-W22-47 6.69E-1 3
7 299-W22-44 1.34E-04 299-W22-44 1.97E-05 299-W22-44 2.93E-06 299-W22-44 1.54E-09 299-W22-44 8.78E-13
8 299-W14-71 1.68E-04 299-W22-83 3.98E-05 299-W22-83 6.30E-06 299-W22-83 4.05E-09 299-W22-83 2.66E-12
9 299-W22-83 2.52E-04 299-W14-71 4.43E-05 299-W14-71 1.43E-05 1299-W22-86 2.38E-08 299-W19-36 1.32E-11

10 299-W22-86 8.90E-04 299-W22-86 1.61E-04 299-W22-86 2.85E-05 1299-W19-36 2.43E-08 299-W22-86 1.78E-11
11 299-W19-36 1.77E-03 299-W19-36 2.84E-04 299-W19-36 4.45E-05 1299-W22-72 7.12E-08 299-W22-72 4.39E-11
12 299-W22-72 4.42E-03 299-W22-72 7.12E-04 299-W22-72 1.14E-04 299-W19-48 4.85E-07 299-W19-48 3.19E-10
13 699-33-74 5.45E-03 699-33-74 1.65E-03 699-33-74 4.33E-04 299-W19-101 7.14E-07 299-W19-101 4.94E-10
14 699-30-66 7.21E-03 299-W19-48 3.21E-03 299-W19-48 5.88E-04 699-33-74 8.74E-07 699-33-74 8.67E-10
15 299-W19-48 1.65E-02 299-W19-101 4.17E-03 299-W19-101 7.95E-04 299-W19-35 1.96E-06 299-W19-35 1.49E-09
16 299-W19-101 2.03E-02 699-30-66 4.20E-03 299-W19-35 1.81E-03 299-W14-71 2.22E-06 299-W19-40 4.82E-09
17 299-W19-35 3.92E-02 299-W19-35 8.82E-03 699-34-72 3.81E-03 299-W19-40 5.93E-06 699-34-72 1.61E-08
18 699-34-72 4.35E-02 699-34-72 1.35E-02 299-W19-40 4.73E-03 699-34-72 1.13E-05 699-38-70 6.27E-08
19 299-W19-40 9.26E-02 299-W19-40 2.19E-02 699-30-66 6.91E-03 699-38-70 5.46E-05 699-36-70B 4.20E-07
20 699-38-70 2.30E-01 699-38-70 7.83E-02 699-38-70 2.23E-02 1699-36-70B 3.21E-04 299-W14-71 7.72E-07
21 699-37-68 7.48E-01 699-36-70B 3.46E-01 699-36-70B 1.05E-01 699-37-68 2.50E-03 699-37-68 8.04E-06
22 699-36-70B 9.70E-01 699-37-68 4.52E-01 699-37-68 2.15E-01 699-30-66 9.17E-02 699-36-66B 2.30E-03
23 699-36-66B 2.67E+00 699-36-66B 3.22E+00 699-36-66B 2.87E+00 699-36-66B 2.23E-01 699-30-66 3.15E-02
24 CMAX 1.05E+02 _CMAX 8.73E+01 ___CMAX 6.90E+01 _CMAX 2.32E+01 CMAX 6.82E+00

K-P(n-1)
100

90 th percentile
k roddown + kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-6

D-73

Chromium, cont.

Rank

200-UP-1
400

24
0

24
90

22.5
1.69E-02

6.82E+00
1.61E-03

I
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500

24
0

24
90

22.5
1.55E-03

6.39E+00
5.73E-06

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
600

24
0

24
90

22.5
9.42E-04

6.02E+00
8.32E-08

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excelv ercentile

200-UP-1
700

24
0

24
90

22.5
8.37E-04

5.74E+00
3.27E-08

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excele ercentile

200-UP-1
800

24
0

24
90

22.5
7.48E-04

5.48E+00
1 45E-08

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel Dercentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 6.09E-24 299-W18-21 3.21E-24 299-W18-21 2.13E-24 299-W8-21 1.42E-24 299-W18-21 9.62E-25
2 299-W18-15 1.52E-19 299-W18-15 9.33E-20 299-W18-15 5.96E-20 299-W18-15 3.83E-20 299-W18-15 2.48E-20
3 299-W23-4 3.81E-17 299-W23-4 2.58E-17 299-W23-4 1.87E-17 299-W23-4 1.36E-17 299-W23-4 9.86E-18
4 299-W18-30 1.39E-16 299-W18-30 9.37E-17 299-W18-30 6.33E-17 299-W18-30 4.28E-17 299-W18-30 2.90E-17
5 299-W23-19 1.34E-15 299-W23-19 8.02E-16 299-W23-19 5.35E-16 299-W23-19 3.57E-16 299-W23-19 2.38E-16
6 299-W22-47 3.71E-15 699-33-74 1.79E-15 699-33-74 8.24E-16 699-33-74 5.O1E-16 699-33-74 3.11E-16
7 299-W22-44 4.18E-15 299-W22-47 2.19E-15 299-W22-47 1.47E-15 299-W22-47 9.92E-16 299-W22-47 6.68E-16
8 299-W22-83 9.94E-15 299-W22-44 2.52E-15 299-W22-44 1.75E-15 299-W22-44 1.23E-15 299-W22-44 8.65E-16
9 299-W22-86 2.62E-14 299-W22-83 5.37E-15 299-W22-83 3.53E-15 299-W22-83 2.32E-15 299-W22-83 1.53E-15

10 299-W19-36 4.53E-14 299-W22-86 8.21E-15 299-W22-86 5.00E-15 299-W22-86 3.07E-15 299-W22-86 1.90E-15
11 299-W22-72 5.98E-14 299-W22-72 1.86E-14 299-W22-72 1.08E-14 299-W22-72 6.30E-15 299-W22-72 3.74E-15
12 299-W19-48 3.33E-13 299-W19-36 2.16E-14 299-W19-36 1.25E-14 299-W19-36 7.30E-15 299-W19-36 4.33E-15
13 299-W19-101 4.49E-13 299-W19-101 6.67E-14 299-W19-101 3.38E-14 299-W19-101 1.75E-14 299-W19-101 9.19E-15
14 699-33-74 6.35E-13 299-W19-48 6.91E-14 299-W19-48 3.51E-14 299-W19-48 1.81E-14 299-W19-48 9.42E-15
15 299-W19-35 1.23E-12 299-W19-35 1.15E-13 699-34-72 5.16E-14 699-34-72 2.29E-14 699-34-72 1.03E-14
16 299-W19-40 3.86E-12 699-34-72 1.31E-13 1299-W19-35 5.92E-14 299-W19-35 3.10E-14 1299-W19-35 1.65E-14
17 699-34-72 1.62E-1i1 299-W19-40 2.74E-13 _ 299-W19-40 1.36E-13 299-W19-40 6.86E-14 1299-W19-40 3.48E-14
18 699-38-70 5.58E-11 699-38-70 8.41E-13 699-38-70 4.35E-13 699-38-70 2.42E-13 1699-38-70 1.37E-13
19 699-36-70B 3.79E-10 699-36-70B 2.21E-12 699-36-70B 8.87E-13 699-36-70B 414E-13 699-36-70B 1.95E-13
20 699-37-68 1.45E-08 699-37-68 3.99E-1_ 699-37-68 1.11E-11 699-37-68 5.90E-12 699-37-68 3.17E-12
21 299-W14-71 2.84E-07 699-36-66B 1.94E-08 699-36-66B 2.32E-09 699-36-66B 1.29E-09 699-36-66B 7.47E-10
22 699-36-66B 8.06E-06 299-W14-71 1.11E-07 299-W14-71 4.57E-08 299-W14-71 2.01E-08 299-W14-71 9.48E-09
23 699-30-66 3.1E-031 699-30-66 .88E-03 699-30-66 1.67E-03 699-30-66 1.5E-03 699-30-66 1.34E-03
24 CMAX 6.39E+00 _ CMAX 6.02E+00 CMAX 5.74E+00 _ CMAX 5.48E+00 CMAX 5.28E+00

K=p(n+1)
100

90 th percentile = k + k
2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-7

D-74

Chromium, cont.

Rank

200-UP-1
900

24
0

24
90

22.5
6.70E-04

5.28E+00
6.86E-09
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Chromium, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels Max of CONC

1 299-W18-21 6.57E-25
2 299-W18-15 1.61E-20
3 299-W23-4 7.17E-18
4 299-W18-30 1.96E-17
5 299-W23-19 1.59E-16
6 699-33-74 1.96E-16
7 299-W22-47 4.50E-16
8 299-W22-44 6.14E-16
9 299-W22-83 1.02E-15

10 299-W22-86 1.18E-15
11 299-W22-72 2.25E-15
12 299-W19-36 2.60E-15
13 699-34-72 4.74E-15
14 299-W19-101 4.92E-15
15 299-W19-48 4.97E-15
16 299-W19-35 8.90E-15
17 299-W19-40 1.78E-14
18 699-38-70 7.86E-14
19 699-36-70B 9.31E-14
20 699-37-68 1.72E-12
21 699-36-66B 4.41E-10
22 299-W14-71 4.75E-09
23 699-30-66 1.20E-03
24 CMAX 5.12E+00

K=P(n+1)
100

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-8

D-75

200-UP-1
1,000

24
0

24
90

22.5
6.01 E-04

5.12E+00
3.46E-09

90 th percentile = k,...ddo2 + kwdp

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
25
13

11.0
24
90

22.5
1.47E-09
3.13E+01
9.61E-18

MA. of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Ro I ab k

200-UP-1
50
23

1
24
90

22.5
2.83E-09
1.06E+01
6.72E-18

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
75
24
0

24
90

22.5
1.66E-09

5.91E+00
1.68E-17

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
100
24

0
24
90

22.5
6.73E-10
3.87E+00
7.07E-17

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percent
Cmax
excel percentile
Row Labels

ax o KO aeSMXO OW Laesmax OTLN OW de5I~XU U V dt I.U V 1
1 299-W22-72 0.OOE+00 699-34-72 0.OOE+00 1699-30-66 2.73E-50 699-30-66 4.87E-47 699-30-66 6.35E-45
2 299-W22-86 0.OOE+00 699-30-66 7.13E-57 1699-33-74 1.62E-42 699-33-74 1.02E-39 699-33-74 8.43E-38
3 299-W23-4 0.OOE+00 699-33-74 5.50E-48 699-34-72 348E-38 699-34-72 7.61E-36 699-34-72 5.16E-34
4 299-W19-101 0.OOE+00 299-W22-86 2.71E-39 299-W22-86 9.72E-36 299-W22-86 5.34E-34 299-W22-86 8.36E-33
5 699-30-66 0.OOE+00 299-W22-83 1.13E-36 299-W22-47 4.28E-34 299-W22-47 5.30E-33 299-W22-47 3.45E-32
6 299-W19-48 0.OOE+00 299-W22-47 2.62E-36 299-W22-83 S.46E-34 299-W22-83 1.02E-32 299-W22-83 8.18E-32
7 699-33-74 0.OE+00 299-W22-72 6.14E-35 299-W22-72 4.78E-32 299-W23-19 3.41E-31 299-W23-19 1.14E-30
8 299-W19-35 0.OOE+00 299-W23-19 1.56E-33 299-W23-19 6.63E-32 299-W22-72 1.10E-30 1299-W22-72 8.71E-30
9 699-34-72 0.OOE+00 699-36-70B 2.32E-29 299-W23-4 4.85E-28 299-W23-4 5.02E-28 1299-W23-4 4.65E-28

10 699-38-70 0.OOE+00 299-W23-4 1.51E-28 699-36-70B 1.89E-26 299-W22-44 8.21E-26 699-37-68 1.23E-25
11 699-36-70B 0.00E+00 299-W22-44 1.94E-27 299-W22-44 3.16E-26 699-37-68 2.59E-25 299-W22-44 1.30E-25
12 299-W22-83 3.52E-41 299-W19-40 3.34E-23 699-37-68 9.27E-24 699-36-70B 2.91E-25 699-36-66B 8.56E-25
13 299-W22-47 4.04E-41 299-W18-15 6.01E-23 299-W18-15 1.76E-23 299-W18-15 4.31E-24 299-W18-15 1.03E-24
14 299-W23-19 1.90E-38 699-37-68 3.47E-22 699-36-668 1.17E-22 699-36-66B 1.01E-23 699-36-70B 1.45E-24
15 299-W22-44 5.61E-31 699-36-668 1.15E-21 299-W19-40 3.49E-22 299-W8-2 2.66E-22 299-W18-21 4.43E-23
16 299-W19-40 3.87E-27 299-W19-48 8.41E-21 299-W18-21 1.65E-21 299-W19-40 7.54E-22 299-W19-40 1.06E-21
17 299-W18-15 1.43E-23 299-W18-21 1.07E-20 299-W19-48 2.23E-20 299-W19-48 2.36E-20 299-W19-48 2.02E-20
18 699-36-66B 1,92E-21 299-W19-35 2.77E-19 .299-W19-36 6.71E-19 299-W19-36 3.78E-19 299-W19-36 2.02E-19
19 699-37-68 2.60E-21 699-38-70 3.61E-19 299-W19-101 1.32E-18 299-W19-101 1.31E-18 299-W18-30 6.63E-19
20 299-W18-21 1.04E-20 299-W19-101 4.49E-19 299-W19-35 1.32E-18 299-W18-30 1.63E-18 299-W19-101 8.20E-9
21 299-W19-36 2.34E-20 299-W19-36 7.53E-19 299-W18-30 3.87E-18 299-W19-35 1.71E-18 299-W19-35 1.26E-18
22 299-W18-30 1.37E-17 299-W18-30 9.28E-18 699-38-70 2.23E-17 699-38-70 i.OOE-16 699-38-70 1.64E-16
23 299-W14-71 2.93E-09 299-W14-71 5.66E-09 299-W14-71 3.31E-09 299-W14-71 1.35E-09 299-W14-71 5.13E-10
24 CMAX 3.13E+01 CMAX 1.06E+01 CMAX 5.91E+00 CMAX 3.87E+00 CMAX 2.83E+00

K= (n±1)
100

90 th percentile
k rounddown+ krodup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-9

D-76

Fluoride

Rank

200-UP-1
125

24
0

24
90

22.5
2.56E-10

2.83E+00
1.15E-16

Max of CONC
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
150
24

0.0
24
90

22.5
1.08E-10

2.10E+00
1.07E-16

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Ro I bplq

200-UP-1
175

24
0

24
90

22.5
6.06E-11
1.57E+00
6.91E-17

Subarea
Time (years)
detects
nondetects

n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
200

24
0

24
90

22.5
4.65E-11
1.14E+00
3.50E-17

Subarea
Time (years)
detects
nondetects

n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
300

23
1

24
90

22.5
2.85E-11
2.89E-01
5.78E-19

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percent
Cmax
excel percentile

I-MwX OT aK -Laves Max of CONC Row Labels Max of CONC Row Labels Max of CUNCRaw Laels Max 0f UNC1 699-30-66 1.67E-43 699-30-66 8.21E-42 699-30-66 1.73E-39 699-30-66 0.00E+00 699-36-66B 0.OOE+00
2 699-33-74 1.78E-36 699-33-74 1.47E-35 699-33-74 5.92E-35 699-33-74 2.32E-34 699-33-74 3.32E-35
3 699-34-72 1.07E-32 699-34-72 8.72E-32 299-W22-47 1.77E-31 299-W22-47 1.75E-32 299-W22-47 2.72E-34
4 299-W22-86 4.54E-32 299-W22-86 1.25E-31 299-W22-86 2.00E-31 299-W22-86 6.18E-32 299-W23-19 8.30E-34

5 299-W22-47 i.O1E-31 299-W22-47 1.69E-31 699-34-72 3.48E-31 299-W22-83 6.76E-32 299-W22-83 1.17E-33
6 299-W22-83 2.67E-31 299-W22-83 4.86E-31 299-W22-83 5.52E-31 299-W23-19 8.24E-32 299-W22-86 1.81E-33
7 299-W23-19 2.02E-30 299-W23-19 2.29E-30 299-W23-19 1.78E-30 299-W23-4 8.63E-31 299-W23-4 3.87E-33
8 299-W22-72 2.78E-29 299-W22-72 4.94E-29 299-W22-72 5.56E-29 699-34-72 1.32E-30 299-W18-15 6.78E-32
9 299-W23-4 3.19E-28 299-W23-4 1.74E-28 299-W23-4 7.68E-29 299-W22-72 6.76E-30 299-W22-72 1.14E-31

10 699-36-66B 9.96E-26 299-W18-15 6.47E-26 299-W18-15 1.55E-26 299-W18-15 3.69E-29 699-34-72 2.18E-31
11 299-W22-44 1.30E-25 299-W22-44 9.27E-26 299-W22-44 5.03E-26 299-W18-21 2.49E-28 299-W18-21 2.80E-31
12 299-W18-15 2.59E-25 699-36-66B 2.20E-25 299-W18-21 2.37E-25 299-W22-44 9.28E-28 699-30-66 4.51E-31
13 699-37-68 5.72E-25 299-W18-21 1.34E-24 699-36-66B 9.75E-25 699-37-68 4.63E-24 299-W22-44 5.24E-3014 699-36-708 4.45E-24 699-37-68 1.60E-24 699-37-68 2.93E-24 699-36-70B 7.82E-24 699-37-68 1.51E-25
15 299-W18-21 7.62E-24 699-36-70B 1.02E-23 699-36-70B 1.66E-23 699-36-66B i.63E-23 299-W18-30 2.67E-25
16 299-W19-40 1.28E-21 299-W19-40 1.28E-21 299-W19-40 1.02E-21 299-W19-40 6.70E-23 .699-36-70B 4.09E-2517 299-W19-48 1.58E-20 299-W19-48 1.05E-20 299-W19-48 5.87E-21 299-W18-30 1.08E-22 299-W19-40 2.40E-24
18 299-W19-36 1.07E-19 299-W19-36 5.21E-20 299-W19-36 2.23E-20 299-W19-48 1.52E-22 299-W19-48 3.38E-2419 299-W18-30 2.48E-19 299-W18-30 8.35E-20 299-W18-30 2.54E-20 299-W19-36 2.81E-22 299-W19-36 3.41E-2420 299-W19-101 4.06E-19 299-W19-101 1.79E-19 299-W19-101 7.29E-20 299-W19-101 1.11E-21 299-W19-101 2.77E-23
21 299-Wi9-35 6.87E-19 299-W19-35 3.13E-19 299-W19-35 1.28E-19 299-W19-35 1.90E-21 299-W19-35 5.33E-2322 699-38-70 1.52E-16 699-38-70 9.86E-17 699-38-70 5.OOE-17 699-38-70 8.24E-19 699-38-70 1.31E-2023 299-W14-71 2.16E-10 299-W14-71 1.21E-10 299-W14-71 9.30E-11 299-W14-71 5.70E-11 299-W14-71 2.82E-1124 CMAX 2.1OE+00 CMAX 1.57E+00 CMAX 1.14E+00 CMAX 2.89E-01 CMAX 8.22E-02

K- p(n+1)
100

90 th percentile
k +olkddo'n "roundup

2

reference for K calculation: Hogg and Tanis, Probability and Statisticol Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-10

D-77

Fluoride, cont.

Rank

200-UP-1
400

23
1

24
90

22.5
1.41E-11
8.22E-02
9.22E-21
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
500

23
1.0
24
90

22.5
6.46E-12
3.46E-02
2.91E-21

Max of CONC

Subarea
Time (years)
detects
nondetects

n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
600

24
0

24
90

22.5
2.96E-12
1.81E-02
1.29E-21

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
700
24

0
24
90

22.5
1.39E-12
9.50E-03
6.16E-22

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
6.77E-13
5.74E-03
3.10E-22

Subarea2
Time (years)
detects
nondetects

n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percent
Cmax
excel percentile

- ax o Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 699-36-66B 0.00E+00 299-W23-4 1.32E-37 1299-W23-4 7.99E-38 299-W23-4 5.80E-38 1299-W23-4 4.14E-38
2 299-W22-47 2.03E-36 299-W23-19 1.65E-37 299-W23-19 1.08E-37 299-W23-19 7.41E-38 299-W23-19 496E-38
3 299-W23-19 4.34E-36 299-W22-47 1.83E-37 299-W22-47 1.21E-37 299-W22-47 7.92E-38 299-W22-47 5.09E-38
4 699-33-74 5.28E-36__ 299-W22-83 2.38E-36 299-W22-83 1.55E-36 299-W22-83 9.80E-37 299-W22-83 6.08E-37
5 299-W22-83 1.12E-35 699-33-74 3.74E-36 699-33-74 2.32E-36 699-33-74 1.30E-36 699-33-74 7.08E-37
6 299-W23-4 1.15E-35 299-W18-15 6.60E-36 299-W18-15 5.13-36 299-W18-15 4.10E-36 299-W18-15 3.29E-36
7 299-W22-86 5.09E-35 299-W22-86 2.44E-35 299-W22-86 1.49E-35 299-W22-86 8.661-36 299-W22-86 4.97E-36
8 299-W8-15 1.18E-34 299-W18-21 9.03E-34 299-W18-21 7.85E-34 .299-W22-72 5.64E-34 299-W22-72 3.25E-34
9 299-W18-21 137E-33 299-W22-72 1.61E-33 299-W22-72 9.70E-34 299-W18-21 6.83E-34 299-W18-21 5.95E-34

10 299-W22-72 3.09E-33 299-W22-44 2.23E-32 299-W22-44 1.53E-32 299-W22-44 1.01E-32 299-W22-44 6.54E-33
11 299-W22-44 4.66E-32 699-34-72 8.13E-32 699-34-72 4.92E-32 699-34-72 2.69E-32 699-34-72 1.43E-3212 699-34-72 1.03E-31 699-30-66 8.79E-28 699-30-66 1.14E-27 699-30-66 8.35E-28 699-30-66 4.94E-28
13 699-30-66 1.77E-28 299-W18-30 1.39E-26 299-W18-30 1.04E-26 299-W18-30 7.69E-27 299-W18-30 5.58E-27
14 299-W18-30 1.80E-26 699-36-70B 2.50E-25 699-36-708 1.68E-25 699-36-70B 1.03E-25 699-36-70B 6.12E-2615 699-36-708 2.88E-25 699-37-68 1.05E-24 299-W19-40 6.531-25 299-W19-40 3.87E-25 299-W19-40 2.25E-2516 699-37-68 4.05E-25 299-W19-40 1.06E-24 299-W19-36 6.74E-25 299-W19-48 4.17E-25 299-W19-48 2.40E-2517 299-W19-40 1.54E-24 299-W19-36 1.06E-24 299-W19-48 7.15E-25 _ 299-W19-36 4.21E-25 299-W19-36 2.63E-25
18 299-W19-36 1.59E-24 299-W19-48 1.19E-24 699-37-68 9.19E-25 699-37-68 6.35E-25 699-37-68 4.05E-2519 299-W19-48 1.851-24 299-W19-101 8.87E-24 299-W19-101 5.041-24 299-W19-101 2.83E-24 299-W19-101 1.59E-2420 299-W19-101 1.48E-23 299-W19-35 1.71E-23 299-W19-35 9.60E-24 299-W19-35 5.35E-24 299-W19-35 3.OOE-2421 299-W19-35 2.89E-23 699-36-66B 2.33E-23 699-36-66B 3.07E-23 699-36-66B 2.33E-23 699-36-66B 1.54E-23
22 699-38-70 4.15E-21 699-38-70 1.84E-21 699-38-70 8.67E-22 699-38-70 4.33E-22 699-38-70 2.26E-2223 299-W14-71 1.29E-11 299-W14-71 5.92E-12 299-W14-71 2.78E-12 299-W14-71 1.35E-12 299-W14-71 6.83E-1324 CMAX 3.46E-02 CMAX 1.81E-02 CMAX 9.50E-03 CMAX 5.74E-03 CMAX 3.51-03

K=p(n+1)
100

90 th percentile
k+kkr ddwn + roundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-11

D-78

Fluoride, cont.

Rank

200-UP-1
900

24
0

24
90

22.5
3.42E-13
3.51E-03
1.63E-22
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
1000

24
0.0
24
90

22.5
1.79E-13
2.14E-03
8.82E-23

Max of CONC
1 299-W23-4 2.93E-38
2 299-W22-47 3.25E-38
3 299-W23-19 3.30E-38
4 299-W22-83 3.76E-37
5 699-33-74 3.85E-37
6 299-W18-15 2.66E-36
7 299-W22-86 2.85E-36
8 299-W22-72 1.89E-34
9 299-W18-21 5.19E-34

10 299-W22-44 4.21E-33
11 699-34-72 7.59E-33
12 699-30-66 2.71E-28
13 299-W18-30 4.01E-27
14 699-36-70B 3.57E-26
15 299-W19-40 1.30E-25
16 299-W19-48 1.39E-25
17 299-W19-36 1.64E-25
18 699-37-68 2.49E-25
19 299-W19-101 9.03E-25
20 299-W19-35 1.70E-24
21 699-36-66B 9.62E-24
22 699-38-70 1.22E-22
23 299-W14-71 3.57E-13
24 CMAX 2.14E-03

0p(n+)
100

reference for K calculation: Hogg and Tanis, Probobiity and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an integer.

A-12

D-79

Fluoride, cont.

Rank

90 th percentile = k + ku

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
24
0

24
90

22.5
6.71 E+00
2.70E+01
573E+00

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel nercentile

200-UP-1
50
24

0
24
90

22.5
6.85E+00
2.28E+01
S74E+On

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

f-l ne ilp

200-UP-1
75
24
0

24
90

22.5
6.57E+00
1.90E+01

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

200-UP-1
100

24
0

24
90

22.5
6.06E+00
1.55E+01

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax

1 .fOIv ecipercenri D t+vexlprcnie .4+00 excel percentile 4.17E+00 excel percentile 3.18E+u-_ _ Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 1.64E-15 299-W18-21 1.18E-14 299-W18-21 1.79E-14 299-W18-21 1.87E-14 299-W18-21 1.61E-14
2 299-W18-15 4.07E-13 299-W18-15 4.87E-13 299-W18-15 3.33E-13 299-W18-15 2.13E-13 299-W18-15 1.41E-13
3 299-W23-4 2.39E-1_1 299-W23-4 1.13E-10 299-W23-4 1.93E-10 299-W23-4 2.21E-10 299-W23-4 2.01E-10
4699-30-66 3.11E-11 699-30-66 8.13E-08 299-W23-19 2.26E-07 299-W23-19 1.67E-07 299-W23-19 1.07E-07
5 299-W23-19 1.39E-07 299-W23-19 2.41 E-07 299-W22-47 3.02E-06 299-W22-47 1.77E-06 299-W22-47 9.60E-07
6 299-W22-47 4.76E-06 299-W22-47 4.51 E-06 699-30-66 5.12E-06 299-W22-83 2.62E-05 299-W22-83 1.23E-05
7 299-W22-83 1.81E-04 299-W22-83 1.05E-04 299-W22-83 5.42E-05 299-W22-44 4.84E-05 299-W22-44 2.26E-05
8 299-W14-71 2.19E-04 299-W22-44 1.76E-04 299-W22-44 9.73E-05 699-30-66 5.43E-05 1299-W18-30 5.07E-05
9 299-W22-44 2.42E-04 299-W14-71 7.23E-04 299-W18-30 3.41E-04 299-W18-30 1.30E-04 1699-30-66 2.73E-04

10 299-W18-30 4.73E-03 299-W18-30 9.53E-04 299-W14-71 9.72E-04 299-W22-86 7.91E-04 _ 299-W22-86 3.37E-04
11 699-33-74 9.72E-03 299-W22-86 4.34E-03 299-W22-86 1.86E-03 299-W14-71 9.13E-04 1299-W14-71 7.36E-04
12 299-W22-86 1.07E-02 699-33-74 6.06E-03 699-33-74 3.67E-03 699-33-74 1.91 E-03 1699-33-74 9.46E-04
13 299-W22-72 1.39E-01 299-W22-72 3.61E-02 299-W22-72 1.23E-02 299-W22-72 4.47E-03 299-W22-72 1.69E-0314 299-W19-36 6.77E-01 299-W19-36 2.81E-01 299-W19-36 1.21E-01 299-W19-36 5.16E-02 299-W19-36 2.17E-02
15 299-W19-48 1.44E+00 299-W19-48 9.53E-01 1299-W19-48 511E-011 299-W19-48 2.63E-01 299-W19-48 1.30E-0116 299-W19-101 1.45E+00 299-W19-101 1.11E+00 299-W19-101 6.82E-01 299-W19-101 3.86E-01 299-W19-101 2.06E-01
17 299-W19-35 1.76E+00 299-W19-35 1.44E+00 299-W19-35 9.69E-01 299-W19-35 6.1E-01 299-W19-35 3.47E-0118 699-38-70 1.94E+00 699-38-70 1.69E+00 699-34-72 1.19E+00 699-34-72 6.71E-01 699-34-72 3.67E-0119 299-W19-40 3.08E+00 699-34-72 2.OOE+00 699-38-70 1.58E+00 299-W19-40 1.03E+00 299-W19-40 5.91E-0120 699-34-72 3.51E+00 299-W19-40 2.57E+00 299-W19-40 1.69E+00 699-38-70 1.41E+00 699-38-70 1.15E+0021 699-36-70B 4.61 E+00 699-36-70B 5.23E+00 699-37-68 4.74E+00 699-37-68 3.35E+00 1699-37-68 2.28E+0022 699-37-68 6.21E+00 699-37-68 5.96E+00 699-36-70B 5.16E+00 699-36-70B 4.53E+00 1699-36-70B 3.57E+0023 699-36-66B 7.21E+00 699-36-66B 7.75E+00 699-36-66B 7.99E+00 699-36-66B 7.59E+00 1699-36-66B 6.78E+00
24 CMAX 2.70E+01 CMAX 2.28E+01 CMAX 1.90E+01 __CMAX 1.55E+01 CMAX 1.42E+01

K= p(n+1)
100

90 th percentile k ronddown+ kroundup

2
reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-13

D-80

Iodine-129

Rank

200-UP-1
125
24
0

24
90

22.5
5.18E+00
1.42E+01
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150
24
0

24
90

22.5
4.25E+00
1.35E+01
230E+00

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excelP percentile

200-UP-1
175

24
0

24
90

22.5
3.45E+00
1.26E+01
1.60E+00I ee. exce percen2.4E-1 exCelpercentileRow Labels Max of CONC _I Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC

1 299-W18-21 1.23E-14 299-W18-21 8.64E-15 299-W18-21 5.68E-15 299-W18-21 7.02E-16 299-W18-21 5.86E-17
2 299-W18-15 1.02E-13 299-W18-15 7.56E-14 299-W18-15 5.44E-14 299-W18-15 9.70E-15 299-W18-15 1.03E-15
3 299-W23-4 1.57E-10 299-W23-4 1.10E-10 299-W23-4 7.16E-11 299-W23-4 7.76E-12 299-W23-4 5.44E-13
4 299-W23-19 6.28E-08 299-W23-19 3.48E-08 299-W23-19 1.84E-08 299-W23-19 1.12E-09 299-W23-19 5.50E-11
5 299-W22-47 4.97E-07 299-W22-47 2.50E-07 299-W22-47 1.22E-07 299-W22-47 6.03E-09 299-W22-47 2.62E-10
6 299-W22-83 5.66E-06 299-W22-83 2.57E-06 299-W22-83 1.16E-06 299-W22-83 4.51 E-08 299-W22-83 1.68E-09
7 299-W22-44 1.03E-05 299-W22-44 4.57E-06 1299-W22-44 2.01E-06 1299-W22-44 6.99E-08 299-W22-44 2.35E-09
8 299-W18-30 2.03E-05 299-W18-30 8.27E-06 1299-W18-30 3.39E-06 299-W18-30 1.02E-07 1299-W18-30 3.20E-09
9 299-W22-86 1.45E-04 299-W22-86 6.21 E-05 299-W22-86 2.67E-05 299-W22-86 8.96E-07 1299-W22-86 3.00E-08

10 699-33-74 4.54E-04 699-33-74 2.14E-04 699-33-74 9.95E-05 299-W22-72 2.83E-06 1299-W22-72 8.28E-08
11 299-W14-71 5.47E-04 299-W22-72 2.59E-04 299-W22-72 1.03E-04 699-33-74 4.30E-06 1699-33-74 1.75E-07
12 299-W22-72 6.55E-04 299-W14-71 3.86E-04 299-W14-71 2.62E-04 299-W14-71 4.12E-05 1299-W19-36 2.OOE-06
13 699-30-66 8.43E-04 699-30-66 1.88E-03 299-W19-36 1.62E-03 299-W19-36 5.42E-05 1299-W14-71 4.94E-0614 299-W19-36 9.14E-03 299-W19-36 3.84E-03 699-30-66 3.33E-03 299-W19-48 5.32E-04 299-W19-48 1.87E-05
15 299-W19-48 6.24E-02 299-W19-48 2.93E-02 299-W19-48 1.35E-02 299-W19-101 1.11E-03 299-W19-101 4.35E-05
16 299-W19-101 1.05E-01 299-W19-101 5.17E-02 .299-W19-101 2.48E-02 1299-W19-35 2.68E-03 299-W19-35 1.15E-0417 299-W19-35 1.91E-01 299-W19-35 1.OOE-0 1699-34-72 5.06E-02 699-34-72 2.77E-03 699-34-72 1.27E-04
18 699-34-72 1.94E-01 699-34-72 1.OOE-0 1299-W19-35 5.08E-02 299-W19-40 4.98E-03 299-W19-40 2.22E-0419 299-W19-40 3.24E-01 299-W19-40 1.72E-01 299-W19-40 8.83E-02 699-30-66 8.49E-03 699-38-70 3.77E-0320 699-38-70 8.73E-01 699-38-70 6.18E-01 699-38-70 4.12E-01 699-38-70 5.08E-02 699-30-66 7.01E-0321 699-37-68 1.63E+00 699-37-68 1.24E+00 699-37-68 9.72E-01 699-36-70B 1.29E-01 699-36-70B 9.58E-0322 699-36-70B 2.58E+00 699-36-70B 1.75E+00 699-36-70B 1.12E+00 699-37-68 2.87E-01 1699-37-68 4.63E-0223 699-36-66B 5.91E+00 699-36-66B 5.14E+00 699-36-66B 4.49E+00 699-36-66B 2.75E+00 __ 699-36-66B 1.18E+0024 CMAX 1.35E+01 _ CMAX 1.26E+01 CMAX 1.21E+01 CMAX 1.1OE+01 CMAX 9.66E+00

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Dercentile

200-UP-1
200

24
0

24
90

22.5
2.80E+00
1.21E+01
1 08E+00

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

ex-l nrrtilp

200-UP-1
300

24
0

24
90

22.5
1.52E+00
1.10E+01

Subarea2
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax

K- p(n+1)
100

90 th percentile k 1,ronddown +k roundq>p

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-14

D-81

Iodine-129, cont.

Rank

200-UP-1
400

24
0

24
90

22.5
6.15E-01

9.66E+00
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500

24
0

24
90

22.5
1.49E-01

8.01 E+00
435E-03

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excelD ercentile

200-UP-1
600

24
0

24
90

22.5
2.37E-02
5.90E+00
8-38E04

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

ecl nercentilpr ntlIpercen e 4. - excel percentle 9.3-Row Labels Max of CONG Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 3.95E-18 299-W18-21 2.35E-19 299-W18-21 1.28E-20 299-W18-21 6.64E-22 299-W18-21 3.31E-23
2 299-W18-15 8.01E-17 299-W18-15 5.14E-18 299-W18-15 2.93E-19 299-W18-15 1.54E-20 299-W18-15 7.74E-22
3 299-W23-4 3.06E-14 299-W23-4 1.52E-15 299-W23-4 7.03E-17 299-W23-4 3.10E-18 299-W23-4 1.34E-19
4 299-W23-19 2.44E-12 299-W23-19 1.02E-13 299-W23-19 4.18E-15 299-W23-19 1.69E-16 299-W23-19 699E-18
5 299-W22-47 1.07E-1i1 299-W22-47 4.25E-13 299-W22-47 1.67E-14 299-W22-47 6.51E-16 299-W22-47 2.76E-17
6 299-W22-83 6.20E-11 299-W22-83 2.28E-12 299-W22-83 8.43E-14 299-W22-44 3.08E-15 299-W22-44 1.18E-16
7 299-W22-44 7.84E-11 299-W22-44 2.63E-12 299-W22-44 8.92E-14 299-W22-83 3.16E-15 299-W22-83 1.36E-16
8 299-W18-30 1.04E-10 299-W18-30 3.45E-12 299-W18-30 1.17E-13 299-W18-30 4.02E-i5 299-W18-30 1.43E-16
9 299-W22-86 1.OOE-09 299-W22-86 3.38E-11I 299-W22-86 1.15E-12 299-W22-86 3.99E-14 299-W22-86 1.62E-15

10 299-W22-72 2.54E-09 299-W22-72 8.03E-11 299-W22-72 2.62E-12 299-W22-72 8.77E-14 299-W22-72 3.29E-15
11 699-33-74 6.85E-09 699-33-74 2.62E-10 699-33-74 9.78E-12 699-33-74 3.61E-13 699-33-74 1.37E-14
12 299-W19-36 7.69E-08 299-W19-36 2.96E-09 299-W19-36 1.13E-10 299-W19-36 4.27E-12 299-W19-36 1.62E-13
13 299-W19-48 6.24E-07 299-W19-48 2.07E-08 299-W19-48 6.95E-10 299-W19-48 2.40E-11 299-W19-48 8.60E-13
14 299-W14-71 7.74E-07 299-W19-101 6.10E-08 299-W19-101 2.26E-09 299-W19-101 8.39E-11 299-W19-101 3.13E-12
15 299-W19-101 1.64E-06 299-W19-35 1.71E-07 1299-W19-35 6.35E-09 1299-W19-35 2.35E-10 299-W19-35 8.71E-12
16 299-Wi19-35 4.52E-06 699-34-72 2.05E-07 1699-34-72 7.59E-09 1699-34-72 2.72E-10 699-34-72 9.59E-12
17 699-34-72 5.28E-06 299-W14-71 2.86E-07 299-W19-40 1.02E-08 299-W19-40 3.34E-10 299-W19-40 1.10E-11
18 299-W19-40 8.56E-06 299-W19-40 3.02E-07 299-W14-71 1.63E-07 699-38-70 1.86E-08 699-38-70 7.51E-10
19 699-38-70 2.11E-04 699-38-70 1.01E-05 699-38-70 4.47E-07 699-36-70B 3.86E-08 699-36-70B 1.38E-09
20 699-36-70B 5.37E-04 699-36-70B 2.50E-05 699-36-70B 1.02E-06 299-W14-71 9.99E-08 299-W14-71 6.21E-08
21 699-30-66 3.19E-03 699-37-68 3.77E-04 699-37-68 2.41E-05 699-37-68 1.34E-06 699-37-68 6.82E-0822 699-37-68 4.85E-03 699-30-66 1.04E-03 699-30-66 2.72E-04 699-30-66 6.01E-05 699-30-66 1.30E-0523 699-36-66B 2.93E-01 699-36-66B 4.63E-02 699-36-66B 5.20E-03 699-36-66B 4.52E-04 699-36-66B 3.23E-05
24 CMAX 8.01E+00 CMAX 5.90E+00 CMAX 4.73E+00 CMAX 3.39E+00 _ CMAX 2.20E+00

200-UP-1
700

24
0

24
90

22.5
2.74E-03
4.73E+00
1.98E-04

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

t-r tpr.nilp

200-UP-1
800

24
0

24
90

22.5
2.56E-04
3.39E+00

2 r-nr

Subarea2
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax

Pytdnr nil

K= p(n+1)
100

90 th percentile
k rounddown + krollup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-15

D-82

Iodine-129, cont.

Rank

200-UP-1
900

24
0

24
90

22.5
2.27E-05
2.20E+00
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

lodine-129, cont.

Rank

Subarea
TIME (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels Max of CONC

1 299-W18-21 1.65E-24
2 299-W18-15 3.99E-23
3 299-W23-4 6.90E-21
4 299-W23-19 4.98E-19
5 299-W22-47 2.92E-18
6 299-W18-30 6.87E-18
7 299-W22-44 1.29E-17
8 299-W22-83 1.97E-17
9 299-W22-86 2.33E-16

10 299-W22-72 3.36E-16
11 699-33-74 9.64E-16
12 299-W19-36 7.16E-15
13 299-W19-48 4.03E-14
14 299-W19-101 1.27E-13
15 299-W19-35 3.45E-13
16 699-34-72 3.77E-13
17 299-W19-40 4.30E-13
18 699-38-70 2.99E-11
19 699-36-70B 4.86E-11
20 699-37-68 3.25E-09
21 299-W14-71 3.89E-08
22 699-36-66B 1.99E-06
23 699-30-66 4.42E-06
24 CMAX 1.28E+00

100

reference for K calculation: Hogg and TanisProbability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-16

D-83

200-UP-1
1000

24
0

24
90

22.5
3.20E-06
1.28E+00
1.40E-06

90 th percentile = k +ddo w k2
2



DOE/RL-2009-122, REV. 0

Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

ecl n rptilp

200-UP-1
25
24
0

24
90

22.5
7.64E+04
1.74E+05
750En+n4

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

awA ar tnilf

200-UP-1
50
24

0
24
90

22.5
5.20E+04
1.26E+05
456E+04

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Dercentile

200-UP-1
75
24

0
24
90

22.5
3.74E+04
1.02E+05
3.32E+04

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100

24
0

24
90

22.5
3.03E+04
8.36E+04
2.74E+04

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

ercen ...JUSt exce percen ie .oe l e p -.
Rank Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC

1 699-33-74 5.22E+01 699-33-74 1.67E+01 1 699-33-74 5.13E+0 699-33-74 1.87E+00 699-33-74 7.76E-01

2 299-W23-4 2.20E+02 299-W23-4 1.64E+02 299-W23-19 2.88E+01 299-W23-19 4.42E+00 299-W23-19 8.66E-01

3 299-W14-71 1.66E+03 299-W23-19 2.20E+02 299-W22-47 6.54E+01 299-W22-47 9.22E+00 299-W22-47 1.38E+00

4 299-W18-21 2.55E+03 299-W18-21 4.99E+02 699-30-66 7.40E+01 699-30-66 1.14E+01 299-W22-83 5.31E+00

5 299-W23-19 2.77E+03 299-W22-47 5.15E+02 299-W23-4 1.03E+02 299-W18-21 2.79E+01 299-W18-21 5.96E+00

6 699-34-72 6.00E+03 299-W14-71 6.95E+02 299-W18-21 1.21E+02 299-W22-83 3.48E+01 699-30-66 7.83E+00

7 299-W22-47 6.51E+03 699-30-66 7.88E+02 299-W22-83 2.38E+02 1299-W23-4 4.67E+01 299-W23-4 1.79E+01

8699-30-66 7.24E+03 299-W22-83 1.74E+03 299-W14-71 4.57E+02 1299-W22-86 1.25E+02 299-W22-86 2.17E+01

9 299-W18-30 1.50E+04 699-34-72 2.02E+03 299-W22-86 6.97E+02 1299-W14-71 2.58E+02 299-W22-72 8.55E+01

10 299-W22-83 1.81E+04 299-W22-44 3.19E+03 299-W18-30 1.09E+03 299-W18-30 3.86E+02 299-W14-71 1.22E+02

11 299-W22-86 2.07E+04 299-W22-86 3.65E+03 699-34-72 1.12E+03 299-W22-72 4.93E+02 299-W18-30 1.53E+02

12 299-W22-44 2.1GE+04 299-W18-30 3.88E+03 299-W22-44 1.50E+03 699-34-72 6.87E+02 299-W18-15 2.60E+02

13 299-W18-15 2.13E+04 299-W18-15 1.01E+04 299-W22-72 2.77E+03 299-W18-15 1.04E+03 699-34-72 3.52E+02
14 299-W19-48 2.42E+04 299-W22-72 1.48E+04 299-W18-15 3.59E+03 299-W22-44 1.06E+03 299-W22-44 6.41 E+02

15 299-W19-40 2.84E+04 699-36-70B 2.46E+04 299-W19-36 1.66E+04 699-37-68 1.05E+04 299-W19-36 6.08E+03

16 299-W19-36 3.10E+04 299-W19-36 2.77E+04 699-37-68 1.93E+04 299-W19-36 1.07E+04 699-37-68 8.12E+03

17 299-W19-1i1 3.18E+04 299-W19-35 2.95E+04 _ 299-W19-101 2.31E+04 299-W19-101 1.43E+04 299-W19-101 8.89E+03

18 299-W19-35 4.35E+04 299-W19-101 3.11E+04 2_ 299-W19-48 2.42E+04 299-W19-48 1.45E+04 299-W19-48 9.63E+03

19 699-36-70B 4.44E+04 299-W19-40 3.67E+04 299-W19-35 2.51 E+04 299-W19-35 1.62E+04 299-W19-35 1.GGE+04

20 699-37-68 7.04E+04 699-37-68 3.76E+04 699-36-70B 2.94E+04 299-W19-40 2.GGE+04 299-W19-40 1.15E+04

21 699-36-66B 7.41E+04 299-W19-48 3.94E+04 699-38-70 3.02E+04 699-38-70 2.27E+04 699-38-70 1.61E+04

22 299-W22-72 7.54E+4 699-38-70 4.82E+04 299-W19-4G 3.45E+4 699-36-66B 2.94E+04 699-36-70B 2.06E+G4

23 699-38-70 7.74E+04 1_ 699-36-66B 5.57E+04 699-36-66B 4.02E+04 699-36-7GB 3.12E+04 699-36-66B 2.24E+4

24 CMAX 1.74E+05 _ CMAX 1.26E+05 CMAX 1.02E+05 CMAX 836E+G4 CMAX 6.70E+G4

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-17

D-84

Nitrate 200-UP-1
125

24
0

24
90

22.5
2.15E+04
6.70E+04
1.93E+04

K=p(n+1)
100

k ,ouddow,, + k rondup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

t r n rAnil

200-UP-1
150

24
0

24
90

22.5
1.63E+04
5.35E+04
1 n.E+ 4

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

Py-I rtniIP

200-UP-1
175

24
0

24
90

22.5
1.52E+04
4.35E+04
5 74E+03

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Dercentile

200-UP-1
200

24
0

24
90

22.5
1.31 E+04
3.50E+04
3.21 E+03

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
300

24
0

24
90

22.5
1.52E+03
2.81 E+04
2.15E+02

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

xcc n 1UC r .U3= t exce percenti leC USC 'I. S e'' p- . -.- -
Rank Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC

1 299-W22-47 2.24E-01 299-W22-47 4.14E-02 299-W22-47 9.31E-03 299-W18-21 5.85E-05 299-W18-21 6.31E-08

2 299-W23-19 2.38E-01 299-W23-19 8.27E-02 699-33-74 2.64E-02 299-W22-47 7.10E-05 _[ 699-33-74 1.67E-07

3 699-33-74 2.90E-01 699-33-74 9.35E-02 1299-W23-19 2.97E-02 699-33-74 7.29E-05 299-W22-47 3.69E-07

4 299-W22-83 8.55E-01 299-W22-83 1.51 E-01 1299-W22-83 3.18E-02 299-W22-83 2.46E-04 299-W23-19 8.80E-07

5 299-W18-21 1.23E+00 299-W18-21 2.44E-01 299-W18-21 4.74E-02 299-W23-19 2.48E-04 299-W22-83 1.43E-06

6 299-W22-86 3.76E+00 299-W22-86 6.50E-01 299-W22-86 1.14E-01 299-W22-86 3.16E-04 299-W23-4 2.07E-06

7 299-W23-4 5.94E+00 299-W23-4 1.76E+00 299-W23-4 4.71E-01 299-W23-4 1.28E-03 299-W22-86 2.40E-06

8 699-30-66 7.54E+00 299-W22-72 3.22E+00 299-W22-72 8.75E-01 1299-W18-15 3.05E-03 299-W18-5 2.88E-06
9 299-W22-72 1.54E+01 699-30-66 7.68E+00 299-W18-15 2.52E+00 299-W22-72 1.22E-02 299-W22-72 7.62E-05

10 299-W14-71 5.09E+01 299-W18-15 1.25E+01 299-W18-30 6.83E+00 299-W18-30 3.89E-02 299-W18-30 1.12E-04

11 299-W18-30 5.90E+01 299-W14-71 2.OOE+01 699-30-66 7.47E+00 699-34-72 4.15E-02 699-34-72 1.64E-04

12 299-W18-15 5.91E+01 299-W18-30 2.10E+01 299-W14-71 8.05E+00 299-W22-44 2.52E-01 299-W22-44 6.31E-04

13 699-34-72 1.43E+02 699-34-72 4.80E+01 699-34-72 1.39E+01 299-W14-71 4.92E-01 299-W19-36 4.00E-02

14 299-W22-44 3.10E+02 299-W22-44 1.25E+02 299-W22-44 4.37E+01 699-30-66 1.66E+00 299-W14-71 7.73E-02

15 299-W19-36 3.OOE+03 299-W19-36 1.32E+03 299-W19-36 5.37E+02 299-W19-36 7.22E+00 299-W19-101 2.38E-01

16 299-W19-101 5.17E+03 299-W19-101 2.70E+03 299-W19-101 1.28E+03 299-W19-101 2.89E+01 299-W19-48 2.43E-01

17 299-W19-35 6.02E+03 299-W19-35 3.31E+03 299-W19-48 1.63E+03 1299-W19-48 3.43E+011 299-W19-35 4.20E-01

18 299-W19-48 6.04E+03 299-W19-48 3.34E+03 299-W19-35 1.65E+03 1299-W19-35 4.45E+01 699-30-66 5.30E-01

19 699-37-68 6.60E+03 699-37-68 4.23E+03 699-37-68 2.24E+03 299-W19-40 1.06E+02 299-W19-40 1.01E+00

20 299-W19-40 7.59E+03 299-W19-40 4.97E+03 699-36-70B 2.72E+03 699-38-70 1.52E+02 699-38-70 2.52E+00

21 699-38-70 1.03E+04 699-36-70B 5.OOE+03 299-W19-40 2.92E+03 699-37-68 1.82E+02 699-36-70B 4.39E+00

22 699-36-70B 1.04E+04 699-38-70 6.06E+03 699-38-70 3.34E+03 699-36-70B 2.29E+02 699-37-68 8.96E+00

23 699-36-66B 2.22E+04_ 2 699-36-66B 2.44E+04 699-36-66B 2.28E+04 699-36-668 2.82E+03 699-36-66B 2.07E+02

24 CMAX 5.35E+04 _CMAX 4.35E+04 CMAX 3.50E+04 CMAX 2.81E+04 CMAX 2.12E+04

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-18

D-85

Nitrate, cont. 200-UP-1
400

24
0

24
90

22.5
1.08E+02
2.12E+04
7.59E+00

K= p(n-1)
100

k rounddow + kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

200-UP-1
500

24
0

24
90

22.5
4.37E+00
1.61 E+04

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax

200-UP-1
600

24
0

24
90

22.5
2.32E-01
1.26E+04
q06F-02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
xcel Dercentile

200-UP-1
700

24
0

24
90

22.5
1.53E-01

1.01 E+04
3OOE-03

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
1.37E-01

8.37E+03
1.16E-03

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentileexcel pecetile 3.10E-01 excel percentile I.tu xepreui.I.

Rank Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC

1 299-W18-21 6.45E-1_ 299-W18-21 5.71E-13 1299-W18-21 4.52E-13 299-W18-21 4.03E-13 299-W18-21 3.60E-13

2 699-33-74 9.35E-10 299-W18-15 2.87E-12 299-W18-15 6.13E-13 299-W18-15 4.70E-13 299-W18-15 3.63E-13

3 299-W22-47 1.12E-09 299-W23-4 4.16E-12 299-W23-4 8.96E-13 299-W23-4 6.51E-13 299-W23-4 4.75E-13

4 299-W23-19 1.97E-09 299-W23-19 9.59E-12 299-W23-19 4.17E-12 299-W23-19 2.79E-12 299-W23-19 1.87E-12

5 299-W18-15 2.48E-09 299-W22-47 1.04E-11 299-W22-47 5.42E-12 299-W22-47 3.64E-12 299-W22-47 2.45E-12

6 299-W23-4 2.62E-09 699-33-74 1.73E-1i1 699-33-74 7.71E-12 699-33-74 4.72E-12 699-33-74 2.92E-12

7 299-W22-83 4.60E-09 299-W22-83 2.88E-11 299-W18-30 1.20E-11 _299-W8-30 7.56E-12 299-W18-30 4.95E-12

8 299-W22-86 1.05E-08 299-W22-86 5.72E-11 299-W22-83 1.23E-11 1299-W22-83 8.11E-12 299-W22-83 5.36E-12

9 299-W18-30 2.25E-07 299-W18-30 3.90E-10 299-W22-86 1.75E-11 299-W22-86 1.09E-1_ 299-W22-86 6.83E-12

10 299-W22-72 2.41E-07 299-W22-72 5.98E-10 299-W22-44 4.18E-11 299-W22-44 2.84E-11 299-W22-72 1.80E-11

11 299-W22-44 1.04E-06 299-W22-44 1.43E-09 299-W22-72 5.15E-11 299-W22-72 3.OOE-1_ 299-W22-44 2.01E-11

12 699-34-72 1.41E-06 699-34-72 7.97E-09 699-34-72 1.61E-10 699-34-72 6.14E-11 699-34-72 2.85E-11

13 299-W19-36 1.24E-04 299-W19-36 2.72E-07 1299-W19-36 1.10E-09 299-W19-36 3.66E-10 299-W19-36 2.17E-10

14 299-W19-48 8.70E-04 299-W19-48 2.05E-06 1299-W19-48 5.26E-09 299-W19-48 8.13E-10 299-W19-48 4.23E-10

15 299-W19-101 9.85E-04 299-W19-101 2.62E-06 299-W19-101 6.93E-09 299-W19-101 8.63E-10 1299-W19-101 4.52E-10

16 299-W19-35 1.93E-03 299-W19-35 5.52E-06 299-W19-35 1.47E-08 299-W19-35 1.59E-09 299-W19-35 8.38E-10

17 299-W19-40 4.30E-03 299-W19-40 1.13E-05 299-W19-40 2.72E-08 299-W19-40 2.74E-09 299-W19-40 1.38E-09

18 699-38-70 1.85E-02 699-38-70 7.74E-05 699-38-70 2.55E-07 699-36-70B 1.04E-08 699-36-70B 4.78E-09

19 299-W14-71 2.53E-02 699-36-70B 1.08E-04 699-36-70B 2.84E-07 699-38-70 1.92E-08 699-38-70 1.06E-08

20 699-36-70B 2.98E-02 699-37-68 9.74E-04 699-37-68 4.59E-06 699-37-68 1.82E-07 699-37-68 9.20E-08

21 699-37-68 1.37E-01 299-W14-71 9.61E-03 699-36-66B 9.62E-04 699-36-66B 2.96E-05 699-36-66B 1.51E-05

22 699-30-66 3.85E-01 699-36-66B 1.25E-01 299-W14-71 3.87E-03 299-W14-71 1.65E-03 299-W14-71 7.44E-04

23 699-36-66B 8.36E+00 _ 699-30-66 3.39E-01 1699-30-66 3.03E-01 699-30-66 2.72E-0 699-30-66 2.44E-01
24 CMAX 1.61 E+04 _ CMAX 1.26E+04 _ CMAX 1.01E+04 CMAX 8.37E+03 CMAX 6.94E+03

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-19

D-86

Nitrate, cont. 200-UP-1
900
24

0
24
90

22.5
1.22E-01

6.94E+03
5.25E-04

K=p(n+1)
100

k rou~iddown + kro..dup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
1000

24
0

24
90

22.5
0

5,981
0,000

Rank Row Labels Max of CONC
1 299-W18-15 2.82E-13
2 299-W18-21 3.22E-13
3 299-W23-4 3.47E-13
4 299-W23-19 1.26E-12
5 299-W22-47 1.65E-12
6 699-33-74 1.81E-12
7 299-W18-30 3.20E-12
8 299-W22-83 3.55E-12
9 299-W22-86 4.32E-12

10 299-W22-72 1.09E-11
11 699-34-72 1.35E-11
12 299-W22-44 1.44E-1 1
13 299-W19-36 1.30E-10
14 299-W19-48 2.24E-10
15 299-W19-101 2.43E-10
16 299-W19-35 4.56E-10
17 299-W19-40 7.07E-10
18 699-36-70B 2.32E-09
19 699-38-70 6.09E-09
20 699-37-68 5.06E-08
21 699-36-66B 9.1OE-06
22 299-W14-71 3.52E-04
23 699-30-66 2.20E-01
24 CMAX 5.98E+03

K=p(n+1)
100

90 th percentile = k ddo2 + kyoundup

2
reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-20

D-87

Nitrate, cont.
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
24
0

24
90

22.5
6.88E+02
1.44E+03
443E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excele rcentile

200-UP-1
50
24
0

24
90

22.5
4.85E+02
9.19E+02
447E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
75
24
0

24
90

22.5
3.36E+02
6.55E+02
2.81 E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1

2.64E
5.15E
2.05E

Subarea2
100 Time (years)

24 detects
0 nondetects

24 n (number of values)
90 p (percentile)

22.5 k (position in sequence)
+02 revised mean 90th perce
+02 Cmax
+02 excel percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC _ Row Labels Max of CONC
1 699-30-66 2.16E-27 699-30-66 5.67E-17 299-W18-21 1.49E-11 299-W18-21 4.29E-12 299-W18-21 1.24E-12
2 299-W18-21 1.19E-10 299-W18-21 5.30E-11 699-30-66 1.94E-10 299-W18-15 1.33E-07 299-W18-15 3.03E-08
3 299-W18-15 1.49E-06 299-W18-15 1.38E-06 299-W18-15 4.98E-07 699-30-66 3.75E-07 299-W23-4 2.12E-05
4 299-W23-4 2.07E-02 299-W23-4 4.25E-03 299-W23-4 7.56E-04 299-W23-4 1.29E-04 699-30-66 4.16E-05
5 299-W18-30 2.43E-01 299-W18-30 2.42E-02 299-W18-30 3.39E-03 299-W18-30 4.88E-04 299-W18-30 7.00E-05
6 699-36-70B 2.70E-01 699-37-68 8.19E-02 299-W23-19 9.35E-02 299-W23-19 1.31E-02 299-W23-19 1.91E-03
7 699-36-66B 4.14E-01 699-36-66B 2.44E-01 699-36-66B 2.89E-01 299-W22-47 4.95E-02 299-W22-47 7.06E-03
8 699-37-68 7.27E-01 299-W23-19 7.29E-01 299-W22-47 3.65E-01 699-33-74 6.28E-02 699-33-74 1.40E-02
9 299-W14-71 1.44E+00 299-W14-71 2.52E+00 699-33-74 3.76E-01 299-W22-44 1.18E-01 299-W22-44 1.62E-02

10 299-W23-19 8.93E+00 699-33-74 2.81E+00 299-W22-44 8.84E-01 299-W22-83 2.12E-01 299-W22-83 3.01E-02
11 699-38-70 1.89E+01 299-W22-47 2.98E+00 299-W14-71 1.29E+00 299-W14-71 4.37E-01 299-W14-71 1.22E-01
12 699-33-74 3.32E+01 299-W22-44 7.25E+00 299-W22-83 1.56E+00 299-W22-86 1.01E+00 299-W22-86 1.61 E-01
13 299-W22-47 4.04E+01 299-W22-83 1.27E+01 699-37-68 4.43E+00 299-W22-72 3.03E+00 299-W22-72 4.60E-01
14 299-W19-35 4.95E+01 299-W22-86 3.98E+01 299-W22-86 6.33E+00 699-36-668 7.31E+00 299-W19-36 1.82E+00
15 299-W19-40 5.84E+01 699-38-70 3.98E+01 .299-W22-72 1.98E+01 299-W19-36 1.09E+01 699-34-72 6.41E+00
16 299-W22-44 7.87E+01 699-36-70B 7.57E+01 699-34-72 5.31E+01 699-34-72 1.83E+01 299-W19-48 1.26E+01
17 299-W19-101 1.13E+02 299-W22-72 1.28E+02 299-W19-36 5.82E+01 699-37-68 3.30E+01 299-W19-101 1.70E+01
18 299-W22-83 1.62E+02 699-34-72 1.51E+02 699-38-70 1.92E+02 299-W19-48 5.72E+01 299-W19-35 3.02E+01
19 699-34-72 2.34E+02 299-W19-36 2.58E+02 299-W19-48 2.09E+02 299-W19-101 6.94E+01 699-36-66B 4.42E+01
20 299-W19-48 2.80E+02 299-W19-35 3.54E+02 299-W19-101 2.18E+02 299-W19-35 1.06E+02 299-W19-40 4.92E+01
21 299-W22-86 3.26E+02 299-W19-101 4.03E+02 299-W19-35 2.70E+02 299-W19-40 1.63E+02 699-37-68 6.55E+01
22 299-W19-36 4.93E+02 299-W19-40 4.66E+02 699-36-70B 2.86E+02 699-38-70 2.22E+02 699-38-70 1.31E+02
23 299-W22-72 8.83E+02 ______ 299-W19-48 5.03E+02 299-W19-40 3.87E+02 699-36-70B 3.O5E+02 699-36-70B 1.80E+02
24 CMAX 1.44E+03 CMAX 9.19E+02 CMAX 6.55E+02 _ CMAX 5.15E+02 CMAX 4.42E+02

90 th percentile

reference for K calculation: Hogg and TanisProbability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-21

D-88

Technetium-99

Rank

200-UP-1
125

24
0

24
90

22.5
1.55E+02
4.42E+02
1.11E+02

100

krouddow + k koundup

2

I
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Technetium-99, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150
24
0

24
90

22.5
9.31 E+01
3.76E+02
7.06E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
175

24
0

24
90

22.5
9.89E+01
3.11E+02
3.34E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
200

24
0

24
90

22.5
8.61E+01
2.59E+02
1.39E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
300

24
0

24
90

22.5
6.11E+00
1.87E+02
1.24E-01

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 3.44E-13 299-W18-21 8.98E-14 299-W18-21 2.20E-14 299-W18-21 5.04E-17 299-W18-21 7.68E-20
2 299-W18-15 6.30E-09 299-W18-15 1.23E-09 299-W18-15 2.32E-10 299-W18-15 2.31E-13 299-W18-15 2.26E-16
3 299-W23-4 3.49E-06 299-W23-4 5.71E-07 299-W23-4 9.30E-08 299-W23-4 6.41E-11 299-W23-4 4.75E-14
4 299-W18-30 1.02E-05 299-W18-30 1.49E-06 299-W18-30 2.18E-07 299-W18-30 1.08E-10 299-W18-30 8.93E-14
5 299-W23-19 2.88E-04 299-W23-19 4.40E-05 299-W23-19 6.80E-06 299-W23-19 4.06E-09 299-W23-19 2.60E-12
6 699-30-66 8.78E-04 299-W22-47 1.59E-04 299-W22-47 2.44E-05 299-W22-47 1.44E-08 299-W22-47 9.09E-12
7 299-W22-47 1.05E-03 299-W22-44 3.36E-04 .299-W22-44 4.94E-05 299-W22-44 2.54E-08 299-W22-44 1.47E-11
8 299-W22-44 2.31 E-03 299-W22-83 6.70E-04 299-W22-83 1.02E-04 299-W22-83 5.91 E-08 299-W22-83 3.65E-11
9 699-33-74 3.69E-03 699-33-74 9.89E-04 699-33-74 2.49E-04 299-W22-86 4.23E-07 299-W22-86 2.67E-10

10 299-W22-83 4.44E-03 299-W22-86 4.15E-03 299-W22-86 6.64E-04 699-33-74 5.27E-07 299-W22-72 5.56E-10
11 299-W22-86 2.58E-02 699-30-66 6.44E-03 299-W22-72 1.66E-03 299-W22-72 9.41E-07 699-33-74 6.07E-10
12 299-W14-71 3.16E-02 299-W14-71 8.43E-03 299-W14-71 2.75E-03 299-W19-36 3.08E-06 299-W19-36 1.49E-09
13 299-W22-72 7.04E-02 299-W22-72 1.08E-02 299-W19-36 6.57E-03 299-W19-48 5.16E-05 299-W19-48 2.90E-08
14 299-W19-36 2.87E-01 299-W19-36 4.39E-02 699-30-66 2.25E-02 299-W19-101 9.06E-05 299-W19-101 5.31E-08
15 699-34-72 2.06E+00 299-W19-48 4.50E-01 299-W19-48 7.74E-02 299-W19-35 2.52E-04 1299-W19-35 1.61E-07
16 299-W19-48 2.48E+00 699-34-72 5.90E-01 _ 299-W19-101 1.24E-01 699-34-72 3.04E-04 699-34-72 3.22E-07
17 299-W19-101 3.61E+00 299-W19-101 6.92E-01 699-34-72 1.51E-01 299-W14-71 4.34E-04 299-W19-40 3.59E-07
18 299-W19-35 7.16E+00 299-W19-35 1.50E+00 299-W19-35 2.89E-01 299-W19-40 5.27E-04 699-38-70 8.23E-06
19 299-W19-40 1.22E+01 299-W19-40 2.68E+00 299-W19-40 5.37E-01 699-38-70 8.61E-03 699-36-70B 1.78E-05
20 699-38-70 5.26E+01 699-38-70 1.66E+01 699-38-70 4.41 E+00 699-36-70B 1.63E-02 299-W14-71 1.49E-04
21 699-37-68 6.17E+01 699-36-70B 2.45E+01 699-36-70B 6.86E+00 699-30-66 4.60E-02 699-37-68 4.35E-04
22 699-36-70B 7.44E+01 22 699-37-68 3.71E+01 699-37-68 1.69E+01 699-37-68 1.57E-01 699-30-66 3.32E-03
23 699-36-66B 1.12E+02 699-36-66B 1.61E+02 699-36-66B 1.55E+02 - 699-36-66B 1.21E+01 699-36-66B 1.11E-01
24 CMAX 3.76E+02 _CMAX 3.11E+02 CMAX 2.59E+02 _ CMAX 1.87E+02 GMAX 9.00E+01

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p.33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-22

D-89

200-UP-1
400

24

24
90

22.5
5.72E-02

9.OOE+01
2.46E-03

K= p(n+1)
100

k rounddowi+ kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Technetium-99, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500

24
0

24
90

22.5
2.32E-04

4.57E+01
9.76E-05

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

K=p(n+1)
100

200-UP-1
600

24
0

24
90

22.5
2.58E-05

3.50E+01
1 .46E-05

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

90 th percentile

200-UP-1
700

24
0

24
90

22.5
1.40E-05

2.77E+01
5.85E-06

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
8.48E-06

2.27E+01
2.53E-06

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONC Row Labels Max of CNC Row Labels Max of CONC_ Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 1.07E-21 299-W18-21 6.56E-22 299-W18-21 4.45E-22 299-W18-21 3.05E-22 _ 299-W18-21 2.11E-22
2 299-W18-15 2.09E-17 299-W18-15 1.31E-17 299-W18-15 8.37E-18 299-W18-15 5.37E-18 1299-W18-15 3.46E-18
3 299-W23-4 2.85E-15 299-W23-4 2.05E-15 299-W23-4 1.48E-15 299-W23-4 1.08E-15 299-W23-4 7.84E-16
4 299-W18-30 2.10E-14 299-W18-30 1.42E-14 299-W18-30 9.57E-15 299-W18-30 6.48E-15 299-W18-30 4.39E-15
5 299-W23-19 4.43E-14 299-W23-19 2.85E-14 299-W23-19 1.90E-14 299-W23-19 1.27E-14 299-W23-19 8.47E-15
6 299-W22-47 1.30E-13 299-W22-47 8.39E-14 299-W22-47 5.64E-14 299-W22-47 3.80E-14 299-W22-47 2.56E-14
7 299-W22-44 3.09E-13 299-W22-83 2.07E-13 299-W22-83 1.36E-13 299-W22-83 8.95E-14 __ 299-W22-83 5.91E-14
8 299-W22-83 3.38E-13 299-W22-44 2.09E-13 299-W22-44 1.47E-13 1299-W22-44 1.04E-13 299-W22-44 7.37E-14
9 299-W22-86 7.83E-13 299-W22-86 3.74E-1 3 299-W22-86 2.29E-13 299-W22-86 1.41E-13 299-W22-86 8.75E-14

10 299-W22-72 1.50E-12 699-33-74 5.97E-13 699-33-74 3.63E-13 699-33-74 2.22E-13 299-W22-72 1.34E-13
11 699-33-74 1.51 E-1 2 299-W22-72 6.65E-1 3 299-W22-72 3.85E-13 299-W22-72 2.26E-13 1699-33-74 1.36E-1 3
12 299-W19-36 6.78E-12 299-W19-36 3.41E-12 299-W19-36 1.97E-12 699-34-72 1.07E-12 699-34-72 5.16E-13
13 299-W19-48 3.71E-11 699-34-72 5.15E-12 699-34-72 2.28E-12 299-W19-36 1.15E-12 299-W19-36 6.79E-13
14 299-W19-101 5.14E-11 299-W19-48 1.07E-11 299-W19-48 5.41E-12 299-W19-48 2.78E-12 299-W19-48 1.44E-12
15 299-W19-35 1.31E-10 299-W19-101 1.07E-11 299-W19-101 5.43E-12 299-W19-101 2.80E-12 299-W19-101 1.46E-12
16 699-34-72 2.70E-10 _ 299-W19-35 1.87E-11 _ 299-W19-35 9.61E-12 .299-W19-35 5.02E-12 _ 299-W19-35 2.67E-12
17 299-W19-40 2.95E-10 299-W19-40 3.90E-11 299-W19-40 1.95E-11 299-W19-40 9.84E-12 299-W19-40 4.99E-12
18 699-38-70 6.40E-09 699-38-70 1.46E-10 699-36-70B 7.56E-11 699-36-70B 3.58E-11 699-36-70B 1.71 E-11
19 699-36-70B 1.45E-08 699-36-70B 1.71 E-1 0 699-38-70 7.70E-1 1 699-38-70 4.27E-1 1 699-38-70 2.41 E-1 1
20 699-37-68 7.13E-07 699-37-68 2.53E-09 699-37-68 8.91E-10 699-37-68 4.76E-10 1699-37-68 2.57E-10
21 299-W14-71 5.39E-05 699-36-66B 8.18E-07 699-36-66B 1.23E-07 699-36-66B 6.90E-08 699-36-66B 3.98E-08
22 699-30-66 1.16E-04 299-W14-71 2.06E-05 299-W14-71 8.31E-06 299-W14-71 3.58E-06 299-W14-71 1.65E-06
23 699-36-66B 3.48E-04 9-6 699-30-663 5_ 699-30-66 1.97E-05 699-30-66 1E-05-05 699-30-66 9.43E-06
24 CMAX 4.57E+01 CMAX 3.50E+01 CMAX 2.77E+01 CMAX 2.27E+01 _ CMAX 1.92E+01

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-23

D-90

200-UP-1
900

24
0

24
90

22.5
5.54E-06
1.92E+01
1.16E-06

k roliddown + kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Technetium-99, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Dercentile
Row Labels Max of CONC

1 299-W18-21 1.48E-22
2 299-W18-15 2.25E-18
3 299-W23-4 5.70E-16
4 299-W18-30 2.97E-15
5 299-W23-19 5.66E-15
6 299-W22-47 1.73E-14
7 299-W22-83 3.91E-14
8 299-W22-44 5.28E-14
9 299-W22-86 5.45E-14

10 299-W22-72 8.09E-14
11 699-33-74 8.35E-14
12 699-34-72 2.55E-13
13 299-W19-36 4.06E-13
14 299-W19-48 7.60E-13
15 299-W19-101 7.81E-13
16 299-W19-35 1.44E-12
17 299-W19-40 2.55E-12
18 699-36-70B 8.27E-12
19 699-38-70 1.38E-11
20 699-37-68 1.40E-10
21 699-36-66B 2.35E-08
22 299-W14-71 8.06E-07
23 699-30-66 6.90E-06
24 CMAX 1.62E+01I

K=p(n)
100

90 th percentile = kddo + kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-24

D-91

200-UP-1
1000

24
0

24
90

22.5
3.85E-06

1.62E+01
5.71 E-07
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Tetrachloroethane

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
14
10
24
90

22.5
1.19E-14
1.14E-02
8.15E-20

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
50
19
5

24
90

22.5
5.68E-13
6.86E-03
2.92E-1 9

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
75
24
0

24
90

22.5
1.80E-12
4.86E-03
3.38E-19

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100
24

0
24
90

22.5
3.17E-12
3.72E-03
3.11 E-19

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONG Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W22-86 0.OOE+00 699-38-70 0.OOE+00 699-30-66 2.44E-58 699-30-66 2.67E-56 699-30-66 8.133E-55
2 299-W23-19 0.OOE+00 699-34-72 0.OOE+00 699-33-74 -2.76-50 ____ 9-33-74 1.55E-46 699-33-74 5.95E-44
3 299-W18-21 0.OOE+00 299-W19-101 0.OOE+00 699-34-72 2.94E-47 699-34-72 298E-43 699-34-72 1.39E-40
4 299-W23-4 0.OOE+00 299-W19-35 0.OOE+00 299-W22-86 2.63E-41 699-36-66B 1.68E-39 699-36-66B 7.01E-39

5 299-W22-47 0.OOE+00 299-W19-40 0.00E+00 699-37-68 3.15E-39 299-W22-86 6.90E-39 299-W22-86 4.17E-37
6 699-38-70 0.00E+00 699-30-66 1.94E-61 699-36-66B 3.48E-39 699-37-68 1.88E-38 299-W22-47 1.58E-35
7 699-36-70B 0.OOE+00 699-33-74 1.63E-56 .299-W22-83 9.89E-39 299-W22-47 6.68E-37 299-W22-83 2.24E-35
8 699-33-74 0.OOE+00 299-W22-86 1.79E-46 299-W22-47 1.32E-38 299-W22-83 7.70E-37 699-37-68 2.77E-35
9 299-W19-40 0.OOE+00 299-W22-83 8.29E-43 299-W22-72 5.65E-37 299-W22-72 5.59E-35 299-W22-72 1.65E-33

10 699-34-72 0.OOE+00 299-W22-47 5.65E-42 699-36-70B 7.64E-36 299-W23-19 1.52E-34 299-W23-19 1.75E-33
11 699-30-66 2.67E-67 299-W22-72 1.99E-41 299-W23-19 8.00E-36 699-36-70B 1.31 E-32 699-36-70B 1.22E-30
12 299-W22-83 2.46E-46 699-36-70B 5.26E-40 299-W23-4 7.90E-31 299-W23-4 2.51E-30 299-W23-4 7.07E-30
13 299-W22-72 3.27E-44 699-36-66B 7.19E-39 299-W22-44 1.17E-29 299-W22-44 1.07E-28 299-W22-44 5.65E-28
14 699-36-66B 2.12E-39 699-37-68 1.77E-38 299-W19-40 6.64E-29 299-W19-40 4.40E-27 299-W19-40 6.78E-26
15 699-37-68 1.65E-38 299-W23-19 2.94E-38 699-38-70 1.90E-26 299-W18-15 3.77E-25 299-W18-15 2.07E-25
16 299-W22-44 3.75E-35 299-W23-4 6.99E-32 1299-W19-48 5.93E-26 299-W19-48 1.33E-24 1299-W18-21 3.09E-24
17 299-W19-48 6.30E-32 299-W22-44 1.43E-31 1299-W19-35 3.50E-25 299-W18-21 6.99E-24 299-W19-48 1.02E-23
18 299-W19-35 5.87E-31 299-W19-48 2.66E-29 1299-W18-15 6.53E-25 299-W19-35 8.41E-24 299-W19-35 6.45E-23
19 299-W19-101 6.86E-30 299-W19-36 6.45E-25 299-W19-101 1.14E-24 699-38-70 1.17E-23 299-W19-101 1.24E-22
20 299-W19-36 1.17E-27 299-W18-15 8.89E-25 299-W18-21 135E-23 299-W19-101 1.92E-23 699-38-70 2.14E-22
21 299-W18-15 7.85E-26 299-W18-21 1.26E-23 299-W19-36 2.24E-23 299-W19-36 1.95E-22 299-W19-36 7.69E-22
22 299-W18-30 1.16E-19 299-W18-30 4.18E-19 299-W18-30 4.83E-19 299-W18-30 4.44E-19 299-W18-30 3.46E-19
23 299-W14-71 2.38E-14 299-W14-71 1.14E-12 299-W14-71 3.60E-12 299-W14-71 6.34E-12 299-W14-71 8.91E-12
24 CMAX 1.14E-02 CMAX 6.86E-03 CMAX 4.86E-03 CMAX 3.72E-03 CMAX 3.48E-03

K= p(n+1)
100

90 th percentile
k ouddown + kroundup

2
reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-25

D-92

200-UP-1
125

24
0

24
90

22.5
4.45E-12
3.48E-03
2.42E-19
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Tetrachloroethane, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150
24

0.0
24
90

22.5
5.21 E-12
3.25E-03
1 .67E-19

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
175

24
0.0
24
90

22.5
5.20E-12
3.05E-03
1 06E-19

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
200

24
0

24
90

22.5
4.56E-12
2.86E-03
658E-20

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentileI..lecntl~ -4-2 1....I v ,e Lm n.1Pi .. M. rIvx j u tFuiI.4 A

RNRow Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC __alxo Row Labels Max of CONC
1 699-30-66 1.04E-53 699-30-66 7.09E-53 699-30-66 3.20E-52 699-30-66 4.12E-45 699-30-66 2.92E-40
2 699-33-74 4.92E-42 699-33-74 1.48E-40 699-33-74 2.08E-39 -_ 699-33-74 9.15E-37 699-33-74 1.01 E-35
3 699-34-72 1.26E-38 699-34-72 4.02E-37 699-34-72 5.96E-36 699-34-72 3.23E-33 299-W22-47 9.20E-33
4 699-36-66B 2.17E-36 299-W22-86 7.24E-35 299-W22-86 3.72E-34 299-W22-86 9.16E-33 299-W22-86 1.56E-32
5 299-W22-86 7.93E-36 699-36-66B 2.54E-34 299-W22-47 2.39E-33 299-W22-47 1.34E-32 299-W22-83 3.11 E-32
6 299-W22-47 1.51E-34 299-W22-47 7.76E-34 299-W22-83 4.79E-33 299-W22-83 3.73E-32 699-34-72 4.33E-32
7 299-W22-83 2.43E-34 299-W22-83 1.39E-33 699-36-66B 1.13E-32 299-W23-19 1.66E-31 299-W23-19 6.61 E-32
8 699-37-68 3.58E-33 299-W23-19 3.29E-32 1299-W23-19 7.24E-32 1299-W22-72 3.32E-30 1299-W23-4 1.38E-30
9 299-W23-19 9.77E-33 299-W22-72 1 .05E-31 299-W22-72 3.69E-31 1299-W23-4 9.51 E-30 299-W22-72 3.03E-30

10 299-W22-72 1.81E-32 699-37-68 1.44E-31 699-37-68 2.58E-30 699-36-66B 1.83E-28 299-W18-15 1.OOE-28
11 299-W23-4 1.37E-29 299-W23-4 2.01E-29 299-W23-4 2.29E-29 299-W18-15 2.16E-27 299-W18-21 1.19E-28
12 699-36-70B 3.18E-29 699-36-70B 3.84E-28 699-36-70B 2.63E-27 699-37-68 2.87E-27 299-W22-44 1.35E-27
13 299-W22-44 1.77E-27 299-W22-44 3.78E-27 299-W22-44 5.93E-27 299-W18-21 5.11E-27 699-36-66B 2.78E-26
14 299-W18-15 1.18E-25 299-W18-15 6.64E-26 299-W18-15 3.57E-26 299-W22-44 5.82E-27 699-37-68 6.65E-26
15 299-W19-40 4.68E-25 299-W18-21 5.28E-25 299-W18-21 2.12E-25 699-36-70B 2.05E-25 699-36-708 8.41E-25
16 299-W18-21 1.29E-24 299-W19-40 1.95E-24 299-W19-40 5.67E-24 299-W19-40 4.07E-23 299-W19-40 3.59E-23
17 299-W19-48 4.06E-23 299-W19-48 1.05E-22 299-W19-48 2.01E-22 299-W19-48 4.45E-22 299-W19-48 1.82E-22
18 299-W19-35 2.65E-22 299-W19-35 7.25E-22 299-W19-35 1.47E-21 299-W19-36 3.27E-21 299-W18-30 3.22E-22
19 299-W19-101 4.44E-22 299-W19-101 1.08E-21 299-W19-101 1.98E-21 299-W19-101 3.75E-21 299-W19-36 6.65E-22
20 699-38-70 1.47E-21 299-W19-36 3.19E-21 299-W19-36 4.31 E-21 299-W19-35 3.78E-21 299-W19-101 141E-21
21 299-W19-36 1.85E-21 699-38-70 5.78E-21 699-38-70 1.57E-20 299-W18-30 6.40E-21 299-W19-35 1.75E-21
22 299-W18-30 2.38E-19____ 299-W18-30 1.50E-19 299-W18-30 8.73E-20 699-38-70 9.93E-20 699-38-70 8.88E-20
23 299-W14-71 1.04E-11 299-W14-71 1.04E-11 299-W14-71 9.11E-12 _ 299-W14-71 2.35E-12 299-W14-71 4.40E-13
24 CMAX 3.25E-03 _CMAX 3.05E-03 CMAX 2.86E-03 CMAX 2.22E-03 CMAX 1.73E-03

200-UP-1
300

24
0

24
90

22.5
1.17E-12
2.22E-03
7.14E-20

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

K-p(n+1)
100

90 th percentile
krounddown + oundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-26

D-93

200-UP-1
400

24
0

24
90

22.5
2.20E-1 3
1.73E-03
6.27E-20
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Tetrachloroethane, cont. Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500

24
0.0
24
90

22.5
1.1OE-13
1.34E-03
1.90E-20

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
600

23
1.0
24
90

22.5
9.23E-14
1.04E-03
2.99E-21

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-i
700
23

1
24
90

22.5
7.81 E-14
8.12E-04
3.34E-22

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
6.47E-14
6.32E-04
5.41 E-23

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONG _abxo Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 699-30-66 2.07E-37 699-30-66 O.OOE+00 699-30-66 O.OOE+00 699-33-74 8.18E-37 699-36-66B O.OOE+00
2699-33-74 1.85E-35 699-33-74 1.19E-35 699-33-74 1387E-- 299-W22-47 3.18E-36 699-33-74 1.63E-37
3 299-W22-47 2.39E-33 299-W22-47 3.58E-34 299-W22-47 3.79E-35 299-W23-19 7.99E-36 299-W22-47 2.29E-37
4 299-W22-86 7.49E-33 299-W23-19 1.34E-33 299-W23-19 1.14E-34 299-W22-83 1.43E-35 299-W23-19 4.93E-37
5 299-W22-83 9.10E-33 299-W22-83 1.48E-33 299-W22-83 1.65E-34 299-W23-4 2.41E-35 299-W22-83 1.10E-36
6 299-W23-19 1.18E-32 299-W22-86 1.74E-33 299-W22-86 2.54E-34 299-W22-86 276E-35 299-W23-4 1.13E-36
7 699-34-72 9.10E-32 299-W23-4 8.32E-33 299-W23-4 4.75E-34 299-W18-15 1.93E-34 299-W22-86 2.91E-36
8 299-W23-4 1.23E-31 699-34-72 6.33E-32 299-W18-21 4.02E-33 299-W18-21 5.30E-34 1299-W18-15 8.30E-36
9 299-W22-72 9.24E-31 299-W18-21 9.02E-32 299-W18-15 5.47E-33 299-W22-72 1.44E-33 299-W22-72 1.45E-34

10 299-W18-21 2.94E-30 299-W22-72 1.51E-31 299-W22-72 1.67E-32 699-34-72 4.85E-33 299-W18-21 3.38E-34
11 299-W18-15 4.07E-30 299-W18-15 1.53E-31 699-34-72 2.16E-32 699-30-66 6.56E-33 699-34-72 1.47E-33
12 299-W22-44 1.57E-28 299-W22-44 1.24E-29 299-W22-44 7.74E-31 299-W22-44 4.17E-32 299-W22-44 2.75E-33
13 699-37-68 2.02E-25 699-37-68 1.80E-25 299-W18-30 3.17E-26 299-W18-30 2.49E-27 699-30-66 2.27E-31
14 699-36-66B 3.58E-25 699-36-70B 2.51E-25 699-36-70B 4.67E-26 699-36-70B 6.18E-27 699-37-68 2.17E-29
15 699-36-70B 7.33E-25 299-W18-30 6.62E-25 699-37-68 7.26E-26 699-37-68 1.47E-26 299-W18-30 1.17E-27
16 299-W19-40 1.04E-23 699-36-66B 1.01E-24 299-W19-40 1.56E-25 299-W19-40 2.16E-26 699-36-70B 1.93E-27
17 299-W18-30 1.45E-23 299-W19-40 1.55E-24 299-W19-48 2.24E-25 299-W19-36 2.91E-26 299-W19-40 1.41E-26
18 299-W19-48 3.05E-23 299-W19-48 3.01E-24 299-W19-36 2.66E-25 299-W19-48 2.93E-26 299-W19-36 1.92E-26
19 299-W19-36 6.81 E-23 299-W19-36 4.69E-24 699-36-66B 1.04E-24 299-W19-101 2.17E-25 299-W19-48 1.99E-26
20 299-W19-101 2.25E-22 299-W19-101 2.16E-23 299-W19-101 1.60E-24 299-W19-35 4.03E-25 299-W19-101 1.43E-25
21 299-W19-35 3.27E-22 299-W19-35 3.53E-23 299-W19-35 2.87E-24 699-36-66B 4.45E-25 299-W19-35 2.61E-25
22 699-38-70 2.70E-20 699-38-70 4.26E-21 699-38-70 4.76E-22 699-38-70 7.71E-23 699-38-70 4.05E-23
23 299-W14-71 2.21 E-13 1299-W14-71 1.85E-13 299-W14-71 1.56E-13 299-W14-71 1.29E-13 299-W14-71 1.06E-13
24CMAX 1.34E-03 _ CMAX 1.04E-03 CMAX 8.12E-04 _ CMAX 6.32E-04 CMAX 4.92E-04

K-p(n+1)
100

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-27

D-94

200-UP-1
900

23
1

24
90

22.5
5.31 E-14
4.92E-04
2.84E-23

k rounddown+ koudup

2

Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Tetrachloroethane, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
1000

23
1.0
24
90

22.5
4.34E-14
3.83E-04
2.28E-23

Row Labels Max of CONC
1 699-36-66B 0.OOE+00
2 299-W22-47 1.93E-38
3 299-W23-19 3.20E-38
4 299-W23-4 5.68E-38
5 699-33-74 7.62E-38
6 299-W22-83 1.37E-37
7 299-W22-86 8.19E-37
8 299-W18-15 1.76E-36
9 299-W22-72 5.51 E-35

10 299-W18-21 3.06E-34
11 299-W22-44 9.25E-34
12 699-34-72 1.22E-33
13 699-30-66 1.47E-30
14 699-37-68 8.44E-28
15 299-W18-30 1.09E-27
16 699-36-70B 2.20E-27
17 299-W19-40 1.44E-26
18 299-W19-36 1.86E-26
19 299-W19-48 1.94E-26
20 299-W19-101 1.35E-25
21 299-W19-35 2.44E-25
22 699-38-70 3.24E-23
23 299-W14-71 8.69E-14
24 CMAX 3.83E-04

K=P(n+1)
100

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-28

D-95

90 th percentile = k,"dd 2 + koundup

2
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200-UP-1 Operable Unit Predicted Future
Table A-1.
Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
25
22
2

24
90

22.5
2.57E-02

4.85E+00
2.10E-04

Ma of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Ro Labels

200-UP-1
50
24
0

24
90

22.5
3.18E-03

3.90E+00
4.91 E-04

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
75
24
0

24
90

22.5
1.18E-03

3.17E+00
5.03E-04

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
100
24
0

24
90

22.5
6.05E-04

2.70E+00
2.49E-04

Max of CONC

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile
Row Labels___nNO UDCI ax o uuNW aeS msax OLUINO dCSIIXl -F Mi'ou.IVAVVFFLIVI

1 699-33-74 0.00E+00 699-30-66 3.30E-42 699-30-66 1.71E-35 699-30-66 4.70E-32 699-30-66 1.OOE-29
2 699-30-66 0.OOE+00 699-33-74 2.28E-29 699-33-74 1.38E-27 699-33-74 9.53E-27 699-33-74 3.30E-26
3 699-34-72 1.54E-29 299-W22-47 6.45E-25 299-W22-47 2.80E-25 299-W22-47 1.69E-25 299-W22-47 2.62E-25
4 299-W22-47 4.91 E-25 299-W23-19 2.24E-24 299-W23-19 1.1 4E-24 299-W22-83 1.74E-24 299-W22-83 1.55E-24
5 299-W22-86 1.03E-24 299-W22-86 4.30E-24 299-W22-83 2.82E-24 299-W23-19 1.98E-24 299-W22-86 6.42E-24
6 299-W23-4 1.71E-24 299-W22-83 5.11 E-24 299-W22-86 7.03E-24 299-W22-86 6.77E-24 299-W23-19 7.96E-24
7 299-W23-19 1.84E-24 699-34-72 5.83E-24 699-34-72 6.35E-22 299-W22-72 3.39E-21 299-W22-72 2.41E-21
8 299-W22-83 4.26E-24 299-W23-4 7.32E-22 299-W23-4 3.32E-21 .699-34-72 4.38E-21 299-W23-4 6.93E-21
9 299-W22-72 1.25E-20 299-W22-72 1.12E-20 299-W22-72 5.85E-21 1299-W23-4 5.13E-21 _ 699-34-72 1.26E-20

10 299-W22-44 8.67E-18 299-W22-44 4.30E-18 299-W22-44 1.44E-18 299-W22-44 9.09E-19 1299-W22-44 1.31E-18
11 299-W18-15 2.27E-16 299-W18-15 6.15E-16 299-W18-15 2.52E-16 299-W18-15 8.57E-17 299-W18-15 2.81E-17
12 299-W18-21 6.53E-14 299-W18-21 4.31E-14 299-W18-21 1.03E-14 299-W18-21 2.51E-15 299-W18-21 6.27E-16
13 699-36-70B 1.18E-13 699-36-70B 6.86E-11 299-W18-30 5.54E-11 299-W18-30 1.66E-11 299-W18-30 5.54E-12
14 299-W18-30 1.50E-09 299-W18-30 2.OOE-10 699-36-70B 2.44E-10 699-36-70B 2.95E-10 699-36-70B 2.34E-10
15 299-W19-40 3.05E-07 299-W19-40 1.84E-07 299-W19-36 4.78E-08 299-W19-36 8.49E-09 299-W19-36 1.56E-09
16 299-W19-36 2.82E-06 299-W19-36 2.86E-07 299-W19-40 6.28E-08 299-W19-40 1.77E-08 699-37-68 2.43E-09
17 299-W19-48 5.34E-06 299-W19-48 7.44E-07 299-W19-48 1.38E-07 299-W19-48 2.67E-08 299-W19-40 4.54E-09
18 699-36-66B 6.43E-06 699-37-68 6.53E-06 699-37-68 4.76E-07 699-37-68 3.37E-08 299-W9-48 5.27E-09
19 699-37-68 2.03E-05 699-36-66B 1.45E-05 699-36-66B 3.54E-06 699-36-66B 7.06E-07 699-36-66B 1.32E-07
20 699-38-70 1.44E-04 299-W19-101 2.45E-05 299-W19-101 4.49E-06 299-W19-101 8.45E-07 299-W19-101 1.62E-07
21 299-W19-101 1.84E-04 299-W19-35 5.13E-05 299-W19-35 1.18E-05 299-W19-35 2.52E-06 299-W19-35 5.27E-07
22 299-W19-35 2.21 E-04 699-38-70 6.79E-04 699-38-70 7.14E-04 699-38-70 3.55E-04 699-38-70 1.26E-04
23 299-W14-71 5.12E-02 299-W14-71 5.69E-03 299-W14-71 1.64E-03 299-W14-71 8.55E-04 299-W14-71 5.94E-04
24 CMAX 4.85E+00 CMAX 3.90E+00 CMAX 3.17E+00 CMAX 2.70E+00 CMAX 2.40E+00

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-29

D-96

Trichloroethene

Rank

200-UP-1
125

24
0

24
90

22.5
3.60E-04

2.40E+00
8.81 E-05

Max of CONC

K= p(n+1)
100

k rounddown+ kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Trichloroethene, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
150
24

0
24
90

22.5
2.44E-04

2.17E+00
2.59E-05

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
175

24
0

24
90

22.5
1.81 E-04

1.89E+00
6.87E-06

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
200

24
0

24
90

22.5
1.40E-04

1.61 E+00
1.70E-06

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
300

24
0

24
90

22.5
5.68E-05
7.36E-01
4.54E-09

Max of CONC

Subarea
Time (years)
detects
nondetects

200-UP-1
400

24
0

n (number of values) 24
p (percentile) 90
k (position in sequence) 22.5
revised mean 90th perce 2.41 E-05
Cmax 3.43E-01
excel percentile 1.08E-11
Row Labels Max of CONC

1 699-30-66 4.41E-28 699-30-66 6.97E-27 1699-30-66 6.14E-26 699-33-74 5.15E-26 699-33-74 6.03E-27
2 699-33-74 7.15E-26 699-33-74 1.13E-25 699-33-74 1 .38E-25 ____ 299-W22-47 1.47E-24 299-W22-47 1.17E-25
3 299-W22-47 7.60E-25 299-W22-47 1.79E-24 299-W22-47 2.82E-24 299-W22-86 3.26E-24 299-W22-83 4.66E-25
4 299-W22-83 2.40E-24 299-W22-83 4.85E-24 299-W22-86 4.91E-24 299-W22-83 5.12E-24 299-W23-19 4.68E-25
5 299-W22-86 5.86E-24 299-W22-86 5.29E-24 299-W22-83 7.84E-24 299-W23-19 9.48E-24 299-W22-86 5.04E-25
6 299-W23-19 2.07E-23 299-W23-19 3.52E-23 299-W23-19 4.11E-23 699-30-66 1.01E-22 299-W23-4 3.41 E-24
7 299-W22-72 1.75E-21 299-W22-72 1.38E-21 299-W22-72 1.21E-21 299-W23-4 1.68E-22 299-W22-72 4.44E-23
8 299-W23-4 6.86E-21 299-W23-4 5.38E-21 299-W23-4 3.41E-21 299-W22-72 4.98E-22 299-W18-15 817E-23
9 699-34-72 2.11 E-20 699-34-72 2.51 E-20 699-34-72 2.30E-20 699-34-72 3.26E-21 1699-34-72 1.26E-22

10 299-W22-44 1.78E-18 299-W22-44 1.87E-18 1299-W18-15 1.08E-18 299-W18-15 1.03E-20 1299-W18-21 2.85E-22
11 299-W18-15 9.56E-18 299-W18-15 3.26E-18 299-W22-44 1.52E-18 299-W18-21 5.44E-20 699-30-66 2.59E-21
12 299-W18-21 1.60E-16 299-W18-21 4.17E-17 299-W18-21 1.09E-17 299-W22-44 1.39E-19 299-W22-44 3.82E-21
13 299-W18-30 2.09E-12 299-W18-30 8.53E-13 299-W18-30 3.54E-13 299-W18-30 7.72E-15 299-W18-30 9.88E-17
14 699-36-70B 1.30E-10 299-W19-36 5.77E-11 299-W19-36 1.16E-11 299-W19-36 4.31E-14 299-W19-40 6.87E-16
15 299-W19-36 2.96E-10 699-36-70B 5.79E-11 699-36-70B 2.17E-11 299-W19-48 9.21E-14 299-W19-48 7.79E-16
16 699-37-68 3.44E-10 699-37-68 1.73E-10 299-W19-48 4.43E-11 299-W19-40 1.63E-13 699-36-70B 9.07E-16
17 299-W19-48 1.06E-09 299-W19-48 2.16E-10 299-W19-40 6.17E-11 699-36-70B 1.80E-13 299-W19-36 1.11E-15
18 299-W19-40 1.12E-09 299-W19-40 2.66E-10 699-37-68 1.08E-10 1299-W19-101 2.09E-12 299-W19-101 1.06E-14
19 699-36-66B 2.44E-08 699-36-66B 4.54E-09 699-36-66B 9.23E-10 699-37-68 4.27E-12 1299-W19-35 2.54E-14
20 299-W19-101 3.19E-08 299-W19-101 6.31E-09 299-W19-101 1.25E-09 299-W19-35 8.22E-12 699-37-68 5.86E-14
21 299-W19-35 1.10E-07 299-W19-35 2.27E-08 299-W19-35 4.68E-09 699-36-66B 7.07E-11 _ 699-36-66B 4.30E-12
22 699-38-70 3.70E-05 699-38-70 9.81 E-06 699-38-70 2.43E-06 699-38-70 6.45E-09 699-38-70 1.36E-1 1
23 299-W14-71 4.51E-04 299-W14-71 3.52E-04 299-W14-71 2.77E-04 299-W14-71 1.14E-04 299-W14-71 4.82E-05
24 CMAX 2.17E+GG _ _ CMAX 1.89E+GG __ CMAX 1.61E+00 CMAX 7.36E-01 CMAX 3.43E-G1

90 th percentileK= p(n+1)
100

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-30

D-97

kr + k up

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Trichloroethene, cont. Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
500

24
0

24
90

22.5
1.04E-05
1.95E-01
1.20E-13

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
600

24
0

24
90

22.5
4.56E-06
1.38E-01
3.72E-14

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
700

24
0

24
90

22.5
2.02E-06
1,05E-01
1.92E-14

Max of CONC

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

200-UP-1
800

24
0

24
90

22.5
9.09E-07
8.10E-02
1.13E-14

Max of CONC

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile
Row LabelsK

1 699-33-74 5.74E-28 699-33-74 375E-29 1299-W22-47 1.37E-30 299-W22-47 7.33E-32 299-W23-19 3.93E-32
2 299-W22-47 3.96E-27 299-W22-47 8.33E-29 1299-W23-19 2.57E-30 299-W23-19 8.10E-32 299-W22-47 4.13E-32
3 299-W23-19 1.15E-26 299-W23-19 1.91E-28 699-33-74 4.24E-30 299-W23-4 1.09E-31 299-W23-4 5.19E-32
4 299-W22-83 1.70E-26 299-W22-83 3.73E-28 299-W23-4 4.81 E-30 299-W22-83 8.57E-31 299-W22-83 5.58E-31
5 299-W22-86 2.68E-26 299-W23-4 5.01E-28 299-W22-83 7.02E-30 699-33-74 2.20E-30 699-33-74 1.49E-30
6 299-W23-4 4.63E-26 299-W22-86 7.84E-28 299-W22-86 2.88E-29 299-W18-15 8.80E-30 299-W22-86 6.89E-30
7 299-W18-15 5.90E-25 299-W18-15 4.06E-27 299-W18-15 3.74E-29 299-W22-86 1.02E-29 299-W18-15 7.21E-30
8 299-W18-21 1.53E-24 299-W18-21 9.79E-27 299-W18-21 1.23E-27 299-W22-72 6.65E-28 299-W22-72 4.53E-28
9 299-W22-72 1.57E-24 299-W22-72 3.41E-26 299-W22-72 1.44E-27 299-W18-21 1.07E-27 299-W18-21 9.59E-28

10 699-34-72 4.36E-24 699-34-72 2.83E-25 299-W22-44 2.17E-26 299-W22-44 1.07E-26 299-W22-44 7.53E-27
11 299-W22-44 6.02E-23 299-W22-44 7.22E-25 699-34-72 8.93E-26 699-34-72 5.88E-26 699-34-72 3.93E-26
12 699-30-66 4.16E-21 699-30-66 1.98E-21 699-30-66 1.54E-21 699-30-66 1.45E-21 699-30-66 1.16E-21
13 299-W18-30 9.58E-19 299-W18-30 3.88E-20 299-W18-30 2.32E-20 299-W18-30 1.71E-20 299-W18-30 1.28E-20
14 699-36-70B 7.80E-18 699-36-70B 8.1OE-19 699-36-70B 4.90E-19 699-36-70B 3.36E-19 699-36-70B 2.28E-19
15 299-W19-40 2.81E-17 299-W19-40 1.17E-17 299-W19-40 6.94E-18 299-W19-40 4.21E-18 .299-W19-40 2.58E-18
16 299-W19-48 1.09E-16 299-W19-48 5.84E-17 299-W19-48 3.44E-17 299-W19-48 2.05E-17 299-W19-48 1.24E-17
17 299-W19-36 3.10E-16 299-W19-36 1.82E-16 299-W19-36 1.11E-16 299-W19-36 6.83E-17 299-W19-36 4.25E-17
18 699-37-68 1.27E-15 699-37-68 5.19E-16 699-37-68 343E-16 699-37-68 2.28E-16 699-37-68 1.52E-16
19 299-W19-101 2.81E-15 299-W19-101 1.54E-15 299-W19-101 8.72E-16 299-W19-101 5.03E-16 299-W19-101 2.94E-16
20 299-W19-35 4.40E-15 299-W19-35 2.35E-15 299-W19-35 1.31 E-15 299-W19-35 7.43E-16 299-W19-35 4.29E-16
21 699-36-66B 1.14E-13 699-36-66B 2.50E-14 699-36-66B 1.68E-14 699-38-70 1.03E-14 699-38-70 5.52E-15
22 699-38-70 1.23E-13 699-38-70 4.24E-14 699-38-70 2.03E-14 699-36-66B 1.17E-14 699-36-66B 8.14E-15
23 299-W14-71 2.08E-05 299-W14-71 9.11E-06 299-W14-71 4.05E-06 299-W14-71 1.82E-06 299-W14-71 8.27E-07

24CMAX1.95E-01 CMAX 1.38E-01 CMAX 1.05E-01 CMAX 8.1E-02 CMAX 6.39E-02

K= p(n+1)
100

90 th percentile

reference for K calculation: Hogg and Tanis, Probability and StatisticallInference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-31

D-98

200-UP-1
900

24
0

24
90

22.5
4.13E-07
6.39E-02
7.35E-15

Max of CONC

S+ kroundup
2
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Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Trichloroethene, cont.

Rank

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile
Row Labels

1 299-W23-19 2.84E-32
2 299-W22-47 2.95E-32
3 299-W23-4 3.91 E-32
4 299-W22-83 3.94E-31
5 699-33-74 9.94E-31
6 299-W22-86 4.69E-30
7 299-W18-15 6.05E-30
8 299-W22-72 3.09E-28
9 299-W18-21 8.64E-28

10 299-W22-44 5.32E-27
11 699-34-72 2.57E-26
12 699-30-66 8.29E-22
13 299-W18-30 9.58E-21
14 699-36-70B 1.52E-19
15 299-W19-40 1.59E-18
16 299-W19-48 7.55E-18
17 299-W19-36 2.66E-17
18 699-37-68 1.01E-16
19 299-W19-101 1.74E-16
20 299-W19-35 2.52E-16
21 699-38-70 3.05E-1 5
22 699-36-66B 5.68E-15
23 299-W14-71 3.80E-07
24 CMAX 5.56E-02

K= P(n+1)
100

90 th percentile =

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-32

D-99

200-UP-1
1000

24
0

24
90

22.5
1.90E-07
5.56E-02
4.89E-15

Max of CONC

k ounddown kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
24
0

24
90

22.5
2.16E+04
9.60E+04
1.OOE+04

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
50
24
0

24
90

22.5
3.68E+03
1.93E+04
1.96E+03

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Percentile

200-UP-1
75
24
0

24
90

22.5
6.95E+02
3.99E+03
294E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100

24
0

24
90

22.5
1.38E+02
8.89E+02
4 16E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel Percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 7.18E-10 299-W18-21 4.13E-10 299-W18-21 8.80E-11 299-W18-21 1.1 E-11 299-W18-21 9.65E-13
2 699-30-66 3.70E-09 699-30-66 6.21E-05 299-W18-15 4.37E-05 299-W18-15 2.02E-06 299-W18-15 8.73E-08
3 299-W18-15 9.77E-03 299-W18-15 8.42E-04 299-W18-30 3.25E-03 299-W18-30 1.18E-04 299-W18-30 4.26E-06
4 299-W18-30 1.87E+00 299-W18-30 9.53E-02 699-30-66 7.53E-03 699-33-74 6.30E-04 699-33-74 2.03E-05
5 299-W22-86 1.13E+01 299-W22-86 8.19E-01 699-33-74 2.32E-02 299-W23-4 1.56E-03 299-W23-4 5.61 E-05
6 299-W14-71 1.24E+01 699-33-74 9.87E-01 299-W23-4 4.45E-02 299-W22-47 7.64E-03 299-W22-47 3.99E-04
7 299-W22-47 3.94E+01 299-W23-4 1.39E+00 299-W22-86 1.12E-01 299-W22-86 1.18E-02 299-W23-19 7.33E-04
8 299-W22-83 5.75E+01 299-W22-47 2.49E+00 1299-W22-47 1.44E-01 1299-W23-1 9 1.81 E-02 _ 299-W22-86 1.05E-03
9 699-33-74 6.22E+01 299-W22-83 4.35E+00 299-W22-83 3.19E-01 299-W22-83 2.OOE-02 299-W22-83 1.17E-03

10 299-W23-4 6.26E+01 299-W14-71 8.09E+00 299-W23-19 4.52E-01 699-30-66 4.19E-02 299-W14-71 4.31E-03
11 299-W23-19 3.83E+02 299-W23-19 1.14E+01 299-W14-71 8.08E-01 299-W14-71 6.29E-02 299-W22-44 9.59E-03
12 299-W19-36 3.85E+02 299-W22-72 9.92E+01 299-W22-44 5.89E+00 699-34-72 2.37E-01 699-34-72 1.10E-02
13 299-W19-101 4.41E+02 299-W19-36 1.28E+02 699-34-72 6.OOE+00 299-W22-44 2.41E-01 299-W22-72 3.38E-02
14 699-38-70 5.52E+02 299-W22-44 1.41E+02 299-W22-72 8.42E+00 299-W22-72 5.71E-01 299-W19-36 4.12E-02
15 299-W19-48 6.09E+02 699-34-72 1.48E+02 299-W19-36 1.14E+01 299-W19-36 7.51E-01 699-30-66 6.10E-02
16 299-W19-35 6.33E+02 299-W19-101 1.63E+02 299-W19-101 2.74E+01 299-W19-101 3.01E+00 299-W19-101 2.45E-01
17 299-W22-72 1.03E+03 299-W19-35 1.74E+02 299-W19-35 3.22E+01 299-W19-48 3.62E+00 1299-W19-48 2.68E-01
18 299-W19-40 2.09E+03 299-W19-48 2.49E+02 299-W19-48 3.73E+01 299-W19-35 4.12E+00 1299-W19-35 3.85E-01
19 699-34-72 3.11E+03 699-38-70 2.54E+02 699-38-70 4.08E+01 699-38-70 6.71E+00 699-38-70 9.90E-01
20 299-W22-44 3.40E+03 299-W19-40 4.02E+02 299-W19-40 7.55E+01 299-W19-40 1.04E+01 299-W19-40 1.04E+00
21 699-37-68 9.05E+03 699-37-68 1.67E+03 699-36-70B 2.23E+02 699-36-70B 3.17E+01 699-36-70B 4.81E+00
22 699-36-70 1.04E+04 1699-36-70B 2.08E+03 699-37-68 3.24E+02 699-37-68 4.58E+01 699-37-68 4.85E+00
23 699-36-66B 3.27E+04 699-36-66B 5.28E+03 699-36-66B 1.07E+03 699-36-66B 2.29E+02 699-36-66B 4.22E+01
24CMAX 9.60E+04 _ CMAX 1.93E+04 CMAX 3.99E+03 CMAX 8.89E+02 CMAX 2.05E+02

K= p(n+1)
100

90 th percentile
k roIIddown r+ kdup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-33

D-100

Tritium 200-UP-1
125

24
0

24
90

22.5
2.35E+01
2.05E+02
4.84E+00Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150

24
0

24
90

22.5
3.55E+00
4.61 E+01
581 E-01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
175

24
0

24
90

22.5
4.91 E-01

1.03E+01
6.38E-02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Percentile

200-UP-1
200

24
0

24
90

22.5
7.OOE-02

2.20E+00
709E-03

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1

2.09E
4.15E
939E

Subarea2
300 Time (years)

24 detects
0 nondetects

24 n (number of values)
90 p (percentile)

22.5 k (position in sequence)
E-05 revised mean 90th perce
E-03 Cmax
E-07 excel percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONG Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 6.84E-14 299-W18-21 4.25E-15 299-W18-21 2.43E-16 299-W18-21 1.75E-21 299-W18-21 1.58E-26
2 299-W18-15 3.72E-09 299-W18-15 1.56E-10 299-W18-15 6.48E-12 299-W18-15 1.87E-17 299-W18-15 3.11E-22
3 299-W18-30 1.56E-07 299-W18-30 5.79E-09 299-W18-30 2.16E-10 299-W18-30 4.51E-16 299-W8-30 3.36E-21
4 699-33-74 1.02E-06 299-W23-4 7.88E-08 299-W23-4 3.01 E-09 299-W23-4 6.86E-15 299-W23-4 6.45E-20
5 299-W23-4 2.09E-06 699-33-74 8.61 E-08 699-33-74 8.58E-09 299-W23-19 1.38E-13 299-W23-19 4.23E-19
6 299-W22-47 2.01E-05 299-W22-47 9.87E-07 299-W22-47 4.66E-08 299-W22-47 1.86E-13 299-W22-47 6.48E-19
7 299-W23-19 2.99E-05 299-W23-19 1.23E-06 299-W23-19 5.01 E-08 699-33-74 3.58E-13 299-W22-83 2.53E-18
8 299-W22-83 6.42E-05 299-W22-83 3.33E-06 1299-W22-83 1.64E-07 1299-W22-83 7.17E-13 1299-W22-44 3.69E-18
9 299-W22-86 7.93E-05 299-W22-86 5.33E-06 1299-W22-86 3.24E-07 299-W22-44 1.42E-12 699-33-74 4.84E-18

10 299-W14-71 2.83E-04 299-W22-44 1.51E-05 1299-W22-44 5.94E-07 299-W22-86 2.38E-12 299-W22-86 1.08E-17
11 299-W22-44 3.81E-04 299-W14-71 1.96E-05 299-W14-71 1.68E-06 299-W19-36 1.25E-11 299-W19-36 3.38E-17
12 699-34-72 7.86E-04 699-34-72 7.87E-05 299-W19-36 4.11 E-06 299-W22-72 1.84E-1 299-W22-72 5.94E-17
13 299-W22-72 1.84E-03 299-W19-36 9.35E-05 299-W22-72 4.52E-06 299-W19-48 2.32E-10 299-W19-48 7.74E-16
14 299-W19-36 2.03E-03 299-W22-72 9.35E-05 699-34-72 8.14E-06 299-W19-o1 2.83E-10 299-W19-101 1.03E-15
15 299-W19-101 1.65E-02 299-W19-48 9.43E-04 299-W9-48 4.91E-05 699-34-72 3.32E-10 299-W19-35 2.91E-15
16 299-W19-48 1.68E-02 299-W19-101 9.83E-04 299-W19-101 5.34E-05 299-W19-35 7.20E-10 699-34-72 4.01E-15
17 299-W19-35 2.91E-02 299-W19-35 1.89E-03 299-W9-35 1.11E-04 1299-W14-71 1.07E-09 299-W19-40 1.07E-14
18 699-30-66 3.91E-02 299-W19-40 5.72E-03 _ 299-W9-40 3.51E-04 1299-W19-40 2.57E-09 699-38-70 8.71E-14
19 299-W19-40 8.33E-02 699-38-70 1.11E-02 699-38-70 8.93E-04 699-38-70 1.34E-08 699-36-70B 6.88E-13
20 699-38-70 1.16E-01 699-30-66 1.45E-02 699-30-66 3.58E-03 699-36-70B 9.81E-08 299-W14-71 I.43E-12
21 699-37-68 5.27E-01 699-36-70B 6.18E-02 699-36-70B 5.33E-03 699-37-68 5.47E-07 699-37-68 1.02E-11
22 699-36-70B 6.05E-01 699-37-68 6.46E-02 699-37-68 7.84E-03 699-30-66 1.11E-06 699-30-66 9.09E-11
23 699-36-66B 6.50E+00 699-36-66B 9.17E-01 699-36-66B 1.32E-01 699-36-66B 4.06E-05 699-36-66B 2.42E-09
24 CMAX 4 O _ M1.03E+01 CMAX 2.20E+00 CMAX 4.15E-03 CMAX 1.08E-05

K= P(n1l)
100

90 th percentile
rolfddown + roundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-34

D-101

Tritium, cont.

Rank

200-UP-1
400

24
0

24
90

22.5
1.26E-09
1.08E-05
6,67E-1 1
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500
24

0.0
24
90

22.5
8.29E-14
3.01 E-08
3.29E-14

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
600

24
0.0
24
90

22.5
1.38E-16
8.77E-11
2.44E-1 8

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
700

24
0

24
90

22.5
3.27E-19
2.65E-13
3.84E-21

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
8.03E-22
8.30E-16
6.86E-24

Subaread
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W18-21 1.71E-29 299-W18-21 4.60E-32 299-W18-21 1.25E-34 299-W18-21 3.40E-37 299-W18-21 9.34E-40
_ 299-W18-15 6.61E-25 299-W18-15 1.71E-27 299-W18-15 4.43E-30 299-W18-15 1.1 6E-32 299-W8-15 3.04E-35
3 299-W18-30 5.67E-24 299-W18-30 1.39E-26 299-W18-30 3.42E-29 299-W18-30 8.42E-32 299-W18-30 2.08E-34
4 299-W22-47 7.74E-23 299-W22-47 1.86E-25 299-W22-47 4.59E-28 299-W22-47 1.13E-30 299-W22-47 2.80E-33
5 299-W23-19 1.28E-22 299-W23-19 3.09E-25 299-W23-19 7.51E-28 299-W23-19 1.82E-30 299-W23-19 4.40E-33
6 299-W23-4 1.29E-22 299-W23-4 3.46E-25 299-W22-83 8.75E-28 299-W22-83 2.12E-30 299-W22-86 5.09E-33
7 299-W22-83 1.57E-22 299-W22-83 3.61E-25 299-W23-4 9.34E-28 299-W22-86 2.26E-30 299-W22-83 5.15E-33
8 299-W22-86 2.48E-22 299-W22-86 4.58E-25 299-W22-86 1.01E-27 299-W23-4 2.53E-30 299-W23-4 6.84E-33
9 699-33-74 5.17E-22 699-33-74 1.07E-24 699-33-74 2.40E-27 699-33-74 5.40E-30 699-33-74 1.22E-32

10 299-W22-44 7.19E-22 299-W22-72 1.43E-24 299-W22-72 3.10E-27 299-W22-72 6.76E-30 299-W22-72 1.48E-32
11 299-W22-72 8.44E-22 299-W22-44 1.85E-24 299-W19-36 4.13E-27 299-W19-36 9.OOE-30 299-W19-36 1.99E-32
12 299-Wi19-36 9.92E-22 299-W19-36 1.92E-24 299-W22-44 4.87E-27 299-W22-44 1.29E-29 299-W22-44 3.42E-32
13 299-W19-48 5.68E-21 299-W19-101 5.05E-24 299-W19-101 9.67E-27 299-W19-101 1.89E-29 299-W19-101 3.76E-32
14 299-W19-101 5.89E-21 299-W19-48 6.48E-24 299-W19-48 1.24E-26 299-W19-48 2.42E-29 299-W19-48 4.78E-32
15 299-W19-35 1.41E-20 299-W9-35 8.33E-24 299-W19-35 1.60E-26 299-W19-35 3.13E-29 699-34-72 5.57E-32
16 699-34-72 3.30E-20 699-34-72 1.16E-23 699-34-72 1.90E-26 699-34-72 3.22E-29 299-W19-35 6.22E-32
17 299-W19-40 5.OOE-20 299-W19-40 2.66E-23 299-W19-40 4.93E-26 299-W19-40 9.28E-29 299-W19-40 1.77E-31
18 699-38-70 4.18E-19 699-38-70 4.55E-23 699-38-70 8.86E-26 699-38-70 1.82E-28 699-38-70 3.81E-31
19 699-36-70B 3.21E-18 699-36-70B 2.04E-22 699-36-70B 3.26E-25 699-36-70B 5.61E-28 699-36-70B 9.79E-31
20 699-37-68 9.91 E-17 699-37-68 2.53E-21 699-37-68 3.60E-24 699-37-68 6.97E-27 699-37-68 1.37E-29
21 299-W14-71 2.04E-15 699-36-66B 8.38E-19 699-36-66B 8.07E-22 699-36-66B 1.68E-24 699-36-66B 3.62E-27
22 699-36-66B 4.62E-14 299-W14-71 3.13E-18 299-W14-71 5.15E-21 299-W14-71 9.08E-24 299-W14-71 1.71E-26
23 699-30-66 1.20E-13 699-30-66 2.73E-16 699-30-66 6.49E-19 699-30-66 1.60E-21 699-30-66 4.07E-24
24CMAX 3.01E-08 CMAX _.77E-11_MAX 2.65E-13 CMAX 8.30E-16 CMAX 2.63E-18

K= p(n±)
100

90 th percentile
k runddow + kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-35

D-102

Tritium, cont. 200-UP-1
900

24
0

24
90

22.5
2.04E-24
2.63E-18
1.30E-26Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
1000

24
0.0
24
90

22.5
5.39E-27
8.53E-21
2.61 E-29

Row Labels Max of CONC
1 299-W18-21 2.58E-42
2 299-Wi8-15 8.04E-38
3 299-W18-30 5.12E-37
4 299-W22-47 6.93E-36
5 299-W23-19 1.05E-35
6 299-W22-86 1.15E-35
7 299-W22-83 1.25E-35
8 299-W23-4 1.85E-35
9 699-33-74 2.78E-35

10 299-W22-72 3.22E-35
11 299-W19-36 4.42E-35
12 299-W19-101 7.64E-35
13 299-W22-44 9.11E-35
14 299-W19-48 9.59E-35
15 699-34-72 9.83E-35
16 299-W19-35 1.26E-34
17 299-W19-40 3.39E-34
18 699-38-70 8,07E-34
19 699-36-70B 1.74E-33
20 699-37-68 2.71E-32
21 699-36-66B 7.95E-30
22 299-W14-71 3.39E-29
23 699-30-66 1.08E-26
24 CMAX 8.53E-21

K=p(n+1)
100

90 th percentile
k oiddown + kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 2001
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-36

D-103

Tritium, cont.

Rank
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
25
16
8

24
90

22.5
3.83E+02
4.79E+02
3.24E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

K= p(n+1)
100

200-UP-1
50
18
6

24
90

22.5
3.07E+02
3.62E+02
2.51E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel Percentile

90 th percentile

200-UP-1
75
23
1

24
90

22.5
3.02E+02
3.25E+02
2.52E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
100

20
4

24
90

22.5
2.79E+02
2.80E+02
2.39E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile4ow1 -.- [Ju.l . . .

Rank Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 299-W22-72 0.OOE+00 299-W22-72 0.OOE+00 299-W8-21 0.OOE+00 699-36-66B 0.OOE+00 699-30-66 3.89E-46
2 299-W22-83 0.OOE+00 299-W22-83 0.OOE+00 699-30-66 7.89E-55 299-W18-21 0.OOE+00 299-W18-21 1.15E-15
3 299-W18-15 0.OOE+00 299-W22-86 0.OOE+00 699-33-74 1.49E-19 699-33-74 0.OOE+00 699-33-74 1.90E-14
4 699-30-66 0.00E+00 699-30-66 0.OOE+00 699-34-72 1.62E-14 699-30-66 0.OOE+00 699-34-72 6.69E-12
5 299-W22-47 0.OOE+00 299-W18-21 0.00E+00 699-36-66B 1.81E-13 699-34-72 3.07E-13 699-36-66B 1.05E-09
6 299-W18-21 0.OOE+00 699-33-74 0.00E+00 699-37-68 3.37E-08 299-W18-30 1.44E-06 299-W18-30 1.80E-06
7 699-34-72 0.OOE+00 699-34-72 2.28E-17 299-W22-86 4.83E-08 299-W22-86 1.88E-06 299-W22-86 1.18E-05
8 699-33-74 0.OOE+00 699-36-66B 1.44E-13 299-W18-30 1.09E-06 699-37-68 2.29E-06 1699-37-68 3.22E-05
9 699-36-66B 4.32E-15 699-37-68 2.22E-10 299-W18-15 3.54E-05 299-W18-15 4.63E-05 1299-W18-15 5.02E-05

10 699-37-68 6.40E-11 299-W18-30 8.47E-07 299-W22-83 1.97E-04 299-W22-83 7.OOE-04 1299-W22-83 1.81E-03
11 299-W22-86 2.03E-09 299-W18-15 1.69E-05 299-W22-47 4.39E-04 299-W22-47 9.96E-04 1299-W22-47 1.99E-03
12 299-W18-30 2.13E-07 299-W22-47 9.25E-05 299-W14-71 1.89E-03 299-W14-71 2.51E-03 1299-W14-71 3.02E-03
13 699-36-70B 9.25E-05 299-W14-71 1.16E-03 299-W22-72 3.95E-03 299-W22-72 1.58E-02 1299-W22-72 4.11E-02
14 299-W14-71 3.63E-04 699-36-70B 4.98E-02 299-W23-19 1.24E-01 299-W23-19 1.47E-01 299-W23-19 1.70E-01
15 299-W23-19 3.78E-02 299-W23-19 9.10E-02 .699-36-70B 2.58E-01 699-36-70B 6.53E-01 699-36-70B 1.20E+00
16 299-W22-44 3.85E-01 299-W22-44 1.26E+00 299-W22-44 2.08E+00 299-W22-44 2.78E+00 299-W23-4 2.12E+00
17 299-W23-4 1.25E+01 299-W23-4 7.26E+00 299-W23-4 4.70E+00 299-W23-4 3.13E+00 299-W22-44 3.28E+00
18 699-38-70 2.99E+01 699-38-70 2.79E+01 699-38-70 2.81E+01 699-38-70 3.26E+01 699-38-70 4.23E+01
19 299-W19-40 4.72E+01 299-W19-40 4.83E+01 299-W19-40 4.99E+01 299-W19-40 4.91E+01 299-W19-40 4.66E+01
20 299-W19-35 1.80E+02 299-W19-36 1.54E+02 299-W19-36 1.19E+02 299-W19-36 9.03E+01 299-W19-36 6.79E+01
21 299-W19-36 2.07E+02 299-W19-35 2.48E+02 299-W19-48 1.92E+02 299-W19-48 1.50E+02 299-W19-48 1.18E+02
22 299-W19-101 3.74E+02 299-W19-48 2.52E+02 299-W19-35 2.78E+02 299-W19-35 2.78E+02 _ 299-W19-101 2.37E+02
23 299-W19-48 3.92E+02 299-W19-101 3.62E+02 299-W19-101 3.25E+02 299-W19-101 2.80E+02 1299-W19-35 2.61E+02
24 CMAX 4.79E+02 _ CMAX 3.62E+02 _ CMAX 3.25E+02 _ CMAX 2.80E+02 _ CMAX 2.61E+02

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege

A-37
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Uranium 200-UP-1
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24
0

24
90

22.5
2.49E+02
2.61 E+02
2.01E+02

kronddow + kroundup

2
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
150

24
0

24
90

22.5
2.16E+02
2.35E+02
1.67E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
175

23
1

24
90

22.5
1.85E+02
2.16E+02
1.37E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
200

23
1

24
90

22.5
1.56E+02
1.99E+02
1.22E+02

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
300

24
0

24
90

22.5
1.14E+02
1.60E+02
7.62E+01

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

Rank Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC
1 699-30-66 6.47E-44 699-30-66 0.OOE+00 699-30-66 0.OOE+00 699-30-66 8.57E-30 699-30-66 6.06E-25
2 299-W18-21 2.12E-14 299-W18-21 5.44E-14 299-W18-21 9.80E-14 299-W18-21 2.87E-13 299-W18-21 3.57E-13
3 699-33-74 6.40E-13 699-33-74 7.01 E-12 699-33-74 4.47E-11 699-33-74 5.03E-09 699-33-74 6.87E-08
4 699-34-72 1.1OE-10 699-34-72 1.07E-09 699-34-72 6.78E-09 699-34-72 9.62E-07 299-W18-30 9.33E-07
5 699-36-66B 9.24E-09 699-36-66B 1.50E-07 699-36-66B 1.29E-06 299-W18-30 1.78E-06 299-W18-15 7.82E-06
6 299-W18-30 2.09E-06 299-W18-30 2.26E-06 299-W18-30 2.33E-06 299-W18-15 1.98E-05 699-34-72 1.73E-05
7 299-W22-86 4.24E-05 299-W18-15 4.60E-05 299-W18-15 4.09E-05 .699-36-66B 3.32E-04 299-W14-71 2.43E-03
8 299-W18-15 4.96E-05 299-W22-86 1.12E-04 299-W22-86 2.37E-04 1299-W22-86 1.32E-03 1299-W22-86 2.56E-03
9 699-37-68 2.18E-04 699-37-68 9.60E-04 699-37-68 3.14E-03 1299-W14-71 3.50E-03 1299-W22-47 6.17E-03

10 299-W22-47 3.27E-03 299-W14-71 3.69E-03 299-W14-71 3.84E-03 299-W22-47 8.09E-03 1699-36-66B 8.28E-03
11 299-W14-71 3.42E-03 299-W22-47 4.72E-03 299-W22-47 6.04E-03 299-W22-83 1.51E-02 1299-W22-83 1.41E-02
12 299-W22-83 3.53E-03 299-W22-83 5.80E-03 299-W22-83 8.27E-03 699-37-68 6.OOE-02 299-W23-4 4.46E-02
13 299-W22-72 8.08E-02 299-W22-72 1.33E-01 299-W23-19 1.76E-01 299-W23-19 1.05E-01 299-W23-19 4.81E-02
14 299-W23-19 1.82E-01 299-W23-19 1.84E-01 299-W22-72 1.94E-01 299-W23-4 1.71E-01 699-37-68 2.45E-01
15 299-W23-4 1.45E+00 299-W23-4 9.99E-01 299-W23-4 6.94E-01 299-W22-72 3.96E-01 299-W22-72 4.13E-01
16 699-36-70B 1.81E+00 699-36-70B 2.39E+00 699-36-70B 2.88E+00 299-W22-44 2.30E+00 299-W22-44 1.13E+00
17 299-W22-44 3.55E+00 299-W22-44 3.61E+00 299-W22-44 3.50E+00 699-36-70B 3.43E+00 299-W19-36 1.96E+00
18 299-W19-40 4.31E+01 299-W19-36 3.74E+01 299-W19-36 2.74E+01 299-W19-36 7.54E+00 699-36-70B 2.48E+00
19 299-W19-36 5.06E+01 299-W19-40 3.88E+01 299-W19-40 3.43E+01 299-W19-40 1.78E+01 299-W19-48 6.40E+00
20 699-38-70 5.69E+01 299-W19-48 7.38E+01 299-W19-48 5.77E+01 299-W19-48 2.02E+01 1299-W19-40 7.67E+00
21 299-W19-48 9.36E+01 699-38-70 7.45E+01 699-38-70 9.32E+01 299-W19-101 5.54E+01 1299-W19-101 2.03E+01
22 299-W19-101 1.98E+02 299-W19-101 1.64E+02 299-W19-101 1.34E+02 299-W19-35 8.52E+01 299-W19-35 3.51E+01
23 299-W19-35 2.35E+02 299-W19-35 2.06E+02 299-W19-35 1.78E+02 699-38-70 1.42E+02 699-38-70 1.28E+02
24 CMAX 2.35E+02 _ CMAX 2.16E+02 CMAX 1.99E+02 CMAX 1 .60E+02 CMAX 1.28E+02

K= p(n+1)
100

90 th percentile
k ounddown+ k 01ondup

2
reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
500

24
0

24
90

22.5
4.88E+01
9.91 E+01
1.11E+01

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
600

24
0

24
90

22.5
2.51 E+01
7.49E+01
3.72E+00

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
700

24
0

24
90

22.5
1.15E+01
5.81E+01
1 17E+00

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
800

24
0

24
90

22.5
4.88E+00
5.33E+01
5.97E-01-.. . .. .

RankRwbHfCN Row Labels Max of CONC Row Labels Max of CONC Row Labels Max of CONC R Lbsxf Row Labels Max of CONC
1 699-30-66 1.19E-21 699-30-66 3.36E-19 699-30-66 2.80E-17 699-30-66 1.06E-15 699-30-66 2.39E-14
2 299-W18-21 3.02E-13 299-W18-21 2.03E-13 299-W18-21 1.18E-13 299-W18-21 6.23E-14 299-W18-21 3.05E-14
3 699-33-74 3.31E-07 299-W18-30 1.51E-07 299-W18-30 5.27E-08 299-W18-30 1.74E-08 299-W8-30 5.56E-09
4 299-W18-30 4.OOE-07 699-33-74 8.47E-07 299-W18-15 3.14E-07 299-W18-5 1.02E-07 299-W18-15 3.25E-08
5 299-W18-15 2.80E-06 299-W18-15 9.51iE-07 699-33-74 1.43E-06 699-33-74 1.78E-06 699-33-74 1.78E-06
6 699-34-72 1.06E-04 699-34-72 3.35E-04 299-W14-71 3.33E-04 299-W14-71 1.46E-04 299-W14-71 6.20E-05
7 299-W14-71 1.40E-03 299-W14-71 7.14E-04 699-34-72 6.73E-04 299-W23-4 2.60E-04 299-W23-4 7.37E-05
8 299-W22-86 2.93E-03 299-W22-47 I.77E-03 299-W22-47 7.86E-04 299-W22-47 3.26E-04 299-W22-47 1.28E-04
9 299-W22-47 3.58E-03 299-W22-86 2.43E-03 299-W23-4 9.21E-04 299-W23-19 8.59E-04 299-W23-19 2.88E-04

10 299-W22-83 9.42E-03 299-W23-4 3.30E-03 299-W22-86 1.63E-03 299-W22-86 9.40E-04 299-W22-83 4.53E-04
11 299-W23-4 1.20E-02 299-W22-83 5.17E-03 299-W22-83 2.49E-03 699-34-72 9.74E-04 299-W22-86 4.86E-04
12 299-W23-19 1.92E-02 299-W23-19 7.10E-03 299-W23-19 2.51E-03 299-W22-83 1.10E-03 699-34-72 1.10E-03
13 699-36-66B 6.1OE-02 299-W19-36 1.22E-01 299-W19-36 3.OOE-02 299-W9-36 7.34E-03 299-W19-36 1.79E-03
14 299-W22-72 3.02E-01 299-W22-72 1.77E-01 299-W22-44 6.28E-02 299-W22-44 2.12E-02 299-W22-44 6.94E-03
15 699-37-68 4.53E-01 299-W22-44 1.78E-01 299-W22-72 8.95E-02 299-W19-48 4.OOE-02 299-W19-48 1.08E-02
16 299-W22-44 4.71E-01 699-36-66B 2.14E-01 299-W19-48 1.48E-01 299-W22-72 4.07E-02 299-W22-72 1.72E-02
17 299-Wi9-36 4.94E-01 699-37-68 5.21E-01 299-W19-40 3.29E-01 299-W9-40 1.05E-01 299-W19-40 3.34E-02
18 699-36-70B 1.40E+00 299-W19-48 5.37E-01 699-36-70B 3.72E-01 299-W19-101 1.77E-01 299-W19-101 4.89E-02
19 299-W19-48 1.90E+00 699-36-70B 7.05E-01 699-37-68 4.38E-01 699-36-70B 2.33E-01 299-W19-35 1.24E-01
20 299-W19-40 2.90E+00 299-W19-40 1.01E+00 699-36-66B 4.53E-01 699-37-68 3.OOE-0 699-36-70B 1.72E-01
21 299-W19-101 6.80E+00 299-W19-101 2.11E+00 299-W19-101 6.24E-01 299-W19-35 4.24E-01 699-37-68 1.80E-0
22 299-W19-35 1.30E+01 299-W19-35 4.40E+00 299-W19-35 1.40E+00 699-36-66B 6.71E-01 699-36-66B 7.64E-01
23 699-38-70 8.47E+1 1699-38-70 4.59E+01 699-38-70 2.16E+01 699-38-70 9.1 E+00 699-38-70 3.53E+00
24 CMAX 9.9E+01 CMAX 7.49E+01I CMAX 5.81E+01 CMAX 5.33E+01 CMAX 4.88E+01

Subarea2
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th perce
Cmax
excel percentile

K=P(n±1)
100

90 th percentile
k oulddown, +kroundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege
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Table A-1.
200-UP-1 Operable Unit Predicted Future Concentrations Used for 90th Percentile Calculation

Subarea
Time (years)
detects
nondetects
n (number of values)
p (percentile)
k (position in sequence)
revised mean 90th percentile
Cmax
excel percentile

200-UP-1
1,000

24
0

24
90

22.5
1.00E+00
4.30E+01
5.44E-01

Rank Row Labels Max of CONC
1 299-W18-21 1.41 E-14
2 699-30-66 3.73E-13
3 299-W18-30 1.73E-09
4 299-W18-15 1.03E-08
5 699-33-74 1.49E-06
6 299-W23-4 2.11E-05
7 299-W14-71 2.64E-05
8 299-W22-47 4.84E-05
9 299-W23-19 9.47E-05

10 299-W22-83 1.78E-04
11 299-W22-86 2.31E-04
12 299-W19-36 4.41E-04
13 699-34-72 1.02E-03
14 299-W22-44 2.22E-03
15 299-W19-48 2.93E-03
16 299-W22-72 6.81E-03
17 299-W19-40 1.11E-02
18 299-W19-101 1.32E-02
19 299-W19-35 3.50E-02
20 699-37-68 1.03E-01
21 699-36-70B 1.31E-01
22 699-36-66B 7.20E-01
23 699-38-70 1.28E+00
24 CMAX 4.30E+01

K= p(n+1)
100

90 th percentile = krounddown2+ roundup

2

reference for K calculation: Hogg and Tanis, Probability and Statistical Inference, p. 33, 200
Percentile Calculation is the nonweighted average of K(rounded down) th and K(rounded up)th values if K is not an intege
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Terms

ARARs applicable or relevant and appropriate requirements

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of
1980

COPC contaminant of potential concern

ECF Environmental Calculation File

EPA U.S. Environmental Protection Agency

EPC exposure point calculation

FS feasibility study

HEIS Hanford Environmental Information System

MCL maximum contaminant level

MCLG maximum contaminant level goal

MDL method detection limit

NCP National Oil and Hazardous Substance Pollution Contingency Plan

OU Operable Unit

PRG preliminary remediation goal

RI remedial investigation

RI/FS remedial investigation / feasibility study

SVOC semi-volatile organic compounds

VOC volatile organic compounds

WAC Washington Administrative Code
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1 Purpose

This calculation brief describes the selection of contaminants of potential concern (COPCs) for
groundwater risk assessment at the 200-UP-I Groundwater Operable Unit (OU). This evaluation supports
the remedial investigation/feasibility study (RI/FS) process being conducted at the 200-UP-I OU under
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA). The
process is currently at the remedial investigation (RI) stage of completion.

COPCs are potentially site-related analytes that are detected in groundwater at levels that represent a
potential threat to human health or the environment and that have analytical data of sufficient quality for
use in a quantitative baseline risk assessment. COPCs are selected based on a multi-step screening
process. COPCs that pose a potentially unacceptable risk based on the baseline risk assessment are
referred to as final COPCs and are carried forward to be addressed by the feasibility study (FS). The
COPC defining process presented herein will serve as the baseline risk assessment for the 200-UP-I OU.
Any COPC that is above action levels (e.g., federal or state maximum contaminant levels [MCLs] or non-
zero maximum contaminant level goals [MCLGs]) or water quality criteria established under section 304
or 303 of the Clean Water Act (where groundwater may impact surface water quality), will be maintained
as a final COPC unless the statistical evaluation process/screening process eliminates it as a contaminant.

This approach is consistent with U.S. Environmental Protection Agency (EPA) guidance provided in
OSWER Directive 9283.1-33, Summary of Key Existing EPA CERCLA Policies for Groundwater
Restoration, which clarifies EPA's policies for determining whether a groundwater remedial action is
warranted under CERCLA. In discussing the role of the baseline risk assessment, the EPA memorandum
quotes the preamble to the National Oil and Hazardous Substance Pollution Contingency Plan (NCP):

The results of the baseline risk assessment are used to determine whether remediation is
necessary, to help provide justification for performing remedial action, and to assist in
determining what exposure pathways need to be remediated.

The memorandum then goes on to clarify EPA's policy in this regard:

Chemical-specific standards that define acceptable risk levels (e.g., non-zero MCLGs, MCLs)
also may be used to determine whether an exposure is associated with an unacceptable risk to
human health or the environment and whether remedial action under Section 104 or 106 is
warranted. For ground water action, MCLs and non-zero MCLGs will generally be used to gauge
whether remedial action is warranted.

The present evaluation uses a rigorous screening methodology and incorporates action levels derived
from a comprehensive set of chemical-specific applicable or relevant and appropriate requirements
(ARARs). The methodology used in this evaluation was presented to the Tri-Parties (U.S. Department of
Energy, EPA, and Washington State Department of Ecology) in a series of informal briefings conducted
over the course of the evaluation and was modified at several stages to incorporate recommendations
from the Tri-Parties.

Included in this calculation brief is a description of the 200-UP-I OU COPC data evaluation process, a
summary of the final COPC results, and a discussion of uncertainties.

1
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2 Methodology

The evaluation methodology involves a sequence of three steps, consisting of:

1. Extracting and processing an OU-specific analytical data set.

2. Screening the data to select analytes that qualify as COPCs for groundwater risk assessment.

3. Screening the COPCs to identify analytes that qualify as final COPCs. Each step is described in
overview below; implementation details and results are presented in subsequent sections.

2.1 Analytical Data Processing

The analytical data set for the 200-UP-I OU evaluation is extracted from the Hanford Environmental
Information System (HEIS) database. Groundwater data from a total of 93 wells are extracted from HEIS
and used for this evaluation. After extraction from HEIS, the analytical data are processed to obtain a
single set of results per sampling location and time of collection. The data processing steps, number of
records, and number of analytes associated with each step are depicted in Figure 2-1. Implementation
details and results are presented in Section 4.0.

200-UP-1
GroundwaterOU 67806 records
groundwater data 237 analytes
5 et- January 12 93 wells
2004 to April 28th,

2009

49,450 49,303 49,141
records records records

Is an
Do results Are results analyte o Ae results No

represent total rejected and reported b- from a field
concentrations flagged with duplicate or

an "R"? tcal field split?
method?

18,356 147 162
No records Yes records Yes records Yes 5,008

1 records

Select single
Eliminate rejected most accurate Process parent,

Eliminate results from data result per duplicate, and
filtered results set analyte split results to

(includes represent single
inappropriate set of results per

gamma results location and time
from data set)

44,133
records

Final data set used for 200-UP.
1 Groundwater OU COPC

selection process

Figure 2-1. Analytical Data Processing for COPC Selection Process

2
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2.2 Contaminant of Potential Concern Selection
After extracting and processing the 200-UP-1 OU groundwater analytical data set, a multi-step screening
process is used to identify the COPCs for groundwater risk assessment. The COPC screening process
steps, number of records, and number of analytes associated with each step are depicted in Figure 2-2.
Implementation details and results are presented in Sections 5.1 and 5.2.

Groundwater data
set prepared for
COPC selection

process
44,133 records

237 analyles

Identify
action
Iev&Is

Apply
exclusion

criteria

33,256 records 26,034 records 15,211 records 15,211 records

169 analytes 75 analytes 37 analytes 37 analytes

Does No Yes Is maximum Yes
constituent Constituent concentration srFinal

mxaeet * defected? greater than screening* -1. ~~
c u n action level?

Y e s e, N o N o

Not a COPC 10,877records NotaCopc 7,222records Not a COPC 10,023 recordS NotaCOPC

65 analytes 94 analytes 38 analytes

Compare MDLs to Compare MDLs t No COPCs were eliminated during final
action levels to action levels to scree ing

identify uncertainties identify uncertainties

Figure 2-2. COPC Selection - A Multi-step Process

2.3 Final Contaminant of Potential Concern
Identification

After selecting the 200-UP-I OU groundwater COPCs, a multi-step screening process is applied to the
COPC analytical data to identify final COPCs. Final COPCs are identified by comparing exposure point
concentrations (EPCs) to their respective action levels and performing an analyte specific evaluation,
which differs from process used for identifying the initial COPCs. The final COPC screening process
steps are depicted in Figure 2-3 and Figure 2-4. Implementation details and results are presented in
Section 5.3.
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Figure 2-3. COPC Identification- A Multi-Step Process
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Figure 2-4. Anlyt Specific Evaluation

3 Assumptions and Inputs

The groundwater data set used for COPC selection consists of sampling and analysis data collected from
93 monitoring wells from the 200-UP-I OU. All of these wells are either monitoring wells or compliance
wells. A comprehensive list of the monitoring wells used in this evaluation is provided in Table 3-1.
The sampling and analysis data were collected over a 5-year period between January 12, 2004 and April
28, 2009. A total of 67,806 records were obtained from HEIS, and a total of 237 analytes are reported in
this data set.

Table 3-1. Summary of Groundwater Monitoring Wells in the 200-UP-1 Groundwater Operable Unit

Groundwater Wells

299-W14-71 299-W19-50 299-W23-21

299-W15-37 299-W19-9 299-W23-4

299-W18-15 299-W21-2 299-W23-9

299-W18-21 299-W22-1 0 299-W26-13

299-W18-22 299-W22-20 299-W26-14

299-W18-30 299-W22-26 299-W27-2

299-W18-31 299-W22-44 699-30-66

299-W18-33 299-W22-45 699-32-62

5
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Table 3-1. Summary of Groundwater Monitoring Wells in the 200-UP-1 Groundwater Operable Unit

Groundwater Wells

299-W18-40 299-W22-46 699-32-72A

299-W19-101 299-W22-47 699-32-76

299-W19-104 299-W22-48 699-33-74

299-W19-105 299-W22-49 699-33-75

299-W19-107 299-W22-50 699-33-76

299-W19-12 299-W22-69 699-34-72

299-W19-18 299-W22-72 699-35-66A

299-W19-34A 299-W22-79 699-35-70

299-W19-34B 299-W22-80 699-35-78A

299-W19-35 299-W22-81 699-36-61A

299-W19-36 299-W22-82 699-36-66B

299-W19-37 299-W22-83 699-36-67

299-W19-39 299-W22-84 699-36-70A

299-W19-4 299-W22-85 699-36-70B

299-W19-40 299-W22-86 699-37-66

299-W19-41 299-W22-87 699-37-68

299-W19-42 299-W22-88 699-38-65

299-W19-43 299-W22-9 699-38-68A

299-W19-44 299-W23-10 699-38-70

299-W19-45 299-W23-14 a 699-38-70B

299-W19-46 299-W23-15 699-38-70C

299-W19-47 299-W23-19 699-40-62

299-W19-48 299-W23-20 699-40-65

a. No data associated with this well.
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The data set obtained from HEIS includes the following types of information:

* Analytical results from filtered and unfiltered groundwater samples

* Results modified with data qualification and data validation flags; of particular interest to the
discussion in this section are those indicating rejected results

* Results reported by more than one analytical method

* Parent, field duplicate, and field split sample results.

Analytical data obtained from HEIS are processed to remove invalid (rejected) data and those that distort
the data set (inclusion of results from filtered samples and results that are duplicated). The data processing
identifies one set of analytical results per sampling location and time of collection. Following are
descriptions of the data processing steps that are taken before the selection of groundwater COPCs. The
analytical data processing requirements associated with the groundwater COPC selection process and the
number of records associated with each of the processing steps are presented in Figure 2-1. After
processing, the final data set used for the COPC selection process contains a total of 44,133 records, with
237 analytes reported in the data set.

3.1 Unfiltered Sample Results

Only unfiltered nonradiological and radiological results are used for selecting COPCs. Use of unfiltered
sampling results represents total concentrations of the analyte. Use of filtered sampling results may
underestimate chemical and radiological concentrations in water from an unfiltered tap and are not used
for the COPC selection process.

The Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A)
(EPA/540/1-89/002) provides guidance on the procedure to estimate exposure concentrations in
groundwater. This guidance states the following:

While filtration of ground-water samples provides useful information for understanding
chemical transport within an aquifer, the use of filtered samples for estimating exposure
is very controversial because these data may underestimate chemical concentrations in
water from an unfiltered tap. Therefore, data from unfiltered samples should be used to
estimate exposure concentrations.

The uncertainties associated with use of only unfiltered groundwater samples is discussed in Section 8.

3.2 Laboratory and Data Validation Flags

After receiving analytical data with data qualification flags from the laboratory, validation qualifiers are
assigned during the data validation process. The following rules are applied to determine how the sample
results can be used for selecting COPCs.

* All sample results flagged with a "U" qualifier or combination of qualifiers that include a "U," such
as a "UJ," are considered an undetected concentration.

* All sample results without a "U" qualifier are considered detected concentrations, including results
without qualifiers or with other qualifiers such as "J."

* All sample results that are rejected and flagged with an "R" qualifier are not used for selecting
COPCs.

7
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3.3 Analytes Reported by Numerous Analytical Methods

An analyte often can be reported by more than one analytical method, resulting in multiple results for the
same analyte from the same location. When analytes are reported by more than one analytical method,
results are processed to select the method that provides the most reliable results. For example, the gamma
spectroscopy method will provide concentration results for the uranium isotopes; however, uranium
concentrations should be reported by a uranium-isotope-specific method.

3.4 Field Duplicate and Split Results

Field quality control samples (field duplicates and field splits) are collected in the field and analyzed by
the laboratory as unique samples. The parent sample and quality control samples will be collected from
the same location (i.e., monitoring well), resulting in more than one sample per location. The following
criteria are used to reduce multiple sample results from one location to a single result.

* If two or more detections exist, the maximum concentration will be used.

* If at least one detection and one or more nondetections exist, the detected concentration will be used.

* If two or more nondetections exist, the lowest detection limit will be used.

4 Software Applications

Software used for this analysis includes the HEIS, Microsoft Access®1 database software, ProUCL
statistical software2, and Microsoft Excel® 3. HEIS is a central repository for storing and maintaining
access to environmental data collected and analyzed for the Hanford Site. Microsoft Access is used to
query and sort the data downloaded from HEIS. ProUCL is used to perform statistical calculations that
provide estimates of analyte EPCs. Microsoft Excel is used to present the groundwater data and
information in spreadsheets.

5 Calculation

5.1 Action Levels

Action levels are derived from readily available sources of chemical-specific ARARs or risk-based
preliminary remediation goals (PRGs) developed using EPA health criteria and default exposure
assumptions. All sources of chemical-specific ARARs and PRGs for each of the 237 analytes reported are
identified in Table 5-1. The action level represents the lowest of the available values for each analyte
evaluated. A summary level description of the sources of available chemical-specific ARARs and PRGs
is provided below. A detailed description of the derivation of action levels is provided in a separate
calculation brief (ECF-200PO 1-09-2026). Descriptions of how the action levels are used in the COPC
selection processes are provided in Sections 6 and 7.

1 Access@ is a registered trademark of Microsoft Corporation in the United States and other countries.
2 ProUCL is statistical software packages developed by the U.S. Environmental Protection Agency, distributed free of

charge, and made available for download at http://www.epa.qov/nerlesdl/tsc/TSC form.htm.
3 Excel@ is a registered trademark of Microsoft Corporation in the United States and other countries.

8

D-120



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0231, REV. 1

Table 5-1. Summary of Action Levels for the 200-UP-1 Groundwater Operable Unit

(This table exceeds display space for document format)
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5.1.1 Applicable or Relevant and Appropriate Requirements Based Remediation Goals
Potential chemical-specific ARARs include concentration limits set by federal environmental regulations
such as MCLs, secondary MCLs, and non-zero MCLGs established under the Safe Drinking Water Act of
1974, and Washington Administrative Code (WAC) 173-340-720, "Groundwater Cleanup Standards" and
WAC 246-290-310, "Maximum contaminant levels (MCLs) and maximum residual disinfectant levels
(MRDLs)."

5.2 Groundwater Contaminant of Potential Concern Selection Process

This section describes the screening process used for selection of groundwater COPCs. The sequential
steps in the process are as follows:

* Apply exclusion criteria

* Identify nondetected analytes

* Identify analytes with maximum detected concentrations less than action levels

* Identify analytes with maximum detected concentrations greater than action levels.

A flow-chart depicting the COPC selection process and the number of records and analytes associated
with each process step is provided in Figure 2-2. The steps in the sequence are described individually
below. Each description is accompanied by a table summarizing the results of that step.

5.2.1 Apply Exclusion Criteria
The first step in the groundwater COPC screening process is to apply exclusion criteria. Analytes that
meet exclusion criteria are eliminated as COPCs. Analytes that do not meet the exclusion criteria are
carried forward into the next step of the process. The following define the exclusion criteria that are
applied:

* Naturally occurring radionuclides associated with background radiation

* Radionuclides with half-lives of less than 3 years

* Essential nutrients (minerals)

* Water quality parameters

* Analytes without action levels.

A total of 68 of the 237 analytes meet the exclusion criteria and are listed in Table 5-8. Sampling dates,
minimum and maximum detected concentrations, minimum and maximum method detection limits
(MDLs), and the basis for their exclusion is provided in Table 5-8.
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Table 5-2. Summary of Groundwater Analytes that Meet Exclusion Criteria for the 200-UP-1
Groundwater Operable Unit

(This table exceeds display space for document format)
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Table 5-2. Summary of Groundwater Analytes that Meet Exclusion Criteria for the 200-UP-1 Groundwater Operable Unit

Begin Samp End Samp Total Total Frequency of M Mx Mi Detected Max Detected
Analyte Name Analyte Class Salps Detects Fetecy Units Detection Detection Result Ret Basis for Exclusion

Date Date Smls Dtcs eetsLimit Limit Reut esl

Bismuth METAL 03/29/07 09/30/08 18 2 11% ug/L 3.0 6.0 5.0 7.3 No Action Level
Calcium METAL 09/09/04 03/12/09 272 272 100% ug/L -- -- 18,000 120,000 Essential Nutrient
Magnesium METAL 09/09/04 03/12/09 272 272 100% ug/L -- -- 5,750 36,900 Essential Nutrient
Phosphorus METAL 09/09/04 09/30/08 25 13 52% ug/L 25 50 18 62 No Action Level
Potassium METAL 09/09/04 03/12/09 272 272 100% ug/L -- -- 2,400 9,610 Essential Nutrient
Silicon METAL 09/09/04 09/30/08 25 25 100% ug/L -- -- 4,670 22,800 No Action Level
Sodium METAL 09/09/04 03/12/09 272 272 100% ug/L -- -- 11,600 39,100 Essential Nutrient
Oil and grease Oil/Grease 12/18/08 12/18/08 1 1 100% ug/L -- -- 1,500 1,500 No Action Level
Antimony-125 RAD 02/11/04 04/01/09 134 0 0% pCi/L -4.65E+00 50 -- -- Half-Life less than 3 years
Beryllium-7 RAD 02/11/04 04/01/09 134 0 0% pCi/L -3.80E+01 2,230 -- -- Half-Life less than 3 years
Cesium-134 RAD 02/11/04 04/01/09 134 0 0% pCi/L -1.03E+01 2.9 -- -- Half-Life less than 3 years
Gross beta RAD 01/15/04 02/24/09 140 140 100% pCi/L -- -- 3.3 71,800 No Action Level
Potassium-40 RAD 02/11/04 04/01/09 134 0 0% pCi/L -6.81 E+02 70 -- -- Background Radiation
Ruthenium-106 RAD 02/11/04 04/01/09 134 0 0% pCi/L -3.80E+01 18 -- -- Half-Life less than 3 years
Selenium-79 RAD 02/18/04 04/01/09 128 25 20% pCi/L -5.14E+01 30 8.0 2,080 No Action Level
Total alpha energy emitted from Radium RAD 09/15/04 09/30/08 38 0 0% pCi/L -3.99E-01 0.17 -- -- No Action Level
Uranium-234 RAD 03/28/06 03/25/09 38 38 100% pCi/L -- -- 0.29 166 No Action Level
Uranium-235 RAD 03/28/06 03/25/09 38 7 18% pCi/L -1.80E-02 0.11 0.25 7.1 No Action Level
Uranium-238 RAD 08/18/04 03/25/09 100 97 97% pCi/L 0.080 0.22 0.022 170 No Action Level
1-Methyl-2-pyrrolidinone svOC 10/12/04 12/14/04 4 4 100% ug/L -- -- 13 38 No Action Level
2,6-Dichlorophenol Svoc 01/15/04 03/26/09 43 0 0% ug/L 2.1 3.3 -- -- No Action Level
2-Nitrophenol Svoc 01/15/04 03/26/09 109 0 0% ug/L 0.47 3.3 -- -- No Action Level
3,5-Di-tert-butyl-4-hydroxybenzaldehyde svOC 10/12/04 10/12/04 1 1 100% ug/L -- -- 8.4 8.4 No Action Level
3+4 Methylphenol (cresol, m+p) SvOC 01/15/04 03/26/09 92 0 0% ug/L 0.31 3.3 -- -- No Action Level
4-Bromophenylphenyl ether svoc 09/09/04 02/14/05 8 0 0% ug/L 1.0 2.0 -- -- No Action Level
4-Chlorophenylphenyl ether svoc 09/09/04 02/14/05 8 0 0% ug/L 1.1 2.3 -- -- No Action Level
Acenaphthylene svoc 09/09/04 02/14/05 8 0 0% ug/L 0.99 2.4 -- -- No Action Level
Benzo(ghi)perylene svoc 09/09/04 02/14/05 8 0 0% ug/L 2.3 3.1 -- -- No Action Level
Benzothiazole svoc 02/18/04 03/12/09 68 0 0% ug/L 0.40 1.0 -- -- No Action Level
Dimethyl phthalate svoc 09/09/04 02/14/05 8 0 0% ug/L 2.0 2.2 -- -- No Action Level
Di-n-octylphthalate svoc 09/09/04 02/14/05 8 0 0% ug/L 2.2 2.6 -- -- No Action Level
Phenanthrene svoc 09/09/04 02/14/05 8 0 0% ug/L 1.4 2.3 -- -- No Action Level
Phenols svoc 02/18/04 03/25/09 61 6 10% ug/L 12 34 16 16 No Action Level
1,3-Dichlorobenzene voc 09/09/04 02/14/05 9 0 0% ug/L 0.040 5.4 -- -- No Action Level
1-Propanol voc 12/28/07 01/04/08 2 0 0% ug/L 5,000 5,000 -- -- No Action Level
2-Chloroethyl vinyl ether voc 05/16/08 05/16/08 1 0 0% ug/L 0.43 0.43 -- -- No Action Level
2-Ethyl-1-hexanol voc 10/12/04 12/14/04 2 2 100% ug/L -- -- 13 16 No Action Level
2-Pentanone voc 09/22/05 06/21/06 4 0 0% ug/L 1.0 1.0 -- -- No Action Level
2-Picoline voc 02/18/04 03/12/09 68 0 0% ug/L 0.48 5.9 -- -- No Action Level
2-Propanol voc 01/22/08 01/22/08 1 1 100% ug/L -- -- 0.99 0.99 No Action Level
Acetonitrile voc 03/17/04 03/03/09 126 1 1% ug/L 0.21 5.3 4.1 4.1 No Action Level
Chloroethane voc 03/17/04 03/03/09 182 0 0% ug/L 0.050 10 -- -- No action level
Chloromethane voc 03/17/04 03/03/09 182 24 13% ug/L 0.036 10 0.11 1.3 No action level
Cyclohexane voc 09/22/05 06/21/06 4 0 0% ug/L 1.0 1.0 -- -- No action level
Ethanol voc 12/28/07 01/04/08 2 0 0% ug/L 5,000 5,000 -- -- No Action Level
Ethyl cyanide voc 01/15/04 03/12/09 508 0 0% ug/L 0.68 8.8 -- -- No Action Level
lodomethane voc 03/17/04 03/03/09 122 3 2% ug/L 0.090 1.3 0.28 2.3 No Action Level
Methane voc 08/18/04 12/14/04 13 6 46% ug/L 5.0 5.0 0.021 23 No Action Level
n-Butylbenzene voc 03/01/04 06/21/06 5 0 0% ug/L 0.28 1.0 -- -- No Action Level
Tetrahydrofuran voc 01/15/04 03/12/09 451 3 1% ug/L 1.2 12 3.0 480 No Action Level
trans-1,4-Dichloro-2-butene voc 03/17/04 03/03/09 122 0 0% ug/L 0.20 2.6 -- -- No Action Level
Alkalinity WATER QUALITY 01/12/04 03/12/09 658 657 100% ug/L 1,000 1,000 64,000 439,000 Water Quality
Ammonia WATER QUALITY 02/18/04 09/26/07 29 5 17% ug/L 6.1 26 12 48 No Action Level
Bromide WATER QUALITY 02/05/04 10/21/08 159 44 28% ug/L 20 1,250 46 320 No Action Level
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Table 5-2. Summary of Groundwater Analytes that Meet Exclusion Criteria for the 200-UP-1 Groundwater Operable Unit

Begin Samp End Samp Total Total Frequency of M Mx Mi Detected Max Detected
Analyte Name Analyte Class Sampls Detects Fetecy Units Detection Detection Reult Ret Basis for Exclusion

Date Date Sapes Dtctmeecsit Limit Reut esl

Dissolved oxygen WATER QUALITY 11/24/04 03/26/09 76 76 100% ug/L -- -- 990 13,400 Water Quality
Oxidation Reduction Potential WATER QUALITY 12/14/04 02/24/09 17 17 100% ug/L -- -- -8.24E+02 485 Water Quality
pH Measurement WATER QUALITY 01/12/04 04/28/09 1224 1224 100% ug/L -- -- 6.6 9.1 Water Quality
Specific Conductance WATER QUALITY 01/12/04 04/28/09 1218 1218 100% ug/L -- -- 144 2,905 Water Quality
Temperature WATERQUALITY 01/12/04 04/28/09 1219 1219 100% ug/L -- -- 9.5 28 WaterQuality
Total dissolved solids WATER QUALITY 01/12/04 09/30/08 53 53 100% ug/L -- -- 95,000 521,000 Water Quality
Total organic carbon WATER QUALITY 01/15/04 03/12/09 113 61 54% ug/L 200 760 303 10,400 Water Quality
Total organic halides WATER QUALITY 01/15/04 03/12/09 148 114 77% ug/L 2.2 5.2 2.6 189 Water Quality
Turbidity WATERQUALITY 01/12/04 04/28/09 1219 1219 100% ug/L -- -- 0.10 1,000 WaterQuality
Ammonium ion WET CHEM 09/09/04 03/12/09 45 17 38% ug/L 2.6 12 6.4 104 No Action Level
Iron-l Ion WETCHEM 08/31/04 09/14/04 4 4 100% ug/L -- -- 150 780 No Action Level
Phosphate WET CHEM 03/18/04 10/21/08 60 0 0% ug/L 100 2,500 -- -- No Action Level
Sulfide, WETCHEM 02/18/04 03/25/09 75 4 5% ug/L 83 4,000 1,200 1,600 No Action Level
Total Inorganic Carbon WETCHEM 08/18/04 12/14/04 13 13 100% ug/L -- -- 17,600 68,200 Water Quality
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5.2.1.1 Background Radiation
One naturally occurring radionuclide associated with background radiation (potassium-40) was measured
in groundwater from the 200-UP-I OU and is eliminated as a COPC.

5.2.1.2 Radionuclides with Half-lives of Less Than 3 Years
Radioisotopes with half-lives less than or equal to 3 years are eliminated from further consideration
because only a small fraction of activity remains after 30 years of decay. A total of four radioisotopes
meet this exclusion criterion (antimony-125, beryllium-7, cesium-134, and ruthenium-106) and are
eliminated from further consideration as COPCs. Each of these radioisotopes was reported with non-
detectable concentrations.

5.2.1.3 Essential Nutrients
Essential nutrients are those analytes considered essential for human nutrition. Essential nutrients
(calcium, magnesium, potassium, and sodium) were measured in groundwater from the 200-UP-I OU and
are excluded from further consideration as COPCs.

5.2.1.4 Water Quality Parameters
Water quality parameters that represent physical and biological characteristics, such as temperature, pH,
or turbidity, are eliminated as COPCs. In all cases, water quality parameters do not have available
toxicological information and cannot be evaluated for exposure purposes. Eleven water quality
parameters were measured in groundwater from the 200-UP-I OU and are eliminated from further
consideration as COPCs.

5.2.1.5 Analytes without Action Levels
Analytes without an action level are eliminated as COPCs because a promulgated chemical-specific
ARAR is not published from the list of available sources cited in Section 5.1.

Forty-seven analytes are eliminated because an action level is not available. Thirty-two are volatile
organic compounds (VOCs) or semi-volatile organic compounds (SVOCs) that are opportunistically
reported with an analytical suite and are not known to be associated with historical operations at the
Hanford Site. Twenty-two of these organic analytes have not been detected in any 200-UP-I OU
groundwater samples.

Ten miscellaneous analytes (ammonia, ammonia ion, bismuth, bromide, iron-Il, oil/grease, phosphate,
phosphorus, silicon, and sulfide) were excluded because they had no action level. Phosphate was never
detected, oil/grease was analyzed and detected once, and bismuth was detected twice.

Six analytes without an available action level are radiological analytes (gross beta, selenium-79, total
alpha energy emitted from radium, uranium-234, uranium-235, and uranium-238). One of the six (total
alpha energy emitted from radium) has not been detected in any 200-UP-I OU groundwater sample.

The standard for gross beta is based on 4 mrem/yr annual dose and is used to indicate the presence of a
group of beta-emitters. Although this standard is available, it requires a conversion from an activity level
(pCi/L) to an annual dose rate (mrem/yr). Rather, beta-emitting radioisotopes such as strontium-90,
technetium-99, and tritium are compared to their isotope specific standard, which is based on a 4 mrem/yr
annual dose and is considered more protective than the overall standard for gross beta. It should be noted
that the gross beta standard provides a measure for the daughter products of uranium, which are beta
emitters. Although the 4 mrem/yr standard for gross beta is available, it is not included on Table 5-1.
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Selenium-79 was detected in 25 of 128 samples (8 monitoring wells) with concentrations ranging from
8 to 2,080 pCi/L. The maximum detected concentration of 2,080 pCi/L was measured at well 299-W23-
19 (B1D759) during 2005, lower concentrations ranging between 278 and 495 pCi/L were measured in
subsequent sampling rounds.

Uranium-234 was detected in all 38 samples at concentrations ranging between 0.29 and 166 pCi/L.
Uranium-234 was only reported once above the proposed MCL of 20 pCi/L at Well 299-W19-18
(B1HHKO) at a concentration of 166 pCi/L. Uranium-234 was only analyzed once at well 299-W19-18.

Uranium-235 concentrations are not greater than the proposed MCL value. Uranium-235 was detected in
7 of 38 samples (2 locations) with concentrations ranging between 0.25 and 7.1 pCi/L.

Uranium-238 was detected in 97 of 100 samples (20 locations) with concentrations ranging from 0.022 to
170 pCi/L. Uranium-238 was reported above the proposed MCL of 20 pCi/L at wells 299-W19-48
(B193J4), 299-W19-18 (B1HHKO), and 299-W19-50 (B1DF60). Uranium-238 was reported at a
concentration of 48 pCi/L at well 299-W19-48 and was flagged with an "X" qualifier indicating it was
analyzed using an undocumented PNNL field screening method. The subsequent five sampling rounds at
this location were reported with concentrations less than 1 pCi/L. U-238 was reported at a concentration
of 26 pCi/L in well 299-W19-50 during 2005 and the two subsequent sampling rounds were reported at
concentrations of 2.2 and 2.6 pCi/L. U-238 was analyzed only once at well 299-W19-18.

Uranium isotopes are not identified as COPCs because the MCL for uranium (metal) is considered
protective of kidney toxicity and carcinogenicity and total uranium (metal) is identified as a COPC for the
200-UP-I groundwater OU (see Section 6.4). The following excerpt is taken from the National Primary
Drinking Water Regulations to describe the basis for the uranium MCL:

Exposure to uranium in drinking water may cause toxic effects to the kidney. In 1991, EPA
proposed an MCL of 20 pg/L, which was determined to be as close as feasible to the maximum
contaminant level goal (MCLG) ofX pg/L. Based on human kidney toxicity data collected since
that time and on its estimate of the costs and benefits of regulating uranium in drinking water,
EPA determined that the benefits of a uranium MCL of 20 ,g/L did not justify the costs. Instead,
EPA determined that 30 pg/L is the appropriate MCL, because it maximizes the net benefits
(benefits minus costs), while being protective of kidney toxicity and carcinogenicity with an
adequate margin of safety.

5.2.2 Identify Nondetected Analytes
The next step in the groundwater COPC screening process is to identify undetected analytes. Analytes
that have been collected from appropriate locations, that have adequate detection limits, and that have not
been detected in any of the groundwater samples are eliminated as COPCs. All analytes detected at least
once are carried forward to the next step of the process. A total of 94 are undetected in the 200-UP-I OU
groundwater samples and listed in Table 5-3. Table 5-3 also provides sampling dates, minimum and
maximum MDLs, the action level, basis of the action level, and the level of exceedance. The action level
in this table represents the lowest of available chemical-specific ARARs for protection of human health.
The minimum MDL is divided by the action level to determine the level of exceedance. The purpose of
determining the minimum level of exceedance is to identify those analytes with MDLs that have not met
the action level to date versus those analytes with MDLs that have met the action level at least some of
the time.
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Table 5-3. Summary of Groundwater Analytes that were not Detected for the 200-UP-1
Groundwater Operable Unit

(This table exceeds display space for document format)
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Table 5-3. Summary of Groundwater Analytes that were not Detected for the 200-UP-1 Groundwater Operable Unit

Analyte Name

Dinoseb(2-secButyl-4,6-dinitropheno
Desium-137
Dobelt-60
uropium-152
uropium-154
uropium-155

~tadium-226
1,2,4-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol (cresol, o-)
2-Nitroaniline
3,3'-Dichlorobenzidine
3-Nitroaniline
$,6-Dinitro-2-methylphenol
$-Chloro-3-methylphenol
$-Chloroaniline
$-Methylphenol (cresol, p-)
$-Nitroaniline
cenaphthene

Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Bis(2-chloro-1-methylethyl)ether
Bis(2-Chloroethoxy)methane
Bis(2-chloroethyl) ether
Butylbenzylphthalate
Darbazole
Dhrysene
Dibenz[a,h]anthracene
Dibenzofuran
Diethylphthalate
Di-n-butylphthalate
luoranthene
luorene

-exachlorobenzene
-exachlorobutadiene
-exachlorocyclopentadiene
-exachloroethane
ndeno(1,2,3-cd)pyrene
\aphthalene
\itrobenzene
i-Nitrosodi-n-dipropylamine
i-Nitrosodiphenylamine
entachlorophenol
yrene

Total cresols
Total petroleum hydrocarbons - keros
Tris-2-chloroethyl phosphate
Total petroleum hydrocarbons - diese

Total petroleum hydrocarbons - gasol
m+p)-Xylene
1,1,1,2-Tetrachloroethane

1,2-Dichloropropane

Analyte Class Units Begin Sample End Sample m Tal Detects Fneen n it M Detection Limit Max Detecton Limit I Acion Level Acti Level Basis
Dat p "Date oalSmpe D. Uis-

RAD
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
sVOC
TPH
TPH
VOC
VOC

VOC

pCi/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

03/18/04 1 03/31/04

09/09/04 1 02/14/05

01/15/04 1 03/26/09

ug/L 1 09/09/04 1 02/14/05

ug/L 1 09/09/04 1 02/14/05

ug/L 1 09/09/04 1 02/14/05

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

01/15/04 1 03/26/09

03/17/04 1 03/03/09

03/17/04 1 03/03/09 182

0% 1pCi/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0% 1 pg/L

0.232
0.48

1.8
2.2

0.27
1

2.4
0.47
2.1
2.1

0.47
1.1

0.24
0.71
2.6

0.85
1.6

0.47
1.3
1.5

0.84
0.48

1.2
1.7

1.6
2.6
1.1
1.2
1.1
1.8
1.3

1.4
1.2
3.6
1.7
1.5
1.2
1.2

0.91
2.5
0.8
2.4
0.3

0.86
0.48

1.2
0.48
0.47
0.48
36

0.24
33
7.9

0.09
0.04

0.054

5.OOE+00 140 CFR 141.66

1.60E+01 |WAC 173-340-720(4)(b)(iii)(A) and (B)

1.60E+00 |WAC 173-340-720(4)(b)(iii)(A) and (B)

1.20E-02 |WAC 173-340-720(4)(b)(iii)(A) and (B)

1.20E+00 |WAC 173-340-720(4)(b)(iii)(A) and (B)

5.61E-01 |WAC 173-340-720(4)(b)(iii)(A) and (B)

7.29E-01 |WAC 173-340-720(4)(b)(iii)(A) and (B)

1.68E+00 |WAC 173-340-720(4)(b)(iii)(A) and (B)

1.22E+00 |WAC 173-340-720(4)(b)(iii)(A) and (B)

D?2

Level of Exceedance

3.43E-01
-3.42E-02
-381 E-02
-3.71 E-02
-1.75E+00
-6.35E-02
4.64E-02
3.18E-01
2.25E-03
5.53E-01
1.1 3E-02
6.25E-03
7.50E-02
1.67E+00
1.31 E-01
3.28E-03
1.1 8E-02
3.44E-02
6.00 E-04

4.44E-03
1.34E+01
2.04E-01
1.00E+00

2.94E-04
5.94E+00
3.75E-02
1.92E-01
5.00E-04
2.50E-04
1.42E+01
1.67E+02
1.33E+01
2.17E+01
1.76E+00
2.50E-02
2.77lE+01
3.91 E-02
2.97E-01
1.67E+00
1.17E+01
7.50E-02
2.81 E-04
1.06E-03
2.34E-03
1.88E-03
2.19E+01
1.62E+OO
5.21 E-02
2.56E-01
2.OOE+01

1.88E-03
5.38E-02
3.84E+01
6.72E-02
6.58E-01
9.79E-04
3.00E-04
7.20E-02
5.49E-02
6.60E-02
7.90E-03
5.63E-05
2.38E-02

1-Butanol I VOC ug/L 1 01/15/04 1 03/12/09 1 455 0 0% [ pg/L 1 1.1 100 8.00E+02 |WAC 173-340-720(4)(b)(iii)(A) and (B) I 1.38E-03
4.44E-020 5
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Table 5-3. Summary of Groundwater Analytes that were not Detected for the 200-UP-1 Groundwater Operable Unit

Begi Sample Endl Sample Fnequeny o
Analyte Name Analyte Class Units Dt Total Samples Total Detects Units Mi Detection Limit Max Detection Limit Action Level Action Level Basis Level of Exceedance

2-Hexanone VOC ug/L 03/17/04 03/03/09 182 0 /.0% pg/L 0.08 10 8.OOE+01 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.OOE-03
Allyl chloride VOC ug/L 03/17/04 03/03/09 122 0 /.0% pg/L 0.047 0.8 2.08E+00 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.26E-02
Chloroprene VOC ug/L 03/17/04 03/03/09 122 0 /.0% pg/L 0.046 0.9 1.60E+02 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.88E-04
cis-1,3-Dichloropropene VOC ug/L 03/17/04 03/03/09 182 0 /.0% pg/L 0.05 5 4.38E-01 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.14E-01
Dibromochloromethane VOC ug/L 03/17/04 03/03/09 182 0 /.0% pg/L 0.07 5 5.21 E-01 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.34E-01
Dibromomethane VOC ug/L 03/17/04 03/03/09 122 0 /.0% pg/L 0.095 1.4 8.00E+01 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.19E-03
Dichlorodifluoromethane VOC ug/L 03/17/04 03/03/09 122 0 0% pg/L 0.045 1.4 1.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.81 E-05
Diethyl ether VOC ug/L 12/28/07 01/04/08 2 0 /.0% pg/L 5000 5000 1.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.13E+00
Ethyl acetate VOC ug/L 02/18/04 03/03/09 69 0 /.0% pg/L 0.23 5000 7.20E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.19E-05
Ethyl methacrylate VOC ug/L 03/17/04 03/03/09 122 0 /.0% pg/L 0.07 0.74 7.20E+02 WAC 173-340-720(4)(b)(iii)(A) and (B) 9.72E-05
Ethylene glycol VOC ug/L 12/28/07 01/04/08 2 0 /.0% pg/L 5000 5000 1.60E+04 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.13E-01
Hexane VOC ug/L 09/22/05 03/03/08 6 0 0% pg/L 0.1 1 4.80E+02 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.08E-04
Isophorone VOC ug/L 09/09/04 02/14/05 8 0 /.0% pg/L 1.1 2 4.61 E+01 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.39E-02
Methacrylonitrile VOC ug/L 03/17/04 03/03/09 122 0 0% pg/L 0.3 5.2 8.OOE-01 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.75E-01
Methanol VOC ug/L 12/28/07 01/04/08 2 0 /.0% pg/L 5000 5000 4.OOE+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.25E+00
Methyl methacrylate VOC ug/L 03/17/04 03/03/09 122 0 0% pg/L 0.13 1.3 1.12E+04 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.16E-05
m-Xylene VOC ug/L 09/22/05 10/13/05 4 0 /.0% pg/L 5 5 1.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.13E-03
o-Xylene VOC ug/L 02/14/05 10/13/05 6 0 0% pg/L 0.05 5 1.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.13E-05
trans-1,2-Dichloroethylene VOC ug/L 01/15/04 03/12/09 542 0 0% pg/L 0.016 5 1.OOE+02 40 CFR 141.61 1.60E-04
Trichloromonofluoromethane VOC ug/L 03/17/04 03/03/09 126 0 0% pg/L 0.032 1 2.40E+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.33E-05
Vinyl acetate VOC ug/L 03/17/04 03/03/09 122 0 0% pg/L 0.18 2 8.OOE+03 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.25E-05
Vinyl chloride VOC ug/L 01/15/04 03/12/09 563 0 0% pg/L 0.044 10 6.08E-02 WAC 173-340-720(4)(b)(iii)(A) and (B) 7.24E-01
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One pesticide, six radioisotopes (cesium-137, cobalt-60, europium-152, europium-154, europium-155,
and radium-226), 52 SVOCs, total petroleum hydrocarbons (TPH)-diesel range, total TPH-gasoline range,
and 33 VOCs, have not been detected and are not considered COPCs.

Fifteen SVOCs (2,4-dinitrotoluene, 3,3'-dichlorobenzidine, 4-chloroaniline, benzo(a)anthracene,
benzo(a)pyrene , benzo(b)fluoranthene, benzo(k)fluoranthene, bis(2-chloro- 1 -methylethyl)ether,
bis(2-chloroethyl)ether, chrysene, dibenz[a,h]anthracene, hexachlorobenzene, hexachlorobutadiene,
indeno(1,2,3-cd)pyrene, and n-nitrosodi-n-dipropylamine) were reported with MDLs greater than their
respective action levels. This indicates that EPA method 8270 was unable to detect these analytes at the
action level. The MDLs for these SVOCs ranged from approximately 1.6 to 167 times greater than their
action levels. Although the analytical method is unable to confirm each of these analytes' presence at or
below the action level, they are not associated with 200-UP-I OU sources, have not been detected in this
data set, and are not retained as COPCs.

Five VOCs (1,2,3-trichloropropane, 1,2-dibromo-3-chloropropane, 1,2-dibromoethane, diethyl ether, and
methanol ) were reported with MDLs greater than their respective action levels. This indicates that EPA
methods 8260 (1,2,3-trichloropropane, 1,2-dibromo-3-chloropropane, and 1,2-dibromoethane) and 8015
(diethyl ether and methanol) were unable to detect these analytes at the action level. The MDLs for the
five VOCs ranged from approximately 1.25 to 103 times greater than their action levels. Although the
analytical methods are unable to confirm these analytes' presence at or below the action level, they are
not associated with 200-UP-I OU sources, have not been detected in this data set, and are not retained as
COPCs.

5.2.3 Identify Analytes with Maximum Detected Concentrations less than Action Levels
The next step in the groundwater COPC screening process is to identify analytes with maximum
concentrations less than action levels. For purposes of the initial screening maximum concentrations of
analytes detected in groundwater are compared to action levels to identify analytes that are not likely to
significantly contribute to overall risk. If the maximum detected concentration of an analyte is less than
its action level, the analyte is eliminated as a COPC.

Thirty-nine analytes were detected at least once, and their maximum detected concentrations are less than
their respective action levels. A summary of the analytes with maximum detected concentrations less than
their respective action level is presented in Table 5-4. Table 5-4 also provides sampling dates, minimum
and maximum MDLs, minimum and maximum detected concentrations, the action level, basis of the
action level, and the level of exceedance. The action level in this table represents the lowest of available
chemical-specific ARARs for protection of human health. The maximum detected concentration
expressed as a fraction of the action level ranged from 0.0003 (total xylenes) to 0.96 (sulfate).
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Table 5-4. Summary of Groundwater Analytes that do not Exceed an Action Level for the 200-UP-1
Groundwater Operable Unit

(This table exceeds display space for document format)
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Table 5-4. Summary of Groundwater Analytes that do not Exceed an Action Level for the 200-UP-1 Groundwater Operable Unit

Max Min Max
Analyte Name Analyte Class BeginSample EndSample Tota Dots Frequency of Units Min Detection Detected Detected Action Level Action Level Basis Level of Exceedence

Date Date Samples Detects Detects Limit Limit Result Result
Barium METAL 3/18/2004 3/12/2009 280 280 100% pg/L -- -- 16 122 2,000 40CFR 141.62 6.1 OE-02
Boron METAL 9/9/2004 9/30/2008 25 20 80% pg/L 26 26 14 61 3,200 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.91 E-02
Copper METAL 9/9/2004 3/12/2009 272 49 18% pg/L 0.80 6.0 1.0 32 640 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.05E-02
Lithium METAL 9/9/2004 3/12/2009 62 48 77% pag/L 4.0 9.6 4.1 18 32 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.72E-01
Mercury METAL 9/9/2004 3/12/2009 56 3 5% pg/L 0.050 0.10 0.050 0.080 2.0 40CFR 141.62 4.00E-02
Selenium METAL 3/18/2004 9/30/2008 45 29 64% pg/L 0.40 49 1.2 10 50 40 CFR 141.62 2.02E-01
Silver METAL 9/9/2004 3/12/2009 272 33 12% pg/L 0.10 6.0 0.21 19 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.43E-01
Strontium METAL 9/9/2004 3/12/2009 256 256 100% pg/L -- -- 63 534 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.56E-02
Tin METAL 3/18/2004 9/30/2008 38 5 13% pg/L 0.80 6.3 3.4 7.0 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 7.29E-04
Vanadium METAL 3/18/2004 3/12/2009 280 279 100% pg/L 12 12 0.53 56 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 6.95E-01
Zinc METAL 3/18/2004 3/12/2009 280 142 51% pg/L 1.5 9.0 2.2 571 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.19E-01
Carbon-14 RAD 2/18/2004 3/26/2009 129 17 13% pCi/L -2.26E+01 45 7.9 33 2,000 40 CFR 141.66 1.65E-02
Neptunium-237 RAD 2/18/2004 3/26/2009 81 4 5% pCi/L -6.02E-02 0.27 0.028 0.20 15 40 CFR 141.66 1.33E-02
Protactinium-231 RAD 8/18/2004 3/12/2009 58 1 2% pCi/L -4.47E-01 0.72 1.1 1.1 15 40OCFR 141.66 7.33E-02
1,4-Dichlorobenzene SVOC 1/15/2004 3/12/2009 457 4 1% pg/L 0.047 5.2 0.12 0.25 8.1 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.09E-02
2,3,4,6-Tetrachlorophenol SVOC 1/15/2004 3/26/2009 43 2 5% pg/L 2.0 4.8 7.5 7.6 480 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.58E-02
2-Butoxyethanol SVOC 10/12/2004 10/12/2004 1 1 100% pg/L -- -- 66 66 4,000 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.65E-02
4-Nitrophenol SVOC 1/15/2004 3/26/2009 79 1 1% pg/L 0.48 3.2 3.7 3.7 128 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.89E-02
Phenol SVOC 1/15/2004 3/26/2009 108 1 1% pg/L 0.26 4.0 9.8 9.8 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.08E-03
Tributyl phosphate SVOC 2/18/2004 3/12/2009 68 1 1% pg/L 0.22 1.5 1.6 1.6 9.5 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.68E-01
1,1-Dichloroethane VOC 1/15/2004 3/12/2009 563 1 0% pg/L 0.046 5.0 0.21 0.21 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.31 E-04
1,1-Dichloroethene VOC 3/17/2004 3/12/2009 547 1 0% pg/L 0.040 5.0 0.11 0.11 7.0 40OCFR 141.61 1.57E-02
2-Butanone VOC 1/15/2004 3/12/2009 564 5 1% pg/L 0.10 10 0.41 120 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.50E-02
2-Pentanone, 4-Methyl VOC 1/15/2004 3/12/2009 563 1 0% pg/L 0.10 10 4.3 4.3 640 WAC 173-340-720(4)(b)(iii)(A) and (B) 6.72E-03
Acetone VOC 1/15/2004 3/12/2009 567 62 11% pg/L 0.21 10 0.66 120 7,200 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.67E-02
Bromoform VOC 3/17/2004 3/3/2009 182 1 1% pg/L 0.12 5.0 0.40 0.40 5.5 WAC 173-340-720(4)(b)(iii)(A) and (B) 7.22E-02
Bromomethane VOC 3/17/2004 3/3/2009 181 10 6% pg/L 0.085 10 0.30 3.7 11 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.30E-01
Carbon disulfide VOC 1/15/2004 3/12/2009 563 20 4% pig/L 0.029 5.0 0.13 25 800 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.13E-02
Chlorobenzene VOC 3/17/2004 3/12/2009 389 3 1% pg/L 0.027 5.0 0.092 1.2 100 40 CFR 141.61 1.20E-02
cis-1,2-Dichloroethylene VOC 1/15/2004 3/12/2009 542 3 1% pg/L 0.048 5.0 0.28 1.1 70 40 CFR 141.61 1.57E-02
Ethylbenzene VOC 1/15/2004 3/12/2009 522 1 0% pg/L 0.061 5.0 0.16 0.16 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.02E-02
Isobutyl alcohol VOC 3/17/2004 3/3/2009 122 1 1% pg/L 5.7 94 52 52 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.17E-02
Styrene VOC 3/17/2004 3/3/2009 182 2 1% pg/L 0.042 5.0 0.16 0.23 100 40OCFR 141.61 2.30E-03
Toluene VOC 1/15/2004 3/12/2009 592 20 3% pg/L 0.025 5.0 1.1 28 640 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.38E-02
trans-1,3-Dichloropropene VOC 3/17/2004 3/3/2009 182 1 1% pg/L 0.050 5.0 0.10 0.10 0.44 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.29E-01
Xylenes (total) VOC 1/15/2004 3/12/2009 563 4 1% pg/L 0.13 5.0 0.33 0.45 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.81 E-04
Cyanide WET CHEM 2/18/2004 3/12/2009 72 3 4% pg/L 2.0 4.7 4.1 25 200 40 CFR 141.62 1.26E-01

Fluoride WET CHEM 1/12/2004 3/12/2009 1028 1015 99% pg/L 63.0 2500.0 49.0 790 960 WAC 173-340-720(4)(b)(iii)(A) and (B) 8.23E-01
Sulfate WET CHEM 1/12/2004 3/12/2009 1037 1037 100% pg/L -- -- 170 241,000 250,000 40 CFR 143.3 9.64E-01
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Uncertainty Analysis. An additional evaluation was performed on those analytes that were slightly less
than their respective action level (i.e. greater than one-tenth the action level or one order of magnitude).
The purpose of this evaluation is to determine the potential for underestimating cumulative effects when
concentrations of analytes are near but do not exceed the action level. Additionally, MDLs associated
with these analytes are evaluated to determine if they are adequate for confirming their presence or
absence at their respective action level.

Bromomethane, cyanide, fluoride, lithium, selenium, silver, vanadium, sulfate, trans-1,3-dichloropropene,
tributyl phosphate, and zinc were reported with maximum detected concentrations greater than one-tenth
of their respective action level. Ethylbenzene and trans-1,3-dichloropropene were reported with some
MDLs greater than their respective action levels.

Bromomethane was detected in 10 of 181 samples (5.5 percent frequency) collected between 2004 and
2009. All detected concentrations and MDLs were reported below the action level of 11.2 gg/L. Six
results were flagged with a "J" indicating the results are estimated values. Three results were flagged
"JB" and one result was flagged with a "B" indicating the results are estimated values or the analyte was
detected in both the QC blank and the sample. Results of this evaluation suggest the presence of
bromomethane is below the action level, some of the detections are the result of laboratory contamination,
and elimination of this analyte as a COPC is not likely to underestimate overall cumulative effects.

Cyanide was detected in 3 of 72 samples (4.2 percent frequency) collected between 2004 and 2009. All
detected concentrations and MDLs are consistently below the action level of 200 gg/L. Results of this
evaluation suggest the presence of cyanide is below the action level and elimination of this analyte would
not likely underestimate overall cumulative effects.

Ethylbenzene was detected in 1 of 522 water samples analyzed ( 0.2 percent frequency) between 2004
and 2009. The MDLs for 484 of the results were reported below the action level of 3.98 gg/L and
38 MDLs were greater than the action level. Results from this set of data suggest the presence of
ethylbenzene is below the action level and elimination of this analyte as a COPC is not likely to
underestimate overall cumulative effects.

Lithium was detected in 48 of 62 samples (21 locations) between 2004 and 2008. Lithium concentrations
ranged between 4.1 gg/L and 18 gg/L. All detected concentrations and MDLs are consistently below the
action level of 32 gg/L. Results of this evaluation suggest the presence of lithium is below the action level
and elimination of this analyte would not likely underestimate overall cumulative effects.

Selenium was detected in 29 of 45 samples (8 locations) between 2004 and 2008. Selenium
concentrations ranged between 1.2 gg/L and 10 gg/L. All detected concentrations and MDLs are
consistently below the action level of 50 gg/L. Results of this evaluation suggest the presence of selenium
is below the action level and elimination of this analyte would not likely underestimate overall cumulative
effects.

Silver was detected in 33 of 272 samples (58 locations) between 2004 and 2008. Silver concentrations
ranged between 0.21 gg/L and 19 gg/L. All detected concentrations and MDLs are consistently below the
action level of 80 gg/L. Results of this evaluation suggest the presence of silver is below the action level
and elimination of this analyte would not likely underestimate overall cumulative effects.

Vanadium was detected in 279 of 280 water samples analyzed (99.6 percent frequency) between 2004 and
2008. Vanadium concentrations ranged between 0.53 gg/L and 56 gg/L. All detected concentrations and
MDLs are consistently below the action level of 80 gg/L. Results of this evaluation suggest the presence
of vanadium is below the action level and elimination of this analyte would not likely underestimate
overall cumulative effects.
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Sulfate was detected in all water samples analyzed (100 percent frequency) between 2004 and 2009. All
detected concentrations are consistently below the action level of 250,000 gg/L. Results of this evaluation
suggest the presence of sulfate is below the action level and elimination of this analyte would not likely
underestimate overall cumulative effects.

Trans-1,3-dichloropropene was detected in 1 of 182 water samples (0.55 percent frequency ) collected
between 2004 and 2009. Trans-1,3-dichloropropene was detected at well 299-W19-35 (B1CLL5) at a
concentration of 0.1 gg/L. MDLs for 119 of the results were reported below the action level of 0.438 gg/L
and 62 MDLs were greater than the action level. Results from this set of data suggest the presence of
trans-1,3-dichloropropene is below the action level and elimination of this analyte as a COPC is not likely
to underestimate overall cumulative effects.

Tributyl phosphate was detected in 1 of 68 water samples (1.5 percent frequency) collected between 2004
and 2009. Tributyl phosphate was detected once at well 299-W22-72 (B1NHB5) at a concentration of
1.6 gg/L. The single detection of tributyl phosphate and all MDLs are consistently below the action level
of 9.5 gg/L. Results of this evaluation suggest the presence of tributyl phosphate is below the action level
and elimination of this analyte would not likely underestimate overall cumulative effects.

Zinc was detected in 142 of 280 water samples analyzed (51 percent frequency) between 2004 and 2009.
Zinc concentrations ranged between 2.2 gg/L and 571 gg/L. All detected concentrations and MDLs are
consistently below the action level of 4,800 gg/L. Results of this evaluation suggest the presence of zinc
is below the action level and elimination of this analyte would not likely underestimate overall cumulative
effects.

5.2.4 Identify Analytes with Maximum Detected Concentrations Greater Than Action Levels
The next step in the COPC selection process is to identify analytes with maximum concentrations greater
than action levels. Thirty-six analytes were detected at least once and have maximum detected
concentrations that are greater than their respective action levels.

A summary of the analytes with maximum concentrations greater than their respective action levels is
provided in Table 5-5. The table also provides sampling dates, minimum and maximum MDLs, minimum
and maximum detected concentrations, the action level, basis of the action level, and the level of
exceedance. The action level in this table represents the lowest of available chemical-specific ARARs for
protection of human health. The level of exceedance is determined by dividing the maximum detected
concentration by the action level.
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Table 5-5. Summary of Groundwater Analytes that Exceed an Action Level for the 200-UP-1
Groundwater Operable Unit

(This table exceeds display space for document format)
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Table 5-5. Summary of Groundwater Analytes that Exceed an Action Level for the 200-UP-1 Groundwater Operable Unit

Begin Sample End Sample Total Total Frequency ofMiMaMnMx Level of
Analyte Name Analyte Class BDatemDate Tamples Dects FDetecyfUnits Detection Detection Detected Detected Action Level Action Level Basis Exceedence

Limit Limit Result Result
Aluminum METAL 9/9/2004 12/18/2008 68 40 59% ptg/L 17 80 8.5 311 50 40 CFR 143.3 6.22E+00
Antimony METAL 9/9/2004 3/12/2009 272 15 6% ptg/L 0.50 60 1.8 74 6.0 40 CFR 141.62 1.24E+01
Arsenic METAL 3/18/2004 3/12/2009 99 67 68% pIg/L 0.30 34 0.93 6.9 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.18E+02
Beryllium METAL 9/9/2004 3/12/2009 272 3 1% ptg/L 0.10 4.0 0.23 5.5 4.0 40 CFR 141.62 1.38E+00
Cadmium METAL 9/9/2004 3/12/2009 273 1 0% ptg/L 0.10 4.2 9.7 9.7 5.0 40 CFR 141.62 1.94E+00
Chromium METAL 3/18/2004 3/12/2009 280 191 68% ig/L 3.1 13 1.3 846 100 40 CFR 141.62 8.46E+00
Cobalt METAL 9/9/2004 3/12/2009 272 31 11% pg/L 0.10 6.4 0.15 16 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.23E+00
Hexavalent Chromium METAL 6/16/2004 3/26/2009 74 42 57% pg/L 2.0 5.0 2.0 236 48 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.92E+00
Iron METAL 9/9/2004 3/12/2009 272 223 82% ptg/L 9.0 45 9.6 3,780 300 40 CFR 143.3 1.26E+01
Lead METAL 3/18/2004 3/12/2009 84 6 7% ptg/L 0.10 32 0.18 38 15 40 CFR 141.62 2.51E+00
Manganese METAL 9/9/2004 3/12/2009 273 117 43% pig/L 0.96 5.4 1.0 580 50 40 CFR 143.3 1.16E+01
Molybdenum METAL 9/9/2004 9/30/2008 25 25 100% ptg/L -- -- 3.6 87 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.08E+00
Nickel METAL 9/9/2004 3/12/2009 272 104 38% ptg/L 1.0 18 0.90 206 100 WAC 246-290-310 2.06E+00
Thallium METAL 9/9/2004 9/30/2008 25 5 20% pg/L 0.10 8.0 0.12 6.0 2.0 40 CFR 141.62 3.OOE+00
Uranium METAL 1/15/2004 3/12/2009 743 736 99% pg/L 0.050 10 0.097 613 30 40 CFR 141.62 2.04E+01
Gross alpha RAD 1/15/2004 2/24/2009 148 42 28% pCi/L -7.72E+00 17 1.2 17 15 40 CFR 141.66 1.11E+00
Iodine-129 RAD 1/12/2004 4/6/2009 452 79 17% pCi/L -3.75E+00 5.1 0.58 39 1.0 40 CFR 141.66 3.87E+01
Strontium-90 RAD 2/9/2004 3/12/2009 134 12 9% pCi/L -4.90E+00 2.1 0.60 32 8.0 40 CFR 141.66 4.OOE+00
Technetium-99 RAD 1/12/2004 3/12/2009 1094 952 87% pCi/L -3.20E+01 855 5.0 137,000 900 40 CFR 141.66 1.52E+02
Tritium RAD 1/12/2004 3/12/2009 451 348 77% pCi/L -2.09E+02 324 220 1.02E+06 20,000 40 CFR 141.66 5.10E+01
Bis(2-ethylhexyl) phthalate SVOC 2/18/2004 3/12/2009 75 4 5% ptg/L 0.48 3.6 0.90 7.4 6.0 40 CFR 141.61 1.23E+00
1,1,2-Trichloroethane VOC 1/15/2004 3/12/2009 563 1 0% pg/L 0.050 5.0 1.0 1.0 0.77 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.30E+00
1,2-Dichloroethane VOC 1/15/2004 3/12/2009 563 2 0% ig/L 0.050 5.0 0.66 1.2 0.48 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.50E+00
1,4-Dioxane VOC 2/9/2004 3/11/2009 340 1 0% pg/L 2.0 45 120 120 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.02E+01
Acrolein VOC 3/17/2004 3/3/2009 122 1 1% ptg/L 0.44 28 11 11 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.75E+00
Benzene VOC 1/15/2004 3/12/2009 592 5 1% ptg/L 0.032 5.0 0.085 2.6 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.27E+00
Bromodichloromethane VOC 3/17/2004 3/3/2009 182 31 17% pig/L 0.064 5.0 0.11 1.1 0.71 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.56E+00
Carbon tetrachloride VOC 1/15/2004 3/12/2009 628 564 90% ptg/L 0.039 5.0 0.061 1,600 0.34 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.75E+03
Chloroform VOC 1/15/2004 3/12/2009 614 506 82% ptg/L 0.070 5.0 0.081 35 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.48E+01
Methylene chloride VOC 1/15/2004 3/12/2009 565 61 11% pg/L 0.091 5.0 0.15 71 5.0 40 CFR 141.61 1.42E+01
Tetrachloroethene VOC 1/15/2004 3/12/2009 605 47 8% ptg/L 0.065 5.0 0.077 3.8 0.081 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.69E+01
Trichloroethene VOC 1/15/2004 3/12/2009 631 244 39% pg/L 0.037 5.0 0.16 13 0.49 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.64E+01

Chloride WET CHEM 1/12/2004 3/12/2009 1034 1034 100% ptg/L -- -- 1,700 386,000 250,000 40 CFR 143.3 1.54E+00
Nitrate WET CHEM 1/12/2004 3/12/2009 1044 1043 100% ptg/L 58 58 753 1.74E+06 45,000 40 CFR 141.62 3.87E+01
Nitrite WET CHEM 1/12/2004 3/12/2009 987 66 7% pig/L 6.6 2,500 33 7,230 3,300 40 CFR 141.62 2.19E+00
Nitrogen in Nitrite and Nitrate WET CHEM 3/18/2004 9/30/2008 55 53 96% pig/L 20.0 20.0 2,000 79,300 10,000 40 CFR 141.62 7.93E+00
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5.2.5 Results of the Contaminant of Potential Concern Selection Process
All analytes identified with maximum concentrations greater than action levels are carried through to the
final COPC identification process. A summary of the groundwater COPCs is presented in Table 5-6.
A total of 36 analytes have been identified as COPCs for groundwater at the 200-UP-1 OU. The list of
COPCs presented in Table 5-6 is the list of those COPCs that will be carried forward into the final COPC
identification process.

Table 5-6. Summary of Groundwater COPCs Selected for Final COPC Evaluation
Metals VOCs Radionuclides

Aluminum 1,1,2-Trichloroethane Gross Alpha
Antimony 1,2-Dichloroethane Iodine-129
Arsenic 1,4-Dioxane Strontium-90
Beryllium Acrolein Technetium-99
Cadmium Benzene Tritium
Chromium Bromodichloromethane
Cobalt Carbon Tetrachloride
Hexavalent Chromium Chloroform
Iron Methylene Chloride
Lead Tetrachloroethene
Manganese Trichloroethene
Molybdenum
Nickel SVOCs Wet Chemistry Parameters
Thallium
Uranium Bis(2-ethylhexyl) phthalate Chloride

Nitrate
Nitrite
Nitrogen in Nitrite and Nitrate

5.3 Final Contaminant of Potential Concern Identification Process

This step in the COPC evaluation sequence applies a multi-step screening process to the analytical data
for the 37 groundwater COPCs. The purpose of this step is to identify the final COPCs that will be carried
forward for evaluation in the 200-UP-1 OU feasibility study. Final COPCs are identified by comparing
EPCs to their respective action levels, similar to the process described in Section 6.0. For the final COPC
selection process, the action level represents the lowest of the available chemical-specific ARARs that are
appropriate for the exposure area. Groundwater in the 200-UP-I OU has the potential for use as a
drinking water source. Therefore, the EPCs for the 200-UP-I OU are compared to the lowest of available
chemical-specific ARARs for protection of human health (i.e., drinking water use). The sequential steps
in the final COPC identification process are as follows:

* Perform statistical calculations to estimate EPCs for COPCs detected

* Identify COPCs with EPCs less than action levels

* Identify COPCs with EPCs greater than action levels.

A flow-chart depicting the final COPC identification process and the number of records and analytes
associated with each process step is provided in Figure 2-3. The steps in the sequence are described
individually below. Each description is accompanied by a table summarizing the results of that step.

5.3.1 Calculate Exposure Point Concentrations for each Contaminant of Potential Concern
Final COPCs are identified by comparing EPCs to action levels for each detected COPC. EPCs are
calculated as the 9 0 th percentile value for each COPC from the existing groundwater data set. The MDL is
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used as the concentration for nondetect results in the percentile calculations. A description of the
methodology use to calculate the 9 0 ' percentile values is provided in a separate calculation brief
(ECF-200UP1-10-0229). Results of the statistical calculations are summarized in Table 5-7.
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Table 5-7. Summary of Groundwater Analytes that Exceed an Action Level for the 200-UP-1
Groundwater Operable Unit

(This table exceeds display space for document format)
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Table 5-7. 200-UP-1 Groundwater Operable Unit COPC Summary Statistics and Comparison of EPCs to Action Levels.

Minimum EPC >
Number of Number of Frequency of Detected Maximum Standard Coefficient of Exposure Point EPC Basis' Action

Analyte Name Analyte Class Detects Nondetects Nondetects Units Value Detected Value Mean Median Deviation MAD/0.675 Skewness Variation Concentration Action Level Action Level Basis Level ?
Aluminum METAL 40 28 41% ug/L 8.5 311 70 59 61 31 2.7 0.87 96 90th Percentile 50 40 CFR 143.3 Yes
Antimony METAL 15 257 94% ug/L 1.8 74 31 36 23 27 -2.80E-02 0.74 28.0 90th Percentile 6.0 40 CFR 141.62 Yes
Arsenic METAL 67 32 32% ug/L 0.93 6.9 3.5 3.4 1.3 0.89 0.61 0.36 6.6 90th Percentile 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Beryllium METAL 3 269 99% ug/L 0.23 5.5 2.0 0.35 3.0 0.18 1.7 1.5 2.00 90th Percentile 4.0 40 CFR 141.62 No
Cadmium METAL 1 272 100% ug/L 9.7 9.7 9.7 9.7 N/A 0 N/A N/A 2 90th Percentile 5.0 40 CFR 141.62 No
Chromium METAL 191 89 32% ug/L 1.3 846 80 18 163 17 3.1 2.0 99 90th Percentile 100 40 CFR 141.62 No
Cobalt METAL 31 241 89% ug/L 0.15 16 6.9 7.6 4.6 4.6 -2.63E-02 0.67 2.8 90th Percentile 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Hexavalent Chromium METAL 42 32 43% ug/L 2.0 236 25 9.4 40 9.0 3.8 1.6 52 90th Percentile 48.00 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Iron METAL 223 49 18% ug/L 9.6 3,780 234 92 477 90 4.7 2.0 406 90th Percentile 300 40 CFR 143.3 Yes
Lead METAL 6 78 93% ug/L 0.18 38 7.9 1.9 15 2.5 2.4 1.9 3.7 90th Percentile 15 40 CFR 141.62 No
Manganese METAL 117 156 57% ug/L 1.0 580 25 7.0 67 5.5 6.0 2.6 18 90th Percentile 50 40 CFR 143.3 No
Molybdenum METAL 25 0 0% ug/L 3.6 87 16 7.4 22 2.4 2.7 1.4 60 90th Percentile 80 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Nickel METAL 104 168 62% ug/L 0.90 206 17 11 25 7.0 5.6 1.5 18.0 90th Percentile 100 WAC 246-290-310 No
Thallium METAL 5 20 80% ug/L 0.12 6.0 2.5 0.25 3.2 0.19 0.61 1.3 5.0 90th Percentile 2.0 40 CFR 141.62 Yes
Uranium METAL 736 7 1% ug/L 0.097 613 56 4.6 109 5.3 2.4 1.9 206 90th Percentile 30 40 CFR 141.62 Yes
Gross alpha RAD 42 106 72% pCi/L 1.2 17 4.0 2.3 3.6 1.1 2.0 0.90 4.1 90th Percentile 15 40 CFR 141.66 No
lodine-129 RAD 79 373 83% pCi/L 0.58 39 7.3 4.6 7.6 3.5 2.5 1.0 3.5 90th Percentile 1.0 40 CFR 141.66 Yes
Strontium-90 RAD 12 122 91% pCi/L 0.60 32 7.8 1.4 12 0.99 1.4 1.5 0.66 90th Percentile 8.0 40 CFR 141.66 No
Technetium-99 RAD 952 142 13% pCi/L 5.0 137,000 2,730 271 9,794 351 7.9 3.6 4,150 90th Percentile 900 40 CFR 141.66 Yes
Tritium RAD 348 103 23% ug/L 220 1.02E+06 30,661 13,000 76,081 16,916 8.0 2.5 51,150 90th Percentile 20,000 40 CFR 141.66 Yes
Bis(2-ethylhexyl) phthalate SVOC 4 71 95% ug/L 0.90 7.4 3.6 3.1 2.8 2.2 1.0 0.78 1.8 90th Percentile 6.0 40 CFR 141.61 No
1,1,2-Trichloroethane VOC 1 562 100% ug/L 1.0 1.0 1.0 1.0 N/A 0 N/A N/A 0.50 90th Percentile 0.77 WAC 173-340-720(4)(b)(iii)(A) and (B) No
1,2-Dichloroethane VOC 2 561 100% ug/L 0.66 1.2 0.93 0.93 0.38 0.40 N/A 0.41 0.50 90th Percentile 0.48 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
1,4-Dioxane VOC 1 339 100% ug/L 120 120 120 120 N/A 0 N/A N/A 6 90th Percentile 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Acrolein VOC 1 121 99% ug/L 11 11 11 11 N/A 0 N/A N/A 1.4 90th Percentile 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Benzene VOC 5 587 99% ug/L 0.085 2.6 0.85 0.38 1.0 0.44 1.7 1.2 0.50 90th Percentile 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Bromodichloromethane VOC 31 151 83% ug/L 0.11 1.1 0.29 0.20 0.23 0.074 2.3 0.81 2.50 90th Percentile 0.71 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Carbon tetrachloride VOC 564 64 10% ug/L 0.061 1,600 95 41 171 56 4.7 1.8 189 90th Percentile 0.34 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chloroform VOC 506 108 18% ug/L 0.081 35 3.7 2.6 4.0 1.9 3.3 1.1 7.2 90th Percentile 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Methylene chloride VOC 61 504 89% ug/L 0.15 71 5.2 2.0 12 2.2 4.9 2.4 1.1 90th Percentile 5.0 40 CFR 141.61 No
Tetrachloroethene VOC 47 558 92% ug/L 0.077 3.8 0.78 0.34 0.88 0.22 2.0 1.1 1.00 90th Percentile 0.081 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Trichloroethene VOC 244 387 61% ug/L 0.16 13 2.3 1.1 2.5 1.2 1.4 1.1 3.3 90th Percentile 0.49 40 CFR 141.61 Yes
Chloride WET CHEM 1034 0 0% ug/L 1,700 386,000 14,193 9,915 15,531 6,056 14 1.1 30,600 90th Percentile 250,000 40 CFR 143.3 No
Fluoride WET CHEM 1015 13 1% ug/L 49.00 790 361.8 360.0 84.0 74.1 1.57E-01 0.23 470.0 90th Percentile 480.0 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Nitrate WET CH EM 1043 1 0% ug/L 753 1.74E+06 76,922 40,900 161,978 36,471 7.0 2.1 133,000 90th Percentile 25,600 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Nitrite WETCHEM 66 921 93% ug/L 33 7,230 464 186 954 168 5.8 2.1 105 90th Percentile 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Nitrogen in Nitrate and Nitrite WET CHEM 53 2 3.64% ug/L 2000 7.93E+04 14,794 12,900 13,259 11,268 2.6 0.9 30,650 90th Percentile 10,000 40OCFR 141.62 Yes

(1) = 90th percentile EPC values calculated using formula k=p(n+1)/100 where k

COPC = contaminant of potential concern.

EPC = exposure point concentration.

position in sequence, p = percentile (90), and n = number of values.
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5.3.2 Identify Contaminants of Potential Concern with Exposure Point Concentrations less than
Action Levels

A total of 17 COPCs have been detected at least once in groundwater in the 200-UP-I OU and have EPCs

(90th percentile values) that are less than their respective action levels (Table 5-7.). Table 5-8 provides a
summary of the COPCs with EPCs less than their action level.

Table 5-8. Summary of Groundwater COPCs with EPCs Less Than Action Level

Metals VOCs Radionuclides

Beryllium 1,1,2-Trichloroethane Gross Alpha
Cadmium Acrolein Strontium-90
Chromium Benzene
Cobalt Methylene Chloride
Lead
Manganese SVOCs Anions
Molybdenum
Nickel Bis(2-ethylhexyl) phthalate Chloride

Nitrite

5.3.2.1 Analyte Specific Evaluation
An additional evaluation step is conducted when the 9 0 th percentile value is less than the action level but
individual sample results are reported at concentrations greater than the action level. A flow-chart
depicting this analyte specific evaluation is provided in Figure 2-4. This step is performed to confirm that
the 90th percentile value has not inappropriately eliminated a COPC and takes into consideration specific
attributes about the groundwater contamination plume as described below.

* Is an individual analyte collocated with a final COPC and have concentrations above the action level?

* Is an individual analyte associated with a significant local trend or continuing vadose source?

* Is an individual analyte associated with a discrete local exposure point and have concentrations above
the action level?

The 90th percentile concentration for chromium is 99 pg/L, which is slightly less than the MCL of

100 pg/L. Chromium is identified as a final COPC because there are known sources of chromium at the
200-UP-I OU and because chromium is identified as a contaminant of concern in the 200-ZP- 1 OU
Record of Decision. Chromium is consistently measured at concentrations above the action level in four
wells including 299-W22-44, 299-W22-47, 299-W22-83, and 299-W23-19. Chromium was detected at
concentrations ranging between 352 and 686 p/L in 299-W22-44, between 250 and 287pg/L in 299-W22-
47, between 189 and 234 pg/L in 299-W22-83, and between 657 and 846 pg/L in 299-W23-19.
Chromium was detected at a concentration of 101 pg/L at 299-W18-30 but five other sample results were
below the action level.

The 90th percentile value for 1,1,2-trichloroethane is 0.5 pg/L which is below the action level of
0.77 pg/L. It was detected once in well 299-W19-34A (B1P5F1) at a concentration of 1 pg/L and was
flagged with a "J" qualifier. 1,1,2-Trichloroethane was analyzed a total of 10 times between 2004 and
2008 with MDLs less than the action level between 2004 and 2006. The detection limit increased during
2007 and 2008 due to a change in laboratories resulting in a "J" qualified result and an MDL greater than
the action level. The results of this evaluation suggest that 1,1,2-trichloroethane is not associated with a
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trend or local exposure point, therefore the 9 0 ' percentile value is a reasonable estimate of groundwater
concentrations.

The 90' percentile value for acrolein is 1.4 gg/L which is below the action level of 4.0 gg/L. It was
detected once in well 699-36-70B (B1BNM3) at a concentration of 11 g/L. Acrolein was analyzed a
total of 13 times at well 699-36-70B between 2004 and 2008 with the single detection occurring in 2004
and the remaining MDLs less than the action level. The results of this evaluation suggest that acrolein is
not associated with a trend or local exposure point, therefore the 90 ' percentile value is a reasonable
estimate of groundwater concentrations.

The 90' percentile value for benzene is 0.5 gg/L which is below the action level of 0.8 gg/L. Benzene
was detected in 5 of 587 water samples (5 locations) collected between 2004 and 2009, with two of the
5 detections greater than the action level. Benzene was detected above the action level in well 299-W 19-
34A (B1PM53) at a concentration of 1 gg/L and at well 699-33-75 (B1PM53) at a concentration of
2.6 gg/L with both results flagged with a "J". Benzene was analyzed a total of 10 times at 299-W19-34A
between 2004 and 2008 with MDLs less than the action level between 2004 and 2006. However, the
detection limit increased during 2007 and 2008 due to a change in laboratories resulting in a "J" qualifier
and an MDL greater than the action level. Benzene was analyzed a total of eight times at 699-33-75
between 2008 and 2009. The single detection occurred in the first sample collected from this location
with all remaining benzene results less than the detection limit of 1 gg/L. The results of this evaluation
suggest that benzene is not associated with a trend or local exposure point, therefore the 90 ' percentile
value is a reasonable estimate of groundwater concentrations.

The 90' percentile value for beryllium is 2.0 gg/L which is below the action level of 4 gg/L. Beryllium
was detected in 3 of 272 water samples (2 locations) collected between 2004 and 2009. Beryllium was
detected above the action level in well 299-W18-30 (B1WKC8) at a concentration of 5.5 gg/L and was
flagged with a "B" laboratory qualifier and a "Y" review qualifier indicating it is an estimated
concentration and that the result is considered suspect. Beryllium was analyzed at total of six times at
299-W18-30 between 2007 and 2009 with the single occurrence reported in 2008. The results of this
evaluation suggest that beryllium is not associated with a trend or local exposure point, therefore the 90 '
percentile value is a reasonable estimate of groundwater concentrations.

The 90' percentile value for bis(2-ethylhexyl) phthalate is 1.8 gg/L which is below the action level of
6 gg/L. Bis(2-ethylhexyl) phthalate was detected in 4 of 75 water samples (4 locations) collected between
2004 and 2009. Bis(2-ethylhexyl) phthalate was detected above the action level in well 299-W22-83
(B 1 8KT4) at a concentration of 7.4 gg/L. This result was flagged with a "JB" laboratory qualifier
indicating it is an estimated concentration and the analyte was detected in both the QC blank and the
sample. The results of this evaluation suggest that the presence of bis(2-ethylhexyl) phthalate above the
action level is the result of laboratory contamination, therefore the 9 0 ' percentile value likely
overestimates groundwater concentrations.

The 90' percentile value for cadmium is 2.0 gg/L which is below the action level of 5 gg/L. Cadmium
was detected in 1 of 273 water samples (1 location) collected between 2004 and 2009. Cadmium was
detected above the action level in well 299-W18-30 (B1WKC8) at a concentration of 9.7 gg/L. This result
was flagged with a "B" laboratory qualifier and a "Y" review qualifier indicating it is an estimated
concentration and that the result is considered suspect. Cadmium was analyzed at total of six times at
299-W18-30 between 2007 and 2009 with the single occurrence reported in 2008. The results of this
evaluation suggest that cadmium is not associated with a trend or local exposure point, therefore the 9 0 '
percentile value is a reasonable estimate of groundwater concentrations.
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The 90' percentile value for chloride is 30,600 gg/L which is below the action level of 250,000 gg/L.
Chloride was analyzed a total of 1,034 times at 74 wells between 2004 and 2009. There was a single
exceedance of the action level occurring in 2006 and the remaining detections less than the action level.
The exceedance was in well 299-W19-43 (B1H6L8) at a concentration of 386,000 gg/L. This result was
flagged with a "Y" review qualifier indicating the result is associated with a suspect field blank. The
results of this evaluation suggest that chloride is not associated with a trend or local exposure point,
therefore the 9 0 ' percentile value is a reasonable estimate of groundwater concentrations.

The 90"' percentile value for cobalt is 2.8 gg/L which is below the action level of 4.8 gg/L. Cobalt was
detected in 31 of 272 water samples (25 locations) collected between 2004 and 2009. Cobalt was detected
above the action level in 20 samples (17 locations) with concentrations ranging between 6.5 and 16 gg/L
with all but one result flagged with a "B" qualifier indicating it is an estimated value or a "C" qualifier
indicating the analyte was detected in both the sample and the associated QC blank. The results of this
evaluation suggest that cobalt is not associated with a trend or local exposure point and some of the
results above the action level could be the result of laboratory contamination, therefore the 9 0 ' percentile
value is a reasonable estimate of groundwater concentrations.

The 90' percentile value for gross alpha is 4.1 pCi/L which is below the action level of 15 pCi/L. Gross
alpha was detected at a concentration of 17 pCi/L at well 299-W18-21 (B 1 89P9) during 2004, however
the four subsequent gross alpha results were less than the action level. This well is not reported to have
concentrations of individual radioisotopes above their action levels. The results of this evaluation suggest
that gross alpha above the action level is not associated with a trend or local exposure point, therefore the

9 0 percentile value is a reasonable estimate of groundwater concentrations.

The 90"' percentile value for lead is 3.7 gg/L which is below the action level of 15 gg/L. Lead was
detected in 6 of 84 water samples (5 locations) collected between 2004 and 2009. Lead was detected once
above the action level in well 699-36-70A (BIDMW7) at a concentration of 37 gg/L, the eight remaining
results were reported less than the MDL. The results of this evaluation suggest that lead is not associated
with a trend or local exposure point, therefore the 9 0 ' percentile value is a reasonable estimate of
groundwater concentrations.

The 90' percentile value for manganese is 18 gg/L which is below the action level of 50 gg/L.
Manganese was detected in 117 of 273 water samples (29 locations) collected between 2004 and 2009.
A total of 9 results in 7 wells were reported with concentrations above the action level. The results of this
evaluation suggest that manganese is not associated with a trend or local exposure point, therefore the 9 0 '
percentile value is a reasonable estimate of groundwater concentrations.

The 90' percentile value for methylene chloride is 1.1 gg/L which is below the action level of 5 gg/L.
Methylene chloride was detected in 61 of 565 water samples (30 locations) collected between 2004 and
2009. A total of 13 results were reported with concentrations above the action level. Eleven of the
13 results were flagged with a "B" or a "JB" laboratory qualifier indicating the result is an estimated
value and the analyte was detected in both the sample and the associated QC blank. Two of the 13 results
were flagged with a "Y" review qualifier indicating the results are associated with a suspect field blank.
The results of this evaluation suggest that the presence of methylene chloride above the action level is the
result of laboratory contamination; therefore the 9 0 ' percentile value likely overestimates groundwater
concentrations.

The 90' percentile value for molybdenum is 60 gg/L which is below the action level of 80 gg/L.
Molybdenum was detected in 25 of 25 water samples (9 locations) collected between 2004 and 2009.
A total of 2 results were reported with concentrations (86.6 and 83.8 gg/L) slightly above the action level.
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The results of this evaluation suggest that molybdenum is not associated with a trend or local exposure
point, therefore the 9 0 ' percentile value is a reasonable estimate of groundwater concentrations.

The 90"' percentile value for nickel is 18 gg/L which is below the action level of 100 gg/L. Nickel was
detected in 104 of 272 water samples (41 locations) between 2004 and 2009. Nickel was detected twice
above the action level (130 and 206 gg/L) at well 299-W27-2 (B1RHF7 and B1XYN2) during 2008 and
2009, no other samples were collected from this location. The results of this evaluation suggest that nickel
may be due to corrosion of stainless steel well materials or some other source. The results of this
evaluation indicate that the 90' percentile value is a reasonable estimate of groundwater concentrations.

The 90"' percentile value for nitrite is 105 gg/L which is below the action level of 1,600 gg/L. Nitrite was
detected at concentrations exceeding the action limit in 6 of 987 water samples (4 locations) between
2004 and 2009. Three of these nitrite results (including the maximum concentration) were reported at well
699-36-70B. Nitrite has been analyzed at total of 15 times at this well with concentrations ranging from
nondetect to greater than the action level. The maximum concentration of 7,230 gg/L was flagged with a
"DN" laboratory qualifier indicating a secondary dilution was required to bring the analyte into the
calibration range of the instrument and that the matrix spike recoveries were outside the control limits, it
was also flagged with a "Y" review qualifier to indicate the result is considered suspect. The results of
this evaluation suggest that nitrite above the action level is not associated with a trend or local exposure
point. Carbon tetrachloride, hexavalent chromium, iodine- 129, and nitrate are present at concentrations
above the action level in well 699-36-70B and therefore nitrite is collocated with a final COPC. The
results of this evaluation indicate that the 9 0 ' percentile value is a reasonable estimate of groundwater
concentrations.

The 90' percentile value for strontium-90 is 0.66 pCi/L which is below the action level of 8 pCi/L.
Strontium-90 was detected in 12 of 134 water samples (10 locations) between 2004 and 2009.
Strontium-90 was detected at concentrations ranging between 27 and 76 pCi/L between 2000 and 2005 at
well 299-W22-10, no other samples were collected from this location after 2005. Well 299-W22-30 is
located downgradient from the 216-S-I and 216-S-2 cribs which received highly acidic waste from the
REDOX plant. Strontium-90 was detected at a concentration of 23 pCi/L at well 299-W22-45 during
2009, this result was flagged with an "F" review qualifier indicating it is undergoing further review.
Strontium-90 was not detected in the five previous sampling rounds at this location. The results of this
evaluation suggest that the presence of strontium-90 is associated with a localized exposure point,
however the 9 0 ' percentile value is a reasonable estimate of groundwater concentrations.

5.3.3 Conclusions from Analyte Specific Evaluation

The results of the analyte specific evaluation indicate that the 9 0 ' percentile value is a reasonable
estimate of groundwater concentrations. All of the analytes with 9 0 ' percentile values less than their
action level do not appear to be related to a significant local trend.

Chromium is identified as a final COPC because wells near identified waste sites report concentrations
above the action level. Fluoride is identified as a final COPC because wells near identified waste sites
report concentrations above the action level. Strontium-90 is considered an uncertainty because
concentrations have been reported above the action level (27 to 76 pCi/l) between 2000 and 2005 at well
299-W22-10. Nickel is considered an uncertainty because concentrations have been reported above the
action level (130 and 206 gg/L) during 2008 and 2009 at well 299-W27-2.
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5.3.4 Identify Contaminants of Potential Concern with Exposure Point Concentrations greater
than Action Levels

A total of 19 COPCs have been detected at least once in groundwater and have EPCs ( 9 0 th percentile
values) that are greater than their respective action levels (Table 5-7). Table 5-9 provides a summary of
the COPCs with EPCs greater than their action level.

Table 5-9. Summary of Groundwater COPCs with EPCs Greater Than Action Level

Metals VOCs Radionuclides

Aluminum 1,2-Dichloroethane Iodine-129
Antimony 1,4-Dioxane Technetium-99
Arsenic Bromodichloromethane Carbon Tritium
Hexavalent Chromium Tetrachloride
Iron Chloroform Anions
Thallium Tetrachloroethene
Uranium Trichloroethene Nitrogen in Nitrate and Nitrite

Nitrate

An analyte specific evaluation is performed on the groundwater COPCs with EPCs greater than the action
level. This evaluation considers the effect of data quality, naturally occurring levels of metals, long-term
trends, and action levels have on the selection of final COPCs.

5.3.4.1 Analyte Specific Evaluation
The 9 0 h percentile value for aluminum is 96 pg/L which is greater than the action level of 50 pg/L. The
secondary MCL is the basis for the action level in this evaluation. The secondary MCL for aluminum is
based on a range of concentrations between 50 and 200 pg/L, the 9 0 th percentile value is within this range
of concentrations. This metal affects the aesthetic qualities relating to the public acceptance of drinking
water. These regulations are not federally enforceable but are intended as guidelines for the states.
Aluminum is eliminated as a final COPC.

The 90th percentile value for antimony is 28.0 pg/L, which is greater than the action level of 6.0 pg/L. The
Federal MCL is the basis for the action level. Antimony was detected in 15 of 273 samples analyzed with
concentrations ranging between 1.8 and 74 pg/L. Antimony concentrations above the action level were
measured in 10 water samples from 9 wells. Six of these results (concentrations between 38 and 74 pg/L)
were flagged with a "C" laboratory qualifier indicating that the analyte was reported in both the sample
and the associated QC blank. All of the antimony results reported above the action level were flagged
with a "Y" review qualifier indicating the results are considered suspect. The reported MDL for antimony
is consistently higher than the action limit resulting in a inflated 9 0 th percentile value. Based on this
evaluation, antimony is eliminated as final COPCs.

The 90th percentile value for arsenic is 6.6 pg/L, which is greater than the action level of 0.058 pg/L. The
WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Arsenic was detected in
67 of 99 samples analyzed with concentrations ranging between 0.93 and 6.9 pg/L. Background
concentrations of arsenic in Hanford Site groundwater have been established for filtered (dissolved)
concentrations of arsenic (DOE/RL-96-61, Rev 0). Minimum, maximum, and 9 0 th percentile value
background concentrations for filtered concentrations of arsenic are 0.5, 8.8, and 7.85 pg/L, respectively.
None of the arsenic concentrations measured within the operable unit are reported above the 9 0 th

percentile background value. If unfiltered (total) arsenic concentrations had been analyzed in the
groundwater background evaluation, they would likely be equal to or greater than the filtered
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concentrations. Arsenic concentrations observed within the entire groundwater operable unit are generally
at or near the 9 0 ' percentile value and are considered to be naturally occurring, therefore arsenic is not
identified as a final COPC.

The 90' percentile value for iron is 406 gg/L, which is greater than the action level of 300 gg/L. The
secondary MCL is the basis for the action level in this evaluation. Iron was detected above the action
level at 13 locations. This metal affects the aesthetic qualities relating to the public acceptance of drinking
water. These regulations are not federally enforceable but are intended as guidelines for the states. Iron is
eliminated as a final COPC.

The 90' percentile value for thallium is 5.0 gg/L, which is greater than the action level of 2.0 gg/L. The
WAC 173-340-720 groundwater cleanup standard is the basis for the action level. A total of 25 samples
were analyzed for thallium between 2004 and 2008. Of these 25 results, 18 were analyzed by EPA
Method 6010C (Inductively Coupled Plasma-Atomic Emission Spectrometry). Thallium was reported in
two of these samples above the action level (BIMLK2 and BIMLLO) and results were flagged with a "C"
indicating that the analyte was reported in both the sample and the associated QC blank. The MDLs
associated with method 6010 ranged between 3 and 8 gg/L which are greater than the action level. Seven
thallium results were analyzed by EPA Method 200.8, all of these results were reported at levels below
the action level. The results of this evaluation suggest that Method 6010 is not adequate for determining
the presence or absence of thallium at the action level. Analytical results reported by EPA Method 200.8
were less than the action level. Therefore, thallium is not identified as a final COPC.

The 90' percentile value for nitrogen in nitrate and nitrogen is 30,650 gg/L which exceeds the action
level of 10,000 gg/L. The federal MCL is the basis for the action level. This result reports the
concentration of nitrogen in both the form of nitrate and nitrate. Nitrite is not identified as a final COPC
because its EPC (105 gg/L) did not exceed its action limit of 1600 gg/L. It is therefore assumed that
nitrate is the major contributor to the reported concentrations of nitrogen in nitrate and nitrogen. Nitrate is
identified as a final COPC. As a result of this evaluation, nitrogen in nitrate and nitrate is not identified as
a final COPC.

The 90' percentile value for 1,2-dichloroethane is 0.5 gg/L which is slightly greater than the action level
of 0.48 gg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level.
1,2-Dichloroethane was detected in 2 of 563 water samples (0.36 percent frequency) collected between
2004 and 2009. Both detections of 1,2-dichloroethane were measured in well 299-W22-20 (B18BCO and
B19TW9) at concentrations of 1.2 pag/L and 0.66 gg/L during 2004. However, 1,2-dichloroethane was not
detected in the samples collected during the four subsequent sampling rounds conducted between 2005
and 2008. An additional evaluation was conducted to determine whether 1,2-dichloroethane has been
detected in the groundwater operable unit over the last 10 years (1999 to 2009). Results indicate that
1,2-dichloroethane was measured at well 299-W22-20 between the year 2000 and 2002 at concentrations
ranging between 0.88 gg/L and 1.6 gg/L. No other detections of 1,2-dichloroethane were measured
between 1999 and 2009. Results of this evaluation may indicate the local presence of 1,2-dichloroethane
at well 299-W22-20 between 2000 and 2004, however subsequent sampling rounds do not indicate its
presence. Tritium and nitrate are present at concentrations above the action level in well 299-W22-20 and
therefore 1,2-dichloroethane is collocated with final COPCs. Therefore, 1,2-dichloroethane is an
uncertainty at well 299-W22-20.

The 90' percentile value for 1,4-dioxane is 6 gg/L which is greater than the action level of 4 gg/L. The
WAC 173-340-720 groundwater cleanup standard is the basis for the action level. 1,4-Dioxane was
detected in 1 of 340 water samples (0.3 percent frequency) collected between 2004 and 2009. The single
detection was measured in well 299-W22-20 (BIK592) at a concentration of 120 pag/L during 2006.

38

D-150



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0231, REV. 1

However, 1,4-dioxane was not detected in the samples collected during the three previous sampling
rounds conducted between 2004 and 2005. An additional evaluation was conducted to determine whether
1,4-dioxane has been detected in the groundwater operable unit over the last 10 years (1999 to 2009).
Results indicate that 1,4-dioxane was measured at well 299-W22-20 between 2002 and 2003 at
concentrations ranging between 110 pg/L and 160 pg/L. 1,4-dioxane was not measured at any other
location between 1999 and 2009. Results of this evaluation indicate the local presence of 1,4-dioxane at
well 299-W22-20 between 2002 and 2006. Therefore, 1,4-dioxane is an considered an uncertainty at well
299-W22-20.

The 9 0 ' percentile value for bromodichloromethane is 2.5 pg/L which is greater than the action level of
0.71 pg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level.
Bromodichloromethane was detected at two of 29 locations at concentrations above the action level of
0.71 pg/L. Bromodichloromethane was detected in well 699-38-70B (B1DLO4 and BIF002) during
August and October 2005 at concentrations of 1.1 and 0.79 pg/L, respectively. Bromodichloromethane
was analyzed a total of 16 times at 699-38-70B between 2004 and 2009; all but these two results were
below the action level. Bromodichlormethane was detected once during August 2005 at well 299-W19-48
at a concentration of 0.85 pg/L. Bromodichloromethane was analyzed a total of 23 times at 299-W19-48
between 2004 and 2009; all but one result was below the action level. A total of 61 of 151 MDLs were
reported above the action level of 0.71 pg/L indicating that 40 percent of the MDLs could not achieve the
action level. The 9 0 th percentile value is artificially elevated as a result of the elevated MDLs. Based on
the results of this evaluation, the 9 0 th percentile value overestimates the concentration of
bromodichloromethane in groundwater. Therefore, bromodichloromethane is not identified as a final
COPC.

5.3.4.2 Conclusions from Analyte Specific Evaluation
Five metals, one anion, and three volatile organic compounds were not identified as final COPCs.

Table 5-10. Summary of Analytes Excluded as Final Groundwater COPCs for the 200-UP-1
Groundwater Operable Unit

Table 5-10 provides a summary of the analytes that were not identified as final COPCs and the reason for
its exclusion.

Table 5-10. Summary of Analytes Excluded as Final Groundwater COPCs for the 200-UP-1
Groundwater Operable Unit

COPC Reason for Exclusion as Final COPC

Aluminum 90 percentile value is within acceptable range for
secondary MCL

Antimony The 90th percentile value overestimates the
concentration of antimony as a result of elevated
MDLs and suspect detected concentrations.

Arsenic Naturally occurring

Iron 90 percentile value is above secondary MCL value,
regulation is not Federally enforceable but intended
as guidelines for States
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Table 5-10. Summary of Analytes Excluded as Final Groundwater COPCs for the 200-UP-1
Groundwater Operable Unit

COPC Reason for Exclusion as Final COPC

Thallium Data quality issues associated with the EPA Method
6010 and the presence of laboratory contamination

Nitrogen in Nitrate and Nitrogen Excluded because nitrate identified as a final COPC.

1,2-Dichloroethane and 1,4-Dioxane Uncertainty - detections observed in well 299-W22-
20 between the years 2000 and 2004.

Bromodichloromethane The 90th percentile value overestimates the
concentration of bromodichloromethane as a result
of elevated MDLs.

5.3.5 Summary of Final Contaminants of Potential Concern
A summary of the final COPCs identified for the 200-UP-I groundwater OU is provided in Table 5-11.
This list of final COPCs represents the analytes most likely to contribute to overall risk within the
200-UP-I groundwater OU. A list of the monitoring wells that are reported with concentrations greater
than their respective action level is provided in Table 5-12.
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Table 5-12. Monitoring Well Locations Reported with Concentrations of Final COPCs Greater
Than Action Level

Table 5-11. Summary of Final Groundwater COPCs for the 200-UP-1 Groundwater Operable Unit

Metals VOCs Radionuclides

Chromium Carbon Tetrachloride Iodine-129
Hexavalent Chromium Chloroform Technetium-99
Uranium Tetrachloroethene Tritium

Trichloroethene

Anions

Nitrate
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Table 5-12. Monitoring Well Locations Reported with Concentrations of Final COPCs Greater
Than Action Level

(This table exceeds display space for document format)

42

D-154



ECF-2 U -16-fi VRV. 1

Table 5-12. Monitoring Well Locations Reported with Concentrations of Final COPCs Greater Than Action Level

WELLNAME Carbon Tetrachloride Chromium Chloroform Hexavalent Chromium lodine-129 Nitrate Technetium-99 Tetrachloroethene Trichloroethene Tritium Uranium
45,000 20,000

Action Level 0.34 ug/L 100 ug/L 1.4 ug/L 48 ug/L 1 pCi/L ug/L 900 pCi/L 0.081 ug/L 0.49 pCi/L 30 ug/L
299-W14-71 x x x x
299-W1 5-37 x x x
299-W18-15 x x x
299-W1 8-21 x x x
299-W1 8-22
299-W1 8-30 x x x x x
299-W1 8-31 x
299-W1 8-33 x x
299-W1 8-40
299-W19-101 x x x x x x
299-W1 9-104 x x x
299-W19-105 x x x x x
299-W19-107 x x x x x
299-W1 9-12 x
299-W19-18 x x x x x
299-W1 9-34A x x x x
299-W1 9-34B x x x x
299-W1 9-35 x x x x x x x
299-W1 9-36 x x x x x x x
299-W1 9-37 x x x x x x
299-W1 9-39 x x x x x x
299-W1 9-4 x x x
299-W1 9-40 x x x x
299-W1 9-41 x
299-W1 9-42 x
299-W1 9-43 x x x x x x
299-W1 9-44 x
299-W1 9-45 x x
299-W1 9-46 x x x x x
299-W1 9-47 x
299-W19-48 x x x x x x x x
299-W1 9-50 x x x
299-Wi 9-9 x x x x x
299-W21-2 x x x x x
299-W22-1 0
299-W22-20 x x x x x x
299-W22-26 x x x x
299-W22-44 x x x
299-W22-45 x x x
299-W22-46 x x
299-W22-47 x x x x x x x
299-W22-48 x x x
299-W22-49 x x x x x
299-W22-50 x x x
299-W22-69 x x
299-W22-72 x x x x
299-W22-79 x
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Table 5-12. Monitoring Well Locations Reported with Concentrations of Final COPCs Greater Than Action Level

WELLNAME Carbon Tetrachloride Chromium Chloroform Hexavalent Chromium lodine-129 Nitrate Technetium-99 Tetrachloroethene Trichloroethene Tritium Uranium
45,000 20,000

Action Level 0.34 ug/L 100 ug/L 1.4 ug/L 48 ug/L 1 pCi/L ug/L 900 pCi/L 0.081 ug/L 0.49 pCi/L 30 ug/L
299-W22-80
299-W22-81
299-W22-82 x x x
299-W22-83 x x x x x x x
299-W22-84
299-W22-85 x x
299-W22-86 x x x x x
299-W22-87 x
299-W22-88 x x x
299-W22-9 x x x
299-W23-10 x x x
299-W23-15 x x x
299-W23-19 x x x x
299-W23-20
299-W23-21 x x x x x x
299-W23-4 x x x x x x
299-W23-9 x x x x
299-W26-13 x
299-W26-14 x
299-W27-2 x
699-30-66 x x x
699-32-62
699-32-72A x x x
699-32-76 x
699-33-74 x x x x
699-33-75 x x
699-33-76 x
699-34-72 x x x x x x
699-35-66A x x x x
699-35-70 x x x x
699-35-78A x
699-36-61 A x x
699-36-66B x x x
699-36-67 x x x x
699-36-70A x x x x x
699-36-70B x x x x x x
699-37-66 x
699-37-68 x x x x x
699-38-65 x x
699-38-68A x x x x x x x
699-38-70 x x x x x x x

699-38-70B x x x x
699-38-70C x x x x x x
699-40-62 x
699-40-65 x x x
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The 9 0 ' percentile value for chromium is 99 gg/L which is approximately equal to the action level of
100 gg/L. The federal MCL is the basis for the action level. Of the 93 monitoring wells in the 200-UP-I
OU, five monitoring wells were reported with chromium concentrations greater than the MCL of
100 gg/L.

The 90' percentile value for carbon tetrachloride is 189 gg/L which is greater than the action level of
0.34 gg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the
93 monitoring wells in the 200-UP-I OU, 65 monitoring wells were reported with carbon tetrachloride
concentrations greater than the WAC 173-340-720 groundwater cleanup standard of 0.34 gg/L.

The 90' percentile value for chloroform is 7.2 gg/L which is equal to the action level of 1.4 gg/L. The
WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the 93 monitoring
wells in the 200-UP-I OU, 46 monitoring wells were reported with chloroform concentrations greater
than the WAC 173-340-720 groundwater cleanup standard of 1.4 gg/L.

The 90' percentile value for fluoride is 470 gg/L which is just less than the action level of 480 gg/L. The
WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the 93 monitoring
wells in the 200-UP-I OU, 29 monitoring wells were reported with fluoride concentrations greater than
the WAC 173-340-720 groundwater cleanup standard of 480 gg/L.

The 9 0 ' percentile value for hexavalent chromium is 52 gg/L which is greater than the action level of
48 gg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the
93 monitoring wells in the 200-UP-I OU, four monitoring wells were reported with hexavalent chromium
concentrations greater than the WAC 173-340-720 groundwater cleanup standard of 48 gg/L.

The 90' percentile value for iodine-129 is 3.5 pCi/L which is greater than the action level of 1 pCi/L. The
federal MCL is the basis for the action level. Of the 93 monitoring wells in the 200-UP-I OU, 18
monitoring wells were reported with iodine-129 concentrations greater than the MCL of 1 pCi/L.

The 90' percentile value for nitrate is 133,000 gg/L which is greater than the action level of 45,000 gg/L.
The federal MCL is the basis for the action level. Of the 93 monitoring wells in the 200-UP-I OU, 55
monitoring wells were reported with nitrate concentrations greater than the MCL of 45,000 gg/L.

The 90' percentile value for technetium-99 is 4,150 pCi/L which is greater than the action level of
900 pCi/L. The federal MCL is the basis for the action level. Of the 93 monitoring wells in the 200-UP-I
OU, 24 monitoring wells were reported with technetium-99 concentrations greater than the MCL of
900 pCi/L.

The 9 0 ' percentile value for tetrachloroethene is 1.0 gg/L which is greater than the action level of
0.081 gg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the
93 monitoring wells in the 200-UP-I OU, 21 monitoring wells were reported with tetrachloroethene
concentrations greater than the WAC 173-340-720 groundwater cleanup standard of 0.081 gg/L.

The 9 0 ' percentile value for trichloroethene is 3.3 gg/L which is greater than the action level of
0.49 gg/L. The WAC 173-340-720 groundwater cleanup standard is the basis for the action level. Of the
93 monitoring wells in the 200-UP-I OU, 31 monitoring wells were reported with trichloroethene
concentrations greater than the WAC 173-340-720 groundwater cleanup standard of 0.49 gg/L.

The 90' percentile value for tritium is 51,150 pCi/L which is greater than the action level of
20,000 pCi/L. The federal MCL is the basis for the action level. Of the 93 monitoring wells in the
200-UP-I OU, 22 monitoring wells were reported with tritium concentrations greater than the MCL of
20,000 pCi/L.
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The 9 0th percentile value for uranium is 206 pg/L which is greater than the action level of 30 gg/L. The
federal MCL is the basis for the action level. Of the 93 monitoring wells in the 200-UP-1 OU, 15
monitoring wells were reported with uranium concentrations greater than the federal MCL of 30 jtg/L.

6 Results/Conclusions

The purpose of this calculation brief is to identify the final groundwater COPCs for the 200-UP-I
groundwater operable unit. The results of this evaluation are used to determine whether remediation is
necessary, to help provide justification for performing remedial action, and to assist in determining what
exposure pathways need to be remediated.

6.1 Uncertainty Analysis

Selection of COPCs is a complex process with inherent uncertainties. Uncertainty reflects limitations in
knowledge, and simplifying assumptions must be made during the selection process. In this calculation
brief, uncertainties are generally associated with the data set used to select final COPCs.

Uncertainties associated with the use of the 200-UP-I groundwater OU data set include the following:

* Analytical data included in this data set were obtained from several different sampling programs. As a
result, monitoring wells included in the COPC selection process were analyzed for different analytes,
have different sampling frequencies, and were analyzed using different analytical methods, and
reported with different method detection limits.

* Unfiltered sample results were used for the purpose of selecting contaminants of potential concern.
Use of filtered sample results for metals has the potential to underestimate the concentrations in
groundwater. There are generally more filtered metals data available than unfiltered for groundwater
within this operable unit. Only a limited number of locations are analyzed for both unfiltered and
filtered metals. The exclusion of the filtered metals data from the COPC selection process does not
appear to underestimate metals concentrations and did not result in the exclusion of any metals from
the COPC selection process.

* Hanford Site background concentrations for groundwater were established for only filtered
groundwater. Background concentrations for filtered groundwater likely underestimate concentrations
in groundwater. Unfiltered background values are expected to be equal to or greater than filtered
groundwater concentrations.
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1 Purpose
The purpose for this Environmental Calculation is to document the calculation of potential human health
risk to Native Americans from exposure to contaminants in the 200-UP-I Groundwater Operable Unit
(OU). Exposure is evaluated for two currently available Native American exposure scenarios assuming a
hypothetical failure of current administrative controls such that tribal use of 200-UP-1 OU groundwater
becomes possible. Groundwater exposure pathway cancer risks and non-cancer hazards are calculated
based on current groundwater conditions for both radioactive and nonradioactive contaminants of
potential concern (COPCs). Potential health risks are calculated for ingestion, inhalation, and dermal
exposures to groundwater COPCs from use of groundwater as a domestic drinking water source and as a
source of steam in a sweat lodge.

2 Methodology
Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia River and the
U.S. Department of Energy (DOE) has requested that each tribe provide an exposure scenario that reflects
their traditional activities. At this time, the Confederated Tribes of the Umatilla Indian Reservation
(CTUIR) (Harris 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford
Risk Assessments, Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence
Lifeways) and Yakama Nation (Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk
Assessment) have provided scenarios.

For purposes of this Environmental Calculation, adult and child members of the CTUIR and Yakama
Nation are assumed to use groundwater from the 200-UP-1 Groundwater OU as a drinking water source
(i.e., domestic supply) and to make steam in a sweat lodge (adult tribal members only) as a part of their
lifeways. Use of groundwater to irrigate crops and water livestock is not evaluated because those
exposure pathways, although potentially complete, are considered insignificant and secondary to the
drinking water and sweat lodge exposure pathways. Food chain pathways are generally evaluated
quantitatively in the source area exposure assessments because the RESRAD model (ANL 2009,
RESRAD, Version 6.5) used to estimate exposure considers these pathways. Contact with contaminated
drill cuttings is not addressed because this assessment includes only groundwater pathway exposures.

Potentially complete exposure routes for adult and child tribal members associated with using
groundwater as a domestic drinking water supply are as follows:

* Ingestion of drinking water

* Inhalation of volatiles when showering and using drinking water for other domestic purposes

* Dermal exposure from showering and using drinking water for other domestic purposes (e.g.,
washing dishes)

Potentially complete exposure routes for adult tribal members associated with using groundwater in a
sweat lodge are as follows:

* Inhalation of volatiles and aerosolized nonvolatiles while spending time in a sweat lodge

* Dermal contact with vapors and condensed liquid while spending time in a sweat lodge.

1
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2.1 Contaminant Intake

For the drinking water pathway, contaminant intake is quantified using standard EPA equations and
procedures as specified in EPA's Risk Assessment Guidance for Superfund (RAGS) documents (Parts A
through F) (EPA/540/1-89/002, 1989, Risk Assessment Guidancefor Superfund: Volume 1-Human
Health Evaluation Manual, Part A, Interim Final; EPA/540/R-92/003, 1991, Risk Assessment Guidance
for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals): Interim; EPA/540/R/99/005, 2004, Risk Assessment Guidance for
Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal
Risk Assessment); and EPA-540-R-070-002, 2009, Risk Assessment Guidance for Superfund: Volume
1-Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment)).
The equations and parameters used to quantify contaminant intake for the drinking water pathway are
presented in Section 2.4.

For the sweat lodge pathway, contaminant intake is quantified based on standard EPA methods coupled
with the sweat lodge steam model provided in Harris and Harper (2004). The equations and parameters
used to quantify contaminant intake for the sweat lodge pathway are presented in Section 2.5.

The CTUIR and Yakama Nation have provided many of the exposure factors necessary to quantify
contaminant intake in Harris (2008), Harris and Harper (2004), and Ridolfi (2007). Those values are used
preferentially rather than EPA residential defaults. Where tribal-specific factors are not provided, EPA
defaults are used (EPA/540/R-92/003).

2.2 Cancer Effects
The potential for carcinogenic effects is evaluated by estimating the incremental increase in the
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]) in addition to the
background probability of developing cancer (that is, if no exposure to site contaminants occurs). Cancer
slope factors developed by the EPA are considered to be a plausible upper bound estimate of the cancer
potency of a contaminant. By using these upper bound estimates for the cancer slope factors, there is
reasonable confidence that the actual cancer risk will not exceed the estimated risks calculated with these
slope factors and may actually be lower (EPA/540/1-89/002). The following equation is used to estimate
risk for non-radionuclides and radionuclides:

Risk = CDI x SF (1)

where:
Risk Excess lifetime cancer risk (unitless probability)
CDI Chronic daily intake averaged over a lifetime (mg/kg-day)
SF = Cancer slope factor (mg/kg-day)'

Or
Risk = Intake x SF (2)

where:
Risk = Excess lifetime cancer risk (unitless probability)
Intake = Activity (pCi)
SF = Cancer slope factor (pCi)'

For cases of high levels of ELCR, defined as an ELCR greater than 0.01, the following "one-hit" cancer
risk equation from EPA RAGS A guidance (EPA/540/1-89/002) is used.

2
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Risk =1- exp(- CDI x SF) (3)
where:

Risk Excess lifetime cancer risk (unitless probability)
CDI = Chronic daily intake averaged over a lifetime (mg/kg-day) or (pCi)
SF = Cancer slope factor (mg/kg-day)' or (pCi)1

Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and
other contaminants, information is generally lacking in the toxicological literature to predict
quantitatively the effects of these potential interactions. Therefore, cancer risks are treated as additive
within an exposure route in this assessment. This is consistent with the EPA guidelines on chemical
mixtures presented in EPA/630/P-03/001F, 2005, Guidelinesfor Carcinogen Risk Assessment. For
estimating the cancer risks from exposure to multiple carcinogens from a single exposure route, the
following equation is used:

Risk, Riski (4)

where:
RiskT = Total cancer risk from route of exposure
Riski = Cancer risk for the it chemical
N = Number of chemicals

It should be noted that EPA considers external radiation to be a significant exposure route only for
radionuclides in soil (EPA/540/1-89/002); external radiation from radionuclides in water is considered
insignificant due to its shielding effects. EPA does not publish radionuclide cancer slope factors to
quantify cancer risk from external or dermal exposure to radioactive COPCs in groundwater.
Radionuclide cancer risk is therefore calculated in this evaluation only for ingestion and inhalation
exposures.

2.3 Noncancer Effects

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular contaminant with the highest level of exposure
that is considered protective (that is, its reference dose [RfD]). The ratio of the chronic daily intake (CDI)
divided by the RfD is termed the hazard quotient (HQ):

HQ = Chemical Intake (mg/kg - day)

RfD (mg/kg - day) (5)

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds RfD), there is a concern for potential
noncancer health effects. To assess the potential for noncancer effects posed by exposure to multiple
contaminants, a "hazard index" (HI) approach is used according to EPA guidance (EPA/540/1-89/002).
This approach assumes that the noncancer hazard associated with exposure to more than one contaminant
is additive; therefore, synergistic or antagonistic interactions between contaminants are not accounted for.
The HI is calculated as follows:

3
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HI=LNIEiJp (6)

where:
HI = hazard index
E = daily intake of the ih chemical (mg/kg-day)
RfDj = reference dose of the ib chemical (mg/kg-day)
N = number of chemicals

2.4 DRINKING WATER PATHWAY EQUATIONS AND PARAMETERS

Drinking water-related intake for both the CTUIR and Yakama Nation scenarios is based on an exposure
frequency of 365 days/yr over a 70-year exposure duration (apportioned as 6 years child, 64 years adult).
Exposure factors used to quantify contaminant intake from drinking water exposure are provided in
Tables 2-1 and 2-2. Contaminant specific factors are provided in the calculation attachments listed in
Section 5.
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Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR Scenario.
Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens and noncarcinogens AT 70 yr Harris and Harper 2004

Partitioning constant derived by Bunge Model B COPC-specific unitless See Table 3-2

Body Weight - adult BWa 70 kg Harris and Harper 2004

Body Weight - child BWc 15 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 1/24 day/ hr 1 day = 24 hr

Conversion Factor CF3 0.001 L/cm3  1 L = 1,000 cm 3

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)1  See Table 3-2

Chronic daily intake - nonradiological ingestion CDI Calculated value mg/kg-day Equation 7 and 10

Chronic daily intake - radiological ingestion CDI Calculated value pCi Equation 12

Chronic daily intake - carcinogen inhalation CDI Calculated value pg/m 3  Equation 15

Chronic daily intake - noncarcinogen inhalation CDI Calculated value mg/M 3  Equation 17

Chronic daily intake - radiological inhalation CDI Calculated value pCi Equation 19

Chronic daily intake - nonradiological dermal CDI Calculated value mg/kg-day Equation 23 and 26

Contaminant concentration in groundwater Cw COPC-specific mg/L or pCi/L ECF-200UP1-10-0231

Absorbed dose per event DAevent Calculated value mg/cm2-event Equation 29, 30,and 31

Exposure Duration - adult EDa 70 Yr Harris and Harper 2004

Exposure Duration - child EDc 6 yr Harris and Harper 2004

Exposure Frequency EF 365 days/yr Harris and Harper 2004

Exposure time - adult ETa 0.58 hours/day EPA/540/R/99/005

Exposure time - child ETc 1 hours/day EPA/540/R/99/005

Age-Adjusted Exposure Time ETadj 0.616 hours/day Equation 21 and 28
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Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Event frequency - adult EVa 1 event/day EPA/540/R/99/005

Event frequency - child EVc 1 event/day EPA/540/R/99/005

Fraction of absorbed water FA COPC-specific unitless See Table 3-2

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

Age-Adjusted Inhalation Rate - radiological INHRADadj 1,690 m3-yr/day Equation 20

Inhalation rate - adult INHa 25 m3/day Harris 2008

Inhalation rate - child INHc 15 m3/day Harris 2008

Water Ingestion Rate - adult IRWa 4 L/day Harris and Harper 2004

Age-adjusted water ingestion rate - nonradiological IRWadj 4.057 L-yr/kg-day Equation 8

Water Ingestion Rate - child IRWc 1 L/day Harris and Harper 2004

Age-adjusted water ingestion rate - radiological IRWRADadj 262 L-yr/day Equation 13

Inhalation Unit Risk IUR COPC-specific (ug/m 3)-1  See Table 3-2

Dermal permeability coefficient Kp COPC-specific cm/hr See Table 3-2

The constant pi Tr 3.14159 unitless EPA/540/R/99/005

Reference Concentration RfC COPC-specific mg/m 3  See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Age-adjusted skin surface area SAadj 19,097 cm2-yr/kg-day Equation 24

Skin Surface Area - adult SAa 18,000 cm2  EPA/540/R/99/005

Skin Surface Area - child SAc 6,600 cm2 EPA/540/R/99/005

Slope Factor - inhalation SFi COPC-specific pCi 1  See Table 3-2

Slope Factor - oral SFo COPC-specific pCi 1  See Table 3-2

Time to reach steady state conditions t* COPC-specific hr See Table 3-2

6

0
0

0



ECF-200UP1-10-0250, REV. 0

Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Lag time T COPC-specific hours/event See Table 3-2

Volatilization Factor VF 0.5 L/m 3  Andelman 1990

Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens and noncarcinogens AT 70 yr Ridolfi 2007

Partitioning constant derived by Bunge Model B COPC-specific unitless See Table 3-2

Body Weight - adult BWa 70 kg Ridolfi 2007

Body Weight - child BWc 16 kg Ridolfi 2007

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 1/24 day/hr 1 day = 24 hr

Conversion Factor CF3 0.001 L/cm3  1 L = 1,000 cm3

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)1  See Table 3-2

Chronic daily intake - nonradiological ingestion CDI Calculated value mg/kg-day Equation 7 and 10

Chronic daily intake - radiological ingestion CDI Calculated value pCi Equation 12

Chronic daily intake - carcinogen inhalation CDI Calculated value pg/M 3  Equation 15

Chronic daily intake - noncarcinogen inhalation CDI Calculated value mg/M 3  Equation 17

Chronic daily intake - radiological inhalation CDI Calculated value pCi Equation 19

Chronic daily intake - nonradiological dermal CDI Calculated value mg/kg-day Equation 23 and 26

Contaminant concentration in groundwater Cw COPC-specific mg/L or pCi/L ECF-200UP1-10-0231

Absorbed dose per event DAevent Calculated value mg/cm2-event Equation 29, 30, and 31

Exposure Duration - adult EDa 70 yr Ridolfi 2007
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Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Exposure Duration - child EDc 6 yr Ridolfi 2007

Exposure Frequency EF 365 days/yr Ridolfi 2007

Exposure time - adult ETa 0.58 hours/day EPA/540/R/99/005

Exposure time - child ETc 1 hours/day EPA/540/R/99/005

Age-Adjusted Exposure Time ETadj 0.616 hours/day Equation 21 and 28

Event frequency - adult EVa 1 event/day EPA/540/R/99/005

Event frequency - child EVc 1 event/day EPA/540/R/99/005

Fraction of absorbed water FA COPC-specific unitless See Table 3-2

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

Age-Adjusted Inhalation Rate - radiological INHRADadj 1,760 m3-yr/day Equation 20

Inhalation rate - adult INHa 26 m3/day Ridolfi 2007

Inhalation rate - child INHc 16 m3/day Ridolfi 2007

Water Ingestion Rate - adult IRWa 4 L/day Ridolfi 2007

Age-adjusted water ingestion rate - nonradiological IRWadj 4.407 L-yr/kg-day Equation 8

Water Ingestion Rate - child IRWc 2 L/day Ridolfi 2007

Age-adjusted water ingestion rate - radiological IRWRADadj 262 L-yr/day Equation 13

Inhalation Unit Risk IUR COPC-specific (ug/m 3)-l See Table 3-2

Dermal permeability coefficient Kp COPC-specific cm/hr See Table 3-2

The constant pi 7 3.14159 unitless EPA/540/R/99/005

Reference Concentration RfC COPC-specific mg/m 3  See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Age-adjusted skin surface area SAadj 18,932 cm -yr/kg-day Equation 24
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Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Skin Surface Area - adult SAa 18,000 cm2  EPA/540/R/99/005

Skin Surface Area - child SAc 6,600 cm2 EPA/540/R/991005

Slope Factor - inhalation SFi COPC-specific pCi 1  See Table 3-2

Slope Factor - oral SFo COPC-specific pCi-1  See Table 3-2

Time to reach steady state conditions t* COPC-specific hr See Table 3-2

Lag time T COPC-specific hours/event See Table 3-2

Volatilization Factor VF 0.5 L/m 3  Andelman 1990

Andelman, 1990, Total Exposure to Volatile Organic Chemicals in Potable Water.

ECF-200UP1-10-0231, 2010, Contaminant of Potential Concern Selection for the 200-UP-1 Groundwater Operable Unit.

EPA/540/R/99/005, 2004, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment).

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
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2.4.1.1 Drinking Water Ingestion
The equations used to evaluate drinking water ingestion are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

CDI = CwxIRWadj x EF (7)
ATxCF

where:

IRWadj = EDc x IRW. + (EDa - ED )x IRWa (8)
BWc - Wa

Cancer risk is calculated as:
RISK = CDI x CSFo (9)

Noncarcinogens
For noncarcinogens, the CDI is calculated with the following equation:

CDI = CwxIRWa x EF x EDa (10)
BWa x ATx CF1

Noncancer hazard is calculated as:

HQ = CDI(1)
RfDo

Radionuclides

For radionuclides, the CDI is calculated with the following equation:

CDI =C, x IRW _RADadj x EF (12)

where:
IRWRADadj=(EDcxIRWc)+([EDa-EDc]xIRWa) (13)

Radiological cancer risk is calculated as:

RISK = CDI x SFo (14)

2.4.1.2 Drinking Water Inhalation of Volatiles
The equations used to evaluate inhalation of volatiles in drinking water are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

CwxEDa xEFxETa xCF2xVF x 1000"
CDI -_)

ATxCFI (15)
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Cancer risk is calculated as:
RISK = CDI x IUR (16)

Noncarcinogens

For noncarcinogens, the CDI is calculated with the following equation:

CDI = Cwx EDa x EF x ETa x CF2 x VF

ATxCF1 (17)

Noncancer hazard is calculated as:

HQ = CDI (18)

Radionuclides

For radionuclides, the CDI is calculated with the following equation:

CDI = C x INH _ RADadj x VF x EF x ETadj x CF2 (19)

where:
INH _ RADadj =(EDc x INHc)+( [EDa - EDc ] x INHa) (20)

and:

ETadj = (ETc x ED )+ ((EDa - EDc)x ETa)
EDa (21)

Radiological cancer risk is calculated as:
RISK = CDI x SFi (22)

2.4.1.3 Drinking Water Dermal Absorption
The equations used to evaluate dermal exposure to contaminants in drinking water are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

CDI = DAevent x SAadj x EF (23)
ATxCFI

where:

S _ ED, x SA, x EV, (ED -- ED)x SA. x EVa (24)
BW, BWa

Cancer risk is calculated as:

RISK = CDI x C " (25)
GIABS
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Noncarcinogens

For noncarcinogens, the CDI is calculated with the following equation:

CDI = DAevent x SAa x EF x EDa x EVa (26)
BWa xATxCF1

Noncancer hazard is calculated as:

HQ= RfDox GIABS

The exposure time of each event, ET, is calculated for carcinogens and noncarcinogens using the
appropriate age-adjustment factors. For noncarcinogens, the event time is not age-adjusted. For
carcinogens, the age-adjusted exposure event times are calculated as follows:

ETad = (ET, x EDc)+((EDa - EDc)x ETa)
EDa (28)

For organics, the following equations are used to calculate the dermally absorbed dose per event (DAevent),
using the appropriate exposure time as calculated above:

If ETI < t*, then

DAevent = 2 x FAx Kp x CwxCF3x 6xrxET

If ET' > t*, then

DAevent =FAxKpxCwxCF3x +2xrx 1+3B+3B2
1+B (1+ B)2

For inorganics, the following steady-state equation is used to estimate DAeven,,using the appropriate
exposure time as calculated above:

DAeent = KP x Cw x ET x CF3 (31)

Values for the chemical-specific parameters (t*, FA, KP, z, and B) are obtained from EPA's dermal risk
assessment guidance (EPA/540/R/99/005) and are provided in the attachments listed in Section 5.

Radionuclides

Dermal exposure to radionuclides in drinking water is not evaluated. As noted in Section 2.2, EPA does
not publish radionuclide cancer slope factors to quantify cancer risk from extemal or dermal exposure to
radioactive contaminants in water due to the shielding effects of water.

2.5 SWEAT LODGE PATHWAY EQUATIONS AND PARAMETERS

Sweat lodge exposure is evaluated for both the CTUIR and Yakama Nation scenarios for adults based on
an exposure frequency of 365 days/yr over a 68-year exposure duration (first 2 years of life excluded) 2.

1 ETadj is used in place of ET for the calculation of CDI for carcinogenic COPCs.
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Although the exposure scenarios provided indicate that childhood sweats occur, exposure assumptions are
only for adults. Exposure factors used to quantify contaminant intake from sweat lodge exposure are
provided in Tables 2-3 and 2-4. Contaminant specific factors are provided in the calculation attachments
listed in Section 5.

2 Child exposure assumptions were not provided for the purpose of evaluating exposure through sweatlodge use,
therefore an adult exposure frequency was assumed to be 68 years.
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario
Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens/Noncarcinogensa AT 70/68 yr Harris and Harper 2004

Average Body Weight - adult BW 70 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 0.01 m/cm 1 meter = 100 cm

Conversion Factor CF3 10 L/m 2-cm Harris and Harper 2004

Dissolved groundwater concentration Cdw COPC-specific mg/L or pCi/L ECF-200UP1-10-0231

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)~1  See Table 3-2

Cancer Slope Factor - inhalation CSFi COPC-specific (mg/kg-day)~1  See Table 3-2

Exposure duration or number of years a person
sweats in a lifetime - adult ED 68 yr Harris and Harper 2004

Exposure frequency or number of sweats per year EF 365 events/yr Harper and Harris 2004

Length of sweat event - adultb ET 1 hr Harper and Harris 2004

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

mg/kg-day or
Inhalation exposure to COPCs in sweat lodge linh Calculated value pCi Equation 32, 35, 37 and 40

Total dermal exposure rate for volatile and semi-
volatile compounds Id,total Calculated value mg/kg-day Equation 42 and 47

Intake of COPCs from dermal absorption to liquid
within the sweat lodge Id,I Calculated value mg/kg-day Equation 45

Intake of COPCs from dermal absorption to vapor
within sweat lodge Id,v Calculated value mg/kg-day Equation 46

Inhalation rate - adult IR 25 m3/day Harris 2008

Inhalation Unit Risk IUR COPC-specific (ug/m 3 -1 See Table 3-2

COPC-specific permeability coefficient Kp COPC-specific cm/hr See Table 3-2
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario
Exposure Route/Exposure Factor Symbol Value Units Source

Molecular weight of water MWw 18 g/gmole Harris and Harper 2004

Density of liquid water pw 1,000 g/L Harris and Harper 2004

The constant pi Tr 3.14159 unitless Harris and Harper 2004

Radius of sweat lodge r 1 m Harris and Harper 2004

mmHg-m 3/mole- Equation 37 and 40, Harris and
Ideal Gas Law Constant R 0.06237 K) Harper 2004

Equation 46, Harris and Harper
Ideal Gas Law Constantd R 62.37 mmHg-L/mole-K 2004

Reference Concentration RfC COPC-specific mg/m 3  See Table 3-2

Reference Dose - inhalation RfDi COPC-specific mg/kg-day See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Skin Surface Area - adult SA 18,000 cm2  Harris and Harper 2004

Slope Factor - inhalation SFi COPC-specific pCi 1  See Table 3-2

Temperature inside the sweat lodgec T 338.7 K Harris and Harper 2004

Cumulative Volume of water used in sweat Vw,total 4 Liters Harris and Harper 2004

a. Averaging time of 1 year provided in Harris and Harper (2004) was replaced with 70 years for carcinogens and 68 years for noncarcinogens
to account for lifetime intake rather than annual intake.

b. For sweat lodge inhalation exposure, exposure time of 1 hr provided in Harris and Harper (2004) was replaced with 1/24 days/event so that
intake values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper (2004,
Equations 7 and 15).

c. Temperature of 389 *K provided in Harris and Harper (2004) (equates to 240 *F) was replaced with 338.7 'K (equates to 150 *F) for
consistency with stated assumption in Harris and Harper (2004) that sweat lodge internal temperature is maintained at 150 *F.

d. Ideal gas law of 0.06237 mmHg-m 3/gmole-K provided in Harris and Harper (2004) was replaced with 62.37 mmHg-L/gmole-K so that intake
values have appropriate units (mg/kg-day) when calculated using the equations provided in Harris and Harper (2004, Equations 15 and 20).

CTUIR = Confederated Tribes of the Umatilla Indian Reservation
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario
Exposure Route/Exposure Factor Symbol Value Units Source

Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

ECF-200UP1 -10-0231, 2010, Contaminant of Potential Concern Selection for the 200-UP-1 Groundwater Operable Unit.

Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation Scenario
Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens/Noncarcinogensa AT 70/68 yr Harris and Harper 2004

Average Body Weight - adult BW 70 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 0.01 m/cm 1 meter= 100 cm

Conversion Factor CF3 10 L/m 2-cm Harris and Harper 2004

Dissolved groundwater concentration Cdw COPC-specific mg/L or pCi/L ECF-200UP1-10-0231

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)- See Table 3-2

Cancer Slope Factor - inhalation CSFi COPC-specific (mg/kg-day)- See Table 3-2

Exposure duration or number of years a person
sweats in a lifetime - adult ED 68 yr Harris and Harper 2004

Exposure frequency or number of sweats per year EF 365 events/yr Harris and Harper 2004

Length of sweat event - adultb ET 2 hour Ridolfi 2007

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

mg/kg-day or
Inhalation exposure to COPCs in sweat lodge linh Calculated value pCi Equation 32, 35, 37 and 40

Total dermal exposure rate for volatile and semi- Id,total Calculated value mg/kg-day Equation 42 and 47
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Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation Scenario
Exposure Route/Exposure Factor Symbol Value Units Source

volatile compounds

Intake of COPCs from dermal absorption to liquid
within the sweat lodge Id,I Calculated value mg/kg-day Equation 45

Intake of COPCs from dermal absorption to vapor
within sweat lodge Id,v Calculated value mg/kg-day Equation 46

Inhalation rate - adult IR 26 m3/day Ridolfi 2007

Inhalation Unit Risk IUR COPC-specific (ug/m 3 - See Table 3-2

COPC-specific permeability coefficient Kp COPC-specific cm/hr See Table 3-2

Molecular weight of water MWw 18 g/gmole Harris and Harper 2004

Density of liquid water pw 1,000 g/L Harris and Harper 2004

The constant pi 1T 3.14159 unitless Harris and Harper 2004

Radius of sweat lodge r 1 m Harris and Harper 2004

mmHg- Equation 37 and 40, Harris and
Ideal Gas Law Constant R 0.06237 m3/mole-K) Harper 2004

mmHg- Equation 46, Harris and Harper
Ideal Gas Law Constantd R 62.37 L/mole-K 2004

Reference Concentration RfC COPC-specific mg/M 3  See Table 3-2

Reference Dose - inhalation RfDi COPC-specific mg/kg-day See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Skin Surface Area - adult SA 18,000 cm2  Harris and Harper 2004

Slope Factor - inhalation SFi COPC-specific pCir See Table 3-2

Temperature inside the sweat lodgec T 338.7 K Harris and Harper 2004

Cumulative Volume of water used in sweat Vw,total 4 Liters Harris and Harper 2004
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Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation Scenario

Exposure Route/Exposure Factor Symbol Value Units Source

a. Averaging time of 1 year provided in Harris and Harper (2004) was replaced with 70 years for carcinogens and 68 years for noncarcinogens
to account for lifetime intake rather than annual intake.

b. For sweat lodge inhalation exposure, exposure time of 2 hr provided in Ridolfi (2007) was replaced with 2/24 days/event so that intake
values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper (2004,
Equations 7 and 15).

c. Temperature of 389 *K provided in Harris and Harper (2004) (equates to 240 "F) was replaced with 338.7 *K (equates to 150 "F) for
consistency with stated assumption in Harris and Harper (2004) that sweat lodge intemal temperature is maintained at 150 *F.

d. Ideal gas law of 0.06237 mmHg-m 3/gmole-K provided in Harris and Harper (2004) was replaced with 62.37 mmHg-L/gmole-K so that intake
values have appropriate units (mg/kg-day) when calculated using the equations provided in Harris and Harper (2004, Equations 15 and 20).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
0

ECF-200UP1 -10-0231, 2010, Contaminant of Potential Concern Selection for the 200-UP-1 Groundwater Operable Unit. m

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
0P

0
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2.5.1 Inhalation in Sweat Lodge
The equations used to calculate contaminant intake from inhalation of water vapor and aerosols during
sweat lodge use are based on the sweat lodge exposure model presented in Appendix 4 of Harris and
Harper (2004).

2.5.1.1 Volatile and Semi-Volatile Compounds
Inhalation intake of volatile and semivolatile contaminants in sweat lodge vapor is calculated with the
following equation (Harris and Harper 2004, Appendix 4, Equation 7) 3:

Cdw x 2 JXKa2rr3 x IR x ET x EF x ED

'inh =BWxATxCF1

Carcinogens

For carcinogens, the cancer risk is calculated as:

RISK = CSFi X Iinh (33)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = X linh (34)

Radionuclides

Inhalation intake of volatile radionuclides in sweat lodge vapor is calculated with the following equation
(modified for pCi/L groundwater concentration units and inhalation slope factors from Harris and Harper
2004, Appendix 4, Equation 7):

'inh = Cdwx a 2 xIRxETxEFxED (35)

Radiological cancer risk is calculated as:

RISKrad = SFi x Iinh (36)

2.5.1.2 Nonvolatile Compounds
Inhalation intake of aerosolized nonvolatile contaminants in a sweat lodge is calculated with the following
equation (Harris and Harper 2004, Appendix 4, Equation 15):

3 Harris and Harper (2004, Appendix 4) indicates water concentration (Cdw) is "dissolved surface water concentration
of the COPC (mg/L); calculated according to EPA 1998a, Appendix B." However, for this evaluation COPC exposure
point concentrations reflect total concentrations in groundwater.
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rIR-ET.EF.ED C (MWffjt '18o3 3816.44Iinh = IR- T-E D)x Cdw -M I.xEX418.3036 -38.4 (37)
BW -AT -CF ) R-T -p,) T --46.13)

Carcinogens

For carcinogens the cancer risk is calculated as:

RISK =CSF X Iinh (38)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = x Iinh (39)

Radionuclides

Inhalation intake of aerosolized nonvolatile radionuclides in a sweat lodge is calculated with the
following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from
Harris and Harper 2004, Appendix 4, Equation 15):

Iinh = (IR x ET x EF x ED) x Cd x RMWw x EXP(18.3036- 3816.44(
'inh ~ ~ (RT~. TREXFE)~w~ T-46.13) (0

Radiological cancer risk is calculated as:

RISKrad = SF x Iinh (41)

2.5.1.3 Dermal Exposure in Sweat Lodge
The equations used to calculate contaminant intake from dermal contact with water vapor and aqueous
condensate during sweat lodge use are based on the sweat lodge exposure model presented in Appendix 4
of Harris and Harper (2004).

2.5.1.4 Volatile and Semi-Volatile Compounds
For volatile and semivolatile compounds, the Harris and Harper (2004) model assumes 100%
volatilization within the sweat lodge. Hence, vapor exposure is the primary exposure pathway and
exposure from condensed water is considered incomplete.

Exposure from dermal contact with volatile and semivolatile contaminants in sweat lodge vapor is
calculated with the following equation (Harris and Harper 2004, Appendix 4, Equation 18):

Cdw x w,total x x SA x Kp x ET x EF x ED x CF2

Id~~tota2 a~ ) - 1 (42)
Id~toal =i~v =BW x AT xCFI

Carcinogens

For carcinogens, the cancer risk is calculated as:
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RISK =G 0 x Id ,total (43)
GIABS

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = RDO x IGIABS x Id,total (44)

Radionuclides

Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer slope
factors are not published to quantify cancer risk from external or dermal exposure to radioactive
contaminants in water.

2.5.1.5 Nonvolatile Compounds
In the Harris and Harper (2004) model, total dermal intake of nonvolatile contaminants is calculated as
the sum of intakes from dermal exposure to vapors and aqueous condensate. For condensed liquid, the
model assumes nonvolatile contaminant concentrations in the condensed water are equal to that of the
water added to the heated rocks. Intake from dermal contact with non-volatile compounds in sweat lodge
condensed liquid is calculated with the following equation (Harris and Harper 2004, Appendix 4,
Equation 19):

Id, = CdW xSAxKpxETxEFxEDxCF3 (45)
W BWxATxCFI

Intake from dermal contact with non-volatile compounds in sweat lodge vapor is calculated with the
following equation (Harris and Harper 2004, Appendix 4, Equation 20):

Idv = SAxKpxETxEFxEDxCF x CdW x MW,
BWxATxCFI ) RxTxpj - (46)

...EXP 18.3036 - 3816.443

The total dermal exposure for nonvolatile compounds in a sweat lodge is calculated with the following
equation (Harris and Harper 2004, Appendix 4, Equation 21):

id,total = Id,v +Id, (47)

Carcinogens

For carcinogens, the cancer risk is calculated as:

RISK = xld,total (48)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

21
D-188



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0250, REV. 0

HQ = RIDO x GIABS x Id,total (49)

Radionuclides

Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer slope
factors are not published to quantify cancer risk from external or dermal exposure to radioactive
contaminants in water.

3 Assumptions and Inputs
Assumptions and inputs associated with the exposure scenarios, groundwater COPCs and associated
exposure point concentrations (EPCs), and human health toxicity values used in the CTUIR and Yakama
Nation human health risk calculations are described below.

3.1 Exposure Scenarios
For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway
potentially complete only for volatile contaminants because there is no mechanism for release of
nonvolatile chemicals into the air in significant concentrations (EPA/540/R/99/005). For drinking water
exposures, inhalation intake is quantified only for volatile contaminants. A contaminant is considered
volatile if it meets EPA's working definition of a volatile, which is a chemical having a Henry's Law
constant greater than 10- (atm/m3/mole) and a molecular weight less than 200 g/mole
(EPA/540/R/99/005). The COPCs in the 200-UP-1 Groundwater OU that meet EPA's working definition
of volatile are 1,2 dichloroethane, 1,1,2-trichloroethane, acrolein, benzene, bromodichloromethane,
carbon tetrachloride, chloroform, methylene chloride, tetrachloroethene, trichloroethene, and tritium.
Further details on the COPCs for the 200-UP-1 Groundwater OU are provided in Section 3.2. An upper-
bound volatilization factor (VF) of 0.5 L/m 3 (Andelman 1990) is used to represent the volatilization of
contaminants from household water uses (EPA/540/R-92/003).

Dermal exposure to contaminants in drinking water is evaluated using the methods presented in EPA's
dermal risk assessment guidance (EPA/540/R/99/005). For dermal exposure during bathing and
showering, the nonsteady-state (i.e., when the chemical is only in the outermost layer of the epidermis)
model or pseudo-steady-state model is used to estimate the dermally absorbed dose per event for organic
contaminants (EPA/540/R/99/005). If the exposure time (or event time, ET) is shorter than the time to
reach steady state (i.e., when the chemical has been absorbed into the viable epidermis [t*]), the
nonsteady-state model is used. If ET is greater than t*, the pseudo-steady-state model is used. For
inorganics, the absorbed dose is calculated using a steady-state approach.

Dermal exposure to radionuclides in drinking water is not evaluated. As noted in Section 2.2, EPA does
not publish radionuclide cancer slope factors to quantify cancer risk from external or dermal exposure to
radioactive contaminants in water due to the shielding effects of water.

For the sweat lodge scenario, an exposure time of 1 hr/event is used for the CTUIR based on Harris and
Harper (2004). For the Yakama Nation, an exposure time of 2 hr/event is used. In the Yakama Nation
exposure document (Ridolfi 2007), 7 hr/day is the recommended sweat lodge exposure time based on the
maximum value reported in a tribal survey. The average reported Yakama Nation value is 5 hr/week.
The maximum exposure time of seven hours for sweat lodge use has the potential to overestimate the time
budgeted for this activity and has the potential to underestimate the time budgeted to conduct the
remaining lifeway activities described in the Yakama Nation document (Ridolfi 2007). For purposes of
this calculation, a value of 14 hr/week (2 hr/event) is assumed. The Yakama Nation document (Ridolfi
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2007) did not provide intake equations for exposures related to sweat lodge use, therefore equations
provided by Harris and Harper (2004) were used for this purpose.

The sweat lodge scenario assumes 4 liters of groundwater is poured over hot rocks to make steam in a
hemispherical sweat lodge with a radius of 1 m (Harris and Harper 2004). The internal temperature of the
sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit (Harris and Harper 2004).
This scenario creates a unique environment where volatile, semivolatile, and nonvolatile COPCs could
potentially be present in the air and available for inhalation and dermal exposure. Harris and Harper
(2004) describe a method for calculating a vaporization factor for the sweat lodge scenario. The
vaporization factor is applied to the groundwater concentration to estimate COPC concentrations in sweat
lodge steam. Ridolfi (2007) does not specify a method for estimating COPC concentrations in sweat
lodge steam; therefore, the Harris and Harper (2004) steam model is used for both the CTUIR and
Yakama Nation intake calculations.

Harris and Harper (2004) recommend different methods for calculating vaporization factors for volatile
and semivolatile COPCs versus nonvolatile COPCs. For volatile and semivolatile COPCs, the model
assumes 100 percent volatilization throughout the sweat; hence, dermal exposure to condensed water is
considered incomplete and volatile and semivolatile COPCs (including tritium) are evaluated only for
intake via inhalation and dermal absorption from the vapor phase. For nonvolatile COPCs, the model
assumes the COPCs become airborne as an aerosol, and that once airborne, the COPCs can deposit onto
the skin surface as aqueous condensate. Nonvolatile COPC intake is assumed to occur via inhalation
from the vapor phase and dermal absorption from both the vapor and liquid phases. The Harris and
Harper (2004) model assumes the concentration of nonvolatiles in condensed water is equal to the
concentration in the water used to create steam.

Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer slope
factors are not published to quantify cancer risk from external or dermal exposure to radioactive
contaminants in water.

3.2 Groundwater Contaminants of Potential Concern and Exposure Point
Concentrations

The COPCs used for this Environmental Calculation were selected by applying an initial screening step to
the 200-UP-1 Groundwater OU analytical data set as described in Contaminant ofPotential Concern
Selection for the 200-UP-1 Groundwater Operable Unit (ECF-200UPl-10-0231). For purposes of this
evaluation, any COPC with a maximum detected concentration greater than the chemical-specific action
level identified for protection of human receptors was carried forward into the Native American
calculations. The EPCs associated with each COPC are the 9 00, percentile groundwater concentration
values calculated from the 200-UP-I Groundwater OU analytical data set as described in Calculation of
Exposure Point Concentrations for the 200-UP-1 Groundwater Operable Unit (ECF-200UI 1-10-0229).
The COPCs and associated EPCs are presented in Table 3-1.
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Table 3-1. 200-UP-1 Groundwater Operable Unit Contaminants of Potential Concern and Exposure Point
Concentrations (90th Percentile Groundwater Concentrations)a

COPC EPC (pg/L or pCiL) COPC EPC (pg/L or pCi/L)

1,1,2-Trichloroethane 0.5 Hexavalent Chromium

1,2-Dichloroethane 0.5 lodine-129

1,4-Dioxane 6.0 Iron

Acrolein 1.4 Lead 3.7

Aluminum 96 Manganese 18

Antimony 28 Methylene chloride 1.1

Arsenic 6.6 Molybdenum 60

Benzene 0.5 Nickel 18

Beryllium 2.0 Nitrate 133,000

Bis(2-ethylhexyl)phthalate 1.8 Nitrite 105

Bromodichloromethane 2.5 Strontium-90

Cadmium 2.0 Technetium-99 0.66

Carbon tetrachloride 189 Tetrachloroethene 4,150

Chloroform 7.2 Thallium 1.0

Chromium 99 Trichloroethene 5.0

Cobalt 2.8 Tritium 3.3

Fluoride 470 Uranium 51,150

a. Source = (ECF-200UP1-10-0229)

COPC = contaminant of potential concern.

EPC = exposure point concentration.

ECF-200UP1-10-0231, 2010, Contaminant of Potential Concern Selection for the 200-UP-1 Groundwater Operable
Unit.

ECF-200UP1-10-0229, 2010, Exposure Point Concentration for Groundwater Risk Assessment at the 200-UP-1
Operable Unit.

3.3 TOXICITY VALUES

The toxicity criteria used for the Native American human health risk calculations are provided in
Table 3-2. The sources for these criteria are discussed below.
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3.3.1 Toxicity Values for Nonradionuclides
For nonradionuclides, the COPC-specific toxicity values shown in Table 3-2 are determined using the
recommended reference hierarchy as described in Cook, 2003, Human Health Toxicity Values in
Superfund Risk Assessments. The hierarchy is summarized below.

* Tier 1 - The EPA Integrated Risk Information System (IRIS)

* Tier 2 - The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)

" Tier 3 - Other Toxicity Values

Tier 1 - IRIS
The preferred source of toxicity data is EPA's IRIS database (http://www.epa.gov/iris/index.htmil).
Expert toxicologists at EPA have derived the values in this database and most values have undergone a
thorough review and validation both within and outside EPA. If a toxicity value is available in IRIS, that
value is used in preference to any other value.

Tier 2 - PPRTVs
If a toxicity value is not available in IRIS, the next source is EPA's PPRTVs. This source includes
toxicity values that have been developed by the Office of Research and Development/National Center for
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is
not available to the general public, but is accessible to EPA risk assessors via EPA's intranet. These
values are also published at the EPA's "Regional Screening Levels for Chemical Contaminants at
Superfund Sites" website at http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/index.htm.

Tier 3 - Other Toxicity Values
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:

* The California EPA (CalEPA)'s Toxicity Criteria Database contains toxicity values that are peer
reviewed and address both cancer and non-cancer effects.

* The Agency for Toxic Substances and Disease Registry (ATSDR)'s Minimal Risk Levels (RMLs) for
Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances
that is likely to be without appreciable risk of adverse non-cancer health effects over a specified
duration of exposure.

* Toxicity values in EPA's Health Effects Assessment summary Tables (HEAST) (EPA/540/R-97/036,
July 1997). The HEAST values for chemical contaminants are not currently available on an EPA
internet site.

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a COPC, the toxicity values from the
National Center for Environmental Assessment (NCEA) are used. NCEA values can be found in the Oak
Ridge National Laboratory Risk Assessment Information System (RAIS) available at http://rais.ornl.gov/.

For several nonradionuclide COPCs, the toxicity value used was obtained from a different source than
recommended by the EPA Superfund hierarchy (Cook 2003). The differences in toxicity values are
summarized below.

* For trichloroethene, the oral cancer slope factor of 0.089 (mg/kg-day)-' published in HEAST is used
for this assessment. HEAST has not been updated since 1997 and does not reflect the most current
source of information. The oral cancer slope factor currently implemented by EPA in the Regional
Screening Levels is established by the CalEPA OEHHA. The oral slope factor derived by OEHHA is
0.0059 (mg/kg-day)-' as presented in OEHHA, 2009, Public Health Goalfor Chemicals In Drinking
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Water Trichloroethylene. Use of the HEAST value in this assessment has the potential to over-
estimate cancer risk.

* For fluoride, the oral reference dose of 0.06 mg/kg-day published on IRIS is used for this assessment.
The value reported on IRIS has not been updated since 1989 and does not reflect the most current
source of information. The oral reference dose currently implemented by EPA in the Regional
Screening Levels is established by the CalEPA OEHHA. The oral reference dose derived by
OEHHA is 0.04 mg/kg-day as documented in OEHHA, 2003, Chronic Toxicity Summary: Fluorides
including Hydrogen Fluoride. Use of the IRIS value in this assessment has the potential to under-
estimate noncancer hazards.

* For hexavalent chromium, the current assessment considers cancer effects only for inhalation
exposures. An oral cancer slope factor has recently been published by the New Jersey Department of
Environmental Protection (NJDEP). The oral cancer slope factor derived by NJDEP is
0.5 (mg/kg-day)', as presented in NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation
Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate.
Assessing only inhalation cancer effects from hexavalent chromium has the potential to under-
estimate cancer risk.

3.3.2 Toxicity Values for Radionuclides
The cancer slope factors shown in Table 3-2 were obtained online from EPA's Health Effects Summary
Tables (HEAST) - Radionuclide Table (formerly Table 4) (http://www.epa.gov/radiation/heast/). The
HEAST values were developed by EPA's Office of Radiation and Indoor Air (ORIA) based on Federal
Guidance Report No. 13, EPA 402-R-99-001, 1999, Cancer Risk Coefficientsfor Environmental
Exposure to Radionuclides. The HEAST values are referenced in EPA/540-R-00-006, 2000, Soil
Screening Guidance for Radionuclides: Technical Background Document and EPA/540-R-00-007, 2000,
Soil Screening Guidancefor Radionuclides: User's Guide, and have been adopted by EPA in its
"Preliminary Remediation Goals for Radionuclides" online calculator tool
(http://rais.oml.gov/rad start.shtml).

3.3.3 Toxicity Values for Sweat Lodge Equations
EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-070-002,
2009, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F,
Supplemental Guidance for Inhalation Risk Assessment). RAGS Part F provides a methodology to use
the toxicity values which are currently derived by the EPA IRIS as concentrations, reference
concentrations [RfC] for non-cancer effects and inhalation unit risk values [IUR] for cancer endpoints.
These values now supersede the intake-based approach used by the inhalation component of RAGS Part
A. The method described in Harris and Harper (2004) for inhalation of nonradionuclide COPCs in sweat
lodge vapor follows EPA's former approach of quantifying intake. Therefore, in the sweat lodge
pathway calculations, current IUR and RfC values from EPA's toxicity tables are converted to SFj and
RfDj values following EPA RAGS Part A protocol (EPA/540/1-89/002) using the following equations
based on an assumed breathing rate of 20 m3/day and body weight of 70 kg.

SFi (kg-day/mg) = IUR (m3/ptg) x 1/20 (m3/day) x 70 (kg) x 1000 ([ g/mg) (50)

RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg) (51)

The SFi and RfDi values are used to calculate inhalation cancer risks and non-cancer hazards,
respectively. For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions are
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necessary. Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi) and then
multiplying by the EPA inhalation slope factor (risk/pCi).
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Table 3-2. Toxicity Criteria for 200-UP-1 Groundwater Operable Unit Contaminants of Potential Concerna

Inhalation Cancer Inhalation
Oral Cancer Slope Inhalation Slope Factor (SFi) Oral Reference Inhalation

Factor (SFo) Unit Risk (kg-day/mg) or Reference Concentration Reference
(mg/kg-day)-l or (IUR) (Risk/pCi) or Dose(RfDo) (RfCi) Dose (RfDi) Kp T t*

COPC (Risk/pCi) Key (pg/m3)~1  Key (Risk/pCi) b Key (mg/kg-day) Key (mg/M 3) Key (mg/kg-day)' GIABSa (cm/hr) d Bd (hours) d (hours) d FAd

1,1,2-Trichloroethane 5.70E-02 I 1.60E-05 I 5.60E-02 -- 4.00E-03 I -- I 1.20E-02 0.1 0.58 1.39 1

1,1-Dichloroethene -- -- -- -- -- -- 5.OOE-02 I 2.OOE-01 I 5.71E-02 1 1.20E-02 0 0.38 0.92 1

1,2-Dichloroethane 9.10E-02 I 2.60E-05 I 9.1OE-02 -- 2.OOE-02 P 2.40E+00 A 6.86E-01 I 4.20E-03 0 0.38 0.92 1

1,4-Dioxane 1.10E-02 I 7.70E-06 C 2.70E-02 - 1.00E-01 A 3.60E+00 A 1.03E+00 I 3.30E-04 0 0.33 0.8 1

Acrolein -- -- - - - - 5.OOE-04 I 2.OOE-05 I 5.71E-06 I 6.50E-04 0 0.22 0.53 1
Aluminum - - - - - - 1.00E+00 P 5.OOE-03 P 1.43E-03 I 1.00E-03 -- -- -- --

Antimony -- - - - - -- 4.OOE-04 I - - - 0.15 1.00E-03 - - -

Arsenic 1.50E+00 I 4.30E-03 I 1.51E+01 - 3.OOE-04 I 1.50E-05 C 4.29E-06 1 1.00E-03 -- -

Benzene 5.50E-02 I 7.80E-06 I 2.73E-02 -- 4.OOE-03 I 3.OOE-02 I 8.57E-03 1 1.50E-02 0.1 0.29 0.7 1

Beryllium -- -- 2.40E-03 I 8.40E+00 - 2 OOE-03 I 2.OOE-05 I 5.71E-06 0.007 1.00E-03 -- -- -- --

Bis(2-ethylhexyl) phthalate 1.40E-02 I 2.40E-06 C 8.40E-03 - 2.OOE-02 I -- -- 1 2.50E-02 0.2 16.64 39.93 0.8

Bromodichloromethane 6.20E-02 I 3.70E-05 C 1.30E-01 -- 2.OOE-02 I -- - - 1 4.60E-03 0 0.88 2.12 1
Cadmium - - .80E-03 I 6.30E+00 - 5.OOE-04 I 1.00E-05 A 2.86E-06 0.05 1.00E-03 -- -- -- --

Carbon tetrachloride 1.30E-01 I 1.50E-05 I 5.25E-02 - 7.OOE-04 I 1.90E-01 A 5.43E-02 I 1.60E-02 0.1 0.78 1.86 1

Chloroform 3.1OE-02 C 2.30E-05 I 8.05E-02 -- 1.00E-02 I 9.80E-02 A 2.80E-02 I 6.80E-03 0 0.5 1.19 1

Chromium - - - - -- - 1.50E+00 I - - - 0.013 1.00E-03 -- -- -- --

Cobalt - - 9.OOE-03 P 3.15E+01 - 3.OOE-04 P 6.OOE-06 P 1.71E-06 I 4.OOE-04 - - -

Fluoride - - - - - - 6.OOE-02 I 1.30E-02 C 3.71E-03 1 0.001

Hexavalent Chromium - - 8.40E-02 I 2.94E+02 - 3.OOE-03 I 1.00E-04 I 2.86E-05 0.025 2.OOE-03 -

Iodine-129 1.48E-10 H - 6.07E-1II H - - - - - I -- - - -

Iron -- - - -- - - 7.OOE-01 P -I - - 1.00E-03 - -

Lead -I -. -- -- - - -- - -- - - - 1 .00E-04 - -

Manganese - -- - - - - 2.40E-02 I 5.OOE-05 I 1.43E-05 0.04 1.00E-03 - - -

Methylene chloride 7.50E-03 I 4.70E-07 I 1.65E-03 - 6.OOE-02 I 1.00E+00 A 2.86E-01 I 1.40E-03 0 1.37 3.3 1

Molybdenum - - - - - - 5.OOE-03 I -- 1.00E-03 -- -- -- --

Nickel - - 2.60E-04 C 9.1OE-01 - 2.OOE-02 I 9.OOE-05 A 2.57E-05 0.04 2.OOE-04-- -

Nitrate - - - - - - 1.60E+00 I - - - 1 1.00E-03 - - -

Nitrite - - --- - - - .00E-01 I I- - - 1.00E-03 - - -

Strontium-90 5.59E-11 H - - 1.05E-10 H - - - - - 0.3 -

Technetium-99 2.75E-12 H - - 1.41E-11 H -- - - - - 0.5 -

Tetrachloroethene 5.40E-01 C 5.90E-06 C 2.07E-02 - 1.00E-02 I 2.70E-01 A 7.71E-02 1 3.30E-02 0.2 0.91 2.18 1

Thallium - - - - - - - - - -- -- 1 1.00E-03 -- -- -- --

Trichloroethene 8.90E-02 H 2.50E-05 H 8.75E-02 - -- - 3.50E-02 H 1.00E-02 1 1.20E-02 1 0.58 1.39 1

Tritium 5.07E-14 - - - 5.62E-14 H - - - - - 1 -- -- -- --

Uranium 3.OOE-03 3.OOE-04 A 8.57E-05 I.OOE-03

a Source = Nonradionuclide COPC toxicity factors obtained from EPA toxicity tables available online at the EPA Region 3 regional screening level website at http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/. Radionuclide
COPC toxicity factors obtained from the April 16, 2001 update to EPA's Health Effects Assessment Summary Tables (HEAST), available online at http://www.epa.gov/radiation/heast/index.html. I = IRIS; P = PPRTV; A = ATSDR; C = Cal EPA; H =
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Table 3-2. Toxicity Criteria for 200-UP-1 Groundwater Operable Unit Contaminants of Potential Concerna

Inhalation Cancer Inhalation
Oral Cancer Slope Inhalation Slope Factor (SFi) Oral Reference Inhalation

Factor (SFo) Unit Risk (kg-day/mg) or Reference Concentration Reference
(mg/kg-day) 1 or (IUR) (Risk/pCi) or Dose(RfDo) (RfCi) Dose (RfDi) Kp T t*

COPC (Risk/pCi) Key (pg/m3) Key (Risk/pCi) b Key (mg/kg-day) Key (mg/M 3) Key (mg/kg-day)c GIABSa (cm/hr) d B" (hours)" (hours) d FAd
HEAST

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA/540/1 -89/002) using formula: SFi (kg-day/mg) = IUR (M3/ug) x 1/20 (m3 /day) x 70 (kg) x 1000 (ug/mg).

'Inhalation reference concentration (RfC) converted to inhalation reference dose (RfDi) following EPA protocol (EPA/540/1-89/002) using formula: RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg).
d Source = EPA/540/R/99/005, Exhibits 3-1 (inorganic COPCs) and B-3 (organic COPCs).
-- = indicates toxicity value not available for this contaminant and exposure route.
B = partitioning constant.
COPC = contaminant of potential concern.
FA = fraction absorbed.
GIABS = gastrointestinal absorption factor.
Kp = dermal permeability constant.
t*= time to reach steady-state.
T= lag time

EPA/540/1-89/002, 1989, Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).
EPA/540/R/99/005, 2004, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
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4 SOFTWARE APPLICATIONS

All supporting calculations for this Environmental Calculation are performed on electronic spreadsheets
using Microsoft Excel4. These spreadsheets are provided as electronic attachments to this Environmental
Calculation as discussed in Section 5.

5 CALCULATION

Potential human health risk to members of the CTUIR and Yakama Nation is calculated using the
methodology presented in Section 2 and the COPCs, EPCs, and toxicity factors presented in Section 3.
The calculation spreadsheets (formatted for on-screen viewing) are provided as electronic attachments to
this Environmental Calculation. The individual Excel workbooks and their associated worksheets are
listed in the tables below.

5.1 Drinking Water Pathway WORKSHEETS
The drinking water pathway calculations for the CTUIR exposure scenario are contained in the Excel
workbook "200-UP-1 Native Am Risk Env Calc - Attach A - Drinking Water CTUIR.xlsx". The
worksheets in this workbook are listed in Table 5-1.

The drinking water pathway calculations for the Yakama Nation exposure scenario are contained in the
Excel workbook "200-UP-1 Native Am Risk Env Calc - Attach B - Drinking Water YN.xlsx". The
worksheets in this workbook are listed in Table 5-2.

Table 5-1. Worksheets for the CTUIR Drinking Water Pathway
Calculations

A-1: Results summary

A-2: Ingestion of COPCs in drinking water

A-3: Inhalation of volatile COPCs in drinking water

A-4: Dermal absorption of COPCs in drinking water

A-5: Inhalation of volatile radioactive COPCs in drinking water

A-6: Ingestion of radioactive COPCs in drinking water

COPC = contaminant of potential concern

CTUIR = Confederate Tribes of the Umatilla Indian Reservation

4 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
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Table 5-2. Worksheets for the Yakama Nation Drinking Water
Pathway Calculations

B-1: Results summary

B-2: Ingestion of COPCs in drinking water

B-3: Inhalation of volatile COPCs in drinking water

B-4: Dermal absorption of COPCs in drinking water

B-5: Inhalation of volatile radioactive COPCs in drinking water

B-6: Ingestion of radioactive COPCs in drinking water

COPC = contaminants of potential concern

5.2 Sweat Lodge Pathway Worksheets

The sweat lodge pathway calculations for the CTUIR exposure scenario are contained in the Excel
workbook "200-UP-1 Native Am Risk Env Calc -Attach C - Sweatlodge CTUIR.xlsx". The worksheets
in this workbook are listed in Table 5-3.

The sweat lodge pathway calculations for the Yakama Nation exposure scenario are contained in the
Excel workbook "200-UP-I Native Am Risk Env Calc - Attach D - Sweatlodge YN.xlsx". The
worksheets in this workbook are listed in Table 5-4.

Table 5-3. Worksheets for the CTUIR Sweat Lodge Pathway
Calculations

C-1: Results Summary

C-2: Inhalation of volatile COPCs in vapor

C-3: Inhalation of nonvolatile COPCs in vapor

C-4: Dermal exposure to volatile COPCs in vapor

C-5: Dermal exposure to nonvolatile COPCs in condensed water

C-6: Dermal exposure to nonvolatile COPCs in vapor

C-7: Inhalation of volatile radioactive COPCs in vapor

C-8: Inhalation of nonvolatile radioactive COPCs in vapor

COPC = contaminant of potential concern

CTUIR = Confederate Tribes of the Umatilla Indian Reservation
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Table 5-4. Worksheets for the Yakama Nation Sweat Lodge Pathway
Calculations

D-1: Results Summary

D-2: Inhalation of volatile COPCs in vapor

D-3: Inhalation of nonvolatile COPCs in vapor

D-4: Dermal exposure to volatile COPCs in vapor

D-5: Dermal exposure to nonvolatile COPCs in condensed water

D-6: Dermal exposure to nonvolatile COPCs in vapor

D-7: Inhalation of volatile radioactive COPCs in vapor

D-8: Inhalation of nonvolatile radioactive COPCs in vapor

COPC = contaminant of potential concern

5.3 Hand Calculations

The electronic spreadsheet calculations are validated by comparison with hand calculations. The hand
calculations are presented in Appendix A to this Environmental Calculation. The hand calculations are
intended to provide validation for all equations used for both the drinking water and sweat lodge
pathways.

6 Results/Conclusions

Results of the CTUIR and Yakama Nation human health risk calculations are summarized and discussed
in the sections below.

6.1 Summary of the CTUIR Risk Assessment
This section summarizes the results for use of groundwater as a drinking water source and use of
groundwater to make steam in a sweat lodge.

6.1.1 Use of Groundwater as a Potential Drinking Water Source
Potential exposure to groundwater as a drinking water source is evaluated under this scenario. Potential
routes of exposure to groundwater include ingestion, dermal contact5 , and inhalation of volatiles during
household activities. Table 6-1 provides a summary of the risk estimates by exposure route. Additional
detail including COPC-specific risk contributions is provided in the electronic spreadsheet attachments
identified Section 5.

5 The dermal contact exposure route is only evaluated for nonradionuclide COPCs.
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Table 6-1. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of
Groundwater as a Potential Drinking Water Source

Exposure Route ELCR HI

Nonradionuclide COPCs

Ingestion 2.1 E-03 33

Dermal 2.2E-04 2.4

Inhalation 3.9E-05 0.86

Total 2.3E-03 36

Radionuclide COPCs

Ingestion 1.4E-03 --

Inhalation 2.3E-05

Total 1.4E-03

Total ELCR 3.8E-03

a. Sum of total ELCR values for nonradionuclides and radionuclides.

-- = Indicates HI not applicable.

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HI = hazard index.

ELCR = excess lifetime cancer risk.

The cumulative ELCR for is 2.3 x 10- for nonradiological COPCs and 1.4 x 10- for radiological COPCs
which is greater than the WAC 173-340-708 cumulative risk threshold of 1 x 10- for multiple hazardous
substances and greater than the EPA upper target risk threshold of 1 x 10-4. The individual ELCR values
for carbon tetrachloride, tritium, and technetium-99 are greater than the EPA regulatory target risk
threshold of 1 x 10-4. Individual ELCRs associated with chloroform, iodine- 129, strontium-90,
tetrachloroethene, and trichloroethene are within the EPA range of 1 x 10-4 to 1 x 10-6. The cumulative
risk for carbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene is greater than the WAC
173-340 cumulative risk threshold of 1 x 10-. The HI is 36 which is greater than the EPA and WAC
173-340 target HI of 1.0. The primary contributors to the noncancer HI is carbon tetrachloride (HQ of
17.5, 48.6% contribution), nitrate (HQ = 4.8, 13% contribution), and uranium (HQ = 3.9, 11%
contribution). .

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory target
risk threshold of 10-4 and the HQ is greater than 1 the 90th percentile value of 6.6 pug/L is considered to be
within the range of naturally occurring concentrations. Therefore, arsenic is not considered a contributor
to risk or HI.

1,1,2-Trichloroethane, 1,2-dichioroethane, 1,4-dioxane, benzene, bis(2-ethylhexyl) phthalate, and
bromodichloromethane are not considered contributors to the ELCR. 1,1,2-Trichloroethane and benzene
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were detected at very low frequencies (< 1 percent) at a small number of locations and are not considered
to be associated with a trend or local exposure point. 1,2-Dichloroethane and 1,4-dioxane are considered
uncertainties at well 299-W22-20 because they were detected once over the past 5 years at this location
only and have also been detected at this location between the years 2000 and 2004. Bis(2-ethylhexyl)
phthalate was detected in 4 of 75 water samples and its presence is considered to be the result of
laboratory contamination. The exposure point concentration for bromodichloroethane is considered an
overestimation of the actual concentration in groundwater. The 901h percentile value for
bromodichloromethane reflects the presence of elevated method detection limits rather than the presence
of the COPC.

Acrolein and antimony are not considered contributors to the HI. Acrolein was detected in 1 of 122 water
samples and is not considered to be associated with a trend or local exposure point. The analytical
method used to measure antimony is not considered reliable because detected concentrations are reported
to be false positives and method detection limits are generally above the federal maximum contaminant
level. Arsenic concentrations, as mentioned, are considered to be naturally occurring.

6.1.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario.
Potential routes of exposure to steam generated from groundwater include inhalation of vaporized
volatiles and semivolatiles and aerosolized nonvolatiles and dermal contact with vaporized volatiles,
semivolatiles, and nonvolatiles and condensed liquid while spending time in a sweat lodge. Table 6-2
provides a summary of the risk estimates by exposure route. Additional detail including COPC-specific
risk contributions is provided in the electronic spreadsheet attachments identified in Section 5.

Table 6-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use
of Groundwater in a Sweat Lodge

Exposure Route ELCR HI

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semivolatile (vapor) 1.6E-04 3.5

Nonvolatile (aerosol) 3.6E-02 26

Total 3.6E-02 29

Dermal Exposure in Sweat Lodge

Volatile and Semivolatile (vapor only) 1.0E-07 <0.01

Nonvolatile (vapor and aqueous condensate) 2.5E-06 0.59

Total 2.6E-06 0.59

Total Nonradionuclide COPCs 3.6E-02 30

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semivolatile (vapor) 7.1E-05 -
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Table 6-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use
of Groundwater in a Sweat Lodge

Exposure Route ELCR HI

Nonvolatile (aerosol) 2.5E-04 --

Total Radionuclide COPCs 3.2E-04 --

Total ELCR 3.6E-02 --

a. Sum of total ELCR values for nonradionuclides and radionuclides.

-- = Indicates HI not applicable.

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HI = hazard index.

ELCR = excess lifetime cancer risk.

The cumulative ELCR for the 200-UP-1 groundwater OU is 3.6 x 10-2 for nonradiological COPCs and
3.2 x 1 0 4 for radiological COPCs, which is greater than the WAC 173-340-708 cumulative risk threshold
of 1 x 10-5 for multiple hazardous substances and greater than the EPA upper target risk threshold of
1 x 104. The individual ELCR values for carbon tetrachloride, cobalt, hexavalent chromium, and
technetium-99 are greater than the EPA upper target risk threshold of 1 x 10-4. Individual ELCRs
associated with beryllium, cadmium, chloroform, nickel, trichloroethene, and tritium are within the EPA
range of 1 x 10-4 to 1 x 10-6. The HI for the 200-UP-I groundwater OU is 30, which is greater than the
EPA and WAC 173-340 target HI of 1.0. The primary contributors to the non-cancer HI are cadmium,
cobalt, hexavalent chromium, nickel, and uranium which have HQs greater than 1.0.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory target
risk threshold of 104 and the HQ is greater than 1 the 90th percentile value of 6.6 ptg/L is considered to be
within the range of naturally occurring concentrations. Therefore, arsenic is not considered a contributor
to risk or HI.

1,1,2-Trichloroethane, 1,2-dichloroethane, 1,4-dioxane, benzene, bis(2-ethylhexyl) phthalate, and
bromodichloromethane are not considered contributors to the ELCR. 1,1,2-Trichloroethane and benzene
were detected at very low frequencies (< 1 percent) at a small number of locations and are not considered
to be associated with a trend or local exposure point. 1,2-Dichloroethane and 1,4-dioxane are considered
uncertainties at well 299-W22-20 because they were detected once over the past 5 years at this location
only and have also been detected at this location between the years 2000 and 2004. Bis(2-ethylhexyl)
phthalate was detected in 4 of 75 water samples and its presence is considered to be the result of
laboratory contamination. The exposure point concentration for bromodichloroethane is considered an
overestimation of the actual concentration in groundwater. The 9 0 h percentile value for
bromodichloromethane reflects the presence of elevated method detection limits rather than the presence
of the COPC.

Acrolein and antimony are not considered contributors to the HI. Acrolein was detected in 1 of 122 water
samples and is not considered to be associated with a trend or local exposure point. The analytical
method used to measure antimony is not considered reliable because detected concentrations are reported
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to be false positives and method detection limits are generally above the federal maximum contaminant
level. Arsenic concentrations, as mentioned, are considered to be naturally occurring.

Although the individual HQ associated with manganese is greater than 1.0, manganese is not considered
to be a contributor to the HI because the 90t percentile value of 18 tg/L is below the secondary MCL of
50 ig/L and the secondary MCL is based on aesthetic qualities and is not federally enforceable.

6.1.3 Use of Groundwater as a Potential Drinking Water Source
Potential exposure to groundwater as a drinking water source is evaluated under this scenario. Potential
routes of exposure to groundwater include ingestion, dermal contact , and inhalation of volatiles during
household activities. Table 6-3 provides a summary of the risk estimates by exposure route. Additional
detail including COPC-specific risk contributions is provided in the electronic spreadsheet attachments
identified in Section 5.

Table 6-3. Yakama Nation Exposure Scenario - Summary of Risk Estimates from
Use of Groundwater as a Potential Drinking Water Source

Exposure Route ELCR HI

Nonradionuclide COPCs

Ingestion 2.3E-03 33

Dermal 2.2E-04 2.4

Inhalation 3.9E-05 0.86

Total 2.5E-03 36

Radionuclide COPCs

Ingestion 1.4E-03 --

Inhalation 2.4E-05 -

Total 1.5E-03 -

Total ELCR 4.OE-03 -

a Sum of total ELCR values for nonradionuclides and radionuclides.

-- = Indicates Hl not applicable.

COPC = contaminant of potential concern.

HI = hazard index.

ELCR = excess lifetime cancer risk.

The cumulative ELCR for is 2.5 x 10- for nonradiological COPCs and 1.5 x 10-3 for radiological COPCs
which is greater than the WAC 173-340-708 cumulative risk threshold of 1 x 10- for multiple hazardous
substances and greater than the EPA upper target risk threshold of 1 x 10-4. The individual ELCR values
for carbon tetrachloride, tritium, and technetium-99 are greater than the EPA regulatory target risk

6 The dermal contact exposure route is only evaluated for nonradionuclide COPCs.
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threshold of 1 x 10 -4. Individual ELCRs associated with iodine-129, strontium-90, chloroform,
tetrachloroethene, and trichloroethene are within the EPA range of 1 x 10 4 to 1 x 10-6. The cumulative
risk for carbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene is greater than the WAC
173-340 cumulative risk threshold of 1 x 10-. The HI is 36, which is greater than the EPA and WAC
173-340 target HI of 1.0. The primary contributors to the noncancer HI is carbon tetrachloride (HQ of
17.5, 48.5% contribution), nitrate (HQ = 4.8, 13% contribution), and uranium (HQ = 3.9, 11%
contribution).

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory target
risk threshold of 10-4 and the HQ is greater than 1 the 90th percentile value of 6.6 pLg/L is considered to be
within the range of naturally occurring concentrations. Therefore, arsenic is not considered a contributor
to risk or HI.

1,1,2-Trichloroethane, 1,2-dichloroethane, 1,4-dioxane, benzene, bis(2-ethylhexyl) phthalate, and
bromodichloromethane are not considered contributors to the ELCR. 1,1,2-Trichloroethane and benzene
were detected at very low frequencies (< 1 percent) at a small number of locations and are not considered
to be associated with a trend or local exposure point. 1,2-Dichloroethane and 1,4-dioxane are considered
uncertainties at well 299-W22-20 because they were detected once over the past 5 years at this location
only and have also been detected at this location between the years 2000 and 2004. Bis(2-ethylhexyl)
phthalate was detected in 4 of 75 water samples and its presence is considered to be the result of
laboratory contamination. The exposure point concentration for bromodichloroethane is considered an
overestimation of the actual concentration in groundwater. The 9 0 th percentile value for
bromodichloromethane reflects the presence of elevated method detection limits rather than the presence
of the COPC.

Acrolein and antimony are not considered contributors to the HI. Acrolein was detected in 1 of 122 water
samples and is not considered to be associated with a trend or local exposure point. The analytical
method used to measure antimony is not considered reliable because detected concentrations are reported
to be false positives and method detection limits are generally above the federal maximum contaminant
level. Arsenic concentrations, as mentioned, are considered to be naturally occurring.

6.1.4 Use of Groundwater as a Source of Steam for Sweat Lodge Use
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario.
Potential routes of exposure to steam generated from groundwater include inhalation of vaporized
volatiles and semivolatiles and aerosolized nonvolatiles and dermal contact with vaporized volatiles,
semivolatiles, and nonvolatiles and condensed liquid while spending time in a sweat lodge. Table 6-4
provides a summary of the risk estimates by exposure route. Additional detail including COPC-specific
risk contributions is provided in the electronic spreadsheet attachments identified in Section 5.

Table 6-4. Yakama Nation Exposure Scenario - Summary of Risk Estimates from
Use of Groundwater in a Sweat Lodge

Exposure Route ELCR HI

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semivolatile (vapor) 3.3E-04 7.4

Nonvolatile (aerosol) 7.4E-02 54
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Table 6-4. Yakama Nation Exposure Scenario - Summary of Risk Estimates from
Use of Groundwater in a Sweat Lodge

Exposure Route ELCR HI

Total 7.4E-02 61

Dermal Exposure in Sweat Lodge

Volatile and Semivolatile (vapor only) 2.OE-07 <0.01

Nonvolatile (vapor and aqueous condensate) 5.0E-06 1.2

Total 5.0E-06 1.2

Total Nonradionuclide COPCs 7.4E-02 62

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semivolatile (vapor) 1.5E-04 -

Nonvolatile (aerosol) 5.2E-04 --

Total Radionuclide COPCs 6.7E-04 --

Total ELCR 7.5E-02 -

a. Sum of total ELCR values for nonradionuclides and radionuclides.

-- = Indicates HI not applicable.

COPC = contaminant of potential concern.

HI = hazard index.

ELCR = excess lifetime cancer risk.

The cumulative ELCR for the 200-UP-I groundwater OU is 7.4 x 102 for nonradiological COPCs and
6.7 x 10-4 for radiological COPCs, which is greater than the WAC 173-340-708 cumulative risk threshold

of 1 x 10- for multiple hazardous substances and greater than the EPA upper target risk threshold of
1 x 10-4 . The individual ELCR values for carbon tetrachloride, cobalt, hexavalent chromium, technetium-
99, and tritium are greater than the EPA upper target risk threshold of 1 x 10~4. Individual ELCRs
associated with beryllium, cadmium, chloroform, iodine- 129, nickel, and trichloroethene are within the
EPA range of I x 10-4 to I x 10-6. The HI for the 200-UP-1 groundwater OU is 62, which is greater than
the EPA and WAC 173-340 target HI of 1.0. The primary contributors to the non-cancer HI are beryllium,
cadmium, cobalt, hexavalent chromium, nickel, and uranium which have HQs greater than 1.0.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory target
risk threshold of 10-4 and the HQ is greater than 1 the 90th percentile value of 6.6 pag/L is considered to be
within the range of naturally occurring concentrations. Therefore, arsenic is not considered a contributor
to risk or HI.

1,1,2-Trichloroethane, 1,2-dichloroethane, 1,4-dioxane, benzene, bis(2-ethylhexyl) phthalate, and
bromodichloromethane are not considered contributors to the ELCR. 1,1,2-Trichloroethane and benzene
were detected at very low frequencies (< 1 percent) at a small number of locations and are not considered
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to be associated with a trend or local exposure point. 1,2-Dichloroethane and 1,4-dioxane are considered
uncertainties at well 299-W22-20 because they were detected once over the past 5 years at this location
only and have also been detected at this location between the years 2000 and 2004. Bis(2-ethylhexyl)
phthalate was detected in 4 of 75 water samples and its presence is considered to be the result of
laboratory contamination. The exposure point concentration for bromodichloroethane is considered an
overestimation of the actual concentration in groundwater. The 90 "' percentile value for
bromodichloromethane reflects the presence of elevated method detection limits rather than the presence
of the COPC.

Acrolein and antimony are not considered contributors to the HI. Acrolein was detected in 1 of 122 water
samples and is not considered to be associated with a trend or local exposure point. The analytical
method used to measure antimony is not considered reliable because detected concentrations are reported
to be false positives and method detection limits are generally above the federal maximum contaminant
level. Arsenic concentrations, as mentioned, are considered to be naturally occurring.

Although the individual HQ associated with manganese is greater than 1.0, manganese is not considered
to be a contributor to the HI because the 90th percentile value of 18 ig/L is below the secondary MCL of
50 tg/L and the secondary MCL is based on aesthetic qualities and is not federally enforceable.
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Appendix A - Hand Calculations (Sheet 1 of 16)
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Appendix A - Hand Calculations (Sheet 2 of 16)
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Appendix A - Hand Calculations (Sheet 3 of 16)
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Appendix A - Hand Calculations (Sheet 4 of 16)
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Appendix A - Hand Calculations (Sheet 5 of 16)
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Appendix A - Hand Calculations (Sheet 6 of 16)
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1 Purpose
The purpose of this calculation is the simulation of the fate and transport of contaminants in groundwater
within the near-field portion of the affected aquifer associated with the 200-UP-I Operable Unit (OU) at
the U.S. Department of Energy's (DOE's) Hanford Site. The modeling results will be used for the
following purpose:

Estimating future groundwater concentrations of contaminants of potential concern (COPCs) to
support risk screening within the OU.

The scope of this modeling effort is confined to estimating the future down gradient concentrations of
selected contaminants of potential concern within the unconfined aquifer underlying the 200-UP-I OU.
The COPCs that were simulated using this model for the 200-UP-1 remedial investigation are: carbon
tetrachloride, trichloroethene, tetrachloroethene, tritium, strontium-90, iodine-129, technetium-99, nitrate,
chromium, chloroform and uranium.

The objectives of the modeling effort is to provide a basis for making an informed remedial action
decision based on description of current and expected future groundwater contaminant concentrations at
decision points within the OU boundaries.

2 Methodology
The approach to the near-field groundwater fate and transport modeling utilizes a mathematical
hydrogeological construct to represent the physical conditions within the aquifer of the OU. This
construct was developed using modified versions of the acquired computer software called MODFLOW
and MT3DMS. MODFLOW provided the calculation of water flow within the Central Plateau unconfined
aquifer. The flows calculated by MODFLOW were then used by the MT3DMS program to simulate the
movement of each contaminant. The MODFLOW model to be used for this calculation was originally
developed to perform contaminant fate and transport simulations in support of the 200-ZP- 1 OU Final
Record of Decision (ROD). Modifications to this model, to upgrade it for use over the entire Central
Plateau region, and subsequent calibration are described in the ECF-HANFORD-10-0371, Central
Plateau MODFLOWModel Version 3.

Figure 2-1 depicts the domain of model simulation. To the north, south, and west, the domain is
constricted by basalt sub-crops above the water table of the aquifer. These are shown in black with a tan
overlay. The basalt sub-crops are assumed to be impermeable boundaries to flow. The tan areas that are
not overlaying the basalt sub-crops are regions that are outside the active model domain. There are two
gaps in the basalt sub-crops along the northern boundary. In these two regions, the water table is above
the basalt surface. The westernmost region is referred to as the western gap and the eastern region is
referred to as the Gable gap. Along the eastern boundary and the easternmost part of the southern
boundary the water table is also above the basalt surface. Cold Creek (located in the slot along the
western boundary) and Dry Creek (the gap in the basalt sub-crops in the southwest corner of the domain)
are sources of inflow to the Central Plateau. The OUs are labeled in the figure with red lines indicating
the OU boundaries.

The basic methodology for the development and application of the Central Plateau model for the
200-UP-1 OU is as follows:

a. Construct a representative model of the Central Plateau within the MODFLOW framework using
site-specific descriptions of the local physical and hydrogeologic conditions. See
ECF-HANFORD-10-0371, Central Plateau MODFLOWModel Version 3.

1
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b. Define the physical characteristics of the COPC (e.g., distribution coefficient [Kd] and decay rate)
and the aquifer (e.g., effective porosity and soil grain density) that will be used as site and/or
contaminant-specific variables.

c. Define the initial contamination conditions using current groundwater monitoring results to
prepare initial contaminant distribution surface(s) within the model domain.

d. Run the transport model to calculate resultant concentrations at selected down gradient locations.

e. Post-process and reduce the simulation results to produce usable graphic presentations of the
simulation in meaningful units.

200-ZP-1

200-UP-1

Model Domn Outside Model D0omai
Ground Water OUs B salt

Figure 2-1. Central Plateau Model Domain
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3 Assumptions and Inputs

3.1 Model Domain
1. Rectangular Region

a. 13.4 km north-south

b. 25.6 km east-west

c. Lower left corner: Easting 555650 m, Northing 129850 m Washington State Coordinate System:
NAD_1983_StatePlaneWashingtonSouthFIPS_4602

The model domain is represented by a finite difference grid composed of 100 m square cells in map view
and seven layers vertically. The layers are not horizontal nor does one layer correspond to a single HSU.
The HSU varies within a layer and an HSU can be represented by multiple layers in some locations. The
layers vary with thickness so that any one model cell only represents a single hydrostratigraphic unit
(HSU). To reiterate, the layers are not constant thickness and thus do not represent constant elevations
through the model. See ECF-HANFORD-10-0371.

3.2 Simulation Periods
1. Predictive Simulation Period - See Table 3.1

a. The predictive simulations are divided into four segments. Dates given are an approximate
reference. The exact time period would depend on the actual start first phase of the 200-ZP-1
pump-and-treat system.

b. An initial three year segment from 2009 to the end of 2011, simulating "current" pumping rates.
Pumping rates simulate the "phase 0" period of the 200-ZP-1 pump-and-treat system.

c. The second segment is also three years from 2012 to 2014. This simulates phase 1 (1000 gpm)
period of the 200-ZP-I pump-and-treat system.

d. The third segment is 22 years from 2015 to 2036. This simulates phase 2 (2000 gpm) period of
the 200-ZP- 1 pump-and-treat system.

e. The fourth and final segment simulates 975 years of post-ZP-1 pump-and-treat system
implementation, when it is assumed no pumping will occur.
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Table 3-1. Temporal Discretization of the 200-UP-1 Remedial Investigation Simulations

Model Stress Duration DescriptionPeriod(s)

200UP-1 RI 1 3 years Current 200-ZP-1 interim remedial measure, operating at
approximately 350 gpm total extraction/injection rate.

200UP-1 RI 2 3 years First phase of final 200-ZP-1 pump-and-treat remedy
operating at 1,000 gpm.

200UP-1 RI 3 22 years Second phase of final 200-ZP-1 pump-and-treat remedy
operating at 2,000 gpm.

Post-ZP-1 pump and treat system implementation, when it200U P-i RI 4 975 years is assumed no pumping will occur

gpm = gallons per minute

3.3 Processes Simulated and Limitations to the Simulation
1. The CP flow model is limited to saturated flow in the unconsolidated aquifer above the basalt

basement.

a. Fluid flow and transport in the vadose zone above the aquifer are not simulated.

i. Transport of contaminants from the vadose zone, or other sources, to the saturated aquifer is
not simulated as a future process. Consistent with the Tri-Party Agreement; DOE/RL-2007-
20, Hanford Integrated Groundwater and Vadose Zone Management Plan; and DOE/RL-
2009-8 1, Central Plateau Cleanup Completion Strategy, the remediation of waste sites and
impacted vadose zone soils overlying the four Central Plateau groundwater OUs will be
addressed as discrete CERCLA OUs with their own accompanying record of decision (ROD).
The 200-UP- 1 Groundwater OU addresses the contamination already present in the aquifer,
within the OU. Therefore, transport of contaminants from the vadose zone, or other sources,
to the saturated aquifer is not simulated as a future process.

ii. Delay of arrival at the water table of water disposed near the surface is provided by
calculations performed for Pacific Northwest National Laboratories (PNNL's) SAC Rev. 1
Inflow-04 Assessment that was devoted to calculating vadose-zone attenuated artificial
recharge for 1062 sites from 1994 through 2400 (which is a refinement of the attenuated
artificial recharge rates reported in PNNL-14753 Rev 1).

b. Fluid flow through the basalt bedrock is assumed to be zero.

c. Stream flows into the model domain are simulated as recharge to the aquifer.

2. The Central Plateau transport model simulates advection, dispersion, diffusion, and sorption of
contaminants, and simulates decay for radionuclide and chemical reaction as a decay process for
some contaminants.

a. The transport model assumes linear sorption and non-interacting (i.e., independent) species.
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b. Fluid density variations due to fluid chemistry, contaminant concentrations, or temperature
variations are assumed to be negligible.

3. Continuing sources to the groundwater are assumed to be non-existent. Therefore, transport results
are not predictions of future contaminant concentrations. The model results are, instead, predictions
of the contribution of present contamination in the groundwater to future contaminant concentrations.

3.4 Hydrostratigraphy of the Central Plateau Aquifer
1. The interior of the model domain is divided into six HSUs. The division is strongly influenced by the

hydrostratigraphy division presented in PNNL-14753, Rev. 1, Groundwater Data Package for
Hanford Assessment and PNNL- 17913Revl, Hydrogeology of the Hanford Site Central Plateau - A
status Report for the 200-West Area.

a. The six HSUs are:

i. Hanford coarse grained unit

ii. Hanford fine grained unit

iii. Eastern portion of the Cold Creek unit. This portion has also been called the Pre-
Missoula gravel.

iv. Upper Ringold Unit E. (This is also known as Ringold units 4 and 5.)

v. The Ringold mud comprising Ringold units B, C and D (units 6, 7 and 8).

vi. Coarse grained Ringold Unit A (unit 9).

2. Presentation of HSUs by layer (Figures 3-1 through 3-7):

a. Figures display the representation of the six HSUs in the seven layers.

b. The inactive portion of the model domain is shown in black.

c. Roads, serving to orient the reader, are depicted in gold.

d. The color scheme for the HSUs is: royal blue is used to display the occurrence of the coarse
grained Hanford unit; a lighter blue is used to display the fine grain Hanford unit. Pink represents
the Cold Creek unit. Ringold E is displayed as orange. The Ringold lower mud is displayed as
brown, and green is used to display the Ringold A unit.

e. Remember, layers are not depictions of constant elevation surfaces.
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Cetral Plateau Model V3 UP1 Layer 7

Figure 3-7. Hydrostratigraphic Units of Layer 7

3.5 Boundary Conditions
I. The upper surface of the basalt defines the bottom of the model and most side boundaries. The region

outside the active model domain is depicted as Black in the proceeding figure and grey in Figure 3-8.

2. Two gaps where the water table is above the top of Gable Ridge/Mountain uplift are treated as
specified head. These are shown as blue lines in Figure 3-8

a. The western gap water level assigned from well 699-63-90 acquired from the Hanford
Environmental Information System (HEIS). The water level is held constant based upon little
yearly average variation during the calibration time period (1944-2008).

b. The Gable gap assigned from water level data from well 699-60-60 acquired from HEIS. An
exponential decline was fit to the period 2000-2010 and a long term constant water level
extrapolated for 1944 from the early portion of 1948-2010 time period.

3. Eastern boundary below Gable Mountain treated as a mixed boundary condition (MODFLOW
general head boundary, or GHB). Depicted with a north-south oriented green line in Figure 3-8. The
GHB conductance was determined through model calibration as described in ECF-HANFORD-10-
0371 using an iterative approach to establish future water table elevations at the boundary.

4. The southeastern boundary is shown with an east-west oriented green line in Figure 3-8. The part of
the southeastern boundary directly north of the Rattlesnake Ridge sub-crop was determined through
model calibration to act as a no flow boundary. East of this portion of the southeastern boundary, a
mixed boundary condition was used.

5. Recharge
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a. For the predictive simulations the primary source of recharge to groundwater is aerial
precipitation, together with recharge from the ephemeral Cold Creek and Dry Creek stream beds,
and injection/discharge at the Treated Effluent Disposal Facility (TEDF) and State Approved
Liquid Disposal Site (SALDS) facilities.

b. Rates determined for the TEDF and SALDS facilities and based on current planned operations.

i. Delay of arrival at the water table of water disposed near the surface is provided by
calculations performed for PNNL's SAC Rev. 1 Inflow-04 Assessment that was devoted to
calculating vadose-zone attenuated artificial recharge for 1062 sites from 1994 through 2400.

c. Aerial precipitation is assumed to be constant with respect to time but variable spatially. The
determination of aerial precipitation is described in PNNL-14753, Rev. 1.

6. Pumping well operations

a. Current and planned operation of the 200-ZP-1 pump-and-treat system was used to set future
pumping rates for the predictive simulation.

i. Locations and rates from DOE/RL-2008-78, 200 West Area 200-ZP-1 Pump and Treat
Remedial Design Remedial Action Work Plan, Draft A. Some revision of well locations and

screen positions was made to reflect the actual well emplacement.

ii. Phase 1 of the 200-ZP-1 pump and treat system was assumed to start in year four of the
simulation. Current operational conditions of the system were assumed to continue for the
first three years.

iii. A program called AllocateQweli was used to apportion the total pumping rate of the wells

between layers based on the open screen intervals of the wells, hydraulic conductivity of the
layers, and the simulated future saturated thickness of the layers. The flow is apportioned to
be consistent with the transmissivity of each layer.

iv. The 200-ZP-1 pump and treat system was assumed to be shut down after three years of phase
1 and 22 years of phase 2 operation.
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Figure 3-8. Flow Model Boundary Conditions

3.6 Initial Hydraulic Head Distribution
1. The unconfined aquifer of Central Plateau is not presently in a steady state condition. It is still

recovering from the disposal of large quantities of water during the operational period of the Hanford
site. The hydraulic head calculated for the end of the 2008 year of the historic flow model was used as
the initial hydraulic head distribution for the predictive simulations. (See ECF-HANFORD-10-0371)

3.7 Contaminant Initial Conditions
1. Contaminant transport simulations were performed for the following constituents: carbon

tetrachloride, chloroform, chromium, trichloroethene, tetrachloroethene, tritium, strontium-90, iodine-
129, technetium-99, nitrate, and uranium.

2. Two procedures were used to estimate initial concentrations.

a. Initial concentrations for carbon tetrachloride, chloroform, trichloroethene, tetrachloroethene,
tritium, and strontium-90 were estimated using the procedure described in ECF-200PO1-09-2352,
200-UP-I Remedial Investigation Report - Near-Field Groundwater Fate & Transport Modeling.

b. During the Feasibility Study portion of the 200-UP-1 Remedial Investigation and Feasibility
Study investigation the procedure described in ECF-200PO1-09-2352 was determined to be
overly conservative for chromium, iodine-129, technetium-99, nitrate, and uranium.

For these five contaminants, three dimensional plume volumes were generated using the 3-D
software ARANZ Hydro@ (Version 1.2.0.62). The software uses radial basis functions to
interpolate 3-D numerical models using X, Y, Z and concentration data.
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Coordinate, elevation, and concentration data were provided for each COPC by Freestone
Environmental Inc. All COPC data was retrieved from HEIS as depth discrete samples and
routine ground water monitoring samples. Data from HEIS was queried for 200-UP-1 ground
water monitoring wells from 1990 to present. Preference was placed on 2009 data, but where
there was none the next closest year for each well was used. Freestone is to supply a calc brief on
the detailed processing of the data.

3-D Plume volumes were produced at the Y2 MCL, MCL, lOx MCL and 100x MCL thresholds
for each COPC. The five COPCs in the 200-UP-I operable unit include: iodine-129, nitrate,
technitium-99, chromium, and uranium. The plume models provided a way to visualize
concentration data in 3D with each volume enclosing concentrations greater than or equal to its
threshold or "contour" value. Concentration data was exported from Hydro in text format (X,Y,Z,
concentration) for integration with MODFLOW/MT3DMS transport runs.

Data Processing for 3-D display

COPC Data was received from Freestone in Excel (Final COPC data for Intera.xlsx 4/29/2010)
format. The data was converted to individual *.csv files for each COPC as required by the Hydro
software.

Uranium and technetium-99 COPC data required a log transformation to generate the 3-D
plumes. No transform was applied to the other COPCs. Control points were added to all COPC
data tracing the contours of the plumes at the water table that will be provided in the 2009 annual
report. This was done to prevent plumes from extrapolating beyond these defined areas due to
lack of data and to enforce agreement between the 2009 annual report and the 3D plumes. In
some circumstances the water table control points were copied down vertically to prevent the
plume from extrapolating beyond the defined plume area where data was lacking.

All pre-2008 groundwater sample points that did not agree with the expression of the 2009 water
table plumes were ignored. All depth discrete data, regardless of date, was used due to lack of
depth discrete data for recent years. While some data is from the 1990s to early 2000s it was
considered valuable in defining vertical extents.

For technetium-99, nitrate, and chromium some vertical control points were added to extend the
depth of the north plume at S-SX to be similar to that of the southern plume due to similarities in
historical discharges. Depth discrete data was lacking at the north plume which prompted this
effort.

Where plumes were expected to be vertically continuous and where depth increments were
spaced too far apart, control points were added, minimally, to fill in between the vertical sample
points to produce the expected continuous plumes.

3-D Plume Production in ARANZ Hydro@

All processed *.csv data was imported in the Hydro software and numerical models of each
COPC at specified thresholds were produced. The anisotropy (ellipsoid ratios) was adjusted for
some plumes to match the hand drawn 2D cross sectional images of the COPCs produced by
Freestone. The ellipsoid ratios for contaminants that have spread further laterally relative to
vertically, such as iodine-129, uranium and nitrate, have a ratio of 5 to 1 (model behavior is
extended more strongly along the XY plane). Plumes that have greater vertical spreading do not
include anisotropy adjustments, such as chromium and Technetium-99.
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The Central Plateau MODFLOW model bottom and center elevation grids for each layer were
imported as *.asc format in to Hydro. Each COPC model was evaluated on each grid surface to
create a grid with a concentration value for each grid cell. These were then exported is *.csv
format (X, Y, Z, Concentration) and imported as initial concentrations into the CP model for fate
and transport simulations.

A concentration for each model cell was determined by using the maximum value from the
concentrations at bottom and center elevation of the cell as well as the concentration at bottom of
the cell above. The initial condition for the simulation runs were created by setting all values
below 2 MCL to zero and by truncating the plumes at the upper surface of the Ringold mud.

3.8 Transport Properties
Table 3-2 contains transport properties that are aquifer properties that may are may not vary with HSU.
Table 3-3 contains the constituent specific transport parameters used in the predictive modeling for
200-UP-1 remedial investigation.

Table 3-2. Aquifer Dependent Transport Parameter Values for the Central Plateau Model
Property Value Comments

Effective Porosity 0.15 Approximate central value (Table D-2 DOE/RL-2007-82)

Longitudinal Dispersivity 3.5 m Introduced for stability of the transport calculations using
recommendation from MT3D manual

Transverse Dispersivity 0.7 m 20% of vertical DOE/RL-2008-56

Vertical Dispersivity 0. m DOE/RL-2008-56

Molecular Diffusion Constant 0. m2 /day Negligible Term

Bulk Density-Coarse Hanford 1.93 g/cm 3  PNNL-1 8564 Table 6.2

Bulk Density- Fine Hanford 1.93 g/cm 3  PNNL-1 8564 Table 6.2

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

Bulk Density-Ringold E 1.90 g/cm 3  PNNL-1 8564 Table 6.2

Bulk Density-Ringold Mud 1.90 g/cm 3  PNNL-1 8564 Table 6.2

Bulk Density-Ringold A 1.90 g/cm 3 PNNL-1 8564 Table 6.2
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Table 3-3. Constituent Dependent Transport Parameter Values for the Central Plateau Model Version 3

Degradatio Reference
Kd Half-Life Half-Life n Rate Degradation

Final COPCs (ml/g) (yr) (day) (1/day) Reference for Kd Rate

Nitrate 0.OOE+00 No Decay PNNL-18564, Table
6.9, Sandy Gravel
sediment type

Strontium-90 1.20E+01 2.88E+01 1.05E+04 6.601E-05 PNNL-18564, Table
6.9, Sandy Gravel
sediment type

Uranium 4.OOE-01 4.47E+09 1.63E+12 4.25E-13 PNNL-18564, Table
6.9, Sandy Gravel
sediment type

Iodine-129 1.OOE-01 1.57E+07 5.73E+09 1.21E-10 PNNL-18564, Table
6.9, Sandy Gravel
sediment type

Technetium- 0.OOE+00 2.11E+05 7.71 E+07 8.99E-09 PNNL-18564, Table
99 6.9, Sandy Gravel

sediment type

Tritium 0.OOE+00 1.23E+01 4.50E+03 1.54E-04 PNNL-18564, Table
6.9, Sandy Gravel
sediment type

Carbon 3.00E-03 4.13E+01 1.51E+04 4.60E-05 PNNL-16100 (Rev 1), PNNL-13560,
Tetrachloride 200-UP-1 sediments, Table 18,

Phase 2 Most
(Table 5.5) Probable

Value

Tetrachloro- 7.49E-02 No Decay Empirical Calculation No Hanford
ethene (PCE) relevant

reference

Trichloro- 2.50E-02 No Decay Empirical Calculation No Hanford
ethene (TCE) a relevant

reference

Chromium 0.00 No Decay (same as for Cr 6+)

Chloroform 8.40e-03 PNNL-1 3560,
Table 18,
Most

PNNL-1 3560, Table Probable
1.73E+03 6.3E+05 1.10E-06 16, Equation 2 Value

Notes:
a. The empirical calculation is based on PNNL-13560 (Equations 1 & 2, p.

solubility of PCE of 150 mg/L, and solubility of TCE of 1100 mg/L.
C.16), assuming foc = 0.00027,

4 Software Applications
Software use for this calculation was in accordance with PRC-PRO-IRM-309, Controlled Software
Management.
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4.1 Approved Software
The following software was used to perform calculations and was approved and compliant with PRC-
PRO-IRM-309 (PRC-PRO-IRM-309, Controlled Software Management). These software are managed
under the following documents consistent with PRC-PRO-IRM-309: CHPRC-00257 Rev 1, MODFLOW
and Related Codes Functional Requirements Document, CHPRC-00258 Rev 2, MODFLOWand Related
Codes Software Management Plan, CHPRC-00259 Rev 1, MODFLOW and Related Codes Software Test
Plan, CBH PRC-00260 Rev 2, MODFLOWand Related Codes Acceptance Test Report, and CHPRC-00261
Rev 1, MODFLOW and Related Codes Requirements Traceability Matrix. CIHPRC-00258 Rev 2
distinguishes between safety software and support software based on whether the software managed
calculates reportable results or provides run support, visualization, or other similar functions. Brief
descriptions of the software are provided below.

4.2 Descriptions

4.2.1 MODFLOW (Controlled Calculation Software)
* Software Title: MODFLOW-2000 (Open File Report 00-92, MODFLOW-2000, the U.S. Geological

Survey Modular Ground-water model -- User Guide to Modularization Concepts and the Ground-
Water Flow); solves transient groundwater flow equations using the finite difference discretization
technique.

* Software Version: Version 2.1.18 modified by S.S. Papandopalous and Associates for minimum
saturated thickness and to use the Orthomin solver; approved as CHPRC Build 0003 using executable
mf2k-mst-0003dp(compiled to default double precision for real variables).

" Hanford Information Systems Inventory (HISI) Identification Number: 2517 (Safety Software, graded
Level C).

* Workstation type and property number (from which software is run):

o Laptop INTERA-00352

4.2.2 MT3DMS (Controlled Calculation Software)
* Software Title: MT3DMS ((Zheng and Wang 1999), MT3DMS: A Modular Three-dimensional

Multispecies Transport Model for Simulation ofAdvection, Dispersion, and Chemical
Reactions of Contaminants in Groundwater Systems; Documentation and User's Guide)

* Software Version: Version 2.1.18 modified by S.S. Papandopalous and Associates for minimum
saturated thickness and to use the Orthomin Solver; approved as CHPRC Build 0003 using executable
mf2k-mst-0003dp(compiled to default double precision for real variables).

" HISI Identification Number: 2518 (Safety Software, graded Level C).
* Workstation type and property number (from which software is run):

o Laptop INTERA-00352
o Laptop INTERA-00353
o Server INTERA-00358
o Laptop INTERA-00361
o Laptop WC95463

4.2.3 Support Software
Support software used that is listed in, or will be added to next revision of, the MODFLOW and Related
Codes Software Management Plan:
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1. allocateQwell: constructs a MODFLOW well package ("WEL") file. Identifies water table
elevations at proposed remedy well locations, and processes the hydraulic conductivity and
saturated thickness data so that, so that flow for fully-penetrating wells that penetrate multiple
model layers can be properly apportioned according to layer transmissivity.

2. Read-Ist-budget: creates a file "prefix"-budget.out that will be bought into a spreadsheet to
tabulate and plot (a) the volumetric budget terms (IN and OUT), and (b) the mass balance error of
the MODFLOW simulation, as reported by MODFLOW at the end of each interval specific in the
output control (OC) file.

3. Read-MT3D-Out-Budget: This is an error checking routine that compiled the mass balance
reports of MT3D into a single readable file, in a manner similar to READ-LST-BUDGET for
MODFLOW.

4. startheadmultioption lahey: created the initial hydraulic head conditions for the predictive
flow calculations by plucking the end of 2008 head result from historic run heads output.

5. MakeRecharge2: created the RCH input files for both the historic and predictive model
simulations, specifying recharge values from natural, artificial, and overland flow data sets.

4.3 Software Installation and Checkout

Copies of the Software Installation and Checkout forms for the workstations used for this calculation are
included in Appendix 1.

4.3.1 Statement of Valid Software Application
* The software identified above was used consistent with intended use for CHPRC as identified in

CHPRC-00257 Rev 1 and is a valid use of this software for the problem addressed in this application.

" The software was used within its limitations as identified in CHPRC-00257 Rev 1.

5 Calculation

5.1 Overview of the Flow Solution

An overview of the flow solution is presented in this section. Figure 5-1 displays the initial hydraulic
head distribution used as the initial condition in the model. The initial hydraulic head was obtained from
last stress period of the historic flow model used to calibrate the Central Plateau model as explained in
Section 3.5.

The background images of all the plots are the same. The outline of the model domain is shown with a
dark band. The grey areas just inside the boundary are regions that are not actively used in the model.
These are mostly regions where basalt sub-crops above the water table but also includes small regions in
the northern part of the model that are between the domain boundary and the fixed hydraulic head
boundaries of the model.

The model interior is shown in white, black, and grey. White indicates regions where at least one layer in
the model is partially saturated. Black is used for regions of the model domain where all the layers are
unsaturated in the predictive model run. These regions had saturated layers during the peak water table
elevations during the historic period used for model calibration, but not in the predictive period. Grey is
used to depict small regions where the water table never rises above the basalt even in the calibration
period. Roads of the Central Plateau are also shown in grey. Within the model domain red lines indicate
boundaries of the active model that are open to flow. As discussed in Section 3.4 these boundaries are
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either specified head or of mixed type. One meter spaced contour lines of the simulated water table are
shown in blue.

Prominent features of the water table are the relatively flat gradients in most of the 200-PO-1 OU
especially under the 200-East area. The extensive black regions in the northern portion of the model
reveal that the connection of the 200-East region to the Gable gap has been almost completely severed by
basalt above the water table. Shortly after the beginning of the simulation the connection between 200-
East and Gable gap becomes completely severed as the water table drops below the surface of the basalt.
In the 200-West area and west of there the gradient is mostly slightly north of due east. The steeper
gradient compared to the 200-East area is caused by the much lower hydraulic conductivity of the
Ringold A and E units compared to the Hanford formation and the Cold Creek HSUs. In the 200-West
area, the water levels show the impact of current pumping.

Near the western gap the influence of a small patch of saturated Hanford formation is causing the flat
gradient next to the gap. Divergence of fluxes from the Cold Creek stream and the much smaller Dry
Creek are clearly evident along the western boundary of the domain. Recharge from the streams is
introduced slightly inside the model domain to avoid direct recharge to the Ringold mud when the water
table declines below the mud's surface.

During the 200-ZP-1 pump-and-treat operation, twenty-five years into the simulation (Figure 5-2), the
pumping and extraction wells form prominent features in the hydraulic head distribution in the 200 West
Area. Outside of the 200-ZP-1 pump and treat operation a slight decline in the water table is barely
noticeable. After another fifty years (Figure 5-3), the predicted flow has completely recovered from the
200-ZP- 1 pump-and-treat operation. The basic pattern has the same basic shape as the initial conditions
but the gradients in the western portion of the domain are slightly less steep. Figure 5-4 shows that the
simulated water table in 200-West has changed little from year 75 to year 125 of the simulation. At year
125, the Central Plateau aquifer simulation has almost entirely recovered from the water table build up of
the operational period.
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5.2 Transport Results

5.2.1 Contaminant Concentration Distributions
In this section plots of the areal distribution of contaminants are presented at selected time increments.
The plots depict maximum concentration throughout the model. The vertical position and/or layer of the
maximum concentration changes in both space and time. To reiterate, the plots are not contaminant
concentrations at the water table nor are they contaminant concentrations at a fixed elevation or depth
below the water table.

No information is presented for carbon tetrachloride. A ROD is already in place for this solvent, along
with a remedial action plan and an engineered retrieval and treatment system. A CERCLA review process
is also in place for carbon tetrachloride, and it will deal with observed future conditions throughout this
plume. Fluoride, tetrachloroethene, and chloroform displays are not presented. The areas of contamination
from these COPCs in the 200-UP-1 are all below /2 MCL.

All of the displays of contaminant concentration presented below use the same color scheme.
Concentrations between 2 MCL and MCL are presented in green. Shades of magenta are used to display
concentrations above the MCL; the lighter shade from the MCL to lOx MCL and a darker shade for lOx
MCL to 100x MCL. The concentration ranges shown therefore depend on MCL for the contaminant
displayed. The concentration range is reported in the legend of the figure.

5.2.1.1 Tritium
The estimated current tritium distribution is presented in Figure 5-5. There is a very large plume of tritium
in the 200-UP-1 OU above the MCL, with a large region above lOx MCL. Figure 5-6 displays the
simulated plume after 25 years (year 2034) of transport and decay. The predicted concentrations are all
below lOx MCL and the region above MCL shown in the figure is smaller than the current size of the
plume. This is primarily due to the 12.3 year half-life of radioactive decay of tritium, though the influence
of the 200-ZP-I pump-and-treat system is also significant. The banana shape and curvature away from
200-ZP-1 is due to the 200-ZP-1 injection wells. In another 50 years (2084) decay will have reduced
tritium concentration below the MCL throughout the 200-UP-1 OU (Figure 5-7).
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Figure 5-5. Initial Tritium Distribution
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Figure 5-6. Tritium Distribution after 25 years (2034)
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Figure 5-7. Tritium Distribution after 75 Years (2084)

5.2.1.2 Nitrate
Within the 200-UP-I OU, nitrate exists above the MCL in a vast swath in and east of the 200-West area
and in smaller plumes within the 200-West area as shown in Figure 5-8. The plume overlaps the tritium
plume, but is centered closer to the 200-ZP-1 OU and significantly larger. The blunt eastern edge of the
plume is a caused by the intersection of the water table with the Ringold lower mud essentially blocking
flow to the northeast here. Figure 5-9 indicates that 25 years of 200-ZP-1 pump-and-treat operation will
have a dramatic influence on the distribution of nitrate in the 200 West Area and in the northern edge of
200-UP-I east of the 200 West Area. The simulated plume has skirted around the southern limit of the
intersection of the water table and the mud and entered the highly conductive coarse grained Hanford
HSU in the 200-PO-I OU where it moves more rapidly and gets diluted below '/2 MCL. The western edge
of the plume has been pulled into the 200-ZP-I OU.

The plume drifts eastward after succession of the 200-ZP-I pump-and-treat operation after 28 years of
operation and subsequent recovery of the flow system (Figure 5-10; year 2084). At 125 years (year 2134;
Figure 5-11), the plume has continued to move eastward toward the channel. Some northern movement
along the water table-mud intersection is evident. The simulation indicates nitrate in the mud that moves
slowly into the underlying Ringold A unit where it is diluted, dropping below MCL in the mud by 2184
(Figure 5-12), but remaining above 2 MCL for over 300 years (Figure 5-13).
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Figure 5-9. Nitrate Distribution after 25 years (2034)
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Figure 5-10. Nitrate Distribution after 75 years (2084)
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Figure 5-11. Nitrate Distribution after 125 years (2134)
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Figure 5-12. Nitrate Distribution after 175 years (2184)
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Figure 5-13. Nitrate Distribution after 300 years (2309)

5.2.1.3 Iodine-129
Initial iodine concentrations for the simulation are displayed in Figure 5-14. Iodine forms a large plume
above MCL in the 200-UP-I OU overlapping both tritium and nitrate but centered slight south of the
tritium plume. A large portion of the plume is above lOx MCL. The bulk of the plume is far enough south
that the 200-ZP- 1 pump-and-treat operation is predicted to have only a small influence on most of the
plume. In Figure 5-15, the northwestern part of the plume has been pulled north and the eastern edge has
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been pushed southeast. By 2084, Figure 5-16), the transport simulation has moved the eastern edge
further east so that the leading edge at 2 MCL is close to the Hanford channel. After 125 years of
simulation Figure 5-17), the western edge of the simulated plume of 1-129 is near the Hanford channel at
concentrations above MCL, with residual high concentrations are still above lOx MCL in the 200-UP-I
OU. After 175 years (Figure 5-18), the simulation still indicates a diminished region with concentrations
above 10 x MCL locations in the Ringold E HSU. The eastern edge of the iodine plume is predicted to
move into the Hanford channel and into the 200-PO-1 OU at concentrations above MCL. By 2309 (Figure
5-19), the predicted transport has nearly eliminated the region above 1 Ox MCL. Contamination in 200-
PO-1 above MCL from the iodine plume has become extensive. This finger like structure is moving north
of a residual body of uneroded Ringold E. In Figure 5-20, two hundred years further on (2509), extensive
concentration in 200-UP-1 persist and have moved east. The simulated concentrations above MCL have
nearly surrounded the patch of Ringold E with concentrations above 2 MCL entering the southwest high
conductivity channel area. Figure 5-21 displays the plume after 1,000 years of transport; concentrations
above MCL are present in the patch of Ringold E, the concentrations surrounding this patch are reduced
below '/2 MCL before entering the southwest high conductivity channel area.
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Figure 5-14. Initial Iodine-129 Distribution
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Figure 5-15. Iodine-129 Distribution after 25 years (2034)
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Figure 5-16. Iodine-129 Distribution after 75 years (2084)
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Figure 5-17. Iodine-129 Distribution after 125 years (2134)
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Figure 5-18. Iodine-129 Distribution after 175 years (2184)
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Figure 5-19. lodine-1 29 Distribution after 300 years (2309)
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Figure 5-20. lodine-1 29 Distribution after 500 years (2509)
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Figure 5-21. Iodine-129 Distribution after 1000 years (3009)

5.2.1.4 Trichloroethene
Trichloroethene contamination (Figure 5-22) within the 200-UP-I OU is at depth under 21-W-LWC (near
the 200-UP-1/200-ZP-I boundary) and under UPR-600-20 (just south of the boundary). These plumes do
not exist near MCL at the water table, but they have been introduced into the simulation throughout the
Ringold E HSU. The plumes are in a region that is part of the 200-ZP-l pump-and-treat system and
indicate strong reduction in concentration to below MCL everywhere after 25 years of operation (Figure
5-23). Within the next 50 years the maximum trichloroethene concentration in 200-UP-1 is predicted to
be below 2 MCL.
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Figure 5-22. Initial Trichloroethene Distribution
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Figure 5-23. Trichloroethene Distribution after 25 years (2034)

5.2.1.5 Technetium-99
Technetium-99 exists in groundwater in the 200-UP-I OU in concentrations above MCL in a number of
small plumes (Figure 5-24). Only the southernmost of these plumes have technetium-99 concentrations
above MCL after 25 years of operation of the 200-ZP-I pump-and-treat (Figure 5-25). These plumes have
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moved eastward and merged to form a single plume above '2 the MCL. Figure 5-26 depicts
concentrations in 2134; 47 years after the termination of the 200-ZP-1 pump-and-treat system. This figure
indicates that the plume has drifted to the east and no longer has concentrations above the MCL. By 2184
(not shown), the predicted concentrations are all below 2 the MCL.
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Figure 5-24. Initial Technetium-99 Distribution
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Figure 5-25.Technetium-99 Distribution after 25 years (2034)
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Figure 5-26. Technetium-99 Distribution after 75 years (2084)

5.2.1.6 Uranium
Uranium exists in concentrations above the MCL in a large plume below the 241-U-361 and 216-U-17
source areas, where concentrations reach 10 times the MCL (Figure 5-27). There is also a plume above Y

MCL to MCL below the U-Pond area. Figure 5-28 shows the extent of the uranium plumes after 25 years
of 200-ZP-l pump-and-treat system operation. The northward flux of water towards the 200-ZP-1
extraction wells has broadened the outline of the plume above MCL to the north. The plume around U-
Pond has been reduced to below / the MCL.

Figure 5-29, the plume under 216-U-17 has been reduced in the lOx MCL footprint to a single cell by
2084, but the plume remains above the MCL with roughly the same footprint. Some movement to the east
is evident, but the retardation of uranium transport has limited the eastward movement of MCL region to
a barely discernable amount. The story, by 2309, is pretty much the same: slow eastward movement
(Figure 5-31). Spreading caused reduction of the MCL footprint is evident 500 years into the simulation
(Figure 5-32), 800 years into the simulation (Figure 5-33), and 1000 years (Figure 5-34) with continued
eastward movement.
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Figure 5-27. Initial Uranium Distribution
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Figure 5-28. Uranium Distribution after 25 years (2034)
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Figure 5-29. Uranium Distribution after 75 years (2084)
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Figure 5-30. Uranium Distribution after 125 years (2134)

35
D-270

S..

L3P RI P 12S Yew Ur.r

. 200-PO-1

N j .I , z

I

200-PO- I



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

f

200-eel

Uranium (ugIL)
3 15

-. 33 e- aF adove lIhe waIFF 10bF. 0,1 Frhed e m5 3 nF

-0 3M C Fw

M 0 O3C F Maed ESuary C-OidIe1S

Figure 5-31. Uranium Distribution after 300 years (2309)
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Figure 5-32. Uranium Distribution after 500 years (2509)
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Figure 5-33. Uranium Distribution after 800 years (2809)
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Figure 5-34. Uranium Distribution after 1000 years (3009)

5.2.1.7 Strontium-90
In 2008, Strontium-90 was measured above MCL in only a single 200-UP-1 monitoring well (299-W22-
10), and is represented in the initial distribution above MCL in a single model cell (Figure 5-35). The
simulated concentration in this cell is below V2 MCL after 75 years, but without discernable movement
because of large retardation of movement. Representation of transport within a single cell is below the
scale of resolution for the transport simulations.
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Figure 5-35. Initial Strontium-90 Distribution

5.2.1.8 Chromium
Chromium has been inferred to exist in concentrations above the MCL in a large plume that was pushed,
by disposal of water in U-Pond, a large distance from the source area of the plume. This plume is shown
in Figure 5-36 straddling the boundary between the 200-UP-1 and 200-PO-1 OUs. In the 200-West area
there are two much smaller plumes. The transport simulation predicts that these two smaller plumes will
be reduced below MCL by the operation of the 200-ZP-1 pump-and-treat system (Figure 5-37). The
eastern injection wells of the 200-ZP-1 system push the simulated chromium plume to the southwest.
Figure 5-38 indicates eastward and northeast movement reaching the Hanford channel below the 2 MCL
after 75 years of simulation. Figure 5-39 indicates that transport into the channel will significantly reduce
the size of the greater-than-MCL footprint of this plume between 2084 and 2134. In Figure 5-40 (2184)
simulated chromium concentrations of this plume are 2 MCL everywhere.
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Figure 5-36. Initial Chromium Distribution
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Figure 5-37. Chromium Distribution after 25 years (2034)
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Figure 5-38. Chromium Distribution after 75 years (2084)
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Figure 5-39. Chromium Distribution after 125 years (2134)
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Figure 5-40. Chromium Distribution after 175 years (2184)

5.2.2 Simulated Concentrations at Monitoring Wells
In this section, plots of simulated contaminant concentrations are presented. The plots are presented
without comment. In Figure 5-41, a shaded rectangle is used to depict the region from where maximum
concentrations within the 200-UP- 1 OU are determined for each contaminant. The results are presented in
a series of plots for the most significant contaminants. A horizontal line is used in each plot to depict the
MCL concentration for the contaminant displayed. Concentration plots are not shown for chloroform and
fluoride due to the very limited extent of contamination from these constituents.

Concentration of contaminants as a function of time is also presented for selected wells shown in Figure
5-42. The results are presented in Figure 5-43 through Figure 5-49 with the well name indicated at the top
of each plot in the figure. For each well, the contaminant concentration is determined in each model layer
that coincides with the screened interval of the well. If a well screen is found in multiple model layers, the
maximum concentration is used in the plot. The plot for a well is not displayed if the simulated
concentrations for that contaminant are less than 10 percent of MCL for all times.
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Figure 5-41. 200-UP-1 Risk Analysis Wells
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Figure 5-42. Maximum Concentrations
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Figure 5-43. Tritium Concentrations at Monitoring Wells
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Figure 5-47. Technetium-99 Concentrations at Monitoring Wells
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Figure 5-49. Chromium Concentrations at Monitoring Wells

5.2.3 Concentrations Along Selected Pathways
The concentration time history plots for select locations (grid nodes) are presented in Figure 5-50 through
Figure 5-56 for various contaminants evaluated in this study. The locations are selected approximately
around the observed maximum concentration pathway taken by the contaminant over the simulated time
period. This approach allows presentation of both the spatial component of the center of contaminant
plume movement and the simulated breakthrough curve for the locations adjacent to the pathway.
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Maximum Concentration for Nitrate

52
D-287

200-PO-1

tell.



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

if

ffi-~

~11

28-UP I

N

200-PO-1

Iodine-1 29 (pCIIL)
2008 1od10e Plome

Approximate Maomumh Conceniraton Path

Basall above the Water table withn the model domain

r Model Domain
No Flow "__ ___ _""__*_
Defned Boundary Condliono

Figure 5-52. Concentration Time History for Selected Locations along with the Path of Approximate
Maximum Concentration for Iodine

- ~~*1

4
-~ 00

U

.1

L~ L
2004JP-1

Trichloroethene (ug/L)
- 2008 Tchloroethene Plume

- Approximale Maomuo Concendraton Path

basalt abovee he water table within the model domain

Model Domain

No Flow

- Defined Boundary Conditios

Figure 5-53. Concentration Time History for Selected Locations along with the Path of Approximate
Maximum Concentration for Trichloroethene

53

D-288

00..0-.

In I 1 T - --

..... -- ----



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

450

Technetium-99 (pCI/L)
- 2008 Technethim-99 Plume

Approximate Maximum Concentration Path

basaft above the water table within the model domain

Model Domain

No Flo

Defined Boundary Conditions

Figure 5-54. Concentration Time History for Selected Locations along with the Path of Approximate
Maximum Concentration for Technetium-99

.......

Uranium (ug/L)
- 2008 Uranium Plume

- Approximate Maximum Concentration Path

basaft above the water table .hin the model

Model Doma.

No Flow

: Defined Boundary Conditions

I,-

LI. 1 e ooydUou oI-eaa
Figure 5-55. Concentration Time History for Selected Locations along with the Path of Approximate

Maximum Concentration for Uranium

54
D-289

I
200W.

UP 'I Ti - -1." 1 r

20040P-1

7,-



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

200-Ue.1

Chromium (ug/L)7--------- .....
-200d Chvom-Poe, o

Approximate Mane-o Concentration Pamt

M-kiodel Dontmn_____F~ i
No Fli-
Detnad Staoda~y C-ihotOn

ban above the water table wdibo the modeal domain

IL
1

Figure 5-56. Concentration Time History for Selected Locations along with the Path of Approximate
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6 Results/Conclusions
The calculation results presented in Section 5 are evaluated with respect to sources of uncertainty in
simulated future conditions. We have not attempted to quantify uncertainty in the fate and transport
simulations. What follows is a qualitative discussion of categories of uncertainty in the simulations and
how those uncertainties might influence the predictions of future contaminant distributions. Five sources
of uncertainty are identified that can affect the fate and transport calculation results: (1) uncertainty in
representing initial contaminant concentration distribution; (2) uncertainty caused by neglecting future
contaminant sources; (3) conceptual model uncertainty in flow and transport modeling; (4) hydraulic
parameter value uncertainty; and (5) uncertainty in transport parameters. The uncertainty discussion is
based on the current modeling objectives-using the model to evaluate future conditions under no-action.

6.1 Uncertainty in Initial Contaminant Distribution
The representation of initial distribution of contaminant concentrations is affected by the following
uncertainties:

* Uncertainties in reported concentration measurements
" Errors in reported concentration measurements
* Variability in estimates of measurement detection limits
* Method used to assimilate non detect measurements into the measurement data set
* Representativeness of individual samples with respect to the region surrounding the sample
* Biases and variability introduced by the kriging algorithm
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* Choice and influence of control points

" Truncation of the kriging estimates below /2 MCL
" Limited number of contaminant concentration measurements well below the water table.

For most contaminants, uncertainty in contaminant measurements is probably a negligible factor when
interpreting the results of fate and transport calculation. The exception may be iodine-129 for which large
uncertainties exist even with some measurements above MCL. The probability of large measurement
errors is typically very low due to stringent quality controls applied by various analytical laboratories.
However, sometimes measurement errors do occur. For example, one 2009 measurement of technetium
that has a very large value in the data acquired from the HEIS database has been identified as in error.
The same sample is now reported to be below detection limit in the HEIS database.

The method used to accommodate samples below detection limits is also a source of uncertainty. The
reader should keep in mind that nondetect measurements are identified as such in the data received from
HEIS. If the nondetect flag is set then the measurement value in the data are set to the nondetect value for
non radioactive constituents. Concentrations that are not measured by radioactive decay products are
treated as if the contaminant level were one-half of the measurement detection limit, except for nitrate
which is treated as if the contaminant level were at the detection limit. Measurements using decay
products are treated as if the reported measurement is correct unless the reported value is negative. These
rules create an intentional bias toward larger estimates in the vicinity of regions where contamination is
detected compared to treating nondetects as zero concentration. It also introduces a similar bias in
measurements far away from known regions of contamination. The distal bias contributes an unacceptable
overestimation of contaminant concentration beyond the region. Therefore, the estimated contaminant
concentrations are truncated at levels below 1/2 MCL to eliminate this unacceptable overestimation.

Truncation greatly reduces uncertainty introduced by measurement detection limits and the treatment of
samples below the detection limits. For contaminants with typical nondetect values larger than Y2 MCL
the intentional bias towards larger estimates of contaminated regions is retained. If the detection limits are
below %2 MCL then uncertainty due to the treatment of nondetect measurements is probably overwhelmed
by the bias introduced by truncation of the contamination estimates at 2 MCL.

Representativeness of fluid samples acquired from a wellbore with respect to defining contamination in
the region of the wellbore is far too complex an issue to discuss in detail here. Contaminant
concentrations may be effected by disturbances in the aquifer due to well emplacement. The actual
placement of a monitoring well within the aquifer may induce local changes to the flow regime and
migration of contaminants. Also, a larger proportion of the sample may come from high conductivity
layers in the formation. This condition could introduce a bias in concentration if there are local variations
in concentration due to contaminant migration pathways. Suffice it to say that representativeness of
samples could be a source of large uncertainties in individual measurements and could even introduce
consistent biases in a region.

Another component of the representativeness and comparability of samples is related to collection of
samples at varying times. For establishing initial plume concentrations, a simple selection criterion was
introduced. The selection criterion was to apply the 2008 sample data preferentially rather than averaging
all the data acquired at a location. For locations that do not have 2008 sample data, the most recent
measurement was used if it was after 2005. In all cases, multiple samples acquired during a given year
were averaged. Note that the strategy of reducing temporal uncertainty is consistent with the assumption
that individual measurement uncertainties are small. Given the scale and dynamics of contaminant
migration the time based sampling strategy has probably reduced uncertainty due to when samples were
acquired to negligible levels.
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Developing initial plume configuration from limited spatial dataset also leads to uncertainty in initial
concentration. The kriging based interpolation routine (radial basis functions for the 3-D plumes) was
introduced to reduce this uncertainty. The issue is how far a sample result can be extrapolated away from
the wellbore or model cell containing the wellbore. Kriging and radial basis functions have a diminishing
influence with distance as defined by the exponential variogram structure. Kriging reduces but cannot
eliminate uncertainty due to sparse sampling as it does not represent the physics of the processes that
caused contaminants to migrate in the subsurface. It is instead an interpolation algorithm. To reflect the
influence of fluid flow direction on contaminant distribution shape, a bias in both the kriging and 3-D
plume generation algorithms was introduced by making the variogram longer in the average direction of
flow than in other directions and shortest perpendicular to this direction. The average ground water flow
direction was determined to be consistent with contaminant contours within about 30 degrees of azimuth.
It was kept constant within each of the eastern and western portions of the Central Plateau model domain.
Thus it only approximates flow direction at the scale of individual contaminant plume, sometimes quite
poorly. A particular problem with using kriging or radial basis functions to define contaminant
distributions is that while flow is in a particular direction, kriging is symmetric with respect to the
measurement point (i.e., the influence is the same in the direction of flow as it is in the opposite
direction). One of the reasons for using control points was to reduce the influence of this limitation.

Control points allow the imposition of the analyst's subjective bias into the interpolation. Control points
were used to accomplish the following four goals:

" Overcome the directionality problem described above.

* Connect regions of large concentration that were shown connected in the plume maps presented in the
2008 Hanford site groundwater annual report.

* Force very small regions of contamination above MCL (often few single cell blocks in the finite
difference grid) to be represented as above MCL.

* Define contaminant plumes that have been inferred by limited measurements and knowledge of
distributions or process knowledge as represented in the 2008 ground water report contaminant
contours.

Control points introduce bias and uncertainty because their placement and interpretation of their influence
is subjective. They are mainly used to apply professional judgment where insufficient data exist to fully
describe site conditions. The net effect of control points is to reduce bias and uncertainty while defining
plume configurations that are consistent with the 2008 and 2009 groundwater annual reports.

As with the introduction of control points, truncation of the plume estimates at /2 MCL reduces the
overall bias and uncertainty in the contaminant distribution but also introduces its own bias; where
measurements do not exist, concentrations are set to zero. Truncation does not affect regions of large
contaminant concentrations, but does result in a probable underestimate of total contaminant mass to
avoid a much larger overestimate than would occur if truncation were not used. A counter bias is the
utilization of plume configuration in the Ringold E layers. This is more likely to overestimate the
simulated plume mass.

There are far more contaminant measurements that are representative of near water table contaminant
concentration than there are measurements representative of deep conditions. For most contaminants
measurements representative of the Ringold E HSU were used to define a single contaminant distribution
that was then applied equally to the Ringold E layers of the model. This introduces bias in that the larger
number of measurements near the surface dominates the estimates so that estimated contamination near
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the water table is propagated to greater depth. It is expected that this results in a large overestimate of
total contaminant mass. This large bias was avoided for the five contaminants with distributions estimated
using three-dimensional plume construction. Assuming no contamination exists in Ringold mud and
Ringold A obviously biases the contaminant estimates in these units in a non conservative fashion, but
this is supported by the absence of observed concentrations in the deeper parts of the groundwater
aquifers.

6.2 Uncertainty from Neglecting Future Contribution from Vadose Contaminant
Sources to Groundwater

The current analysis is limited to the estimation of the effects of current ground water contamination on
future ground water contamination and the resultant risk to human health and the environment due to that
contribution. The influence of future movement of contaminant presently in the vadose zone down to the
saturated aquifer is outside the scope of this analysis and, therefore, the magnitude and timing of any
future, or continuing contaminant contributions from this source are not accounted for. Not all of the
observed groundwater contaminant plumes in 200-UP-1 Groundwater OU are associated with continuing
vadose source contributions. Some plumes do underlie locations of historical releases to ground that may
exhibit continuing vadose contribution to groundwater contamination.

The evaluation and remediation of secondary contaminant sources within the vadose zone falls under the
responsibility of the specific source operable unit(s). Since the direct contribution of residual vadose
sources to future contaminant concentrations is outside the scope of this analysis, the major source of
uncertainty within the scope of the analysis is due to possible non linear influences on fate and transport.
The conceptual model for transport of current contamination assumes that the important processes are
linear; that is, changes in magnitude of contamination propagate as changes in magnitude only; not as
changes in how the processes work. For small concentrations this is a good assumption, it is doubtful that
additional discharge from the vadose zone to the aquifer would impact the validity of the linearity
assumption. Continuing contributions from vadose zone sources, however, could affect the overall
magnitude of contaminant mass (as resulting concentration) in groundwater as well as the longevity of the
high concentration portions of groundwater plumes.

6.3 Conceptual Model Uncertainty
It is often argued that conceptual model uncertainty is usually the dominant form of uncertainty in a
modeling exercise. That is probably true for this model as well. One important source of uncertainty is the
assumption that planned use of the Central Plateau will be accurate for the next one thousand years,
roughly twenty times the time period that the Hanford facility has been maintained by the federal
government to date. Changes in use of the plateau could alter the current artificial and natural recharge
estimates in the model and thus impact the ground water flow velocities. The few after the fact audits of
long term predictions that have been conducted have indicated that assumptions of future use are typically
(if not invariably) the major cause of prediction error. Such uncertainty can lead in either conservative or
non conservative directions. The impact of conceptual model related uncertainties can be investigated
through sensitivity analyses.

Another important source of uncertainty is the assumption of spatially invariant hydraulic properties of
the HSUs. The fluvial environments that lead to deposition of most of the aquifer are associated with
heterogeneous structures, especially for the Hanford and Cold Creek units. Local variations in properties
can cause local regions of relatively large flow rates and hence faster transport of contaminants. These
can be significant as evidenced by the experience obtained from calibrating the model. During the
calibration, the Cold Creek unit near the 200 East Area was found to be more permeable than a

58
D-293



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

representative value would allow. The hydrologic unit definition of this portion of the Cold Creek unit
was changed to Hanford formation to provide a more accurate reflection of the very permeable coarse
grain nature of this portion of the Cold Creek unit. This region was identified because it was very
important to the flow calibration. There are probably other smaller regions that had less impact on the
hydraulic calibration but still could have a strong but more localized influence on transport.

A source of uncertainty in the transport predictions derives from the assumption of constant effective
porosity value for a given HSU. An effective porosity is used in converting water mass flux calculated by
MODFLOW to groundwater velocity used in MT3DMS for fate and transport calculations. Heterogeneity
in the form of lenses, bar structures, and over bank deposits are common at a scale below the 100 m by
100 m grid size of the Central Plateau model and could lead to varying effective porosity values and
groundwater velocities. Furthermore, some of these features can create larger scale preferential pathways
and lead to faster contaminant movement locally than predicted by the current model.

The conceptual model and parameterization of boundary conditions has a major influence on ground
water flow and hence transport of contaminants. Representing the two gaps along the northern border of
the model with specified heads is uncertain because the values have to be predicted from past trends that
have been influenced by site operations. There are two major sources of uncertainty that influence the
importance of the gap. The first is the uncertainty of how much flow is entering the model domain from
the western streams, from surface infiltration, and through leakage upward from the basalt. Of these, flux
from the western streams dominates. The stream values were obtained from calibration of the Central
Plateau groundwater flow. The second source of uncertainty is non equilibrium storage in the aquifer. The
Central Plateau is not in equilibrium with respect to inflow and outflow. The Central Plateau unconfined
aquifer still exhibits more outflow than inflow because of the remaining fraction of the tremendous
buildup of stored water in the aquifer during the operational period of the Hanford site. The aquifer is still
attenuating this build up that ended with termination of production activities at the Hanford site in 1989.

Fluid flow and hence transport is extremely sensitive to the interpretation of geology in the entire portion
of the model east and southeast of the 200 East Area. This region is complex geologically and there is not
a one to one correspondence between geologic formation and proper hydraulic representation. Strict
reliance on geologic characterization was found to be incorrect. There may be almost as much variation of
hydraulic conductivity within the Hanford formation and within the Cold Creek unit as there is between
representative values for these hydro stratigraphic units. To create a model that matched historic head
data, interpretation of some drilling logs had to be re-examined, and many of the logs that were re
examined could be, and needed to be, interpreted differently than had been done previously. The
interpreted distribution of hydrostratigraphy was influenced by historic contaminant plume interpretations
that indicate the presence of a large conductive channel from just south of the 200-East Area to the
southeast corner of the Central Plateau groundwater model domain. The hydraulic head data strongly
correlates with this interpretation. There is, however, little geologic data from well log interpretation to
corroborate this interpretation. While there is enough evidence to support a highly conductive channel,
there is insufficient evidence to accurately define its shape and size. The uncertainty implies that there is
insufficient evidence to provide good constraint of the velocity of groundwater flow in the channel.
Potentially, examination of historic plume movement could help constrain flow velocities in the channel,
but this has not been done.

6.4 Hydraulic Parameter Value Uncertainty
We have discussed aspects of conceptualization of HSUs as homogeneous features with effective single
valued properties. The present discussion focuses on the selection of the effective values. The hydraulic
parameters are; specific storage, hydraulic conductivity, and specific yield. Specific storage was set to an
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appropriate but poorly constrained value given limited data sources. Specific storage uncertainty has very
little effect on transport simulations for 200-UP-1 RI.

. Hydraulic conductivity and specific yield values were established through calibration. The match to
hydraulic head difference between Well 299-E23-1 near the 200 East Area and Well 699-24-33 was very
sensitive to the hydraulic conductivity of the Hanford coarse grained HSU. This well pair was selected
because of the perceived importance of the Hanford HSU in defining the conductive channel extending
from 200-East to the southeast corner of the model. The sensitivity ensured that only a narrow range of
effective hydraulic conductivity of the Hanford formation would result in a good match. However
because the fluid flux going through the channel is uncertain and the size of the channel is uncertain, the
representativeness of the effective parameter for the hydraulic conductivity of the Hanford coarse grained
HSU is also uncertain.

The calibration was not very sensitive to the Cold Creek HSU hydraulic conductivity. It is therefore less
well constrained then the Hanford HSU. The Cold Creek HSU hydraulic conductivity is also relatively
unimportant the transport in the 200-UP-1 RI. The Ringold E HSU hydraulic conductivity, the specific
yield of the Ringold E HSU and the Cold Creek and Dry Creek fluxes form a triplet of parameters that
were shown to be correlated during the flow model calibration. We chose to fix Ringold E hydraulic
conductivity at 5 m/day because of recent pumping tests results (PNNL-1 8732, Field Test Report:
Preliminary Aquifer Test Characterization Results for Well 299-Wi 5-225: Supporting Phase I of the 200-
ZP-l Groundwater Operable Unit Remedial Design) in the 200-ZP-I OU. This then constrained the values
of the stream fluxes and the specific yield. The simulated response of Well 699-24-33 located near the
southeast boundary suggests that more fluid flux was arriving at the boundary in 1944 than is simulated.
Potentially the stream fluxes could be larger than currently represented. If so, the Ringold E HSU
hydraulic conductivity could be lower by a factor of two or more.

The Ringold Mud has been set to an appropriate value which was not well constrained by the calibration.
The Ringold A HSU is also not well constrained. A value slightly lower than was used for the Ringold E
HSU was adopted for the Ringold Mud. The Ringold A HSU has a relatively minor impact on the
Remedial Investigation simulations.

The Ringold E and the Ringold Mud hydraulic conductivity are important to transport in the 200-UP-1
OU but the correlation of the Ringold E conductivity with both the specific yield and the stream fluxes
leads to a complex relationship that is not fully understood at this point. Because of this, a factor-of-two
change in the effective value of Ringold E hydraulic conductivity would not lead to a factor-of-two
variation in transport distances because the stream fluxes and specific yield would also have to be
changed to maintain the calibration. A reminder here that the effective Ringold E hydraulic conductivity
is a model parameter that is related to some average of smaller scale effective Ringold E hydraulic
conductivity but is also related to the specific geometric representation of Ringold E in the model. If the
geometry changes the effective value should also change.

6.5 Uncertainty in Transport Parameters
As advection is the primary transport mechanism in the current modeling study, the transport parameters
of interest are primarily bulk density, effective porosity, and K. These parameters are used to determine
the retardation factor that is applied to various COPCs. Bulk density is defined from samples of the
unsaturated aquifer units. It is not considered to be a significant source of uncertainty.

Effective porosity is an uncertain parameter. Effective porosity is a function of both actual formation
porosity and the heterogeneity of the unit. Heterogeneity is thought to be significant for all of the Central
Plateau aquifer units. Heterogeneity influences effective porosity both in terms of variations in porosity
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and in terms of the distribution of hydraulic conductivity. Internal layering of high and low conductivity
lenses leads to a much smaller effective porosity than true porosity. It is an important parameter that is not
well constrained.

The Kd of the contaminants is generally highly variable and depends primarily on the available sorption
sites on the sorbent (function of surface area), dissolved concentration of contaminant, and chemical
parameters such as pH, partial pressure of C0 2 , etc. Each of these parameters can vary over time and
space and effect the Kd of the contaminant and thereby the uncertainty in its estimate. Because of the large
transport distances considered and the coarse discretization of the model grid, the best estimate approach
for Kd is considered. The Kd values for COPCs reported for the uncontaminated sandy gravel sediment
type is used in the model to be consistent with the effective porosity and bulk density estimates. For
carbon tetrachloride, the Kd values is calculated based on the batch sorption experiments on
uncontaminated sediments (rather than desorption experiments on the contaminated sediments), while for
other chlorinated hydrocarbons, Kd is based on empirical calculation assuming low organic carbon
fraction. In almost all cases, the Kd value estimation is based on the assumption of dilute concentrations in
groundwater that interacts with the sandy gravel sediments are largely uncontaminated.

6.6 Summary of Uncertainty in Fate and Transport Simulations
A review of sources of simulation uncertainty has been presented. Many of these sources are relatively
unimportant. The most important are listed here. The order listed should not be thought of as a ranking.

* Initial contaminant distribution, especially with respect to depth.

" Effective transport porosity

* Distribution coefficients

* Heterogeneity in HSU properties

* Future use of the Central Plateau

" Hydraulic conductivity of Ringold E and mud HSUs
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Appendix A

Software Installation and Checkout Forms for Workstations Used for
Controlled Software

64
D-299



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0373, REV. 0

CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM
Software Owner Instructions:
Cornpliet Fields 1. 13. then nin lost cases in Field 14 Conpare lest case results a-ted in Field 15 In ocarespondmg TesI Report outpuls

It reu! se the same. aigA ad dale Fiod 19. If tao, esce differences d teetH Sboe Mtut.
Software Subject Matter Expert Ineteucilne:
Assign lest personnel Approve the inslalletrn of the code by sogniug and dating ~ald 21 then iainimn farm as part afi the tCawre
support documentation
GENERAL INFORMATION!
1 Software Nane- F : M0 M -: * -1 I *bik Sofasre Version No ::

EXECUTABLE INFORMATION:
2. Executable Name (inc lude path):

All fil- : 'li in r - ai: ttur.0l- uni':rnly rw:.:fy txv: :

'r.,-i i-22 F.: nfl plei-. 2CM9 G ;..2 - *.V*-.l Edf1 h

* --- :~ ~ ~fi. MI MSwit', '4-7ol- 0%'

3. Executable Size ibytesl'UI':x:.: d 1:<-1i:

COMPILATION INFORMATION:
4 Hardeurr System (I., property nurrrtor or 10

S Openiivg Syster include vnrvon nurrtr

T AN W 1-1, - 1i -'Pi 7mo 1 rn - ::.1 .:1

INSTALLATION AND CHECKOUT WORMATION:
6 Hardware Systern (e . property nwnoer or tO)

7 Oper'ng Systern Priculu vnen nvrnr;

B Open Prolern Report? ® No 0 Yes PRCR No
TEST CASE INFORMAT1IQ"
9. DrecioryPeath-

c \ F% -4/t , C - | ,

10 Procedare(si

1i UbIMes.

12 Input Faes

13. Qutput Files:

14 Test Cases

vi- -1 ~t. Yvu A:4 :.j ML. 'V .~-r1:L~w L41l. Zt~ ',l a-1ktz'.s
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)
1 Sg(tW~,r Narng MG $ ~ k4 "'>1 $ofhivuVntrumniNg :_______

15. Test Case Re-sats.

16. T C L' ,f.'.s..

17. Tasl Rresulls: Q Salifacory, Agcrapld fBr Use 0 USsaaclry

18. DisposliorinciLe:\e HISi update . ctmoT1r.e 4 LFPPWA(. P*WPIA6 ..6 Cd4 tW.

20 Tnst PeRonnal

Avorj
2tr. 

.d

Ditmre ML E~imllp ult Dl
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Softwru Omwner Instructions:
Comprto Fid t -. 13, t1"n run lost cmses in Fild 14. Cormvare test case tesults listed in Feld 15 lo correspondmg lest Repewt culputs.
If rouft. are t'il seane. sign and dae Fied 19 If not, rowe difinences and repeat abaes lgos
Softwsvu Subject Mattsr Expert Instruction:
Assign test pesonrol Appmve th installalxin of the r"e by ragr4ng and daring Field 21 then maintain form1 as oat of lhe sdtwuro
support docurenlieuon.

UENtAL mWORMATION: cou S

1 Software Name- m ol 1: : I I iY j :+ L I- ;

EXECUTABLE DFORMA~tON:

2. Executable Name (inmade path):

Software Versio No: 1_

D -d: tI-. ilr. I" 1t r'" U'

3 Executable Sze (bytes. L. 1 .. n rm a - .

COIWILATION INFORMATIO N:
4 kardware 0ystern Ii., arcary qurrber cm 1D.:

INSTALLATION AND CHECKOUT INFORMATION

6 Harfwame Sysrm (i a. pmrparty roumber or 101

7 Operating Sys term (nmdude sersrorn njnber)

8 Opgn Promarn Repin 9 No 0 Y69 PR'CR No.
TEST CASE INFORIMATION:
h edorypamt$:

SPL OL-''.' 0C -t' 1:.N'\ 1 1 ('Fk-r~i - pj' 1k: :1-f).., ~ eri,
10 Procedureis.

11 ljbranies

12. hiout Files.

13 Output Files

t4 Test Cases.

I -. : I ; - n nr :

Page I of 2
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)

I. Sbfbmf Nam&! 7.- 1 ? !-yS 1 V1 mrc
15 'e-; Case Retsuls

16

17

Is

Test Perlomed By: TC 4.
Tort RrsWt-: 4 Sat--Uni ary. A-co;ted far Uzu ) Urnsishctury

D.spos iitin vjwl'e is tupdate7 I ^ wi.T ,4e ,' I -4t-vTb w k $

1y 4 ( ft (7tC /T

19r 11 -(4y C

20 rest Perwole:

90Pret Data

Slgn Mrw

AopYpved By.

enhware SME Mqgna i ) PniOAt
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Softwa. Owe tnetructlons:
Cnmplele Fields 1-13, then run Imi cases in Fishd 14 Compare lest Case results listed in Field 15 to correspondina Test Recor outputs

It results re the sarne, sign and date Field 19. If not. reamoe diflerences and repent above slope.
Software Stilet Matter Expert intructions:
Assign lest personnel. Aoprove the insiallaton of the code by sigring and darig Meld 21, then maintain firm as pet of the software
support docuraentation,
GENERAL MIORMATICN'
1. SofwareName M i- :i I '.,r Software Vmeson No :I

EXECUTADLE INFORMATION;
2. Executable Nane (include path I

D, b r:- W

t~-K-.t-:i~fcr y2&t-.'7F iI' 1< ~~1 -V4 -- E? 1.A-~

t3 k:~-
1

cx Exacinil., sill fX w-t------------------I)ii*I

COMPILATION NFORMATIOMI:

4 Hdynare Systern ie property number or It):

5 Oreraorig System (Incklde iersion nurmbert

INSTALLATION AND CHECKOUT INFORMATION:
6 Hanlrwur Sysirn ( a . property nurniber or 10 :

7. Operating System (include vrsion numbe

n-i 7-~ i. I V -..f s w!-.-

8 Open roblem ReporVl ® No 3 Yes PRCR No
TEST CASE INFORMATION:
9. DenuctorytPotnr

(N \ i.i~ 'LE -lS \\ LUVl . jz. 1. C. .t. \ \e \

10 Procedfre(s

It Librones

12. Input Files.

n it -n A ATiLr - '

13 Output Fles.

14. Test Caee.

:G-l G-I t:L;n csto 4:i s:: X -:-:~:r: :- XtA -il - r fir rnrln5 ' - p- tr -W
A7-tt-l - -u: tl- 1fir " d ; lLe;'m 'i:-iz
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)
1 Scftm, rNWS: M, -- -T, q - I ; I , Softwe vrion No

15 Test Case ReSut-

16 TostParwemad By t Lk1C
17 Test Result* S.4D Iachi ry. Afxceptd for Lse Q Uns ia facky

12. 0 Ispoelbon .Include HISI updatel. l r
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~ Dole
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM
Softwn Owner Instnhcslens.:
Conolate Fields 1-13, then run last cases wn Field 14 Compare tost case rosidls listed n Fild 16 10 corresponding Tosi Report outputsIf rsuldts arm the same, sign arid date Frekd 19 If not resolve difleerboes arid repea above stem
Software Subject Matter Expert hwntrsctlos:
Assign lest personnel Aprove the milytallalion of the code by sjning and dalli Fleld 21. tMen inentain form as part of ire software
suppon doc umeniation
GONERAL INFORMATwM!4
1. Software Nane .-::: a-;. : r .- T - Softwae Version No
EXECUTABLE INFORMATION:

2 Exerutable Naone (icrude path)

ALl trri :r.r il- 1t .11'-,- I- - r itItl- rr i I

h'lsir'k 2>15 IA 42i I, 1

3 ErwaJtabeSerby4eaI: &2o ria tA.r r :-.. .

COMPILAT ION INFORMATIOf:
4 Hardware System I e., oroperty rirnber or D

5 Oporatna Sy1ern (IncIude wersion nunoeri

INSTALLATION AND CIECKOUT INFORMATION:
6 Hardware Systern ., property nunner rr 101

/v Qerating System (include version nwroerI

tI-)%. -- '4 .-
8 Open Problem Reprl? 0 No C) Yes PR.CR No
TEST CASE PWORMATION
9 OireclorV(Palh.

10 PRocouresy

12 Input Files:

13 Output Files.

14 Test Casw%
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (coitinued)
I SoftwareName M .L:.Xv ,: % *GT - 17:1% G u> Solwaro Vsmon No

1.Test Case ResuLts:

16 Test Pgw m Bfy it t LC i Q
17. Trq_ R @ rsw&* iary. Aammpmd for Use .Q Unsatiscfdivy
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Softwre Owner Instruction:
Comple Fields 1-13 then run tost cakes -n Fied 14 Compare test case resuts h1,ed in Field 15 to correepondirg Test Report outputsIf results re the same, sagn and date Feld 19. If not, resolve differences and .epeal above step
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2 Executable Name ldicude pattu'
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COMPILATION IEFORMATION:
d Hardware System (i.e property nutner rr ID)

5 Overaling Systel Iclude verson nuriberl.

' F I|~a vr 2S N I

8 0tpon Prolern Repti? (® No () Yes PR'C R No
ESTA CASE INFORMATION:

9 0ltredPatt

Ia Procedure~eI

I1. Libraries:
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12 InpuI Filas
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3 Output @ies
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (contlnuvd)
I SodIware Naie: , : 'ri '.N M1T, TE T 1 SoftwareVessonNo.

15 T t Ca m Remults-_

w. r eat Performed By. 4r-v Yj,-,VNA

17 T est Rets, s: Satfsclory. Acetted for Use ( UrusaisfIncxry

18. DiMpsiion (iude 141SI qjdmftg

20 T 9;t Personnei:
4 4,- -. jtt . I\AIN/\ 61'(~h 6-(/\ V A crs/ 3 c /i t

Si Dole

sicp t 0Ce.

s p p"Co
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RAO
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SALDS

TEDF

UCL95

zone

A full specification of all components (number, location, and types of
extraction and injection wells, pumping rates, and durations) for all zones (sub-
areas focused on specific geographic portion of the Operable Unit with
emphasis on a subset of contaminants of concern) that define a complete
potential remedial action for the Operable Unit.

Remedial Action Objective

Remedial Investigation/Feasibility Study

State Approved Liquid Disposal Site (facility)

Treated Effluent Disposal Facility (facility)

9 5 th percentile upper confidence limit on the mean of concentration values

A geographic portion of an Operable Unit specifically selected to allow
targeting a pump-and-treat or hydraulic containment system for focus on a
specific subset of contaminants of concern, treated independently of other such
zones for purposes of pumping scenario development.
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1 Purpose

The purpose of this environmental calculation file (ECF) is to develop and evaluate, using flow and
transport modeling, a set of pumping scenarios for remediation of contaminant plumes in the 200-UP-I
Groundwater Operable Unit (OU) at the U.S. Department of Energy's (DOEs) Hanford Site. In order to
complete the simulations and development of these pumping scenarios in an efficient manner, the
pumping scenarios are defined in terms of zones of the 200-UP-I OU Area that focus on localized
objectives (e.g., geographic region, specific contaminants, and remediation type; as discussed in Section
2.2) with respect to the overall clean-up of groundwater in 200-UP-1. These zones are the S-SX Zone, the
U Plant Zone, the Northeast Nitrate Zone, the Southeast Chromium Zone, and the Central Iodine- 129
Zone. The pumping in each of these zones is evaluated relatively independent of one another so that the
remedial design may select from among the designs for each individual zone to construct a remedial
alternative. The zones are defined in terms of several components including the number, location,
pumping rate, and well type of the remediation wells. Additionally, a synthetic, hypothetical monitor well
network is developed for use in demonstrating performance evaluation of the pumping scenarios. The
culmination of this calculation is evaluation of the performance of pumping scenarios based on the
numerical simulation of the pumping scenarios using fate and transport modeling with all zones included.
This information will be used as part of the selection of a final remedial design (not presented in this
ECF) which may or may not consist of all zones and all of the components of each zone.

This environmental calculation specifically predicts the effectiveness of pumping scenarios for treatment
of groundwater contaminants of concern (COCs) identified in the 200-UP-I Groundwater OU Remedial
Investigation/Feasibility Study (RI/FS). As part of the Remedial Action Objective (RAO) development
process, the list of contaminants of potential concern (COPCs) from the Baseline Risk Assessment (BRA)
was evaluated further to develop a list of COCs to guide the remedial technology screening and
alternative development process. Based on the results of that evaluation, which is presented in Section
7.1.3 of the 200-UP-I Groundwater OU RI/FS, the list of COCs includes: uranium, nitrate,
technetium-99, iodine-129, tritium, and chromium (hexavalent).

1

D-319



DOE/RL-2009-122, REV. 0

ECF-200UP1-1 1-0374, REV. 2

2 Methodology

The methodologies for simulating fate and transport, development of pumping scenarios, and calculation
of summary statistics are presented in this chapter.

2.1 Simulation of Contaminant Transport

At the core of this calculation is simulation of transport of the dissolved COCs, which are accomplished
using the Central Plateau Groundwater (CPGW) Model, Version 3.4 implemented in the MODFLOW-
2000-MST and MT3DMS-MST software packages for flow and transport, respectively. The detailed
description, basis, and developmental history of this model are provided in CP-4763 1, Model Package
Report: Central Plateau Groundwater Model Version 3.3. It is noted that Version 3.4 of the CPGW
Model represents only an incremental maintenance update of this model; there are no significant changes
in Version 3.4 of this model with regard to the model information reported for Version 3.3 in CP-4763 1.
A summary of the CPGW Model with emphasis on aspects that concern this calculation is provided in
Section 3.

Contaminant transport is simulated starting from an initial condition that delineates the contaminant
plumes in each of the model layers where it is presently found (model layers and other features are
discussed in Section 3.3). Simulation of pumping scenarios (which are developed following the
methodology summarized in Section 2.2) is performed using the CPGW Model to provide predictions of
hydraulic containment of the dissolved contaminant plume and removal of dissolved contaminant mass
under each pumping scenario.

2.2 Development of Pumping Scenarios

Restrictions on the development of pumping scenarios in this calculation include that these scenarios
must function within the facility engineering design lifetime and capacity of the 200 West Groundwater
Treatment Facility, that these scenarios must restore groundwater to beneficial use within 150 years, and
that the scenarios will evaluate incremental performance improvements from 50 gpm increments in
pumping rates associated with the new, active components. The results of this calculation will inform
groundwater management decisions for the 200-UP-I OU, although final selection of a remedy shall
include other factors in addition to the results of this environmental calculation (e.g., cost considerations).

Seven pumping scenarios are developed to provide a range of remedies for consideration that meet the
restrictions enumerated above. The extent of the existing COC plumes in 200-UP-I as reported in
ECF-200UP1-10-0373 200-UP-i Remedial Investigation Report; Groundwater Contaminant Fate and
Transport Model, are shown in Figure 2-1. Owing to the lack of clarity with respect to the relative
distribution of nitrate concentrations shown in this figure, a detailed presentation of the nitrate plume
concentrations is provided in Figure 2-2. Similarly, clarity is provided for the iodine-129 plume in Figure
2-3.

Given the separation in space and types of COCs to consider, the pumping scenarios are constructed from
a set of zones where each zone addresses geographically distinct plumes of COCs. Each pumping
scenario includes the following five zones to address the existing COC plumes shown in Figure 2-1
(except that Pumping Scenario 1 includes only the first zone):

* S-SX Zone - to focus on remediation of technetium-99 in the vicinity of the S-SX Waste
Management Area. Other COCs in this zone are chromium, and nitrate.

* U Plant Zone - to focus on remediation of uranium and the high-concentration area for nitrate in
the vicinity of U Plant.

2
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* Northeast Nitrate Zone - to focus on remediation of nitrate in the northeastern portion of the
200-UP-I OU. Another COC in this zone is technetium-99.

* Southeast Chromium Zone - to focus on remediation of chromium in the southeastern portion
of the 200-UP-I OU

* Central Iodine-129 Zone -to hydraulically contain iodine- 129 and tritium in the central portion
of the 200-UP-I OU.

Pumping rates for each zone are developed using an iterative, trial-and-error approach, in which the
components of the design for the zone (i.e., number, locations, pumping rate, and pumping duration of the
extraction wells, both with and without injection wells), are considered with respect to COCs for each
zone that is part of each pumping scenario. Generally, a zone of a pumping scenario is treated separately
from other zones. The process for the development of the pumping scenarios is:

1. For Pumping Scenario 1, set a lower bound for that is comprised of only one zone - the existing
interim pump-and-treat system at the S-SX Waste Management Area (this is the only pumping
scenario that will not include all the other zones).

2. For Pumping Scenario 7, set an upper bound that includes all zones and uses a sufficient number
of extraction and injection wells and pumping rates to achieve MCL for all COCs bounded by the
water treatment capacity, with additional train(s), available in the 200 West Groundwater
Treatment Facility.

3. For Pumping Scenarios 2 through 6, establish a range of well numbers, pumping rates, and
durations that provides an approximately even distribution of total groundwater treatment
volumes between Pumping Scenarios 1 and 7.

Within each pumping scenario, an iterative trial-and-error approach is used to develop the components of
each zone:

1. Iteratively vary the number, the location, the pumping rates, and the pumping durations for
combinations of extraction wells, and as appropriate injection wells, and apply as future pumping
stresses in the CPGW Model; solve for hydraulic head with time using MODFLOW. Each new,
active zone will offer 50 gpm increments in water treatment volumes.

2. Use the resulting hydraulic head solution to produce particle tracks for particles originating at
injection wells and particles terminating at extraction wells using MODPATH to demonstrate
plume capture. If plume capture is not demonstrated, return to step I to iterate on the pumping
stress scheme. This iterative process is repeated until an acceptable set of pumping rates and
locations is found.

3. Once plume capture appears sufficiently promising, simulate solute transport using MT3DMS
and the future hydraulic heads and fluxes obtained from MODFLOW to determine future COC
concentrations in space and time. If the drinking water standard (DWS) is not achieved by the C90

statistic within 150 years, return to step I to iterate on the pumping stress scheme and repeat; if
the target is achieved then the scenario can be adopted for the respective zone and pumping
scenario.

The performance of each pumping scenario is demonstrated using graphical and quantitative metrics.
These metrics are used to rank the scenarios and thereby guide decision making with regard to
groundwater management in the 200-UP-I OU.
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2.3 Calculation of Concentration Summary Statistics

Multiple pumping scenarios are proposed and simulated in this calculation for remediation/management
of COCs in the 200-UP-I OU. Summary statistics are calculated to use as metrics for comparison of the
response of COC concentration in response to these pumping scenarios. These summary statistics are
used for comparison to the DWS for each COC to determine the effectiveness of the pumping scenario;
three summary statistics are calculated for this purpose:

1. The maximum concentration (Cmax) of the COC in groundwater over time is calculated based
on simulated concentrations in groundwater in all model cells within a pre-defined window or
the entire model domain; additional detail is given in Section 2.3.1.

2. The 9 0 th percentile concentration (C90) of the COC in groundwater over time is calculated
based on simulated concentrations in groundwater in all model cells within a pre-defined
window or the entire model domain; additional detail is given in Section 2.3.2.

3. The 9 5th percentile or the 9 5th upper confidence limit on the mean concentration (UCL95) is
calculated based on simulated concentrations in randomly selected wells chosen to emulate a
monitor well network; additional detail is given in Section 2.3.3.

The UCL95 statistic is used to calculate pumping durations based on the time required to reduce plume
concentration below the DWS.

2.3.1 Calculation of Maximum Concentration (Cmax)
A flow/transport simulation is performed given a scenario and a COPC. The concentrations are sampled
at all model cells (or entire model domain) for each time step, and the maximum is determined for that
time step. Repeating this procedure over the simulation time yields the Cmax value with time result.

2.3.2 Calculation of 90th Percentile Concentration (Cgo)
Similar to the calculation of Cmax value above (Section 2.3.1), the C90 value is calculated as the 90th
percentile value of the ranked concentrations in all model cells for each time, repeated over the simulation
time to record the C90 value with time result.

2.3.3 Synthetic Monitor Well Network and Calculation of 95% Upper Confidence Limit (UCL95)
Part of evaluating a pump and treat design requires an estimate of costs associated to monitoring the
plume. Numerical simulation of an aquifer provides an estimate of contaminant concentration for each
cell within the model domain. However, monitoring of a groundwater plume to this detail is not feasible
or required. Therefore, approximating how the pump and treat system effectiveness will be monitored is
required to develop a reasonable estimate of what operators of the treatment system can expect into the
future. To meet this requirement, a hypothetical monitor well network was developed using existing and
several randomly placed wells to investigate how the plume remediation might be managed in the future.

A set of 63 random wells is selected based on multiple subsets of wells (see Figure 2-4). The selection is
based on the remediation zones described in Section 2.2. The wells were selected in/around these zones to
cover the present and future expected position of the plumes of interest in these zones.

For a given COC, the result of the flow and transport simulation performed given a pumping scenario is
used to calculate the UCL95 statistic based on the synthetic monitor network. At a given time, for a
random well, a concentration value is assigned to the well by selecting the largest concentration value for
all model layers where the well is located. Therefore, at the time, 63 such values are obtained for the 63
wells. The Student's t-distribution is used to calculate the UCL95 for all concentrations exceeding a cut-
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off limit (CL) for a given time. Repeating this procedure over all simulated time, the UCL95 over time is
predicted, and the UCL95-to-DWS duration is calculated based on this information.

The CL is used to ensure that the UCL95 calculation is not biased by low concentrations at a monitor well
that is located outside the main plume area. The CL values are selected based on plume size, noting that
the number of monitor wells that detect a plume will be smaller for small plumes. Thus, for relatively the
smaller plumes of iodine-129, tritium, technetium-99, and uranium, 1% of their respective DWS
concentrations are used for the CL of these contaminants. In contrast, the CL for the larger nitrate and
chromium plumes are selected as 10% of their respective DWS concentrations. CL values used in this
calculation are shown in Table 2-1.

The Student's t-distribution is a continuous probability distribution that arises when estimating the mean
of a population in situations where the sample size is relatively small. While the Central Limit Theorem
can be invoked to use the normal distribution when the calculation of an upper confidence limit on the
mean is desired, the use of the Student's t-distribution provides a reasonable estimate when the sample
size is limited. This was also empirically demonstrated through the use of the ProUCL software (EPA,
2010) for a large number of UCL95 calculations for concentration values of the COCs of interest and
noting that the Student's t-distribution was often recommended by the software.

Generally, designing a monitor well network in relation to migrating plume constitutes a significant
effort. At any given time, a subset of the monitor wells may detect the plume resulting in a small sample
size (and a substantial number of non-detects at wells not in the present plume extent at the given time).
Additionally, well installation, data collection, data analysis, and other efforts are typically labor-intensive
and expensive. Given these and other factors, sample size for groundwater monitoring is often small for a
given time although the sample size will increase over time as the well network is maintained. Given the
characteristic of the Student's t-distribution to account for sample size, this distribution is well suited to
analyzing groundwater data with these characteristics.

2.3.4 Estimation of Pumping Duration
Note that pumping duration estimated for each pumping scenario and COC using the approach described
below are rounded to the nearest five years for purposes of inclusion in the FS.

The method to estimate pumping durations for each pumping scenario and COC is best explained by
illustration using example results. In Figure 2-5, the summary statistics (Cnax, C9o, and UCL95) are shown
as a function of time for fate and transport simulation results for nitrate under Pumping Scenario 1. In
general, the UCL95 decreases with time due to natural attenuation and a P&T system if present under the
pumping scenario. The UCL95 value declines with time, and eventually reaches the DWS (denoted by the
horizontal green line) which is considered the point where the pumping duration can end. The point in
time when the UCL95 value first equals the DWS value is denoted by a vertical cyan line in the figure. A
pink arrow, labeled "UCL95-to-DWS", is included to emphasize the time elapsed in the simulation until
the UCL95 value declines to the DWS level; for this example this is about 58 years (rounded to 60 years
for reporting purposes).

Similarly, Figure 2-6 shows a different example result, in this case for nitrate but under Pumping
Scenario 2. In general, it is observed that the UCL95 decreases over time. The UCL95-to-DWS duration
under this pumping scenario is shorter: about 20 years. Hence, the P&T duration would be set for this
pumping scenario and COC at 20 years. In general (with a few exceptions), given the scenarios and COCs
considered in this study, the UCL95 values generally decreases with time and the UCL95-to-DWS
duration is observed to be a reasonable estimator to set the P&T duration.
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Several exceptions to general observations regarding the general trend of UCL95 are encountered and
require explanation here. Again, illustrative examples are the best means to explain these exceptions.
Figure 2-7 shows the result under Pumping Scenario 1 for uranium. In general, the UCL95 in this case
decreases over time until about 600 years. However, thereafter the UCL95 trend reverses and is
increasing, eventually exceeding the DWS again after about 1000 years. Figure 2-8 shows an example
from results for Pumping Scenario 1 for iodine-129. In this instance, the UCL95 value exhibits a non-
monotonic trend over time. The UCL95-to-DWS duration is about 560 years. As an alternative, a UCL95-
to-DWS duration of about 120 years is proposed based on extrapolation of the initial slope for purposes of
improving decision support (note extrapolation line shown in the figure). Figure 2-9 shows the result
given Scenario 2 and Cr. The UCL95 shows non-monotonic trend over time. The UCL95 oscillates
around DWS over time. The smallest UCL95-to-DWS duration is about 50 years. Similar non-monotonic
and oscillatory trends are observed given remaining scenarios and chromium. In all of these examples, the
fundamental issue is the ability of the 63 monitor wells to calculate a reasonable value for the UCL95. It
is noted that the trends for Cnax and C90 are always declining since these calculations do not depend on a
discrete set of monitor locations. When an increasing trend is observed for the UCL95 calculation, it is
merely an indication that the defined set of monitor wells no longer captures the extent of contamination
for this COC. Because the UCL95 is used mainly to guide pumping durations and fate and transport
predictions for 150 years, the utilized monitor well network is reasonable for these objectives. If future
monitoring needs to be optimized, this can be addressed in the Remedial Design/Remedial Action
Decision Document.

2.3.5 Final Well Selection for Monitor Well Network
For final analysis some of the 63 wells (previously shown in Figure 2-4) are dropped after consideration
of redundancy and presence of existing wells. Wells considered redundant are those expected not to detect
the plumes during migration within 150 years under different pumping scenarios. The final set of wells
proposed for summary statistic calculations are shown in Figure 2-10. The proposed wells are expected to
agree (match closely) with the results and conclusion of this analysis.
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Figure 2-1. Initial Plumes of Contaminants of Concern in 200-UP-1 above Drinking Water Standards
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Figure 2-2. Initial Nitrate Plume (Focus) in the 200-UP-1 Groundwater Operable Unit
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Figure 2-3. Initial Iodine-129 Plume (Focus) in the 200-UP-1 Groundwater Operable Unit
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Figure 2-4. Randomly Placed Wells for Use in Calculation of Concentration Summary Statistics

Table 2-1. Cutoff Levels for 95th Percentile Upper Confidence Limit (UCL95) Calculation with Synthetic
Monitoring Network

Drinking Water
Code (Name) Contaminant Standard Fractiona Cutoff Level

A03 Iodine-129 1 pCi/L 0.01 0.01 pCi/L

A09 Tritium 20,000 pCi/L 0.01 200 pCi/L

B04 Nitrate 45,000 pg/L 0.10 4500 pg/L

B06 Technetium-99 900 pCi/L 0.01 9 pCi/L

B10 Uranium 30 pg /L 0.01 0.3 pg/L

B13 Chromium 48 ptg/L 0.10 4.8 pg/L

a Fraction is selected based on plume extent; larger plumes (chromium and nitrate) are assigned 0.1, and smaller
plumes 0.01, of their respective Drinking Water Standard values.
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Figure 2-5. Example ( Pumping Scenario 1 for Nitrate) of Estimation of Pumping Duration based on Time
Required for 95th Percentile Upper Confidence Limit (UCL95) to Decline to Drinking Water Standard (DWS)
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Figure 2-6. Example (Pumping Scenario 2 for Nitrate) of Estimation of Pumping Duration based on Time
Required for 95th Percentile Upper Confidence Limit (UCL95) to Decline to Drinking Water Standard (DWS)
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Figure 2-7. Example (Pumping Scenario 1 for Uranium) of Estimation of Pumping Duration based on Time
Required for 95th Percentile Upper Confidence Limit (UCL95) to Decline to Drinking Water Standard (DWS)
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Figure 2-8. Example (Pumping Scenario 1 for lodine-129) of Estimation of Pumping Duration based on Time
Required for 95th Percentile Upper Confidence Limit (UCL95) to Decline to Drinking Water Standard (DWS)
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Figure 2-9. Example (Pumping Scenario 2 for Chromium) of Estimation of Pumping Duration based on Time
Required for 95th Percentile Upper Confidence Limit (UCL95) to Decline to Drinking Water Standard (DWS)
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Figure 2-10. Final Observation Wells Used for UCL95 Calculation
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3 Assumptions and Inputs

3.1 Assumptions

The assumptions underpinning this calculation are the same as those that underpin the CPGW Model
itself (refer to CP-4763 1). The flow solution of the CPGW Model is implemented in the MODFLOW-
2000 software (USGS Open-File Report 00-92) that is used to solve the governing equation for
groundwater flow throughout the Central Plateau, including the 200-UP-I OU. The transport solution is
implemented in the MT3DMS software (SERDP-99-1) that uses the MODFLOW-generated flow field to
solve the governing equation for solute transport throughout the Central Plateau (again, refer to
CP-4763 1). These two approved software packages together (Section 4.1), with certain assumptions,
boundary conditions, and initial conditions are used to evaluate the pumping scenarios. The assumptions
that underlie this calculation include:

1. Water is the only liquid phase flowing through the saturated porous media in the model domain
according to the laminar conditions assumed for Darcy's Law and with a constant water density.

2. Model boundary conditions represent the forces or processes driving water flow and solute
transport sufficiently well for the intended use of model results.

3. The initial head and solute concentration values are known sufficiently well for the intended use
of the model results.

4. Hydraulic and transport parameter values are known sufficiently well for the intended use of the
model results.

5. Flow through the vadose zone is not explicitly considered. Recharge is assumed to arrive directly
in the uppermost saturated layer.

6. Solute fluxes from the overlying vadose zone are negligible (i.e., this calculation is limited to
solutes currently present in the unconfined aquifer; this calculation does not evaluate impact from
continuing vadose zone sources).

7. The primary transport processes simulated include advection, dispersion, linear sorption, and
first-order decay.

8. Reactions between COCs are assumed to be negligible.

3.2 Limitations

Limitations to this calculation are those that arise from the model use, as identified in Section 6 of
CP-4763 1, which is summarized here for convenience with emphasis on those limitations that pertain to
the 200-UP-I OU portion of the model domain.

The CPGW Model is limited in intent and purpose to the simulation of saturated flow in the
unconsolidated aquifer above the underlying basalts. As a result, the model is suitable for calculating
water levels, hydraulic gradients, and groundwater flow directions and rates throughout the Central
Plateau, including in the 200-UP-I OU as it is used for this calculation. The results of groundwater flow
simulations completed using the CPGW Model are being used to in this calculation to evaluate the fate
and transport of contaminants using advection-only (particle-tracking) and advective-dispersive-reactive
transport as embodied in the MT3DMS simulation code. Hence, for this application, these limitations
apply:

15

D-333



DOE/RL-2009-122, REV. 0

ECF-200UP1-1 1-0374, REV. 2

* The flow model is regional in nature. Hydraulic property variation is generally recognized at the
scale of HSUs (km to 10s of km horizontally).

* The model grid represents the aquifer with cells of dimension 100 by 100 m. It is expected that
the model is most suitable for making predictions of heads, hydraulic gradients, and groundwater
flow rates over areas that comprise many model cells, and that predictions of these quantities on
scales smaller than 100 m are not reliable except in circumstances of uniform hydraulic gradients.

* Fluid flow and transport in the vadose zone above the aquifer are not explicitly simulated.

* The application of recharge derived from deep percolation of precipitation at the land surface
implicitly represents the effects of vadose zone migration and storage. The rates used represent a
best practice combination of empirical data and model simulations of vadose zone migration
characteristics at the Hanford Site, to arrive at a fractional rate of meteoric water that constitutes
recharge to the unconfined aquifer.

* Attenuation of facility discharges to the ground surface, cribs, trenches, shallow wells, ponds,
ditches, and other infiltration areas is indirectly accounted for using STOMP simulations of the
discharge sites following the methodology of Nichols et al (2007). The predicted attenuation
(delay of recharge arrival and reduction in peak volume) of discharge to the surface at the water
table is included as data input for the CPGW Model. This methodology does provide a dramatic
improvement compared to ignoring the presence of the considerable vadose zone when
incorporating artificial discharges, but it nevertheless has several limitations at present:

o The vadose zone for each liquid discharge site is simulated as a quasi-two-dimensional
cross section model using local hydraulic stratigraphy, scaling the horizontal dimension
to achieve unit gradient conditions in the lowest conductivity layer during the highest
artificial discharge period. Further, some calibration is applied for certain sites where
more detailed three-dimensional modeling studies were available.

o This approach achieves rapid simulation times and a generally representative treatment of
vadose zone attenuation of liquid discharges, but is not entirely adequate where perching
of water on fine-grained layers and subsequent lateral redistribution of moisture in the
vadose zone occurs.

* Perching is believed to have been a significant vadose zone process in the 200 West Area
(including the 200-UP-I OU) and is suspected to be the reason for the inability of the calibration
to date to match historic measured water levels in these locales. It is assumed that the large
discharges to the surface that occurred in the historic period will not occur in the future.
Therefore, perching is not considered a significant process in predictive simulations of future
flow and transport.

* Fluid flow through the basalt bedrock is assumed to be negligible, and as a result, is not explicitly
simulated. If there are sources and/or sinks of water associated with the basalt bedrock, then the
model is limited with respect to the exclusion of this process.

* The calibration used weighting that emphasized early and late hydraulic head data to ensure a
better match for those periods considered closest to the conditions of the future predictive
simulation period (where the unconfined aquifer is not strongly influenced by high operational
liquid discharges). The model is, therefore, limited in its ability to match hydraulic heads during
the peak of the historic operational period.
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* There remain considerable areas with limited well control in the Central Plateau; consequently,
the assignment of HSUs is subject to continued refinement, as more information is made
available for such areas.

3.3 Key Features of the Central Plateau Groundwater Model

The CPGW Model is described in detail in CP-4763 1. The key features of the CPGW Model with respect
to this calculation are summarized in Sections 3.3.1 through 3.3.4 below for convenience.

3.3.1 Simulation Period
Initially, a transient stress period of 274 years is used to establish steady state conditions for the beginning
of the year 1944 simulation. Thereafter, the years 1944 - 2011 are simulated in one-year increments.

3.3.2 Spatial Extent
The lateral extent of the model domain is shown in Figure 3-1 and has these characteristics:

* East-west extent: 25.6 km

* North-south extent: 13.4 km

* Lower left corner (origin): Easting 555650 m, Northing 129850 m

* Datum and Coordinate System: NAD 1983, Washington State Plane Coordinates

Note that numerous grid cells are inactive where these cells represent basalt above the water table or cells
beyond the lateral boundaries described in Section 3.4.2.2.

3.3.3 Spatial Discretization
The model domain discretization resolves the rectangular domain into 134 rows, 256 columns, and seven
layers. A uniform horizontal discretization of 100 m by 100 m is used throughout. The domain is
vertically discretized into seven layers (Table 3-1) with non-uniform thickness (Layers 1 through 7 are
portrayed in Figure 3-2 through Figure 3-8, respectively). One or more hydrostratigraphic units (HSUs)
are present in each model layer. The thickness of a layer at a given cell depends on the thickness of the
HSU at that cell location.

3.3.4 Hydrostratigraphic Units
Six HSUs are included in the CPGW Model (as depicted in Figure 3-2 through Figure 3-8). These HSUs
are:

* Hanford Coarse Grained Unit

* Hanford Fine Grained Unit

* Eastern Portion of the Cold Creek Unit

* Upper Ringold Unit E

* Ringold Mud comprising Ringold Units B, C, and D

* Coarse Grained Ringold Unit A

The key properties of these six HSUs obtained through a model calibration process (CP-4763 1) are
summarized in Table 3-2. Of the HSU hydraulic conductivity range, the Hanford coarse grained unit has
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the maximum value, whereas the mud has the minimum value. The Upper Ringold Unit E fills Layers 1
through 5 of the model below the 200-UP-I OU, while the mud fills Layer 6 below the area. The
hydraulic conductivity of the Upper Ringold Unit E is higher than that of the mud. Thus, most of the
contaminant migration can be expected to occur through and within Layers 1 through 5 as the mud is
expected to help retard any contaminant migration through and within Layer 6.

3.4 Inputs

This section specifies the model inputs used for the forward flow and transport simulations (from 2009
forward for various pumping scenarios). Inputs include simulation period, boundary conditions (both flow
and transport), transport parameters, initial conditions (both flow and transport), transport parameters, and
pumping stresses. Most of the inputs used in this calculation were obtained directly from CP-47631 and
ECF-200UP1-10-0373. Pumping stresses are developed in the calculation (Section 5.1).

3.4.1 Simulation Period
The simulation period is divided into nine stress periods (segments) for a given remedial scenario. An
approximate reference for time is used. The exact time will depend on the actual start of remediation
in/around the 200-UP-I OU (e.g., Phase 1 of the P&T in the 200-ZP-1 OU).

* The first period is 3 years from 2009 to 2011. This period represents present conditions. In
addition, this period simulates Phase 0 of the scenario in the 200-ZP-1 OU.

* The second period is 3 years from 2012 to 2014. This period simulates Phase 1 of the scenario in
the 200-UP-I OU.

* The third-through-sixth periods are 22 years from 2015 to 2036. These 22 years represent
Phase 2 of the 200-UP-I pumping scenario.

* With regard to the pumping scenarios, the seventh-through-ninth periods are the remaining years
from 2037 onward. Each scenario has its own time duration for these periods, which represent
Phase 3 of the pumping scenarios.

* With regard to the hydraulic containment zone for iodine-129, the second-through-third periods
are 10 years from 2012 to 2021. The containment in the 200-UP-I OU begins at the beginning of
the second period and ends at the end of the third period.

3.4.2 Boundary Conditions
Boundary conditions are specified below for the flow and transport simulations.

3.4.2.1 Flow Boundary Conditions
Inflows to the model domain include recharge from areal precipitation, leakage through the beds of Cold
Creek and Dry Creek, injection or subsurface discharge from Treated Effluent Disposal Facility (TEDF)
and State-Approved Land Disposal Facility (SALDS), and groundwater inflow through lateral
boundaries. To the north, south, and west, the domain is constricted by basalt subcrops above the water
table of the aquifer. Where present, these subcrops are assumed to be no-flow boundaries. They are
treated as inactive cells in the CPGW Model. There are two gaps in the basalt subcrops along the northern
boundary where the water table is above the basalt. The western-most region is referred to as the western
gap, and the eastern region is referred to as the Gable Gap. Along the eastern boundary and the eastern-
most part of the southern boundary, the water table is above the basalt. Cold Creek, located in the gap
along the western boundary, is a source of inflow to the domain. Dry Creek, the gap in the basalt subcrops
in the southwest corner, is another source of inflow to the domain.
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Outflows are restricted to groundwater flow across lateral boundaries and extraction wells. The low
permeability basalt underlying the model domain is assumed to have negligible flow crossing it. Thus, it
is treated as a no-flow boundary.

The key lateral boundary conditions for the flow model are shown in Figure 3-9. The key boundary
conditions for the CPGW Model are:

* Recharge: In general, the recharge rate is varied spatially from 2 mm/yr to 8 mm/yr over the
upper boundary. In some small areas, recharge rate of 55 mm/yr is applied. In two local ponds, a
maximum recharge rate of 120 mm/yr is applied.

* Constant Head: Two gaps where the water table is above the top of Gable Ridge/Mountain Gap
are set to constant head (CH) boundary condition. The CH at these boundaries is set to the 2008
observed value. The CH at the western gap is based on water level data for well 699-63-90
acquired from the Hanford Environmental Information System (HEIS). The CH at the Gable gap
is based on water level data for well 699-60-60 acquired from HEIS.

* General Head: Eastern boundary below Gable Mountain is set to general head boundary (GHB)
condition. The conductance for the GHB condition is determined through calibration of the
model. In addition, a part of the southeastern boundary is set to a GHB condition.

* No-Flow: A part of the southeastern boundary, north of the Rattlesnake Ridge subcrop, is set to
no-flow boundary condition. In addition, the bottom boundary of the domain follows the contact
between the overlying sediments and the underlying basalt and is set as a no-flow boundary
condition.

3.4.2.2 Solute Boundary Conditions
The transport model boundaries were set as the advective mass flux boundary condition (SERDP-99-1).
The advective mass flux at a boundary is determined internally in the model using the rate and
concentration of flux (inflow or outflow) across the boundary. Inflow concentration is zero by default.

3.4.3 Initial Conditions
Initial conditions are specified below for the flow and transport simulations.

3.4.3.1 Hydraulic Initial Conditions
As mentioned above (Section 3.3.1), the first stress period spans approximately 274 years and is used to
establish the initial head distribution prior for year 1944 prior to the disposal of large volumes of water in
the model domain during the operational period of the Hanford Site. The calibration (historic) period is
from years 1944 through 2008, and includes the large volume liquid disposals and historic head
observations used in the calibration of hydraulic parameters (Table 3-2) as described in detail in
CP-4763 1. The forward simulation begins in year 2009 with initial hydraulic conditions shown in Figure
3-16.

3.4.3.2 Solute Initial Concentrations
Development of initial concentrations for COPCs are presented in ECF-200UP1-10-0373 and are used in
this calculation to specify the initial contaminant conditions for those contaminants addressed in this
calculation. In general, HEIS-qualified data for a COPC concentration measured in 2008 were used as the
primary source to develop the initial concentrations of the COPC. Initial concentrations in Layers 1 to 5
were developed through interpolation of observed data in the 200-UP-I OU. Layers 6 and 7 were
assumed clean (that is, the initial concentration of these layers is set to zero).
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Figure 3-10 depicts the initial concentration of chromium applied to the CPGW Model for transport
simulation. In this figure, the maximum vertical concentration (maximum value of the seven vertical
model layers) is depicted at each cell in the model domain. Thus, concentrations may be less in one or
more layers at any location (and zero in Layers 6 and 7, as noted above). Similarly, the initial conditions
for other contaminants are shown as follows: for iodine-129 in Figure 3-11 (which has the same
information presented in more detail in Figure 2-3), for nitrate in Figure 3-12 (which has the same
information presented in more detail in Figure 2-2), for technetium-99 in Figure 3-13, for tritium in
Figure 3-14, and for uranium in Figure 3-15.

It is important to note that the initial concentration of COCs developed here may differ slightly from those
reported in annual groundwater monitoring reports (e.g., DOE/RL-2008-66, Hanford Site Groundwater
Monitoringfor Fiscal Year 2008). Such differences, where present, are attributable to differences in
interpretation and interpolation techniques used. It is noted that the maps in DOE/RL-2008-66 are two-
dimensional plume representations that represent the concentrations at the top of the unconfined aquifer,
whereas initial conditions for the CPGW Model are necessarily three-dimensional to meet the needs of a
three-dimensional model.

3.4.4 Sources and Sinks (Pumping Stresses)
In all groundwater flow and transport simulations performed for development of the pumping scenarios,
the extraction and injection wells associated with the 200-ZP-1 Groundwater OU, shown in Figure 3-17,
is included in the future pumping stresses applied to the CPGW Model.

Additional pumping stresses for the pumping scenarios for the 200-UP-I Groundwater OU are the subject
of this calculation itself. These are described in Section 5.1 and vary by pumping scenario.

3.4.5 Solute Transport Parameters
The general transport parameter values were obtained from CP-4763 1 and ECF-200UP1-10-0373 (see
Section 3.8, Transport Properties, of that environmental calculation). Contaminant-specific transport
properties for those COCs simulated in this calculation are listed in Table 3-3. The parameter values for
linear sorption, decay, and degradation of these COCs were estimated or taken from site-specific sources
(PNNL- 18564, Selection and Traceability of Parameters to Support Hanford-Specific RESRAD Analyses
Fiscal Year 2008 Status Report).

As specified in ECF-200UP1-10-0373, the longitudinal dispersivity is set to 3.5 m throughout the model
domain (introduced for stability of the transport calculations using a recommendation in SERDP-99-1).
The horizontal dispersivity is set at 20% of the longitudinal dispersivity and the vertical dispersivity is set
at 0% of the longitudinal dispersivity (per DOE/RL-2008-56).
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Source: CP-47631, Figure 1-2

Figure 3-1. Central Plateau Groundwater Model Domain
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Table 3-1. Hydrostratigraphic Units in the Central Plateau Groundwater Model

Source: CP-47631 Rev. 0

CPGW Model
HSU' Number

1

(Labeled Zone 1
in Figure 3-2 to

Figure 3 -9 )b

2

(Labeled Zone 2
in Figure 3-2 to

Figure 3 - 9 )b

3

(Labeled Zone 3
in Figure 3-2 to

Figure 3 -9 )b

4

(Labeled Zone 5
in Figure 3-2 to

Figure 3 -9)b

5

(Labeled Zone 8
in Figure 3-2 to

Figure 3 - 9 )b

6

(Labeled Zone 9
in Figure 3-2 to

Figure 3 -9 )b

Description

Hanford formation coarse
grained unit

Hanford formation fine
grained unit

Eastern portion of the Cold
Creek unit

Ringold Formation unit E

Ringold Formation lower
mud unit

Ringold Formation unit A

PNNL-14753, Rev. 1
Unit Number

Unit 1

Notes

Dominated by gravel and sand within
the aquifer

Unit 1

Unit 3

Dominated by sand and sil

Dominated by gravelly sand, also
called the Pre-Missoula gravel

Combination of
Ringold units 4 and 5

Combination of
Ringold units 6, 7, and
8 (B, C, and D units)

Unit 9

Composed primarily of fluvial gravel
that grades upward into interbedded
fluvial sand and silt of the Ringold unit
4 (BHI-00184)

Composed of a thick sequence of
fluvial overbank, paleosol, and
lacustrine silts and clay with minor
sand and gravel (PNNL-13858)

Composed primarily of fluvial gravel
(PNNL-13858)

Sources:

BH1-00184, 1995, Miocene- to Pliocene Aged Suprabasalt Sediments of the Hanford Site, South Central
Washington, Rev. 00, Bechtel Hanford, Inc., Richland, Washington.

PNNL-13858, 2002, Revised Hydrogeology for the Suprabasalt Aquifer System, 200 West Area and Vicinity,
Hanford Site, Washington, Pacific Northwest National Laboratory, Richland, Washington.

PNNL-14753, 2006, Groundwater Data Package for Hanford Assessments, Rev. 1, Pacific Northwest National
Laboratory, Richland, Washington.

Notes:

a. HSU = hydrostratigraphic unit (An HSU is not equivalent to a model layer; rather each HSU defined in this table
may occur in one or more model layers and each model layer contains multiple HSUs.)

b. "Zones" in this table and in Figure 3-2 to Figure 3-9 refer to HSUs, not to zones as that term is used elsewhere
in this document referring to portions of the 200-UP-1 Groundwater OU where remediation is focused.
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Source: CP-47631, Figure 4-13; Zone numbers correspond to HSUs in Table 3-1.

Figure 3-2. Hydrostratigraphic Units of Layer 1 above Current Water Table
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Hydraulic Conductivity (m/day)

zone Val1ue

1 17000 DOC

2 40 COD

100 000

- 0 '240

CPGWMV3 4-Laver_2_TMC_02_2811

Source: CP-47631, Figure 4-14; Zone numbers correspond to HSUs in Table 3-1. Note that the Current Water Table is mostly in Layer 2.

Figure 3-3. Hydrostratigraphic Units of Layer 2
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Hydraulic Conductivity (m/day)

zne \alie

I 17GUI ONO

2400 00C

3 4N DOI"

; 000

C4 C 2

CPGWMV3 4-Layer 3TMIC02_28_11

Source: CP-47631, Figure 4-15 Zone numbers correspond to HSUs in Table 3-1.

Figure 3-4. Hydrostratigraphic Units of Layer 3
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Hydraulic Conductivit (mday)

200P Va!uP

1 0 17C,00 0()o

2 0 4130 0

C 00

a f

94 600

CPGWMV3 4-Layer_3_TMC_02_28_11

Source: CP-47631, Figure 4-16 Zone numbers correspond to HSUs in Table 3-1.

Figure 3-5. Hydrostratigraphic Units of Layer 4

26

D-344



DOE/RL-2009-122, REV. 0

ECF-200UP1-11-0374, REV. 2

Hydraulic Conductivity mday)

2 40 CLD

8 0C 006

9 4 600

CPGWMV3 4-Layer 5_TMC_02_28_11

Source: CP-47631, Figure 4-17 Zone numbers correspond to HSUs in Table 3-1.

Figure 3-6. Hydrostratigraphic Units of Layer 5
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Hydraulic Conductivity (mday)

17COO 00C

2 4130 a0

CPW4 V0 1

CPGWM_V3 4-Layer_6_TMC_02_28_11

Source: CP-47631, Figure 4-18 Zone numbers correspond to HSUs in Table 3-1.

Figure 3-7. Hydrostratigraphic Units of Layer 6
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Hydraulic Conductivity (m/day)

Zonre Valup

1 3017:000

2 40 OL

3 40 0 0 C1

9r 4 600

CPGWM V3 4-Layer_7_TMC_02_28_11

Source: CP-47631, Figure 4-19 Zone numbers correspond to HSUs in Table 3-1.

Figure 3-8. Hydrostratigraphic Units of Layer 7
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Table 3-2. Central Plateau Groundwater Model Calibrated Parameters
(Source: CP-47631, Table 4-9)

Parameter

Coarse Grained Hanford Hydraulic Conductivity

Fine Grained Hanford Hydraulic Conductivity

Cold Creek Hydraulic Conductivity

Ringold E Hydraulic Conductivity

Ringold A Hydraulic Conductivity

Ringold Mud Hydraulic Conductivity

Syl

SY2

SS1

SS2

Cold Creek Flow

Dry Creek Flow

East GHB Hanford Multiplier

East GHB Cold Creek Multiplier

East GHB Ringold E and A Multiplier

South GHB Hanford formation Multiplier

South GHB Cold Creek unit Multiplier

South GHB Ringold E and A units Multiplier

South GHB Scale Factor

East GHB North Factor

East GHB Central Factor

Units

m/day (horizontal)

m/day (vertical)

m/day (horizontal)

m/day (vertical)

m/day (horizontal)

m/day (vertical)

m/day (horizontal)

m/day (vertical)

m/day (horizontal)

m/day (vertical)

m/day (horizontal)

m/day (vertical)

m/m

m/m

1/m

1/m

m3/day

m3/day

Unitless

Unitless

Unitless

Unitless

Unitless

Unitless

Unitless

Unitless

Unitless

CPGW Model Version 3
Value

17,000

1,200

40

5

400

20

5

0.5

4.8

0.48

0.008

0.0008

0.2

0.0905

0.00001

0.00001

2,500

700

0.25

0.06

0.06

0.3

0.3

0.3

1

0.03

0.2
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Table 3-2. Central Plateau Groundwater Model Calibrated Parameters
(Source: CP-47631, Table 4-9)

Parameter

East GHB South Factor

Division between North East and Central East

Division between Central East and South East

Units

Unitless

Unitless

Unitless

CPGW Model Version 3
Value

0.14

Row 90

Row 110

31

D-349



DOE/RL-2009-122, REV. 0

ECF-200UP1-11-0374, REV. 2

100-FR-3

200-ZP-1

200-UP-1
200-PO-1

-9

N

Defined Boundary Conditions
CH

- GHB

No Flow
Specified Flux

Basalt Above 2009 Water Table

m7 OU Boundaries
0 1.250 2.500 5.000 m

CPGWMModel DomainAM_01 14_2011

Figure 3-9. Flow Model Lateral Boundary Conditions
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Chromium (DWS = 48 t
I - 1/2 DWS

[77 ]1/2 DWS - DWS
DWS - 10 DWS

Figure 3-10. Initial Condition of Chromium Concentration Showing the Maximum Concentration of All Model Layers
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Iodine-129 (MCL 1 pCi/L)
0 -1/2MCL

112 MCL - MCL

MCL 10 MCL

10MCL-I100MCL

Figure 3-11. Initial Condition of Iodine-129 Concentration Showing the Maximum Concentration of All Model Layers
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-111
-'I'

Nitrate (MCL = 45 mg/L)
G - 1/2 MCL

12 MCL MCL

- MCL -1 C

Figure 3-12. Initial Condition of Nitrate Concentration Showing the Maximum Concentration of All Model Layers
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Technetium-99 (MCL = 900 pCiL)
G - 1/2 MCL

112 MCL -MCL

MCL - 10 MCL

Figure 3-13. Initial Condition of Technetium-99 Concentration Showing the Maximum Concentration of All Model Layers
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Tritium (MCL = 20,000
G - 1/2 MCL

12 MCL MCL

MCL -10OMCL

Figure 3-14. Initial Condition of Tritium Concentration Showing the Maximum Concentration of All Model Layers
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Uranium (DWS = 30 ug/L)
1/2 DWS - OWS

DWS - 10 DWS

10 DWS - 100 DWS

Figure 3-15. Initial Condition of Uranium Concentration Showing the Maximum Concentration of All Model Layers
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~~~NY993

13

F36 2

200-PO-1

Defined Boundary Conditions

CH

- GHB

- No Flow

Specified Flux

Mud above Water Table

-- Simulated Head 2009 (Layer 2)

-- Ground Water Report Head 2009

MayJunctionFault

2asa IAbove 2009 Water Table

OU Boundaries
1,350 2,700 5400 m

i I I i - I

CPGWM Comparisor of simulated Heads to Year 2009 WTAM_01_12_2011

Figure 3-16. Central Plateau Groundwater Model Simulated Heads and Year 2009 Water Table Map
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200-ZP-1 (All) Wells

200-ZPI-Wells
Extraction Wells

Inactive Wells .-

Injection Wells

DWS (2009)
Carbon Tetrachloride ( 5 ug/L)

Uranium ( 30 ug/L)

Chromium ( 100 ug/L)

Nitrate ( 45 mg/L)

Iodine-129 ( 1 pCi/L) -

Technetium-99 ( 900 pCi/L)

Tritium (20,000 pCi/L)

Figure 3-17. Extraction and Injection Wells for the 200-ZP-1 Groundwater Operable Unit
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Table 3-3. Transport Properties of Contaminants of Concern Simulated in Pumping Scenarios
(Source: Table 3-3, ECF-200UP1-10-0373)

Contaminant of Potential
Concern Kd (mL/g) Half-Life (yr)

Radionuclides

Iodine-129 1.00E-01a 1.57E+07

Technetium-99 0.OOE+Ooa 2.11E+5

Tritium 0.OOE+Ooa 1.23E+01

Uranium 4.00E-01a 4.47E+09

Chemicals

Chromium 0.OOE+00

Nitrate 0.OOE+00a

a. PNNL-18564, Table 6.9 (sandy gravel sediment type)

Half-Life Degradation
(day) Rate (1/day)

5.73E+09

7.71E+07

4.49E+03

1.63E+12

1.21 E-10

8.99E-09

1.54E-04

4.25E-1 3
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4 Software Applications

Software is used for this calculation in accordance with PRC-PRO-IRM-309, Controlled Software
Management.

4.1 Approved Software

Approved software used to perform this calculation is managed under the following software quality
assurance documents consistent the requirements in PRC-PRO-IRM-309:

* CHPRC-00257 Rev. 1, MODFLO W and Related Codes Functional Requirements Document

* CHPRC-0025 8 Rev. 2, MODFLO W and Related Codes Software Management Plan

* CHPRC-00259 Rev. 1, MODFLOW and Related Codes Software Test Plan

* CHPRC-00260 Rev. 2, MODFLO W and Related Codes Acceptance Test Report

* CHPRC-00261 Rev. 2, MODFLO W and Related Codes Requirements Traceability Matrix

CHPRC-00259 Rev. 1 distinguishes between safety software and support software based on whether the
software calculates reportable results (safety software) or provides run support, visualization, or other
similar functions (support software). Descriptions of the approved software used to prepare this
calculation are provided below, with notation whether the software is safety or support software.

4.1.1 Descriptions
The following approved software packages were used to prepare this calculation:

1. MODFLOW-2000-MST (USGS Open-File Report 00-92)

* HISI Entry: #2517

* Rated: Safety Software (Graded Level C)

* Function: simulate groundwater flow under saturated conditions

* Application: used to solve the three-dimensional groundwater flow equation using the
finite difference method for both steady state and transient systems in the CPGW Model

* Vendor: U.S. Geological Survey, with modifications by S.S. Papadopoulos and
Associates (CHPRC-00258)

* Version: 2.1.18 with MST (minimum saturated thickness feature)

* CHPRC approved executable file: mf 2k-mst-0 003dp. exe (CHPRC Build 3)

2. MODPATH-2000-MST (USGS Open-File Report 94-464)

* Rated: Support Software

* HISI Entry: N/A (CHPRC-00258 Rev. 2)

* Function: particle tracking

* Application: used to provide graphical depictions of three-dimensional flow paths from
the groundwater heads and fluxes calculated by MODFLOW
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* Vendor: U.S. Geological Survey, with modifications by S.S. Papadopoulos and
Associates (CHPRC-00258)

* Version: 4.3

* CHPRC approved executable file: modpath-mst-0003sp .exe (CHPRC Build 3)

3. MT3DMS-2000-MST (SERDP-99-1)

* Rated: Safety Software (Graded Level C)

* HISI Entry: #2518

* Function: simulate solute transport under saturated conditions.

* Application: Solves the three-dimensional transient advection dispersion equations using
the several different methods.

* Vendor: US Environmental Protection Agency, with modifications by S.S. Papadopoulos
and Associates (CHPRC-00258)

* Version: 5.2

* CHPRC approved executable file: mt3dms-mst-0 003dp. exe (CHPRC Build 3)

2. Groundwater Vistas

* Rated: Support Software

* HISI Entry: N/A (CHPRC-00258 Rev. 2)

* Function: provides a graphical user interface to construct, run, and depict MODFLOW,
MODPATH, and MT3DMS model and results; provides graphical tools used for model
quality assurance.

* Application: construct, run, and depict CPGW Model

* Vendor: Environmental Simulations, Inc. (Rumbaugh and Rumbaugh, 2007)

* Version: 5

4.1.2 Software Installation and Checkout
Approved Safety Software packages (MODFLOW and MT3DMS) and the controlled version of the
support software MODPATH were checked out in accordance with procedures specified in
CHPRC-00258 Rev. 2. Executable files were obtained from the Software Owner who maintains the
configuration-managed copies in MKS IntegrityTM1, installation tests identified in CHPRC-00259 Rev. 1
performed and successful installation confirmed, and Software Installation and Checkout Forms were
completed and approved for installations used to perform model runs reported in this calculation. Copies
of the Software Installation and Checkout Forms for approved users and installations used to perform this
calculation are provided in Attachment 1.

1 MKS IntegrityTM is a trademark of MKS, Incorporated.
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4.1.3 Statement of Valid Software Application
The software described above is used consistent with its intended use for the CH2M HILL Plateau
Remediation Company (CHPRC) as identified in CHPRC-00257 Rev. 1, and constitutes a valid use of
this software for the problem addressed in this ECF.
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5 Calculation

The calculation includes the development of pumping scenarios through iterative trial-and-error
simulations to identify a viable range for Zones and components that address existing COC plumes in the
200-UP-I Groundwater OU, full evaluation of the pumping scenarios, and calculation of summary
statistics to measure performance of the pumping scenarios.

5.1 Development of Pumping Scenarios

As noted in Section 2.2, the pumping scenarios are constructed from a set of zones where each zone
addresses geographically distinct plumes of COCs. Each pumping scenario includes the following five
zones that address the existing COC plumes shown in Figure 2-1 (except that Pumping Scenario 1
includes only the first zone):

" S-SX Zone - to remediate the COCs technetium-99, chromium, and nitrate in the vicinity of the
S-SX Waste Management Area. This zone represents the interim action for this area that consists
of three extraction wells pumping a total rate of 80 gpm. This zone is fixed (no variations in well
number, locations, rates, or pumping duration are considered) and is included in all pumping
scenarios. Pumping Scenario 1 includes only this zone.

* U Plant Zone - P&T to address the COCs uranium and the high-concentration nitrate area in the
vicinity of U Plant.

" Northeast Nitrate Zone - P&T to address the COCs nitrate and technetium-99 in the
northeastern portion of the 200-UP-1 OU

" Southeast Chromium Zone - P&T to address the chromium plume in the southeastern portion
of the 200-UP-1 OU

* Central Iodine-129 Zone -hydraulic containment of iodine-129 and tritium in the central portion
of the 200-UP-1 OU.

Three zones that are treated as variable in pumping capacity in this calculation are U Plant Zone,
Northeast Nitrate Zone, and Southeast Chromium Zone. These zones are developed using groundwater
flow and contaminant transport modeling in an iterative trial-and-error approach (as described in Section
2.2) to refine the components for these zones to create a set of seven pumping scenarios. Pumping
Scenario 1 includes only the existing S-SX Zone. Pumping Scenarios 2 through 6 represent evenly
distributed options using 50 gpm increments in the total pumping rate of each of the zones subject to
component variation (U Plant Zone, Northeast Nitrate Zone, and Southeast Chromium Zone). Pumping
Scenario 7 represents an aggressive pumping scenario designed to utilize most of the treatment capacity,
with additional train(s), of the 200 West Groundwater Treatment Facility.

The last zone (Central Iodine-129 Zone) represents a hydraulic containment strategy for the iodine-129
plume for a 10-year period. A trial-and-error simulation with evaluation of hydraulic capture led to
development of a three-injection-well design (no extraction) injecting a total 150 gpm to achieve
hydraulic containment of the iodine-129 plume. It is not necessary to further evaluate other pumping rates
or well locations as this design is adequate to achieve hydraulic containment, and is treated as a fixed
zone with fixed components in Pumping Scenarios 2 through 7.

Table 5-1 summarizes the seven pumping scenarios and respective components developed through the
trial-and-error iterative approach summarized in Section 2.2. The location of the extraction and injection
wells called for in Table 5-1 are shown in Figure 5-1 through Figure 5-6 for Pumping Scenarios 2 through

45

D-363



DOE/RL-2009-122, REV. 0

ECF-200UP1-1 1-0374, REV. 2

7, respectively. Pumping Scenario 1 is not shown, as it is includes only the S-SX Zone that appears in all
the other pumping scenarios as well (represented by the wells labeled EW-1-Tc, EW-2-Tc, and EW-3-Tc
in the referenced figures, e.g. Figure 5-1).
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Table 5-1. Summary of Pumping Scenarios Developed for Evaluation

Pumping ScenariosRemedial
Alternative
Elements 1 2 3 4 5 6 7

3 Extraction 3 Extraction 3 Extraction 3 Extraction 3 Extraction 3 Extraction 3 Extraction

Total 80 gpm Total 80 gpm Total 80 gpm Total 80 gpm Total 80 gpm Total 80 gpm Total 80 gpm

Zones and GOGs
Addressed

S-SX Zone

" Technetium-99
" Chromium
" Nitrate

U Plant Zone

" Uranium
" Nitrate
" Tritium

Northeast Nitrate Zone

" Nitrate
" Tritium

Southeast Chromium
Zone

" Chromium
" Tritium

Central 1129 Zone

" lodine-129 (no
groundwater
extraction)

" Tritium

" Technetium-99
" Chromium
" Nitrate
" Uranium

2 Extraction

2 Injection

Total 150 gpm

1 Extraction

Total 150 gpm

2 Extraction

2 Injection

Total 150 gpm

3 Injection

Total 150 gpm

10 yra

2 Extraction

2 Injection

200 gpm

2 Extraction

2 Injection

Total 200 gpm

2 Extraction

2 Injection

Total 200 gpm

3 Injection

Total 150 gpm

10 yr

3 Extraction

3 Injection

250 gpm

3 Extraction

3 Injection

250 gpm

3 Extraction

3 Injection

250 gpm

3 Injection

Total 150 gpm

10 yr a

4 Extraction

4 Injection

300 gpm

4 Extraction

4 Injection

300 gpm

4 Extraction

4 Injection

300 gpm

3 Injection

Total 150 gpm

10 yr

4 Extraction

4 Injection

350 gpm

4 Extraction

4 Injection

350 gpm

4 Extraction

4 Injection

350 gpm

3 Injection

Total 150 gpm

10 yra

Total 380 gpm Total 530 gpm Total 680 gpm Total 830 gpm Total 980 gpm Total 1,130 gpm

a. While treatability study is performed.
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EW- U AW- 1 -NO3

IW-1-U AAE -2-U 1,
V V IW-3-I

EW-1-TC A IW-2-U IW-2-1
EW-2-T A A YIW-1-1

EW-3-Tc LW
v A

A

EW-1-Cr

IW-2-Cr

2-Cr

Figure 5-1. Extraction and Injection Well Locations for Pumping Scenario 2
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v A
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EW-1-Cr

IW-2-Cr

2-Cr

Figure 5-2. Extraction and Injection Well Locations for Pumping Scenario 3
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[W-2-NO3
1w- 3 VT EWV-2-NO3

EW-- A EW-1-N03
IW-1-U A AEW-2-U 1, "

EW-1-TC A IW-2-U IW-2-1
EW-2-T A A, IW-1-1

EW-3-Tc IW-1-Cr EW-2-Cr

EW-1-Cr

DWS (2009)

A Extraction Wells

v Injection Wells

Chromium ( 48 ug/L)

Technetium-99 ( 900 pCi/L)

Nitrate ( 45 mg/L)

Uranium ( 30 ug/L)

Iodine-129 ( 1 pCi/L)

Tritium (20,000 pCi/L)

Carbon Tetrachloride ( 5 ug/L)

v IW-2-Cr

Figure 5-3. Extraction and Injection Well Locations for Pumping Scenario 4
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[W-2-NO3
1W- 3~ V EW-3-N03 -
-1-U A EW-2-N03

EW-2-U AW-3-N3
lw-1-U AAL AEW-3-U EW-1-NO3

y y IW-3-A
EW-1-Tc A IW-2-U IW-3-U IW-2-1* LI

EW-2-T A A YIW-1-1

EW-3-Tc
EW-3-Cr

E A A
EWI-1-Cr Ew- 2-Cr

W-3-Cr

V IW-2-Cr

Figure 5-4. Extraction and Injection Well Locations for Pumping Scenario 5
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Figure 5-5. Extraction and Injection Well Locations for Pumping Scenario 6
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Figure 5-6. Extraction and Injection Well Locations for Pumping Scenario 7
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6 Results/Conclusions

Calculation results are summarized in this chapter. Hydraulic capture zone delineation (graphical results)
are provided in Section 6.1, Summary statistics (in the form of a graphical result depicting trends of C...,
C90, and UCL95 as a function of time based on fate and transport simulation results using the CPGW
Model (following methodology described in Section 2.3) are presented in Section 6.2 along with
associated estimates of pumping durations for contaminants evaluated under each pumping scenario based
on time required for the UCL95 value to decline to the DWS level. The basis for estimation of
groundwater contaminant concentrations for water extracted under each pumping scenario that would
require treatment is presented in Section 6.3.

6.1 Hydraulic Capture Results

The MODPATH-MST software is used to prepare particle traces for each of the pumping scenarios,
shown in Figure 6-1 through Figure 6-7 for Pumping Scenarios 1 through 7, respectively. Equal numbers
of particles are assigned to each injection and extraction well for each pumping and extraction well. For
injection wells, the particles are tracked forward so the trajectory of each particle represents the water
pathline of water starting with injection until it is either captured by an extraction well or the simulation
time is completed. For extraction wells, the particles are traced backwards so that each pathline represents
the pathline of water arriving at the extraction well.

6.2 Summary Statistics

The time to attain the MCL under each pumping scenario is evaluated based on the UCL95 calculated for
each contaminant plume based on simulated well concentrations as described in Section 2.3. The results
are plotted as a function of simulated time for these summary statistics: Cmx, C90, and UCL95 to show
how these statistics change with time in response to the stresses imposed on the unconfined aquifer and
contaminant plumes under each pumping scenario. In general, these plots show the declining value of the
summary statistics and are used to evaluate the plume against the DWS (displayed for convenience as a
solid green horizontal line). The time required for the UCL95 to decline to the DWS concentration
(UCL95-to-DWS time) is indicated by a vertical cyan line in these plots. The pumping duration time is
indicated by the vertical dark blue line; due to the rounding to nearest five years (following the
methodology specified in Section 2.3.4), this time typically differs from the UCL95-to-DWS time). If
P&T is not targeting the contaminant results shown in the plot, the vertical dark blue line is not shown.

Table 6-1 provides an index to the figures that graphically present summary statistics with time plume
capture results for the seven pumping scenarios by individual COCs. For Pumping Scenarios 2 through 7,
results are not shown for contaminants iodine-129 and tritium because the response of these contaminants
would not differ appreciably from those of Pumping Scenario 1. Reliance on Pumping Scenario 1 results
as representative of the response under the other six pumping scenarios provides a more conservative (in
terms of future concentrations) for these two contaminants.
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Table 6-1. Index of Graphical Results by Pumping Scenario and Contaminant of Concern

Contaminants of Concern Capture
Zone

Pumping Technetium- (particle
Scenario Chromium Iodine-129 Nitrate 99 Tritium Uranium tracking)

1 Figure 6-8 Figure 6-9 Figure 6-10 Figure 6-11 Figure 6-12 Figure 6-13 Figure 6-1

2 Figure 6-14 Figure 6-15 Figure 6-16 Figure 6-17 Figure 6-2

3 Figure 6-18 Figure 6-19 Figure 6-20 Figure 6-21 Figure 6-3

4 Figure 6-22 Figure 6-23 Figure 6-24 Figure 6-25 Figure 6-4

5 Figure 6-26 Figure 6-27 Figure 6-28 Figure 6-29 Figure 6-5

6 Figure 6-30 Figure 6-31 Figure 6-32 Figure 6-33 Figure 6-6

7 Figure 6-34 Figure 6-35 Figure 6-36 Figure 6-37 Figure 6-7

6.3 Basis for Estimation of Groundwater Concentrations for Treatment

The pumping scenarios developed and evaluated in this calculation provide a basis for estimation of the
concentration of contaminants in extracted groundwater to be treated at the 200 West Groundwater
Treatment Facility or by other means, subject to remedial design that is beyond the scope of this specific
calculation.

By way of example, for Pumping Scenario 1, technetium-99 is extracted from extraction wells EW-1-Tc,
EW-2-Tc, and EW-3-Tc (refer to Figure 5-1). The concentration of groundwater to be treated will be that
of the mixed volumes extracted from these three extraction wells from the two model layers screened for
extraction (model layers 2 and 3); Figure 6-38 shows the concentration of technetium-99 by extraction
well and model layer during 15 years of pumping. By volumetrically averaging the extracted water
volume rates and concentrations predicted with time by using the CPGW Model, a blended concentration
of technetium-99 in the total extracted water from these wells can be predicted with time. For this
example, the result is shown in Figure 6-39. The predicted concentration is observed to decline with time
as the P&T system addressing this COC in this zone is operated. Because the technetium-99 is extracted
by the S-SX Zone which is common to all seven pumping scenarios developed and evaluated in this
calculation, the result shown in Figure 6-39 is essentially identical under all seven pumping scenarios.

It is recognized that the pumping scenarios evaluated in this ECF, and individual zones and components
of these pumping scenarios, may be utilized in different combinations to prepare remedial alternatives for
consideration that may or may not conform exactly to the pumping scenarios evaluated in this calculation.
Thus it is deemed unnecessary to present a complete suite of groundwater concentrations for all
contaminants and all pumping scenarios in this ECF. Rather, it will suffice to note that the simulated
groundwater concentrations results produced using the CPGW Model for this calculation are stored
electronically in the Environmental Modeling Management Archive (EMMA) in the Application section
and indexed to this ECF, as required by CHPRC's Quality Assurance Project Planfor Modeling. These
extraction well concentrations can be used to estimate groundwater feed concentrations to a groundwater
treatment facility (or facilities, as appropriate) for remedial alternatives by volumetrically averaging the
appropriate extraction well concentrations obtained for the appropriate pumping scenarios, Zones,
components, and contaminants.

55

D-373



DOE/RL-2009-122, REV. 0

ECF-200UP1-11-0374, REV. 2

Figure 6-1. Particle Tracking Results for Pumping Scenario 1
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Figure 6-2. Particle Tracking Results for Pumping Scenario 2
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Figure 6-3. Particle Tracking Results for Pumping Scenario 3

58

D-376

I N

J2

-~

DWS (2009)
A Extraction Wells

v Injection Wells

Chromium ( 48 ug/L)

Technetium-99 ( 900 pCi/L)

Nitrate ( 45 mg/L)

Uranium ( 30 ug/L)

Iodine-129 ( 1 pCi/L)

Tritium (20,000 pCi/L}

Carbon Tetrachloride ( 5 ug/L)



DOE/RL-2009-122, REV. 0

ECF-200UP1-11-0374, REV. 2

DWS (2009)
A Extraction Wells

v Injection Wells

Chromium

Technetium-99

Nitrate

Uranium

Iodine-129

Tritium

Carbon Tetrachloride

EW-2-NO3
A

EW-1-U A EW-1-NO3
i_-1-U AAEW-2-U v IWA

EW-1-Tc A, IW-2-U v vvW-2-1

EW-2-Te A A TM-1-1

EWV-3-Th W-1-Cr EW-2-0r

A A

-W-1 -Ct

( 48 ug/L)

( 900 pCi/L)

45 mg/L)

30 ug/L)

1 pCi/L)

(20,000 pCi/L)

5 ug/L)

Figure 6-4. Particle Tracking Results for Pumping Scenario 4
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Figure 6-5. Particle Tracking Results for Pumping Scenario 5
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Figure 6-6. Particle Tracking Results for Pumping Scenario 6
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Figure 6-7. Particle Tracking Results for Pumping Scenario 7
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Figure 6-8. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 1
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Figure 6-9. Plume Concentration Summary Statistics as a Function of Time for Iodine-129 under Pumping Scenario 1
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Figure 6-10. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 1
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Figure 6-11. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 1
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Figure 6-12. Plume Concentration Summary Statistics as a Function of Time for Tritium under Pumping Scenario 1
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Figure 6-13. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 1
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Figure 6-14. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 2
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Figure 6-15. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 2
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Figure 6-16. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 2
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Figure 6-17. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 2
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Figure 6-18. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 3
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Figure 6-19. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 3
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Figure 6-20. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 3
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Figure 6-21. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 3
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Figure 6-22. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 4
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Figure 6-23. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 4
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Figure 6-24. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 4
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Figure 6-25. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 4

80

D-398

0I

0

U

10

1
0 140



DOE/RL-2009-122, REV. 0

ECF-200UP1-11-0374, REV. 2

Cr Plume

10,000

P&T

UCL95-tkD-DWS

1,000

100

AAA A AA A

10
A

A

1
0 50 100 150

Time (Year)

Figure 6-26. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 5
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Figure 6-27. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 5
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Figure 6-28. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 5
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Figure 6-29. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 5
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Figure 6-30. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 6
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Figure 6-31. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 6
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Figure 6-32. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 6
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Figure 6-33. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 6
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Figure 6-34. Plume Concentration Summary Statistics as a Function of Time for Chromium under Pumping Scenario 7
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Figure 6-35. Plume Concentration Summary Statistics as a Function of Time for Nitrate under Pumping Scenario 7
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Figure 6-36. Plume Concentration Summary Statistics as a Function of Time for Technetium-99 under Pumping Scenario 7
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Figure 6-37. Plume Concentration Summary Statistics as a Function of Time for Uranium under Pumping Scenario 7
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Figure 6-38. Extracted Groundwater Technetium-99 Concentration by Extraction Well (EW-1-Tc, EW-2-Tc,
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Figure 6-39. Extracted Groundwater Technetium-99 Concentration for Treatment for Pumping Scenario 1
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Attachment 1

Software Installation and Checkout Form for STOMP
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Software Owner Instructions:
Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs,
I results are the same, sign and date Field 19, It not, resolve differences and repeal above steps
Software Subject Matter Expert Instructions:
Assign test personnel. Approve the installation of the code by signing and dating Field 21, then maintain form as part of the software
support documentation.
GENERAL INFORMATION:
1. SoftwareName: MODFLOW 2000, MODFLOW 2000 MST, & MT3DMS IBuild)DM) SoftwareVersionNo.: 0003
EXECUTABLE INFORMATION:
2. Executable Name (include path):

All files installed in directory c:/bin - MD5 signatures uniquely identify exec files:
mf2k-003dp.exe (double precision MODFLOW 2000) - AE3452C2982ED16AF7812E68E41453F6
mf2k-0003sp.exe (single precision MODFLOW 2000) - 512B752916371FE1325703298AA4EBEB
mf2k-mst-0003dp.exe (double prec MODFLOW with MST) - 21D01926D43134100D7F4E63CB63AA27
mf2k-mst-0003sp.exe (single prec MODFLOW with MSTl - 22E7B852571A93A2EFAC90A6690E41B5
mt3dms-mst-0003dp.exe (double prec MT3DMS with MST1- CB3343D6D7554D9C0E662A597E47D687
mt3dms-mst-0003sp.exe (single prec MT3DMS with MSTI- 2034C5626256lB23259DF9C03B6C791

3. Executable Size (bytes): MD5 signatures for executable files ure listed above.
COMPILATION INFORMATION:
4. Hardware System (i.e property number or ID):

Dell Latitude Laptop PC lntel(R) Core(TM)2 Duo CPU ?8400 @ 2.26GHz, 1.95GB of RAM
Property Tag WC95463

5. Operating System (include version number):

Microsoft Windows XP (R) Professional Version 20002 Service Pack 3
HLAN Windows XP (R) Image Version 3.0.1.0

INSTALLATION AND CHECKOUT INFORMATION:
6. Hardware System (i e., property number or ID):

HP Pavilion dv7 Notebook PC
(INTERA -00383)

7. Operating System (include version number):
Wndows 7 Home Edition

8. Open Problem Report? ( No Q Yes PR/CR No.
TEST CASE INFORMATION:
9. Dlrectory/Palh:

C:\JM2_Mode\Hantord\MODFLOW-CHPRC-Bu;d-ro3o0rn3\rust

10. Procedure(s):

CHPRC-00259 Rev 1, MODFLOW and Related Codes Software Test Plan

11. Libraries:

Statically linked

12. Input Flies:

Found in test subdirectories

13. Output Files:

Found in test subdirectories

14. Test Cases:

MF-ITC-l Iboth standard and MST versions of MODFLON)- run for single & double precision
MT-ITC-1 - run for single and double precision

Page 1 of 2 A-6005-149 (REV)
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)

1, SoftwareName: NODFLOW 2000, MODFLOW 2000 MST, & MT3DMS (Build 0002) Software Version No,: 0003

15. Test Case Results:
All tasts returr identilal results as base cases

16. Test Performed By: Jarangir Marshed

17, Test Results: E) Satisfactory, Accepted for Use ) Ursatisfaclory
18. Disposition (include HISI update): c4n Cup #z ui 74Y1 //'W

Prpred| By--

19 ..------ -WE Nichols .tg
Software a r gnature) Print Date

20 Tesf Personnel:

Jnhangqr Murshed Q \o
Sign Print Dale

Sign Prini Data

S1n Print Date

Approved By:

21. N/R (CHPRC-00258 Rev 2)
Software SME (Slignatur) Print Date

Page 2 of 2 A-005-149 (REV 0)
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Terms

COC Contaminant of Concern

DOE U.S. Department of Energy

ECF Environmental Calculation File

FS Feasibility Study

IC Institutional Controls

IRA Interim Remedial Action

IX Ion Exchange

MNA Monitored Natural Attenuation

OU Operable Unit

O&M Operation and Maintenance

RA Remedial Action

RAO Remedial Action Objective
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1 Purpose

The purpose of this calculation is to document and describe cost estimate inputs and key assumptions that
support the Feasibility Study for the 200-UP-I Groundwater Operable Unit (DOE/RL-2009-122, Draft
B). The feasibility study (FS) cost inputs are derived from site features, physical parameters, and
characteristics of the 200-UP-I Groundwater operable unit (OU). The FS cost estimates are prepared to
an accuracy of+50%/-30%, and used as part of the detailed and comparative analysis of remedial action
alternatives under the Comprehensive Environmental Response, Compensation, and Liability Act of
1980, (CERCLA). This analysis ultimately leads to recommendation of a preferred alternative in the
proposed plan (PP).

2 Background

This calculation brief supports development of costs for the 200-UP-I Groundwater OU FS remedial
action (RA) alternatives. The following RA alternatives were developed for evaluation in the FS:

No Action Alternative. The NCP (40 CFR 300.430[e][6]) requires consideration of a No Action
Alternative. This alternative would take no further action and would terminate the ICs and interim
remedial actions (IRAs) underway for this OU.

Alternative 1- 120 Year Cleanup Timeframe

- Pump-and-Treat for the S-SX Area Tc-99 plume (15 yrs)

- Pump-and-Treat for the U Plant Area Uranium plume (40 yrs)

- Groundwater monitoring for the Southeast Area Chromium plume (120 yrs)

- Groundwater monitoring for the Northeast Area Nitrate plume (35 years)

- Hydraulic containment for the Central Area 1-129 plume (10 yrs)

- Monitored Natural Attenuation for the Tritium plume (25 yrs)

Alternative 2- 45 Year Cleanup Timeframe

- Pump-and-Treat for the S-SX Area Tc-99 plume (15 yrs)

- Pump-and-Treat for the U Plant Area Uranium plume (40 yrs)

- Pump-and-Treat for the Southeast Area Chromium plume (45 yrs)

- Groundwater monitoring for the Northeast Area Nitrate plume (35 years)

- Hydraulic containment for the Central Area 1-129 plume (10 yrs)

- Monitored Natural Attenuation for the Tritium plume (25 yrs)

Alternative 3- 35 Year Cleanup Timeframe

- Pump-and-Treat for the S-SX Area Tc-99 plume (15 yrs)

- Pump-and-Treat for the U Plant Area Uranium plume (25 yrs)

- Pump-and-Treat for the Southeast Area Chromium plume (25 yrs)
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- Groundwater monitoring for the Northeast Area Nitrate plume (35 years)

- Hydraulic containment for the Central Area 1-129 plume (10 yrs)

- Monitored Natural Attenuation for the Tritium plume (25 yrs)

Alternative 4- 25 Year Cleanup Timeframe

- Pump-and-Treat for the S-SX Area Tc-99 plume (15 yrs)

- Pump-and-Treat for the U Plant Area Uranium plume (25 yrs)

- Pump-and-Treat for the Southeast Area Chromium plume (25 yrs)

- Pump-and-Treat for the Northeast Area Nitrate plume (20 years)

- Hydraulic containment for the Central Area 1-129 plume (10 yrs)

- Monitored Natural Attenuation for the Tritium plume (25 yrs)

The 200-UP-I Groundwater OU RA alternatives provide a range of alternatives required for detailed and
comparative analysis in the CERCLA process. These alternatives blend an array of measures that include
ICs, passive restoration (MNA), containment, and active restoration using groundwater P&T to achieve
cleanup levels for the 200-UP-I Groundwater OU contaminants of concern (COCs). Table 2-1 provides
further details for each alternative.
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Table 2-1. 200-UP-1 Groundwater OU Remedial Alternatives Summary

Remediation Area/COCs
Remedial Alternative Elements Addressed Alternative 1 - 120 Year Cleanup Timeframe Alternative 2- 45 Year Cleanup Timeframe Alternative 3- 35 Year Cleanup Timeframe Alternative 4- 25 Year Cleanup Timeframe

Estimated Groundwater Extraction and Injection Wells and Flow Rates

S-SX Remediation Area 3 extraction wells-Tc-99 operating at 80 gpm total flow rate (Pumping 3 extraction wells operating at 80 gpm total 3 extraction wells operating at 80 gpm total 3 extraction wells operating at 80 gpm total
-Chromium Scenario #1) flow rate (Pumping Scenario #1) flow rate (Pumping Scenario #1) flow rate (Pumping Scenario #1)
-Nitrate
U Plant Remediation Area
-Uranium 2 extraction and 2 injection wells operating at 2 extraction and 2 injection wells operating at 2 extraction and 2 injection wells 2 extraction and 2 injection wells
-Tc-99 100 gpm total flow rate (Pumping Scenario 100 gpm total flow rate (Pumping Scenario operating at 150 gpm total flow rate operating at 150 gpm total flow rate

Pump and Treat-,d Nitrate #2) #2) (Pumping Scenario #3) (Pumping Scenario #3)

Northeast Nitrate Remediation Area Groundwater monitoring for nitrate and MNA Groundwater monitoring for nitrate and MNA Groundwater monitoring for nitrate and MNA 1 to 2 extraction wells operating at 100 gpm
-Nitrate for tritium (Pumping Scenario #1) for tritium (Pumping Scenario #1) for tritium (Pumping Scenario #1) total flow rate (Pumping Scenario #2)

Southeast Chromium Remediation 2 extraction and 2 injection wells 2 to 3 extraction and 2 to 3 injection wells 2 to 3 extraction and 2 to 3 injection wells
Area Groundwater monitoring for chromium and operating at 150 gpm total flow rate operating at 200 gpm total flow rate operating at 200 gpm total flow rate
-Chromium MNA for tritium (Pumping Scenario #1) (Pumping Scenario #3) (Pumping Scenario #4) (Pumping Scenario #4)

Hydraulic Containment Only Central 1-129 Remediation Area 3 injection wells operating at 150 gpm total 3 injection wells operating at 150 gpm total 3 injection wells operating at 150 gpm total 3 injection wells operating at 150 gpm total

-1-129 (no GW extraction) flow rate for 10 years while treatability study flow rate for 10 years while treatability study flow rate for 10 years while treatability study flow rate for 10 years while treatability study
-Tritium and technology evaluation is performed and technology evaluation is performed and technology evaluation is performed and technology evaluation is performed

(Pumping Scenario #2) (Pumping Scenario #2) (Pumping Scenario #2) (Pumping Scenario #2)

Groundwater Treatment Facility -Tc-99 Total Feed 180 gpm Total Feed: 430 gpm Total Feed: 530 gpm
Requirements -Chromium Uses 200 West Treatment Plant and adds 1 Total Feed 330 gpm Same as Alternative 1 and adds a third Same as Alternative 1 and adds a third

-Nitrate uranium and 1 Tc-99 treatment train. Same as Alternative 1 biological treatment process train. biological treatment process train.-Uranium

MNA Tritium Plume Area Groundwater monitoring and reporting to
document reduction of tritium plume to Same as Alternative 1. Same as Alternative 1. Same as Alternative 1.

-Tritium cleanup levels through natural attenuation.
Estimated Time (years) to Reach Cleanup Levels

S-SX Remediation Area (Tc-99) 15 15 15 15

U Plant Remediation Area (uranium) 40 40 25 25

Northeast Nitrate Remediation Area 35 35 35 20

Time to Reach Cleanup Levelsb (nitrate)
Southeast Chromium Remediation 120 45 25 25
Area (hexavalent chromium)

Central 1-129 Area (tritium) 25 25 25 25

Central 1-129 Area (1-129) 1OG 10 10C 10C

Notes:
a. For Alternatives 1 through 4, groundwater pump-and-treat is assumed to continue until the 95 " percentile exposure point concentration for each plume area is reduced below its respective cleanup level.
b. The time required to reach cleanup levels is shown for the COCs present within each remediation area.
c. The time to cleanup for 1-129 will be determined by the final remedy selected at the completion of the 10 year period of technology evaluation and hydraulic containment.
d. All pumping rates and remedial action durations are estimated. Actual pumping rates and durations may vary.

COC = contaminant of concern IC = institutional control MNA = monitored natural attenuation OU = operable unit

D-426



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3 PAGE 8 OF 78

This page intentionally left blank.

D-427



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3 PAGE 9 OF 78

3 Methodology

Development of the cost inputs for the 200-UP-I Groundwater OU RA alternatives generally requires

simple calculations performed in Microsoft Excel (MS Excel)'T M spreadsheets. Examples of the types of
calculations included in this calculation brief include:

* Total number of groundwater samples = Number of groundwater samples per well x number of
wells

* Average groundwater extraction rate = average flow rate for each well x number of wells

* Maximum groundwater extraction rate = average flow rate + 0.8 (average uptime)

Due to the basic nature of these calculations, development of a detailed methodology for each calculation
is not necessary. Section 4 provides the key inputs and assumptions that support each calculation and
section 6 provides a summary of the spreadsheet calculations.

4 Assumptions and Inputs

This section describes the overall assumptions applicable to the 200-UP-I OU RA alternatives. The
assumptions associated with the cost calculations were grouped into the following categories:

* Well installation, sampling and monitoring

* Groundwater extraction and injection

* Groundwater Treatment

* Groundwater Conveyance

Each of these categories is discussed further in the following subsections. Unless noted otherwise, the
assumptions listed are applicable to each of the alternatives.

4.1 Well Installation, Sampling, and Monitoring

The first calculation category is related to well installation and sampling. This category provides the
basis for sampling soil and groundwater at extraction, injection and monitoring wells during and
following their installation. Primary cost estimate inputs for well installation sampling include:

* Number of new monitor wells installed

* Number of new extraction wells installed

* Number of new injection wells installed

* Number of groundwater samples per well, for each type of well

* Number of soil samples per well, for each type of well

TM Microsoft Excel (MS Excel) is a trademark of Microsoft Corporation.
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Key assumptions for well installation, sampling, and monitoring are as follows:

* A monitor well network of 64 existing wells will be supplemented by installation of 26 new
monitor wells for each alternative.

* Monitor wells are assumed to be 4 inch diameter and 350 feet deep with 30 foot long screens.

* 5 groundwater samples will be collected at various depths to vertically profile COC
distribution within the aquifer to determine the appropriate screen interval for each monitor
well, extraction well, and injection well.

* 5 soil samples will be collected to determine soil type and particle size gradation to support
design of the extraction and injection well screen slot size and filter pack gradation. 1 soil
sample will be taken at the water table surface for monitor wells.

* Monitor wells are assumed to have a design life of 30 years

Sampling activities for groundwater monitoring include the following key assumptions:

* Groundwater sampling events are assumed to occur at a frequency of semi-annually for the
first five years and annually for the duration of time required to reach cleanup levels (see
Table 2-1).

* It is assumed that, on average, 75 of the 90 wells (64 existing and 26 new) used in the
monitoring network will be sampled per event.

* A five year compliance monitoring period is assumed after pump-and treat operations
conclude for each alternative. Groundwater monitoring will be conducted on a semi-annual
basis during this period.

4.2 Groundwater Extraction and Injection

Groundwater extraction and injection flow rate calculations are based on the groundwater flow and COC
transport modeling presented in calculation brief ECF-200UP1-10-0374, Rev 2 which provides key
assumptions that were used to develop each of the remedial alternatives.

Primary cost estimate inputs for this category include:

* Number of extraction wells

* Flow rate for each extraction well

* Total extraction well flow rate

* Duration of pumping required for each modeling scenario (see Table 2-1)

* Number of injection wells

* Injection flow rate for each well

* Total injection flow rate

Key assumptions supporting the calculation of costs for extraction and injection components include the
following:
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* The number of extraction and injection wells is based on modeled pumping scenarios developed
in ECF-200UP1-10-0374, Rev 2.

* Extraction wells are assumed to be constructed of 8-inch diameter stainless steel riser casing and
screen.

* The extraction well depth is assumed to be 400 ft below ground surface (bgs) with a screen length
assumed to be 100 ft.

* Injection wells are assumed to be constructed of 8-inch diameter stainless steel riser casing and
screen.

* The injection well depth is assumed to be 400 ft bgs with a screen length assumed to be 100 ft.

* Extraction and injection well surface completions are assumed to be below grade, pedestrian rated
vaults.

* Extraction wells are assumed to have a design life of 20 years before they require replacement.

* Extraction wells are assumed to require rehabilitation every 10 years (offset from replacement
interval) to maintain adequate hydraulic performance.

* Injection wells are assumed to have a design life of 10 years before they require replacement.

* Injection wells are assumed to require rehabilitation every 2 years (except 1-129 injection wells
where rehabilitation will occur quarterly) to maintain adequate hydraulic performance. Injection
well rehabilitation will not be required for years when injection wells are replaced.

* The total volume of water injected under each of the 200-UP-I Groundwater OU RA alternatives
is currently greater than the total extraction rate. Flow balancing will be achieved through
optimization of individual extraction and injection wells flows.

4.3 Groundwater Treatment

Groundwater treatment costs are the largest component of the 200-UP-I Groundwater OU RA alternative
costs. Groundwater treatment costs for each alternative are based on the following key inputs:

* Total groundwater extraction flow rate

* Duration of pumping for each COC

* Unit processes required for treatment of COCs

Figure 4-1 provides a block flow diagram for the 200 West Area Groundwater Treatment Facility as
configured prior to development of the 200-UP-I Groundwater OU RA alternatives. Figures 4-2 through
4-5 provide block flow diagrams indicating the unit processes flow balance, and durations for each flow
stream for the four 200-UP-I Groundwater OU RA alternatives.

Key assumptions related to groundwater treatment include:

* All groundwater extracted from the 200-UP-1 Groundwater OU will be conveyed to the 200 West
Area Groundwater Treatment Facility for treatment.
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* The 200 West Area Groundwater Treatment Facility design includes 2 parallel biological process
treatment trains capable of treating 1,250 gpm (maximum) each, for a total maximum flow of
2,500 gpm (DOE/RL-2010-013). The design of this facility includes provisions for addition of a
third identical treatment train within the planned facility footprint (see Figure 4-1).

* The 200 West Area Groundwater Treatment Facility design has reserved 280 gpm average (350
gpm maximum) capacity for treatment of 200-UP-I- OU groundwater (DOE/RL-2010-013). This
flow allowance includes both flow contributions from the 200-UP-I Groundwater OU RA
alternatives and flow from the S-SX IRA pump-and-treat system.

* The 200 West Area Groundwater Treatment Facility design includes space reserved for treatment
of 200-UP-I OU groundwater containing uranium (DOE/RL-2010-013). All four 200-UP-I OU
RA alternatives include groundwater extraction flows from the U Plant Area Uranium plume and
will require addition of an uranium ion exchange (U-IX) treatment train.

* It is assumed that all extracted groundwater from the uranium extraction wells will be treated
with U-IX prior to biological/physical/chemical treatment at the 200 West Central Groundwater
Treatment Facility.

* The 200 West Area groundwater treatment facility includes two Tc-99-IX treatment trains
capable of operating at 350 gpm (average)/400 gpm (maximum) (DOE/RL-2010-013) with space
reserved for a third identical Tc-99-IX treatment train. The first two trains are sized to
accommodate flows from the S-SX Area IRA pump-and-treat system. Additional treatment
capacity is needed to account for the potential for additional Tc-99 treatment capacity form 200-
UP-I extraction flows. All four 200-UP-I RA alternatives assume that the third Tc-99-IX
treatment train is required. It is assumed that the capital cost for construction of the third Tc-99-
iX train will be assigned to the U Plant Area Uranium plume since these extraction wells have the
highest likelihood of encountering Tc-99 at concentrations requiring treatment. It is assumed that
U-IX effluent can be routed through the Tc-99-IX treatment trains on an as needed basis.

* Groundwater extraction for the S-SX Area Tc-99 extraction wells is assumed to start in 2013. All
remaining 200-UP-I RA alternative extraction flows are assumed to start in 2016.

* The 200 West Area Groundwater Treatment Facility is assumed to operate for 25 years (2012 to
2036), at which time extraction from the 200-ZP-I Groundwater OU will cease. All O&M costs
in years following year 2036 are included in the 200-UP-I Groundwater OU alternative O&M
costs.

* The maximum flow rate is based on an assumption of 80-percent uptime. Groundwater
extraction rates from groundwater fate and transport modeling (ECF-200UPi-10-0374, Rev 2.)
are assumed to be average flow rates (i.e. averaged over time).

* The capital cost for all new groundwater treatment system components is based on 120 percent of
the maximum predicted flow rate.

* O&M costs are based on average flow rates predicted by the groundwater modeling.

4.4 Groundwater Conveyance

Groundwater extraction and injection conveyance calculations for each alternative are based on the
following key inputs:
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* Flow rate for each extraction well

* Total extraction flow rate

* Flow rate for each injection well

* Total injection flow rate

* Location of extraction and injection wells

* Length of pipe runs to/from each well based on modeled well locations

* Location of transfer stations and groundwater treatment facilities

* Length of pipe to/from pump station locations

Key assumptions include the following:

* The length of individual pipe runs depends on final well locations and preferred pipe routing to
minimize pipe length and conflicts with site features (road crossings, utilities, structures). Figure
4-6 provides the assumed locations for conveyance transfer stations and conveyance pipe routing.

* Groundwater pumped from 200-UP-I extraction wells is assumed to be conveyed through
individual pipelines to a centrally located transfer station(s) that will convey the water to the 200
West Area groundwater treatment facility for treatment.

* Extraction and injection transfer stations are assumed to be similar to the transfer stations
designed for the 200-ZP-I OU extraction well network (DOE/RL 2010-013).

* It is assumed that a portion of the flow treated at the 200 West Area groundwater treatment
facility will be returned to the 200-UP-I Groundwater OU for injection. The injection flow
returned to 200-UP-1 Groundwater OU is based on the injection rates modeled for each scenario
(ECF-200UP1-10-03570374, Rev 2.)

* Conveyance piping is assumed to be single wall high-density polyethylene (HDPE) with a
surface-diameter ratio (SDR) of 9.

* Conveyance pipe sizing is based on the modeled groundwater extraction and injection flows and a
minimum flow velocity of 5 ft/second. A flow velocity of 2 to 3 ft/second is generally required to
prevent solids from settling in the pipe. A 5 ft/second minimum velocity allows for flexibility to
run at lower flow rates without encountering settling problems.

* A total of three transfer buildings are required to serve the 200-UP-I extraction and injection
wells. Each transfer station will have a dedicated equalization tank and transfer pump pair for
extraction as well as injection flows for each plume with individual piping to/from each
extraction and injection well as follows:

- One transfer station building will be located near the U Plant Area to serve
extraction and injection flows for both the U Plant Area Uranium plume and the I-
129 plume (Figure 4-6). This transfer station is required for all alternatives.
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- One transfer station building will be located at the Southeast Area to convey flows
to/from the Southeast Area Chromium plume extraction and injection wells (Figure
4-6). This transfer station is required for Alternatives 2, 3, and 4.

- One transfer station building will be located in the Northeast Area serving
extraction/ injection flows for the Nitrate plume (Figure 4-6). This transfer station is
only required for Alternative 4.
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a. The 200 West Bio-Process Facility is constructed at 2500 gpm maximum capacity with 350 gpm reserved
for 200-UP-1 OU groundwater in trains 1 and 2. Flow from 200-ZP-1 extraction wells is assumed to be
1720 gpm average/ 2150 gpm maximum or less.

b. Average flows represent flow rates predicted by groundwater modeling. Maximum flows represent flow
rates adjusted to account for 20 percent treatment system downtime

200 West RAD Facility

I -
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4-1. 200 West Area Groundwater Treatment Facility Operations
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a. The 200 West Bio-Process Facility is constructed at 2500 gpm maximum capacity with 350 gpm reserved for 200-UP-1 OU
groundwater in trains 1 and 2. Flow from 200-ZP-1 extraction wells is assumed to be 1720 gpm average/ 2150 gpm
maximum or less.

b. Construction of one U-IX train at 200 West Rad Facility is required. U-IX effluent may be routed to Tc-99-IX trains as needed.
c. Construction of third Tc-99-IX train at 200 West Rad Facility is required.
d. Average flows represent flow rates predicted by groundwater modeling. Maximum flows represent flow rates adjusted to

account for 20 percent treatment system downtime. Flow rates shown represent full scale and simultaneous operation of
both 200-ZP-1 and 200-UP-1 systems.

e. Transfer pumps for extraction and injection wells may be commonly located within one or more separate pump station
buildings. Extraction flows from each plume will remain segregated based on COCs present and treatment required.

NE Nitrate Area
0 ext. wells (monitoring only)
t = 35 years

SE Chromium Area
0 ext. wells (monitoring only)
t = 120 years

U Plant Area Uranium
2 ext. wells - Transfer
t = 40 years Pumose
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3 ext. wells N Transfer
t = 15 yrs Station

1720 [215

| 200 West RAD Facility

Uranium IX b

0]

TC-99 IX
(Train 1)

=TC-99 IX
(Train 32)

0] a

200 ZP-1
Extraction Wells
t = 25 Years

Figure 4-2. Alternative 1 - Block Flow Diagram
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a. The 200 West Bio-Process Facility is constructed at 2500 gpm maximum capacity with 350 gpm reserved for 200-UP-1 OU
groundwater in trains 1 and 2. Flow from 200-ZP-1 extraction wells is assumed to be 1720 gpm average/ 2150 gpm
maximum or less.

b. Construction of one U-IX train at 200 West Rad Facility is required. U-IX effluent may be routed to Tc-99-IX trains as SE Chro
needed. 2 Inj. well

c. Construction of third Tc-99-IX train at 200 West Rad Facility is required. t = 45 yea
d. Optimization of 200-UP-1 Groundwater OU extraction well flows and optimization of 200 West Facility treatment capacity

may be required to accommodate projected flows that exceed the 200 West Bio-Process Facility design capacity. U Plant A
e. Average flows represent flow rates predicted by groundwater modeling. Maximum flows represent flow rates adjusted to 2 Inj. well

account for 20 percent treatment system downtime. Flow rates shown represent full scale and simultaneous operation of t = 40 yea
both 200-ZP-1 and 200-UP-1 systems.

f. Transfer oumos for extraction and iniection wells mav be commonlv located within one or more senarate oumo station 1-129 Hyd
3 Inj. well
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Figure 4-3. Alternative 2 - Block Flow Diagram
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a. The 200 West Bio-Process Facility is constructed at 2500 gpm maximum capacity with 350 gpm reserved for 200-UP-1 OU
groundwater in trains 1 and 2. Flow from 200-ZP-1 extraction wells is assumed to be 1720 gpm average/ 2150 gpm maximum
or less.

b. Construction of one U-IX train at 200 West Rad Facility is required. U-IX effluent may be routed to Tc-99-IX trains as needed.
c. Construction of third Tc-99-IX train at 200 West Rad Facility is required.
d. Construction of third Bio-process treatment train is required. Flow is assumed to be split evenly between the 3 trains.
e. Average flows represent flow rate predicted by groundwater modeling. Maximum flows represent flow rates adjusted to

account for 20 percent treatment system downtime. Flow rates shown represent full scale and simultaneous operation of both
200-ZP-1 and 200-UP-1 systems.

f. Transfer pumps for extraction and injection wells may be commonly located within one or more separate pump station
buildings. Extraction flows from each plume will remain segregated based on COCs present and treatment required.
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2-3 ext. wells o Transfer -- -

t = 25 years Pumpsf
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-----------------------
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(Train 2)
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Trai n C

-,
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t= 25 Years

Figure 4-4. Alternative 3 - Block Flow Diagram
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a. The 200 West Bio-Process Facility is constructed at 2500 gpm maximum capacity with 350 gpm reserved for 200-UP-1 OU
groundwater in trains 1 and 2. Flow from 200-ZP-1 extraction wells assumed to be 1720 gpm average/ 2150 gpm maximum
or less.

b. Construction of one U-IX train at 200 West Rad Facility is required. U-IX effluent may be routed to Tc-99-IX trains as needed.
c. Construction of third Tc-99-IX train at 200 West Rad Facility is required.
d. Construction of third Bio-process treatment train is required. Flow is assumed to be split evenly between the 3 trains.
e. Average flows represent flow rate predicted by groundwater modeling. Maximum flows represent flow rates adjusted to

account for 20 percent treatment system downtime. Flow rates shown represent full scale and simultaneous operation of
both 200-ZP-1 and 200-UP-1 systems.

f. Transfer pumps for extraction and injection wells may be commonly located within one or more separate pump station
buildings. Extraction flows from each plume will remain segregated based on COCs present and treatment required.
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Figure 4-5. Alternative 4 - Block Flow Diagram
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Figure 4-6. Groundwater Conveyance Transfer Stations and Piping
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5 Software Applications

Microsoft Office Excel 2007 was used to perform the calculations. Excel is a "Site Licensed Client
Software" and is exempt from formal control requirements of PRC-PRO-IRM-309, Controlled Software
Management.

6 Calculation

This section provides calculations for cost estimate inputs for each alternative. The cost estimate
calculations are broken down into the following calculation categories:

* Well installation and sampling

* Groundwater extraction and injection

* Groundwater treatment

* Groundwater conveyance

Each of these categories is discussed in the following subsections.

6.1 Well Installation and Sampling

Cost input calculations related to well installation and sampling are provided in Table 6-1. These
calculations include the following:

1. Number of groundwater samples (monitor wells) = # samples per well x total number of wells
2. Number of groundwater samples (extraction wells) = # samples per well x total number of wells
3. Number of groundwater samples (injection wells) = # samples per well x total number of wells
4. Number of soil samples (monitor wells) = # samples per well x total number of wells
5. Number of soil samples (extraction wells) = # samples per well x total number of wells
6. Number of soil samples (injection wells) = # samples per well x total number of wells

6.2 Groundwater Extraction and Injection

Cost input calculations for the groundwater extraction and injection components are provided in Table 6-2
through Table 6-9. The flow rates for these alternatives vary depending upon the duration of individual
extraction components (e.g. 1-129 hydraulic containment, uranium pump-and-treat).Tables 6-2 through
Table 6-5 provide calculations for extraction flow rates for each remedial alternative including the
following:

1. Average Tc-99 (S-SX IRA pump-and-treat) flow rate (gpm) = # wells x average flow rate (gpm) per
well

2. Average U Plant Area uranium extraction flow rate (gpm) = # wells x flow rate (gpm) per well
(average)

3. Average Southeast Area chromium extraction flow rate (gpm) = # wells x flow rate (gpm) per well
(average)

4. Average Northeast Area nitrate extraction flow rate (gpm) = # wells x flow rate (gpm) per well
(average)

5. Total 200-UP-I average extraction rate (gpm) = average uranium flow rate (gpm) + average Tc-99
flow rate (gpm) + average chromium flow rate (gpm) + average nitrate flow rate (gpm)

6. Maximum extraction flow rate (gpm) = average flow rate (gpm) + 0.80 (80-percent uptime)
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Tables 6-6 through Table 6-9 provide calculations for injection flow rates for each remedial alternative
including the following:

1. Average U Plant Area Uranium injection flow rate (gpm) = # wells x flow rate (gpm) per well
(average)

2. Average Southeast Area chromium plume injection flow rate (gpm) = # wells x flow rate (gpm) per
well (average)

3. Average 1-129 injection flow rate (gpm) = # wells x flow rate (gpm) per well (average)
4. Total 200-UP-I average injection flow rate (gpm) = average U Plant Area uranium injection flow rate

(gpm) + average Southeast Area chromium plume injection flow rate (gpm) + average 1-129
injection flow rate (gpm)

5. Maximum injection flow rate (gpm) = average flow rate (gpm) + 0.80 (80-percent uptime)

Figures 6-1 through 6-8 provide graphical representation of the average groundwater extraction and
injection flow rates over time for each alternative.

6.3 Groundwater Treatment Calculations

This section provides the basis for calculation of flow estimates used for both capital costs and O&M
costs for treatment of 200-UP-I OU groundwater for each alternative.

Tables 6-10 through 6-13 provide flow calculations for radiological and biological process treatment
steps. These calculations include the following;

1. Average U-IX flow rate (gpm) = average U Plant Area uranium plume extraction flow rate (gpm)
2. Total U-IX flow rate (gpm) = average uranium IX flow rate (gpm) + 0.8
3. Assumed Maximum 200-ZP-1 extraction flow = 2500 gpm total plant capacity - 350 gpm reserved

for 200-UP-I groundwater
4. Total average flow requiring biological/physical/chemical treatment (gpm) = average 200-ZP-I

extraction flow (gpm) + average 200-UP-I extraction flow (gpm)
5. Total maximum flow requiring biological/physical/chemical treatment (gpm) = Total average flow

requiring biological/physical/chemical treatment (gpm)+ 0.8
6. Total number of bio-process treatment trains required.

a. If the total groundwater extraction flow rate (maximum) for the 200-UP-I Alternative is
less than 420 gpm (120 percent of 350 gpm capacity reserved for 200-UP-I flows), then
the number of bio-process treatment trains = 2 (applicable to Alternatives 1 and 2)

b. If the total groundwater extraction flow rate (maximum) for the 200-UP-I Alternative is
greater than 420 gpm, then the number of bio-process treatment trains = 3 (applicable to
Alternatives 3 and 4)

7. Average flow rate per bio-process treatment train = Total flow rate requiring biological treatment /
number of treatment trains required.

Figures 6-9 through 6-12 provide graphical representation of the average groundwater extraction and
injection flow rates over time for each alternative.

The average (350 gpm) and maximum flow rates (400 gpm) for the Tc-99 IX treatment trains at the 200
West Radiological Treatment Building are values used as the basis of design for these treatment trains
(DOE/RL 2009-013), and as such, are not values calculated in this document.
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6.4 Groundwater Conveyance Calculations

Calculations related to groundwater conveyance are provided in Tables 6-14 and 6-15. The estimated
lengths of conveyance pipe to/from each extraction and injection well and between transfer stations and
the 200 West Facility are shown in Figure 4-6. Actual extraction and injection well locations, transfer
station locations, and conveyance pipe routing will be determined during remedial design. The well
locations shown were determined by the groundwater flow and COC transport modeling conducted in
ECF-200UP1-10-0374, Rev 2.

Table 6-14 provides a summary of the pipe segment lengths for each plume area shown in Figure 4-18.
Table 6-15 provides the flow rates and assumed diameter for each pipe segment. For alternative
development and cost estimating purposes, the conveyance piping is assumed to be single-walled high
density polyethylene (HDPE) with a surface-to-diameter (SDR) of 9.

Pipe sizes were selected based on an assumed minimum flow velocity of 5.0 feet per second at the
assumed maximum flow rate. A minimum flow velocity of 2 to 3 feet per second is required to keep
solids from settling within the pipe.

Calculations related to conveyance pipe sizing are:

1. Inside area of pipe (ft2) = 3.14 x (inner radius of pipe) 2

2. Flow velocity (ft/second) = flow rate (ft3/second) + inside area of pipe (ft2)
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Table 6-1. Well Installation and Sampling Summary

New Monitor Wells
# New wells GW Samples Soil Samples

U Plant Total # of
Area SE Area NE Area New

Uranium Chromium Nitrate 1-129 Tritium Monitor
Alternative Plume Plume Plume Plume Plume Wells # /well total # # /well total #

1 0 10 10 6 0 26 5 130 1 26
2 0 10 10 6 0 26 5 130 1 26
3 0 10 10 6 0 26 5 130 1 26
4 0 10 10 6 0 26 5 130 1 26

New Extraction Wells

U Plant
S/SX Area SE Area Area NE Area

-Tc-99 Chromium Uranium Nitrate 1-129
Plume Plume Plume Plume Plume Total GW Samples Soil Samples

Alternative # Wells # Wellsb # Wells # Wellsc # Wells #Wells #/well total # #/ well total #
1 0 0 2 0 0 2 5 10 5 10
2 0 2 2 0 0 4 5 20 5 20
3 0 3 2 0 0 5 5 25 5 25
4 0 3 2 2 0 7 5 35 5 35

New Injection Wells
U Plant

S/SX Area SE Area Area NE Area
-Tc-99 Chromium Uranium Nitrate 1-129
Wells Plume Plume Plume Plume Total GW Samples Soil Samples

Alternative # Wells # Wellsb # Wells # Wells # Wells # Wells #/ well total # #/ well total #
1 0 0 2 0 3 5 5 25 5 25
2 0 2 2 0 3 7 5 35 5 35
3 0 3 2 0 3 8 5 40 5 40
4 0 3 2 0 3 8 5 40 5 40
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Table 6-1. Well Installation and Sampling Summary

New Monitor Wells
# New wells GW Samples Soil Samples

U Plant Total # of
Area SE Area NE Area New

Uranium Chromium Nitrate 1-129 Tritium Monitor
Alternative Plume Plume Plume Plume Plume Wells # / well total # # / well total #
Notes:

a. Three Tc-99 extraction and three injection wells installed as part of the S/SX IRA Pump-and-Treat System will be
incorporated into the final remedy of all alternatives.

b. The number of wells is estimated to range from 2 to 3 for Alternatives 3 and 4. Groundwater modeling conducted in ECF-200UP1 -

10-0374 included 2 wells. For the purposes of estimating the number of samples 3 wells are assumed for Alternatives 3 and 4 for
the purpose of this calculation. All other calculations assume only 2 wells.

c. The number of wells is estimated to range from 1 to 2 for Alternative 4. Groundwater modeling conducted in ECF-200UP1-10-0374
Rev 2 included 1 well. For the purposes of estimating the number of samples 2 wells are assumed for the purpose of this
calculation. All other calculations assume only 1 well.
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Table 6-2. Alternative 1:1Groundwater Extraction Flow Rates, in gpm
S/SX - Tc-99 U Plant - Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
_ _Combined Combined Combined # Combined

Year # Wells Each Avg I Max # Wells Each Avg I Max # Wells Each Avg I Max Wells Each Avg I Max Avg (gpm) Max (gpm)
2012
2013 3 20,30,30 80 100
2014 3 20,30,30 80 100
2015 3 20,30,30 80 100
2016 3 20,30,30 80 100 2 50 100 125
2017 3 20,30,30 80 100 2 50 100 125
2018 3 20,30,30 80 100 2 50 100 125
2019 3 20,30,30 80 100 2 50 100 125
2020 3 20,30,30 80 100 2 50 100 125
2021 3 20,30,30 80 100 2 50 100 125
2022 3 20,30,30 80 100 2 50 100 125
2023 3 20,30,30 80 100 2 50 100 125
2024 3 20,30,30 80 100 2 50 100 125
2025 3 20,30,30 80 100 2 50 100 125
2026 3 20,30,30 80 100 2 50 100 125
2027 3 20,30,30 80 100 2 50 100 125
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055

2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125

0 0
80 100
80 100
80 100
180 225
180 225
180 225
180 225
180 225
180 225
180 225
180 225
180 225
180 225
180 225
180 225
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
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Table 6-3. Alternative 1 Groundwater Injection Flow Rates, in gpm
1-129 U Plant - Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg I Max # Wells Each Avg Max # Wells Each Avg I Max Wells Each Avg I Max Avg (gpm) Max (gpm)
2012
2013
2014
2015
2016 3 50 150 188 2 50 100 125
2017 3 50 150 188 2 50 100 125
2018 3 50 150 188 2 50 100 125
2019 3 50 150 188 2 50 100 125
2020 3 50 150 188 2 50 100 125
2021 3 50 150 188 2 50 100 125
2022 3 50 150 188 2 50 100 125
2023 3 50 150 188 2 50 100 125
2024 3 50 150 188 2 50 100 125
2025 3 50 150 188 2 50 100 125
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053

2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125
2 50 100 125

0 0
0 0
0 0
0 0

250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
100 125
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Groundwater Injection Flow Rates, in gpm
1-129 U Plant - Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg Max # Wells Each Avg Max # Wells Each Avg Max Wells Each Avg Max Avg (gpm) Max (gpm)
2054 2 50 100 125 100 125
2055 2 50 100 125 100 125

Notes:
a. Injection flow rates shown are the sum of the required injection rates for P&T of the uranium plume and hydraulic containment of the 1-129 plume based on F&T model simulations.

b. Where extraction flow rate exceeds required injection flow rate, excess 200 West treatment facility effluent will be routed to the 200-ZP-1 injection well system.
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Table 6-4. Alternative 2:1Groundwater Extraction Flow Rates, in gpm
S/SX - Tc-99 U Plant - Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg I Max # Wells Each Avg I Max # Wells Each Avg I Max Wells Each Avg I Max Avg (gpm) Max (gpm)
2012
2013 3 20,30,30 80 100
2014 3 20,30,30 80 100
2015 3 20,30,30 80 100
2016 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2017 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2018 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2019 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2020 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2021 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2022 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2023 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2024 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2025 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2026 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2027 3 20,30,30 80 100 2 50 100 125 2 75 150 188
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054

2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188

0 0
80 100
80 100
80 100
330 413
330 413
330 413
330 413
330 413
330 413
330 413
330 413
330 413
330 413
330 413
330 413
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
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Groundwater Extraction Flow Rates.min aom
S/SX - Tc-99 U Plant - Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg Max # Wells Each Avg Max # Wells Each Avg Max Wells Each Avg Max Avg (gpm) Max (gpm)
2055 2 50 100 125 2 75 150 188 250 313
2056 2 75 150 188 150 188
2057 2 75 150 188 150 188
2058 2 75 150 188 150 188
2059 2 75 150 188 150 188
2060 2 75 150 188 150 188
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Table 6-5. Alternative 2: Groundwater Injection Flow Rates, in gpm
1-129 U Plant Area- Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg I Max # Wells Each Avg I Max # Wells Each Avg I Max Wells Each Avg I Max Avg (gpm) Max (gpm)
2012
2013
2014
2015
2016 3 50 150 188 2 50 100 125 2 75 150 188
2017 3 50 150 188 2 50 100 125 2 75 150 188
2018 3 50 150 188 2 50 100 125 2 75 150 188
2019 3 50 150 188 2 50 100 125 2 75 150 188
2020 3 50 150 188 2 50 100 125 2 75 150 188
2021 3 50 150 188 2 50 100 125 2 75 150 188
2022 3 50 150 188 2 50 100 125 2 75 150 188
2023 3 50 150 188 2 50 100 125 2 75 150 188
2024 3 50 150 188 2 50 100 125 2 75 150 188
2025 3 50 150 188 2 50 100 125 2 75 150 188

75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188
2 50 100 125 2 75 150 188

0 0
0 0
0 0
0 0

400 500
400 500
400 500
400 500
400 500
400 500
400 500
400 500
400 500
400 500
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
250 313
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Table 6-5. Alternative 2: Groundwater Injection Flow Rates, in gpm
1-129 U Plant Area- Uranium SE Area-Chromium NE Area - Nitrate Total 200-UP-1 Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg Max # Wells Each Avg Max # Wells Each Avg Max Wells Each Avg Max Avg (gpm) Max (gpm)
2055 2 50 100 125 2 75 150 188 250 313
2056 2 75 150 188 150 188
2057 2 75 150 188 150 188
2058 2 75 150 188 150 188

2059 2 75 150 188 150 188

2060 2 75 150 188 150 188

Notes:
a. Injection flow rates shown are the sum of the required injection rates for P&T of the uranium and chromium plumes and hydraulic containment of the 1-129 plume based on F&T model simulations.
b. Where required injection flow rate exceeds extraction flow rate, additional flow will be routed from 200 West treatment facility effluent to the 200-UP-1 injection wells.
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Table 6-6. Alternative 3: Groundwater Extraction Flow Rates, in gpm

S/SX - Tc-99 Total 200-UP-1 Extraction
U Plant - Uranium SE Area-Chromium NE Area - Nitrate Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined

Year # Wells Each Avg Max # Wells Each Avg Max # Wellsa Each Avg Max Wells Each Avg Max Avg (gpm) Max (gpm)
2012 0 0
2013 3 20,30,30 80 100 80 100
2014 3 20,30,30 80 100 80 100
2015 3 20,30,30 80 100 80 100
2016 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2017 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2018 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2019 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2020 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2021 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2022 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2023 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2024 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2025 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2026 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2027 3 20,30,30 80 100 2 75 150 188 2 100 200 250 430 538
2028 2 75 150 188 2 100 200 250 350 438
2029 2 75 150 188 2 100 200 250 350 438
2030 2 75 150 188 2 100 200 250 350 438
2031 2 75 150 188 2 100 200 250 350 438
2032 2 75 150 188 2 100 200 250 350 438
2033 2 75 150 188 2 100 200 250 350 438
2034 2 75 150 188 2 100 200 250 350 438
2035 2 75 150 188 2 100 200 250 350 438
2036 2 75 150 188 2 100 200 250 350 438
2037 2 75 150 188 2 100 200 250 350 438
2038 2 75 150 188 2 100 200 250 350 438
2039 2 75 150 188 2 100 200 250 350 438
2040 2 75 150 188 2 100 200 250 350 438

Notes:
a. The number of wells is estimated to range from 2 to 3. Groundwater modeling conducted in ECF-200UP1-10-0374 Rev. 2 included 2 wells. 2 wells are assumed for the purpose of this calculation.
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Table 6-7. Alternative 3: Groundwater Injection Flow Rates, in gpm
Total 200-UP-1

1-129 U Plant Area- Uranium SE Area-Chromium NE Area - Nitrate Extraction Rate
Flow Flow Flow Flow

Combined Combined Combined # Combined
Year # Wells Each Avg Max # Wells Each Avg Max # Wells' Each Avg Max Wells Each Avg Max Avg (gpm) Max (gpm)
2012 0 0
2013 0 0
2014 0 0
2015 0 0
2016 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2017 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2018 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2019 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2020 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2021 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2022 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2023 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2024 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2025 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2026 2 75 150 188 2 100 200 250 350 438
2027 2 75 150 188 2 100 200 250 350 438
2028 2 75 150 188 2 100 200 250 350 438
2029 2 75 150 188 2 100 200 250 350 438
2030 2 75 150 188 2 100 200 250 350 438
2031 2 75 150 188 2 100 200 250 350 438
2032 2 75 150 188 2 100 200 250 350 438
2033 2 75 150 188 2 100 200 250 350 438
2034 2 75 150 188 2 100 200 250 350 438
2035 2 75 150 188 2 100 200 250 350 438
2036 2 75 150 188 2 100 200 250 350 438
2037 2 75 150 188 2 100 200 250 350 438
2038 2 75 150 188 2 100 200 250 350 438
2039 2 75 150 188 2 100 200 250 350 438
2040 2 75 150 188 2 100 200 250 350 438

Notes:
a. Injection flow rates shown are the sum of the required injection rates for P&T of the uranium and chromium plumes and hydraulic containment of the 1-129 plume based on F&T model simulations.
b. Where required injection flow rate exceeds extraction flow rate, additional flow will be routed from 200 West treatment facility effluent to the 200-UP-1 injection wells.

The number of wells is estimated to range from 2 to 3. Groundwater modeling conducted in ECF-200UP1-10-0374 Rev. 2 included 2 wells and 2 wells are assumed for the purpose of this
c. calculation.
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Table 6-8. Alternative 4: Groundwater Extraction Flow Rates, in gpm

S/SX - Tc-99 Total 200-UP-1
U Plant - Uranium SE Area-Chromium NE Area - Nitrate Extraction Rate

Flow Flow Flow Flow
Combined Combined Combined # Combined Avg Max

Year # Wells Each Avg Max # Wells Each Avg Max # Wellsa Each Avg Max Wellsb Each Avg Max (gpm) (gpm)
2012 0 0
2013 3 20,30,30 80 100 80 100
2014 3 20,30,30 80 100 80 100
2015 3 20,30,30 80 100 80 100
2016 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2017 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2018 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2019 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2020 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2021 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2022 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2023 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2024 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2025 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2026 3 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2027 0 20,30,30 80 100 2 75 150 188 2 100 200 250 1 100 100 125 530 663
2028 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2029 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2030 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2031 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2032 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2033 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2034 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2035 0 2 75 150 188 2 100 200 250 1 100 100 125 450 563
2036 0 2 75 150 188 2 100 200 250 350 438
2037 0 2 75 150 188 2 100 200 250 350 438
2038 0 2 75 150 188 2 100 200 250 350 438
2039 0 2 75 150 188 2 100 200 250 350 438
2040 0 2 75 150 188 2 100 200 250 350 438

Notes:
The number of wells is estimated to range from 2 to 3. Groundwater modeling conducted in ECF-200UP1 -10-0374 Rev 2 included 2 wells. 2 wells are assumed for the purpose of this

a. calculation.
b. The number of wells is estimated to range from 1 to 2. Groundwater modeling conducted in ECF-200UP1 -10-0374 Rev 2 included 1 well. 1 well is assumed for the purpose of this calculation.
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Table 6-9. Alternative 4: Groundwater Injection Flow Rates, in gpm
Total 200-UP-1

1-129 U Plant Area- Uranium SE Area-Chromium NE Area - Nitrate Extraction Rate
Flow Flow Flow Flow

Combined Combined Combined #Combined Avg Max
Year # Wells Each Avg Max # Wells Each Avg Max # Wellsc Each Avg Max Wells Each Avg Max (gpm) (gpm)
2012 0 0
2013 0 0
2014 0 0
2015 0 0
2016 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2017 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2018 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2019 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2020 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2021 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2022 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2023 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2024 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2025 3 50 150 188 2 75 150 188 2 100 200 250 500 625
2026 2 75 150 188 2 100 200 250 350 438
2027 2 75 150 188 2 100 200 250 350 438
2028 2 75 150 188 2 100 200 250 350 438
2029 2 75 150 188 2 100 200 250 350 438
2030 2 75 150 188 2 100 200 250 350 438
2031 2 75 150 188 2 100 200 250 350 438
2032 2 75 150 188 2 100 200 250 350 438
2033 2 75 150 188 2 100 200 250 350 438
2034 2 75 150 188 2 100 200 250 350 438
2035 2 75 150 188 2 100 200 250 350 438
2036 2 75 150 188 2 100 200 250 350 438
2037 2 75 150 188 2 100 200 250 350 438
2038 2 75 150 188 2 100 200 250 350 438
2039 2 75 150 188 2 100 200 250 350 438
2040 2 75 150 188 2 100 200 250 350 438

Notes:
a. Injection flow rates shown are the sum of the required injection rates for P&T of the uranium and chromium plumes and hydraulic containment of the 1-129 plume based on F&T model

simulations.
b.
c.

Where required injection flow rate exceeds extraction flow rate, additional flow will be routed from 200 West treatment facility effluent to the 200-UP-1 injection wells.
The number of wells is estimated to range from 2 to 3. Groundwater modeling conducted in ECF-200UP1 -10-0374 Rev 2 included 2 wells. 2 wells are assumed for the purpose of this
calculation.
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Table 6-10. Alternative 1: 200-UP-1 Groundwater Treatment Flow Rates, in gpm
Rad Treatment (200-UP-1 Flows) 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU 200-UP-1 OU Tc-99 IXb (from Total Bio-Process 200 West Train 200 West Train 200 West Train
Extraction Flows Extraction Flows U-IXa S/SX) Flow 1C 2c 3d,e

Year Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
2012 1720 2150 0 0 1720 2150 860 1075 860 1075 -- --

2013 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2014 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2015 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2016 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2017 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2018 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2019 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2020 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2021 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2022 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2023 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2024 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2025 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2026 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

2027 1720 2150 180 225 100 125 80 100 1900 2375 950 1188 950 1188 -- --

1720 2150 125 100 125
2029 1720 2150 100 125 100 125
2030 1720 2150 100 125 100 125
2031 1720 2150 100 125 100 125

2032 1720 2150 100 125 100 125

2033 1720 2150 100 125 100 125

2034 1720 2150 100 125 100 125

2035 1720 2150 100 125 100 125

2036 1720 2150 100 125 100 125

125 100 125

100 125 100 125

100 125 100 125
100 125 100 125

100 125 100 125
100 125 100 125

100 125 100 125
100 125 100 125

100 125 100 125
100 125 100 125
100 125 100 125
100 125 100 125
100 125 100 125

100 125 100 125
100 125 100 125

100 125 100 125

1820 2275 910 1138 910 1138
1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

1820 2275 910 1138 910 1138 -- --

100 e e e e e

100 - - - - -

100 e e e e

100 - - - -

100 e e e e e

100 - - - - -

100 e e e e e

100 - - - - -

100 e e e e e

100 - - - -

100 e e e e e

100 - - - - -

100 e e e e e

100 e e e e e

100 e e e e e

100 e e e e e
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Table 6-10. Alternative 1: 200-UP-1 Groundwater Treatment Flow Rates, in gpm
Rad Treatment (200-UP-1 Flows) 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU 200-UP-1 OU Tc-99 IXb (from Total Bio-Process 200 West Train 200 West Train 200 West Train
Extraction Flows Extraction Flows U-IXa S/SX) Flow 1C 2c 3d,e

Year Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max

2053 100 125 100 125 100 - - - - - -

2054 100 125 100 125 100 - - - - - -

2055 100 125 100 125 100 - - - - - -
Notes:

a.
b.

C.

d.

e.

Only flows from the U Plant Area Uranium extraction wells will be treated in the U-IX treatment train.
The only 200-UP-1 OU water treated at the 200 West Tc-99 IX system will be from S/SX Area extraction wells and U Plant Area Uranium
Wells
200 West Area Groundwater Treatment Facility design includes 350 gpm max flow reserved for the 200-UP-1 OU in first two Biological
Process treatment trains.

The third bio-process treatment train is only included for 200-UP-1 Alternatives where total flow to the first two trains exceeds 120% of the 350
gpm maximum design capacity reserved in the first two treatment trains.

A minimum of 600 gpm is required to operate each 200 West Bio-process train. A stand alone treatment system to treat 200-UP-1 flows after shut down of 200-
ZP-1 wells may be required.
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Table 6-11. Alternative 2:200-UP-1 Groundwater Treatment Flow Rates, in gpm
Rad Treatment (200-UP-1 Flows) 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU 200-UP-1 OU Tc-99 IXb (from Total Bio-Process 200 West Train 200 West Train 200 West Train
Extraction Flows Extraction Flows U-IXa S/SX) Flow 1C 2c 3d,e

Year Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
2012 1720 2150 0 0 1720 2150 860 1075 860 1075 -- --

2013 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2014 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2015 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2016 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2017 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2018 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2019 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2020 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2021 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2022 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2023 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2024 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2025 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2026 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

2027 1720 2150 330 413 100 125 80 100 2050 2563 1025 1281 1025 1281 -- --

1720 2150 313 100 125
2029 1720 2150 250 313 100 125
2030 1720 2150 250 313 100 125
2031 1720 2150 250 313 100 125

2032 1720 2150 250 313 100 125
2033 1720 2150 250 313 100 125

2034 1720 2150 250 313 100 125

2035 1720 2150 250 313 100 125

2036 1720 2150 250 313 100 125

313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125
250 313 100 125

1970 2463 985 1231 985 1231
1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

1970 2463 985 1231 985 1231 -- --

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

250 313 - e e e e

250 313 - - - - -

20 33e e e e

250 313 - - - - -

250 313 -* - - - - -
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Table 6-11. Alternative 2:200-UP-1 Groundwater Treatment Flow Rates, in gpm
1 Rad Treatment (200-UP-1 Flows) F 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU
Extraction Flows

200-UP-1 OU
Extraction Flows

Avg

250
Max
313

U-IXa
Avg Max

100 125
250 313 100 125
250 313 100 125
150

150
150
150
150

188

188
188
188
188

Tc-99 IXb (from
S/SX)

Avg I Max

Total Bio-Process
Flow

Avg

250
Max
313

200 West Train
ic

Avg
e

Max
e

200 West Train
2c

Avg
e

Max
e

200 West Train
3d,e

Avg
e

Max
e

250 313 - - - - -

250 313 - - - - -

150 188 - - - - -

150 188 - - - - -

150 188 - - - - -

150 188 - - - - -

150 188 -* -e e -e -e e

Notes:
a. Only flows from the U Plant Area Uranium extraction wells will be treated in the U-IX treatment train.
b. The only 200-UP-1 OU water treated at the 200 West Tc-99 IX system will be from S/SX Area extraction wells and U Plant Area Uranium

Wells
c. 200 West Area Groundwater Treatment Facility design includes 350 gpm max flow reserved for the 200-UP-1 OU in first two Biological

Process treatment trains.

d. The third bio-process treatment train is only included for 200-UP-1 Alternatives where total flow to the first two trains exceeds 120% of the 350
gpm maximum design capacity reserved in the first two treatment trains.

e. A minimum of 600 gpm is required to operate each 200 West Bio-process train. A stand alone treatment system to treat 200-UP-1 flows after shut down of 200-
ZP-1 wells may be required.
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Table 6-12. Alternative 3: 200-UP-1 Groundwater Treatment Flow Rates, in gpm
Rad Treatment (200-UP-1 Flows) 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU 200-UP-1 OU Tc-99 IX t (from Total Bio-Process 200 West Train 200 West Train 200 West Train
Extraction Flows Extraction Flows U-IXa S/SX) Flow 1C 2c 3d,e

Year Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
2012 1720 2150 0 0 1720 2150 860 1075 860 1075 -- --

2013 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2014 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2015 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2016 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2017 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2018 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2019 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2020 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896
2021 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896
2022 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2023 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2024 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2025 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2026 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2027 1720 2150 430 538 150 188 80 100 2150 2688 717 896 717 896 717 896

2028 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2029 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2030 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2031 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2032 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2033 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2034 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2035 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2036 1720 2150 350 438 150 188 2070 2588 690 863 690 863 690 863

2037 350 438 150 188 350 438 - - - e e

2038 350 438 150 188 350 438 - - - e e

2039 350 438 150 188 350 438 - - - e e

2040 350 438 150 188 350 438 e e e e e

Notes:
a. Only flows from the U Plant Area Uranium extraction wells will be treated in the U-IX treatment train.
b. The only 200-UP-1 OU water treated at the 200 West Tc-99 IX system will be from S/SX Area and U Plant Area extraction wells.
c. 200 West Area Groundwater Treatment Facility design includes 350 gpm max flow reserved for the 200-UP-1 OU in first two Biological

Process treatment trains.

d. The third bio-process treatment train is only included for 200-UP-1 Alternatives where total flow to the first two trains exceeds 120% of the 350
gpm maximum design capacity reserved in the first two treatment trains.

e. A minimum of 600 gpm is required to operate each 200 West Bio-process train. A stand alone treatment system to treat 200-UP-1 flows after shut down of 200-ZP-
1 wells may be required.
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Table 6-13. Alternative 4: 200-UP-1 Groundwater Treatment Flow Rates, in gpm
Rad Treatment (200-UP-1 Flows) 200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

200-ZP-1 OU 200-UP-1 OU Tc-99 IXb (from Total Bio-Process 200 West Train 200 West Train 200 West Train
Extraction Flows Extraction Flows U-1X 3  S/SX) Flow 1C 2c 3d.e

Year Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
2012 1720 2150 0 0 1720 2150 860 1075 860 1075 -- --

2013 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2014 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2015 1720 2150 80 100 80 100 1800 2250 900 1125 900 1125 -- --

2016 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938

2017 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938

2018 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938

2019 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938

2020 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2021 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2022 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2023 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2024 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2025 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2026 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2027 1720 2150 530 663 150 188 80 100 2250 2813 750 938 750 938 750 938
2028 1720 2150 450 563 150 188
2029 1720 2150 450 563 150 188
2030 1720 2150 450 563 150 188
2031 1720 2150 450 563 150 188

2032 1720 2150 450 563 150 188
2033 1720 2150 450 563 150 188
2034 1720 2150 450 563 150 188
2035 1720 2150 450 563 150 188
2036 1720 2150 350 438 150 188
2037

2038

2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053

350 438 150 188

350 438 150 188

350 438 150 188
350 438 150 188

2170 2713 723 904 723 904 723 904
2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2170 2713 723 904 723 904 723 904

2070 2588 690 863 690 863 690 863
350 438 e e e e e
350 438- - - -- -

35e3 e e e e e
350 438- - - -- -
350 438 e e e e e

35e3 e e e e e
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Table 6-13. Alternative 4: 200-UP-1 Groundwater Treatment Flow Rates, in gpm

Year
2054
2055
2056
2057
2058
2059
2060

Notes:
a.
b.
C.

200-ZP-1 OU 200-UP-1 OU
Extraction Flows Extraction Flows
Avg I Max Avg Max

Rad Treatment (200-UP-1 Flows)

U-1Xa
Avg I Max

Tc-99 IXb (from
S/SX)

Avg |IMax

200 West Bio-Process Treatment (200-UP-1 and 200-UP-1 Flows)

Total Bio-Process
Flow

200 West Train
ic

200 West Train
2c

I Avg I Max I Avg Max Avg Max j

200 West Train
3d.e

Avg I Max

Only flows from the U Plant Area Uranium extraction wells will be treated in the U-IX treatment train.
The only 200-UP-1 OU water treated at the 200 West Tc-99 IX system will be from S/SX Area and U Plant Area extraction wells.
200 West Area Groundwater Treatment Facility design includes 350 gpm max flow reserved for the 200-UP-1 OU in first two Biological
Process treatment trains.

d. The third bio-process treatment train is only included for 200-UP-1 Alternatives where total flow to the first two trains exceeds 120% of the 350
gpm maximum design capacity reserved in the first two treatment trains.

e. A minimum of 600 gpm is required to operate each 200 West Bio-process train. A stand alone treatment system to treat 200-UP-1 flows after shut down of 200-
ZP-1 wells may be required.
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Figure 6-1. Alternative 1 - Average Groundwater Extraction Flow Rates in gpm
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Figure 6-2. Alternative 1 - Average Groundwater Injection Flow Rates in gpm
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Figure 6-3. Alternative 2 - Average Groundwater Extraction Flow Rates in gpm
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Figure 6-4. Alternative 2 - Average Groundwater Injection Flow Rates in gpm
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Figure 6-5. Alternative 3 - Average Groundwater Extraction Flow Rates in gpm
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Figure 6-6. Alternative 3 - Average Groundwater Injection Flow Rates in gpm
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Figure 6-7. Alternative 4 - Average Groundwater Extraction Flow Rates in gpm
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Figure 6-8. Alternative 4 - Average Groundwater Injection Flow Rates in gpm
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Figure 6-9. Alternative 1 - Average Groundwater Treatment Flow Rates in gpm
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Figure 6-10. Alternative 2 - Average Groundwater Treatment Flow Rates in gpm
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Figure 6-11. Alternative 3 - Average Groundwater Treatment Flow Rates in gpm

D-476



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3

600

500

400

E
300

100

0

PAGE 58 OF 78

2017
2022

2027
2032

2037
Year

2012

200-UP-1 GW Treatment
(Tc-99 IX)

200-UP-1 GW Treatment
(Uranium IX)

200-UP-1 GW Treatment
(Bio-Process)

Figure 6-12. Alternative 4 - Average Groundwater Treatment Flow Rates in gpm

D-477



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3 PAGE 59 OF 78

7 Results/Conclusions

The cost inputs, assumptions, and calculations presented in the previous sections were used to develop
detailed descriptions for each alternative. These descriptions are provided in Tables 7-1 through 7-4.
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Table 7-1. Alternative 1 Summary

Alternative
Description Alternative Component Summary

Alternative 1. ICs (125 years)
1: 120 Year
Cleanup a. Extend ICs within the 200-UP-I Groundwater OU as described under the interim action ROD.
Timeframe

b. Maintain access restrictions.

c. Maintain groundwater use restrictions (restrict installation of new wells in designated areas except for
characterization or remediation).

2. P&T of S-SX Area Tc-99 plume (15 years) and uranium plume (40 years).

a. Three extraction wells installed under the S-SX IRA, operating at an estimated total pumping rate of 300 L/min
(80 gpm), will be incorporated into the final remedy.

b. S-SX IRA transfer station and conveyance piping to the 200 West Area groundwater treatment facility installed
under the S-SX IRA will be incorporated into the final remedy.

c. Install two uranium plume extraction wells pumping at 190 L/min (50 gpm) each for a total pumping rate of 380
L/min (100 gpm). Install two uranium plume injection wells with capacity to inject 380 L/min (100 gpm). Pumping
duration is estimated at 40 years to reach the uranium cleanup level.

d. Install a conveyance system including piping to/from extraction and injection wells, transfer pump stations, and
conveyance piping to/from the 200 West Area groundwater treatment facility. Install the transfer pump station near
the U Plant Area.

3. Hydraulic Containment of 1-129 Plume until a final remedy is selected (assume 10 years)

a. Install three injection wells operating at 190 L/min (50 gpm) each or 570 L/min (150 gpm) total. This alternative
assumes containment is required for up to 10 years until a final remedy is selected for 1-129.

b. Install a conveyance system including piping to/from injection wells, transfer pump stations, and conveyance piping
from the 200 West Area groundwater treatment facility. The injection transfer station for 1-129 will be housed in a
common building with the uranium plume extraction and injection system transfer equipment.
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Table 7-1. Alternative 1 Summary

Alternative
Description Alternative Component Summary

4. Groundwater Monitoring (125 years)

a. Prepare DQO and SAP and supporting documentation (HSP, Hanford-specific documentation) covering groundwater
monitoring needs for remedy performance monitoring, natural attenuation monitoring, and groundwater compliance
monitoring.

b. Incorporate 64 of the 93 existing 200-UP-1 OU monitor wells into the remedy monitoring program and install 26
new monitor wells for long-term groundwater monitoring. The number, location, and depth of each well will be
determined in the site-specific DQO and SAP.

c. Groundwater sampling during well installation will include five groundwater samples at various depths to determine
vertical profile of contamination, and one soil sample at the water table to determine soil type.

d. Sample 75 monitor wells (a subset of the existing and new wells) for all COCs semi-annually for the first 5 years of
the remedy. Sampling frequency is reduced to annual for remainder of duration until cleanup levels are met for all
COCs. The duration of groundwater monitoring is controlled by the time to reach the chromium cleanup level (120
years).

e. Sample 75 monitor wells for all COCs, semi-annually to assess compliance with cleanup levels for a 5 year period
after cleanup levels are met. (Years 121 to 125)

f. Document progress in achieving RAOs in Five-Year Reviews.

5. Groundwater Treatment (40 years)

a. Alternative 1 assumes treatment of 200-UP-I OU groundwater at a flow rate of 680 L/min average/850 L/min
maximum (180 gpm average/225 gpm maximum) at the 200 West Area groundwater treatment facility

b. Construct a U-IX treatment train in the space reserved at the 200 West Area groundwater treatment facility's
radiological process building to treat groundwater extracted from the uranium plume.

c. Construct a third Tc-99-IX train in the space reserved at the 200 West Area groundwater treatment facility's
radiological process building to provide reserve capacity to treat 200-UP-I groundwater containing Tc-99.

D-481



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3 PAGE 63 OF 78

Table 7-1. Alternative 1 Summary

Alternative
Description Alternative Component Summary

d. Utilize the 2 existing biological process treatment trains at the 200 West Area treatment facility to treat all
groundwater extracted from 200-UP-1.

6. O&M Activities (125 years)

a. Perform O&M of extraction, treatment, conveyance, and injection facilities (routine and preventative maintenance,
waste management, and treatment media change out) for the duration of P&T (40 years)

b. Replace extraction wells and extraction well pumps at end of design life (assume 20 years for extraction wells and 5
years for well pumps).

c. Rehabilitate extraction wells (back flush well, swab, jet out, pump, and disinfect) every 10 years for the duration of
P&T and hydraulic containment operations (does not occur on years when wells are replaced).

d. Replace injection wells every 10 years for the duration of the P&T and hydraulic containment period.

e. Rehabilitate uranium plume injection wells every 2 years for the duration of pumping (does not occur on years when
wells are replaced). Quarterly rehabilitation is assumed for 1-129 injection wells due to the importance of
maintaining hydraulic containment.

f. Perform visual inspection and maintenance of 75 monitor wells for duration of monitoring period, (125 years).

g. Replace monitor wells at end of their design life for the duration of the monitoring period. Assume a 30-year
lifespan for monitor wells. Additional vertical profile sampling will occur during replacement monitor well
installation (one groundwater sample and one soil sample).

h. Replace monitor well sampling pumps. Assume all sampling pumps (26 monitor wells) will be replaced every 5
years.

7. Site Closeout (125 years)

a. Abandon 26 monitor wells at end of O&M duration (Year 125).

b. D&D groundwater extraction, conveyance, treatment, and injection facilities after the end of the 5 year groundwater
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Table 7-1. Alternative 1 Summary

Alternative Component Summary

compliance monitoring period that commences after active pumping for P&T has ceased (Year 45).

CERCLA = Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980

COC = contaminant of concern

DQO = data quality objective
D&D = decontamination and decommissioning

HSP = Health and Safety Plan

IC = institutional control
IX = ion exchange

MNA = monitored natural attenuation
O&M = operations and maintenance
OU= operable unit
P&T = pump-and-treat

RA = remedial action

RAO = remedial action objective
ROD = record of decision

SAP = sampling and analysis plan
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Table 7-2. Alternative 2 Summary

Alternative
Description Alternative Component Summary

Alternative 1. ICs (50 years)
2: 45 Year
Cleanup a. Extend ICs within the 200-UP-I Groundwater OU as described under the interim action ROD.
Timeframe

2. Maintain access restrictions.

a. Maintain groundwater use restrictions (restrict installation of new wells in designated areas except for
characterization or remediation).

b. P&T of S-SX Area Tc-99 plume (15 years), uranium plume (40 years), and chromium plume (45 years).

c. The S/SX Area IRA remedy components will be incorporated into the final remedy as described for Alternative 1.

The pumping duration is estimated at 15 years to reach the Tc-99 cleanup level.

d. The uranium plume remedy components are the same as for Alternative 1. Pumping duration is estimated at 40 years
to reach the uranium cleanup level.

e. Install two chromium plume extraction wells pumping at 280 L/min (75 gpm) each for a total system pumping rate
of 570 L/min (150 gpm). Install two injection wells with capacity to inject 570 L/min (150 gpm) total. The pumping
duration is estimated at 45 years to reach the chromium cleanup level.

f. Install a conveyance system including piping to/from extraction and injection wells, transfer pump stations, and
conveyance piping to/from the 200 West Area groundwater treatment facility. Two transfer stations, one serving the
uranium plume and 1-129 plume, and the second serving the chromium plume are assumed.

3. Hydraulic Containment of 1-129 Plume until a final remedy is selected (assume 10 years)

a. 1-129 plume hydraulic containment remedy components are the same as described for Alternative 1.

4. Groundwater Monitoring (50 years)

a. Prepare DQO and SAP and supporting documentation (HSP, Hanford-specific documentation) covering groundwater
monitoring needs for remedy performance monitoring, natural attenuation monitoring, and groundwater compliance
monitoring.
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Table 7-2. Alternative 2 Summary

Alternative
Description Alternative Component Summary

b. Incorporate 64 of the 93 existing 200-UP-I OU monitor wells into the remedy monitoring program and install 26
new monitor wells for long-term groundwater monitoring. The number, location, and depth of each well will be
determined in the site-specific DQO and SAP.

c. Groundwater sampling during well installation will include five groundwater samples at various depths to determine
vertical profile of contamination, and one soil sample at the water table to determine soil type.

d. Sample 75 monitor wells (a subset of the existing and new wells) for all COCs semi-annually for the first 5 years of
the remedy. Sampling frequency is reduced to annual for remainder of duration until cleanup levels are met for all
COCs. The duration of groundwater monitoring is controlled by the time to reach the chromium cleanup level (45
years)

e. Sample 75 monitor wells for all COCs, semi-annually to assess compliance with cleanup levels for a 5 year period
after cleanup levels are met. (Years 46 to 50)

f. Document progress in achieving RAOs in Five-Year Reviews.

5. Groundwater Treatment (45 years)

a. Alternative 2 assumes treatment of 200-UP-I OU groundwater at a flow rate of 1,250 L/min average/1,560 L/min
maximum (330 gpm average/413 gpm maximum) at the 200 West Area groundwater treatment facility

b. Construct a U-IX treatment train in the space reserved at the 200 West Area groundwater treatment facility's
radiological process building to treat groundwater extracted from the uranium plume.

c. Construct a third identical Tc-99-IX train in the space reserved at the 200 West Area groundwater treatment
facility's radiological process building to provide reserve capacity to treat 200-UP-I groundwater containing Tc-99.

d. Utilize the 2 existing biological process treatment trains at the 200 West Area treatment facility to treat all
groundwater extracted from 200-UP-1.

6. O&M Activities (50 years)

a. Perform O&M of extraction, treatment, conveyance, and injection facilities (routine and preventative maintenance,
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Table 7-2. Alternative 2 Summary

Alternative
Description Alternative Component Summary

waste management, and treatment media change out) for the duration of P&T (45 years)

b. Replace extraction wells and extraction well pumps at end of design life (assume 20 years for extraction wells and 5
years for well pumps).

c. Rehabilitate extraction wells (back flush well, swab, jet out, pump, and disinfect) every 10 years for the duration of
P&T and hydraulic containment operations (does not occur on years when wells are replaced).

d. Replace injection wells every 10 years for the duration of the P&T and hydraulic containment period.

e. Rehabilitate uranium and chromium plume injection wells every 2 years for the duration of pumping (does not occur
on years when wells are replaced). Quarterly rehabilitation is assumed for 1-129 injection wells due to the
importance of maintaining hydraulic containment.

f. Perform visual inspection and maintenance of 75 monitor wells for duration of monitoring period, (50 years).

g. Replace monitor wells at end of their design life for the duration of the monitoring period. Assume a 30-year
lifespan for monitor wells. Additional vertical profile sampling will occur during replacement monitor well
installation (one groundwater sample and one soil sample).

h. Replace monitor well sampling pumps. Assume all sampling pumps (26 monitor wells) will be replaced every 5
years.

7. Site Closeout (50 Years)

a. Abandon 26 monitor wells at end of O&M duration (Year 50).

b. D&D groundwater extraction, conveyance, treatment, and injection facilities after the end of the 5 year groundwater
compliance monitoring period that commences after active pumping for P&T has ceased (Year 50).
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Table 7-2. Alternative 2 Summary

Alternative Component Summary

CERCLA = Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980

COC = contaminant of concern

DQO = data quality objective
D&D = decontamination and decommissioning

HSP = Health and Safety Plan

IC =

IX
MNA

O&M
OU=
P&T

institutional control
= ion exchange

= monitored natural attenuation
= operations and maintenance
operable unit
= pump-and-treat

RA = remedial action

RAO = remedial action objective
ROD = record of decision

SAP = sampling and analysis plan

D-487



DOE/RL-2009-122, REV. 0

ECF-200UP1-10-0375, REV. 3 PAGE 69 OF 78

Table 7-3. Alternative 3 Summary

Alternative
Description Alternative Component Summary

Alternative 1. ICs (40 years)
3: 35 Year
Cleanup a. Extend ICs within the 200-UP-I Groundwater OU as described under the interim action ROD.
Timeframe

b. Maintain access restrictions.

2. Maintain groundwater use restrictions (restrict installation of new wells in designated areas except for characterization
or remediation).

a. P&T of S/SX Area Tc-99 plume (15 years), uranium plume (25 years), and chromium plume (25 years).

b. S/SX Area IRA remedy components will be incorporated into the final remedy as described for Alternative 1. The
pumping duration is estimated at 15 years to reach the Tc-99 cleanup level.

c. Install two uranium extraction wells pumping at 280 L/min (75 gpm) each for a total pumping rate of 570 L/min
(150 gpm). Install two injection wells with capacity to inject 570 L/min (150 gpm) total. Pumping duration is
estimated at 25 years to reach the uranium cleanup level.

d. Install two chromium plume extraction wells pumping at 380 L/min (100 gpm) each for a total pumping rate of 760
L/min (200 gpm). Install two injection wells with capacity to inject 760 L/min (200 gpm) total. The pumping
duration is estimated at 25 years to reach the chromium cleanup level.

e. Install a conveyance system (including piping to/from extraction and injection wells, transfer pump stations, and
conveyance piping to/from the 200 West Area groundwater treatment facility). Two transfer stations, one serving the
uranium plume and 1-129 plume, and the second serving the chromium plume are assumed.

3. Hydraulic Containment of 1-129 Plume until a final remedy is selected (assume 10 years)

a. 1-129 plume hydraulic containment remedy components are the same as described for Alternative 1.

4. Groundwater Monitoring (40 years)

a. Prepare DQO and SAP and supporting documentation (HSP, Hanford-specific documentation) covering groundwater
monitoring needs for remedy performance monitoring, natural attenuation monitoring, and groundwater compliance
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Table 7-3. Alternative 3 Summary

Alternative
Description Alternative Component Summary

monitoring.

b. Incorporate 64 of the 93 existing 200-UP-I OU monitor wells into the remedy monitoring program and install 26
new monitor wells for long-term groundwater monitoring. The number, location, and depth of each well will be
determined in the site-specific DQO and SAP.

c. Groundwater sampling during well installation will include five groundwater samples at various depths to determine
vertical profile of contamination, and one soil sample at the water table to determine soil type.

d. Sample 75 monitor wells (a subset of the existing and new wells) for all COCs semi-annually for the first 5 years of
the remedy. Sampling frequency is reduced to annual for remainder of duration until cleanup levels are met for all
COCs. The duration of groundwater monitoring is controlled by the time to reach the nitrate cleanup level (35
years).

e. Sample 75 monitor wells for all COCs, semi-annually to assess compliance with cleanup levels for a 5 year period
after cleanup levels are met. (Years 36 to 40)

f. Document progress in achieving RAOs in Five-Year Reviews.

5. Groundwater Treatment (25 years)

a. Alternative 3 assumes treatment of 200-UP-I OU groundwater at a flow rate of 1,630 L/min average/2,030 L/min
maximum (430 gpm average/538 gpm maximum)) at the 200 West Area groundwater treatment facility

b. Construct a U-IX treatment train in the space reserved at the 200 West Area groundwater treatment facility's
radiological process building to treat groundwater extracted from the uranium plume.

c. Construct a third identical Tc-99-IX train in the space reserved at the 200 West Area groundwater treatment
facility's radiological process building to provide reserve capacity to treat 200-UP-I groundwater containing Tc-99.

d. Utilize the 2 existing biological process treatment trains at the 200 West Area treatment facility to treat all
groundwater extracted from 200-UP-1.

e. Construct a third identical biological process treatment train in the space reserved at the 200 West Area groundwater
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Table 7-3. Alternative 3 Summary

Alternative
Description Alternative Component Summary

treatment facility's biological process building to handle combined 200-ZP-I and 200-UP-I flows that exceed the
capacity of the first two treatment trains. Groundwater treatment flows are assumed to be split equally amongst the
three biological process treatment trains.

6. O&M Activities (40 years)

a. Perform O&M of extraction, treatment, conveyance, and injection facilities (routine and preventative maintenance,
waste management, and treatment media change out) for the duration of P&T (25 years)

b. Replace extraction wells and extraction well pumps at end of design life (assume 20 years for extraction wells and 5
years for well pumps).

c. Rehabilitate extraction wells (back flush well, swab, jet out, pump, and disinfect) every 10 years for the duration of
P&T and hydraulic containment operations (does not occur on years when wells are replaced).

d. Replace injection wells every 10 years for the duration of the P&T and hydraulic containment period.

e. Rehabilitate uranium and chromium plume injection wells every 2 years for the duration of pumping (does not occur
on years when wells are replaced). Quarterly rehabilitation is assumed for 1-129 injection wells due to the
importance of maintaining hydraulic containment.

f. Perform visual inspection and maintenance of 75 monitor wells for duration of monitoring period, (40 years).

g. Replace monitor wells at end of their design life for the duration of the monitoring period. Assume a 30-year
lifespan for monitor wells. Additional vertical profile sampling will occur during replacement monitor well
installation (one groundwater sample and one soil sample).

h. Replace monitor well sampling pumps. Assume all sampling pumps (26 monitor wells) will be replaced every 5
years.

7. Site Closeout (40 Years)

a. Abandon 26 monitor wells at end of O&M duration (Year 40).

b. D&D groundwater extraction, conveyance, treatment, and injection facilities after the end of the 5 year groundwater
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Table 7-3. Alternative 3 Summary

Alternative Component Summary

compliance monitoring period that commences after active pumping for P&T has ceased (Year 40).

CERCLA = Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980

COC = contaminant of concern

DQO = data quality objective
D&D = decontamination and decommissioning

HSP = Health and Safety Plan

IC = institutional control
IX = ion exchange

MNA = monitored natural attenuation
O&M = operations and maintenance
OU= operable unit
P&T = pump-and-treat

RA = remedial action

RAO = remedial action objective
ROD = record of decision

SAP = sampling and analysis plan
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Table 7-4. Alternative 4 Summary

Alternative
Description Alternative Component Summary

Alternative 1. ICs (30 years)
4: 25 Year
Cleanup a. Extend ICs within the 200-UP-I Groundwater OU as described under the interim action ROD.
Timeframe

b. Maintain access restrictions.

c. Maintain groundwater use restrictions (restrict installation of new wells in designated areas except for
characterization or remediation).

2. P&T of S/SX Area Tc-99 plume (15 years), uranium plume (25 years), chromium plume (25 years), and nitrate plume (20
years).

a. S/SX Area IRA remedy components will be incorporated into the final remedy as described for Alternative 1. The
pumping duration is estimated at 15 years to reach the Tc-99 cleanup level.

b. The uranium plume P&T remedy components are the same as described for Alternative 3. The pumping duration is
estimated at 25 years to reach the uranium cleanup level.

c. The chromium plume P&T remedy components are the same as described for Alternative 3. The pumping duration is
estimated at 25 years to reach the chromium cleanup level.

d. Install one nitrate plume extraction well pumping at 380 L/min (100 gpm). The pumping duration is estimated at 20
years to reach the cleanup level.

e. Install a conveyance system including piping to/from extraction and injection wells, transfer pump stations, and
conveyance piping to/from the 200 West Area groundwater treatment facility. Three transfer stations, one serving
the uranium plume and 1-129 plume, the second serving the chromium plume, and the third serving the nitrate plume
are assumed.

3. Hydraulic Containment of 1-129 Plume until a final remedy is selected (assume 10 years)

a. 1-129 plume hydraulic containment remedy components are the same as described for Alternative 1.

4. Groundwater Monitoring (30 years)
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Table 7-4. Alternative 4 Summary

Alternative
Description Alternative Component Summary

a. Prepare DQO and SAP and supporting documentation (HSP, Hanford-specific documentation) covering groundwater
monitoring needs for remedy performance monitoring, natural attenuation monitoring, and groundwater compliance
monitoring.

b. Incorporate 64 of the 93 existing 200-UP-I OU monitor wells into the remedy monitoring program and install 26
new monitor wells for long-term groundwater monitoring. The number, location, and depth of each well will be
determined in the site-specific DQO and SAP.

c. Groundwater sampling during well installation will include five groundwater samples at various depths to determine
vertical profile of contamination, and one soil sample at the water table to determine soil type.

d. Sample 75 monitor wells (a subset of the existing and new wells) for all COCs semi-annually for the first 5 years of
the remedy. Sampling frequency is reduced to annual for remainder of duration until cleanup levels are met for all
COCs. The duration of groundwater monitoring is controlled by the time to reach the uranium, chromium, and
tritium cleanup levels (25 years).

e. Sample 75 monitor wells for all COCs, semi-annually to assess compliance with cleanup levels for a 5 year period
after cleanup levels are met. (Years 26 to 30)

f. Document progress in achieving RAOs in Five-Year Reviews.

5. Groundwater Treatment (25 years)

a. Alternative 4 assumes treatment of 200-UP-I OU groundwater at a flow rate of 2,010 L/min average/2,5 10 L/min
maximum (530 gpm average/663 gpm maximum) at the 200 West Area groundwater treatment facility

b. Construct a U-IX treatment train in the space reserved at the 200 West Area groundwater treatment facility's
radiological process building to treat groundwater extracted from the uranium plume.

c. Construct a third identical Tc-99-IX train in the space reserved at the 200 West Area groundwater treatment
facility's radiological process building to provide reserve capacity to treat 200-UP-I groundwater containing Tc-99.

d. Utilize the 2 existing biological process treatment trains at the 200 West Area treatment facility to treat all
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Table 7-4. Alternative 4 Summary

Alternative
Description Alternative Component Summary

groundwater extracted from 200-UP-1.

e. Construct a third identical biological process treatment train in the space reserved at the 200 West Area groundwater
treatment facility's biological process building to handle combined 200-ZP-1 and 200-UP-I flows that exceed the
capacity of the first two treatment trains. Groundwater treatment flows are assumed to be split equally amongst the
three biological process treatment trains.

6. O&M Activities (30 years)

a. Perform O&M of extraction, treatment, conveyance, and injection facilities (routine and preventative maintenance,
waste management, and treatment media change out) for the duration of P&T (25 years).

b. Replace extraction wells and extraction well pumps at end of design life (assume 20 years for extraction wells and 5
years for well pumps).

c. Rehabilitate extraction wells (back flush well, swab, jet out, pump, and disinfect) every 10 years for the duration of
P&T and hydraulic containment operations (does not occur on years when wells are replaced).

d. Replace injection wells every 10 years for the duration of the P&T and hydraulic containment period.

e. Rehabilitate uranium and chromium plume injection wells every 2 years for the duration of pumping (does not occur
on years when wells are replaced). Quarterly rehabilitation is assumed for 1-129 injection wells due to the
importance of maintaining hydraulic containment.

f. Perform visual inspection and maintenance of 75 monitor wells for duration of monitoring period, (30 years).

g. Replace monitor wells at end of their design life for the duration of the monitoring period. Assume a 30-year
lifespan for monitor wells. Additional vertical profile sampling will occur during replacement monitor well
installation (one groundwater sample and one soil sample).

h. Replace monitor well sampling pumps. Assume all sampling pumps (26 monitor wells) will be replaced every 5
years.

7. Site Closeout (30 Years)
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Table 7-4. Alternative 4 Summary

Alternative Component Summary

a. Abandon 26 monitor wells at end of O&M duration (Year 30).

b. D&D groundwater extraction, conveyance, treatment, and injection facilities after the end of the 5 year groundwater
compliance monitoring period that commences after active pumping for P&T has ceased (Year 30).

CERCLA = Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980

COC = contaminant of concern

DQO = data quality objective
D&D = decontamination and decommissioning

HSP = Health and Safety Plan

IC = institutional control
IX = ion exchange

MNA = monitored natural attenuation
O&M = operations and maintenance
OU= operable unit
P&T = pump-and-treat

RA = remedial action

RAO = remedial action objective
ROD = record of decision

SAP = sampling and analysis plan
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1 Purpose

This environmental calculation describes the methods to obtain, select, evaluate, and calculate the values

plotted on and used for constructing regional contaminant plume contour maps for the Hanford Site. The

result is a set of tables that provide values for each of 15 constituents. The tables are provided in

Appendix A.

Reports are produced annually describing the conditions of Hanford Site groundwater, and groundwater

constituent data are updated and plotted on maps annually. Data from previous years are evaluated for

representativeness and to determine the optimal means of presenting the data to convey to the reader the

most complete and accurate conceptualization of current constituent distributions in Hanford Site

groundwater in the upper unconfined aquifer. Contours represent areas of equal constituent concentration

and help the reader visualize constituent distributions in the groundwater.

2 Methodology
The general methodology for constructing the Hanford Site groundwater plume maps is outlined below.

1. Identify the data sources for the plume maps.

Regional contaminant plume maps are documented in the annual Hanford Site groundwater

monitoring report. The data are retrieved from the Hanford Environmental Information System

(HEIS) database. Some results from AREVA and US Ecology, which are not included in HEIS, are

also used. The AREVA and US Ecology results are collected in accordance with plans that have the

approval of the State of Washington.

2. Define the constituents that are evaluated.

The 15 constituents included in this environmental calculation are listed below. The annual report

includes plume maps for most of these constituents, but the constituent files may also be used for

other purposes.

" Carbon- 14 0 Cyanide 0 Sulfate

" Carbon tetrachloride 0 Fluoride 0 Technetium-99

* Chloroform 0 Iodine-129 0 Trichloroethene

* Chromium 0 Nitrate 0 Tritium

* Cobalt-60 0 Strontium-90 0 Uranium.

3. Define the timeframe from which data are evaluated and are subject to this process.

The plume maps are based on annual average results for the most recent of the past 3 years where

data are available for the respective constituent at selected wells completed at or near the water table.

Averaging data allows maps to include wells sampled at different times and different frequencies.

This is necessary because monitoring frequencies vary and range from monthly to once every 3 years.

In certain circumstances, it is useful to present data from specific point-in-time sampling events.

However, data representing conditions on a shorter term rather than annually are not the subject of

this calculation.

4. Describe the process to evaluate data set representativeness.
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Data identified as unrepresentative are eliminated from the data set prior to calculating annual
average values. The wells used for annual contaminant plume map construction are screened in the
upper unconfined aquifer in order to represent constituent concentrations in the upper unconfined
aquifer (generally the top approximately 10 in). Wells are selected for inclusion in the data sets for
regional plume mapping based on the portion of the aquifer in which they are screened. The
construction of each well has been evaluated, and the well is classified and tracked in a project file.
Definitions of the various classifications are listed below:

* NA (not applicable): In most cases, not a valid groundwater monitoring well (i.e., no
open interval).

" V (vadose): Completed above the water table.

" P (perched): Monitors only perched water above the regional water table.

" U (undifferentiated unconfined): Open to more than 50 ft of the unconfined aquifer.

* TU (top unconfined): Screened across or within 5 ft of the water table with less than 35 ft of
the open interval extending below the water table.

* UU (upper unconfined): Screened more than 5 ft below the water table and the open interval
extends no more than 50 ft below the water table.

* MU (middle unconfined): Open interval begins at greater than 50 ft below the water table and
does not extend below the middle coarse of the Ringold Formation (Unit 7) or to within 50 ft of
the top of basalt.

* LU (lower unconfined): Open interval begins at greater than 50 ft below the water table and
below the middle coarse of the Ringold Formation (Unit 7) or within 50 ft of the top of basalt
and does not extend more than a few feet (i.e., 10) below the top of basalt.

* CR (confined Ringold): Wells for which the open interval does not extend more than a few feet
(i.e., 10) below the top of basalt. Typically open to the lower mud (Unit 8) and basal gravel (Unit
9) of the Ringold Formation.

* TB (top basalt): Open to less than 30 ft above and below the top of basalt.

* C (undifferentiated basalt-confined): Open to basalt and/or interflow zone(s), but may be open to
more than one zone.

* UC (upper basalt-confined): Open to the basalt and/or interflow zones but does not extend below
the Pomona Member of the Saddle Mountains Basalt.

* LC (lower basalt-confined): Open to the basalt and interflow zones below the Pomona Member
of the Saddle Mountains Basalt.

Only wells classified as "TU," "UU," and "U," or that have no zone designation, are included in the
data set for regional contaminant plume maps to represent constituent concentrations in the upper
unconfined aquifer (generally the top approximately 10 in).

Specific samples are eliminated from the data set based on the COLLECTIONPURPOSE and
the SAMP_ INTVBOT fields in HEIS database. To be included in the data set, the
COLLECTIONPURPOSE must be "C" or "R" and the SAMPINTVBOT must be "NULL."
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The samples eliminated are generally associated with vertical profile sampling or some other

special circumstance that would make the samples unrepresentative of conditions in the upper

unconfined aquifer.

Specific data results are also eliminated from the data set based on the REVIEWQUALIFIER field

in the HEIS database. Results that contain "Y" or "R" in the REVIEWQUALIFIER field are
eliminated. These results represent data points that have been identified, evaluated, and flagged as

suspect or reject, respectively.

5. Describe data conditioning to arrive at the data set that will be processed.

Unrepresentative data are eliminated from the data set before the average value is calculated for each

of the previous 3 years. The process is set up in a Microsoft Access database, running a macro that

executes a series of queries (in a set order) to obtain the data set to work with for each plume. These

queries pull data from HEIS and additional data (from Step 1 above) for the selected constituents

(from Step 2), within the specified timeframe (from Step 3), and remove unrepresentative data (from

Step 4). The steps in the macro that are used obtain the data set are provided in Chapter 4, and

the Microsoft Access database code is provided in Appendix B.

The data set was exported into a Microsoft Excel file, named "ModifiedFY08PlumesDataset," to

document the results of this process. The file is available in IDMS.

6. Develop the statistical representation of data for each data point.

The last step involves running a code module that actually performs the averaging calculation. The

average values for each data set are calculated using a Microsoft Visual Basic1 code module within

Microsoft Access. A discussion of the averaging methodology is provided in Chapter 4, and the code

is provided in Appendix C.

7. Document the values that are used for plume map construction.

The values derived from this calculation process and used for constructing constituent contour maps

are provided in the tables in Appendix A.

8. Define the concentrations to plot for each constituent contour.

Contaminant concentrations for contours are chosen to correspond with state or federally enforceable

drinking water standards because these levels provide perspective on contaminant concentrations.

Using these concentrations consistently also provide a means for comparison with previous year's

maps. Radionuclide concentrations are also compared with U.S. Department of Energy-derived

concentration guides for tritium. For reports depicting annual Hanford Site groundwater conditions,
contour levels are based on the following criteria:

* Drinking water standards (DWSs) and multiples of 10 times the DWS (e.g., 8, 80, and 800 pCi/L

for strontium-90)

* Cleanup levels, where applicable (e.g., 20 Ig/L for chromium in the River Corridor)

* Levels below the DWS where the DWS does not adequately represent the full extent of

constituent distribution (e.g., 2,000 pCi/L for tritium)

1 Microsoft Access*, Microsoft Excel®, and Microsoft Visual Basic* are each registered trademarks of Microsoft
Corporation, Redmond, Washington.

D-508



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 6 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

. Intermediate levels to help define plumes (e.g., 60 and 90 pg/L for uranium in the 300 Area).

9. Post average concentration data on the maps and construct the contours.

The constituent concentrations (provided in Appendix A) are available for interpretation of
plume contours. Contour plumes maps are not constructed for all 15 of the constituents in this
environmental calculation, but the values are available on request by staff.

The average values are posted on maps for the constituents requested. The constituent plume
contour construction does not use analytical computer software tools; rather, the data are evaluated
and interpreted by hand by scientists with historical knowledge of groundwater contaminant
conditions at the Hanford Site. The plume maps are constructed by hand-contouring (interpolation
between data values posted on the maps) combined with in-depth scientific understanding of
contaminant sources and contaminant migration pathways. The plume maps are subject to internal
peer review by other scientific staff before final interpretations are documented.

3 Assumptions and Inputs

The average value for the most current year is plotted on maps for each constituent, which allows for
wells that are sampled only every 2 or 3 years to be included where more recent sample data are not
available. Scientists can then also use data from the previous 2 years for wells that did not have new
data in the current year. Well construction is also considered during the interpretation and contour
process with WAC compliant groundwater monitoring wells being given the highest weight. Alternative
well constructions such as aquifer tubes along the Columbia River are given less weight. The data tables
(provided in Appendix A) include the year for which the annual average was calculated for each data
point. In areas where multiple data points exist in close proximity, the most recent data values are
considered more important than data from previous years.

Conventions for handling nondetected values do not adversely affect data interpretation for most
constituents because the detection limits are much lower than the contour intervals. However, iodine-129
is contoured at 1 pCi/L (the DWS), which can be less than the laboratory's detection limit. Many of the
"U"-flagged values for iodine-129 are believed to be real detections and the values are used as such to
construct the contours.

Values for chromium include total chromium from filtered samples and/or hexavalent chromium in either
filtered or unfiltered samples. Dissolved chromium in Hanford Site groundwater is virtually all
hexavalent, so filtered total chromium data effectively represent hexavalent chromium.

4 Software Applications

Microsoft Access is used to retrieve the data from the database and to exclude certain data from the input
dataset. Microsoft Visual Basic in Access is used to perform the averaging calculation.

5 Calculation

5.1 Data Retrieval and Conditioning

The calculation to arrive at the conditioned data set prior to calculating the average values is summarized
below, and the database code is provided in Appendix B.
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1. Copy from the groundwater materialized view (in HEIS) all data for the plume constituents for the
3-year period (October 1, 2005, through October 1, 2008) and load the data into a Microsoft Access
table using the following data translations:

a. Populate a field in the Access table with the data source (HEIS).

b. Populate a field in the Access table with a radiological/nonradiological identifier based
on the constituent.

c. Populate a field in the Access table with a fiscal year (FY) identifier.

d. Convert the constituent name on hexavalent chromium to chromium so the data can be combined
for plume-mapping purposes.

2. Add any additional data from sources other than HEIS that will be used in plume determinations.
(For FY08, this included Areva and US Ecology data.)

3. Copy the data set pulled thus far into a backup table for documentation purposes.

4. Run sets of queries to identify data to be removed from the data set for various reasons. (For the
FY08 plumes process, these queries reduced the data set from just over 72,000 to approximately
50,000 data points). The first query in each set copies the data to be removed into a "rejects" table,
as well as the reason for the data rejection; the second query actually deletes the data from the base
data set.

a. Query to remove any data with a review qualifier of "R" or "Y" (data identified in HEIS as

reject or suspect).

b. Query to remove any data with a collection purpose other than "C" or "R," any data where the
well has been identified (by Bill Webber) as not in the correct portion of the aquifer zone or to be
excluded for some other reason, and data from any samples that have a sample interval bottom
(vertical profile samples).

c. Query to remove any data with a reported null value.

5.2 Data Averaging

The method used to calculate the averages is a simple arithmetic average of the data for each constituent
for each well, excluding some data (as described above). The database code is provided in Appendix C.

Analytical results that are less than detection limits (flagged with "U" in the HEIS database) are treated
in one of two ways when calculating the data set used for constructing maps:

" For chemical constituents (including total uranium), "U"-flagged values represent analytical
detection limits. These values are treated as zeroes in the data to be averaged. If all results are
detects (i.e., do not have a "U" flag), the average is plotted on the map. If all of the results (or the
only result) for the year were nondetects (i.e., received a "U" flag), a "U" is plotted on the map. If
the data represent a mixture of detected and nondetected results, the average is plotted on the map,
followed by an asterisk (e.g., 1.2*).

" For radionuclides, the laboratory determines a background counting level that is subtracted from
sample results, sometimes resulting in negative results. When analyzing each sample, the laboratory
estimates a minimum detectable activity from the counting rate and also a counting error. Results
below the minimum detectable activity or counting error are "U"-flagged. Therefore, the results can
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be positive or negative, and the results may or may not be "U"-flagged. All of the results for the year

are averaged, whether "U"-flagged or not, because the reported values are statistically significant.

The average values are plotted on the map, followed by "U" (if all of the results for the FY were

undetected) or an asterisk (if the data represent a mixture of detected and nondetected values).

Values for anions such as nitrate and sulfate are converted from the standardized "pg/L" units in the

database to "mg/L" units, which is preferred for mapping these constituents.

Mapped data are rounded to two significant digits. This is representative of the laboratory precision

criteria of ±20% for duplicate samples. Additional digits would imply greater precision than can be

provided by the laboratory.

6 Results/Conclusions

The results of the average annual concentrations for each contaminant plume are provided in the tables

in Appendix A. The tables list each well for which a value was used in contaminant plume map

contouring. After each well name, the following information is provided:

" Average value for the contaminant in that well (displayed as a number with no particular format)

* Average value for the contaminant in that well (displayed to two significant digits with a flag, and

provided as a text field in the format desired for posting on the contour maps)

* Unit used for each value

" The fiscal year for which the values were measured

* Whether the value is detected (D), nondetected (U), or a combination of detected and

nondetected results (C).

The Access database code used to provide the input data set is shown in Appendix B. The database code

used to average the data set to arrive at the posting values is shown in Appendix C.
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Appendix A

Values Used for Constructing Contour Plume Maps
for Fiscal Year 2008

Table A-1. Carbon-14 Values

17-D 350 350 pCi/L Carbon-14 2008 D

18-S 31 31 pCi/L Carbon-14 2008 D

199-K-106A 6100 6,100 pCi/L Carbon-14 2008 D

199-K-107A 200 200 pCi/L Carbon-14 2008 D

199-K-108A 1700 1,700 pCi/L Carbon-14 2008 D

199-K-109A 120 120 pCi/L Carbon-14 2008 D

199-K-11 150 150 pCi/L Carbon-14 2008 D

199-K-111A 160 160 pCi/L Carbon-14 2008 D

199-K-132 4300 4,300 pCi/L Carbon-14 2008 D

199-K-137 2100 2,100 pCi/L Carbon-14 2008 D

199-K-138 140 140 pCi/L Carbon-14 2008 D

199-K-139 1200 1,200 pCi/L Carbon-14 2008 D

199-K-140 600 600 pCi/L Carbon-14 2008 D

199-K-141 97 97 pCi/L Carbon-14 2008 D

199-K-142 260 260 pCi/L Carbon-14 2008 D

199-K-143 -4 -3.8U pCi/L Carbon-14 2008 U

199-K-144 150 150 pCi/L Carbon-14 2008 D

199-K-145 9 9.1 pCi/L Carbon-14 2008 D

199-K-146 5 5.1U pCi/L Carbon-14 2008 U

199-K-147 1 1.1U pCi/L Carbon-14 2008 U

199-K-148 18 18 pCi/L Carbon-14 2008 D

199-K-149 7 6.9U pCi/L Carbon-14 2008 U

199-K-150 9 8.5U pCi/L Carbon-14 2008 U

199-K-151 6 6.OU pCi/L Carbon-14 2008 U

199-K-152 13 13 pCi/L Carbon-14 2008 D

199-K-153 1 1.3U pCi/L Carbon-14 2008 U
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199-K-154 5

Table A-1. Carbon-14 Values

LOTVAL] UNITS CONNAME FISCAL_

5.0U pCi/L Carbon-14 2008 U

199-K-156 9 8.7* pCi/L Carbon-14 2008 C

199-K-157 99 99 pCi/L Carbon-14 2008 D

199-K-159 8 7.8U pCi/L Carbon-14 2008 U

199-K-160 11 11 pCi/L Carbon-14 2008 D

199-K-161 2 1.5U pCi/L Carbon-14 2008 U

199-K-162 27 27 pCi/L Carbon-14 2008 D

199-K-163 7 7.1U pCi/L Carbon-14 2008 U

199-K-164 1 0.82U pCi/L Carbon-14 2008 U

199-K-166 670 670 pCi/L Carbon-14 2008 D

199-K-169 13 13 pCi/L Carbon-14 2008 D

199-K-170 15 15 pCi/L Carbon-14 2008 D

199-K-171 -1 -1.OU pCi/L Carbon-14 2008 U

199-K-27 300 300 pCi/L Carbon-14 2008 D

199-K-29 2500 2,500 pCi/L Carbon-14 2008 D

199-K-30 5900 5,900 pCi/L Carbon-14 2008 D

199-K-31 20 20 pCi/L Carbon-14 2008 D

199-K-32A 200 200 pCi/L Carbon-14 2008 D

199-K-34 4400 4,400 pCi/L Carbon-14 2008 D

19-D 4 4.4U pCi/L Carbon-14 2008 U

299-E27-155 2 1.7U pCi/L Carbon-14 2008 U

299-E33-205 0 U pCi/L Carbon-14 2008 U

299-E33-341 140 140 pCi/L Carbon-14 2008 D

299-E33-342 43 43 pCi/L Carbon-14 2008 D

299-E33-343 48 48 pCi/L Carbon-14 2008 D

299-E33-345 13 13 pCi/L Carbon-14 2008 D

299-W14-13 160 160 pCi/L Carbon-14 2006 D

299-W15-35 8 8.4 pCi/L Carbon-14 2006 D

299-W15-47 9 8.8 pCi/L Carbon-14 2006 D

299-W19-105 -1 -1.4U pCi/L Carbon-14 2008 U
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299-W19-107 4 4.2* pCi/L Carbon-14 2008 C

299-W22-69 2 2.2U pCi/L Carbon-14 2008 U

299-W22-72 21 21 pCi/L Carbon-14 2008 D

299-W22-86 3 3.3U pCi/L Carbon-14 2008 U

299-W22-87 1 1.2U pCi/L Carbon-14 2008 U

299-W22-88 2 1.9U pCi/L Carbon-14 2008 U

299-W7-4 0 0.23U pCi/L Carbon-14 2007 U

699-32-76 0 0.37U pCi/L Carbon-14 2008 U

699-33-74 5 5.3U pCi/L Carbon-14 2008 U

699-33-75 -2 -1.5U pCi/L Carbon-14 2008 U

699-34-72 12 12 pCi/L Carbon-14 2008 D

699-35-66A 29 29U pCi/L Carbon-14 2008 U

699-36-66B -1 -0.78U pCi/L Carbon-14 2008 U

699-36-67 28 28U pCi/L Carbon-14 2007 U

699-36-70A 0 -0.37U pCi/L Carbon-14 2008 U

699-37-66 -9 -9.3U pCi/L Carbon-14 2008 U

699-37-68 30 30U pCi/L Carbon-14 2007 U

699-38-70 6 5.6U pCi/L Carbon-14 2006 U

699-48-50B 2 1.5U pCi/L Carbon-14 2008 U

699-48-77A 22 22 pCi/L Carbon-14 2006 D

699-50-56 3 3.2U pCi/L Carbon-14 2008 U

AT-F-2-D 38 38 pCi/L Carbon-14 2007 D

AT-K-1-D 32 32 pCi/L Carbon-14 2008 D

AT-K-2-M 6 6.3U pCi/L Carbon-14 2008 U

AT-K-3-D 14 14 pCi/L Carbon-14 2008 D

C6238 180 180 pCi/L Carbon-14 2008 D

C6241 340 340 pCi/L Carbon-14 2008 D

C6244 410 410 pCi/L Carbon-14 2008 D

C6247 700 700 pCi/L Carbon-14 2008 D

C6249 18 18U pCi/L Carbon-14 2008 U
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1199-39-16D 0 U ptg/L Chloroform 2008 U

199-F5-4 0 0.27 ig/L Chloroform 2007 D

199-F5-45 0 0.19* Vg/L Chloroform 2007 C

199-F5-46 0 U Vg/L Chloroform 2008 U

199-F7-1 0 U pg/L Chloroform 2008 U

199-F7-2 0 U ptg/L Chloroform 2008 U

199-F7-3 0 U ptg/L Chloroform 2008 U

199-F8-3 0 U pg/L Chloroform 2007 U

199-K-106A 0 U pg/L Chloroform 2008 U

199-K-132 0 0.20* pg/L Chloroform 2008 C

199-N-28 0 U pg/L Chloroform 2007 U

199-N-3 1 0.91 Vg/L Chloroform 2008 D

299-E13-14 0 U Vg/L Chloroform 2008 U

299-E13-5 0 U pg/L Chloroform 2008 U

299-E17-14 0 0.22 lpg/L Chloroform 2008 D

299-E17-22 0 0.26 pg/L Chloroform 2007 D

299-E17-23 1 1.2 pg/L Chloroform 2007 D

299-E17-25 1 1.0 ptg/L Chloroform 2007 D

299-E17-26 0 0.46 pg/L Chloroform 2007 D

299-E18-1 0 0.22 pg/L Chloroform 2007 D

299-E23-2 0 U pg/L Chloroform 2007 U

299-E24-21 0 0.20 lg/L Chloroform 2007 D

299-E24-24 0 U pg/L Chloroform 2007 U

299-E25-39 0 U lpg/L Chloroform 2008 U

299-E25-93 0 U pg/L Chloroform 2008 U

299-E26-10 0 U pg/L Chloroform 2007 U

299-E26-11 0 U ptg/L Chloroform 2007 U

299-E27-10 0 U ig/L Chloroform 2008 U

299-E27-155 0 U pg/L Chloroform 2008 U

299-E33-205 0 U pg/L Chloroform 2008 U
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299-E33-341 0 U lg/L Chloroform 2008 U

299-E33-342 0 U [igL Chloroform 2008 U

299-E33-343 0 U lpg/L Chloroform 2008 U

299-E33-345 0 U pg/L Chloroform 2008 U

299-W10-1 7 6.7 lg/L Chloroform 2008 D

299-W10-20 1 1.0 pig/L Chloroform 2006 D

299-W10-22 7 6.6 ptg/L Chloroform 2008 D

299-W10-23 9 8.7 pg/L Chloroform 2008 D

299-W10-24 12 12 pg/L Chloroform 2008 D

299-W1O-29 1 1.3 ptg/L Chloroform 2008 D

299-W10-30 0 U ig/L Chloroform 2008 U

299-W10-31 2 1.8 pLg/L Chloroform 2008 D

299-W10-4 11 11 pg/L Chloroform 2008 D

299-W10-5 0 U llg/L Chloroform 2008 U

299-Wll-10 5 5.2 pg/L Chloroform 2008 D

299-W11-13 5 5.0 pig/L Chloroform 2008 D

299-W11-18 3 3.3 pg/L Chloroform 2008 D

299-W11-3 3 2.8 ptg/L Chloroform 2008 D

299-W11-37 4 3.8 jig/L Chloroform 2008 D

299-W11-39 10 10 lig/L Chloroform 2008 D

299-W11-40 9 8.6 ptg/L Chloroform 2008 D

299-W11-42 11 11 pg/L Chloroform 2008 D

299-W11-6 5 4.6 pg/L Chloroform 2008 D

299-W11-7 11 11 pg/L Chloroform 2008 D

299-W12-1 14 14 pg/L Chloroform 2008 D

299-W14-13 2 1.6 Vg/L Chloroform 2006 D

299-W14-14 8 7.6 pg/L Chloroform 2008 D

299-W14-16 4 4.0 Lg/L Chloroform 2008 D

299-W15-1 12 12 ig/L Chloroform 2008 D

299-W15-11 5 4.5 pg/L Chloroform 2008 D
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299-W15-15 0 0.03* pg/L I Chloroform 2007 C

299-W15-152 0 U pg/L Chloroform 2008 U

299-W15-2 0 U pg/L Chloroform 2008 U

299-W15-224 0 U ig/L Chloroform 2008 U

299-W15-30 3 2.5 pg/L Chloroform 2008 D

299-W15-31A 2 2.1 pg/L Chloroform 2008 D

299-W15-32 11 11 pg/L Chloroform 2008 D

299-W15-33 5 4.9 ptg/L Chloroform 2008 D

299-W15-34 15 15 pg/L Chloroform 2008 D

299-W15-35 12 12 itg/L Chloroform 2008 D

299-W15-36 10 10 [ig/L Chloroform 2008 D

299-W15-37 12 12 pg/L Chloroform 2008 D

299-W15-38 10 10 pg/L Chloroform 2008 D

299-W15-39 11 11 pg/L Chloroform 2007 D

299-W15-40 14 14 pg/L Chloroform 2008 D

299-W15-41 8 8.0 pg/L Chloroform 2008 D

299-W15-42 8 7.8 pg/L Chloroform 2008 D

299-W15-43 8 7.5 ptg/L Chloroform 2008 D

299-W15-44 13 13 Vg/L Chloroform 2008 D

299-W15-45 5 5.4* pg/L Chloroform 2008 C

299-W15-46 10 10 jig/L Chloroform 2008 D

299-W15-47 11 11 pg/L Chloroform 2008 D

299-W15-49 1 1.1 pg/L Chloroform 2008 D

299-W15-7 18 18 pg/L Chloroform 2007 D

299-W15-763 8 8.3 pg/L Chloroform 2008 D

299-W15-765 14 14 pg/L Chloroform 2008 D

299-W15-83 2 1.7 pg/L Chloroform 2008 D

299-W15-94 2 2.2 pg/L Chloroform 2008 D

299-W17-1 0 U pg/L Chloroform 2008 U

299-W18-1 0 0.43 ig/L Chloroform 2006 D
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299-W18-15 2 2.1 lg/L Chloroform 2008 D

299-W18-16 6 5.9 pg/L Chloroform 2008 D

299-W18-21 0 U ig/L Chloroform 2008 U

299-W18-23 0 U pg/L Chloroform 2008 U

299-W18-30 10 9.7 pg/L Chloroform 2008 D

299-W19-101 2 2.4 pg/L Chloroform 2008 D

299-W19-105 2 2.2 [tg/L Chloroform 2008 D

299-W19-107 3 3.0 lg/L Chloroform 2008 D

299-W19-18 3 2.8 ptg/L Chloroform 2008 D

299-W19-35 1 1.2* pg/L Chloroform 2008 C

299-W19-36 6 5.5 pg/L Chloroform 2008 D

299-W19-37 2 2.2 Vg/L Chloroform 2008 D

299-W19-39 3 3.1 lpg/L Chloroform 2007 D

299-W19-4 3 2.5 ptg/L Chloroform 2007 D

299-W19-40 1 0.76 pg/L Chloroform 2006 D

299-W19-43 4 3.9 pg/L Chloroform 2008 D

299-W19-46 1 1.4 pg/L Chloroform 2008 D

299-W19-48 3 3.4 pg/L Chloroform 2008 D

299-W19-49 4 3.5 pg/L Chloroform 2008 D

299-W21-2 0 0.43* Vg/L Chloroform 2008 C

299-W22-20 0 U pg/L Chloroform 2008 U

299-W22-26 0 U ptg/L Chloroform 2008 U

299-W22-45 2 2.4 [tg/L Chloroform 2008 D

299-W22-47 3 2.5 Vg/L Chloroform 2006 D

299-W22-48 1 0.50* ig/L Chloroform 2008 C

299-W22-49 3 2.7 pg/L Chloroform 2008 D

299-W22-69 0 0.35* pg/L Chloroform 2008 C

299-W22-72 1 0.50* pjg/L Chloroform 2008 C

299-W22-83 3 2.6 pg/L Chloroform 2008 D

299-W22-86 1 1.2* ptg/L Chloroform 2008 C
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299-W22-87 0 0.14* Vg/L Chloroform 2008 C

299-W22-88 0 U lpg/L Chloroform 2008 U

299-W22-9 0 U pg/L Chloroform 2007 U

299-W23-10 3 2.8 pg/L Chloroform 2006 D

299-W23-15 3 3.1 lpg/L Chloroform 2008 D

299-W23-21 3 3.1 Vg/L Chloroform 2008 D

299-W23-4 4 3.8 ig/L Chloroform 2008 D

299-W23-9 10 10 pg/L Chloroform 2007 D

299-W26-13 0 U pg/L Chloroform 2008 U

299-W26-14 0 U lpg/L Chloroform 2008 U

299-W7-4 2 2.1 lg/L Chloroform 2007 D

299-W8-1 0 U pg/L Chloroform 2008 U

399-1-1 0 U [tg/L Chloroform 2008 U

399-1-10A 0 U pg/L Chloroform 2008 U

399-1-11 0 U pg/L Chloroform 2008 U

399-1-12 0 U pg/L Chloroform 2008 U

399-1-13A 0 U pg/L Chloroform 2008 U

399-1-15 0 U ptg/L Chloroform 2008 U

399-1-16A 0 U ptg/L Chloroform 2008 U

399-1-17A 0 U pg/L Chloroform 2008 U

399-1-18A 0 U pg/L Chloroform 2008 U

399-1-2 0 U ptg/L Chloroform 2008 U

399-1-21A 0 U pg/L Chloroform 2008 U

399-1-23 0 U ltg/L Chloroform 2008 U

399-1-6 0 U gg/L Chloroform 2008 U

399-1-7 0 U [ig/L Chloroform 2008 U

399-2-1 0 U lig/L Chloroform 2008 U

399-2-2 0 U pg/L Chloroform 2008 U

399-2-5 0 U pg/L Chloroform 2008 U

399-3-1 0 U [tg/L Chloroform 2008 U
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399-3-10 0 U p1g/L Chloroform 2008 U

399-3-11 0 U pg/L Chloroform 2008 U

399-3-12 0 U pig/L Chloroform 2008 U

399-3-18 0 U lpg/L Chloroform 2008 U

399-3-19 0 U ig/L Chloroform 2008 U

399-3-2 0 U ptg/L Chloroform 2008 U

399-3-20 0 U pg/L Chloroform 2008 U

399-3-6 0 U pg/L Chloroform 2008 U

399-3-9 0 U pg/L Chloroform 2008 U

399-4-1 1 1.0* ig/L Chloroform 2008 C

399-4-10 0 U pg/L Chloroform 2008 U

399-4-11 0 0.36 ptg/L Chloroform 2006 D

399-4-12 0 0.33* lg/L Chloroform 2008 C

399-4-14 0 U pg/L Chloroform 2008 U

399-4-7 0 U ig/L Chloroform 2008 U

399-4-9 0 U lig/L Chloroform 2008 U

399-5-1 0 U lig/L Chloroform 2008 U

399-5-4B 0 U Vg/L Chloroform 2008 U

399-6-2 0 0.28 lig/L Chloroform 2006 D

399-8-1 0 U ig/L Chloroform 2008 U

399-8-3 0 U ptg/L Chloroform 2008 U

399-8-5A 0 U pg/L Chloroform 2008 U

66-D 0 U ptg/L Chloroform 2008 U

699-10-54A 0 U pg/L Chloroform 2008 U

699-10-E12 0 U pg/L Chloroform 2008 U

699-20-E120 0 U pg/L Chloroform 2008 U

699-22-35 0 0.07* pgJL Chloroform 2008 C

699-23-34A 0 0.03* Vg/L Chloroform 2008 C

699-23-34B 0 0.08* Vg/L Chloroform 2008 C

699-24-33 0 0.02* Vg/L Chloroform 2008 C
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699-24-34A 0 0.03* tg/L IChloroform 2008 C

699-24-34B 0 U lig/L Chloroform 2008 U

699-24-34C 0 U pg/L Chloroform 2008 U

699-24-35 0 U gg/L Chloroform 2008 U

699-24-46 0 U lg/L Chloroform 2008 U

699-25-34A 0 U gg/L Chloroform 2008 U

699-25-34B 0 U gg/L Chloroform 2008 U

699-25-34D 0 U lig/L Chloroform 2008 U

699-26-33 0 U pg/L Chloroform 2008 U

699-26-34A 0 0.06* ltg/L Chloroform 2008 C

699-26-34B 0 U pg/L Chloroform 2008 U

699-26-35A 0 0.03* pg/L Chloroform 2008 C

699-31-31 0 U gg/L Chloroform 2008 U

699-32-22A 0 U pg/L Chloroform 2008 U

699-32-43 0 U pg/L Chloroform 2008 U

699-32-72A 0 U gg/L Chloroform 2007 U

699-32-76 0 U gg/L Chloroform 2008 U

699-33-74 2 1.6 pg/L Chloroform 2008 D

699-33-75 1 1.2 gg/L Chloroform 2008 D

699-33-76 0 U gg/L Chloroform 2008 U

699-34-72 2 2.4 gg/L Chloroform 2008 D

699-34-88 0 U gg/L Chloroform 2006 U

699-35-66A 0 U ptg/L Chloroform 2008 U

699-35-70 0 U ltg/L Chloroform 2008 U

699-35-78A 0 U ltg/L Chloroform 2008 U

699-36-66B 0 U jig/L Chloroform 2008 U

699-36-67 0 0.33* pgJL Chloroform 2007 C

699-36-70A 0 U lig/L Chloroform 2008 U

699-36-70B 2 2.4 gg/L Chloroform 2008 D

699-37-66 0 U pg/L Chloroform 2008 U
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699-37-68 1 1.0* Chloroform 2007 C

699-38-68A 0 U ptg/L Chloroform 2007 U

699-38-70 2 2.0 iig/L Chloroform 2007 D

699-40-62 0 U ptg/L Chloroform 2007 U

699-40-65 0 U ptg/L Chloroform 2008 U

699-41-1A 0 U lig/L Chloroform 2008 U

699-41-23 0 U ptg/L Chloroform 2008 U

699-43-89 0 U lig/L Chloroform 2008 U

699-45-69A 4 4.0 pg/L Chloroform 2007 D

699-46-21B 0 U pg/L Chloroform 2008 U

699-46-4 0 U Vg/L Chloroform 2008 U

699-47-60 0 U pg/L Chloroform 2007 U

699-48-50B 0 U pg/L Chloroform 2008 U

699-48-71 2 2.0 ig/L Chloroform 2008 D

699-48-77A 0 U ptg/L Chloroform 2008 U

699-48-77D 0 U pg/L Chloroform 2008 U

699-49-100C 0 U pg/L Chloroform 2008 U

699-49-79 0 0.44 ig/L Chloroform 2006 D

699-50-56 0 U lg/L Chloroform 2008 U

699-50-74 0 U lg/L Chloroform 2008 U

699-50-85 0 U pg/L Chloroform 2006 U

699-51-75 0 U ptg/L Chloroform 2006 U

699-55-60A 1 0.52 pg/L Chloroform 2008 D

699-55-89 0 U ptg/L Chloroform 2006 U

699-74-44 0 U Lg/L Chloroform 2007 U

699-77-36 0 U pg/L Chloroform 2008 U

699-83-47 0 U ptg/L Chloroform 2008 U

699-512-29 0 U pg/L Chloroform 2008 U

699-519-E13 0 U pg/L Chloroform 2008 U

699-S27-E12A 0 U ptg/L Chloroform 2007 U
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699-S27-E14 0 U pgJL Chloroform 2008 U

699-S27-E9A 0 U Vg/L Chloroform 2008 U

699-S28-E12 0 U pg/L Chloroform 2008 U

699-S28-E13A 0 U Ig/L Chloroform 2007 U

699-S29-E1OA 0 U Vg/L Chloroform 2007 U

699-S29-El1 0 U pg/L Chloroform 2008 U

699-S29-E12 0 U iig/L Chloroform 2007 U

699-S29-E13A 0 U ig/L Chloroform 2008 U

699-S29-El6A 0 U pg/L Chloroform 2008 U

699-S30-ElOA 0 U ig/L Chloroform 2008 U

699-S30-E10B 0 U Vg/L Chloroform 2008 U

699-S30-EllA 0 U ptg/L Chloroform 2008 U

699-S31-1 0 U pg/L Chloroform 2008 U

699-S31-E1OA 0 U Vg/L Chloroform 2008 U

699-S31-ElOB 0 U pg/L Chloroform 2007 U

699-S31-ElOC 0 U ig/L Chloroform 2008 U

699-S31-E1OD 0 U pg/L Chloroform 2008 U

699-S31-Eli 0 U pg/L Chloroform 2008 U

699-S31-E8A 0 U ptg/L Chloroform 2007 U

699-S32-Eli 0 U pg/L Chloroform 2008 U

699-S32-El3A 0 U pg/L Chloroform 2008 U

699-534-E1O 0 U tg/L Chloroform 2008 U

699-S36-E13A 0 U lg/L Chloroform 2008 U

699-537-E14 0 U ptg/L Chloroform 2008 U

699-S38-El2A 0 U ptg/L Chloroform 2007 U

699-S3-E12 0 U pg/L Chloroform 2008 U

699-S40-E13A 0 U pg/L Chloroform 2008 U

699-S41-El3A 0 U Vg/L Chloroform 2008 U

699-S43-E12 0 U Lg/L Chloroform 2008 U

699-S6-E4A 0 U pg/L Chloroform 2008 U
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699-S6-E4K 0 U Chloroform 2008 U

699-S6-E4L 0 U pg/L Chloroform 2008 U

AT-3-1-D(1) 0 U pg/L Chloroform 2008 U

AT-3-2-M 0 U Vg/L Chloroform 2008 U

AT-3-3-D 3 2.7 pg/L Chloroform 2008 D

AT-3-4-D 0 U pg/L Chloroform 2008 U

AT-3-5-S 0 U Lg/L Chloroform 2008 U

AT-3-6-S 0 U Ig/L Chloroform 2008 U

AT-3-7-D 1 1.1 Vg/L Chloroform 2008 D

AT-3-8-S 0 U pg/L Chloroform 2008 U

AT-F-2-M 0 U Vg/L Chloroform 2008 U

AT-F-3-D 0 U pg/L Chloroform 2008 U

C6309 0 U pg/L Chloroform 2008 U

C6315 0 U Vg/L Chloroform 2008 U
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299-E13-14 0 U pg/L ICyanide 2008 U

299-E13-5 0 U p1g/L Cyanide 2008 U

299-E17-22 0 U Iig/L Cyanide 2007 U

299-E17-23 0 U pg/L Cyanide 2007 U

299-E17-25 0 U iig/L Cyanide 2007 U

299-E17-26 0 U iig/L Cyanide 2007 U

299-E18-1 0 U ig/L Cyanide 2007 U

299-E24-21 0 U pg/L Cyanide 2007 U

299-E24-24 0 U tg/L Cyanide 2007 U

299-E24-33 0 U ig/L Cyanide 2006 U

299-E27-12 0 U pg/L Cyanide 2008 U

299-E27-13 0 U pg/L Cyanide 2008 U

299-E27-14 11 11 pg/L Cyanide 2008 D

299-E27-15 0 U ptg/L Cyanide 2008 U

299-E27-155 5 5.3* .Lg/L Cyanide 2008 C

299-E27-16 0 U ig/L Cyanide 2008 U

299-E27-17 0 U pig/L Cyanide 2008 U

299-E27-19 0 U ptg/L Cyanide 2008 U

299-E27-21 0 U pg/L Cyanide 2008 U

299-E27-22 0 U Vg/L Cyanide 2008 U

299-E27-23 1 1.1* Vg/L Cyanide 2008 C

299-E27-4 4 3.6* ig/L Cyanide 2008 C

299-E27-7 12 12* ig/L Cyanide 2008 C

299-E28-21 4 4.2 pg/L Cyanide 2008 D

299-E28-26 7 7.4 pg/L Cyanide 2008 D

299-E28-27 8 8.2 pg/L Cyanide 2008 D

299-E28-28 6 6.1 [tg/L Cyanide 2008 D

299-E28-8 0 U pgJL Cyanide 2008 U

299-E32-10 91 91 Vg/L Cyanide 2008 D

299-E32-2 4 3.6* pg/L Cyanide 2008 C
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299-E32-3 2 2.4* tg/L I Cyanide 2008 C

299-E32-4 8 7.6 p1g/L Cyanide 2008 D

299-E32-5 2 2.4* ig/L Cyanide 2008 C

299-E32-6 6 6.1 pg/L Cyanide 2008 D

299-E32-7 6 5.6 ptg/L Cyanide 2008 D

299-E32-8 0 U ig/L Cyanide 2008 U

299-E32-9 29 29 pg/L Cyanide 2008 D

299-E33-13 310 310 Vg/L Cyanide 2008 D

299-E33-14 0 U pg/L Cyanide 2008 U

299-E33-15 100 100 .ig/L Cyanide 2008 D

299-E33-16 9 8.8 ptg/L Cyanide 2008 D

299-E33-17 0 U ptg/L Cyanide 2008 U

299-E33-18 0 U Vg/L Cyanide 2008 U

299-E33-1A 520 520 pg/L Cyanide 2008 D

299-E33-2 730 730 pg/L Cyanide 2008 D

299-E33-20 0 U ptg/L Cyanide 2008 U

299-E33-205 9 9.4 tg/L Cyanide 2008 D

299-E33-21 0 U pg/L Cyanide 2008 U

299-E33-25 210 210 ptg/L Cyanide 2008 D

299-E33-26 250 250 pg/L Cyanide 2008 D

299-E33-28 0 U ig/L Cyanide 2008 U

299-E33-29 0 U pLg/L Cyanide 2008 U

299-E33-3 940 940 ig/L Cyanide 2008 D

299-E33-30 0 U ptg/L Cyanide 2008 U

299-E33-31 16 16 pg/L Cyanide 2008 D

299-E33-32 1 1.2* ig/L Cyanide 2008 C

299-E33-33 0 U ptg/L Cyanide 2008 U

299-E33-334 0 U pg/L Cyanide 2008 U

299-E33-335 0 U Vg/L Cyanide 2008 U

299-E33-337 0 U pg/L Cyanide 2008 U
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299-E33-338 0

Table A-3. Cyanide Values

OTVAL UNITS CON-NAME

U Itg/L Cyanide 2008 U

299-E33-339 0 U ig/L Cyanide 2008 U

299-E33-34 500 500 ig/L Cyanide 2008 D

299-E33-341 930 930 pg/L Cyanide 2008 D

299-E33-342 610 610 ig/L Cyanide 2008 D

299-E33-343 2 2.2* Vg/L Cyanide 2008 C

299-E33-345 0 U lig/L Cyanide 2008 U

299-E33-35 0 U pg/L Cyanide 2008 U

299-E33-36 0 U Vg/L Cyanide 2008 U

299-E33-37 0 U pg/L Cyanide 2008 U

299-E33-38 860 860 pg/L Cyanide 2008 D

299-E33-39 84 84 Vg/L Cyanide 2008 D

299-E33-4 4400 4,400 Ig/L Cyanide 2008 D

299-E33-41 2 1.5* pg/L Cyanide 2008 C

299-E33-42 1 1.2* Vg/L Cyanide 2008 C

299-E33-43 2 1.5* Ig/L Cyanide 2008 C

299-E33-44 23 23 pg/L Cyanide 2008 D

299-E33-47 0 U Vg/L Cyanide 2008 U

299-E33-48 0 U lig/L Cyanide 2008 U

299-E33-49 0 U Vg/L Cyanide 2008 U

299-E33-5 780 780 pg/L Cyanide 2008 D

299-E33-7 1200 1,200 pg/L Cyanide 2008 D

299-E33-9 10 10 Vg/L Cyanide 2008 D

299-E34-10 0 U pg/L Cyanide 2008 U

299-E34-8 0 U pg/L Cyanide 2008 U

299-W14-13 0 U Ig/L Cyanide 2006 U

299-W15-35 0 U [tg/L Cyanide 2006 U

299-W15-47 0 U pg/L Cyanide 2006 U

299-W19-105 1 1.0* pg/L Cyanide 2008 C

299-W19-107 0 U Ig/L Cyanide 2008 U
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Table A-3. Cvanide Values

299-W22-69 0 U g/L I Cyanide 2008 U

299-W22-72 0 U ig/L Cyanide 2008 U

299-W22-86 0 U Vg/L Cyanide 2008 U

299-W22-87 0 U Vg/L Cyanide 2008 U

299-W22-88 0 U ig/L Cyanide 2008 U

299-W7-4 0 U pg/L Cyanide 2007 U

699-19-88 0 U ig/L Cyanide 2008 U

699-32-76 0 U pg/L Cyanide 2008 U

699-33-74 0 U ig/L Cyanide 2008 U

699-33-75 0 U ig/L Cyanide 2008 U

699-34-72 0 U ig/L Cyanide 2008 U

699-38-70 0 U ptg/L Cyanide 2006 U

699-48-50B 4 4.3 pg/L Cyanide 2008 D

699-48-77A 0 U ig/L Cyanide 2006 U

699-49-55A 6 6.4 pg/L Cyanide 2007 D

699-49-57A 120 120 ig/L Cyanide 2008 D

699-50-56 18 18 pg/L Cyanide 2008 D

699-50-59 47 47 Vg/L Cyanide 2008 D

699-53-55C 160 160 Vg/L Cyanide 2008 D

699-55-57 60 60 pg/L Cyanide 2008 D

699-55-60A 0 U Vg/L Cyanide 2008 U

699-57-59 0 U [tg/L Cyanide 2008 U

699-59-58 6 5.8 pg/L Cyanide 2008 D

699-60-60 9 9.3 pg/L Cyanide 2008 D

699-61-62 0 U pig/L Cyanide 2008 U

699-61-66 0 U ptg/L Cyanide 2008 U

699-64-62 0 U pg/L Cyanide 2008 U
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199-F8-3 0

Table A-4. Cobalt-60 Values

PLOTVAL UNITS CONNAME

0.48U pCi/L Cobalt-60 2006 U

199-K-106A -1 -1.1U pCi/L Cobalt-60 2008 U

199-K-107A -1 -0.76U pCi/L Cobalt-60 2008 U

199-K-108A 2 1.6U pCi/L Cobalt-60 2008 U

199-K-109A 1 1.4U pCi/L Cobalt-60 2008 U

199-K-11 0 -0.02U pCi/L Cobalt-60 2007 U

199-K-110A 5 5.0U pCi/L Cobalt-60 2008 U

199-K-111A -6 -5.6U pCi/L Cobalt-60 2008 U

199-K-132 -3 -3.0U pCi/L Cobalt-60 2008 U

199-K-137 -8 -8.1U pCi/L Cobalt-60 2008 U

199-K-138 5 5.4U pCi/L Cobalt-60 2008 U

199-K-139 0 0.41U pCi/L Cobalt-60 2008 U

199-K-140 2 2.2U pCi/L Cobalt-60 2008 U

199-K-143 1 1.1U pCi/L Cobalt-60 2008 U

199-K-18 2 2.0U pCi/L Cobalt-60 2008 U

199-K-19 -2 -1.8U pCi/L Cobalt-60 2008 U

199-K-20 -2 -2.4U pCi/L Cobalt-60 2008 U

199-K-21 -3 -3.3U pCi/L Cobalt-60 2008 U

199-K-22 3 3.4U pCi/L Cobalt-60 2008 U

199-K-23 -1 -0.64U pCi/L Cobalt-60 2007 U

199-K-27 -2 -1.8U pCi/L Cobalt-60 2008 U

199-K-30 1 0.98U pCi/L Cobalt-60 2008 U

199-K-31 0 0.34U pCi/L Cobalt-60 2008 U

199-K-32A 0 -0.24U pCi/L Cobalt-60 2008 U

199-K-34 -1 -0.7U pCi/L Cobalt-60 2008 U

199-K-35 -1 -0.65U pCi/L Cobalt-60 2007 U

199-K-36 0 -0.3U pCi/L Cobalt-60 2008 U

199-K-37 -6 -6.2U pCi/L Cobalt-60 2008 U

199-N-103A 0 0.10U pCi/L Cobalt-60 2008 U

199-N-105A 1 1.4U pCi/L Cobalt-60 2008 U
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199-N-106A 1

Table A-4. Cobalt-60 Values

PLOTVAL UNITS CONNAME

0.80U pCi/L Cobalt-60 2008 U

199-N-119 0 0.01U pCi/L Cobalt-60 2008 U

199-N-122 4 4.2U pCi/L Cobalt-60 2008 U

199-N-123 -2 -2.3U pCi/L Cobalt-60 2008 U

199-N-146 1 1.1U pCi/L Cobalt-60 2008 U

199-N-147 1 0.56U pCi/L Cobalt-60 2008 U

199-N-27 -6 -6.0U pCi/L Cobalt-60 2008 U

199-N-32 1 1.1U pCi/L Cobalt-60 2008 U

199-N-46 0 -0.31U pCi/L Cobalt-60 2008 U

199-N-67 0 0.30U pCi/L Cobalt-60 2008 U

199-N-74 -2 -2.OU pCi/L Cobalt-60 2008 U

199-N-75 0 0.38U pCi/L Cobalt-60 2008 U

199-N-76 0 -0.06U pCi/L Cobalt-60 2008 U

199-N-81 -1 -0.98U pCi/L Cobalt-60 2008 U

199-N-92A 0 0.33U pCi/L Cobalt-60 2008 U

199-N-96A 0 -0.06U pCi/L Cobalt-60 2008 U

199-N-99A 0 0.41U pCi/L Cobalt-60 2008 U

299-E13-14 1 1.1U pCi/L Cobalt-60 2008 U

299-E13-5 0 -0.29U pCi/L Cobalt-60 2008 U

299-E24-20 1 0.88U pCi/L Cobalt-60 2008 U

299-E24-22 0 0.46U pCi/L Cobalt-60 2008 U

299-E24-33 0 -0.12U pCi/L Cobalt-60 2008 U

299-E24-8 0 0.13U pCi/L Cobalt-60 2007 U

299-E25-2 0 0.16U pCi/L Cobalt-60 2008 U

299-E25-32P -2 -2.4U pCi/L Cobalt-60 2007 U

299-E25-34 1 1.OU pCi/L Cobalt-60 2007 U

299-E25-35 0 0.18U pCi/L Cobalt-60 2007 U

299-E25-40 1 1.2U pCi/L Cobalt-60 2008 U

299-E25-41 0 -0.47U pCi/L Cobalt-60 2008 U

299-E25-6 0 -0.08U pCi/L Cobalt-60 2008 U
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Table A-4. Cobalt-60 Values

WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

299-E25-93 0 -0.18U pCi/L Cobalt-60 2008 U

299-E25-94 0 0.12U pCi/L Cobalt-60 2008 U

299-E26-10 2 1.5U pCi/L Cobalt-60 2008 U

299-E26-11 1 0.92U pCi/L Cobalt-60 2008 U

299-E27-12 0 -0.48U pCi/L Cobalt-60 2008 U

299-E27-13 1 1.1U pCi/L Cobalt-60 2008 U

299-E27-14 2 1.8U pCi/L Cobalt-60 2008 U

299-E27-15 0 0.04U pCi/L Cobalt-60 2008 U

299-E27-155 2 2.2U pCi/L Cobalt-60 2008 U

299-E27-21 1 0.74U pCi/L Cobalt-60 2008 U

299-E27-22 0 0.32U pCi/L Cobalt-60 2008 U

299-E27-23 0 0.40U pCi/L Cobalt-60 2008 U

299-E27-4 0 0.34U pCi/L Cobalt-60 2008 U

299-E27-7 0 0.17U pCi/L Cobalt-60 2008 U

299-E28-17 1 0.60U pCi/L Cobalt-60 2008 U

299-E28-2 0 -0.38U pCi/L Cobalt-60 2008 U

299-E28-23 0 -0.17U pCi/L Cobalt-60 2008 U

299-E28-24 -1 -0.6U pCi/L Cobalt-60 2008 U

299-E28-25 1 0.83U pCi/L Cobalt-60 2008 U

299-E28-27 0 0.30U pCi/L Cobalt-60 2008 U

299-E28-5 -1 -0.72U pCi/L Cobalt-60 2008 U

299-E28-6 1 0.82U pCi/L Cobalt-60 2008 U

299-E28-8 1 0.59U pCi/L Cobalt-60 2008 U

299-E32-10 6 5.7U pCi/L Cobalt-60 2008 U

299-E32-5 0 0.37U pCi/L Cobalt-60 2008 U

299-E32-7 0 0.26U pCi/L Cobalt-60 2008 U

299-E33-13 23 23* pCi/L Cobalt-60 2008 C

299-E33-14 0 0.14U pCi/L Cobalt-60 2008 U

299-E33-15 7 7.3* pCi/L Cobalt-60 2008 C

299-E33-16 47 47 pCi/L Cobalt-60 2008 D
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Table A-4. Cobalt-60 Values

299-E33-17 1 0.59U pCi/L I Cobalt-60 2008 U

299-E33-18 2 1.6U pCi/L Cobalt-60 2008 U

299-E33-1A 36 36 pCi/L Cobalt-60 2008 D

299-E33-2 42 42 pCi/L Cobalt-60 2008 D

299-E33-20 0 0.22U pCi/L Cobalt-60 2008 U

299-E33-205 -4 -3.5U pCi/L Cobalt-60 2008 U

299-E33-25 30 30 pCi/L Cobalt-60 2008 D

299-E33-26 21 21 pCi/L Cobalt-60 2008 D

299-E33-3 61 61 pCi/L Cobalt-60 2008 D

299-E33-31 13 13 pCi/L Cobalt-60 2008 D

299-E33-32 1 1.2U pCi/L Cobalt-60 2008 U

299-E33-337 0 -0.33U pCi/L Cobalt-60 2008 U

299-E33-339 0 0.28U pCi/L Cobalt-60 2008 U

299-E33-34 38 38 pCi/L Cobalt-60 2008 D

299-E33-341 57 57 pCi/L Cobalt-60 2008 D

299-E33-342 46 46 pCi/L Cobalt-60 2008 D

299-E33-343 1 0.80U pCi/L Cobalt-60 2008 U

299-E33-345 2 1.8U pCi/L Cobalt-60 2008 U

299-E33-35 1 0.94U pCi/L Cobalt-60 2008 U

299-E33-38 60 60 pCi/L Cobalt-60 2008 D

299-E33-39 4 4.3U pCi/L Cobalt-60 2008 U

299-E33-4 610 610 pCi/L Cobalt-60 2008 D

299-E33-41 0 0.48U pCi/L Cobalt-60 2008 U

299-E33-42 2 1.9U pCi/L Cobalt-60 2008 U

299-E33-43 1 0.95U pCi/L Cobalt-60 2008 U

299-E33-44 38 38 pCi/L Cobalt-60 2008 D

299-E33-5 53 53 pCi/L Cobalt-60 2008 D

299-E33-7 94 94 pCi/L Cobalt-60 2008 D

299-E33-9 13 13* pCi/L Cobalt-60 2008 C

299-W10-24 0 -0.1U pCi/L Cobalt-60 2008 U
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Table A-4. Cobalt-60 Values

299-W10-26 -1 -0.57U pCi/L Cobalt-60 2008 U

299-W10-27 0 0.16U pCi/L Cobalt-60 2008 U

299-W10-4 0 0.46U pCi/L Cobalt-60 2008 U

299-W11-39 2 1.7U pCi/L Cobalt-60 2008 U

299-W11-40 5 4.9U pCi/L Cobalt-60 2008 U

299-W11-41 1 0.55U pCi/L Cobalt-60 2008 U

299-W11-42 1 0.65U pCi/L Cobalt-60 2008 U

299-W14-13 4 4.OU pCi/L Cobalt-60 2008 U

299-W14-14 -1 -0.71U pCi/L Cobalt-60 2008 U

299-W14-15 1 1.2U pCi/L Cobalt-60 2008 U

299-W14-18 -3 -3.2U pCi/L Cobalt-60 2008 U

299-W14-19 0 0.09U pCi/L Cobalt-60 2008 U

299-W15-34 -2 -1.6U pCi/L Cobalt-60 2007 U

299-W15-35 -3 -3.2U pCi/L Cobalt-60 2007 U

299-W15-36 -1 -0.74U pCi/L Cobalt-60 2007 U

299-W15-40 1 0.78U pCi/L Cobalt-60 2007 U

299-W15-41 1 1.3U pCi/L Cobalt-60 2008 U

299-W15-43 0 -0.1U pCi/L Cobalt-60 2007 U

299-W15-44 1 1.3U pCi/L Cobalt-60 2008 U

299-W15-45 -4 -3.5U pCi/L Cobalt-60 2007 U

299-W15-47 2 2.2U pCi/L Cobalt-60 2007 U

299-W15-763 1 0.52U pCi/L Cobalt-60 2008 U

299-W15-765 13 13U pCi/L Cobalt-60 2008 U

299-W18-30 -1 -0.99U pCi/L Cobalt-60 2008 U

299-W18-31 0 -0.42U pCi/L Cobalt-60 2007 U

299-W18-40 0 -0.21U pCi/L Cobalt-60 2008 U

299-W19-105 1 0.89U pCi/L Cobalt-60 2008 U

299-W19-107 1 0.64U pCi/L Cobalt-60 2008 U

299-W19-12 2 1.5U pCi/L Cobalt-60 2008 U

299-W19-41 -2 -2.2U pCi/L Cobalt-60 2008 U
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299-W19-42 0

Table A-4. Cobalt-60 Values

PLOTVAL UNITS CONNAME

-0.06U pCi/L Cobalt-60 2008 U

299-W19-44 1 1.2U pCi/L Cobalt-60 2008 U

299-W19-45 1 1.3U pCi/L Cobalt-60 2008 U

299-W19-47 -1 -1.2U pCi/L Cobalt-60 2008 U

299-W22-69 0 0.41U pCi/L Cobalt-60 2008 U

299-W22-72 -1 -0.69U pCi/L Cobalt-60 2008 U

299-W22-86 1 0.79U pCi/L Cobalt-60 2008 U

299-W22-87 -2 -2.2U pCi/L Cobalt-60 2008 U

299-W22-88 0 -0.05U pCi/L Cobalt-60 2008 U

299-W23-19 0 0.04U pCi/L Cobalt-60 2008 U

299-W7-4 0 -0.4U pCi/L Cobalt-60 2007 U

399-1-17A -1 -0.57U pCi/L Cobalt-60 2008 U

399-1-2 0 -0.48U pCi/L Cobalt-60 2006 U

699-10-54A -2 -1.5U pCi/L Cobalt-60 2008 U

699-10-E12 0 -0.4U pCi/L Cobalt-60 2008 U

699-20-E120 1 0.91U pCi/L Cobalt-60 2008 U

699-24-46 2 2.4U pCi/L Cobalt-60 2008 U

699-26-33 0 -0.35U pCi/L Cobalt-60 2008 U

699-31-31 -1 -1.1U pCi/L Cobalt-60 2008 U

699-32-22A 0 0.19U pCi/L Cobalt-60 2008 U

699-32-43 3 2.6U pCi/L Cobalt-60 2008 U

699-32-76 -1 -1.1U pCi/L Cobalt-60 2008 U

699-33-74 0 0.09U pCi/L Cobalt-60 2008 U

699-33-75 0 -0.43U pCi/L Cobalt-60 2008 U

699-34-72 0 0.31U pCi/L Cobalt-60 2008 U

699-38-70 -2 -1.7U pCi/L Cobalt-60 2006 U

699-41-1A 0 0.48U pCi/L Cobalt-60 2008 U

699-41-23 0 -0.25U pCi/L Cobalt-60 2008 U

699-46-21B 1 0.94U pCi/L Cobalt-60 2008 U

699-46-4 1 0.67U pCi/L Cobalt-60 2008 U
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699-48-50B 0

Table A-4. Cobalt-60 Values

PLOTVAL UNITS CON-NAME

-0.35U pCi/L Cobalt-60 2008 U

699-48-77A 0 -0.15U pCi/L Cobalt-60 2006 U

699-49-100C 1 1.3U pCi/L Cobalt-60 2007 U

699-49-55A 1 LOU pCi/L Cobalt-60 2007 U

699-49-57A 7 6.8 pCi/L Cobalt-60 2008 D

699-50-56 2 1.8U pCi/L Cobalt-60 2008 U

699-50-59 3 2.8U pCi/L Cobalt-60 2008 U

699-53-55C 10 9.9 pCi/L Cobalt-60 2008 D

699-55-57 5 4.5U pCi/L Cobalt-60 2008 U

699-55-60A 0 0.41U pCi/L Cobalt-60 2008 U

699-57-59 -1 -0.76U pCi/L Cobalt-60 2008 U

699-59-58 -1 -0.67U pCi/L Cobalt-60 2008 U

699-60-60 1 LOU pCi/L Cobalt-60 2008 U

699-61-62 1 0.54U pCi/L Cobalt-60 2008 U

699-61-66 0 -0.3U pCi/L Cobalt-60 2008 U

699-64-62 0 0.25U pCi/L Cobalt-60 2008 U

699-70-68 0 0.49U pCi/L Cobalt-60 2008 U

699-73-61 1 0.66U pCi/L Cobalt-60 2008 U

699-78-62 1 0.65U pCi/L Cobalt-60 2008 U

699-S19-E13 2 1.6U pCi/L Cobalt-60 2008 U

699-S37-E14 -3 -2.8U pCi/L Cobalt-60 2008 U

699-53-E12 0 -0.34U pCi/L Cobalt-60 2008 U

699-56-E4B -1 -1.4U pCi/L Cobalt-60 2006 U

699-S6-E4E 3 3.2U pCi/L Cobalt-60 2006 U

APT1 -1 -0.71U pCi/L Cobalt-60 2006 U

N116mArray- 8 8.oU pCi/L Cobalt-60 2007 U
1 A

N116mArray- 2 1.6U pCi/L Cobalt-60 2007 U
11A

Nll6mArray- -1 -1.2U pCilL Co balIt-60 2007 U
12A

Nll6mArray- -2 -2.1U pCi/L Cobalt-60 2007 U
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Table A-4. Cobalt-60 Values

13A

N116mArray- -2 -2.OU pCi/L Cobalt-60 2007 U
14A

N116mArray- 0 0.16U pCi/L Cobalt-60 2007 U
1A

N116mArray- 3 3.OU pCi/L Cobalt-60 2007 U
2A

N116mArray- 1 1.2U pCi/L Cobalt-60 2008 U
3A

N116mArray- -3 -2.5U pCi/L Cobalt-60 2008 U
4A

Nl-6mArray- -1 -1.OU pCi/L Cobalt-60 2008 U
6A

Nl-6mArray- -2 -1.9U pCi/L Cobalt-60 2007 U
7A

Nll6mArray- 0 -0.09U pCi/L Cobalt-60 2007 U
8A

Nll6mArray- 2 1.9U pCi/L Cobalt-60 2007 U
9A

NS-2A-87cm 1 1.2U pCi/L Cobalt-60 2006 U

NS-3A-176cm 0 0.02U pCi/L Cobalt-60 2006 U

NS-4A-l7cm 0 0.26U pCi/L Cobalt-60 2006 U

NVP2-116.0 0 0.47U pCi/L Cobalt-60 r 208 U
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Table A-5. Chromium Values

01-M 13 13 g/L IChromium 2008 D

03-D 15 15 pg/L Chromium 2008 D

04-D 15 15 Vg/L Chromium 2008 D

05-5 46 46 [tg/L Chromium 2008 D

06-M 46 46 gg/L Chromium 2008 D

07-D 18 18 gg/L Chromium 2008 D

1199-39-16D 0 U pg/L Chromium 2008 U

11-D 8 8.4 gg/L Chromium 2008 D

12-D 5 4.6 ig/L Chromium 2008 D

13-S 5 4.8 gg/L Chromium 2007 D

14-M 16 16 gg/L Chromium 2008 D

15-M 0 U pg/L Chromium 2008 U

17-D 4 4.4 pg/L Chromium 2008 D

18-S 3 2.5* ig/L Chromium 2008 C

199-B2-13 10 10 ptg/L Chromium 2008 D

199-B3-1 22 22 pgJL Chromium 2008 D

199-B3-46 14 14 gg/L Chromium 2008 D

199-B3-47 50 50 Vg/L Chromium 2008 D

199-B4-1 38 38 pg/L Chromium 2008 D

199-B4-7 25 25 gg/L Chromium 2007 D

199-B4-8 21 21 gg/L Chromium 2008 D

199-B5-1 17 17 gg/L Chromium 2008 D

199-B5-2 35 35 pg/L Chromium 2008 D

199-B8-6 8 7.6 gg/L Chromium 2007 D

199-B8-7 8 8.3* ptg/L Chromium 2008 C

199-B8-8 22 22 [ig/L Chromium 2008 D

199-B9-3 21 21 ptg/L Chromium 2007 D

199-D2-11 7 6.8 Vg/L Chromium 2008 D

199-D2-6 46 46 gg/L Chromium 2008 D

199-D2-8 210 210 gg/L Chromium 2008 D
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199-D3-2 18 18 tg/L IChromium 2008 D

199-D3-3 35 35 .tg/L Chromium 2008 D

199-D3-4 10 10 Vg/L Chromium 2008 D

199-D4-1 4 3.9* pg/L Chromium 2008 C

199-D4-10 13 13* pg/L Chromium 2008 C

199-D4-11 45 45* pg/L Chromium 2008 C

199-D4-12 13 13 pg/L Chromium 2008 D

199-D4-13 0 U lig/L Chromium 2008 U

199-D4-14 43 43 ig/L Chromium 2008 D

199-D4-15 1300 1,300 Vg/L Chromium 2008 D

199-D4-19 1 0.75* ig/L Chromium 2008 C

199-D4-2 540 540 Vg/L Chromium 2008 D

199-D4-20 130 130 Vg/L Chromium 2008 D

199-D4-21 340 340* ig/L Chromium 2008 C

199-D4-22 860 860 pg/L Chromium 2008 D

199-D4-23 25 25 ptg/L Chromium 2008 D

199-D4-24 10 10 ig/L Chromium 2008 D

199-D4-25 330 330 pg/L Chromium 2008 D

199-D4-26 430 430 pg/L Chromium 2008 D

199-D4-27 160 160 ptg/L Chromium 2008 D

199-D4-28 230 230 pg/L Chromium 2008 D

199-D4-29 260 260 ptg/L Chromium 2008 D

199-D4-3 170 170 pg/L Chromium 2008 D

199-D4-30 76 76 pg/L Chromium 2008 D

199-D4-31 450 450 pg/L Chromium 2008 D

199-D4-32 71 71 pg/L Chromium 2008 D

199-D4-33 41 41* pg/L Chromium 2008 C

199-D4-34 100 100 pg/L Chromium 2008 D

199-D4-35 79 79 pg/L Chromium 2008 D

199-D4-36 210 210 pg/L Chromium 2008 D
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199-D4-37 180

Table A-5. Chromium Values

PLOTVAL UNITS CONNAME FISCAL_'

180 Ig/L Chromium 2008 D

199-D4-38 160 160 pg/L Chromium 2008 D

199-D4-39 420 420 ig/L Chromium 2008 D

199-D4-4 3 3.2* pg/L Chromium 2008 C

199-D4-40 370 370 Vg/L Chromium 2008 D

199-D4-41 220 220 Ig/L Chromium 2008 D

199-D4-42 340 340 Ig/L Chromium 2008 D

199-D4-43 310 310 Itg/L Chromium 2008 D

199-D4-44 13 13 Vg/L Chromium 2008 D

199-D4-45 54 54* tg/L Chromium 2008 C

199-D4-46 3 3.3* Vg/L Chromium 2008 C

199-D4-47 10 10 Ig/L Chromium 2008 D

199-D4-48 20 20* Iig/L Chromium 2008 C

199-D4-49 3 3.3* Ig/L Chromium 2008 C

199-D4-5 5 4.7* Ig/L Chromium 2008 C

199-D4-50 120 120 Vg/L Chromium 2008 D

199-D4-51 20 20* Ig/L Chromium 2008 C

199-D4-52 10 10 pg/L Chromium 2008 D

199-D4-53 13 13 jig/L Chromium 2008 D

199-D4-54 3 3.3* ig/L Chromium 2008 C

199-D4-55 7 6.7* Vg/L Chromium 2008 C

199-04-56 50 50* pg/L Chromium 2008 C

199-D4-57 10 10 pg/L Chromium 2008 D

199-D4-58 13 13* ptg/L Chromium 2008 C

199-D4-59 0 U Vg/L Chromium 2008 U

199-D4-6 1 0.50* pg/L Chromium 2008 C

199-D4-60 35 35 pg/L Chromium 2008 D

199-D4-61 7 6.7* ig/L Chromium 2008 C

199-04-62 6 6.2* lig/L Chromium 2008 C

199-D4-63 0 U ig/L Chromium 2008 C
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199-D4-64 0 U pg/L Chromium 2008 C

199-D4-65 0 U pg/L Chromium 2008 C

199-D4-66 0 U Vg/L Chromium 2008 C

199-D4-67 0 U pg/L Chromium 2008 C

199-D4-68 3 3.3* Vg/L Chromium 2008 C

199-D4-69 3 3.3* ±g/L Chromium 2008 C

199-D4-7 120 120 ptg/L Chromium 2008 D

199-D4-70 7 6.7* pgJL Chromium 2008 C

199-D4-71 3 3.3* Iig/L Chromium 2008 C

199-D4-72 13 13 pg/L Chromium 2008 D

199-D4-73 3 3.3* pg/L Chromium 2008 C

199-D4-74 3 3.3* pg/L Chromium 2008 C

199-D4-75 3 3.3* Vg/L Chromium 2008 C

199-D4-76 0 U Vg/L Chromium 2008 C

199-D4-77 0 U pg/L Chromium 2008 C

199-D4-78 26 26* [tg/L Chromium 2008 C

199-D4-79 38 38* [tg/L Chromium 2008 C

199-D4-8 5 5.0* Vg/L Chromium 2008 C

199-D4-80 56 56* pg/L Chromium 2008 C

199-D4-81 40 40 pg/L Chromium 2008 D

199-D4-82 23 23 ig/L Chromium 2008 D

199-D4-83 58 58 ptg/L Chromium 2008 D

199-D4-84 53 53 Vg/L Chromium 2008 D

199-04-85 11 11 ~ g/L Chromium 2008 0

199-D4-86 14 14 pg/L Chromium 2008 D

199-D4-9 220 220 pg/L Chromium 2008 D

199-D4-93 840 840 pg/L Chromium 2006 D

199-D5-102 420 420 ig/L Chromium 2008 D

199-D5-103 140 140 ig/L Chromium 2008 D

199-D5-104 8800 8,800 .ig/L Chromium 2008 D
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199-D5-106

Table A-5. Chromium Values

NLUE PLOTVAL UNITS CONNAME

9 9.0 pg/L Chromium 2007 D

199-D5-121 11000 11,000 pg/L Chromium 2008 D

199-D5-13 740 740 Ig/L Chromium 2008 D

199-D5-14 1000 1,000 pg/L Chromium 2008 D

199-D5-15 940 940 ig/L Chromium 2008 D

199-D5-16 250 250 pg/L Chromium 2008 D

199-D5-17 8 8.3 ig/L Chromium 2008 D

199-D5-20 240 240 Vg/L Chromium 2008 D

199-D5-32 140 140 pg/L Chromium 2008 D

199-D5-33 3 2.8* Iig/L Chromium 2008 C

199-D5-34 97 97 pg/L Chromium 2008 D

199-D5-36 2 2.1* ig/L Chromium 2008 C

199-D5-37 51 51 Vg/L Chromium 2008 D

199-D5-38 530 530 pg/L Chromium 2008 D

199-D5-39 1600 1,600 Vg/L Chromium 2008 D

199-D5-40 84 84 pg/L Chromium 2008 D

199-D5-41 16 16 ig/L Chromium 2008 D

199-D5-43 460 460 Vg/L Chromium 2008 D

199-D5-44 1 1.4* pg/L Chromium 2008 C

199-D5-92 95 95 pg/L Chromium 2008 D

199-D5-93 100 100 pg/L Chromium 2008 D

199-D5-97 540 540 pg/L Chromium 2008 D

199-D5-98 370 370 Vg/L Chromium 2008 D

199-D5-99 7400 7,400 tg/L Chromium 2008 D

199-D8-4 180 180 pg/L Chromium 2008 D

199-D8-5 340 340 pg/L Chromium 2008 D

199-D8-53 67 67 Ig/L Chromium 2008 D

199-D8-54A 91 91 pg/L Chromium 2008 D

199-D8-55 11 11 pLg/L Chromium 2008 D

199-D8-6 200 200 .g/L Chromium 2008 D
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199-D8-68 93 93 g/L IChromium 2008 D

199-D8-69 30 30 pg/L Chromium 2008 D

199-D8-70 57 57 ig/L Chromium 2008 D

199-D8-71 120 120 pg/L Chromium 2008 D

199-D8-72 680 680 pg/L Chromium 2008 D

199-D8-73 190 190 Vg/L Chromium 2008 D

199-D8-88 64 64 ig/L Chromium 2008 D

199-F1-2 5 5.4 Vg/L Chromium 2007 D

199-F5-1 0 U Iig/L Chromium 2008 U

199-F5-4 6 6.2 pg/L Chromium 2008 D

199-F5-42 5 5.1 pg/L Chromium 2007 D

199-F5-43A 0 U ig/L Chromium 2008 U

199-F5-44 36 36 ig/L Chromium 2008 D

199-F5-45 12 12 pg/L Chromium 2007 D

199-F5-46 26 26 lig/L Chromium 2008 D

199-F5-47 12 12 ig/L Chromium 2008 D

199-F5-48 12 12 ptg/L Chromium 2007 D

199-F5-6 41 41 pg/L Chromium 2008 D

199-F6-1 6 6.4 ig/L Chromium 2007 D

199-F7-1 0 U Vg/L Chromium 2008 U

199-F7-2 0 U ig/L Chromium 2008 U

199-F7-3 0 U pg/L Chromium 2008 U

199-F8-2 4 4.4 Vg/L Chromium 2007 D

199-F8-3 6 5.6 pg/L Chromium 2007 D

199-F8-4 5 4.6 pg/L Chromium 2008 D

199-H3-2A 7 7.0 pg/L Chromium 2008 D

199-H3-3 28 28 ig/L Chromium 2008 D

199-H3-4 30 30 Vg/L Chromium 2008 D

199-H3-5 61 61 pg/L Chromium 2008 D

199-H4-10 14 14 pg/L Chromium 2008 D
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199-H4-11 7

Table A-5. Chromium Values

PLOTVAL UNITS CONNAME FISCAL_

6.9 pg/L Chromium 2008 D

199-H4-12A 17 17 Ig/L Chromium 2008 D

199-H4-12B 16 16 pg/L Chromium 2008 D

199-H4-13 7 6.8* pg/L Chromium 2008 C

199-H4-14 22 22 pg/L Chromium 2006 D

199-H4-15A 19 19 Vg/L Chromium 2008 D

199-H4-15B 31 31 Vg/L Chromium 2008 D

199-H4-16 6 5.9 Vg/L Chromium 2008 D

199-H4-3 11 11 Vg/L Chromium 2008 D

199-H4-4 13 13 [tg/L Chromium 2008 D

199-H4-45 5 5.0 pg/L Chromium 2008 D

199-H4-46 6 6.2* ig/L Chromium 2008 C

199-H4-47 16 16 pg/L Chromium 2008 D

199-H4-48 7 7.0 Vg/L Chromium 2008 D

199-H4-49 28 28 pig/L Chromium 2008 D

199-H4-5 7 6.8 pg/L Chromium 2008 D

199-H4-6 9 9.2 pg/L Chromium 2008 D

199-H4-63 16 16 pg/L Chromium 2008 D

199-H4-64 19 19 pg/L Chromium 2008 D

199-H4-65 8 7.9 Vg/L Chromium 2008 D

199-H4-8 6 6.3 Vg/L Chromium 2008 D

199-H4-9 11 11* [tg/L Chromium 2008 C

199-H5-1A 6 6.2* pg/L Chromium 2008 C

199-H6-1 0 U ig/L Chromium 2008 U

199-K-106A 2 1.9* pg/L Chromium 2008 C

199-K-107A 300 300 pg/L Chromium 2008 D

199-K-108A 98 98 pg/L Chromium 2008 D

199-K-109A 7 6.6* ptg/L Chromium 2008 C

199-K-11 3 3.0* pg/L Chromium 2008 C

199-K-110A 7 7.1 pg/L Chromium 2008 D
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199-K-111A 25 25* pg/L Chromium 2008 C

199-K-113A 56 56 pg/L Chromium 2008 D

199-K-114A 49 49 pg/L Chromium 2008 D

199-K-115A 75 75 pg/L Chromium 2008 D

199-K-116A 53 53 ig/L Chromium 2008 D

199-K-117A 2 1.6* pg/L Chromium 2008 C

199-K-119A 6 6.0* pg/L Chromium 2008 C

199-K-120A 45 45 ig/L Chromium 2008 D

199-K-125A 13 13 ig/L Chromium 2008 D

199-K-126 32 32 pg/L Chromium 2008 D

199-K-127 14 14 Vg/L Chromium 2008 D

199-K-129 45 45 [ig/L Chromium 2008 D

199-K-130 75 75 ig/L Chromium 2008 D

199-K-131 81 81 pg/L Chromium 2008 D

199-K-132 67 67 jig/L Chromium 2008 D

199-K-133 1 0.83* ig/L Chromium 2008 C

199-K-134 1 1.2* pg/L Chromium 2008 C

199-K-135 2 2.1* Vg/L Chromium 2008 C

199-K-136 0 U Vg/L Chromium 2008 U

199-K-137 2200 2,200 Vg/L Chromium 2008 D

199-K-138 49 49 pg/L Chromium 2008 D

199-K-139 170 170 pg/L Chromium 2008 D

199-K-140 20 20 ig/L Chromium 2008 D

199-K-141 240 240 jig/L Chromium 2008 D

199-K-142 8 8.4* Rg/L Chromium 2008 C

199-K-143 17 17 pg/L Chromium 2008 D

199-K-144 40 40 ptg/L Chromium 2008 D

199-K-145 20 20 [ig/L Chromium 2008 D

199-K-146 51 51 ptg/L Chromium 2008 D

199-K-147 38 38 pg/L Chromium 2008 D
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199-K-148 55 55 tg/L IChromium 2008 D

199-K-149 70 70 pg/L Chromium 2008 D

199-K-150 54 54 pg/L Chromium 2008 D

199-K-151 68 68 ig/L Chromium 2008 D

199-K-152 79 79 ptg/L Chromium 2008 D

199-K-153 41 41 pg/L Chromium 2008 D

199-K-154 100 100 pg/L Chromium 2008 D

199-K-156 9 8.6 Vg/L Chromium 2008 D

199-K-157 60 60 jig/L Chromium 2008 D

199-K-159 0 U ptg/L Chromium 2008 U

199-K-160 0 U ptg/L Chromium 2008 U

199-K-161 100 100 pg/L Chromium 2008 D

199-K-162 75 75 pg/L Chromium 2008 D

199-K-163 130 130 ptg/L Chromium 2008 D

199-K-164 0 U pg/L Chromium 2008 U

199-K-166 170 170 tg/L Chromium 2008 D

199-K-169 0 U Vg/L Chromium 2008 U

199-K-170 0 U Iig/L Chromium 2008 U

199-K-171 78 78 Iig/L Chromium 2008 D

199-K-172 15 15 [ig/L Chromium 2008 D

199-K-18 150 150 [Lg/L Chromium 2008 D

199-K-19 38 38 Vg/L Chromium 2008 D

199-K-20 10 10 ig/L Chromium 2008 D

199-K-21 6 5.7 ptg/L Chromium 2008 D

199-K-22 130 130 ig/L Chromium 2008 D

199-K-23 31 31 pg/L Chromium 2008 D

199-K-27 4 3.8* pg/L Chromium 2008 C

199-K-29 3 3.3* pg/L Chromium 2008 C

199-K-30 11 11* pg/L Chromium 2008 C

199-K-31 8 8.2 pgJL Chromium 2008 D
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199-K-32A 11

Table A-5. Chromium Values

PLOTVAL UNITS CONNAME

11 ptg/L Chromium 2008 D

199-K-34 20 20* Vg/L Chromium 2008 C

199-K-35 7 7.0 ig/L Chromium 2007 D

199-K-36 24 24 tg/L Chromium 2008 D

199-K-37 65 65 Vg/L Chromium 2008 D

199-N-103A 4 4.0* Iig/L Chromium 2008 C

199-N-105A 5 5.3* pg/L Chromium 2008 C

199-N-106A 1 1.3* pg/L Chromium 2008 C

199-N-119 2 1.6* ptg/L Chromium 2008 C

199-N-122 0 U pg/L Chromium 2008 U

199-N-123 4 3.9* pg/L Chromium 2008 C

199-N-14 1 1.1* pg/L Chromium 2008 C

199-N-146 4 4.0* pg/L Chromium 2008 C

199-N-147 5 5.0* pg/L Chromium 2008 C

199-N-16 4 3.7 tg/L Chromium 2008 D

199-N-18 14 14 pg/L Chromium 2008 D

199-N-2 2 2.3* ig/L. Chromium 2008 C

199-N-21 5 4.9* pg/L Chromium 2008 C

199-N-26 0 U pg/L Chromium 2007 U

199-N-27 12 12 pg/L Chromium 2008 D

199-N-28 2 2.0* pg/L Chromium 2008 C

199-N-3 4 3.5* ig/L Chromium 2008 C

199-N-32 2 2.4* Vg/L Chromium 2008 C

199-N-34 4 3.5 .ig/L Chromium 2008 D

199-N-41 15 15 pg/L Chromium 2008 D

199-N-46 0 U pg/L Chromium 2008 U

199-N-57 0 U ptg/L Chromium 2008 U

199-N-59 0 U pg/L Chromium 2008 U

199-N-64 11 11 pg/L Chromium 2008 D

199-N-67 6 5.8* ig/L Chromium 2008 C

D-546



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 44 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-5. Chromium Values

199-N-71 01 U g/L Chromium 2008 U

D-547

199-N-72 6 6.4 ptg/L Chromium 2008 D

199-N-73 3 2.7* iig/L Chromium 2008 C

199-N-74 21 21 pg/L Chromium 2008 D

199-N-75 2 2.3* ptg/L Chromium 2008 C

199-N-76 2 2.0* pg/L Chromium 2008 C

199-N-81 5 4.9 pg/L Chromium 2008 D

199-N-92A 7 7.2* pg/L Chromium 2008 C

199-N-96A 2 2.3* pg/L Chromium 2008 C

199-N-99A 0 U pg/L Chromium 2008 U

19-D 0 U Vg/L Chromium 2008 U

21-M 8 7.9 pg/L Chromium 2008 D

22-D 8 7.9 ptg/L Chromium 2008 D

23-M 3 2.8 [tg/L Chromium 2008 D

25-D 30 30 pg/L Chromium 2006 D

26-D 50 50 pg/L Chromium 2008 D

299-E13-14 47 47 pg/L Chromium 2008 D

299-E13-5 4 3.7 ptg/L Chromium 2008 D

299-E16-2 3 3.2 ig/L Chromium 2008 D

299-E17-1 0 U pg/L Chromium 2008 U

299-E17-12 7 6.5 pg/L Chromium 2008 D

299-E17-13 9 8.8 pg/L Chromium 2008 D

299-E17-14 5 4.6* ig/L Chromium 2008 C

299-E17-16 5 5.3* pg/L Chromium 2008 C

299-E17-18 10 10 pg/L Chromium 2008 D

299-E17-19 3 3.0* pgJL Chromium 2008 C

299-E17-22 4 4.3* tg/L Chromium 2008 C

299-E17-23 27 27 pg/L Chromium 2008 D

299-E17-25 19 19 pg/L Chromium 2008 D

299-E17-26 9 9.3* pg/L Chromium 2008 C
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299-E18-1 6 5.8* g/L I Chromium 2008 C

299-E23-1 0 U ig/L Chromium 2008 U

299-E24-16 7 6.5* ptg/L Chromium 2008 C

299-E24-18 7 7.2* ptg/L Chromium 2008 C

299-E24-20 5 5.4* Vg/L Chromium 2008 C

299-E24-21 2 2.0* Vg/L Chromium 2008 C

299-E24-22 1 1.0* ig/L Chromium 2008 C

299-E24-24 0 U [tg/L Chromium 2008 U

299-E24-33 2 1.9* pg/L Chromium 2008 C

299-E24-5 0 U tg/L Chromium 2007 U

299-E25-17 2 2.2* Vg/L Chromium 2008 C

299-E25-18 0 U Vg/L Chromium 2008 U

299-E25-19 3 3.2* pg/L Chromium 2008 C

299-E25-2 0 U [ig/L Chromium 2008 U

299-E25-20 16 16 Iig/L Chromium 2008 D

299-E25-22 0 U Vg/L Chromium 2008 U

299-E25-26 12 12 pg/L Chromium 2008 D

299-E25-29P 0 U pg/L Chromium 2007 U

299-E25-3 0 U Vg/L Chromium 2008 U

299-E25-31 11 11 Iig/L Chromium 2008 D

299-E25-32P 8 7.6 ptg/L Chromium 2008 D

299-E25-34 7 7.3 tg/L Chromium 2008 D

299-E25-35 8 8.2 ptg/L Chromium 2008 D

299-E25-36 0 U Vg/L Chromium 2008 U

299-E25-37 42 42 Vg/L Chromium 2007 D

299-E25-39 0 U Vg/L Chromium 2008 U

299-E25-40 3 2.9* pg/L Chromium 2008 C

299-E25-41 3 3.2* pg/L Chromium 2008 C

299-E25-42 0 U ptg/L Chromium 2008 U

299-E25-43 0 U ig/L Chromium 2007 U
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299-E25-44 0 U Lg/L IChromium 2007 U

299-E25-47 6 5.6 iig/L Chromium 2007 D

299-E25-48 5 4.7 ptg/L Chromium 2008 D

299-E25-6 0 U Itg/L Chromium 2008 U

299-E25-93 1 1.3* ltg/L Chromium 2008 C

299-E25-94 1 1.0* ptg/L Chromium 2008 C

299-E26-10 0 U ig/L Chromium 2008 U

299-E26-11 0 U pg/L Chromium 2008 U

299-E26-12 0 U pg/L Chromium 2008 U

299-E26-13 0 U pg/L Chromium 2008 U

299-E26-4 0 U pg/L Chromium 2008 U

299-E27-10 22 22 [tg/L Chromium 2008 D

299-E27-11 5 4.8 gg/L Chromium 2008 D

299-E27-12 3 2.8* ig/L Chromium 2008 C

299-E27-13 1 0.92* Ig/L Chromium 2008 C

299-E27-14 4 4.2* pg/L Chromium 2008 C

299-E27-15 1 1.3* ig/L Chromium 2008 C

299-E27-155 5 5.3* pg/L Chromium 2008 C

299-E27-16 6 6.1 pg/L Chromium 2008 D

299-E27-17 2 2.2* pg/L Chromium 2008 C

299-E27-18 0 U Vg/L Chromium 2008 U

299-E27-19 18 18 ig/L Chromium 2008 D

299-E27-21 3 3.1* pg/L Chromium 2008 C

299-E27-22 0 U pgJL Chromium 2008 U

299-E27-23 1 1.0* ptg/L Chromium 2008 C

299-E27-4 3 3.4* pg/L Chromium 2008 C

299-E27-7 1 0.60* ig/L Chromium 2008 C

299-E27-8 4 4.0* pg/L Chromium 2008 C

299-E27-9 13 13* pg/L Chromium 2008 C

299-E28-17 0 U pg/L Chromium 2008 U

D-549
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299-E28-18 0 U g/L Chromium 2008 U

299-E28-2 0 U tg/L Chromium 2008 U

299-E28-21 0 U ig/L Chromium 2008 U

299-E28-26 5 5.3* pg/L Chromium 2008 C

299-E28-27 0 U pg/L Chromium 2008 U

299-E28-28 4 3.8* pg/L Chromium 2008 C

299-E28-5 0 U pg/L Chromium 2008 U

299-E28-6 0 U ig/L Chromium 2008 U

299-E28-8 0 U pg/L Chromium 2008 U

299-E32-10 3 2.6* pg/L Chromium 2008 C

299-E32-2 0 U vg/L Chromium 2008 U

299-E32-3 0 U vg/L Chromium 2008 U

299-E32-4 2 2.4* ig/L Chromium 2008 C

299-E32-5 38 38 pg/L Chromium 2008 D

299-E32-6 6 6.4* pg/L Chromium 2008 C

299-E32-7 5 4.7* pg/L Chromium 2008 C

299-E32-8 2 2.2* pg/L Chromium 2008 C

299-E32-9 0 U vg/L Chromium 2008 U

299-E33-13 42 42 gg/L Chromium 2008 D

299-E33-14 4 4.1* pg/L Chromium 2008 C

299-E33-15 52 52 pg/L Chromium 2008 D

299-E33-16 62 62 pg/L Chromium 2008 D

299-E33-17 44 44 pg/L Chromium 2008 D

299-E33-18 70 70 g/L Chromium 2008 D

299-E33-1A 41 41 gg/L Chromium 2008 D

299-E33-2 40 40 pg/L Chromium 2008 D

299-E33-20 48 48 ptg/L Chromium 2008 D

299-E33-205 0 U pg/L Chromium 2008 U

299-E33-21 3 2.6* pg/L Chromium 2008 C

299-E33-25 0 U pg/L Chromium 2008 U
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299-E33-26 19 19 ig/L Chromium 2008 D

299-E33-28 0 U ig/L Chromium 2008 U

299-E33-29 3 2.8* Vg/L Chromium 2008 C

299-E33-3 38 38 pg/L Chromium 2008 D

299-E33-30 4 3.5* pg/L Chromium 2008 C

299-E33-31 16 16* pg/L Chromium 2008 C

299-E33-32 4 3.7* ig/L Chromium 2008 C

299-E33-33 5 5.1 pg/L Chromium 2008 D

299-E33-334 10 9.5 itg/L Chromium 2008 D

299-E33-335 3 3.3* Vg/L Chromium 2008 C

299-E33-337 1 1.4* Vg/L Chromium 2008 C

299-E33-338 12 12* Vg/L Chromium 2008 C

299-E33-339 9 9.3* pg/L Chromium 2008 C

299-E33-34 22 22 ig/L Chromium 2008 D

299-E33-341 38 38 pg/L Chromium 2008 D

299-E33-342 24 24 ig/L Chromium 2008 D

299-E33-343 20 20* ig/L Chromium 2008 C

299-E33-345 47 47 pg/L Chromium 2008 D

299-E33-35 2 2.4* ptg/L Chromium 2008 C

299-E33-36 3 2.5* pg/L Chromium 2008 C

299-E33-37 0 U ptg/L Chromium 2008 U

299-E33-38 29 29 ptg/L Chromium 2008 D

299-E33-39 15 15* ptg/L Chromium 2008 C

299-E33-4 8 7.7* ig/L Chromium 2008 C

299-E33-41 19 19 ptg/L Chromium 2008 D

299-E33-42 7 6.9* pg/L Chromium 2008 C

299-E33-43 6 5.8* ptg/L Chromium 2008 C

299-E33-44 42 42 pg/L Chromium 2008 D

299-E33-47 9 8.8* pg/L Chromium 2008 C

299-E33-48 0 U pg/L Chromium 2008 U
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299-E33-49 1 1.1* ptg/L Chromium 2008 C

299-E33-5 29 29 Vg/L Chromium 2008 D

299-E33-7 23 23 pg/L Chromium 2008 D

299-E33-9 21 21 gg/L Chromium 2008 D

299-E34-10 3 3.2* ig/L Chromium 2008 C

299-E34-12 7 7.1* pg/L Chromium 2008 C

299-E34-2 0 U gg/L Chromium 2008 U

299-E34-8 0 U ig/L Chromium 2008 U

299-E34-9 15 15* pg/L Chromium 2008 C

299-W10-1 10 9.5* pg/L Chromium 2008 C

299-W10-20 5 4.6 jig/L Chromium 2006 D

299-W10-22 67 67 ig/L Chromium 2008 D

299-W10-23 57 57 pg/L Chromium 2008 D

299-W10-24 60 60 Vg/L Chromium 2008 D

299-W10-26 5 5.0* Vg/L Chromium 2008 C

299-W1O-27 55 55 pg/L Chromium 2008 D

299-W10-28 65 65 pg/L Chromium 2008 D

299-W10-29 0 U pg/L Chromium 2008 U

299-W10-30 2 1.8* Vg/L Chromium 2008 C

299-W1O-31 0 U Vg/L Chromium 2008 U

299-W10-4 420 420 Vg/L Chromium 2008 D

299-W10-5 0 U pg/L Chromium 2008 U

299-W10-8 39 39 pg/L Chromium 2008 D

299-W11-12 24 24* Ig/L Chromium 2008 C

299-W11-13 5 5.1* [Lg/L Chromium 2008 C

299-W11-18 28 28 pg/L Chromium 2008 D

299-W11-39 57 57 pg/L Chromium 2008 D

299-W11-40 94 94 pg/L Chromium 2008 D

299-W11-41 200 200 .g/L Chromium 2008 D

299-W11-42 120 120 pg/L Chromium 2008 D
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299-W11-7 15 15 pg/L I Chromium 2008 D

299-W14-13 560 560 pg/L Chromium 2008 D

299-W14-14 12 12* ig/L Chromium 2008 C

299-W14-15 110 110 pg/L Chromium 2008 D

299-W14-16 8 7.9* ig/L Chromium 2008 C

299-W14-17 8 7.7* ptg/L Chromium 2008 C

299-W14-18 9 9.0* ptg/L Chromium 2008 C

299-W14-19 13 13* pg/L Chromium 2008 C

299-W14-6 4 4.1* pg/L Chromium 2008 C

299-W15-15 15 15 pg/L Chromium 2007 D

299-W15-152 5 5.0* pig/L Chromium 2008 C

299-W15-224 0 U Vg/L Chromium 2008 U

299-W15-30 2 2.2* pg/L Chromium 2008 C

299-W15-31A 10 9.8 Vg/L Chromium 2008 D

299-W15-34 9 9.3 pg/L Chromium 2007 D

299-W15-35 12 12 ig/L Chromium 2008 D

299-W15-36 0 U pg/L Chromium 2008 U

299-W15-37 0 U jig/L Chromium 2008 U

299-W15-38 2 1.5* ig/L Chromium 2008 C

299-W15-40 16 16* pg/L Chromium 2008 C

299-W15-41 2 1.6* ig/L Chromium 2008 C

299-W15-42 14 14 pg/L Chromium 2008 D

299-W15-43 9 8.7* Iig/L Chromium 2008 C

299-W15-44 14 14* Vg/L Chromium 2008 C

299-W15-45 6 5.5 pg/L Chromium 2008 D

299-W15-46 9 8.8 Vg/L Chromium 2007 D

299-W15-47 3 3.0 ptg/L Chromium 2008 D

299-W15-49 8 7.8 ptg/L Chromium 2007 D

299-W15-763 3 2.8* pg/L Chromium 2008 C

299-W15-765 51 51 pg/L Chromium 2008 D
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PLOTVAL UNITS CONNAME

7.2* ig/L Chromium 2008 C

299-W15-94 3 3.1* pg/L Chromium 2008 C

299-W17-1 0 U ptg/L Chromium 2008 U

299-W18-1 7 6.6 pg/L Chromium 2006 D

299-W18-21 6 5.5* ig/L Chromium 2008 C

299-W18-23 13 13 pg/L Chromium 2008 D

299-W18-30 4 3.7* pg/L Chromium 2008 C

299-W18-31 7 7.0 pg/L Chromium 2007 D

299-W18-40 1 1.0* Vg/L Chromium 2008 C

299-W19-101 0 U pg/L Chromium 2008 U

299-W19-105 3 3.3* pg/L Chromium 2008 C

299-W19-107 1 1.2* pg/L Chromium 2008 C

299-W19-12 6 5.8* 1g/L Chromium 2008 C

299-W19-35 0 U ptg/L Chromium 2008 U

299-W19-37 13 13 pg/L Chromium 2008 D

299-W19-41 4 3.9* tg/L Chromium 2008 C

299-W19-42 3 2.6* pg/L Chromium 2008 C

299-W19-44 2 2.3* pg/L Chromium 2008 C

299-W19-45 4 4.3* pg/L Chromium 2008 C

299-W19-46 0 U pg/L Chromium 2008 U

299-W19-47 2 2.2* pg/L Chromium 2008 C

299-W19-49 4 3.9 pg/L Chromium 2006 D

299-W21-2 0 U [tg/L Chromium 2007 U

299-W22-20 150 150 ig/L Chromium 2006 D

299-W22-26 38 38 Vg/L Chromium 2008 D

299-W22-44 510 510 Vg/L Chromium 2008 D

299-W22-45 3 3.4* Vg/L Chromium 2008 C

299-W22-47 260 260 Vg/L Chromium 2008 D

299-W22-48 7 6.9* ptg/L Chromium 2008 C

299-W22-49 1 1.2* Lg/L Chromium 2008 C
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299-W22-50 73 73 ig/L Chromium 2008 D

299-W22-69 6 6.4* pg/L Chromium 2008 C

299-W22-72 2 2.2* ig/L Chromium 2008 C

299-W22-79 3 3.2 Vg/L Chromium 2007 D

299-W22-80 2 1.6* Vg/L Chromium 2008 C

299-W22-81 7 6.6* pg/L Chromium 2008 C

299-W22-82 12 12* [ig/L Chromium 2008 C

299-W22-83 210 210 Vg/L Chromium 2008 D

299-W22-84 6 5.7* Vg/L Chromium 2008 C

299-W22-85 4 4.0* pg/L Chromium 2008 C

299-W22-86 51 51 pg/L Chromium 2008 D

299-W22-87 0 U Vg/L Chromium 2008 U

299-W22-88 0 U pg/L Chromium 2008 U

299-W22-9 0 U pg/L Chromium 2007 U

299-W23-15 2 2.4* pg/L Chromium 2008 C

299-W23-19 730 730 pg/L Chromium 2008 D

299-W23-20 0 U ig/L Chromium 2008 U

299-W23-21 1 1.0* Vg/L Chromium 2008 C

299-W23-9 0 U ig/L Chromium 2006 U

299-W26-13 26 26 Vg/L Chromium 2008 D

299-W26-14 0 U Ig/L Chromium 2008 U

299-W7-4 2 2.0* pg/L Chromium 2007 C

299-W8-1 7 6.7 pg/L Chromium 2008 D

35-S 0 U pg/L Chromium 2006 U

36-M 61 61 pg/L Chromium 2008 D

37-S 3 2.5* ig/L Chromium 2007 C

38-M 28 28 pg/L Chromium 2008 D

399-1-1 0 U pg/L Chromium 2008 U

399-1-10A 0 U pg/L Chromium 2007 U

399-1-11 0 U pg/L Chromium 2008 U
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399-1-12 0 U jig/L Chromium 2008 U

399-1-13A 0 U pg/L Chromium 2008 U

399-1-15 0 U pg/L Chromium 2008 U

399-1-16A 0 U pg/L Chromium 2007 U

399-1-17A 6 6.2 pg/L Chromium 2007 D

399-1-18A 2 1.6* pg/L Chromium 2007 C

399-1-2 0 U pg/L Chromium 2008 U

399-1-21A 0 U ig/L Chromium 2008 U

399-1-23 2 2.2* tg/L Chromium 2008 C

399-1-6 0 U Vg/L Chromium 2008 U

399-1-7 0 U ig/L Chromium 2008 U

399-2-1 0 U pg/L Chromium 2008 U

399-2-2 0 U ptg/L Chromium 2008 U

399-2-5 0 U pg/L Chromium 2008 U

399-3-1 0 U pg/L Chromium 2008 U

399-3-10 3 3.3* [ig/L Chromium 2008 C

399-3-11 0 U jig/L Chromium 2008 U

399-3-12 2 2.2* jig/L Chromium 2008 C

399-3-18 2 2.4* pg/L Chromium 2008 C

399-3-19 0 U ptg/L Chromium 2008 U

399-3-2 4 4.0* [ig/L Chromium 2008 C

399-3-20 0 U jig/L Chromium 2008 U

399-3-6 0 U ptg/L Chromium 2008 U

399-3-9 0 U pg/L Chromium 2008 U

399-4-1 2 2.2* ptg/L Chromium 2008 C

399-4-10 0 U .tg/L Chromium 2008 U

399-4-12 0 U jig/L Chromium 2008 U

399-4-14 3 2.6* pg/L Chromium 2008 C

399-4-7 15 15* pg/L Chromium 2008 C

399-4-9 2 2.0* pg/L Chromium 2008 C
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399-5-1 0 U ig/L Chromium 2008 U

399-5-4B 0 U pg/L Chromium 2008 U

399-8-1 9 9.2* pg/L Chromium 2008 C

399-8-3 16 16* Ig/L Chromium 2008 C

399-8-5A 42 42 ig/L Chromium 2008 D

43-M 41 41 ig/L Chromium 2008 D

44-M 46 46 Itg/L Chromium 2008 D

45-D 10 9.7 ig/L Chromium 2008 D

47-M 14 14 pg/L Chromium 2008 D

48-M 22 22 ig/L Chromium 2008 D

499-SO-7 0 U Iig/L Chromium 2008 U

499-50-8 0 U Vg/L Chromium 2008 U

49-D 10 9.7 .g/L Chromium 2008 D

50-M 16 16 Vg/L Chromium 2008 D

51-D 41 41 pg/L Chromium 2008 D

52-D 15 15 ig/L Chromium 2008 D

54-S 5 4.6 ig/L Chromium 2008 D

62-M 2 2.0* itg/L Chromium 2008 C

63-S 5 5.4 pg/L Chromium 2007 D

64-D 0 U pg/L Chromium 2008 U

65-S 7 6.8 pg/L Chromium 2006 D

66-D 9 8.8 Vg/L Chromium 2008 D

67-M 7 7.3 Vg/L Chromium 2008 D

68-D 8 8.0 Vg/L Chromium 2008 D

699-100-43B 8 8.3* ig/L Chromium 2008 C

699-101-45 27 27 pg/L Chromium 2008 D

699-10-54A 0 U pg/L Chromium 2008 U

699-10-E12 7 6.7 pg/L Chromium 2008 D

699-12-2C 4 3.7* pg/L Chromium 2008 C

699-12-4D 0 U pg/L Chromium 2008 U
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699-13-OA 0 U ig/L IChromium 2008 U

699-13-1E 0 U pg/L Chromium 2008 U

699-13-2D 0 U ig/L Chromium 2008 U

699-13-3A 8 7.6* Vg/L Chromium 2008 C

699-19-88 0 U ptg/L Chromium 2008 U

699-20-E120 0 U Vg/L Chromium 2008 U

699-22-35 0 U Vg/L Chromium 2008 U

699-23-34A 0 U pg/L Chromium 2008 U

699-23-34B 1 1.2* pg/L Chromium 2008 C

699-24-33 2 1.8* ptg/L Chromium 2008 C

699-24-34A 0 U pg/L Chromium 2008 U

699-24-34B 0 U Vg/L Chromium 2008 U

699-24-34C 13 13* ig/L Chromium 2008 C

699-24-35 3 2.6* Vg/L Chromium 2008 C

699-24-46 0 U pg/L Chromium 2008 U

699-25-34A 0 U ig/L Chromium 2008 U

699-25-34B 14 14 pg/L Chromium 2008 D

699-25-34D 6 5.7 pg/L Chromium 2008 D

699-25-70 20 20 pg/L Chromium 2006 D

699-26-33 8 8.4 pg/L Chromium 2008 D

699-26-34A 8 8.0 pg/L Chromium 2008 D

699-26-34B 10 10 pg/L Chromium 2008 D

699-26-35A 3 3.1* pg/L Chromium 2008 C

699-2-6A 5 4.6 ptg/L Chromium 2006 D

699-2-7 2 2.2 pg/L Chromium 2006 D

699-31-31 0 U tg/L Chromium 2008 U

699-32-22A 0 U Vg/L Chromium 2008 U

699-32-43 12 12 Vg/L Chromium 2008 D

699-32-62 150 150 Vg/L Chromium 2007 D

699-32-76 15 15 pg/L Chromium 2008 D
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699-33-74 3 2.8* pg/L I Chromium 2008 C

699-33-75 0 U ptg/L Chromium 2008 U

699-34-72 32 32 pg/L Chromium 2008 D

699-35-66A 17 17 .ig/L Chromium 2008 D

699-36-61A 0 U pg/L Chromium 2008 U

699-36-66B 4 3.6 iig/L Chromium 2008 D

699-36-67 3 3.0 .tg/L Chromium 2007 D

699-36-70A 5 4.5 pg/L Chromium 2008 D

699-37-47A 0 U tg/L Chromium 2008 U

699-37-66 3 2.5 Iig/L Chromium 2008 D

699-37-68 5 4.6 Vg/L Chromium 2007 D

699-38-70 4 3.9 .tg/L Chromium 2006 D

699-39-39 0 U pg/L Chromium 2007 U

699-41-1A 0 U pg/L Chromium 2008 U

699-41-23 0 U pg/L Chromium 2008 U

699-42-40A 0 U ptg/L Chromium 2007 U

699-43-44 0 U ig/L Chromium 2008 U

699-43-45 10 9.8* pg/L Chromium 2008 C

699-43-89 0 U Vg/L Chromium 2008 U

699-44-39B 8 7.7 pJL Chromium 2008 D

699-46-21B 8 8.3 Vg/L Chromium 2008 D

699-46-4 7 6.7 pg/L Chromium 2008 D

699-47-60 0 U tg/L Chromium 2008 U

699-48-50B 0 U ptg/L Chromium 2008 U

699-48-77A 3 3.4 pg/L Chromium 2008 D

699-48-77D 7 7.0 jpg/L Chromium 2008 D

699-49-100C 0 U pg/L Chromium 2007 U

699-49-57A 0 U ptg/L Chromium 2008 U

699-49-79 3 3.2 Vg/L Chromium 2006 D

699-50-56 3 2.6* pg/L Chromium 2008 C
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699-50-59 0 U pg9/L IChromium 2008 U

699-50-74 6 5.9 pg/L Chromium 2008 D

699-53-48A 0 U Iig/L Chromium 2008 U

699-53-55C 4 4.3 pg/L Chromium 2008 D

699-54-49 0 U ltg/L Chromium 2008 U

699-55-50C 0 U tg/L Chromium 2008 U

699-55-57 0 U pg/L Chromium 2008 U

699-55-60A 0 U pg/L Chromium 2008 U

699-57-59 6 5.7 pg/L Chromium 2008 D

699-58-24 0 U jig/L Chromium 2008 U

699-59-58 0 U pg/L Chromium 2008 U

699-60-32 4 4.4 Vg/L Chromium 2007 D

699-60-60 6 6.2 pg/L Chromium 2008 D

699-61-62 0 U pg/L Chromium 2008 U

699-61-66 0 U pg/L Chromium 2008 U

699-62-31 0 U pg/L Chromium 2007 U

699-62-43F 5 5.4 tg/L Chromium 2008 D

699-63-25A 0 U pg/L Chromium 2007 U

699-63-55 25 25 ig/L Chromium 2007 D

699-63-90 0 U ig/L Chromium 2008 U

699-64-27 0 U Itg/L Chromium 2008 U

699-64-62 4 3.8* tg/L Chromium 2008 C

699-65-72 9 9.3 pg/L Chromium 2008 D

699-66-23 0 U ptg/L Chromium 2008 U

699-67-51 0 U pg/L Chromium 2007 U

699-68-105 0 U pg/L Chromium 2007 U

699-70-68 5 4.8 ptg/L Chromium 2008 D

699-71-30 0 U tg/L Chromium 2007 U

699-71-77 6 5.5 ptg/L Chromium 2007 D

699-72-73 0 U pg/L Chromium 2008 U
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699-72-92 10 9.5 ig/L IChromium 2007 D

699-73-61 22 22 pg/L Chromium 2008 D

699-74-44 0 U pg/L Chromium 2007 U

699-77-36 0 U ptg/L Chromium 2008 U

699-77-54 20 20 ig/L Chromium 2007 D

699-78-62 21 21 [tg/L Chromium 2008 D

699-81-38 0 U [tg/L Chromium 2008 U

699-8-17 5 4.9 Vg/L Chromium 2006 D

699-83-47 42 42 Vg/L Chromium 2008 D

699-86-42 0 U pg/L Chromium 2008 U

699-87-42A 11 11 ig/L Chromium 2008 D

699-87-55 22 22 pg/L Chromium 2007 D

699-88-41 8 8.4 ptg/L Chromium 2008 D

699-89-35 9 9.0 pg/L Chromium 2006 D

699-90-45 0 U [tg/L Chromium 2008 U

699-91-46A 5 4.7* [ig/L Chromium 2008 C

699-93-48A 5 5.3* ig/L Chromium 2008 C

699-94-41 15 15 pg/L Chromium 2008 D

699-94-43 34 34 pg/L Chromium 2008 D

699-95-45 58 58 [ig/L Chromium 2008 D

699-95-48 34 34 pg/L Chromium 2008 D

699-95-51 28 28 Rg/L Chromium 2008 D

699-96-43 74 74 ptg/L Chromium 2008 D

699-96-49 23 23 pg/L Chromium 2008 D

699-96-52B 57 57 Vg/L Chromium 2008 D

699-97-41 72 72 ig/L Chromium 2008 D

699-97-43 76 76 ptg/L Chromium 2008 D

699-97-43B 96 96 ptg/L Chromium 2008 D

699-97-45 62 62 pg/L Chromium 2008 D

699-97-48B 39 39 Vg/L Chromium 2008 D
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699-97-51A 29 29 pg/LI Chromium 2008 D

699-98-43 64 64 ptg/L Chromium 2008 D

699-98-46 55 55 tg/L Chromium 2008 D

699-98-49A 0 U pg/L Chromium 2008 U

699-98-51 4 3.9* pg/L Chromium 2008 C

699-99-41 50 50 Vg/L Chromium 2008 D

699-99-42B 34 34 pg/L Chromium 2008 D

699-99-44 43 43 pg/L Chromium 2008 D

699-S12-29 0 U pg/L Chromium 2008 U

699-S19-11 0 U pg/L Chromium 2008 U

699-S19-E13 0 U pg/L Chromium 2008 U

699-S20-ElO 0 U pg/L Chromium 2008 U

699-S22-E9A 0 U pg/L Chromium 2008 U

699-S24-19Q 0 U pg/L Chromium 2008 U

699-S27-E14 0 U pg/L Chromium 2008 U

699-S27-E9A 0 U pg/L Chromium 2008 U

699-S28-E12 0 U pg/L Chromium 2008 U

699-S29-Eli 0 U pg/L Chromium 2008 U

699-S29-E13A 0 U pg/L Chromium 2008 U

699-S29-E16A 0 U pg/L Chromium 2008 U

699-S30-ElOA 0 U pg/L Chromium 2008 U

699-530-E10B 2 2.4* pg/L Chromium 2007 C

699-S30-EllA 0 U pg/L Chromium 2008 U

699-531-1 0 U pg/L Chromium 2008 U

699-S31-ElOA 0 U pg/L Chromium 2008 U

699-S31-E10B 0 U pg/L Chromium 2007 U

699-S31-ElOC 0 U pg/L Chromium 2008 U

699-S31-ElOD 0 U pgJL Chromium 2008 U

699-531-Eli 0 U pg/L Chromium 2008 U

699-S32-E13A 0 U pg/L Chromium 2008 U
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699-S34-E1O 0 U pgL IChromium 1 2008 U

699-536-E13A 0 U [tg/L Chromium 2008 U

699-S37-E14 0 U Vg/L Chromium 2008 U

699-53-E12 0 U ig/L Chromium 2008 U

699-S40-E13A 0 U ptg/L Chromium 2008 U

699-S41-E12 0 U ptg/L Chromium 2007 U

699-S41-E13A 0 U pg/L Chromium 2008 U

699-S43-E12 0 U pg/L Chromium 2008 U

699-S6-E4A 0 U pg/L Chromium 2008 U

699-56-E4B 2 1.8* pg/L Chromium 2008 C

699-S6-E4D 0 U pg/L Chromium 2008 U

699-56-E4E 6 6.3 pg/L Chromium 2008 D

699-56-E4K 0 U ig/L Chromium 2008 U

699-S6-E4L 0 U ig/L Chromium 2008 U

699-58-19 0 U pg/L Chromium 2008 U

72-D 3 2.8* pg/L Chromium 2008 C

74-D 5 4.6* ig/L Chromium 2008 C

75-D 10 10 pg/L Chromium 2008 D

76-D 5 4.6 ptg/L Chromium 2008 D

77-D 3 3.4* ig/L Chromium 2008 C

80-D 2 1.8* ig/L Chromium 2008 C

82-M 0 U pg/L Chromium 2008 U

86-D 4 3.7 pg/L Chromium 2008 D

APT1 0 U ig/L Chromium 2006 U

AT-3-1-D(1) 2 2.4* g/L Chromium 2008 C

AT-3-2-M 4 4.1 pg/L Chromium 2008 D

AT-3-3-M 2 2.0* pg/L Chromium 2008 C

AT-3-4-S 0 U pg/L Chromium 2008 U

AT-3-5-S 6 5.5 pg/L Chromium 2008 D

AT-3-6-S 0 U pg/L Chromium 2008 U
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AT-3-7-M 0 U pg/L Chromium 2008 U

AT-3-8-S 0 U pg/L Chromium 2008 U

AT-B-1-M 5 5.0 pg/L Chromium 2008 D

AT-B-2-D 24 24 pg/L Chromium 2008 D

AT-B-3-M 34 34 pg/L Chromium 2008 D

AT-B-4-S 31 31 ptg/L Chromium 2008 D

AT-B-5-M 8 8.4 tg/L Chromium 2008 D

AT-B-7-D 25 25 ig/L Chromium 2008 D

AT-D-1-M 12 12 Vg/L Chromium 2008 D

AT-D-2-M 41 41 Vg/L Chromium 2008 D

AT-D-3-D 71 71 pg/L Chromium 2008 D

AT-D-4-M 3 3.0 [tg/L Chromium 2006 D

AT-D-5-D 0 U [Lg/L Chromium 2006 U

AT-F-1-D 6 6.4 [tg/L Chromium 2008 D

AT-F-2-M 2 1.5* pg/L Chromium 2008 C

AT-F-3-D 6 5.5 Vg/L Chromium 2008 D

AT-F-4-D 3 3.0* pg/L Chromium 2008 C

AT-H-1-S 39 39 ptg/L Chromium 2008 D

AT-H-2-D 14 14 pig/L Chromium 2008 D

AT-H-3-D 20 20 ptg/L Chromium 2008 D

AT-K-1-D 10 9.8 Vg/L Chromium 2008 D

AT-K-2-M 0 U Vg/L Chromium 2008 U

AT-K-3-D 80 80 jig/L Chromium 2008 D

AT-K-4-M 7 6.5 [tg/L Chromium 2008 D

AT-K-5-D 57 57 Vg/L Chromium 2008 D

AT-K-6-M 65 65 pg/L Chromium 2008 D

C5633 11 11 pLg/L Chromium 2008 D

C5636 14 14 ptg/L Chromium 2008 D

C5638 25 25 ptg/L Chromium 2008 D

C5641 30 30* pg/L Chromium 2008 C
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C5644 32 32 pg/L I Chromium 2008 D

C5674 40 40 pg/L Chromium 2008 D

C5677 45 45 Vg/L Chromium 2008 D

C5681 12 12* gg/L Chromium 2008 C

C5682 9 8.6* [tg/L Chromium 2008 C

C6228 12 12 pg/L Chromium 2008 D

C6232 16 16 ILg/L Chromium 2008 D

C6235 15 15 ig/L Chromium 2008 D

C6236 17 17 gg/L Chromium 2008 D

C6241 32 32 pg/L Chromium 2008 D

C6243 21 21 pg/L Chromium 2008 D

C6245 17 17 ig/L Chromium 2008 D

C6250 26 26 pg/L Chromium 2008 D

C6267 7 7.0 tg/L Chromium 2008 D

C6271 7 7.0* Vg/L Chromium 2008 C

C6287 18 18 ig/L Chromium 2008 D

C6290 16 16 pg/L Chromium 2008 D

C6293 7 7.3 .tg/L Chromium 2008 D

C6297 5 5.0 pg/L Chromium 2008 D

C6300 0 U ig/L Chromium 2008 U

C6309 10 10 Vg/L Chromium 2008 D

C6315 8 7.6 pg/L Chromium 2008 D

C6318 12 12* ig/L Chromium 2008 C

C6321 9 8.5* ig/L Chromium 2008 C

C6323 7 6.5* ig/L Chromium 2008 C

C6326 26 26* ptg/L Chromium 2008 C

C6331 12 12 Jg/L Chromium 2008 D

C6334 13 13 pg/L Chromium 2008 D

C6342 0 U pg/L Chromium 2008 U

C6344 0 U gg/L Chromium 2008 U
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C6348 0 U g/L I Chromium 2008 U

C6351 4 4.3* pg/L Chromium 2008 C

C6353 0 U ig/L Chromium 2008 U

C6356 0 U pg/L Chromium 2008 U

C6359 0 U pg/L Chromium 2008 U

C6362 0 U ltg/L Chromium 2008 U

C6365 0 U pg/L Chromium 2008 U

C6368 0 U iig/L Chromium 2008 U

C6371 0 U ig/L Chromium 2008 U

C6378 0 U ptg/L Chromium 2008 U

C6380 0 U pg/L Chromium 2008 U

DD-06-3 3 3.2 pg/L Chromium 2008 D

DD-08-4 5 4.5 pg/L Chromium 2008 D

DD-10-3 8 7.6 Vg/L Chromium 2008 D

DD-12-2 16 16 ptg/L Chromium 2008 D

DD-15-3 10 10 pg/L Chromium 2008 D

DD-16-4 24 24 ig/L Chromium 2008 D

DD-17-2 37 37 pg/L Chromium 2008 D

DD-39-3 93 93 pg/L Chromium 2008 D

DD-41-3 39 39 pg/L Chromium 2008 D

DD-42-2 37 37 ig/L Chromium 2008 D

DD-43-3 45 45 pg/L Chromium 2008 D

DD-44-4 54 54 Vg/L Chromium 2008 D

DD-49-4 36 36 pg/L Chromium 2008 D

DD-50-2 35 35 tg/L Chromium 2008 D

DK-04-2 60 60 pg/L Chromium 2008 D

N116mArray-10A 0 U pg/L Chromium 2006 U

N116mArray-11A 0 U Vg/L Chromium 2006 U

N116mArray-12A 0 U [tg/L Chromium 2006 U

N116mArray-13A 0 U pg/L Chromium 2006 U
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N116mArray-14A 0 U pg/L Chromium 2006

D-567

U

N116mArray-2A 0 U Iig/L Chromium 2006 U

N116mArray-3A 3 2.7* Iig/L Chromium 2008 C

N116mArray-4A 0 U pg/L Chromium 2008 U

N116mArray-6A 2 2.0* ptg/L Chromium 2008 C

N116mArray-7A 0 U ig/L Chromium 2006 U

N116mArray-8A 0 U ptg/L Chromium 2006 U

N116mArray-9A 0 U [tg/L Chromium 2006 U

NS-2A-87cm 0 0.48* ig/L Chromium 2006 C

NS-3A-10cm 0 U pg/L Chromium 2006 U

NS-4A-17cm 0 U pg/L Chromium 2006 U

NVP2-116.0 2 2.1* Iig/L Chromium 2008 C

Redox-1-3.3 420 420 Vg/L Chromium 2008 D

Redox-2-3.0 30 30 ig/L Chromium 2008 D

Redox-3-3.3 240 240 ptg/L Chromium 2008 D

Redox-4-3.0 62 62 Lg/L Chromium 2008 D



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 65 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-6. Carbon Tetrachloride Values

1199-39-16D 0 U ig/L Carbon tetrachloride 2008 U

199-F5-4 0 U ig/L Carbon tetrachloride 2007 U

199-F5-45 0 U ig/L Carbon tetrachloride 2007 U

199-F5-46 0 U ig/L Carbon tetrachloride 2008 U

199-F7-1 0 U ig/L Carbon tetrachloride 2008 U

199-F7-2 0 U pg/L Carbon tetrachloride 2008 U

199-F7-3 0 U pg/L Carbon tetrachloride 2008 U

199-F8-3 0 U pg/L Carbon tetrachloride 2007 U

199-K-106A 0 U ptg/L Carbon tetrachloride 2008 U

199-K-132 0 U ig/L Carbon tetrachloride 2008 U

199-N-28 0 U Vg/L Carbon tetrachloride 2007 U

199-N-3 0 U Vg/L Carbon tetrachloride 2008 U

299-E13-14 0 U pg/L Carbon tetrachloride 2008 U

299-E13-5 0 U pg/L Carbon tetrachloride 2008 U

299-E17-14 0 U pg/L Carbon tetrachloride 2008 U

299-E17-22 0 U pg/L Carbon tetrachloride 2007 U

299-E17-23 0 U ptg/L Carbon tetrachloride 2007 U

299-E17-25 0 U ptg/L Carbon tetrachloride 2007 U

299-E17-26 0 U pg/L Carbon tetrachloride 2007 U

299-E18-1 0 U ig/L Carbon tetrachloride 2007 U

299-E23-2 0 U [tg/L Carbon tetrachloride 2007 U

299-E24-21 0 U pg/L Carbon tetrachloride 2007 U

299-E24-24 0 U ptg/L Carbon tetrachloride 2007 U

299-E25-39 0 U ig/L Carbon tetrachloride 2008 U

299-E25-93 0 U ptg/L Carbon tetrachloride 2008 U

299-E26-10 0 U ig/L Carbon tetrachloride 2007 U

299-E26-11 0 U pg/L Carbon tetrachloride 2007 U

299-E27-10 0 U ptg/L Carbon tetrachloride 2008 U

299-E27-155 0 U ig/L Carbon tetrachloride 2008 U

299-E33-205 0 U ig/L Carbon tetrachloride 2008 U
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299-E33-341 1 3 3.4 pg/L I Carbon tetrachloride 2008 D

299-E33-342 0 U ig/L Carbon tetrachloride 2008 U

299-E33-343 1 0.60* Vg/L Carbon tetrachloride 2008 C

299-E33-345 0 U pg/L Carbon tetrachloride 2008 U

299-W10-1 750 750 pg/L Carbon tetrachloride 2008 D

299-W10-20 13 13 lg/L Carbon tetrachloride 2006 D

299-W10-22 690 690 pg/L Carbon tetrachloride 2008 D

299-W10-23 910 910 gg/L Carbon tetrachloride 2008 D

299-W10-24 1700 1,700 pg/L Carbon tetrachloride 2008 D

299-W10-29 76 76 pg/L Carbon tetrachloride 2008 D

299-W10-30 15 15 pg/L Carbon tetrachloride 2008 D

299-W10-31 150 150 pg/L Carbon tetrachloride 2008 D

299-W10-4 1200 1,200 ig/L Carbon tetrachloride 2008 D

299-W10-5 1300 1,300 Vg/L Carbon tetrachloride 2008 D

299-Wll-10 500 500 ig/L Carbon tetrachloride 2008 D

299-W11-13 330 330 Vg/L Carbon tetrachloride 2008 D

299-W11-18 240 240 ig/L Carbon tetrachloride 2008 D

299-W11-3 240 240 pg/L Carbon tetrachloride 2008 D

299-W11-37 500 500 ig/L Carbon tetrachloride 2008 D

299-W11-39 1200 1,200 ig/L Carbon tetrachloride 2008 D

299-W11-40 1100 1,100 pg/L Carbon tetrachloride 2008 D

299-W11-42 1500 1,500 pg/L Carbon tetrachloride 2008 D

299-W11-6 370 370 pg/L Carbon tetrachloride 2008 D

299-W11-7 1300 1,300 pg/L Carbon tetrachloride 2008 D

299-W12-1 94 94 ltg/L Carbon tetrachloride 2008 D

299-W14-13 110 110 pg/L Carbon tetrachloride 2006 D

299-W14-14 980 980 pg/L Carbon tetrachloride 2008 D

299-W14-16 640 640 pg/L Carbon tetrachloride 2008 D

299-W15-1 2300 2,300 lig/L Carbon tetrachloride 2008 D

299-W15-11 820 820 Vg/L Carbon tetrachloride 2008 D
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299-W15-15
2 2.2 pg/1- 1Carbon tetrachloride 2007 D

299-W15-152 18 18 pg/L Carbon tetrachloride 2008 D

299-W15-2 40 40 pgJL Carbon tetrachloride 2008 D

299-W15-224 0 U pg/L Carbon tetrachloride 2008 U

299-W15-30 310 310 pg/L Carbon tetrachloride 2008 D

299-W15-31A 160 160 pgJL Carbon tetrachloride 2008 D

299-W15-32 1200 1,200 [tg/L Carbon tetrachloride 2008 D

299-W15-33 900 900 pg/L Carbon tetrachloride 2008 D

299-W15-34 2800 2,800 Vg/L Carbon tetrachloride 2008 D

299-W15-35 2200 2,200 ltg/L Carbon tetrachloride 2008 D

299-W15-36 490 490 pg/L Carbon tetrachloride 2008 D

299-W15-37 150 150 pg/L Carbon tetrachloride 2008 D

299-W15-38 1200 1,200 pg/L Carbon tetrachloride 2008 D

299-W15-39 260 260 pg/L Carbon tetrachloride 2007 D

299-W15-40 2600 2,600 pig/L Carbon tetrachloride 2008 D

299-W15-41 1100 1,100 pg/L Carbon tetrachloride 2008 D

299-W15-42 530 530 pJL Carbon tetrachloride 2008 D

299-W15-43 1400 1,400 pg/L Carbon tetrachloride 2008 D

299-W15-44 2800 2,800 pgJL Carbon tetrachloride 2008 D

299-W15-45 1200 1,200 Vg/L Carbon tetrachloride 2008 D

299-W15-46 1300 1,300 ig/L Carbon tetrachloride 2008 D

299-W15-47 1300 1,300 ig/L Carbon tetrachloride 2008 D

299-W15-49 170 170 pg/L Carbon tetrachloride 2008 D

299-W15-7 1700 1,700 pg/L Carbon tetrachloride 2007 D

299-W15-763 700 700 pg/L Carbon tetrachloride 2008 D

299-W15-765 2800 2,800 pg/L Carbon tetrachloride 2008 D

299-W15-83 62 62 pg/L Carbon tetrachloride 2008 D

299-W15-94 310 310 lig/L Carbon tetrachloride 2008 D

299-W17-1 2 1.7 pg/L Carbon tetrachloride 2008 D

299-W18-1 32 32 ig/L Carbon tetrachloride 2006 D
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299-W18-15 1 120 120 Rg/L Carbon tetrachloride 2008 D

299-W18-16 290 290 pg/L Carbon tetrachloride 2008 D

299-W18-21 4 4.0 [ig/L Carbon tetrachloride 2008 D

299-W18-23 0 U ig/L Carbon tetrachloride 2008 U

299-W18-30 140 140 ig/L Carbon tetrachloride 2008 D

299-W19-101 130 130 ig/L Carbon tetrachloride 2008 D

299-W19-105 120 120 [ig/L Carbon tetrachloride 2008 D

299-W19-107 230 230 [ig/L Carbon tetrachloride 2008 D

299-W19-18 190 190 ptg/L Carbon tetrachloride 2008 D

299-W19-35 90 90 Vg/L Carbon tetrachloride 2008 D

299-W19-36 290 290 pg/L Carbon tetrachloride 2008 D

299-W19-37 30 30 ltg/L Carbon tetrachloride 2008 D

299-W19-39 68 68 ptg/L Carbon tetrachloride 2007 D

299-W19-4 120 120 ig/L Carbon tetrachloride 2007 D

299-W19-40 8 8.4 ptg/L Carbon tetrachloride 2006 D

299-W19-43 100 100 pg/L Carbon tetrachloride 2008 D

299-W19-46 68 68 ptg/L Carbon tetrachloride 2008 D

299-W19-48 130 130 Vg/L Carbon tetrachloride 2008 D

299-W19-49 320 320 ig/L Carbon tetrachloride 2008 D

299-W21-2 14 14 ltg/L Carbon tetrachloride 2008 D

299-W22-20 0 U ptg/L Carbon tetrachloride 2008 U

299-W22-26 30 30 ig/L Carbon tetrachloride 2008 D

299-W22-45 47 47 pg/L Carbon tetrachloride 2008 D

299-W22-47 62 62 pg/L Carbon tetrachloride 2006 D

299-W22-48 16 16 pgJL Carbon tetrachloride 2008 D

299-W22-49 70 70 pg/L Carbon tetrachloride 2008 D

299-W22-69 8 8.0 Vg/L Carbon tetrachloride 2008 D

299-W22-72 9 8.7 [tg/L Carbon tetrachloride 2008 D

299-W22-83 73 73 pg/L Carbon tetrachloride 2008 D

299-W22-86 49 49 ig/L Carbon tetrachloride 2008 D
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299-W22-87 14 14 Carbon tetrachloride 2008 D

299-W22-88 6 6.3 iig/L Carbon tetrachloride 2008 D

299-W22-9 0 U ptg/L Carbon tetrachloride 2007 U

299-W23-10 41 41 ltg/L Carbon tetrachloride 2006 D

299-W23-15 150 150 ptg/L Carbon tetrachloride 2008 D

299-W23-21 120 120 tg/L Carbon tetrachloride 2008 D

299-W23-4 200 200 itg/L Carbon tetrachloride 2008 D

299-W23-9 12 12 ig/L Carbon tetrachloride 2007 D

299-W26-13 0 U ig/L Carbon tetrachloride 2008 U

299-W26-14 3 3.2 ig/L Carbon tetrachloride 2008 D

299-W7-4 75 75 pg/L Carbon tetrachloride 2007 D

299-W8-1 2 1.7 i.g/L Carbon tetrachloride 2008 D

399-1-1 0 U ig/L Carbon tetrachloride 2008 U

399-1-10A 0 U Lg/L Carbon tetrachloride 2008 U

399-1-11 0 U ltg/L Carbon tetrachloride 2008 U

399-1-12 0 U ig/L Carbon tetrachloride 2008 U

399-1-13A 0 U ig/L Carbon tetrachloride 2008 U

399-1-15 0 U pg/L Carbon tetrachloride 2008 U

399-1-16A 0 U ptg/L Carbon tetrachloride 2008 U

399-1-17A 0 U ag/L Carbon tetrachloride 2008 U

399-1-18A 0 U [ig/L Carbon tetrachloride 2008 U

399-1-2 0 U pg/L Carbon tetrachloride 2008 U

399-1-21A 0 U ig/L Carbon tetrachloride 2008 U

399-1-23 0 U ig/L Carbon tetrachloride 2008 U

399-1-6 0 U pg/L Carbon tetrachloride 2008 U

399-1-7 0 U pg/L Carbon tetrachloride 2008 U

399-2-1 0 U pg/L Carbon tetrachloride 2008 U

399-2-2 0 U Vg/L Carbon tetrachloride 2008 U

399-2-5 0 U [tg/L Carbon tetrachloride 2008 U

399-3-1 0 U [ig/L Carbon tetrachloride 2008 U
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399-3-10 0 U ig/L Carbon tetrachloride 2008 U

399-3-11 0 U ig/L Carbon tetrachloride 2008 U

399-3-12 0 U pg/L Carbon tetrachloride 2008 U

399-3-18 0 U pg/L Carbon tetrachloride 2008 U

399-3-19 0 U gg/L Carbon tetrachloride 2008 U

399-3-2 0 U Vg/L Carbon tetrachloride 2008 U

399-3-20 0 U Vg/L Carbon tetrachloride 2008 U

399-3-6 0 U vg/L Carbon tetrachloride 2008 U

399-3-9 0 U pg/L Carbon tetrachloride 2008 U

399-4-1 0 U lig/L Carbon tetrachloride 2008 U

399-4-10 0 U - ig/L Carbon tetrachloride 2008 U

399-4-11 0 0.20 pg/L Carbon tetrachloride 2006 D

399-4-12 0 U pg/L Carbon tetrachloride 2008 U

399-4-14 0 U pg/L Carbon tetrachloride 2008 U

399-4-7 0 U [tg/L Carbon tetrachloride 2008 U

399-4-9 0 U lig/L Carbon tetrachloride 2008 U

399-5-1 0 U ptg/L Carbon tetrachloride 2008 U

399-5-4B 0 U pg/L Carbon tetrachloride 2008 U

399-6-2 0 U [ig/L Carbon tetrachloride 2006 U

399-8-1 0 U lig/L Carbon tetrachloride 2008 U

399-8-3 0 U ig/L Carbon tetrachloride 2008 U

399-8-5A 0 U pg/L Carbon tetrachloride 2008 U

66-D 0 U vg/L Carbon tetrachloride 2008 U

699-10-54A 0 U pg/L Carbon tetrachloride 2008 U

699-10-E12 0 U ig/L Carbon tetrachloride 2008 U

699-20-E120 0 U lpg/L Carbon tetrachloride 2008 U

699-22-35 0 0.25* ptg/L Carbon tetrachloride 2008 C

699-23-34A 0 U pg/L Carbon tetrachloride 2008 U

699-23-34B 0 U ig/L Carbon tetrachloride 2008 U

699-24-33 0 U pg/L Carbon tetrachloride 2008 U
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699-24-34A 0 U ig/L Carbon tetrachloride 2008 U

699-24-34B 0 U ptg/L Carbon tetrachloride 2008 U

699-24-34C 0 U ptg/L Carbon tetrachloride 2008 U

699-24-35 0 U Vg/L Carbon tetrachloride 2008 U

699-24-46 0 U Vg/L Carbon tetrachloride 2008 U

699-25-34A 0 U pg/L Carbon tetrachloride 2008 U

699-25-34B 0 U pg/L Carbon tetrachloride 2008 U

699-25-34D 0 U Ig/L Carbon tetrachloride 2008 U

699-26-33 0 U pig/L Carbon tetrachloride 2008 U

699-26-34A 0 U pg/L Carbon tetrachloride 2008 U

699-26-34B 0 U Vg/L Carbon tetrachloride 2008 U

699-26-35A 0 U pg/L Carbon tetrachloride 2008 U

699-31-31 0 U pg/L Carbon tetrachloride 2008 U

699-32-22A 0 U pig/L Carbon tetrachloride 2008 U

699-32-43 0 U pg/L Carbon tetrachloride 2008 U

699-32-72A 0 U pg/L Carbon tetrachloride 2007 U

699-32-76 0 U pg/L Carbon tetrachloride 2008 U

699-33-74 22 22 pg/L Carbon tetrachloride 2008 D

699-33-75 39 39 Vg/L Carbon tetrachloride 2008 D

699-33-76 3 3.0 pg/L Carbon tetrachloride 2008 D

699-34-72 1 0.80* Vg/L Carbon tetrachloride 2008 C

699-34-88 0 U Vg/L Carbon tetrachloride 2006 U

699-35-66A 0 U ig/L Carbon tetrachloride 2008 U

699-35-70 2 2.2 Vg/L Carbon tetrachloride 2008 D

699-35-78A 12 12 Iig/L Carbon tetrachloride 2008 D

699-36-668 2 2.0 ptg/L Carbon tetrachloride 2008 D

699-36-67 6 5.7 pg/L Carbon tetrachloride 2007 D

699-36-70A 5 4.6 pg/L Carbon tetrachloride 2008 D

699-36-70B 10 10 pg/L Carbon tetrachloride 2008 D

699-37-66 0 U pg/L Carbon tetrachloride 2008 U
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699-37-68 8 7.5 g/l- ICarbon tetrachloride 2007 D

699-38-68A 4 4.4 lig/L Carbon tetrachloride 2007 D

699-38-70 25 25 lig/L Carbon tetrachloride 2007 D

699-40-62 0 U ig/L Carbon tetrachloride 2007 U

699-40-65 2 2.3 pg/L Carbon tetrachloride 2008 D

699-41-1A 0 U pg/L Carbon tetrachloride 2008 U

699-41-23 0 U pg/L Carbon tetrachloride 2008 U

699-43-89 0 U lig/L Carbon tetrachloride 2008 U

699-45-69A 4 4.2 ig/L Carbon tetrachloride 2007 D

699-46-21B 0 U ptg/L Carbon tetrachloride 2008 U

699-46-4 0 U ltg/L Carbon tetrachloride 2008 U

699-47-60 0 U lig/L Carbon tetrachloride 2007 U

699-48-50B 0 U pg/L Carbon tetrachloride 2008 U

699-48-71 62 62 [tg/L Carbon tetrachloride 2008 D

699-48-77A 0 U ig/L Carbon tetrachloride 2008 U

699-48-77D 0 U ig/L Carbon tetrachloride 2008 U

699-49-100C 0 U ig/L Carbon tetrachloride 2008 U

699-49-79 0 0.23 pg/L Carbon tetrachloride 2006 D

699-50-56 0 U ltg/L Carbon tetrachloride 2008 U

699-50-74 0 U [tg/L Carbon tetrachloride 2008 U

699-50-85 0 U [tg/L Carbon tetrachloride 2006 U

699-51-75 0 U Vg/L Carbon tetrachloride 2006 U

699-55-60A 0 U pg/L Carbon tetrachloride 2008 U

699-55-89 0 U Iig/L Carbon tetrachloride 2006 U

699-74-44 0 U [ig/L Carbon tetrachloride 2007 U

699-77-36 0 U pg/L Carbon tetrachloride 2008 U

699-83-47 0 U pg/L Carbon tetrachloride 2008 U

699-S12-29 0 U pig/L Carbon tetrachloride 2008 U

699-S19-E13 0 U Vg/L Carbon tetrachloride 2008 U

699-S27-E12A 0 U Vg/L Carbon tetrachloride 2007 U
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699-S27-E14 0 U iig/L I Carbon tetrachloride 2007 U

699-S27-E9A 0 U iig/L Carbon tetrachloride 2008 U

699-S28-E12 0 U ig/L Carbon tetrachloride 2008 U

699-S28-E13A 0 U pg/L Carbon tetrachloride 2007 U

699-S29-ElOA 0 U ig/L Carbon tetrachloride 2007 U

699-S29-Eli 0 U ltg/L Carbon tetrachloride 2008 U

699-529-E12 0 U ltg/L Carbon tetrachloride 2007 U

699-S29-E13A 0 U ig/L Carbon tetrachloride 2008 U

699-S29-El6A 0 U ig/L Carbon tetrachloride 2008 U

699-S30-ElOA 3 2.5 lig/L Carbon tetrachloride 2008 D

699-S30-E10B 0 U tg/L Carbon tetrachloride 2008 U

699-S30-EllA 0 U lIg/L Carbon tetrachloride 2008 U

699-S31-1 0 U pg/L Carbon tetrachloride 2008 U

699-S31-EOA 0 U pg/L Carbon tetrachloride 2008 U

699-S31-E10B 0 U pg/L Carbon tetrachloride 2007 U

699-S31-E10C 0 U ptg/L Carbon tetrachloride 2008 U

699-S31-E1OD 1 1.0 ptg/L Carbon tetrachloride 2008 D

699-531-Eli 0 U Vg/L Carbon tetrachloride 2008 U

699-S31-E8A 0 U pg/L Carbon tetrachloride 2007 U

699-S32-Eli 0 U pg/L Carbon tetrachloride 2008 U

699-S32-El3A 0 U [tg/L Carbon tetrachloride 2008 U

699-S34-ElO 0 U Iig/L Carbon tetrachloride 2008 U

699-S36-E13A 0 U [tg/L Carbon tetrachloride 2008 U

699-S37-E14 0 U ig/L Carbon tetrachloride 2008 U

699-S38-E12A 0 U Vg/L Carbon tetrachloride 2007 U

699-S3-E12 0 U ig/L Carbon tetrachloride 2008 U

699-S40-E13A 0 U Vg/L Carbon tetrachloride 2008 U

699-S41-El3A 0 U pg/L Carbon tetrachloride 2008 U

699-S43-E12 0 U pLg/L Carbon tetrachloride 2008 U

699-S6-E4A 0 U pg/L Carbon tetrachloride 2008 U
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699-S6-E4K 0 U Vg/L ICarbon tetrachloride 2008 U

699-S6-E4L 0 U ig/L Carbon tetrachloride 2008 U

AT-3-1-D(1) 0 U Vg/L Carbon tetrachloride 2008 U

AT-3-2-M 0 U pg/L Carbon tetrachloride 2008 U

AT-3-3-D 1 1.4 ig/L Carbon tetrachloride 2008 D

AT-3-4-D 0 U ig/L Carbon tetrachloride 2008 U

AT-3-5-S 0 U tg/L Carbon tetrachloride 2008 U

AT-3-6-D 0 U pg/L Carbon tetrachloride 2008 U

AT-3-7-M 0 U pig/L Carbon tetrachloride 2008 U

AT-3-8-S 0 U pg/L Carbon tetrachloride 2008 U

AT-F-2-M 0 U pg/L Carbon tetrachloride 2008 U

AT-F-3-D 0 U Iig/L Carbon tetrachloride 2008 U

C6308 0 U pg/L Carbon tetrachloride 2008 U

C6316 0 U pg/L Carbon tetrachloride 2008 U

C6353 0 U [ig/L Carbon tetrachloride 2008 U

C6356 0 U pg/L Carbon tetrachloride 2008 U

C6359 0 U ig/L Carbon tetrachloride 2008 U

C6362 0 U ig/L Carbon tetrachloride 2008 U

C6365 0 U pg/L Carbon tetrachloride 2008 U

C6368 0 U pg/L Carbon tetrachloride 2008 U

C6371 0 U pg/L Carbon tetrachloride 2008 U

C6378 0 U ptg/L Carbon tetrachloride 2008 U

C6380 0 U Vg/L Carbon tetrachloride 2008 U
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01-M 0 0.08 mg/L Fluoride 2007 D

04-D 0 0.14 mg/L Fluoride 2008 D

05-D 0 0.12 mg/L Fluoride 2008 D

06-D 0 0.05 mg/L Fluoride 2008 D

07-D 0 0.06 mg/L Fluoride 2008 D

1199-39-16D 0 0.04 mg/L Fluoride 2008 D

13-S 0 0.13 mg/L Fluoride 2007 D

14-D 0 0.32 mg/L Fluoride 2008 D

15-M 0 0.06 mg/L Fluoride 2008 D

17-D 0 0.17 mg/L Fluoride 2008 D

18-S 0 0.15 mg/L Fluoride 2008 D

199-B2-13 0 0.08 mg/L Fluoride 2008 D

199-B3-1 0 0.06 mg/L Fluoride 2008 D

199-B3-46 0 0.15 mg/L Fluoride 2007 D

199-13-47 0 0.04 mg/L Fluoride 2008 D

199-B4-1 0 0.10 mg/L Fluoride 2008 D

199-B4-7 0 0.19 mg/L Fluoride 2007 D

199-B4-8 0 0.16 mg/L Fluoride 2008 D

199-B5-1 0 0.08 mg/L Fluoride 2008 D

199-18-6 0 0.18 mg/L Fluoride 2007 D

199-B8-7 0 0.14* mg/L Fluoride 2008 C

199-B8-8 0 0.14* mg/L Fluoride 2008 C

199-B9-3 0 0.23 mg/L Fluoride 2007 D

199-D2-11 0 0.14 mg/L Fluoride 2008 D

199-D2-6 0 0.02* mg/L Fluoride 2008 C

199-D2-8 0 0.02* mg/L Fluoride 2008 C

199-D3-2 0 0.17 mg/L Fluoride 2008 D

199-D4-1 0 0.24 mg/L Fluoride 2008 D

199-D4-13 0 0.11 mg/L Fluoride 2008 D

199-D4-14 0 0.03* mg/L Fluoride 2008 C
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0.03* mg/L Fluoride 2008 C

199-D4-19 0 0.36 mg/L Fluoride 2008 D

199-D4-20 0 0.02* mg/L Fluoride 2008 C

199-D4-22 0 0.03* mg/L Fluoride 2008 C

199-D4-23 0 0.05* mg/L Fluoride 2008 C

199-D4-26 0 0.06 mg/L Fluoride 2008 D

199-D4-31 0 0.01* mg/L Fluoride 2008 C

199-D4-32 0 0.11 mg/L Fluoride 2008 D

199-D4-36 0 0.04* mg/L Fluoride 2008 C

199-D4-38 0 0.12 mg/L Fluoride 2008 D

199-D4-39 0 0.04* mg/L Fluoride 2008 C

199-D4-4 0 0.13* mg/L Fluoride 2008 C

199-D4-48 0 0.15 mg/L Fluoride 2008 D

199-D4-5 0 0.14 mg/L Fluoride 2008 D

199-D4-6 0 0.17 mg/L Fluoride 2008 D

199-D4-62 0 0.21 mg/L Fluoride 2008 D

199-D4-7 0 0.05* mg/L Fluoride 2008 C

199-D4-78 0 0.15* mg/L Fluoride 2008 C

199-D4-83 0 0.06* mg/L Fluoride 2008 C

199-D4-84 0 U mg/L Fluoride 2008 U

199-D4-85 0 0.02* mg/L Fluoride 2008 C

199-D4-86 0 0.09* mg/L Fluoride 2008 C

199-D5-102 0 0.06 mg/L Fluoride 2008 D

199-D5-103 0 0.08 mg/L Fluoride 2008 D

199-D5-104 0 0.03* mg/L Fluoride 2008 C

199-D5-13 0 0.08 mg/L Fluoride 2008 D

199-D5-14 0 0.10 mg/L Fluoride 2008 D

199-D5-15 0 0.09 mg/L Fluoride 2008 D

199-D5-16 0 U mg/L Fluoride 2008 U

199-D5-17 0 0.06 mg/L Fluoride 2008 D
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199-D5-18 0 U mg/L Fluoride 2007 U

199-D5-19 0 0.07 mg/L Fluoride 2007 D

199-D5-20 0 0.11 mg/L Fluoride 2008 D

199-D5-32 0 0.11 mg/L Fluoride 2008 D

199-D5-33 0 0.14 mg/L Fluoride 2007 D

199-D5-34 0 0.11 mg/L Fluoride 2007 D

199-D5-36 0 0.03* mg/L Fluoride 2008 C

199-D5-37 0 0.03* mg/L Fluoride 2008 C

199-D5-38 0 0.05* mg/L Fluoride 2008 C

199-D5-39 0 0.09 mg/L Fluoride 2008 D

199-D5-40 0 0.03* mg/L Fluoride 2008 C

199-D5-41 0 0.04* mg/L Fluoride 2008 C

199-D5-43 0 0.02* mg/L Fluoride 2008 C

199-D5-44 0 0.05* mg/L Fluoride 2008 C

199-D5-92 0 0.09 mg/L Fluoride 2008 D

199-D5-93 0 0.11 mg/L Fluoride 2008 D

199-D5-97 0 0.07 mg/L Fluoride 2008 D

199-D5-98 0 0.08 mg/L Fluoride 2008 D

199-D5-99 0 0.01 mg/L Fluoride 2008 D

199-08-4 0 0.08 mg/L Fluoride 2008 D

199-D8-5 0 0.05 mg/L Fluoride 2008 D

199-08-55 0 0.10 mg/L Fluoride 2008 D

199-D8-68 0 0.04 mg/L Fluoride 2008 D

199-D8-70 0 0.07 mg/L Fluoride 2008 D

199-D8-72 0 0.05 mg/L Fluoride 2008 D

199-08-73 0 0.03 mg/L Fluoride 2008 D

199-D8-88 0 0.06 mg/L Fluoride 2008 D

199-F1-2 1 0.54 mg/L Fluoride 2007 D

199-F5-1 0 0.07 mg/L Fluoride 2008 D

199-F5-4 0 0.12 mg/L Fluoride 2008 D
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0.08 mg/L Fluoride 2007 D

199-F5-43A 0 0.05 mg/L Fluoride 2008 D

199-F5-44 0 0.09 mg/L Fluoride 2008 D

199-F5-45 0 0.17 mg/L Fluoride 2007 D

199-F5-46 0 0.07 mg/L Fluoride 2008 D

199-F5-47 0 0.15 mg/L Fluoride 2008 D

199-F5-48 0 0.20 mg/L Fluoride 2007 D

199-F5-6 0 0.08 mg/L Fluoride 2008 D

199-F6-1 0 0.08 mg/L Fluoride 2007 D

199-F7-1 1 0.68 mg/L Fluoride 2008 D

199-F7-2 0 0.28 mg/L Fluoride 2008 D

199-F7-3 1 0.51 mg/L Fluoride 2008 D

199-F8-2 0 0.22 mg/L Fluoride 2007 D

199-F8-3 0 0.45 mg/L Fluoride 2007 D

199-F8-4 0 0.27 mg/L Fluoride 2008 D

199-H3-2A 0 0.14 mg/L Fluoride 2008 D

199-H4-10 0 0.14 mg/L Fluoride 2008 D

199-H4-12A 0 0.16 mg/L Fluoride 2008 D

199-H4-13 0 0.07 mg/L Fluoride 2008 D

199-H4-15A 0 0.10 mg/L Fluoride 2008 D

199-H4-16 0 0.15 mg/L Fluoride 2008 D

199-H4-3 0 0.12 mg/L Fluoride 2008 D

199-H4-4 0 0.14 mg/L Fluoride 2008 D

199-H4-45 0 0.10 mg/L Fluoride 2008 D

199-H4-46 0 0.16 mg/L Fluoride 2008 D

199-H4-47 0 0.14 mg/L Fluoride 2008 D

199-H4-48 0 0.13 mg/L Fluoride 2008 D

199-H4-49 0 0.14 mg/L Fluoride 2008 D

199-H4-5 0 0.12 mg/L Fluoride 2008 D

199-H4-6 0 0.13 mg/L Fluoride 2007 D
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199-H4-63 0 0.09 mg/L Fluoride 2008 D

199-H4-8 0 0.13 mg/L Fluoride 2008 D

199-H4-9 0 0.12 mg/L Fluoride 2008 D

199-H5-1A 0 0.18 mg/L Fluoride 2008 D

199-H6-1 0 0.14 mg/L Fluoride 2008 D

199-K-106A 0 0.19 mg/L Fluoride 2008 D

199-K-107A 0 0.24 mg/L Fluoride 2008 D

199-K-108A 0 0.15 mg/L Fluoride 2008 D

199-K-109A 0 0.07 mg/L Fluoride 2008 D

199-K-11 0 0.22 mg/L Fluoride 2008 D

199-K-110A 0 0.13 mg/L Fluoride 2008 D

199-K-111A 0 0.17* mg/L Fluoride 2008 C

199-K-117A 0 0.05 mg/L Fluoride 2008 D

199-K-126 0 0.05* mg/L Fluoride 2008 C

199-K-129 0 0.17 mg/L Fluoride 2006 D

199-K-130 0 0.22 mg/L Fluoride 2006 D

199-K-132 0 0.04* mg/L Fluoride 2008 C

199-K-133 0 0.08* mg/L Fluoride 2008 C

199-K-134 0 0.19* mg/L Fluoride 2008 C

199-K-135 0 0.08* mg/L Fluoride 2008 C

199-K-136 0 0.22* mg/L Fluoride 2008 C

199-K-137 0 0.28 mg/L Fluoride 2008 D

199-K-138 0 0.20 mg/L Fluoride 2008 D

199-K-139 0 0.26 mg/L Fluoride 2008 D

199-K-140 0 0.21 mg/L Fluoride 2008 D

199-K-141 0 0.01* mg/L Fluoride 2008 C

199-K-142 0 0.19 mg/L Fluoride 2008 D

199-K-143 0 0.16 mg/L Fluoride 2008 D

199-K-149 0 U mg/L Fluoride 2008 U

199-K-150 0 0.26 mg/L Fluoride 2008 D
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199-K-159 1 0.64 mg/L Fluoride 2008 D

199-K-18 0 0.10 mg/L Fluoride 2008 D

199-K-19 0 0.08 mg/L Fluoride 2008 D

199-K-20 0 0.10 mg/L Fluoride 2008 D

199-K-21 0 0.03 mg/L Fluoride 2008 D

199-K-22 0 0.10 mg/L Fluoride 2008 D

199-K-23 0 0.14 mg/L Fluoride 2008 D

199-K-27 0 0.11 mg/L Fluoride 2008 D

199-K-29 0 0.10* mg/L Fluoride 2008 C

199-K-30 0 0.12* mg/L Fluoride 2008 C

199-K-31 0 0.11* mg/L Fluoride 2008 C

199-K-32A 0 0.02* mg/L Fluoride 2008 C

199-K-34 0 0.12* mg/L Fluoride 2008 C

199-K-35 0 0.08 mg/L Fluoride 2007 D

199-K-36 0 0.30 mg/L Fluoride 2008 D

199-K-37 0 0.18 mg/L Fluoride 2008 D

199-N-103A 0 0.03* mg/L Fluoride 2008 C

199-N-105A 0 0.01* mg/L Fluoride 2008 C

199-N-106A 0 0.02* mg/L Fluoride 2008 C

199-N-119 0 0.03* mg/L Fluoride 2008 C

199-N-122 0 0.02* mg/L Fluoride 2008 C

199-N-123 0 0.13 mg/L Fluoride 2008 D

199-N-14 0 0.07 mg/L Fluoride 2008 D

199-N-146 0 0.14 mg/L Fluoride 2008 D

199-N-147 0 0.05* mg/L Fluoride 2008 C

199-N-16 0 U mg/L Fluoride 2008 U

199-N-18 0 U mg/L Fluoride 2008 U

199-N-2 0 U mg/L Fluoride 2008 U

199-N-21 0 0.29 mg/L Fluoride 2008 D

199-N-26 1 0.50 mg/L Fluoride 2007 D
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199-N-27 0 U mg/L Fluoride 2008 U

D-584

199-N-28 0 0.04* mg/L Fluoride 2008 C

199-N-3 0 U mg/L Fluoride 2008 U

199-N-32 0 0.03* mg/L Fluoride 2008 C

199-N-34 0 U mg/L Fluoride 2008 U

199-N-41 0 U mg/L Fluoride 2008 U

199-N-46 0 0.01* mg/L Fluoride 2008 C

199-N-56 0 U mg/L Fluoride 2008 U

199-N-57 0 0.06 mg/L Fluoride 2008 D

199-N-59 0 0.17 mg/L Fluoride 2008 D

199-N-64 0 0.09 mg/L Fluoride 2008 D

199-N-67 0 0.01* mg/L Fluoride 2008 C

199-N-71 0 0.19 mg/L Fluoride 2008 D

199-N-72 1 0.66 mg/L Fluoride 2008 D

199-N-73 1 0.65 mg/L Fluoride 2008 D

199-N-74 0 0.26 mg/L Fluoride 2008 D

199-N-75 0 0.01* mg/L Fluoride 2008 C

199-N-76 0 U mg/L Fluoride 2008 U

199-N-81 0 0.05* mg/L Fluoride 2008 C

199-N-92A 0 0.01* mg/L Fluoride 2008 C

199-N-96A 0 0.01* mg/L Fluoride 2008 C

199-N-99A 0 0.01* mg/L Fluoride 2008 C

19-D 0 0.10 mg/L Fluoride 2008 D

21-M 0 0.04 mg/L Fluoride 2008 D

22-D 0 0.08 mg/L Fluoride 2008 D

23-D 0 0.05 mg/L Fluoride 2008 D

25-D 0 0.06 mg/L Fluoride 2006 D

26-D 0 0.25 mg/L Fluoride 2008 D

299-E13-14 0 0.29 mg/L Fluoride 2008 D

299-E13-5 0 0.38 mg/L Fluoride 2008 D
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299-E16-2 0 0.30 mg/L Fluoride 2008 D

299-E17-1 0 0.33 mg/L Fluoride 2008 D

299-E17-12 0 0.34 mg/L Fluoride 2008 D

299-E17-13 0 0.42 mg/L Fluoride 2008 D

299-E17-14 0 0.22 mg/L Fluoride 2008 D

299-E17-16 0 0.32 mg/L Fluoride 2008 D

299-E17-18 0 0.40 mg/L Fluoride 2008 D

299-E17-19 0 0.27 mg/L Fluoride 2008 D

299-E17-22 0 0.35 mg/L Fluoride 2008 D

299-E17-23 0 0.34 mg/L Fluoride 2008 D

299-E17-25 0 0.29 mg/L Fluoride 2008 D

299-E17-26 0 0.34 mg/L Fluoride 2008 D

299-E18-1 0 0.24 mg/L Fluoride 2008 D

299-E23-1 0 0.25 mg/L Fluoride 2008 D

299-E23-2 0 0.36 mg/L Fluoride 2007 D

299-E24-16 0 0.21 mg/L Fluoride 2008 D

299-E24-18 0 0.40 mg/L Fluoride 2008 D

299-E24-20 0 0.17 mg/L Fluoride 2008 D

299-E24-21 0 0.36 mg/L Fluoride 2008 D

299-E24-22 0 0.15* mg/L Fluoride 2008 C

299-E24-24 0 0.28 mg/L Fluoride 2008 D

299-E24-33 0 0.14* mg/L Fluoride 2008 C

299-E24-5 0 0.20 mg/L Fluoride 2007 D

299-E24-8 0 0.37 mg/L Fluoride 2007 D

299-E25-17 0 0.49 mg/L Fluoride 2008 D

299-E25-18 0 U mg/L Fluoride 2008 U

299-E25-19 0 0.30 mg/L Fluoride 2008 D

299-E25-2 0 0.11* mg/L Fluoride 2008 C

299-E25-20 0 0.22 mg/L Fluoride 2008 D

299-E25-22 0 0.32 mg/L Fluoride 2008 D
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0.19 mg/L Fluoride 2008 D

299-E25-29P 0 0.42 mg/L Fluoride 2007 D

299-E25-3 0 U mg/L Fluoride 2008 U

299-E25-31 0 0.26 mg/L Fluoride 2008 D

299-E25-32P 0 0.25 mg/L Fluoride 2008 D

299-E25-34 0 0.21 mg/L Fluoride 2008 D

299-E25-35 0 0.41 mg/L Fluoride 2008 D

299-E25-36 0 0.20 mg/L Fluoride 2008 D

299-E25-37 0 0.20 mg/L Fluoride 2007 D

299-E25-39 0 0.12 mg/L Fluoride 2008 D

299-E25-40 0 0.18* mg/L Fluoride 2008 C

299-E25-41 0 0.12* mg/L Fluoride 2008 C

299-E25-42 1 0.51 mg/L Fluoride 2008 D

299-E25-43 0 0.19 mg/L Fluoride 2007 D

299-E25-44 0 0.24 mg/L Fluoride 2007 D

299-E25-47 0 0.35 mg/L Fluoride 2007 D

299-E25-48 0 0.19 mg/L Fluoride 2008 D

299-E25-6 0 0.26 mg/L Fluoride 2008 D

299-E25-93 0 0.11* mg/L Fluoride 2008 C

299-E25-94 0 0.13* mg/L Fluoride 2008 C

299-E26-10 0 0.05* mg/L Fluoride 2008 C

299-E26-11 0 0.29 mg/L Fluoride 2008 D

299-E26-12 0 0.18 mg/L Fluoride 2008 D

299-E26-13 0 0.20 mg/L Fluoride 2008 D

299-E26-4 0 0.09 mg/L Fluoride 2008 D

299-E27-10 0 0.15 mg/L Fluoride 2008 D

299-E27-11 0 0.12* mg/L Fluoride 2008 C

299-E27-12 0 0.12* mg/L Fluoride 2008 C

299-E27-13 0 0.12* mg/L Fluoride 2008 C

299-E27-14 0 0.08* mg/L Fluoride 2008 C
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0.12* mg/L Fluoride 2008 C

299-E27-155 0 0.15 mg/L Fluoride 2008 D

299-E27-16 0 0.30 mg/L Fluoride 2008 D

299-E27-17 0 0.29 mg/L Fluoride 2008 D

299-E27-18 0 0.28 mg/L Fluoride 2008 D

299-E27-19 0 0.29 mg/L Fluoride 2008 D

299-E27-21 0 0.18 mg/L Fluoride 2008 D

299-E27-22 0 0.08* mg/L Fluoride 2008 C

299-E27-23 0 0.11* mg/L Fluoride 2008 C

299-E27-4 0 0.12* mg/L Fluoride 2008 C

299-E27-7 0 0.04* mg/L Fluoride 2008 C

299-E27-8 0 0.26 mg/L Fluoride 2008 D

299-E27-9 0 0.17 mg/L Fluoride 2008 D

299-E28-17 0 0.31 mg/L Fluoride 2008 D

299-E28-18 0 0.29 mg/L Fluoride 2008 D

299-E28-2 0 0.38 mg/L Fluoride 2008 D

299-E28-21 0 0.38 mg/L Fluoride 2008 D

299-E28-23 0 0.27 mg/L Fluoride 2008 D

299-E28-24 3 3.1 mg/L Fluoride 2008 D

299-E28-25 0 0.37 mg/L Fluoride 2008 D

299-E28-26 0 0.38 mg/L Fluoride 2008 D

299-E28-27 0 0.35 mg/L Fluoride 2008 D

299-E28-28 0 0.44 mg/L Fluoride 2008 D

299-E28-5 0 0.22 mg/L Fluoride 2008 D

299-E28-6 0 0.33 mg/L Fluoride 2008 D

299-E28-8 0 0.24 mg/L Fluoride 2008 D

299-E32-10 0 0.24 mg/L Fluoride 2008 D

299-E32-2 0 0.36 mg/L Fluoride 2008 D

299-E32-3 0 0.40 mg/L Fluoride 2008 D

299-E32-4 0 0.48 mg/L Fluoride 2008 D
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299-E32-5 0 0.38 mg/L Fluoride 2008 D

299-E32-6 0 0.39 mg/L Fluoride 2008 D

299-E32-7 0 0.37 mg/L Fluoride 2008 D

299-E32-8 0 0.28 mg/L Fluoride 2008 D

299-E32-9 0 0.26 mg/L Fluoride 2008 D

299-E33-13 0 0.22* mg/L Fluoride 2008 C

299-E33-14 0 0.34 mg/L Fluoride 2008 D

299-E33-15 0 0.42 mg/L Fluoride 2008 D

299-E33-16 0 0.03* mg/L Fluoride 2008 C

299-E33-17 0 0.24 mg/L Fluoride 2008 D

299-E33-18 0 0.18 mg/L Fluoride 2008 D

299-E33-1A 0 0.38 mg/L Fluoride 2008 D

299-E33-2 0 0.36 mg/L Fluoride 2008 D

299-E33-20 0 0.26 mg/L Fluoride 2008 D

299-E33-205 0 U mg/L Fluoride 2008 U

299-E33-21 0 0.25 mg/L Fluoride 2008 D

299-E33-25 0 0.21 mg/L Fluoride 2008 D

299-E33-26 0 0.16 mg/L Fluoride 2008 D

299-E33-28 0 0.25 mg/L Fluoride 2008 D

299-E33-29 0 0.30 mg/L Fluoride 2008 D

299-E33-3 1 0.55 mg/L Fluoride 2008 D

299-E33-30 0 0.32 mg/L Fluoride 2008 D

299-E33-31 0 0.46 mg/L Fluoride 2008 D

299-E33-32 0 0.18 mg/L Fluoride 2008 D

299-E33-33 0 0.31 mg/L Fluoride 2008 D

299-E33-334 0 0.25 mg/L Fluoride 2008 D

299-E33-335 0 0.20 mg/L Fluoride 2008 D

299-E33-337 0 0.23 mg/L Fluoride 2008 D

299-E33-338 0 0.27 mg/L Fluoride 2008 D

299-E33-339 0 0.19 mg/L Fluoride 2008 D
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0.30 mg/L Fluoride 2008 D

299-E33-341 0 0.20 mg/L Fluoride 2008 D

299-E33-342 0 U mg/L Fluoride 2008 U

299-E33-343 0 0.22 mg/L Fluoride 2008 D

299-E33-345 0 0.14* mg/L Fluoride 2008 C

299-E33-35 0 0.15* mg/L Fluoride 2008 C

299-E33-36 0 0.28 mg/L Fluoride 2008 D

299-E33-37 0 0.15* mg/L Fluoride 2008 C

299-E33-38 0 0.16 mg/L Fluoride 2008 D

299-E33-39 1 0.54 mg/L Fluoride 2008 D

299-E33-4 0 U mg/L Fluoride 2008 U

299-E33-41 0 0.21 mg/L Fluoride 2008 D

299-E33-42 0 0.14* mg/L Fluoride 2008 C

299-E33-43 0 0.20 mg/L Fluoride 2008 D

299-E33-44 0 0.07* mg/L Fluoride 2008 C

299-E33-47 0 0.23 mg/L Fluoride 2008 D

299-E33-48 0 0.25 mg/L Fluoride 2008 D

299-E33-49 0 0.20 mg/L Fluoride 2008 D

299-E33-5 0 0.11 mg/L Fluoride 2008 D

299-E33-7 0 0.40 mg/L Fluoride 2008 D

299-E33-9 0 0.11 mg/L Fluoride 2008 D

299-E34-10 0 0.30 mg/L Fluoride 2008 D

299-E34-12 0 0.26 mg/L Fluoride 2008 D

299-E34-2 0 0.37 mg/L Fluoride 2008 D

299-E34-8 0 0.27 mg/L Fluoride 2008 D

299-E34-9 0 0.32 mg/L Fluoride 2008 D

299-W1O-1 0 0.18* mg/L Fluoride 2008 C

299-W10-20 0 0.19 mg/L Fluoride 2006 D

299-W10-22 2 1.8 mg/L Fluoride 2008 D

299-W10-23 4 4.3 mg/L Fluoride 2008 D
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299-W10-24 4 3.5 mg/LI Fluoride 2008 D

299-W10-26 1 1.2 mg/L Fluoride 2008 D

299-W10-27 0 0.42 mg/L Fluoride 2008 D

299-W10-28 1 1.4 mg/L Fluoride 2008 D

299-W10-29 0 0.24 mg/L Fluoride 2008 D

299-W10-30 0 0.24 mg/L Fluoride 2008 D

299-W10-31 0 0.24 mg/L Fluoride 2008 D

299-W10-4 3 3.3 mg/L Fluoride 2008 D

299-W10-5 0 0.21 mg/L Fluoride 2008 D

299-W10-8 4 4.4 mg/L Fluoride 2008 D

299-Wll-10 0 0.17 mg/L Fluoride 2008 D

299-W11-12 0 0.31 mg/L Fluoride 2008 D

299-W11-13 0 0.20 mg/L Fluoride 2008 D

299-W11-18 1 0.78 mg/L Fluoride 2008 D

299-W11-3 0 0.20 mg/L Fluoride 2008 D

299-W11-37 0 0.28 mg/L Fluoride 2008 D

299-W11-39 2 2.3 mg/L Fluoride 2008 D

299-W11-40 3 2.7 mg/L Fluoride 2008 D

299-W11-41 1 0.99 mg/L Fluoride 2008 D

299-W11-42 4 3.7 mg/L Fluoride 2008 D

299-W11-6 0 0.27 mg/L Fluoride 2008 D

299-W11-7 1 0.78 mg/L Fluoride 2008 D

299-W12-1 0 0.08 mg/L Fluoride 2008 D

299-W14-13 1 0.96 mg/L Fluoride 2008 D

299-W14-14 1 0.55 mg/L Fluoride 2008 D

299-W14-15 1 1.1 mg/L Fluoride 2008 D

299-W14-16 0 0.38 mg/L Fluoride 2008 D

299-W14-17 0 0.41 mg/L Fluoride 2008 D

299-W14-18 0 0.13* mg/L Fluoride 2008 C

299-W14-19 1 0.90 mg/L Fluoride 2008 D
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299-W14-6 1 0.92 mg/L Fluoride 2008 D

299-W15-1 0 0.27 mg/L Fluoride 2008 D

299-W15-11 0 0.27 mg/L Fluoride 2008 D

299-W15-15 0 0.33 mg/L Fluoride 2007 D

299-W15-152 0 0.40 mg/L Fluoride 2008 D

299-W15-2 0 0.17 mg/L Fluoride 2008 D

299-W15-224 0 0.27 mg/L Fluoride 2008 D

299-W15-30 0 0.21 mg/L Fluoride 2008 D

299-W15-31A 0 0.17 mg/L Fluoride 2008 D

299-W15-34 0 0.29 mg/L Fluoride 2008 D

299-W15-35 0 0.35 mg/L Fluoride 2008 D

299-W15-36 0 0.35 mg/L Fluoride 2008 D

299-W15-37 0 0.37 mg/L Fluoride 2008 D

299-W15-38 0 0.29 mg/L Fluoride 2008 D

299-W15-39 0 0.42 mg/L Fluoride 2007 D

299-W15-40 0 0.23 mg/L Fluoride 2008 D

299-W15-41 0 0.39 mg/L Fluoride 2008 D

299-W15-42 0 0.46 mg/L Fluoride 2008 D

299-W15-43 0 0.29 mg/L Fluoride 2008 D

299-W15-44 0 0.28 mg/L Fluoride 2008 D

299-W15-45 0 0.28 mg/L Fluoride 2008 D

299-W15-46 0 0.41 mg/L Fluoride 2008 D

299-W15-47 0 0.37 mg/L Fluoride 2008 D

299-W15-49 0 0.28 mg/L Fluoride 2008 D

299-W15-7 0 0.29 mg/L Fluoride 2007 D

299-W15-763 1 0.52 mg/L Fluoride 2008 D

299-W15-765 0 0.42 mg/L Fluoride 2008 D

299-W15-83 0 0.17 mg/L Fluoride 2008 D

299-W15-94 1 0.60 mg/L Fluoride 2008 D

299-W17-1 0 0.16 mg/L Fluoride 2008 D
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0.39 mg/L Fluoride 2006 D

299-W18-15 0 0.21 mg/L Fluoride 2008 D

299-W18-16 0 0.28 mg/L Fluoride 2008 D

299-W18-21 0 0.29 mg/L Fluoride 2008 D

299-W18-23 0 0.30 mg/L Fluoride 2008 D

299-W18-30 0 0.34 mg/L Fluoride 2008 D

299-W18-31 0 0.38 mg/L Fluoride 2007 D

299-W18-40 0 0.36 mg/L Fluoride 2008 D

299-W19-101 0 0.36 mg/L Fluoride 2008 D

299-W19-105 0 0.33 mg/L Fluoride 2008 D

299-W19-107 0 0.21 mg/L Fluoride 2008 D

299-W19-12 0 0.33 mg/L Fluoride 2008 D

299-W19-18 0 0.27 mg/L Fluoride 2008 D

299-W19-35 0 0.31 mg/L Fluoride 2008 D

299-W19-36 0 0.30 mg/L Fluoride 2008 D

299-W19-37 0 0.44 mg/L Fluoride 2008 D

299-W19-39 0 0.33 mg/L Fluoride 2007 D

299-W19-4 0 0.27 mg/L Fluoride 2007 D

299-W19-40 1 0.50 mg/L Fluoride 2006 D

299-W19-41 0 0.33 mg/L Fluoride 2008 D

299-W19-42 0 0.34 mg/L Fluoride 2008 D

299-W19-43 0 0.34 mg/L Fluoride 2008 D

299-W19-44 0 0.29 mg/L Fluoride 2008 D

299-W19-45 0 0.34 mg/L Fluoride 2008 D

299-W19-46 0 0.33 mg/L Fluoride 2008 D

299-W19-47 0 0.33 mg/L Fluoride 2008 D

299-W19-48 0 0.37 mg/L Fluoride 2008 D

299-W19-49 0 0.49 mg/L Fluoride 2008 D

299-W21-2 0 0.32 mg/L Fluoride 2008 D

299-W22-10 0 0.40 mg/L Fluoride 2006 D
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299-W22-20 0 U mg/L Fluoride 2008 U

299-W22-26 0 0.35 mg/L Fluoride 2008 D

299-W22-44 0 0.17* mg/L Fluoride 2008 C

299-W22-45 0 0.23* mg/L Fluoride 2008 C

299-W22-47 0 0.33 mg/L Fluoride 2008 D

299-W22-48 0 0.34 mg/L Fluoride 2008 D

299-W22-49 0 0.33 mg/L Fluoride 2008 D

299-W22-50 0 0.35 mg/L Fluoride 2008 D

299-W22-69 0 0.39 mg/L Fluoride 2008 D

299-W22-72 0 0.44 mg/L Fluoride 2008 D

299-W22-79 1 0.55 mg/L Fluoride 2007 D

299-W22-80 0 0.41 mg/L Fluoride 2008 D

299-W22-81 0 0.33 mg/L Fluoride 2008 D

299-W22-82 0 0.41 mg/L Fluoride 2008 D

299-W22-83 0 0.27* mg/L Fluoride 2008 C

299-W22-84 0 0.34 mg/L Fluoride 2008 D

299-W22-85 0 0.34 mg/L Fluoride 2008 D

299-W22-86 0 0.41 mg/L Fluoride 2008 D

299-W22-87 1 0.50 mg/L Fluoride 2008 D

299-W22-88 0 0.35 mg/L Fluoride 2008 D

299-W23-10 0 0.21 mg/L Fluoride 2006 D

299-W23-15 0 0.38 mg/L Fluoride 2008 D

299-W23-19 0 0.25* mg/L Fluoride 2008 C

299-W23-20 0 0.33 mg/L Fluoride 2008 D

299-W23-21 0 0.29 mg/L Fluoride 2008 D

299-W23-4 0 0.14 mg/L Fluoride 2008 D

299-W23-9 0 0.17 mg/L Fluoride 2007 D

299-W26-13 0 0.43 mg/L Fluoride 2008 D

299-W26-14 0 0.34 mg/L Fluoride 2008 D

299-W7-4 0 0.26 mg/L Fluoride 2007 D
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0.07* mg/L Fluoride 2008 C

3099-47-18B 0 0.15 mg/L Fluoride 2007 D

35-S 0 0.03 mg/L Fluoride 2006 D

36-S 0 0.04 mg/L Fluoride 2008 D

37-S 0 0.05 mg/L Fluoride 2007 D

38-M 0 0.02 mg/L Fluoride 2008 D

399-1-1 0 0.22 mg/L Fluoride 2008 D

399-1-IOA 0 0.31 mg/L Fluoride 2008 D

399-1-11 0 0.28 mg/L Fluoride 2008 D

399-1-12 0 0.25 mg/L Fluoride 2008 D

399-1-13A 0 0.31 mg/L Fluoride 2008 D

399-1-15 0 0.11* mg/L Fluoride 2008 C

399-1-16A 0 0.29 mg/L Fluoride 2008 D

399-1-17A 0 0.31 mg/L Fluoride 2008 D

399-1-18A 0 0.34 mg/L Fluoride 2007 D

399-1-2 0 0.32 mg/L Fluoride 2008 D

399-1-21A 0 0.21* mg/L Fluoride 2008 C

399-1-23 0 0.28 mg/L Fluoride 2008 D

399-1-6 0 0.25 mg/L Fluoride 2008 D

399-1-7 0 0.16 mg/L Fluoride 2008 D

399-2-1 0 0.23 mg/L Fluoride 2008 D

399-2-2 1 0.62 mg/L Fluoride 2008 D

399-2-5 0 0.31 mg/L Fluoride 2008 D

399-3-1 0 0.21 mg/L Fluoride 2008 D

399-3-10 1 0.53 mg/L Fluoride 2008 D

399-3-11 0 0.25 mg/L Fluoride 2008 D

399-3-12 0 0.28 mg/L Fluoride 2008 D

399-3-18 0 0.27 mg/L Fluoride 2008 D

399-3-19 0 0.21 mg/L Fluoride 2008 D

399-3-2 0 0.12 mg/L Fluoride 2008 D
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0.26 mg/L Fluoride 2008 D

399-3-6 0 0.24 mg/L Fluoride 2008 D

399-3-9 0 0.34 mg/L Fluoride 2008 D

399-4-1 0 0.20 mg/L Fluoride 2008 D

399-4-10 0 0.34 mg/L Fluoride 2008 D

399-4-12 0 0.22 mg/L Fluoride 2008 D

399-4-14 0 0.22 mg/L Fluoride 2008 D

399-4-7 0 0.28 mg/L Fluoride 2008 D

399-4-9 0 0.28 mg/L Fluoride 2008 D

399-5-1 0 0.26 mg/L Fluoride 2008 D

399-5-4B 0 0.18 mg/L Fluoride 2008 D

399-8-1 0 0.14 mg/L Fluoride 2008 D

399-8-3 0 0.21 mg/L Fluoride 2008 D

399-8-5A 0 0.13 mg/L Fluoride 2008 D

43-M 0 0.13 mg/L Fluoride 2008 D

44-M 0 0.10 mg/L Fluoride 2008 D

45-D 0 0.07 mg/L Fluoride 2008 D

47-M 0 0.08 mg/L Fluoride 2008 D

48-M 0 0.13 mg/L Fluoride 2008 D

499-SO-7 0 0.30 mg/L Fluoride 2008 D

499-SO-8 0 0.25 mg/L Fluoride 2008 D

49-D 0 0.14 mg/L Fluoride 2008 D

50-M 0 0.16 mg/L Fluoride 2008 D

51-M 0 0.15 mg/L Fluoride 2008 D

52-D 0 0.08 mg/L Fluoride 2008 D

62-M 0 0.10 mg/L Fluoride 2008 D

63-S 0 0.04 mg/L Fluoride 2007 D

64-D 0 0.06 mg/L Fluoride 2008 D

65-S 0 U mg/L Fluoride 2006 U

66-D 0 0.07 mg/L Fluoride 2008 D
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0.16 mg/L Fluoride 2008 D

68-D 0 0.11 mg/L Fluoride 2008 D

699-100-43B 0 0.02* mg/L Fluoride 2008 C

699-101-45 0 0.07* mg/L Fluoride 2008 C

699-10-54A 0 0.23 mg/L Fluoride 2008 D

699-10-E12 0 0.16 mg/L Fluoride 2008 D

699-12-2C 0 0.15 mg/L Fluoride 2008 D

699-12-4D 0 0.22 mg/L Fluoride 2008 D

699-13-OA 0 0.16 mg/L Fluoride 2008 D

699-13-1A 0 0.32 mg/L Fluoride 2007 D

699-13-IE 0 0.16 mg/L Fluoride 2008 D

699-13-2D 0 0.16 mg/L Fluoride 2008 D

699-13-3A 0 0.14 mg/L Fluoride 2008 D

699-14-38 0 0.33 mg/L Fluoride 2007 D

699-19-43 0 0.47 mg/L Fluoride 2007 D

699-19-88 0 0.25* mg/L Fluoride 2008 C

699-20-20 0 0.26 mg/L Fluoride 2007 D

699-20-E120 0 0.28 mg/L Fluoride 2008 D

699-20-E5A 0 0.13 mg/L Fluoride 2007 D

699-21-6 0 U mg/L Fluoride 2007 U

699-22-35 0 0.12 mg/L Fluoride 2008 D

699-2-3 0 0.30 mg/L Fluoride 2008 D

699-23-34A 0 0.18 mg/L Fluoride 2008 D

699-23-34B 0 0.19 mg/L Fluoride 2008 D

699-24-33 0 0.22 mg/L Fluoride 2008 D

699-24-34A 0 0.24 mg/L Fluoride 2008 D

699-24-34B 0 0.22 mg/L Fluoride 2008 D

699-24-34C 0 0.25 mg/L Fluoride 2008 D

699-24-35 0 0.23 mg/L Fluoride 2008 D

699-24-46 0 0.32 mg/L Fluoride 2008 D
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699-25-34A 0 0.24 mg/L Fluoride 2008 D

699-25-34B 0 0.28 mg/L Fluoride 2008 D

699-25-34D 0 0.23 mg/L Fluoride 2008 D

699-25-70 0 0.36 mg/L Fluoride 2006 D

699-26-15A 0 0.39 mg/L Fluoride 2007 D

699-26-33 0 0.24 mg/L Fluoride 2008 D

699-26-34A 0 0.27 mg/L Fluoride 2008 D

699-26-34B 0 0.22 mg/L Fluoride 2008 D

699-26-35A 0 0.25 mg/L Fluoride 2008 D

699-26-89 0 0.37 mg/L Fluoride 2006 D

699-2-6A 0 0.31 mg/L Fluoride 2008 D

699-2-7 0 0.18 mg/L Fluoride 2008 D

699-28-40 0 0.37 mg/L Fluoride 2007 D

699-29-4 0 0.26 mg/L Fluoride 2007 D

699-31-11 0 0.27 mg/L Fluoride 2007 D

699-31-31 1 0.89 mg/L Fluoride 2008 D

699-32-22A 0 0.35 mg/L Fluoride 2008 D

699-32-43 0 0.41 mg/L Fluoride 2008 D

699-32-62 0 0.45 mg/L Fluoride 2007 D

699-32-72A 0 0.34 mg/L Fluoride 2007 D

699-32-76 0 0.34 mg/L Fluoride 2008 D

699-33-56 0 0.36 mg/L Fluoride 2007 D

699-33-74 0 0.31 mg/L Fluoride 2008 D

699-33-75 0 0.32 mg/L Fluoride 2008 D

699-33-76 0 0.32 mg/L Fluoride 2008 D

699-34-41B 0 0.30 mg/L Fluoride 2007 D

699-34-42 0 0.33 mg/L Fluoride 2007 D

699-34-72 0 0.38 mg/L Fluoride 2008 D

699-34-88 0 0.25 mg/L Fluoride 2006 D

699-35-66A 0 0.14* mg/L Fluoride 2008 C
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0.37 mg/L Fluoride 2008 D

699-35-78A 0 0.21 mg/L Fluoride 2008 D

699-35-9 0 0.25 mg/L Fluoride 2007 D

699-36-61A 0 0.25 mg/L Fluoride 2008 D

699-36-66B 0 0.07* mg/L Fluoride 2008 C

699-36-67 0 0.30 mg/L Fluoride 2007 D

699-36-70A 0 0.29 mg/L Fluoride 2008 D

699-36-70B 0 0.26 mg/L Fluoride 2008 D

699-36-93 0 0.23 mg/L Fluoride 2006 D

699-37-43 0 0.13 mg/L Fluoride 2007 D

699-37-47A 0 0.25 mg/L Fluoride 2008 D

699-37-66 0 0.09* mg/L Fluoride 2008 C

699-37-68 0 0.16* mg/L Fluoride 2007 C

699-38-15 0 0.32 mg/L Fluoride 2007 D

699-38-65 0 0.25 mg/L Fluoride 2007 D

699-38-68A 0 0.39 mg/L Fluoride 2007 D

699-38-70 0 0.38 mg/L Fluoride 2007 D

699-39-39 0 0.14 mg/L Fluoride 2007 D

699-40-1 0 0.25 mg/L Fluoride 2007 D

699-40-33A 1 0.56 mg/L Fluoride 2007 D

699-40-62 0 0.28 mg/L Fluoride 2007 D

699-40-65 0 0.24 mg/L Fluoride 2008 D

699-41-1A 0 0.24 mg/L Fluoride 2008 D

699-41-23 0 0.48 mg/L Fluoride 2008 D

699-42-12A 0 0.36 mg/L Fluoride 2007 D

699-42-40A 0 0.16 mg/L Fluoride 2007 D

699-43-3 0 0.29 mg/L Fluoride 2007 D

699-43-44 0 0.33 mg/L Fluoride 2008 D

699-43-45 0 0.19 mg/L Fluoride 2008 D

699-43-89 0 0.13 mg/L Fluoride 2008 D
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0.21 mg/L Fluoride 2008 D

699-44-64 0 0.27 mg/L Fluoride 2007 D

699-45-69A 0 0.30 mg/L Fluoride 2007 D

699-46-21B 0 0.35 mg/L Fluoride 2008 D

699-46-4 0 0.31 mg/L Fluoride 2008 D

699-47-5 0 0.37 mg/L Fluoride 2008 D

699-47-60 0 0.38 mg/L Fluoride 2008 D

699-48-50B 0 0.47 mg/L Fluoride 2008 D

699-48-71 0 0.20 mg/L Fluoride 2008 D

699-48-77A 0 0.30 mg/L Fluoride 2008 D

699-48-77D 0 0.29 mg/L Fluoride 2008 D

699-48-7A 0 0.02 mg/L Fluoride 2007 D

699-49-100C 0 0.30 mg/L Fluoride 2006 D

699-49-13E 0 0.30 mg/L Fluoride 2008 D

699-49-55A 0 0.29 mg/L Fluoride 2007 D

699-49-57A 0 0.45 mg/L Fluoride 2008 D

699-49-79 0 0.25 mg/L Fluoride 2006 D

699-50-28B 1 0.50 mg/L Fluoride 2007 D

699-50-56 1 0.53 mg/L Fluoride 2008 D

699-50-59 0 0.29 mg/L Fluoride 2008 D

699-50-74 0 0.26 mg/L Fluoride 2008 D

699-50-85 0 0.20 mg/L Fluoride 2006 D

699-51-75 0 0.24 mg/L Fluoride 2006 D

699-52-19 0 0.35 mg/L Fluoride 2007 D

699-53-47A 0 0.10 mg/L Fluoride 2007 D

699-53-47B 0 0.14 mg/L Fluoride 2007 D

699-53-48A 0 U mg/L Fluoride 2008 U

699-53-55C 0 U mg/L Fluoride 2008 U

699-54-45A 0 0.12 mg/L Fluoride 2007 D

699-54-49 0 U mg/L Fluoride 2008 U
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699-55-50C 0 0.12 mg/L Fluoride 2008 D

699-55-57 0 0.36 mg/L Fluoride 2008 D

699-55-60A 0 0.36 mg/L Fluoride 2008 D

699-55-76 0 0.17 mg/L Fluoride 2006 D

699-55-89 0 0.27 mg/L Fluoride 2006 D

699-57-59 1 0.55 mg/L Fluoride 2008 D

699-58-24 0 0.30 mg/L Fluoride 2008 D

699-59-58 1 0.75 mg/L Fluoride 2008 D

699-60-32 0 0.49 mg/L Fluoride 2007 D

699-60-60 1 0.69 mg/L Fluoride 2008 D

699-61-62 1 0.69 mg/L Fluoride 2008 D

699-61-66 0 0.44 mg/L Fluoride 2008 D

699-62-31 0 0.33 mg/L Fluoride 2007 D

699-62-43F 1 0.83 mg/L Fluoride 2008 D

699-63-25A 0 0.14 mg/L Fluoride 2007 D

699-63-55 1 0.80 mg/L Fluoride 2007 D

699-63-90 0 0.23 mg/L Fluoride 2008 D

699-64-27 0 0.11 mg/L Fluoride 2008 D

699-64-62 1 0.54 mg/L Fluoride 2008 D

699-65-72 0 0.25 mg/L Fluoride 2008 D

699-66-23 0 0.12 mg/L Fluoride 2008 D

699-67-51 1 0.51 mg/L Fluoride 2007 D

699-68-105 0 0.04 mg/L Fluoride 2007 D

699-70-68 0 0.30 mg/L Fluoride 2008 D

699-71-30 0 0.38 mg/L Fluoride 2007 D

699-71-77 0 0.29 mg/L Fluoride 2007 D

699-72-73 0 0.23 mg/L Fluoride 2008 D

699-72-92 0 0.11 mg/L Fluoride 2007 D

699-73-61 0 0.25 mg/L Fluoride 2008 D

699-74-44 0 0.23 mg/L Fluoride 2007 D
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0.51 mg/L Fluoride 2008 D

699-77-54 0 0.32 mg/L Fluoride 2007 D

699-78-62 0 0.31 mg/L Fluoride 2008 D

699-81-38 1 0.53 mg/L Fluoride 2008 D

699-8-17 0 0.31 mg/L Fluoride 2008 D

699-8-25 0 0.33 mg/L Fluoride 2007 D

699-83-47 0 0.38 mg/L Fluoride 2008 D

699-87-55 0 0.36 mg/L Fluoride 2007 D

699-89-35 1 0.59 mg/L Fluoride 2006 D

699-91-46A 0 0.48 mg/L Fluoride 2008 D

699-93-48A 0 0.33 mg/L Fluoride 2008 D

699-94-41 0 0.31 mg/L Fluoride 2008 D

699-94-43 0 0.18* mg/L Fluoride 2008 C

699-95-45 0 0.14* mg/L Fluoride 2008 C

699-95-48 0 0.29 mg/L Fluoride 2008 D

699-95-51 0 0.09* mg/L Fluoride 2008 C

699-96-43 0 0.16 mg/L Fluoride 2008 D

699-96-49 0 0.26 mg/L Fluoride 2008 D

699-96-52B 0 0.05* mg/L Fluoride 2008 C

699-97-41 0 0.12* mg/L Fluoride 2008 C

699-97-43 0 0.22 mg/L Fluoride 2008 D

699-97-43B 0 0.14* mg/L Fluoride 2008 C

699-97-45 0 0.13* mg/L Fluoride 2008 C

699-97-48B 0 0.13* mg/L Fluoride 2008 C

699-97-51A 0 0.18 mg/L Fluoride 2008 D

699-98-43 0 0.09* mg/L Fluoride 2008 C

699-98-46 0 0.10* mg/L Fluoride 2008 C

699-98-51 0 0.07* mg/L Fluoride 2008 C

699-99-41 0 0.10* mg/L Fluoride 2008 C

699-99-42B 0 0.08* mg/L Fluoride 2008 C
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699-99-44 0 0.09* mg/L Fluoride 2008 C

699-9-E2 0 0.33 mg/L Fluoride 2007 D

699-S12-29 0 U mg/L Fluoride 2008 U

699-S12-3 0 0.39 mg/L Fluoride 2007 D

699-S19-11 0 0.20 mg/L Fluoride 2008 D

699-519-E13 0 0.24 mg/L Fluoride 2008 D

699-S19-E14 0 0.22 mg/L Fluoride 2007 D

699-S20-ElO 0 0.22 mg/L Fluoride 2008 D

699-S22-E9A 0 0.21 mg/L Fluoride 2008 D

699-S24-19Q 0 0.03 mg/L Fluoride 2008 D

699-S27-E12A 0 0.32 mg/L Fluoride 2007 D

699-527-E14 0 0.18 mg/L Fluoride 2008 D

699-S27-E9A 0 0.20 mg/L Fluoride 2008 D

699-S28-E12 0 0.08 mg/L Fluoride 2008 D

699-S28-E13A 0 0.25 mg/L Fluoride 2007 D

699-S29-E1OA 0 0.29 mg/L Fluoride 2007 D

699-S29-Eli 0 0.23 mg/L Fluoride 2008 D

699-529-E12 0 0.26 mg/L Fluoride 2007 D

699-S29-E13A 0 0.15 mg/L Fluoride 2008 D

699-S29-E16A 0 0.13 mg/L Fluoride 2008 D

699-S30-E10A 1 0.78 mg/L Fluoride 2008 D

699-S30-El0B 1 0.55 mg/L Fluoride 2008 D

699-S30-EllA 0 0.16 mg/L Fluoride 2008 D

699-S30-E15A 0 0.20 mg/L Fluoride 2007 D

699-S31-1 0 0.18 mg/L Fluoride 2008 D

699-S31-E10A 1 1.0 mg/L Fluoride 2008 D

699-S31-ElOC 1 0.93 mg/L Fluoride 2008 D

699-S31-ElOD 1 0.99 mg/L Fluoride 2008 D

699-S31-Eli 0 0.21 mg/L Fluoride 2008 D

699-S31-E8A 0 0.22 mg/L Fluoride 2007 D
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0.42 mg/L Fluoride 2007 D

699-S32-Eli 0 U mg/L Fluoride 2008 U

699-S32-E13A 0 0.22 mg/L Fluoride 2007 D

699-S34-ElO 0 U mg/L Fluoride 2008 U

699-S34-E15 0 0.17 mg/L Fluoride 2007 D

699-S36-E13A 0 0.11 mg/L Fluoride 2008 D

699-S37-E14 0 0.10 mg/L Fluoride 2006 D

699-S38-Eli 0 0.17 mg/L Fluoride 2007 D

699-S38-E12A 0 0.17 mg/L Fluoride 2007 D

699-S3-E12 0 0.36 mg/L Fluoride 2008 D

699-S41-E12 0 0.24 mg/L Fluoride 2007 D

699-S41-E13A 0 0.11 mg/L Fluoride 2008 D

699-S43-E12 0 0.15 mg/L Fluoride 2008 D

699-S6-E14A 0 0.29 mg/L Fluoride 2007 D

699-S6-E4A 0 0.28 mg/L Fluoride 2008 D

699-56-E4B 0 0.20 mg/L Fluoride 2008 D

699-S6-E4D 1 0.52 mg/L Fluoride 2008 D

699-56-E4E 0 0.26 mg/L Fluoride 2008 D

699-S6-E4K 0 0.20 mg/L Fluoride 2008 D

699-S6-E4L 0 0.15 mg/L Fluoride 2008 D

699-58-19 1 0.86 mg/L Fluoride 2008 D

72-D 0 0.18 mg/L Fluoride 2008 D

74-D 0 0.14 mg/L Fluoride 2008 D

75-D 0 0.21 mg/L Fluoride 2008 D

76-D 0 0.12 mg/L Fluoride 2008 D

77-D 0 0.16 mg/L Fluoride 2008 D

80-D 0 0.07 mg/L Fluoride 2008 D

82-M 0 0.03* mg/L Fluoride 2008 C

84-D 0 0.06 mg/L Fluoride 2007 D

85-M 0 0.03 mg/L Fluoride 2007 D
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86-D 0 0.16 mg/L Fluoride 2008 D

APT1 0 0.06 mg/L Fluoride 2006 D

AT-3-1-D(1) 0 0.29 mg/L Fluoride 2008 D

AT-3-2-M 0 0.10 mg/L Fluoride 2008 D

AT-3-3-M 0 0.25 mg/L Fluoride 2008 D

AT-3-4-S 0 0.26 mg/L Fluoride 2008 D

AT-3-5-S 0 0.09 mg/L Fluoride 2008 D

AT-3-6-S 0 0.33 mg/L Fluoride 2008 D

AT-3-7-M 0 0.28 mg/L Fluoride 2008 D

AT-3-8-M 0 0.22 mg/L Fluoride 2008 D

AT-B-3-M 0 0.04 mg/L Fluoride 2008 D

AT-B-4-S 0 0.11 mg/L Fluoride 2008 D

AT-B-5-D 0 0.13 mg/L Fluoride 2008 D

AT-B-7-M 0 0.18 mg/L Fluoride 2008 D

AT-D-1-D 0 0.08 mg/L Fluoride 2008 D

AT-D-2-M 0 0.04 mg/L Fluoride 2008 D

AT-D-3-D 0 0.04 mg/L Fluoride 2008 D

AT-D-4-D 0 0.04 mg/L Fluoride 2006 D

AT-D-5-D 0 0.04 mg/L Fluoride 2006 D

AT-F-1-D 0 0.04 mg/L Fluoride 2008 D

AT-F-2-M 0 0.12 mg/L Fluoride 2008 D

AT-F-3-D 0 0.14 mg/L Fluoride 2008 D

AT-F-4-D 0 0.13 mg/L Fluoride 2008 D

AT-H-1-D 0 0.12 mg/L Fluoride 2008 D

AT-H-2-D 0 0.04 mg/L Fluoride 2008 D

AT-H-3-D 0 0.08 mg/L Fluoride 2008 D

AT-K-1-D 0 0.10 mg/L Fluoride 2008 D

AT-K-2-M 0 0.07 mg/L Fluoride 2008 D

AT-K-3-D 0 0.14 mg/L Fluoride 2008 D

AT-K-4-M 0 0.05 mg/L Fluoride 2008 D
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AT-K-5-D 0 0.17 mg/L Fluoride 2008 D

AT-K-6-M 0 0.23 mg/L Fluoride 2008 D

C6237 0 0.17 mg/L Fluoride 2008 D

C6239 0 0.17 mg/L Fluoride 2008 D

C6242 0 0.14 mg/L Fluoride 2008 D

C6245 0 0.07 mg/L Fluoride 2008 D

C6250 0 0.07 mg/L Fluoride 2008 D

C6268 0 0.07 mg/L Fluoride 2008 D

C6271 0 0.06* mg/L Fluoride 2008 C

C6287 0 0.10 mg/L Fluoride 2008 D

C6291 0 0.18 mg/L Fluoride 2008 D

C6293 0 0.02* mg/L Fluoride 2008 C

C6300 0 0.05 mg/L Fluoride 2008 D

C6308 0 0.04 mg/L Fluoride 2008 D

C6315 0 0.05 mg/L Fluoride 2008 D

C6318 0 0.43 mg/L Fluoride 2008 D

C6322 0 0.08* mg/L Fluoride 2008 C

C6323 0 U mg/L Fluoride 2008 U

C6342 1 0.72 mg/L Fluoride 2008 D

C6344 0 0.23 mg/L Fluoride 2008 D

C6347 0 0.24 mg/L Fluoride 2008 D

C6350 0 0.28 mg/L Fluoride 2008 D

C6353 0 0.11 mg/L Fluoride 2008 D

C6356 0 0.04* mg/L Fluoride 2008 C

C6359 0 0.10 mg/L Fluoride 2008 D

C6362 0 0.11 mg/L Fluoride 2008 D

C6365 0 0.07 mg/L Fluoride 2008 D

C6368 0 0.08 mg/L Fluoride 2008 D

C6371 0 0.07 mg/L Fluoride 2008 D

C6378 0 0.07 mg/L Fluoride 2008 D
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C6380 0. 0.10 mg/L Fluoride 2008 D

DD-12-4 0 0.04 mg/L Fluoride 2008 D

DD-15-3 0 0.05 mg/L Fluoride 2008 D

DD-17-2 0 0.06 mg/L Fluoride 2008 D

DD-39-3 0 0.07 mg/L Fluoride 2008 D

DD-41-2 0 0.02 mg/L Fluoride 2008 D

DD-42-2 0 U mg/L Fluoride 2008 U

DD-43-3 0 U mg/L Fluoride 2008 U

DD-44-4 0 0.03 mg/L Fluoride 2008 D

DD-49-4 0 0.17 mg/L Fluoride 2008 D

DD-50-3 0 0.19 mg/L Fluoride 2008 D

DK-04-2 0 0.30 mg/L Fluoride 2008 D

N116mArray-OA 0 0.04 mg/L Fluoride 2008 D

N116mArray-10A 0 0.04 mg/L Fluoride 2007 D

N116mArray-11A 0 0.04 mg/L Fluoride 2007 D

N116mArray-12A 0 0.06 mg/L Fluoride 2007 D

N116mArray-13A 0 0.04 mg/L Fluoride 2007 D

N116mArray-14A 0 0.08 mg/L Fluoride 2007 D

N116mArray-1A 0 0.04 mg/L Fluoride 2007 D

N116mArray-2A 0 0.01* mg/L Fluoride 2008 C

N116mArray-3A 0 U mg/L Fluoride 2008 U

N116mArray-4A 0 0.09 mg/L Fluoride 2008 D

N116mArray-6A 0 0.11 mg/L Fluoride 2008 D

N116mArray-7A 0 0.04 mg/L Fluoride 2007 D

N116mArray-8A 0 0.06 mg/L Fluoride 2007 D

N116mArray-9A 0 0.05 mg/L Fluoride 2007 D

NS-2A-87cm 0 0.05* mg/L Fluoride 2006 C

NS-3A-87cm 0 0.02 mg/L Fluoride 2006 D

NS-4A-138cm 0 0.07 mg/L Fluoride 2006 D

NVP2-116.0 0 0.07* mg/L Fluoride 2008 C
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Redox-1-6.0 0 0.04 mg/L Fluoride 2008 D

Redox-2-6.0 0 0.06 mg/L Fluoride 2008 D

Redox-3-4.6 0 0.07 mg/L Fluoride 2008 D

Redox-4-6.0 0 0.05 mg/L Fluoride 2008 D

D-607
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299-E13-14 0 -0.14U pCi/L Iodine-129 2008 U

299-E13-5 0 -0.4U pCi/L Iodine-129 2008 U

299-E16-2 2 1.5U pCi/L Iodine-129 2008 U

299-E17-1 2 2.4 pCi/L Iodine-129 2006 D

299-E17-12 1 1.OU pCi/L Iodine-129 2008 U

299-E17-13 1 1.3U pCi/L Iodine-129 2008 U

299-E17-14 10 9.5 pCi/L Iodine-129 2008 D

299-E17-16 0 0.49U pCi/L Iodine-129 2008 U

299-E17-18 4 3.5 pCi/L Iodine-129 2008 D

299-E17-19 9 9.0 pCi/L Iodine-129 2008 D

299-E17-22 1 0.93U pCi/L Iodine-129 2008 U

299-E17-23 0 0.16U pCi/L Iodine-129 2008 U

299-E17-25 0 0.22U pCi/L Iodine-129 2008 U

299-E17-26 0 0.41U pCi/L Iodine-129 2008 U

299-E18-1 0 0.03U pCi/L Iodine-129 2008 U

299-E23-1 0 0.02U pCi/L Iodine-129 2007 U

299-E23-2 0 -0.16U pCi/L Iodine-129 2007 U

299-E24-16 5 4.5 pCi/L Iodine-129 2006 D

299-E24-18 1 1.4U pCi/L Iodine-129 2008 U

299-E24-20 5 4.6 pCi/L Iodine-129 2008 D

299-E24-21 1 0.71U pCi/L Iodine-129 2008 U

299-E24-24 0 0.40U pCi/L Iodine-129 2008 U

299-E24-5 3 2.6 pCi/L Iodine-129 2007 D

299-E24-8 2 1.6 pCi/L Iodine-129 2007 D

299-E25-17 4 3.6 pCi/L Iodine-129 2008 D

299-E25-18 3 3.4 pCi/L Iodine-129 2008 D

299-E25-19 2 2.4 pCi/L Iodine-129 2008 D

299-E25-20 2 1.6 pCi/L Iodine-129 2008 D

299-E25-22 2 1.8 pCi/L Iodine-129 2008 D

299-E25-29P 2 1.7U pCi/L Iodine-129 2007 U
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3.4 pCi/L Iodine-129 2008 D

299-E25-31 2 1.8* pCi/L Iodine-129 2006 C

299-E25-32P 4 4.1 pCi/L Iodine-129 2007 D

299-E25-34 3 2.7 pCi/L Iodine-129 2007 D

299-E25-35 4 4.3 pCi/L Iodine-129 2007 D

299-E25-36 6 6.1 pCi/L Iodine-129 2008 D

299-E25-37 1 1.3 pCi/L Iodine-129 2007 D

299-E25-39 3 2.8U pCi/L Iodine-129 2008 U

299-E25-41 5 5.1 pCi/L Iodine-129 2008 D

299-E25-42 8 8.2 pCi/L Iodine-129 2008 D

299-E25-43 3 3.1U pCi/L Iodine-129 2007 U

299-E25-44 1 0.87U pCi/L Iodine-129 2007 U

299-E25-47 4 3.9 pCi/L Iodine-129 2007 D

299-E25-6 6 6.2 pCi/L Iodine-129 2008 D

299-E25-93 4 4.0U pCi/L Iodine-129 2008 U

299-E26-10 0 0.06U pCi/L fodine-129 2008 U

299-E26-11 1 0.63U pCi/L Iodine-129 2008 U

299-E26-4 6 6.2 pCi/L Iodine-129 2008 D

299-E27-10 1 1.2U pCi/L Iodine-129 2008 U

299-E27-11 1 0.70U pCi/L Iodine-129 2008 U

299-E27-14 3 3.0 pCi/L Iodine-129 2008 D

299-E27-155 4 3.8 pCi/L Iodine-129 2008 D

299-E27-16 3 2.9 pCi/L Iodine-129 2008 D

299-E27-17 1 1.OU pCi/L Iodine-129 2008 U

299-E27-18 2 2.OU pCi/L Iodine-129 2007 U

299-E27-19 3 2.8 pCi/L Iodine-129 2008 D

299-E27-7 4 4.2 pCi/L Iodine-129 2008 D

299-E27-8 2 2.3 pCi/L Iodine-129 2008 D

299-E27-9 3 2.6 pCi/L Iodine-129 2008 D

299-E28-18 0 0.17U pCi/L Iodine-129 2008 U

D-609
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299-E28-2 3 3.0 pCi/L Iodine-129 2008 D

299-E28-23 2 1.6U pCi/L Iodine-129 2008 U

299-E28-24 1 1.3 pCi/L Iodine-129 2008 D

299-E28-25 2 1.9U pCi/L Iodine-129 2008 U

299-E28-26 0 0.11U pCi/L Iodine-129 2008 U

299-E28-27 1 0.98U pCi/L Iodine-129 2008 U

299-E28-28 0 0.01U pCi/L Iodine-129 2008 U

299-E28-5 3 2.6 pCi/L Iodine-129 2008 D

299-E28-6 1 0.87U pCi/L Iodine-129 2008 U

299-E32-10 4 3.8 pCi/L Iodine-129 2008 D

299-E32-2 1 0.50U pCi/L Iodine-129 2008 U

299-E32-3 1 0.66U pCi/L Iodine-129 2008 U

299-E32-4 0 -0.05U pCi/L Iodine-129 2008 U

299-E32-5 0 0.20U pCi/L Iodine-129 2008 U

299-E32-6 1 0.66U pCi/L Iodine-129 2008 U

299-E32-7 1 0.86U pCi/L Iodine-129 2008 U

299-E32-8 3 3.2 pCi/L Iodine-129 2008 D

299-E32-9 4 3.6 pCi/L Iodine-129 2008 D

299-E33-16 5 5.2 pCi/L Iodine-129 2008 D

299-E33-18 4 3.5 pCi/L Iodine-129 2008 D

299-E33-205 3 2.7U pCi/L Iodine-129 2008 U

299-E33-26 4 3.8 pCi/L Iodine-129 2008 D

299-E33-28 4 3.8 pCi/L Iodine-129 2008 D

299-E33-29 4 4.0 pCi/L Iodine-129 2008 D

299-E33-30 3 2.6 pCi/L Iodine-129 2008 D

299-E33-32 3 3.2 pCi/L Iodine-129 2007 D

299-E33-33 2 1.8U pCi/L Iodine-129 2007 U

299-E33-34 4 3.6 pCi/L Iodine-129 2008 D

299-E33-341 3 2.6U pCi/L Iodine-129 2008 U

299-E33-342 4 4.2 pCi/L Iodine-129 2008 D

D-6 10
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299-E33-343 5 4.8 pCi/L I Iodine-129 2008 D

299-E33-345 5 5.4 pCi/L Iodine-129 2008 D

299-E33-35 4 4.4 pCi/L Iodine-129 2008 D

299-E33-37 4 3.8 pCi/L Iodine-129 2007 D

299-E33-38 5 5.1 pCi/L Iodine-129 2008 D

299-E33-39 1 0.67U pCi/L Iodine-129 2008 U

299-E33-41 4 4.2 pCi/L Iodine-129 2008 D

299-E33-42 4 3.9 pCi/L Iodine-129 2008 D

299-E33-43 4 4.4 pCi/L Iodine-129 2008 D

299-E33-7 2 2.2 pCi/L Iodine-129 2008 D

299-E34-10 1 0.81U pCi/L Iodine-129 2008 U

299-E34-12 1 1.3U pCi/L Iodine-129 2008 U

299-E34-2 0 0.20U pCi/L Iodine-129 2008 U

299-E34-9 0 0.18U pCi/L Iodine-129 2008 U

299-W10-22 0 0.18U pCi/L Iodine-129 2008 U

299-W10-23 0 -0.03U pCi/L Iodine-129 2008 U

299-W1O-24 0 0.07U pCi/L Iodine-129 2008 U

299-W10-29 0 0.o1U pCi/L Iodine-129 2008 U

299-W10-30 0 0.17U pCi/L Iodine-129 2008 U

299-W10-31 0 0.02U pCi/L Iodine-129 2008 U

299-W10-4 1 0.91U pCi/L Iodine-129 2008 U

299-W11-13 0 0.09U pCi/L Iodine-129 2008 U

299-W11-18 1 0.96U pCi/L Iodine-129 2008 U

299-W11-3 1 1.U pCi/L Iodine-129 2008 U

299-W11-37 2 2.0* pCi/L Iodine-129 2008 C

299-W11-39 0 0.45U pCi/L Iodine-129 2008 U

299-W11-40 0 0.33U pCi/L Iodine-129 2008 U

299-W11-41 1 0.50U pCi/L Iodine-129 2008 U

299-W11-42 0 0.36U pCi/L Iodine-129 2008 U

299-W11-6 1 1.1* pCi/L Iodine-129 2008 C
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299-W11-7 2 1.6U pCi/L Iodine-129 2008 U

299-W12-1 0 0.41U pCi/L Iodine-129 2008 U

299-W14-13 31 31 pCi/L Iodine-129 2008 D

299-W14-14 0 0.26U pCi/L Iodine-129 2008 U

299-W14-15 5 5.4 pCi/L Iodine-129 2008 D

299-W14-16 0 0.08U pCi/L Iodine-129 2008 U

299-W14-17 0 0.28U pCi/L Iodine-129 2008 U

299-W14-18 0 0.24U pCi/L Iodine-129 2008 U

299-W15-15 0 -0.01U pCi/L Iodine-129 2007 U

299-W15-152 0 -0.06U pCi/L Iodine-129 2008 U

299-W15-224 0 OU pCi/L Iodine-129 2008 U

299-W15-30 0 0.02U pCi/L Iodine-129 2008 U

299-W15-31A 0 -0.01U pCi/L Iodine-129 2008 U

299-W15-34 0 -0.02U pCi/L Iodine-129 2007 U

299-W15-35 0 0.04U pCi/L Iodine-129 2007 U

299-W15-36 0 0.04U pCi/L Iodine-129 2007 U

299-W15-40 0 0.03U pCi/L Iodine-129 2008 U

299-W15-41 0 0.18U pCi/L Iodine-129 2008 U

299-W15-43 0 0.o1U pCi/L Iodine-129 2008 U

299-W15-44 0 0.08U pCi/L Iodine-129 2008 U

299-W15-45 0 -0.01U pCi/L Iodine-129 2007 U

299-W15-46 0 0.08U pCi/L Iodine-129 2007 U

299-W15-47 0 0.00U pCi/L Iodine-129 2007 U

299-W15-49 0 0.04U pCi/L Iodine-129 2007 U

299-W15-763 0 0.00U pCi/L Iodine-129 2008 U

299-W15-765 0 0.34U pCi/L Iodine-129 2008 U

299-W15-83 0 -0.01U pCi/L Iodine-129 2008 U

299-W15-94 0 -0.1U pCi/L Iodine-129 2008 U

299-W17-1 0 OU pCi/L Iodine-129 2008 U

299-W18-21 0 0.04U pCi/L Iodine-129 2008 U
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299-W18-23 0

Table A-8. Iodine-129 Values

LOTVAL UNITS CONNAME

0.06U pCi/L Iodine-129 2008 U

299-W18-30 0 -0.03U pCi/L Iodine-129 2008 U

299-W19-101 1 LOU pCi/L Iodine-129 2008 U

299-W19-105 1 0.50U pCi/L Iodine-129 2008 U

299-W19-107 0 0.21U pCi/L Iodine-129 2008 U

299-W19-18 2 1.6U pCi/L Iodine-129 2008 U

299-W19-35 1 0.85U pCi/L Iodine-129 2008 U

299-W19-36 1 0.70U pCi/L Iodine-129 2008 U

299-W19-37 1 1.3U pCi/L Iodine-129 2008 U

299-W19-39 1 0.81 pCi/L Iodine-129 2007 D

299-W19-4 0 0.07U pCi/L Iodine-129 2007 U

299-W19-43 1 1.1U pCi/L Iodine-129 2008 U

299-W19-46 1 1.1U pCi/L Iodine-129 2008 U

299-W19-48 1 1.2U pCi/L Iodine-129 2008 U

299-W19-49 3 2.5 pCi/L Iodine-129 2008 D

299-W21-2 3 2.5 pCi/L Iodine-129 2008 D

299-W22-20 1 1.1U pCi/L Iodine-129 2008 U

299-W22-26 2 1.6U pCi/L Iodine-129 2008 U

299-W22-45 0 -0.02U pCi/L Iodine-129 2008 U

299-W22-48 0 0.06U pCi/L Iodine-129 2008 U

299-W22-49 0 0.05U pCi/L Iodine-129 2008 U

299-W22-69 0 0.04U pCi/L Iodine-129 2008 U

299-W22-72 2 2.2* pCi/L Iodine-129 2008 C

299-W22-79 2 2.2U pCi/L Iodine-129 2006 U

299-W22-83 0 0.42U pCi/L Iodine-129 2008 U

299-W22-86 0 0.15U pCi/L Iodine-129 2008 U

299-W22-87 0 0.02U pCi/L Iodine-129 2008 U

299-W22-88 9 8.6 pCi/L Iodine-129 2008 D

299-W22-9 30 30 pCi/L Iodine-129 2006 D

299-W26-13 0 -0.03U pCi/L Iodine-129 2007 U
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Table A-B. lodine-129 Values

299-W26-14 0 0.05U pCi/L Iodine-129 2008 U

299-W7-4 0 0.o1U pCi/L Iodine-129 2007 U

299-W8-1 0 -0.06U pCi/L Iodine-129 2008 U

399-1-17A 0 0.06U pCi/L Iodine-129 2006 U

499-SO-7 0 0.02U pCi/L Iodine-129 2008 U

499-50-8 0 -0.07U pCi/L Iodine-129 2008 U

699-12-4D 0 0.07U pCi/L Iodine-129 2007 U

699-19-43 0 0.20U pCi/L Iodine-129 2007 U

699-20-20 3 3.2 pCi/L Iodine-129 2007 D

699-20-E120 0 -0.08U pCi/L Iodine-129 2008 U

699-21-6 0 -0.07U pCi/L Iodine-129 2007 U

699-22-35 0 0.05U pCi/L Iodine-129 2007 U

699-2-3 0 0.08U pCi/L Iodine-129 2008 U

699-24-34C 0 0.42U pCi/L Iodine-129 2007 U

699-24-46 0 0.06U pCi/L Iodine-129 2008 U

699-25-70 0 0.02U pCi/L Iodine-129 2006 U

699-26-15A 2 1.7 pCi/L Iodine-129 2007 D

699-26-33 2 1.5U pCi/L Iodine-129 2008 U

699-26-35A 1 1.1 pCi/L Iodine-129 2007 D

699-28-40 0 -0.04U pCi/L Iodine-129 2007 U

699-29-4 0 0.12U pCi/L Iodine-129 2007 U

699-31-11 1 1.4U pCi/L Iodine-129 2007 U

699-31-31 0 0.31U pCi/L Iodine-129 2008 U

699-32-22A 5 5.1 pCi/L Iodine-129 2008 D

699-32-43 1 1.4 pCi/L Iodine-129 2008 D

699-32-62 0 -0.1U pCi/L Iodine-129 2007 U

699-32-72A 0 0.13U pCi/L Iodine-129 2007 U

699-32-76 0 -0.1U pCi/L Iodine-129 2008 U

699-33-74 0 0.47U pCi/L Iodine-129 2008 U

699-33-75 0 -0.06U pCi/L Iodine-129 2008 U
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699-33-76 0

Table A-8. Iodine-129 Values

LOTVAL UNITS CONNAME

-0.02U pCi/L Iodine-129 2008 U

699-34-41B 3 2.5 pCi/L Iodine-129 2007 D

699-34-42 3 2.7 pCi/L Iodine-129 2007 D

699-34-72 5 5.4 pCi/L Iodine-129 2008 D

699-35-66A 5 4.8 pCi/L Iodine-129 2008 D

699-35-70 37 37 pCi/L Iodine-129 2008 D

699-35-9 1 0.57U pCi/L Iodine-129 2007 U

699-36-61A 0 0.18U pCi/L Iodine-129 2008 U

699-36-66B 8 7.7 pCi/L Iodine-129 2008 D

699-36-67 16 16 pCi/L Iodine-129 2007 D

699-36-70A 11 11 pCi/L Iodine-129 2008 D

699-36-70B 4 3.9 pCi/L Iodine-129 2008 D

699-37-43 0 0.41U pCi/L Iodine-129 2007 U

699-37-47A 4 3.5 pCi/L Iodine-129 2008 D

699-37-66 1 0.92U pCi/L Iodine-129 2008 U

699-37-68 3 3.1* pCi/L Iodine-129 2007 C

699-38-15 1 1.4U pCi/L Iodine-129 2007 U

699-38-65 1 0.80U pCi/L Iodine-129 2007 U

699-38-68A 2 1.6 pCi/L Iodine-129 2007 D

699-38-70 3 2.5 pCi/L Iodine-129 2007 D

699-39-39 0 0.09U pCi/L Iodine-129 2007 U

699-40-1 0 0.10U pCi/L Iodine-129 2007 U

699-40-33A 0 0.05U pCi/L Iodine-129 2007 U

699-40-62 0 0.02U pCi/L Iodine-129 2008 U

699-40-65 0 0.26U pCi/L Iodine-129 2008 U

699-41-1A 0 0.30U pCi/L Iodine-129 2008 U

699-41-23 4 3.9 pCi/L Iodine-129 2008 D

699-42-12A 1 0.72U pCi/L Iodine-129 2007 U

699-42-40A 1 0.96U pCi/L Iodine-129 2007 U

699-43-3 0 0.34U pCi/L Iodine-129 2007 U
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699-43-44 5

Table A-8. lodine-129 Values

1LOTVAL UNITS CONNAME

5.1 pCi/L lodine-129 2008 D

699-43-45 7 6.8 pCi/L Iodine-129 2007 D

699-43-89 0 -0.02U pCi/L Iodine-129 2008 U

699-44-39B 0 0.05U pCi/L lodine-129 2007 U

699-44-64 0 0.11U pCi/L lodine-129 2006 U

699-45-69A 0 0.06U pCi/L lodine-129 2007 U

699-46-21B 0 0.33U pCi/L Iodine-129 2008 U

699-46-4 0 0.30U pCi/L Iodine-129 2008 U

699-47-5 0 0.19U pCi/L Iodine-129 2008 U

699-47-60 0 -0.11U pCi/L lodine-129 2008 U

699-48-50B 0 0.14U pCi/L Iodine-129 2008 U

699-48-71 0 0.40U pCi/L lodine-129 2008 U

699-48-77A 0 0.02U pCi/L lodine-129 2006 U

699-49-100C 0 0.03U pCi/L lodine-129 2008 U

699-49-13E 0 -0.02U pCi/L Iodine-129 2008 U

699-49-55A 0 0.02U pCi/L Iodine-129 2007 U

699-49-57A 3 3.1 pCi/L Iodine-129 2008 D

699-50-28B 0 -0.18U pCi/L Iodine-129 2007 U

699-50-56 0 0.01U pCi/L Iodine-129 2008 U

699-50-59 4 4.0 pCi/L Iodine-129 2008 D

699-50-74 0 0.03U pCi/L Iodine-129 2008 U

699-53-48A 0 0.06U pCi/L Iodine-129 2008 U

699-53-55C 0 0.08U pCi/L Iodine-129 2008 U

699-55-50C 0 0.02U pCi/L Iodine-129 2008 U

699-55-57 0 OU pCi/L Iodine-129 2008 U

699-55-60A 1 0.92* pCi/L lodine-129 2008 C

699-57-59 3 2.8U pCi/L Iodine-129 2008 U

699-59-58 1 1.1U pCi/L Iodine-129 2008 U

699-60-60 0 0.46U pCi/L Iodine-129 2008 U

699-61-62 1 1.1U pCi/L lodine-129 2008 U
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Table A-R. lodine-12g Values

699-61-66 0 0.03U I pCi/L Iodine-129 2008 U

699-64-62 0 0.26U pCi/L Iodine-129 2008 U

699-8-17 0 0.32U pCi/L Iodine-129 2008 U

699-8-25 0 0.18U pCi/L Iodine-129 2007 U

699-S31-1 0 OU pCi/L lodine-129 2008 U

699-S31-E8A 0 -0.08U pCi/L Iodine-129 2007 U

82-M 0 0.02U pCi/L Iodine-129 2008 U

84-D 0 -0.44U pCi/L iodine-129 2007 U

85-M 0 -0.09U pCi/L Iodine-129 2007 U

86-D 0 0.09U pCi/L Iodine-129 2008 U

C6353 0 0.42U pCi/L Iodine-129 2008 U

C6356 0 -0.37U pCi/L Iodine-129 2008 U

C6359 0 -0.02U pCi/L Iodine-129 2008 U

C6362 0 0.05U pCi/L Iodine-129 2008 U

C6365 -2 -2.3U pCi/L Iodine-129 2008 U

C6368 1 0.72U pCi/L Iodine-129 2008 U

C6371 0 -0.23U pCi/L Iodine-129 2008 U

C6378 -1 -0.65U pCi/L Iodine-129 2008 U

C6380 0 -0.45U pCi/L Iodine-129 2008 U

C6383 0 0.28U pCi/L Iodine-129 2008 U
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Table A-9. Nitrate Values

01-M 9 9.3 mg/L I Nitrate 2007 D

04-D 8 7.6 mg/L Nitrate 2008 D

05-D 9 9.1 mg/L Nitrate 2008 D

06-D 14 14 mg/L Nitrate 2008 D

07-D 16 16 mg/L Nitrate 2008 D

1199-39-16D 1 0.93 mg/L Nitrate 2008 D

13-S 24 24 mg/L Nitrate 2007 D

14-D 28 28 mg/L Nitrate 2008 D

15-M 0 0.34 mg/L Nitrate 2008 D

17-D 48 48 mg/L Nitrate 2008 D

18-S 13 13 mg/L Nitrate 2008 D

199-B2-13 13 13 mg/L Nitrate 2008 D

199-B3-1 24 24 mg/L Nitrate 2008 D

199-B3-46 12 12 mg/L Nitrate 2007 D

199-B3-47 40 40 mg/L Nitrate 2008 D

199-B4-1 12 12 mg/L Nitrate 2008 D

199-B4-7 12 12 mg/L Nitrate 2007 D

199-B4-8 12 12 mg/L Nitrate 2008 D

199-B5-1 7 7.3 mg/L Nitrate 2008 D

199-B8-6 7 6.7 mg/L Nitrate 2007 D

199-B8-7 7 7.1 mg/L Nitrate 2008 D

199-B8-8 8 7.9 mg/L Nitrate 2008 D

199-B9-3 12 12 mg/L Nitrate 2007 D

199-D2-11 32 32 mg/L Nitrate 2008 D

199-D2-6 94 94 mg/L Nitrate 2008 D

199-D2-8 41 41 mg/L Nitrate 2008 D

199-D3-2 25 25 mg/L Nitrate 2008 D

199-D4-1 14 14 mg/L Nitrate 2008 D

199-D4-13 12 12 mg/L Nitrate 2008 D

199-D4-14 19 19 mg/L Nitrate 2008 D
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Table A-9. Nitrate Values

199-D4-15 61 61 mg/LI Nitrate 2008 D

199-D4-19 3 2.6 mg/L Nitrate 2008 D

199-D4-20 48 48 mg/L Nitrate 2008 D

199-D4-22 67 67 mg/L Nitrate 2008 D

199-D4-23 25 25 mg/L Nitrate 2008 D

199-D4-26 52 52 mg/L Nitrate 2008 D

199-D4-31 57 57 mg/L Nitrate 2008 D

199-D4-32 29 29 mg/L Nitrate 2008 D

199-D4-36 42 42 mg/L Nitrate 2008 D

199-D4-38 31 31 mg/L Nitrate 2008 D

199-D4-39 30 30 mg/L Nitrate 2008 D

199-D4-4 7 7.0 mg/L Nitrate 2008 D

199-D4-48 7 7.0 mg/L Nitrate 2008 D

199-D4-5 28 28 mg/L Nitrate 2008 D

199-D4-6 10 10 mg/L Nitrate 2008 D

199-D4-62 17 17 mg/L Nitrate 2008 D

199-D4-7 36 36 mg/L Nitrate 2008 D

199-D4-78 29 29 mg/L Nitrate 2008 D

199-D4-83 14 14 mg/L Nitrate 2008 D

199-D4-84 27 27 mg/L Nitrate 2008 D

199-D4-85 23 23 mg/L Nitrate 2008 D

199-D4-86 20 20 mg/L Nitrate 2008 D

199-D5-102 59 59 mg/L Nitrate 2008 D

199-D5-103 59 59 mg/L Nitrate 2008 D

199-D5-104 60 60 mg/L Nitrate 2008 D

199-D5-13 47 47 mg/L Nitrate 2008 D

199-D5-14 70 70 mg/L Nitrate 2008 D

199-D5-15 66 66 mg/L Nitrate 2008 D

199-D5-16 75 75 mg/L Nitrate 2008 D

199-D5-17 65 65 mg/L Nitrate 2008 D
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Table A-9. Nitrate Values

199-D5-18 51 51 mg/L Nitrate 2007 D

199-D5-19 48 48 mg/L Nitrate 2007 D

199-D5-20 20 20 mg/L Nitrate 2008 D

199-D5-32 27 27 mg/L Nitrate 2008 D

199-D5-33 2 1.8 mg/L Nitrate 2007 D

199-D5-34 30 30 mg/L Nitrate 2007 D

199-D5-36 5 5.3 mg/L Nitrate 2008 D

199-D5-37 10 9.9 mg/L Nitrate 2008 D

199-D5-38 29 29 mg/L Nitrate 2008 D

199-D5-39 42 42 mg/L Nitrate 2008 D

199-D5-40 58 58 mg/L Nitrate 2008 D

199-D5-41 31 31 mg/L Nitrate 2008 D

199-D5-43 41 41 mg/L Nitrate 2008 D

199-D5-44 7 7.1 mg/L Nitrate 2008 D

199-D5-92 15 15 mg/L Nitrate 2008 D

199-D5-93 13 13 mg/L Nitrate 2008 D

199-D5-97 52 52 mg/L Nitrate 2008 D

199-D5-98 55 55 mg/L Nitrate 2008 D

199-D5-99 37 37 mg/L Nitrate 2008 D

199-D8-4 86 86 mg/L Nitrate 2008 0

199-D8-5 50 50 mg/L Nitrate 2008 D

199-D8-53 27 27 mg/L Nitrate 2008 D

199-D8-54A 49 49 mg/L Nitrate 2008 D

199-D8-55 6 5.9 mg/L Nitrate 2008 D

199-D8-68 29 29 mg/L Nitrate 2008 D

199-D8-70 32 32 mg/L Nitrate 2008 D

199-D8-72 56 56 mg/L Nitrate 2008 D

199-D8-73 37 37 mg/L Nitrate 2008 D

199-D8-88 32 32 mg/L Nitrate 2008 D

199-F1-2 30 30 mg/L Nitrate 2007 D

D-620



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 118 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-9. Nitrate Values

WELLNAME VALUE PLOTVAL UNITS CON-NAME FISCALYR DETECTCODE

199-F5-1 11 11 mg/L Nitrate 2008 D

199-F5-4 88 88 mg/L Nitrate 2008 D

199-F5-42 4 4.2 mg/L Nitrate 2007 D

199-F5-43A 3 3.4 mg/L Nitrate 2008 D

199-F5-44 24 24 mg/L Nitrate 2008 D

199-F5-45 82 82 mg/L Nitrate 2007 D

199-F5-46 60 60 mg/L Nitrate 2008 D

199-F5-47 93 93 mg/L Nitrate 2008 D

199-F5-48 47 47 mg/L Nitrate 2007 D

199-F5-6 26 26 mg/L Nitrate 2008 D

199-F6-1 5 5.3 mg/L Nitrate 2007 D

199-F7-1 60 60 mg/L Nitrate 2008 D

199-F7-2 59 59 mg/L Nitrate 2008 D

199-F7-3 110 110 mg/L Nitrate 2008 D

199-F8-2 92 92 mg/L Nitrate 2007 D

199-F8-3 66 66 mg/L Nitrate 2007 D

199-F8-4 59 59 mg/L Nitrate 2008 D

199-H3-2A 21 21 mg/L Nitrate 2008 D

199-H4-10 21 21 mg/L Nitrate 2008 D

199-H4-12A 23 23 mg/L Nitrate 2008 D

199-H4-13 29 29 mg/L Nitrate 2008 D

199-H4-15A 25 25 mg/L Nitrate 2008 D

199-H4-16 20 20 mg/L Nitrate 2008 D

199-H4-3 35 35 mg/L Nitrate 2008 D

199-H4-4 26 26 mg/L Nitrate 2008 D

199-H4-45 26 26 mg/L Nitrate 2008 D

199-H4-46 43 43 mg/L Nitrate 2008 D

199-H4-47 24 24 mg/L Nitrate 2008 D

199-H4-48 22 22 mg/L Nitrate 2008 D

199-H4-49 42 42 mg/L Nitrate 2008 D
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WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-H4-5 21 21 mg/L Nitrate 2008 D

199-H4-6 28 28 mg/L Nitrate 2007 D

199-H4-63 20 20 mg/L Nitrate 2008 D

199-H4-64 23 23 mg/L Nitrate 2008 D

199-H4-8 25 25 mg/L Nitrate 2008 D

199-H4-9 28 28 mg/L Nitrate 2008 D

199-H5-1A 28 28 mg/L Nitrate 2008 D

199-H6-1 44 44 mg/L Nitrate 2008 D

199-K-106A 110 110 mg/L Nitrate 2008 D

199-K-107A 22 22 mg/L Nitrate 2008 D

199-K-108A 66 66 mg/L Nitrate 2008 D

199-K-109A 13 13 mg/L Nitrate 2008 D

199-K-11 47 47 mg/L Nitrate 2008 D

199-K-110A 9 8.9 mg/L Nitrate 2008 D

199-K-111A 42 42 mg/L Nitrate 2008 D

199-K-117A 2 1.9 mg/L Nitrate 2008 D

199-K-126 22 22 mg/L Nitrate 2008 D

199-K-129 7 6.9 mg/L Nitrate 2006 D

199-K-130 17 17 mg/L Nitrate 2006 D

199-K-132 28 28 mg/L Nitrate 2008 D

199-K-133 0 U mg/L Nitrate 2008 U

199-K-134 0 U mg/L Nitrate 2008 U

199-K-135 0 U mg/L Nitrate 2008 U

199-K-136 0 U mg/L Nitrate 2008 U

199-K-137 18 18 mg/L Nitrate 2008 D

199-K-138 21 21 mg/L Nitrate 2008 D

199-K-139 27 27 mg/L Nitrate 2008 D

199-K-140 21 21 mg/L Nitrate 2008 D

199-K-141 23 23 mg/L Nitrate 2008 D

199-K-142 4 3.9 mg/L Nitrate 2008 D
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WELL_NAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-K-143 8 8.4 mg/L Nitrate 2008 D

199-K-149 14 14 mg/L Nitrate 2008 D

199-K-150 16 16 mg/L Nitrate 2008 D

199-K-159 59 59 mg/L Nitrate 2008 D

199-K-166 190 190 mg/L Nitrate 2008 D

199-K-18 71 71 mg/L Nitrate 2008 D

199-K-19 40 40 mg/L Nitrate 2008 D

199-K-20 14 14 mg/L Nitrate 2008 D

199-K-21 25 25 mg/L Nitrate 2008 D

199-K-22 19 19 mg/L Nitrate 2008 D

199-K-23 75 75 mg/L Nitrate 2008 D

199-K-27 23 23 mg/L Nitrate 2008 D

199-K-29 17 17 mg/L Nitrate 2008 D

199-K-30 55 55 mg/L Nitrate 2008 D

199-K-31 25 25 mg/L Nitrate 2008 D

199-K-32A 16 16 mg/L Nitrate 2008 D

199-K-34 52 52 mg/L Nitrate 2008 D

199-K-35 14 14 mg/L Nitrate 2007 D

199-K-36 21 21 mg/L Nitrate 2008 D

199-K-37 10 10 mg/L Nitrate 2008 D

199-N-103A 38 38 mg/L Nitrate 2008 D

199-N-105A 93 93 mg/L Nitrate 2008 D

199-N-106A 42 42 mg/L Nitrate 2008 D

199-N-119 5 5.1 mg/L Nitrate 2008 D

199-N-122 9 8.5 mg/L Nitrate 2008 D

199-N-123 3 2.8 mg/L Nitrate 2008 D

199-N-14 46 46 mg/L Nitrate 2008 D

199-N-146 8 7.9 mg/L Nitrate 2008 D

199-N-147 3 2.5 mg/L Nitrate 2008 D

199-N-16 6 5.9 mg/L Nitrate 2008 D

D-623



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 121 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-9. Nitrate Values

199-N-18 0 U mg/L Nitrate 2008 U

199-N-2 100 100 mg/L Nitrate 2008 D

199-N-21 60 60 mg/L Nitrate 2008 D

199-N-26 67 67 mg/L Nitrate 2007 D

199-N-27 27 27 mg/L Nitrate 2008 D

199-N-28 41 41 mg/L Nitrate 2008 D

199-N-3 83 83 mg/L Nitrate 2008 D

199-N-32 72 72 mg/L Nitrate 2008 D

199-N-34 73 73 mg/L Nitrate 2008 D

199-N-41 28 28 mg/L Nitrate 2008 D

199-N-46 9 8.9 mg/L Nitrate 2008 D

199-N-56 44 44 mg/L Nitrate 2008 D

199-N-57 58 58 mg/L Nitrate 2008 D

199-N-59 60 60 mg/L Nitrate 2008 D

199-N-64 57 57 mg/L Nitrate 2008 D

199-N-67 200 200 mg/L Nitrate 2008 D

199-N-71 11 11 mg/L Nitrate 2008 D

199-N-72 64 64 mg/L Nitrate 2008 D

199-N-73 28 28 mg/L Nitrate 2008 D

199-N-74 14 14 mg/L Nitrate 2008 D

199-N-75 66 66 mg/L Nitrate 2008 D

199-N-76 54 54 mg/L Nitrate 2008 D

199-N-81 41 41 mg/L Nitrate 2008 D

199-N-92A 19 19 mg/L Nitrate 2008 D

199-N-96A 8 8.3 mg/L Nitrate 2008 D

199-N-99A 17 17 mg/L Nitrate 2008 D

19-D 1 0.89 mg/L Nitrate 2008 D

21-M 0 0.07 mg/L Nitrate 2008 D

22-D 1 0.86 mg/L Nitrate 2008 D

23-D 0 0.10 mg/L Nitrate 2008 D
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25-D 10 9.7 mg/L Nitrate 2006 D

26-D 14 14 mg/L Nitrate 2008 D

299-E13-14 16 16 mg/L Nitrate 2008 D

299-E13-5 11 11 mg/L Nitrate 2008 D

299-E16-2 4 3.5 mg/L Nitrate 2008 D

299-E17-1 75 75 mg/L Nitrate 2008 D

299-E17-12 45 45 mg/L Nitrate 2008 D

299-E17-13 41 41 mg/L Nitrate 2008 D

299-E17-14 120 120 mg/L Nitrate 2008 D

299-E17-16 59 59 mg/L Nitrate 2008 D

299-E17-18 41 41 mg/L Nitrate 2008 D

299-E17-19 110 110 mg/L Nitrate 2008 D

299-E17-22 42 42 mg/L Nitrate 2008 D

299-E17-23 21 21 mg/L Nitrate 2008 D

299-E17-25 23 23 mg/L Nitrate 2008 D

299-E17-26 30 30 mg/L Nitrate 2008 D

299-E18-1 13 13 mg/L Nitrate 2008 D

299-E23-1 44 44 mg/L Nitrate 2008 D

299-E23-2 29 29 mg/L Nitrate 2007 D

299-E24-16 70 70 mg/L Nitrate 2008 D

299-E24-18 52 52 mg/L Nitrate 2008 D

299-E24-20 29 29 mg/L Nitrate 2008 D

299-E24-21 45 45 mg/L Nitrate 2008 D

299-E24-22 13 13 mg/L Nitrate 2008 D

299-E24-24 64 64 mg/L Nitrate 2008 D

299-E24-33 26 26 mg/L Nitrate 2008 D

299-E24-5 7 6.5 mg/L Nitrate 2007 D

299-E24-8 27 27 mg/L Nitrate 2007 D

299-E25-17 19 19 mg/L Nitrate 2008 D

299-E25-18 9 8.7 mg/L Nitrate 2008 D
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299-E25-19 37 37 mg/L Nitrate 2008 D

299-E25-2 18 18 mg/L Nitrate 2008 D

299-E25-20 60 60 mg/L Nitrate 2008 D

299-E25-22 13 13 mg/L Nitrate 2008 D

299-E25-26 3 3.0 mg/L Nitrate 2008 D

299-E25-29P 54 54 mg/L Nitrate 2007 D

299-E25-3 39 39 mg/L Nitrate 2008 D

299-E25-31 2 1.9 mg/L Nitrate 2008 D

299-E25-32P 3 3.4 mg/L Nitrate 2008 D

299-E25-34 1 1.3 mg/L Nitrate 2008 D

299-E25-35 6 5.9 mg/L Nitrate 2008 D

299-E25-36 47 47 mg/L Nitrate 2008 D

299-E25-37 1 1.2 mg/L Nitrate 2007 D

299-E25-39 8 7.8 mg/L Nitrate 2008 D

299-E25-40 7 6.5 mg/L Nitrate 2008 D

299-E25-41 29 29 mg/L Nitrate 2008 D

299-E25-42 16 16 mg/L Nitrate 2008 D

299-E25-43 5 5.3 mg/L Nitrate 2007 D

299-E25-44 3 2.9 mg/L Nitrate 2007 D

299-E25-47 14 14 mg/L Nitrate 2007 D

299-E25-48 36 36 mg/L Nitrate 2008 D

299-E25-6 3 2.6 mg/L Nitrate 2008 D

299-E25-93 54 54 mg/L Nitrate 2008 D

299-E25-94 30 30 mg/L Nitrate 2008 D

299-E26-10 43 43 mg/L Nitrate 2008 D

299-E26-11 15 15 mg/L Nitrate 2008 D

299-E26-12 4 4.0 mg/L Nitrate 2008 D

299-E26-13 8 7.9 mg/L Nitrate 2008 D

299-E26-4 11 11 mg/L Nitrate 2008 D

299-E27-10 56 56 mg/L Nitrate 2008 D
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299-E27-11 13 13 mg/L Nitrate 2008 D

299-E27-12 10 9.7 mg/L Nitrate 2008 D

299-E27-13 22 22 mg/L Nitrate 2008 D

299-E27-14 73 73 mg/L Nitrate 2008 D

299-E27-15 20 20 mg/L Nitrate 2008 D

299-E27-155 49 49 mg/L Nitrate 2008 D

299-E27-16 8 7.6 mg/L Nitrate 2008 D

299-E27-17 12 12 mg/L Nitrate 2008 D

299-E27-18 8 8.3 mg/L Nitrate 2008 D

299-E27-19 9 9.2 mg/L Nitrate 2008 D

299-E27-21 28 28 mg/L Nitrate 2008 D

299-E27-22 33 33 mg/L Nitrate 2008 D

299-E27-23 30 30 mg/L Nitrate 2008 D

299-E27-4 26 26 mg/L Nitrate 2008 D

299-E27-7 33 33 mg/L Nitrate 2008 D

299-E27-8 13 13 mg/L Nitrate 2008 D

299-E27-9 34 34 mg/L Nitrate 2008 D

299-E28-17 61 61 mg/L Nitrate 2008 D

299-E28-18 130 130 mg/L Nitrate 2008 D

299-E28-2 52 52 mg/L Nitrate 2008 D

299-E28-21 73 73 mg/L Nitrate 2008 D

299-E28-23 55 55 mg/L Nitrate 2008 D

299-E28-24 51 51 mg/L Nitrate 2008 D

299-E28-25 54 54 mg/L Nitrate 2008 D

299-E28-26 52 52 mg/L Nitrate 2008 D

299-E28-27 95 95 mg/L Nitrate 2008 D

299-E28-28 45 45 mg/L Nitrate 2008 D

299-E28-5 29 29 mg/L Nitrate 2008 D

299-E28-6 54 54 mg/L Nitrate 2008 D

299-E28-8 28 28 mg/L Nitrate 2008 D
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299-E32-10 200 200 mg/L Nitrate 2008 D

299-E32-2 64 64 mg/L Nitrate 2008 D

299-E32-3 67 67 mg/L Nitrate 2008 D

299-E32-4 49 49 mg/L Nitrate 2008 D

299-E32-5 79 79 mg/L Nitrate 2008 D

299-E32-6 66 66 mg/L Nitrate 2008 D

299-E32-7 67 67 mg/L Nitrate 2008 D

299-E32-8 39 39 mg/L Nitrate 2008 D

299-E32-9 76 76 mg/L Nitrate 2008 D

299-E33-13 840 840 mg/L Nitrate 2008 D

299-E33-14 31 31 mg/L Nitrate 2008 D

299-E33-15 770 770 mg/L Nitrate 2008 D

299-E33-16 810 810 mg/L Nitrate 2008 D

299-E33-17 390 390 mg/L Nitrate 2008 D

299-E33-18 350 350 mg/L Nitrate 2008 D

299-E33-1A 1000 1,000 mg/L Nitrate 2008 D

299-E33-2 1100 1,100 mg/L Nitrate 2008 D

299-E33-20 600 600 mg/L Nitrate 2008 D

299-E33-205 260 260 mg/L Nitrate 2008 D

299-E33-21 45 45 mg/L Nitrate 2008 D

299-E33-25 700 700 mg/L Nitrate 2008 D

299-E33-26 600 600 mg/L Nitrate 2008 D

299-E33-28 64 64 mg/L Nitrate 2008 D

299-E33-29 32 32 mg/L Nitrate 2008 D

299-E33-3 1400 1,400 mg/L Nitrate 2008 D

299-E33-30 43 43 mg/L Nitrate 2008 D

299-E33-31 480 480 mg/L Nitrate 2008 D

299-E33-32 200 200 mg/L Nitrate 2008 D

299-E33-33 20 20 mg/L Nitrate 2008 D

299-E33-334 52 52 mg/L Nitrate 2008 D
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299-E33-335 45 45 mg/L Nitrate 2008 D

299-E33-337 30 30 mg/L Nitrate 2008 D

299-E33-338 26 26 mg/L Nitrate 2008 D

299-E33-339 41 41 mg/L Nitrate 2008 D

299-E33-34 680 680 mg/L Nitrate 2008 D

299-E33-341 1300 1,300 mg/L Nitrate 2008 D

299-E33-342 1000 1,000 mg/L Nitrate 2008 D

299-E33-343 200 200 mg/L Nitrate 2008 D

299-E33-345 320 320 mg/L Nitrate 2008 D

299-E33-35 130 130 mg/L Nitrate 2008 D

299-E33-36 12 12 mg/L Nitrate 2008 D

299-E33-37 10 9.6 mg/L Nitrate 2008 D

299-E33-38 1100 1,100 mg/L Nitrate 2008 D

299-E33-39 170 170 mg/L Nitrate 2008 D

299-E33-4 9800 9,800 mg/L Nitrate 2008 D

299-E33-41 110 110 mg/L Nitrate 2008 D

299-E33-42 390 390 mg/L Nitrate 2008 D

299-E33-43 140 140 mg/L Nitrate 2008 D

299-E33-44 610 610 mg/L Nitrate 2008 D

299-E33-47 47 47 mg/L Nitrate 2008 D

299-E33-48 32 32 mg/L Nitrate 2008 D

299-E33-49 40 40 mg/L Nitrate 2008 D

299-E33-5 1000 1,000 mg/L Nitrate 2008 D

299-E33-7 1500 1,500 mg/L Nitrate 2008 D

299-E33-9 310 310 mg/L Nitrate 2008 D

299-E34-10 15 15 mg/L Nitrate 2008 D

299-E34-12 7 7.3 mg/L Nitrate 2008 D

299-E34-2 18 18 mg/L Nitrate 2008 D

299-E34-8 17 17 mg/L Nitrate 2008 D

299-E34-9 28 28 mg/L Nitrate 2008 D

D-629



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 127 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

299-W10-1 140

Table A-9. Nitrate Values

LOTVAL UNITS CON-NAM

140 mg/L Nitrate 2008 D

299-W10-20 59 59 mg/L Nitrate 2006 D

299-W10-22 250 250 mg/L Nitrate 2008 D

299-W10-23 230 230 mg/L Nitrate 2008 D

299-W10-24 260 260 mg/L Nitrate 2008 D

299-W10-26 160 160 mg/L Nitrate 2008 D

299-W10-27 690 690 mg/L Nitrate 2008 D

299-W10-28 1100 1,100 mg/L Nitrate 2008 D

299-W10-29 22 22 mg/L Nitrate 2008 D

299-W1O-30 25 25 mg/L Nitrate 2008 D

299-W10-31 38 38 mg/L Nitrate 2008 D

299-W10-4 2600 2,600 mg/L Nitrate 2008 D

299-W10-5 64 64 mg/L Nitrate 2008 D

299-W10-8 190 190 mg/L Nitrate 2008 D

299-Wll-lo 64 64 mg/L Nitrate 2008 D

299-W11-12 46 46 mg/L Nitrate 2008 D

299-W11-13 74 74 mg/L Nitrate 2008 D

299-W11-18 120 120 mg/L Nitrate 2008 D

299-W11-3 190 190 mg/L Nitrate 2008 D

299-W11-37 130 130 mg/L Nitrate 2008 D

299-W11-39 230 230 mg/L Nitrate 2008 D

299-W11-40 500 500 mg/L Nitrate 2008 D

299-W11-41 700 700 mg/L Nitrate 2008 D

299-W11-42 600 600 mg/L Nitrate 2008 D

299-W11-6 75 75 mg/L Nitrate 2008 D

299-W11-7 150 150 mg/L Nitrate 2008 D

299-W12-1 120 120 mg/L Nitrate 2008 D

299-W14-13 350 350 mg/L Nitrate 2008 D

299-W14-14 85 85 mg/L Nitrate 2008 D

299-W14-15 140 140 mg/L Nitrate 2008 D
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299-W14-16 65 65 mg/L Nitrate 2008 D

299-W14-17 120 120 mg/L Nitrate 2008 D

299-W14-18 140 140 mg/L Nitrate 2008 D

299-W14-19 110 110 mg/L Nitrate 2008 D

299-W14-6 100 100 mg/L Nitrate 2008 D

299-W15-1 82 82 mg/L Nitrate 2008 D

299-W15-11 60 60 mg/L Nitrate 2008 D

299-W15-15 130 130 mg/L Nitrate 2007 D

299-W15-152 130 130 mg/L Nitrate 2008 D

299-W15-2 10 10 mg/L Nitrate 2008 D

299-W15-224 120 120 mg/L Nitrate 2008 D

299-W15-30 97 97 mg/L Nitrate 2008 D

299-W15-31A 100 100 mg/L Nitrate 2008 D

299-W15-32 130 130 mg/L Nitrate 2008 D

299-W15-33 85 85 mg/L Nitrate 2008 D

299-W15-34 95 95 mg/L Nitrate 2008 D

299-W15-35 97 97 mg/L Nitrate 2008 D

299-W15-36 86 86 mg/L Nitrate 2008 D

299-W15-37 18 18 mg/L Nitrate 2008 D

299-W15-38 130 130 mg/L Nitrate 2008 D

299-W15-39 32 32 mg/L Nitrate 2007 D

299-W15-40 150 150 mg/L Nitrate 2008 D

299-W15-41 130 130 mg/L Nitrate 2008 D

299-W15-42 140 140 mg/L Nitrate 2008 D

299-W15-43 49 49 mg/L Nitrate 2008 D

299-W15-44 140 140 mg/L Nitrate 2008 D

299-W15-45 83 83 mg/L Nitrate 2008 D

299-W15-46 180 180 mg/L Nitrate 2008 D

299-W15-47 120 120 mg/L Nitrate 2008 D

299-W15-49 110 110 mg/L Nitrate 2008 D

D-631



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 129 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-9. Nitrate Values

299-W15-7 130 130 mg/L Nitrate 2007 D

299-W15-763 190 190 mg/L Nitrate 2008 D

299-W15-765 360 360 mg/L Nitrate 2008 D

299-W15-83 120 120 mg/L Nitrate 2008 D

299-W15-94 110 110 mg/L Nitrate 2008 D

299-W17-1 18 18 mg/L Nitrate 2008 D

299-W18-1 120 120 mg/L Nitrate 2006 D

299-W18-15 34 34 mg/L Nitrate 2008 D

299-W18-16 630 630 mg/L Nitrate 2008 D

299-W18-21 100 100 mg/L Nitrate 2008 D

299-W18-23 140 140 mg/L Nitrate 2008 D

299-W18-30 30 30 mg/L Nitrate 2008 D

299-W18-31 42 42 mg/L Nitrate 2007 D

299-W18-40 37 37 mg/L Nitrate 2008 D

299-W19-101 84 84 mg/L Nitrate 2008 D

299-W19-105 21 21 mg/L Nitrate 2008 D

299-W19-107 59 59 mg/L Nitrate 2008 D

299-W19-12 54 54 mg/L Nitrate 2008 D

299-W19-18 50 50 mg/L Nitrate 2008 D

299-W19-35 92 92 mg/L Nitrate 2008 D

299-W19-36 280 280 mg/L Nitrate 2008 D

299-W19-37 200 200 mg/L Nitrate 2008 D

299-W19-39 66 66 mg/L Nitrate 2007 D

299-W19-4 12 12 mg/L Nitrate 2007 D

299-W19-40 39 39 mg/L Nitrate 2006 D

299-W19-41 43 43 mg/L Nitrate 2008 D

299-W19-42 35 35 mg/L Nitrate 2008 D

299-W19-43 770 770 mg/L Nitrate 2008 D

299-W19-44 79 79 mg/L Nitrate 2008 D

299-W19-45 48 48 mg/L Nitrate 2008 D
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299-W19-46 45 45 mg/L I Nitrate 2008 D

299-W19-47 38 38 mg/L Nitrate 2008 D

299-W19-48 54 54 mg/L Nitrate 2008 D

299-W19-49 19 19 mg/L Nitrate 2008 D

299-W21-2 56 56 mg/L Nitrate 2008 D

299-W22-10 26 26 mg/L Nitrate 2006 D

299-W22-20 100 100 mg/L Nitrate 2007 D

299-W22-26 60 60 mg/L Nitrate 2008 D

299-W22-44 190 190 mg/L Nitrate 2008 D

299-W22-45 66 66 mg/L Nitrate 2008 D

299-W22-47 110 110 mg/L Nitrate 2008 D

299-W22-48 50 50 mg/L Nitrate 2008 D

299-W22-49 78 78 mg/L Nitrate 2008 D

299-W22-50 69 69 mg/L Nitrate 2008 D

299-W22-69 24 24 mg/L Nitrate 2008 D

299-W22-72 14 14 mg/L Nitrate 2008 D

299-W22-79 25 25 mg/L Nitrate 2007 D

299-W22-80 8 7.5 mg/L Nitrate 2008 D

299-W22-81 29 29 mg/L Nitrate 2008 D

299-W22-82 50 50 mg/L Nitrate 2008 D

299-W22-83 110 110 mg/L Nitrate 2008 D

299-W22-84 28 28 mg/L Nitrate 2008 D

299-W22-85 51 51 mg/L Nitrate 2008 D

299-W22-86 39 39 mg/L Nitrate 2008 D

299-W22-87 3 3.3 mg/L Nitrate 2008 D

299-W22-88 21 21 mg/L Nitrate 2008 D

299-W22-9 1 0.75 mg/L Nitrate 2006 D

299-W23-10 32 32 mg/L Nitrate 2006 D

299-W23-15 7 6.6 mg/L Nitrate 2008 D

299-W23-19 380 380 mg/L Nitrate 2008 D
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299-W23-20 9 9.3 mg/L Nitrate 2008 D

299-W23-21 110 110 mg/L Nitrate 2008 D

299-W23-4 19 19 mg/L Nitrate 2008 D

299-W23-9 220 220 mg/L Nitrate 2007 D

299-W26-13 12 12 mg/L Nitrate 2008 D

299-W26-14 3 3.4 mg/L Nitrate 2008 D

299-W7-4 33 33 mg/L Nitrate 2007 D

299-W8-1 36 36 mg/L Nitrate 2008 D

3099-47-18B 9 9.2 mg/L Nitrate 2007 D

35-S 1 0.71 mg/L Nitrate 2006 D

36-S 0 0.09 mg/L Nitrate 2008 D

37-S 2 1.8 mg/L Nitrate 2007 D

38-M 0 0.10 mg/L Nitrate 2008 D

399-1-1 9 9.3 mg/L Nitrate 2008 D

399-1-10A 27 27 mg/L Nitrate 2008 D

399-1-11 24 24 mg/L Nitrate 2008 D

399-1-12 23 23 mg/L Nitrate 2008 D

399-1-13A 23 23 mg/L Nitrate 2008 D

399-1-15 28 28 mg/L Nitrate 2008 D

399-1-16A 26 26 mg/L Nitrate 2008 D

399-1-17A 26 26 mg/L Nitrate 2008 D

399-1-18A 28 28 mg/L Nitrate 2007 D

399-1-2 25 25 mg/L Nitrate 2008 D

399-1-21A 23 23 mg/L Nitrate 2008 D

399-1-23 26 26 mg/L Nitrate 2008 D

399-1-6 27 27 mg/L Nitrate 2008 D

399-1-7 28 28 mg/L Nitrate 2008 D

399-2-1 18 18 mg/L Nitrate 2008 D

399-2-2 21 21 mg/L Nitrate 2008 D

399-2-5 22 22 mg/L Nitrate 2008 D
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399-3-1 25 25 mg/L Nitrate 2008 D

399-3-10 17 17 mg/L Nitrate 2008 D

399-3-11 25 25 mg/L Nitrate 2008 D

399-3-12 26 26 mg/L Nitrate 2008 D

399-3-18 21 21 mg/L Nitrate 2008 D

399-3-19 28 28 mg/L Nitrate 2008 D

399-3-2 13 13 mg/L Nitrate 2008 D

399-3-20 24 24 mg/L Nitrate 2008 D

399-3-6 26 26 mg/L Nitrate 2008 D

399-3-9 9 8.5 mg/L Nitrate 2008 D

399-4-1 25 25 mg/L Nitrate 2008 D

399-4-10 19 19 mg/L Nitrate 2008 D

399-4-12 31 31 mg/L Nitrate 2008 D

399-4-14 25 25 mg/L Nitrate 2008 D

399-4-7 22 22 mg/L Nitrate 2008 D

399-4-9 19 19 mg/L Nitrate 2008 D

399-5-1 130 130 mg/L Nitrate 2008 D

399-5-4B 57 57 mg/L Nitrate 2008 D

399-8-1 31 31 mg/L Nitrate 2008 D

399-8-3 23 23 mg/L Nitrate 2008 D

399-8-5A 37 37 mg/L Nitrate 2008 D

43-M 14 14 mg/L Nitrate 2008 D

44-M 21 21 mg/L Nitrate 2008 D

45-D 2 2.3 mg/L Nitrate 2008 D

47-D 21 21 mg/L Nitrate 2008 D

48-M 38 38 mg/L Nitrate 2008 D

499-50-7 3 2.8 mg/L Nitrate 2008 D

499-50-8 1 0.51 mg/L Nitrate 2008 D

49-D 30 30 mg/L Nitrate 2008 D

50-M 45 45 mg/L Nitrate 2008 D
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51-M 46 46 mg/L Nitrate 2008 D

52-D 3 3.3 mg/L Nitrate 2008 D

62-M 41 41 mg/L Nitrate 2008 D

63-S 2 2.3 mg/L Nitrate 2007 D

64-D 10 9.7 mg/L Nitrate 2008 D

65-S 2 1.8 mg/L Nitrate 2006 D

66-D 1 0.74 mg/L Nitrate 2008 D

67-M 2 1.5 mg/L Nitrate 2008 D

68-D 0 0.37 mg/L Nitrate 2008 D

699-100-43B 4 4.2 mg/L Nitrate 2008 D

699-101-45 11 11 mg/L Nitrate 2008 D

699-10-54A 22 22 mg/L Nitrate 2008 D

699-10-E12 28 28 mg/L Nitrate 2008 D

699-12-2C 52 52 mg/L Nitrate 2008 D

699-12-4D 26 26 mg/L Nitrate 2008 D

699-13-OA 17 17 mg/L Nitrate 2008 D

699-13-1A 31 31 mg/L Nitrate 2007 D

699-13-1E 54 54 mg/L Nitrate 2008 D

699-13-2D 47 47 mg/L Nitrate 2008 D

699-13-3A 98 98 mg/L Nitrate 2008 D

699-14-38 17 17 mg/L Nitrate 2007 D

699-19-43 11 11 mg/L Nitrate 2007 D

699-19-88 2 1.6 mg/L Nitrate 2008 D

699-20-20 42 42 mg/L Nitrate 2007 D

699-20-E120 3 3.1 mg/L Nitrate 2008 D

699-20-E5A 42 42 mg/L Nitrate 2007 D

699-21-6 15 15 mg/L Nitrate 2007 D

699-22-35 18 18 mg/L Nitrate 2008 D

699-2-3 30 30 mg/L Nitrate 2008 D

699-23-34A 19 19 mg/L Nitrate 2008 D
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699-23-34B 17 17 mg/L Nitrate 2008 D

699-24-33 15 15 mg/L Nitrate 2008 D

699-24-34A 14 14 mg/L Nitrate 2008 D

699-24-34B 16 16 mg/L Nitrate 2008 D

699-24-34C 15 15 mg/L Nitrate 2008 D

699-24-35 13 13 mg/L Nitrate 2008 D

699-24-46 5 5.0 mg/L Nitrate 2008 D

699-25-34A 20 20 mg/L Nitrate 2008 D

699-25-34B 20 20 mg/L Nitrate 2008 D

699-25-34D 18 18 mg/L Nitrate 2008 D

699-25-70 11 11 mg/L Nitrate 2006 D

699-26-15A 34 34 mg/L Nitrate 2007 D

699-26-33 20 20 mg/L Nitrate 2008 D

699-26-34A 19 19 mg/L Nitrate 2008 D

699-26-34B 20 20 mg/L Nitrate 2008 D

699-26-35A 18 18 mg/L Nitrate 2008 D

699-26-89 4 4.3 mg/L Nitrate 2006 D

699-2-6A 21 21 mg/L Nitrate 2008 D

699-2-7 53 53 mg/L Nitrate 2008 D

699-28-40 1 1.2 mg/L Nitrate 2007 D

699-29-4 42 42 mg/L Nitrate 2007 D

699-31-11 37 37 mg/L Nitrate 2007 D

699-31-31 1 0.63 mg/L Nitrate 2008 D

699-32-22A 20 20 mg/L Nitrate 2008 D

699-32-43 18 18 mg/L Nitrate 2008 D

699-32-62 21 21 mg/L Nitrate 2007 D

699-32-72A 15 15 mg/L Nitrate 2007 D

699-32-76 14 14 mg/L Nitrate 2008 D

699-33-56 15 15 mg/L Nitrate 2007 D

699-33-74 17 17 mg/L Nitrate 2008 D
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699-33-75 3 2.9 mg/L Nitrate 2008 D

699-33-76 4 4.3 mg/L Nitrate 2008 D

699-34-41B 31 31 mg/L Nitrate 2007 D

699-34-42 25 25 mg/L Nitrate 2007 D

699-34-72 32 32 mg/L Nitrate 2008 D

699-34-88 35 35 mg/L Nitrate 2006 D

699-35-66A 19 19 mg/L Nitrate 2008 D

699-35-70 22 22 mg/L Nitrate 2008 D

699-35-78A 10 9.6 mg/L Nitrate 2008 D

699-35-9 42 42 mg/L Nitrate 2007 D

699-36-61A 19 19 mg/L Nitrate 2008 D

699-36-66B 56 56 mg/L Nitrate 2008 D

699-36-67 59 59 mg/L Nitrate 2007 D

699-36-70A 38 38 mg/L Nitrate 2008 D

699-36-70B 99 99 mg/L Nitrate 2008 D

699-36-93 52 52 mg/L Nitrate 2006 D

699-37-43 9 9.2 mg/L Nitrate 2007 D

699-37-47A 24 24 mg/L Nitrate 2008 D

699-37-66 170 170 mg/L Nitrate 2008 D

699-37-68 110 110 mg/L Nitrate 2007 D

699-38-15 23 23 mg/L Nitrate 2007 D

699-38-65 190 190 mg/L Nitrate 2007 D

699-38-68A 230 230 mg/L Nitrate 2007 D

699-38-70 96 96 mg/L Nitrate 2007 D

699-39-39 86 86 mg/L Nitrate 2007 D

699-40-1 29 29 mg/L Nitrate 2007 D

699-40-33A 3 3.4 mg/L Nitrate 2007 D

699-40-62 110 110 mg/L Nitrate 2007 D

699-40-65 210 210 mg/L Nitrate 2008 D

699-41-1A 31 31 mg/L Nitrate 2008 D
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699-41-23 5 5.2 mg/L Nitrate 2008 D

699-42-12A 18 18 mg/L Nitrate 2007 D

699-42-40A 10 10 mg/L Nitrate 2007 D

699-43-3 33 33 mg/L Nitrate 2007 D

699-43-44 3 3.1 mg/L Nitrate 2008 D

699-43-45 2 2.1 mg/L Nitrate 2008 D

699-43-89 35 35 mg/L Nitrate 2008 D

699-44-39B 6 6.4 mg/L Nitrate 2008 D

699-44-64 79 79 mg/L Nitrate 2007 D

699-45-69A 31 31 mg/L Nitrate 2007 D

699-46-21B 23 23 mg/L Nitrate 2008 D

699-46-4 24 24 mg/L Nitrate 2008 D

699-47-5 15 15 mg/L Nitrate 2008 D

699-47-60 38 38 mg/L Nitrate 2008 D

699-48-50B 21 21 mg/L Nitrate 2008 D

699-48-71 270 270 mg/L Nitrate 2008 D

699-48-77A 1 0.61 mg/L Nitrate 2008 D

699-48-77D 3 3.4 mg/L Nitrate 2008 D

699-48-7A 1 1.2 mg/L Nitrate 2007 D

699-49-100C 15 15 mg/L Nitrate 2006 D

699-49-13E 9 8.7 mg/L Nitrate 2008 D

699-49-55A 10 10 mg/L Nitrate 2007 D

699-49-57A 230 230 mg/L Nitrate 2008 D

699-49-79 58 58 mg/L Nitrate 2006 D

699-50-28B 6 6.2 mg/L Nitrate 2007 D

699-50-56 44 44 mg/L Nitrate 2008 D

699-50-59 97 97 mg/L Nitrate 2008 D

699-50-74 11 11 mg/L Nitrate 2008 D

699-50-85 23 23 mg/L Nitrate 2006 D

699-51-75 1 0.97 mg/L Nitrate 2006 D
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699-52-19 6 5.8 mg/L Nitrate 2007 D

699-53-47A 93 93 mg/L Nitrate 2007 D

699-53-47B 91 91 mg/L Nitrate 2007 D

699-53-48A 170 170 mg/L Nitrate 2008 D

699-53-55C 140 140 mg/L Nitrate 2008 D

699-54-45A 0 0.07 mg/L Nitrate 2007 D

699-54-49 42 42 mg/L Nitrate 2008 D

699-55-50C 7 7.4 mg/L Nitrate 2008 D

699-55-57 82 82 mg/L Nitrate 2008 D

699-55-60A 16 16 mg/L Nitrate 2008 D

699-55-76 16 16 mg/L Nitrate 2006 D

699-55-89 5 4.9 mg/L Nitrate 2006 D

699-57-59 28 28 mg/L Nitrate 2008 D

699-58-24 4 3.9 mg/L Nitrate 2008 D

699-59-58 25 25 mg/L Nitrate 2008 D

699-60-32 23 23 mg/L Nitrate 2007 D

699-60-60 33 33 mg/L Nitrate 2008 D

699-61-62 27 27 mg/L Nitrate 2008 D

699-61-66 2 2.2 mg/L Nitrate 2008 D

699-62-31 93 93 mg/L Nitrate 2007 D

699-62-43F 16 16 mg/L Nitrate 2008 D

699-63-25A 30 30 mg/L Nitrate 2007 D

699-63-55 12 12 mg/L Nitrate 2007 D

699-63-90 7 7.0 mg/L Nitrate 2008 D

699-64-27 50 50 mg/L Nitrate 2008 D

699-64-62 29 29 mg/L Nitrate 2008 D

699-65-72 2 2.0 mg/L Nitrate 2008 D

699-66-23 40 40 mg/L Nitrate 2008 D

699-67-51 16 16 mg/L Nitrate 2007 D

699-68-105 8 7.5 mg/L Nitrate 2007 D
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699-70-68 26 26 mg/L Nitrate 2008 D

699-71-30 100 100 mg/L Nitrate 2007 D

699-71-77 4 4.0 mg/L Nitrate 2007 D

699-72-73 25 25 mg/L Nitrate 2008 D

699-72-92 9 9.0 mg/L Nitrate 2007 D

699-73-61 8 7.6 mg/L Nitrate 2008 D

699-74-44 6 6.2 mg/L Nitrate 2007 D

699-77-36 34 34 mg/L Nitrate 2008 D

699-77-54 12 12 mg/L Nitrate 2007 D

699-78-62 15 15 mg/L Nitrate 2008 D

699-81-38 4 3.9 mg/L Nitrate 2008 D

699-8-17 27 27 mg/L Nitrate 2008 D

699-8-25 20 20 mg/L Nitrate 2007 D

699-83-47 9 9.2 mg/L Nitrate 2008 D

699-87-55 20 20 mg/L Nitrate 2007 D

699-89-35 23 23 mg/L Nitrate 2006 D

699-91-46A 15 15 mg/L Nitrate 2008 D

699-93-48A 16 16 mg/L Nitrate 2008 D

699-94-41 21 21 mg/L Nitrate 2008 D

699-94-43 27 27 mg/L Nitrate 2008 D

699-95-45 15 15 mg/L Nitrate 2008 D

699-95-48 11 11 mg/L Nitrate 2008 D

699-95-51 22 22 mg/L Nitrate 2008 D

699-96-43 30 30 mg/L Nitrate 2008 D

699-96-49 22 22 mg/L Nitrate 2008 D

699-96-52B 24 24 mg/L Nitrate 2008 D

699-97-41 29 29 mg/L Nitrate 2008 D

699-97-43 23 23 mg/L Nitrate 2008 D

699-97-43B 14 14 mg/L Nitrate 2008 D

699-97-45 21 21 mg/L Nitrate 2008 D
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699-97-48B 15 15 mg/L Nitrate 2008 D

699-97-51A 20 20 mg/L Nitrate 2008 D

699-98-43 26 26 mg/L Nitrate 2008 D

699-98-46 28 28 mg/L Nitrate 2008 D

699-98-51 4 4.4 mg/L Nitrate 2008 D

699-99-41 21 21 mg/L Nitrate 2008 D

699-99-42B 16 16 mg/L Nitrate 2008 D

699-99-44 25 25 mg/L Nitrate 2008 D

699-9-E2 6 6.2 mg/L Nitrate 2007 D

699-S12-29 33 33 mg/L Nitrate 2008 D

699-S12-3 12 12 mg/L Nitrate 2007 D

699-S19-11 17 17 mg/L Nitrate 2008 D

699-S19-E13 27 27 mg/L Nitrate 2008 D

699-S19-E14 31 31 mg/L Nitrate 2007 D

699-S20-ElO 20 20 mg/L Nitrate 2008 D

699-S22-E9A 29 29 mg/L Nitrate 2008 D

699-S24-19Q 2 2.3 mg/L Nitrate 2008 D

699-S27-E12A 150 150 mg/L Nitrate 2007 D

699-S27-E14 88 88 mg/L Nitrate 2008 D

699-S27-E9A 67 67 mg/L Nitrate 2008 D

699-S28-E12 160 160 mg/L Nitrate 2008 D

699-S28-E13A 110 110 mg/L Nitrate 2007 D

699-S29-E10A 110 110 mg/L Nitrate 2007 D

699-S29-Eli 180 180 mg/L Nitrate 2008 D

699-S29-E12 120 120 mg/L Nitrate 2007 D

699-S29-E13A 99 99 mg/L Nitrate 2008 D

699-S29-E16A 76 76 mg/L Nitrate 2008 D

699-S30-E10A 230 230 mg/L Nitrate 2008 D

699-S30-E10B 220 220 mg/L Nitrate 2008 D

699-S30-E11A 160 160 mg/L Nitrate 2008 D
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699-S30-E15A 81 81 mg/L Nitrate 2007 D

699-S31-1 11 11 mg/L Nitrate 2008 D

699-S31-E1OA 300 300 mg/L Nitrate 2008 D

699-S31-ElOC 300 300 mg/L Nitrate 2008 D

699-S31-E10D 310 310 mg/L Nitrate 2008 D

699-S31-Eli 100 100 mg/L Nitrate 2008 D

699-S31-E8A 260 260 mg/L Nitrate 2007 D

699-53-25 2 1.8 mg/L Nitrate 2007 D

699-S32-Eli 120 120 mg/L Nitrate 2008 D

699-S32-E13A 74 74 mg/L Nitrate 2007 D

699-534-ElO 120 120 mg/L Nitrate 2008 D

699-S34-E15 14 14 mg/L Nitrate 2007 D

699-S36-E13A 53 53 mg/L Nitrate 2008 D

699-S37-E14 1 1.3 mg/L Nitrate 2006 D

699-S38-Eli 180 180 mg/L Nitrate 2007 D

699-S38-E12A 97 97 mg/L Nitrate 2007 D

699-53-E12 2 1.8 mg/L Nitrate 2008 D

699-S41-E12 45 45 mg/L Nitrate 2007 D

699-S41-E13A 14 14 mg/L Nitrate 2008 D

699-S43-E12 24 24 mg/L Nitrate 2008 D

699-S6-E14A 5 4.6 mg/L Nitrate 2007 D

699-S6-E4A 29 29 mg/L Nitrate 2008 D

699-56-E4B 30 30 mg/L Nitrate 2008 D

699-S6-E4D 23 23 mg/L Nitrate 2008 D

699-S6-E4E 27 27 mg/L Nitrate 2008 D

699-S6-E4K 28 28 mg/L Nitrate 2008 D

699-S6-E4L 41 41 mg/L Nitrate 2008 D

699-58-19 25 25 mg/L Nitrate 2008 D

72-D 12 12 mg/L Nitrate 2008 D

74-D 5 5.4 mg/L Nitrate 2008 D
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75-D 41 41 mg/L Nitrate 2008 D

76-D 20 20 mg/L Nitrate 2008 D

77-D 24 24 mg/L Nitrate 2008 D

80-D 17 17 mg/L Nitrate 2008 D

82-M 6 6.2 mg/L Nitrate 2008 D

84-D 1 0.97 mg/L Nitrate 2007 D

85-M 5 5.0 mg/L Nitrate 2007 D

86-D 9 8.5 mg/L Nitrate 2008 D

APT1 1 0.80 mg/L Nitrate 2006 D

AT-3-1-S 26 26 mg/L Nitrate 2008 D

AT-3-2-M 24 24 mg/L Nitrate 2008 D

AT-3-3-M 23 23 mg/L Nitrate 2008 D

AT-3-4-S 18 18 mg/L Nitrate 2008 D

AT-3-5-S 20 20 mg/L Nitrate 2008 D

AT-3-6-M 20 20 mg/L Nitrate 2008 D

AT-3-7-M 29 29 mg/L Nitrate 2008 D

AT-3-8-M 52 52 mg/L Nitrate 2008 D

AT-B-3-M 16 16 mg/L Nitrate 2008 D

AT-B-4-S 13 13 mg/L Nitrate 2008 D

AT-B-5-D 22 22 mg/L Nitrate 2008 D

AT-B-7-M 17 17 mg/L Nitrate 2008 D

AT-D-1-D 7 6.6 mg/L Nitrate 2008 D

AT-D-2-M 2 1.8 mg/L Nitrate 2008 D

AT-D-3-D 2 2.3 mg/L Nitrate 2008 D

AT-D-4-D 0 0.17 mg/L Nitrate 2006 D

AT-D-5-D 1 0.71 mg/L Nitrate 2006 D

AT-F-1-D 1 0.84 mg/L Nitrate 2008 D

AT-F-2-M 9 8.7 mg/L Nitrate 2008 D

AT-F-3-D 10 10 mg/L Nitrate 2008 D

AT-F-4-D 3 2.6 mg/L Nitrate 2008 D
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AT-H-1-D 21 21 mg/L Nitrate 2008 D

AT-H-2-D 16 16 mg/L Nitrate 2008 D

AT-H-3-D 13 13 mg/L Nitrate 2008 D

AT-K-1-D 1 0.99 mg/L Nitrate 2008 D

AT-K-2-M 0 0.11 mg/L Nitrate 2008 D

AT-K-3-D 12 12 mg/L Nitrate 2008 D

AT-K-4-M 0 0.24 mg/L Nitrate 2008 D

AT-K-5-D 8 8.2 mg/L Nitrate 2008 D

AT-K-6-M 19 19 mg/L Nitrate 2008 D

C6236 23 23 mg/L Nitrate 2008 D

C6241 53 53 mg/L Nitrate 2008 D

C6244 32 32 mg/L Nitrate 2008 D

C6246 25 25 mg/L Nitrate 2008 D

C6250 4 4.4 mg/L Nitrate 2008 D

C6266 14 14 mg/L Nitrate 2008 D

C6269 15 15 mg/L Nitrate 2008 D

C6287 10 9.6 mg/L Nitrate 2008 D

C6291 8 8.3 mg/L Nitrate 2008 D

C6293 15 15 mg/L Nitrate 2008 D

C6300 4 3.9 mg/L Nitrate 2008 D

C6309 2 1.6 mg/L Nitrate 2008 D

C6315 1 0.96 mg/L Nitrate 2008 D

C6319 32 32 mg/L Nitrate 2008 D

C6320 54 54 mg/L Nitrate 2008 D

C6325 27 27 mg/L Nitrate 2008 D

C6341 14 14 mg/L Nitrate 2008 D

C6344 21 21 mg/L Nitrate 2008 D

C6347 12 12 mg/L Nitrate 2008 D

C6351 8 7.6 mg/L Nitrate 2008 D

C6353 33 33 mg/L Nitrate 2008 D
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C6356 10 10 mg/L Nitrate 2008 D

C6359 6 6.2 mg/L Nitrate 2008 D

C6362 28 28 mg/L Nitrate 2008 D

C6365 28 28 mg/L Nitrate 2008 D

C6368 0 0.48 mg/L Nitrate 2008 D

C6371 7 6.7 mg/L Nitrate 2008 D

C6378 0 U mg/L Nitrate 2008 U

C6380 4 4.1 mg/L Nitrate 2008 D

DD-12-4 1 1.0 mg/L Nitrate 2008 D

DD-15-3 4 3.7 mg/L Nitrate 2008 D

DD-17-2 7 6.5 mg/L Nitrate 2008 D

DD-39-3 28 28 mg/L Nitrate 2008 D

DD-41-2 8 7.5 mg/L Nitrate 2008 D

DD-42-2 7 6.5 mg/L Nitrate 2008 D

DD-43-3 11 11 mg/L Nitrate 2008 D

DD-44-4 18 18 mg/L Nitrate 2008 D

DD-49-4 12 12 mg/L Nitrate 2008 D

DD-50-3 13 13 mg/L Nitrate 2008 D

DK-04-2 8 8.2 mg/L Nitrate 2008 D

N116mArray-OA 0 0.36* mg/L Nitrate 2008 C

N116mArray-10A 2 1.8 mg/L Nitrate 2007 D

N116mArray-11A 7 7.4 mg/L Nitrate 2007 D

N116mArray-12A 6 6.1 mg/L Nitrate 2007 D

N116mArray-13A 3 3.4 mg/L Nitrate 2007 D

N116mArray-14A 9 8.8 mg/L Nitrate 2007 D

N116mArray-1A 0 0.24 mg/L Nitrate 2007 D

N116mArray-2A 24 24 mg/L Nitrate 2008 D

N116mArray-3A 3 2.8 mg/L Nitrate 2008 D

N116mArray-4A 1 1.3 mg/L Nitrate 2008 D

N116mArray-6A 1 0.65 mg/L Nitrate 2008 D
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N116mArray-7A 3 3.2 mg/L Nitrate 2007 D

N116mArray-8A 3 2.6 mg/L Nitrate 2007 D

N116mArray-9A 3 2.5 mg/L Nitrate 2007 D

NS-2A-87cm 3 3.2 mg/L Nitrate 2006 D

NS-3A-87cm 6 5.8 mg/L Nitrate 2006 D

NS-4A-17cm 2 1.5 mg/L Nitrate 2006 D

NVP2-116.0 3 2.5 mg/L Nitrate 2008 D

Redox-1-6.0 27 27 mg/L Nitrate 2008 D

Redox-2-6.0 6 5.9 mg/L Nitrate 2008 D

Redox-3-4.6 35 35 mg/L Nitrate 2008 D

Redox-4-6.0 14 14 mg/L Nitrate 2008 D

SPC-GM-1 68 68 mg/L Nitrate 2007 D

SPC-GM-10 340 340 mg/L Nitrate 2007 D

SPC-GM-11 350 350 mg/L Nitrate 2007 D

SPC-GM-12 370 370 mg/L Nitrate 2007 D

SPC-GM-13 110 110 mg/L Nitrate 2007 D

SPC-GM-16 340 340 mg/L Nitrate 2007 D

SPC-GM-2 240 240 mg/L Nitrate 2007 D

SPC-GM-4 140 140 mg/L Nitrate 2007 D

SPC-GM-5 280 280 mg/L Nitrate 2007 D

SPC-GM-6 180 180 mg/L Nitrate 2007 D

SPC-GM-7 280 280 mg/L Nitrate 2007 D

SPC-GM-8 350 350 mg/L Nitrate 2007 D

SPC-GM-9 240 240 mg/L Nitrate 2007 D
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01-M 23 23 mg/L Sulfate 2007 D

04-D 33 33 mg/L Sulfate 2008 D

05-D 34 34 mg/L Sulfate 2008 D

06-D 44 44 mg/L Sulfate 2008 D

07-D 40 40 mg/L Sulfate 2008 D

1199-39-16D 10 9.8 mg/L Sulfate 2008 D

13-S 41 41 mg/L Sulfate 2007 D

14-D 47 47 mg/L Sulfate 2008 D

15-M 24 24 mg/L Sulfate 2008 D

17-D 36 36 mg/L Sulfate 2008 D

18-S 21 21 mg/L Sulfate 2008 D

199-B2-13 41 41 mg/L Sulfate 2008 D

199-B3-1 57 57 mg/L Sulfate 2008 D

199-B3-46 44 44 mg/L Sulfate 2007 D

199-B3-47 61 61 mg/L Sulfate 2008 D

199-B4-1 48 48 mg/L Sulfate 2008 D

199-B4-7 50 50 mg/L Sulfate 2007 D

199-B4-8 45 45 mg/L Sulfate 2008 D

199-85-1 33 33 mg/L Sulfate 2008 D

199-B8-6 33 33 mg/L Sulfate 2007 D

199-B8-7 34 34 mg/L Sulfate 2008 D

199-B8-8 36 36 mg/L Sulfate 2008 D

199-B9-3 53 53 mg/L Sulfate 2007 D

199-D2-11 86 86 mg/L Sulfate 2008 D

199-D2-6 170 170 mg/L Sulfate 2008 D

199-D2-8 94 94 mg/L Sulfate 2008 D

199-D3-2 70 70 mg/L Sulfate 2008 D

199-D4-1 210 210 mg/L Sulfate 2008 D

199-D4-13 180 180 mg/L Sulfate 2008 D

199-D4-14 82 82 mg/L Sulfate 2008 D
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140 mg/L Sulfate 2008 D

199-D4-19 280 280 mg/L Sulfate 2008 D

199-D4-20 130 130 mg/L Sulfate 2008 D

199-D4-22 150 150 mg/L Sulfate 2008 D

199-D4-23 180 180 mg/L Sulfate 2008 D

199-D4-26 120 120 mg/L Sulfate 2008 D

199-D4-31 150 150 mg/L Sulfate 2008 D

199-D4-32 190 190 mg/L Sulfate 2008 D

199-D4-36 93 93 mg/L Sulfate 2008 D

199-D4-38 100 100 mg/L Sulfate 2008 D

199-D4-39 93 93 mg/L Sulfate 2008 D

199-D4-4 290 290 mg/L Sulfate 2008 D

199-D4-48 45 45 mg/L Sulfate 2008 D

199-D4-5 200 200 mg/L Sulfate 2008 D

199-D4-6 260 260 mg/L Sulfate 2008 D

199-D4-62 230 230 mg/L Sulfate 2008 D

199-D4-7 180 180 mg/L Sulfate 2008 D

199-D4-78 300 300 mg/L Sulfate 2008 D

199-D4-83 30 30 mg/L Sulfate 2008 D

199-D4-84 480 480 mg/L Sulfate 2008 D

199-D4-85 160 160 mg/L Sulfate 2008 D

199-D4-86 52 52 mg/L Sulfate 2008 D

199-D5-102 160 160 mg/L Sulfate 2008 D

199-D5-103 120 120 mg/L Sulfate 2008 D

199-D5-104 130 130 mg/L Sulfate 2008 D

199-D5-13 91 91 mg/L Sulfate 2008 D

199-D5-14 120 120 mg/L Sulfate 2008 D

199-D5-15 110 110 mg/L Sulfate 2008 D

199-D5-16 140 140 mg/L Sulfate 2008 D

199-D5-17 98 98 mg/L Sulfate 2008 D

D-649
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199-D5-18 100 100 mg/L Sulfate 2007 D

D-650

199-D5-19 120 120 mg/L Sulfate 2007 D

199-D5-20 48 48 mg/L Sulfate 2008 D

199-D5-32 67 67 mg/L Sulfate 2008 D

199-D5-33 13 13 mg/L Sulfate 2007 D

199-D5-34 74 74 mg/L Sulfate 2007 D

199-D5-36 18 18 mg/L Sulfate 2008 D

199-D5-37 26 26 mg/L Sulfate 2008 D

199-D5-38 58 58 mg/L Sulfate 2008 D

199-D5-39 97 97 mg/L Sulfate 2008 D

199-D5-40 130 130 mg/L Sulfate 2008 D

199-D5-41 71 71 mg/L Sulfate 2008 D

199-D5-43 97 97 mg/L Sulfate 2008 D

199-D5-44 21 21 mg/L Sulfate 2008 D

199-D5-92 37 37 mg/L Sulfate 2008 D

199-D5-93 39 39 mg/L Sulfate 2008 D

199-D5-97 100 100 mg/L Sulfate 2008 D

199-D5-98 110 110 mg/L Sulfate 2008 D

199-D5-99 110 110 mg/L Sulfate 2008 D

199-D8-4 130 130 mg/L Sulfate 2008 D

199-D8-5 87 87 mg/L Sulfate 2008 D

199-D8-55 15 15 mg/L Sulfate 2008 D

199-D8-68 83 83 mg/L Sulfate 2008 D

199-D8-70 98 98 mg/L Sulfate 2008 D

199-D8-72 99 99 mg/L Sulfate 2008 D

199-D8-73 75 75 mg/L Sulfate 2008 D

199-D8-88 61 61 mg/L Sulfate 2008 D

199-F1-2 81 81 mg/L Sulfate 2007 D

199-F5-1 30 30 mg/L Sulfate 2008 D

199-F5-4 96 96 mg/L Sulfate 2008 D
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WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-F5-42 23 23 mg/L Sulfate 2007 D

199-F5-43A 12 12 mg/L Sulfate 2008 D

199-F5-44 31 31 mg/L Sulfate 2008 D

199-F5-45 79 79 mg/L Sulfate 2007 D

199-F5-46 82 82 mg/L Sulfate 2008 D

199-F5-47 96 96 mg/L Sulfate 2008 D

199-F5-48 45 45 mg/L Sulfate 2007 D

199-F5-6 45 45 mg/L Sulfate 2008 D

199-F6-1 22 22 mg/L Sulfate 2007 D

199-F7-1 88 88 mg/L Sulfate 2008 D

199-F7-2 110 110 mg/L Sulfate 2008 D

199-F7-3 110 110 mg/L Sulfate 2008 D

199-F8-2 52 52 mg/L Sulfate 2007 D

199-F8-3 34 34 mg/L Sulfate 2007 D

199-F8-4 47 47 mg/L Sulfate 2008 D

199-H3-2A 41 41 mg/L Sulfate 2008 D

199-H4-10 40 40 mg/L Sulfate 2008 D

199-H4-12A 37 37 mg/L Sulfate 2008 D

199-H4-13 45 45 mg/L Sulfate 2008 D

199-H4-15A 60 60 mg/L Sulfate 2008 D

199-H4-16 34 34 mg/L Sulfate 2008 D

199-H4-3 63 63 mg/L Sulfate 2008 D

199-H4-4 45 45 mg/L Sulfate 2008 D

199-H4-45 39 39 mg/L Sulfate 2008 D

199-H4-46 80 80 mg/L Sulfate 2008 D

199-H4-47 43 43 mg/L Sulfate 2008 D

199-H4-48 44 44 mg/L Sulfate 2008 D

199-H4-49 66 66 mg/L Sulfate 2008 D

199-H4-5 36 36 mg/L Sulfate 2008 D

199-H4-6 46 46 mg/L Sulfate 2007 D

D-651
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WELL NAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-H4-63 40 40 mg/L Sulfate 2008 D

199-H4-8 52 52 mg/L Sulfate 2008 D

199-H4-9 55 55 mg/L Sulfate 2008 D

199-H5-1A 44 44 mg/L Sulfate 2008 D

199-H6-1 63 63 mg/L Sulfate 2008 D

199-K-106A 23 23 mg/L Sulfate 2008 D

199-K-107A 36 36 mg/L Sulfate 2008 D

199-K-108A 60 60 mg/L Sulfate 2008 D

199-K-109A 15 15 mg/L Sulfate 2008 D

199-K-11 21 21 mg/L Sulfate 2008 D

199-K-110A 13 13 mg/L Sulfate 2008 D

199-K-111A 36 36 mg/L Sulfate 2008 D

199-K-117A 11 11 mg/L Sulfate 2008 D

199-K-126 110 110 mg/L Sulfate 2008 D

199-K-129 28 28 mg/L Sulfate 2006 D

199-K-130 47 47 mg/L Sulfate 2006 D

199-K-132 35 35 mg/L Sulfate 2008 D

199-K-133 310 310 mg/L Sulfate 2008 D

199-K-134 88 88 mg/L Sulfate 2008 D

199-K-135 110 110 mg/L Sulfate 2008 D

199-K-136 150 150 mg/L Sulfate 2008 D

199-K-137 77 77 mg/L Sulfate 2008 D

199-K-138 32 32 mg/L Sulfate 2008 D

199-K-139 41 41 mg/L Sulfate 2008 D

199-K-140 34 34 mg/L Sulfate 2008 D

199-K-141 21 21 mg/L Sulfate 2008 D

199-K-142 16 16 mg/L Sulfate 2008 D

199-K-143 42 42 mg/L Sulfate 2008 D

199-K-149 59 59 mg/L Sulfate 2008 D

199-K-150 66 66 mg/L Sulfate 2008 D

D-652



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 150 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-1 0. Sulfate Values

199-K-159 100 100 mg/L Sulfate 2008 D

199-K-18 86 86 mg/L Sulfate 2008 D

199-K-19 62 62 mg/L Sulfate 2008 D

199-K-20 39 39 mg/L Sulfate 2008 D

199-K-21 57 57 mg/L Sulfate 2008 D

199-K-22 65 65 mg/L Sulfate 2008 D

199-K-23 36 36 mg/L Sulfate 2008 D

199-K-27 19 19 mg/L Sulfate 2008 D

199-K-29 16 16 mg/L Sulfate 2008 D

199-K-30 22 22 mg/L Sulfate 2008 D

199-K-31 35 35 mg/L Sulfate 2008 D

199-K-32A 29 29 mg/L Sulfate 2008 D

199-K-34 33 33 mg/L Sulfate 2008 D

199-K-35 26 26 mg/L Sulfate 2007 D

199-K-36 56 56 mg/L Sulfate 2008 D

199-K-37 48 48 mg/L Sulfate 2008 D

199-N-103A 58 58 mg/L Sulfate 2008 D

199-N-105A 73 73 mg/L Sulfate 2008 D

199-N-106A 67 67 mg/L Sulfate 2008 D

199-N-119 13 13 mg/L Sulfate 2008 D

199-N-122 11 11 mg/L Sulfate 2008 D

199-N-123 24 24 mg/L Sulfate 2008 D

199-N-14 70 70 mg/L Sulfate 2008 D

199-N-146 11 11 mg/L Sulfate 2008 D

199-N-147 11 11 mg/L Sulfate 2008 D

199-N-16 48 48 mg/L Sulfate 2008 D

199-N-18 0 U mg/L Sulfate 2008 U

199-N-2 62 62 mg/L Sulfate 2008 D

199-N-21 100 100 mg/L Sulfate 2008 D

199-N-26 84 84 mg/L Sulfate 2007 D

D-653
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WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-N-27 70 70 mg/L Sulfate 2008 D

199-N-28 68 68 mg/L Sulfate 2008 D

199-N-3 150 150 mg/L Sulfate 2008 D

199-N-32 67 67 mg/L Sulfate 2008 D

199-N-34 110 110 mg/L Sulfate 2008 D

199-N-41 130 130 mg/L Sulfate 2008 D

199-N-46 13 13 mg/L Sulfate 2008 D

199-N-56 110 110 mg/L Sulfate 2008 D

199-N-57 110 110 mg/L Sulfate 2008 D

199-N-59 250 250 mg/L Sulfate 2008 D

199-N-64 120 120 mg/L Sulfate 2008 D

199-N-67 59 59 mg/L Sulfate 2008 D

199-N-71 85 85 mg/L Sulfate 2008 D

199-N-72 130 130 mg/L Sulfate 2008 D

199-N-73 150 150 mg/L Sulfate 2008 D

199-N-74 79 79 mg/L Sulfate 2008 D

199-N-75 100 100 mg/L Sulfate 2008 D

199-N-76 72 72 mg/L Sulfate 2008 D

199-N-81 72 72 mg/L Sulfate 2008 D

199-N-92A 44 44 mg/L Sulfate 2008 D

199-N-96A 49 49 mg/L Sulfate 2008 D

199-N-99A 17 17 mg/L Sulfate 2008 D

19-D 14 14 mg/L Sulfate 2008 D

21-M 9 9.0 mg/L Sulfate 2008 D

22-D 12 12 mg/L Sulfate 2008 D

23-D 10 9.8 mg/L Sulfate 2008 D

25-D 37 37 mg/L Sulfate 2006 D

26-D 61 61 mg/L Sulfate 2008 D

299-E13-14 38 38 mg/L Sulfate 2008 D

299-E13-5 48 48 mg/L Sulfate 2008 D

D-654
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299-E16-2 20 20 mg/L Sulfate 2008 D

299-E17-1 53 53 mg/L Sulfate 2008 D

299-E17-12 59 59 mg/L Sulfate 2008 D

299-E17-13 60 60 mg/L Sulfate 2008 D

299-E17-14 69 69 mg/L Sulfate 2008 D

299-E17-16 57 57 mg/L Sulfate 2008 D

299-E17-18 56 56 mg/L Sulfate 2008 D

299-E17-19 48 48 mg/L Sulfate 2008 D

299-E17-22 56 56 mg/L Sulfate 2008 D

299-E17-23 45 45 mg/L Sulfate 2008 D

299-E17-25 40 40 mg/L Sulfate 2008 D

299-E17-26 65 65 mg/L Sulfate 2008 D

299-E18-1 110 110 mg/L Sulfate 2008 D

299-E23-1 100 100 mg/L Sulfate 2008 D

299-E24-16 59 59 mg/L Sulfate 2008 D

299-E24-18 66 66 mg/L Sulfate 2008 D

299-E24-20 65 65 mg/L Sulfate 2008 D

299-E24-21 83 83 mg/L Sulfate 2008 D

299-E24-22 74 74 mg/L Sulfate 2008 D

299-E24-24 63 63 mg/L Sulfate 2008 D

299-E24-33 130 130 mg/L Sulfate 2008 D

299-E24-5 40 40 mg/L Sulfate 2007 D

299-E24-8 120 120 mg/L Sulfate 2007 D

299-E25-17 80 80 mg/L Sulfate 2008 D

299-E25-18 37 37 mg/L Sulfate 2008 D

299-E25-19 32 32 mg/L Sulfate 2008 D

299-E25-2 94 94 mg/L Sulfate 2008 D

299-E25-20 31 31 mg/L Sulfate 2008 D

299-E25-22 28 28 mg/L Sulfate 2008 D

299-E25-26 22 22 mg/L Sulfate 2008 D

D-655
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299-E25-29P 50 50 mg/L Sulfate 2007 D

299-E25-3 99 99 mg/L Sulfate 2008 D

299-E25-31 25 25 mg/L Sulfate 2008 D

299-E25-32P 18 18 mg/L Sulfate 2008 D

299-E25-34 12 12 mg/L Sulfate 2008 D

299-E25-35 96 96 mg/L Sulfate 2008 D

299-E25-36 100 100 mg/L Sulfate 2008 D

299-E25-37 18 18 mg/L Sulfate 2007 D

299-E25-39 22 22 mg/L Sulfate 2008 D

299-E25-40 72 72 mg/L Sulfate 2008 D

299-E25-41 110 110 mg/L Sulfate 2008 D

299-E25-42 67 67 mg/L Sulfate 2008 D

299-E25-43 34 34 mg/L Sulfate 2007 D

299-E25-44 17 17 mg/L Sulfate 2007 D

299-E25-47 52 52 mg/L Sulfate 2007 D

299-E25-48 120 120 mg/L Sulfate 2008 D

299-E25-6 18 18 mg/L Sulfate 2008 D

299-E25-93 130 130 mg/L Sulfate 2008 D

299-E25-94 110 110 mg/L Sulfate 2008 D

299-E26-10 220 220 mg/L Sulfate 2008 D

299-E26-11 100 100 mg/L Sulfate 2008 D

299-E26-12 18 18 mg/L Sulfate 2008 D

299-E26-13 22 22 mg/L Sulfate 2008 D

299-E26-4 78 78 mg/L Sulfate 2008 D

299-E27-10 270 270 mg/L Sulfate 2008 D

299-E27-11 88 88 mg/L Sulfate 2008 D

299-E27-12 56 56 mg/L Sulfate 2008 D

299-E27-13 100 100 mg/L Sulfate 2008 D

299-E27-14 280 280 mg/L Sulfate 2008 D

299-E27-15 100 100 mg/L Sulfate 2008 D

D-656
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299-E27-155 170 170 mg/L Sulfate 2008 D

299-E27-16 51 51 mg/L Sulfate 2008 D

299-E27-17 82 82 mg/L Sulfate 2008 D

299-E27-18 58 58 mg/L Sulfate 2008 D

299-E27-19 62 62 mg/L Sulfate 2008 D

299-E27-21 94 94 mg/L Sulfate 2008 D

299-E27-22 170 170 mg/L Sulfate 2008 D

299-E27-23 110 110 mg/L Sulfate 2008 D

299-E27-4 110 110 mg/L Sulfate 2008 D

299-E27-7 200 200 mg/L Sulfate 2008 D

299-E27-8 88 88 mg/L Sulfate 2008 D

299-E27-9 160 160 mg/L Sulfate 2008 D

299-E28-17 110 110 mg/L Sulfate 2008 D

299-E28-18 80 80 mg/L Sulfate 2008 D

299-E28-2 100 100 mg/L Sulfate 2008 D

299-E28-21 73 73 mg/L Sulfate 2008 D

299-E28-23 110 110 mg/L Sulfate 2008 D

299-E28-24 100 100 mg/L Sulfate 2008 D

299-E28-25 110 110 mg/L Sulfate 2008 D

299-E28-26 67 67 mg/L Sulfate 2008 D

299-E28-27 82 82 mg/L Sulfate 2008 D

299-E28-28 42 42 mg/L Sulfate 2008 D

299-E28-5 76 76 mg/L Sulfate 2008 D

299-E28-6 150 150 mg/L Sulfate 2008 D

299-E28-8 84 84 mg/L Sulfate 2008 D

299-E32-10 110 110 mg/L Sulfate 2008 D

299-E32-2 69 69 mg/L Sulfate 2008 D

299-E32-3 79 79 mg/L Sulfate 2008 D

299-E32-4 39 39 mg/L Sulfate 2008 D

299-E32-5 120 120 mg/L Sulfate 2008 D

D-657
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299-E32-6 71 71 mg/L Sulfate 2008 D

299-E32-7 75 75 mg/L Sulfate 2008 D

299-E32-8 87 87 mg/L Sulfate 2008 D

299-E32-9 90 90 mg/L Sulfate 2008 D

299-E33-13 200 200 mg/L Sulfate 2008 D

299-E33-14 83 83 mg/L Sulfate 2008 D

299-E33-15 200 200 mg/L Sulfate 2008 D

299-E33-16 270 270 mg/L Sulfate 2008 D

299-E33-17 110 110 mg/L Sulfate 2008 D

299-E33-18 140 140 mg/L Sulfate 2008 D

299-E33-1A 210 210 mg/L Sulfate 2008 D

299-E33-2 210 210 mg/L Sulfate 2008 D

299-E33-20 100 100 mg/L Sulfate 2008 D

299-E33-205 140 140 mg/L Sulfate 2008 D

299-E33-21 91 91 mg/L Sulfate 2008 D

299-E33-25 170 170 mg/L Sulfate 2008 D

299-E33-26 170 170 mg/L Sulfate 2008 D

299-E33-28 88 88 mg/L Sulfate 2008 D

299-E33-29 84 84 mg/L Sulfate 2008 D

299-E33-3 220 220 mg/L Sulfate 2008 D

299-E33-30 86 86 mg/L Sulfate 2008 D

299-E33-31 200 200 mg/L Sulfate 2008 D

299-E33-32 97 97 mg/L Sulfate 2008 D

299-E33-33 66 66 mg/L Sulfate 2008 D

299-E33-334 91 91 mg/L Sulfate 2008 D

299-E33-335 97 97 mg/L Sulfate 2008 D

299-E33-337 84 84 mg/L Sulfate 2008 D

299-E33-338 53 53 mg/L Sulfate 2008 D

299-E33-339 97 97 mg/L Sulfate 2008 D

299-E33-34 140 140 mg/L Sulfate 2008 D

D-658
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299-E33-341 220 220 mg/L Sulfate 2008 D

299-E33-342 270 270 mg/L Sulfate 2008 D

299-E33-343 120 120 mg/L Sulfate 2008 D

299-E33-345 150 150 mg/L Sulfate 2008 D

299-E33-35 78 78 mg/L Sulfate 2008 D

299-E33-36 53 53 mg/L Sulfate 2008 D

299-E33-37 50 50 mg/L Sulfate 2008 D

299-E33-38 240 240 mg/L Sulfate 2008 D

299-E33-39 96 96 mg/L Sulfate 2008 D

299-E33-4 440 440 mg/L Sulfate 2008 D

299-E33-41 84 84 mg/L Sulfate 2008 D

299-E33-42 110 110 mg/L Sulfate 2008 D

299-E33-43 95 95 mg/L Sulfate 2008 D

299-E33-44 240 240 mg/L Sulfate 2008 D

299-E33-47 63 63 mg/L Sulfate 2008 D

299-E33-48 87 87 mg/L Sulfate 2008 D

299-E33-49 90 90 mg/L Sulfate 2008 D

299-E33-5 210 210 mg/L Sulfate 2008 D

299-E33-7 240 240 mg/L Sulfate 2008 D

299-E33-9 200 200 mg/L Sulfate 2008 D

299-E34-10 72 72 mg/L Sulfate 2008 D

299-E34-12 61 61 mg/L Sulfate 2008 D

299-E34-2 110 110 mg/L Sulfate 2008 D

299-E34-8 70 70 mg/L Sulfate 2008 D

299-E34-9 78 78 mg/L Sulfate 2008 D

299-W10-1 48 48 mg/L Sulfate 2008 D

299-W10-20 39 39 mg/L Sulfate 2006 D

299-W10-22 49 49 mg/L Sulfate 2008 D

299-W10-23 57 57 mg/L Sulfate 2008 D

299-W10-24 52 52 mg/L Sulfate 2008 D

D-659
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299-W10-26 100 100 mg/L I Sulfate 2008 D

299-W10-27 71 71 mg/L Sulfate 2008 D

299-W10-28 46 46 mg/L Sulfate 2008 D

299-W10-29 32 32 mg/L Sulfate 2008 D

299-W10-30 43 43 mg/L Sulfate 2008 D

299-W10-31 37 37 mg/L Sulfate 2008 D

299-W10-4 85 85 mg/L Sulfate 2008 D

299-W10-5 30 30 mg/L Sulfate 2008 D

299-W1O-8 59 59 mg/L Sulfate 2008 D

299-Wll-10 51 51 mg/L Sulfate 2008 D

299-W11-12 110 110 mg/L Sulfate 2008 D

299-W11-13 38 38 mg/L Sulfate 2008 D

299-W11-18 38 38 mg/L Sulfate 2008 D

299-W11-3 64 64 mg/L Sulfate 2008 D

299-W11-37 71 71 mg/L Sulfate 2008 D

299-W11-39 73 73 mg/L Sulfate 2008 D

299-W11-40 96 96 mg/L Sulfate 2008 D

299-W11-41 66 66 mg/L Sulfate 2008 D

299-W11-42 52 52 mg/L Sulfate 2008 D

299-W11-6 61 61 mg/L Sulfate 2008 D

299-W11-7 62 62 mg/L Sulfate 2008 D

299-W12-1 80 80 mg/L Sulfate 2008 D

299-W14-13 120 120 mg/L Sulfate 2008 D

299-W14-14 41 41 mg/L Sulfate 2008 D

299-W14-15 61 61 mg/L Sulfate 2008 D

299-W14-16 34 34 mg/L Sulfate 2008 D

299-W14-17 34 34 mg/L Sulfate 2008 D

299-W14-18 54 54 mg/L Sulfate 2008 D

299-W14-19 44 44 mg/L Sulfate 2008 D

299-W14-6 53 53 mg/L Sulfate 2008 D

D-660
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299-W15-1 37 37 mg/L Sulfate 2008 D

299-W15-11 25 25 mg/L Sulfate 2008 D

299-W15-15 34 34 mg/L Sulfate 2007 D

299-W15-152 36 36 mg/L Sulfate 2008 D

299-W15-2 23 23 mg/L Sulfate 2008 D

299-W15-224 35 35 mg/L Sulfate 2008 D

299-W15-30 31 31 mg/L Sulfate 2008 D

299-W15-31A 32 32 mg/L Sulfate 2008 D

299-W15-34 41 41 mg/L Sulfate 2008 D

299-W15-35 33 33 mg/L Sulfate 2008 D

299-W15-36 23 23 mg/L Sulfate 2008 D

299-W15-37 18 18 mg/L Sulfate 2008 D

299-W15-38 32 32 mg/L Sulfate 2008 D

299-W15-39 19 19 mg/L Sulfate 2007 D

299-W15-40 50 50 mg/L Sulfate 2008 D

299-W15-41 50 50 mg/L Sulfate 2008 D

299-W15-42 63 63 mg/L Sulfate 2008 D

299-W15-43 29 29 mg/L Sulfate 2008 D

299-W15-44 49 49 mg/L Sulfate 2008 D

299-W15-45 30 30 mg/L Sulfate 2008 D

299-W15-46 27 27 mg/L Sulfate 2008 D

299-W15-47 29 29 mg/L Sulfate 2008 D

299-W15-49 32 32 mg/L Sulfate 2008 D

299-W15-7 33 33 mg/L Sulfate 2007 D

299-W15-763 49 49 mg/L Sulfate 2008 D

299-W15-765 46 46 mg/L Sulfate 2008 D

299-W15-83 35 35 mg/L Sulfate 2008 D

299-W15-94 33 33 mg/L Sulfate 2008 D

299-W17-1 35 35 mg/L Sulfate 2008 D

299-W18-1 30 30 mg/L Sulfate 2006 D
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299-W18-15 18 18 mg/L Sulfate 2008 D

299-W18-16 29 29 mg/L Sulfate 2008 D

299-W18-21 32 32 mg/L Sulfate 2008 D

299-W18-23 38 38 mg/L Sulfate 2008 D

299-W18-30 21 21 mg/L Sulfate 2008 D

299-W18-31 21 21 mg/L Sulfate 2007 D

299-W18-40 21 21 mg/L Sulfate 2008 D

299-W19-101 29 29 mg/L Sulfate 2008 D

299-W19-105 29 29 mg/L Sulfate 2008 D

299-W19-107 37 37 mg/L Sulfate 2008 D

299-W19-12 41 41 mg/L Sulfate 2008 D

299-W19-18 35 35 mg/L Sulfate 2008 D

299-W19-35 29 29 mg/L Sulfate 2008 D

299-W19-36 52 52 mg/L Sulfate 2008 D

299-W19-37 42 42 mg/L Sulfate 2008 D

299-W19-39 26 26 mg/L Sulfate 2007 D

299-W19-4 55 55 mg/L Sulfate 2007 D

299-W19-40 27 27 mg/L Sulfate 2006 D

299-W19-41 46 46 mg/L Sulfate 2008 D

299-W19-42 26 26 mg/L Sulfate 2008 D

299-W19-43 50 50 mg/L Sulfate 2008 D

299-W19-44 45 45 mg/L Sulfate 2008 D

299-W19-45 34 34 mg/L Sulfate 2008 D

299-W19-46 24 24 mg/L Sulfate 2008 D

299-W19-47 22 22 mg/L Sulfate 2008 D

299-W19-48 30 30 mg/L Sulfate 2008 D

299-W19-49 31 31 mg/L Sulfate 2008 D

299-W21-2 32 32 mg/L Sulfate 2008 D

299-W22-10 17 17 mg/L Sulfate 2006 D

299-W22-20 180 180 mg/L Sulfate 2008 D
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20 mg/L Sulfate 2008 D

299-W22-44 25 25 mg/L Sulfate 2008 D

299-W22-45 27 27 mg/L Sulfate 2008 D

299-W22-47 18 18 mg/L Sulfate 2008 D

299-W22-48 22 22 mg/L Sulfate 2008 D

299-W22-49 24 24 mg/L Sulfate 2008 D

299-W22-50 18 18 mg/L Sulfate 2008 D

299-W22-69 24 24 mg/L Sulfate 2008 D

299-W22-72 14 14 mg/L Sulfate 2008 D

299-W22-79 15 15 mg/L Sulfate 2007 D

299-W22-80 15 15 mg/L Sulfate 2008 D

299-W22-81 34 34 mg/L Sulfate 2008 D

299-W22-82 19 19 mg/L Sulfate 2008 D

299-W22-83 17 17 mg/L Sulfate 2008 D

299-W22-84 23 23 mg/L Sulfate 2008 D

299-W22-85 22 22 mg/L Sulfate 2008 D

299-W22-86 14 14 mg/L Sulfate 2008 D

299-W22-87 13 13 mg/L Sulfate 2008 D

299-W22-88 22 22 mg/L Sulfate 2008 D

299-W22-9 8 8.4 mg/L Sulfate 2006 D

299-W23-10 14 14 mg/L Sulfate 2006 D

299-W23-15 14 14 mg/L Sulfate 2008 D

299-W23-19 25 25 mg/L Sulfate 2008 D

299-W23-20 15 15 mg/L Sulfate 2008 D

299-W23-21 22 22 mg/L Sulfate 2008 D

299-W23-4 16 16 mg/L Sulfate 2008 D

299-W23-9 36 36 mg/L Sulfate 2007 D

299-W26-13 17 17 mg/L Sulfate 2008 D

299-W26-14 14 14 mg/L Sulfate 2008 D

299-W7-4 30 30 mg/L Sulfate 2007 D
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299-W8-1 47 47 mg/L Sulfate 2008 D

3099-47-18B 16 16 mg/L Sulfate 2007 D

35-S 11 11 mg/L Sulfate 2006 D

36-S 15 15 mg/L Sulfate 2008 D

37-S 13 13 mg/L Sulfate 2007 D

38-M 10 10 mg/L Sulfate 2008 D

399-1-1 25 25 mg/L Sulfate 2008 D

399-1-10A 58 58 mg/L Sulfate 2008 D

399-1-11 53 53 mg/L Sulfate 2008 D

399-1-12 50 50 mg/L Sulfate 2008 D

399-1-13A 51 51 mg/L Sulfate 2008 D

399-1-15 58 58 mg/L Sulfate 2008 D

399-1-16A 57 57 mg/L Sulfate 2008 D

399-1-17A 58 58 mg/L Sulfate 2008 D

399-1-18A 54 54 mg/L Sulfate 2007 D

399-1-2 57 57 mg/L Sulfate 2008 D

399-1-21A 50 50 mg/L Sulfate 2008 D

399-1-23 59 59 mg/L Sulfate 2008 D

399-1-6 56 56 mg/L Sulfate 2008 D

399-1-7 56 56 mg/L Sulfate 2008 D

399-2-1 41 41 mg/L Sulfate 2008 D

399-2-2 61 61 mg/L Sulfate 2008 D

399-2-5 49 49 mg/L Sulfate 2008 D

399-3-1 52 52 mg/L Sulfate 2008 D

399-3-10 40 40 mg/L Sulfate 2008 D

399-3-11 44 44 mg/L Sulfate 2008 D

399-3-12 46 46 mg/L Sulfate 2008 D

399-3-18 46 46 mg/L Sulfate 2008 D

399-3-19 44 44 mg/L Sulfate 2008 D

399-3-2 28 28 mg/L Sulfate 2008 D
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399-3-20 50 50 mg/L Sulfate 2008 D

399-3-6 38 38 mg/L Sulfate 2008 D

399-3-9 20 20 mg/L Sulfate 2008 D

399-4-1 36 36 mg/L Sulfate 2008 D

399-4-10 39 39 mg/L Sulfate 2008 D

399-4-12 39 39 mg/L Sulfate 2008 D

399-4-14 44 44 mg/L Sulfate 2008 D

399-4-7 41 41 mg/L Sulfate 2008 D

399-4-9 42 42 mg/L Sulfate 2008 D

399-5-1 59 59 mg/L Sulfate 2008 D

399-5-4B 44 44 mg/L Sulfate 2008 D

399-8-1 41 41 mg/L Sulfate 2008 D

399-8-3 38 38 mg/L Sulfate 2008 D

399-8-5A 42 42 mg/L Sulfate 2008 D

43-M 40 40 mg/L Sulfate 2008 D

44-M 47 47 mg/L Sulfate 2008 D

45-D 11 11 mg/L Sulfate 2008 D

47-D 36 36 mg/L Sulfate 2008 D

48-M 49 49 mg/L Sulfate 2008 D

499-SO-7 43 43 mg/L Sulfate 2008 D

499-50-8 34 34 mg/L Sulfate 2008 D

49-D 51 51 mg/L Sulfate 2008 D

50-M 64 64 mg/L Sulfate 2008 D

51-M 66 66 mg/L Sulfate 2008 D

52-D 33 33 mg/L Sulfate 2008 D

62-M 91 91 mg/L Sulfate 2008 D

63-S 11 11 mg/L Sulfate 2007 D

64-D 23 23 mg/L Sulfate 2008 D

65-S 13 13 mg/L Sulfate 2006 D

66-D 13 13 mg/L Sulfate 2008 D
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67-M 14 14 mg/L Sulfate 2008 D

68-D 13 13 mg/L Sulfate 2008 D

699-100-43B 18 18 mg/L Sulfate 2008 D

699-101-45 41 41 mg/L Sulfate 2008 D

699-10-54A 23 23 mg/L Sulfate 2008 D

699-10-E12 37 37 mg/L Sulfate 2008 D

699-12-2C 54 54 mg/L Sulfate 2008 D

699-12-4D 48 48 mg/L Sulfate 2008 D

699-13-OA 58 58 mg/L Sulfate 2008 D

699-13-1A 33 33 mg/L Sulfate 2007 D

699-13-1E 61 61 mg/L Sulfate 2008 D

699-13-2D 54 54 mg/L Sulfate 2008 D

699-13-3A 57 57 mg/L Sulfate 2008 D

699-14-38 29 29 mg/L Sulfate 2007 D

699-19-43 47 47 mg/L Sulfate 2007 D

699-19-88 13 13 mg/L Sulfate 2008 D

699-20-20 40 40 mg/L Sulfate 2007 D

699-20-E120 10 9.6 mg/L Sulfate 2008 D

699-20-ESA 37 37 mg/L Sulfate 2007 D

699-21-6 16 16 mg/L Sulfate 2007 D

699-22-35 44 44 mg/L Sulfate 2008 D

699-2-3 52 52 mg/L Sulfate 2008 D

699-23-34A 48 48 mg/L Sulfate 2008 D

699-23-34B 45 45 mg/L Sulfate 2008 D

699-24-33 44 44 mg/L Sulfate 2008 D

699-24-34A 47 47 mg/L Sulfate 2008 D

699-24-34B 51 51 mg/L Sulfate 2008 D

699-24-34C 43 43 mg/L Sulfate 2008 D

699-24-35 45 45 mg/L Sulfate 2008 D

699-24-46 22 22 mg/L Sulfate 2008 D
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699-25-34A 45 45 mg/L Sulfate 2008 D

699-25-34B 42 42 mg/L Sulfate 2008 D

699-25-34D 39 39 mg/L Sulfate 2008 D

699-25-70 20 20 mg/L Sulfate 2006 D

699-26-15A 37 37 mg/L Sulfate 2007 D

699-26-33 40 40 mg/L Sulfate 2008 D

699-26-34A 43 43 mg/L Sulfate 2008 D

699-26-34B 42 42 mg/L Sulfate 2008 D

699-26-35A 41 41 mg/L Sulfate 2008 D

699-26-89 18 18 mg/L Sulfate 2006 D

699-2-6A 47 47 mg/L Sulfate 2008 D

699-2-7 50 50 mg/L Sulfate 2008 D

699-28-40 22 22 mg/L Sulfate 2007 D

699-29-4 36 36 mg/L Sulfate 2007 D

699-31-11 38 38 mg/L Sulfate 2007 D

699-31-31 1 1.2 mg/L Sulfate 2008 D

699-32-22A 28 28 mg/L Sulfate 2008 D

699-32-43 40 40 mg/L Sulfate 2008 D

699-32-62 25 25 mg/L Sulfate 2007 D

699-32-72A 20 20 mg/L Sulfate 2007 D

699-32-76 25 25 mg/L Sulfate 2008 D

699-33-56 25 25 mg/L Sulfate 2007 D

699-33-74 18 18 mg/L Sulfate 2008 D

699-33-75 12 12 mg/L Sulfate 2008 D

699-33-76 15 15 mg/L Sulfate 2008 D

699-34-41B 40 40 mg/L Sulfate 2007 D

699-34-42 40 40 mg/L Sulfate 2007 D

699-34-72 53 53 mg/L Sulfate 2008 D

699-34-88 44 44 mg/L Sulfate 2006 D

699-35-66A 27 27 mg/L Sulfate 2008 D
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699-35-70 27 27 mg/L Sulfate 2008 D

699-35-78A 21 21 mg/L Sulfate 2008 D

699-35-9 45 45 mg/L Sulfate 2007 D

699-36-61A 25 25 mg/L Sulfate 2008 D

699-36-66B 30 30 mg/L Sulfate 2008 D

699-36-67 31 31 mg/L Sulfate 2007 D

699-36-70A 30 30 mg/L Sulfate 2008 D

699-36-70B 39 39 mg/L Sulfate 2008 D

699-36-93 53 53 mg/L Sulfate 2006 D

699-37-43 350 350 mg/L Sulfate 2007 D

699-37-47A 58 58 mg/L Sulfate 2008 D

699-37-66 27 27 mg/L Sulfate 2008 D

699-37-68 31 31 mg/L Sulfate 2007 D

699-38-15 34 34 mg/L Sulfate 2007 D

699-38-65 22 22 mg/L Sulfate 2007 D

699-38-68A 60 60 mg/L Sulfate 2007 D

699-38-70 36 36 mg/L Sulfate 2007 D

699-39-39 260 260 mg/L Sulfate 2007 D

699-40-1 34 34 mg/L Sulfate 2007 D

699-40-33A 14 14 mg/L Sulfate 2007 D

699-40-62 32 32 mg/L Sulfate 2007 D

699-40-65 34 34 mg/L Sulfate 2008 D

699-41-lA 36 36 mg/L Sulfate 2008 D

699-41-23 23 23 mg/L Sulfate 2008 D

699-42-12A 37 37 mg/L Sulfate 2007 D

699-42-40A 25 25 mg/L Sulfate 2007 D

699-43-3 39 39 mg/L Sulfate 2007 D

699-43-44 15 15 mg/L Sulfate 2008 D

699-43-45 16 16 mg/L Sulfate 2008 D

699-43-89 38 38 mg/L Sulfate 2008 D
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699-44-39B 32 32 mg/L Sulfate 2008 D

699-44-64 44 44 mg/L Sulfate 2007 D

699-45-69A 26 26 mg/L Sulfate 2007 D

699-46-21B 57 57 mg/L Sulfate 2008 D

699-46-4 41 41 mg/L Sulfate 2008 D

699-47-5 35 35 mg/L Sulfate 2008 D

699-47-60 35 35 mg/L Sulfate 2008 D

699-48-50B 130 130 mg/L Sulfate 2008 D

699-48-71 23 23 mg/L Sulfate 2008 D

699-48-77A 3 3.4 mg/L Sulfate 2008 D

699-48-77D 20 20 mg/L Sulfate 2008 D

699-48-7A 9 9.4 mg/L Sulfate 2007 D

699-49-100C 78 78 mg/L Sulfate 2006 D

699-49-13E 31 31 mg/L Sulfate 2008 D

699-49-55A 110 110 mg/L Sulfate 2007 D

699-49-57A 89 89 mg/L Sulfate 2008 D

699-49-79 52 52 mg/L Sulfate 2006 D

699-50-28B 25 25 mg/L Sulfate 2007 D

699-50-56 120 120 mg/L Sulfate 2008 D

699-50-59 140 140 mg/L Sulfate 2008 D

699-50-74 19 19 mg/L Sulfate 2008 D

699-50-85 19 19 mg/L Sulfate 2006 D

699-51-75 18 18 mg/L Sulfate 2006 D

699-52-19 26 26 mg/L Sulfate 2007 D

699-53-47A 110 110 mg/L Sulfate 2007 D

699-53-47B 110 110 mg/L Sulfate 2007 D

699-53-48A 260 260 mg/L Sulfate 2008 D

699-53-55C 170 170 mg/L Sulfate 2008 D

699-54-45A 16 16 mg/L Sulfate 2007 D

699-54-49 67 67 mg/L Sulfate 2008 D
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699-55-50C 20 20 mg/L I Sulfate 2008 D

699-55-57 130 130 mg/L Sulfate 2008 D

699-55-60A 27 27 mg/L Sulfate 2008 D

699-55-76 64 64 mg/L Sulfate 2006 D

699-55-89 16 16 mg/L Sulfate 2006 D

699-57-59 47 47 mg/L Sulfate 2008 D

699-58-24 23 23 mg/L Sulfate 2008 D

699-59-58 41 41 mg/L Sulfate 2008 D

699-60-32 33 33 mg/L Sulfate 2007 D

699-60-60 46 46 mg/L Sulfate 2008 D

699-61-62 45 45 mg/L Sulfate 2008 D

699-61-66 20 20 mg/L Sulfate 2008 D

699-62-31 46 46 mg/L Sulfate 2007 D

699-62-43F 29 29 mg/L Sulfate 2008 D

699-63-25A 110 110 mg/L Sulfate 2007 D

699-63-55 25 25 mg/L Sulfate 2007 D

699-63-90 30 30 mg/L Sulfate 2008 D

699-64-27 170 170 mg/L Sulfate 2008 D

699-64-62 51 51 mg/L Sulfate 2008 D

699-65-72 20 20 mg/L Sulfate 2008 D

699-66-23 110 110 mg/L Sulfate 2008 D

699-67-51 25 25 mg/L Sulfate 2007 D

699-68-105 20 20 mg/L Sulfate 2007 D

699-70-68 53 53 mg/L Sulfate 2008 D

699-71-30 54 54 mg/L Sulfate 2007 D

699-71-77 23 23 mg/L Sulfate 2007 D

699-72-73 56 56 mg/L Sulfate 2008 D

699-72-92 28 28 mg/L Sulfate 2007 D

699-73-61 32 32 mg/L Sulfate 2008 D

699-74-44 26 26 mg/L Sulfate 2007 D
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699-77-36 71 71 mg/L Sulfate 2008 D

699-77-54 60 60 mg/L Sulfate 2007 D

699-78-62 56 56 mg/L Sulfate 2008 D

699-81-38 47 47 mg/L Sulfate 2008 D

699-8-17 49 49 mg/L Sulfate 2008 D

699-8-25 52 52 mg/L Sulfate 2007 D

699-83-47 42 42 mg/L Sulfate 2008 D

699-87-55 57 57 mg/L Sulfate 2007 D

699-89-35 53 53 mg/L Sulfate 2006 D

699-91-46A 46 46 mg/L Sulfate 2008 D

699-93-48A 94 94 mg/L Sulfate 2008 D

699-94-41 61 61 mg/L Sulfate 2008 D

699-94-43 64 64 mg/L Sulfate 2008 D

699-95-45 49 49 mg/L Sulfate 2008 D

699-95-48 52 52 mg/L Sulfate 2008 D

699-95-51 92 92 mg/L Sulfate 2008 D

699-96-43 60 60 mg/L Sulfate 2008 D

699-96-49 77 77 mg/L Sulfate 2008 D

699-96-52B 61 61 mg/L Sulfate 2008 D

699-97-41 62 62 mg/L Sulfate 2008 D

699-97-43 66 66 mg/L Sulfate 2008 D

699-97-43B 50 50 mg/L Sulfate 2008 D

699-97-45 63 63 mg/L Sulfate 2008 D

699-97-48B 57 57 mg/L Sulfate 2008 D

699-97-SIA 62 62 mg/L Sulfate 2008 D

699-98-43 63 63 mg/L Sulfate 2008 D

699-98-46 70 70 mg/L Sulfate 2008 D

699-98-51 22 22 mg/L Sulfate 2008 D

699-99-41 45 45 mg/L Sulfate 2008 D

699-99-42B 38 38 mg/L Sulfate 2008 D
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699-99-44 60 60 mg/L Sulfate 2008 D

699-9-E2 36 36 mg/L Sulfate 2007 D

699-S12-29 41 41 mg/L Sulfate 2008 D

699-S12-3 41 41 mg/L Sulfate 2007 D

699-S19-11 33 33 mg/L Sulfate 2008 D

699-S19-E13 58 58 mg/L Sulfate 2008 D

699-S19-E14 42 42 mg/L Sulfate 2007 D

699-S20-ElO 36 36 mg/L Sulfate 2008 D

699-S22-E9A 40 40 mg/L Sulfate 2008 D

699-S24-19Q 13 13 mg/L Sulfate 2008 D

699-S27-E12A 61 61 mg/L Sulfate 2007 D

699-S27-E14 58 58 mg/L Sulfate 2008 D

699-527-E9A 51 51 mg/L Sulfate 2008 D

699-S28-E12 69 69 mg/L Sulfate 2008 D

699-S28-E13A 55 55 mg/L Sulfate 2007 D

699-S29-E1OA 60 60 mg/L Sulfate 2007 D

699-S29-Eli 75 75 mg/L Sulfate 2008 D

699-S29-E12 59 59 mg/L Sulfate 2007 D

699-S29-E13A 68 68 mg/L Sulfate 2008 D

699-S29-E16A 59 59 mg/L Sulfate 2008 D

699-S30-E10A 87 87 mg/L Sulfate 2008 D

699-S30-E10B 84 84 mg/L Sulfate 2008 D

699-S30-EllA 73 73 mg/L Sulfate 2008 D

699-S30-ElSA 58 58 mg/L Sulfate 2007 D

699-S31-1 30 30 mg/L Sulfate 2008 D

699-S31-E1OA 100 100 mg/L Sulfate 2008 D

699-S31-ElOC 100 100 mg/L Sulfate 2008 D

699-S31-ElOD 110 110 mg/L Sulfate 2008 D

699-531-Eli 64 64 mg/L Sulfate 2008 D

699-S31-E8A 98 98 mg/L Sulfate 2007 D
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699-S3-25 93 93 mg/L Sulfate 2007 D

699-S32-E11 67 67 mg/L Sulfate 2008 D

699-S32-E13A 53 53 mg/L Sulfate 2007 D

699-S34-E10 66 66 mg/L Sulfate 2008 D

699-S34-El5 17 17 mg/L Sulfate 2007 D

699-S36-E13A 39 39 mg/L Sulfate 2008 D

699-S37-E14 9 9.0 mg/L Sulfate 2006 D

699-S38-E11 93 93 mg/L Sulfate 2007 D

699-S38-E12A 58 58 mg/L Sulfate 2007 D

699-53-E12 6 5.8 mg/L Sulfate 2008 D

699-S41-E12 49 49 mg/L Sulfate 2007 D

699-S41-E13A 16 16 mg/L Sulfate 2008 D

699-S43-E12 23 23 mg/L Sulfate 2008 D

699-S6-E14A 25 25 mg/L Sulfate 2007 D

699-S6-E4A 64 64 mg/L Sulfate 2008 D

699-S6-E4B 65 65 mg/L Sulfate 2008 D

699-S6-E4D 65 65 mg/L Sulfate 2008 D

699-S6-E4E 64 64 mg/L Sulfate 2008 D

699-S6-E4K 62 62 mg/L Sulfate 2008 D

699-S6-E4L 59 59 mg/L Sulfate 2008 D

699-S8-19 33 33 mg/L Sulfate 2008 D

72-D 21 21 mg/L Sulfate 2008 D

74-D 18 18 mg/L Sulfate 2008 D

75-D 45 45 mg/L Sulfate 2008 D

76-D 30 30 mg/L Sulfate 2008 D

77-D 35 35 mg/L Sulfate 2008 D

80-D 50 50 mg/L Sulfate 2008 D

82-M 16 16 mg/L Sulfate 2008 D

84-D 10 9.6 mg/L Sulfate 2007 D

85-M 18 18 mg/L Sulfate 2007 D
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86-D 27 27 mg/L Sulfate 2008 D

APT1 8 8.3 mg/L Sulfate 2006 D

AT-3-1-S 54 54 mg/L Sulfate 2008 D

AT-3-2-S 46 46 mg/L Sulfate 2008 D

AT-3-3-M 50 50 mg/L Sulfate 2008 D

AT-3-4-S 44 44 mg/L Sulfate 2008 D

AT-3-5-S 42 42 mg/L Sulfate 2008 D

AT-3-6-M 42 42 mg/L Sulfate 2008 D

AT-3-7-M 36 36 mg/L Sulfate 2008 D

AT-3-8-M 38 38 mg/L Sulfate 2008 D

AT-B-3-M 43 43 mg/L Sulfate 2008 D

AT-B-4-S 41 41 mg/L Sulfate 2008 D

AT-B-5-D 49 49 mg/L Sulfate 2008 D

AT-B-7-M 44 44 mg/L Sulfate 2008 D

AT-D-1-D 19 19 mg/L Sulfate 2008 D

AT-D-2-M 15 15 mg/L Sulfate 2008 D

AT-D-3-D 27 27 mg/L Sulfate 2008 D

AT-D-4-D 10 10 mg/L Sulfate 2006 D

AT-D-5-D 9 8.8 mg/L Sulfate 2006 D

AT-F-1-D 11 11 mg/L Sulfate 2008 D

AT-F-2-M 19 19 mg/L Sulfate 2008 D

AT-F-3-D 21 21 mg/L Sulfate 2008 D

AT-F-4-D 14 14 mg/L Sulfate 2008 D

AT-H-1-D 41 41 mg/L Sulfate 2008 D

AT-H-2-D 34 34 mg/L Sulfate 2008 D

AT-H-3-D 30 30 mg/L Sulfate 2008 D

AT-K-1-D 19 19 mg/L Sulfate 2008 D

AT-K-2-M 11 11 mg/L Sulfate 2008 D

AT-K-3-M 44 44 mg/L Sulfate 2008 D

AT-K-4-M 10 9.8 mg/L Sulfate 2008 D
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AT-K-5-D 40 40 mg/L I Sulfate 2008 D

AT-K-6-D 74 74 mg/L Sulfate 2008 D

C6238 35 35 mg/L Sulfate 2008 D

C6240 45 45 mg/L Sulfate 2008 D

C6244 36 36 mg/L Sulfate 2008 D

C6246 27 27 mg/L Sulfate 2008 D

C6250 18 18 mg/L Sulfate 2008 D

C6266 40 40 mg/L Sulfate 2008 D

C6269 53 53 mg/L Sulfate 2008 D

C6287 30 30 mg/L Sulfate 2008 D

C6291 19 19 mg/L Sulfate 2008 D

C6293 31 31 mg/L Sulfate 2008 D

C6300 17 17 mg/L Sulfate 2008 D

C6309 12 12 mg/L Sulfate 2008 D

C6316 10 9.8 mg/L Sulfate 2008 D

C6319 130 130 mg/L Sulfate 2008 D

C6322 96 96 mg/L Sulfate 2008 D

C6325 40 40 mg/L Sulfate 2008 D

C6341 33 33 mg/L Sulfate 2008 D

C6344 49 49 mg/L Sulfate 2008 D

C6347 32 32 mg/L Sulfate 2008 D

C6351 24 24 mg/L Sulfate 2008 D

DD-12-4 11 11 mg/L Sulfate 2008 D

DD-15-3 17 17 mg/L Sulfate 2008 D

DD-17-2 23 23 mg/L Sulfate 2008 D

DD-39-3 110 110 mg/L Sulfate 2008 D

DD-41-2 160 160 mg/L Sulfate 2008 D

DD-42-2 180 180 mg/L Sulfate 2008 D

DD-43-3 560 560 mg/L Sulfate 2008 D

DD-44-4 190 190 mg/L Sulfate 2008 D

D-675



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 173 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-10. Sulfate Values

DD-49-4 35 35 mg/L Sulfate 2008 D

D-676

DD-50-3 35 35 mg/L Sulfate 2008 D

DK-04-2 44 44 mg/L Sulfate 2008 D

N116mArray-OA 18 18 mg/L Sulfate 2008 D

N116mArray-10A 10 9.8 mg/L Sulfate 2007 D

N116mArray-11A 12 12 mg/L Sulfate 2007 D

N116mArray-12A 14 14 mg/L Sulfate 2007 D

N116mArray-13A 9 9.3 mg/L Sulfate 2007 D

N116mArray-14A 17 17 mg/L Sulfate 2007 D

N116mArray-1A 9 8.7 mg/L Sulfate 2007 D

N116mArray-2A 79 79 mg/L Sulfate 2008 D

N116mArray-3A 9 9.4 mg/L Sulfate 2008 D

N116mArray-4A 10 9.9 mg/L Sulfate 2008 D

N116mArray-6A 11 11 mg/L Sulfate 2008 D

N116mArray-7A 10 10 mg/L Sulfate 2007 D

N116mArray-8A 10 9.8 mg/L Sulfate 2007 D

N116mArray-9A 10 9.8 mg/L Sulfate 2007 D

NS-2A-23cm 10 9.8 mg/L Sulfate 2006 D

NS-3A-87cm 13 13 mg/L Sulfate 2006 D

NS-4A-17cm 10 9.5 mg/L Sulfate 2006 D

NVP2-116.0 10 9.9 mg/L Sulfate 2008 D

Redox-1-6.0 80 80 mg/L Sulfate 2008 D

Redox-2-6.0 94 94 mg/L Sulfate 2008 D

Redox-3-4.6 120 120 mg/L Sulfate 2008 D

Redox-4-6.0 190 190 mg/L Sulfate 2008 D
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05-M 11 11 pCi/L I Strontium-90 2008 D

06-M 15 15 pCi/L Strontium-90 2008 D

199-82-13 0 0.o1U pCi/L Strontium-90 2008 U

199-B3-1 40 40 pCi/L Strontium-90 2008 D

199-B3-46 45 45 pCi/L Strontium-90 2008 D

199-83-47 25 25 pCi/L Strontium-90 2008 D

199.B4-1 20 20 pCi/L Strontium-90 2008 D

199-B4-4 19 19 pCi/L Strontium-90 2008 D

199-B4-7 4 4.1 pCi/L Strontium-90 2007 D

199-B4-8 1 0.92 pCi/L Strontium-90 2008 D

199-B5-1 1 0.93 pCi/L Strontium-90 2008 D

199-B5-2 15 15 pCi/L Strontium-90 2007 D

199-B8-6 0 0.26U pCi/L Strontium-90 2007 U

199-B9-2 0 -0.O1U pCi/L Strontium-90 2008 U

199-B9-3 0 0.11U pCi/L Strontium-90 2007 U

199-D5-15 2 2.2 pCi/L Strontium-90 2007 D

199-D5-16 0 0.35U pCi/L Strontium-90 2007 U

199-D5-37 0 0.30U pCi/L Strontium-90 2008 U

199-D5-39 0 0.25U pCi/L Strontium-90 2008 U

199-D5-92 0 0.08U pCi/L Strontium-90 2007 U

199-D8-53 0 0.39* pCi/L Strontium-90 2008 C

199-D8-54A 5 4.7 pCi/L Strontium-90 2008 D

199-D8-55 0 0.45U pCi/L Strontium-90 2008 U

199-D8-68 6 6.3 pCi/L Strontium-90 2008 D

199-D8-69 0 0.21U pCi/L Strontium-90 2008 U

199-D8-70 1 1.1 pCi/L Strontium-90 2008 D

199-D8-72 0 -0.31U pCi/L Strontium-90 2008 U

199-D8-73 0 -0.03U pCi/L Strontium-90 2008 U

199-D8-88 0 0.15U pCi/L Strontium-90 2008 U

199-F5-1 26 26 pCi/L Strontium-90 2008 D

D-677
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199-F5-42 3 3.1 pCi/L I Strontium-90 2007 D

199-F5-43A 2 2.3 pCi/L Strontium-90 2008 D

199-F5-44 6 6.3 pCi/L Strontium-90 2008 D

199-F5-45 0 0.12U pCi/L Strontium-90 2007 U

199-F5-46 8 8.2 pCi/L Strontium-90 2008 D

199-F5-6 7 6.9 pCi/L Strontium-90 2008 D

199-F6-1 0 0.35 pCi/L Strontium-90 2007 D

199-F8-3 0 -0.03U pCi/L Strontium-90 2006 U

199-H4-12A 0 -0.45* pCi/L Strontium-90 2008 C

199-H4-15A 0 0.09U pCi/L Strontium-90 2008 U

199-H4-16 5 4.7 pCi/L Strontium-90 2008 D

199-H4-3 0 -0.15U pCi/L Strontium-90 2008 U

199-H4-4 4 4.2 pCi/L Strontium-90 2008 D

199-H4-45 10 10 pCi/L Strontium-90 2008 D

199-H4-46 2 2.3 pCi/L Strontium-90 2008 D

199-H4-47 0 0.14U pCi/L Strontium-90 2008 U

199-H4-5 0 0.14U pCi/L Strontium-90 2008 U

199-H4-63 23 23 pCi/L Strontium-90 2008 D

199-H4-64 -1 -0.96U pCi/L Strontium-90 2008 U

199-H6-1 6 6.4 pCi/L Strontium-90 2008 D

199-K-107A 24 24 pCi/L Strontium-90 2008 D

199-K-108A -1 -0.75U pCi/L Strontium-90 2008 U

199-K-109A 1100 1,100 pCi/L Strontium-90 2008 D

199-K-113A 4 4.2* pCi/L Strontium-90 2008 C

199-K-114A 15 15 pCi/L Strontium-90 2008 D

199-K-115A 5 5.4 pCi/L Strontium-90 2008 D

199-K-116A 3 3.2 pCi/L Strontium-90 2008 D

199-K-117A 2 1.7 pCi/L Strontium-90 2008 D

199-K-119A 0 0.42* pCi/L Strontium-90 2008 C

199-K-120A -9 -8.6U pCi/L Strontium-90 2008 U

D-678
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199-K-125A -9 -8.8U pCi/L I Strontium-90 2008 U

D-679

199-K-127 -1 -0.78* pCi/L Strontium-90 2008 C

199-K-129 -10 -10.OU pCi/L Strontium-90 2008 U

199-K-130 0 0.09U pCi/L Strontium-90 2008 U

199-K-131 0 0.17U pCi/L Strontium-90 2008 U

199-K-132 0 -0.05* pCi/L Strontium-90 2008 C

199-K-137 0 -0.19* pCi/L Strontium-90 2008 C

199-K-138 0 0.25* pCi/L Strontium-90 2008 C

199-K-139 2 2.1* pCi/L Strontium-90 2008 C

199-K-140 0 OU pCi/L Strontium-90 2008 U

199-K-141 -1 -0.62U pCi/L Strontium-90 2008 U

199-K-142 0 -0.43U pCi/L Strontium-90 2008 U

199-K-143 0 0.15U pCi/L Strontium-90 2008 U

199-K-144 8 7.7 pCi/L Strontium-90 2008 D

199-K-145 0 0.22U pCi/L Strontium-90 2008 U

199-K-146 0 0.24U pCi/L Strontium-90 2008 U

199-K-147 0 0.33U pCi/L Strontium-90 2008 U

199-K-148 0 0.12U pCi/L Strontium-90 2008 U

199-K-149 0 0.19U pCi/L Strontium-90 2008 U

199-K-150 0 0.20U pCi/L Strontium-90 2008 U

199-K-151 -3 -2.9U pCi/L Strontium-90 2008 U

199-K-152 0 0.10* pCi/L Strontium-90 2008 C

199-K-153 -1 -1.3U pCi/L Strontium-90 2008 U

199-K-154 0 0.05U pCi/L Strontium-90 2008 U

199-K-156 -1 -0.62U pCi/L Strontium-90 2008 U

199-K-157 -1 -1.4U pCi/L Strontium-90 2008 U

199-K-159 0 0.21U pCi/L Strontium-90 2008 U

199-K-160 0 0.07U pCi/L Strontium-90 2008 U

199-K-161 20 20 pCi/L Strontium-90 2008 D

199-K-162 0 -0.12U pCi/L Strontium-90 2008 U
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WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

199-K-163 -1 -1.OU pCi/L Strontium-90 2008 U

199-K-164 0 -0.09U pCi/L Strontium-90 2008 U

199-K-166 -4 -3.9U pCi/L Strontium-90 2008 U

199-K-169 0 -0.14U pCi/L Strontium-90 2008 U

199-K-170 -1 -0.68U pCi/L Strontium-90 2008 U

199-K-171 0 -0.49U pCi/L Strontium-90 2008 U

199-K-172 -2 -2.OU pCi/L Strontium-90 2008 U

199-K-18 0 0.02U pCi/L Strontium-90 2008 U

199-K-20 6 6.0 pCi/L Strontium-90 2008 D

199-K-21 32 32 pCi/L Strontium-90 2008 D

199-K-22 7 7.3 pCi/L Strontium-90 2008 D

199-K-27 1 0.77* pCi/L Strontium-90 2008 C

199-K-29 0 0.02U pCi/L Strontium-90 2008 U

199-K-30 -2 -1.6U pCi/L Strontium-90 2008 U

199-K-34 37 37 pCi/L Strontium-90 2008 D

199-N-103A 880 880 pCi/L Strontium-90 2008 D

199-N-105A 1500 1,500 pCi/L Strontium-90 2008 D

199-N-106A 2300 2,300 pCi/L Strontium-90 2008 D

199-N-119 300 300 pCi/L Strontium-90 2008 D

199-N-122 950 950 pCi/L Strontium-90 2008 D

199-N-123 320 320 pCi/L Strontium-90 2008 D

199-N-14 1300 1,300 pCi/L Strontium-90 2008 D

199-N-146 470 470 pCi/L Strontium-90 2008 D

199-N-147 680 680 pCi/L Strontium-90 2008 D

199-N-16 0 0.16U pCi/L Strontium-90 2008 U

199-N-19 25 25 pCi/L Strontium-90 2007 D

199-N-2 780 780 pCi/L Strontium-90 2008 D

199-N-27 160 160 pCi/L Strontium-90 2008 D

199-N-28 21 21 pCi/L Strontium-90 2008 D

199-N-3 1200 1,200 pCi/L Strontium-90 2008 D

D-680
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199-N-32 -2 -2.1U pCi/L Strontium-90 2008 U

199-N-34 67 67 pCi/L Strontium-90 2008 D

199-N-41 0 -0.41U pCi/L Strontium-90 2008 U

199-N-46 1700 1,700 pCi/L Strontium-90 2008 D

199-N-51 0 0.05U pCi/L Strontium-90 2007 U

199-N-56 170 170 pCi/L Strontium-90 2008 D

199-N-57 9 8.5 pCi/L Strontium-90 2008 D

199-N-64 0 0.25U pCi/L Strontium-90 2008 U

199-N-67 10000 10,000 pCi/L Strontium-90 2008 D

199-N-75 2600 2,600 pCi/L Strontium-90 2008 D

199-N-76 180 180 pCi/L Strontium-90 2008 D

199-N-81 970 970 pCi/L Strontium-90 2008 D

199-N-92A 1 0.62* pCi/L Strontium-90 2008 C

199-N-96A 4 3.5* pCi/L Strontium-90 2008 C

199-N-99A 1200 1,200 pCi/L Strontium-90 2008 D

19-M 2 1.8 pCi/L Strontium-90 2008 D

21-M 1 1.1 pCi/L Strontium-90 2008 D

22-D -2 -1.6U pCi/L Strontium-90 2007 U

23-M 0 0.09U pCi/L Strontium-90 2008 U

299-E13-14 0 0.06U pCi/L Strontium-90 2008 U

299-E13-5 0 0.26U pCi/L Strontium-90 2008 U

299-E16-2 0 0.20U pCi/L Strontium-90 2008 U

299-E17-1 1 1.4 pCi/L Strontium-90 2006 D

299-E17-12 0 0.40U pCi/L Strontium-90 2008 U

299-E17-13 0 -0.02U pCi/L Strontium-90 2008 U

299-E17-14 18 18 pCi/L Strontium-90 2008 D

299-E17-16 3 2.6 pCi/L Strontium-90 2008 D

299-E17-18 0 0.18U pCi/L Strontium-90 2008 U

299-E17-19 1 1.3 pCi/L Strontium-90 2008 D

299-E23-2 -3 -2.6U pCi/L Strontium-90 2007 U

D-681
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299-E24-16 7 6.5 pCi/L Strontium-90 2006 D

299-E24-18 0 0.20U pCi/L Strontium-90 2008 U

299-E24-20 0 -0.02U pCi/L Strontium-90 2008 U

299-E24-22 0 0.06U pCi/L Strontium-90 2008 U

299-E24-33 0 0.26U pCi/L Strontium-90 2008 U

299-E25-17 0 0.04U pCi/L Strontium-90 2008 U

299-E25-18 0 0.07U pCi/L Strontium-90 2008 U

299-E25-19 0 0.09U pCi/L Strontium-90 2008 U

299-E25-2 0 0.18U pCi/L Strontium-90 2008 U

299-E25-20 0 0.O1U pCi/L Strontium-90 2008 U

299-E25-22 0 0.15U pCi/L Strontium-90 2008 U

299-E25-3 0 0.29U pCi/L Strontium-90 2008 U

299-E25-31 0 -0.05U pCi/L Strontium-90 2006 U

299-E25-36 0 -0.06U pCi/L Strontium-90 2008 U

299-E25-39 -3 -2.7U pCi/L Strontium-90 2008 U

299-E25-40 0 0.31U pCi/L Strontium-90 2008 U

299-E25-41 0 0.19U pCi/L Strontium-90 2008 U

299-E25-42 -1 -0.65U pCi/L Strontium-90 2008 U

299-E25-6 0 -0.14U pCi/L Strontium-90 2008 U

299-E25-93 -1 -1.1* pCi/L Strontium-90 2008 C

299-E25-94 0 0.49U pCi/L Strontium-90 2008 U

299-E26-4 0 0.44U pCi/L Strontium-90 2008 U

299-E27-155 -1 -1.2U pCi/L Strontium-90 2008 U

299-E28-17 -2 -1.6U pCi/L Strontium-90 2008 U

299-E28-2 180 180 pCi/L Strontium-90 2008 D

299-E28-23 3500 3,500 pCi/L Strontium-90 2008 D

299-E28-24 140 140 pCi/L Strontium-90 2008 D

299-E28-25 1500 1,500 pCi/L Strontium-90 2008 D

299-E28-27 -1 -0.7U pCi/L Strontium-90 2008 U

299-E28-5 0 0.04U pCi/L Strontium-90 2007 U

D-682
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299-E28-6 -2 -2.2U pCi/L Strontium-90 2008 U

D-683

299-E28-8 0 0.09U pCi/L Strontium-90 2007 U

299-E33-18 0 0.27U pCi/L Strontium-90 2007 U

299-E33-205 -1 -0.91U pCi/L Strontium-90 2008 U

299-E33-31 0 0.08U pCi/L Strontium-90 2006 U

299-E33-32 0 0.02U pCi/L Strontium-90 2006 U

299-E33-337 0 0.07U pCi/L Strontium-90 2008 U

299-E33-338 0 0.06U pCi/L Strontium-90 2007 U

299-E33-339 0 0.45U pCi/L Strontium-90 2008 U

299-E33-341 0 -0.06U pCi/L Strontium-90 2008 U

299-E33-342 -5 -5.1U pCi/L Strontium-90 2008 U

299-E33-343 1 1.0* pCi/L Strontium-90 2008 C

299-E33-345 0 -0.09* pCi/L Strontium-90 2008 C

299-E33-38 -1 -0.87U pCi/L Strontium-90 2008 U

299-E33-41 0 0.16U pCi/L Strontium-90 2008 U

299-E33-42 0 -0.1U pCi/L Strontium-90 2006 U

299-E33-43 0 -0.09U pCi/L Strontium-90 2006 U

299-E33-44 0 0.11U pCi/L Strontium-90 2008 U

299-E33-48 0 -0.03U pCi/L Strontium-90 2008 U

299-E33-7 1 0.97 pCi/L Strontium-90 2008 D

299-E33-9 0 0.22U pCi/L Strontium-90 2007 U

299-W14-13 1 0.65 pCi/L Strontium-90 2008 D

299-W15-15 0 0.19U pCi/L Strontium-90 2007 U

299-W15-30 0 0.14U pCi/L Strontium-90 2007 U

299-W15-31A 0 0.29U pCi/L Strontium-90 2008 U

299-W15-34 0 0.06U pCi/L Strontium-90 2007 U

299-W15-35 0 0.06U pCi/L Strontium-90 2007 U

299-W15-36 0 0.0OU pCi/L Strontium-90 2007 U

299-W15-45 0 0.14U pCi/L Strontium-90 2007 U

299-W15-46 0 0.05U pCi/L Strontium-90 2007 U
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Table A-11. Strontium-90 Values

PLOTVAL UNITS CON-NAME FISCAL'

0.32* pCi/L Strontium-90 2007 C

299-W15-49 0 0.11U pCi/L Strontium-90 2007 U

299-W17-1 -1 -1.3U pCi/L Strontium-90 2008 U

299-W19-105 -1 -0.86U pCi/L Strontium-90 2008 U

299-W19-107 -1 -0.77U pCi/L Strontium-90 2008 U

299-W21-2 -1 -0.57U pCi/L Strontium-90 2008 U

299-W22-10 27 27 pCi/L Strontium-90 2006 D

299-W22-20 2 1.6 pCi/L Strontium-90 2008 D

299-W22-45 -2 -1.8U pCi/L Strontium-90 2008 U

299-W22-48 -2 -1.5U pCi/L Strontium-90 2008 U

299-W22-49 -1 -0.8U pCi/L Strontium-90 2008 U

299-W22-69 -1 -0.94U pCi/L Strontium-90 2008 U

299-W22-72 0 -0.17U pCi/L Strontium-90 2008 U

299-W22-83 0 -0.14U pCi/L Strontium-90 2008 U

299-W22-86 -1 -0.78U pCi/L Strontium-90 2008 U

299-W22-87 -1 -0.84U pCi/L Strontium-90 2008 U

299-W22-88 -1 -0.93U pCi/L Strontium-90 2008 U

299-W22-9 0 -0.04U pCi/L Strontium-90 2007 U

299-W7-4 0 0.32U pCi/L Strontium-90 2007 U

399-3-11 3 2.6 pCi/L Strontium-90 2007 D

399-3-20 0 0.32U pCi/L Strontium-90 2008 U

47-M 12 12 pCi/L Strontium-90 2008 D

48-M 1 0.59U pCi/L Strontium-90 2007 U

64-D 2 2.4 pCi/L Strontium-90 2008 D

65-M 2 1.7 pCi/L Strontium-90 2006 D

66-S 0 0.19U pCi/L Strontium-90 2008 U

67-M 0 0.06U pCi/L Strontium-90 2008 U

699-10-54A 0 0.12U pCi/L Strontium-90 2008 U

699-10-E12 0 0.20U pCi/L Strontium-90 2008 U

699-20-E120 0 0.49U pCi/L Strontium-90 2008 U

D-684
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699-24-46 0 0.02U pCi/L Strontium-90 2008 U

699-26-33 0 0.34U pCi/L Strontium-90 2008 U

699-31-31 0 0.32U pCi/L Strontium-90 2008 U

699-32-22A 0 0.o1U pCi/L Strontium-90 2008 U

699-32-43 0 -0.06U pCi/L Strontium-90 2008 U

699-32-76 -2 -2.1U pCi/L Strontium-90 2008 U

699-33-74 3 2.8 pCi/L Strontium-90 2008 D

699-33-75 -1 -0.7U pCi/L Strontium-90 2008 U

699-34-72 -1 -0.96U pCi/L Strontium-90 2008 U

699-37-47A 0 -0.11U pCi/L Strontium-90 2008 U

699-38-70 0 -0.23U pCi/L Strontium-90 2006 U

699-41-1A 0 0.04U pCi/L Strontium-90 2008 U

699-41-23 0 0.05U pCi/L Strontium-90 2008 U

699-43-89 0 -0.09U pCi/L Strontium-90 2008 U

699-46-21B 0 0.27U pCi/L Strontium-90 2008 U

699-46-4 0 -0.O1U pCi/L Strontium-90 2008 U

699-48-50B 0 -0.05U pCi/L Strontium-90 2008 U

699-48-77A 1 0.90* pCi/L Strontium-90 2008 C

699-48-77D 0 -0.46* pCi/L Strontium-90 2008 C

699-49-100C -1 -1.2U pCi/L Strontium-90 2007 U

699-49-55A 0 0.05U pCi/L Strontium-90 2007 U

699-50-56 0 0.08U pCi/L Strontium-90 2008 U

699-50-59 0 -0.1U pCi/L Strontium-90 2006 U

699-53-47A 610 610 pCi/L Strontium-90 2007 D

699-53-47B 440 440 pCi/L Strontium-90 2007 D

699-53-48A 200 200 pCi/L Strontium-90 2008 D

699-54-48 29 29 pCi/L Strontium-90 2007 D

699-54-49 170 170 pCi/L Strontium-90 2008 D

699-55-50C -1 -1.OU pCi/L Strontium-90 2008 U

699-57-59 0 -0.03U pCi/L Strontium-90 2007 U
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699-59-58 0

Table A-11. Strontium-90 Values

PLOTVAL UNITS CONNAME

0.06U pCi/L Strontium-90 2007 U

699-60-60 0 -0.06U pCi/L Strontium-90 2007 U

699-61-62 0 0.30U pCi/L Strontium-90 2007 U

699-61-66 0 0.08U pCi/L Strontium-90 2007 U

699-64-62 0 -0.24U pCi/L Strontium-90 2007 U

699-S19-E13 0 -0.03U pCi/L Strontium-90 2008 U

699-S3-E12 0 0.14U pCi/L Strontium-90 2008 U

APT1 1300 1,300 pCi/L Strontium-90 2006 D

AT-B-3-S 11 11 pCi/L Strontium-90 2008 D

AT-B-5-M 0 0.07U pCi/L Strontium-90 2008 U

AT-B-7-S 0 0.21U pCi/L Strontium-90 2008 U

AT-F-1-S 2 1.8 pCi/L Strontium-90 2008 D

AT-H-3-S 2 2.4 pCi/L Strontium-90 2008 D

AT-K-3-M 0 0.O1U pCi/L Strontium-90 2008 U

AT-K-4-M 1 0.59 pCi/L Strontium-90 2008 D

AT-K-5-M 0 0.06U pCi/L Strontium-90 2008 U

AT-K-6-M -1 -0.79U pCi/L Strontium-90 2007 U

C6229 0 0.31U pCi/L Strontium-90 2008 U

C6230 16 16 pCi/L Strontium-90 2008 D

C6234 2 2.0 pCi/L Strontium-90 2008 D

C6236 0 -0.2U pCi/L Strontium-90 2008 U

C6240 0 0.29U pCi/L Strontium-90 2008 U

C6244 -1 -1.3U pCi/L Strontium-90 2008 U

C6246 3 3.3 pCi/L Strontium-90 2008 D

C6250 1 0.73U pCi/L Strontium-90 2008 U

C6293 0 0.34U pCi/L Strontium-90 2008 U

C6297 0 0.09U pCi/L Strontium-90 2008 U

C6308 2 1.5 pCi/L Strontium-90 2008 D

C6315 1 0.55U pCi/L Strontium-90 2008 U

C6317 3 2.9 pCi/L Strontium-90 2008 D
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C6320 13 13 pCi/L Strontium-90 2008 D

C6323 270 270 pCi/L Strontium-90 2008 D

C6328 -1 -1.4U pCi/L Strontium-90 2008 U

C6329 -1 -0.84U pCi/L Strontium-90 2008 U

C6332 0 -0.39U pCi/L Strontium-90 2008 U

C6353 41 41 pCi/L Strontium-90 2008 D

C6356 0 -0.35U pCi/L Strontium-90 2008 U

C6359 -3 -2.6U pCi/L Strontium-90 2008 U

C6362 -1 -1.2U pCi/L Strontium-90 2008 U

C6365 -3 -2.9U pCi/L Strontium-90 2008 U

C6368 0 -0.04U pCi/L Strontium-90 2008 U

C6371 0 0.25U pCi/L Strontium-90 2008 U

C6378 2 1.9 pCi/L Strontium-90 2008 D

C6380 -2 -2.1U pCi/L Strontium-90 2008 U

DD-15-3 1 1.3 pCi/L Strontium-90 2008 D

DD-16-4 2 1.6 pCi/L Strontium-90 2008 D

DD-17-3 3 2.6 pCi/L Strontium-90 2008 D

N116mArray-10A 100 100 pCi/L Strontium-90 2007 D

N116mArray-11A 420 420 pCi/L Strontium-90 2007 D

N116mArray-12A 18 18 pCi/L Strontium-90 2007 D

N116mArray-13A 240 240 pCi/L Strontium-90 2007 D

N116mArray-14A 51 51 pCi/L Strontium-90 2007 D

N116mArray-1A 3 2.6* pCi/L Strontium-90 2007 C

N116mArray-2A 270 270 pCi/L Strontium-90 2007 D

N116mArray-3A 580 580 pCi/L Strontium-90 2008 D

N116mArray-4A 670 670 pCi/L Strontium-90 2008 D

N116mArray-6A 320 320 pCi/L Strontium-90 2008 D

N116mArray-7A 240 240 pCi/L Strontium-90 2007 D

N116mArray-8A 5 4.5 pCi/L Strontium-90 2007 D

N116mArray-9A 140 140 pCi/L Strontium-90 2007 D
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Table A-11. Strontium-90 Values

WELLNAME VALUE PLOTVAL UNCTS CONNAME FISCALYR DETECTCODE

NS-2A-87cm 1400 1,400 pCi/L Strontium-90 2006 D

NS-3A-87cm 3600 3,600 pCi/L Strontium-90 2006 D

NS-4A-17cm 460 460 pCi/L Strontium-90 2006 D

NVP2-116.0 1900 1,900 pCi/L Strontium-90 2008 D
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Table A-12. Technetium-99 Values

11-D 65 65 pCi/L Technetium-99 2008 D

12-D 66 66 pCi/L Technetium-99 2008 D

13-S 110 110 pCi/L Technetium-99 2007 D

14-D 110 110 pCi/L Technetium-99 2008 D

15-M 8 7.6U pCi/L Technetium-99 2008 U

17-D 3 3.3U pCi/L Technetium-99 2008 U

18-S 3 2.7U pCi/L Technetium-99 2008 U

199-B8-7 3 2.8U pCi/L Technetium-99 2008 U

199-B8-8 7 7.0* pCi/L Technetium-99 2008 C

199-08-53 -1 -1.OU pCi/L Technetium-99 2008 U

199-D8-54A -2 -2.4U pCi/L Technetium-99 2008 U

199-D8-68 -1 -0.87U pCi/L Technetium-99 2008 U

199-D8-72 28 28* pCi/L Technetium-99 2008 C

199-F8-3 7 7.3U pCi/L Technetium-99 2006 U

199-H4-12A 17 17 pCi/L Technetium-99 2008 D

199-H4-15A -1 -1.3U pCi/L Technetium-99 2008 U

199-H4-3 29 29 pCi/L Technetium-99 2008 D

199-H4-4 11 11* pCi/L Technetium-99 2008 C

199-H4-5 0 U pCi/L Technetium-99 2008 U

199-H4-63 1 0.60U pCi/L Technetium-99 2008 U

199-H4-64 1 LoU pCi/L Technetium-99 2008 U

199-H4-8 -3 -3.1U pCi/L Technetium-99 2008 U

199-H4-9 6 5.6* pCi/L Technetium-99 2008 C

199-K-106A 35 35* pCi/L Technetium-99 2008 C

199-K-107A 34 34 pCi/L Technetium-99 2008 D

199-K-109A 11 11 pCi/L Technetium-99 2008 D

199-K-111A -3 -3.2U pCi/L Technetium-99 2008 U

199-K-113A 1 1.U pCi/L Technetium-99 2008 U

199-K-114A 2 1.9U pCi/L Technetium-99 2008 U

199-K-115A -1 -1.4U pCi/L Technetium-99 2008 U
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Table A-12. Technetium-99 Values

PLOTVAL UNITS ICON NAME F

-3.3U pCi/L Technetium-99 2008 U

199-K-119A 0 -0.1U pCi/L Technetium-99 2008 U

199-K-120A 1 0.80U pCi/L Technetium-99 2008 U

199-K-125A 0 -0.3U pCi/L Technetium-99 2008 U

199-K-127 1 0.65U pCi/L Technetium-99 2008 U

199-K-129 -2 -1.6U pCi/L Technetium-99 2008 U

199-K-132 32 32 pCi/L Technetium-99 2008 D

199-K-141 2 1.8* pCi/L Technetium-99 2008 C

199-K-142 -3 -2.6U pCi/L Technetium-99 2008 U

199-K-143 1 1.4U pCi/L Technetium-99 2008 U

199-K-144 -2 -1.5U pCi/L Technetium-99 2008 U

199-K-145 -3 -2.7U pCi/L Technetium-99 2008 U

199-K-147 0 -0.26U pCi/L Technetium-99 2008 U

199-K-148 2 1.9U pCi/L Technetium-99 2008 U

199-K-149 3 2.8U pCi/L Technetium-99 2008 U

199-K-150 2 2.OU pCi/L Technetium-99 2008 U

199-K-151 -2 -2.4U pCi/L Technetium-99 2008 U

199-K-152 -1 -0.9U pCi/L Technetium-99 2008 U

199-K-153 -2 -2.2U pCi/L Technetium-99 2008 U

199-K-154 -1 -1.4U pCi/L Technetium-99 2008 U

199-K-156 0 -0.4U pCi/L Technetium-99 2008 U

199-K-157 -1 -1.1U pCi/L Technetium-99 2008 U

199-K-159 2 1.8U pCi/L Technetium-99 2008 U

199-K-160 4 3.8U pCi/L Technetium-99 2008 U

199-K-161 0 0.25U pCi/L Technetium-99 2008 U

199-K-162 3 3.4U pCi/L Technetium-99 2008 U

199-K-163 -1 -0.55U pCi/L Technetium-99 2008 U

199-K-164 1 0.60U pCi/L Technetium-99 2008 U

199-K-166 32 32 pCi/L Technetium-99 2008 D

199-K-169 1 LOU pCi/L Technetium-99 2008 U
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Table A-12. Technetium-99 Values

PLOTVAL UNITS CON NAME FISCAL_

2.5U pCi/L Technetium-99 2008 U

199-K-171 2 1.9U pCi/L Technetium-99 2008 U

199-K-172 3 3.OU pCi/L Technetium-99 2008 U

199-K-27 2 2.3U pCi/L Technetium-99 2008 U

199-K-29 -2 -1.8U pCi/L Technetium-99 2008 U

199-K-30 1 0.89U pCi/L Technetium-99 2008 U

199-K-31 83 83 pCi/L Technetium-99 2008 D

199-K-32A 6 6.1* pCi/L Technetium-99 2008 C

199-K-34 -3 -2.6U pCi/L Technetium-99 2008 U

19-D 7 7.4U pCi/L Technetium-99 2008 U

299-E13-14 1 0.50U pCi/L Technetium-99 2008 U

299-E13-5 5 5.2U pCi/L Technetium-99 2008 U

299-E17-14 52 52 pCi/L Technetium-99 2008 D

299-E17-22 14 14 pCi/L Technetium-99 2008 D

299-E17-23 7 7.4 pCi/L Technetium-99 2008 D

299-E17-25 7 7.0 pCi/L Technetium-99 2008 D

299-E17-26 10 10 pCi/L Technetium-99 2008 D

299-E18-1 -1 -1.2U pCi/L Technetium-99 2008 U

299-E23-1 28 28 pCi/L Technetium-99 2008 D

299-E23-2 39 39 pCi/L Technetium-99 2007 D

299-E24-20 110 110 pCi/L Technetium-99 2008 D

299-E24-21 24 24 pCi/L Technetium-99 2008 D

299-E24-22 150 150 pCi/L Technetium-99 2008 D

299-E24-24 18 18 pCi/L Technetium-99 2008 D

299-E24-33 1000 1,000 pCi/L Technetium-99 2008 D

299-E25-2 50 50 pCi/L Technetium-99 2008 D

299-E25-39 0 -0.3U pCi/L Technetium-99 2008 U

299-E25-40 12 12* pCi/L Technetium-99 2008 C

299-E25-41 340 340 pCi/L Technetium-99 2008 D

299-E25-42 120 120 pCi/L Technetium-99 2008 D
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299-E25-93 7100

Table A-12. Technetium-99 Values
PLOTVAL UNITS CONNAME FISCAL_

7,100 pCi/L Technetium-99 2008 D

299-E25-94 710 710 pCi/L Technetium-99 2008 D

299-E27-10 100 100 pCi/L Technetium-99 2008 D

299-E27-11 -1 -0.7U pCi/L Technetium-99 2008 U

299-E27-12 110 110 pCi/L Technetium-99 2008 D

299-E27-13 4200 4,200 pCi/L Technetium-99 2008 D

299-E27-14 1700 1,700* pCi/L Technetium-99 2008 C

299-E27-15 120 120 pCi/L Technetium-99 2008 D

299-E27-155 7700 7,700 pCi/L Technetium-99 2008 D

299-E27-17 -1 -1.4U pCi/L Technetium-99 2008 U

299-E27-21 1100 1,100 pCi/L Technetium-99 2008 D

299-E27-22 66 66 pCi/L Technetium-99 2008 D

299-E27-23 8600 8,600 pCi/L Technetium-99 2008 D

299-E27-4 2800 2,800 pCi/L Technetium-99 2008 D

299-E27-7 82 82 pCi/L Technetium-99 2008 D

299-E27-8 3 2.8* pCi/L Technetium-99 2008 C

299-E27-9 5 4.8* pCi/L Technetium-99 2008 C

299-E28-17 52 52 pCi/L Technetium-99 2008 D

299-E28-2 43 43 pCi/L Technetium-99 2008 D

299-E28-26 54 54 pCi/L Technetium-99 2008 D

299-E28-27 62 62 pCi/L Technetium-99 2008 D

299-E28-28 49 49 pCi/L Technetium-99 2008 D

299-E28-5 51 51 pCi/L Technetium-99 2008 D

299-E28-6 85 85 pCi/L Technetium-99 2008 D

299-E28-8 43 43 pCi/L Technetium-99 2008 D

299-E32-10 3600 3,600 pCi/L Technetium-99 2008 D

299-E32-2 52 52 pCi/L Technetium-99 2008 D

299-E32-3 54 54 pCi/L Technetium-99 2008 D

299-E32-4 46 46 pCi/L Technetium-99 2008 D

299-E32-5 56 56 pCi/L Technetium-99 2008 D
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299-E32-6 56 56 pCi/L Technetium-99 2008 D

299-E32-7 46 46 pCi/L Technetium-99 2008 D

299-E32-8 51 51 pCi/L Technetium-99 2008 D

299-E32-9 930 930 pCi/L Technetium-99 2008 D

299-E33-13 8400 8,400 pCi/L Technetium-99 2008 D

299-E33-14 160 160 pCi/L Technetium-99 2008 D

299-E33-15 3000 3,000 pCi/L Technetium-99 2008 D

299-E33-16 15000 15,000 pCi/L Technetium-99 2008 D

299-E33-17 520 520 pCi/L Technetium-99 2008 D

299-E33-18 16000 16,000 pCi/L Technetium-99 2008 D

299-E33-1A 19000 19,000 pCi/L Technetium-99 2008 D

299-E33-2 21000 21,000 pCi/L Technetium-99 2008 D

299-E33-20 1300 1,300 pCi/L Technetium-99 2008 D

299-E33-205 740 740 pCi/L Technetium-99 2008 D

299-E33-21 290 290 pCi/L Technetium-99 2008 D

299-E33-25 8800 8,800 pCi/L Technetium-99 2008 D

299-E33-26 12000 12,000 pCi/L Technetium-99 2008 D

299-E33-28 440 440 pCi/L Technetium-99 2008 D

299-E33-29 45 45 pCi/L Technetium-99 2008 D

299-E33-3 21000 21,000 pCi/L Technetium-99 2008 D

299-E33-30 43 43 pCi/L Technetium-99 2008 D

299-E33-31 6400 6,400 pCi/L Technetium-99 2008 D

299-E33-32 2500 2,500 pCi/L Technetium-99 2008 D

299-E33-33 17 17 pCi/L Technetium-99 2008 D

299-E33-334 360 360 pCi/L Technetium-99 2008 D

299-E33-335 150 150 pCi/L Technetium-99 2008 D

299-E33-337 140 140 pCi/L Technetium-99 2008 D

299-E33-338 62 62 pCi/L Technetium-99 2008 D

299-E33-339 1000 1,000 pCi/L Technetium-99 2008 D

299-E33-34 14000 14,000 pCi/L Technetium-99 2008 D
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WELLNAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

299-E33-341 28000 28,000 pCi/L Technetium-99 2008 D

299-E33-342 22000 22,000 pCi/L Technetium-99 2008 D

299-E33-343 18000 18,000 pCi/L Technetium-99 2008 D

299-E33-345 18000 18,000 pCi/L Technetium-99 2008 D

299-E33-35 2100 2,100 pCi/L Technetium-99 2008 D

299-E33-36 9 9.3* pCi/L Technetium-99 2008 C

299-E33-37 22 22 pCi/L Technetium-99 2008 D

299-E33-38 29000 29,000 pCi/L Technetium-99 2008 D

299-E33-39 2300 2,300 pCi/L Technetium-99 2008 D

299-E33-4 68000 68,000 pCi/L Technetium-99 2008 D

299-E33-41 3700 3,700 pCi/L Technetium-99 2008 D

299-E33-42 4800 4,800 pCi/L Technetium-99 2008 D

299-E33-43 1200 1,200 pCi/L Technetium-99 2008 D

299-E33-44 13000 13,000 pCi/L Technetium-99 2008 D

299-E33-47 25 25 pCi/L Technetium-99 2008 D

299-E33-48 55 55 pCi/L Technetium-99 2008 D

299-E33-49 230 230 pCi/L Technetium-99 2008 D

299-E33-5 24000 24,000 pCi/L Technetium-99 2008 D

299-E33-7 34000 34,000 pCi/L Technetium-99 2008 D

299-E33-9 9900 9,900 pCi/L Technetium-99 2008 D

299-E34-10 7 6.8* pCi/L Technetium-99 2008 C

299-E34-12 -1 -1.1U pCi/L Technetium-99 2008 U

299-E34-2 1 1.4U pCi/L Technetium-99 2008 U

299-E34-8 19 19 pCi/L Technetium-99 2008 D

299-E34-9 13 13 pCi/L Technetium-99 2008 D

299-W10-1 66 66 pCi/L Technetium-99 2008 D

299-W10-20 18 18 pCi/L Technetium-99 2006 D

299-W10-22 120 120 pCi/L Technetium-99 2008 D

299-W10-23 140 140 pCi/L Technetium-99 2008 D

299-W10-24 270 270 pCi/L Technetium-99 2008 D
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299-W10-26 1300 1,300 pCi/L Technetium-99 2008 D

299-W10-27 300 300 pCi/L Technetium-99 2008 D

299-W10-28 82 82 pCi/L Technetium-99 2008 D

299-W10-29 6 5.6* pCi/L Technetium-99 2008 C

299-W10-30 7 6.5* pCi/L Technetium-99 2008 C

299-W10-31 6 5.6* pCi/L Technetium-99 2008 C

299-W1O-4 870 870 pCi/L Technetium-99 2008 D

299-W10-5 27 27 pCi/L Technetium-99 2008 D

299-W1O-8 110 110 pCi/L Technetium-99 2008 D

299-W11-12 120 120 pCi/L Technetium-99 2008 D

299-W11-13 230 230 pCi/L Technetium-99 2008 D

299-W11-18 320 320 pCi/L Technetium-99 2008 D

299-W11-39 2500 2,500 pCi/L Technetium-99 2008 D

299-W11-40 6700 6,700 pCi/L Technetium-99 2008 D

299-W11-41 1500 1,500 pCi/L Technetium-99 2008 D

299-W11-42 7500 7,500 pCi/L Technetium-99 2008 D

299-W11-7 380 380 pCi/L Technetium-99 2008 D

299-W14-13 6000 6,000 pCi/L Technetium-99 2008 D

299-W14-14 140 140 pCi/L Technetium-99 2008 D

299-W14-15 1600 1,600 pCi/L Technetium-99 2008 D

299-W14-16 170 170 pCi/L Technetium-99 2008 D

299-W14-17 400 400 pCi/L Technetium-99 2008 D

299-W14-18 680 680 pCi/L Technetium-99 2008 D

299-W14-19 480 480 pCi/L Technetium-99 2008 D

299-W14-6 300 300 pCi/L Technetium-99 2008 D

299-W15-11 52 52 pCi/L Technetium-99 2008 D

299-W15-15 280 280 pCi/L Technetium-99 2007 D

299-W15-152 340 340 pCi/L Technetium-99 2008 D

299-W15-2 8 7.8 pCi/L Technetium-99 2008 D

299-W15-224 260 260 pCi/L Technetium-99 2008 D
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299-W15-30 99 99 pCi/L Technetium-99 2008 D

299-W15-31A 110 110 pCi/L Technetium-99 2008 D

299-W15-32 160 160 pCi/L Technetium-99 2008 D

299-W15-33 81 81 pCi/L Technetium-99 2008 D

299-W15-34 40 40 pCi/L Technetium-99 2008 D

299-W15-35 170 170 pCi/L Technetium-99 2008 D

299-W15-36 100 100 pCi/L Technetium-99 2008 D

299-W15-38 170 170 pCi/L Technetium-99 2008 D

299-W15-40 130 130 pCi/L Technetium-99 2008 D

299-W15-41 1700 1,700 pCi/L Technetium-99 2008 D

299-W15-42 38 38 pCi/L Technetium-99 2008 D

299-W15-43 18 18 pCi/L Technetium-99 2008 D

299-W15-44 1700 1,700 pCi/L Technetium-99 2008 D

299-W15-45 84 84 pCi/L Technetium-99 2008 D

299-W15-46 100 100 pCi/L Technetium-99 2008 D

299-W15-47 120 120 pCi/L Technetium-99 2008 D

299-W15-49 100 100 pCi/L Technetium-99 2007 D

299-W15-7 28 28 pCi/L Technetium-99 2007 D

299-W15-763 1800 1,800 pCi/L Technetium-99 2008 D

299-W15-765 2400 2,400 pCi/L Technetium-99 2008 D

299-W15-83 140 140 pCi/L Technetium-99 2008 D

299-W15-94 140 140 pCi/L Technetium-99 2008 D

299-W17-1 9 8.8 pCi/L Technetium-99 2008 D

299-W18-21 160 160 pCi/L Technetium-99 2008 D

299-W18-23 390 390 pCi/L Technetium-99 2008 D

299-W18-30 1000 1,000 pCi/L Technetium-99 2008 D

299-W18-31 32 32 pCi/L Technetium-99 2007 D

299-W18-40 32 32 pCi/L Technetium-99 2008 D

299-W19-101 430 430 pCi/L Technetium-99 2008 D

299-W19-105 160 160 pCi/L Technetium-99 2008 D
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299-W19-107 81 81 pCi/L Technetium-99 2008 D

299-W19-12 430 430 pCi/L Technetium-99 2008 D

299-W19-18 140 140 pCi/L Technetium-99 2008 D

299-W19-35 580 580 pCi/L Technetium-99 2008 D

299-W19-36 8100 8,100 pCi/L Technetium-99 2008 D

299-W19-37 800 800 pCi/L Technetium-99 2008 D

299-W19-39 260 260 pCi/L Technetium-99 2007 D

299-W19-4 -5 -4.6U pCi/L Technetium-99 2007 U

299-W19-40 290 290 pCi/L Technetium-99 2006 D

299-W19-41 48 48 pCi/L Technetium-99 2008 D

299-W19-42 1500 1,500 pCi/L Technetium-99 2008 D

299-W19-43 1700 1,700 pCi/L Technetium-99 2008 D

299-W19-44 140 140 pCi/L Technetium-99 2008 D

299-W19-45 1100 1,100 pCi/L Technetium-99 2008 D

299-W19-46 140 140 pCi/L Technetium-99 2008 D

299-W19-47 1800 1,800 pCi/L Technetium-99 2008 D

299-W19-48 250 250 pCi/L Technetium-99 2008 D

299-W19-49 73 73 pCi/L Technetium-99 2008 D

299-W21-2 140 140 pCi/L Technetium-99 2008 D

299-W22-10 150 150 pCi/L Technetium-99 2006 D

299-W22-20 34 34 pCi/L Technetium-99 2008 D

299-W22-26 3900 3,900 pCi/L Technetium-99 2008 D

299-W22-44 13000 13,000 pCi/L Technetium-99 2008 D

299-W22-45 430 430 pCi/L Technetium-99 2008 D

299-W22-47 19000 19,000 pCi/L Technetium-99 2008 D

299-W22-48 1200 1,200 pCi/L Technetium-99 2008 D

299-W22-49 1500 1,500 pCi/L Technetium-99 2008 D

299-W22-50 6500 6,500 pCi/L Technetium-99 2008 D

299-W22-69 600 600 pCi/L Technetium-99 2008 D

299-W22-72 150 150 pCi/L Technetium-99 2008 D
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299-W22-79 18

Table A-12. Technetium-99 Values

PLOTVAL UNITS CONNAME F1

18 pCi/L Technetium-99 2007 D

299-W22-80 16 16* pCi/L Technetium-99 2008 C

299-W22-81 180 180 pCi/L Technetium-99 2008 D

299-W22-82 1500 1,500 pCi/L Technetium-99 2008 D

299-W22-83 18000 18,000 pCi/L Technetium-99 2008 D

299-W22-84 110 110 pCi/L Technetium-99 2008 D

299-W22-85 160 160 pCi/L Technetium-99 2008 D

299-W22-86 5800 5,800 pCi/L Technetium-99 2008 D

299-W22-87 13 13 pCi/L Technetium-99 2008 D

299-W22-88 22 22 pCi/L Technetium-99 2008 D

299-W22-9 8 8.4 pCi/L Technetium-99 2007 D

299-W23-10 45 45 pCi/L Technetium-99 2006 D

299-W23-15 12 12 pCi/L Technetium-99 2008 D

299-W23-19 54000 54,000 pCi/L Technetium-99 2008 D

299-W23-20 5 4.9* pCi/L Technetium-99 2008 C

299-W23-21 110 110 pCi/L Technetium-99 2008 D

299-W23-9 100 100 pCi/L Technetium-99 2007 D

299-W26-14 1 0.70U pCi/L Technetium-99 2008 U

299-W7-4 14 14 pCi/L Technetium-99 2007 D

299-W8-1 1 1.2U pCi/L Technetium-99 2008 U

699-10-54A -4 -3.5U pCi/L Technetium-99 2007 U

699-12-2C 220 220 pCi/L Technetium-99 2008 D

699-12-4D 5 4.8U pCi/L Technetium-99 2008 U

699-13-2D 84 84 pCi/L Technetium-99 2008 D

699-13-3A 28 28 pCi/L Technetium-99 2008 D

699-32-76 1 1.3U pCi/L Technetium-99 2008 U

699-33-74 420 420 pCi/L Technetium-99 2008 D

699-33-75 1 0.75U pCi/L Technetium-99 2008 U

699-33-76 1 1.3U pCi/L Technetium-99 2008 U

699-34-72 88 88 pCi/L Technetium-99 2008 D
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WELL-NAME VALUE PLOTVAL UNITS CONNAME FISCALYR DETECTCODE

699-35-66A 76 76 pCi/L Technetium-99 2008 D

699-36-66B 66 66 pCi/L Technetium-99 2008 D

699-36-67 50 50 pCi/L Technetium-99 2007 D

699-36-70A 35 35 pCi/L Technetium-99 2008 D

699-36-70B 280 280 pCi/L Technetium-99 2008 D

699-37-66 63 63 pCi/L Technetium-99 2008 D

699-37-68 70 70 pCi/L Technetium-99 2007 D

699-38-68A 730 730 pCi/L Technetium-99 2007 D

699-38-70 380 380 pCi/L Technetium-99 2007 D

699-40-62 36 36 pCi/L Technetium-99 2007 D

699-41-23 6 5.9U pCi/L Technetium-99 2007 U

699-43-89 1 0.84U pCi/L Technetium-99 2008 U

699-44-64 94 94 pCi/L Technetium-99 2007 D

699-46-21B 8 7.6U pCi/L Technetium-99 2007 U

699-46-4 80 80 pCi/L Technetium-99 2006 D

699-47-60 3 2.6U pCi/L Technetium-99 2008 U

699-48-50B 200 200 pCi/L Technetium-99 2008 D

699-48-77A -4 -4.3U pCi/L Technetium-99 2006 U

699-49-100C 0 0.44U pCi/L Technetium-99 2008 U

699-49-55A 89 89 pCi/L Technetium-99 2007 D

699-49-57A 4900 4,900 pCi/L Technetium-99 2008 D

699-50-56 600 600 pCi/L Technetium-99 2008 D

699-50-59 1400 1,400 pCi/L Technetium-99 2008 D

699-50-74 -1 -1.3U pCi/L Technetium-99 2008 U

699-53-55C 3000 3,000 pCi/L Technetium-99 2008 D

699-55-50C -7 -7.1U pCi/L Technetium-99 2008 U

699-55-57 1600 1,600 pCi/L Technetium-99 2008 D

699-55-60A 31 31* pCi/L Technetium-99 2008 C

699-57-59 170 170 pCi/L Technetium-99 2008 D

699-59-58 210 210 pCi/L Technetium-99 2008 D
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699-60-60 220 220 pCi/L Technetium-99 2008 D

699-61-62 97 97 pCi/L Technetium-99 2008 D

699-61-66 -3 -2.5U pCi/L Technetium-99 2008 U

699-64-62 140 140 pCi/L Technetium-99 2008 D

699-65-50 110 110 pCi/L Technetium-99 2008 D

699-66-58 160 160 pCi/L Technetium-99 2007 D

699-66-64 120 120 pCi/L Technetium-99 2007 D

699-70-68 100 100 pCi/L Technetium-99 2008 D

699-71-77 4 4.2U pCi/L Technetium-99 2007 U

699-72-73 65 65 pCi/L Technetium-99 2007 D

699-S31-E1OB 47 47 pCi/L Technetium-99 2007 D

699-S31-E8A 2 1.5U pCi/L Technetium-99 2007 U

699-S6-E4A 28 28 pCi/L Technetium-99 2008 D

699-S6-E4D 30 30 pCi/L Technetium-99 2008 D

699-S6-E4K 23 23 pCi/L Technetium-99 2008 D

699-S6-E4L 25 25 pCi/L Technetium-99 2008 D

82-M 6 5.9U pCi/L Technetium-99 2008 U

84-D 0 0.20U pCi/L Technetium-99 2007 U

85-M 0 0.30U pCi/L Technetium-99 2007 U

86-D 6 5.7U pCi/L Technetium-99 2008 U

AT-B-5-D 45 45 pCi/L Technetium-99 2008 D

AT-H-1-D 4 3.5U pCi/L Technetium-99 2008 U

AT-H-2-D 1 0.92U pCi/L Technetium-99 2008 U

AT-H-3-D 5 5.OU pCi/L Technetium-99 2008 U

AT-K-1-D 5 4.5U pCi/L Technetium-99 2008 U

C6293 -6 -6.3U pCi/L Technetium-99 2008 U

C6353 77 77 pCi/L Technetium-99 2008 D

C6356 -1 -0.89U pCi/L Technetium-99 2008 U

C6359 0 0.02U pCi/L Technetium-99 2008 U

C6362 -4 -4.2U pCi/L Technetium-99 2008 U

D-700



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 198 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-12. Technetium-99 Values

C6365 1 1.0u pCi/L Technetium-99 2008 U

C6368 -3 -3.OU pCi/L Technetium-99 2008 U

C6371 0 -0.4U pCi/L Technetium-99 2008 U

C6378 -1 -0.6U pCi/L Technetium-99 2008 U

C6380 -2 -2.2U pCi/L Technetium-99 2008 U

C6383 45 45 pCi/L Technetium-99 2008 D

D-701
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1199-39-16D 0 U tg/L ITrichloroethene 2008 U

199-F5-4 2 1.5 pig/L Trichloroethene 2007 D

199-F5-45 2 1.6* Vg/L Trichloroethene 2007 C

199-F5-46 3 2.5 pg/L Trichloroethene 2008 D

199-F7-1 10 9.7 ig/L Trichloroethene 2008 D

199-F7-2 3 2.6 Vg/L Trichloroethene 2008 D

199-F7-3 5 5.0 Ig/L Trichloroethene 2008 D

199-F8-3 0 U pg/L Trichloroethene 2007 U

199-K-106A 4 3.5 pg/L Trichloroethene 2008 D

199-K-132 6 6.0 Vg/L Trichloroethene 2008 D

199-K-166 3 3.4 ig/L Trichloroethene 2008 D

199-N-28 0 U Vg/L Trichloroethene 2007 U

199-N-3 0 U pg/L Trichloroethene 2008 U

299-E13-14 0 U pg/L Trichloroethene 2008 U

299-E13-5 0 U [tg/L Trichloroethene 2008 U

299-E17-14 2 1.7 pg/L Trichloroethene 2008 D

299-E17-22 0 0.10* pg/L Trichloroethene 2007 C

299-E17-23 1 0.56 pg/L Trichloroethene 2007 D

299-E17-25 0 0.36 pg/L Trichloroethene 2007 D

299-E17-26 0 U ig/L Trichloroethene 2007 U

299-E18-1 0 U Vg/L Trichloroethene 2007 U

299-E23-2 0 U tg/L Trichloroethene 2007 U

299-E24-21 0 0.32 [ig/L Trichloroethene 2007 D

299-E24-24 0 U ig/L Trichloroethene 2007 U

299-E25-39 0 U pg/L Trichloroethene 2008 U

299-E25-93 0 U ig/L Trichloroethene 2008 U

299-E26-10 0 U pg/L Trichloroethene 2007 U

299-E26-11 0 U ptg/L Trichloroethene 2007 U

299-E27-10 0 U pg/L Trichloroethene 2008 U

299-E27-155 0 U pgL Trichloroethene 2008 U
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299-E33-205 0 U pg/L Trichloroethene 2008 U

D-703

299-E33-341 0 U jig/L Trichloroethene 2008 U

299-E33-342 0 U pg/L Trichloroethene 2008 U

299-E33-343 0 U pg/L Trichloroethene 2008 U

299-E33-345 0 U Vg/L Trichloroethene 2008 U

299-W10-1 3 2.8 pg/L Trichloroethene 2008 D

299-W10-20 0 U ptg/L Trichloroethene 2006 U

299-W10-22 3 3.4 Vg/L Trichloroethene 2008 D

299-W1O-23 5 4.6 pg/L Trichloroethene 2008 D

299-W10-24 7 6.9 tg/L Trichloroethene 2008 D

299-W1O-29 0 U ig/L Trichloroethene 2008 U

299-W10-30 0 U pg/L Trichloroethene 2008 U

299-W10-31 0 U pg/L Trichloroethene 2008 U

299-W10-4 2 2.4 [tg/L Trichloroethene 2008 D

299-W10-5 0 U pg/L Trichloroethene 2008 U

299-Wll-10 0 U pg/L Trichloroethene 2008 U

299-W11-13 2 1.7* Vg/L Trichloroethene 2008 C

299-W11-18 0 U Vg/L Trichloroethene 2008 U

299-W11-3 0 U pg/L Trichloroethene 2008 U

299-W11-37 2 1.7 pg/L Trichloroethene 2008 D

299-W11-39 5 5.1 pg/L Trichloroethene 2008 D

299-W11-40 5 5.0 [ig/L Trichloroethene 2008 D

299-W11-42 4 4.2 pg/L Trichloroethene 2008 D

299-W11-6 0 U pg/L Trichloroethene 2008 U

299-W11-7 8 7.6 [ig/L Trichloroethene 2008 D

299-W12-1 0 U [ig/L Trichloroethene 2008 U

299-W14-13 1 0.63 pg/L Trichloroethene 2006 D

299-W14-14 4 4.1 pg/L Trichloroethene 2008 D

299-W14-16 2 1.6 pg/L Trichloroethene 2008 D

299-W15-1 2 1.6 [tg/L Trichloroethene 2008 D
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299-W15-11 0 U pg/L Trichloroethene 2008 U

299-W15-15 0 U ptg/L Trichloroethene 2007 U

299-W15-152 0 U pg/L Trichloroethene 2008 U

299-W15-2 0 U pg/L Trichloroethene 2008 U

299-W15-224 0 U Iig/L Trichloroethene 2008 U

299-W15-30 0 U pg/L Trichloroethene 2008 U

299-W15-31A 0 0.12* ig/L Trichloroethene 2008 C

299-W15-32 2 2.4 ig/L Trichloroethene 2008 D

299-W15-33 0 U pg/L Trichloroethene 2008 U

299-W15-34 2 2.4* Vg/L Trichloroethene 2008 C

299-W15-35 4 3.7* pg/L Trichloroethene 2008 C

299-W15-36 0 U jig/L Trichloroethene 2008 U

299-W15-37 0 U ptg/L Trichloroethene 2008 U

299-W15-38 2 1.6* tg/L Trichloroethene 2008 C

299-W15-39 1 0.74 pg/L Trichloroethene 2007 D

299-W15-40 8 8.0* ig/L Trichloroethene 2008 C

299-W15-41 5 5.0 ig/L Trichloroethene 2008 D

299-W15-42 0 U Jg/L Trichloroethene 2008 U

299-W15-43 2 1.8* ig/L Trichloroethene 2008 C

299-W15-44 8 7.8* pg/L Trichloroethene 2008 C

299-W15-45 0 0.20* pg/L Trichloroethene 2008 C

299-W15-46 0 0.33* pg/L Trichloroethene 2008 C

299-W15-47 3 2.6* pg/L Trichloroethene 2008 C

299-W15-49 0 U tg/L Trichloroethene 2008 U

299-W15-7 3 3.4 Vg/L Trichloroethene 2007 D

299-W15-763 3 2.9 Vg/L Trichloroethene 2008 D

299-W15-765 7 7.4* ptg/L Trichloroethene 2008 C

299-W15-83 0 U ptg/L Trichloroethene 2008 U

299-W15-94 0 U ptg/L Trichloroethene 2008 U

299-W17-1 0 U pg/L Trichloroethene 2008 U
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299-W18-1 0 U [tg/L Trichloroethene 2006 U

299-W18-15 0 U ig/L Trichloroethene 2008 U

299-W18-16 0 U [tg/L Trichloroethene 2008 U

299-W18-21 0 U Vg/L Trichloroethene 2008 U

299-W18-23 0 U Vg/L Trichloroethene 2008 U

299-W18-30 0 U ig/L Trichloroethene 2008 U

299-W19-101 0 U Vg/L Trichloroethene 2008 U

299-W19-105 0 0.13* pg/L Trichloroethene 2008 C

299-W19-107 2 2.4 Vg/L Trichloroethene 2008 D

299-W19-18 0 U [Lg/L Trichloroethene 2008 U

299-W19-35 0 U Vg/L Trichloroethene 2008 U

299-W19-36 2 2.4 ig/L Trichloroethene 2008 D

299-W19-37 0 U Vg/L Trichloroethene 2008 U

299-W19-39 0 U [Lg/L Trichloroethene 2007 U

299-W19-4 0 U Vg/L Trichloroethene 2007 U

299-W19-40 0 0.16* gg/L Trichloroethene 2006 C

299-W19-43 2 1.8 [ig/L Trichloroethene 2008 D

299-W19-46 0 U [tg/L Trichloroethene 2008 U

299-W19-48 1 0.68 pg/L Trichloroethene 2008 D

299-W19-49 0 U pg/L Trichloroethene 2008 U

299-W21-2 0 U pg/L Trichloroethene 2008 U

299-W22-20 0 U ig/L Trichloroethene 2008 U

299-W22-26 0 U ptg/L Trichloroethene 2008 U

299-W22-45 0 U pg/L Trichloroethene 2008 U

299-W22-47 0 U pg/L Trichloroethene 2006 U

299-W22-48 0 U Vg/L Trichloroethene 2008 U

299-W22-49 0 U pg/L Trichloroethene 2008 U

299-W22-69 0 U pg/L Trichloroethene 2008 U

299-W22-72 0 U pg/L Trichloroethene 2008 U

299-W22-83 0 U Vg/L Trichloroethene 2008 U
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299-W22-86 0 U ig/L Trichloroethene 2008 U

299-W22-87 0 U ig/L Trichloroethene 2008 U

299-W22-88 0 U ig/L Trichloroethene 2008 U

299-W22-9 0 U pg/L Trichloroethene 2007 U

299-W23-10 0 U pg/L Trichloroethene 2006 U

299-W23-15 0 U pg/L Trichloroethene 2008 U

299-W23-21 0 U pig/L Trichloroethene 2008 U

299-W23-4 0 U pg/L Trichloroethene 2008 U

299-W23-9 0 U ptg/L Trichloroethene 2007 U

299-W26-13 0 U ig/L Trichloroethene 2008 U

299-W26-14 0 U Vg/L Trichloroethene 2008 U

299-W7-4 0 0.32* Vg/L Trichloroethene 2007 C

299-W8-1 0 U tg/L Trichloroethene 2008 U

399-1-1 0 U Vg/L Trichloroethene 2008 U

399-1-10A 0 U Ig/L Trichloroethene 2008 U

399-1-11 0 U Vg/L Trichloroethene 2008 U

399-1-12 0 U pg/L Trichloroethene 2008 U

399-1-13A 0 U ig/L Trichloroethene 2008 U

399-1-15 0 U pg/L Trichloroethene 2008 U

399-1-16A 0 U Vg/L Trichloroethene 2008 U

399-1-17A 0 U Ig/L Trichloroethene 2008 U

399-1-18A 0 U pg/L Trichloroethene 2008 U

399-1-2 0 U pg/L Trichloroethene 2008 U

399-1-21A 0 U pg/L Trichloroethene 2008 U

399-1-23 0 U pg/L Trichloroethene 2008 U

399-1-6 0 U ig/L Trichloroethene 2008 U

399-1-7 0 U pg/L Trichloroethene 2008 U

399-2-1 0 U pg/L Trichloroethene 2008 U

399-2-2 2 2.1* pg/L Trichloroethene 2008 C

399-2-5 0 U Vg/L Trichloroethene 2008 U
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399-3-1 0 U ig/L Trichloroethene 2008 U

399-3-10 0 U pg/L Trichloroethene 2008 U

399-3-11 0 U Vg/L Trichloroethene 2008 U

399-3-12 0 U pg/L Trichloroethene 2008 U

399-3-18 0 U pg/L Trichloroethene 2008 U

399-3-19 0 U pLg/L Trichloroethene 2008 U

399-3-2 0 U Vg/L Trichloroethene 2008 U

399-3-20 0 U pg/L Trichloroethene 2008 U

399-3-6 0 U pg/L Trichloroethene 2008 U

399-3-9 0 U Vg/L Trichloroethene 2008 U

399-4-1 1 0.65* Vg/L Trichloroethene 2008 C

399-4-10 0 U ptg/L Trichloroethene 2008 U

399-4-11 1 1.0 Vg/L Trichloroethene 2006 D

399-4-12 1 0.67* ptg/L Trichloroethene 2008 C

399-4-14 1 0.52* ig/L Trichloroethene 2008 C

399-4-7 0 U pg/L Trichloroethene 2008 U

399-4-9 0 U ig/L Trichloroethene 2008 U

399-5-1 0 U .Ig/L Trichloroethene 2008 U

399-5-4B 0 U Vg/L Trichloroethene 2008 U

399-6-2 1 0.65 pg/L Trichloroethene 2006 D

399-8-1 0 U pg/L Trichloroethene 2008 U

399-8-3 0 U pg/L Trichloroethene 2008 U

399-8-5A 0 U pg/L Trichloroethene 2008 U

66-D 0 U pg/L Trichloroethene 2008 U

699-10-54A 0 U ig/L Trichloroethene 2008 U

699-10-E12 0 U pg/L Trichloroethene 2008 U

699-20-E120 0 U pg/L Trichloroethene 2008 U

699-22-35 0 0.08* pg/L Trichloroethene 2008 C

699-23-34A 0 0.09* .Ig/L Trichloroethene 2008 C

699-23-34B 0 0.10* Vg/L Trichloroethene 2008 C
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699-24-33 0 0.22* ig/L Trichloroethene 2008 C

699-24-34A 0 0.12* ig/L Trichloroethene 2008 C

699-24-34B 0 0.12* ig/L Trichloroethene 2008 C

699-24-34C 0 0.13* ig/L Trichloroethene 2008 C

699-24-35 0 0.09* pg/L Trichloroethene 2008 C

699-24-46 0 U ig/L Trichloroethene 2008 U

699-25-34A 0 U ptg/L Trichloroethene 2008 U

699-25-34B 0 U pg/L Trichloroethene 2008 U

699-25-34D 0 U pg/L Trichloroethene 2008 U

699-26-33 0 U ig/L Trichloroethene 2008 U

699-26-34A 0 0.15* pg/L Trichloroethene 2008 C

699-26-34B 0 U ig/L Trichloroethene 2008 U

699-26-35A 0 0.06* Itg/L Trichloroethene 2008 C

699-31-31 0 U pg/L Trichloroethene 2008 U

699-32-22A 0 U Iig/L Trichloroethene 2008 U

699-32-43 0 U ig/L Trichloroethene 2008 U

699-32-72A 0 U ptg/L Trichloroethene 2007 U

699-32-76 0 U pg/L Trichloroethene 2008 U

699-33-74 0 U ptg/L Trichloroethene 2008 U

699-33-75 0 U Vg/L Trichloroethene 2008 U

699-33-76 0 U pg/L Trichloroethene 2008 U

699-34-72 1 0.70* Vg/L Trichloroethene 2008 C

699-34-88 0 U pLg/L Trichloroethene 2006 U

699-35-66A 0 U ig/L Trichloroethene 2008 U

699-35-70 0 U ig/L Trichloroethene 2008 U

699-35-78A 0 U pg/L Trichloroethene 2008 U

699-36-66B 0 U pg/L Trichloroethene 2008 U

699-36-67 0 U pg/L Trichloroethene 2007 U

699-36-70A 0 U pg/L Trichloroethene 2008 U

699-36-70B 0 0.18* pig/L Trichloroethene 2008 C
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699-37-66 0 U ig/L I Trichloroethene 2008 U

699-37-68 0 U pg/L Trichloroethene 2007 U

699-38-68A 0 U 1ig/L Trichloroethene 2007 U

699-38-70 0 0.40* Vg/L Trichloroethene 2007 C

699-40-62 0 U [ig/L Trichloroethene 2007 U

699-40-65 0 U pg/L Trichloroethene 2008 U

699-41-1A 0 U pg/L Trichloroethene 2008 U

699-41-23 0 U Vg/L Trichloroethene 2008 U

699-43-89 0 U Vg/L Trichloroethene 2008 U

699-45-69A 0 U ptg/L Trichloroethene 2007 U

699-46-21B 0 U pg/L Trichloroethene 2008 U

699-46-4 0 U gg/L Trichloroethene 2008 U

699-47-60 0 U Vg/L Trichloroethene 2007 U

699-48-50B 0 U Vg/L Trichloroethene 2008 U

699-48-71 0 U pg/L Trichloroethene 2008 U

699-48-77A 0 U ptg/L Trichloroethene 2008 U

699-48-77D 0 U Vg/L Trichloroethene 2008 U

699-49-100C 0 U pg/L Trichloroethene 2008 U

699-49-79 0 U pg/L Trichloroethene 2006 U

699-50-56 0 U Vg/L Trichloroethene 2008 U

699-50-74 0 U tg/L Trichloroethene 2008 U

699-50-85 0 U ig/L Trichloroethene 2006 U

699-51-75 0 U Vg/L Trichloroethene 2006 U

699-55-60A 0 U jig/L Trichloroethene 2008 U

699-55-89 0 U Vg/L Trichloroethene 2006 U

699-74-44 0 U pg/L Trichloroethene 2007 U

699-77-36 9 8.8 pg/L Trichloroethene 2008 D

699-83-47 0 U Vg/L Trichloroethene 2008 U

699-S12-29 0 U pg/L Trichloroethene 2008 U

699-S19-E13 0 U Vg/L Trichloroethene 2008 U
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699-S27-E12A 1 1.2 tg/L ITrichloroethene 2007 D

699-S27-E14 0 U ptg/L Trichloroethene 2008 U

699-S27-E9A 0 U ig/L Trichloroethene 2008 U

699-S28-E12 0 U pg/L Trichloroethene 2008 U

699-S28-El3A 0 0.24* pg/L Trichloroethene 2007 C

699-S29-E10A 0 U pg/L Trichloroethene 2007 U

699-S29-E11 0 U pgJL Trichloroethene 2008 U

699-S29-E12 1 0.62 Vg/L Trichloroethene 2007 D

699-S29-E13A 0 U pg/L Trichloroethene 2008 U

699-S29-Ei6A 0 U pg/L Trichloroethene 2008 U

699-S30-E1OA 0 U ig/L Trichloroethene 2008 U

699-S30-E10B 0 U pg/L Trichloroethene 2008 U

699-S30-EllA 0 U pg/L Trichloroethene 2008 U

699-S31-1 0 U ig/L Trichloroethene 2008 U

699-S31-E1OA 0 U ig/L Trichloroethene 2008 U

699-531-E10B 1 1.1 [tg/L Trichloroethene 2007 D

699-S31-ElOC 0 U Vg/L Trichloroethene 2008 U

699-S31-ElOD 0 U jig/L Trichloroethene 2008 U

699-S31-Eli 0 U pLg/L Trichloroethene 2008 U

699-S31-E8A 0 U pg/L Trichloroethene 2007 U

699-S32-Eli 0 U ig/L Trichloroethene 2008 U

699-S32-El3A 0 U pg/L Trichloroethene 2008 U

699-S34-ElO 0 U [tg/L Trichloroethene 2008 U

699-S36-E13A 0 U pg/L Trichloroethene 2008 U

699-S37-E14 0 U Vg/L Trichloroethene 2008 U

699-S38-E12A 0 U pg/L Trichloroethene 2007 U

699-53-E12 0 U pg/L Trichloroethene 2008 U

699-S40-El3A 0 U Jg/L Trichloroethene 2008 U

699-S41-E13A 0 U ig/L Trichloroethene 2008 U

699-543-E12 0 U jig/L Trichloroethene 2008 U
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699-S6-E4A 0 U ig/L Trichloroethene 2008 U

699-S6-E4K 0 U .Ig/L Trichloroethene 2008 U

699-S6-E4L 1 1.0 pg/L Trichloroethene 2008 D

AT-3-1-D(1) 0 U .ig/L Trichloroethene 2008 U

AT-3-2-M 0 U .±g/L Trichloroethene 2008 U

AT-3-3-D 490 490 pg/L Trichloroethene 2008 D

AT-3-4-M 9 9.0 pg/L Trichloroethene 2008 D

AT-3-5-S 0 U ptg/L Trichloroethene 2008 U

AT-3-6-D 0 U ig/L Trichloroethene 2008 U

AT-3-7-D 96 96 pg/L Trichloroethene 2008 D

AT-3-8-S 0 U Vg/L Trichloroethene 2008 U

AT-F-2-M 0 U pg/L Trichloroethene 2008 U

AT-F-3-D 0 U pg/L Trichloroethene 2008 U

C6309 0 U pg/L Trichloroethene 2008 U

C6316 0 U pg/L Trichloroethene 2008 U

C6342 43 43 ig/L Trichloroethene 2008 D

C6344 0 U ig/L Trichloroethene 2008 U

C6347 0 U pg/L Trichloroethene 2008 U

C6351 0 U ig/L Trichloroethene 2008 U

C6353 0 U Vg/L Trichloroethene 2008 U

C6356 0 U pg/L Trichloroethene 2008 U

C6359 0 U pg/L Trichloroethene 2008 U

C6362 0 U pg/L Trichloroethene 2008 U

C6365 0 U pg/L Trichloroethene 2008 U

C6368 0 U pig/L Trichloroethene 2008 U

C6371 0 U ig/L Trichloroethene 2008 U

C6378 0 U ig/L Trichloroethene 2008 U

C6380 0 U Ig/L Trichloroethene 2008 U

SPC-GM-1 0 U Vg/L Trichloroethene 2007 U

SPC-GM-10 1 1.3 Vg/L Trichloroethene 2007 D
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SPC-GM-11 1 1.2 tg/L Trichloroethene 2007 D

SPC-GM-12 2 2.0 Vg/L Trichloroethene 2007 D

SPC-GM-13 0 U ig/L Trichloroethene 2007 U

SPC-GM-16 1 0.73* ig/L Trichloroethene 2007 C

SPC-GM-2 0 U ig/L Trichloroethene 2007 U

SPC-GM-4 0 U pg/L Trichloroethene 2007 U

SPC-GM-5 0 U ig/L Trichloroethene 2007 U

SPC-GM-6 2 2.0 ig/L Trichloroethene 2007 D

SPC-GM-7 1 0.87 tg/L Trichloroethene 2007 D

SPC-GM-8 1 1.0* pg/L Trichloroethene 2007 C

SPC-GM-9 0 U pg/L Trichloroethene 2007 U
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01-M 93 93U pCi/L Tritium 2008 U

03-D 1400 1,400 pCi/L Tritium 2008 D

04-D 3600 3,600 pCi/L Tritium 2008 D

05-D 4600 4,600 pCi/L Tritium 2008 D

06-D 18000 18,000 pCi/L Tritium 2008 D

07-D 9300 9,300 pCi/L Tritium 2008 D

1199-39-16D 110 110* pCi/L Tritium 2008 C

11-D 7800 7,800 pCi/L Tritium 2008 D

12-D 13000 13,000 pCi/L Tritium 2008 D

13-S 8100 8,100 pCi/L Tritium 2007 D

14-D 8300 8,300 pCi/L Tritium 2008 D

15-M 150 150U pCi/L Tritium 2008 U

17-D 640 640 pCi/L Tritium 2008 D

18-S 310 310 pCi/L Tritium 2008 D

199-B2-13 1300 1,300 pCi/L Tritium 2008 D

199-B3-1 3700 3,700 pCi/L Tritium 2008 D

199-B3-46 2300 2,300 pCi/L Tritium 2008 D

199-B3-47 45000 45,000 pCi/L Tritium 2008 D

199-B4-1 13000 13,000 pCi/L Tritium 2008 D

199-B4-4 9700 9,700 pCi/L Tritium 2008 D

199-B4-7 6800 6,800 pCi/L Tritium 2007 D

199-B4-8 7400 7,400 pCi/L Tritium 2008 D

199-B5-1 7200 7,200 pCi/L Tritium 2008 D

199-B5-2 12000 12,000 pCi/L Tritium 2008 D

199-B8-6 29000 29,000 pCi/L Tritium 2008 D

199-B8-7 26000 26,000 pCi/L Tritium 2008 D

199-B8-8 45000 45,000 pCi/L Tritium 2008 D

199-B9-2 2100 2,100 pCi/L Tritium 2008 D

199-B9-3 980 980 pCi/L Tritium 2007 D

199-D2-6 5200 5,200 pCi/L Tritium 2008 D
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199-D3-2 15000 15,000 pCi/L Tritium 2008 D

199-D4-13 4400 4,400 pCi/L Tritium 2008 D

199-D4-14 110 11oU pCi/L Tritium 2008 U

199-D4-15 480 480 pCi/L Tritium 2008 D

199-D4-19 20000 20,000 pCi/L Tritium 2008 D

199-D4-20 6600 6,600 pCi/L Tritium 2008 D

199-D4-22 340 340 pCi/L Tritium 2008 D

199-D4-23 280 280* pCi/L Tritium 2008 C

199-D4-78 27000 27,000 pCi/L Tritium 2008 D

199-D4-84 4500 4,500 pCi/L Tritium 2008 D

199-D4-85 22000 22,000 pCi/L Tritium 2008 D

199-D4-86 18000 18,000 pCi/L Tritium 2008 D

199-D5-13 1200 1,200 pCi/L Tritium 2008 D

199-D5-14 5100 5,100 pCi/L Tritium 2008 D

199-DS-15 2800 2,800 pCi/L Tritium 2008 D

199-D5-16 9600 9,600 pCi/L Tritium 2008 D

199-D5-17 12000 12,000 pCi/L Tritium 2008 D

199-D5-18 15000 15,000 pCi/L Tritium 2007 D

199-D5-19 9000 9,000 pCi/L Tritium 2007 D

199-D5-20 370 370 pCi/L Tritium 2008 D

199-D5-36 21 21U pCi/L Tritium 2008 U

199-D5-37 16 16U pCi/L Tritium 2007 U

199-D5-38 200 200 pCi/L Tritium 2008 D

199-D5-39 74 74U pCi/L Tritium 2008 U

199-D5-40 4700 4,700 pCi/L Tritium 2008 D

199-D5-41 940 940 pCi/L Tritium 2008 D

199-D5-43 190 190U pCi/L Tritium 2007 U

199-D5-44 130 130U pCi/L Tritium 2008 U

199-D5-92 160 160U pCi/L Tritium 2007 U

199-D8-4 610 610 pCi/L Tritium 2008 D
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199-D8-5 980 980 pCi/L Tritium 2008 D

199-D8-53 3800 3,800 pCi/L Tritium 2008 D

199-D8-54A 8000 8,000 pCi/L Tritium 2008 D

199-D8-55 96 96U pCi/L Tritium 2008 U

199-D8-68 3200 3,200 pCi/L Tritium 2008 D

199-D8-69 1900 1,900 pCi/L Tritium 2008 D

199-D8-70 5200 5,200 pCi/L Tritium 2008 D

199-D8-72 1800 1,800 pCi/L Tritium 2008 D

199-D8-73 200 200U pCi/L Tritium 2008 U

199-D8-88 100 100U pCi/L Tritium 2008 U

199-F5-1 230 230* pCi/L Tritium 2008 C

199-F5-4 3500 3,500 pCi/L Tritium 2007 D

199-F5-42 89 89U pCi/L Tritium 2007 U

199-F5-43A 74 74U pCi/L Tritium 2008 U

199-F5-44 720 720 pCi/L Tritium 2008 D

199-F5-45 1100 1,100 pCi/L Tritium 2007 D

199-F5-46 2000 2,000 pCi/L Tritium 2008 D

199-F5-47 3000 3,000 pCi/L Tritium 2008 D

199-F5-48 3400 3,400 pCi/L Tritium 2007 D

199-F5-6 1300 1,300 pCi/L Tritium 2008 D

199-F6-1 77 77U pCi/L Tritium 2007 U

199-F7-2 260 260 pCi/L Tritium 2008 D

199-F7-3 240 240 pCi/L Tritium 2008 D

199-F8-2 510 510 pCi/L Tritium 2007 D

199-F8-3 15000 15,000 pCi/L Tritium 2008 D

199-F8-4 3600 3,600 pCi/L Tritium 2008 D

199-H4-10 1400 1,400 pCi/L Tritium 2008 D

199-H4-12A 1500 1,500 pCi/L Tritium 2008 D

199-H4-13 2000 2,000 pCi/L Tritium 2008 D

199-H4-15A 2800 2,800 pCi/L Tritium 2008 D
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Table A-14. Tritium Values

PLOTVAL UNITS CONNAN

1,400 pCi/L Tritium 2007 D

199-H4-3 2900 2,900 pCi/L Tritium 2008 D

199-H4-4 1800 1,800 pCi/L Tritium 2008 D

199-H4-45 1600 1,600 pCi/L Tritium 2008 D

199-H4-46 920 920 pCi/L Tritium 2007 D

199-H4-47 1500 1,500 pCi/L Tritium 2008 D

199-H4-48 1900 1,900 pCi/L Tritium 2008 D

199-H4-49 4400 4,400 pCi/L Tritium 2008 D

199-H4-5 1600 1,600 pCi/L Tritium 2008 D

199-H4-6 2500 2,500 pCi/L Tritium 2007 D

199-H4-63 1400 1,400 pCi/L Tritium 2008 D

199-H4-64 2200 2,200 pCi/L Tritium 2008 D

199-H4-8 2200 2,200 pCi/L Tritium 2007 D

199-H4-9 1900 1,900 pCi/L Tritium 2008 D

199-H5-1A 2800 2,800 pCi/L Tritium 2008 D

199-H6-1 2300 2,300 pCi/L Tritium 2008 D

199-K-106A 140000 140,000 pCi/L Tritium 2008 D

199-K-107A 700 700 pCi/L Tritium 2008 D

199-K-108A 520 520* pCi/L Tritium 2008 C

199-K-109A 9600 9,600 pCi/L Tritium 2008 D

199-K-11 210 210 pCi/L Tritium 2008 D

199-K-110A 64 64U pCi/L Tritium 2008 U

199-K-111A 9500 9,500 pCi/L Tritium 2008 D

199-K-113A 11 11U pCi/L Tritium 2008 U

199-K-114A -30 -30.OU pCi/L Tritium 2008 U

199-K-115A 27 27U pCi/L Tritium 2008 U

199-K-116A 2800 2,800 pCi/L Tritium 2008 D

199-K-117A 200 200U pCi/L Tritium 2008 U

199-K-119A 7100 7,100 pCi/L Tritium 2008 D

199-K-120A 36000 36,000 pCi/L Tritium 2008 D
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199-K-125A 6400 6,400 1 pCi/L Tritium 2008 D

199-K-127 5000 5,000 pCi/L Tritium 2008 D

199-K-129 74 74U pCi/L Tritium 2008 U

199-K-130 1200 1,200 pCi/L Tritium 2008 D

199-K-131 4300 4,300 pCi/L Tritium 2008 D

199-K-132 4700 4,700 pCi/L Tritium 2008 D

199-K-137 1000 1,000 pCi/L Tritium 2008 D

199-K-138 3300 3,300 pCi/L Tritium 2008 D

199-K-139 980 980 pCi/L Tritium 2008 D

199-K-140 1400 1,400 pCi/L Tritium 2008 D

199-K-141 3000 3,000 pCi/L Tritium 2008 D

199-K-142 270 270* pCi/L Tritium 2008 C

199-K-143 210 210* pCi/L Tritium 2008 C

199-K-144 290000 290,000 pCi/L Tritium 2008 D

199-K-145 6000 6,000 pCi/L Tritium 2008 D

199-K-146 26 26U pCi/L Tritium 2008 U

199-K-147 14 14U pCi/L Tritium 2008 U

199-K-148 5200 5,200 pCi/L Tritium 2008 D

199-K-149 3500 3,500 pCi/L Tritium 2008 D

199-K-150 3100 3,100 pCi/L Tritium 2008 D

199-K-152 490 490 pCi/L Tritium 2008 D

199-K-153 44 44U pCi/L Tritium 2008 U

199-K-154 220 220 pCi/L Tritium 2008 D

199-K-156 6400 6,400 pCi/L Tritium 2008 D

199-K-157 420000 420,000 pCi/L Tritium 2008 D

199-K-159 330 330 pCi/L Tritium 2008 D

199-K-160 310 310U pCi/L Tritium 2008 U

199-K-161 72 72U pCi/L Tritium 2008 U

199-K-162 28000 28,000 pCi/L Tritium 2008 D

199-K-163 360 360 pCi/L Tritium 2008 D
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Table A-14. Tritium Values

PLOTVAL UNITS CONNAN

11OU pCi/L Tritium 2008 U

199-K-166 1200 1,200 pCi/L Tritium 2008 D

199-K-169 7200 7,200 pCi/L Tritium 2008 D

199-K-170 7400 7,400 pCi/L Tritium 2008 D

199-K-171 670 670 pCi/L Tritium 2008 D

199-K-172 -10 -9.5U pCi/L Tritium 2008 U

199-K-18 31000 31,000 pCi/L Tritium 2008 D

199-K-19 3600 3,600 pCi/L Tritium 2008 D

199-K-20 5600 5,600 pCi/L Tritium 2008 D

199-K-21 330 330 pCi/L Tritium 2008 D

199-K-22 180 180U pCi/L Tritium 2008 U

199-K-23 46 46U pCi/L Tritium 2008 U

199-K-27 3800 3,800 pCi/L Tritium 2008 D

199-K-29 10000 10,000* pCi/L Tritium 2008 C

199-K-30 240000 240,000 pCi/L Tritium 2008 D

199-K-31 1200 1,200 pCi/L Tritium 2008 D

199-K-32A 3800 3,800 pCi/L Tritium 2008 D

199-K-34 1500 1,500 pCi/L Tritium 2008 D

199-K-35 420 420 pCi/L Tritium 2007 D

199-K-36 190 190U pCi/L Tritium 2008 U

199-K-37 46 46U pCi/L Tritium 2008 U

199-N-103A 14000 14,000 pCi/L Tritium 2008 D

199-N-105A 16000 16,000 pCi/L Tritium 2008 D

199-N-106A 14000 14,000 pCi/L Tritium 2008 D

199-N-119 350 350* pCi/L Tritium 2008 C

199-N-122 -38 -38.OU pCi/L Tritium 2008 U

199-N-123 440 440 pCi/L Tritium 2008 D

199-N-14 17000 17,000 pCi/L Tritium 2008 D

199-N-146 10 9.5U pCi/L Tritium 2008 U

199-N-147 -23 -23.OU pCi/L Tritium 2008 U
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199-N-2 16000

Table A-14. Tritium Values

PLOTVAL UNITS CONNAW

16,000 pCi/L Tritium 2008 D

199-N-27 12000 12,000 pCi/L Tritium 2008 D

199-N-28 15000 15,000 pCi/L Tritium 2007 D

199-N-3 2000 2,000 pCi/L Tritium 2008 D

199-N-32 20000 20,000 pCi/L Tritium 2008 D

199-N-34 11000 11,000 pCi/L Tritium 2008 D

199-N-41 8700 8,700 pCi/L Tritium 2008 D

199-N-46 72 72* pCi/L Tritium 2008 C

199-N-50 8200 8,200 pCi/L Tritium 2008 D

199-N-51 5300 5,300 pCi/L Tritium 2008 D

199-N-64 12000 12,000 pCi/L Tritium 2008 D

199-N-67 13000 13,000 pCi/L Tritium 2008 D

199-N-75 14000 14,000 pCi/L Tritium 2008 D

199-N-76 14000 14,000 pCi/L Tritium 2008 D

199-N-81 14000 14,000 pCi/L Tritium 2008 D

199-N-92A 10000 10,000 pCi/L Tritium 2008 D

199-N-96A 1900 1,900* pCi/L Tritium 2008 C

199-N-99A 4500 4,500 pCi/L Tritium 2008 D

19-D 180 180U pCi/L Tritium 2008 U

21-M 120 120U pCi/L Tritium 2008 U

22-D 68 68U pCi/L Tritium 2008 U

23-D 39 39U pCi/L Tritium 2008 U

25-D 3600 3,600 pCi/L Tritium 2006 D

26-D 3000 3,000 pCi/L Tritium 2008 D

299-E13-14 130 130U pCi/L Tritium 2008 U

299-E13-5 78 78U pCi/L Tritium 2008 U

299-E16-2 1900 1,900 pCi/L Tritium 2008 D

299-E17-1 410000 410,000 pCi/L Tritium 2006 D

299-E17-12 66000 66,000 pCi/L Tritium 2008 D

299-E17-13 75000 75,000 pCi/L Tritium 2008 D
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Table A-14. Tritium Values

PLOTVAL UNITS CON_NAIV

630,000 pCi/L Tritium 2008 D

299-E17-16 190000 190,000 pCi/L Tritium 2008 D

299-E17-18 85000 85,000 pCi/L Tritium 2008 D

299-E17-19 490000 490,000 pCi/L Tritium 2008 D

299-E17-23 19000 19,000 pCi/L Tritium 2007 D

299-E17-25 32000 32,000 pCi/L Tritium 2007 D

299-E18-1 430 430 pCi/L Tritium 2007 D

299-E23-1 9100 9,100 pCi/L Tritium 2007 D

299-E23-2 1100 1,100 pCi/L Tritium 2007 D

299-E24-16 360000 360,000 pCi/L Tritium 2006 D

299-E24-18 49000 49,000 pCi/L Tritium 2008 D

299-E24-20 5500 5,500 pCi/L Tritium 2008 D

299-E24-22 2200 2,200 pCi/L Tritium 2008 D

299-E24-33 2900 2,900 pCi/L Tritium 2008 D

299-E24-5 1900 1,900 pCi/L Tritium 2007 D

299-E24-8 5700 5,700 pCi/L Tritium 2007 D

299-E25-17 5100 5,100 pCi/L Tritium 2008 D

299-E25-18 6600 6,600 pCi/L Tritium 2008 D

299-E25-19 180000 180,000 pCi/L Tritium 2008 D

299-E25-2 7100 7,100 pCi/L Tritium 2008 D

299-E25-20 210000 210,000 pCi/L Tritium 2008 D

299-E25-22 16000 16,000 pCi/L Tritium 2008 D

299-E25-29P 8400 8,400 pCi/L Tritium 2007 D

299-E25-3 3600 3,600 pCi/L Tritium 2008 D

299-E25-31 1200 1,200 pCi/L Tritium 2006 D

299-E25-32P 3900 3,900 pCi/L Tritium 2007 D

299-E25-34 340 340 pCi/L Tritium 2007 D

299-E25-35 13000 13,000 pCi/L Tritium 2007 D

299-E25-36 160000 160,000 pCi/L Tritium 2008 D

299-E25-37 660 660 pCi/L Tritium 2007 D
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299-E25-39 23000

Table A-14. Tritium Values

PLOTVAL UNITS CONNAN

23,000 pCi/L Tritium 2008 D

299-E25-40 4300 4,300 pCi/L Tritium 2008 D

299-E25-41 6400 6,400 pCi/L Tritium 2008 D

299-E25-42 10000 10,000 pCi/L Tritium 2008 D

299-E25-43 2600 2,600 pCi/L Tritium 2007 D

299-E25-44 2900 2,900 pCi/L Tritium 2007 D

299-E25-47 24000 24,000 pCi/L Tritium 2007 D

299-E25-6 7400 7,400 pCi/L Tritium 2008 D

299-E25-93 5000 5,000 pCi/L Tritium 2008 D

299-E25-94 3700 3,700 pCi/L Tritium 2008 D

299-E26-10 130 130U pCi/L Tritium 2008 U

299-E26-11 740 740 pCi/L Tritium 2008 D

299-E26-4 42000 42,000 pCi/L Tritium 2008 D

299-E27-10 190 190* pCi/L Tritium 2008 C

299-E27-11 500 500 pCi/L Tritium 2008 D

299-E27-12 1600 1,600 pCi/L Tritium 2008 D

299-E27-14 940 940 pCi/L Tritium 2008 D

299-E27-155 1200 1,200 pCi/L Tritium 2008 D

299-E27-17 400 400 pCi/L Tritium 2008 D

299-E27-18 780 780 pCi/L Tritium 2007 D

299-E27-7 760 760 pCi/L Tritium 2008 D

299-E27-8 340 340* pCi/L Tritium 2008 C

299-E27-9 360 360* pCi/L Tritium 2008 C

299-E28-18 3700 3,700 pCi/L Tritium 2008 D

299-E28-2 7300 7,300 pCi/L Tritium 2008 D

299-E28-23 6600 6,600 pCi/L Tritium 2008 D

299-E28-24 7800 7,800 pCi/L Tritium 2008 D

299-E28-25 6400 6,400 pCi/L Tritium 2008 D

299-E28-26 330 330 pCi/L Tritium 2008 D

299-E28-27 5400 5,400 pCi/L Tritium 2008 D
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Table A-14. Tritium Values

299-E28-28 340 340 pCi/L Tritium 2008 D

299-E28-5 12000 12,000 pCi/L Tritium 2008 D

299-E28-6 5500 5,500 pCi/L Tritium 2008 D

299-E28-8 10000 10,000 pCi/L Tritium 2008 D

299-E32-10 14000 14,000 pCi/L Tritium 2008 D

299-E32-2 2600 2,600 pCi/L Tritium 2008 D

299-E32-3 2800 2,800 pCi/L Tritium 2008 D

299-E32-4 67 67U pCi/L Tritium 2008 U

299-E32-5 1200 1,200 pCi/L Tritium 2008 D

299-E32-6 2900 2,900 pCi/L Tritium 2008 D

299-E32-7 3400 3,400 pCi/L Tritium 2008 D

299-E32-8 9300 9,300 pCi/L Tritium 2008 D

299-E32-9 11000 11,000 pCi/L Tritium 2008 D

299-E33-13 5200 5,200 pCi/L Tritium 2008 D

299-E33-14 240 240 pCi/L Tritium 2008 D

299-E33-15 2600 2,600 pCi/L Tritium 2008 D

299-E33-16 12000 12,000 pCi/L Tritium 2008 D

299-E33-17 2100 2,100 pCi/L Tritium 2008 D

299-E33-18 12000 12,000 pCi/L Tritium 2008 D

299-E33-1A 7700 7,700 pCi/L Tritium 2008 D

299-E33-2 6200 6,200 pCi/L Tritium 2008 D

299-E33-20 2000 2,000 pCi/L Tritium 2008 D

299-E33-205 6300 6,300 pCi/L Tritium 2008 D

299-E33-21 11000 11,000 pCi/L Tritium 2008 D

299-E33-25 26000 26,000 pCi/L Tritium 2008 D

299-E33-26 26000 26,000 pCi/L Tritium 2008 D

299-E33-28 10000 10,000 pCi/L Tritium 2008 D

299-E33-29 9800 9,800 pCi/L Tritium 2008 D

299-E33-3 8100 8,100 pCi/L Tritium 2008 D

299-E33-30 8600 8,600 pCi/L Tritium 2008 D
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Table A-14. Tritium Values

299-E33-31 5400 5,400 pCi/L Tritium 2008 D

299-E33-32 9200 9,200 pCi/L Tritium 2008 D

299-E33-33 560 560 pCi/L Tritium 2008 D

299-E33-334 11000 11,000 pCi/L Tritium 2008 D

299-E33-335 10000 10,000 pCi/L Tritium 2008 D

299-E33-337 8200 8,200 pCi/L Tritium 2008 D

299-E33-338 2300 2,300 pCi/L Tritium 2008 D

299-E33-339 8400 8,400 pCi/L Tritium 2008 D

299-E33-34 23000 23,000 pCi/L Tritium 2008 D

299-E33-341 7000 7,000 pCi/L Tritium 2008 D

299-E33-342 7800 7,800 pCi/L Tritium 2008 D

299-E33-343 9900 9,900 pCi/L Tritium 2008 D

299-E33-345 10000 10,000 pCi/L Tritium 2008 D

299-E33-35 8400 8,400 pCi/L Tritium 2008 D

299-E33-36 1100 1,100 pCi/L Tritium 2008 D

299-E33-37 1600 1,600 pCi/L Tritium 2007 D

299-E33-38 9600 9,600 pCi/L Tritium 2008 D

299-E33-39 980 980 pCi/L Tritium 2008 D

299-E33-4 120000 120,000 pCi/L Tritium 2008 D

299-E33-41 4000 4,000 pCi/L Tritium 2008 D

299-E33-42 5000 5,000 pCi/L Tritium 2008 D

299-E33-43 9400 9,400 pCi/L Tritium 2008 D

299-E33-44 12000 12,000 pCi/L Tritium 2008 D

299-E33-47 1300 1,300 pCi/L Tritium 2008 D

299-E33-48 11000 11,000 pCi/L Tritium 2008 D

299-E33-49 10000 10,000 pCi/L Tritium 2008 D

299-E33-5 9300 9,300 pCi/L Tritium 2008 D

299-E33-7 51000 51,000 pCi/L Tritium 2008 D

299-E33-9 8200 8,200 pCi/L Tritium 2008 D

299-E34-10 190 190U pCi/L Tritium 2008 U
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299-E34-12 340 340 pCi/L Tritium 2008 D

299-E34-2 160 160* pCi/L Tritium 2008 C

299-E34-9 320 320 pCi/L Tritium 2008 D

299-W10-1 880 880 pCi/L Tritium 2008 D

299-W1O-20 110 11OU pCi/L Tritium 2006 U

299-W10-22 7600 7,600 pCi/L Tritium 2008 D

299-W10-23 5200 5,200 pCi/L Tritium 2008 D

299-W10-24 4300 4,300 pCi/L Tritium 2008 D

299-W10-26 6600 6,600 pCi/L Tritium 2008 D

299-W10-27 5700 5,700 pCi/L Tritium 2008 D

299-W10-28 2000 2,000 pCi/L Tritium 2008 D

299-W10-29 45 45U pCi/L Tritium 2008 U

299-W10-30 -52 -52.OU pCi/L Tritium 2008 U

299-W10-31 -14 -14.OU pCi/L Tritium 2008 U

299-W1O-4 2200 2,200 pCi/L Tritium 2008 D

299-W10-5 700 700 pCi/L Tritium 2008 D

299-W10-8 4500 4,500 pCi/L Tritium 2008 D

299-W11-12 34000 34,000 pCi/L Tritium 2008 D

299-W11-13 7000 7,000 pCi/L Tritium 2008 D

299-W11-18 11000 11,000 pCi/L Tritium 2008 D

299-W11-3 1000 1,000 pCi/L Tritium 2008 D

299-W11-37 10000 10,000 pCi/L Tritium 2008 D

299-W11-39 3900 3,900 pCi/L Tritium 2008 D

299-W11-40 9000 9,000 pCi/L Tritium 2008 D

299-W11-41 16000 16,000 pCi/L Tritium 2008 D

299-W11-42 4100 4,100 pCi/L Tritium 2008 D

299-W11-7 21000 21,000 pCi/L Tritium 2008 D

299-W12-1 5200 5,200 pCi/L Tritium 2008 D

299-W14-13 830000 830,000 pCi/L Tritium 2008 D

299-W14-14 5400 5,400 pCi/L Tritium 2008 D
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299-W14-15 130000 130,000 1 pCi/L Tritium 2008 D

299-W14-16 4800 4,800 pCi/L Tritium 2008 D

299-W14-17 3200 3,200 pCi/L Tritium 2008 D

299-W14-18 6200 6,200 pCi/L Tritium 2008 D

299-W14-19 4200 4,200 pCi/L Tritium 2008 D

299-W14-6 1100 1,100 pCi/L Tritium 2008 D

299-W15-11 610 610 pCi/L Tritium 2008 D

299-W15-15 1500 1,500 pCi/L Tritium 2007 D

299-W15-152 1500 1,500 pCi/L Tritium 2008 D

299-W15-224 1300 1,300 pCi/L Tritium 2008 D

299-W15-30 990 990 pCi/L Tritium 2008 D

299-W15-31A 1200 1,200 pCi/L Tritium 2008 D

299-W15-32 290 290 pCi/L Tritium 2008 D

299-W15-33 730 730 pCi/L Tritium 2008 D

299-W15-34 1100 1,100 pCi/L Tritium 2008 D

299-W15-35 1100 1,100 pCi/L Tritium 2008 D

299-W15-36 600 600 pCi/L Tritium 2008 D

299-W15-38 1200 1,200 pCi/L Tritium 2008 D

299-W15-40 3300 3,300 pCi/L Tritium 2008 D

299-W15-41 5000 5,000 pCi/L Tritium 2008 D

299-W15-43 740 740 pCi/L Tritium 2008 D

299-W15-44 5100 5,100 pCi/L Tritium 2008 D

299-W15-45 870 870 pCi/L Tritium 2008 D

299-W15-46 330 330 pCi/L Tritium 2007 D

299-W15-47 190 190* pCi/L Tritium 2008 C

299-W15-49 1100 1,100 pCi/L Tritium 2007 D

299-W15-763 14000 14,000 pCi/L Tritium 2008 D

299-W15-765 3300 3,300 pCi/L Tritium 2008 D

299-W15-83 1600 1,600 pCi/L Tritium 2008 D

299-W15-94 1100 1,100 pCi/L Tritium 2008 D
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299-W17-1 170

Table A-14. Tritium Values

PLOTVAL UNITS CONNAN

170U pCi/L Tritium 2008 U

299-W18-21 900 900 pCi/L Tritium 2008 D

299-W18-23 1400 1,400 pCi/L Tritium 2008 D

299-W19-101 300 300 pCi/L Tritium 2008 D

299-W19-105 120 120* pCi/L Tritium 2008 C

299-W19-107 130 130* pCi/L Tritium 2008 C

299-W19-43 1400 1,400 pCi/L Tritium 2006 D

299-W19-46 510 510 pCi/L Tritium 2008 D

299-W19-48 98 98* pCi/L Tritium 2008 C

299-W19-49 69 69U pCi/L Tritium 2008 U

299-W21-2 11000 11,000 pCi/L Tritium 2008 D

299-W22-10 19000 19,000 pCi/L Tritium 2006 D

299-W22-20 290000 290,000 pCi/L Tritium 2008 D

299-W22-26 2100 2,100 pCi/L Tritium 2008 D

299-W22-44 2400 2,400 pCi/L Tritium 2008 D

299-W22-45 13000 13,000 pCi/L Tritium 2008 D

299-W22-47 17000 17,000 pCi/L Tritium 2008 D

299-W22-48 4400 4,400 pCi/L Tritium 2008 D

299-W22-49 32000 32,000 pCi/L Tritium 2008 D

299-W22-50 25000 25,000 pCi/L Tritium 2008 D

299-W22-69 2000 2,000 pCi/L Tritium 2008 D

299-W22-72 62000 62,000 pCi/L Tritium 2008 D

299-W22-79 3300 3,300 pCi/L Tritium 2006 D

299-W22-80 200 200U pCi/L Tritium 2008 U

299-W22-81 14000 14,000 pCi/L Tritium 2008 D

299-W22-82 23000 23,000 pCi/L Tritium 2008 D

299-W22-83 22000 22,000 pCi/L Tritium 2008 D

299-W22-84 160 160U pCi/L Tritium 2008 U

299-W22-85 22000 22,000 pCi/L Tritium 2008 D

299-W22-86 9900 9,900 pCi/L Tritium 2008 D
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299-W22-87 92

Table A-14. Tritium Values

PLOTVAL UNITS CON_NAWV

92U pCi/L Tritium 2008 U

299-W22-88 18000 18,000 pCi/L Tritium 2008 D

299-W22-9 1000000 1,000,000 pCi/L Tritium 2006 D

299-W23-10 8000 8,000 pCi/L Tritium 2006 D

299-W23-15 270 270 pCi/L Tritium 2008 D

299-W23-19 44000 44,000 pCi/L Tritium 2008 D

299-W23-20 200 200U pCi/L Tritium 2008 U

299-W23-21 95000 95,000 pCi/L Tritium 2008 D

299-W23-4 29000 29,000 pCi/L Tritium 2008 D

299-W23-9 150000 150,000 pCi/L Tritium 2007 D

299-W26-13 82 82U pCi/L Tritium 2007 U

299-W26-14 110 11oU pCi/L Tritium 2008 U

299-W6-11 3400 3,400 pCi/L Tritium 2008 D

299-W6-12 270 270 pCi/L Tritium 2008 D

299-W7-4 50 50U pCi/L Tritium 2007 U

299-W8-1 -76 -76.OU pCi/L Tritium 2008 U

3099-47-18B 170 170 pCi/L Tritium 2007 D

399-1-10A 8000 8,000 pCi/L Tritium 2007 D

399-1-16A 7600 7,600 pCi/L Tritium 2007 D

399-1-17A 6400 6,400 pCi/L Tritium 2007 D

399-1-18A 9500 9,500 pCi/L Tritium 2007 D

399-1-21A 1900 1,900 pCi/L Tritium 2008 D

399-1-23 7400 7,400 pCi/L Tritium 2008 D

399-2-1 5500 5,500 pCi/L Tritium 2008 D

399-2-5 3100 3,100 pCi/L Tritium 2008 D

399-3-10 4400 4,400 pCi/L Tritium 2008 D

399-3-11 1000 1,000 pCi/L Tritium 2007 D

399-3-12 2800 2,800 pCi/L Tritium 2006 D

399-3-18 5900 5,900 pCi/L Tritium 2008 D

399-3-19 250 250 pCi/L Tritium 2007 D
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399-3-2 120 120 pCi/L I Tritium 2008 D

399-3-20 3400 3,400 pCi/L Tritium 2008 D

399-3-6 650 650* pCi/L Tritium 2006 C

399-4-1 84 84 pCi/L Tritium 2008 D

399-4-12 430 430 pCi/L Tritium 2008 D

399-4-14 1300 1,300 pCi/L Tritium 2008 D

399-4-7 2800 2,800 pCi/L Tritium 2006 D

399-4-9 3400 3,400 pCi/L Tritium 2006 D

399-5-1 49 49 pCi/L Tritium 2008 D

399-5-4B 26 26 pCi/L Tritium 2006 D

399-8-1 66 66U pCi/L Tritium 2008 U

399-8-3 290 290* pCi/L Tritium 2008 C

399-8-5A 330 330 pCi/L Tritium 2008 D

499-SO-7 8800 8,800 pCi/L Tritium 2008 D

499-50-8 2200 2,200 pCi/L Tritium 2008 D

68-D 61 61U pCi/L Tritium 2008 U

699-100-43B 270 270* pCi/L Tritium 2008 C

699-101-45 1200 1,200 pCi/L Tritium 2008 D

699-10-54A -17 -17.OU pCi/L Tritium 2008 U

699-10-E12 13000 13,000 pCi/L Tritium 2008 D

699-12-2C 190000 190,000 pCi/L Tritium 2008 D

699-12-4D 1400 1,400 pCi/L Tritium 2008 D

699-13-OA 53000 53,000 pCi/L Tritium 2008 D

699-13-1A 110000 110,000 pCi/L Tritium 2007 D

699-13-1E 200000 200,000 pCi/L Tritium 2008 D

699-13-2D 360000 360,000 pCi/L Tritium 2008 D

699-13-3A 820000 820,000 pCi/L Tritium 2008 D

699-14-38 -24 -24.OU pCi/L Tritium 2007 U

699-19-43 -20 -20.OU pCi/L Tritium 2007 U

699-20-20 63000 63,000 pCi/L Tritium 2007 D
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699-20-E120 2000 1 2,000 pCi/L Tritium 2008 D

699-20-ESA 49000 49,000 pCi/L Tritium 2007 D

699-21-6 24000 24,000 pCi/L Tritium 2007 D

699-22-35 -88 -88.OU pCi/L Tritium 2007 U

699-2-3 39000 39,000 pCi/L Tritium 2008 D

699-24-34C 5800 5,800 pCi/L Tritium 2007 D

699-24-46 -20 -20.OU pCi/L Tritium 2008 U

699-25-70 180 180U pCi/L Tritium 2006 U

699-26-15A 81000 81,000 pCi/L Tritium 2007 D

699-26-33 31000 31,000 pCi/L Tritium 2008 D

699-26-35A 21000 21,000 pCi/L Tritium 2007 D

699-26-89 7 6.7U pCi/L Tritium 2006 U

699-2-6A 21000 21,000 pCi/L Tritium 2008 D

699-2-7 11000 11,000 pCi/L Tritium 2008 D

699-28-40 160 160U pCi/L Tritium 2007 U

699-29-4 87000 87,000 pCi/L Tritium 2007 D

699-31-11 80000 80,000 pCi/L Tritium 2007 D

699-31-31 1200 1,200 pCi/L Tritium 2008 D

699-32-22A 40000 40,000 pCi/L Tritium 2008 D

699-32-43 22000 22,000 pCi/L Tritium 2008 D

699-32-62 8000 8,000 pCi/L Tritium 2007 D

699-32-72A 59000 59,000 pCi/L Tritium 2007 D

699-32-76 16 16U pCi/L Tritium 2008 U

699-33-56 -59 -59.OU pCi/L Tritium 2007 U

699-33-74 19000 19,000 pCi/L Tritium 2008 D

699-33-75 30 30U pCi/L Tritium 2008 U

699-33-76 120 120U pCi/L Tritium 2008 U

699-34-41B 48000 48,000 pCi/L Tritium 2007 D

699-34-42 37000 37,000 pCi/L Tritium 2007 D

699-34-72 24000 24,000 pCi/L Tritium 2008 D
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699-34-88 41 41U pCi/L Tritium 2006 U

699-35-57 3200 3,200 pCi/L Tritium 2008 D

699-35-58 2300 2,300 pCi/L Tritium 2008 D

699-35-59 5300 5,300 pCi/L Tritium 2008 D

699-35-66A 160000 160,000 pCi/L Tritium 2007 D

699-35-70 240000 240,000 pCi/L Tritium 2008 D

699-35-9 97000 97,000 pCi/L Tritium 2007 D

699-36-58A 3300 3,300 pCi/L Tritium 2008 D

699-36-58B 2100 2,100 pCi/L Tritium 2008 D

699-36-61A 46000 46,000 pCi/L Tritium 2008 D

699-36-70A 66000 66,000 pCi/L Tritium 2008 D

699-36-70B 8000 8,000 pCi/L Tritium 2008 D

699-36-93 3 3.3U pCi/L Tritium 2006 U

699-37-43 15000 15,000 pCi/L Tritium 2007 D

699-37-47A 43000 43,000 pCi/L Tritium 2008 D

699-38-15 65000 65,000 pCi/L Tritium 2007 D

699-38-65 34000 34,000 pCi/L Tritium 2007 D

699-38-68A 23000 23,000 pCi/L Tritium 2007 D

699-38-70 6600 6,600 pCi/L Tritium 2007 D

699-39-39 -170 -170.OU pCi/L Tritium 2007 U

699-40-1 59000 59,000 pCi/L Tritium 2007 D

699-40-33A -120 -120.OU pCi/L Tritium 2007 U

699-40-62 9000 9,000 pCi/L Tritium 2007 D

699-40-65 15000 15,000 pCi/L Tritium 2008 D

699-41-lA 60000 60,000 pCi/L Tritium 2008 D

699-41-23 8700 8,700 pCi/L Tritium 2008 D

699-42-12A 40000 40,000 pCi/L Tritium 2007 D

699-42-40A 42000 42,000 pCi/L Tritium 2007 D

699-43-3 70000 70,000 pCi/L Tritium 2007 D

699-43-45 1000 1,000 pCi/L Tritium 2007 D
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Table A-14. Tritium Values

PLOTVAL UN4TS CONN

34U pCi/L Tritium 2008 U

699-44-39B 5200 5,200 pCi/L Tritium 2007 D

699-44-64 540 540 pCi/L Tritium 2007 D

699-46-21B 38000 38,000 pCi/L Tritium 2008 D

699-46-4 53000 53,000 pCi/L Tritium 2008 D

699-47-5 30000 30,000 pCi/L Tritium 2008 D

699-47-60 -11 -11.OU pCi/L Tritium 2008 U

699-48-50B 320 320* pCi/L Tritium 2008 C

699-48-71 800 800 pCi/L Tritium 2008 D

699-48-77A 280000 280,000 pCi/L Tritium 2008 D

699-48-77D 110000 110,000 pCi/L Tritium 2008 D

699-48-7A -16 -16.OU pCi/L Tritium 2007 U

699-49-100C 37 37U pCi/L Tritium 2008 U

699-49-13E 47 47U pCi/L Tritium 2008 U

699-49-55A 2500 2,500 pCi/L Tritium 2007 D

699-49-57A 12000 12,000 pCi/L Tritium 2008 D

699-49-79 20 20U pCi/L Tritium 2008 U

699-50-28B 99 99U pCi/L Tritium 2007 U

699-50-56 660 660 pCi/L Tritium 2008 D

699-50-59 8900 8,900 pCi/L Tritium 2008 D

699-50-74 -43 -43.OU pCi/L Tritium 2008 U

699-50-85 59 59U pCi/L Tritium 2006 U

699-51-75 9 9.oU pCi/L Tritium 2008 U

699-52-19 42 42U pCi/L Tritium 2007 U

699-53-47A 26 26U pCi/L Tritium 2007 U

699-53-48A -170 -170.OU pCi/L Tritium 2008 U

699-53-55C 470 470 pCi/L Tritium 2008 D

699-54-49 -30 -30.OU pCi/L Tritium 2008 U

699-55-50C 83 83U pCi/L Tritium 2008 U

699-55-57 2000 2,000 pCi/L Tritium 2008 D

D-731
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699-55-60A 1600 1,600 pCi/L Tritium 2008 D

699-55-76 8 7.6 pCi/L Tritium 2006 D

699-55-89 91 91 pCi/L Tritium 2006 D

699-57-59 11000 11,000 pCi/L Tritium 2008 D

699-59-58 8600 8,600 pCi/L Tritium 2008 D

699-60-60 20000 20,000 pCi/L Tritium 2008 D

699-61-62 17000 17,000 pCi/L Tritium 2008 D

699-61-66 -14 -14.OU pCi/L Tritium 2008 U

699-62-43F 3600 3,600 pCi/L Tritium 2008 D

699-63-25A -110 -110.OU pCi/L Tritium 2007 U

699-63-55 3300 3,300 pCi/L Tritium 2008 D

699-63-90 -61 -61.OU pCi/L Tritium 2008 U

699-64-62 14000 14,000 pCi/L Tritium 2008 D

699-65-72 43 43U pCi/L Tritium 2008 U

699-65-83 260 260 pCi/L Tritium 2008 D

699-66-103 36 36U pCi/L Tritium 2008 U

699-66-23 58 58U pCi/L Tritium 2006 U

699-66-58 7400 7,400 pCi/L Tritium 2007 D

699-66-64 17000 17,000 pCi/L Tritium 2007 D

699-67-51 2600 2,600 pCi/L Tritium 2007 D

699-67-86 15 15U pCi/L Tritium 2007 U

699-68-105 -73 -73.OU pCi/L Tritium 2007 U

699-70-68 14000 14,000 pCi/L Tritium 2008 D

699-71-30 -21 -21.OU pCi/L Tritium 2007 U

699-71-77 650 650 pCi/L Tritium 2007 D

699-72-73 15000 15,000 pCi/L Tritium 2008 D

699-72-92 240 240 pCi/L Tritium 2007 D

699-73-61 160 160U pCi/L Tritium 2008 U

699-78-62 21 21U pCi/L Tritium 2008 U

699-8-17 33000 33,000 pCi/L Tritium 2008 D

D-732
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699-8-25 2800 2,800 pCi/L Tritium 2007 D

699-87-55 5600 5,600 pCi/L Tritium 2007 D

699-89-35 -88 -88.OU pCi/L Tritium 2006 U

699-91-46A 660 660 pCi/L Tritium 2008 D

699-93-48A 510 510 pCi/L Tritium 2008 D

699-94-41 2300 2,300 pCi/L Tritium 2008 D

699-94-43 3900 3,900 pCi/L Tritium 2008 D

699-95-45 5100 5,100 pCi/L Tritium 2008 D

699-95-48 2400 2,400 pCi/L Tritium 2008 D

699-95-51 1800 1,800 pCi/L Tritium 2008 D

699-96-43 5000 5,000 pCi/L Tritium 2008 D

699-96-49 1700 1,700 pCi/L Tritium 2008 D

699-96-52B 1700 1,700 pCi/L Tritium 2008 D

699-97-41 3700 3,700 pCi/L Tritium 2008 D

699-97-43 4300 4,300 pCi/L Tritium 2008 D

699-97-43B 5200 5,200 pCi/L Tritium 2008 D

699-97-45 3700 3,700 pCi/L Tritium 2008 D

699-97-48B 2300 2,300 pCi/L Tritium 2008 D

699-97-51A 1800 1,800 pCi/L Tritium 2008 D

699-98-43 2000 2,000 pCi/L Tritium 2008 D

699-98-46 2600 2,600 pCi/L Tritium 2008 D

699-98-51 250 250* pCi/L Tritium 2008 C

699-99-41 2700 2,700 pCi/L Tritium 2008 D

699-99-42B 1100 1,100 pCi/L Tritium 2008 D

699-99-44 1300 1,300 pCi/L Tritium 2008 D

699-9-E2 1800 1,800 pCi/L Tritium 2007 D

699-512-29 -120 -120.OU pCi/L Tritium 2007 U

699-512-3 580 580 pCi/L Tritium 2007 D

699-S19-11 -210 -210.OU pCi/L Tritium 2007 U

699-S19-E13 8900 8,900 pCi/L Tritium 2008 D

D-733
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699-S19-E14 13000 13,000 pCi/L I Tritium 2007 D

699-520-ElO 120 120U pCi/L Tritium 2008 U

699-S22-E9A 0 -0.3U pCi/L Tritium 2007 U

699-S24-19Q 32 32 pCi/L Tritium 2007 D

699-S27-E14 37 37 pCi/L Tritium 2008 D

699-S27-E9A 20 20 pCi/L Tritium 2007 D

699-S29-E16A 72 72 pCi/L Tritium 2007 D

699-S30-E15A 120 120 pCi/L Tritium 2007 D

699-S31-1 5 4.9U pCi/L Tritium 2007 U

699-S31-E1OA 690 690 pCi/L Tritium 2008 D

699-S31-ElOC 100 100 pCi/L Tritium 2007 D

699-S31-E8A 110 110 pCi/L Tritium 2007 D

699-S3-25 -90 -90.OU pCi/L Tritium 2007 U

699-S32-Eli 1500 1,500 pCi/L Tritium 2008 D

699-S32-E13A 82 82 pCi/L Tritium 2007 D

699-S34-E1O 180 180 pCi/L Tritium 2007 D

699-S34-E15 230 230 pCi/L Tritium 2007 D

699-536-E13A 150 150 pCi/L Tritium 2008 D

699-S37-E14 250 250 pCi/L Tritium 2007 D

699-S38-E11 100 100 pCi/L Tritium 2007 D

699-538-E12A 90 90 pCi/L Tritium 2007 D

699-S3-E12 1900 1,900 pCi/L Tritium 2008 D

699-S40-E13A 180 180 pCi/L Tritium 2007 D

699-S40-E14 88 88 pCi/L Tritium 2007 D

699-S41-E12 120 120 pCi/L Tritium 2007 D

699-S41-E13A 180 180 pCi/L Tritium 2007 D

699-S43-E12 140 140 pCi/L Tritium 2007 D

699-S6-E14A 310 310 pCi/L Tritium 2007 D

699-S6-E4A 11000 11,000 pCi/L Tritium 2008 D

699-S6-E4B 11000 11,000 pCi/L Tritium 2008 D

D-734
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14000 1 14,000 pCi/L Tritium 2007 D

699-S6-E4E 12000 12,000 pCi/L Tritium 2008 D

699-S6-E4K 9800 9,800 pCi/L Tritium 2008 D

699-S6-E4L 9200 9,200 pCi/L Tritium 2008 D

699-58-19 -19 -19.oU pCi/L Tritium 2007 U

72-D 250 250 pCi/L Tritium 2008 D

74-D 920 920 pCi/L Tritium 2008 D

75-D 690 690 pCi/L Tritium 2008 D

76-D 230 230 pCi/L Tritium 2008 D

80-D -14 -14.OU pCi/L Tritium 2008 U

82-M 82 82U pCi/L Tritium 2008 U

84-D -40 -40.OU pCi/L Tritium 2007 U

85-M 360 360 pCi/L Tritium 2007 D

86-D 7000 7,000 pCi/L Tritium 2008 D

APT1 70 70U pCi/L Tritium 2006 U

AT-3-1-S 9100 9,100 pCi/L Tritium 2008 D

AT-3-2-M 7800 7,800 pCi/L Tritium 2008 D

AT-3-3-S 6400 6,400 pCi/L Tritium 2008 D

AT-3-4-S 4700 4,700 pCi/L Tritium 2008 D

AT-3-5-S 5000 5,000 pCi/L Tritium 2008 D

AT-3-6-S 3200 3,200 pCi/L Tritium 2008 D

AT-3-7-M 190 190U pCi/L Tritium 2008 U

AT-3-8-S 95 95U pCi/L Tritium 2008 U

AT-B-1-M 2800 2,800 pCi/L Tritium 2008 D

AT-B-2-D 2500 2,500 pCi/L Tritium 2008 D

AT-B-3-M 8000 8,000 pCi/L Tritium 2008 D

AT-B-4-S 2500 2,500 pCi/L Tritium 2008 D

AT-B-5-D 14000 14,000 pCi/L Tritium 2008 D

AT-B-7-M 10000 10,000 pCi/L Tritium 2008 D

AT-F-2-M 180 180U pCi/L Tritium 2008 U

D-735

699-S6-E4D
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AT-F-3-D 340

Table A-14. Tritium Values

PLOTVAL UNITS CON_ NAI

340 pCi/L Tritium 2008 D

AT-F-4-D 180 180U pCi/L Tritium 2008 U

AT-K-1-D 140 140U pCi/L Tritium 2008 U

AT-K-2-M 130 130U pCi/L Tritium 2008 U

AT-K-3-D 2900 2,900 pCi/L Tritium 2008 D

AT-K-4-M -46 -46.OU pCi/L Tritium 2008 U

AT-K-5-M 120 120U pCi/L Tritium 2008 U

AT-K-6-M 3900 3,900 pCi/L Tritium 2008 D

C6229 2800 2,800 pCi/L Tritium 2008 D

C6231 20000 20,000 pCi/L Tritium 2008 D

C6235 7900 7,900 pCi/L Tritium 2008 D

C6237 1900 1,900 pCi/L Tritium 2008 D

C6241 490 490 pCi/L Tritium 2008 D

C6244 740 740 pCi/L Tritium 2008 D

C6247 4400 4,400 pCi/L Tritium 2008 D

C6250 580 580 pCi/L Tritium 2008 D

C6267 3800 3,800 pCi/L Tritium 2008 D

C6269 8900 8,900 pCi/L Tritium 2008 D

C6309 3 2.7U pCi/L Tritium 2008 U

C6316 25 25U pCi/L Tritium 2008 U

C6325 12000 12,000 pCi/L Tritium 2008 D

C6326 3700 3,700 pCi/L Tritium 2008 D

C6331 4800 4,800 pCi/L Tritium 2008 D

C6334 4300 4,300 pCi/L Tritium 2008 D

C6353 35000 35,000 pCi/L Tritium 2008 D

C6356 110 11oU pCi/L Tritium 2008 U

C6359 83 83U pCi/L Tritium 2008 U

C6362 69 69U pCi/L Tritium 2008 U

C6365 170 170U pCi/L Tritium 2008 U

C6368 240 240 pCi/L Tritium 2008 D

D-736
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Table A-14. Tritium Values
PLOTVAL UNITS CONNAME

240 pCi/L Tritium 2008 D

C6378 5 4.5U pCi/L Tritium 2008 U

C6380 250 250 pCi/L Tritium 2008 D

C6383 24000 24,000 pCi/L Tritium 2008 D

DD-44-4 23000 23,000 pCi/L Tritium 2008 D

DD-49-4 5300 5,300 pCi/L Tritium 2008 D

DD-50-2 8500 8,500 pCi/L Tritium 2008 D

DK-04-2 3800 3,800 pCi/L Tritium 2008 D

N116mArray-10A 55 55U pCi/L Tritium 2007 U

N116mArray-11A 910 910 pCi/L Tritium 2007 D

N116mArray-12A 2200 2,200 pCi/L Tritium 2007 D

N116mArray-13A 190 190* pCi/L Tritium 2007 C

N116mArray-14A 5100 5,100 pCi/L Tritium 2007 D

N116mArray-1A -29 -29.OU pCi/L Tritium 2007 U

N116mArray-2A 1200 1,200 pCi/L Tritium 2007 D

N116mArray-3A -52 -52.OU pCi/L Tritium 2008 U

N116mArray-4A 14 14U pCi/L Tritium 2008 U

N116mArray-6A 42 42U pCi/L Tritium 2008 U

N116mArray-7A 19 19U pCi/L Tritium 2007 U

N116mArray-8A 110 11oU pCi/L Tritium 2007 U

N116mArray-9A -24 -24.OU pCi/L Tritium 2007 U

NS-2A-23cm 200 200* pCi/L Tritium 2006 C

NS-3A-176cm 140 140U pCi/L Tritium 2006 U

NS-4A-17cm 210 210U pCi/L Tritium 2006 U

NVP2-116.0 -40 -40.0U pCi/L Tritium 2008 U

D-737
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1199-39-16D 1 0.92 pg/L Uranium 2008 D

D-738

199-D2-6 3 3.0 pg/L Uranium 2008 D

199-D2-8 2 2.2 pg/L Uranium 2008 D

199-D3-2 3 3.3 ptg/L Uranium 2008 D

199-D4-1 1 0.90 pg/L Uranium 2008 D

199-D4-15 2 2.3 [ig/L Uranium 2008 D

199-D4-20 3 2.6 pg/L Uranium 2008 D

199-D4-22 4 3.9 .ig/L Uranium 2008 D

199-D4-23 2 1.8 pg/L Uranium 2008 D

199-D4-26 2 2.2 pg/L Uranium 2008 D

199-D4-31 3 3.3 ptg/L Uranium 2008 D

199-D4-32 3 2.7 [ig/L Uranium 2008 D

199-D4-36 4 3.8 pg/L Uranium 2008 D

199-D4-38 2 1.8 pg/L Uranium 2008 D

199-D4-39 2 1.9 tg/L Uranium 2008 D

199-D4-4 2 1.5 [tg/L Uranium 2008 D

199-D4-48 1 1.2 pg/L Uranium 2008 D

199-D4-5 2 1.6 pg/L Uranium 2008 D

199-D4-6 2 1.8 pg/L Uranium 2008 D

199-D4-62 1 0.79 pg/L Uranium 2008 D

199-D4-7 4 3.6 ig/L Uranium 2008 D

199-D4-78 1 0.70 pg/L Uranium 2008 D

199-D4-83 1 1.4 pg/L Uranium 2008 D

199-D4-84 3 3.3 pg/L Uranium 2008 D

199-D4-85 2 1.5 ptg/L Uranium 2008 D

199-D4-86 2 2.1 pg/L Uranium 2008 D

199-D5-36 1 1.1 pg/L Uranium 2008 D

199-D5-38 2 1.8 pg/L Uranium 2008 D

199-D5-39 2 1.8 Vg/L Uranium 2008 D

199-D5-43 2 2.3 pg/L Uranium 2008 D
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199-D8-53 2 1.9 ptg/L Uranium 2008 D

199-D8-54A 2 2.3 lg/L Uranium 2008 D

199-D8-68 2 2.3 [tg/L Uranium 2008 D

199-D8-72 2 1.8 [tg/L Uranium 2008 D

199-F5-45 10 9.8 pg/L Uranium 2007 D

199-F5-46 10 10 ptg/L Uranium 2008 D

199-F5-47 10 10 ptg/L Uranium 2008 D

199-F5-48 1 0.69 ig/L Uranium 2007 D

199-F8-2 13 13 Vg/L Uranium 2007 D

199-F8-3 9 8.8 pg/L Uranium 2008 D

199-F8-4 18 18 pg/L Uranium 2008 D

199-H4-12A 6 6.4 pg/L Uranium 2008 D

199-H4-15A 1 0.71 pg/L Uranium 2008 D

199-H4-3 8 8.0 ig/L Uranium 2008 D

199-H4-4 5 4.8 ig/L Uranium 2008 D

199-H4-5 1 1.1 ptg/L Uranium 2008 D

199-H4-63 2 1.5 ig/L Uranium 2008 D

199-H4-64 1 0.96 Vg/L Uranium 2008 D

199-H4-8 1 0.77 ig/L Uranium 2008 D

199-H4-9 2 1.5 Vg/L Uranium 2008 D

199-K-107A 3 3.1 pg/L Uranium 2008 D

199-K-109A 7 6.8 Vg/L Uranium 2008 D

199-K-27 5 4.7 Vg/L Uranium 2008 D

199-K-29 3 3.3 pg/L Uranium 2007 D

199-K-34 4 4.4 Vg/L Uranium 2008 D

299-E13-14 3 2.9 pg/L Uranium 2008 D

299-E13-5 3 2.9 pg/L Uranium 2008 D

299-E17-14 29 29 ig/L Uranium 2008 D

299-E17-16 20 20 ig/L Uranium 2008 D

299-E17-18 13 13 ptg/L Uranium 2008 D

D-739
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299-E17-19 1 7 7.2 ig/L Uranium 2008 D

299-E23-1 13 13 pg/L Uranium 2008 D

299-E23-2 3 3.0 ptg/L Uranium 2007 D

299-E24-16 25 25 ig/L Uranium 2006 D

299-E24-18 14 14 itg/L Uranium 2008 D

299-E24-20 2 2.4 .g/L Uranium 2008 D

299-E24-22 3 2.5 pg/L Uranium 2008 D

299-E24-33 3 2.7 pg/L Uranium 2008 D

299-E25-2 3 2.5 lpg/L Uranium 2008 D

299-E25-36 75 75 ptg/L Uranium 2007 D

299-E25-39 7 7.1 ptg/L Uranium 2008 D

299-E25-40 2 1.8 ig/L Uranium 2008 D

299-E25-41 3 2.8 pg/L Uranium 2008 D

299-E25-93 2 2.4 pg/L Uranium 2008 D

299-E25-94 2 1.9 pg/L Uranium 2008 D

299-E27-10 4 3.9 pg/L Uranium 2008 D

299-E27-11 3 3.1 Vg/L Uranium 2008 D

299-E27-12 4 3.5 pg/L Uranium 2008 D

299-E27-13 3 2.8 ig/L Uranium 2008 D

299-E27-14 3 3.2 ig/L Uranium 2008 D

299-E27-15 12 12 pg/L Uranium 2008 D

299-E27-155 4 3.6 ig/L Uranium 2008 D

299-E27-17 3 3.3 pg/L Uranium 2008 D

299-E27-21 2 2.0 ptg/L Uranium 2008 D

299-E27-22 3 3.2 ig/L Uranium 2008 D

299-E27-23 3 2.5 ig/L Uranium 2008 D

299-E27-4 3 3.1 ig/L Uranium 2008 D

299-E27-7 4 3.7 pg/L Uranium 2008 D

299-E27-8 3 3.0 pg/L Uranium 2008 D

299-E27-9 3 3.1 ig/L Uranium 2008 D

D-740
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299-E28-17 27 27 pg/L I Uranium 2008 D

299-E28-18 33 33 g/L Uranium 2008 D

299-E28-21 10 9.6 ig/L Uranium 2008 D

299-E28-23 29 29 pg/L Uranium 2008 D

299-E28-24 22 22 pg/L Uranium 2008 D

299-E28-25 17 17 ptg/L Uranium 2008 D

299-E28-26 5 4.9 pg/L Uranium 2008 D

299-E28-27 25 25 pg/L Uranium 2008 D

299-E28-28 6 5.8 ptg/L Uranium 2008 D

299-E28-5 8 7.9 pg/L Uranium 2008 D

299-E28-6 3 3.0 pg/L Uranium 2008 D

299-E28-8 5 4.5 ptg/L Uranium 2008 D

299-E32-10 22 22 ptg/L Uranium 2008 D

299-E32-2 16 16 [tg/L Uranium 2008 D

299-E32-3 17 17 ptg/L Uranium 2008 D

299-E32-4 3 2.7 [tg/L Uranium 2008 D

299-E32-5 10 10 [tg/L Uranium 2008 D

299-E32-6 19 19 Vg/L Uranium 2008 D

299-E32-7 19 19 ig/L Uranium 2008 D

299-E32-8 8 7.8 Rg/L Uranium 2008 D

299-E32-9 10 10 ig/L Uranium 2008 D

299-E33-13 140 140 pg/L Uranium 2008 D

299-E33-14 4 4.1 ptg/L Uranium 2008 D

299-E33-15 7 6.7 ig/L Uranium 2008 D

299-E33-16 260 260 [tg/L Uranium 2008 D

299-E33-17 4 4.0 Vg/L Uranium 2008 D

299-E33-18 1100 1,100 [ig/L Uranium 2008 D

299-E33-1A 150 150 gg/L Uranium 2008 D

299-E33-2 100 100 ptg/L Uranium 2008 D

299-E33-20 4 3.5 pJL Uranium 2008 D

D-741
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299-E33-21 6 5.7 g9/L IUranium 2008 D

299-E33-25 200 200 p1g/L Uranium 2008 D

299-E33-26 270 270 ig/L Uranium 2008 D

299-E33-28 6 6.4 lig/L Uranium 2008 D

299-E33-29 6 5.5 vg/L Uranium 2008 D

299-E33-3 11 11 ig/L Uranium 2008 D

299-E33-30 9 8.7 [tg/L Uranium 2008 D

299-E33-31 400 400 p1g/L Uranium 2008 D

299-E33-32 25 25 pg/L Uranium 2008 D

299-E33-33 3 3.2 pg/L Uranium 2008 D

299-E33-334 6 6.3 pg/L Uranium 2008 D

299-E33-335 6 6.2 pg/L Uranium 2008 D

299-E33-337 6 6.1 pg/L Uranium 2008 D

299-E33-338 4 3.8 pg/L Uranium 2008 D

299-E33-339 8 8.4 pg/L Uranium 2008 D

299-E33-34 93 93 pg/L Uranium 2008 D

299-E33-341 90 90 pg/L Uranium 2008 D

299-E33-342 320 320 ptg/L Uranium 2008 D

299-E33-343 3800 3,800 pg/L Uranium 2008 D

299-E33-345 230 230 pg/L Uranium 2008 D

299-E33-35 7 6.7 pg/L Uranium 2008 D

299-E33-36 3 2.9 pg/L Uranium 2008 D

299-E33-37 3 3.1 pg/L Uranium 2008 D

299-E33-38 370 370 pg/L Uranium 2008 D

299-E33-39 4 4.0 ig/L Uranium 2008 D

299-E33-4 3 3.0 ig/L Uranium 2008 D

299-E33-41 110 110 ptg/L Uranium 2008 D

299-E33-42 90 90 ig/L Uranium 2008 D

299-E33-43 28 28 ptg/L Uranium 2008 D

299-E33-44 330 330 ptg/L Uranium 2008 D

D-742
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299-E33-47 4 3.6 g/LI Uranium 2008 D

299-E33-48 7 7.4 pg/L Uranium 2008 D

299-E33-49 7 7.0 pg/L Uranium 2008 D

299-E33-5 350 350 pg/L Uranium 2008 D

299-E33-7 15 15 pg/L Uranium 2008 D

299-E33-9 1300 1,300 [tg/L Uranium 2008 D

299-E34-10 3 3.4 itg/L Uranium 2008 D

299-E34-12 3 2.8 Vg/L Uranium 2008 D

299-E34-2 3 3.3 Vg/L Uranium 2008 D

299-E34-8 3 3.3 pg/L Uranium 2008 D

299-E34-9 4 3.9 pg/L Uranium 2008 D

299-W10-20 1 0.99 pg/L Uranium 2006 D

299-W10-22 4 3.7 pg/L Uranium 2008 D

299-W10-23 1 1.0 Vg/L Uranium 2008 D

299-W1O-29 1 0.75 pg/L Uranium 2008 D

299-W10-30 1 1.2 pg/L Uranium 2008 D

299-W10-31 1 1.2 pg/L Uranium 2008 D

299-W11-18 2 1.9 pg/L Uranium 2008 D

299-W11-3 2 2.1 pg/L Uranium 2008 D

299-W11-37 48 48 pg/L Uranium 2008 D

299-W11-6 1 1.4 Vg/L Uranium 2008 D

299-W11-7 2 2.2 Vg/L Uranium 2008 D

299-W14-13 1 1.4 pg/L Uranium 2006 D

299-W15-15 8 7.9 pg/L Uranium 2007 D

299-W15-152 3 2.8 pg/L Uranium 2008 D

299-W15-224 1 1.0 pg/L Uranium 2008 D

299-W15-30 1 0.94 pg/L Uranium 2008 D

299-W15-35 1 1.0 pg/L Uranium 2006 D

299-W15-37 1 0.65 pg/L Uranium 2008 D

299-W15-47 1 1.2 pg/L Uranium 2006 D
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299-W15-83 1 0.92 g9/L IUranium 2008 D

299-W15-94 1 0.92 pg/L Uranium 2008 D

299-W18-15 27 27 .ig/L Uranium 2008 D

299-W18-21 22 22 ptg/L Uranium 2008 D

299-W18-23 6 5.6 ig/L Uranium 2008 D

299-W18-30 2 1.6 ig/L Uranium 2008 D

299-W19-101 130 130 ig/L Uranium 2008 D

299-W19-105 36 36 ig/L Uranium 2008 D

299-W19-107 1 1.2 ig/L Uranium 2008 D

299-W19-18 370 370 ig/L Uranium 2008 D

299-W19-35 64 64 itg/L Uranium 2008 D

299-W19-36 250 250 ig/L Uranium 2008 D

299-W19-37 320 320 ig/L Uranium 2008 D

299-W19-39 75 75 ig/L Uranium 2007 D

299-W19-4 1 0.98 tg/L Uranium 2007 D

299-W19-40 100 100 ptg/L Uranium 2006 D

299-W19-43 290 290 tg/L Uranium 2008 D

299-W19-46 150 150 pg/L Uranium 2008 D

299-W19-48 180 180 Vg/L Uranium 2008 D

299-W19-49 47 47 ptg/L Uranium 2008 D

299-W21-2 4 3.8 ig/L Uranium 2008 D

299-W22-20 0 0.05U ptg/L Uranium 2008 U

299-W22-26 1 1.3 ig/L Uranium 2008 D

299-W22-44 5 5.2 [tg/L Uranium 2008 D

299-W22-45 6 5.9 pg/L Uranium 2008 D

299-W22-47 6 6.0 Vg/L Uranium 2008 D

299-W22-48 4 3.8 tg/L Uranium 2008 D

299-W22-49 6 5.9 pg/L Uranium 2008 D

299-W22-50 5 5.3 pg/L Uranium 2008 D

299-W22-69 1 0.84 pig/L Uranium 2008 D

D-744



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0218, GROUNDWATER CONTAMINATION PLUME PAGE 242 OF 254
REV. 0 MAP CONTOURS, FISCAL YEAR 2008

Table A-15. Uranium Values

299-W22-72 1 0.96 Vg/L I Uranium 2008 D

299-W22-80 2 1.5 gg/L Uranium 2008 D

299-W22-81 7 7.2 ig/L Uranium 2008 D

299-W22-82 1 1.4 ptg/L Uranium 2008 D

299-W22-83 2 1.7 pLg/L Uranium 2008 D

299-W22-84 4 4.0 ptg/L Uranium 2008 D

299-W22-85 3 2.9 ig/L Uranium 2008 D

299-W22-86 3 3.2 ptg/L Uranium 2008 D

299-W22-87 1 1.2 ig/L Uranium 2008 D

299-W22-88 2 2.4 pg/L Uranium 2008 D

299-W22-9 0 0.32 ptg/L Uranium 2007 D

299-W23-10 20 20 Ig/L Uranium 2006 D

299-W23-15 8 8.3 pg/L Uranium 2008 D

299-W23-19 14 14 pg/L Uranium 2008 D

299-W23-20 3 3.4 pg/L Uranium 2008 D

299-W23-21 14 14 pg/L Uranium 2008 D

299-W23-4 31 31 ptg/L Uranium 2008 D

299-W23-9 20 20 ptg/L Uranium 2007 D

299-W26-13 2 1.9 ig/L Uranium 2007 D

299-W26-14 1 1.1 [tg/L Uranium 2008 D

299-W7-4 2 1.7 [ig/L Uranium 2007 D

299-W8-1 1 0.96 Vg/L Uranium 2008 D

399-1-1 28 28 pg/L Uranium 2008 D

399-1-10A 36 36 Vg/L Uranium 2008 D

399-1-11 27 27 pg/L Uranium 2008 D

399-1-12 48 48 pg/L Uranium 2008 D

399-1-13A 6 6.0 ptg/L Uranium 2008 D

399-1-15 9 9.1 ptg/L Uranium 2008 D

399-1-16A 62 62 pg/L Uranium 2008 D

399-1-17A 64 64 pg/L Uranium 2008 D
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399-1-18A 6 6.1 pg/L I Uranium 2008 D

399-1-2 12 12 1g/L Uranium 2008 D

399-1-21A 33 33 pg/L Uranium 2008 D

399-1-23 39 39 pgJL Uranium 2008 D

399-1-6 8 7.9 ig/L Uranium 2008 D

399-1-7 74 74 ptg/L Uranium 2008 D

399-2-1 83 83 .tg/L Uranium 2008 D

399-2-2 90 90 Vg/L Uranium 2008 D

399-2-5 40 40 Vg/L Uranium 2008 D

399-3-1 130 130 Vg/L Uranium 2008 D

399-3-10 130 130 Vg/L Uranium 2008 D

399-3-11 120 120 pg/L Uranium 2008 D

399-3-12 36 36 pg/L Uranium 2008 D

399-3-18 100 100 ptg/L Uranium 2008 D

399-3-19 21 21 pg/L Uranium 2008 D

399-3-2 18 18 ig/L Uranium 2008 D

399-3-20 63 63 ptg/L Uranium 2008 D

399-3-6 38 38 pg/L Uranium 2008 D

399-3-9 73 73 ig/L Uranium 2008 D

399-4-1 22 22 ig/L Uranium 2008 D

399-4-10 65 65 pg/L Uranium 2008 D

399-4-12 22 22 ig/L Uranium 2008 D

399-4-14 63 63 Vg/L Uranium 2008 D

399-4-7 56 56 Vg/L Uranium 2008 D

399-4-9 70 70 tg/L Uranium 2008 D

399-5-1 9 8.5 ig/L Uranium 2008 D

399-5-4B 8 7.5 pg/L Uranium 2008 D

399-8-1 22 22 ptg/L Uranium 2008 D

399-8-3 6 5.5 Vg/L Uranium 2008 D

399-8-5A 110 110 pg/L Uranium 2008 D
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699-12-2C 11 11 g9/L IUranium 2008 D

699-12-4D 7 6.6 itg/L Uranium 2008 D

699-13-2D 10 10 pg/L Uranium 2008 D

699-13-3A 11 11 pg/L Uranium 2008 D

699-32-76 2 1.8 pg/L Uranium 2008 D

699-33-74 3 2.9 ptg/L Uranium 2008 D

699-33-75 3 2.6 pg/L Uranium 2008 D

699-33-76 1 0.90 Vg/L Uranium 2008 D

699-34-72 7 7.4 ig/L Uranium 2008 D

699-35-66A 11 11* pg/L Uranium 2008 C

699-35-78A 14 14 pg/L Uranium 2008 D

699-36-66B 11 11* pg/L Uranium 2008 C

699-36-67 13 13* pg/L Uranium 2007 C

699-36-70A 11 11* pg/L Uranium 2008 C

699-36-70B 5 4.7 gg/L Uranium 2008 D

699-37-66 12 12* pg/L Uranium 2008 C

699-37-68 14 14* pg/L Uranium 2007 C

699-38-68A 3 3.1 pg/L Uranium 2007 D

699-38-70 45 45 ig/L Uranium 2007 D

699-40-62 2 1.9 pg/L Uranium 2007 D

699-43-89 1 0.68 pg/L Uranium 2008 D

699-44-64 2 1.6 ig/L Uranium 2007 D

699-47-60 2 2.3 ig/L Uranium 2008 D

699-48-50B 3 3.3 pg/L Uranium 2008 D

699-48-71 1 1.2 pg/L Uranium 2008 D

699-48-77A 0 0.17 ig/L Uranium 2008 D

699-48-77D 1 1.2 pg/L Uranium 2008 D

699-49-IOOC 2 2.1 ig/L Uranium 2008 D

699-49-55A 0 0.26 pLg/L Uranium 2007 D

699-49-57A 21 21 Vg/L Uranium 2008 D
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699-50-56 5 5.1 pig/L IUranium 2008 D

699-50-59 10 10 pg/L Uranium 2008 D

699-50-74 1 1.3 pg/L Uranium 2008 D

699-53-55C 5 4.9 ig/L Uranium 2008 D

699-55-57 6 5.8 pg/L Uranium 2008 D

699-55-60A 7 6.6 ig/L Uranium 2008 D

699-57-59 7 6.5 pg/L Uranium 2008 D

699-59-58 2 1.9 Vg/L Uranium 2008 D

699-60-60 3 2.9 ptg/L Uranium 2008 D

699-61-62 6 6.2 ptg/L Uranium 2008 D

699-61-66 3 2.5 [tg/L Uranium 2008 D

699-64-62 3 3.0 pg/L Uranium 2008 D

699-S20-ElO 2 2.1 Vg/L Uranium 2008 D

699-S27-E14 8 8.1 pg/L Uranium 2008 D

699-S27-E9A 6 6.4 pg/L Uranium 2008 D

699-S28-E12 9 9.0 pg/L Uranium 2008 D

699-S28-E13A 7 7.0 pg/L Uranium 2007 D

699-S29-Eli 9 8.8 pg/L Uranium 2007 D

699-S29-E12 6 6.3 pg/L Uranium 2006 D

699-S29-E13A 7 7.4 [tg/L Uranium 2008 D

699-S29-E16A 6 5.6 ltg/L Uranium 2008 D

699-S30-E1OA 13 13 pg/L Uranium 2008 D

699-S30-E10B 16 16 pg/L Uranium 2008 D

699-S30-EllA 10 10 Jg/L Uranium 2008 D

699-S30-El5A 5 4.8 pg/L Uranium 2007 D

699-S31-E1OA 24 24 pg/L Uranium 2008 D

699-S31-E10B 23 23 pg/L Uranium 2007 D

699-S31-ElOC 25 25 pg/L Uranium 2008 D

699-S31-E1OD 26 26 pg/L Uranium 2008 D

699-S31-Eli 8 8.0 pg/L Uranium 2008 D
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699-S31-E8A 7 7.0 g/L IUranium 2007 D

699-S32-E11 11 11 pg/L Uranium 2008 D

699-S34-E1O 10 10 pg/L Uranium 2008 D

699-S36-E13A 4 4.0 pg/L Uranium 2008 D

699-S40-E13A 1 0.81 pg/L Uranium 2008 D

699-S6-E4A 17 17 ptg/L Uranium 2008 D

699-S6-E4B 7 6.6 ig/L Uranium 2008 D

699-S6-E4D 4 4.1 ig/L Uranium 2008 D

699-S6-E4E 13 13 ptg/L Uranium 2008 D

699-S6-E4K 9 9.2 pg/L Uranium 2008 D

699-S6-E4L 17 17 ptg/L Uranium 2008 D

AT-3-1-M 73 73 Vg/L Uranium 2008 D

AT-3-2-S 97 97 [tg/L Uranium 2008 D

AT-3-3-S 150 150 [tg/L Uranium 2008 D

AT-3-4-S 140 140 Vg/L Uranium 2008 D

AT-3-5-S 88 88 [tg/L Uranium 2008 D

AT-3-6-M 97 97 ig/L Uranium 2008 D

AT-3-7-M 21 21 ig/L Uranium 2008 D

AT-3-8-M 17 17 pg/L Uranium 2008 D

AT-H-1-D 1 1.4 pg/L Uranium 2008 D

AT-H-2-D 1 0.96 pg/L Uranium 2008 D

AT-H-3-D 2 2.3 pg/L Uranium 2008 D

C6293 1 1.1 pg/L Uranium 2008 D

C6342 100 100 pg/L Uranium 2008 D

C6344 170 170 pg/L Uranium 2008 D

C6347 130 130 pg/L Uranium 2008 D

C6350 59 59 [tg/L Uranium 2008 D

C6353 2 2.4 pg/L Uranium 2008 D

C6356 1 0.73 Vg/L Uranium 2008 D

C6359 1 1.1 pg/L Uranium 2008 D
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C6362 2 1.6 tg/L Uranium 2008 D

C6365 1 1.0 Vg/L Uranium 2008 D

C6368 2 1.8 ig/L Uranium 2008 D

C6371 1 0.55 Vg/L Uranium 2008 D

C6378 1 1.0 Jg/L Uranium 2008 D

C6380 1 0.78 ptg/L Uranium 2008 D
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Appendix B

Microsoft Access Database Code to Produce
Groundwater Plume Maps Data Sets

Step 1 Code:

SELECT HEIS2_ADMPNLGWSTDRESULTMV.WELLNAME,
HEIS2 ADMPNLGWSTDRESULTMV.SAMPDATETIME,
HEIS2_ADMPNLGWSTDRESULTMV.FILTEREDFLAG,
HEIS2_ADMPNLGWSTDRESULTMV.STDCONID,
HEIS2_ADMPNLGWSTDRESULTMV.STDCONLONGNAME,
HEIS2_ ADMPNLGWSTDRESULTMV.STDVALUERPTD,
HEIS2_ ADMPNLGWSTDRESULTMV.STDANALUNITSRPTD,
HEIS2_ADMPNLGWSTDRESULTMV.LABQUALIFIER,
HEIS2_ADMPNLGWSTDRESULTMV.REVIEWQUALIFIER,
HEIS2 ADMPNLGWSTDRESULTMV.COLLECTIONPURPOSE,
HEIS2_ADMPNLGWSTDRESULTMV.OWNERID,
IIf(Month([SAMPDATETIME])<1O,Year([SAMPDATETIME]),Year([SAMPDATETIME])+I) AS FY,
IIf([STD_CONLONGNAME]="Hexavalent Chromium","Chromium",[STDCONLONGNAME]) AS
Constituent, tblRadnonRad.Rad, HEIS2_ADMPNLGWSTDRESULTMV.SAMPNUM,
HEIS2 ADMPNLGWSTDRESULT MV.CON ID,
HEIS2 ADMPNLGWSTDRESULTMV.LABCODE,
HEIS2 ADMPNLGWSTDRESULTMV.METHODNAME,
HEIS2_ ADMPNLGWSTDRESULTMV.SAFNUM,
HEIS2 ADMPNLGWSTDRESULTMV.STDSAMPINTVTOP,
HEIS2_ADMPNLGWSTDRESULTMV.STDSAMPINTVBOT,
HEIS2 ADM PNLGWSTDRESULTMV.STDSAMPINTV UNITS, "HEIS" AS DataSource INTO
tblFY08PlumesData

FROM HEIS2_ADMPNLGWSTDRESULTMV INNER JOIN tblRadnonRad ON
HEIS2_ADMPNLGWSTDRESULTMV.STDCONLONGNAME = tblRadnonRad.Constituent

WHERE (((HEIS2_ADMPNLGWSTDRESULTMV.SAMPDATETIME) Between #10/l/2005# And
#10/l/2008#) AND ((HEIS2 ADMPNLGWSTDRESULTMV.STDCONLONGNAME) In ("Carbon-
14","Chlorofornn","Hexavalent Chromium","Cyanide","Cobalt-60"," Carbon tetrachloride","Fluoride","Iodine-
129","Manganese","Nitrate","Plutonium"," Sulfate"," Strontium-90","Trichloroethene","Tritium","Uranium"))) OR
(((HEIS2_ADMPNLGWSTDRESULTMV.SAMPDATETIME) Between #10/l/2005# And #10/1/2008#)
AND ((HEIS2 ADMPNLGWSTD_RESULTMV.FILTEREDFLAG)="Y") AND
((HEIS2_ADMPNLGW__STDRESULTMV.STDCONLONGNAME)="Chromium")) OR
(((HEIS2_ADMPNLGWSTDRESULTMV.SAMPDATETIME) Between #10/1/2005# And #10/l/2008#)
AND ((HEIS2 ADM PNLGWSTD__RESULTMV.STDCONLONGNAME)="Technetium-99") AND
((HEIS2_ADMPNLGWSTDRESULTMV.STDANALUNITSRPTD)="pCi/L"));

Step 2 Code:

INSERT INTO tblFY08PlumesData (WELLNAME, Constituent, SAMPDATETIME, LABQUALIFIER,
STDVALUERPTD, STDANALUNITSRPTD, DataSource, FY, Rad, CONID)

SELECT tblFYAREVAdata.WELL NAME, tb1FYAREVAdata.Constituent, tblFYAREVAdata. [Sample Date],
tblFYAREVAdata.Lab_Qualifier, tbFYAREVAdata.StdValue_Rptd, tb1FYAREVAdata.StdUnits_Rptd,
tblFYAREVAdata.DataSource, tbIFYAREVAdata.FY, tblFYAREVAdata.Rad, tblFYAREVAdata.CONID
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FROM tbIFYAREVAdata;

INSERT INTO tblFY08PlumesData (WELLNAME, SAMPDATETIME, STDVALUERPTD,
STDANALUNITSRPTD, FY, Constituent, Rad, CONID, DataSource)

SELECT tblFYUSEdata.WELLNAME, tblFYUSEdata.[Assumed Sample Date], tblFYUSEdata. [Value Rptd],
tblFYUSEdata.Units, tblFYUSEdata.FY, tblFYUSEdata.Constituent, tblFYUSEdata.Rad, tblFYUSEdata.CONID,
tblFYUSEdata.DataSource

FROM tbFYUSEdata;

Step 4a Code:

INSERT INTO tblFY DroppedData (WELLNAME, SAMPDATETIME, FILTEREDFLAG, STDCON_ ID,
STDCONLONGNAME, STDVALUERPTD, STDANALUNITSRPTD, LABQUALIFIER,
REVIEW QUALIFIER, COLLECTIONPURPOSE, OWNERID, FY, Constituent, Rad, SAMPNUM, CONID,
LABCODE, METHODNAME, SAFNUM, STDSAMPINTVTOP, STDSAMPINTVBOT,
STDSAMPINTVUNITS, DataSource, [ZONE], EXCLUDETUPLUME, [Reason Excluded])

SELECT tblFY08PlumesData.WELLNAME, tblFY08PlumesData.SAMPDATETIME,
tblFY08PlumesData.FILTEREDFLAG, tblFY08PlumesData.STDCONID,
tblFY08PlumesData.STDCONLONGNAME, tblFY08PlumesData.STDVALUERPTD,
tblFY08PlumesData.STDANALUNITSRPTD, tblFY08PlumesData.LABQUALIFIER,
tblFY08PlumesData.REVIEWQUALIFIER, tblFY08PlumesData.COLLECTIONPURPOSE,
tblFY08PlumesData.OWNER_ ID, tbFY08PlumesData.FY, tblFY08PlumesData.Constituent,
tblFY08PlumesData.Rad, tblFY08PlumesData.SAMP_NUM, tblFY08PlumesData.CONID,
tblFY08PlumesData.LABCODE, tblFY08PlumesData.METHODNAME, tblFY08PlumesData.SAFNUM,
tblFY08PlumesData.STDSAMPINTVTOP, tblFY08PlumesData.STDSAMPINTVBOT,
tblFY08PlumesData.STDSAMPINTVUNITS, tblFY08PlumesData.DataSource, WELLSBill.ZONE,
WELLSBill.EXCLUDE TUPLUME, "Data is marked in HEIS as reject or suspect" AS Reason

FROM tblFY08PlumesData INNER JOIN WELLSBill ON tblFY08PlumesData.WELLNAME
WELLSBill.WELLNAME

WHERE (((tb FY08PlumesData.REVIEWQUALIFIER) Like "*R*" Or
(tblFY08PlumesData.REVIEWQUALIFIER) Like "*Y*"));

Step 4b Code:

INSERT INTO tblFY DroppedData ( WELLNAME, SAMPDATETIME, FILTEREDFLAG, STDCONID,
STDCONLONGNAME, STDVALUERPTD, STDANALUNITSRPTD, LABQUALIFIER,
REVIEWQUALIFIER, COLLECTION PURPOSE, OWNERID, FY, Constituent, Rad, SAMPNUM, CONID,
LABCODE, METHODNAME, SAFNUM, STDSAMPINTVTOP, STDSAMPINTVBOT,
STDSAMPINTVUNITS, DataSource, [ZONE], EXCLUDETUPLUME, [Reason Excluded])

SELECT tblFY08PlumesData.WELL _NAME, tblFY08PlumesData.SAMPDATETIME,
tblFY08PlumesData.FILTEREDFLAG, tblFY08PlumesData.STDCONID,
tblFY08PlumesData.STDCONLONGNAME, tblFY08PlumesData.STDVALUERPTD,
tblFY08PlumesData.STDANALUNITSRPTD, tblFY08PlumesData.LAB_QUALIFIER,
tblFY08PlumesData.REVIEW _QUALIFIER, tblFY08PlumesData.COLLECTIONPURPOSE,
tblFY08PlumesData.OWNERID, tblFY08PlumesData.FY, tblFY08PlumesData.Constituent,
tblFY08PlumesData.Rad, tblFY08PlumesData.SAMPNUM, tblFY08PlumesData.CONID,
tblFY08PlumesData.LABCODE, tblFY08PlumesData.METHODNAME, tblFY08PlumesData.SAFNUM,
tblFY08PlumesData.STDSAMPINTVTOP, tblFY08PlumesData.STDSAMPINTVBOT,
tblFY08PlumesData.STDSAMPINTVUNITS, tblFY08PlumesData.DataSource, WELLSBill.ZONE,
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WELLS__Bill.EXCLUDETUPLUME, "Data is not representative of conditions near the top of the unconfined
aquifer" AS Reason

FROM WELLSBill INNER JOIN tblFY08PlumesData ON WELLS Bill.WELLNAME =

tblFY08PlumesData.WELLNAME

WHERE (((tblFY08PlumesData.COLLECTION__PURPOSE) Not In ("C","R"))) OR (((WELLSBill.ZONE) Not In
("TU","UU","U"))) OR (((WELLSBill.EXCLUDETUPLUME)="EXCLUDE")) OR
(((tblFY08PlumesData.STDSAMPINTV BOT) Is Not Null));

Step 4c Code:

INSERT INTO tblFY DroppedData (WELLNAME, SAMPDATETIME, FILTEREDFLAG, STDCONID,
STDCONLONGNAME, STDVALUERPTD, STDANALUNITSRPTD, LABQUALIFIER,
REVIEWQUALIFIER, COLLECTIONPURPOSE, OWNERID, FY, Constituent, Rad, SAMP_NUM, CONID,
LABCODE, METHODNAME, SAFNUM, STDSAMPINTVTOP, STDSAMP_INTVBOT,
STDSAMPINTVUNITS, DataSource, [Reason Excluded] )

SELECT tblFY08PlumesData.WELLNAME, tblFY08PlumesData.SAMPDATETIME,
tblFY08PlumesData.FILTEREDFLAG, tblFY08PlumesData.STDCONID,
tb]FY08PlumesData.STDCONLONGNAME, tblFY08PlumesData.STDVALUERPTD,
tblFY08PlumesData.STDANALUNITSRPTD, tblFY08PlumesData.LAB_QUALIFIER,
tblFY08PlumesData.REVIEWQUALIFIER, tblFY08PlumesData.COLLECTIONPURPOSE,
tblFY08PlumesData.OWNER__ID, tblFY08PlumesData.FY, tblFY08PlumesData.Constituent,
tblFY08PlumesData.Rad, tblFY08PlumesData.SAMPNUM, tblFY08PlumesData.CONID,
tblFY08PlumesData.LABCODE, tblFY08PlumesData.METHODNAME, tblFY08PlumesData.SAFNUM,
tblFY08PlumesData.STDSAMP_INTVTOP, tblFY08PlumesData.STDSAMP_INTVBOT,
tblFY08PlumesData.STDSAMPINTVUNITS, tblFY08PlumesData.DataSource, "Value reported is null" AS
Reason

FROM tblFY08PlumesData

WHERE (((tblFY08PlumesData.STDVALUERPTD) Is Null));
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Appendix C

Microsoft Visual Basic Database Code to Produce
Groundwater Plume Maps Average Values

Groundwater Wells Code:

Public Function GetAnnualAvgDetectCode()

Dim db As Database
Dim rsRtrvConData, rsTarget As Recordset
Dim strWellName, strConstit, strFY, strDetectIndex, strDetectCode, strCollPurp As String
Dim strRad, strLabQual, strUnits As String
Dim dValue, dValueSum, dValueAvg As Double
Dim Counter, iRecordCount As Long
Dim iValueCount As Integer

Set db = CurrentDb()
' retrieve the data for the chosen constituent and fiscal year range
'The query fed into the recordset below retrieves all the records in tblFY08PlumesData
' and makes sure that it is sorted by well name, constituent, and descending fiscal year;
'the code below is dependent upon that order.
Set rsRtrvConData = db.OpenRecordset("qselFY08PlumesDatasorted", dbOpenSnapshot)
rsRtrvConData.MoveLast
iRecordCount = rsRtrvConData.RecordCount
rsRtrvConData.MoveFirst

Counter = 1
iValueCount = 1

'Capture well name, constituent and most recent fiscal year, along with the rad
'designation of the constituent and the lab qualifier of the first record
strWellName = rsRtrvConData.Fields("WELLNAME")
strConstit = rsRtrvConData.Fields("Constituent")
strFY = rsRtrvConData.Fields("FY")
strRad = rsRtrvConData.Fields("Rad")
strUnits = rsRtrvConData.Fields("STDANALUNITSRPTD")
If strRad = "Yes" Then

dValue = rsRtrvConData.Fields("STD VALUE RPTD")
Else: dValue = UtoO(rsRtrvConData.Fields("STDVALUERPTD"), rsRtrvConData.Fields("LABQUALIFIER"))
End If
dValueSum = dValue
' Set the detect code of the current record
strDetectIndex = IIf(InStr(rsRtrvConData.Fields("LABQUALIFIER"), "U") >= 1, "U", "D")

Do
Counter = Counter + 1
If Counter> iRecordCount Then GoTo 100
rsRtrvConData.MoveNext

Do While strWellName = rsRtrvConData.Fields("WELLNAME") And strConstit =
rsRtrvConData.Fields("Constituent") And strFY = rsRtrvConData.Fields("FY")

'Is the detect flag of the first record (strDetectIndex) different from subsequent records?
'If so, set strDetectIndex to C (indicating a change); otherwise, leave it alone.
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strDetectCode = IIf(InStr(rsRtrvConData.Fields("LAB QUALIFIER"), "U") >= 1, "U", "D")
If strDetectCode <> strDetectIndex Then strDetectIndex = "C"
If strRad = "Yes" Then

dValue = rsRtrvConData.Fields("STDVALUERPTD")
Else: dValue = Uto0(rsRtrvConData.Fields("STDVALUE_RPTD"),

rsRtrvConData.Fields("LABQUALIFIER"))
End If
dValueSum= dValueSum + dValue
iValueCount = iValueCount + 1
Counter = Counter + 1
If Counter > iRecordCount Then GoTo 100
rsRtrvConData.MoveNext

Loop
'Averages are calculated with 2 significant digits
'For anions, units are converted from ug/L to mg/L
100 dValueAvg = sigfig(dValueSum / iValueCount, 2)

If strConstit = "Nitrate" Or strConstit = "Sulfate" Or strConstit = "Fluoride" Then
dValueAvg = dValueAvg / 1000
strUnits = "mg/L"

End If
'Averages are loaded into a target table

Set rsTarget = db.OpenRecordset("tblTargetAvg", dbOpenDynaset)
rsTarget.AddNew
rsTarget.Fields("WELL NAME") = strWellName
rsTarget.Fields("CON NAME")= strConstit
rsTarget.Fields("FISCALYR")= strFY
rsTarget.Fields("VALUE") = dValueAvg
rsTarget.Fields("UNITS") = strUnits
rsTarget.Fields("PLOTVAL") = plotlabel(dValueAvg, strDetectIndex)
rsTarget.Fields("DETECTCODE")= strDetectIndex
rsTarget.Update

If strFY <> rsRtrvConData.Fields("FY") Then
Do While strWellName = rsRtrvConData.Fields("WELLNAME") And strConstit =

rsRtrvConData.Fields("Constituent")
Counter = Counter + 1
If Counter > iRecordCount Then GoTo 200
rsRtrvConData.MoveNext

Loop
End If

Reset well name, constituent, fiscal year, rad flag, units, and value variables
strWellName = rsRtrvConData.Fields("WELLNAME")
strConstit = rsRtrvConData.Fields("Constituent")
strFY = rsRtrvConData.Fields("FY")
strRad = rsRtrvConData.Fields("Rad")
strUnits = rsRtrvConData.Fields("STDANALUNITSRPTD")
If strRad = "Yes" Then

dValue = rsRtrvConData.Fields("STDVALUERPTD")
Else: dValue = UtoO(rsRtrvConData.Fields("STDVALUERPTD"),

rsRtrvConData.Fields("LABQUALIFIER"))
End If
dValueSum = dValue
iValueCount = 1
strDetectIndex = IIf(InStr(rsRtrvConData.Fields("LABQUALIFIER"), "U") >= 1, "U", "D")

Loop Until Counter > iRecordCount 'rsRtrvConData.EOF
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200

rsRtrvConData.Close
rsTarget.Close
Set rsRtrvConData = Nothing
Set rsTarget = Nothing
Set db = Nothing
MsgBox ("All done!")

End Function

Aquifer Tubes Code:

Public Function GetAquiferTubeData()

Dim db As Database
Dim rsRtrvATData, rsTarget As Recordset
Dim strWellName, strATGroup, strConstit, strPlotVal, strFY, strDetectCode As String
Dim strRad, strUnits As String
Dim dValue, dValueSum, dValueAvg As Double
Dim Counter, iRecordCount As Long
Dim iValueCount As Integer

Set db = CurrentDb()
' retrieve the processed aquifer tube data for the chosen constituent and fiscal year range
'The query fed into the recordset below retrieves all the aquifer tube records in tblTargetAvg and makes
' sure that it is sorted by aquifer tube group, constituent, descending fiscal year, and descending value;
'the code below is dependent upon that order.
Set rsRtrvATData = db.OpenRecordset("qselProcessedATdatasorted", dbOpenSnapshot)
rsRtrvATData.MoveLast
iRecordCount = rsRtrvATData.RecordCount
rsRtrvATData.MoveFirst

Counter= 1

'Capture into variables all the fields for the first record in the dataset
strATGroup = rsRtrvATData.Fields("Family Name")
strConstit = rsRtrvATData.Fields("CON NAME")
strFY = rsRtrvATData.Fields("FISCALYR")
strWellName = rsRtrvATData.Fields("WELLNAME")
dValue = rsRtrvATData.Fields("VALUE")
strPlotVal = rsRtrvATData.Fields("PLOTVAL")
strUnits = rsRtrvATData.Fields("UNITS")
strDetectCode = rsRtrvATData.Fields("DETECTCODE")

Do
Counter = Counter + 1
If Counter > iRecordCount Then GoTo 100
rsRtrvATData.MoveNext

Do While strATGroup = rsRtrvATData.Fields("Family Name") And strConstit =

rsRtrvATData.Fields("CON NAME")
'The way the data are sorted, the first value for each data group and constituent should be for the
'latest fiscal year. All other values can be ignored until the data group and constituent change.
Counter = Counter + 1
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If Counter > iRecordCount Then GoTo 100
rsRtrvATData.MoveNext

Loop

100

'Put chosen data into a target table
Set rsTarget = db.OpenRecordset("tblATData", dbOpenDynaset)

rsTarget.AddNew
rsTarget.Fields("WELL NAME") = strWellName
rsTarget.Fields("CON NAME") strConstit
rsTarget.Fields("FISCALYR")= strFY
rsTarget.Fields("VALUE")= dValue
rsTarget.Fields("UNITS") = strUnits
rsTarget.Fields("PLOTVAL") = strPlotVal
rsTarget.Fields("DETECTCODE") = strDetectCode
rsTarget.Update

Reset variables
strATGroup = rsRtrvATData.Fields("Family Name")
strConstit = rsRtrvATData.Fields("CON NAME")
strFY = rsRtrvATData.Fields("FISCAL YR")
strWellName = rsRtrvATData.Fields("WELLNAME")
dValue = rsRtrvATData.Fields("VALUE")
strPlotVal = rsRtrvATData.Fields("PLOTVAL")
strUnits = rsRtrvATData.Fields("UNITS")
strDetectCode = rsRtrvATData.Fields("DETECTCODE")

Loop Until Counter > iRecordCount 'rsRtrvATData.EOF

200

rsRtrvATData.Close
rsTarget.Close
Set rsRtrvATData = Nothing
Set rsTarget = Nothing
Set db = Nothing
MsgBox ("All done!")

End Function
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1 Purpose

The purpose of this environmental calculation file (ECF), prepared according to procedure PRC-PRO-EP-
40205, CHPRC Environmental Calculation Preparation and Issue, is to document the computational
basis for simulation of the fate and transport of contaminants in groundwater within the near-field portion
of the affected aquifer associated with the 200-PO-1, 200-UP-1, 200-BP-5, and 200-ZP-1 Groundwater
Operable Units (OUs) of the Central Plateau (CP) region of the US Department of Energy's (DOE's)
Hanford Site. Anticipated use of the model will be for the following purposes:

" Estimating future groundwater concentrations of contaminants of concern to support risk screening
within an OU.

" Estimating future groundwater concentrations of contaminants of concern to support evaluation of
remedial alternatives.

" Estimating the efficacy of selected remedial alternatives and optimization of final remedial design.

The overall objectives of the modeling effort is to provide a basis for making an informed remedial action
decision based on description of current and expected future groundwater contaminant concentrations at
decision points within the OU boundaries. The objective for the model development phase of the effort is
to create a common modeling platform that can be used for investigations in each of the ground water
OUs that exist in the central plateau region.

This document is limited to the development of the flow model for the central plateau. Problem specific
boundary conditions, characterization of current contamination conditions and transport predictions of
contamination will be described for each use of the model in separate calculation briefs.

Modeling is an iterative process. It is anticipated that modifications to the central plateau model will
occur frequently, perhaps with each new use of the model. The series of calculation briefs are intended to
provide traceability to the evolution of the central plateau model. The evolution of the central plateau
model will be identified through the use of version number to delineate the major changes made to the
model since the last use of the model. By separating the central plateau model descriptions from
description of the use of the model, it is hoped that the evolution of the model will become more
transparent.T his calculation brief, which describes version 3 of the model, is intended primarily for the
200-UP-1 Remedial Investigation (RI) and Feasibility Study (FS).

2 Methodology

The approach to the near-field groundwater flow and contaminant fate and transport modeling utilizes a
mathematical hydrogeological construct to represent the physical conditions within the aquifer of the OU.
This construct is developed using a modified versions of the acquired computer software called
MODFLOW and MT3DMS (see Section 4 Software Applications, Descriptions, Installation & Checkout,
and Statements of Validity). This calculation briefing is limited to the development of the flow model
capability using MODFLOW. The application of the flow model in combination with transport
simulations using MT3DMS will be documented in application specific calculation briefings.

The MODFLOW model to be used for this calculation was originally developed to perform contaminant
fate and transport simulations in support of the 200-ZP-1 OU Final Record of Decision (ROD). The
model for the 200-ZP-1 OU was constructed within an overall model domain that covers most of the area
commonly known as the Hanford Central Plateau. Four groundwater OUs are included in the Central
Plateau area: 200-PO-1, 200-BP-5, 200-UP-1, and 200-ZP-1. For clarity the model is referred to in this
environmental calculation brief as the CP model. The prior model used for the 200-ZP-1 OU Final

1
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Record of Decision (ROD) is referred to as the ZP model. The transformation of the ZP model into the
Central Plateau model version 2 is described in ECF-200PO-10-0259. This current ECF replaces ECF-
200POI-10-0259 (rather than serve as an addendum or revision to it). Central Plateau model version 3 is
used for performing the calculations described in this report.

Figure 2-1 depicts the domain of model simulation. To the north, south, and west the domain is
constricted by basalt sub-crops (sub-crop is similar to outcrop but below the ground surface) above the
water table of the aquifer. These sub-crops are assumed to be impermeable boundaries to flow. There are
two gaps in the basalt sub-crops along the northern boundary. In these two regions, the water table is
above the basalt surface. The westernmost region is referred to as the western gap and the eastern region
is referred to as the Gable gap. Along the eastern boundary and the easternmost part of the southern
boundary the water table is also above the basalt surface. In general, water has flowed out of all of these
boundaries during the period of operation of the Hanford Reservation. Cold Creek (located in the slot
along the western boundary) and Dry Creek (the gap in the basalt sub-crops in the southwest corner of the
domain) are sources of inflow to the central plateau. Recharge from precipitation and a net upward flux
through the basalt basement also provide additional sources of inflow. Artificial recharge from the
disposal of facility effluents to surface ponds, cribs, and shallow wells represented a very large source of
inflow to the domain during the operational period of the site.

The basic methodology for the development of the CP model is as follows:

a. Construct a representative model of the central plateau for MODFLOW using site-specific
descriptions of the local physical and hydrogeologic conditions.

b. Verify the representativeness of the model by comparing the construct to available geologic
descriptions, well logs, cross sections, and other appropriate sources of information.

c. Define appropriate boundary conditions. Uncertain boundary conditions may be estimated
through model calibration.

d. Calibrate the hydraulic performance of the model by comparing the simulated groundwater head
at selected locations to actual measurements at nearby wells; and comparing the simulated
resultant groundwater gradient to the observed gradient in nearby wells. This calibration is
implemented for over the time period from 1944-2008. Comparisons to historic contaminant
plume movement are not part of the historic calibration

e. Data files that were used in the development of the model are specified in this calc brief. These
data files are accessible through the Central Plateau Model configuration management database.
The Plateau Model configuration control database is maintained by the model development group
of the CH2M Hill Plateau Remediation Company (CHPRC).

2
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Figure 2-1. Central Plateau Model Domain

3 Assumptions and Inputs

3.1 Model Domain

i. Rectangular Region

1. 13.4 km north-south

2. 25.6 km east-west

3. The lower left corner of the model domain is located at: easting 555650 m, and northing
129850 m in the Washington State Coordinate System:
NAD_1983_StatePlane_WashingtonSouthFIPS_4602

ii. The model domain is represented by a finite difference grid composed of 100 m square cells
in map view and seven layers vertically.

iii. The layers are not horizontal. They vary in thickness so that any one model cell only
represents a single hydrostratigraphic unit. To the degree possible with a 100 m horizontal
discretization, the best estimate elevations of the tops and bottoms of the hydrostratigraphic
units are preserved by variations in the layer thickness.

3.2 Simulation Period

i. The years 1944-2011 are simulated in one year increments (see Table 3-1):
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1. Recharge fluxes are averaged over the one year period.

2. Specified head boundary conditions are either constant through the entire simulation
period or vary linearly over each yearly period.

3. Time scale for the simulation is in units of days.

Table 3-1. Temporal Discretization of the CP Flow Model

Description
Model Stress Period(s) Duration Table Head Style

Historic 1 Approx. 274 years The initial transient stress period is
specified prior to the calibration period to
establish an initial pre-development
groundwater condition.

Historic 2 to 69 68 years The 68 transient annual stress periods
span the calibration period from 1944
through 2011.

ii. An initial 274 year transient period is used to establish steady state conditions for the
beginning of the year 1944 simulation.

3.3 Processes Simulated and Limitations

i. The CP flow model is limited to saturated flow in the unconsolidated aquifer above the basalt
basement.

1. Fluid flow and transport in the vadose zone above the aquifer are not simulated.

(a) Perching of water on fined grained layers above the water table is not simulated.
Perching is believed to have been a significant vadose zone process in the 200-
West area (ZP-1 and UP-I OUs). It is assumed that the large discharges to the
surface that occurred in the historic period will not occur in the future. Therefore,
perching is not considered a significant process in predictive simulations of future
flow and transport.

2. Facility discharge to the ground surface, cribs, or to shallow wells is established from
unsaturated flow calculations using the STOMP simulation code. The predicted delay of
discharge to the surface to the water table is a data input for the CP Model. See Section
(3.e. Boundary Conditions)

3. Fluid flow through the basalt bedrock is assumed to be zero.

4. Recharge from flow along the basalt outcrop in the vicinity of Cold Creek and Dry Creek
is simulated as recharge to the aquifer. (See Section 3.5. Boundary Conditions)

3.4 Hydrostratigraphy of the Central Plateau Aquifer

i. The interior of the model domain is divided into six hydrostratigraphic units (HSU). The
division is strongly influenced by the hydrostratigraphy division presented in (PNNL-14753
Rev. 1),.
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1. The six hydrostratigraphic units are:

(a) Hanford coarse grained unit

(b) Hanford fine grained unit

(c) Eastern portion of the Cold Creek unit. This portion has also been called the Pre-
Missoula gravel

(d) Upper Ringold Unit E. (This is also known as Ringold units 4 and 5)

(e) The Ringold mud comprising Ringold units B, C and D (units 6, 7 and 8)

(f) Coarse grained Ringold Unit A (unit 9)

2. Changes to HSUs from previous models

(a) The Hanford fine grained and coarse grained units were treated as a single unit in
Version 2 of the CP model.

(b) The Hanford formation and the eastern portion of the Cold Creek unit were
previously combined into a single unit in the ZP-1 Model.

(c) The ZP-1 Model used separate HSUs to define the Ringold mud and Ringold units
B and C.

ii. The thickness and elevation of various HSUs in the 200-BP-5 OU region were updated to
reflect additional geologic data from wells completed post-2006 subsequent to the release of
PNNL-14753 Rev 1.

iii. The thickness and elevation of various HSUs in the 200-PO-1 OU area were updated to
reflect additional data and re-interpretation of stratigraphy (PNNL-17913 Rev 1,
Hydrogeology of the Hanford Site Central Plateau - A status Report for the 200-West Area).

iv. The top of basalt

1. The top of basalt (bedrock) elevation was taken from Figure 5.13 of PNNL-14753 Rev 1
by digitizing the contours as shown in Figure 3-1. This approach was taken since more
detail is shown in the figure than is obtained when directly interpolating the top of basalt
data in the data table of geologic units. The top of basalt was modified in the area of
Gable Gap based on (a) top-of-basalt contours (Figure 3-2) and (b) top-of-basalt
elevations at recent borings (Bruce Williams, Susan Narbutovskih: 5/6/2008, pers.
comm.. FHI). The new top-of-basalt contours were digitized from Figure 3-land
replaced the existing top of basalt elevation. The new boring data were used directly as
data points and supplemented the top of basalt data set for interpolation. The top of basalt
was incorporated into the model by kriging the top of basalt data set onto the model grid.

2. We added recent boring locations as additional data points provided by Freestone
(reference: 200-PO-1 Near-Field Geologic Data Technical Memorandum, July 16 2009:
N F GI E n I ). Added seismic data from Michael
Thompson of CHPRC: Es/s (SGW-39675 RevO,
Reflection Seismic Survey Report), which contained seismic data from 2008, BWIP
FY79_03 and BWIP FY80_12). Interpolated these three sources onto the model grid.

3. Changes made to basalt surface interpolation for Version 3: Removed existing seismic
data used in the CP VI and V2 models and substituted a subset (according to Bruce
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Williams' instruction) of most recent seismic data and control points from Michael
Thompson of CHPRC: -,,Is. Updated existing well control
in the 200-BP-5 OU area with Freestone dataset of 12/15/2009
( ) consistent with 12-3-09 Pacific Northwest National
Laboratory (PNNL) contacts database for which a Best Estimate was designated. Added
additional Control points to adjust the basalt surface where basalt data was insufficient
and where the reinterpreted surface was erroneous. T' contains all final
elevation point data for the top of basalt. Colunms A, B, and C of the first sheet of the
Excel file contain Easting, Northing, and the elevation data in meters respectively. The
elevation data is interpolated on to the model grid using the software Surfer. Following
options were selected to interpolate elevation data using kriging.

(a) X: Column A Easting (in)

(b) Y: Column B Northing (in)

(c) Z: Column C Elevation (in)

(d) Gridding Method Kriging

(e) Output Grid File Jr// d

(f) X Direction Minimum 555700

(g) X Direction Maximum 581200

(h) X Direction Spacing 100

(i) Y Direction Minimum 129900

(j) Y Direction Maximum 143200

(k) Y Direction Spacing 100

4. Figure 3-3 displays the final estimated basalt surface that was used to define the bottom
of the model domain. The display is truncated at the edges of the no-flow regions of the
model. Near the eastern edge of the figure a red dashed line indicates the position of the
control points introduces to enable the May junction fault to be adequately incorporated
into the kriging procedure.
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Figure 3-1. Top of Basalt (regional scale). Elevations are in meters above sea level.

Figure 3-2. Top of Basalt in the Area of Gable Gap
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Central Plateau Model Version 3 UP-1 Basalt Elevation Contours

Figure 3-3. Top of Basalt used for Bottom of Model Domain

v. Definition of Hydrostratigraphic Unit (HSU) Surfaces

1. HSU geometry was defined by interpolating bottom of the units and the fixed order of the
HSUs. These interpolated elevations do not directly reflect information of where units are
present or missing in the borehole data. To bring information of unit presence to the
layering algorithm (described in the next section) unit extent files were created to define
whether a unit exists (1) or does not (0) in the stratigraphic column as the third definition
of HSU geometry.

2. Borehole data was provided by Freestone on 7/16/2009 in the form of a geodatabase
(e ). See 200-PO-1 Near-Field Geologic Data
Technical Memorandum, July 16 2009 for details on the synthesis of this data. Unit top
and bottom elevations provided in the geodatabase include the following: Unit 1
(Hanford formation)(at this point both the Hanford fine grained unit and the coarse
grained unit are treated as Unit 1), Unit 3 (Cold Creek Unit), Unit 5 (Ringold Formation,
Unit E & C), Unit 8 (Ringold Formation Lower Mud, with Units 6 and 7 lumped within),
Unit 9 (Ringold Formation Unit A). Unit 10 (Basalt) top only was also included. This
dataset was supplemented with data used in the ZP-1 model extracted from PNNL-14753,
Rev. 1. ( ).

3. Unit elevations were calculated by subtracting depth in meters from ground surface
elevation where it was known, otherwise top of well casing was used. Where top of well
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is used a 1.0 m shift higher than actual in elevation has been imposed to the ground
surface.

4. 200-BP-5 OU Area HSU Elevation Refinements

(a) A total of 56 wells in the 200-BP-5 OU area have undergone elevation
adjustments after receiving the HSU database from Freestone. Most of these
involve the bottom elevation of the Hanford formation. A number of issues have
triggered HSU elevation refinements in the 200-BP-5 OU area. These are
summarized as follows:

(i) Errors in PNNL tops database

(ii) Errors in Freestone's database

(iii) Gaps of missing elevations between units

(iv) Errors found based on review of well logs

(b) The Hanford formation bottom elevations were lowered to the top of basalt for 49
wells located in the paleochannel area extending from 200 East and through the
Gable gap (between Gable Mountain and Gable Butte). This modification was
justified based on the understanding that the Cold Creek unit beneath Hanford
formation in 200-BP-5 OU area appears to behave hydraulically much like the
Hanford formation. Furthermore, a subset of wells had information gaps where no
units were specified below the Hanford formation and the gap needed to be filled
for the purpose of developing a 3 -D framework model.

(c) Additionally, 2 wells had elevation gaps filled, one in the Cold Creek formation
and one in the Ringold Formation, Unit E. An elevation gap is, for example, when
the top of the Ringold E does not coincide with the bottom of the Cold Creek unit.

(d) Review during model calibration phase identified three additional wells that could
have errors in locating the unit contacts. The well logs were checked and it was
confirmed that the Hanford formation could drop below the water table.

(e) Lastly 2 additional wells were removed from the dataset due to unreasonably low
placement of the bottom of the Hanford formation (below sea level). See Table 3-
2 below for a listing of all wells and associated changes.

Table 3-2. Modified HSU Contact Elevations

Original Adjusted
Elevation Elevation Change in

Name x y Unit (m) (m) Model

299-E27-22 575185.12 136685.33 Unit 1 123.11 110.92 -12.19
Hanford

299-E27-9 574917.62 137040.91 Unit 1 117.56 117.62 0.06
Hanford

299-E33-11 573901.31 137635.81 Unit 1 120.63 120.47 -0.15
Hanford

299-E33-12 573780.56 137632.23 Unit 1 116.53 119.58 3.05
Hanford
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Table 3-2. Modified HSU Contact Elevations

Original Adjusted
Elevation Elevation Change in

Name x y Unit (m) (m) Model

299-E33-13 573706.50 137584.39 Unit 1 120.78 120.17 -0.61
Hanford

299-E33-15 573810.31 137540.70 Unit 1 118.91 118.76 -0.15
Hanford

299-E33-16 573791.69 137465.30 Unit 1 133.98 119.81 -14.17
Hanford

299-E33-17 573878.50 137467.19 Unit 1 131.80 119.15 -12.65
Hanford

299-E33-18 573779.19 137386.06 Unit 1 133.06 116.21 -16.86
Hanford

299-E33-2 573617.00 137641.27 Unit 1 121.40 120.94 -0.46
Hanford

299-E33-20 573847.62 137397.91 Unit 1 132.87 118.54 -14.33
Hanford

299-E33-205 573633.37 137406.22 Unit 1 132.98 118.96 -14.02
Hanford

299-E33-24 573493.56 137578.53 Unit 1 119.27 120.19 0.91
Hanford

299-E33-25 573365.25 137681.62 Unit 1 119.21 120.73 1.52
Hanford

299-E33-3 573633.12 137666.03 Unit 1 120.55 120.85 0.30
Hanford

299-E33-30 572923.81 137467.78 Unit 1 117.84 118.45 0.61
Hanford

299-E33-31 573525.00 137491.44 Unit 1 136.16 119.46 -16.70
Hanford

299-E33-32 573524.81 137354.02 Unit 1 132.97 119.25 -13.72
Hanford

299-E33-33 574080.12 137301.94 Unit 1 132.20 118.49 -13.72
Hanford

299-E33-334 573514.69 137256.37 Unit 1 135.62 117.94 -17.68
Hanford

299-E33-335 573568.44 137222.23 Unit 1 134.53 117.92 -16.61
Hanford

299-E33-337 573821.81 137193.87 Unit 1 136.46 116.34 -20.12
Hanford

299-E33-338 573912.06 137238.23 Unit 1 135.34 117.66 -17.68
Hanford

299-E33-339 573716.87 137221.52 Unit 1 134.33 117.26 -17.07
Hanford

299-E33-340 573779.62 137763.84 Unit 1 124.33 119.42 -4.91
Hanford
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Table 3-2. Modified HSU Contact Elevations

Original Adjusted
Elevation Elevation Change in

Name x y Unit (m) (m) Model

299-E33-341 573565.19 137652.50 Unit 1 134.26 120.39 -13.87
Hanford

299-E33-342 573625.69 137579.95 Unit 1 136.22 120.24 -15.97
Hanford

299-E33-343 573744.00 137382.25 Unit 1 134.48 119.57 -14.90
Hanford

299-E33-345 573780.87 137388.23 Unit 1 132.95 119.76 -13.20
Hanford

299-E33-37 574091.50 137185.42 Unit 1 139.75 117.50 -22.25
Hanford

299-E33-4 573616.75 137693.11 Unit 1 121.82 121.21 -0.61
Hanford

5. Previous modeling on the central plateau had lumped Cold Creek unit and Hanford
formation into the same HSU. There is evidence, however, that Cold Creek unit has
anywhere from 1 to 4 orders of magnitude lower conductivity than the Hanford gravels.
A decision to separate Unit 1 (Hanford) and Unit 3 (Cold Creek) was made due to the
apparent high conductivity channels in the southeast portion of the model domain that
correlate very well with tritium, nitrate and iodine plume shapes.

6. Cold Creek unit (HSU 3) has been designated in the 200-West portion of the model
domain and in the 200-East portion. The Cold Creek unit is composed of different facies
that are contemporaneous but not similar hydrologically. The 200-West Cold Creek unit
is cemented with calcium carbonate and there is evidence showing it has 4 orders of
magnitude lower conductivity than the Hanford formation. This facies of Cold Creek unit
lies entirely above the water table, so its distinction from the Hanford Formation was not
necessary since only the saturated portion of the aquifer is simulated. The Cold Creek
unit in 200-East is more unconsolidated than that of 200-West, but does extend below the
water table and is suspected to have a hydraulic conductivity one to two orders of
magnitude lower that the Hanford Formation (PNNL-1226 1). For these reasons it was
differentiated from the Hanford Formation and is hereby referred as the Cold Creek
gravels (Unit 3). In the extent of 200-PO-1 OU, paleochannels eroded in the Cold Creek
gravels appear to play a dominant role in plume shapes and extents. Where these
paleochannels dip below the water table they are filled with the higher conductivity
Hanford formation creating pathways for plume migration.

7. Eighteen 'control wells' were added to the Cold Creek gravels dataset to either offset
artifacts created by unit extent interpolations or to supplement surface interpolations
where limited well data were not producing the perceived surface. Also, 5 wells (299-
W10-113, 699-43-89, 699-39-79, 699-48-77d and 699-26-51) were deleted from the Unit
5 (Ringold Formation, Units E & C) data set due to the bottom picks being in error.
Twelve control wells were added to the Hanford unit dataset to supplement surface
interpolations where limited well data was not producing the perceived surface. Four
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well picks were determined to be inaccurate with respect to the elevation of bottom of
Hanford formation. The contact was adjusted to 117 m at the location of these wells. The
list of wells is: 699-32-42, 699-33-42, 699-34-41B, and 699-25-31.

8. Final HSU point data for top elevations, bottom elevations, and thicknesses are available
in the Excel file C ''9J . This spreadsheet was generated
from the geologic data provided by Freestone combined with data from PNNL-14753,
Rev. 1. The PNNL-14753, Rev. 1 data was used only to fill in missing data points from
Freestone (approximately 45 well points on the outskirts of the model domain). Data
from the spreadsheet was interpolated on to the
model grid. Interpolation settings described above in Step 2 for Top of Basalt
interpolation were used to create top elevation, bottom elevation, thickness grid files, and
unit extents' grid files using appropriate data from the two spreadsheets listed above.
Table 3-2 provides a list of appropriate tabs and columns used from the unit *.xls files,
respective output file names generated further by CP ModelStratversion3_UP-1, and
the gridding method adopted. All other interpolation settings are the same as mentioned
above in step 2.

Table 3-2. File Structure of HSU Surface Interpretation

Tab in file Column selected for ItroainMto
Central PlateauGeology Coumin Interpolation Method

Sep2009.xIs interpolation Output Grid File Table Head Style

Unit 1 G (Botm) bot_1_m.grd Kriging (filtered data, Z < -
1000)

Unit 1 I (Present _1) unit_1_extent.grd Nearest Neighbor

Unit 3 G (Botm) bot_3_m.grd Kriging (filtered data, Z < -
1000)

Unit 3 I (Present _1) unit_3_extent.grd Nearest Neighbor

Unit 5 1 (Bot7(m)) bot_5_m.grd Kriging

Unit 5 M (Present =1) unit_5_extent.grd Nearest Neighbor

Unit 8 I (Bot8(m)) bot_8_m.grd Kriging

Unit 8 M (Present =1) unit_8_extent.grd Nearest Neighbor

Unit 9 M (Present =1) unit_9_extent.grd Nearest Neighbor

9. Figures 3-4 through 3-7 display the bottom elevation information used to define the HSU
surfaces for the Hanford units, the Cold Creek/Pre-Missoula Gravel unit, the Ringold E
unit, and the Ringold Mud unit. The top of basalt was used to define the bottom of the
Ringold A unit. As explained earlier, these surfaces are used to define the unit bottom
only where the unit is indicated as present. However, surfaces are portrayed in the figures
throughout the domain. The western half of Figure 3-5 represents an extrapolation of the
Cold Creek gravels into this part of the model domain. It does not represent the lower
surface of the western portion of the Cold Creek unit which is entirely above the
maximum water table elevation.
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Figure 3-4. Bottom Elevation of the Hanford Units
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Figure 3-5. Bottom Elevation of the Cold Creek Unit (Pre-Missoula Gravel)
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Figure 3-6. Bottom Elevation of the Ringold E Unit.
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Central Plateau Model Version 3 UP-1 Ringold Lower Mud Elevation Contours

Figure 3-7. Bottom Elevation of the Ringold Mud Unit

10. Mapping of measured groundwater levels was used to establish the upper surface of the
saturated domain, and from this upper surface, to define the thicknesses (tops and
bottoms) of the saturated hydrostratigraphic units.

(a) The water level layer was only used to define the maximum saturated zone.
Above the maximum saturated zone there is no need represent changes in the
hydrostratigraphy, so the exact water level used is not vital unless it varies
enormously.

(b) Wells within the model domain that are included in the Hanford Environmental
Information System (HEIS) database are listed in
LongTermWellsforCalibrationQryworkingcopy.xls. The extraction from HEIS
was undertaken by Craig Arola at Vista Engineering. On the third sheet of the
spreadsheet (" T ") column J is water level data in
feet. Under column 0 are notes with respect to corrections to high and/or low
water levels. This was done by examining the hydrographs in the file " -

". Erroneous data were removed from the data set for wells
used in the interpolation. You can see an example of this type of error on well
699-19-88 in

(c) Interpolation of column J (the maximum water level data), using SurferTM with
kriging, and a linear drift, and subsequent conversion of all dimension units to
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meters, resulted in the surfer grid file" "except in the immediate
vicinity of B-Pond.

(d) Near B-Pond, the maximum water table elevation was increased by approximately
five meters to accommodate the historic rise in water table at B-Pond. This rise
saturated a portion of the Hanford formation that lies upon the Ringold A unit.

11. Model Layer Elevations

(a) Model layer elevations were generated using a FORTRAN program named
CPModelStratVersion3_UP-1. The program translates the interpolated surfaces
generated in the steps above into top and bottom elevations for the layers used in
CP MODFLOW model. An outline of the procedure used in the program is
presented below. In the next few paragraphs, a point refers to a single set of row
and column coordinates.

(b) The CPModelStratVersion3_UP-1 program evolved as the generated model
elevations were evaluated. In addition to the grids of Table 3.2,
was used to define the bottom of the model grid and the maxWLm.grd files
were used to define the top of the model.

(c) An interpolated surface of the 2009 measured water table (File ) was
used to guide the internal separation of the HSUs into seven layers. To reduce
problems with layers becoming unsaturated during the predictive simulations, the
top of a layer was set just above the water table. The use of the water table also
allows for increasing the resolution of the grid structure where contaminant
transport is expected.

(d) The procedure used in CPModelStratVersion3_UP-1 resolves conflicts arising
from the fact that the HSU bottom surfaces are created independently. Where
there is well control, HSU boundary surfaces have a well defined relation to each
other. Away from the well control the surfaces may cross over each other causing
an inconsistency in the representation of the HSU domains

(e) Conflicts in the representation of units in the model are resolved in a top down
approach. This is motivated by the assumption that upper units tend to be more
permeable and that their proper representation is more important. The upper
surface of lower units is assumed to be defined by the bottom of the unit above. If
the bottom surface of an upper unit is below that of a lower unit then the lower
unit is assumed to be missing at the point. An exception to this rule is that the
basalt surface is always used to define the lower surface of the aquifer. If a unit's
surface indicates that is completely below the basalt surface then the unit is
assumed not to be present.

12. The interpolation algorithm defines surfaces over the entire domain area even where well
control data indicates that a unit is not present. The nearest neighbor algorithm defines
the existence boundary as half-way between wells that indicate the unit is present and
those wells that indicate the unit is not present. The unit extents grids report local
existence as defined by the nearest neighbor algorithm and indicate to the layering
algorithm where units exist and where they do not. The procedure operates in a globally
naive fashion. Only the surface data for a particular point were used to define the layering
for that point. This procedure can introduce layer discontinuities into the model where a
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layer does not share a physical interface with the same layer in an adjacent cell. In the
finite difference formulation implemented in MODFLOW layers are assumed to be
continuous from cell to cell. Therefore, in some cases, the representation of connections
in the model between adjacent cells does not exist physically.

13. In some circumstances, the continuity of layers that are too thin to have overlapping
continuity at the scale of 100 m wide cells provides a better representation than a strict
interpretation of the discretized geometry. An important example of this is the continuity
of the lower mud that is always represented in layer six when indicated as present by the
Ringold mud extent grid. In other circumstances non-continuous layers is a poor
representation of the geometry.

vi. Presentation of hydrostratigraphic units by layer: Figures 3.8 through 3.14 display the
representation of the six hydrostratigraphic units in the seven layers. The inactive portion of
the model domain is shown in black. Roads that serve to orient the reader are depicted in
gold. The color scheme for the hydrostratigraphic units is: royal blue to display the
occurrence of the coarse grained Hanford unit, a lighter blue to display the fine grain Hanford
unit. Pink represents the Cold Creek unit. Ringold E is displayed as orange. The Ringold
lower mud is displayed as brown, and green is used to display the Ringold A unit.

Basalt
Hanford-Fine Hanford-Coarse

Ringold Lwer Mud
Ringold A

old Creek

Ringold E

f, 'terai Plateau Moadel V3 UP1 Layer 1

Figure 3-8. Hydrostratigraphic Units of Layer 1
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3.5 Boundary Conditions

i. The basalt top elevation defines the bottom and most side boundaries. These are depicted as
the grey regions in Figure 3-15.

ii. Two gaps where the water table is above the top of Gable Ridge/Mountain are treated as
specified head. These are shown as blue lines in Figure 3-15.

1. The western gap is treated as constant head boundary

(a) Water level data from well 699-63-90 acquired from HEIS was used to set the
head. The data is used in the .chd file of the MODFOW input.

2. The Gable gap is treated as a time varying specified head boundary

(a) Water level data from well 699-60-60 acquired from HEIS was used to set the
head. The data is used in the .chd file of the MODFOW input.

200-aP.5

200-ZP-1

200-UP-1

200-PO-1

Figure 3-15. Flow Model Boundary Conditions

3. Eastern boundary was treated as a mixed (Cauchy) boundary condition (MODFLOW
general head boundary, GHB). It is depicted with a vertical green in Figure 3-15. The
GHB was constructed in several steps that has evolved over time:

(a) A continuous water level map was constructed. This was prepared using a shape
file (.shp) of the 2007 measured water level contours (MacDonald; (DOE/RL-
2008-01 2008), Hanford Site Groundwater Monitoring for Fiscal Year 2007) and
using the "Topo to Raster" function in ArcMAP Spatial Analyst to provide a
continuous and smoothly-varying surface.
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(b) Particle tracking utilizing Runge-Kutta method was undertaken using this water
level surface from every GHB boundary cell, until the particle discharges at the
Columbia River. The distance traveled by each particle was recorded to determine
a distance from each cell to the river.

(c) A FORTRAN program (makeghb4) calculates the conductance of each GHB cell
according to C = B x DX x HHK / D where B is saturated cell thickness, DX is
cell column or row dimension, HHK is hydraulic conductivity of the cell within
the corresponding formation, and D is the distance to the discharge point along the
particle path.

Saturated thicknesses of GHB cells were determined from a previous simulation
run that was calibrated to provide close agreement with historic water level
measurements observed for Well 699-24-33.

(d) Calibration multipliers were applied to the Hanford, Cold Creek, and Ringold
units. Where a cell represents the Ringold Lower Mud, a value of zero was used
for the conductance.

(e) The GHB was divided into three segments as described below, where separate
additional calibration factors were used to adjust the average conductance term
along the segment.

(i) The northern segment extends from Washington State Northing coordinates
(581250, 143250) to (581250, 133250). (Model rows 1-90). The reference
head for the Columbia River is taken as 111.0 m.

(ii) The central segment extends from Washington State Northing coordinates
(582250, 133250) to (581250, 130250). (Model rows 91-120). The reference
head for the Columbia River is taken as 110.0 m.

(iii) The southern segment extends from Washington State Northing coordinates
(582250, 131250) to (581250, 129850) (Model rows 121-134). The
reference head for the Columbia River is taken as 110.0 m.

(f) Two criteria were used to select initial calibration multipliers and factors. Factors
apply to specific segments whereas multipliers apply to specific units. (This
information is also presented in Section 3.6 Model Calibration).

1. Flow across the eastern boundary should be primarily in the south-east corner
of the model domain where the Hanford formation is saturated.

2. Flow across the upper segment should be small.

(g) The resultant conductance term for the general head boundary has the form
Conductance = mu*fs*C where mu is the calibration multiplier for a unit, fs is the
calibration factor for a segment, and C is defined above.

(h) The final calibration multipliers and factors are listed in Table 3-4.

iii. Southeastern boundary of the model is treated as impermeable west of the Rattlesnake ridge
sub-crop and a mixed boundary condition towards east. It is shown with a horizontal green
line in Figure 3-15.
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1. The no-flow segment extends to Washington State Easting coordinates (571750, 129850)
(model column 161).

2. The mixed boundary segment is a superposition of two source terms.

(a) The calculation described in Step 3 of the eastern boundary was applied.

(b) Calibration multipliers described in Step 4 were also applied. As shown in Table
3-4 the calibration factors applied to the southern boundary differed from those
applied to the eastern boundary.

(c) The influence of the Columbia River is treated similarly to eastern boundary as
described above.

(d) The influence of inflows from the Dry Creek Valley, located south of the model
active domain, is calculated using the conductance formulation described above,
with the distance D determined as the linear distance from the cell center to the X-
ordinate of the 132 m contour on the 2007 annual water level map (DOE/RL-
2008-1). The location of this 132 m contour is reasonably constant over time in
previously presented water level maps.

(e) A multiplier was introduced to weight the contribution of the two terms. The
conductance term for the Dry Creek Valley source was reduced by a factor of 0.3.

3. Recharge in the historic model comprises the following contributions:

(a) Net precipitation that reaches the water table.

(b) Historic wastewater discharge activities.

(c) Mountain-front recharges arising from infiltration of snowmelt and run-off from
elevated areas, which focuses in the ephemeral Cold Creek and Dry Creek stream
beds.

4. Net recharge from aerial precipitation rates were acquired as an electronic ASCII grid file
( ) from PNNL-14753 Rev 1.

5. Artificial recharge values for calculated historic discharge from the vadose zone to the
aquifer were obtained from the Inflow04 System Assessment Capability Rev 1 and are
documented in an annual assessment report. These are summarized EMDT-BC-0002,
Vadose Zone attenuated Recharge from Inflow-04 Assessment.

6. Recharge associated with stream flows are a significant contributor to groundwater
recharge up gradient of the Central Plateau (PNNL 17841). The mass flux of the Cold
Creek and Dry Creek streams were varied as calibration parameters.

7. The transient recharge arrays provided as model input combine the various recharge
sources are calculated using a program named "MakeRecharge2.EXE". This program
reads an ASCII (text) input file named "that provides the
following information:

(a) MODFLOW discretization ("DIS") file

(b) Name of MODFLOW Basic Package ("BAS") file
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(c) Model origin coordinate offset and model grid rotation

(d) The name of a file that lists the locations of polygons encompassing model cells
within which feature-specific recharge loading rates should be applied (this file is
currently named"

(e) The name of the output MODFLOW recharge ("RCH") file to be created by the
program "MakeRecharge2.EXE"

(f) The name of the ASCII grid file that contains the spatially-varying array of
recharge rates from net precipitation (this file is currently named

(g) The name of the ASCII file that contains the time-varying recharge rates within
the ephemeral stream features (this file is currently named

(h) Figure 3-16 displays natural recharge used in the model. The while stripes are
where the Cold Creek and Dry Creek fluxes are applied. These are offset from the
edge of the model to prevent recharge from being directly applied to the low
conductivity Ringold mud. The grey area has a value of 2 mm/year recharge from
infiltration. The large light green areas are about 8 mm/year and the smaller dark
green areas reach 55 mm/year. The two pond locations have a maximum value of
120 mm/year recharge.

tumn be,5Prge,

0 00

etal Plateau Madel V3 UP1 Pech _

Figure 3-16. Flow Model Boundary Conditions
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3.6 Model Calibration

i. The flow model of the historic period was to be calibrated using measured water level data
from 1944 through 2008. We applied automated calibration to the large set of historic water
level data using the PEST parameter estimation software, User's Manual for PEST Version
11, Doherty, 2008. Due to computational difficulties, it became apparent automated
parameter estimation alone would not result in an adequately calibrated model in a reasonable
time frame. The calibration used a combination of automated and manual manipulation of
the parameters. Due to time constrains a fully automated calibration using the full suite of
parameters was not attempted. It is hoped that further use of the automated approach will
result in an improved calibration. The resultant calibrated model provides a closer match to
historic water levels than was achieved for version 2 of the CP model. The match in the 200-
East area was only slightly improved, but the match in the 200-West area was greatly
improved especially for initial conditions and for 2008.

ii. Water Level Data

1. Historical well water level data was downloaded from the 2008 annual groundwater
monitoring report (DOE/RL-2008-66). The text file HistWL was converted in to a .dbf
table which was imported to ArcMap@. The dbf table was summarized in ArcGIS@ by
well name and thenjoined to the imwelwel.shp file last updated in 2/3/2009. This shape
file was generated from the Hanford Well Information System (HWIS) database to
spatially represent all of the wells historically used for producing groundwater levels.
We utilized attributes from this shape file to refine the calibration well list. The shape file
was refined down based on the following criteria:

(a) Well locations within the model domain

(b) Horizontal coordinate system known

(c) Vertical datum known

(d) Screened interval known (data supplemented from HEIS)

(e) Greater than or equal to 5 year period of record

(f) Well ground surface or brass plate elevation known or able to be calculated

2. All wells that did not meet the above criteria were removed from the dataset. The
resultant well shapefile, ModelCalibrationWells-pt.shp, the well screen data table,
ModelCalibrationWells.dbf, and the water level table, ModelCalibrationWaterLevels.dbf
were merged into one geodatabase called CPModelCalibrationWells.mdb with feature
class CalibrationWells (same as ModelCalibrationWells-pt.shp), tables ScreenData and
WaterLevels, respectively.

(a) On 5/27/2009, 32 calibration wells from the ZP- 1 model were added to the
database in a separate feature class and were also subject to the above criteria. On
5/28/2009, five new wells were added to the database to fill in well location gaps
in the model. Screen data for these five wells was manually retrieved from well
completion and construction summary reports from the IDMS database.

(b) On 6/16/2009 it was determined that five wells were measuring perched water
levels. Two of these wells and their measurements were removed completely
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from the dataset while the other 3 were kept in the data set, but the water level
measurements that reflected perched water levels were removed from the dataset.
Also on this day, well 699-55-89 water level measurements were updated between
2/17/1949 and 12/1/1984. A value of 3.967 m was subtracted from these
measurements due to a re-survey of the well in 1984.

(c) The locations of the entire set of well water level measurements qualified using
the above procedure is presented in Figure 3-17.

699-59-80B

699-S7-83A

699-55-89 699-55-76 699-55-7
99699-A495A

699-51-75 699 50-42699-50-85 69-950-74 74
699-49 79 699-48-71 699 " "

299-W7-929N8-1 299-W6-7 69- 699-47-35A

299W1> 299-W6.10 699-44. 64 2 35-69944
699-43-89 29&W11429-W11-9 299 E28 9-E2 2-& 699 643 40

699-40-62 99E276414264241 699-41-35

2 2W.4.Wl-4.1O 299-~ r2 699-41-40
299-38-70699-38.65 294 E9-E1 64 6994039

2-699.35-70 699L-3-6 6 699-36-46S 6699-37-43

699-34-88 299.W2659-W27 -269957 699-34-61 699-34-51 699-34.42
299W26 9-3277 699-32-706 699-32-62 6W 36 699,324 699-33-429927699-31-538 6993242 6W31-2

699-29J78

699-25-70

699-28-52A 699-28-40

699-25-55 699-26-3PC 699- 2 6-3

699-24-46 699-24-W

699-22-1699-243
699-23-34

Cahbraion Wels

basalt aboe the water table withn the mode doman

mModet Domarn
Noflow

Defined Boundary Conddons UP-1 RI Hydraulc Caibration Wells

Figure 3-17. Calibration Wells

3. Screen Data

(a) The screened interval information of the wells was not part of the original
(HistWL) water level dataset. The screen information was supplemented to the
dataset based on received from Bruce Williams of
CHPRC on 5/12/2009. The source for the database is HEIS. The query was the
original 969 wells from the 2008 groundwater monitoring report (DOE/RL-2008-
66, Hanford Site Groundwater Monitoring for Fiscal Year 2008), that fell within
the model domain. This spreadsheet was converted to a dbf table for integration
with ArcGIS. The screen intervals came as depth in ft. For modeling purposes we
produced individual fields for screen top and screen bottom and then converted
the depths to meters. Subsequently the table was joined to the water level dataset
which had been refined to the wells only in the model area. We then converted the
depths to elevation in meters by subtracting the depth from the DiscZ (brass
plate/ground surface). We used "stick up" data provided by Bill Webber on
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5/27/2009 to supplement missing Disc_Z values. Screen information for the ZP-1
wells added to the database came from IDMS well construction and completion
summary reports. On 6/15/2009 screen bottom elevations were updated with the
elevations of the bottom of the well where that elevation was greater than the
original screen bottom elevation. This update resulted from some screens
extending below a "cement plug". On 6/16/2009, four of the wells that were
updated to match the bottom of the wells were reverted back to the original well
depth reflective of the time period the wells were functioning as water level
monitoring wells. These wells had experienced a collapse, and the current depth
to bottom was not reflective of the depth when the well was actually used for
monitoring. The information for making this change came out of HWIS.

4. Weighting of water level data

(i) Due to the factors described in the next two paragraphs, some of the historic
water table data is more relevant to calibration than other historic data. More
relevant data was given more weight, either implicitly in review of the calibration
or explicitly by giving variable weights to the measurements in the PEST input
files.

(ii) Perching of significant amounts of water, disposed near land surface, on fine
grained material above the water table has been identified as a significant historic
process that is not simulated by the central plateau model. A time variable
weighting scheme was adopted to reduce the impact of perching on the
calibration. The variable weighting was set to accomplish two objectives. The
first objective was to rely on early measurements as indications of pre-perturbed
conditions. The second objective was to match 2009 water level measurements as
these are the initial conditions for the predictive simulations.

(iii) None of the water level measurements are completely free of operational
perturbations to the water table. To reduce the impact of perching on the
calibration only water level measurements from 1948-1953 and after 2000 were
given non-zero weights west of the 200-East area. If a well had records for 1948-
1949, then the periods from 1950-1953 were also given a zero weight. It was
assumed that perching was not a significant factor towards the east. The 1948-
1953 time period was given a weight of 100 for each measurement. The 2000-
2008 time period was given a weight of 10 in the west and 1 in the east. Other
time periods were given a weight of zero in the west and 1 in the east.

(iv) Two wells were given zero weights for all time periods because it was evident
that the wells were not responding to aquifer conditions. These wells are: 699-
59-80B, 699-54-45A

5. Calibration Process

(i) The calibration used the ORTHOMIN solver implemented in the modified
version of MODFLOW with the following settings.

1. MXITER = 100

2. ITERI = 350
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3. IPRGCG= 4

4. HCLOSE = 3.0E-5

5. SLMETH,IDIRGCG,IORDER = 1

6. NSDR = 300

7. EPSSL=1.0

(ii) Calibration for the CP model was an evolving process that entailed modifications
to the interpreted HSU geometry, the method of assigning the GHB boundary
conditions, and the hydraulic conductivity values for the HSUs. Modifications to
the HSU geometry and the method of assigning the GHB boundary conditions
are described in the referenced sections. It is as important for a reader of this
document to understand the rational and approach used to make these
modifications as it is to understand the modifications themselves. This section
describes the calibration process prior to establishing HSU hydraulic
conductivity. The next section describes the estimation of HSU hydraulic
conductivity.

(iii) The calibration eventually focused on the incised channel of Hanford formation
into the Cold Creek unit (See the southwest corner of Figure 3-8) as the key
region that needed to have an improved geologic description. Attempts to match
the head difference between wells in the 200-East region and wells in the
southeast corner of the model by adjusting hydraulic conductivity of the Hanford
formation and Cold Creek unit resulted in extremely large values for both and
hydraulic control that would be inconsistent with historic plume configurations.
This motivated reexamination of well logs used to define the boundary between
the Hanford formation and the Cold Creek unit. The reexamination of the wells
indicated that, in much of the 200-East area, the Cold Creek unit was as coarse
grained as most of the Hanford formation was. Therefore, re-designating some of
the Cold Creek unit as the hydrostratigraphic equivalent to the Hanford
formation, as indicated by the calibration, was supported by the well logs.

(b) Once we had an HSU geometry definition consistent with the important high
conductance channel indicated by the plume maps and which allowed simulation
of hydraulic gradients in this channel, the GHB boundary condition multipliers
and factors were adjusted to cause flow directions in the southeast corner to be
consistent with the plume contour data. The factors were also adjusted to maintain
agreement of the hydrograph for well 699-24-33 in the year 1976, the middle of a
long period of relatively constant water level in the well (Figure 3-17). The
location of well 699-24-33 and three other wells that were used in the calibration
are shown in Figure 3-15) GHB boundary condition for the northern segment of
the eastern boundary was adjusted to maintain a small flux across the boundary in
agreement with apparent contaminant movement indicated by the contaminant
plume contours.

(c) Effective hydraulic conductivity estimates for the Hanford formation and Cold
Creek unit were obtained by forcing a match to the hydrograph for Well 299-E23-
1 (Figure 3-18), which is representative of the 200-East area, with simulated
hydraulic heads in the year 1975. During this period simulated hydraulic heads
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are insensitive to specific yield and storage parameters. The GHB multipliers and
factors were simultaneously adjusted to maintain the fit to well 699-24-33. Well
699-28-40 (Figure 3-19) was also used to establish agreement of simulated
hydraulic gradient in the channel with calculated gradients from the hydrographs
(in 1976).

(d) Well 299-W12-1 (Figure 3-20) was used as representative of the 200-West region.
The head variation between Well 299-W12-1 and Well 299-E23-1 is primarily
dependent on the effective hydraulic conductivity of the Ringold A and Ringold E
hydrostratigraphic units. Again the year 1976 was chosen for the match point
because of the relatively constant water levels for a few years.

(e) Table 3-3 presents a synopsis of the parameters used in the model.

Table 3-3. Calibration Results

Parameter

Coarse Grained Hanford Hydraulic
Conductivity

Fine Grained Hanford Hydraulic
Conductivity

Cold Creek Hydraulic Conductivity

Ringold E Hydraulic Conductivity

Ringold A Hydraulic Conductivity

Ringold Mud Hydraulic Conductivity

Syl

SY2

SS1

SS2

Value

10,000.0 (Horizontal)

1,000.0 (Vertical)

100. (Horizontal)

10. (Vertical)

106. (Horizontal)
10.6 (Vertical)

5.0 (Horizontal)

0.5 (Vertical)

4.8 (Horizontal)

0.48 (Vertical)

0.008 (Horizontal)

0.0008 (Vertical)

0.1

0.0905

0.00001

0.00001

Cold Creek Flow 2500 ms/day

Dry Creek Flow 700 ms/day

East GHB Hanford Multiplier

East GHB Cold Creek Multiplier

East GHB Ringold E and A Multiplier

South GHB Hanford formation Multiplier

0.25

0.06

0.06

0.25

Unit less

Unit less

Unit less

Unit less
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Parameter

South GHB Cold Creek unit Multiplier

South GHB Ringold E and A units Mul

South GHB Scale Factor

East GHB North Factor

East GHB Central Factor

East GHB South Factor

Division between North East and Cent
East

Division between Central East and So
East

Table 3-3. Calibration Results

Value

0.06

tiplier 0.05

0.1

0.035

0.28

0.38
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Figure 3-18. Hydrograph and Simulated Equivalent for Well 699-24-33
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Figure 3-19. Hydrograph and Simulated Equivalent for Well 699-E23-1
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Figure 3-20. Hydrograph and Simulated Equivalent for Well 699-28-40
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Figure 3-21. Hydrograph and Simulated Equivalent for Well 299-W12-1
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Figure 3-22. Hydrograph and Simulated Equivalent for Well 699-55-89
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Figure 3-23. Hydrograph and Simulated Equivalent for Well 699-49-57A
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Figure 3-24. Hydrograph and Simulated Equivalent for Well 699-25-55
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Figure 3-25. Hydrograph and Simulated Equivalent for Well 699-35-66A

4 Software Applications

Software was used in accordance with PRC-PRO-IRM-309, Controlled Software Management.

4.1 Approved Software

The following software was used to perform calculations and was approved and compliant with PRC-
PRO-IRM-309, Controlled Software Management. This software is managed under the following
documents consistent with PRC-PRO-IRM-309: CHPRC-00257 Rev 1, MODFLOW and Related Codes
Functional Requirements Document, CHPRC-00258 Rev 2, MODFLOW and Related Codes Software
Management Plan, CHPRC-00259 Rev 1, MODFLO Wand Related Codes Software Test Plan, CHPRC-
00260 Rev 2, MODFLOW and Related Codes Acceptance Test Report, and CHPRC-00261 Rev 2,
MODFLOW and Related Codes Requirements Traceability Matrix. CHPRC-00259 Rev 1 distinguishes
between safety software and support software based on whether the software managed calculates
reportable results or provides run support, visualization, or other similar functions.

i. Descriptions

1. MODFLOW (Controlled Calculation Software)

(a) Software Title: MODFLOW-2000 (Open File Report 00-92, MODFLOW-2000,
the U.S. Geological Survey modular ground-water model -- User guide to
modularization concepts and the Ground-Water Flow); solves transient
groundwater flow equations using the finite difference discretization technique.

(b) Software Version: Version 2.1.18 modified by S.S. Papandopalous and Associates
for minimum saturated thickness and to use the Orthomin Solver; approved as
CHPRC Build 0003 using executable mf2k-mst-0003dp(compiled to default
double precision for real variables).
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(c) HISI Identification Number: 2517 (Safety Software, graded Level C).

(d) Workstation type and property number (from which software is run):

(i) Laptop INTERA-00352 See attached checkout form

4.2 MODFLOW Support Software

Support software used that either have been identified in CHPRC-00258 Rev 1, MODFLOW and Related
Codes Software Management Plan, or are scheduled to be included in the next revision to that document:

i. Descriptions

1. headtargd: retrieves and interpolates simulated heads allowing for dry model cells. It is
used for model calibration. Performs linear interpolation between model nodes to the
coordinates of the monitoring location, and includes options to 'hunt' down through dry
layers for the water table.

2. calcgradients: calculates simulated gradient directions and magnitudes from calculated
head values.

3. Read-Ist-budget: creates a file "prefix"-budget.out that can be brought into a spreadsheet
to tabulate and plot (a) the volumetric budget terms (IN and OUT), and (b) the mass
balance error of the MODFLOW simulation, as reported by MODFLOW at the end of
each interval specific in the output control (OC) file.

4. Starthead _multioption lahey: created the initial head conditions for the predictive
flow calculations by plucking the last time step head result from historic run heads
output.

5. makeghb4: Calculated the GHB input file for MODFLOW using the procedure
described in Section 3.5.3.

6. makerecharge2: Creates the MODFLOW RCH input files for both the historic and
predictive model simulations, specifying recharge values from natural, artificial, and
overland flow data sets.

7. MakeCH: Creates MODFLOW CHD input file.

8. SurferTM1: (Golden Software, 2009, Surfer® Getting Started Guide: Contouring and 3D
Surface Mapping for Scientists and Engineers) Interpolated well contact information to
create HSU surface data arrays as described in Section 3.4.6.

9. Groundwater Vistasm 2 : (Rumbaugh, James 0. and Douglas B. Rumbaugh, 2007,
Guide to Using Groundwater Vistas) Translated well pumping data from spreadsheet
HistroricWells.csv to WEL file. It also provided graphical tools used for model quality
assurance.

10. ArcGIS: (Mitchell, A., 1999. The ESRI Guide to GIS Analysis, Volume 1: Geographic
Patterns and Relationships) Provided visualization tool for assessing validity of
interpolated HSU surfaces and HSU extents. Used to visually locate placement of control
points to constrain the HSU surfaces as explained in Section 3.4 Hydrostratigraphy of the
Central Plateau Aquifer paragraph 6.

1 Surfer is a trademark of Golden Software, Golden, CO.
2 Groundwater Vistas is a trademark of Environmental Simulations Incorporated, Reinholds, PA.
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11. PESTTM3 (Doherty, John, 2007, User's Manualfor PEST Version 11) Used for
automated calibration and run coordination.

4.3 Single-Purpose Software

Single-purpose software is software whose calculation products are approved through quality assurance
and technical review. In this calculation, the following single-purpose software was used:

i. Descriptions

1. CPModelStratVersion3_UP-1: translates interpolated HSU surfaces into model layer
elevations and assigns HSU zone identification to the individual layer cells. The process
is described in Section 3.6. Model Calibration, Paragraph 7.

4.4 Software Installation and Checkout

Safety Software (MODFLOW) was checked out in accordance with procedures specified in CHPRC-
00258 Rev 2. Executables were obtained from the Software Owner who maintains the configuration
managed copies in MKS Integritym 3, installation tests identified in CHPRC-00259 Rev 1 performed and
successful installation confirmed, and Software Installation and Checkout Forms were completed and
approved for installations used to perform model runs reported in this Calculation Brief. Copies of the
Software Installation and Checkout Forms for approved users and installations are provided in
Appendix A. Approved Users are registered in HISI for safety software.

4.5 Statement of Valid Software Application

The software identified above was used consistent with intended use for CHPRC as identified in CHPRC-
00257 Rev 1 and is a valid use of this software for the problem addressed in this application. The
software was used within its limitations as identified in CHPRC-00257 Rev 1.

3 PEST is a trademark of Watermark Numerical Computing.
4 MKS Integrity is a trademark of MKS, Incorporated.
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5 Calculation

Figure 5-1 displays a comparison of simulated heads for the beginning of 2008 to the water table map
presented in the 2008 groundwater monitoring report, DOE/RL-2008-66. The simulated results are
extracted from the bottom layer in the model to reduce artifacts from presenting data from unsaturated
model cells. In locations of downward flux, the layer 7 heads can be as much as one meter less than at the
water table. There is general agreement with the shape of the water table in most of the model domain
except near the southern boundary and in the northeast. In the region near the southern boundary the
interpolated water table indicates a region of inflow where the model has a no-flow boundary. This is a
region of sparse well control as can be seen in Figure 3-17. Not all of the wells in Figure 3-17 are
currently monitored. In the northeast, the simulated heads indicate large gradients in the Ringold mud
(See Figure 3-14). The simulated response in Ringold mud lags significantly behind the drop in hydraulic
head in the region. The same phenomenon is evident just at the southern edge of the active region along
the basalt sub-crop above the water table.

The locations of a representative subset of the calibrations wells are presented in Figure 5-2. After Figure
5-2, a comparison of simulated and measured hydrographs is presented for each well. The order of
hydrographs presented starts near the eastern boundary and moves westward.

/000/

Model Domain

basalt above the water table within the model domain

Inactive Model Cells

Hydraulic Head (m) Layer 7 - Not at Water table (1 in Contour)

2008 Water Table Contour(2 m Contour)

Defined Boundary Conditions I-

, 

v4

0 1.000 2,000 4.000 Meters
I-IIII I UP-i1 RI Hydraulic Head Comparison to 2008 Water Table

Figure 5-1. Comparison of simulated Heads to an interpolated 2009 Water Table
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Figure 5-4. Measured and Simulated Hydrographs for Well 699-47-35A

-S3mulated699-37-43
--- Mleasured

1945 1]4q 1954 195 A9 4 19 974 1Q79 184 198' 1994 19r 2004 2009 2013
Year Version 3 UP-1

Figure 5-5. Measured and Simulated Hydrographs for Well 699-37-43
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Figure 5-6. Measured and Simulated Hydrographs for Well 299-E27-1
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Figure 5-7. Measured and Simulated Hydrographs for Well 699-49-57A
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Figure 5-8. Measured and Simulated Hydrographs for Well 699-40-62
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Figure 5-9. Measured and Simulated Hydrographs for Well 699-32-62

42

D-809

126

14 199 1974 1979 1984
Year

1949 1954 1959

-

i i i i si --a -ma-ry -- 1 i i i i

-

-
5



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0371, REV. 0

-S rrulated 99-35-70
-I--eas ired

144

142

140

138

136

134

132

130

128

126

124

122

120

118

194514 19,64 1959 1-54 '1969 174 1979 1984 19B9 1994 199 2004 2009 2013
Year Version 3 UP-1

Figure 5-10. Measured and Simulated Hydrographs for Well 699-35-70
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Figure 5-11. Measured and Simulated Hydrographs for Well 299-W19-1
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Figure 5-12. Measured and Simulated Hydrographs for Well 299-W10-1
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Figure 5-13. Measured and Simulated Hydrographs for Well 699-57-83A
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Figure 5-14. Measured and Simulated Hydrographs for Well 699-29-78
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Figure 5-15. Measured and Simulated Hydrographs for Well 699-34-88
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Figure 5-16. Measured and Simulated Hydrographs for Well 699-43-89

6 Results/Conclusions

A Three dimensional groundwater flow model has been developed for use in fate and transport modeling
in the central plateau region of the Hanford site. This particular version of the model (Version 3) was
developed for use in the 200-UP-1 OU. The model domain has been divided into six HSUs with
properties established by calibration. Emphasis was placed on matching water level data from the 1940s
and the first decade of the 21st century. The general fit to historic data is good in these time periods. Later
1900s measurements are not fit as well. Measurements after 1950 are thought to be influenced by
perching of water discharged to the surface and hence not appropriate for calibration.

The calibration results suggest that more accurate simulations could be achieved with further
development of the model. The calibration results also indicate that the newly developed version 3 of the
model is superior to earlier versions of the central plateau model. The representation of the flow system is
sufficiently accurate to allow valuable insight to be gained from the remedial investigation and feasibility
studies for the 200-UP-1 OU.

The representation of the aquifer has been improved by incorporating new geologic information and by
using intermediate calibration results to identify potential weaknesses in hydro-geologic interpretation of
drilling logs. The vertical resolution of the model has been improved by using seven layers rather than
five. The additional layers allow discretization of the layers that is more focused on regions expected to
be the most important for fate and transport simulations than was possible with the five layer version of
the central plateau model.
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Appendix A

Software Checkout Forms

49

D-816



DOE/RL-2009-122, REV. 0

ECF-HANFORD-10-0371, REV. 0

CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM
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B. Open Problem Report? ® No Q Yes

TEST CASE INFORMATION:
D. Jirectory.Path:
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I.. I
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12, Input Files.
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)

15. Test Case Results:
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