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Introduction

The Hanford Site, part of the U.S. Department of Energy’s (DOE’s) nuclear weapons complex,
encompasses approximately 1,500 square kilometers northwest of the city of Richland along the
Columbia River in southeastern Washington State (Figure 1.1). In 1943, as part of the top secret
Manhattan Project, the federal government took possession of the Site to build the world’s first
large-scale plutonium production reactor. It made the plutonium for the Trinity Test and the bomb that
was dropped on Nagasaki, Japan, in 1945. Between 1944 and 1963, nine nuclear reactors were built and
certain reactors operated through 1986, mainly to produce weapons-grade plutonium.

During the operation of the reactors, large amounts of chemical and radioactive wastes were released
into the environment that have contaminated the soil and groundwater beneath portions of the
Hanford Site. Groundwater at the Hanford Site flows towards the Columbia River; the primary exposure
route for contaminants to reach human, environmental, and ecological receptors.

DOE, the U. S. Environmental Protection Agency (EPA), and the State of Washington Department of
Ecology (Ecology) signed a comprehensive cleanup and compliance agreement in 1989. The Hanford
Federal Facility Agreement and Consent Order, or Tri-Party Agreement, is an agreement for achieving
compliance with the Comprehensive Environmental Response Compensation and Liability Act (CERCLA)
remedial action provisions and with the Resource Conservation and Recovery Act (RCRA) treatment,
storage, and disposal unit regulations and corrective action provisions. More specifically, the Tri-Party
Agreement: (a) defines and ranks CERCLA and RCRA cleanup commitments, (b) establishes
responsibilities, (c) provides a basis for budgeting, and (d) reflects a concerted goal of achieving full
regulatory compliance and remediation, with enforceable milestones in an aggressive manner.

The Tri-Party Agreement is a legally binding agreement consisting of two main documents.

1. The "Legal Agreement,"” which describes the roles, responsibilities and authority of the three
agencies, or "Parties," compliance, and permitting processes. It also sets up dispute resolution
processes and describes how the agreement will be enforced.

2. The "Action Plan," which includes milestones for initiating and completing specific work and
procedures the three agencies will follow.

Additionally, an associated plan called the "Public Involvement Plan", describes how the public will be
informed and involved throughout the cleanup process.
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Figure 1.1 U.S. Department of Energy Hanford Site
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Since the 1990s, in accordance with the Tri-Party Agreement, DOE has worked to characterize, remove,

treat, and dispose of contamination from past operations. Key elements associated with managing the
Hanford Site’s groundwater and vadose zone contamination are to (a) protect the Columbia River and
groundwater, (b) develop a cleanup decision process, and (c) achieve final cleanup.

Protect the Columbia River and groundwater. DOE has already taken many actions to protect the
Columbia River and groundwater, including the following:

e (Cease discharge of all unpermitted liquid effluents.

e Remediate former waste sites near the Columbia River to reduce the potential for future
groundwater contamination.

e Contain groundwater plumes and reduce the mass of primary contaminants through remedial
actions such as pump-and-treat (P&T).

Develop a process for cleanup decisions. Final decisions will be based on the processes outlined in
CERCLA and/or RCRA. Other sections of this report describe CERCLA cleanup in more detail.

Attain final cleanup. Substantial progress has been made toward cleanup of waste sites near the
Columbia River (i.e., the River Corridor). Strategies used for making final decisions in these areas will
provide a basis for attaining similar final decisions for the central portion of the Site (i.e., the Central
Plateau).

Purpose and Scope

Hanford Site Groundwater Monitoring for 2013 presents the results of groundwater monitoring,
providing the primary means to report monitoring results for RCRA treatment, storage, and disposal
units; CERCLA groundwater operable units (OUs); and the Atomic Energy Act of 1954 (AEA) as required
by DOE orders (Table I.1). This report also provides a summary of groundwater remediation and well
installation and decommissioning activities. Appendices A, B, and C provide supporting information on
CERCLA, RCRA, and aquifer tube monitoring, respectively. Appendix D summarizes results of monitoring
confined aquifers and Appendix E summarizes installation and maintenance of groundwater wells in
2013. The results of a 2013 data quality assessment are presented in Appendix F.

This report focuses on 2013 groundwater monitoring results and changes from the previous year. Details
of previous studies (e.g. remedial investigations [RIs]) are published in separate reports that are cited in
applicable chapters of this report. Readers are referred to other documents for details of hydrogeology,
characterization results, detailed conceptual site models, and descriptions of waste sites and the shallow
vadose zone. Chapter 2 of Hanford Site Groundwater Monitoring Report for 2010 (DOE/RL-2011-01)
contains a summary of Hanford hydrogeology and geochemistry.

Results of groundwater remediation activities in CERCLA groundwater OUs are published in separate
annual reports prepared by DOE. Information for 2013 is summarized here, and the reports are cited
and provided electronically.

Groundwater monitoring objectives of RCRA, CERCLA, and AEA differ slightly, and the contaminants
monitored are not always the same. For RCRA-regulated units, monitoring focuses on nonradioactive
dangerous waste constituents. While radionuclides (source, special nuclear, and byproduct materials)
may be monitored in some wells associated with RCRA units to support objectives of monitoring under
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AEA and/or CERCLA, they are not subject to RCRA regulation. Pursuant to RCRA, the source, special
nuclear, and byproduct material components of radioactive mixed waste are not regulated under RCRA
but are instead regulated by DOE, acting pursuant to its AEA authority. Therefore, while this report is
used to satisfy RCRA reporting requirements, the inclusion of information on radionuclides in such a

context is for information only and may not be used to create conditions or other restrictions set forth in
the Hanford Sitewide RCRA Permit (WA7890008967).

The Hanford Site is broadly divided into the “River Corridor” and “Central Plateau” regions (Figure 1.1).

As the names imply, the River Corridor is the portion of the Site located along the Columbia River, and
the Central Plateau is in the middle of the Site, at a higher elevation. Within these broad regions, this
report is organized by groundwater interest areas and groundwater OUs (Figure [.2).

CERCLA groundwater OUs include groundwater beneath one or more source OUs, and may
include larger regions where contaminated groundwater has migrated.

The formal groundwater OUs do not cover the entire Hanford Site. Groundwater scientists have
defined informal groundwater interest areas, which include the groundwater OUs and the
intervening regions, to provide scheduling, data review, and data interpretation for the entire
Site.

Other geographic divisions are sometimes used to describe aspects of the Hanford Site.

The Hanford Site’s former operational areas were given numerical names (Figure I.1). These
include the 100-BC, 100-K, 100-N, 100-D, 100-H, and 100-F Areas, which housed the nuclear
reactors, and the 200 West and 200 East Areas, where chemical separation occurred. The 300
Area was home to the fuel manufacturing operations at the Site as well as the experimental and
laboratory facilities, and the 400 Area housed a research nuclear reactor.

For purposes of remediation under CERCLA, waste sites have been sorted into source OUs,
which include sites that received waste from the same or similar sources. The source OUs
include contamination in the vadose zone.

River Corridor units have been defined for making final cleanup decisions. These units combine
source and groundwater OUs and are used for CERCLA Remedial Investigations (RI)/Feasibility
Study (FS) documents.

The Central Plateau “Inner Area” encompasses the region where chemical processing and
waste management activities occurred and the “Outer Area” includes much of the open area
where limited processing activity occurred (Figure I.1). The Inner Area is the final footprint area
of the Hanford Site that will be dedicated to waste management and containment of residual
contamination. The Outer Area is the remainder of the Central Plateau.

Page I-4



DOE/RL-2014-32, Rev. 0
August 2014

Table I.1 Reporting Requirements for Groundwater Monitoring

Operable Unit or Facility

Formal Report

Supplemental Report
or Summaries

CERCLA

100-BC-5, 100-FR-3, 200-BP-5, 200-PO-1, 300-
FF-5 and 1100-EM-1

This report

Unit managers’ meeting
presentations

100-KR-4, 100-NR-2, 100-HR-3, 200-UP-1, and
200-ZP-1

Separate, interim action
annual report summarized in
this report

Unit managers’ meeting
presentations; this report

ERDF Separate annual report This report
summarized in this report
RCRA
Operating RCRA units (IDF, LERF, and LLBG) | This report Informal quarterly presentations
Closure RCRA units (116-N-1 and 116-N-3; This report Informal quarterly presentations

120-N-1 and 120-N-2)

Post-closure RCRA units (116-H-6 and 316-5)

Semiannual reports to
Ecology; this report

Informal quarterly presentations

Interim status groundwater quality assessment This report Informal quarterly presentations
RCRA sites (WMAs A-AX, B-BX-BY, C, S-SX,

T, TX-TY, and U)

Interim status indicator evaluation RCRA sites This report Informal quarterly presentations

(216-A-29, 216-A-36B, 216-A-37-1, 216-B-63,
216-S-10 Pond, and NRDWL)

Other Facilities

AEA sites (K Basins; Richland North, 400 Area
water supply wells, and confined aquifers)

This report

Unit managers’ meeting
presentations

SALDS (WAC 173-216) Quarterly discharge This report
monitoring reports; annual
report (latest is SGW-56060)

SWL (WAC 173-350) This report None

Note: WAC 173-216, “State Waste Discharge Permit Program;” WAC 173-350, “Solid Waste Handling Standards.”
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Figure 1.2 Groundwater Interest Areas and Groundwater Operable Units
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Groundwater Monitoring

Specific groundwater monitoring plans and sampling and analysis plans define which wells to sample,
how often to sample, and how to analyze the samples. These choices are based on the data needs for
various monitoring purposes, such as complying with regulations, evaluating the performance of
remediation activities, defining plumes and concentration trends, or identifying emerging problems. In
each chapter of this report, the specific documents describing sampling for the groundwater interest
area are cited.

Data collected during groundwater monitoring activities are used to evaluate the extent of groundwater
contamination, evaluate vertical distribution of groundwater contaminants (where vertical data are
available), refine the geologic understanding (when new wells are drilled), and evaluate groundwater
remedies.

In March of each year, water levels from an extensive network of wells monitoring the unconfined
aquifer system and the underlying confined aquifers are measured manually. In many areas of the
Hanford Site, water levels are measured more frequently to evaluate seasonal changes. The water-level
data are used for the following purposes:

e Prepare contour maps that indicate the general direction of groundwater movement within
each aquifer.

e Determine hydraulic gradients, which in conjunction with the hydraulic properties of the aquifer
are used to estimate groundwater flow velocities.

e Interpret sampling results.

The collection and analysis of manual water-level measurements at the Hanford Site are described in
Water-Level Monitoring Plan for the Hanford Site Soil and Groundwater Remediation Project
(SGW-38815).

The Automated Water Level Network (AWLN) is an array of remote monitoring stations connected by a
telemetry network to a central base station (Automated Water Level Network Functional Requirements
Document, SGW-53543). Each monitoring station consists of a pressure transducer connected to a data
collection telemetry unit. In 2013, the network included over 100 stations. Data from the AWLN are
used for the following purposes:

e Estimating the level of hydraulic containment achieved by P&T systems
e Determining hydraulic gradients in areas with variable conditions
e Measuring changes in the stage of the Columbia River in the 100 and 300 Areas
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Conventions Used in this Report

This section describes conventions for creating maps and trend plots, and for expressing contaminant
concentrations.

Maps of the extent of groundwater contamination, referred to as contaminant plume maps, are
developed by interpolating point sample data from monitoring wells, injection wells, extraction wells,
and aquifer tubes to a grid using computer software and a statistical method called kriging. In some
instances sample data values within the monitoring period are supplemented with data collected prior
to the monitoring period, or based on other site specific information. Specific supplemental data are
shown on the report groundwater plume maps as Type 1, Type 2, and Type 3 data. A brief description of
each type of information is as follows:

e Type 1 data are point values which were also based on contaminant concentration
measurements but were not determined based on the plume mapping data selection rules.
Examples of Type 1 information include P&T effluent concentrations, contaminant
measurements outside the 2011-2013 data selection timeframe, and data provided from other
sources (e.g., US Ecology).

e Type 2 data are point values determined by geology. Examples of Type 2 data include basalt
above the water table where the geologic feature may be a barrier to contaminant migration,
and inferred geologic features such as channels and higher hydraulic conductivity zones that
may be conduits of contaminant migration.

e Type 3 data are point values based on site specific or historical information, and are not direct
groundwater contaminant measurements. Examples of Type 3 data include knowledge of plume
sources and disposal history, calculations of inferred plume migration, and decay calculations of
radionuclide concentrations from wells that are no longer available for sampling.

Details regarding the development of the groundwater plume maps for 2013 are provided in ECF-
Hanford-14-0034.Unless specified otherwise, maps showing chromium include total chromium in
filtered samples and hexavalent chromium in filtered or unfiltered samples. Dissolved chromium in
Hanford groundwater is nearly all hexavalent (Chapter 7 of WHC-SD-EN-TI-302; Appendix C of
DOE/RL-2008-01), so filtered, total chromium data effectively represent hexavalent chromium.

Nitrate concentrations in this document are expressed as the NO;" ion. The federal and state drinking
water standard (DWS) for nitrate is 10 mg/L expressed as NOs-N. Converting NOs-N values to nitrate as
the NO; ion requires the NOs-N value to be multiplied by 4.43. Nitrate data provided in this report
reflect the converted values and, as such, DWS is equivalent to approximately 45 mg/L. Similarly, nitrite
is expressed as the NO, ion.

The trend plots presented in this report use open symbols to show values below the laboratory
detection limit. These results are typically plotted as values that represent the detection limit for
chemical parameters and reported values for radiological parameters (negative values are converted to
zero). Discussion of increasing or decreasing trends is generally based on qualitative observation and not
on statistical evaluation.

When potential anomalies are encountered during a review of analytical data or water-level
measurements, groundwater project staff initiate a formal “request for data review” (RDR) process.
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Resolution of the RDR may involve a laboratory re-check, sample re-analysis, review of sampling

documents, or other actions. Data are corrected (and flagged “G”) if possible, otherwise they are flagged
“Y” (suspect), “R” (reject), or with another flag, as appropriate. “R” flagged data are excluded from
plume maps in this report. “Y” flagged data are excluded from plume maps or trend plots if they obscure
the best interpretation of the data. Data excluded from plume maps are listed in ECF-Hanford-14-0034.
All of the data, with appropriate data quality flags, are included in the data files accompanying this
report and are available in the Hanford Electronic Information System (HEIS) database.

For comparison purposes state and federal DWS and aquatic standards for select contaminants are
provided in Table I.11. Although Hanford groundwater is generally not used for the purpose of drinking
water, these levels provide perspective on contaminant concentrations. Radionuclide concentrations
also are compared with DOE derived concentration standards and risk-based concentrations (Table 1.12).
Where groundwater cleanup standards have been set, contaminant concentrations are compared to
those standards. Some contaminants do not currently have a promulgated surface water quality
concentration standard. For some contaminants the drinking water standard is the more conservative
measure (i.e. lower than the aquatic standard).
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Table 1.11 Drinking Water Standards and Groundwater Cleanup Levels for Hanford Site Groundwater Contaminants

DWS Groundwater Ambient
Responsible Quality Water Quality
Constituent Unit DWS Agency MTCA? Criteria® Criteria®
Chemical Constituents
Aluminum ug/L | 50 to 200¢ EPA 16,000 - -
Antimony Mg/l 6 EPA, DOH 6.4 -- --
Arsenic po/L 10 EPA, DOH 0.058 50 190
Barium po/L 2,000 EPA, DOH 3,200 1,000 -
Cadmium Mg/l 5 EPA, DOH 8.0 10 Hardness
dependent
Carbon tetrachloride po/L 5 EPA, DOH 0.63 300 --
Chloride mg/L 250¢ EPA, DOH - 250 230
Chloroform (TTHM)¢ pg/L 80 EPA, DOH 141 7.0 --
Chromium ug/L 100" EPA, DOH 24,000/48"9 50f 10°
cis-1,2-Dichloroethene | ug/L 70 EPA, DOH 16 -- --
Copper pg/L 1,300 EPA, DOH 640 -- Hardness
1,000¢ dependent
Cyanide mg/L 200 EPA, DOH 4.8 -- 5.2
Fluoride mg/L 4 EPA, DOH 960 4 --
2¢ EPA, DOH -- - -
Iron ug/L 300¢ EPA, DOH 11,200 -- --
Lead Mo/l 15" EPA, DOH -- 50 Hardness
dependent
Manganese Mo/l 50¢ EPA, DOH 3,840 -- --
Mercury(inorganic) pg/L 2 EPA, DOH 4.8 2 0.012
Methylene chloride Mo/l 5 EPA 22 -- --
(dichloromethane)
Nitrate, as NO3- mg/L 45 EPA, DOH 114 45' --
Nitrite, as NO2- mg/L 3.31 EPA, DOH 4.8 -- --
pH - 6.5t08.5° | EPA, DOH - - 6.5t08.5
Selenium pg/L 50 EPA, DOH 80 10 5.0
Silver ug/L 100¢ EPA, DOH 80 50 --
Sulfate mg/L 250¢ EPA, DOH - 250 -
Tetrachloroethene pg/L 5 EPA, DOH 21 0.8 --
Thallium pg/L 2 EPA, DOH -- -- --
Total dissolved solids | mg/L 500¢ EPA, DOH -- -- -
1,1,1-Trichloroethane po/L 200 EPA, DOH 16,000 200 --
Trichloroethene pa/L 5 EPA, DOH 0.95 3 --
Uranium (total) pa/L 30 EPA, DOH 48 -- --
zinc ug/L 5,000¢ EPA, DOH 4,800 - Hardness
dependent
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Table 1.11 Drinking Water Standards and Groundwater Cleanup Levels for Hanford Site Groundwater Contaminants

DWS Groundwater Ambient
Responsible Quality Water Quality
Constituent Unit DWS Agency MTCA? Criteria® Criteria®
Radionuclides

Antimony-125 pCi/L 300! EPA - - -
Beta particle and pCi/L |4 mrem/yr* | EPA, DOH - - -
photon activity
Carbon-14 pCi/L 2,000 EPA - - -
Cesium-137 pCi/L 200 EPA -- - -
Cobalt-60 pCi/L 100 EPA - - -
lodine-129 pCi/L 1 EPA - - -
Ruthenium-106 pCi/L 30 EPA -- - -
Strontium-90 pCi/L 8 EPA, DOH - - -
Technetium-99 pCi/L 900 EPA - - -
Total alpha (excluding | pCi/L 15 EPA, DOH -- -- --
uranium)
Tritium pCi/L 20,000 EPA, DOH -- - -
Uranium pg/L 30 EPA, DOH - - -

a. Model Toxics Control Act (MTCA), Method B cleanup levels for groundwater (WAC 173-340, “Model Toxics Control Act—
Cleanup”). Calculations documents in ECF-100NPL-10-0462, Rev. 2, Calculation of Standard Method B Groundwater Cleanup
Levels for Potable Groundwater for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.

b. Groundwater quality criteria are regulated by Ecology under WAC 173-200, “Water Quality Standards for Groundwaters of
the State of Washington.”

c. Criteria for chronic exposure in fresh water, WAC 173-201A-240, “Water Quality Standards for Surface Waters of the State of
Washington,” “Toxic Substances,” Table 240(3).

d. Secondary standards are not associated with health effects, but associated with taste, odor, staining, or other aesthetic qualities.
e. Standard is for total trihalomethanes.

f. Total chromium.

g. Hexavalent chromium.

h. Action level.

i. 45 mg/L as NOj’ is equivalent to 10 mg/L of nitrate as nitrogen.

j- 3.3 mg/L as NO,- is equivalent to 1 mg/L of nitrite as nitrogen.

k. Beta and gamma radioactivity from anthropogenic radionuclides. Annual average concentration shall not produce an annual
dose from anthropogenic radionuclides equivalent to the total body or any internal organ dose >4 mrem/year. If two or more
radionuclides are present, the sum of their annual dose equivalents shall not exceed 4 mrem/year. .

DOH = Washington State Department of Health (WAC 246-290, “Group A Public Water Supplies”)
DWS = drinking water standard (maximum contaminant level for drinking water supplies)
EPA = U.S. Environmental Protection Agency (40 CFR 141, “National Primary Drinking Water Regulations;” 40 CFR 143,

“National Secondary Drinking Water Regulations;” and EPA 822-R-96-001, Drinking Water Regulations and Health Advisories)
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Table 1.12 Derived Concentration Standards, 4 mrem Effective Dose Equivalent Concentrations, and Risk Based
Concentrations for Hanford Site Radionuclides

) Risk-Based
Corlizil;:'z/:zgcion 4 mrem Effective Con(csg?/rSt for
Standard? Dose Equivalent®
Radionuclide (pCi/L) (pCi/L) 10° Risk 10" Risk
Antimony-125 27,000 1,100 121 1,210
Carbon-14 62,000 2,500 1.43 143
Cesium-137 3,000 120 1.74 174
Cobalt-60 7,200 290 3.37 337
lodine-129 330 13 0.358 35.8
Plutonium-239/240 140 6 0.392 39.2
Ruthenium-106 4,100 160 1.25 125
Selenium-79 8,500 340 7.26 726
Strontium-90 1,100 44 0.947 94.7
Technetium-99 44,000 1,800 19.2 1,920
Tritium 1,900,000 76,000 160 16,000
Uranium-234° 680 30 0.748 74.8
Uranium-235¢ 720 30 0.760 76.0
Uranium-238¢ 750 30 0.827 82.7

a. Concentration of a specific radionuclide in water that could be continuously consumed at average annual rates and not exceed
an effective dose equivalent of 100 mrem/year. From Table 5 of DOE-STD-1196-2011, Derived Concentration Technical
Standard.

b. Concentration of a specific radionuclide in water that would produce an effective dose equivalent of 4 mrem/year if consumed
at average annual rates. The EPA DWSs for radionuclides listed in Table 1.4 were derived based on a 4 mrem/year dose standard
using maximum permissible concentrations in water specified in Maximum Permissible Body Burdens and Maximum Permissible
Concentrations of Radionuclides in Air and in Water for Occupational Exposure (NBS Handbook 69). The 4 mrem/year dose
standard listed in this table was calculated using a more recent dosimetry system adopted by DOE and other regulatory agencies
(see footnote a).

c. From EPA’s risk website: http://epa-prgs.ornl.gov/radionuclides/tapwaterimage.html “Preliminary Remediation Goals for
Radionuclides” (EPA, 2012). These values represent the risk of getting cancer if a person ingested water contaminated with each
radionuclide over a lifetime. The tritium and carbon-14 calculation also considers inhalation of tritium in air; for the other
radionuclides, this path is insignificant.

d. See Table 1.4 for total uranium.
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River Corridor

The Columbia River flows through the northern Hanford Site before turning south toward the city of
Richland. The region of the Site along the shoreline is known as the River Corridor (Figure I.1). Former
operations in the River Corridor included operation of nine nuclear reactors in six different areas. These
areas are: 100-B/C, 100-K, 100-N, 100-D, 100-H, and 100-F). Fabrication of nuclear fuel assemblies,
related research involving the processing of irradiated fuel, and maintenance services occurred in the
300 Area and 1100 Area, respectively.

Between 1943 and 1963, nine plutonium production reactors were built along the Columbia River. The
100-B Reactor was constructed first, followed in chronological order by 100-D, 100-F, 100-H, 100-DR
(built as a replacement for 100-D), 100-C, 100-KE and 100-KW, and 100-N Reactor. Only the N Reactor
was constructed with a closed loop coolant circuit, and a secondary pass for steam production to
generate power at the Hanford Generating Plant. Production of special nuclear materials (principally
plutonium-239 and tritium) was the primary function of the reactors. Since the cold war ended, all
reactors have been retired from service (DOE/RL-2008-46). Liquid and solid wastes discharged to ground
during the reactor operational periods were the primary contaminant sources to soil and groundwater

in the reactor areas.

Contaminant sources in the 100 Areas included cooling water conditioning and handling facilities,
underground piping, liquid and solid waste disposal sites, and unplanned releases (surface spills).
Sources of groundwater contamination in the 300 Area included routine disposal of liquid effluent
associated with fabrication of nuclear fuel assemblies, and research involving the processing of
irradiated fuel. The 1100-EM groundwater interest area and the adjacent region encompass a variety of
onsite and neighboring offsite land uses. Numerous municipal, industrial, and agricultural activities may
affect groundwater quality in this area.

The liquid waste was discharged to ponds and trenches designed for infiltration to the underlying soil.
Periodic accidental releases from various facilities also occurred. Nearly all of the principal liquid waste
disposal facilities in the River Corridor have been remediated, with excavations at some waste sites
(such as 100-C-7, 100-B-27, 100-D-100, and 100-H-46) extending to groundwater. Six groundwater OUs
and 15 source OUs are associated with the River Corridor (Table 1.2).

Groundwater contaminants in the River Corridor include the following (Figure 1.3):

* Hexavalent chromium concentrations exceed the 10 pg/L surface water quality standard in the
unconfined aquifer in each of the 100 Areas, and in water-bearing units within the Ringold Upper
Mud unit (RUM) in 100-HR and 100-NR. Concentrations exceed the 100 pg/L DWS for total
chromium in 100-KR and 100-HR.

* Nitrate concentrations exceed the 45 mg/L standard in monitoring wells in all of the 100 Areas
except 100-BC. A nitrate plume from agricultural sources south of the Hanford Site affects
groundwater in 1100-EM.

e Strontium-90 concentrations exceed the 8 pCi/L DWS in all of the 100 Areas.

e Tritium concentrations exceed the 20,000 pCi/L DWS in 100-BC, 100-KR, 100-NR, and an outlying
region of 300-FF.

e Trichloroethene concentrations exceed the 5 ug/L DWS in 100-FR and 100-KR and within a
deeper, finer-grained sedimentary unit at 300-FF.
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*  Other contaminants include uranium in 100-HR and 300-FF, carbon-14 in 100-KR, and

petroleum hydrocarbons in 100-NR.

Sodium dichromate was added to reactor cooling water as an anti-corrosion agent. Typical sodium
dichromate concentrations in the cooling water during the early years of reactor operations were
2,000 pg/L (~700 ug/L as hexavalent chromium). They decreased to 1,000 pg/L in the mid-1960s, and
then to 500 pg/L (~170 pg/L as hexavalent chromium) in the last stages of operations.

Historic process information suggests that small volumes of high-concentration solutions (up to

70 percent by weight) of sodium dichromate leaked or spilled in the 100 Areas (for example, during the
transfer of sodium dichromate from rail cars to storage tanks). In some locations in the 100-D and

100-K Areas, concentrations of hexavalent chromium in groundwater exceed the concentrations found
in reactor cooling water, indicating a high-concentration source. Residuals from the high-concentration
sodium dichromate solutions may remain in the vadose zone at some locations and provide a secondary
source of groundwater contamination until remediation is completed.

How far contaminants migrated from waste sites depended on the relative mobility of the contaminant
in the ground and the volume of effluent discharged. Low mobility contaminants, including many metals
and radionuclides, sorbed (i.e. absorb or adsorb) to sediment grains in the vadose zone. These
contaminants are found at the greatest concentrations within or near the areas of discharge. When little
or no liquid effluent was discharged to a waste site, soil contamination remained in the shallow
sediment. Disposal of high volumes of liquid waste resulted in dispersion of low mobility contaminants
deeper in the soil (vadose zone) in comparison to low-volume discharge sites.

Table 1.2 River Corridor at a Glance

A total of 82 kilometers of Columbia River shoreline
River stage controlled by Priest Rapids Dam
Hanford Reach National Monument established in 2000

100 Area 300 Area and Outlying Regions Former 1100 Area

Five groundwater operable units: 100-BC-5, One groundwater operable unit: 300-FF-5 One former groundwater operable unit:
100-KR-4, 100-NR-2, lOO—HR—3a, 100-FR-3 (includes 300 Area Industrial Complex, 1100-EM-1

618-10/316-4 and 618-11 facilities)
Nine nuclear reactors and associated facilities Historically used for nuclear fuel fabrication Historically used for vehicle

maintenance and solid waste disposal
Inactive liquid waste cribs, ditches, trenches, Inactive liquid waste cribs, trenches, ponds, Former waste sites remediated
retention basins, pipelines, and spills; four pipelines, and spills; one RCRA site
RCRA sites
Interim site remediation 85% | b im si iati 0 ® | Final waste site remediation 100%
6 complete overall | Interim site remediation 90% complete overall conplete
p

Interim groundwater remediation active for Monitored natural attenuation of uranium, Final groundwater remediation complete
hexavalent chromium in 100-KR-4 and organics, and tritium
100-HR-3, and strontium-90 and petroleum
hydrocarbons in 100-NR-2
RI/FS underway Final ROD in place Final ROD in place

a. The 100-HR-3 Operable Unit includes the 100-D and 100-H Areas.
b. Percent of sites that have been remediated or classified as not requiring remediation.
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Figure 1.3 River Corridor Plumes

Strontium-90 is a slightly mobile contaminant in the subsurface and tends to sorb to soil. It is present in
numerous 100 Area waste sites, including burial grounds and liquid waste sites, principally from
decontamination solutions and contaminated reactor coolant or fuel storage basin water. Strontium-90
migrated through the vadose zone beneath some liquid waste disposal sites and moved a limited
distance vertically and horizontally in groundwater.

Mobile and moderately mobile contaminants common to the 100 Area include tritium, nitrate, and
hexavalent chromium (Figure 1.3). Large volumes of water containing these contaminants were
discharged to the soil via trenches, cribs, and leaks from pipelines and retention basins. Wastewater was
also released through outfall piping to the Columbia River. Large groundwater mounds developed
beneath high-volume surface discharge sites and helped spread mobile contaminants in groundwater in
a radial pattern during operations. These groundwater mounds dissipated to current groundwater
elevations after cessation of reactor operation.
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River Corridor — Hydrogeology

The geologic units beneath the River Corridor are a subset of those that underlie the Hanford Site as a
whole. The stratigraphy of the 100 Area is distinct from that of the 300 and 1100 Areas.

Figure 1.4 illustrates the general stratigraphy and hydrogeologic units of the 100 Area. The vadose zone
comprises the sand and gravel of the Hanford formation and, in some locations, a portion of the Ringold
Formation unit E. The vadose zone can be less than a meter thick near the Columbia River to as much as
30 meters beneath inland portions of the River Corridor.

The unconfined aquifer consists of the sand and gravel of Ringold unit E and portions of the Hanford
formation. This unconfined aquifer is thickest in the western portion of the region (up to 48 meters in
100-BC) and thinnest near 100-H and 100-F, where in some places it is less than 2 meters thick. The base
of the unconfined aquifer is one of a number of fine-grained layers of the Ringold Formation informally
known as the Ringold upper mud unit (RUM). Below the contact with the unconfined aquifer, the unit
contains numerous distinct layers of sand and gravel. These layers typically contain water and act as
local confined aquifers. A series of confined aquifers within and beneath the upper mud are present
through most of the 100 Areas. Basalt aquitards and basalt-confined aquifers are present beneath the
Ringold Formation.

Beneath the 300 Area and 1100-EM, the vadose zone is entirely within the gravel and sand of the
Hanford formation. The unconfined aquifer includes the lower portion of the Hanford formation.
Beneath the 300 Area, the undulating contact between the bottom of the saturated Hanford formation
and the underlying Ringold unit E sediment reveals paleochannels that act as preferential pathways for
groundwater flow. Saturated Hanford formation sediment is much more permeable than the underlying
Ringold sediment. The Ringold lower mud unit underlies unit E. Coarse-grained sediments of Ringold
unit A underlie the lower mud in some areas; elsewhere, the mud overlies basalt.
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Figure 1.4 River Corridor Geology

As shown on Figure I.5, groundwater in the unconfined aquifer generally flows from upland areas in the
west toward the regional discharge area north and east along the Columbia River. Steep hydraulic
gradients occur in the western, eastern, and northern regions of the Site. Shallow gradients occur
southeast of 100-FR and in a broad arc extending from west of 100-BC toward the southeast between
Gable Butte and Gable Mountain (Gable Gap), through the 200 East Area and into the central portion of
the Site. In each of the 100 Areas, the local groundwater flow is generally toward the Columbia River,
although groundwater P&T systems in 100-KR and 100-HR alter this flow pattern locally to capture
contaminants.
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River Corridor — Cleanup

Two groundwater OUs in the River Corridor have final cleanup decisions under CERCLA: 1100-EM-1 and
300-FF-5. The 1100-EM-1 OU was removed from the National Priorities List (40 CFR 300) in 1996.

The selected remedy for groundwater was monitored natural attenuation (MNA) of volatile organic
compounds with continuation of institutional controls for groundwater and land use at the Horn Rapids
Landfill (EPA/ROD/R10-93/063).

The final Record of Decision (ROD) for the 300-FF-5 OU was signed in 2013 (EPA and DOE 2013). The
selected remedy is enhanced attenuation of uranium at the top of the aquifer using uranium

sequestration, monitored natural attenuation for nitrate, tritium, trichloroethene, and
cis-1,2-dichloroethene, and groundwater monitoring. The interim remedial action (i.e., MNA) is
continuing to be performed until a new remedial design (RD)/remedial action (RA) work plan (WP) is
approved.

In the early 1990s, DOE, EPA, and Ecology decided that sufficient information about contaminated soil
and groundwater in the River Corridor was available to begin interim remediation with a focus on
protecting the Columbia River. This decision led to an early start for cleanup of contaminated soil and
groundwater in the River Corridor. Key components of the early cleanup included removing
contaminated facilities and soil (waste sites) near the river, and implementing interim cleanup actions in
the 100-KR-4, 100-NR-2, and 100-HR-3 OUs (Figure 1.6). Interim remedial actions in 100-KR-4 and 100-
HR-3 focus on hexavalent chromium, and the interim action for 100-NR-2 focuses on strontium-90. The
goal of the interim groundwater remediation is to prevent or reduce the movement of contaminated
groundwater into the Columbia River.

As defined in the current interim action RODs, the remedial action goal for hexavalent chromium in 100-
KR and 100-HR is 20 pg/L in compliance wells. The surface water quality standard is 10 pg/L. The
remedial action goal is based on the estimated 1:1 mixing of groundwater (and the associated
hexavalent chromium) with infiltrated river water before the water is accessible to aquatic life in the
river. The interim action for 100-NR includes a permeable reactive barrier for strontium-90. The goal of
the interim groundwater remediation is to prevent or reduce the movement of contaminated
groundwater into the Columbia River.

With respect to source remediation, DOE has evaluated over 1,800 potential waste sites in the River
Corridor. During these evaluations, many of the sites were determined not to be waste sites (classified
as “rejected” or “not accepted”). Others were determined to be low-risk sites that did not require
remediation (classified as “no action”). Hundreds more sites have undergone remediation under interim
action RODs. Interim remediation is complete in 100-BC and 100-F and is underway at the other River
Corridor OUs. By the end of 2013, approximately 85 percent of the sites in the River Corridor had been
remediated or classified as not requiring remediation.

Progress toward final cleanup decisions along the river corridor continued in 2013. Draft RI/FS
documents for 100-N, 100-K, 100-D/H, and 100-F/IU are in various stages of regulatory or public review
and revision. These documents will support decisions for groundwater cleanup with a goal to protect
human health and the environment.
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Figure 1.6 River Corridor Groundwater Cleanup
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River Corridor Groundwater Monitoring Results

During 2013, groundwater staff sampled 515 wells in the River Corridor groundwater interest areas
(Table I.3). Many of the wells were sampled numerous times, for a total of 2,711 successful well
sampling trips. During the year, 253 aquifer tubes were sampled, and many were sampled more than
once for a total of 418 sampling trips. Many aquifer tubes are sampled more than once per year, as were
18 new hyporheic zone sampling points in 100-BC.

Table 1.4 lists maximum concentrations of groundwater contaminants detected in River Corridor wells
and aquifer tubes during 2013. The 2013 data did not result in any major reinterpretations of the nature
and extent of groundwater contamination. The following paragraphs summarize River Corridor
groundwater contamination and results of monitoring.

Table 1.3 Number of Wells and Well Sampling Trips in the River Corridor, 2013

Interest Number of Wells Number of Successful Number of Aquifer | Number of Successful
Area Sampled Well Trips Tubes Sampled Aquifer Tube Trips
100-BC 36 125 342 37?
100-KR 83 682 46 52
100-NR 67 154 59 179
100-HR-D 123 867 46 50
100-HR-H 87 626 15 15
100-FR 29 35 26 27
300-FF 78 209 25 53
1100-EM 12 13 2 5
200-BP" -- -- 5 5
200-PO° - - 7 7
Total 515 2,711 253 418

Note: A successful sampling trip is determined by the presence of data in HEIS. A trip may consist of routine sampling,
characterization sampling, or sampling conducted to support groundwater remediation systems.

a. Does not include hyporheic sampling points.

b.  Aquifer tubes in 200-BP and 200-PO Units are reported here as part of the River Corridor. Wells in those Operable
Units are included in the Central Plateau Summary.
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Table 1.4 Maximum Concentrations of Selected Groundwater Contamination in River Corridor Interest Areas in 2013
) 100-BC 100-KR 100-NR 100-FR 100-HR-D 100-HR-H 300-FF LU Bichiand
Water Quality North
Contaminant, Units Criteria® Wells ITubes Wells ITubes Wells I Tubes Wells |Tubes Wells ITubes WellsITubes Wells |Tubes Wells |Tubes
Radionuclides
Carbon-14, pCi/L 2,000 9,520° | 416 51.2 41.6
Gross alpha, pCi/L 15 2.7 13 7 7.2 8 10 11 13 1.9 210 68 7.4 5.2
Gross beta, pCi/L 50 15 45 410 10 24,000 2,500 47 190 73 36 130 41 34 17
Strontium-90, pCi/L 8 53 23 203° 8.8 14,000 870 180 5.8 31 6.0 30 14
Technetium-99, pCi/L 900 7.2 20 220 41 45 180
Tritium, pCi/L 20,000 19,000(17,000 76,000 9,900 41,000 120,000 5100 20,000 1,300 (3,900 1,000,000| 2400 129
Uranium, pg/L 30 498 | 2.51 7.67 11.5 5.24 28.4 3.92 21.2 | 1.09 462 166 27 14.2
Metals®
Arsenic (filtered), ug/L 10 3.48 | 2.98 8.72 3.32 50.1 31.9 7.21 5.96
Arsenic, pg/L 10 3.33 | 2.96 9.7 3.3 12.8 35.5 7.4 0.92 | 5.52
Barium (filtered), ug/L 2,000 98.0 | 57.9 114 63.4 243 105 106 104 332 39.6 | 132 138 88.1 73.1 64.1
Barium, pg/L 2,000 94.9 | 63.1 88.9 76.6 241 107 99.8 146 341 56.4 | 141 138 91.3 73.7 64.6
Chromium, total 100
(filtered), pg/L 68.5 | 40.7 606 38.3 177 6.5 26.5 6.2 4,990 5.3 | 103 21
Chromium, total pg/L 100 71 43 622 36 177 11.7 35.4 7.8 4,980 8.3 | 126 22.5
Hexavalent Chromium
(filtered), pg/L 48 62.1 | 26.1 90.4 121 297
Hexavalent Chromium, él e
ug/L 48 62.5 | 38.6 S0 38.9 e 4.6 255 53 4,640 B 133
Anions
Fluoride, mg/L 4 0.307 | 0.232 0.440 0.212 0.630 1.040 0.689 0.151 0.543 0.215(0.387(0.141 1.32 0.30 0.912 0.17
Nitrate, mg/L 45 38.3 | 37.8 63.7 32.1 168 53.1 189 25.1 70.4 5.40 | 42.8 | 21.1 122 50.9 205 63.7
Nitrite, mg/L 3.3 0.338 0.229 0.457 0.358 2.28 0.141 2.77 0.202
Organics
Carbon tetrachloride, 5 25
ug/L
Chloroform, pg/L 80 2.6 1.5 0.11 8.3 19 3.5 3.6
cis-1,2-Dichloroethene, 70 220 14
ug/L
Methylene chloride, 5 32
ug/L
Tetrachloroethene, pg/L 5 1.9
Toluene, pg/L 1,000 0.13 1.2
Trichloroethene, pg/L 5 2.8 8.3 0.97 15 3.5 430 0.71
Note:

Table lists highest value for 2013 for each groundwater interest area, excluding those flagged F, R, or Y, or non-routine samples (e.g. characterization). Blue cells exceed water quality standard. Provided values based on HEIS as of
February 27, 2014. Blank cells indicate analyte was not analyzed for or was not detected.

a. References for water quality standards are listed in Table 1.11. Drinking water standards are presented for context only and are not always applicable to groundwater discharging to the Columbia River.

b. Antimony, cadmium, and thallium excluded because detection limits are typically higher than drinking water standards, creating false exceedances near the detection limits. Nickel excluded because it typically indicates

corrosion of stainless steel well screens and casing.

c. From offsite sources.

d. 100-KR strontium-90 and carbon-14 maxima do not take into account extrapolated values and are therefore likely non-representative of conditions. Hexavalent chromium result is from a January 2014 drilling sample from 199-
K-205.

e. Data point under review.
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Hexavalent chromium contaminant plumes with concentrations above the 10 pg/L surface water quality
standard (Table 240(3) of WAC 173-201A-240) are present in groundwater in the 100 Areas. The highest
concentrations in 2013, more than 100 times the 48 pg/L groundwater cleanup standard, were detected
in 100-HR. Expanded P&T systems in 100-D, 100-H, and 100-K are reducing the concentration and size
of these plumes, and minimizing impacts to the Columbia River.

Hexavalent chromium contamination mobilized by earlier waste site remediation in 100-BC is moving
toward the river in the upper portion of the unconfined aquifer. Installation and monitoring of new wells
and aquifer tubes is providing more information about this area.

Tritium concentrations exceed the 20,000 pCi/L DWS in 100-KR, 100-NR, and 300-FF (at the 618-11
Burial Ground). Tritium was more widespread in the River Corridor in the past, and the plumes are
gradually attenuating through radioactive decay, dispersion, and migration to the river in areas without
hydraulic containment.

Strontium-90 contamination persists beneath each of the 100 Areas at concentrations above the 8 pCi/L
DWS. The most extensive, concentrated plume is in 100-NR. The expanded apatite permeable reactive
barrier in 100-NR is sequestering strontium-90 to allow time for decay before contamination reaches the
river. Most of the strontium-90 plumes tend to be stable in size because this constituent sorbs to
sediment grains and is relatively immobile. Concentrations are gradually declining in most areas as a
result of radioactive decay.

Nitrate is a common groundwater contaminant in the River Corridor. Contaminant plumes with
concentrations exceeding 45 mg/L are present in 100-KR, 100-NR, 100-HR, 100-FR, 300-FF (at the 618-11
Burial Ground) and 1100-EM, though the latter plume originated offsite. The largest plume in the River
Corridor is in 100-FR. Nitrate concentrations in the River Corridor are generally steady or declining.

Carbon-14 exceeds the 2,000 pCi/L DWS in portions of 100-KR. The plumes did not change significantly
in 2013.

Uranium forms a persistent plume with levels above the 30 pg/L DWS in portions of 300-FF.
Concentrations vary with seasonal changes in the water table elevation. The positive correlation
between water table elevation and uranium concentration suggests that at or near these locations,
uranium remains in the lower portion of the vadose zone and is available to be remobilized during
periods of high water table conditions. Uranium is also found in groundwater downgradient of the
former 183-H Solar Evaporation Basins in the 100-H Area. This unit is undergoing RCRA post-closure
monitoring.

Trichloroethene concentrations exceed the 5 pug/L DWS in the unconfined aquifer in a few wells at 100-
FR and 100-KR. The plume is naturally attenuating at 100-FR. At 100-KR, the trichloroethene is being
recirculated through the aquifer by the P&T system. In 300-FF, trichloroethene concentrations exceed
the cleanup level identified in the final ROD (4 pg/L) in several aquifer tubes screened within or near
low-permeability sediments.

Cis-1,2-dichloroethene concentrations at 300-FF continued to exceed the cleanup level identified in the
final ROD (16 pg/L) at one well in the lower portion of the unconfined aquifer and at one well in the mid-
portion of the unconfined aquifer.
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Rls have provided additional information about the vertical distribution of groundwater contamination
in the River Corridor. Geographically, the unconfined aquifer thickness decreases and becomes thinner
from west to east from 100-BC (up to 48 meters thick) to the 100-H area (as little as 2 meters thick). In
addition, aquifer characterization revealed that younger, more permeable sediment (i.e., Hanford
formation) forms the majority of the unconfined aquifer in the eastern portion of the river corridor. In
most locations and for most constituents, concentrations are highest near the top of the unconfined
aquifer and decrease with depth. An exception includes hexavalent chromium concentrations in
portions of 100-BC, which are highest at the top and bottom of the unconfined aquifer, and lower in
between. This exception may indicate different periods of contaminant release. In some locations in
100-KR, hexavalent chromium concentrations were higher in the lower half of the aquifer. In 100-HR,
vertical distribution of contaminants in the unconfined aquifer was not consistent and no pattern was
discernible. In the 100-H area the aquifer is thin, making vertical distribution less likely.

Interim action performance monitoring continued to indicate that the groundwater remediation
systems are functioning as designed and are meeting RAOs. Contaminant concentrations in compliance
wells remained above threshold values at some locations in 2013, and the remediation systems will
continue to operate in 2014.

RCRA groundwater monitoring continued in 2013 at facilities in the 100-NR, 100-HR, and 300-FF (Table
I.5). Results did not reveal any new impacts to groundwater. The sites will continue to be monitored
under existing requirements.

Table 1.5 RCRA Monitoring Status for the River Corridor, 2013

RCRA Unit Status for Reporting Period

1301-N (116-N-1) LWDF Continued indicator evaluation.*

1324-NA (120-N-1) and Continued indicator evaluation.*
1324-N (120-N-2) Ponds

1325-N (116-N-3) LWDF Continued indicator evaluation.*

116-H-6 (183-H) Corrective action alternative program during interim remedial action; chromium and
Evaporation Basins nitrate.
316-5 (300 Area) Compliance/corrective action; organics.

Process Trenches

* Analysis of RCRA contamination indicator parameters provided no evidence of groundwater contamination with dangerous
waste or dangerous waste constituents from the unit.

Shoreline Monitoring

Groundwater is a potential pathway for contaminants to enter the Columbia River. Groundwater flows
into the river from springs located above the water line and through areas of upwelling in the river bed.
Hydrologists estimate that groundwater currently flows from the Hanford unconfined aquifer to the
Columbia River at a rate of ~ 0.000012 cubic meters per second (Section 4.1 of PNNL-13674). For
comparison, the average flow of the Columbia River is ~3,400 cubic meters per second.
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The rise and fall of the Columbia River creates a zone of interaction of surface water and groundwater.
River stage varies over short (e.g., hourly) and long (e.g., seasonal) intervals in response to natural
influences and the operation of dams on the Columbia River system. Groundwater level and sample data
exhibit time-varying patterns that are qualitatively similar in frequency to variations in Columbia River
stage. These relationships are most evident in wells that are located closest to the Columbia River,
although apparent relationships are also evident in water levels and sample data obtained from wells
hundreds of meters inland of the shoreline.

Groundwater level responses to cyclical river stage fluctuations increasingly attenuate in amplitude and
lag in time with increasing distance to the river (Figure 1.7). This attenuation in amplitude and time lag,
ranging from days to months, can be used to estimate aquifer parameters or can be incorporated within
trend analyses of water level data and sampled concentrations. Additional details are provided in
Evaluation of the Relationship Between River Stage and Sampled Value for Several Analytes in the
Hanford 100 Areas (ECF-Hanford-12-0076). With some exceptions and with some variability, the
following broad patterns emerge:

e Locations at 100-D, 100-N, and 100-K Areas generally exhibit the longest lag times per unit
distance.

e Locations in 300-FF and 1100-EM generally exhibit the shortest lag times per unit distance.

e Locations at 100-BC, 100-F, and 100-H Areas generally exhibit intermediate lag times per unit

distance.
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Figure 1.7 Relation of Lag Time to Distance from the Columbia River
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DOE samples water near the Columbia River shoreline via near-shore monitoring wells, natural seeps
(riverbank springs) and aquifer tubes. Seeps represent groundwater leaving the aquifer in areas where
the groundwater elevation remains higher than the river elevation for some period of time. Aquifer
tubes are small-diameter, flexible tubes that have a screen on one end. The tubes are installed in the
aquifer along the river shoreline, and groundwater is withdrawn with a portable peristaltic pump. Most
aquifer tube sites include two or three individual tubes monitoring different depths, from ~1 to 8 meters
below land surface. Appendix C provides additional information for the aquifer tubes.

DOE conducts water quality monitoring in the Columbia River environment as part of its Public Safety
and Resource Protection Program, with the purpose of monitoring offsite migration of contaminants of
Hanford Site origin via multiple pathways (Section Ill.A of DOE/RL-91-50). The Surface Environmental
Surveillance Project monitors shoreline seepage areas (springs), river water, and river sediment. In
addition, the Soil and Groundwater Remediation Project collects seep samples from some of the 100
Areas as part of groundwater monitoring programs. Hanford Site shoreline monitoring is further
discussed in Section 1.2 of PNNL-19052, which also provides detailed location maps for near-river
monitoring.

DOE collects samples from seeps in the fall when the river stage is low. Table .6 lists concentrations of
contaminants of interest in seeps along each shoreline segment sampled in fall 2013. Concentrations of
hexavalent chromium exceeded the 10 pg/L surface water quality standard in 100-D Spring 110-1 (20.8
ug/L) and 100-K Spring 63-1 (24.6 pug/L). Carbon-14 exceeded the DWS in 100-K Spring 63-1 (2,150
pCi/L). Nitrate, strontium-90, trichloroethene, and tritium concentrations were below DWS in all fall
2013 seep samples. Uranium exceeded its DWS in a 300 Area spring.

DOE monitors Columbia River water by collecting samples along several cross-river transects and at
near-shore river locations adjacent to groundwater plumes, where humans and aquatic biota are
potentially exposed to contaminants. The surveillance data provide a historical record of radionuclides
and chemicals in the environment. The results of water quality monitoring along the shoreline and in the
river are presented annually in the Hanford Site environmental report (Section 7.2 and Tables C.5 and
C.6 of DOE/RL-2013-18). Publication of the 2013 environmental report follows publication of this
groundwater report. Hence the most recent, published results (fall 2012) are summarized in the

following paragraphs.

Radionuclide concentrations monitored in Columbia River water were low throughout 2012. Tritium,
uranium-234, uranium-238, and naturally occurring beryllium-7 and potassium-40 were consistently
measured in river water at levels greater than their reported minimum detectable concentrations.
Maximum concentrations detected downstream of the Hanford Site were 70 pCi/L tritium, 0.028 pCi/L
uranium-234, and 0.024 pCi/L uranium-238. The following radionuclides were occasionally detected at
levels near the minimum detection limits: strontium-90 (maximum 0.056 pCi/L), technetium-99
(maximum 0.34 pCi/L), uranium-235 (maximum 0.035 pCi/L), and plutonium-238 (maximum 0.00036
pCi/L. Concentrations of other radionuclides were less than the minimum detectable concentrations.

All metal and anion concentrations in river water were less than the surface water quality standards in
2012. Chromium was undetected (<2 pg/L) downstream of the Hanford Site.
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Table 1.6 Hanford Site Contaminants in Columbia River Seeps
Ground- Seep Name Maximum Concentration Fall 2013
water Carbon- Hexavalent | Nitrate Sr-90 Tritium | TCE Uranium
:‘::;e“ 14 (pCi/L) (cl:womaium (mg/L) | (pCi/L) | (pCi/L) | (ug/L) | (ug/L)
g/L)
100-BC 100-B SPRING 37-1 478 830
100-B SPRING 38-3 408 3.63 0.0025U | 1000 2.36
100-B SPRING 39-2 2U 3.79 211 2700 1.2
100-KR 100-K SPRING 057-3 5U 10.2D 3300
100-K SPRING 63-1 2,150 G 246G 13.7D 0.032U | 935 2.38 4.41G
100-K SPRING 68-1 38.7 7.2 17.8D 3200 0.67D
100-K SPRING 82-2 5U 1.33D 99U
100-NR 100-N SPRING 8-13 408 16.7 0.047U | 3240 1.23
100-HR-D | 100-D SPRING 110-1 20.8G 26.1DX | 3.2 2950 3.08G
100-HR-H | 100-H SPRING 152-2 3.18B 10.9 5.43 566 2.05
100-FR 100-F SPRING 187-1 2U 2.1D 90U
100-F SPRING 207-1 598 23.8D 0.022U | 414 474G
300-FF 300 AREA SPR DR 42-2 21.9 DX 5030 1.1) ~130°
300 AREA SPRING 42-2 15.3 3660 0.3U ~29.6"

a. Hexavalent chromium where available; otherwise total chromium in filtered samples
b.  Approximation of total uranium based on sum of isotopic results.
Data qualifiers:
B = Less than required detection limit but greater than method detection limit
C = Analyte was detected in both the sample and the associated quality control blank
D = Reported at a secondary dilution factor
G = Record has been reviewed and determined to be correct
J = Estimated value; less than required detection limit but greater than method detection limit
U = Less than detection limit
X = The result-specific translation of this qualifier is provided in the hard copy data report or case narrative

River Corridor Baseline Risk Assessment and Columbia River Component Risk
Assessment

Two DOE studies addressed the entire River Corridor in order to support the multiple River Corridor
RI/FS documents. The 100 Area and 300 Area components of DOE’s River Corridor baseline risk
assessment address post-remediation, residual contaminant concentrations in these areas, as well as
the Hanford and White Bluffs town sites. The assessment also investigated the risks related to the
potential transport of Hanford Site contaminants into Columbia River riparian and near-shore
environments adjacent to the operational areas.

DOE completed an investigation of Hanford Site contaminant releases in the Columbia River in 2010.
Samples were collected of pore water (i.e., groundwater upwelling beneath the river bottom into the
space between rocks and sediment of the river bed), river sediment, river water, fish, and island soil.
Pore water in some 100 Area samples had concentrations of hexavalent chromium above the aquatic
standard, and strontium-90 exceeded DWS in some 100-N Area samples. Tritium concentrations
exceeded DWS in some pore water samples near the former Hanford town site, and uranium exceeded
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DWS near the 300 Area. The information obtained from this investigation will ultimately be used to help
make final cleanup decisions for each of the River Corridor units.

Some recent documents associated with these efforts include the following:

e DOE/RL-2007-21, Volume |, Part 1, River Corridor Baseline Risk Assessment, Volume I: Ecological
Risk Assessment (August 2011)

e DOE/RL-2007-21, Volume Il, Part 2, River Corridor Baseline Risk Assessment Volume II: Human
Health Risk Assessment (August 2011)

e DOE/RL-2010-117, Columbia River Component Risk Assessment, Volume I: Screening Level
Ecological Risk Assessment (2012)

e DOE/RL-2010-117, Columbia River Component Risk Assessment, Volume Il: Human Health Risk
Assessment (2012)

Central Plateau

When the Hanford Site was operating, spent fuel reprocessing, isotope recovery operations, and
associated waste management activities occurred within the 200 East and 200 West Areas located in the
central portion of the Site. Waste disposal within the 200 Areas began with startup of
plutonium-separation operations in late 1944 (Chapter 4.0 of WHC-MR-0521). Three separations
processes were used. The earliest was the bismuth-phosphate process, which was used between 1944
and 1956 at T Plant in the 200 West Area (200-ZP groundwater interest area), and between 1945 and
1952 at B Plant in the 200 East Area (200-BP groundwater interest area). The REDOX process was used
between 1952 and 1967 at the REDOX Plant in the 200 West Area (200-UP). Finally, the PUREX process
was used from 1956 to 1972, and again from 1983 to 1989 at the PUREX Plant in the 200 East Area
(200-PO).

Beginning in 1949, the product from the separations plants was further processed at the Plutonium
Finishing Plant (PFP) (located within 200-ZP), which operated until 1989. Other chemical processes
performed in the 200 Areas included uranium recovery, using the tributyl phosphate process at U Plant
(200-UP) between 1952 and 1957, and radionuclide recovery by various methods at B Plant (200-BP)
between 1963 and 1983 (PNL-SA-23121 S, Hanford Technical Exchange Program: Process Chemistry at
Hanford [Genesis of Hanford Wastes]; DOE/RL-98-28). Each chemical processing facility generated
multiple waste streams and used multiple waste sites for waste management and disposal. This has
resulted in a complex mixture of soil and groundwater contamination that complicates the process of
interpreting specific contaminant sources for specific plumes.

Four groundwater OUs, fifteen source OUs and one vadose zone OU are associated with the Central
Plateau (Figure 1.2 and Table 1.7). The groundwater OUs encompass groundwater contamination from
the 200 East and 200 West Areas and regions into which this contamination has migrated beyond the
Central Plateau.
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Table 1.7 Central Plateau Groundwater and Source Operable Units
. Operable -
Operable Unit Unit Type Description

200-UP-1 Groundwater | Groundwater contamination in the southern 200 West Area and surrounding 600 Area primarily
originating from U Plant and REDOX Plant waste sites.

200-ZP-1 Groundwater | Groundwater contamination in the northern 200 West Area and surrounding 600 Area primarily
originating from T Plant and Plutonium Finishing Plant waste sites.

200-BP-5 Groundwater | Groundwater contamination in the northern 200 East Area and surrounding 600 Area primarily
originating from B Plant.

200-PO-1 Groundwater | Groundwater contamination in the southern 200 East Area and surrounding 600 Area primarily
originating from PUREX Plant.

200-DV-1 Vadose Zone | Addresses waste sites with deep vadose zone contamination posing a threat to groundwater quality
and for which standard surface-based remedies cannot be used. It currently consists of waste sites in
the vicinity of WMA B-BX-BY in the 200 East Area, and WMA T, WMA TX-TY, and WMA S-SX in the
200 West Area, although other waste sites may be added in the future.

200-PW-1/3/6 Source Key plutonium bearing waste sites in the Inner Area.
& 200-CW-5

200-WA-1 Source Majority of the waste sites in the 200 West Inner Area and the BC Cribs and Trenches.

200-BC-1

200-EA-1 Source Majority of the waste sites in the 200 East Inner Area and pipelines in the Inner Area.

200-1S-1

200-SW-2 Source Burial grounds and landfills located in the Inner Area.

200-CB-1 Source B Plant canyon and associates waste sites.

200-CP-1 Source PUREX Plant canyon and associates waste sites.

200-CR-1 Source REDOX Plant canyon and associates waste sites.

200-0A-1 & Source Waste sites located in the Outer Area.
200-CW-1/3

The following groundwater contaminants occur in substantial plumes within the Central Plateau groundwater
interest areas:

*  Carbon tetrachloride is widespread in the 200 West Area at concentrations up to 520 times the
5 ug/L DWS.

* Nitrate concentrations exceed the 45 mg/L equivalent standard in numerous wells within all four
Central Plateau interest areas, but the 200 West Area plumes are the largest in areal extent.

e Tritium concentrations exceed the 20,000 pCi/L DWS in all four interest areas. The plumes with the
largest areal extent occur within 200-UP and 200-PO.

* lodine-129 concentrations exceed the 1 pCi/L DWS in all four interest areas. The plume with the
largest areal extent occurs within 200-PO.

*  Technetium-99 occurs above the 900 pCi/L DWS in all four interest areas, although it is mostly
associated with tank farm and uranium-recovery waste sites.

*  Hexavalent chromium occurs in concentrations above the 48 pg/L cleanup level and the 100 pg/L
DWS for total chromium in the 200 West Area (200-UP and 200-ZP). The plume in 200-UP is the
largest in areal extent.

Uranium concentrations exceed the 30 pg/L DWS in all areas except 200-ZP. The highest
concentrations occur in 200-BP.

Page I-29



DOE/RL-2014-32, Rev. 0
August 2014

Figure 1.8 illustrates groundwater contaminant plumes under the Central Plateau. Residual
contamination continues to enter the aquifer beneath some source areas, although at a lower rate than
historically defined. Also, constituents of lower mobility in the vadose zone beneath the ponds and cribs
may reach the water table in the future.

The 200 Areas contain seven single-shell tank waste management areas: A-AX, B-BX-BY, and C within the
200 East Area and S-SX, T, TX-TY, and U within the 200 West Area. Unplanned releases (e.g., leaks or
overfill events) associated with some of the tanks have contaminated the vadose zone and some of this
contamination has migrated downward to the groundwater (e.g., PNNL-11810). Migration through the
vadose zone may have been facilitated in the past by additions of water from various sources, most
notably nearby wastewater ditches and cribs, water supply pipeline leaks, and rainfall/snowmelt runoff
events. Nitrate, technetium-99, and chromium from many of the tank farms, as well as uranium
specifically from the B-BX-BY Tank Farms, form substantial groundwater plumes. These plumes generally
are expanding in areal extent and exhibit increasing constituent concentrations indicating that
contaminants continue to enter the groundwater from the vadose zone. This situation is being
addressed, in part, by the P&T systems (e.g., the S-SX Tank Farms, PFP, and T Farm). To minimize the
probability of future leaks, all of the single-shell tanks at the Hanford Site have been interim-stabilized,
such that the pumpable liquid in each tank has been largely removed and transferred to double-shell
tanks.
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Central Plateau — Hydrogeology

Important elements of the Central Plateau hydrogeology are the distribution and properties of the
geologic units, structural features, and presence of mud units and basalt bedrock above the water table.
The stratigraphic units present beneath the Central Plateau consist of (in ascending sequence) bedrock
of the Saddle Mountains Basalt, semiconsolidated sand and gravel of the Ringold Formation unit A, silt
and clay of the Ringold lower mud unit, semiconsolidated sand and gravel of the Ringold Formation

unit E, fine- to coarse-grained Cold Creek unit, and unconsolidated sand and gravel of the Hanford
formation (Figure 1.9). Section 2.1 of DOE/RL-2011-01 describes these units in detail. The unconfined
aquifer occurs mostly within the Hanford formation and Ringold unit E. The low-permeability Ringold

lower mud unit forms the base of the unconfined aquifer in most areas. The thickness of the unconfined
aquifer varies substantially within the Central Plateau from over 200 meters southeast of the 200 East
Area to zero where the aquifer pinches out against mud units and basalt above the water table.

The depths from land surface to the water table range from zero adjacent to the Columbia River (i.e.,
the eastern boundary of 200-PO) to 106 meters between the 200 East and 200 West Areas. Confined
aquifers occur within Ringold Formation unit A between the lower mud unit and basalt and within
sedimentary interbeds and interflow zones within the basalt.

Figure .5 shows the March 2013 water table map for the Hanford Site (low river stage), including the
Central Plateau. Groundwater in the unconfined aquifer flows from upland areas in the west and
southwest toward the Columbia River to the north and east, which is the regional discharge area. Within
the Central Plateau, natural recharge to the unconfined aquifer comes from the Cold Creek Valley, Dry
Creek Valley, Rattlesnake Hills, and infiltrating precipitation. Groundwater generally flows from west to
east, although some of the flow from the 200 West Area and/or north of the 200 West Area turns north
and flows through Gable Gap (for additional details see DOE/RL-2011-01). The Hanford Site water table
has changed substantially since operations began in 1944 (PNNL-13080; DOE/RL-2011-01).

The dominant source of water in the unconfined aquifer beneath the 200 East Area and vicinity is inflow
from the west. However, some water also comes from beneath the mud units to the east and from the
underlying aquifers where the confining units have been removed or thinned by erosion. Formerly, the
direction of groundwater flow diverged beneath the 200 East Area, with some water flowing toward the
north through Gable Gap and some flowing southeast through 200-PO OU. The flow direction changed
during 2011; since then flow has been toward the south and southeast across much of the 200 East
Area. The change can be attributed to the following three factors:

e Higher than normal Columbia River stage during the summer months of 2011 and 2012, which
caused higher water levels to the north of the 200 East Area in Gable Gap

e The long-term decline of the water table in the 200 East Area

o The lack of high-volume discharges to the Treated Effluent Disposal Facility located east of the
200 East Area since 2010, which has contributed to the lower water levels in the 200 East Area

Page I-32


http://www.hanford.gov/c.cfm/sgrp/GWRep10/html/start10.htm
http://www.hanford.gov/c.cfm/sgrp/GWRep10/html/start10.htm
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-13080.pdf
http://www.hanford.gov/c.cfm/sgrp/GWRep10/html/start10.htm

—————————————————— -

Supra-
basalt
aquifer
system

Basalt
confined
aquifer
system

DOE/RL-2014-32, Rev. 0

Figure 1.9 Central Plateau Geology

Page 1-33

August 2014
Generalized Hanford Site Stratigraphy
Hydro- : . )
. Lithostratigraph Epoch | Age
stratigraphy grapny P 9
eolium, aII!.lwurn, Holocene
and colluvium
10 ka
interbedded sand
and silt dominated Q
‘ S| 8
sand-dominated 5 % b
Unit 1 . Y= =]
gravel-dominated = E -5
TS| ®
a
Unit 2 ==, Jccuz Told 2.5 Ma
Unit 3 S ©'E | CCUc  *see below | Creek
© 5 3T ccug unit®
member of g
. Savage Island ]
he) o
Unit 4 ] 2
(upper fines) & a
L
]
§
s member of
Taylor Flat .5
5
€ H—?—t53Ma
3 =
5]
w
e
Unit 5 unit E &
(upper coarse) £
o
unit € &member‘ of
- Wooded
Unit 6 Island
(middle fines) unit B
Unit 7
(middle coarse) unit D
Unit 8 = .
(lower mud) =1 lower mud unit
Unit9  9A RV ) )
( basal 9B F unit A S
coarse P A
9C |z \/ S [85Ma
Saddle =
Mountains =
7] Basalt
(-4
[ D - P te® =
S5 [T D Wwarcoun | ooovosar | £ 8 1o e
= - =
2§ [HBROS=" | oo | & 8
R=l ST interbedded | .S L15.6 Ma
-g "—; sediments of -g "—‘;
= Grande IE:IIensI;l_Jrg 38
58 Ronde ormation S @
L&) Basalt
) Imnaha
! Basalt
CCUz = CCUf(lam-msv) = “gqr'y quuusg soil" | Adapted from: Reidel et. al. (1992),
*= CCUc = CCUf-c(calc) = "caliche" Therne et al. (1993), Lindsey (1995),
CCUg = CCUc(ml) = "pre-Missoula gravels” Williams ef. al. (2000), DOE (2002)
® Cold Creek unit formerly known as "Plio-pleistocene unit" 1Al Ages are approximate.
~Not to Scale - 2010-DCL-HanStrar-001_03-09
CHSGW2012GW09



DOE/RL-2014-32, Rev. 0
August 2014

Central Plateau — Cleanup

More progress has been made remediating waste sites within the River Corridor as compared to the
Central Plateau in order to reduce the active cleanup footprint to the 75 square miles in the center of
the site (DOE/RL-2009-10). Remediation of the Central Plateau waste sites is expected to accelerate as

cleanup activities at the River Corridor waste sites are completed. Until then, cleanup activities on the
Central Plateau are focused on completing decision documents, remediating the groundwater plumes in
200 West, facility decontamination and decommissioning (including PFP), and initiating waste site
cleanup in the Outer Area.

Groundwater and deep vadose zone remediation on the Central Plateau (Figure 1.10) included the
following in 2013:

e 200 West P&T. The 200 West P&T system addressing carbon tetrachloride and other
contaminants in the entire northern half of the 200 West Area began operating during July
2012. The system is designed to remove carbon tetrachloride, chromium, nitrate, and
technetium-99 from the groundwater.

e S-SX Extraction System. A groundwater extraction system addressing contaminant plumes from
WMA S-SX began operating during July 2012. The system focuses on technetium-99, chromium,
nitrate, and carbon tetrachloride. The water is sent to the 200 West P&T system.

e Soil Vapor Extraction. Soil vapor extraction to remove carbon tetrachloride from the vadose
zone near PFP in the 200 West Area, has been used since 1992. The system was not operated in
2013 in order to conduct a rebound study of soil vapor. The remedy was implemented as an
interim action for the 200-PW-1 source OU, but it continues as a final remedy under a ROD
issued in 2011 (EPA, 2011).

e Passive Soil Vapor Extraction Systems. The passive soil vapor extraction systems operated

during January through March 2013 at eight wells near the disposal sites associated with PFP.
Passive soil vapor extraction is a naturally occurring process driven by barometric pressure
fluctuations. The passive soil vapor extraction wells were permanently removed from service in
March 2013.

e Deep Vadose Zone. The pumping test that began in 2011 to evaluate the removal of uranium
and other contaminants from the perched horizon beneath the B Complex continued during
2013. The value of this system in reducing the potential for future groundwater contamination is
evident and this test is planned to continue for the foreseeable future.

No active remediation is occurring within the 200 East Area groundwater OUs, but a treatability test to
remediate the uranium-contaminated perched water zone beneath the B complex began during 2011
as part of the deep vadose zone OU (200-DV-1). This system continued to operate during 2013, reducing
the potential for future groundwater contamination.
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Central Plateau Groundwater Monitoring Results

Table 1.8 lists the number of wells sampled and number of sample events (i.e., well trips) for each
Central Plateau groundwater interest area. Table 1.9 lists the maximum concentration for selected
groundwater constituents by interest area. Figure 1.8 illustrates the distribution of groundwater
contamination in 2013.

Within the 200 West Area, the overall extent of the carbon tetrachloride plume during 2013 was similar
to that observed during 2012. The maximum sample result during 2013 was 2,600 pg/L in well 299-W14-
22. The plume continues to move to deeper parts of the aquifer as it migrates east. The final-remedy,
200 West P&T system, addressing carbon tetrachloride in the entire northern half of the 200 West Area,
began operating during July 2012 and continued operating throughout 2013.

Trichloroethene and chloroform occur in groundwater beneath the 200 West Area and are associated
with the carbon tetrachloride plume. The maximum trichloroethene sample result during 2013 was

19 ug/L, which is 19 times the 1 pg/L cleanup level for 200-ZP. This constituent will be remediated by the
200 West P&T system. Trichloroethene is not a final contaminant of concern for the 200-UP-1 OU, but
this constituent will continue to be routinely monitored within the interest area in the future. All
chloroform sample results were below the 80 ug/L DWS for total trihalomethanes.

Table 1.8 Groundwater Sampling on the Central Plateau, 2013

Number of Number of
Number of Wells Successful Well Number of Aquifer | Successful Aquifer
Interest Area Sampled Trips Tubes Sampled Tube Trips
200-ZP 83 197 n/a n/a
200-UP 81 144 n/a n/a
200-BP 138 283 5 5
200-PO 122 207 7 7
Total 424 885 12 12

Note:

A successful sampling trip was determined by presence of data in HEIS. This table includes routine
sampling, characterization sampling, and sampling conducted to support groundwater remediation
systems.

n/a = not applicable
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Table 1.9 Maximum Concentrations of Selected Groundwater Constituents in Central Plateau Interest Areas During 2013
Contaminant, Units \ DWS (DCS)’* | 200-zP | 200-UP | 200-BP |  200-PO
Radionuclides

Antimony-125, pCi/L 300 ND ND ND ND
Carbon-14, pCi/L 2,000 (62,000) ND 41.5 1,530 NA
Cesium-137, pCi/L 200 (3,000) ND ND 100 ND
Cobalt-60, pCi/L 100 (7,200) ND ND 56 ND
Gross alpha, pCi/L 15 3.12 2.87 49° 21
Gross beta, pCi/L 50 5,400 3,100 16,000° 1,300
lodine-129, pCi/L 1(330) 3.64 9.14 7.54 9.09
Plutonium-239/240, pCi/L N/A (140) NA NA 1.5 NA
Strontium-90, pCi/L 8(1,100) 4.6 1.4 980 15
Technetium-99, pCi/L 900 (44,000) 8,600 62,000 36,000° 4,200
Tritium, pCi/L 20,000 (1,900,000) 140,000 310,000 42,000 490,000

Metals”
Arsenic (filtered), ug/L 10 4.01 3.92 33.3 10.2
Arsenic, pg/L 10 5.13 6.23 34.5 10.9
Barium (filtered), ug/L 2,000 60.1 122 328 153
Barium, ug/L 2,000 219 122 324 194
Beryllium (filtered), ug/L 4 ND ND ND ND
Beryllium, ug/L 4 ND ND ND ND
Chromium (filtered), pg/L 100 37.8 907 53.9° 15
Chromium, pg/L 100 277 904 106° 85.8
Hexavalent Chromium (filtered), pug/L 48 NA 102 8.9 3.3
Hexavalent Chromium, pg/L 48 186 450 9.7 2.2
Mercury (filtered), ug/L 2 ND ND 1.69 ND
Mercury, pg/L 2 ND ND 1.74 ND
Selenium (filtered), pug/L 50 ND 6.9 18.8 ND
Selenium, pg/L 50 10.1 18.5 18.2 ND
Uranium, pg/L 30 3.17 298 3,300° 58.8

Anions
Cyanide, pg/L 200 43 NA 1,520 ND
Fluoride, mg/L 4 3.89 0.543 2.7° 0.559
Nitrate as NO;, mg/L 45 846 3,210 1,680 126
Nitrite as NO,, mg/L 3.3 11.6 0.213 0.417 0.765

Organics
1,1,1-Trichloroethane, pg/L 200 ND ND ND ND
1,1-Dichloroethene, pg/L 7 ND ND ND ND
1,2-Dichloropropane, pg/L 5 ND ND ND ND
1,4-Dioxane, pg/L 3.98¢ ND 8.4 ND ND
Carbon tetrachloride, pg/L 5 2,600 700 ND 1.3)
Chloroform, pg/L 80 46 ) 9.4) 0.28) ND
Methylene chloride, pg/L 5 20 1.06 ND ND
Tetrachloroethene, ug/L 5 ND ND ND 1.1)
Toluene, pg/L 1,000 ND ND ND ND
Trichloroethene, ug/L 5 9.8 7.2 4.2 4.2
Xylenes (total), ug/L 10,000 ND ND ND ND

Note:

Table lists highest value for 2013 for each groundwater interest area, excluding suspect data (flagged Y), data under review (flagged F),
rejected data (flagged R), or nonroutine samples (e.g., characterization). Blue cells exceed drinking water standards. Yellow cells exceed

derived concentration standards. Provided values based on HEIS as of Feb. 6, 2013.

a. References for drinking water standards and derived concentrations standards listed in Table 1.11.
b. Antimony, cadmium, and thallium excluded because detection limits are typically higher than drinking water standards, creating false
exceedances near the detection limits. Nickel excluded because it typically indicates corrosion of stainless steel well screens and casing.
¢. Maximum result from the unconfined aquifer. Concentrations are higher in the perched water zone monitored by 299-E33-344 at WMA

B-BX-BY.

d. Standard derived using WAC 173-340-720 Method B, documented in DOE/RL-2009-122, Table 6-1.

DCS = DOE Derived Concentration standard

DWS = drinking water standard

ND = not detected above method detection limits or minimal detectable activity

NA = not analyzed for
N/A = not applicable
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Nitrate and tritium occur above DWS within all four Central Plateau groundwater interest areas. These
constituents originate from multiple sources. The highest nitrate concentration during 2013 was 3,210
mg/L in the southeastern 200 West Area, and the highest tritium result was 490,000 pCi/L at the
Plutonium-Uranium Extraction (PUREX) Cribs in the central part of the 200 East Area. The tritium plume
from the PUREX Cribs extends east through the 200-PO interest area and discharges to the Columbia
River at concentrations above 20,000 pCi/L. Concentrations of tritium are declining in many of the
Central Plateau wells as the plumes attenuate naturally by radioactive decay and dispersion.

The largest iodine-129 plume occurs within 200-PO, but the highest concentrations generally occur in
the 200 West Area. At the 1 pCi/L contour level, the 200-PO plume extends 12 kilometers east of the
200 East Area, and its extent has changed very little over the last 18 years. While the contaminant
continues to migrate downgradient, concentrations at the leading edge of the plume (at the 1 pCi/L
level) are reduced by dispersion such that the contour position is stable (i.e., at steady state) and it does
not reach the Columbia Rlver. However there is no significant reduction in concentrations due to
radioactive decay, because iodine-129 has a long half-life. The maximum concentration of iodine-129
within 200-PO during 2013 was 9.09 pCi/L at the PUREX Cribs. The maximum iodine-129 sample result
within the Central Plateau during 2013 was 9.14 pCi/L in a well southeast of the U Plant in the 200 West
Area. Historically an iodine-129 plume with concentrations greater than 10 pCi/L (based on data from
wells that were decommissioned prior to 2013) occurs to the southeast in the 200 West Area. The
selected remedy for this plume is hydraulic control while treatment technologies are investigated

(EPA et al., 2012).

The most substantial uranium plumes within the unconfined aquifer occur within the 200-BP and
200-UP interest areas. The 200-BP plume originated from the B Complex where the maximum
concentration in the unconfined aquifer was 3,300 pg/L during 2013 (well 299-E33-18). Uranium is
entering the aquifer from a perched zone beneath the B Complex; the maximum measured
concentration in the perched zone was 106,000 pg/L during 2013 (well 299-E33-344). A pumping test to
remove uranium from this zone continued to operate during 2013. The uranium plume in 200-UP occurs
near U Plant and originated from the 216-U-1/2 Cribs. Further remediation of this plume is addressed by
the ROD issued in September 2012 (EPA et al., 2012), and a groundwater extraction system is currently
being designed.

Technetium-99 occurs above the 900 pCi/L DWS in all four interest areas, although it is mostly
associated with tank farm and uranium-recovery waste sites. The largest technetium-99 plume occurs
within the 200-BP interest area and originated mainly from the BY Cribs. This plume extends to the
northwest beyond the 200 East Area, and covers an area of 1.4 square km with concentrations up to
36,000 pCi/L. Technetium-99 plumes also occur in association with the tank farms in both the 200 East
and West Areas. The maximum sample result on the Central Plateau during 2013 was 62,000 pCi/L at
the SX Tank Farm in the 200 West Area.

A cyanide plume originated from the BY Cribs in the 200-BP interest area and is attributed to disposal of
wastes from isotope recovery processes. This plume extends toward the northwest, but it is now
migrating to the southeast in response to a recent groundwater flow direction change due to ongoing
water table declines in the 200 East Area and the temporal Columbia River stages. The maximum
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concentration in this plume was 999 pg/L southeast of the BY Cribs. The B Tank Farm was also identified

as a source of cyanide to the groundwater during the year. The maximum concentration in this area was
1,520 pg/L in well 299-E33-47.

Chromium plumes on the Central Plateau are associated with waste sites in the 200 West Area.

One plume occurs east-southeast of the 200 West Area and originated from cribs and ponds associated
with the Reduction Oxidation (REDOX) Plant. The maximum concentration in this plume during 2013 was
277 ug/L. Chromium plumes also occur at the 200 West Area tank farms. The largest of these is the
plume from the SX Tank Farm, which extends nearly 500 meters downgradient from the source area.
The maximum concentration in this plume during 2013 was 907 pg/L. A groundwater extraction system
to remove this plume from the aquifer began operating during July 2012, and continued operating
during 2013.

Groundwater monitoring regulated by RCRA and the Washington Administrative Code (WAC) continued
in 2013 at facilities in all four groundwater interest areas (Table 1.10). Within the Central Plateau, twelve
sites are monitored under interim status indicator parameter (detection) programs, seven sites are in
assessment, and one site is monitored under final status to collect baseline data. The assessment sites
include one site for elevated specific conductance, four sites for elevated concentrations of chromium,
and two sites for elevated concentrations of cyanide. During 2013, no sampling results indicated a
potential new impact to groundwater quality.
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Table 1.10 RCRA Monitoring Status for the Central Plateau, 2013

Report

RCRA Unit Section Status for Reporting Period

216-A-29 Ditch 200-PO Continued indicator evaluation®

216-A-36B Crib 200-PO Continued indicator evaluation®

216-A-37-1 Crib 200-PO Continued indicator evaluation®

216-B-3 Pond 200-PO TOC exceedances; verification
results pending

216-B-63 Trench 200-BP Continued indicator evaluation®

216-5-10 Pond and 200-UpP Continued indicator evaluation®

Ditch

IDF 200-PO Not yet in use; monitoring results
added to baseline data set

LERF 200-BP Continued indicator evaluation®;
adequacy of monitoring approach
under review by DOE and Ecology

LLWMA-1 200-BP Indicator evaluation® reinstated
after an assessment “first
determination” completed

LLWMA-2 200-BP Continued indicator evaluation®

LLWMA-3 200-ZP Continued indicator evaluation®

LLWMA-4 200-ZP Continued indicator evaluation®

NRDWL 200-PO Continued indicator evaluation®;

SST WMA A-AX 200-PO Continued assessment (elevated
specific conductance);
assessment plan being revised

SST WMA B-BX-BY 200-BP Continued assessment (cyanideb)

SSTWMA C 200-BP Continued assessment (cyanideb)

SST WMA S-SX 200-UP Continued assessment
(chromium®)

SSTWMAT 200-ZP Continued assessment
(chromium®)

SST WMA TX-TY 200-ZP Continued assessment
(chromium®)

SSTWMA U 200-UP Continued assessment

(chromiumb)

a. Analysis of RCRA contamination indicator parameters provided no
evidence of groundwater contamination with dangerous
waste/dangerous waste constituents from the unit.

b. Primary RCRA constituents at this unit.
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CERCLA Five-Year Review

Whenever contaminants remain in the environment following a remedial action decision, CERCLA
regulations require the regulatory agency to conduct a review of the decision at least every five years.
DOE issued Revision 1 of The Hanford Site Third CERCLA Five-Year Review Report (DOE/RL-2011-56) in
March 2012. DOE issued an errata sheet in June 2012 (12-EMD-0070). The review covered the period
ending September 30, 2010 and includes assessments of both source and groundwater OUs. The next
CERCLA five year review will cover the period ending September 30, 2015.

Quality Control Summary

Groundwater data quality is assessed and enhanced by a multifaceted quality assurance/quality control
program. Appendix F presents a detailed description of the data quality assessment for 2013. This
assessment evaluates groundwater samples collected during 2013 from wells, aquifer tubes, and seeps
and is based on three quality assurance components:

e Field QC samples consisting of field blanks, sample replicates (replicate samples sent to the
same laboratory), and sample splits (replicate samples sent to different laboratories). Field
blanks provide a measure of possible sample contamination during field sampling and
laboratory operations. Sample replicates provide a measure of precision for field sampling and
laboratory analysis. Sample splits provide an interlaboratory comparison of sample analysis.

e Laboratory QC samples consisting of method blanks, sample duplicates, laboratory control
samples/laboratory control sample duplicates, matrix spikes/matrix spike duplicates, and
surrogates/surrogate duplicates. Method blanks provide a measure of possible sample
contamination during laboratory analysis. Laboratory control samples, matrix spikes, and
surrogates provide a measure of analytical accuracy. The various duplicate samples provide a
measure of analytical precision.

e laboratory performance measures consisting of groundwater monitoring program blind
standards and commercial performance evaluation samples. Both the blind standards and
performance evaluation samples provide a measure of laboratory analytical accuracy and bias;
the blind standards also provide a measure of laboratory analytical precision.

Based on the results of this data quality assessment, sample results appear to accurately represent
target analyte concentrations in Hanford Site groundwater, and the analytical data are sufficient in
guantity and quality to be usable for the groundwater monitoring program. The percent useable data
for the 2013 groundwater monitoring data set is 97.4%; this exceeds the DOE/RL-91-50 groundwater
monitoring requirement of 85% data usability. Furthermore, 98.5% of the laboratory QC samples met
QC requirements. This high rate of acceptable laboratory QC results indicates that laboratory accuracy,
precision, and contamination control during sample preparation and analysis support the use of the data
set for the groundwater monitoring program. Field QC samples were collected and laboratory QC
samples were analyzed at the frequencies required. Corrective actions have been initiated for
systematic discrepancies displayed in the blind standards program for uranium and gross alpha.
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Sources of Additional Information

All of the groundwater data presented in this report are provided as electronic files. Users also may
retrieve historical and current data via the internet through DOE’s Environmental Dashboard Application
available at: http://environet.hanford.gov/EDA/.

The documents referenced in this report generally are available at the public reading rooms around
Washington State. Many documents also are available online as part of the Administrative Record

available at http://pdw.hanford.gov/arpir/ or other online libraries. Requests for documents can also be

made through inter-library loan directly to DOE. References to documents in this report are provided as

a direct electronic link when possible. If reports are not accessible through the internet, the document

number (if applicable) and full title are provided.

Other reports and databases relating to Hanford groundwater are listed in the following text and cited

or summarized in this report as needed.

The Hanford Environmental Information System (HEIS) database is the main environmental
database for the Hanford Site. The database is used to store groundwater chemistry data and
other environmental data (e.g., soil and surface water chemistry; soil physical properties; survey
data).

Hanford Site Environmental Reports present results of monitoring, including groundwater,
riverbank seeps, river water, sediment, air, and biota. They also describe environmental
management performance and report the status of compliance with environmental regulations.
These reports are available through the Mission Support Alliance website at
http://msa.hanford.gov/page.cfm/EnviroReports

Quarterly RCRA summaries are informal quarterly presentations to Ecology made after
groundwater data associated with RCRA have been verified and evaluated. These presentations
describe the status of RCRA sampling and analysis, statistical analysis results, and changes or
highlights from the quarter.

Groundwater remediation reports describe the progress of groundwater remediation systems
on the Hanford Site. The annual reports discuss the removal and treatment efficiencies for the
year, as well as any operational issues for the groundwater remediation systems.

DOE recently released Remedial Investigation (RI)/Feasibility Study (FS) documents for all of
the River Corridor units except 100-BC, which is planned for late 2016. These documents provide
the results of Rl studies and make recommendations for remediating the vadose zone and
groundwater beneath the river corridor.

River Corridor Baseline Risk Assessment (RCBRA). A critical step in developing final remedial
action decisions is the completion of a quantitative baseline risk assessment. DOE published
volumes 1 and 2 of this assessment in 2011.
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