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Executive Summary

The U.S. Department of Energy (DOE) has completed a Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA)! remedial investigation
(RD) of the 200-BP-5 Groundwater Operable Unit (OU) within the 200 Areas National
Priorities List? site, located at the Hanford Site in Washington State. The RI was
conducted to (1) collect data to define the nature and extent of contamination; (2) assess
contaminant fate and transport; and (3) evaluate potential risks to human health and the
environment from 200-BP-5 OU contaminants and whether, based on these risks,

a feasibility study (FS) to evaluate remedial alternatives is warranted.

The information collected during the RI and associated analysis will support the
development of a combined FS for the 200 East Area groundwater OUs (200-BP-5 and
200-PO-1). The RI/FS was prepared based on previous information available for the OU,
as well as additional groundwater data collection and characterization completed for the

RI, and includes a refined conceptual site model for the OU.

Background

The 200-BP-5 OU (Figure ES-1) extends north-northwest from the 200 East Area,

across the Hanford Site, to the Columbia River. The observed groundwater contamination
in the 200-BP-5 OU resulted largely from liquid waste generated during the operational
period of B Plant and associated facilities within the northern portion of the

200 East Area. The liquid waste was discharged to surface ponds (e.g., B Pond), cribs,
and trenches and then allowed to infiltrate into the soil column. Unplanned releases of
liquid waste also occurred within the OU and were generally associated with leaks, spills,
or overfill of tanks; aboveground and belowground pipelines; and other conveyance and
storage facilities. The estimated liquid waste inventories generated from these sources are
provided in this RI report. Current continuing sources to groundwater have been

identified at the B Complex and Waste Management Area (WMA) C (Figure ES-2).

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
Available at: http://epw.senate.gov/cercla.pdf.

2 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National
Priorities List,” Code of Federal Regulations. Available at: http://www.ecfr.gov/cgi-bin/text-
idx?SID=0cff01005f9529de9127ab4a8e355abd&node=40:28.0.1.1.1&rgn=div6#ap40.28.300 11105.b.
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Remedial Investigation Activities

To organize the characterization and evaluation for 200-BP-5 OU groundwater, the OU
and corresponding network of groundwater monitoring wells were divided into near-field
and far-field areas. The near-field area includes the northern portion of the 200 East Area
(southern portion of the 200-BP-5 OU), where the contamination originated (B Plant
separations processing area) and the highest groundwater contaminant concentrations
have been detected. The far-field area, consisting of the broad geographic area extending
north between the 200 East Area and the Columbia River, is located north and
historically downgradient of source areas and existing groundwater plumes. Groundwater

contaminant concentrations in the far-field area have naturally dispersed over time.

The RI characterization activities were designed to obtain data and information to support
the resolution of data gaps identified through the data quality objective process.

The characterization activities were categorized into the following major tasks:

e Drilling and construction of 16 new wells

e Sediment sampling (vadose zone and saturated zone) during drilling of new wells
e Depth-discrete groundwater sampling

e Hydrologic testing of new wells

e Geophysical investigations (surface and borehole methods)

e Groundwater monitoring of existing and new wells

Sediment samples from the vadose zone were collected from several wells to support the
200-DV-1, 200-1S-1, and 200-EA-1 Source OUs. An additional well, which was not
anticipated during the data quality objective planning process, was constructed to monitor
a perched water zone (containing high concentrations of nitrate and uranium) at the

B Complex that was encountered during Rl drilling. Contamination within this perched
zone is currently being remediated by the 200-DV-1 OU. Existing and new monitoring

wells in the OU monitor both the unconfined and confined aquifers.

Vi
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Physical/Environmental Setting

Surface elevations overlying the 200-BP-5 OU range from 320 m (1,050 ft) at the top of
Gable Mountain (i.e., a bedrock high) to a low of approximately 120 m (394 ft) at the

Columbia River.

The geology of the OU consists of unconsolidated and partly consolidated sediments of
the Miocene through Holocene ages (approximately 8.5 million years to the present, and
referred to as suprabasalt sediments) overlying basalt bedrock. These suprabasalt
sediments contain the unconfined aquifer system within the OU and are the primary

location of groundwater contaminants associated with the OU.

During operations at the 200-BP-5 OU, large volumes of liquids were discharged to the
subsurface, raising the groundwater elevation in the 200 East Area and vicinity.

When groundwater flow during this time was northerly (from the northern 200 East
Area), contamination migrated through Gable Gap and toward the Columbia River. Since
the termination of processing operations, the groundwater mounds in the 200 East Area
have been dissipating and groundwater flow velocities have slowed. By 2009, a broad,
relatively flat water table and groundwater divide within the unconfined aquifer was
identified near the northern half of the 200 East Area in the OU. The exact location of
this divide is variable and is not well understood. In 2011, groundwater flow within the
unconfined aquifer in the southern portion of the 200-BP-5 OU (south of Gable
Mountain) changed flow direction by 180 degrees due to ongoing water table declines in
the 200 East Area and temporal Columbia River stage changes. Since July 2011, the flow
direction has maintained a south-southeast flow from the southern portion of Gable Gap

into the northwestern portion of the 200 East Area.

Nature and Extent of Contamination

The RI groundwater monitoring program focused on contaminants that were found to
exceed identified federal and Washington State statutory and risk-based groundwater

cleanup standards.

Historically, during nuclear fuel processing operations, groundwater plumes migrated
north through Gable Gap into the far-field area and toward the Columbia River. Since the
cessation of fuel processing operations and the corresponding decrease in the water table
mounds in the 200 East Area, current groundwater plumes associated with the OU exist

within the Gable Gap area south to the 200 East Area. Figure ES-2 illustrates the

vii
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distribution of groundwater contaminants in the OU. Chapter 4 provides additional

information on the nature and extent of the existing contaminant plumes.

The most widely distributed contaminants within the OU are nitrate, iodine-129,
technetium-99, cyanide, and uranium. Nitrate, technetium-99, cyanide, and uranium

are associated with sources from the B Complex in the northeastern portion of the

200 East Area. During the Rl, concentrations of nitrate deep in the unconfined aquifer
were detected in the B Plant area. Technetium-99 is associated with the B Complex and
WMA C (Figure ES-2). lodine-129 within the 200-BP-5 OU is primarily attributed to
releases associated with Plutonium-Uranium Extraction Plant operations within the
200-PO-1 OU that have migrated to the 200-BP-5 OU. lodine-129 is detected in

a confined to semiconfined portion of the aquifer near B Pond, which is likely attributed
to the relatively high hydraulic heads in the unconfined aquifer during Hanford Site

operations and the interconnection of the unconfined and confined aquifers in this area.

The less widely distributed contaminants that are detected in small, localized areas are
arsenic, cesium-137, cobalt-60, fluoride, hexavalent chromium (Cr(V1)), gross alpha,

plutonium-239/240, strontium-90, sulfate, and tritium.

Groundwater Fate and Transport

Computer simulations to understand and estimate the fate and transport of 200-BP-5 OU
groundwater contamination were used to evaluate concentrations and plume movements
over time for cyanide, Cr(V1), iodine-129, nitrate, strontium-90, technetium-99, tritium,
and uranium. These contaminants were selected because they occur in well-defined
distributions or at high concentrations (or both), and they have the potential for future
migration. Simulations were conducted using existing groundwater contaminants at their
measured concentrations. The simulations also considered additional impacts from the
source areas (continuing source) for nitrate, technetium-99, and uranium from the

B Complex; technetium-99 from WMA C; and with and without future discharges from
the Treated Effluent Disposal Facility (TEDF), which is currently an operational liquid

effluent discharge source in the area.

Without a continuing source impact being simulated (source term), the times for the
existing contaminants to naturally reach the drinking water standard (DWS) ranged from
several months (0.2 years) for Cr(VI) to 800 years for technetium-99. Cr(V1), iodine-129,

tritium, and uranium naturally attenuate below DWSs within the area defined as the

viii
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Central Plateau. Cyanide, nitrate, strontium-90, and technetium-99 take longer to
attenuate in the Gable Gap area (where the groundwater flow rates are slower) than to the

south in the 200 East Area (where groundwater velocities are greater).

The addition of TEDF discharges does not significantly increase or decrease the
simulation time to reach the DWS, with the sole exception of cyanide, in which the
addition of future TEDF discharges actually decreased the time to reach the DWS by
150 years.

The addition of the continuing sources, with or without future TEDF discharges, greatly
increases the time to reach the DWS for nitrate, technetium-99, and uranium near the

B Complex and WMA C.

Baseline Risk Assessment

The purpose of the groundwater baseline risk assessment (BRA) is to determine whether
a groundwater remedial action may be required under CERCLA. The primary objective
of the groundwater risk assessment is to identify the contaminants of potential concern

(COPCs) that require evaluation of remedial alternatives in the FS.

Chapter 6 describes the BRA that was conducted to evaluate current and potential future
risks to hypothetical human and ecological receptors. For the BRA evaluations,

the near-field area was divided into nine exposure areas (low-level waste management are
[LLWMA]-1, LLWMA-2 and the 216-B-63 Trench, WMA B-BX-BY, WMA C, B Plant,
Semiworks, LERF, Gable Mountain Pond, and 200-BP-5 west), and the far-field area was
divided into two exposure areas (far-field and near-river). The near-field area includes a
separate confined aquifer exposure area that is composed of wells to monitor

basalt interbeds.

Data analyses, which included the previous 6 years of groundwater sampling, were

used to identify a final data set that was evaluated in the BRA. The BRA used the

U.S. Environmental Protection Agency tap water (residential) scenario to calculate
cumulative cancer risks for radionuclides and chemicals, and cumulative noncancer
hazards for chemicals. COPCs that require evaluation in the FS were identified when the

following risk and hazard thresholds were met:

e When the cumulative cancer risk for chemicals was greater than 1 in 100,000

(1 x 107), or when the hazard index for chemicals was greater than 1, as described in
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the 2007 Model Toxics Control Act (MTCA) Human Health Risk Assessment
(HHRA) Procedures (WAC 173-340-708(5)(a)).*

e  When the cumulative cancer risk for radiological analytes was greater than
1in 10,000 (1 x 10#), which is described as the upper end of the risk range specified
in 40 CFR 300.5

In addition to the groundwater BRA, all individual groundwater measurements were
compared to DWS groundwater cleanup levels (WAC 173-340-7206) based on a target
risk level of 1 in 1,000,000 (1 x 10°) or a hazard quotient of 1.

The BRA and individual groundwater measurement evaluation identified 15 COPCs:
arsenic, cesium-137, cobalt-60, cyanide, Cr(VI), fluoride, gross alpha, iodine-129, nitrate,

plutonium-239/240, strontium-90, sulfate, technetium-99, tritium, and uranium.

The ecological risk assessment for the 200-BP-5 OU considered groundwater beneath the
Central Plateau and the far-field area leading to the Columbia River. Several ecological
risk assessments have been conducted at groundwater OUs where the groundwater
discharges to the river. Additionally, a separate risk assessment, the Columbia River
Component (CRC),” was conducted. The CRC concluded that seven contaminants of
ecological concern were present in sediment, pore water, island soil, and shoreline
sediment. These include aluminum, chromium, Cr(VI), lead, manganese, nickel, and
nitrate. Based on this analysis, none of the seven contaminants of ecological concern

merit being retained for the OU.

4 WAC 173-340-708, “Model Toxics Control Act—Cleanup,” “Human Health Risk Assessment Procedures,”
Washington Administrative Code, Olympia, Washington. Available at:
http://app.leg.wa.gov/\WAC/default.aspx?cite=173-340-708.

540 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations.
Available at: http://www.ecfr.gov/cgi-bin/text-
idx?SID=0cff01005f9529de9127ab4a8e355abd&node=40:28.0.1.1.1&rgn=div5.

6 WAC 173-340-720, “Model Toxics Control Act-Cleanup,” “Groundwater Cleanup Standards,” Washington
Administrative Code, Olympia, Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720.

7 DOE/RL-2010-117, 2012, Columbia River Component Risk Assessment Volume |, Parts 1 & 2: Screening-Level
Ecological Risk Assessment, Rev. 0 (available at:
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0092299), and DOE/RL-2010-117, 2012, Columbia River
Component Risk Assessment Volume I, Parts 1 & 2: Baseline Human Health Risk Assessment, Rev. 0 (available at:
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0090731 and
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0090730), U.S. Department of Energy, Richland
Operations Office, Richland, Washington.
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Based on the information provided in the Rl and related BRA, DOE believes that it is
appropriate to proceed with an FS for the 200-BP-5 OU to address the risks that were
concluded to be above the relevant state and federal standards, and that are not predicted

to attenuate in a reasonable time frame.
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1 Introduction

This report presents the results of the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) remedial investigation (RI) conducted for the 200-BP-5 Groundwater
Operable Unit (OU), located at the U.S. Department of Energy (DOE) Hanford Site in Washington State
(Figure 1-1). The evaluation of risk posed to human health and the environment (HHE) by current
groundwater conditions is presented in this Rl report. The feasibility study (FS) for the 200-BP-5 OU will
evaluate remedial technologies and compare remedial alternatives to address the risks described in this
RlIreport. The FS will be developed jointly with the adjacent 200-PO-1 Groundwater OU (Figure 1-1).

This RI report was prepared in accordance with U.S. Environmental Protection Agency (EPA) guidance
for conducting an R1 (EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA). Figure 1-2 summarizes the work elements involved in this process.

Chapter 1 is largely devoted to summarizing site background information, groundwater characterization
efforts, and remediation work completed to date, as well as other relevant studies that have been
completed. This information is provided to describe current 200-BP-5 OU groundwater conditions and to
establish a foundation for the remainder of this RI report.

An Rl involves developing a conceptual site model (CSM), which is a written or pictorial representation
of an environmental system and the biological, physical, and chemical processes that determine the
transport of contaminants from sources, through environmental media, and to environmental receptors
within the ecosystem (ASTM E1689-95, Standard Guide for Developing Conceptual Site Models for
Contaminated Sites). The CSM is the backbone of the RI/FS process and is initially described in the
RI/FS work plan, including associated uncertainties. The CSM is refined based on known information,
Rls, modeling, and risk assessment evaluations. The CSM continues to be refined throughout the
CERCLA RI/FS decision process.

As described in ASTM E1689-95, the six basic steps associated with developing a CSM (not necessarily
listed in order) are as follows:

Identify potential contaminants (Section 6.4).

Identify and characterize contaminants (Sections 2.1 and 4.2).

Delineate the potential migration pathways through groundwater (Sections 4.4 and 5.3).
Establish background areas of contaminants for each contaminated medium (Section 4.1).

Identify and characterize the potential environmental receptors (human and ecological) (Sections 6.2).

AN D e

Determine the limits of the study area or system boundaries (Section 1.2).

The CSM is composed of what is known about the site (Chapter 1), additional data collected as part of
remedial investigations (Chapter 2), the physical characteristics (Chapter 3), nature and extent of
contamination (Chapter 4), and exposure model (Chapter 6). The conceptual exposure model (CEM) is
used to determine if groundwater contamination could pose a substantial threat to HHE because the
exposure pathways are complete.

1.1 Purpose and Scope of Report

The purpose and scope of the 200-BP-5 OU RI report were defined in DOE/RL-2007-18, Remedial
Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit, hereafter
referred to as the 200-BP-5 RI/FS work plan, and a summary is provided in the following subsections.
The RI was conducted and has been completed in accordance with the 200-BP-5 RI/FS work plan, with
minor deviations required due to conditions encountered in the field. These deviations are discussed in
Chapter 2.

1-1
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Remedial Action Decision Process
Stepo Step €),

Site Inspection

Proposed Plan

+ Present site information
+ |[dentify preferred alternative
+ Solicit comments

+ Personnel interviews
* Records review
+ Data evaluation

:-_ _Interim Remedial Action
Record of Decision

Step 9 + Document the selected alternative

Remedial Investigation + Explain why alternative selected
+ Address comments

+ Data collection

+ Define nature and extent of
contamination

+ Conduct baseline risk assessment

Feasibility Study

* Evaluate risks
+ Screen potential technologies

+ Develop alternatives, including costs

+ Evaluate alternatives against NCP criteria

+ Design
+ Construction/implementation/O&M
+ Closure report

SteP e Remedial Action
g

Step 1. Site Inspection—Includes interviewing site personnel regarding the history of the site, reviewing waste disposal records,
and evaluating existing data.

Step 2. Remedial investigation/Feasibility Study—Topics of the combined segments are:

+ Remedial Investigation—Consists of an environmentd study to identify the nature and extent of contamination and a
preliminary evaluation of the risk posed to human health and the environment.

s Feasibility Study—Includes the details of a remedial alternative evaluation and identifies PRGs.
Step 3. Proposed Plan—Based on previous field investigations and reports that are completed in the first two steps of the

process, the Proposed Plan summarizes the remedial alternative evaluations and presents the preferred alternative for
comments.

Step 4. Record of Decision—Formally documents the cleanup alternative that was selected after review and response to
comments on the Proposed Plan.

Step 5. Remedial Action—Consists of the actual cleanup activities being performed. When cleanup is completed, a final report
is written that describes the remedial actions implemented, the result of the actions, and the conclusion of the process.

Figure 1-2. The CERCLA Process

This report builds upon the existing information collected as part of the Hanford Site routine groundwater
monitoring program, previous assessments, and recent RI activities. Most importantly, this report presents
the calculated potential risks to HHE for current and future conditions and also presents the basis for
remedial actions to reduce risk.

1.1.1 Purpose

The purpose of this RI report is to provide a summary of the activities conducted during the 200-BP-5 OU
RI, including analyses of the data collected during the investigation, as described in the 200-BP-5 RI/FS
work plan (DOE/RL-2007-18). This RI report supports the preparation of a combined FS and Proposed
Plan for the 200-BP-5 and 200-PO-1 OUs.
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This Rl report describes the groundwater contamination conditions in the 200-BP-5 OU and will be used
to determine the need for remedial action evaluation in an FS. The specific objectives of this report are
as follows:

e Determine the nature and extent of groundwater contamination that pose the majority of the potential
risk to HHE. These are referred to as contaminants of potential concern (COPCs).

e Present the results of the groundwater analyses (using the last 6 years of data).

e Describe the nature and extent of contamination present in groundwater, the hydrogeology of the OU,
the potential for migration of contamination, and the potential for adverse HHE effects if no risk
reduction/remedial action is taken and potential exposure occurs (i.e., baseline risk). This objective
was achieved by evaluating the following:

— Historical facility operations

— COPCs in dissolved-phase groundwater
— Potential migration pathways

— Potential receptors

— Human and ecological exposure (dose)

— Contaminant toxicity

e  Present the results of the human health risk assessment (HHRA) for contaminants in the OU,
including identifying contaminants that present unacceptable levels of risk and require further
consideration in the FS.

e Define uncertainties associated with the nature and extent of contamination and how these
uncertainties may affect the determination of risk.

11.2 Scope

The scope of this Rl report involves the groundwater contamination associated with the 200-BP-5 OU
(Figure 1-1). Information related to historical and ongoing waste disposal operations, and conditions
related to residual contamination in the vadose zone overlying the 200-BP-5 OU, is presented to provide
context and historical perspective.

The locations of current and historical releases to the environment have resulted in impacts to
groundwater are discussed, including ongoing and predicted future contaminant releases from the vadose
zone. This information will be considered in the FS as part of remedial alternative evaluations. Source
area investigations and evaluations (surface soil and vadose zone) from areas not currently impacting
groundwater will be presented in separate source area RI/FS reports.

The scope of this report includes the following components:

e A description of the work conducted during the Rl in accordance with the 200-BP-5 RI/FS work plan
(DOE/RL-2007-18), the results of the data quality assessment (DQA) of the analytical results
generated under the work plan, and an understanding of site conditions based on integration of the
new RI information with existing historical information.

e Description of the aquifer systems within the OU, and the nature and extent of groundwater
contamination within the OU.
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e A baseline risk assessment (BRA) for human health and ecological risk, which presents an evaluation
of potential impacts from groundwater conditions in the 200-BP-5 OU. Human health impacts are
assessed through consideration of a hypothetical exposure of human receptors to OU contaminants in
groundwater through a drinking water pathway, and also by comparison of site conditions to
established drinking water standards (DWSs) or other identified regulatory action levels
(e.g., Washington State Department of Ecology [Ecology] WAC 173-340, “Model Toxics Control
Act—Cleanup” [MTCA], cleanup levels). Ecological receptors are evaluated through consideration of
a hypothetical exposure to contaminated groundwater entering the Columbia River at the aquifer
discharge boundary. The baseline conditions were developed using groundwater sampling and
analysis results collected during the last 6 years.

Consistent with the Tri-Party Agreement (Ecology et al., 1989, Hanford Federal Facility Agreement and
Consent Order); DOE/RL-2007-20, Hanford Integrated Groundwater and Vadose Zone Management
Plan; and DOE/RL-2009-81, 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 (1) as a discrete CERCLA OU with its own accompanying Record of Decision (ROD), (2) as a
combined Resource Conservation and Recovery Act of 1976 (RCRA)/CERCLA OU with its own
corrective action decision/ROD, or (3) through the RCRA closure/corrective action process for tank farm
waste management areas (WMAS). In April 2010, a tentative agreement was reached between the
Tri-Parties (i.e., DOE, EPA, and Ecology) to define the CERCLA decision structure accompanying the
Central Plateau strategy to be consistent with the division of decision making between the groundwater
OUs and waste site OUs.

The environmental cleanup mission for the Hanford Site began in 1989, including the transition following
the plutonium-production era (from 1943 through 1989), to the mission of waste management and
environmental cleanup. During plutonium production, the Hanford Site was divided into production areas,
including the 200 East and 200 West Areas, which contain the major nuclear fuel processing, waste
management, and disposal facilities. This RI report presents information related to the primary sources of
contamination from plutonium production in the 200 East Area. The historical designations for the

200 East and 200 West Areas (Figure 1-1) are used in context throughout this Rl report,

where appropriate.

The Central Plateau encompasses the 200 Area National Priorities List (NPL) (40 CFR 300, “National Qil
and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities List”) and
includes two principal areas (Figure 1-1):

e The Inner Area covers approximately 26 km? (10 mi?) in the middle of the Central Plateau, where the
majority of the chemical processing and waste management activities occurred. The Inner Area is
envisioned to be the smallest practical final cleanup footprint where waste management and
containment of residual contamination will occur.

e The Outer Area covers an area greater than 168 km? (65 mi?) and includes much of the open area on
the Central Plateau. Limited processing activity occurred in the Outer Area.

The relation of the 200-BP-5 Groundwater OU to the Central Plateau is described in following sections.

1.2  Site Background

The physical location of the 200-BP-5 OU, including a description of the area, the processes that
contributed to site contamination, and previous investigations that have provided information about the
nature and extent of site contamination are discussed in this section. The site background information in
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this section was summarized primarily from the 200-BP-5 RI/FS work plan (DOE/RL-2007-18);
WMP-28945, Data Quality Objectives Summary Report in Support of the 200-BP-5 Groundwater
Operable Unit Remedial Investigation/Feasibility Study Process; and PNNL-19277, Conceptual Models
for Migration of Key Groundwater Risk Contaminants Through the Vadose Zone and Into the Unconfined
Aquifer Below the B-Complex. This section also considers the regulatory basis for activities, as well as
current and future land-use activities that provide a context for potential future remedial actions.

1.21  Site Description

The 200-BP-5 OU encompasses contaminated groundwater associated with historical operation of

DOE nuclear fuel reprocessing and the waste storage and disposal facilities located primarily within

the 200 East Area of the Hanford Site. The 200-BP-5 OU extends from the 200 East Area, northwest

to the Columbia River, and east to the eastern flank of Gable Mountain (Figure 1-3). The boundaries

of the 200-BP-5 OU encompass an area of approximately 84.5 km? (32.6 mi?). At its northernmost extent,
the 200-BP-5 OU borders the Columbia River, adjacent to two other groundwater OUs (100-BC-5 and
100-KR-4). The BRA for the 200-BP-5 OU will consider the results from CERCLA activities conducted
for the adjacent 200-PO-1, 100-BC-5, and 100-KR-4 OUs. The aquifers included in the 200-BP-5 OU
include the uppermost unconfined aquifer and the affected portions of underlying semiconfined and
confined aquifer units.

The land surface area overlying the 200-BP-5 OU includes both active and inactive nuclear processing
and waste management facilities, many of which were the sources for the current groundwater
contamination. In addition to the industrial facilities, the majority of the affected aquifer area of this OU
is overlain by tracts of undeveloped land on the Hanford Site. The undeveloped land area generally
consists of shrub-steppe habitat that contains numerous plant and animal species adapted to the semiarid
environment in the region. The developed areas consist of industrial buildings interconnected by roads,
railroads, pipelines, and electrical transmission lines. The Columbia River flows through the Hanford Site
along the northern boundary of the 200-BP-5 OU. Although the river is free flowing near the

Hanford Site, daily and seasonal water-level fluctuations are controlled by upriver dams.

The 200-BP-5 OU was established primarily to address groundwater contamination associated with
historical operations of B Plant (241-B Building) and other associated Central Plateau facilities within
the northern portion of the 200 East Area. The 200-PO-1 OU, established primarily to address
groundwater contamination associated with historical operations at the Plutonium-Uranium Extraction
(PUREX) Plant (241-A), extends southeast from the southern boundary of the 200-BP-5 OU (Figure 1-1).
A detailed description of the 200-PO-1 OU is provided in DOE/RL-2009-85, Remedial Investigation
Report for the 200-PO-1 Groundwater Operable Unit. Although the 200-BP-5 OU underlies a large area
of present and historical nuclear industrial operations, 200-BP-5 is strictly a groundwater OU and does
not address any of the overlying contaminant source sites or the underlying residual vadose

zone contamination.

In order to distinguish between groundwater contamination that is clearly associated with specific waste
disposal activities originating in the 200 East Area and the more regionally dispersed contamination that
has a broader origin, the network of Hanford Site groundwater monitoring wells associated with
200-BP-5 OU was segregated into “near-field” and “far-field” areas (Figure 1-3). The near-field area
underlies contaminant source areas within the 200 East Area, where contamination originated from the
source areas overlying 200-BP-5 OU; this is currently the location of the highest contaminant
concentrations. The far-field area consists of the broad geographic area extending from Gable Gap to the
Columbia River and includes the aquifer historically affected by contaminants migrating from the Central
Plateau area northward toward the river.
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An extensive annotated bibliography of historical documents is provided in Appendix A and includes
technical documents that describe the process chemistry for the various liquid effluent wastes discharges,
waste inventory-related documents, information on the vadose zone conditions overlying the

200-BP-5 OU, and information on the groundwater within the 200-BP-5 OU. The annotated bibliography
has been updated from that previously published in WMP-28945.

1.2.2 Site History

Groundwater contamination observed in the 200-BP-5 OU largely originated from planned releases of
wastewater and liquid process wastes directly to the ground, with additional contributions from leaks,
spills, and other unplanned releases (UPRs) of liquids during operations. Discharge of liquid wastes to the
ground through engineered facilities (e.g., cribs, ditches, ponds, and trenches) has been a practice in the
200 East Area since the inception of Hanford Site plutonium-processing activities. Groundwater
contamination is primarily related to waste disposal associated with past B Plant operations. Figure 1-4
presents a general facility layout for these waste disposal sites.

B Plant was operated from 1945 to 1956 to recover plutonium from irradiated fuel using the bismuth
phosphate process (PNNL-13080, Hanford Site Groundwater Monitoring: Setting, Sources and Methods;
DOE/RL-92-05, B Plant Source Aggregate Area Management Study Report). B Plant was subsequently
reconfigured and used from 1968 to 1985 to recover cesium and strontium isotopes from high-level waste
stored at tank farms (DOE/RL-95-100, RCRA Facility Investigation Report for the 200-PO-1

Operable Unit).

In 1954 and 1955, scavenged uranium recovery waste liquids (supernatants) were discharged to the
216-BY Cribs (hereafter referred to as the BY Cribs) and the 216-B-42 Trench in the 200 East Area
(PNNL-13080) (Figure 1-4). This waste contained large amounts of ferrocyanide and other chemical and
radiological components. Disposal of this waste was discontinued because high levels of cobalt-60 were
detected in the groundwater shortly after disposal. Following completion of the uranium recovery
program, an in-tank solidification process was initiated to remove excess liquid from the tanks by
evaporating the liquid and sending the condensate to the 216-B-50 and 216-B-57 Cribs
(DOE/RL-2007-18; PNNL-19277).

The 201-C Process Building (i.e., Hot Semiworks Plant) was constructed as a pilot plant for
reprocessing reactor fuel using first the reduction-oxidation (REDOX) chemical process and then the
PUREX chemical process (DOE/RL-2007-18; DOE/RL-92-18, Semiworks Source Aggregate Area
Management Study Report). The plant was later converted to recover strontium from fission product
waste. Wastes were discharged primarily to the 216-C-1 Crib.

Wastewater considered to be uncontaminated (e.g., cooling water and steam condensate) was disposed
to open trenches and ponds, and was later flushed with fresh water. Radiologically contaminated liquid
process waste was disposed to cribs, trenches, and French drains. High-level radioactive waste derived
from reactor fuel reprocessing was directed to underground tanks. With the exception of the tanks

at WMA C (C Tank Farm), the single-shell, high-level waste tanks were designed and operated as
flow-through settling tanks, with the overflowing waste liquids discharging to cribs associated with the
tank farms. Some of the unplanned discharges from tanks have been associated with UPRs to the soil
column. Other UPRs of process waste and wastewater from waste conveyance components

(e.g., pipelines, diversion boxes, or other associated release points) may also have contributed
contamination at the 200-BP-5 OU.

By June 1995, in accordance with Tri-Party Agreement (Ecology et al., 1989) Milestone M-017-10,
liquid waste disposal to ground was terminated, with the exception of permitted discharges to the Treated

1-9
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Effluent Disposal Facility (TEDF) in the 200 East Area and the State-Approved Land Disposal Site
(SALDS) in the 200 West Area. The TEDF and SALDS are still in use.

The 200-BP-5 OU underlies 71 CERCLA liquid effluent waste sites, which have groundwater monitoring
requirements under CERCLA and the Afomic Energy Act of 1954 (AEA). CERCLA facilities that are
known to have contributed the largest quantities or highest concentrations of contaminants to groundwater
in the 200-BP-5 OU include the following:

e BY Cribs

e 216-B-7A and B Cribs

e 216-B-8 Crib

e 216-B-12 Crib

e 216-B-62 Crib

e 216-C-1 Crib

e 216-B-5 injection/reverse well

e 216-B-6 injection/reverse well

e 216-A-25 Gable Mountain Pond

The 200-BP-5 OU also underlies six RCRA treatment, storage, and disposal (T'SD) units. These RCRA
TSD units are primarily monitored for nonradioactive contaminants under RCRA and for radioactive
contaminants under CERCLA and AEA requirements. The following are RCRA TSD units that overlie
the 200-BP-5 OU:

e Low-Level Waste Management Area 1 (LLWMA-1) (218-E-10 Landfill)

e LLWMA-2 (218-E-12B Landfill)

e 216-B-63 Trench

e Liquid Effluent Retention Facility (LERF)

e  WMA B-BX-BY Tank Farms (hereafter referred to as the B-BX-BY Tank Farms)
e  WMA C Tank Farm (hereafter referred to as the C Tank Farm)

The UPRs at the B-BX-BY and C Tank Farms have affected groundwater quality and are discussed in
detail in Chapter 4. Residual groundwater contamination from these processes is the subject of this
RI report.

1.2.3 Previous Investigations and Remediation

Groundwater monitoring at the 200-BP-5 OU is conducted under three major programs: CERCLA;
RCW 70.105, “Hazardous Waste Management,” for TSD units and RCRA past-practice facilities; and
the federal AEA. These programs accomplish the following general objectives:

e Determine groundwater quality baseline conditions

e Characterize hydrogeologic and geochemical trends in the natural groundwater system resulting from
historical Hanford Site operations

e Assess existing and emerging groundwater quality problems and impacts to the aquifer system

e Support analyses, including groundwater flow and contaminant fate and transport (F&T) evaluations
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Various site characterization and monitoring programs have been developed for individual waste sites, as
well as for the various groupings of sites, to assess contamination and remediation in the 200-BP-5 OU.
Analytical results and site information are maintained in the Hanford Environmental Information System
(HEIS) and the Waste Information Data System (WIDS) databases.! Table 1-1 summarizes previous
investigations and remediation of the 200-BP-5 OU.

In 2012, DOE initiated the 200-BP-5 OU treatability test in the area of the B-BX-BY Tank Farms in
accordance with DOE/RL-2010-74, Treatability Test Plan for the 200-BP-5 Groundwater Operable Unit.
The treatability test for identified perched groundwater contamination (primarily technetium-99 and
uranium) will be used to evaluate groundwater flow and recovery to support the FS for the 200 East Area.

1.24 Regulatory Basis and History

In 1989, the Hanford Site was listed on the NPL (40 CFR 300, Appendix B) pursuant to CERCLA.
To address groundwater contamination in the 200 East Area, the 200-BP-5 and 200-PO-1 OUs were
established as separate groundwater OUs in 1993.

Details regarding the regulatory history of the 200-BP-5 OU are presented in Table 1-1.

1.2.5 Current Land and Groundwater Use, Demography, and Future Land Use

This section describes the current and future land use, current groundwater use, and the demography for
the 200-BP-5 OU.

1.2.5.1 Current Land and Groundwater Use

The northern portion of the 200-BP-5 OU extends to the Columbia River. Land use in the River Corridor
is currently controlled by DOE and the U.S. Fish and Wildlife Service (USFWS), which jointly manage
this federally owned land to protect natural and cultural resources while conducting cleanup activities.

As part of the Central Plateau, the southern portion of the 200-BP-5 OU resides within the Central Plateau
Inner Area in a land-use area designated by DOE as industrial.

The National Contingency Plan (NCP) (40 CFR 300) states that EPA expects a remedy to return
groundwater to highest beneficial use whenever practicable, within a reasonable time period. Federal
decisions for groundwater cleanup generally defer to state determinations of current and future
groundwater uses, as described in EPA/540/G-88/003, Guidance on Remedial Actions for Contaminated
Ground Water at Superfund Sites, and the memorandum regarding OSWER Directive 9283.1-09
(Fields, 1997b, “The Role of CSGWPPs in EPA Remediation Programs™). Washington State has
determined that groundwater in the 200-BP-5 OU meets the Washington State’s potable groundwater
definition, and the highest beneficial use for the groundwater is as a potential source of domestic
drinking water.

1.2.5.2 Demography

No residences exist on the Hanford Site. The nearest inhabited residences are farm homes on land located
approximately 16 km (10 mi) east of the center of the 200-BP-5 OU and 27 km (17 mi) north of the center
of the 200-BP-5 OU. Approximately 411,000 people live within an 80 km (50 mi) radius of the 200 Area
Central Plateau. The primary population centers are the cities of Richland, Kennewick, and Pasco

(south of the Hanford Site); Prosser (to the southwest); Sunnyside (to the southwest); and Benton City

(to the southwest).

1 The HEIS and WIDS databases are available online at https://ehs.hanford.gov/eda/.
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation

1979 A characterization study was conducted to determine the radionuclide concentrations in the RHO-ST-37, 216-B-5 Reverse Well
groundwater at the 216-B-5 Reverse Well. The 216-B-5 Reverse Well was used from 1945 to 1947 | Characterization Study
to discharge contaminated liquid wastes from the 221-B B Plant and the 224-B Concentration
Facility directly to the unconfined aquifer.

1989 The 200-BP-5 OU was defined as a combined source and groundwater OU and was added to the 40 CFR 300, Appendix B, “National
NPL pursuant to CERCLA. Inclusion on the NPL initiated the RI/FS process for characterizing the | Oil and Hazardous Substances
nature and extent of contamination, assessing risks to HHE, and selecting remedial actions. Other Pollution Contingency Plan,”

OUs in the vicinity of B Plant in the 200 East Area were designated as combined source and “National Priorities List”
groundwater OUs (200-BP-1, 200-BP-2, 200-BP-3, 200-BP-4, and 200-BP-11).

1989 The Tri-Party Agreement defined RCRA treatment, storage, and disposal groups within the Hanford Federal Facility Agreement
200 East Area that were to be closed or permitted in accordance with Washington State’s and Consent Order
“Dangerous Waste Regulations” (WAC 173-303). (Ecology et al., 1989)

1991 The 1991 revision to the Tri-Party Agreement described and justified a streamlined approach for Hanford Federal Facility Agreement
managing and implementing all past-practice investigations under one characterization and and Consent Order
remediation strategy, regardless of the regulatory agency lead (as defined in the Tri-Party (Ecology et al., 1989)

Agreement).

1992 The Hanford past-practice strategy was developed to implement a streamlined approach for DOE/RL-91-40, Hanford
integrating the past-practice remedial action processes for CERCLA and RCRA into a single Past-Practice Strategy
process for the Hanford Site. The strategy required the conduct of AAMSs, which are similar in
nature to an RI/FS scoping study.

1992 The investigation to characterize the release and determine the risk of migrating scavenged waste DOE/RL-92-70, Phase I Remedial
from the BY Cribs, 216-B-50 Crib, and 216-B-57 Crib included tasks that characterized the Investigation Report for 200-BP-1
groundwater in the 200-BP-1 OU (now part of the 200-BP-5 OU). One task used seismic refraction | Operable Unit, Vols. 1 and 2
to define the surface elevation of the uppermost basalt layer and to identify possible paleochannels
in the basalt that might influence the migration of contaminant plumes in groundwater. Another
task involved installing 10 groundwater wells (7 wells to monitor the unconfined aquifer and
3 wells to monitor the confined aquifer) in the 200-BP-1 OU (now the 200-BP-5 OU).

1993 The AAMS report prepared for 200 East Area groundwater summarized information about DOE/RL-92-19, 200 East

groundwater contaminants and included a preliminary CSM summarizing the understanding of the
aggregate area with respect to the types and the extent of contamination and the relevant exposure
pathways and receptors.

Groundwater Aggregate Area
Management Study Report
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation

1993 The AAMS report prepared for the B Plant source area summarized information about facility DOE/RL-92-05, B Plant Source
operations and waste site contaminants and included a preliminary CSM summarizing the Aggregate Area Management
understanding of the aggregate area with respect to the types and the extent of contamination and Study Report
the relevant exposure pathways.

1993 The AAMS report prepared for the Semiworks source area summarized information about facility DOE/RL-92-18, Semiworks Source
operations and waste site contaminants and included a preliminary CSM summarizing the Aggregate Area Management
understanding of the aggregate area with respect to the types and the extent of contamination and Study Report
the relevant exposure pathways.

1993 The groundwater north of an apparent groundwater divide under the 200 East Area was defined as DOE/RL-92-19, 200 East
a groundwater-only OU in the 200 East Area groundwater AAMS in accordance with the Groundwater Aggregate Area
recommendation in the B Plant source AAMS report (DOE/RL-92-05). The OU was defined as Management Study Report
including those plumes in the B Plant aggregate area (including Gable Mountain Pond). In the
200 East Area groundwater AAMS report, this OU was tentatively named GW-OU-4.

1993 The GW-OU-04 groundwater-only OU was designated as the 200-BP-5 OU in Tri-Party Federal Facility Agreement and
Agreement Change Control Form C-93-06. According to Change Control Form C-93-06, Consent Order Change Control
the 200-BP-5 OU is north of the center of a groundwater mound found beneath the B Pond system. | Form C-93-06, Redesignation of the
Groundwater flow from the northern half of the divide flows generally northwest toward Gable Gap | 200-BP-5 and 200-PO-1
or northeast toward the Columbia River. Groundwater Operable Units and

Reassignment of Associated
Groundwater Investigations, Waste
Management Units, and Unplanned
Releases (DOE et al., 1993)

1993 EPA was designated the lead regulatory agency for the 200-BP-5 OU in 1993, and it was agreed Federal Facility Agreement and

that groundwater OUs would be addressed as CERCLA past-practice units.

Consent Order Change Control
Form C-93-06, Redesignation of the
200-BP-5 and 200-PO-1
Groundwater Operable Units and
Reassignment of Associated
Groundwater Investigations, Waste
Management Units, and Unplanned
Releases (DOE et al., 1993)
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation

1993 The 200 East Area AAMS recommended that the strontium-90 concentrations at the DOE/RL-92-19, 200 East
216-B-5 Reverse Well be considered for an expedited response action, following the rationale Groundwater Aggregate Area
outlined in the Hanford Site past-practice strategy (DOE/RL-91-40). The cesium-137 and Management Study Report
plutonium-239/240 concentrations at the 216-B-5 reverse well were identified as candidates for
an interim response measure. All three contaminants were grouped for ease of treatment.

1993 The 200 East Area AAMS identified the cobalt-60, technetium-99, cyanide, and nitrate DOE/RL-92-19, 200 East
concentrations at the BY Cribs as candidates for an interim response measure, following the Groundwater Aggregate Area
rationale outlined in the Hanford Site past-practice strategy (DOE/RL-91-40). Management Study Report

1993 The Tri-Parties agreed to enact the two recommendations in the 200 East Area groundwater AAMS | Federal Facility Agreement and

for early action. The agreement required preparation of a treatability test plan by January 1994 and
startup of pilot-scale pump-and-treat treatability test systems at each plume site by August 1994.
The treatability tests, if successful, were to be the first step toward developing a full-scale interim
remedial measure treatment system for each plume. The change agreement also specified that
cobalt-60, cesium-137, plutonium-239/240, strontium-90, and technetium-99 would be the primary
target contaminants; cyanide and nitrate were considered secondary contaminants of concern.

Consent Order Change Control
Form M-13-93-03, 200 Area
Groundwater Operable Units Scope
Revision (DOE et al., 1994)

1994 to 1995

Treatability testing began on August 29, 1994. Regular operations started on January 18, 1995, and
were halted on May 29, 1995.

One pilot-scale treatability test system was set up in proximity to the 216-B-5 Reverse Well
because the associated plumes were believed to be confined around the well (i.e., the original waste
disposal facility). Well 299-E28-23 was the extraction well, and Wells 299-E28-7 and 299-E28-25

served as injection wells.

The other pilot-scale treatability test system was set up at the center of the plume that had migrated
north from the BY Cribs toward Gable Gap. Well 699-50-53 A was the extraction well, and

Well 699-49-55A was the injection well. Ion-exchange technology was selected as the treatment
technology for both 200-BP-5 OU pilot-scale treatability tests.

Aquifer pumping at the 216-B-5 Reverse Well site easily provided substantial quantities of
groundwater containing significant concentrations of cesium-137, strontium-90, and lesser
quantities of plutonium-239/240 that had adsorbed to the sediments. The treatment system
performed satisfactorily for removal of all three contaminants. However, it was recommended that
the treatability test be discontinued because the future risks from these plumes were assessed to
be low.

Poor groundwater extraction rates at the BY Cribs plume site emphasized the large degree of
uncertainty about plume geometry and aquifer characteristics. The treatment system performed

DOE/RL-95-59, 200-BP-5 Operable
Unit Treatability Test Report
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation
satisfactorily for removal of cobalt-60 and technetium-99 contaminants. It was recommended that
the treatability test be discontinued because of the poor extraction rates.

2002 The field investigation for WMA B-BX-BY overlying the 200-BP-5 OU included a detailed RPP-10098, Field Investigation
evaluation of the soil and groundwater contamination near the tank farms. The investigation Report for Waste Management
concluded that some of the groundwater contamination directly east of the BX Tank Farm was Area B-BX-BY
most likely due to releases from the BX Tank Farm.

2004 The groundwater sampling and analysis requirements for the 200-BP-5 OU under CERCLA and DOE/RL-2001-49, Groundwater

the AEA were described in a SAP. The 200-BP-5 OU monitoring network consists of

91 monitoring wells. The plan identified specific contaminants to be analyzed, sampling frequency,
sampling and analysis protocol, quality assurance and quality control requirements,
groundwater-level monitoring, and data management requirements associated with groundwater
monitoring of the 200-BP-5 OU. The text identified the revisions made in the monitoring network
for the 200-BP-5 OU from the previous version of the document.

Sampling and Analysis Plan for the
200-BP-5 Operable Unit

2001 to 2010

The groundwater sampling and analysis requirements for RCRA facilities overlying the
200-BP-5 OU were described in separate SAPs for each RCRA facility.

PNNL-13022, RCRA Assessment
Plan for Single-Shell Tank Waste
Management Area B-BX-BY at the
Hanford Site

PNNL-13024, RCRA Groundwater
Monitoring Plan for Single-Shell
Tank Waste Management Area C at
the Hanford Site

PNNL-14112, Groundwater
Monitoring Plan for the 216-B-63
Trench on the Hanford Site

RPP-21895, 241-C-103 and
241-C-109 Tanks Waste Retrieval
Work Plan

WA78900089067, Hanford Facility
Resource Conservation and Recovery
Act Permit, Chapter 4, “Operating
Unit 3, Liquid Effluent Retention
Facility and 200 Area Effluent
Treatment Facility”
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation
DOE/RL-2009-75, Interim Status
Groundwater Monitoring Plan for
the LLBG WMA-1
2006 The RI for the 200-BP-5 OU was initiated in accordance with DOE/RL-2006-55, which is the SAP | DOE/RL-2006-55, Sampling and
for drilling and sampling of the first three characterization wells. Analysis Plan for FY 2006
200-BP-5 Groundwater Operable
Unit Remedial Investigation/
Feasibility Study
2007 to 2008 | The RI/FS work plan for the 200-BP-5 OU was submitted in 2007 in support of Tri-Party DOE/RL-2007-18, Remedial
Agreement Milestone (Ecology et al., 1989) M-013-06B, established in 2006 by Tri-Party Investigation/Feasibility Study Work
Agreement Change Control Form M-013-06-01. The RI/FS work plan included the SAP for Plan for the 200-BP-5 Groundwater
additional RI activities, including drilling 12 additional characterization wells. Operable Unit
2008 to 2009 | The RI for the adjacent 200-PO-1 OU extended geophysical surveys into the area overlying DOE/RL-2009-85, Remedial
200-BP-5 OU. Investigation Report for the
200-PO-1 Groundwater
Operable Unit
2009 The RCRA facility investigation for WMA B-BX-BY overlying the 200-BP-5 OU included DOE/ORP-2008-01, RCRA Facility
a detailed evaluation of the soil and groundwater contamination near the tank farms. Investigation Report for Hanford
The investigation concluded that waste from WMA B-BX-BY had impacted groundwater. Single-Shell Tank Waste
Management Areas
2010 The conceptual models for the B Complex were developed to evaluate which waste sites have been | PNNL-19277, Conceptual Models
the significant sources of the contaminants in the groundwater. Based on existing data, conceptual | for Migration of Key Groundwater
models attribute the source of the cyanide and most of the technetium-99 currently in the Contaminants Through the Vadose
groundwater to the BY Cribs, the source of the uranium to the 1951 241-BX-102 Tank overfill Zone and Into the Unconfined
event, and the source of most of the chromium to the 216-B-7-A&B Cribs and the 216-B-8 Crib Aquifer Below the B-Complex
and Tile Field.
2010 The hydrogeologic conceptual model for the Gable Gap was updated (based on analysis of old and | PNNL-19702, Hydrogeologic
new geologic, hydrologic, and groundwater chemistry data) to evaluate groundwater and Model for the Gable Gap Area,
contaminant movement through this area. Hanford Site
2011 Planning for a perched water pumping/pore water extraction treatability test in WMA B-BX-BY DOE/RL-2011-40, Field Test Plan

were completed and extraction of contaminated perch water was initiated.

for the Perched Water Pumping/Pore
Water Extraction Treatability Test
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Table 1-1. 200-BP-5 OU History of Major Technical Investigations and Regulatory Strategies

Year Activity Documentation
DOE/RL-2011-37, Sampling and
Analysis Plan for the Perched Water
Pumping/Pore Water Extraction
Treatability Test
2013 An evaluation of the perched water area under WMA B-BX-BY was completed and PNNL-22499, Perched-Water
recommendations for a path forward for the perched water zone remediation were issued. Evaluation for the Deep Vadose Zone

Beneath the B, BX, and BY Tank
Farms Area of the Hanford Site
SGW-53604, Path Forward
Recommendations Report for the
Uranium Contamination in the
B Area

AAMS aggregate area management study NPL National Priorities List

AEA Atomic Energy Act of 1954 ou operable unit

CERCLA Comprehensive Environmental Response, Compensation, RCRA Resource Conservation and Recovery Act of 1976

and Liability Act of 1980 RI remedial investigation

CSM conceptual site model SAP sampling and analysis plan

EPA U.S. Environmental Protection Agency Tri-Party Hanford Federal Facility Agreement and Consent Order

FS feasibility study Agreement and Consent Order

HHE human health and the environment WMA waste management area
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More complete discussions regarding the area demography can be found in PNNL-6415, Hanford Site
National Environmental Policy Act (NEPA) Characterization; DOE/EIS-0222-F, Final Hanford
Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS); and USFWS, 2008, Hanford
Reach National Monument: Final Comprehensive Conservation Plan and Environmental Impact
Statement — Adams, Benton, Grant and Franklin Counties, Washington.

1.2.5.3 Future Land Use

DOE worked for several years with cooperating agencies to define land-use goals for the Hanford Site.
The cooperating agencies and stakeholders included the National Park Service, Tribal Nations, the states
of Washington and Oregon, local county and city governments, economic and business development
interests, environmental groups, and agricultural interests. Early efforts to develop land-use assumptions
are described in Drummond, 1992, The Future for Hanford: Uses and Cleanup.: The Final Report of the
Hanford Future Site Uses Working Group, which recognized that the Central Plateau would be used for
waste management activities for the foreseeable future. DOE then issued the HCP EIS (DOE/EIS-0222-F)
in 1999, the associated ROD (64 FR 61615, “Record of Decision: Hanford Comprehensive Land-Use
Plan Environmental Impact Statement (HCP EIS)”) in 1999, and a supplemental analysis
(DOE/EIS-0222-SA-01, Supplement Analysis: Hanford Comprehensive Land-Use Plan Environmental
Impact Statement) in 2008.

The land use above the portion of the 200-BP-5 groundwater OU within the Inner Area is designated as
industrial. The remainder of the land use above the 200-BP-5 groundwater OU is designated as
preservation and conservation (mining) (DOE/EIS-0222-F). The goal for groundwater restoration is
highest beneficial use.

1.3  Document Approach
This RI report consists of the following:

e Chapter 1, Introduction: Consists of purpose and scope for the RI report, and site background that
describes the existing site knowledge.

e Chapter 2, Study Area Investigation: Describes the RI activities that were performed and
summarizes the DQA.

e Chapter 3, Physical Characteristics of the Study Area: Describes the surface and subsurface
features of the 200-BP-5 OU (surface features, meteorology, surface water hydrology, geology,
hydrogeology, water use, and ecology).

e Chapter 4, Nature and Extent of Contamination: Discusses existing groundwater contamination
and describes the waste sources overlying the 200-BP-5 OU.

e Chapter 5, Contaminant Fate and Transport: Describes the future movement and distribution of
contaminants described in Chapter 4.

e Chapter 6, Baseline Risk Assessment: Evaluates the present or anticipated future impact to HHE
from contaminants identified in the 200-BP-5 OU in the absence of a remedial action. The BRA
contributes to the conceptual exposure portion of the CSM.

e  Chapter 7, Summary and Conclusions: Provides a summary and conclusion from the R1.

e Chapter 8, References: Includes the references cited.
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2 Study Area Investigation

The RI combined the results of previous studies and groundwater data collected in accordance with the
200-BP-5 RI/FS work plan (DOE/RL-2007-18). Previous data included groundwater analytical data and
geological data from wells and boreholes. The 200-BP-5 RI/FS work plan identified additional
information needed to provide an understanding of the nature and extent of contamination in the OU and
to support a remedial alternative evaluation and remedy decision. The data needs and the investigation
approach for the 200-BP-5 OU RI were developed through the data quality objective (DQO) process,
which is summarized in WMP-28945. The Rl tasks specified in the 200-BP-5 RI/FS work plan were
completed as described in this chapter. This report also documents other routine and nonroutine activities
that were conducted in the 200-BP-5 OU from November 30, 2004, through December 31, 2013,

In addition, groundwater monitoring data collected during the 6-year period from January 1, 2008,
through January 31, 2014, are also reported and were used in the BRA summarized in Chapter 6.

The results of RI activities are combined with previous studies to describe the physical characteristics of
the study area (Chapter 3), to describe the nature and extent of contamination (Chapter 4), and to develop
the exposure model presented in Chapter 6.

In this chapter, Section 2.1 describes the data needs, the data collected to fill the data needs, and the
corresponding scope of work (including field activities, analyses, and data sources) that were completed
for the RI. Section 2.2 describes the DQA that was conducted to evaluate whether the groundwater data
collected for the 200-BP-5 OU are suitable for use in the BRA (Chapter 6).

2.1  Investigation Activities

The RI characterization activities were designed to obtain data and information to support the resolution
of data gaps identified through the DQO process (WMP-28945; DOE/RL-2007-18, Chapter 3).

The characterization activities were categorized into the following major tasks, which are also
summarized in Table 2-1:

e Drilling and construction of new wells

e Sediment sampling (vadose zone and saturated zone)

e Depth-discrete groundwater sampling

e Hydrologic testing

e Geophysical investigations (surface and borehole methods)
e Groundwater monitoring of existing and new wells

e Supplemental investigations

The installation of 15 new wells was planned during the 200-BP-5 RI (DOE/RL-2007-18). Of these

15 wells, samples were to be collected from 7 wells to characterize the vadose zone in support of the
200-DV-1, 200-1S-1, and 200-EA-1 OUs; from 5 wells to characterize the unconfined aquifer; and from
3 wells to characterize the confined aquifer. The well locations were determined during the DQO
process (WMP-28945). The primary rationale for each well location is summarized in Table 5-2 of the
200-BP-5 RI/FS work plan (DOE/RL-2007-18).

During the RI, 12 wells were constructed to monitor the unconfined aquifer, and 3 wells were constructed
to monitor the confined aquifer, as planned (Table A3-1 in DOE/RL-2007-18). An additional well that
was not anticipated during the DQO planning process was constructed to monitor a perched water zone.
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Table 2-1. Status of RI Tasks for the 200-BP-5 OU

Requirement in 200-BP-5 RI/FS

Task Work Plan (DOE/RL-2007-18) Status
Drilling and Install 15 new wells (DOE/RL-2007-18, | 16* wells installed (discussed in Section 2.1
construction of Table 5-1 and Figure Al-1 for location; | and Table 2-2 of this document).
new wells DOE/RL-2007-18, Table 5-2

for rationale).

Sediment sampling
during drilling
(vadose zone)

Collect sediment samples in the vadose
zone during drilling of 15 new wells
(DOE/RL-2007-18, Table 5-3 and
Tables A3-2 through A3-10;
DOE/RL-2006-55, Tables 3-1, 3-2,
and 3-3).

Sediment samples were collected in the
vadose zone during drilling of all 16* of the
new wells (discussed in Section 2.1.9 and
Table 2-6 of this document). Chemical data
are provided in Appendix B.

Sediment sampling
during drilling
(saturated zone)

Collect sediment samples in the
saturated zone during drilling of 15 new
wells (DOE/RL-2007-18, Table 5-4
and Tables A3-2 through A3-10;
DOE/RL-2006-55, Tables 3-1, 3-2,

and 3-3).

Sediment samples were collected in the
saturated zone during drilling of all 16* of
the new wells (discussed in Section 2.1.9
and Table 2-6 of this document). Chemical
data are provided in Appendix B.

Groundwater sampling

Collect groundwater samples during

Groundwater samples were collected, when

during drilling drilling of 15 new wells possible, during drilling of 16* new wells.
(DOE/RL-2007-18, Table 5-5 and Not all planned groundwater samples were
Tables A3-2 through A3-10; collected because of field conditions
DOE/RL-2006-55, Table 3-4). (discussed in Section 2.1.10 and Table 2-7
of this document). The data are provided in
Appendix B.
Hydrologic testing Conduct hydrologic testing after drilling | Hydrologic testing was performed after
of 15 new wells and selected existing installation of each of the 15 new wells
wells (DOE/RL-2007-18, Tables 5-6 completed in the unconfined or confined
and A3-14). aquifer; several tests could not be
completed because of field conditions
(discussed in Section 2.1.10 and Table 2-8
of this document).
Geophysical Conduct surface-based geophysical Investigations using HRR were planned for
investigations investigations (HRR) in the vicinity of the vicinities of the B-BX-BY Tank Farms

(surface methods)

the B-BX-BY Tank Farms and
C Tank Farm (DOE/RL-2007-18,
Table 5-7).

and C Tank Farm by ORP to support vadose
zone characterization of the tank farms.

The HRR survey of B-BX-BY Tank Farms
was completed in 2007 (RPP-34690).
Additional evaluation of those data was
completed in 2013 (PNNL-22520).

An HRR survey of UPR-200-E-81 near

C Tank Farm was completed in 2009
(RPP-RPT-41236).

Geophysical
investigations
(borehole methods)

Conduct borehole-based geophysical
investigations during the drilling of
15 new wells (DOE/RL-2007-18,
Table 5-7).

All 16* of the new boreholes were logged
using the spectral gamma logging tool and
the neutron moisture logging tool during
drilling, as planned (discussed in

Section 2.1.8 of this document).

2-2




DOE/RL-2009-127, DRAFT A
JULY 2015

Table 2-1. Status of RI Tasks for the 200-BP-5 OU

Task

Requirement in 200-BP-5 RI/FS
Work Plan (DOE/RL-2007-18)

Status

Groundwater
monitoring of existing
and new wells

Monitor existing wells in accordance
with DOE/RL-2001-49; add the 15 new
wells to the groundwater monitoring
network as each is completed
(DOE/RL-2007-18, Section 5.5).

Groundwater monitoring was conducted as
planned (discussed in Section 2.1.10 of
this document).

Supplemental
investigations.

Consider using supplemental data
derived from other groundwater and
vadose zone investigations performed
onsite pursuant to projects under
requirements for CERCLA, RCRA, and
DOE O 435.1 (DOE/RL-2007-18,
Section 5.6).

Groundwater data collected under the
RCRA groundwater monitoring program
were used to develop the contaminants of
potential concern, to develop the risk
assessment, and to refine the CSM
(discussed in Chapters 4, 5, and 6 of

this document).

The 200-PO-1 geophysical survey results
(DOE/RL-2009-85) were used for
refinement of the CSM and development of
the fate and transport model (discussed in
Section 2.1.8 of this document).

The CTUIR geophysical survey results
(SGW-43746) were used for refinement of
the CSM and development of the fate and
transport model (discussed in Section 2.1.8
of this document).

Water-level measurements were used to
determine groundwater movement and
hydraulic gradient (discussed in

Section 2.1.10 of this document).

Aquifer tube sampling results were used as
supplemental information (discussed in
Section 2.1.7 of this document).

Data evaluation

Evaluate data before using the data to
update CSM and before incorporating
the data into the BRA
(DOE/RL-2007-18, Section 5.6).

The DQA (SGW-44071) was completed
(discussed in Section 2.2 in this document).

Groundwater modeling

Conduct numerical modeling to simulate
groundwater flow and contaminant
transport to support the development and
evaluation of remedial alternatives
(DOE/RL-2007-18, Section 5.7).

Numerical modeling in support of the BRA
was completed (discussed in Chapter 5 of
this document).

2-3
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Table 2-1. Status of RI Tasks for the 200-BP-5 OU

Requirement in 200-BP-5 RI/FS
Task Work Plan (DOE/RL-2007-18) Status

Sources:
DOE O 435.1 Chg 1, Radioactive Waste Management.
DOE/RL-2001-49, Groundwater Sampling and Analysis Plan for the 200-BP-5 Operable Unit.

DOE/RL-2006-55, Sampling and Analysis Plan for FY 2006 200-BP-5 Groundwater Operable Unit Remedial
Investigation/Feasibility Study.

DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit.
DOE/RL-2009-85, Remedial Investigation Report for the 200-PO-1 Groundwater Operable Unit.

PNNL-22520, Re-inversion of Surface Electrical Resistivity Tomography Data from the Hanford Site B-Complex.
RPP-34690, Surface Geophysical Exploration of the B, BX, and BY Tank Farms at the Hanford Site.

RPP-RPT-41236, Surface Geophysical Exploration of UPR-200-E-81 Near the C Tank Farm.

SGW-43746, Landstreamer/Gimbaled GeoPhone Acquisition of High Resolution Seismic Reflection Data North of the
200 Areas — Hanford Site.

SGW-44071, Data Quality Assessment Report for the 200-BP-5 Groundwater Operable Unit.

* Fifteen wells were installed as planned; one well was added based on unanticipated conditions (perched water) encountered
during drilling and completed as a perched water monitoring well.

BRA = baseline risk assessment DQA = data quality assessment
CERCLA = Comprehensive Environmental Response, HRR = high-resolution resistivity
Compensation, and Liability Act of 1980 ORP = DOE, Office of River Protection
LM = conceptual site model RCRA = Resource Conservation and Recovery Act of 1976

CTUIR = Confeder'ated Tribes of the Umatilla Indian UPR = unplanned release
Reservation
WMA = waste management area
DOE = U.S. Department of Energy
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Based on the conditions encountered during drilling, DOE, EPA, and Ecology agreed that the initial well
drilled at this location would be completed to monitor this perched water zone, and a replacement well
would be drilled in the same approximate location to monitor the unconfined aquifer (FH-0800228,
“Distribution Unit Managers’ Meeting, 200 Area Groundwater Source Operable Units,” Attachment 3,
“Issue Resolution Meeting Agreements and Issues List”) in accordance with the 200-BP-5 RI/FS

work plan (DOE/RL-2007-18).

During planning, each well was temporarily designated by a letter identifier (i.e., “A” through “O”).
During drilling and construction, each well was assigned a permanent well identification number

(e.g., C5858) and well name (e.g., 299-E33-343). Table 2-2 provides a crosswalk of the temporary letters
and the permanent well identification numbers and well names.
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Table 2-2. Installation Data for the 200-BP-5 OU RI Wells

Total Screened Interval Coordinates®
Dates Drilled Depth (m [ft]) bgs Ground (m)
Well Drilled Surface
Designation Well Well ID Start Finish Monitoring | (m [ft]) Elevation®
Letter® Name Number Drilling Drilling Zone bgs Top Bottom (m [ft]) Northing Easting
Unconfined 80.4 76.2 79.2 198.823
A 299-E33-343 | C5858 | 01/15/2008 | 03/10/2008 A 2638) | (249.9) | (259.9) | (652.306) 137382.25 | 573743.98
Perched 73.8 66.4 72.3 199.139
d & =
B 299-E33-344 | (C5859 12/17/2007 | 01/23/2008 e @42.1) | 217.9) | 237.09) | (653.343) 137387.31 | 573782.91
Unconfined 80.4 76.1 79.2 199.095
d c] &
B 299-E33-345 | C6226 | 01/24/2008 | 04/04/2008 squifer (263.8) | (249.68) | (259.68) | (653.199) 137388.24 | 573780.87
Unconfined 82.5 78.5 81.5 200.322
C 299-E33-205 | C5989 | 04/30/2008 | 08/21/2008 AT 270.6) | (257.5) | (267.5) | (657.224) 137406.22 | 573633.38
Unconfined 12.2 68.0 70.7 191.254
D 299-E33-341 | C5856 | 04/28/2008 | 06/09/2008 e 237.0) | 222.98) | (232.07) | (627.474) 137652.50 | 573565.21
Unconfined 74.8 70.9 70.9 194.135
E 299-E33-342 | C5857 | 03/12/2008 | 04/23/2008 A 2455) | (232.6) | (232.6) | (636.926) 137579.96 | 573625.68
Confined 116.1 96.3 100.9 190.742
F 299-E33-50 C5195 12/28/2006 | 03/29/2007 auifer 381.0) | (316.1) | (331.1) | (625.794) 137599.30 | 573773.61
Confined 109.4 93.9 98.5 188.340
G 299-E33-340 | C5853 04/09/2008 | 10/13/2008 squifer (358.85) | (308.18) | (323.17) | (617.913) 137763.84 | 573779.64
Confined 89 69.6 74.2 174.854
H 699-52-55B C5862 | 06/12/2008 | 08/21/2008 i (292) (228.46) | (243.46) | (573.668) 139440.66 | 573102.17
Unconfined 65.6 62.2 65.4 185.562
I 699-48-50B C5196 10/25/2006 | 12/05/2006 e 2152) | 2042) | (2145) | (608.799) 138044.28 | 573334.48
Unconfined 50.0 46.1 49.1 168.178
J 699-50-56 C5197 10/15/2006 | 12/15/2006 A 1641y | (1512) | (1612) | (551.765) 138841.55 | 572748.21

V 14v¥a £21-6002-14/300
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Table 2-2. Installation Data for the 200-BP-5 OU RI Wells

Total Screened Interval Coordinates®
Dates Drilled Depth (m [ft]) bgs Ground (m)
Well Drilled Surface
Designation Well Well ID Start Finish Monitoring | (m [ft]) Elevation®
Letter® Name Number Drilling Drilling Zone bgs Top Bottom (m [ft]) Northing Easting

Unconfined 114.4 91.4 97.5 214.77

K 299-E29-54 C5860 11/18/2009 | 02/08/2010 A (3752) | (299.9) | (319.8) | (704.626) 136403.12 | 573467.15
Unconfined 110.3 87.2 933 209.632

L 299-E24-25 C7514 11/09/2009 | 01/08/2010 aulifer (361.9) | (286.04) | (306.04) | (687.769) 136287.23 | 574598.56
Unconfined 114.5 91.7 97.8 215.062

M 299-E28-30 C7515 | 01/12/2010 | 02/24/2010 squifer (375.6) (301) 321) (705.584) 136550.79 | 573140.34
Unconfined 55.9 51.8 54.8 174.958

N 699-52-55 C5861 11/20/2007 | 01/22/2008 AT (18332) | (169.8) | (179.8) | (574.009) 139443.20 | 573102.44
Unconfined 103.6 91.6 102.2 207.680

O 299-E27-155 | C5852 | 09/26/2007 | 11/13/2007 e (340) (300.46) | (335.46) | (681.365) 136429.08 | 575003.11

a. Well designation letters are as shown in Appendix A of DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater

Operable Unit.
b. Elevation of brass survey marker (NAVDS88, North American Vertical Datum of 1988); values are rounded to the nearest 0.001 m.

c. Northing and easting coordinates are based on Washington State Plane Coordinates NAD83, North American Datum of 1983, rounded to the nearest 0.01 m.

d. Well 299-E33-344 (C5859) was completed to monitor a perched water zone, and replacement Well 299-E33-345 (C6226) was drilled in the same approximate location to
monitor the unconfined aquifer.

bgs = below ground surface

ID = identification

V 14v¥a £21-6002-14/300

GgLoc ANr
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Two sampling and analysis plans (SAPs) were prepared to provide details regarding sample collection
methods, sample types, sample depths, and sample analytical methods for each well. One SAP
(DOE/RL-2006-55, Sampling and Analysis Plan for FY 2006 200-BP-5 Groundwater Operable Unit
Remedial Investigation/Feasibility Study) was prepared and approved prior to completion of the
200-BP-5 RI/FS work plan (DOE/RL-2007-18) to allow initiation of drilling of the first three wells.

The second SAP (DOE/RL-2007-18, Appendix A) was prepared and approved as part of the

200-BP-5 RI/FS work plan to provide details for the other RI activities. Table 2-3 shows the SAP
associated with each new well. Table 2-3 also shows the borehole summary report prepared for each new
well after drilling and construction to document field activities. Figure 2-1 provides a map of the installed
well locations.

The activities conducted within the 200-BP-5 OU as part of the Rl primarily consisted of geological and
geophysical investigations, soil and vadose zone investigations, and groundwater investigations
(Sections 2.1.8, 2.1.9, and 2.1.10, respectively).

2.1.1 Historical Information Review

No reviews of historical information were planned or conducted during the RI for the 200-BP-5 OU.
An extensive review of historical information was conducted as part of the DQO process and is
documented in WMP-28945. A historical information review was also conducted during preparation of
the conceptual model for the B Complex and is documented in PNNL-19277. An updated version of the
annotated bibliography is presented in Appendix A.

2.1.2 Surface Features

No investigations of surface features were planned or conducted during the Rl for the 200-BP-5 OU.
Surface features are discussed in Section 3.1.

21.3 Contaminant Source Investigations

No specific investigations of contaminant sources were planned or conducted during the RI for the
200-BP-5 OU. Opportunistic samples from seven 200-BP-5 OU boreholes were collected for the
200-DV-1, 200-1S-1, and 200-EA-1 Vadose Zone OUs (SGW-46352, Data Quality Assessment Report
for Vadose Zone Samples Collected During Drilling of Wells 299-E24-25, 299-E28-30, 299-E29-54,
299-E33-205, 299-E33-342, 299-E£33-343, and 299-E33-344 in the 200 East Area). An extensive review
of contaminant sources was conducted as part of the DQO process and is documented in the DQO
summary report (WMP-28945) and the 200-BP-5 RI/FS work plan (DOE/RL-2007-18). Additional
evaluation of contaminant sources was conducted during conceptual model development for the

B Complex (PNNL-19277). A summary of contaminant source information is discussed in Section 4.2
of this RI report.

21.4 Land and Water Use Surveys

No surveys of land and water use were planned or conducted during the R1 for the 200-BP-5 OU.

The land uses for the areas overlying the OU are discussed in Section 1.2.5. The water uses for the OU
are discussed in Section 3.7.

21.5 Meteorological Investigations

No meteorological investigations were planned or conducted during the Rl for the 200-BP-5 OU.
Meteorology is discussed in Section 3.2.

21.6  Air Investigations

No air investigations were planned or conducted during the R1 for the 200-BP-5 OU.
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Table 2-3. Documentation Associated with Each Well Installed during the Rl for the 200-BP-5 OU

Well Borehole DQO Report for
Designation Well Well ID Sampling and Summary Investigation- Description Geophysical Log
Letter* Name Number Analysis Plan Report Derived Waste of Work Data Report

A 299-E33-343 C5858 DOWRISDEIC SGW-39626 SGW-35168 SGW-35017 HGLE-TIOR- 180,
Appendix A Rev. 0

B 299-E33-344 5859 DOERL-2007-18, | gGw.39626 | SGW-35168 sowasity | LD
Appendix A Rev. 0

B 299-E33-345 6226 DOERL2007-18, | gGw 30626 | sGw-35168 e | e
Appendix A Rev. 0

C 299-E33-205 C5989 DL 00715 SGW-39496 RPP-ENV-3720 SGW-38871 R Tl
Appendix A Rev. 0

D 299-E33-341 C5856 DOSRL2007-18, SGW-39626 SGW-35168 SGW-35017 HGLP-L.DR-24%,
Appendix A Rev. 0

E 299-E33-342 C5857 DOERL-2007-18, | qGw.39626 | SGW-35168 SR | T e
Appendix A Rev. 0

F 299-E33-50 C5195 DOE/RL-2006-55 SGW-34034 WMP-31431 WMP-30726 HGL}E‘];?IS'O%’

G 299-E33-340 C5853 DOB/RL: 200713, SGW-39626 SGW-35168 SGW-35017 HGLP-LOE-271,
Appendix A Rev. 0

H 699-52-55B C5862 DL 00715 SGW-39626 SGW-35168 SGW-35017 R T
Appendix A Rev. 0

i 699-48-50B C5196 DOE/RL-2006-55 | SGW-34034 WMP-31431 WMP-30726 HGLI;'GLVDIO"O”’

J 699-50-56 C5197 DOE/RL-2006-55 SGW-34034 WMP-31431 WMP-30726 HGLI;;P%}'O@’

DOE/RL-2007-18, SGW-35161, HGLP-LDR-450,
K 299-E29-54 C5860 Appendin A SGW-46869 SGW-36277 SGW-42227 S

V 14v¥a ‘221-6002-14/304

GgLoc ANr
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Table 2-3. Documentation Associated with Each Well Installed during the Rl for the 200-BP-5 OU

Well Borehole DQO Report for
Designation Well Well ID Sampling and Summary Investigation- Description Geophysical Log
Letter* Name Number Analysis Plan Report Derived Waste of Work Data Report
L 299-E24-25 C7514 DOERL-2007-18, | gGw 46860 |  SGW-42680 sGw-a2669 | HOLE-LDRA2L,
Appendix A Rev. 0
M 299-E28-30 C7515 DOERL-2007-18, | gGw.46869 | SGW-42680 Sowageen | HOELDESS,
Appendix A Rev. 0
N 699-52-55 C5861 DOE/RL—2QO7—18, SGW-37834 SGW-34748 SGW-34422 HGLP-LOE-201,
Appendix A Rev. 0
(@) 299-E27-155 C5852 DOE/RL—2907—18, SGW-37834 SGW-34748 SGW-34422 R Ll
Appendix A Rev. 0
Sources:

DOE/RL-2006-55, Sampling and Analysis Plan for FY 2006 200-BP-5 Groundwater Operable Unit Remedial Investigation/Feasibility Study.
DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit.

HGLP-LDR-027, 699-48-50B (C5196) Log Data Report.
HGLP-LDR-049, 699-50-56 (C5197) Log Data Report.
HGLP-LDR-066, 299-E33-50 (C5195) Log Data Report.

HGLP-LDR-101, 299-E27-155 (C5852) Log Data Report.
HGLP-LDR-195, 299-E33-343 (C5858) Log Data Report.
HGLP-LDR-196, 299-E33-345 (C6226) Log Data Report.
HGLP-LDR-197, 299-E33-344 (C5859) Log Data Report.

HGLP-LDR-201, 699-52-554 (C5861) Log Data Report.

HGLP-LDR-225, 299-E33-342 (C5857) Log Data Report.
HGLP-LDR-237, 299-E33-205 (C5989) Log Data Report.
HGLP-LDR-244, 299-E33-341 (C5856) Log Data Report.
HGLP-LDR-271, 299-E33-340 (C5853) Log Data Report.

HGLP-LDR-329, 699-52-55B (C5862) Log Data Report.
HGLP-LDR-421, 299-E24-25 (C7514) Log Data Report.
HGLP-LDR-436, 299-E28-30 (C7515) Log Data Report.

V 14v¥a ‘/21-6002-14/304

GgLoc aNNr
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Table 2-3. Documentation Associated with Each Well Installed during the Rl for the 200-BP-5 OU

Well Borehole DQO Report for
Designation Well Well ID Sampling and Summary Investigation- Description Geophysical Log
Letter® Name Number Analysis Plan Report Derived Waste of Work Data Report

HGLP-LDR-450, 299-E29-54 (C5860) Log Data Report.

RPP-ENV-3720, Data Quality Objective Summary Report for the Waste Characterization of Well C5989 in the 200-BP-5 Operable Unit.
SGW-34034, Borehole Summary Report for the Installation of Three Groundwater Wells in the 200-BP-5 Operable Unit, FY 2007.

SGW-34422, Description of Work for Calendar Year 2007 Installation of Two Groundwater Wells (299-E27-155, and 699-52-554) at the 200-BP-5 Operable Unit.
SGW-34748, Data Quality Objectives Summary Report for the Installation of Wells C5852 and C5861 in the 200-BP-5 Operable Unit.

SGW-35017, Description of Work for FY2008 Installation of Seven Groundwater Wells at the BP-5 Operable Unit.

SGW-35161, Description of Work for the Installation of Groundwater Well (299-E29-54) at the 200-BP-5 Operable Unit.

SGW-35168, Data Quality Objective Summary Report for FY 2008 Installation of Six Groundwater Monitoring Wells in the 200-BP-5 Operable Unit.
SGW-36277, Waste Management Data Quality Objectives Summary Report for the Drilling of Well C5860 in the 200-BP-5 Operable Unit.
SGW-37834, Borehole Summary Report for the Installation of Two Groundwater Monitoring Wells in the 200-BP-5 Operable Unit, CY 2007.
SGW-38871, Description of Work for FY2008 Installation of Well C5989 at the BP-5 Operable Unit.

SGW-39496, Borehole Summary Report for the Installation of One Groundwater Monitoring Well at the 200-BP-5 Operable Unit.

SGW-39626, Borehole Summary Report for the Installation of Seven Groundwater Monitoring Wells in the 200-BP-5 Operable Unit, CY 2008.
SGW-42227, ARRA Description of Work for the Installation of One Well at 200-BP-5 Operable Unit.

SGW-42669, Description of Work for FY2009 Installation of Two Groundwater Monitoring Wells at the 200-BP-5 Operable Unit.

SGW-42680, Data Quality Objective Summary Report for the Drilling of Wells C7514 and C7515 in the 200-BP-5 Operable Unit.

SGW-46869, Borehole Summary Report for the Three (3) 200-BP-5 Wells, “K”, “L”, and “M,” Fiscal Year 2010.

WMP-30726, Description of Work for Fiscal Year 2006 Installation of Three Wells (299-E33-50, 699-48-50B, and 699-50-56) at the 200-BP-5 Groundwater Operable Unit.
WMP-31431, Data Quality Objective Summary Report for the Installation of Wells C5195, C5196 and C5197 in the 200-BP-5 Operable Unit.

* Well designation letters are as shown in Appendix A of DOE/RL-2007-18.

DQO = data quality objective

ID = identification

V 14v¥a ‘221-6002-14/304
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Figure 2-1. Location of New Wells Installed during the Rl for the 200-BP-5 OU
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21.7 Surface Water and Sediment Investigations

No investigations of surface water bodies, or sediment associated with surface water bodies, were
planned or conducted during the RI for the 200-BP-5 OU.

Agquifer tube sampling is conducted annually along the river shore segment of the 200-BP-5 OU

in accordance with DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes.
These aquifer tubes are associated with either the 100-BC-5 OU or 100-KR-4 OU (Table 2-4).

The samples collected from these aquifer tubes for the past 6 years were used to provide supplemental
information for the 200-BP-5 OU.

Table 2-4. Aquifer Tubes Sampled along the Columbia River Shore Segment of the 200-BP-5 OU

Well ID Shore Segment in Groundwater Area
Well Name Number Well Type DOE/RL-2000-59 of Interest
12-D B8146 Aquifer tube BC5 200-BP-5
14-D Bg&152 Aquifer tube KR4 200-BP-5
C6236 C6236 Aquifer tube KR4 200-BP-5
C6237 C6237 Aquifer tube KR4 200-BP-5
C6238 C6238 Aquifer tube KR4 200-BP-5

Source: DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes.

ID = identification

21.8 Geological and Geophysical Investigations

Geological investigations were conducted as planned during the RI for the 200-BP-5 OU. Table 2-5
presents a summary of the data collected.

The geological data were used to refine the understanding of the configuration of the unconfined and
confined aquifer systems, which influence groundwater flow directions and rates, as well as associated
contaminant migration (presented in Chapter 3 and Appendix C). The geological data were also used to
support numerical flow and transport calculations (presented in Chapter 5 and Appendix D).

Geological data were collected during the RI for the adjacent 200-PO-1 OU using geophysical survey
techniques (DOE/RL-2009-85). The seismic reflection surveys and check shot surveys conducted for the
200-PO-1 OU also collected geological data within the 200-BP-5 OU (SGW-39675, Reflection Seismic
Survey Report, 200 East Area, Hanford Site; SGW-39676, Check Shot Survey Summary Report, 200 East
Area, Hanford Site — Fiscal Year 2008, respectively). Seismic reflection data were also collected within
the 200-BP-5 OU by the Confederated Tribes of the Umatilla Indian Reservation (CTUIR) as a
technology demonstration test for DOE (SGW-43746, Landstreamer and Gimbaled GeoPhone
Acquisition of High Resolution Seismic Reflection Data North of the 200 Areas — Hanford Site).
Additional seismic information was collected by the CTUIR in 2011 (SGW-52160, Landstreamer and
Gimbaled Geophones Phase I — 200 Areas: A High Resolution Seismic Reflection Survey at the
Hanford Site).

2-12
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Table 2-5. Geological Investigations Conducted during the Rl for the 200-BP-5 OU

Geological
Investigation

Types of
Data Collected

Objectives for
Collecting Data

Data Documentation

Geology at each new
borehole location
(DOE/RL-2007-18,
Section 5.2.1)

Description of stratigraphy
of sediments.

Identification of contact
depths for significant
changes in lithology and key
stratigraphic units.

Identification of depths

and thicknesses of
low-permeability units and
other features that might
influence vertical and lateral
spreading of contaminants.

Identification of depth to top
of basalt.

Photographs of lithology
every 1.5 m (5 ft) in each
new borehole.

Refine the CSM of potential
stratigraphic influences on
contaminant migration.

Support development of
physical model
configuration for numerical
transport calculations.

The borehole log for each
new borehole records the
geologic information
observed at each location.
The borehole logs are
provided in the borehole
summary reports

(Table 2-3).

The photographs of
lithology are provided in
the borehole summary
reports (Table 2-3).

The geologic contacts
information was added to
the Hanford data set of
geologic contacts.”

The locations of the new
boreholes are shown in
Figure 2-1.

Geology at each new
borehole location
(DOE/RL-2007-18,
Table 5-3)

Grab samples collected
every 1.5 m (5 ft) and at
major changes in lithology
at each new borehole.

Maintain archive samples of
lithology from each
new borehole.

The grab samples are
stored at the sample
archive storage building.

Borehole geophysical
logging at each new
borehole location
(DOE/RL-2007-18,
Table 5-7)

Identification of naturally
occurring and
gamma-emitting
radionuclides using spectral
gamma logging and neutron
moisture logging.

Support identification of
contacts depths for
significant changes

in lithology.

The borehole geophysical
log data reports are
available for the RI wells
as shown in Table 2-3.

The locations of the new
boreholes are shown in
Figure 2-1.

Seismic reflection

Seismic reflection data

Evaluate configuration of

SGW-39675,

data in the 200 East along north-south and basalt surface underlying the | DOE/RL-2009-85
Area (collected as east-west profiles. 200 East Area to identify The loeations of the
part of the potential channels, faults, or sefurfic reflsction Tines
200-PO-1 RI) other hydrogeologic features | , o <hown in
et Sty DOE/RL-2009-85,
groundwater pathways Figure 2-15.
controlling migration.
Geophysical check Check shot seismic velocity | Provide time-depth SGW-39676,

shot data underneath
the 200 East Area
(collected as

part of the

200-PO-1 RI)

surveys in five wells in the
200 East Area. Four of the
wells surveyed are in the
200-BP-5 OU: 299-E32-10,
299-E34-7, 299-E28-6, and
299-E26-8.

correlation information to
aid the interpretation of
the acquired seismic
reflection data.

DOE/RL-2009-85

The locations of the wells
used for check shot
surveys are shown in
SGW-39676, Figure 1.
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Table 2-5. Geological Investigations Conducted during the Rl for the 200-BP-5 OU
Geological Types of Objectives for
Investigation Data Collected Collecting Data Data Documentation
High-resolution, Seismic reflection Evaluate the potential for SGW-43746
seismic reflection data along eight preferred vertical and The locatiotis of fhe
data north of the seismic profiles. horizontal pathways for seismic reflection profiles
200 East Area mobile contaminants in the ste showiiin
(collected by the deep vadose zone and SGW-43746
Confederated Tribes groundwater intervals. ’

; Figure 3.1-1.
of the Umatilla

. . Demonstrate the feasibility
Indian Reservation)

of using a landstreamer® and
gimbaled geophone
acquisition approach to
collect high-resolution
seismic reflection data.

Use the resulting
information to compare
the landstreamer and
gimbaled geophone
approach to recently
acquired data in the
200 East Area using
conventional

spiked geophones.

Sources:

DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit.
DOE/RL-2009-85, Remedial Investigation Report for the 200-PO-1 Groundwater Operable Unit.

SGW-39675, Reflection Seismic Survey Report, 200 East Area, Hanford Site.

SGW-43746, Landstreamer/Gimbaled GeoPhone Acquisition of High Resolution Seismic Reflection Data North of the
200 Areas — Hanford Site.

a. The Hanford data set of geologic contacts is managed by Pacific Northwest National Laboratory. The data set indicates,
for a given well, the depth to the top and bottom of each lithologic unit; the data is not formally published.

b. A landstreamer is a multichannel seismic cable designed to be pulled behind a vehicle.
CSM = conceptual site model
OU = operable unit

RI = remedial investigation

The objective of the seismic reflection surveys was to evaluate the feasibility of integrating seismic data
and existing geologic data to improve the hydrogeologic conceptual model and to improve model
confidence for the area. The design criteria for these surveys included imaging subsurface acoustic
interfaces, between 23 and 305 m (75 and 1,000 ft) below ground surface (bgs), primarily to image the
top of the basalt.

During fiscal year (FY) 2009, high-resolution seismic reflection surveys were acquired within the
Gable Gap area north of the 200 East Area to help address data gaps regarding the presence or absence
of potential channels, faults, or other hydrogeologic features that may control groundwater contaminant
migration. Previously collected seismic data from the 200-BP-5 OU were used to augment the new
surveys and to ensure a consistent, sitewide interpretation. The combined geophysical data set was used

2-14
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to address data gaps for both the near-field and far-field areas of the 200-BP-5 OU and to refine
construction of a top of basalt surface structural relief map.

Approximately 23 km (14.3 mi) of seismic reflection profiling was conducted during FY 2009 and
FY 2011 in the Gable Gap area and north 200 East Areas using a seismic landstreamer. The design
criteria included imaging top of basalt, as well as suprabasalt sedimentary interfaces within the upper
150 m (500 ft) bgs. Acquisition details and preliminary results are presented in SGW-43746.

Auxiliary information used to tie the seismic data to the underlying geology consisted of check shot
seismic velocity surveying, sonic logs, and geologic information from wells adjacent to the profiles.
Check shot surveys were conducted during FY 2007 for the Waste Treatment Plant design (PNNL-16559,
Downhole Measurements of Shear- and Compressional-Wave Velocities in Boreholes C4933, C4996,
C4997 and C4998 at the Waste Treatment Plant DOE Hanford Site; PNNL-16652, Site-Specific Velocity
and Density Model for the Waste Treatment Plant, Hanford, Washington), in FY 2008 to support
200-PO-1 OU investigations (SGW-39676; SGW-42313, Geophysical Investigations: 200-PO-1
Groundwater Operable Unit), and in FY 2009 to support both the landstreamer surveys and

200-PO-1 OU investigation (SGW-42313). Sonic logs were acquired to support the Basalt Waste
Isolation Project (BWIP) investigations. Seven check shot surveys and one sonic log were used to
interpret the seismic data in the Gable Gap area and north 200 East Area. The locations of the check shot
surveys are shown in Figure 1 in SGW-39676.

Seismic reflection data were used to revise and update the top of basalt surface map beneath Gable Gap
and the northern 200 East Area but did not positively delineate the suprabasalt sediments. Basalt
elevations derived from the seismic data are incorporated into the basalt topography map (Section 3.6).
Seismic information was also used to help construct the geologic and hydrogeologic cross sections
presented in Chapter 3. Results of the geophysical surveys for the 200-BP-5 OU are provided in
SGW-48478, Interpretation and Integration of Seismic Data in the Gable Gap.

The complete catalog of available geological formation contact information through December 4, 2009,
was used to populate a database in the Schlumberger! HydroGeo Analyst data management system,
which includes subsurface characterization, mapping, and three-dimensional visualization
(ECF-200BP5-10-0344, Geologic Data Package: 200-BP-5 Hydrostratigraphic Database Development).
Well data in the 200 Areas geologic tops database were used to develop the geologic maps and cross
sections that are discussed in Chapters 3, 4, and 5.

21.9 Soil and Vadose Zone Investigations

Soil and vadose zone investigations were conducted during the RI for the 200-BP-5 OU and were
integrated with Central Plateau vadose zone OUs (DOE/RL-2007-02, Supplemental Remedial
Investigation/Feasibility Study Work Plan for the 200 Areas Central Plateau Operable Unit, Volume I:
Work Plan and Appendices). Sediment grab samples were collected every 1.5 m (5 ft) for geologic
archiving (Table 2-5). Sediment grab and split-spoon samples were collected from key strata in selected
wells to evaluate the physical and geochemical properties in order to improve the reliability of modeling
in support of the BRA and remedial design (DOE/RL-2007-18, Table 5-3). Samples also were analyzed
to assess the nature and extent of COPCs in the sediment. Table A1-1 in the SAP (DOE/RL-2007-18,
Appendix A) lists the initial COPCs for sample planning for the vadose zone. Table A1-3 in the SAP
(DOE/RL-2007-18, Appendix A) lists the initial COPCs for sample planning for the saturated zone.

1 Schlumberger© is a copyright name of Schlumberger Water Services, Waterloo, Ontario, Canada.
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Vadose zone grab and split-spoon samples from seven of the 200-BP-5 OU RI wells were collected and
analyzed in support of ongoing characterization activities for the RI/FS process for the 200-DV-1,
200-EA-1, and 200-1S-1 OUs. A DQA was conducted for the vadose zone samples from these wells and
is documented in SGW-46352.

Sediment grab and split-spoon samples were collected from key strata in selected wells within the
saturated zone (DOE/RL-2007-18, Table 5-4). Saturated zone sampling requirements typically began at
the historical high water table elevation.

The sample collection strategy was designed to collect a comprehensive suite of samples. As planned,
only a subset of the samples collected was analyzed (DOE/RL-2007-18, Section A3.3). The selection of
samples for analysis was based on sample recovery, sediment type, field screening results, borehole
geophysical profiles, and preliminary contaminant concentrations. Unused samples were retained for
possible future analysis or disposal. The analyses will be considered during evaluation of the vadose zone
in the RI reports for the source OUs.

Table 2-6 presents a summary of the sediment samples from the vadose zone and saturated zone that
were analyzed for the initial list of COPCs developed for planning. One less sample was collected from
Boreholes C5853 and C5859/C6226 because basalt was encountered at a shallower depth than expected.
Analytical data are provided in Appendix B.

The DOE Office of River Protection (ORP) conducted investigations using high-resolution resistivity
(HRR) in the vicinities of the B-BX-BY Tank Farms and C Tank Farm, which supported vadose zone
characterization of the tank farms (DOE/RL-2007-18, Table 5-7). The HRR geophysical technology
measures the electrical resistance of the vadose zone soils. A resistivity contrast indicates a change in soil
geochemistry that is potentially caused by a change in the concentration of a contaminant such as nitrate.
These investigations were included in the 200-BP-5 RI/FS work plan (DOE/RL-2007-18) because the
results could be used to refine the CSM for the nature and extent of contamination in the vadose zone
overlying the 200-BP-5 OU. The HRR survey of the B-BX-BY Tank Farms was completed in 2007
(RPP-34690, Surface Geophysical Exploration of the B, BX, and BY Tank Farms at the Hanford Site).

A re-evaluation of the data was completed in 2013 (PNNL-22520, Re-inversion of Surface Electrical
Resistivity Tomography Data from the Hanford Site B-Complex). An HRR survey of UPR-200-E-81
near the C Tank Farm was completed in 2009 (RPP-RPT-41236, Surface Geophysical Exploration of
UPR-200-E-81 Near the C Tank Farm).

21.10 Groundwater Investigations

Groundwater sampling was conducted as planned during the drilling of nine of the wells for the
200-BP-5 OU RI (DOE/RL-2007-18, Table 5-5). Unanticipated field conditions encountered during
drilling of the remaining wells resulted in fewer sample intervals being collected (Table 2-7).
Groundwater samples were collected from November 2006 through February 2010 during drilling of the
new Rl wells to assess the lateral and vertical distribution (where sufficient aquifer thickness occurred)
of COPCs. Additional groundwater sampling results collected from 200-BP-5 OU wells available as of
January 2014 are provided in Appendix B. Table A1-3 in the SAP (DOE/RL-2007-18, Appendix A) lists
the initial COPCs for sample planning for the saturated zone. Table 2-7 summarizes the depth-discrete
groundwater samples collected from the unconfined aquifer and from the confined aquifer during drilling
of the new RI wells.
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Table 2-6. Sediment Split-Spoon Samples from New Wells during the Rl for the 200-BP-5 OU

Objectives for

Number of Sample
Intervals Analyzed

Collecting
Data® Borehole Planned® | Analyzed Date Collected

COPC analysis | 299-E24-25 (C7514) (“L”) 14 14 11/09/2009 to 01/05/2010
299-E27-155 (C5852) (“O”) 4 4 10/15/2007 to 10/25/2007
299-E28-30 (C7515) (“M”) 4 3 02/09/2010 to 02/22/2010
299-E29-54 (C5860) (“K”) 14 14 11/30/2009 to 01/22/2010
299-E33-50 (C5195) (“F”) 3 3 03/01/2007 to 03/06/2007
299-E33-205 (C5989) (“C”) 5 6 06/02/2008 to 07/17/2007
299-E33-340 (C5853) (“G™) 3 2 06/24/2008 to 07/11/2008
299-E33-341 (C5856) (“D”) 1 2 05/22/2008
299-E33-342 (C5857) (“E”) 4 4 03/19/2008 to 04/04/2008
299-E33-343 (C5858) (“A”) 4 4 02/08/2008 to 02/22/2008
299-E33-344 (C5859) (“B”)
299-E33-345 (C6226) 5 4 12/20/2007 to 02/20/2008
(“B” replacement)
699-48-50B (C5196) (“I”) 0 1 11/02/2006
699-50-56 (C5197) (“17) 0 3 11/21/2006
699-52-55 (C5861) (“N”) 2 12 12/07/2007 to 12/10/2007
699-52-55B (C5862) (“H”) 3 4 07/09/2008 to 07/29/2008

a. From Table 1-8 in DOE/RL-2006-55, Sampling and Analysis Plan for FY 2006 200-BP-5 Groundwater Operable Unit
Remedial Investigation/Feasibility Study, for Wells 299-E33-50, 699-48-50B, and 699-50-56; from Tables 5-3 and 5-4 in
DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit, for all

other wells.

b. From Tables A3-1 through A3-3 in DOE/RL-2006-55 for Wells 299-E33-50, 699-48-50B, and 699-50-56; from
Tables A3-2 through A3-13 in DOE/RL-2007-18 for all other wells.

COPC = contaminant of potential concern
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Table 2-7. Depth-Discrete Groundwater Samples Collected from New Wells
during the Rl for the 200-BP-5 OU
Number of Sample Intervals
Objectives for Date
Collecting Data® Borehole Planned" Collected® Collected

Uranium isotope 299-E24-25 Four in Three in unconfined aquifer 12/08/2009 to
evaluation (C7514) (“L”) uncgnﬁned Because the top of basalt was 01/06/2010
Chromium and aquifer shallower than expected, one
nitrate evaluation of the planned samples was
Contaminant plume not collected (SGW-46869).
delineation
Contaminant plume 299-E27-155 Four in Four in unconfined aquifer 10/16/2007 to
delineation (C5852) (“O”) unconfined 10/26/2007

aquifer
Uranium isotope 299-E28-30 Four in Four in unconfined aquifer 02/09/2010 to
evaluation (C7515) (“M”) unconfined 02/25/2010
Contaminant plume aquifer
delineation
Uranium isotope 299-E29-54 Four in Four in unconfined aquifer 01/07/2010 to
evaluation (C5860) (“K™) unconfined 02/11/2010
Chromium and aquifer
nitrate evaluation
Contaminant plume
delineation
Contaminant plume 299-E33-50 Three in Three in confined aquifer 03/02/2007 to
delineation (C5195) (“F”) confined aquifer 03/07/2007
Technetium-99
evaluation
Uranium isotope 299-E33-205 Two in Two in unconfined aquifer 07/16/2008 to
evaluation (C5989) (“C”) unconfined 07/23/2008
Contaminant plume aquifer
delineation
Uranium isotope 299-E33-340 Three in Three in confined aquifer 06/26/2008 to
evaluation (C5853) (“G™) confined aquifer 07/18/2008
Uranium (total),
technetium-99, and
chromium
evaluation
Uranium isotope 299-E33-341 One in One in unconfined aquifer 05/28/2008
evaluation (C5856) (“D”) unconfined
Contaminant plume aquifer
delineation
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Table 2-7. Depth-Discrete Groundwater Samples Collected from New Wells
during the Rl for the 200-BP-5 OU
Number of Sample Intervals
Objectives for Date
Collecting Data* Borehole Planned® Collected® Collected

Uranium isotope 299-E33-342 Two in One in unconfined aquifer 04/10/2008
evaluation (C5857) (“E”) uncgnﬁned The second groundwater
Contaminant plume aquifer sample was not collected
delineation because of the low amount of

water in the aquifer

(SGW-39626).
Uranium isotope 299-E33-343 Two in One in unconfined aquifer 02/22/2008 to
evaluation (C5858) (“A”) uncpnﬁned The second sample was 03/10/2008
Contaminant plume aquifer collected as a
delineation post-development sample

(SGW-39626).
Uranium isotope 299-E33-344 Three in One in perched zone 01/08/2008
evaluation (C5859) (“B”) uncgnﬁned A perched water zone was
Contaminant plume aquifer encountered during drilling
delineation (SGW-39626). Because

drilling was terminated at this

zone, the other planned

groundwater samples were to

be collected during drilling of

a replacement borehole

(299-E33-345).
Uranium isotope 299-E33-345 Three in One in unconfined aquifer 02/20/2008
evaluation _— (C6226) unconfined Because the top of basalt was
Contaminant plume (“B” replacement) | aquifer shallower than expected, two
delineation of the planned samples were

not collected (SGW-39626).
Uranium and 699-48-50B One in A groundwater sample could N/A
technetium-99 (C5196) (“T”) unconfined not be collected during
evaluation aquifer drilling because of the thin

aquifer (SGW-34034).

Groundwater samples were

collected after the well

was completed.
Uranium and 699-50-56 One in One in unconfined aquifer 11/28/2006
technetium-99 (C5197) (“I) unconfined
evaluation aquifer
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Table 2-7. Depth-Discrete Groundwater Samples Collected from New Wells
during the Rl for the 200-BP-5 OU
Number of Sample Intervals
Objectives for Date
Collecting Data* Borehole Planned® Collected® Collected
Contaminant plume 699-52-55 Three in No groundwater samples N/A
delineation (C5861) (“N”) unconfined were collected during well
aquifer drilling or immediately after
permanent pump placement
because groundwater volume
was insufficient
(SGW-37834).
Uranium (total), 699-52-55B Three in Three in confined aquifer 07/16/2008 to
technetium-99, (C5862) (“H”) confined aquifer 08/01/2008
and chromium
evaluation
Sources:

SGW-34034, Borehole Summary Report for the Installation of Three Groundwater Wells in the 200-BP-5 Operable Unit,
FY 2007.

SGW-37834, Borehole Summary Report for the Installation of Two Groundwater Monitoring Wells in the 200-BP-5
Operable Unit, FY 2007.

SGW-39496, Borehole Summary Report for the Installation of One Groundwater Monitoring Well at the 200-BP-5
Operable Unit.

SGW-39626, Borehole Summary Report for the Installation of Seven Groundwater Monitoring Wells at the 200-BP-5
Operable Unit, CY 2008.

SGW-46869, Borehole Summary Report for the Three (3) 200-BP-5 Wells, “K,” “L,” and “M,” Fiscal Year 2010.

a. From Table 1-8 in DOE/RL-2006-55, Sampling and Analysis Plan for FY 2006 200-BP-5 Groundwater Operable Unit
Remedial Investigation/Feasibility Study, for Wells 299-E33-50, 699-48-50B, and 699-50-56; from Table 5-5 in
DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit, for all
other wells.

b. From Table 3-4 in DOE/RL-2006-55 for Wells 299-E33-50, 699-48-50B, and 699-50-56; from Tables A3-2 through A3-13
in DOE/RL-2007-18 for all other wells.

c. Samples were collected from the unconfined aquifer using a submersible pump or a Kabis sampler (product of
Sibak Industries, San Marco, California). Samples were collected from the confined aquifer using a submersible pump.

N/A = not applicable

Depth-discrete groundwater sampling was conducted in 14 existing wells within the 200-BP-5 OU from
December 2009 through April 2010 in accordance with PNNL-19129, Discrete Sampling Test Plan for
the 200-BP-5 Operable Unit. The list of wells sampled and a summary of the groundwater sampling are
provided in Table 2-8. The locations of the wells are shown in Figure 2-2.
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Table 2-8. Depth-Discrete Groundwater Samples Collected
from Existing Wells in the 200-BP-5 OU during FY 2010
Number of Sample
Intervals
Objectives for
Collecting Data Borehole Planned Collected Date Collected
To evaluate the vertical 299-E27-4 3 3 04/20/2010
distribution of the following
iotential COPCikn fhe 299-E27-7 5 7 01/07/2010 to 02/16/2010
B e 299-E27-10 2 1 02/17/2010
unconfined aquifer:
e Uranium 299-E27-21 4 3 02/25/2010
BCganitia 299-E27-23 4 3 01/13/2010 to 04/21/2010
o Nitrate
s Sulfite 299-E33-31 2 2 01/19/2010 to 02/23/2010
§ Lufiim 299-E33-39 3 2 02/18/2010
e Technetium-99
& Clildds 299-E33-49 4 3 01/04/2010
299-E33-339 4 3 01/05/2010 to 02/22/2010
299-E33-342 3 2 12/22/2009
299-E33-343 4 3 12/17/2009
299-E33-345 3 2 01/12/2010
699-50-56 3 2 01/11/2010
699-53-55C S 5 01/14/2010 to 01/18/2010
Total 14 48 41
COPC = contaminant of potential concern

Depth-discrete groundwater samples were also collected during drilling of four new RCRA wells in the
200-BP-5 OU. Two new wells (299-E26-77 and 299-E26-79 drilled at the LERF) were sampled from
August 2008 through September 2008 in accordance with DOE/RL-2008-41, Sampling and Analysis Plan
for the Liquid Effluent Retention Facility (LERF) Replacement RCRA Wells. Two new wells (299-E27-24
and 299-E27-25 drilled at WMA C) were sampled from April 2010 through May 2010 in accordance with
SGW-44067, Sampling and Analysis Plan for Waste Management Area C Assessment Groundwater
Monitoring Well Installation. Chapter 4 of this RI report discusses the results and locations of these

four wells.

The analytical results from the depth-discrete samples collected during drilling of the new wells and
from the existing wells were used to develop the vertical distributions of groundwater contaminants
presented in Chapter 4. The process of developing the vertical distributions of contaminants is
documented in SGW-47391, 200-BP-5 Depth Discrete Contaminant Cross Section Development.
All of the analytical data are provided in Appendix B. The DQA of the depth-discrete groundwater
data is documented in SGW-44071, Data Quality Assessment Report for the 200-BP-5 Groundwater
Operable Unit.
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Figure 2-2. Existing Groundwater Wells in the 200-BP-5 QU
Used for Depth-Discrete Groundwater Sampling in FY 2010

Hydrologic testing was planned for selected new and existing wells as part of the RI (DOE/RL-2007-18,
Table A3-14). Table 2-9 presents a summary of the completed hydrologic testing.
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Table 2-9. Hydrologic Tests Conducted during the Rl for the 200-BP-5 OU
Objectives for
Type of Test Collecting Data Well Status Documentation
Slug test, Provide initial 299-E33-345 A slug test could not be SGW-39626
unconfined estimates of (C6226) (“B”) | conducted at Well 299-E33-345
aquifer hydraulic because sufficient groundwater
properties volume was not available.
699-52-55 A slug test could not be SGW-37834
(C5861) (“N”) | conducted at Well 699-52-55
because the well had produced
heaving sands that interfered
with groundwater flow into the
well through the screen, and
sufficient groundwater volume
was not available.
Single or Identify aquifer 299-E33-345 A single well pumping test could | SGW-39626
multiple well parameters for (C6226) (“B”) | not be conducted at
pumping test, evaluation of Well 299-E33-345 because
unconfined remedial sufficient groundwater volume
aquifer alternatives was not available.
699-52-55 A pumping test could not be SGW-37834
(C5861) (“N”) | conducted at Well 699-52-55
because the well had produced
heaving sands that interfered
with groundwater flow into the
well through the screen, and
sufficient groundwater volume
was not available.
Short-term well | Generate an 299-E24-25 Short-term well development SGW-46869
development estimate of (C7514) (“L”) | pumping tests were conducted as
pumping test, aquifer planned at all unconfined
unconfined transmissivity 299'E27"}5 i aquifer wells. SGW-37834
aquifer and evaluate well | (C5852) (FO7)
apeeifia Gapniily 299-E28-30 SGW-46869
(C7515) (“M™)
299-E29-54 SGW-46869
(C5860) (“K”)
299-E33-205 SGW-39496
(C5989) (“C”)
299-E33-341 SGW-39626
(C5856) (“D”)
299-E33-342 SGW-39626
(C5857) (“E”)
299-E33-343 SGW-39626

(C5858) (“A”)
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Table 2-9. Hydrologic Tests Conducted during the Rl for the 200-BP-5 OU
Objectives for
Type of Test Collecting Data Well Status Documentation
299-E33-344 No well

(C5859) (“B”)
perched zone

development test
because of low

recharge
SGW-39626
299-E33-345 SGW-39626
(C6226) (“B”)
699-48-50B SGW-34034
(C5196) (“1”)
699-50-56 SGW-34034
(C5197) (“I)
699-52-55 SGW-37834
(C5861) (“N”)
Short-term well | Generate an 299-E33-50 Short-term well development SGW-34034
development estimate of (C5195) (“F”) | pumping tests were conducted as
pumping test, aquifer planned at all confined
confined aquifer | transmissivity 299'E33'§42 aquifer wells. SGW-39626
and evaluate well | (C3853) ("G”)
specific capacity | 499 57 558 SGW-39626

(C5862) (“H”)

Well tracer test,
unconfined
aquifer

Yield a profile of
hydraulic
conductivity,
estimate flow
velocity
independent of
gradient
measurement
and stress tests

Selected existing
wells near

C Tank Farm,
selected existing
wells northwest
of BY Tank
Farm, and

Well 699-53-55

Well tracer tests were not
conducted at existing wells.
However, the groundwater flow
velocity and direction in the
vicinity of B-BX-BY Tank
Farms, BY Cribs, and C Tank
Farm were evaluated using
time-series changes in the
distributions of groundwater
constituents. The B Tank Farm
complex area was evaluated
using chromium (PNNL-19277)
and the C Tank Farm area was
evaluated using sulfate and
technetium-99/nitrate trend plots
(DOE/RL-2008-01). Results

of a groundwater treatability
test being conducted for the

B Tank Farm complex area
provided field scale estimates
of hydraulic conductivity
(DOE/RL-2010-74).

DOE/RL-2008-01
PNNL-19277
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Table 2-9. Hydrologic Tests Conducted during the Rl for the 200-BP-5 OU
Objectives for
Type of Test Collecting Data Well Status Documentation
Sources:

DOE/RL-2008-01, Hanford Site Groundwater Monitoring for Fiscal Year 2007.
DOE/RL-2007-18, Remedial Investigation/Feasibility Study Work Plan for the 200-BP-5 Groundwater Operable Unit.
DOE/RL-2010-74, Treatability Test Plan for the 200-BP-5 Groundwater Operable Unit.

PNNL-19277, Conceptual Models for Migration of Key Groundwater Risk Contaminants Through the Vadose Zone and into
the Upper Unconfined Aquifer Below the B Complex.

SGW-34034, Borehole Summary Report for the Installation of Three Groundwater Wells in the 200-BP-5 Operable Unit,
FY 2007.

SGW-37834, Borehole Summary Report for the Installation of Two Groundwater Monitoring Wells in the 200-BP-5 Operable
Unit, FY 2007.

SGW-39496, Borehole Summary Report for the Installation of One Groundwater Monitoring Well at the 200-BP-5
Operable Unit.

SGW-39626, Borehole Summary Report for the Installation of Seven Groundwater Monitoring Wells at the 200-BP-5
Operable Unit, CY 2008.

SGW-46869, Borehole Summary Report for the Three (3) 200-BP-5 Wells, “K,” “L,” and “M,” Fiscal Year 2010.

WMA = waste management area

After the new RI wells were installed for the 200-BP-5 OU, water levels were monitored to aid
determining the flow direction and the estimation of groundwater velocity. Table 2-10 presents the date
that water-level monitoring was initiated at each new well.

Table 2-10. Summary of Water-Level Monitoring in the New Wells
Installed during the Rl for the 200-BP-5 OU

Borehole Monitoring Zone Initial Measurement
299-E24-25 (C7514) (“L”) Unconfined aquifer 12/02/2009
299-E27-155 (C5852) (“O”) Unconfined aquifer 01/09/2008
299-E28-30 (C7515) (“M”) Unconfined aquifer 02/09/2010
299-E29-54 (C5860) (“K”) Unconfined aquifer 01/05/2010
299-E33-50 (C5195) (“F”) Confined aquifer 06/28/2007
299-E33-205 (C5989) (“C”) Unconfined aquifer 03/23/2009
299-E33-340 (C5853) (“G”) Confined aquifer 01/12/2009
299-E33-341 (C5856) (“D”) Unconfined aquifer 01/05/2009
299-E33-342 (C5857) (“E”) Unconfined aquifer 08/07/2008
299-E33-343 (C5858) (“A”) Unconfined aquifer 07/15/2008
299-E33-344 (C5859) (“B™) Perched water 07/15/2008
299-E33-345 (C6226) (“B”) Unconfined aquifer 07/15/2008
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Table 2-10. Summary of Water-Level Monitoring in the New Wells
Installed during the RI for the 200-BP-5 OU
Borehole Monitoring Zone Initial Measurement
699-48-50B (C5196) (“T”) Unconfined aquifer 05/01/2007
699-50-56 (C5197) (“J”) Unconfined aquifer 04/11/2007
699-52-55 (C5861) (“N) Unconfined aquifer 05/05/2008
699-52-55B (C5862) (“H”) Confined aquifer 01/13/2009

In 2002 and 2003, the groundwater monitoring well networks for the 200 West and 200 East Areas were
assessed through a DQO process (CP-15329, Data Quality Objectives Summary Report for Establishing
a RCRA/CERCLA/AEA Integrated 200 West and 200 East Area Groundwater Monitoring Network) to
develop an integrated groundwater monitoring plan encompassing the various regulatory requirements.
The regulatory programs that oversee activities within the 200-BP-5 OU have complementary, but not
identical, purposes:

e The CERCLA groundwater monitoring program provides a routine and ongoing data for the OU.

e The RCRA detection program in WAC 173-303-400, “Dangerous Waste Regulations,” “Interim
Status Facility Standards,” identifies whether TSD units are impacting groundwater quality and
defines the rate and extent of detected contaminant migration.

The sitewide surveillance monitoring program determines baseline conditions of groundwater quality and
quantity; characterizes and defines hydrogeologic, physical, and chemical trends in the groundwater
system; and provides data to support decisions concerning land disposal practices and the management
and protection of groundwater resources. DOE also conducts monitoring to meet the requirements of

the AEA and DOE O 435.1, Radioactive Waste Management.

The DQO process determined that the selected groundwater constituents, sampling frequencies, and water
table measurements were adequate to meet data collection and regulatory requirements for the various
programs. Subsequently, the approach for ongoing groundwater monitoring of the 200-BP-5 OU was
provided in DOE/RL-2001-49, Groundwater Sampling and Analysis Plan for the 200-BP-5 Operable
Unit. The wells currently included in the 200-BP-5 OU monitoring network, the current analytical suites,
and the sampling frequency are listed in the SAP (DOE/RL-2001-49). When completed, each of the new
wells installed for the 200-BP-5 OU RI was added to the groundwater monitoring network.

Changes to sampling frequency and the analytical suite for selected existing wells were required to
support the RI objectives and to evaluate all initial COPCs identified for sample planning during the
DQO process (WMP-28945). The list of wells, associated sampling frequencies, and analytical suites to
be sampled as part of the RI were provided in Appendix B of DOE/RL-2007-18.

Groundwater monitoring results from 161 wells were included in the 200-BP-5 OU risk assessment.
This set represents monitoring wells for which data were available for the period from January 1, 2008,
through January 31, 2014. Of these wells, 145 wells are used to monitor the unconfined aquifer and

16 wells are used to monitor the confined aquifer (Figure 2-3). These data were evaluated for use in
the BRA and in the selection of COPCs; the data are discussed in further detail in Chapter 6.
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Figure 2-3. Groundwater Wells in the 200-BP-5 OU Used to Monitor the Unconfined Aquifer, Confined Aquifer, and Perched Water Zone
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Groundwater data collected in support of other onsite projects were used to supplement the data collected
as part of the CERCLA RI. Groundwater sampling and analysis and water-level measurements were
collected in support of RCRA and DOE O 435.1 from wells in the 200-BP-5 OU. Groundwater samples
collected from RCRA wells were analyzed in the field at the time of sampling for pH, temperature, and
specific conductivity. These supplemental data were used to help refine the CSM for the 200-BP-5 OU.

2111 Ecological Investigations

No ecological investigations were planned or conducted during the RI for the 200-BP-5 OU. Hanford Site
ecology is discussed in Section 3.8,

2.2  Field Activity Documentation

A DQA was conducted to evaluate whether the groundwater data collected from the 200-BP-5 OU are
suitable for use in the BRA and for selection of remedial alternatives. The DQA process followed the
general guidelines established by EPA (EPA/240/B-06/002, Data Quality Assessment: A Reviewer’s
Guide; EPA/240/B-06/003, Data Quality Assessment: Statistical Methods for Practitioners). The results
of the DQA are summarized in this section. Additional details are available in the DQA report
(SGW-44071) and SGW-56758, Supplement to the 200-BP-5 Groundwater Operable Unit Data Quality
Assessment (2008 through 2013).

The data set included 12,217 groundwater samples and 135,562 analytical results of samples from

162 wells, which were analyzed for 362 different constituents. The samples in the data set were collected
from January 1, 2008, through January 31, 2014, Within this data set, data from samples collected from
161 wells during groundwater monitoring over a 6-year period were used to support the BRA

(discussed in Chapter 6).

Depth-discrete samples collected between 2006 and 2010 were used to support the CSM (discussed in
Chapter 4). The number of depth-discrete groundwater samples collected from the RI wells, by well and
by analyte class between November 2006 and April 2010, is shown in Table 2-11. Based on the DQA,
it was concluded that the data are the correct type, quality, and quantity for direct regulatory use

(e.g., in the BRA) as part of the RI/FS process (SGW-44071; SGW-56758).
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Table 2-11. Summary of Depth-Discrete Groundwater Data from the 200-BP-5 OU RI Wells, November 2006 through April 2010

DOE/RL-2009-127, DRAFT A

General Physical Semivolatile Volatile Wet Total
Well Organics Metals Properties Radiochemistry Organic Analysis Organic Analysis Chemistry (by Well)
299-E24-25 (“L”) -- 55 3 70 322 165 31 648
299-E27-155 (“O”) - 95 10 95 321 170 55 746
299-E28-30 (“M”) - 55 10 70 338 165 35 673
299-E29-54 (“K”) -- 64 19 70 323 169 34 679
299-E33-50 (“F”) - 40 4 68 261 165 21 559
299-E33-205 (“C”) 8 119 10 79 271 150 61 698
299-E33-340 (“G”) - 76 - 12 262 148 32 590
299-E33-341 (“D”) 4 76 4 42 137 76 18 357
299-E33-342 (“E”) 2 40 13 25 69 37 23 209
299-E33-343 (“A”) 2 61 24 27 64 37 46 261
299-E33-344 (“B,” perched) - 17 2 2 - 37 7 65
299-E33-345 (“B,” unconfined) -- 19 14 6 -- -- 20 59
699-48-50B (“I”) - 20 -- 36 140 66 8 270
699-50-56 (“J”) -- 10 12 23 70 33 18 166
699-52-55 (“N”) - - - - - - - -
699-52-55B (“H”) - - - - - - - -
Total (by Class) 30 1,017 235 995 3,316 2,803 677 9,124

JULY 2015
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3 Physical Characteristics of the Study Area

This chapter describes the physical setting of 200-BP-5 OU, and the following site features are
discussed: surface features, meteorology, surface water, geology, hydrogeology, water use, and ecology.
The physical setting is an important component of the CSM, as it establishes the framework for
understanding the nature and extent of contamination, which is described in Chapter 4. Key aspects of
the physical setting that influence the movement of contaminants within the groundwater are evaluated
in Chapter 5.

The Hanford Site is located in the Columbia Basin in Washington State. The Columbia Basin is an
intermontane basin between the Cascade Range and the Rocky Mountains in the Pacific Northwest, and
it forms the northern portion of the Columbia Plateau physiographic province and the Columbia River
flood-basalt province. Most of the geologic features visible in the Columbia Basin developed during the
last 18 million years of the Cenozoic era, but events as far back as the late Precambrian (2.3 billion years
ago) have had significant influence on the Cenozoic history of the area.

The Hanford Site lies within the Pasco Basin (Figure 3-1), which is a smaller basin in the Yakima Fold
Belt along the western margin of the Palouse Slope. The Saddle Mountains form the northern boundary
of the Pasco Basin, while Rattlesnake Mountain forms part of the southern boundary. The Hanford Site’s
200 East and 200 West Areas lie in the Cold Creek syncline between Yakima Ridge and Umtanum Ridge
in the central portion of the Pasco Basin.

3.1  Surface Features

The physiographic setting of the Hanford Site is relatively low relief, resulting from river and stream
sedimentation filling the synclinal valleys and basins between the anticlinal ridges. Surface topography
has been modified within the past several million years by Pleistocene era cataclysmic flooding, Holocene
eolian activity, and landslides. Cataclysmic floods during the Pleistocene eroded sediments and scoured
basalt bedrock, forming “scabland” topography visible north of the Pasco Basin, and remnant large-scale
erosional channels visible within the Central Plateau at the Hanford Site. In addition, branching flood
channels, giant current ripples, ice-rafted erratics, and giant flood bars are among the landforms created
by the floods and are readily seen on the Hanford Site. Since the end of the Pleistocene (about

10,000 years ago), prevailing winds have locally reworked the flood sediments, depositing dune sands in
the lower elevations and windblown silt around the margins of the Pasco Basin. Most sand dunes have
been stabilized by vegetation. Active dunes exist north of the 300 Area near the eastern border of the
Hanford Site in the Hanford Reach National Monument. An unspecified number of dunes elsewhere on
the Hanford Site were temporarily reactivated by the removal of vegetation that resulted following

a range fire in the summer of 2000.

Geomorphic features of the 200-BP-5 OU were created by paleoflood and ancestral Columba River
erosion and deposition. Surface elevations overlying the 200-BP-5 OU range from 320 m (1,050 ft) at
the top of Gable Mountain (i.e., a bedrock high) to a low of approximately 120 m (394 ft) at the
Columbia River (Figure 3-2). Gable Mountain and a northwest-southeast-trending Pleistocene erosional
channel (including an interior drainage) represent the primary topographic features overlying the
200-BP-5 OU (Figure 3-2). The Cold Creek bar, also known as the Central Plateau, dominates the
topography overlying the southernmost portion of the OU.

PNNL-6415 describes the major features of the Hanford Site environment and provides much of the
content for the following discussion on site setting and climate.
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3.2  Meteorology

The Pacific Ocean moderates temperatures throughout the Pacific Northwest, and the Cascade Range
generates a rain shadow that limits rain and snowfall in the eastern half of Washington State. The Cascade
Range also serves as a source of cold air drainage, which has a considerable effect on the wind regime at
the Hanford Site. The mountain ranges to the north and east of the Hanford Site shield the area from
severe winter storms and frigid air masses that move south across Canada.

Climatological data for the Hanford Site are compiled at the Hanford Meteorological Station (HMS),
which is located on the Central Plateau, about 4 km (3 mi) west of the 200 East Area. Meteorological
measurements have been made at the HMS since late 1944. Before the HMS was established, local
meteorological observations were made at the old Hanford town site (1912 through late 1943) and in
Richland (1943 and 1944). To characterize meteorological differences accurately across the Hanford Site,
the HMS operates a network that currently contains 30 monitoring stations (Figure 3-3). Data are
collected and processed at each station, and information is transmitted to the HMS every 15 minutes.
This monitoring network has been in full operation since the early 1980s.

321 Wind

The prevailing surface winds on the Central Plateau are from the northwest during the entire year
(Figure 3-4). The secondary wind direction is from the southwest (DOE/RL-2013-18, Hanford Site
Environmental Report for Calendar Year 2012). In the southeastern portion of the Hanford Site, the
prevailing wind direction near the surface is from the southwest during most months, and winds from the
northwest are much less common. Along the Columbia River, local winds are strongly influenced by the
topography near the river (PNNL-6415).

Monthly average wind speeds are lowest during winter months, averaging about 3 m/s (6 to 7 mph),
and highest during summer, averaging about 4 m/s (8 to 9 mph). The fastest wind speeds at the HMS
are usually associated with flow from the southwest; however, the summertime drainage winds from
the northwest frequently exceed speeds of 13 m/s (30 mph). The maximum speed of the drainage
winds (and their frequency of occurrence) tends to decrease moving toward the southeast across the
Hanford Site. Surface features have less influence on winds aloft than on winds near the surface.

3.2.2 Temperature and Humidity

Based on data collected from 1945 through 2012, the average monthly temperatures at the HMS range
from a low of -0.5°C (31.1°F) in January to a high of 25.1°C (77.1°F) in July. Daily maximum
temperatures at the HMS vary from an average of 2°C (35°F) in late December and early January to
36°C (96°F) in late July. On average, 52 days during the summer months have maximum temperatures
greater than or equal to 32°C (90°F), with 12 days of maximum temperatures greater than or equal to
38°C (100°F). The largest number of consecutive days on record with maximum daily temperatures
greater than or equal to 32°C (90°F) is 32 days. The record maximum temperature, 45°C (113°F),
occurred at the HMS on July 23, 2006; July 13, 2002; and August 4, 1961. The recorded minimum
temperature was -30.6°C (-23.1°F).

From mid-November through early March, the average daily minimum temperature is below freezing.
The daily minimum in late December and early January is -6°C (21°F). On average, a daily minimum
temperature of less than or equal to -18°C (approximately 0°F) occurs only 3 days per year; however,
only about one winter in two experiences such low temperatures.

The annual average relative humidity at the HMS is 55 percent. It is highest during the winter months,
averaging about 76 percent, and lowest during the summer, averaging about 36 percent.
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Figure 3-4. Wind Roses at the 9.1 m (30 ft) Level of the HMS Monitoring Network, 1982 through 2006

3.2.3 Precipitation

Average annual precipitation at the HMS is 18.1 cm (7.1 in.). Most precipitation occurs during the late
fall and winter, with more than half of the annual total occurring from November through February.
Snowfall accounts for about 38 percent of all precipitation from December through February.
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3.24 Fog and Visibility

Fog has been recorded during every month of the year at the HMS; however, 89 percent of the
occurrences are from November through February. The average number of days per year with fog
(visibility less than or equal to 9.6 km [6 mi]) is 48 days, while those with dense fog (visibility less than
or equal to 0.4 km [0.25 mi]) is 25 days. Other phenomena causing restrictions to visibility (i.e., visibility
less than 9.6 km [6 mi]) include dust, blowing dust, and smoke from field burning and naturally occurring
fires in the region.

3.2.5 Severe Weather

Concerns about severe weather usually center on hurricanes, tornadoes, and thunderstorms. Washington
State does not experience hurricanes. Tornadoes are infrequent and generally small in the northwestern
portion of the United States. In the counties closest to the Hanford Site, only 24 tornadoes were recorded
from 1950 through November 2004. Of these, 17 tornadoes had maximum wind speeds estimated to be
in the range of 18 to 32 m/s (40 to 72 mph), 4 tornadoes had maximum wind speeds in the range of

33 to 50 m/s (73 to 112 mph), and 3 tornadoes had maximum wind speeds in the range of 51 to 71 m/s
(113 to 157 mph). No deaths or substantial property damage (in excess of $50,000) were associated with
any of these tornadoes. The estimated probability of a tornado striking a point on the Hanford Site is

9.6 x 10°%/yr (NUREG/CR-4461, Tornado Climatology of the Contiguous United States).

The average occurrence of thunderstorms in the vicinity of the HMS is 10 per year. These thunderstorms
are most frequent during the summer; however, they have occurred in every month. High-speed winds at
the Hanford Site are more commonly associated with strong cold frontal passages. In rare cases, intense
low-pressure systems can generate winds of near hurricane force.

3.3  Surface Water Hydrology

Naturally occurring surface water at the Hanford Site (Figure 3-5) includes the Columbia River, springs,
and vernal ponds. Intermittent surface streams, such as Cold Creek, may also contain water after large
precipitation or snowmelt events. In addition, the Yakima River flows along a short section of the
southern boundary of the Hanford Site, and surface water is associated with irrigation return flows east
and north of the site.

The northern boundary of the 200-BP-5 OU is approximately 1,675 m (5,500 ft) of the Columbia River,
between the 100-BC-5 and 100-KR-4 OUs. Except for the Columbia River estuary, the only
unimpounded stretch of the Columbia River in the United States is the Hanford Reach, which extends
from Priest Rapids Dam downstream approximately 82 km (51 mi) to Lake Wallula (south of the city of
Richland). The Hanford Reach of the Columbia River was recently incorporated into the land area
established as the Hanford Reach National Monument.

River flow through the Hanford Reach fluctuates substantially and is controlled primarily by operations at
upstream storage dams (i.e., Grand Coulee in the United States, and Mica and Keenleyside in Canada).
Flows in the Hanford Reach are directly affected by releases from Priest Rapids Dam; however, the dam
operates as a run-of-the-river dam rather than a storage dam. Flows are controlled to generate power and
promote salmonid egg and embryo survival.
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Figure 3-5. Surface Water Features of the Hanford Site

The long-term annual average flow of the Columbia River downstream of Priest Rapids Dam is
approximately 3,400 m*/s (120,000 ft*/s). In 2012, the Columbia River exhibited above-average flows,
with the average daily flow rate downstream of Priest Rapids Dam at 4,308 m*/s (152,000 ft*/s)
(DOE/RL-2013-18). The peak monthly average flow rate occurred during July 2012 (7,813 m¥/s
[276,000 ft°/s]). The lowest monthly average flow rate occurred during October 2012 (1,982 m¥/s
[70,000 ft*/s]) on the basis of mean daily flows. Daily average flow rates varied from 1,163 to
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10,021 m?/s (41,090 to 353,990 ft3/s) during 2012. The depth of the river varies significantly over time
as a result of fluctuations in discharge. The river stage (water surface level) may change along the
Hanford Reach by up to 3 m (10 ft) within a few hours. Seasonal changes of approximately the same
magnitude are also observed. River-stage fluctuations measured at the 300 Area are approximately
one-half the magnitude of those measured near the 100 Areas due to the effect of the pool behind
McNary Dam (PNL-8580, Water Level Measurements for Modeling Hydraulic Properties in the
300-FF-5 and 100 Aggregate Area Operable Units) and the relative distance of each area from Priest
Rapids Dam. The width of the Columbia River varies from approximately 300 to 1,000 m

(980 to 3,300 ft) as it passes through the Hanford Site.

West Lake is the only naturally occurring body of water within the 200-BP-5 OU (Figure 3-5).

This seasonal body of water is naturally recharged from groundwater (ARH-CD-775, Geohydrologic
Study of the West Lake Basin; PNL-7662, An Evaluation of the Chemical, Radiological, and Ecological
Conditions of West Lake on the Hanford Site). As a result of the arid climate and well-drained soils,

no surface drainage pattern has developed throughout the majority of the 200-BP-5 OU. The 200 East
Area is not in a designated floodplain, and calculations of probable maximum floods for the Columbia
River indicate that the 200 East Area is not expected to be inundated under maximum flood conditions
(RHO-BWI-C-120/PNL-4219, Flood Risk Analysis of Cold Creek Near the Hanford Site).

3.3.1  Water Quality of the Columbia River

The water quality of the Columbia River from Grand Coulee Dam to the Washington/Oregon border,
which includes the Hanford Reach, has been designated as “Class A, Excellent” (WAC 173-201A,
“Water Quality Standards for Surface Waters of the State of Washington) by Washington State. Class A
waters are suitable for all uses, including raw drinking water, recreation, and wildlife habitat. State and
federal DWSs apply to the Columbia River.

In 2012, Columbia River water samples were collected from fixed-location monitoring stations at Priest
Rapids Dam and in Richland, Washington, and from cross-river transects and near-shore locations near
the Vernita Bridge, 100-N Area, 100-F Area, Hanford town site, 300 Area, and Richland. The Columbia
River water sample data show results similar to those observed during recent years for tritium, nitrate,
uranium, and iodine-129 in samples collected upriver of the Hanford Site at the Vernita Bridge and below
(downriver) the Hanford Site at the Richland pump house (DOE/RL-2013-18).

3.3.2 Yakima River

The Yakima River, which follows a portion of the southwestern boundary of the Hanford Site, has no
direct relevance to the 200-BP-5 OU.

3.3.3 Springs and Streams

Except for possible springs at the Columbia River shoreline (see Section 3.3.4), no documented springs
or streams occur within the 200-BP-5 OU. The only natural surface waters in the OU are West Lake and
minor ephemeral features associated with precipitation runoff.

3.34 Columbia Riverbank Springs

No documented springs occur in the 200-BP-5 OU, except for possible riverbank springs along the
Columbia River, between the 100-BC and 100-KR-4 OUs. Seepage occurs both below the river surface
and on the exposed riverbank, particularly during periods of low river stage. Riverbank springs flow
intermittently and are influenced primarily by changes in river level. In many areas, water flows from the
river into the aquifer at high river stage and then returns to the river at low river stage. The concentrations
in seeping water along the riverbank may be lower than in groundwater because of mixing between river
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water and contaminated unconfined aquifer water. Seeps and springs near the 100-BC and 100-K Areas
have shown detectable levels of hexavalent chromium (Cr(VI)), strontium-90, tritium, and trichloroethene
(TCE) (DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance Report for 2009
Volumes I & 2).

3.3.5 Runoff and Net Infiltration

Total estimated precipitation over the Pasco Basin is about 9 x 10® m? (3.2 x 10'° ft*) annually
(DOE/RW-0164, Site Characterization Plan: Reference Repository Location, Hanford Site, Washington).
Precipitation varies both spatially and temporally, with higher amounts generally falling at higher
elevations. Mean annual runoff from the Pasco Basin is estimated at 3.1 x 107 m*/yr (1.1 x 10° ft*/yr), or
approximately 3 percent of the total precipitation (DOE/RW-0164). Most of the remaining precipitation is
lost through evapotranspiration; however, a portion of the precipitation that infiltrates the soil eventually
recharges the groundwater flow system. The amount of recharge varies spatially based primarily on soil
texture and vegetation (Gee et al., 1992, “Variations in Recharge at the Hanford Site”). Natural recharge
also varies temporally, with the majority occurring in the winter and spring. Some evidence exists that the
most significant recharge events are associated with rapid melting of relatively large snowpacks, which
may occur only a few times in a decade (PNNL-14744, Recharge Data Package for the 2005 Integrated
Disposal Facility Performance Assessment). Section 3.6.3 provides a discussion of artificial and natural
recharge to the 200-BP-5 OU.

3.3.6 Flooding

Although large Columbia River floods have occurred in the past (DOE/EIS-0113, Final Environmental
Impact Statement Disposal of Hanford Defense High-Level, Transuranic and Tank Wastes, Hanford Site,
Richland, Washington, Vols. 1 through 3), the likelihood of recurrence of large-scale flooding has been
reduced by the construction of several flood control/water storage dams upstream of the Hanford Site.
Major floods on the Columbia River are typically the result of rapid melting of the winter snowpack over
a wide area augmented by above normal precipitation. The exceptionally high runoff during the spring
of 1996 resulted in a maximum discharge of nearly 11,750 m%/s (415,000 ft*/s) (USGS, 2014, USGS
Water Data for the Nation).

The probable maximum flood for the Columbia River downstream of Priest Rapids Dam has been
calculated to be 40,000 m?/s (1.4 million ft*/s) and is greater than the 500-year flood. This flood would
inundate parts of the 100 Areas adjacent to the Columbia River, but the central portion of the

Hanford Site would remain unaffected (DOE/RW-0070, Environmental Assessment: Reference
Repository Location, Hanford Site, Washington). The U.S. Army Corps of Engineers (USACE) has
derived the standard project flood, with both regulated and unregulated peak discharges estimated for
the Columbia River downstream of Priest Rapids Dam (USACE, 1989, Water Control Manual for
MecNary Lock and Dam, Columbia River, Oregon and Washington). The regulated standard project flood
for this part of the river is 15,200 m?/s (537,000 ft*/s), and the 100-year regulated flood is 12,400 m>/s
(440,000 ft*/s) (DOE/RL-97-56, Hanford Site Manhattan Project and Cold War Era Historic District
Treatment Plan). Impacts to the Hanford Site are negligible and would be less than the probable
maximum flood.

The USACE evaluated a number of scenarios on the effects of failures of Grand Coulee Dam, assuming
flow conditions of 11,000 m*/s (400,000 ft*/s). The discharge or flood wave resulting from an
instantaneous 50 percent breach at the outfall of the Grand Coulee Dam was determined to be

600,000 m%/s (21 million ft*/s). In addition to the areas inundated by the probable maximum flood, the
remainder of the 100 Areas, 300 Area, and nearly all of Richland would be flooded (DOE/RW-0070).
The 50 percent scenario was believed to represent the largest realistically conceivable flow resulting from
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either a natural or human-induced breach (DOE/RW-0070). It was also assumed that a scenario such as
the 50 percent breach would occur only as the result of direct explosive detonation and not because of
a natural event such as an earthquake, and that even a 50 percent breach under these conditions would
indicate an emergency situation in which there might be other overriding major concerns.

Fewer than 20 major floods have occurred on the Yakima River since 1862 (DOE/RW-0070). The most
severe flooding events occurred during November 1906, December 1933, May 1948, and February 1996.
Discharge magnitudes at Kiona, Washington, were 1,870 m*/s (66,000 ft3/s); 1,900 m*/s (67,000 ft*/s);
1,050 m%/s (37,000 ft¥/s); and 1,300 m?/s (45,900 ft/s), respectively. The recurrence intervals for the
1933 and 1948 floods are estimated at 170 and 33 years, respectively. The development of irrigation
reservoirs within the Yakima River Basin has considerably reduced the flood potential of the river.

During 1980, a flood risk analysis of Cold Creek was conducted as part of the characterization of

a basaltic geologic repository for high-level radioactive waste. In lieu of 100- and 500-year floodplain
studies, a probable maximum flood evaluation was performed based on a large rainfall or combined
rainfall/snowmelt event in the Cold Creek and Dry Creek watershed (RHO-BWI-C-120/PNL-4219).
The probable maximum flood discharge rate for the lower Cold Creek Valley was 2,265 m*/s

(80,000 ft*/s) compared with 564 m?/s (19,900 ft3/s) for the 100-year flood. Modeling indicated that
State Route 240 (along the Hanford Site’s southwestern and western areas) would not be usable after
a probable maximum flood.

3.3.7 Nonriverine Surface Water

Active ponds on the Hanford Site include West Lake, the SALDS, and the 200 Area TEDF disposal
ponds (Figure 3-5). West Lake is in the 200-BP-5 OU, the SALDS is located in the 200 West Area, and
the TEDF is located within the northern 200-PO-1 OU.

West Lake is a natural seasonal feature recharged from groundwater (ARH-CD-775; PNL-7662) that
occurs in a closed depression between Gable Mountain and Gable Butte. West Lake has not received
direct effluent discharges from Hanford Site facilities; rather, its existence is caused by the intersection
of the elevated water table with the land surface in the topographically low area. The water levels of
West Lake fluctuate with the water table elevation, which is influenced by wastewater discharge in the
200 Areas. The water level and size of the lake have been decreasing over the past several years due to
reduced wastewater discharge.

The TEDF is east of the 200 East Area and consists of two unlined disposal ponds. These ponds are

each 0.02 km? (0.008 mi°) in size, and they receive industrial wastewater permitted in accordance with
WAC 173-216, “State Waste Discharge Permit Program.” The wastewater evaporates into the air or
percolates into the ground from the disposal ponds. The SALDS, located west and upgradient of the
200-BP-5 OU, was activated in 1995 to handle the permitted discharge of treated wastewater from the
200 Area Effluent Treatment Facility. Liquid effluent is discharged to the ponds and is permitted to
percolate into the uppermost aquifer. Groundwater monitoring for tritium and other constituents, as well
as water level measurements, is required for the SALDS by Ecology, 2000, State Waste Discharge Permit
Number ST 4500.

Several naturally occurring vernal ponds are located near Gable Mountain and Gable Butte

(Soll et al., 1999, Biodiversity Inventory and Analysis of the Hanford Site, Final Report 1994-1999).

The formation of these ponds in any particular year depends on the amount and temporal distribution of
precipitation and snowmelt events. The vernal ponds range in size from about 37 to 1,400 m?

(400 to 15,000 ft?) and they are found in three clusters. Approximately 10 vernal ponds were documented
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at the eastern end of Umtanum Ridge, 7 ponds were observed in the central portion of Gable Butte, and
3 ponds were found at the eastern end of Gable Mountain.

34 Geology

The subsurface geology forms the framework that affects the locations of aquifers and the release and
movement of contaminants. The stratigraphy and geologic structure of the 200-BP-5 OU are described in
this section. Hydrostratigraphic cross sections and descriptions of unconsolidated sediments and basalt
bedrock are included to depict the nature of the aquifers and to illustrate the lateral continuity or
variations that occur across the 200-BP-5 OU. The geologic discussion in this section is divided into two
parts: the near-field area and the far-field area (Figure 3-2). This discussion presents the relative geology
for each of these two areas, including the transition from the near-field into the far-field area of the
200-BP-5 OU near Gable Gap.

The geology of the Hanford Site has been extensively characterized as a result of various past
investigations. These investigations have included the siting of nuclear reactors (WPPSS, 1981, Final
Safety Analysis Report; PSPL, 1982, Preliminary Safety Analysis for Skagit/Hanford Nuclear Project),
the site characterization for the BWIP (DOE/RW-0164), support for waste management operations
(DOE/EIS-0113), and recent environmental restoration activities. Geologic and geophysical
investigations within the 200-BP-5 OU have included regional and Hanford Site surface mapping,
borehole and well sediment logging, field and laboratory sediment classification and description, surface
and borehole geophysical studies (including radiological borehole logging and various seismic, magnetic,
and gravity surveys), and in situ and laboratory hydrogeologic properties testing. Additional details on
geologic interpretations and related maps and cross sections pertaining to the 200-BP-5 OU are available
in the following sources:

e BHI-00184, Miocene- to Pliocene-Aged Suprabasalt Sediments of the Hanford Site,
South-Central Washington

e DOE/RL-92-05, B Plant Source Aggregate Area Management Study Report
e DOE/RL-92-19, 200 East Groundwater Aggregate Area Management Study Report
e  DOE/RL-95-59, 200-BP-5 Operable Unit Treatability Test Report

e DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance Report for 2009
Volumes 1 & 2

e  HNF-5507, Subsurface Conditions Description of the B-BX-BY Waste Management Area

e PNL-6820, Hydrogeology of the 200 Areas Low Level Burial Grounds—An Interim Report:
Volume 1: Text

e PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and
Vicinity, Hanford Site, Washington

e PNNL-19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the
Vadose Zone and Into the Unconfined Aquifer Below the B-Complex

e PNNL-19702, Hydrogeologic Model for the Gable Gap Area, Hanford Site
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e RPP-10098, Field Investigation Report for Waste Management Area B-BX-BY (Volumes 1 and 2)
e  WHC-SD-EN-TI-019, Hydrogeologic Model for the 200 East Groundwater Aggregate Area

Detailed geologic cross sections for the OU are provided in Appendix C.

3.4.1 General Geologic Setting of the 200-BP-5 Operable Unit

The 200-BP-5 OU is located in the central portion of the Pasco Basin. Figure 3-6 presents a generalized
structural geologic map of the Pasco Basin, showing the broad structural and topographic basin that was
formed by deformation of thick sequences of older basalts flows, sedimentary interbeds between basalt
flows, and younger suprabasalt sediments.

The Umtanum Ridge/Gable Mountain anticline is the principal structural feature within the 200-BP-5 OU.
Gable Mountain (the most prominent topographic feature overlying the 200-BP-5 OU) and Gable Butte
(located northwest of the OU boundary) are basalt bedrock surface expressions of the Umtanum Ridge
anticline. This anticline is asymmetrical and locally overturned, with a major high-angle reverse fault on
the north side. This structural feature creates a natural groundwater divide defining the near- and far-field
areas of the OU.

The Cold Creek syncline lies to the south of the Gable Mountain structural lineament, and the Wahluke
syncline lies to the north. The majority of the 200-BP-5 OU near-field area lies on the northern flank of
the Cold Creek syncline, adjacent to south side of Gable Mountain. Basalt bedrock in this area regionally
dips to the south. However, near the northern boundary of 200 East Area smaller basalt folds trend
northwest-southeast and are present above the water table, creating some localized barriers to
groundwater flow toward the north and east (Figure 3-7). The basalt surface structure in this area has
been refined using seismic data gathered to support the 200-PO-1 OU RI (DOE/RL-2009-85) and the
200-BP-5 RI/FS work plan (DOE/RL-2007-18) (Figure 3-8).

In the far-field area of the 200-BP-5 OU, the Wahluke syncline is the primary structural feature; the basalt
surface is much deeper beneath ground surface and does not influence groundwater flow. The Wahluke
syncline is an asymmetric and relatively flat-bottomed structure.

The basalt flows of the Columbia River Basalt Group were deposited during Miocene time from source
vents in southeastern Washington, northern Oregon, and western ldaho. Beneath the 200-BP-5 OU,

the youngest and uppermost basalt flows are members of the Saddle Mountains Basalt Formation of
the Columbia River Basalt Group (RHO-BWI-ST-4, Geologic Studies of the Columbia Plateau:

A Status Report). The Saddle Mountains Basalt is divided into the Ice Harbor, Elephant Mountain,
Pomona, Esquatzel, Asotin, Wilbur Creek, and Umatilla Members. The Elephant Mountain Member is
the uppermost basalt unit and ranges in thickness from 0 to 25.5 m (0 to 83 ft) beneath most of the
200-BP-5 OU.

The Rattlesnake Ridge interbed of the Ellensburg Formation is present between the Elephant Mountain
Member and the underlying Pomona Member and comprises the uppermost basalt-confined aquifer
beneath most of the 200-BP-5 OU. In the central portion of the Pasco Basin, the Rattlesnake Ridge
interbed ranges from 1.5 to 15 m (5 to 50 ft) in thickness and is composed of clayey basalt conglomerates,
fluvial floodplain deposits, and ash tuffs and tuffites (RHO-RE-ST-12P, An Assessment of Aquifer
Intercommunication in the B Pond-Gable Mountain Pond Area of the Hanford Site).
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Unconsolidated and partly consolidated sediments of the Miocene through Holocene ages (approximately
8.5 million years to present) overlie the basalts (DOE/RL-95-100). The 200-BP-5 OU is focused on these
suprabasalt sediments because they contain the uppermost unconfined aquifer system within the region.
The geologic units present in the northwest far-field portion of the OU are generally continuous and
extend to the Columbia River; however, in the Gable Gap region and much of the near-field area, some
of the geologic units have been either removed by more recent paleoflood erosion or were locally not
deposited on the uplifted basalt. In this area, the entire suprabasalt sequence thins across the uplifted
basalt. The suprabasalt sedimentary sequence is thickest, ranging up to 200 m (650 ft) thick in the center
of the Cold Creek syncline, southwest of 200-BP-5 OU. Figure 3-9 illustrates the pattern and location of
the paleoflood erosional and depositional pathways and features.

The geology of the suprabasalt sediments is relatively well defined in the 200-BP-5 OU near-field area
based on the geophysical investigations and numerous boreholes drilled in support of characterization
and facility monitoring of several decades. A lesser degree of confidence exists in the far-field area
northwest of the 200 East Area because significantly fewer investigations have occurred. The suprabasalt
sediments beneath the 200-BP-5 OU consist of extensive fluvial and slackwater deposits assigned to the
Miocene- to Pliocene-age Ringold Formation, which are deposited on top of the basalt surface.

The Ringold Formation is overlain in some areas by the Cold Creek unit (CCU), formerly named the
pre-Missoula gravel, which is overlain with coarse-grained, Pleistocene-age, paleoflood deposits of the
Hanford formation. Figure 3-10 presents a generalized stratigraphic column of the Hanford Site.

Figure 3-11 presents representative photos of each major geologic unit in the OU.

3.4.2 200-BP-5 Operable Unit Near-Field Area Suprabasalt Geology

Sixteen new boreholes were drilled and completed as monitoring wells in the 200-BP-5 OU near-field
area to support the Rl (DOE/RL-2007-18) and to provide additional data in order to interpret the geology
of the near-field area. Figure 2-1 shows the location of these boreholes, and Table 2-2 provides
information on drill depths, well screen depths, and monitoring zones for the new wells.

The Ringold Formation comprises the oldest suprabasalt sediments, composed of fluvially deposited,
gravel-dominated sediments designated as units A, B/D, C, and E. These high-energy deposits may be
intercalated with fine-grained lake-bed (lacustrine) or overbank deposits designated as the Ringold lower
mud (RLM) unit and the upper Ringold unit (Rtf). Within the 200-BP-5 OU near-field area, four
sedimentary units are present (from oldest to youngest): fluvial gravel unit A (Rwia), RLM, fluvial gravel
unit E (Rwie), and Rtf. These geologic units are designated as hydrostratigraphic units (HSUs) 9, 8, 5,
and 4, respectively (Figures 3-10 and 3-11). Detailed lithologic descriptions of these units are provided
in PNNL-12261 and PNNL-19702.

In the near-field area, Rwia (HSU 9) is the oldest Ringold Formation unit and directly overlies the
Elephant Mountain Basalt. The Rwia displays a relatively flat surface that dips toward the axis of the
Cold Creek syncline (southerly). The Rwia is not present in the northern portion of the near-field area
where the basalt surface has been structural uplifted. This uplift created depositional thinning or exposed
the older sediment to paleoflood removal (erosion) across this area (Figure 3-12). The Rwia ranges in
thickness from over 30 m (100 ft) of the structure east and south of the 200 East Area to zero where it
truncates within the near-field area. The position of the truncation boundary is approximate and is
identified as the erosional limit of the post-Ringold fluvial incision from Pleistocene-age cataclysmic
flooding that traversed the uplifted area. For the near-field area, Figure 3-12 depicts the stratigraphy and
general structural and erosional relationships of the Ringold Formation and overlying Hanford
formation sediment.
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Within the synclinal Cold Creek and Wahluke basins, the RLM (HSU 8) is a regionally extensive,
relatively thick, low-permeability, fine-grained sequence of overbank, paleosol, and lacustrine silt and
clay with minor sand and gravel, but it occurs within a relatively small area within the southeastern
portion of the 200-BP-5 OU. Where the RLM occurs below the water table, it forms a confining unit
within the suprabasalt aquifer system, separating the lower saturated unit Rwia (HSU 9) from the
overlying saturated Ringold unit E (HSU 5). Where the RLM is at or above the water table, it creates a
relative aquitard, a “no-flow” groundwater boundary. The uppermost unconfined aquifer is contained
within the geologic units overlying the RLM (i.e., Rwie and saturated Hanford formation or Cold Creek
sediments) where present or the top of basalt where the RLM is absent. The RLM sequence thickens and
dips to the southeast into the syncline, similar to the underlying Rwia. As with the Rwia, the RLM is
absent throughout much of the 200-BP-5 OU near-field area, including the northern portion of the

200 East Area, and to the north and northwest of the 200 East Area. The RLM is interpreted to underlie
most of the far-field area, ranging in thickness from 0 m to more than 69 m (0 to 226 ft) thick.

Within the 200-BP-5 OU near-field area, the Rwie (HSU 5) is the uppermost coarse-grained Ringold unit
and is composed of fluvial gravel that grades upward into interbedded fluvial sand and silt. Unit E
overlies the RLM and is present is a relatively small area in the western portion of the OU and in the
eastern part of the OU. Its up-dip limit is interpreted to be the same as that of the RLM (Figure 3-12).
Unit E is present under most of the southern half of the 200 East Area (south of the 200-BP-5 OU) but
has been mainly removed by uplift and subsequent erosion or depositional thinning in the northern and
eastern portion of the 200 East Area (southern near-field area). The Rwie ranges from 0 m to more than
54 m (0 to 177 ft) thick.

Where present, the Rtf (HSU 4) overlies Rwie. The Rtf occurs as discontinuous deposits throughout the
near-field area. The Rtf ranges in thickness from 0 m to more than 25 m (0 to 80 ft). The Rtf is a silty,
sandy, fine-grained unit, and data indicate that it is less permeable than the underlying Rwie silty,
sandy gravel.

The CCU (HSU 3) represents both coarse-grained and fine-grained facies. The coarse-grained facies
typically underlies the fine-grained facies and is a clast-supported, sandy pebble/cobble gravel that
sharply truncates the underlying Ringold Formation (HSU 4, and/or HSU 5, or HSU 9) or basalt.

This highly permeable, gravelly unit is present as discontinuous deposits throughout the 200-BP-5 OU
near-field area, occurring mainly in the southern half of the near-field area of the OU. The CCU
fine-grained (CCU,) facies is composed of fluvial and eolian fine sands and silt. The CCU ranges from
0 m to more than 41 m (0 to 135 ft) thick.

The Hanford formation (HSU 1) is the youngest geologic sequence within the 200-BP-5 OU. This unit
consists of glaciofluvial sediment deposited during cataclysmic Ice Age flooding. HSU 1 is subdivided
into three main facies (silt-, sand-, and gravel-dominated) that vary vertically and laterally across the
region and are difficult to correlate from area to area. In the southern portion of the near-field area
(southern 200 East Area), the Hanford formation sediments unconformably overly the older Ringold
Formation units (Rwie, RLM, and Rwia) and may only comprise the very uppermost portion of the
unconfined aquifer. In the other portions of the 200-BP-5 OU near-field area, the Hanford formation
sediments were mainly deposited unconformably on top of basalt and form part or all of the sediment in
the unconfined suprabasalt aquifer. The vadose zone in the 200-BP-5 OU near-field area is primarily
composed of the Hanford formation. The thickness of the Hanford formation ranges from 0 m to more
than 109 m (0 to 357 ft).

Clastic dikes are not known to exist in great numbers within the Hanford formation sediments of the
200-BP-5 OU but have been mapped extensively at the Hanford Site south of the 200-BP-5 OU

3-24



— O O 03N N B W

—_
\S]

[\ T O T N0 T NS T NS T N R e e
DN WD~ OOV IONWN B W

W W W W W W W W N NN
NN Bk WND R~ OO0

A bW W
— O \O o0

o L
[V, I SN VS I\

DOE/RL-2009-127, DRAFT A
JULY 2015

(PNNL-14224, Influence of Clastic Dikes on Vertical Migration of Contaminants in the Vadose Zone

at Hanford). Clastic dikes normally occur as cross-cutting, vertically oriented cracks or fissures in the
formation that are typically filled with sand, silt, clay, and minor coarser debris. Their origin is not well
understood but is likely associated with hydraulic ejection during or immediately following Pleistocene
cataclysmic flooding, mass wasting, earthquakes, and other geologic processes. Clastic dikes occurring in
vadose zone sediments have the potential to influence the movement of soil moisture and contaminants
(BHI-01103, Clastic Injection Dikes of the Pasco Basin and Vicinity), but no data exist about the potential
influence of clastic dikes within the aquifer.

Holocene surficial deposits in the 200 East Area are dominated by very fine-grained to medium-grained,
and occasionally silty, eolian sheet sands. These deposits have been removed or reworked over much of
the area by past construction activities.

3.4.3 200-BP-5 Operable Unit Far-Field Area Suprabasalt Geology

The 200-BP-5 OU far-field area monitoring wells are shown in Figure 2-3. Locations of the
hydrogeologic cross sections presented in this section are illustrated in Figure 3-13. The geologic
nomenclature developed during the past several decades for the area north of Gable Mountain (100 Areas)
is simpler, and informal, resulting in a slightly different nomenclature than the near-field area south of
Gable Gap. The 100 Area geologic units are grouped into four main HSU intervals: (1) HSU 9, consisting
of geologic unit Rwia; (2) HSU 8, designated informally as the RUM, which is composed of a thick,
undifferentiated, fine-grained sequence of sediment consisting of the RLM, with Ringold Formation

units B/D stratigraphically included within the RLM interval, and the younger Ringold Formation upper
fine unit; (3) HSU 5, consisting of Rwie; and (4) HSU 1, which is the undifferentiated Hanford formation.
Some of the geologic units are combined to define the primary HSUs needed to facilitate groundwater
modeling efforts. The geologic units were combined based on similarities in hydraulic properties, to
incorporate units that are not continuous, or areas where uncertainty exists about the correlation and
extent of the geologic units.

In the 200-BP-5 OU far-field area, the suprabasalt aquifer thickness is significantly greater than in the
near-field area on the Central Plateau (Figure 3-14). This is mainly because of the structural differences in
elevation of the basalt surface between these areas. In the far-field area, the Ringold Formation is the
oldest suprabasalt sediment and is the primary sequence of units that make up the suprabasalt aquifer
system. The relatively widespread Rwia and Rwie sediments are gravel-dominated units (from oldest to
youngest). These high-energy deposits are separated by a thick, undifferentiated sequence of fine-grained
lacustrine and overbank deposits designated as the RUM. The RUM consists of the RLM and younger
sediments composed of predominantly fine-grained sequences of fine sand to silt and clay and represents
relatively low-permeability units. The RUM has not been correlated south of Gable Mountain. Limited
geologic mapping of units B/D and C indicates that these units may not be continuous or extend across
the entire 100 Areas. Units B and D are relatively thin or isolated by the deeper, low-permeability RUM.
The RUM is relatively thick and persists throughout most of the far-field area of the 200-BP-5 OU.

The Rwia (HSU 9) is the oldest suprabasalt sediment and directly overlies the Elephant Mountain Basalt.
Within the far-field area, the Rwia thickens to greater than 15 m (50 ft) in the northern portion of the OU.
This unit truncates (i.e., is not present) beneath the central portion of the 200-BP-5 OU, near Gable Gap
(Figure 3-14).

The RUM (or HSU 8) forms a semiregional confining unit within the suprabasalt aquifer system,
separating the lower saturated Rwia (HSU 9) sediment from the overlying saturated Rwie (HSU 5) or
Hanford formation sediment (whichever is present). In the far-field area, the uppermost unconfined
aquifer within the suprabasalt sedimentary sequence is contained within the geologic units overlying
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the RUM (i.e., Rwie and saturated Hanford sediments). The RUM (HSU 8) is more than 90 m (300 ft)
thick in the northwestern and northeastern portion of the OU. This unit truncates beneath the central
portion of the OU near Gable Gap due to structural uplift of the basalt and historical cataclysmic flood
erosional events through Gable Gap.

Within the 200-BP-5 OU far-field area, the Rwie (HSU 5) overlies the RUM, where present. The Rwie
thickens to greater than 45 m (150 ft) in the northwestern and northeastern portions of the OU. This unit
truncates beneath the central portion of the OU near Gable Gap and the Gable Mountain reverse fault.

The upper Ringold unit (HSU 4) is not differentiated from other units within the far-field area. The CCU
(HSU 3) is not known to be present in the 200-BP-5 OU far-field area.

The Hanford formation (HSU 1) forms the youngest geologic sequence within the 200-BP-5 OU far-field
area. The Hanford formation sediments are generally the most permeable of all the suprabasalt sediments.
In the far-field area, the Hanford formation (HSU 1) sediments are deposited unconformably above

HSU 5 and HSU 8, where these sediments are present. Where the HSU 5 is not present, the HSU 1 is
deposited unconformably on top of HSU 8 or basalt (HSU 10). In the far-field area, HSU 1 typically
comprises the vadose zone interval above the suprabasalt aquifer.

3.5 Soils

Within the Central Plateau, the groundwater OUs are administratively separated from vadose zone OUs
where contaminant sources are located. This RI report discusses groundwater conditions in the saturated
zone of the 200-BP-5 OU. Characterization of the unconsolidated sediments and soils of the vadose zone
over the 200-BP-5 OU saturated zone is not part of the scope of this document and is addressed in
documents pertaining to the vadose zone OUs.

3.6 Hydrogeology

Groundwater migration is the primary contaminant transport pathway for this OU. This section describes
the basalt and suprabasalt aquifer systems in the 200-BP-5 OU, as well as the influence of geologic
structures, aquifer parameters, and aquifer recharge on groundwater flow and contaminant transport
through the OU.

3.6.1  200-BP-5 Operable Unit Hydrostratigraphy

The hydrostratigraphic column for the 200-BP-5 OU presented in Figure 3-10 defines the geologic units
included in each HSU. The following two major aquifer systems include these HSUs:

e Basalt-confined aquifer system (HSU 10)
e Suprabasalt aquifer system (HSU 9, HSU §, HSU 5, HSU 4, HSU 3, and HSU 1)

The vadose zone comprises all sediments above the water table and is not administratively part of the
200-BP-5 OU; however, the vadose zone is considered the pathway for contaminant migration to the
groundwater and, thus, the 200-BP-5 OU. The vadose zone is mainly composed of HSU 1 and HSU 3,
and perched water has been identified in some boreholes in the vicinity of WMA B-BX-BY near the
water table within HSU 3. In a few areas, HSU 4, HSU 5, and HSU 8 may also occur within the
vadose zone.
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3.6.1.1 Upper Basalt-Confined Aquifer

The HSU 10 (the Columbia River Basalt Group) includes numerous basalt flows (members) interlayered
with sedimentary interbeds of the Ellensburg Formation (Section 3.4). Figure 3-15 is a conceptual
drawing of the upper basalt-confined aquifer. The flow top of the lower Pomona Basalt Member, the
Rattlesnake Ridge interbed (Ellensburg Formation), and the flow bottom of the upper Elephant Mountain
Basalt Member comprise the upper basalt-confined aquifer within the OU. In most parts of the

200-BP-5 OU, the interior of the Elephant Mountain Basalt flow is intact and acts as an aquitard to
confine water beneath it (upper basalt-confined aquifer). A description of where leakage occurs through
erosional windows in the Elephant Mountain Basalt is included in Section 3.6.5.3. Three of the recent

RI wells targeted the upper basalt-confined aquifer to characterize this aquifer more accurately in the
near-field area. These wells include 299-E33-340, 299-E33-50, and 699-52-55B.

Basalt flow top
(absent where eroded)

Elephant Mountain

Member Basalt Dense basalt flow interior

with vertical joints

Basalt flow base (fractured)
Rattlesnake

Interfl Ridge
ey interbed

Sedimentary Interbed
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Basalt flow top (fractured)

Dense basalt flow interior
with vertical joints

Basalt

ffffff |
z

I

CHSCW20H SIGHE

Figure 3-15. Conceptual Diagram of Relative Magnitude and Direction of Groundwater Flow
in the Elephant Mountain/Pomona Basalt Interflow Zone in the 200-BP-5 OU

Within the 200-BP-5 OU, the Elephant Mountain Basalt ranges in thickness from 0 to 25 m (0 to 82 ft),
the Rattlesnake Ridge interbed ranges in thickness from O to 16 m (0 to 52 ft), and the total thickness of
the underlying Pomona Member Basalt is estimated to range from 0 to 60 m (0 to 197 ft) (PNNL-15955,
Geology Data Package for Single-Shell Tank Waste Management Areas at the Hanford Site). Beneath
the Pomona Basalt is the Selah interbed.

3.6.1.2 Suprabasalt Aquifer System

The suprabasalt aquifer system is composed of six different HSUs within the 200-BP-5 OU. This aquifer
system includes an unconfined aquifer (also called the water table aquifer), a confining unit, and

a confined to semiconfined aquifer (called the Ringold confined aquifer). Figure 3-16 provides an aquifer
thickness map for the suprabasalt aquifer system in the near-field area based on borehole and recent
geophysical data and illustrates the large variability of suprabasalt aquifer sediment thickness.

3-29



0 ~1 O\ in EERVS S

— —
— O \D

13
14

15
16
17

18
19
20
21
22
23

24
25
26
27
28
29
30

31

32
33
34
35
36
37
38

39

40
41
42
43

DOE/RL-2009-127, DRAFT A
JULY 2015

The Ringold Formation in the 200-BP-5 OU includes four HSUs (in order of oldest to youngest): HSU 9,
HSU 8, HSU 5, and HSU 4. HSU 8 has relatively low permeability and is considered to be an aquitard.
The geologic units that comprise these HSUs are described in Section 3.4. General hydrogeologic
properties of the Ringold Formation HSUs, as they occur within the OU, are summarized as follows:

e HSU 9 (Rwia) is a silty, sandy gravel that typically is confined by HSU 8 (RLM). If the overlying
RLM is thin or absent nearby (because of erosion), then HSU 9 may occur as a semiconfined (leaky)
aquifer. If the overlying RLM is completely absent, then HSU 9 occurs as part of the unconfined
aquifer. Saturated thickness of HSU 9 ranges from 0 to 22 m (0 to 71 ft) in the OU.

e HSU 8 (RLM) is a silt-rich mud unit that acts as an aquitard separating HSU 9 from the overlying
Ringold and Hanford unconfined aquifer sediments. HSU 8 thickness ranges from 0 to 69 m (226 ft)
in the OU.

e HSU 5 (Rwia and Rwie) comprises sandy gravel units with moderate permeability and, where
saturated, part of the unconfined aquifer. Saturated thickness of HSU 5 ranges from 0 to 51 m
(0 to 167 ft) in the OU.

e HSU 4 (Rtf) is a silty-sandy gravel to silty sand with moderate permeability and, where saturated, part
of the unconfined aquifer. HSU 4 comprises the uppermost Ringold sediments. The saturated
thickness of HSU 4 ranges from 0 to 24 m (0 to 80 ft) in the OU.

The water table represents the upper boundary of the unconfined aquifer. As described in Section 3.6.2,
the composition of the unconfined aquifer varies spatially within the OU. In much of the near-field area,
the unconfined aquifer is mainly composed of very permeable sediments defined by HSU 1 and HSU 3.
In the far-field area, significant thicknesses of HSU 5 and HSU 1 contain the unconfined aquifer. In the
southeast portion of the near-field area where HSU 8 has been eroded but some older Ringold deposits
remain, the unconfined aquifer can consist partly of HSU 9 sediments (Figure 3-12).

The HSU 8 or HSU 10 (when HSU 8§ is not present) represents the base of the unconfined aquifer in
the OU. Where porous basalt flow-top features occur within the top surface of basalt, the groundwater
within the flow top may be hydraulically connected with the unconfined aquifer (PNNL-17675, BP-5
Remedial Investigation Slug-Test Characterization Results for Well 699-52-554; Section 2.10 of
DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008). However, in most of
the near-field area, the top surface of basalt has relatively low permeability and is considered to be the
base of the suprabasalt aquifer.

3.6.1.3 Perched Water within the Vadose Zone

Contaminated perched groundwater occurs within a localized CCU silt facies of HSU 3 (CCU,) in
several borings drilled near WMA B-BX-BY. The perched zone is above the regional water table and is
administratively included within the 200-DV-1 OU, which was created in 2010 to support remedy
selection for waste sites with deep vadose zone contamination. An update to the perched zone CSM,
remedial approach, and a discussion of recommendations for ongoing and future field activities are
presented in SGW-53604, Path Forward Recommendations Report for the Uranium Contamination in the
B Area.

3.6.2 Hydraulic Head, Flow Direction, and Aquifer Extent

Significant differences in hydraulic head and aquifer extent exist among the upper basalt-confined
aquifer, the Ringold confined aquifer, and the unconfined aquifer. Water level contour maps for each
aquifer derived from 2013 water level data are presented, and hydraulic head and the horizontal extent of
each aquifer are described in the following subsections.
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3.6.2.1 Upper Basalt-Confined Aquifer

A 2013 potentiometric map for the upper basalt-confined aquifer is presented in Figure 3-17.

The groundwater contours suggest a northeast groundwater flow into the Central Plateau within the

upper basalt-confined aquifer. No groundwater contours are drawn north of Gable Gap because of the
limited number of deep monitoring wells in the far-field area between Gable Gap and the Columbia River
(DOE/RL-2010-11).

The upper basalt-confined aquifer, located within the Rattlesnake Ridge and underlying interbeds, is an
important factor for determining the potential for offsite migration of contaminants. The horizontal extent
of the upper basalt-confined aquifer (within the Rattlesnake Ridge) is interpreted to occur in all areas of
the OU, except in the structurally uplifted and eroded region near Gable Gap, where the Rattlesnake
Ridge interbed has been removed by erosion.

3.6.2.2 Ringold Confined Aquifer

A potentiometric map for the Ringold confined aquifer (HSU 9) is presented in Figure 3-18, which
illustrates the limited extent of this aquifer in the near-field area. Figure 3-18 illustrates the boundary

of the HSU 9 confined aquifer and the interpreted groundwater flow directions (mainly northeast,

and some southwest flow) into regions where intercommunication with the unconfined aquifer may occur
(i.e., where HSU 8 is absent and only the unconfined aquifer is present). This intercommunication
between aquifers is discussed further in Section 3.6.5.3.

In the far-field area, the Ringold confined aquifer is located deep beneath the unconfined aquifer within
HSU 9, although little mapping of the Ringold confined aquifer exists in the far-field area due to a lack of
deep boreholes in this area. Hydrogeologic cross-section AA-AA’ (Figure 3-14) shows the occurrence of
the HSU 9 confined aquifer in the far-field area.

3.6.2.3 Unconfined Aquifer

Figure 3-19 provides a 2013 water table map showing the extent of the unconfined aquifer across the
Hanford Site and the 200-BP-5 OU. Historically, high-volume wastewater releases to ponds near the

200 East Area (i.e., Gable Mountain Pond and B Pond) created large groundwater recharge mounds that
produced radial groundwater flow away from the discharge points. These mounds interacted hydraulically
with large mounds produced by discharges to T Swamp, U Pond, and S Pond in 200 West Area, as well
as the mounding generated by cooling water discharges in the 100 Areas. These recharge mounds were
largely responsible for defining the historical groundwater gradient (both direction and magnitude) within
the 200-BP-5 OU. Due to the elevated groundwater near Gable Mountain Pond during operations north of
the 200 East Area and the mound generated by cooling water discharges at the 100-K Area during reactor
operations, groundwater beneath the 200 East Area was prevented from migrating rapidly north toward
the Columbia River until the early 1970s. Following the discontinuation of cooling water discharges in
the 100-K Area, the mound beneath Gable Mountain Pond became the dominant groundwater hydraulic
feature near the 200 East Area. The reduction in groundwater disposal near the 100-K Area and increases
in disposal in the Central Plateau increased the gradient across the 200-BP-5 OU near-field area,
increasing the velocity of contaminated groundwater migrating northward toward the Columbia River.

As the magnitude of the recharge mound beneath Gable Mountain Pond diminished, the recharge mound
beneath B Pond became the dominant feature in 200 East Area.
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3-34



DOE/RL-2009-127, DRAFT A
JULY 2015

N

134.91

131.10(W11-88) —L
(%

T 4
131:79°43 ¥
1

il

1200-West

200-East
Area—|

Area

Sy

=

\

e TN !
- ; g
™

® Confined Ringold Unit A Well

Road
C  Ringold Unconfined or Other Unit Well [~ Waste Site
¥ Injection Well | i Former Operational Boundary

Well prefix '299-' and '699-' omitted [ Basalt Above Water Table (2013)
Well label = Elevation in m (Well Name)

— Confined Flow Path

Potentiometric Surface Contour, ? 1| f ? ‘:’ km
= 7 7 March 2013 (m NAVD88) T
0

=== Confined Ringold Aquifer Boundary
CHSGW2013GW22

Figure 3-18. Potentiometric Surface Map of the Confined to Semiconfined Ringold Aquifer, March 2013

3-35



DOE/RL-2009-127, DRAFT A

Hanford Site Boundary
— = - L

—V

. 5
. |\ !
I L— L X! 300
= i Area
: A\
| Richiand
> lNorth

JULY 2015
— =
r 7
£ I
- 100-H I
_| 100-D 4 Area
| rea
Ir 100-N rﬁl\na ) |_
Area /’
r i o 100-F I
r 100-BC Area ¢ B Th g Ao
] S cONSANNN R |
3 \ e |
/ I
™ Hanford I
1'. ib ]
”Central 8 3 ?;
Landfill 5 ‘

I

Janty etquinion

Water Table Elevation, March 2013 ,
(m NAVDB88) - Dashed Where Inferred

— Groundwater Flow Direction

[—] 200-BP-5 OU Boundary

D Former Operational Area
CHSGW20150003

1 Mud Unit Above Water Table

Basalt Above Water Table

O ar O

Figure 3-19. Hanford Site Water Table Map, March 2013

3-36



— —
—_ O O 0 NN bW~

— — —
~J N wm oW

_— —
O o0

[\ I ]
- O

NN
w N

&)
~

NSRS
N W

o
~

NS I\
O o0

W W W
o= O

IW W W W W L W
SO O X0 N W

DOE/RL-2009-127, DRAFT A
JULY 2015

With cessation of discharges to B Pond, the northward migration of contaminated groundwater from

the 200 East Area slowed as the gradient decreased. By 2009, a broad relatively flat water table and
groundwater divide within the unconfined aquifer was identified near the northern half of the 200 East
Area within the OU. The exact location of this divide is variable and not well understood because the
water table in the 200 East Area is nearly flat and measurement uncertainties are greater than actual water
level differences between wells (DOE/RL-2010-11). In July 2011, groundwater flow within the
unconfined aquifer in the southern portion of the 200-BP-5 OU (south of Gable Mountain) changed

flow direction by 180 degrees due to ongoing water table declines in the 200 East Area and temporal
Columbia River stage changes. Since July 2011, the flow has maintained a south-southeast direction from
the southern portion of Gable Gap into the northwest quarter of the 200 East Area (DOE/RL-2014-32,
Hanford Site Groundwater Monitoring Report for 2013).

The unconfined aquifer extends throughout most of the 200-BP-5 OU. The unconfined aquifer is absent
where the top of basalt occurs above the regional water table (Figure 3-19). The unconfined aquifer is also
absent in the near-field area where HSU 8 occurs at or above the regional water table, east and northeast
of the 200 East Area (Figure 3-19).

Groundwater gradients and flow direction through Gable Gap currently vary with Columbia River stage
and are discussed in Sections 3.6.4 and 3.6.5.

3.6.3 Aquifer Recharge

Sources of recharge to the suprabasalt aquifer system include the following:
e Disposal of liquid wastewater to the soil column
e Injection of water from upgradient pump-and-treat operations (e.g., 200-UP-1 and 200-ZP-1)

e Precipitation and irrigation runoff from elevated areas along the western boundary of the Hanford Site
(primarily the Cold Creek and Dry Creek Valleys)

e Infiltration of precipitation

e Upwelling from the underlying Ringold confined (HSU 9) and upper basalt-confined (HSU 10)
aquifer systems

e Influent water from the Columbia River west of 100-BC during high river stage

e Leakage from water lines (PNNL-13021, Water-Level Monitoring Plan for the Hanford
Groundwater Monitoring Project)

Temporal elevation increases in the Columbia River create bank storage in the far-field area, where
the OU intersects the Columbia River. The volume of bank storage that occurs along the shoreline of the
river is small.

The influence of offsite precipitation and irrigation runoff is discussed in WRIR-88-4108, Estimates of
Ground-Water Recharge to the Columbia Plateau Regional Aquifer System, Washington, Oregon, and
Idaho for Predevelopment and Current Land Use Conditions. Recharge that occurs outside of

the 200-BP-5 OU (e.g., offsite Hanford irrigation) influences groundwater levels, groundwater gradients,
and flow rates but does not directly influence contaminant migration in the vadose zone above the OU.
Increases and decreases in recharge from outside of the OU can influence the rate of contaminant
movement in groundwater due to changes in groundwater levels (PNL-10285, Estimated Recharge Rates
at the Hanford Site; PNNL-14702, Vadose Zone Hydrogeology Data Package for Hanford Assessments;
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PNNL-14744; and PNNL-16688, Recharge Data Package for Hanford Single-Shell Tank Waste
Management Areas). PNNL-14702 estimated the maximum recharge rate to be no more than the total

of winter precipitation, which over the 58-year period of records at the HMS network has averaged

101 mm/yr (3.98 in./yr). The undisturbed areas of the 200-BP-5 OU have Ephrata sandy loam-type soils,
with variable amounts of shrub vegetation; the highly disturbed areas generally have gravelly surfaces
with little to no vegetation. Vegetated Ephrata sandy loam soils are estimated to have mean recharge
equal to 2.8 mm/yr (0.11 in./yr), and unvegetated gravel surfaces are estimated to have mean annual
recharge equal to 92 mm/yr (3.62 in./yr) (PNNL-16688; PNNL-19277).

Recharge to the upper basalt-confined aquifer likely occurs from upland areas along the margins of the
Pasco Basin, where basalt and interbeds are exposed at or near ground surface, including possibly the
Yakima River. Recharge also occurs to the upper basalt-confined aquifer from overlying aquifers where
downward vertical gradients occur and from underlying basalt aquifers where upward vertical gradients
occur (DOE/RL-2010-11).

Upward vertical flow or upwelling from the upper basalt-confined aquifer system to the suprabasalt
system occurs where hydraulic head is greater in the underlying confined aquifer. Figure 3-20 illustrates
that an upward vertical gradient exists in most of the near-field area, except for a small area near B Pond.
Upwelling is most likely to occur in the Gable Gap vicinity, where both the Elephant Mountain and
Pomona Member Basalts were removed by erosion exposing the confined aquifer within the basalt
interbed to the unconfined aquifer.

In the far-field area, recharge to the unconfined aquifer can occur during periods of high Columbia River
stage when the water level in the unconfined aquifer is lower than the river stage. This recharge has been
documented to occur west of the 100-BC Area (PNNL-13021; DOE/RL-2010-11) (and eastward
movement) and influences the unconfined aquifer elevation in the northern portion of the 200-BP-5 OU.
The amount of recharge that occurs from the Columbia River during high river stage has not

been quantified.

Currently, the water table (unconfined aquifer) beneath liquid disposal sites within the 200 East Area
ranges from 76 to 91 m (250 to 300 ft) bgs. Historical artificial groundwater recharge from effluent
disposal at B Pond, Gable Mountain Pond, various cribs, ditches, and reverse well waste sites generated
local mounds in the water table and generally elevated the water table throughout the 200 East Area.
The groundwater mound under B Pond caused an estimated additional 10 m (35 ft) of hydraulic head to
the suprabasalt aquifer in the late 1980s. Gable Mountain Pond discharges were suspended in 1985 and
effluent disposal at B Pond ceased in 1993.

Figure 3-21 shows the annual discharges of water at B Pond and Gable Mountain Pond; this effluent
infiltrated the vadose zone and led to massive artificial mounding of the water table during the 1940s
through the early 1990s. Groundwater mounds beneath the 200 East Area subsided very quickly as most
Central Plateau effluent discharges ceased in the early 1990s. The rapid decline in the water table in the
200 East Area is due to the occurrence of highly permeable and transmissive aquifer sediments within the
region that extends from approximately 100-B/C Area southeast through Gable Gap and across the

200 East Area. Currently, only the TEDF contributes effluent releases to the unconfined aquifer within
the 200 East Area. Artificial recharge also occurs via pump-and-treat injection wells located between the
200 East and 200 West Areas. The 2013 water table map of the Hanford Site (Figure 3-19) illustrates a
lack of significant groundwater gradient or mounding in the unconfined aquifer beneath most of the
200-BP-5 OU, indicating that the current recharge, natural and artificial, does not significantly affect the
water table elevation.
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Figure 3-21. Discharge History for B Pond, Gable Mountain Pond, 216-B-63 Trench, and TEDF

3.6.4 Hydrogeologic Cross Sections

Hydrogeologic cross sections illustrate the variability of the suprabasalt aquifer system and the basalt
bedrock surface in the 200-BP-5 OU. These cross sections show the spatial variability of aquifer
conditions and illustrate how geologic structures influence groundwater flow paths within the OU.
Figure 3-13 shows the locations of the hydrogeologic cross sections. Figure 3-22 shows the locations of
geologic cross sections that illustrate complex structures interpreted within the underlying basalt and also
the suprabasalt intervals. The aquifer thickness map (Figure 3-16), along with the cross sections, are used
to present the hydrogeological conditions in the 200-BP-5 OU. Specific hydrogeologic features are
summarized for five of the near-field focus areas and the far-field area (Figure 3-23).

3.6.4.1 Focus Area 1: Waste Management Area B-BX-BY

The unconfined aquifer is relatively thin beneath the WMA B-BX-BY and north, approximately 2 km
(1.2 mi) of the 200 East Area (Figure 3-16). Within this area, the uppermost basalt member, Elephant
Mountain Basalt, has been partially eroded. The unconfined aquifer thickness currently ranges from
0.3 to 4.5 m (1 to 15 ft). Numerous boreholes in this area have demonstrated a high-permeability
unconfined aquifer (typically HSU 1 and/or HSU 3) above an eroded basalt surface

(cross-section AA-AA’ [Figure 3-14] and cross-section A-A’ [Figure 3-24]).
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Figure 3-22. Geologic Cross-Section Location Map, 200-BP-5 OU
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Figure 3-23. Vicinities of Major Features Described in the 200-BP-5 OU Conceptual Model
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Figure 3-24. 200-BP-5 OU Geologic Cross-Section A-A’
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3.6.4.2 Focus Area 2: Vicinity of B Pond

The unconfined aquifer is absent beneath B Pond in an area where the Ringold confined aquifer (HSU 9)
is overlain by HSU 8 sediments that are above the current water table. This sequence lies adjacent to the
unconfined aquifer and is composed of high-permeability HSU 1 and 2 sediments that form preferential
pathways to groundwater flow where present. South of B Pond, the unconfined aquifer thickness
increases and extends into older Rwie sediment that is not present further north. The main B Pond lobe
is located above the northern and western limit of HSU 8. Figure 3-12 and cross-section FF-FF’

(Figure 3-25) illustrate these relationships and show that the total saturated thickness of the suprabasalt
aquifer system ranges from 0 m (0 ft) north of B Pond to approximately 67 m (220 ft) south of B Pond.

3.6.4.3 Focus Area 3: Vicinity of Gable Mountain Pond

Gable Mountain Pond is located in the northern portion of the near-field area. Gable Mountain Pond
previously acted as a recharge pond for dilute wastewater effluent disposal and was located above

a shallow basalt subcrop in a topographic low area north of the 200 East Area. During active disposal,
the shallow, permeable sediment that made up the vadose zone and the shallow basalt surface created
rapid recharge and mounding on the unconfined aquifer. The hydrogeology in this area is presented

in cross-section NN-NN” (Figure 3-26). The current, unconfined aquifer thickness near Gable Mountain
Pond ranges from 0 to 46 m (0 to 150 ft).

3.6.4.4 Focus Area 4: Vicinity of Gable Gap and West Lake

The hydrogeology for the area between Gable Gap and West Lake is presented in north-south
cross-section DD-DD” (Figure C-5, Appendix C), cross-section EE-EE’ (Figure C-6, Appendix C), and
cast-west cross-section NN-NN” (Figure 3-26). Appendix C contains additional cross sections of the
Gable Gap area (from PNNL-19702). The vicinity of Gable Gap coincides with the interpreted erosional
windows in the Elephant Mountain Basalt (RHO-RE-ST-12P; PNNL-19702), which is filled with
suprabasalt sediment that greatly increased the vertical thickness of the unconfined aquifer in some areas.
Between the 1970s and 2011, Gable Gap was the contaminant and groundwater flow pathway northward
from the 200 Areas. Currently, the unconfined aquifer thickness in this area is variable and ranges from
0 to 46 m (0 to 150 ft). High transmissivity sediments within the thin unconfined aquifer south of

Gable Gap (Figures 3-14 and 3-16) control the amount of groundwater flow through Gable Gap.

3.6.4.5 Focus Area 5: Vicinity of Waste Management Area C

Beneath WMA C, the Elephant Mountain Basalt dips gently to the south into the Cold Creek syncline
and is the base of the unconfined aquifer (PNNL-13024, RCRA Groundwater Monitoring Plan for
Single-Shell Tank Waste Management Area C at the Hanford Site). The thickness of the unconfined
aquifer beneath WMA C ranges from 11 to 18 m (36 to 59 ft) and is composed of relatively
high-permeability HSU 1 and HSU 3 sediment. The unconfined aquifer in this area is also very flat and
has little measureable gradient, but it is generally believed to flow south-southeastward out of the area.

3.6.4.6 Far-Field Focus Area: 200-BP-5 Operable Unit

The 200-BP-5 OU far-field area includes the area north of the Gable Mountain-Gable Butte structural
lineament to the Columbia River and is illustrated by hydrogeologic cross-section BB-BB’ (Figure 3-27).
The aquifer within the far-field area is approximately 61 m (200 ft) thick. The unconfined aquifer in this
location includes the lower saturated portion of HSU 1 and HSU 5 overlying HSU 8 (confining unit).

In this area, preferential groundwater flow may occur in some areas where the HSU 1 is within the
unconfined aquifer. The Ringold confined aquifer (HSU 9) in this vicinity ranges from 0 to 61 m

(0 to 200 ft) in thickness, based partly on logs for boreholes located outside the OU.
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3.6.5 Aquifer Properties and Groundwater Plume Movement

Groundwater is the primary pathway for the transport of contaminants within the 200-BP-5 OU.

The magnitude and direction of plume movement is controlled by the hydraulic conductivity distribution
within the aquifer, the configuration of the water table, the presence of contaminant sources, and

the geometry of flow pathways within the aquifer systems. These factors control groundwater velocity,
which drives plume movement (Domenico and Schwartz, 1990, Physical and Chemical Hydrogeology).
The distribution of geologic units and structural features within the 200-BP-5 OU create corresponding
variations in aquifer parameters, groundwater, and plume movement, and these changes and variations are
discussed below.

3.6.5.1 Effects of Site Geology on Groundwater and Plume Movement

Several geologic features influence groundwater flow and contaminant plume movement in the

200-BP-5 OU. The aquifer systems in the OU are heterogeneous and anisotropic (i.e., high contrasts in
permeability and thickness). The unconfined aquifer has decreased significantly in thickness over the past
25 years due to discontinued large-volume effluent disposal on the Central Plateau; groundwater levels
continue to decline (discussed in Section 3.6.3).

The distribution of hydrogeologic units within the unconfined aquifer is a result of Miocene-Pliocene-age
geologic uplift, structural folding and faulting, and subsequent ancestral Columbia River and Pleistocene
cataclysmic flooding, and erosion of those older geologic units. Maps showing which HSUs intersect

the water table are useful for understanding groundwater flow paths since preferential flow paths occur
in the more permeable, generally shallower HSUs 1 and 3. Figure 3-28 depicts the best estimate for

the distribution of HSUs at the water table before Hanford Site operations began. Figure 3-29 depicts the
distribution of HSUs at the water table during the late 1980s, when maximum water table elevations
were observed during Hanford Site operations. Figure 3-30 depicts the 2009 distribution of HSUs at

the water table after most large-volume effluent disposal to ground ceased.

Plumes moving in the unconfined aquifer are influenced (i.e., slowed or altered) by low-permeability
geologic structures such as basalt subcrops and low-permeability sediment units within or above the
aquifer (i.e., HSU 8) and maybe redirected along preferential flow paths in high-permeability channel-fill
deposits (i.e., HSUs 1 and 3).

Structural uplift, fluvial erosion, and paleoflooding have shaped the top surface of basalt in much of

the OU, most notably in the area between the 200 East Area and Gable Mountain, where the surface of
the basalt has been severely folded/faulted and eroded (Figure 3-7). Where the basalt surface was eroded
by paleoflooding, the uppermost Elephant Mountain Basalt was thinned or removed, and direct contact is
likely between the Hanford formation or CCU and the upper basalt-confined aquifer. Preferential flow
occurs within the aquifer materials, which have greater hydraulic conductivity. In those areas where both
the Hanford formation and Ringold Formation occur in the unconfined aquifer, the hydraulic conductivity
of the Hanford formation gravel-dominated facies (HSU 1) is generally magnitudes higher than the
Ringold unit E gravel-dominated facies (HSU 5). The RLM (HSU 8) represents an aquitard and has very
low hydraulic conductivity. The hydraulic conductivity of the Hanford formation is several orders of
magnitude higher than that of the RLM (HSU §).
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Figure 3-25. 200-BP-5 OU Hydrogeologic Cross-Section FF-FF’
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Figure 3-26. 200-BP-5 OU Hydrogeologic Cross-Section NN-NN’
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Figure 3-27. 200-BP-5 OU Hydrogeologic Cross-Section BB-BB’
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Figure 3-28. Distribution of Hydrogeologic Units at the Water Table, Pre-Hanford Operations

An example of preferential groundwater and contaminant flow through higher permeability sediments
occurs east of the 200 East Area near B Pond, in an area where low-permeability sediments composing
HSU 8 occur at the water table. Groundwater moving eastward downgradient in the southern portion of
the 200-BP-5 OU is diverted south and then east around the exposed HSU 8 low-permeability region.

The hydraulic constraints imposed by the HSU 8 create this change in flow direction. The region
downgradient of the May Junction fault contains less structural and geologic constraints, and groundwater
flows across the region following the path of least resistance, flowing downgradient toward the Columbia
River through the 200-PO-1 OU.
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Figure 3-29. Distribution of Hydrogeologic Units at the Water Table during Hanford Operations

3.6.5.2 Aquifer Properties

Aquifer properties were obtained in situ at the new RI wells by performing short-term pumping tests at
11 of the 12 wells. Aquifer slug testing was performed at a single RI well (PNNL-17675). Aquifer
properties were also derived from laboratory tests on sediment split-spoon samples obtained from

the boreholes.
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Figure 3-30. Distribution of Hydrogeologic Units at the Water Table, 2009

Pumping rates for the three Rattlesnake Ridge interbed wells ranged from 4.0 to 13 L/min (1.5 to

5 gallons per minute [gpm]); pumping rates for the suprabasalt aquifer system were significantly higher,
ranging from 30 to 79 L/min (11.5 to 30 gpm). The results of these tests are summarized in Table 3-1.
Transmissivity for the different wells was estimated from specific-capacity data using an empirical
method (PNNL-19277). Transmissivity estimates for the new RI Rattlesnake Ridge interbed wells are
significantly lower than those measured in the unconfined aquifer (Table 3-1), ranging from 2 to 5.5 m%d
(22 to 59 ft?/d), whereas estimates for the new RI unconfined aquifer wells ranged from 10 to 18,600 m?/d
(107 to more than 200,000 ft%/d).
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Estimates of hydraulic conductivity derived from the RI well pumping tests are based on estimates of
aquifer transmissivity. A map of hydraulic conductivity values for Hanford Site wells is presented in
Figure 3-31. A map of hydraulic conductivity values for wells near WMA B-BX-BY is provided in
PNNL-19277. Other estimates of hydraulic conductivity are based on slug tests. Estimates of hydraulic
conductivity and porosity from recent Rl boreholes are also included in PNNL-19277. As saturated
thickness of the unconfined aquifer declines (which is ongoing in most of the near-field area of the
200-BP-5 OU), aquifer transmissivity also declines. For this reason, transmissivity values obtained from
the new RI wells drilled from 2007 through 2009 may be more informative in support of flow and
transport modeling than transmissivity values obtained in previous decades when the water table was
elevated. A decline in transmissivity is expected to be the most pronounced in areas such as the north
portion of the 200 East Area, where aquifer thickness is only 1 to 2 m (3 to 7 ft). In areas such as WMA C
where unconfined aquifer thickness is tens of meters, the declining groundwater level is expected to have
much less effect on aquifer transmissivity.

The variable sediments that comprise the different HSUs are depicted in Figure 3-11. Various physical
properties of the unconfined aquifer were obtained from well drilling and borehole characterization
activities conducted within the 200-BP-5 OU, including total and effective porosity, field capacity, and
bulk density (summarized in PNNL-19277). Laboratory tests for unconfined aquifer sediments
demonstrated effective porosities in the range of 0.11 to 0.31.

3.6.5.3 Aquifer Intercommunication

At least four mechanisms are thought to account for groundwater flow between the unconfined aquifer
and the upper basalt-confined/Rattlesnake Ridge interbed aquifer (RHO-RE-ST-12P), including
the following:

e Erosional unconformities

e Framework of the Elephant Mountain Basalt flows

Structural deformation or rupture
e Human induced pathways (i.e., open boreholes)

For groundwater movement to occur between different aquifers, a difference in potentiometric head must
exist. Figure 3-20 shows the relative difference in head between the upper basalt-confined aquifer and the
suprabasalt unconfined aquifer, where the difference in head can be compared at nearby monitoring wells.
Figure 3-20 shows that head is generally higher in the upper basalt-confined aquifer throughout most of
the near-field area of the 200-BP-5 OU, indicating the potential for upward flow. A downward vertical
gradient persists near B Pond.

Erosional unconformities that place overlying younger sediment adjacent to underlying basalt interbeds
are considered the principal mechanism for direct physical interconnection between the aquifers. Several
logs for boreholes located within Gable Gap, and between Gable Gap and the 200 East Area, show the
uppermost Elephant Mountain Basalt to be absent, which is the result of anticlinal uplift, deformation,
and subsequent erosion. For instance, the Rattlesnake Ridge interbed sediments are believed to be
encountered directly beneath Hanford formation in Well 699-53-55C. In other areas, erosion has greatly
thinned the basalt, which separates the Hanford formation from the Rattlesnake Ridge interbed, increasing
the potential for leakage between the two aquifer systems. The erosional area of the paleochannel south
and southeast of Gable Gap (including Borehole 699-53-55C) is an example of an erosional unconformity
mechanism allowing hydraulic communication between two aquifers (RHO-RE-ST-12P),
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Table 3-1. Summary of 200-BP-5 OU RI Well Aquifer Pumping Tests
Depth to Top of Saturated Bottom of Well Pumping Specific Capacity Aquifer
Depth to Water Basalt Thickness Top of Screen Screen Diameter Pumping Rate Drawdown Duration (L/min/m Transmissivity
Well Name Test Date (m [ft] bgs) (m [ft] bgs) (m [ft]) (m [ft] bgs) (m [ft] bgs) (cm [in.]) L/min (gpm) (m [ft]) (minutes) [gpm/ft]) (m?d [ft¥/d])*
299-E27-155 11/12/2007 85.62 (280.92) 101.2 (332) 15.57 (51.08) 91.58 (300.46) 102.25 (335.46) 10.2 (4) 113.6 (30) 0.001 (0.002) 60 186,270 (15,000) >18, 581 (>200,000)
299-E33-205 8/21/2008 79.14 (259.65) 81.4 (267.2) 2.30 (7.55) 78.49 (257.5) 81.53 (267.5) 10.2 (4) 71.9 (19) 0.027 (0.09) 45 2,620 (211) 3,902 (42,000)
299-E33-340 10/15/2008 66.22 (217.27) Interbed 4.57 (15.0) 93.93 (308.18) 98.50 (323.17) 10.2 (4) 15.1 (4) 5.425 (17.8) 50 3(0.22) 5(59)
299-E33-341 6/10/2008 69.14 (226.85) 70.9 (232.5) 1.72 (5.65) 67.96 (222.98) 71.01 (232.97) 10.2 (4) 103.3 (27.3) 0.009 (0.03) 45 11,300 (910) 17,001 (183,000)
299-E33-342 6/9/2008 71.98 (236.17) 73.9 (242.5) 1.93 (6.33) 70.90 (232.6) 73.94 (242.6) 10.2 (4) 102.2 (27) 0.015 (0.05) 21 6,706 (540) 10,126 (109,000)
299-E33-343 3/10/2008 76.85 (252.14) 79.5 (260.9) 2.67 (8.76) 76.17 (249.9) 79.22 (259.9) 10.2 (4) 75.7 (20) 0.006 (0.02) 59 12,418 (1,000) 18,674 (201,000)
299-E33-344 — 68.55 (224.90) Perched water 3.72 (12.2) 66.42 (217.9) 72.27 (237.09) 10.2 (4) = — = — —
299-E33-345 6/5/2008 77.23 (253.38) 79.3 (260.3) 2.11(6.92) 76.10 (249.68) 79.15 (259.68) 15.2 (6) 60.6 (16) 0.600 (1.97) 100 101 (8.1) 149 (1,600)
299-E33-50 3/28/2007 68.47 (224.64) Interbed 4.57 (15.0) 96.34 (316.06) 100.91 (331.06) 10.2 (4) 18.2 (4.8) 10.363 (34) 150 2(0.14) 3(37)
699-48-50B 12/5/2006 63.44 (208.14) 63.9 (209.5) 0.41 (1.36) 62.24 (204.2) 65.38 (214.5) 10.2 (4) 5.7(L.5) 0.869 (2.85) 412 7 (0.53) 10 (107)
699-50-56 12/15/2006 46.14 (151.39) 49.1 (161) 2.93(9.61) 46.09 (151.2) 49.13 (161.2) 10.2 (4) 43.5 (11.5) 0.023 (0.077) 60 1,850 (149) 2,787 (30,000)
699-52-55A 1/18/2008 46.86 (153.75) 54.0 (177.2) 7.15 (23.45) 51.76 (169.8) 54.80 (179.8) 10.2 (4) — = — — —
699-52-55B 8/20/2008 52.91 (173.60) Interbed 4.57 (15.0) 69.63 (228.46) 74.21 (243.46) 10.2 (4) 18.9 (5) 18.4 (60.4) 91 1 (0.083) 2 (22)

* Estimates of aquifer transmissivity were calculated using specific-capacity data method in accordance with Driscoll, 1986, Groundwater and Wells, for unconfined and confined aquifers.

bgs = below ground surface

gpm = gallons per minute
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Figure 3-31. Distribution of Hydraulic Conductivity from Pumping Tests
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The framework of the Elephant Mountain Basalt can include the presence of vertical and horizontal
cooling joints, typical of all Saddle Mountain Basalt flows. This jointing, if not sealed with secondary
mineralization or forced together by tectonic forces, can provide a network of interconnecting pathways
between aquifers. This jointing is considered a negligible pathway for groundwater and contaminants
(compared to more direct pathways described below) unless the Elephant Mountain Basalt is extremely
thin and fractured (RHO-RE-ST-12P).

Anticlinal folding and deformation of the Elephant Mountain Basalt, may act to enhance the fracturing
along the tightest folds and within any zone of cooling joints. This may induce secondary permeabilities
through the confining unit.

Faulting (another type of structural deformation) can provide a much more direct connection between the
aquifers, by displacing older confined aquifer beds adjacent to younger aquifers. However, inactive fault
zones can be filled with low-permeability (clay-dominated) fault gouge that, as with secondary
mineralization within basalt cooling joints, inhibits the flow of groundwater. Nevertheless, faulting can
provide a connection between the aquifers in two ways: (1) by providing a vertical fracture zone pathway
through the dense basalt interior confining layer, and (2) by vertical displacement or offset of older
confined aquifer beds adjacent to the unconfined aquifer.

Intercommunication between suprabasalt aquifers at the Hanford Site is well documented
(RHO-RE-ST-12P; PNNL-12261). Near B Pond, an erosional window exists between the lower confined
aquifer system and the uppermost unconfined aquifer system along the margins of buried paleochannels
that extend approximately northwest to southeast across the 200 East Area and to the north.

Such paleochannels cut through or eroded all of the Ringold Formation in some areas, allowing the lower
confined portions of the Ringold Formation (HSU 9) to come into direct contact with the overlying
saturated Hanford formation (HSU 1) sediments (Figure 3-24). During active B Pond disposal, the
gradient was higher in the overlying unconfined aquifer, and contaminated groundwater was driven
locally beneath the HSU 8 and into the underlying Ringold confined aquifer (HSU 9) near B Pond.
Currently, the B Pond effluent disposal mound has dissipated, and because the hydraulic conductivity of
the Hanford formation sediments in the channel fill is generally higher than that of the Rwia (HSU 9), the
higher potentiometric head continues to decline as preferential flow into overlying Hanford sediments is
returning to pre-Hanford conditions. Groundwater from the confined or semiconfined HSU 9 slowly
discharges into the highly transmissive HSU 1 channel-fill sediment; this mixing of groundwater occurs
at the intersection of the unconfined and confined aquifers.

3.6.5.4 Groundwater and Surface Water Interactions

The Columbia River and West Lake are two natural surface water bodies known to interact with
groundwater in the 200-BP-5 OU. Groundwater in the unconfined aquifer flows toward and discharges
into the Columbia River across most of the Hanford Site. Figure 3-32 provides a detailed water table map
showing groundwater contours from Gable Gap to the Columbia River during late March 2010, when
flow was toward the Columbia River. The volume of water leaving the unconfined aquifer and flowing
into the river varies temporally based on river stage elevation, relative permeability along the shoreline
sediments that form the unconfined aquifer, and relative gradient at the aquifer/river interface.

Substantial changes in groundwater levels and localized flow reversals can occur near the Columbia River
during high river stages, which can vary up to 4 m (13 ft) during the year. When river stage is high
(usually in the spring and early summer), water moves into the banks along the river, resulting in bank
storage. When the river stage drops, water moves back toward the river, often appearing as riverbank
seepage. The distance that water moves into the aquifer from the river depends on the magnitude and
duration in the river stage above groundwater elevation and the hydraulic properties of the intervening

3-58



e e T e e T e T S — —
o0 ~1 Nt W —_— O \O 0 ~1 Nt BN

—_
Ne

[SSI NS T NS T NS T O (O]
wm W —=O

NS N
~J N

w NN
O N X©

W
—

O N O N O Ve N VS IR VS R VS RN VC R VS R U R UV
B OO~ OWOVWOKIO WU B WM

DOE/RL-2009-127, DRAFT A
JULY 2015

aquifer (PNNL-13080). Seasonal river-stage fluctuations can also result in a pressure pulse (i.e., a rise in
groundwater elevation) in the aquifer that can extend long distances, depending on the duration and
amplitude of the river-stage change and the aquifer transmissivity. This phenomenon was recently
observed as far south as the northernmost portion of the 200 East Area (DOE/RL-2010-11). The seasonal
high river pulse is clearly illustrated in Figure 3-33, which compares hydrographs for four wells

(located in Gable Gap) with the river stage. The well responses are delayed with respect to the time of
river stage increase, but the pattern is very clear. Figure 3-34 shows the effect of seasonal river-stage
changes on groundwater gradient and direction of groundwater flow in the unconfined aquifer.

Shoreline aquifer tube monitoring stations are used to evaluate groundwater interaction between the
suprabasalt aquifer and the Columbia River. Aquifer tubes along the southern shore of the Columbia
River bordered by the 200-BP-5 OU include 11-D, 12-D, 13-S, and 14-D.

West Lake is a natural ephemeral lake located southeast of Gable Gap (ARH-CD-775; PNL-7662) in

a topographically low area located within an ancient erosional channel. As an ephemeral lake, the water
surface is a reflection of the water table position. During periods of high precipitation, the level of

West Lake may be slightly higher than the regional water table. During dryer months, evaporation causes
the water in the lake to become supersaturated with certain minerals, including calcium carbonate.

The water level in West Lake was higher when Gable Mountain Pond (located near the lake) was
receiving water, and the water table was subsequently several meters higher than at present.

3.6.6 Groundwater Velocity

Groundwater velocity is dependent upon the hydraulic conductivity and effective porosity of the aquifer
sediments, as well as the gradient of the water table (or piezometric surface in the case of a confined
aquifer). For example, the large water table mound and steep water table gradient created during historical
large-volume effluent disposal (which ending in the early 1990s) significantly influenced the velocity,
unconfined aquifer thickness, flow paths, and travel time of 200-BP-5 OU contaminant plumes during
that time.

Groundwater flow paths and contaminant plumes originating or traveling through 200-BP-5 OU migrated
toward the Columbia River in two general directions:

e  Plumes in the northwestern portion of the 200 East Area generally moved to the northwest toward
Gable Gap and to the north toward the Columbia River until 2011, when flow direction in the
200 East Area reversed by 180 degrees (Section 3.6.2.3).

e  Plumes further south in the 200 East Area moved southeast toward the Columbia River.

Both of these general flow paths were influenced by an artificially elevated water table created by past
liquid waste disposal at ponds and cribs within both the 200 East Area (mainly B Pond and Gable
Mountain Pond) and the 200 West Area (primarily U Pond and other cribs). A constantly changing
groundwater divide beneath the 200 East Area was dependent on the location, volume, and timing of
effluent disposal (RPP-23748, Geology, Hydrogeology, Geochemistry, and Mineralogy Data Package
for the Single-Shell Tank Waste Management Areas at the Hanford Site; PNNL-15837, Data Package
for Past and Current Groundwater Flow and Contamination Beneath Single-Shell Tank Waste
Management Areas). Before 2011, the groundwater divide that existed in the 200 East Area controlled
contaminant plume movement northwest through Gable Gap northward toward the river, and contaminant
plume movement southeast toward the Columbia River. After cessation of liquid disposal to cribs, ponds,
and ditches in the mid-1990s, the artificially elevated water table in the near-field area quickly declined.
This water table declined approximately three times faster in the 200 East Area than in the 200 West Area
because the sediments containing the water table in the 200 East Area are much more permeable
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(i.e., Hanford/CCU gravel) than those in 200 West Area. The water table throughout most of the
200-BP-5 OU continues to decline but appears to be stabilizing and reaching equilibrium. The current
groundwater gradient across the near-field area is now so small that detecting differences in groundwater

elevation across the area is difficult.
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Figure 3-32. Water Table Contour Map of the Gable Gap Area, 200-BP-5 OU, March 2010
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Groundwater velocity is affected directly by hydraulic gradient. The decline in gradient in the near-field
area has indicated substantially lower groundwater velocities and longer travel times for contaminants
within the groundwater during recent years. Since July 2011, the flow direction across most of the
near-field area and the 200 East Area has been south-southeast (SGW-54165, Evaluation of the
Unconfined Aquifer Hydraulic Gradient Beneath the 200 East Area, Hanford Site). Current groundwater
flow velocities in the 200-BP-5 OU (within the 200 East Area) range from 0.02 to 0.6 m/d (0.07 to

1.97 ft/d) (Appendix B, DOE/RL-2014-32).

The large volumes of process water discharged to the vadose zone during Hanford Site operations
substantially raised groundwater levels, which increased the hydraulic gradient and the annual volume of
northward groundwater flow through Gable Gap. Since the advective transport of groundwater plumes

is proportional to groundwater velocity, the lower groundwater velocities currently experienced in the
200-BP-5 OU are contribute to the decreasing size of some of the widespread groundwater plumes

(e.g., nitrate). The decreased groundwater velocity also has the effect of slowing down advective transport
and causing some emerging groundwater plumes to become more concentrated in the source areas than
when the groundwater gradient was higher. This slowing phenomenon appears to be associated with
recent reversals where a low gradient, water level study has been conducted for the past several years
(SGW-54165).

A similar estimate can be made for southeastern flow from the OU. The regional gradient to the southeast
from the 200 East Area (across the 200-BP-5 and 200-PO-1 OUs) has been estimated to be 1.8 x 10
(DOE/RL-2008-66). Southeastern flow from the 200-BP-5 OU now is likely dominant than northern flow
through Gable Gap. lodine-129 and tritium groundwater plumes occur in the southern portion of

the near-field area. The extent of these plumes demonstrates mainly a southeast flow direction into the
200-PO-1 OU.

Groundwater velocity in the upper basalt-confined aquifer (HSU 10) is much lower than the unconfined
aquifer and has been estimated at 0.7 to 2.9 m/yr (2.3 to 9.5 ft/yr) (0.002 to 0.008 m/d [0.0066 to
0.0262 ft/d]) based on hydraulic properties of the Rattlesnake Ridge interbed, and 2.2 m/yr (7.2 ft/yr)
(0.006 m/d [0.0197 ft/d]) estimated using groundwater ages from carbon isotopic information
(PNL-10817, Hydrochemistry and Hydrogeologic Conditions Within the Hanford Site Upper Basalt
Confined Aquifer System).

3.6.7 Conceptual Site Model

The 200-BP-5 OU CSM is discussed separately for the near-field and far-field areas. The focus of

the CSM is to describe the occurrence and migration of groundwater contaminants across the OU by
describing the general sources and subsurface pathways through the hydrogeologic framework within the
OU. Contaminant receptor scenarios are discussed in Chapter 6.

3.6.7.1  200-BP-5 Operable Unit Near-Field Area
The 200-BP-5 OU near-field area is divided into the following three general areas:

e Northern 200 East Area
e B Pond/Gable Mountain
e Gable Gap/West Lake/Gable Mountain Pond

Past-practice disposal of large volumes of liquid effluent infiltrated beneath the many waste disposal
ponds, cribs, and ditches within and surrounding the 200 East Area and migrated vertically through the
thick vadose zone, which consists mostly of permeable sand and gravel deposits (Hanford formation).
The contaminants that have migrated to groundwater moved laterally within the relatively thin, but
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highly permeable, sediments of the uppermost unconfined aquifer. As effluent disposal increased, the
elevation of the water table rose and locally mounded beneath the various waste sites. This created an
increase in horizontal and vertical groundwater gradients, which increased the lateral and downward
spread of contamination,

Groundwater contamination within the uppermost unconfined aquifer initially moved laterally through
very high-permeability sediment (HSU 1 and HSU 3). Over time, however, the increased volumes and
water table elevation caused some of the contaminated groundwater to move deeper into lower
permeability Ringold Formation sediments(i.e., HSU 5), including areas locally connected to the
confined aquifer (i.e., HSU 9). In addition to disposal ponds, cribs, and ditches, other mechanisms such
as reverse wells (no longer active) disposed contaminated effluent to deeper parts of the unconfined
aquifer (PNNL-14111, Fiscal Year 2003 Integrated Monitoring Plan for the Hanford Groundwater
Monitoring Project).

The current CSM for the vicinity of the 200 East Area includes a thick sequence of relatively permeable
suprabasalt sediments with a considerable number of known and potential source areas for groundwater
contamination, a relatively thin unconfined aquifer, and a declining water table. The known sources for
groundwater contamination within the 200-BP-5 OU (described in greater detail in Chapter 4) include
cribs (e.g., BY Cribs), tank farms (e.g., WMA C and WMA B-BX-BY single-shell tanks [SSTs]),
trenches, ditches, ponds (e.g., B Pond), and reverse wells. During operations, groundwater moved out
of the 200 East area either north through Gable Gap or east-southeast toward the Columbia River. Since
cessation of most direct liquid waste disposal to ground, the water table has declined and groundwater
flow directions are returning to pre-Hanford conditions, primarily to the east-southeast across the

200 East Area. Chapter 4 discusses the source areas that have been directly associated with mapped
groundwater plumes. The most extensive contaminant plumes are attributed primarily to liquid discharges
to cribs, with some contribution from ponds, ditches, and other sources. Contamination from SST leaks
and UPRs are difficult to separate from surrounding crib waste contaminants.

In the 200 East Area, a perched aquifer zone occurs a few meters above the water table beneath the

B Complex. The perched condition observed in some recent boreholes occurs within low-permeability
saturated sand and silt of the CCUj facies. Liquid effluent migrating through the vadose zone from past
disposal operations and/or leaking SSTs is being held up by lower permeability silt within the CCU..
This saturated perched interval seeps contaminated perched water slowly into the aquifer and has slowed
contaminant migration to the water table. Under current conditions, the saturated CCU, may allow
seepage of highly contaminated perched water to the unconfined aquifer over a long period. Perched
contamination (e.g., uranium and technetium-99) is contributing to substantial plume concentrations
beneath the B Complex within the slowly moving groundwater. Ongoing 200-DV-1 OU characterization
and perched water extraction are occurring within the CCU perched zone. The 200-DV-1 OU is
evaluating the nature and extent of the perched contamination, accelerating the removal of contaminated
perched water (DOE/RL-2014-34, Action Memorandum for 200-DV-1 Operable Unit Perched Water
Pumping/Pore Water Extraction), and assessing future impacts to the unconfined aquifer (SGW-53604).

Most groundwater contaminant concentrations and plumes are declining throughout much of the

200 East Area. Notable exceptions to this trend are the nitrate, uranium, and technetium-99 plumes
associated with the B Complex (including the perched vadose zone), which have enlarged in the past
decade. Many short-lived radionuclides detected in the past (e.g., cobalt-60 and ruthenium-106) are no
longer detected or are detected at much lower concentrations. Tritium concentrations near the source
areas are declining because waste discharges have ended and the radionuclide is dispersing and decaying.
Tritium formerly exceeded the DWS in portions of the far-field area of the 200-BP-5 OU north of Gable
Gap, but concentrations have declined. Nitrate concentrations have generally declined in the far-field area
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in recent years, and concentrations never exceeded the DWS north of Gable Gap. Data indicate that
residual contamination in the vadose zone at many of the source locations continue to reach the water
table. In addition, any uncontrolled discharge (e.g., leaks from water lines) may enhance transport of
contaminants to the groundwater from the vadose zone (PNNL-14111).

Groundwater in the suprabasalt aquifer system generally flows from west to east beneath the Hanford Site
(Figure 3-19). Prior to 2010, a groundwater divide occurred somewhere in the northern portion of the
200 East Area (i.e., the southern portion of the near-field area). Groundwater north of the groundwater
divide generally migrated north toward Gable Gap (to the northwest). Groundwater south of the
groundwater divide generally flowed south and then east into the 200-PO-1 OU. A combination of the
location north of the 200 East Area, the elevated groundwater near Gable Mountain Pond during
operations north of the 200 East Area, and the mound generated by cooling water discharges at

100-K Area reactor operations prevented contaminated groundwater beneath the 200 East Area from
migrating rapidly north toward the Columbia River until the early 1970s. Geologic structures including
basalt subcrops (HSU 10) and the RLM (HSU 8) partially diverted groundwater flow. After the cessation
of decades of high-volume liquid effluent disposal to the ground, the water table declined rapidly.

In 2011, a reversal of flow from the northwest to the southeast was documented in the northwestern
portion of the 200 East Area.

This shift in the divide is significant because it has changed the direction in which contaminants migrate
within the southern portion of the 200-BP-5 OU. Due to the flow direction reversal in 2011, contaminants
in the 200 East Area are migrating to the southeast and are no longer interpreted to be migrating
northward through Gable Gap. Movement of contaminants north of the 200 East Area toward the Gable
Gap is stationary or very slow. The exact location of the current groundwater divide is uncertain because
of the extremely flat surface of the water table in the near-field area. As artificial recharge has been
substantially reduced in recent years, groundwater levels have responded with continuing declines;

the rate of decline has slowed in recent years. Declining water levels and changes in recharge patterns are
continuing to affect contaminant concentrations and contaminant migration patterns (DOE/RL-2014-32).

Possible seasonal effects from changes in the level of the Columbia River also influence water levels in
the 200 East Area unconfined aquifer. Figures 3-33 and 3-34 provide hydrographs showing the magnitude
of changes in gradient and changes in flow direction through Gable Gap and the far-field area, as well as
changes in Columbia River stage below Priest Rapids Dam, which is upriver from the OU. In response to
4 m (13.1 ft) changes in Columbia River stage, the water level change at Gable Gap is approximately

0.25 m (0.82 ft), and the delay is approximately 1 to 3 months (DOE/RL-2008-66). East-west conceptual
cross-section CC-CC’ (Figure 3-35) shows the generalized geology in the Gable Gap area.

The northwest-southeast conceptual cross-section AA-AA’ (Figure 3-36) focuses on the contribution

of contaminants from the vadose zone to the unconfined aquifer near the BY Cribs and WMA B-BX-BY.
Waste from the BY Cribs contributed greatly to past and present groundwater contaminants, and the tank
farms contributed leaked contaminants to the unconfined aquifer. The relatively thin aquifer that occurs
beneath the northern portion of the 200 East Area (and in areas immediately north) contrasts sharply with
the thick, unconfined, channel-fill aquifer near Wells 699-55-60A and 699-55-60B.
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The north-south conceptual cross-section FF-FF’ (Figure 3-37) illustrates how past liquid effluent
disposal and the associated groundwater mounding influenced the water level and contaminant
distribution, driving some groundwater contamination into the semiconfined Rwia (HSU 9) aquifer.
South-dipping Ringold Formation deposits near B Pond are exposed to Hanford formation deposits,
which provided pathway for B Pond effluent to migrate into the HSU 9 semiconfined aquifer at the same
time that the unconfined aquifer was being impacted. Since cessation of effluent disposal to B Pond,
groundwater levels have declined more rapidly in the unconfined aquifer than in the confined Ringold
(HSU 9), and higher head in HSU 9 persists.

3.6.7.2  200-BP-5 Operable Unit Far-Field Area

The 200-BP-5 OU far-field area is primarily located north of Gable Gap. Cross sections for the far-field
area are presented in conceptual northwest-southeast cross-section AA-AA’ (Figure 3-36), Gable Gap
east-west cross-section CC-CC’ (Figure 3-38), and southwest-northeast cross-section BB-BB’

(Figure 3-39). Historically, groundwater contaminants (primarily tritium) have migrated northwest
through Gable Gap into the northern portion of the 200-BP-5 OU. Since approximately 2005, the extent
of contamination has decreased to below DWSs as the result of reduced groundwater flow through Gable
Gap, which resulted from water table declines after cessation of large-volume wastewater discharges to
the ground.

Conceptual cross-section AA-AA’ (Figure 3-36) shows the change in the far-field area aquifer thickness
(including both the confined and unconfined aquifers), ranging from approximately 15 m (50 ft) in the
Gable Gap area to as much as 183 m (600 ft) in the area between the Gable Mountain reverse fault and
the Columbia River. In the past, based on higher groundwater gradients northwest toward Gable Gap,
groundwater contaminants (primarily nitrate and tritium) above DWSs migrating preferentially through
the upper unconfined aquifer within saturated Hanford formation sediments as far northwest as

Gable Gap.

Cross-sections CC-CC’ (Figure 3-38) and BB-BB’ (Figure 3-39) show the relationship between the
geology and the water table north of Gable Gap. Only the very uppermost saturated Hanford formation
sediments were historically contaminated within the thick unconfined aquifer. As recently as 2005, this
area had tritium concentrations above the DWS, but sampling in 2013 indicated that contaminant
concentrations had declined below the DW'S north of Gable Gap. This tritium concentration decline and
the plume extent are attributed to the decreased groundwater flow rate through Gable Gap, the reduced
contaminant contribution from the past-practice source areas in the 200 East Area, and radioactive decay.

3.7 Water Use

Groundwater is not currently withdrawn for industrial, sanitary, or potable uses in the 200-BP-5 OU.
Surface water and groundwater are removed for use extensively in the communities and agricultural
lands surrounding the Hanford Site for drinking water, process applications, and irrigation. Routine
groundwater pumping does not occur in the OU. Minor amounts of treated effluent are discharged to the
ground within the 200-BP-5 OU, where it eventually reaches the groundwater.

3.7.1  Surface Water Use near the 200-BP-5 Operable Unit

The Columbia River is used as a source of both drinking water and industrial water for several
Hanford Site facilities (DOE/RL-2013-18). Potable water is managed at facilities overlying the
200-BP-5 OU according to the Hanford area water system plan (HNF-35051, Small Water Systems
Management Program for Group A Water Systems Managed by Mission Support Alliance, LLC) and a
master water plan (HNF-5828, Hanford Site Water System Master Plan). Source water comes from

a withdrawal location on the Columbia River near the 100-BC Area, upstream from the 200-BP-5 OU.
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The water is treated at a water treatment plant in the 200 West Area and then delivered by pipeline to the
200 East Area. This water plant produces an average of approximately 17 million L/d (4.5 million gal/d)
of treated water. The water is metered where it enters the 200 East Area, but no metering currently occurs
downstream from the main 200 East Area meter. Water delivery to the 200 East Area is approximately
one-half of the total (roughly 8.4 million L/d [2.25 million gal/d]).

3.7.2 Sewage Disposal near the 200-BP-5 Operable Unit

Sewage in the 200-BP-5 OU is handled two ways. Some buildings have holding tanks and drain fields,
while others have holding tanks that are pumped periodically, and the pumped sewage is delivered to the
100-N Area sewage lagoon. In 2012, an evaporative sewage treatment plant was completed in the

200 West Area. Approximately seven active septic disposal systems operate in the 200 East Area.
Updates to HNF-6612, Hanford Site Sewer System Master Plan, were completed in 2012,

3.8 Ecology

Terrestrial ecosystems on the Hanford Site and overlying the 200-BP-5 OU include upland and
riparian/wetland habitat. Upland habitat at the Hanford Site is influenced by the arid climate and is
characterized by vegetation and wildlife adapted to hot summers, cold winters, and low precipitation.
Riparian habitat occurs along bodies of water and is inhabited by plants with greater requirements for
water than upland plants. Wetlands are areas where some open water is present, and soils and associated
vegetation reflect the presence of water. The distribution of plants within the upland habitat on the
Hanford Site is greatly influenced by soil type, altitude, and precipitation. Range fires, industrial human
activities, and the introduction of non-native species have also affected ecosystems.

The upland habitat within the Hanford Site, located within the Columbia Basin (Plateau) ecoregion, is
predominantly shrub-steppe (Stoms et al., 1997, Preserve Selection Modeling in the Columbia Plateau).
Shrub-steppe ecosystems are typified by a shrub overstory and a grass and forb understory
(Daubenmire, 1970, Steppe Vegetation of Washington). Lichens and mosses, often referred to as
microbiotic or cryptogamic crust, provide a soil stabilizing growth on undisturbed soils in the
shrub-steppe ecosystem.

Riparian areas are vegetated wetlands that are especially associated with rivers and streams, which
include shoreline areas along sloughs and backwaters. Riparian habitat that occurs in association with the
Columbia River includes riffles, gravel bars, backwater sloughs, and cobble shorelines. These habitats
occur infrequently along the Hanford Reach and have acquired greater significance because of the net loss
of wetland habitat elsewhere within the region.

Riparian areas provide nesting, foraging habitat, and escape cover for many species of birds and
mammals. Shoreline riparian communities are seasonally important for a variety of species.

The Hanford Site is located in the Pacific Flyway, and the Hanford Reach serves as a resting area for
neotropical migrant birds, migratory waterfowl, and shorebirds (Soll et al., 1999). The area between the
old Hanford town site and the Vernita Bridge is closed to recreational hunting, and large numbers of
migratory waterfowl find refuge in this portion of the Columbia River.

West Lake is an important habitat within the 200-BP-5 OU, primarily due to its uniqueness and rarity as
a high-alkaline/saline lake. Saline lakes represent the terminus of inland basin flows and support unique
communities of plants and microorganisms found in no other habitat. Although hypersaline lakes

(e.g., West Lake) support limited species of hypersaline-tolerant plants and brine flies, these lakes play
an important ecological role by providing food to migrating birds and mineral deposits to animals

and people.
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Figure 3-38. 200-BP-5 OU Conceptual Cross-Section CC-CC’ Showing the Permeable Hanford Formation Sediments at Gable Gap
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Figure 3-39. 200-BP-5 OU Conceptual Cross-Section BB-BB’ Showing No Contaminant Migration in More Permeable Hanford Formation Sediments through the Far-Field Area
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West Lake and associated wetlands appeared to be substantially degraded during a 1997 survey by

The Nature Conservancy of Washington (DOE/RL-2001-54, Central Plateau Ecological Evaluation).
Alkali paintbrush (Castilleja exilis) and many other native species that were historically documented at
the lake were not observed, and the lake basin was infested with weedy species, primarily smother weed
(Bassia hyssopifolia).

In June, July, and November 2006, plant communities were characterized, and observed plant
assemblages were identified and delineated (DOE/RL-2007-50, Central Plateau Ecological Risk
Assessment Data Package Report, Appendix D). Plant community alliances (plant assemblages) that
occur at West Lake occupy sites determined by hydrology and soil chemistry (alkalinity/salinity). Except
for the presence and diversity contributed by non-native species, the structure of the alliance is relatively
simple, with the dominant native species forming dense swards with few other native species. Ecological
condition of the alliance varies across the site, with exotic taxa dominant in some alliances/site.

Mammals occurring primarily in riparian areas include rodents, bats, furbearers (e.g., mink

[Mustela vison] and weasel [Mustela spp.]), porcupine (Erithizon dorsatum), raccoon (Procyon lotor),
skunk (Mephitis mephitis), and mule deer (Odocoileus hemionus). River otters (Lutra canadensis) have
been observed infrequently at the Hanford Reach. During the summer, mule deer rely on riparian
vegetation for foraging and use Columbia River islands for fawning and nursery areas. Beaver

(Castor canadensis) and muskrat (Ondatra zibethica) rely on shoreline habitat for dens and foraging.
The Columbia River and Rattlesnake Springs provide foraging habitat for bats, including Yuma myotis
(Myotis yumanensis), small-footed myotis (Myotis subulatus), silver-haired bats (Lasionycteris
octivagans), and pallid bats (Antrozous pallidus), all of which feed on emergent aquatic insects
(PNL-8916, 4 Preliminary Survey of Selected Structures on the Hanford Site for Townsend’s Big-Eared Bat
(Plecotus townsendii)).

Along with the reptiles and insects identified in the grasslands discussion, five amphibians have been
identified on the Hanford Site. The Great Basin spadefoot toad (Scaphiopus intermontanus), western toad
(Bufo boreas), Woodhouse’s toad (Bufo woodhousei), tiger salamander (Ambystoma tigrinum), and
bullfrog (Rana catesbeiana) are the only amphibians found in proximity to water on the Hanford Site
(Soll et al., 1999; WHC-SD-EN-TI-121, Biological Resources of the 300-FF-5 Operable Unit).

3.8.1 West Lake Receptors

As discussed previously, the unique properties of West Lake warrant discussion beyond the general
discussion of the Central Plateau or the Outer Area. The ecology of West Lake is described in the
following subsections.

3.8.1.1 Mammal Species of West Lake

Wildlife surveys were conducted to evaluate the use of West Lake by resident and migratory animals
(DOE/RL-2007-50, Appendix D). Visual and echolocation surveys for bats were conducted at the lake
between March 2006 and May 2007. Small mammal trapping was not performed; however, indirect
evidence of small mammal activity, particularly the Great Basin pocket mouse (Perognathus parvus), was
abundant in the vegetation communities surrounding West Lake throughout much of the year. Other small
animal residents of the West Lake area most likely include the deer mouse (Peromyscus maniculatus),
western harvest mouse (Riethrodontomys megalotis), northern pocket gopher (Thomomys talpoides),

and northern grasshopper mouse (Onychomys leucogaster), as well as a number of shrew and vole
species. Direct and indirect evidence of mid- and large-size mammals was found around the perimeter

of the lake and documented during the surveys. The standing water at the lake was minimally used as

a water source by animals. However, ungulate appeared to be foraging on the succulent vegetation

near the southeastern region of the lake, and the water seeps were used as a water source by all
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observed mammals. The mammal species observed directly or indirectly at or near West Lake during
the 2006 to 2007 surveys are presented in Table 3-2.

Table 3-2. Mammals Representative of West Lake

Feeding Guilds Scientific Name
Herbivores
Elk Cervus elaphus
Great Basin pocket mouse Perognathus parvus

Mule deer Odocoileus hemionus
Northern pocket gopher Thomomys talpoides
Voles

Omnivores
Deer mouse Peromyscus maniculatus
Raccoon Procyon lotor

Western harvest mouse Riethrodontonomys megalotis

Insectivores

Bats

Northern grasshopper mouse Onychomys leucogaster

Shrews

Carnivores
Badger Taxidea taxus
Coyote Canis latrans

Source: Appendix D of DOE/RL-2007-50, Central Plateau Ecological Risk
Assessment Data Package Report.

3.8.1.2 Bird Species at West Lake

Bird surveys of West Lake were conducted monthly from March 2006 through March 2007
(DOE/RL-2007-50, Appendix D). Twenty-two species of birds were observed (indirect or direct
evidence), including shorebirds during the spring when water and aquatic invertebrates were available.
No birds were observed in October and November 2006. A historical comprehensive bird study
conducted in the early 1970s (BNWL-1885, Avifauna of Waste Ponds ERDA Hanford Reservation
Benton County, Washington) was compared to bird uses during 2006 and 2007. The species list of
perching birds recorded in the late 1970s is remarkably similar to the list of perching birds observed
during 2006 and 2007; however, species richness and relative abundance estimates of waterfowl and
shorebirds have dropped dramatically since the 1970s. This decrease in use may be largely attributed to
the elimination of the Central Plateau as a water source, making West Lake more like an ephemeral
wetland. It is unclear whether the avian species richness and relative abundance trends at West Lake will
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continue to decrease or whether current conditions observed at the lake are relatively stable. Some of the
more common and representative species found near or at West Lake are presented in Table 3-3.

Table 3-3. Birds Representative of West Lake

Feeding Guilds

Scientific Name

Herbivores

Mourning dove

Zenaida macroura

Omnivores
Black-billed magpie Pica hudsonia
Mallard Anas platyrhynchos

Western meadowlark

Sturnella neglecta

Insectivores

Common nighthawk

Chordeiles minor

Dunlin

Calidris alpina

Killdeer

Charadrius vociferus

Carnivores

Common raven

Corvus corax

Northern harrier

Circus cyaneus

Source: Appendix D of DOE/RL-2007-50, Central Plateau Ecological Risk Assessment

Data Package Report.

3.8.1.3 Amphibian and Insect Species at West Lake

Amphibian surveys were conducted at West Lake, and no evidence of amphibians was observed,

likely due to the high alkaline conditions of the water (DOE/RL-2007-50, Appendix D). A limited
characterization of aquatic invertebrates was performed during the 2006—2007 surveys. Brine flies
(Ephydridae sp.) appear to be the only aquatic invertebrate capable of living in the highly alkaline waters
of West Lake and are the primary food source for the observed shorebirds. A limited number of other
aquatic invertebrates were found dwelling in the springs (seeps) that emerge along the southeastern
portion of the lake (e.g., waterboatman [ Corixidae sp.]).

3.8.1.4 Special Status Species at West Lake
During the bird survey conducted in March 2006, Sandhill cranes (Grus canadensis) were observed at
West Lake (DOE/RL-2007-50, Appendix D). Sandhill cranes are currently listed as an endangered
species in Washington State and are not a common resident of the Hanford Site. With the exception of the
Sandhill crane, there are no additional special status species observed at West Lake that are not also found

on the Central Plateau.
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3.8.2 Threatened and Endangered Species

A variety of species are recognized by state or federal agencies as having special status based on the
species’ risk of extinction. Threatened and endangered species are considered at risk and, as such, these
species were not identified for sacrificial sampling and subsequent analyses for the risk assessment effort.
Data for selected surrogate species were required for contaminant or biological characterization based on
the guild in which the special status species were identified (Table 5-1 of DOE/RL-2004-37, Risk
Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA). The list of state and
federally listed species of concern, including candidate, sensitive, and monitored species thought or
known to occur on the Hanford Site, is updated regularly in PNNL-6415. No plants, invertebrates,
reptiles, amphibians, or mammals on the federal list of threatened and endangered wildlife and plants are
known to occur on the Hanford Site (PNNL-SA-41467, Literature Review of Environmental Documents
in Support of the 100 and 300 Area River Corridor Baseline Risk Assessment).

Two species of federally listed endangered fish, the upper Columbia River spring-run Chinook salmon
and the steelhead, occur in the Hanford Reach. The spring-run Chinook salmon do not spawn in the
Hanford Reach but use it as a migration corridor. Steelhead spawning has been observed in the Hanford
Reach. The bull trout is listed as threatened by the National Marine Fisheries Service but is not considered
a resident species and is rarely observed in the Hanford Reach (DOE/RL-2005-40, 100-B/C Pilot Project
Risk Assessment Report).

DOE employs the following protective measures for endangered salmon and steelhead:

e  Water diversions meet state screening criteria or appropriate administrative controls, including
discharges that meet National Pollutant Discharge Elimination System permit requirements. Removal
of native riparian or emergent vegetation is minimized. Where possible, construction projects do not
simplify shoreline structures, and final construction produces banks at a 3:1 slope.

e Silt-loaded surface runoff is minimized along the shoreline, and disruptive activities in the river or
on the shoreline are avoided from April through November.

Although the bald eagle has been removed from the list of federally endangered species, it is still
protected under the Bald and Golden Eagle Protection Act of 1940. DOE has decided to continue
protection of nest and roost sites on the Hanford Site under DOE/RL-94-150, Bald Eagle Site
Management Plan for the Hanford Site, South-Central Washington. This plan was revised in 2013 to
account for the delisting of the bald eagle and to provide new management guidelines. Changes have
been made to reduce the buffer zones surrounding winter night roosts and nest sites from 800 to 400 m
(2,600 to 2,400 ft). The Washington State Department of Fish and Wildlife requires protection of roosting
trees for bald eagle habitat and foraging areas (WAC 232-12-292, “Permanent Regulations,” “Bald Eagle
Protection Rules”).

Tables 3-4 and 3-5 list the flora and fauna species that are listed by Washington State as being threatened
or endangered, including candidate, sensitive, and monitored species thought or known to occur on the
Hanford Site. Ecological assessments of the surface area and river within the 200-BP-5 OU were
conducted as part of the ecological risk assessment and DOE/RL-2008-11, Remedial Investigation Work
Plan for Hanford Site Releases to the Columbia River.
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Scientific Name

Common Name

State Status

Federal Status

Upland

Oenothera caespitosa ssp.

Conspin® Caespitose evening-primrose SS
Orobanche californica California broomrape SX
Astragalus columbianus Columbia milk-vetch SS FCo
Nicotiana attenuata Coyote tobacco SS
Cuscuta denticulata Desert dodder ST
Camissonia pygmaea Dwarf evening-primrose SS
Astragalus geyeri* Geyer’s milk-vetch ST
Cryptantha leucophaea Gray cryptantha SS FCo
Aliciella leptomeria Great Basin gilia ST
Lomatium tuberosum Hoover’s desert parsley SS FCo
f;;{j}i}fogbf;l:quarmsa var. Loeflingia ST
Cryptantha scoparia Miner’s candle SS
Erigeron piperianus Piper’s daisy SS
Cistanthe rosea* Rosy pussypaws ST
Calochortus macrocarpus Sagebrush-mariposa lily SE
Camissonia minor Small-flower evening primrose SS
Cryptantha spiculifera* Snake River cryptantha SS
Ribes cereum Squaw currant SE
Mimulus suksdorfii Suksdorf’s monkey-flower SS
Eriogonum codium Umtanum desert buckwheat SE FC
Eatonella nivea White etonella ST
Riparian
Lipocarpha aristulata*® Awned halfchaff sedge ST
Eleocharis rostellata Beaked spike-rush SS
Hypericum majus* Canadian St. John’s-wort SS
Anagallis minima Chaffweed ST
Ammannia robusta*® Grand redstem ST

3-77



DOE/RL-2009-127, DRAFT A

Table 3-4. Flora Threatened and Endangered Species List

JULY 2015

Scientific Name

Common Name

State Status

Federal Status

Rotala ramosior*

Lowland toothcup

ST

Rorippa columbiae*

Persistantsepal yellowcress

SE

FCo

Source: WNHP, 2014, List of Vascular Plants Tracked by the Washington Natural Heritage Program.

* Species possibly affected by discharges to the Columbia River in the 200-BP-5 Operable Unit area were deemed directly
affected based on habitats associated with each species outlined in Section D.2.5.2, Table D.4, of DOE/RL-96-32, Hanford
Site Biological Resources Management Plan. Associated habitats selected were bluffs, Columbia River, islands, riparian, and

White Bluffs.

FC = federal candidate

FCo = federal species of concern
SE = exotic established in state

SS = state sensitive
ST = state threatened
SX = apparently extirpated from the state

Table 3-5. Fauna Threatened and Endangered Species List
Scientific Name Common Name State Status Federal Status
Birds

Pelecanus erythrorhynchos* American white pelican SE
Haliaeetus leucocephalus™® Bald eagle SS FCo
Athene cunicularia Burrowing owl SC FCo
Gavia immer* Common loon SS
Buteo regalis* Ferruginous hawk ST FCo
Otus flammeolus Flammulated owl SC
Aquila chrysaetos Golden eagle SC
Centrocercus urophasianus Greater sage grouse ST FC
Melanerpes lewis Lewis’ woodpecker SC
Lanius ludovicianus Loggerhead shrike SC FCo
Accipiter gentilis Northern goshawk SC FCo
Falco peregrines* Peregrine falcon SS FCo
Amphispiza belli Sage sparrow SC
Oreoscoptes montanus Sage thrasher SC
Grus canadensis Sandhill crane SE
Aechmophorus occidenalis™ Western grebe SC
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Table 3-5. Fauna Threatened and Endangered Species List
Scientific Name Common Name State Status Federal Status
Mammals
Lepus californicus Black-tailed jackrabbit SC
Sorex merriami Merriam’s shrew SC
g:;;:szz;;i?g;iﬁ:iﬁ;grmerly Townsend’s ground squirrel SC FCo
Urocitellus washingtoni
(formerly Spermophilus Washington ground squirrel SC FC
washingtoni)
Lepus townsendii White-tailed jackrabbit SC
Reptiles/Amphibians
Sceloporus graciosus Northern sagebrush lizard SC FCo
Masticophis taeniatus Striped whipsnake SC
Aquatics

Salvelinus confluentus* Bull trout SC FT
Anodonta californiensis* California floater (mussel) SC FCo
Fluminicola Columbiana* Columbia pebblesnail SC
Oncorhynchus tshawytscha* Chinook salmon SC FE
Rhinichthys falcatus™® Leopard dace SC
Catostormus platyrhynchus* Mountain sucker SC
Lampetra tridentata Pacific lamprey SM FCo
Oncorhynchus mykiss* Rainbow trout (steelhead) SC FT
Lampetra ayresii* River lamprey SC FCo
Fisherola nuttalli Shortface lanx (snail) SC

Source: Washington State Department of Fish and Wildlife website, “Species of Concern” (WDFW, 2014).

* Animal species possibly affected by discharges to the Columbia River in the 200-BP-5 Operable Unit were deemed directly
affected based on preferred habitat outlined in Section D.2.5.6, Table D.10, of DOE/RL-96-32, Hanford Site Biological

Resources Management Plan. Birds preferential to freshwater were selected.

FC = federal candidate SM = state monitored

FCo = federal species of concern SS = state sensitive

FE = federal endangered ST = state threatened

FT = federal threatened SX = apparently extirpated from the state
SE = exotic established in state
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4 Nature and Extent of Contamination

This chapter describes the current distribution of contaminants in the 200-BP-5 OU using information
from the physical setting described in Chapter 3, as well as previous surveillance data, RI data, and
routine groundwater sampling data. A discussion of groundwater contaminant sources is also included.

A discussion of the nature and extent of 15 contaminants exceeding the primary and secondary DWS or
above the groundwater cleanup levels (MTCA Method B [WAC 173-340-720, “Groundwater Cleanup
Standards™]) is provided. The contaminants include arsenic, cesium-137, cobalt-60, cyanide, fluoride,
gross alpha, Cr(VI), iodine-129, nitrate, plutonium-239/240, strontium-90, sulfate, technetium-99, tritium,
and uranium. Nitrate, iodine-129, technetium-99, and uranium are the most widespread groundwater
contaminants observed in the OU. Cyanide, tritium, strontium-90, and sulfate are localized contaminants,
where concentrations exceeding DWSs are limited to wells beneath and adjacent the overlying waste site
sources. The other contaminants are only found beneath the source, and detections are limited to only

a few wells. Gross alpha is an indicator parameter of plutonium-239/240 and uranium, and it is only
elevated at wells associated with these plumes. Figure 4-1 provides the 2013 extent of the widespread
and localized plumes within the 200-BP-5 OU, except for sulfate.

© 200-BP-5
]

L]
2013 Contaminant Plumes
Il Gyanide (2200 pgiL)
[ lodine-129 (21 pCilL) =
[ Nitrate (245 mg/L)
I strontium-80 (28 pCilL) B

|

Technetium-99 (2900 pCi/l)
| Tritium (220,000 pCilL)
- Uranium (230 pg/L)
| 2013 Basalt Above Water Table B Plant WMAC
Groundwater Interest
D Area Boundary \

1: :I Hanford Site Boundary
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Roads
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Figure 4-1. 2013 200-BP-5 OU Consolidated Plume Map
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Groundwater monitoring in the OU, as presented in the 200-BP-5 OU SAP (DOE/RL-2001-49), has been
designed to detect and track local and regional groundwater contaminant plumes in accordance with
CERCLA and the AEA. The sampling program is supplemented with additional groundwater data from
sites monitored in accordance with RCRA and the 200-BP-5 RI/FS work plan (DOE/RL-2007-18).
Figure 2-3 provides the locations of groundwater monitoring wells in the 200-BP-5 OU.

The primary sites where groundwater contamination has persisted over time within the OU are located in
the northwest corner of the 200 East Area, or the area referred to as the B Complex (Figure 4-2). At this
location, moderate-activity liquid waste stored in underground storage tanks was intentionally discharged
to the ground due to limited tank capacity. The majority of the discharges were from 1946 through 1955
and were associated with early plutonium and uranium recovery process wastes that were generated at

B Plant and U Plant, respectively (WHC-MR-0227, Tank Waste Discharged Directly to the Soil Column
at the Hanford Site). Outside of this area, only a few sites had sufficient radiological and chemical
inventories to affect groundwater within the upper unconfined aquifer. These sites include B Plant
(including the 216-B-5 Reverse Well and the 216-B-12 Crib), Gable Mountain Pond, and B Pond
(Figure 4-2). Additional liquid waste sites overlying the OU that have in the past and continue to affect
groundwater are UPRs at two high-activity underground storage areas, WMA B-BX-BY (within the

B Complex) and WMA C. These two areas (Figure 4-2) have affected groundwater quality over the past
couple of decades and have shown varying degrees of groundwater contamination.

200 East Contaminant Monitoring Network
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Figure 4-2. Waste Sites Potentially Associated with and Associated with Affected Groundwater Quality
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41  Background Concentrations

Background substances are usually naturally occurring (i.e., present in the environment in forms not
influenced by human activity) or anthropogenic (i.e., natural or artificial forms present in the environment
due to human activities not related to the CERCLA sites under consideration). Some chemicals may be
present in background due to both natural and artificial conditions, such as naturally occurring arsenic and
arsenic from historical agricultural pesticide applications (EPA 540-R-01-003, Guidance for Comparing
Background and Chemical Concentrations in Soil for CERCLA Sites).

Knowledge of the background composition of groundwater from the unconfined aquifer beneath the
Hanford Site serves as a potential basis for distinguishing the presence and significance of groundwater
contamination. Background composition of groundwater in the unconfined aquifer at the Hanford Site has
been determined for a wide range of major and trace constituents, including the contaminants found in the
200-BP-5 OU. The evaluation of background composition was performed on a Hanford Sitewide basis to
provide a consistent, technically defensible definition of background, as opposed to determining local
background compositions at each waste management unit, and is presented in DOE/RL-96-61,

Hanford Site Background: Part 3, Groundwater Background.

Table 4-1 presents Hanford Site background values for 15 contaminants in the 200-BP-5 OU that exceed
the primary and secondary DWSs or that are above the groundwater cleanup levels (MTCA Method B).
Filtered and unfiltered samples were used to develop the values listed in Table 4-1, as described in
Chapter 6 of DOE/RL-96-61. The use of filtered or unfiltered samples was evaluated based on sample
size and distribution. All of the samples were evaluated on a statistical basis; where the values were
similar, the filtered status was not specified. For comparison, the federal DWS for each contaminant has
been included in the table. Table 4-1 shows that, for the 15 contaminants listed, the measured background
concentrations at the Hanford Site do not exceed DWSSs.

Table 4-1. Summary Statistics for Hanford Site Background
Groundwater Composition for 200-BP-5 OU Contaminants

Analyte Units 90" Percentile DWS?
Arsenic? pg/L 7.85 10
Cesium-137 pCi/L 8.576 200
Chromium® pg/L 2.4 100
Cobalt-60 pCi/L 225 100
Cyanide pg/L 8.41 200
Fluoride® ug/L 1,047 4,000
Gross Alpha® pCi/L 0 15
lodine-129 pCi/L 0.0000009 1
Nitrate pg/L 26,871 45,000°¢
Plutonium-239/240 pCi/L 0 15
Strontium-90 pCi/L 0.00103 8
Sulfate pg/L 47,014 250,000¢
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Table 4-1. Summary Statistics for Hanford Site Background
Groundwater Composition for 200-BP-5 OU Contaminants
Analyte Units 90" Percentile DWS?
Technetium-99 pCi/L 0.83 900
Tritium pCi/L 119 20,000
Uranium (Total) pg/L 9.85 30

Note: Background values from DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Background.

a. EPA primary DWSs. For individual radioisotopes, the DWSs shown are maximum contaminant levels in accordance with
EPA’s OSWER Directive No. 9283.1-14, Use of Uranium Drinking Water Standards under 40 CFR 141 and 40 CFR 192 as
Remediation Goals for Groundwater at CERCLA Sites. Note that cumulative annual dose results of 4 mrem/yr for
beta/photon-emitting radioisotopes are evaluated in Chapter 6.

b. COPC is identified in Chapter 6 of this report but was not included in DOE/RL-2001-49, Groundwater Sampling and
Analysis Plan for the 200-BP-5 Operable Unit. Note that gross-alpha results are used as an indicator parameter for other
alpha-emitting isotopes and based on process knowledge indicate either uranium or plutonium-239/240. The 15 pCi/L
gross-alpha maximum contaminant level derived from 40 CFR 141, “National Primary Drinking Water Regulations,” does not
apply to uranium (metal).

c. Expressed as the NO3™ ion. The federal and state DWS for nitrate is 10 mg/L, expressed as NOs3-N, which is equivalent to
approximately 45 mg/L as NO3 ion.

d. EPA secondary DWS.

DWS = drinking water standard
EPA = U.S. Environmental Protection Agency

4.2 Sources

The sources of groundwater contamination observed in the 200-BP-5 OU are chemical and radiological
constituents from multiple process wastes and wastewater streams generated by the nuclear fuel
reprocessing facilities, as well as associated waste and material handling and storage activities, within
and around the 200 East Area. Releases of wastes and contaminated wastewater to the environment
resulted from both intentional and unintentional events. Nonradiologically contaminated wastewater
(e.g., steam condensate and process cooling water) was released to engineered infiltration ponds and
allowed to percolate into the soil column. The two primary infiltration ponds overlying the 200-BP-5 OU
during Hanford Site operations were Gable Mountain Pond and the B Pond system, which were located
outside of the 200 East Area (Figure 4-2). Although the ponds were originally designed to receive
nonradiologically contaminated wastewater, they routinely received chemical contaminants and
periodically received varying volumes of radiologically contaminated water, typically during plant upset
events. Contaminated liquid process wastes were intentionally released to engineered structures

(e.g., cribs, trenches, French drains, and reverse wells) or source release points designed to allow the
wastes to percolate through the soil column and to prevent exposure to contaminants at the ground
surface. Most of the intentional release points were located within the 200 East Area, which overlies

the southern portion of the 200-BP-5 OU (Figure 4-3). All of these sites have been deactivated.

The most highly radiologically contaminated wastes were stored in underground storage tanks

(e.g. B-BX-BY Tank Farms and C Tank Farm) to limit release to the environment and to protect workers
from exposure. Some of these tanks were associated with UPRs prior to their interim closure in the 1970s
or 1980s.
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Figure 4-3. Waste Sites and Associated Groundwater Monitoring Wells for the 200-BP-5 OU in the 200 East Area and Vicinity
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Much of the observed groundwater contamination in the 200-BP-5 OU resulted from intentional
discharge of contaminated wastes to cribs. The waste disposal practices applied to the intermediate-level
waste streams changed during the years of Hanford Site operations. Initially and until the mid-1950s,
these wastes were discharged to ground using a “breakthrough” protocol. Groundwater monitoring wells
were placed around the cribs and groundwater samples were collected. When indications of longer
half-life radioisotopes were detected, the crib was considered to be at capacity, and discharges were
stopped and releases moved to a replacement crib (HW-28121, Release of Radioactive Wastes to
Ground). While this practice limited discharges of low-mobility contaminants to groundwater, highly
mobile constituents (e.g., nitrate, ruthenium-106, technetium-99, and tritium) moved readily through the
vadose zone and into groundwater.

Later (starting in the mid-1950s), reprocessing activity outpaced the construction of high-level waste
storage tanks, and higher level contaminated wastes that had previously been held in the tank farms were
discharged directly to the ground in excavated cribs and trenches. Supplemental processing to precipitate
cesium and strontium isotopes was generally completed prior to discharging to the soil column in order to
reduce the long-lived radionuclide inventory. After lessons learned from disposal to the BY Cribs, a new
“specific retention” discharge practice was employed for the higher-level contaminated wastes. Under the
specific retention basis, studies were conducted for land disposal sites and for the estimated water-holding
capacity of individual waste sites. Disposal volumes were then limited to a fraction of that capacity, with
the intent to prevent migration of liquid wastes and their dissolved constituents to the groundwater.
Preliminary discussion of the application of specific retention disposal is presented in HW-28121.

An extensive review of potential groundwater contamination sources was conducted during the

200-BP-5 OU DQO process (WMP-28945) and during preparation of the CSM for the B Complex
(PNNL-19277). The sources of liquid waste that have affected or currently affect groundwater in the
200-BP-5 OU were mainly determined based upon comparison of the discharged activity/concentration
to the soil column, volume discharged, vadose zone thickness, mobility of the contaminant, and
contaminant concentrations in the groundwater. The main source of information for determining

the discharged activity/concentration to the soil column and volume discharged was RPP-26744, Hanford
Soil Inventory Model, Rev. 1. Summaries of the mean discharge volumes and derived mass/activity
associated with liquid waste discharges to soils overlying the OU are provided in Tables 4-2 and 4-3.

Based on evaluations of waste discharged to source sites overlying the OU, groundwater was affected
by liquid waste generated from five different chemical separation processes:

e Bismuth phosphate/lanthanum fluoride reprocessing of irradiated nuclear fuel (early plutonium
separation process used in the mid-1940s to mid-1950s)

e Uranium recovery from high-level radioactive waste (tributyl phosphate separation process to recover
useful uranium from bismuth phosphate process wastes in the 1950s)

e Fission product scavenging process to reduce concentration of selected fission products in high-level
wastes generated by the uranium recovery process (e.g., application of metal ferrocyanides to
precipitate cesium-137 and strontium-90 from liquid fraction of high-level waste in the 1950s)

e  Waste fractionation process to separate cesium and strontium isotopes from high-level waste (in the
1960s to mid-1970s)

e  Plutonium-uranium extraction process at the PUREX Plant for reprocessing irradiated nuclear fuel
(tributyl phosphate, plutonium, and uranium separation process in the mid-1950s to 1980s)
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Table 4-4 provides a list of the waste sites that have impacted, or are continuing to impact, groundwater
quality above DWSs. Most sources of groundwater contamination are located in the B Complex

(Figure 4-4), where moderate-activity liquid waste stored in underground storage tanks was intentionally
discharged to the ground due to limited tank capacity. In other areas of the OU, some sites with small
release volumes and high-radioactivity UPRs (e.g., equipment failures) may have affected groundwater
due to nearby anthropogenic or natural water discharges (e.g., leaking water lines, water abatement
discharges to reduce surface exposure, large precipitation events, etc.). In some instances, these nearby
discharges may have provided sufficient liquid to mobilize the released contaminants to groundwater.

The following subsections discuss specific groups of waste sites that are known or suspected to have
impacted groundwater quality, including cribs and trenches, reverse wells, ditches and ponds, SSTs,
ancillary equipment (e.g., pipelines and valves), and other miscellaneous waste sites.

4.21 Cribs and Trenches

The cribs and trenches overlying the 200-BP-5 OU received varying volumes of low- to moderate-activity
liquid waste. Liquid disposal to ground began in 1945 for select low-level waste (PNL-MA-588,
Resource Book — Decommissioning of Contaminated Facilities at Hanford). As more information was
learned about the selective retention of radionuclides, and underground storage tank capacity became
limited, disposal to the ground became more prominent. Cribbing criteria were developed for liquid waste
disposal to ground, as summarized in Appendix A of WMP-28945 (also see HW-19140, Uranium
Recovery Technical Manual). The cribbing criteria were based on assumptions of the adsorption of a large
fraction of the radionuclides to the soil column, decay of the short-lived radionuclides before they reached
the Columbia River, and dilution of other mobile contaminants by the groundwater. Another criterion was
that if longer lived radionuclides (cesium-137, strontium-90, and plutonium isotopes) were detected
above the maximum permissible concentration (and later above one-tenth of the maximum permissible
concentration) in samples collected at groundwater monitoring wells beneath the boundary of the liquid
waste site, then the facility was removed from further use (ARH-231, Hanford Low Level Waste
Management Reevaluation Study; ERDA-1538, Final Environmental Statement Waste Management
Operations: Hanford Reservation).

The majority of the low- to moderate-activity liquid waste disposed above the 200-BP-5 OU was in the
B Complex, within the 200 East Area. Waste streams generated by five processes were discharged to the
cribs and trenches in this area: bismuth phosphate/plutonium recovery process, tributyl phosphate
uranium recovery, fission product scavenging, waste fractionation, and PUREX plutonium and uranium
recovery waste after treated by fission fractionation. Initially, only low-activity waste from the

224 Building was released to the 216-B-7A&B and 216-B-8 Cribs (Appendix A of WMP-28945),

As underground tank storage space became limited, moderate second-cycle decontamination waste was
included. By the mid-1950s, scavenged waste (i.e., a metal waste/uranium recovery/ferrocyanide
derivative) and first-cycle decontamination waste were also discharged to the ground at the BY Cribs and
BX Trenches, respectively (WMP-28945). The locations of the cribs and trenches in the B Complex are
shown in Figure 4-4. Outside of this area, only a few sites (e.g., 216-B-9, 216-B-12, and 216-C-1 Cribs)
had sufficient inventories and liquid volumes to affect groundwater within the upper unconfined aquifer
(Figure 4-2). These sites are discussed below.
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Table 4-2. Mean Average Liquid Volume Discharged and Contaminant Mass Released for Liquid Waste Release Sites Overlying the 200-BP-5 OU

Volume
Na Al Fe Cr Bi La Hg Zr Pb Ni Ag Mn Ca K NO3 NO2 Cco3 PO4 S04 Si F cl ccl4 Butanol TBP NPH NH3 Fe(CN)6 [ U-Total Discharge
# Site ID Operable_Unit_Name | Mean_kg|Mean_kg|Mean_kg|Mean_kg|Mean_kgMean_kg| Mean_kg | Mean_kg | Mean_kg| Mean_kg| Mean_kg |Mean_kg|Mean_kgMean_kg| Mean_kg|Mean_kg|Mean_kg|Mean_kg| Mean_kg |Mean_kg| Mean_kg | Mean_kg | Mean_kg | Mean_kg | Mean_kg |Mean_kg| Mean_kg | Mean_kg | Mean_kg | (ML)
1216-A-25 200-E Ponds Zone 5.81E+05 7.35E+00| 1.32E+04 4.58E+00 7.08E-05 0.00E+00 8.80E-01 9.37E-06 9.37E+01 1.35E+00 4.84E-03| 1.74E+03 2.81E+06 2.01E+05 1.64E+05 2.85E+02 1.98E+07 3.14E+04 3.56E+06 6.79E+05 4.88E+04 3.57E+05 2.20E+03 1.05E+04 0.00E+00  0.00E+00| 5.28E+00 0.00E+00 1.22E+04 2.94E+05
2/216-B-2-2E  200-E Ponds Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00/ 0.00E+00/ 0.00E+00 0.00E+00 0.00E+00 NA
3/216-B-2-2W  200-E Ponds Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00/ 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 NA
4.216-B-3 200-E Ponds Zone 5.23E+05 1.04E+04| 2.18E+04 1.41E+03 1.81E+01 7.42E-03 2.79E+02 1.19E+00 5.88E+03 2.50E+02 2.56E+02| 2.27E+03 4.13E+06 3.64E+05 2.94E+05 2.07E+02 1.37E+07 9.84E+04 3.31E+06 6.04E+05 4.61E+04 3.30E+05 4.68E+03 4.26E+04 0.00E+00  3.75E+04| 7.46E+01/ 0.00E+00 2.79E+03 2.64E+05
5216-B-4 B Plant Zone 8.17E-02 0.00E+00 1.90E-04 5.57E-04 1.59E-04 6.53E-08 1.68E-07| 1.05E-05 0.00E+00 1.80E-04 2.95E-08 1.43E-05 2.73E-04 4.56E-03 1.24E-01 1.50E-03 1.93E-02 1.05E-02| 1.11E-02 3.11E-04 5.83E-03 1.70E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  6.52E-04 0.00E+00 4.98E-04. 1.00E-02
6216-B-5 B Plant Zone 4.34E+05 0.00E+00 6.34E+03 3.79E+03 8.65E+03 3.46E+03 0.00E+00 0.00E+00 0.00E+00 1.04E+03' 2.93E+00| 1.93E+03 5.43E+03 8.97E+04 9.50E+05 4.99E+00 8.17E+03 4.22E+04 9.13E+03 3.83E+02 5.63E+04 1.15E+04 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 5.07E-06/ 0.00E+00 1.05E+01 3.21E+01
7 216-B-6 B Plant Zone 2.70E+04 0.00E+00 6.28E+02 2.50E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.42E+02| 0.00E+00 0.00E+00 2.16E+03 1.62E+02| 5.84E+04 6.63E+03 7.09E+02 0.00E+00  2.31E+03 0.00E+00 0.00E+00 6.76E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 2.98E-01! 6.00E+00
8216-B-7A%B B Farm Zone 1.18E+06 0.00E+00 3.46E+03 1.16E+04 2.98E+03 4.22E+00 1.23E-02 0.00E+00 7.69E+00 3.08E+03| 8.35E+00 9.35E+02 5.12E+03 2.81E+05| 2.71E+06 1.48E+03 7.31E+03 9.77E+04 | 1.16E+04 1.44E+02| 1.62E+05 3.24E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.02E+00 0.00E+00 1.97E+02! 4.46E+01
9 216-B-8 B Farm Zone 1.06E+06 0.00E+00 2.54E+03  6.23E+03 2.33E+03 4.68E-02 0.00E+00 0.00E+00 0.00E+00 2.36E+03| 6.47E+00 1.03E+01 3.65E+03 9.44E+03| 1.94E+06 9.12E+01 5.46E+03 1.62E+05 1.18E+05 7.08E+03 1.05E+05 2.69E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.10E-04  0.00E+00 1.91E+02! 3.53E+01
10 216-B-9 Solid Waste Zone 8.81E+04 0.00E+00| 2.19E+02 6.40E+02 2.01E+02 7.70E-02 0.00E+00 0.00E+00 0.00E+00 2.02E+02  5.58E-01| 1.69E+01 3.15E+02 5.45E+03' 1.71E+05 6.36E+00 4.71E+02 1.20E+04 7.76E+03 4.56E+02 9.53E+03 2.29E+03 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 8.34E-06/ 0.00E+00 1.23E+01 3.60E+01
11 216-B-10A B Plant Zone 5.30E+02 0.00E+00| 1.06E+01 4.22E+01 1.57E-01 6.45E-05 1.85E-04  1.04E-02 0.00E+00 1.09E+01 2.91E-05| 1.42E-02 3.64E+01 6.84E+01 1.17E+03 1.12E+02 3.09E+01 1.17E+01 4.94E+01 3.07E-01 5.88E+00 1.29E+01 0.00E+00 2.51E-05 0.00E+00| 0.00E+00| 6.44E-01 0.00E+00 4.83E+00 9.98E+00
12 216-B-10B B Plant Zone 1.26E+02 0.00E+00 2.93E+00 1.17E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E+00/ 0.00E+00 0.00E+00 1.01E+01 7.56E-01) 2.72E+02  3.10E+01 3.31E+00 0.00E+00 1.08E+01 0.00E+00/ 0.00E+00 3.15E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-08 2.80E-02
13 216-B-11A&B B Farm Zone 1.25E+02 5.68E-01 1.53E+00 4.72E-01 9.64E-02/0.00E+00 2.52E-01 2.50E-02 4.34E-01 1.07E-01/ 0.00E+00 2.09E-01 1.87E+02 3.74E+00| 2.45E+02| 8.54E+00 9.17E+00 6.73E+00  3.72E+01 2.97E-01 3.60E+00 4.34E+00 0.00E+00 6.08E-04 0.00E+00 2.72E+00 1.59E+00 0.00E+00 4.21E-02 2.96E+01
14 216-B-12 B Plant Zone 1.41E+04 1.91E+01 1.71E+02 5.61E+02 3.24E+00 0.00E+00 2.14E+00 8.39E-01 3.54E+00 1.59E+02| 0.00E+00 3.75E+00 8.15E+03 2.29E+06 2.86E+06 1.68E+03 1.17E+04 5.01E+04 2.58E+03 3.77E+02| 4.74E+03 4.18E+02 0.00E+00 9.58E-01 0.00E+00 1.71E+01 5.43E+01 0.00E+00 1.51E+04: 1.43E+02
15 216-B-13 B Plant Zone 4.93E-02 0.00E+00 8.55E-04 2.92E-04 8.35E-05 3.43E-08 1.34E-04| 5.51E-06 2.31E-04 9.43E-05 1.55E-08 1.19E-04 9.97E-02 3.92E-03 7.94E-02 7.89E-04 1.01E-02 5.50E-03| 1.93E-02 1.63E-04 3.06E-03 8.90E-04 0.00E+00 0.00E+00 0.00E+00 1.42E-03  3.42E-04 0.00E+00 0.000267 2.10E-02
16 216-B-35 B Farm Zone 6.00E+04 2.90E+01  1.58E+02 3.80E+02 1.43E+02 0.00E+00 3.79E-01 2.85E+01 0.00E+00 1.06E+02 2.90E-01| 0.00E+00 1.69E+02 4.17E+02 1.14E+05 2.46E+03 2.54E+02 7.47E+03 7.51E+03 3.34E+02 3.97E+03 1.74E+03 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 1.53E+03| 0.00E+00 3.63E+01 1.06E+00
17 216-B-36 B Farm Zone 1.10E+05 5.30E+01 2.88E+02 6.95E+02 2.61E+02 0.00E+00 6.93E-01 5.22E+01 0.00E+00 1.93E+02| 5.30E-O1 0.00E+00 3.10E+02 7.64E+02| 2.08E+05 4.50E+03 4.64E+02 1.37E+04 1.37E+04 6.12E+02| 7.27E+03 3.18E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  2.80E+03  0.00E+00 6.64E+01 1.94E+00
18 216-B-37 B Farm Zone 2.44E+05 1.18E+02 6.42E+02 1.55E+03 5.82E+02 0.00E+00 1.54E+00 1.16E+02 0.00E+00 4.30E+02 1.18E+00 0.00E+00 6.91E+02 1.70E+03| 4.63E+05 1.00E+04 1.03E+03 3.04E+04  3.06E+04 1.36E+03 1.62E+04 7.09E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  6.23E+03  0.00E+00 1.48E+02 4.32E+00
19 216-B-38 B Farm Zone 8.09E+04 3.91E+01  2.13E+02 5.12E+02 1.92E+02 0.00E+00 5.11E-01 3.85E+01 0.00E+00 1.42E+02' 3.91E-01| 0.00E+00 2.29E+02 5.63E+02' 1.53E+05 3.31E+03 3.42E+02 1.01E+04 1.01E+04 4.51E+02 5.36E+03 2.35E+03 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 2.06E+03| 0.00E+00 4.90E+01 1.43E+00
20/216-B-39 B Farm Zone 8.71E+04 4.20E+01  2.29E+02 5.52E+02 2.07E+02 0.00E+00 5.50E-01 4.14E+01 0.00E+00 1.53E+02  4.21E-01| 0.00E+00 2.46E+02 6.06E+02 1.65E+05 3.57E+03 3.69E+02 1.09E+04 1.09E+04 4.86E+02 5.77E+03 2.53E+03 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 2.22E+03| 0.00E+00 5.27E+01 1.54E+00
21/216-B-40 B Farm Zone 9.28E+04 4.48E+01| 2.44E+02 5.87E+02 2.21E+02 0.00E+00 5.86E-01 4.41E+01 0.00E+00 1.63E+02 4.48E-01| 0.00E+00 2.62E+02 6.45E+02 1.76E+05 3.80E+03 3.93E+02 1.16E+04 1.16E+04 5.17E+02 6.14E+03 2.69E+03 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 2.36E+03| 0.00E+00 5.62E+01 1.64E+00
22/216-B-41 B Farm Zone 8.15E+04 3.92E+01| 2.14E+02 5.16E+02 1.94E+02 0.00E+00 5.15E-01 3.87E+01 0.00E+00 1.43E+02  3.93E-01| 0.00E+00 2.30E+02 5.67E+02  1.54E+05 3.34E+03 3.45E+02 1.01E+04 1.02E+04 4.54E+02 5.39E+03 2.36E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 2.07E+03| 0.00E+00 4.93E+01 1.44E+00
23216-B-42 B Farm Zone 1.34E+05 0.00E+00 1.57E+02 2.58E+02 5.79E+01 0.00E+00 4.78E-01 0.00E+00 0.00E+00 1.58E+02| 4.50E-03 0.00E+00 2.21E+02 9.85E+02| 2.98E+05 1.42E+02 3.31E+02 1.00E+04 1.76E+04 4.36E+02| 6.08E+03 4.11E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.70E-03 0.00E+00 4.65E+01 1.50E+00
24/216-B-43 B Farm Zone 1.89E+05 0.00E+00 2.22E+02 3.65E+02 8.18E+01 0.00E+00 6.75E-01 0.00E+00 0.00E+00 2.23E+02| 6.35E-03 0.00E+00 3.13E+02 1.39E+03| 4.21E+05 2.01E+02 4.68E+02 1.42E+04  2.49E+04 6.16E+02) 8.59E+03 5.80E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  2.41E-03 0.00E+00 6.58E+01! 2.12E+00
25216-B-44 B Farm Zone 4.99E+05 0.00E+00| 5.86E+02 9.63E+02 2.16E+02 0.00E+00 1.78E+00 0.00E+00 0.00E+00 5.89E+02 1.68E-02| 0.00E+00 8.27E+02 3.68E+03' 1.11E+06 5.30E+02 1.24E+03 3.75E+04 6.59E+04 1.63E+03 2.27E+04 1.53E+04 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 6.36E-03| 0.00E+00 1.74E+02 5.60E+00
26 216-B-45 B Farm Zone 4.39E+05 0.00E+00 5.85E+02 8.46E+02 1.90E+02 0.00E+00 1.69E+00 0.00E+00 0.00E+00 5.31E+02  2.29E-02| 0.00E+00 7.48E+02 3.23E+03| 9.77E+05 5.13E+02 1.12E+03 3.32E+04 5.81E+04 1.46E+03 1.99E+04 1.35E+04 0.00E+00 0.00E+00 O0.00E+00  0.00E+00| 2.14E-01| 5.15E+01 1.65E+02 4.92E+00
27/216-B-46 B Farm Zone 5.97E+05 0.00E+00| 7.02E+02 1.15E+03 2.59E+02 0.00E+00 2.13E+00 0.00E+00 0.00E+00 7.04E+02 2.01E-02| 0.00E+00 9.89E+02 4.40E+03' 1.33E+06 6.34E+02 1.48E+03 4.49E+04 7.88E+04 1.95E+03 2.71E+04 1.84E+04 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 7.61E-03| 0.00E+00 2.08E+02 6.70E+00
28/216-B-47 B Farm Zone 3.30E+05 0.00E+00) 3.85E+02 6.33E+02 1.42E+02 0.00E+00 1.17E+00 0.00E+00 O0.00E+00 3.87E+02 1.47E+00| 0.00E+00 5.43E+02 2.42E+03  7.32E+05 2.53E+02 8.13E+02 2.47E+04 4.33E+04 1.07E+03 1.49E+04 1.01E+04 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 2.64E-03| 0.00E+00 1.14E+02 3.68E+00
29 216-B-48 B Farm Zone 3.65E+05 0.00E+00| 4.28E+02 7.03E+02 1.58E+02 0.00E+00 1.30E+00 0.00E+00 0.00E+00 4.30E+02 1.23E-02| 0.00E+00 6.03E+02 2.69E+03 8.12E+05 3.87E+02 9.04E+02 2.74E+04 4.81E+04 1.19E+03 1.66E+04 1.12E+04 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 4.65E-03| 0.00E+00 1.27E+02 4.09E+00
30/216-B-49 B Farm Zone 5.98E+05 0.00E+00| 7.02E+02 1.15E+03 2.59E+02 0.00E+00 2.13E+00 0.00E+00 O0.00E+00 7.04E+02 2.01E-02| 0.00E+00 9.89E+02 4.40E+03 1.33E+06 6.35E+02 1.48E+03 4.49E+04 7.88E+04 1.95E+03 2.71E+04 1.83E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 7.61E-03| 0.00E+00 2.08E+02 6.70E+00
31/216-B-50 B Farm Zone 1.57E+02 1.57E+01 2.55E+00 1.48E+01 1.13E-02 8.15E-08 7.85E-01 1.14E-03 5.94E-01 3.55E-02| 2.65E+00 2.01E-01 7.22E+02 2.39E+01 1.11E+02| 3.90E+01 1.05E+01 1.97E+00  4.20E+02 5.98E+01 7.59E+00 1.06E+02 0.00E+00 5.64E-01 0.00E+00 3.90E+02  3.03E-01 0.00E+00 2.88E-02 5.47E+01
32/216-B-51 B Farm Zone 9.05E+01 0.00E+00| 1.05E-01 1.72E-01 3.86E-02 0.00E+00 3.19E-04 0.00E+00 0.00E+00 1.05E-01 9.59E-04| 0.00E+00 1.48E-01 6.57E-01 1.99E+02 3.20E-02 2.21E-01 6.70E+00 1.18E+01 2.91E-01 4.05E+00 2.74E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 1.30E-07| 0.00E+00 3.10E-02 1.00E-03
33/216-B-55 B Plant Zone 2.49E+03 9.32E-02 4.23E+01 1.47E-02 9.51E-06 0.00E+00 2.94E-06 1.26E-06 6.65E+00 9.90E-04| 0.00E+00 6.04E+00 2.27E+04 8.96E+02| 6.04E+02| 3.58E-01 9.07E+04 5.57E-03 | 1.25E+04 2.97E+03 1.60E+02 1.06E+03 0.00E+00 1.75E-08 0.00E+00 0.00E+00  3.77E-03' 0.00E+00 2.81E-04: 1.20E+03
34/216-B-57 B Farm Zone 3.66E+02 4.70E+01| 3.98E+00 2.42E+01 3.39E-02 2.44E-07 1.21E+00 3.41E-03 9.86E-01 1.07E-01 4.09E+00| 3.21E-01 1.11E+03 3.78E+01 2.76E+02 1.17E+02 3.16E+01 5.91E+00 6.53E+02 9.23E+01 1.27E+01 1.67E+02 0.00E+00 1.69E+00 0.00E+00 6.00E+02| 9.09E-01 0.00E+00 5.94E-02 8.43E+01
35/216-B-59 B Plant Zone 9.92E-01 3.71E-05 1.69E-02 5.88E-06 3.79E-09 0.00E+00 1.17E-09| 5.02E-10  2.65E-03 3.95E-07 0.00E+00 2.41E-03 9.06E+00 3.57E-01 2.41E-01 1.43E-04 3.61E+01 2.22E-06 4.96E+00 1.19E+00 6.36E-02 4.22E-01 0.00E+00 6.99E-12/ 0.00E+00 0.00E+00  1.50E-06 0.00E+00 1.12E-07 4.77E-01
36/216-B-60 B Plant Zone 8.49E+01 0.00E+00| 1.98E+00 7.87E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.17E+00 0.00E+00| 0.00E+00 7.04E+00 5.11E-01 1.84E+02 2.09E+01 2.58E+00 0.00E+00 7.29E+00 0.00E+00 0.00E+00 2.13E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 6.33E-01 1.89E-02
37/216-B-62 B Plant Zone 1.62E+03 1.97E+01 1.34E+01 2.96E+01 1.43E-02 0.00E+00 1.08E-02 1.25E-04 3.11E+00 3.56E+00/ 0.00E+00 1.74E+00 5.32E+03 2.20E+02| 7.62E+02| 7.31E+02 2.15E+04 7.08E+01  3.15E+03 7.05E+02| 3.77E+01 2.70E+02 0.00E+00 4.10E-09 0.00E+00 0.00E+00  1.00E+01 0.00E+00 1.04E+00 2.80E+02
38/216-B-63 Solid Waste Zone 1.70E+04 7.19E-03 4.27E+02  1.38E+01 7.34E-07 0.00E+00 7.81E-01 9.71E-08 1.06E+00 1.11E-02| 2.64E+00 4.62E+01 1.48E+05 8.88E+03| 3.14E+03| 2.76E-02 5.73E+05 5.34E+01 8.92E+04 1.87E+04) 1.12E+03 1.21E+04 0.00E+00 1.00E-03 0.00E+00 3.87E+02  1.29E-03 0.00E+00 1.78E+02! 7.98E+03
39{216 C-1. Semi-Works Zone 2.56E+06 4.46E+05 2.53E+03  5.77E+04 0.00E+00 0.00E+00 7.70E+00 0.00E+00 9.15E+01 2.51E+03| 9.85E-O1 5.94E+02 3.54E+03 2.09E+04  2.76E+06 7.39E+05 5.29E+03 0.00E+00| 5.27E+04 6.95E+03/ 0.00E+00 6.81E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00  3.73E+03 0.00E+00 9.08E+02! 2.34E+01
40 216-C-2 Semi-Works Zone 1.29E+00 0.00E+00 1.51E-01 0.00E+00 0.00E+00 0.00E+00 2.68E-02 0.00E+00 4.62E-02 0.00E+00| 0.00E+00 2.23E-02 1.99E+01 3.04E-01| 2.86E+00 0.00E+00 0.00E+00| 0.00E+00 2.68E+00 0.00E+00/ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.85E-01 0.00E+00 0.00E+00| 1.18E-03 3.15E+00
41/216-C-3 Semi-Works Zone 1.18E+02 0.00E+00 8.50E-01 5.85E-01 0.00E+00 0.00E+00 1.46E-02 0.00E+00 4.54E-02 3.01E-01) 0.00E+00 4.54E-02 9.95E+01 6.16E+04  7.65E+04  1.34E+00 2.94E-02 1.34E+03 | 6.48E-01 0.00E+00 1.24E+02 1.74E-01 0.00E+00 2.52E-02/ 0.00E+00 0.00E+00  3.14E-02' 0.00E+00 4.54E+00 5.00E+00
42 216-C-4 Semi-Works Zone 8.51E+00 7.05E-01/ 1.03E-01 1.04E-06 0.00E+00 0.00E+00 1.47E-03 0.00E+00 2.49E-03 5.89E-02 0.00E+00| 1.20E-03 1.12E+00 7.53E-02) 4.94E+00 5.37E-01 1.63E+00 9.52E-02 5.68E-01 8.44E-03 0.00E+00 2.46E-01 0.00E+00 0.00E+00 0.00E+00 1.54E-02| 1.11E-03| 0.00E+00 3.17E-03 1.70E-01
43 216-C-5 Semi-Works Zone 6.49E+02 0.00E+00| 1.23E+01 1.63E+01 0.00E+00 0.00E+00 2.50E-02 0.00E+00 9.03E-01 4.49E+00 0.00E+00| 0.00E+00 7.30E+00 4.80E+00 4.22E+02 4.95E+02 1.09E+01 0.00E+00 1.64E+02 1.41E+01 0.00E+00 2.00E+01 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 5.71E+00/ 0.00E+00 2.07E+01 3.89E-02
44.216-C-6 Semi-Works Zone 2.75E+01 3.16E+00 2.57E-01 2.82E-06 0.00E+00 0.00E+00 8.75E-05 0.00E+00 0.00E+00 1.59E-01/ 0.00E+00 0.00E+00 1.12E-01 1.59E-01/ 2.81E+02| 1.45E+00 4.39E+00 2.57E-01 1.14E+00 2.28E-02| 0.00E+00 6.63E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00  3.01E-03  0.00E+00 1.78E+00 5.31E-01
45 216-C-7 Semi-Works Zone 1.29E-01 0.00E+00 6.72E-03| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 5.45E-04 0.00E+00 0.00E+00 1.86E-03 1.19E+00 4.33E-02  0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 7.75E-03 6.42E-02 0.00E+00 0.00E+00| 0.00E+00 7.87E-02/ 0.00E+00 0.00E+00  3.65E-05 5.99E-02
WTP-ETF-A-C Farm
46/216-C-8 Zone 4.09E-03 0.00E+00 4.80E-04 0.00E+00 0.00E+00 0.00E+00 8.48E-05| 0.00E+00 1.46E-04 0.00E+00 0.00E+00 7.07E-05 6.32E-02 9.65E-04 9.08E-03 0.00E+00 0.00E+00 0.00E+00/ 8.51E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.04E-04 0.00E+00 0.00E+00 3.72E-06 1.00E-02
47.216-C-9 Semi-Works Zone 2.08E+03 7.28E-02 3.86E+01 1.15E-02 7.44E-06 0.00E+00 4.39E-01 9.84E-07 5.98E+00 7.74E-04| 0.00E+00 5.47E+00 1.91E+04 7.48E+02| 5.19E+02| 2.80E-01 7.45E+04 4.36E-03 | 1.03E+04 2.44E+03| 1.32E+02 9.07E+02 0.00E+00 1.37E-08 0.00E+00 8.09E+00  2.95E-03 0.00E+00 4.52E-02 1.04E+03
48/216-C-10 Semi-Works Zone 1.06E+01 0.00E+00 5.82E-01 7.96E-02 0.00E+00 0.00E+00 7.67E-03 0.00E+00 1.04E-01 4.70E-02| 0.00E+00 6.34E-03 5.71E+00 7.81E-01| 1.07E+01| 2.68E+00 5.88E-02 0.00E+00 2.06E+00 0.00E+00/ 0.00E+00 3.49E-01 0.00E+00 0.00E+00/ 0.00E+00 8.11E-02 1.23E-02  0.00E+00| 6.52E-03 8.97E-01
49/216-N-1 200-E Ponds Zone 2.04E+03 0.00E+00 1.06E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.61E+00 0.00E+00 0.00E+00 2.94E+01 1.88E+04 6.85E+02| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.22E+02 1.01E+03 0.00E+00 0.00E+00 0.00E+00 1.24E+03  0.00E+00 0.00E+00 5.77E-01! 9.47E+02
50/216-N-2 200-E Ponds Zone 1.85E+01 0.00E+00 8.15E-01 2.00E-02 5.72E-03 2.35E-06 6.04E-06 3.77E-04 6.55E-02 6.46E-03| 1.06E-06 2.24E-01 1.43E+02 5.38E+00  4.46E+00 5.40E-02 6.94E-01 3.77E-01 4.01E-01 1.12E-02| 1.14E+00 7.78E+00 0.00E+00 0.00E+00 0.00E+00 9.47E+00  2.35E-02/ 0.00E+00 2.23E-02! 7.57E+00
51 216-N-3 200-E Ponds Zone 1.84E+01 0.00E+00 8.15E-01 2.00E-02 5.72E-03 2.35E-06 6.04E-06 3.77E-04 6.55E-02  6.46E-03| 1.06E-06 2.24E-01 1.43E+02 5.38E+00 4.46E+00 5.40E-02 6.94E-01 3.77E-01 4.01E-01 1.12E-02| 1.14E+00 7.78E+00 0.00E+00 0.00E+00 0.00E+00 9.47E+00  2.34E-02' 0.00E+00 2.23E-02 7.57E+00
52/216-N-4 200-E Ponds Zone 2.04E+03 0.00E+00 1.06E+02 2.01E-02 5.73E-03 2.35E-06 6.05E-06 3.77E-04 8.61E+00 6.47E-03| 1.06E-06 2.94E+01 1.88E+04 6.85E+02| 4.46E+00 5.41E-02 6.95E-01 3.77E-01 4.01E-01 1.12E-02| 1.23E+02 1.01E+03 0.00E+00 0.00E+00 0.00E+00 1.24E+03  2.35E-02' 0.00E+00 5.95E-01! 9.47E+02
53 216-N-5 200-E Ponds Zone 1.85E+01 0.00E+00 8.15E-01 2.00E-02 5.72E-03 2.35E-06 6.04E-06 3.77E-04 6.55E-02 6.45E-03| 1.06E-06 2.24E-01 1.43E+02 5.38E+00 4.46E+00 5.40E-02 6.94E-01 3.76E-01 4.01E-01 1.12E-02| 1.14E+00 7.78E+00 0.00E+00 0.00E+00 0.00E+00 9.47E+00  2.34E-02 0.00E+00 2.23E-02 7.57E+00
54/216-N-6 200-E Ponds Zone 2.04E+03 0.00E+00 1.06E+02 2.01E-02 5.73E-03 2.35E-06 6.05E-06 3.78E-04 8.61E+00 6.46E-03| 1.06E-06 2.94E+01 1.88E+04 6.85E+02| 4.46E+00 5.41E-02 6.95E-01 3.77E-01 4.01E-01 1.12E-02| 1.23E+02 1.01E+03 0.00E+00 0.00E+00 0.00E+00 1.24E+03  2.35E-02' 0.00E+00 5.95E-01! 9.47E+02
55/216-N-7 200-E Ponds Zone 1.85E+01 0.00E+00 8.15E-01 2.00E-02 5.72E-03 2.35E-06 6.04E-06 3.77E-04 6.55E-02 6.46E-03| 1.06E-06 2.24E-01 1.43E+02 5.38E+00  4.46E+00 5.40E-02 6.94E-01 3.77E-01 4.01E-01 1.12E-02| 1.14E+00 7.78E+00 0.00E+00 0.00E+00 0.00E+00 9.47E+00  2.34E-02/ 0.00E+00 2.23E-02 7.57E+00
56/241-B-101 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 NA
57/241-B-103 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 NA
58/241-B-105 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 NA
59 241-B-107 B Farm Zone 2.04E+03 7.52E+02| 4.98E+00 9.29E+00 2.36E-O1 0.00E+00 1.82E-03 5.91E-02 6.26E+00 4.38E+00 1.80E-03| 3.41E-05 7.20E+00 6.36E+00 2.35E+03 8.07E+02 4.25E+01 1.73E+01 7.53E+01 4.17E+00 8.56E+00 2.83E+01 0.00E+00 1.42E+00 0.00E+00  0.00E+00| 4.37E+00 0.00E+00 1.47E+00 5.30E-02
60/241-B-110 B Farm Zone 4.16E+02 6.26E+01| 3.73E-01 5.56E+00 3.70E-02 2.44E-07 1.11E-03 3.76E-03 4.48E-01 3.80E-01 9.22E-05| 4.88E-02 8.82E-01 3.47E+00 3.40E+02' 1.92E+02 5.01E+01 6.90E+00 3.36E+01 1.11E+00 2.15E+00 1.20E+01 0.00E+00 1.69E+00 0.00E+00 0.00E+00| 1.85E+00 0.00E+00 1.10E-01 3.79E-02
61 241-B-111 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00' 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00/ 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 NA
62/241-B-112 B Farm Zone 6.29E+02 7.61E+01  7.48E-01 9.89E+00 2.47E-02 1.14E-07 2.19E-03 2.63E-03 8.09E-01 7.61E-01 2.86E-04| 9.57E-02 1.11E+00 5.25E+00 5.00E+02 2.90E+02 6.81E+01 5.97E+00 6.56E+01 2.06E+00 1.28E+00 1.70E+01 0.00E+00 7.99E-01 0.00E+00| 0.00E+00| 3.16E+00 0.00E+00 2.17E-01 7.57E-03
63/241-B-201 B Farm Zone 1.26E+02 0.00E+00 3.57E-01 1.21E+00 3.23E-01 4.65E-04 0.00E+00 0.00E+00 0.00E+00 3.15E-01/ 9.04E-04 1.03E-01 5.13E-01 3.09E+01  2.93E+02 1.36E-04 8.52E-01 1.04E+01 9.63E-01 2.87E-03| 1.75E+01 3.48E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.87E-12/ 0.00E+00 1.24E-04 4.54E-03
64/241-B-203 B Farm Zone 3.85E+01 0.00E+00  1.12E-01 3.81E-01 9.78E-02 1.41E-04 0.00E+00 0.00E+00 0.00E+00 9.91E-02' 2.74E-04| 3.12E-02 1.65E-01 9.38E+00 8.92E+01 3.79E-02 2.42E-01 3.15E+00 3.02E-01 1.74E-04 5.32E+00 1.06E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 5.68E-13| 0.00E+00 2.43E-05 1.14E-03
65/241-B-204 B Farm Zone 4.34E+00 0.00E+00| 9.52E-02 3.78E-01 7.30E-04 1.05E-06 0.00E+00 0.00E+00 0.00E+00 9.72E-02' 2.05E-06| 2.37E-04 3.32E-01 9.48E-02  9.43E+00 9.96E-01 1.54E-01 2.35E-02 3.55E-01 1.52E-03 3.98E-02 1.10E-01 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 4.24E-15 0.00E+00 2.93E-05 1.51E-03
66/241-BX-101 B Farm Zone 1.23E+03 1.06E+02  1.30E+01 1.50E+00 1.04E-03 5.42E-11 4.73E-03 1.48E-04 1.16E-01 8.10E+00 4.33E-05 1.68E-02 5.82E+00 8.75E+00| 7.24E+02 1.09E+02 2.31E+02 1.35E+01  6.58E+01 1.45E+00 3.66E-02 3.57E+01 0.00E+00 2.51E-02/ 0.00E+00 0.00E+00  5.28E-01 0.00E+00 4.54E-01 1.51E-02
67/241-BX-102 B Farm Zone 1.68E+04 0.00E+00 1.73E+02 6.05E+01 2.17E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.41E+01 8.72E-02 5.97E-07 1.51E+02 1.00E+01| 3.80E+03| 2.70E+02 1.27E+04 4.13E+03  5.59E+03 4.08E+01 1.31E-05 4.18E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00  4.28E-01 0.00E+00 1.01E+04: 3.47E-01
68 241-BX-108 B Farm Zone 8.37E+02 1.04E+02| 9.68E-01 1.37E+01 1.38E-02 1.07E-08 2.67E-03 1.62E-03 9.82E-01 9.71E-01 4.31E-04| 1.46E-O1 1.39E+00 6.92E+00 6.98E+02 3.45E+02 9.23E+01 5.76E+00 7.58E+01 2.44E+00 4.45E-01 2.15E+01 0.00E+00 7.42E-02 0.00E+00  0.00E+00| 3.49E+00 0.00E+00 2.87E-01 9.46E-03
69 241-BX-110 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 NA
70 241-BX-111 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00/ 0.00E+00/ 0.00E+00| 0.00E+00 0.00E+00 NA
71 241-BY-103 B Farm Zone 3.87E+02 7.12E+01 1.57E-01 4.36E+00 5.13E-02 3.70E-07 4.56E-04  5.17E-03 2.19E-01 1.62E-01 0.00E+00| 3.54E-02 2.27E-01 3.15E+00 3.27E+02 1.77E+02 4.78E+01 8.96E+00 1.80E+01 4.33E-01 3.07E+00 1.15E+01 0.00E+00 2.56E+00 0.00E+00  0.00E+00| 1.38E+00 0.00E+00 4.70E-02 1.51E-03
72/241-BY-105 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 NA
73/241-BY-106 B Farm Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 NA
74/241-BY-107 B Farm Zone 1.16E+03 2.14E+02  4.70E-01 1.31E+01 1.54E-01 1.11E-06 1.37E-03 1.55E-02 6.56E-01 4.85E-01/ 0.00E+00 1.06E-01 6.81E-O1 9.45E+00  9.80E+02  5.32E+02 1.43E+02 2.69E+01  5.41E+01 1.30E+00 9.22E+00 3.44E+01 0.00E+00 7.69E+00 0.00E+00 0.00E+00 4.13E+00 0.00E+00 1.41E-01 4.54E-03
75/241-BY-108 B Farm Zone 3.87E+02 7.12E+01 1.57E-01 4.36E+00 5.13E-02 3.70E-07 4.56E-04  5.17E-03 2.19E-01 1.62E-01 0.00E+00| 3.54E-02 2.27E-01 3.15E+00 3.27E+02 1.77E+02 4.78E+01 8.96E+00 1.80E+01 4.33E-01 3.07E+00 1.15E+01 0.00E+00 2.56E+00 0.00E+00  0.00E+00| 1.38E+00 0.00E+00 4.70E-02 1.51E-03
76 216-BY-201 B Farm Zone 3.71E+03 0.00E+00| 4.36E+00 7.16E+00 1.61E+00 0.00E+00 1.33E-02/ 0.00E+00 0.00E+00 4.38E+00 1.25E-04| 0.00E+00 6.14E+00 2.74E+01 8.27E+03 3.94E+00 9.19E+00 2.79E+02 4.90E+02 1.21E+01 1.69E+02 1.14E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 4.73E-05/ 0.00E+00 1.29E+00 3.57E-02
WTP-ETF-A-C Farm
77/241-C-101 Zone 6.65E+01 2.95E+00| 3.91E-01 1.51E+00 6.05E-04 0.00E+00 9.67E-04  1.09E-04 9.69E-02 3.96E-01 1.40E-04| 2.61E-03 5.62E-01 4.56E-01 5.03E+01 4.07E+01 8.88E+00 5.68E-02 1.31E+01 8.82E-01 1.82E-02 1.74E+00 O0.00E+00 1.11E+00 O0.00E+00 0.00E+00| 4.39E-01 0.00E+00 1.16E-01 3.79E-03
WTP-ETF-A-C Farm
78/241-C-105 Zone 1.05E+02 6.52E+00 3.75E-01 1.42E+00 2.21E-03 9.23E-10 7.25E-04 2.70E-04 2.35E-01 3.65E-01/ 9.63E-05 1.99E-02 5.14E-01 9.24E-01  1.14E+02  3.77E+01 1.63E+01 2.01E+00 1.45E+01 6.56E-01 8.33E-02 2.86E+00 0.00E+00 6.47E-01 0.00E+00 0.00E+00  5.03E-01 0.00E+00 9.86E-02! 3.79E-03
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Table 4-2. Mean Average Liquid Volume Discharged and Contaminant Mass Released for Liquid Waste Release Sites Overlying the 200-BP-5 OU

NO2 ‘ co3

SE‘F

Na Al Fe Cr Bi La Hg Zr Pb Ni Ag Mn Ca K NO3 PO4 S04 cl CCl4 Butanol TBP NPH NH3 Fe(CN)6 | U-Total
# Site ID Operable_Unit_Name | Mean_kg |Mean_kg|Mean_kg|Mean_kg|Mean_kg|Mean_kg| Mean_kg | Mean_kg | Mean_kg|Mean_kg| Mean_kg |Mean_kg|Mean_kg|Mean_kg| Mean_kg Mean_ng Mean_kg|Mean_kg| Mean_kg Mean_kg Mean_kg | Mean_kg | Mean_kg | Mean_kg | Mean_kg |Mean_kg| Mean_kg | Mean_kg | Mean_kg
WTP-ETF-A-C Farm
79 241-C-110 Zone 6.53E+02 0.00E+00| 7.81E-01 1.47E+00 3.48E-01 0.00E+00 2.06E-03 2.96E-02 0.00E+00 7.16E-01 2.21E-03| 0.00E+00 1.12E+00 4.41E+00 1.30E+03 5.08E+01 7.20E+01 5.00E+01 8.35E+01 3.26E-01 4.13E+00 2.36E+01 0.00E+00 4.40E-03 0.00E+00 0.00E+00| 2.23E+00 0.00E+00 2.35E-01
WTP-ETF-A-C Farm
80 241-C-111 Zone 1.076+03 2.16E+02  2.42E+01 5.27E+00 7.87E-02 0.00E+00 3.16E-03 1.01E-02 5.29E+00 3.02E+00 3.74E-04 8.66E-06 3.33E+00 3.11E+01 1.07E+03| 4.65E+02 1.34E+01  8.81E+00 7.99E+01 2.99E+00 2.68E+00 2.16E+01 0.00E+00 8.03E-03 0.00E+00 0.00E+00 1.19E+00 0.00E+00 6.02E-01
WTP-ETF-A-C Farm
81 241-C-201 Zone 9.99E+01 0.00E+00| 5.28E+00 7.80E-01 0.00E+00 0.00E+00 6.35E-04 0.00E+00 8.90E-01 4.60E-01 0.00E+00 7.63E-07 3.86E-O1 6.80E+00 9.69E+01 2.63E+01 5.86E-01 0.00E+00 1.27E+01 3.08E-04 1.67E-05 3.42E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.20E-01 0.00E+00 6.08E-02
WTP-ETF-A-C Farm
82 241-C-202 Zone 8.16E+01 0.00E+00| 4.31E+00 6.37E-01 0.00E+00 0.00E+00, 5.19E-04 0.00E+00 7.28E-01 3.76E-01 0.00E+00 6.35E-07 3.16E-O1 5.56E+00 7.92E+01 2.15E+01 4.79E-01 0.00E+00 1.04E+01 2.56E-04 1.39E-05 2.79E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  9.83E-02  0.00E+00 4.97E-02
WTP-ETF-A-C Farm
83 241-C-203 Zone 7.72E+01 0.00E+00| 4.08E+00 6.03E-01 0.00E+00 0.00E+00 4.91E-04 0.00E+00 6.88E-01 3.56E-O1 0.00E+00 0.00E+00 2.98E-O1 5.25E+00 7.49E+01 2.03E+01 4.46E-01 0.00E+00 9.81E+00 0.00E+00 0.00E+00 2.64E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  9.30E-02/ 0.00E+00 4.70E-02
WTP-ETF-A-C Farm
84 241-C-204 Zone 6.55E+01 0.00E+00| 3.46E+00 5.12E-01 0.00E+00 0.00E+00 4.17E-04 0.00E+00 5.84E-01 3.02E-01 0.00E+00 2.43E-07 2.53E-O1 4.46E+00 6.36E+01 1.72E+01 3.81E-01 0.00E+00 8.33E+00 9.80E-05 5.31E-06 2.24E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  7.90E-02 0.00E+00 3.99E-02
85 200-E-4 Unassigned 200 Area 3.77E-02 0.00E+00 1.96E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.59E-04 0.00E+00 0.00E+00 5.43E-04 3.49E-01| 1.27E-02 0.00E+00  0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 2.26E-03 1.88E-02 0.00E+00 0.00E+00 0.00E+00 2.30E-02| 0.00E+00  0.00E+00 1.07E-05
86 200-E-25 Unassigned 200 Area 3.02E-02 0.00E+00  3.55E-03 0.00E+00 0.00E+00 0.00E+00 6.27E-04 0.00E+00 1.08E-03 0.00E+00 0.00E+00 5.23E-04 4.67E-01| 7.14E-03 6.71E-02  0.00E+00 0.00E+00| 0.00E+00 6.29E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.68E-03| 0.00E+00 0.00E+00 2.75E-05
87 200-E-28 Unassigned 200 Area 2.40E-01 0.00E+00| 2.81E-02 0.00E+00 0.00E+00 0.00E+00 4.97E-03 0.00E+00 8.58E-03 0.00E+00 0.00E+00 4.14E-03 3.70E+00| 5.67E-02 5.33E-01/ 0.00E+00 0.00E+00| 0.00E+00 4.99E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.30E-02/ 0.00E+00 0.00E+00 2.18E-04.
88 200-E-41 Unassigned 200 Area 4.31E-02 1.60E-06 7.26E-04 3.15E-06 8.28E-07 3.40E-10| 9.25E-10 5.46E-08 1.14E-04 9.52E-07 1.54E-10 1.04E-04 3.89E-01 1.54E-02 1.10E-02 1.39E-05 1.55E+00 5.46E-05 2.13E-01 5.09E-02| 2.76E-03 1.81E-02| 0.00E+00 3.00E-13 0.00E+00 0.00E+00  3.46E-06/ 0.00E+00 2.60E-06
89 200-E-55 Unassigned 200 Area 3.61E-01 0.00E+00 1.01E-02 1.91E-03 5.46E-04 2.24E-07 1.67E-03 3.60E-05 2.88E-03 6.16E-04 1.01E-07 1.44E-03 1.24E+00| 3.46E-02 6.04E-01 5.15E-03 6.63E-02| 3.59E-02 2.06E-O1 1.07E-03 2.00E-02 5.82E-03 0.00E+00 0.00E+00 0.00E+00 1.78E-02| 2.24E-03/ 0.00E+00 1.78E-03
90 200-E-56 Unassigned 200 Area | 3.85E+03 0.00E+00| 2.03E+02 3.01E+01 0.00E+00 0.00E+00 2.45E-02 0.00E+00 3.43E+01 1.77E+01 0.00E+00 0.00E+00 1.48E+01 2.62E+02 3.73E+03  1.01E+03 2.22E+01 0.00E+00 4.89E+02 0.00E+00 0.00E+00 1.32E+02 0.00E+00 0.00E+00 0.00E+00 O0.00E+00| 4.64E+00 0.00E+00 2.35E+00
91 200-E-57 Unassigned 200 Area | 5.77E+03 0.00E+00| 3.05E+02 4.51E+01 0.00E+00 0.00E+00 3.67E-02 0.00E+00 5.15E+01 2.66E+01 0.00E+00  0.00E+00 2.23E+01 3.93E+02 5.60E+03  1.52E+03 3.33E+01 0.00E+00 7.34E+02 0.00E+00 0.00E+00 1.98E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 6.96E+00 0.00E+00 3.51E+00
92 200-E-60 Unassigned 200 Area | 2.34E+01 0.00E+00| 5.44E-01 2.17E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.57E-01 0.00E+00| 0.00E+00 1.87E+00| 1.40E-01 5.06E+01/ 5.75E+00 6.14E-01 0.00E+00 2.00E+00 0.00E+00 0.00E+00 5.86E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.88E-09
93 200-E-89 Unassigned 200 Area1  4.20E-01 1.53E-05 6.99E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09 9.97E-04 3.74E+00| 1.48E-01 1.15E-01 2.42E-04 1.49E+01  1.28E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.06E-05
94 200-E-90 Unassigned 200Area 1 4.20E-01 1.53E-05 6.99E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09| 9.97E-04 3.74E+00| 1.48E-01 1.15E-01/ 2.42E-04 1.49E+01| 1.28E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00| 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.06E-05
95 200-E-91 Unassigned 200Area1  4.20E-01 1.53E-05| 6.99E-03 7.02E-05 1.93E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09| 9.97E-04 3.74E+00| 1.48E-01 1.15E-01| 2.42E-04 1.49E+01| 1.27E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00| 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.05E-05
96 200-E-92 Unassigned 200 Area1l | 4.20E-01 1.53E-05 6.99E-03 7.02E-05 1.93E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09  9.97E-04 3.74E+00  1.48E-01 1.15E-01/ 2.42E-04  1.49E+01| 1.27E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00/ 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00| 6.05E-05
97 200-E-93 Unassigned 200 Area2 | 4.20E-01 1.53E-05 6.99E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09| 9.97E-04 3.74E+00| 1.48E-01 1.15E-01/ 2.42E-04  1.49E+01| 1.28E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00| 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.06E-05
98 200-E-94 Unassigned 200 Area2 | 4.20E-01 1.53E-05| 6.99E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.09E-03 2.20E-05 3.59E-09| 9.97E-04 3.74E+00 1.48E-01 1.15E-01| 2.42E-04  1.49E+01| 1.28E-03 2.05E+00 4.90E-01 2.70E-02 1.74E-01 0.00E+00| 2.89E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 1.81E-03
99 200-E-95 Unassigned 200 Area 2 | 3.62E-01 0.00E+00| 9.49E-03 1.95E-03 5.58E-04 2.29E-07 1.56E-03 3.68E-05 2.69E-03 6.29E-04 1.03E-07| 1.35E-03 1.16E+00| 3.37E-02 6.01E-01| 5.26E-03 6.77E-02| 3.67E-02 1.96E-01 1.09E-03 2.04E-02 5.94E-03 0.00E+00| 0.00E+00 0.00E+00 1.66E-02| 2.29E-03 0.00E+00 1.82E-03
100 200-E-97 Unassigned 200 Area 2 | 3.67E-01 0.00E+00| 1.01E-02 1.95E-03 5.58E-04 2.29E-07 1.67E-03 3.67E-05 2.89E-03 6.29E-04 1.03E-07| 1.44E-03 1.25E+00| 3.50E-02 6.13E-01/ 5.26E-03 6.76E-02| 3.67E-02 2.07E-01 1.09E-03 2.04E-02 5.94E-03 0.00E+00| 0.00E+00 0.00E+00 1.78E-02| 2.28E-03/ 0.00E+00 1.51E-03
101 200-E-98 Unassigned 200 Area 2| 3.05E-01 0.00E+00 8.36E-03 1.63E-03 4.65E-04 1.91E-07 1.38E-03 3.06E-05 2.38E-03 5.24E-04 8.61E-08 1.19E-03 1.03E+00| 2.90E-02 5.10E-01 4.39E-03 5.64E-02) 3.06E-02 1.71E-01 9.09E-04 1.70E-02 4.95E-03 0.00E+00 0.00E+00 0.00E+00 1.47E-02| 1.90E-03 0.00E+00 6.06E-05
102 200-E-99 Unassigned 200 Area2 | 4.29E-01 1.57E-05 7.15E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.12E-03 2.20E-05 3.59E-09| 1.02E-03 3.83E+00| 1.51E-01 1.17E-01) 2.43E-04 1.53E+01| 1.28E-03 2.10E+00 5.01E-01 2.76E-02 1.78E-01 0.00E+00| 2.95E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.06E-05
103 200-E-100 Unassigned 200 Area 4.29E-01 1.57E-05 7.15E-03 7.02E-05 1.94E-05 7.94E-09 2.09E-08 1.28E-06 1.12E-03 2.20E-05 3.59E-09 1.02E-03 3.83E+00 1.51E-01 1.17E-01 2.43E-04  1.53E+01 1.28E-03  2.10E+00 5.01E-01 2.76E-02 1.78E-01 0.00E+00 2.95E-12 0.00E+00 0.00E+00  7.99E-05 0.00E+00 6.05E-05
104 UPR-200-E-1 B Plant Zone 1.176+03 0.00E+00' 2.13E+00 7.30E+00 1.95E+00 0.00E+00 0.00E+00 5.48E-01 0.00E+00 2.03E+00 5.59E-03 0.00E+00 3.06E+00 8.05E+00 2.20E+03 6.27E+01 4.60E+00 1.37E+02 1.45E+02 6.04E+00 7.64E+01 3.35E+01 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 4.05E+01/ 0.00E+00 6.33E-01
105 UPR-200-E-3 B Plant Zone 1.86E+01 0.00E+00 3.45E-02 1.18E-01 3.14E-02 0.00E+00 1.07E-04 8.86E-03 0.00E+00 3.29E-02' 9.03E-05 0.00E+00 4.97E-02 1.30E-01 3.54E+01 7.64E-01 7.43E-02) 2.22E+00 2.34E+00 9.76E-02| 1.24E+00 5.42E-01/ 0.00E+00 0.00E+00 O0.00E+00 0.00E+00  4.76E-01/ 0.00E+00 5.87E-03
106 UPR-200-E-6 B Farm Zone 2.17E+02 0.00E+00| 4.03E-01 1.38E+00 3.66E-01 0.00E+00 1.25E-03 1.04E-01 0.00E+00 3.83E-01 1.05E-03 0.00E+00 5.79E-01 1.52E+00 4.13E+02 8.92E+00 8.67E-01 2.58E+01 2.73E+01 1.14E+00 1.44E+01 6.32E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  5.55E+00 0.00E+00 1.02E-02
107 UPR-200-E-7 B Plant Zone 4.50E+01 0.00E+00| 1.15E-01 4.15E-01 1.06E-01 7.67E-05 0.00E+00 0.00E+00 0.00E+00 1.06E-01 2.93E-04  1.68E-02 1.65E-01 5.17E+00 9.13E+01 2.84E-03 2.48E-0O1 5.39E+00 2.87E+00 1.62E-01 5.22E+00 1.19E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 4.45E-09  0.00E+00 1.20E-01
108 UPR-200-E-9 B Farm Zone 3.80E+03 0.00E+00| 4.28E+00 6.91E+00 1.56E+00 0.00E+00' 1.33E-02 0.00E+00 0.00E+00 3.90E+00 1.23E-02  0.00E+00 6.15E+00 2.56E+01 7.58E+03 3.05E+02| 4.62E+02 2.74E+02 4.87E+02 0.00E+00 0.00E+00 1.40E+02 0.00E+00 2.83E-02 0.00E+00 0.00E+00  2.83E-01 0.00E+00 4.40E-03
WTP-ETF-A-C Farm
109 UPR-200-E-16 Zone 1.04E+01 4.35E+00 1.98E-02 3.04E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.82E-02 1.71E-02 7.53E-06 0.00E+00 2.84E-02 1.12E-02 8.10E+00| 6.92E+00 4.26E-02| 0.00E+00 1.61E-01 5.60E-02) 0.00E+00 4.67E-02) 0.00E+00/ 0.00E+00 O0.00E+00 0.00E+00  2.93E-04 0.00E+00 1.29E+00
110 UPR-200-E-38 Unassigned 200 Area 2| 1.96E+03 2.12E+02 2.14E+00 3.36E+01 2.17E-02 0.00E+00 6.62E-03 2.87E-03 2.07E+00 2.18E+00 9.36E-04 3.63E-01 3.06E+00 1.68E+01 1.59E+03 8.16E+02| 2.26E+02| 1.25E+01 1.85E+02 6.03E+00 7.48E-01 5.14E+01 0.00E+00| 0.00E+00 0.00E+00 0.00E+00  8.60E+00 0.00E+00| 6.32E-01
111 UPR-200-E-41 Unassigned 200 Area 2 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
WTP-ETF-A-C Farm
112 UPR-200-E-68 Zone 0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00/ 0.00E+00 0.00E+00 0.00E+00
113 UPR-200-E-73 B Farm Zone 1.53E+01 0.00E+00 3.63E-02 6.43E-02 2.31E-02 0.00E+00 1.13E-04 0.00E+00 0.00E+00 3.63E-02 9.30E-05 0.00E+00 5.22E-02 1.07E-02 3.93E+00 3.67E-01 1.31E+01| 2.33E+00 4.13E+00 4.34E-02| 0.00E+00 4.45E-02) 0.00E+00/ 0.00E+00 0.00E+00 0.00E+00  8.09E-04 0.00E+00 3.31E-01
114 UPR-200-E-74 B Farm Zone 1.73E-01 0.00E+00| 4.03E-03 1.61E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.12E-03 0.00E+00 0.00E+00 1.39E-02| 1.04E-03 3.74E-01| 4.25E-02' 4.55E-03| 0.00E+00 1.48E-02 0.00E+00 0.00E+00 4.33E-03 0.00E+00| 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.91E-06
115 UPR-200-E-75 B Farm Zone 2.17E+02 0.00E+00| 4.03E-01 1.38E+00 3.67E-01 0.00E+00 1.25E-03 1.03E-O1 0.00E+00 3.84E-01 1.05E-03 0.00E+00 5.80E-O1 1.52E+00 4.13E+02 8.93E+00 8.68E-01 2.58E+01 2.73E+01 1.14E+00 1.44E+01 6.32E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  5.56E+00 0.00E+00 1.19E-01
116 UPR-200-E-77 B Plant Zone 1.52E+00 0.00E+00' 3.61E-03 6.33E-03 2.27E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.57E-03 9.30E-06 0.00E+00 5.22E-03 1.05E-03 4.00E-01 2.66E-02 1.30E+00  2.33E-01 4.14E-01 4.27E-03) 0.00E+00 4.38E-03 0.00E+00| 0.00E+00 0.00E+00 0.00E+00  4.23E-05 0.00E+00 3.30E-02
117 UPR-200-E-78 Solid Waste Zone 7.85E+00 0.00E+00| 4.14E-01 6.13E-02 0.00E+00 0.00E+00 5.00E-05 0.00E+00 7.00E-02 3.62E-02 0.00E+00 0.00E+00 3.03E-02 5.35E-01 7.62E+00 2.07E+00 4.53E-02 0.00E+00 9.98E-01 0.00E+00 0.00E+00 2.68E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00  9.45E-03| 0.00E+00 4.74E-03
118 UPR-200-E-79 B Farm Zone 4.36E+02 2.19E+00| 4.04E-01 1.82E+00 3.71E-01 0.00E+00 1.25E-03 9.60E-02 0.00E+00 4.14E-01 0.00E+00| 0.00E+00 5.80E-O1 3.39E+00 8.39E+02 3.29E+01 3.53E+01 2.59E+01 4.61E+01 1.14E+00 1.38E+01 1.67E+01 0.00E+00 2.34E-03 0.00E+00 0.00E+00| 6.11E+00 0.00E+00 1.20E-01
119 UPR-200-E-80 B Plant Zone 1.69E+00 0.00E+00 4.03E-03 7.05E-03 2.52E-03 8.63E-10 2.22E-09 1.39E-07 0.00E+00 3.97E-03 1.03E-05 1.90E-07 5.79E-03 1.22E-03 4.46E-01 2.95E-02 1.44E+00 2.59E-01 4.58E-01 4.75E-03) 7.71E-05 4.88E-03| 0.00E+00 0.00E+00 0.00E+00 0.00E+00  5.56E-05/ 0.00E+00 3.66E-02
120 UPR-200-E-81 Unassigned 200 Area 2 5.08E+03 2.31E+03 1.43E+01 2.17E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.03E+01 1.22E+01 5.27E-03 0.00E+00 2.05E+01 1.34E+01 5.81E+03 1.78E+03 3.07E+01| 0.00E+00 8.82E+01 0.00E+00 0.00E+00 5.58E+01 0.00E+00/ 0.00E+00 O0.00E+00 0.00E+00  4.29E-02 0.00E+00 4.23E+00
121 UPR-200-E-82 Unassigned 200 Area 2 | 9.43E+02 1.02E+02 1.03E+00 1.62E+01 1.05E-02 0.00E+00 3.19E-03 1.38E-03 9.99E-01 1.05E+00 4.51E-04 1.75E-01 1.48E+00 8.09E+00 7.65E+02 3.93E+02| 1.09E+02| 6.03E+00 8.91E+01 2.90E+00 3.60E-01 2.48E+01 0.00E+00| 0.00E+00 0.00E+00 0.00E+00  4.14E+00 0.00E+00| 3.04E-01
122 UPR-200-E-84 B Plant Zone 6.56E-02 0.00E+00| 7.28E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.22E+00 0.00E+00 0.00E+00| 0.00E+00 3.63E-02 0.00E+00 0.00E+00 6.50E-01 0.00E+00| 0.00E+00 O0.00E+00 0.00E+00  0.00E+00 0.00E+00 7.81E-04.
123 UPR-200-E-85 B Plant Zone 2.37E+02 2.57E+01| 2.59E-01 4.08E+00 2.64E-03 0.00E+00 8.06E-04 3.47E-04 2.51E-01 2.65E-01 1.13E-04  4.40E-02 3.71E-01 2.04E+00 1.93E+02 9.90E+01  2.73E+01 1.52E+00 2.25E+01 7.34E-01 9.07E-02 6.21E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  1.04E+00 0.00E+00 7.76E-02
WTP-ETF-A-C Farm
124 UPR-200-E-86 Zone 2.11E+03 4.01E+01 7.11E+00 6.04E+01 2.90E-02 0.00E+00 2.20E-02 2.53E-04 3.17E+00 7.26E+00 0.00E+00 6.64E-01 1.02E+01 2.04E+01 1.27E+03| 1.49E+03 5.75E+02| 1.44E+02 4.85E+02 2.01E+01 8.43E-01 4.60E+01 0.00E+00/ 0.00E+00 0.00E+00 0.00E+00 2.04E+01 0.00E+00 2.11E+00
125 UPR-200-E-87 B Plant Zone 2.04E+03 0.00E+00| 4.45E+02 9.41E+00 6.51E+02 2.95E+02 0.00E+00 0.00E+00 0.00E+00 2.48E+00 4.58E-03| 1.40E+02 3.27E+02 2.41E+02 2.28E+03 1.42E-03 4.89E+02 3.76E+02 7.49E+00 0.00<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>