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¢ FEvaluate the potential for adverse effects on human health and the environment if no

action is taken and exposure occurs.

e Develop and evaluate an appropriate range of remedial action alternatives to address

unacceptable risk to human health and the environment.

This RI/FS was prepared based on information gathered from historical studies,
investigations, process knowledge, data collected during implementation of interim
actions, and recent field investigations. Soil and groundwater assessments and cleanup
actions have been performed at 100-D/H since the ea 7 1990s. The recently completed
RI work was conducte to provide information to supplement the considerable body of
information previously collected regarding site contamination. The supplemental RI work
included excavation of five test pits, installation of 17 groundwater monitoring wells, and
completion of 10 soil borings/temporary groundwater monitoring wells. Each of the
activities included collection and analysis of samples to resolve data needs identified in
the 100-D/H Work Plan3. In addition, a network of wells was sampled to determine

spatial and temporal variations in groundwater contamination.

100-D/H Background
The 100-D/H Areas encompass 20 km® (7.8 mi*) adjacent to the Columbia River in the

northern portion of the Hanford Site. This section of the Columbia River is within the
Hanford Reach, which is a free-flowing section of the river that extends from Priest
Rapids Dam downstream to the slack waters of Lake Wallula, formed by McNary Dam.
Hanford Site cultural resources are diverse, ranging from early prehistoric times to the
Atomic Age. The Hanford Site contains some of the most important archaeological sites
in the region. Cultural resource surveys are routinely conducted as part of site evaluations
to protect culturally sensitive areas. The results of these surveys are used in planning

appropriate remedial actions.

1¢ 100-D/H Area inclu s three deactivated nuclear reactors and support facilities that
produced plutonium from 1945 to 1967. The reactors were built to irradiate uranium fuel

rods to produce plutonium and other speci.  nuclear materials. The reactors and processes

3 DOE/RL-2008-46-ADD1, 2010, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan,
Addendum 1: 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units, Rev. 0, U.S. Department of
Fnerav Richland Oneratinns Office Richland Washinaton. Available at:
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Nature and " itent of Contamination

This document describes the current distribution of contaminants in environmental
media, predicts the migration rate of contaminants through the physical setting (fate and
transport), and evaluates the potential for contaminants to enter the Columbia River.
Discharges of large volumes of liquid effluent to the vadose zone during reactor
operations contributed to significant alterations in local hydrologic conditions and
resulted in the accelerated transport of contaminants to deeper portions of the vadose
zone and unconfined aquifer groundwater in 100-D/H. Contaminant migration rates are
currently much slower than during operating periods because those discharges have

stopped.

Contaminants identified in the vadose zone include radionuclides, anions, organic
chemicals, and metals. The analytical results from the RI characterization indicated the

localized presence of hexavalent chromium [Cr(VI)] in the vadose zone.

ere were 343 sites identified in the 100-D/H Area. These sites were evaluated using the
Tri-Parties site evaluation process for determin g the status of each waste site. Fo -
eight sites were closed out, rejected or not accepted as waste sites. Three of the waste
sites are the deactivated D, DR, and H Reactors. The reactors are addressed under a
different ROD, and are not the subject of this document. The 100-D-58 waste site was a
septic tank and leach field that has been closed under Washington State Department of
Health regulations. The remaining 291 waste sites are evaluated in the RIFS to determine
the need for remedial action. The waste sites in 100-D/H included storage tanks, ponds,
trenches, cribs, Frent  drains, solid waste burial grounds, retention basins, pipclines, and

spills/leaks.

Waste site remedial actions in 100-D/H began in 1995 under an interim action ROD* and
are ongoing. Interim action waste site cleanup consists primarily of removing and
disposing of contaminated material followed by backfill and revegetation. These cleanups

will continue until a new ROD is issued.

Cr(VI) is the most widespread contaminant in groundwater beneath 100-D/H. Other

groundwater contaminants are total chromium, strontium-90, and nitrate. Chromium is

4 EPA/ROD/R10-95/126, 1995, Interim Remedial Action Record of Decision for the 100-BC-1, 100-DR-1, and
100-HR-1 able Units, Hanford Site Renton Countv Washinaton |1 S Fnvironmental Protection Agency, Region

10, Seattle, Washington. Available at
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70:30 initial source distribution model for high K, contaminants) and an
infiltration/recha  : rate based on irrigation scenario for SSLs and conservation land use

for PRGs.

Alternatives Development

The FS portion of the RI/FS consists of fc  phases: development of remedial action
objectives (RAOs), screening of remedial technologies, development of remedial
alternatives, and detailed analysis of alternatives. Remedial technologies were assembled

into alternatives that address contamination on a media- or source-specific basis.

RAOs for groundwater, surface water, and soil are general descriptions of what a
proposed remedial action is expected to accomplish. RAOs are narrative statements that
define the cleanup required to protect human health and the environment. The RAOs
generally include information on the media, contaminants, receptor, exposure pathway,

and remediation goals.

A range of general response actions to meet RAOs is identified for the vadose zone and
groundwater contaminants of concern (COC). Response actions include different
technologies and process options identified for the vadose zone and groundwater. The
process options and technologies are evalt  2d for relative effectiveness,

implementability, and cost.

The remedial technologies retained from the screening process were combined into
remedial alternatives to provide a range of technologies for integrated waste site and
groundwater remediation. The remedial alternatives were developed to achieve the RAOs
and be responsive to National Contingency Plan® (NCP) and CERCLA programmatic

goals. Alternatives evaluated include:
e Alternative I — No Action (required by the NCP)

e Alternative 2 — RTD and Void-Fill Grouting for Waste Sites and Pump-and-Treat

with Biological Treatment for Groundwater

e Alternative 3 - RTD and Void-Fill Gri ting of Waste Sites and Increased Capacity

Pump-and-Treat for Groundwater

8 40 CFR 3NN “Natinnal Nil and Hazardnne Qithetances Pallitinn Cantinaency Plan ” Code of Faderal Reatilations.
Available at

vi
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e Alternative 4 — RTD for Waste Sites and ump-and-Treat for Groundwater

Alter 1tives Evaluation

Alternatives were evaluated individually and comparatively against the CERC A
threshold and balancing criteria. Threshold criteria include over:  protection of human
health and the environment and compliance with applicable or relevant and appropriate
requirements. The balancing criteria include: long-term effectiveness; reduction of
toxicity, mobility, or volume (TMV) through treatment; short-term effectiveness:
implementability; and cost. Modifying criteria include state and community acceptance.
The Washington State acceptance modifying criteria 1s been addresse by state support
for issuance of this RI/FS report and the )0-D/H Proposed Plan. The remaining
modifying criterion, community acceptance, will be evaluated after the Proposed Plan
goes through the Tribal Nations and public comment process as reflected in the

responsiveness su lary that will be included in the 100 /H CERCLA ROD.

The purpose of the detailed and comparative analysis is to develop the information

necessary to recommend a preferred alternative in a Proposed Plan. The analysis showed:
e Alternative | - No Action does not meet threshold criteria for all sites.

e Alternative 2 - RTD and Void-Fill Grouting for Waste Sitcs and Pump-and-Treat
with Biological Treatment for Groundwater meets threshold criteria, performs well
for long-term effectiveness, reduction of TMV, and short-term effectiveness, and less

well for implementability.

e Alternative 3 - RTD and Void-Fill Grouting of Waste Sites and Increased Capacity
Pump-and-Treat for Groundwater meets threshold criteria, performs well for long-
term effectiveness, reduction of TMV, short-term effectiveness, and

implementability.

e Altcrnative 4 - RTD for Waste Sites and Pump-and-Treat for Groundwater meets
threshold criteria, performs well for long-term effectiveness, reduction of TMV, and

implementability, and performs less well for short-term effectiveness.

The alternatives perform equally for long-term effectiveness and permanence.
Alternatives 2 and 3 perform better than Alternative 4 for reduction of TMV, and
Alternative 3 is expected to perform better than Alternatives 2 and 4 for short-term

effectiveness. Alte  tive 4 is rated highest for implementability. Costs are the lowest for

Vii
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Alternative 2 and the highest for Alternative 4. The analysis presented in this RI/FS
provides enough information to be able to recommend a preferred alternative in the

Proposed Plan.

DOE will develop and submit for Ecology approval a new remedial design
report/remedial action work plan (RDR/RAWP) and groundwater monitoring plan,
prepared in accordance with the Tri-Party Agreement (Hanford Federal Facility
Agreement and Consent Order [Ecology et al., 1989a]) for the final remedy selected.
All future remedial actions will then be performed under the approved RDR/RAWP.
All 291 waste sites will be included in the ROD for the final remedy decision to be

documented, even if no further remedial activities are needed.

viii
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For 100-D/H, the Past-Practice Strategy (DOE/RL-91-40) resulted in specific actions and priority
investigations. Limited field investigations (LFIs) were initiated where liquid waste disposal sites were
considered responsible for local groundwater contamination. These LFIs were an initial step in
characterizing the nature and extent of contamination in the vadose zone, structures, and debris that
received radioactive liquid effluent discharges. Radionuclides, metals, and organics were analyzed in the
LFI samples. The following reports document these investigations:

e Limited Field Investigation Report for the 100-DR-1 Operable Unit (DOE/RL-93-29)

®  RCRA Facility Investigation/Corrective Measures Study Work Plan for the 100-DR-2 Operable Unit,
Hanford Site, Richland, Washington (DOE/RL-93-46)

e Limited Field Investigation Report for the 100-HR-1 Operable Unit (DOE/RL-93-51)

e Limited Field Investigation Report for the 100-HR-2 Operable Unit (DOE/RL-94-53)

Limited Field Investigation Report for the 100-HR-3 Operable Unit (DOE/RL-93-43)

.. LFIs indicated that liquid disposal sites in 100-DR-1, 100-DR-2, 100-HR-1, and 100-HR-2 OUs were
primarily responsible for the continuing release of hexavalent chromium [Cr(VI)] above established limits
to the groundwater. For the 100-HR-3 OU (100-D/H groundwater), it was established that Cr(VI) in
groundwater was entering the Columbia River at concentrations considered toxic to aquatic organisms.

1is led to the selection of interim actions to remediate source and groundwater contamination within
the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 OUs under the following interim
action RODs:

o [nterim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1,
100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-1U-2, 100-1U-6, and 200-CW-3
Operable Units, Hanford Site, Benton County, Washington (100 Area Remaining Sites) (hereinafter
called 100 Area Remaining Sites ROD [EPA/ROD/R10-99/0397), July 1999

e [nterim Remedial Action Record of Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable
Units, Hanford Site, Benton County, Washington (EPA/ROD/R10-95/"75), September 1995

o [Interim Remedial Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2,
100-FR-2, 100-HR-2, and 100-KR-2 Operable Units, Hanford Site (100 Area Burial Grounds),
Benton County, Washington (hereinafter called 100 Area Burial Grounds ROD
[EPA/ROD/R10-00/121]), September 2000

e Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units Interim Remedial Actions,
Hanford Site, Benton County, Washington (hereinafter called 100-H . ROD
[EPA/ROD/R10-96/134]), March 1996

Current River Corridor cleanup work is progressing based on Interim Action RODs. An objective of
waste site cleanup is to remove sources of contamination and contaminated environmental media that are
close to the Columbia River, and place them in the Environmental Restoration Disposal Facility (ERDF)
for final disposal on the Central Plateau. Reducing the concentrations of contaminants entering the
Columbia River and restoring the groundwater to beneficial use remain the key objective of groundwater
remediation within 100-D/H. Interim Remedial Action Objectives (RAQs) for the cleanup of waste sites
within the 100-DR-1, 100-DR-2, 100-HR-1, and 100-HR-2 OUs focused on protecting human health
from contaminants in the soil, controlling the sources of groundwater contamination to minimize the
effects to groundwater resources, and protecting the Columbia River from further adverse effects. For the
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the implementation of interim action RODs for River Corridor OUs. The proposed cleanup levels
(pre minary remediation goals [PRGs]) are numeric values that meet ARARs and protect HHE. These
PRGs will be used to assess the effectiveness of the selected remedial alternatives.

Chapter | summarizes the assessment and remediation work that was completed before preparation of
this RI/FS Report. In addition to the 100-D/H specific work, Chapter | describes other relevant work
that supports remedy selection for 100-D/H. This RI/FS report builds on this body of previous work to
provide a comprehensive understanding of current site conditions and evaluate a set of alternatives for
addressing the remaining human health and environmental ri  ; at 100-D/H.

For the purpose of this RI/FS, the following definitions are used:

¢ Shallow vadose zone: from ground surface to a depth of 4.6 m (15 ft). This depth interval is
evaluated for protection of human health and ecological receptors as well as protection of
groundwater and surface water.

o Deep vadose zone: from a depth of 4.6 m (15 ft) to the water table. This depth interval is evaluated
for protection of  oundwater and surface water. Residual contaminant ¢ centrations in this zone are
evaluated for human health protection to provide risk n agement information.

This RI/ES for 100-D/H was undertaken in accordance with Integrated 100 Area Remedial Investigation/
Feasibility Studv Work Plan (DOE/RL-2008-46), hereinafter called the Integrated Work Plan, for the

100 Area, which contains the planning elements common to all the Hanford Site 100 Area source and
groundwater OUs, and Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan,
Addendum 1: 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units
(DOE/RL-2008-46-ADD1), hereinafter called 100-D/H Work Plan, which is specific to 100-D/H. These
work plans were developed and approved by Ecology to outline the requirements for an RI/FS supporting
cleanup decisions for the OUs within the 100 Area NPL (40 CFR 300, Appendix B).

This introductory chapter is followed by the RI portion of the report (Chapters 2 through 7), the FS
portion of the report (Chapters 8 through 10), and a list of the references used in preparing this report
(Chapter 11).

e Chapter 2—Study Area Investigation
e Chapter 3—Physical Characteristics of the Study Area
e Chapter 4—Nature and Extent of Contamination
e Chapter 5—Contaminant Fate and Transport
e Chapter 6—Human Health Risk Assessment
Chapter 7—Ecological Risk Assessment
e Chapter 8—Identification and Screening of Technologies
e Chapter 9—Development and Screening of Alternatives
e Chapter 10—Detailed Analysis of Alternatives

e Chapter 11—References

This RI/FS report includes extensive data used to perform calculations and assessments. Summaries of
data are provided in this document and appendices, and clickable links may be used to take the reader to
more detailed information contained in particular studies, databases, or reports found in the
Administrative Record. Appendices are as follows:

¢ Appendix A—Site Maps
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e Appendix B— Summary of Previous Investigations/Remediation and Annotated Bibliography
e Appen x C— RIField Sampling Information

e Appendix D—Analytical Data and Text on Data Protocols/Quality Assurance/Quality Control
e Appendix E—Nature and Extent Summaries and Waste Site able

e Appendix F—Fate and Transport Modeling Documentation

Appendix G—Summary of Risk Characterization Results with Inclusion of
Background Concentrations

o Appendix H—Ecological Risk Assessment Calculation Brief

e Appendix “echnology Screening—Not Retainec . -chnologies
e Appendix J—Alternative Development Supporting 'ocumentation
e Apper x K-—Nonoperational Area Evaluation

o Appendix L—100-D/H Riparian and Nearshore Evaluation

Appendix M-—Data from New Characterization Boreholes and Wells and Development of Geologic
Cross Sections

e Appendix N—Summary Statistics

e Appendix O—Crosswalk of WAC Requirements (WAC 173-340-747(8), 2007) for Use of
Alternative Fate and -ansport Modeling to Modeling Basis of Sc  Screening Levels and Preliminary
Remediation Goals for 100-D/H Remedial Investigation/Feas ility Study

1 Purpose and Scope of Report

The RI/FS process is outlined in EPA and DOE RUFS guidance (Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, Interim Finai  ZPA/540/G-89/004], called
CERCLA RVFS Guidance; Remedial Investigation/Feasibility Study (RI/FS) Process, Elements and
Technigues [DOE/L  -94007658]). The RI/FS process is the methodology that the Superfind
Amendments and Reauthorization Act of 1986 program has establi  :d for characterizing the nature and
extent of risks posed by uncontrolled hazardous waste sites and for evaluating potential remedial options.

This RIFS was prepared in accordance with the previously referenced guidance as well as CERCLA
Compliance with Other Laws Manual: Interim Final (EPA/540/G-89/1 ) and CERCLA Compliance with
Other Laws Manual: Part I (EPA/540/G-89/009). These documents provide information on the
regulations and standards that govern the RI/FS process, as well as an overview of requirements for each
chapter of the RI/FS.

This RI/FS has the following objectives:
e Provide information concerning the physical environmental setting and site characterization.

e Draw conclusions concerning the nature and extent of contamination present at the site, the potential
for migration of contamination, and the potential for adverse human health and environmental effects
if no action is taken at the site and exposure occurs. This goal is achieved by evaluating historical and
operational information about the site, identifying contaminants of potential concern (COPCs),
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evaluating potential migration pathways, and understanding potential effects to receptors, by
estimating exposure (dose) effects in consideration of contaminant toxicity.

® Develop and evaluate an appropriate range of remedial action alternatives for the site that address
unacceptable risk to human health or the environment.

As a matter of DOE policy, DOE has adopted DOE Order 451.1B at 5.a.(13), which directs DOE field
offices to “Incorporate NEPA values, such as analysis of cumulative, off-site, ecological, and
socioeconomic impacts, fo the extent practicable, in DOE documents prepared under the Comprehensive
Environmental Response, Compensation, and Liability Act.” In a July 11, 2002 policy memorandum from
the DOE Office of NEPA Policy and Compliance, it states: “Under DOE’s CERCLA/NEPA Policy,
established in 1994, DOE relies on the CERCLA process for review of actions to be taken under
CERCLA, i.e., no separate NEPA document or NEPA process is ordinarily required. In conducting the

Cl  CLA process, DOE addresses NEPA values (such as analysis of cumulative, off-site, ecological, and
socioeconomic impacts) to the extent practicable and includes a brief discussion of impacts in CERCLA
documents or other site environmental documents as appropriate.”

EPA and DOE-RL will issue a ROD for the 100-D/H OUs that will include responses to the comments
received. After the ROD is issued, a remedial design/remedial action will be developed, approved, and
then implemented.

The conceptual site model (CSM) is used in this RI/FS report to present what is known about 100-D/H.
The American Society for Testing and Materials Standard Guide for Developing Conceptual Site Models
Jor Contaminated Sites (ASTM E1689-95) defines the CSM as “a written or pictorial representation of an
environmental system an the biological, physical, and chemical processes that determine the transport of
contaminants from sources through environmental media to environmental receptors within the system.”
For the 100-D/H Work Plan (DOE/RL-2008-46-ADD1), the CSM was used to integrate relevant site
information, determine whether information or data were missing (data gaps), and identify additional
information to be collected. In Chapters 2 through 7 of this report, the model is refined by the additional
information and then used to identify and evaluate potential risk to human health and the environment.

Figure 1-3 presents the basic elements associated with a CSM:

| Sourceslﬂl MReIease — E E —f- "“(posure hl R;ceptors]

echanisms

Figure 1-3. Conceptual Site Model

¢ Source—the location where a contaminant enters the physical setting. The primary sources of
contaminants were releases related to reactor operations and are described in Chapter 1. Secondary
sources are created when contaminants are mixed in the vadose zone and then the groundwater.
Reactor operations at 100-D/H have ceased, so remaining primary sources are minimal and are
expected to be removed through interim remedial actions; therefore, this document focuses on
secondary contaminant sources in the vadose zone and groundwater along with potential risk to
human health and the environment. These secondary sources are described in Chapter 4.

o Release Mechanisms—the actions necessary to release contaminants to the environment through
resuspension of contaminated particulate matter, corrosion, and liquid waste discharges to the vadose
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zone, plant intrusion, animal burrowing, and erosion. Release mechanisms and relevant physical
features are introduced in Chapter 3 and discussed in Chapter 5 in the context of fate and
transport modeling.

e Transport—movement of a radiological, chemical, or physical agent in the environment from
a secondary source, where human or ecological exposure could occur. Contaminants introduced into
the environment can be transported between environmental media such as air, vadose zone,
groundwater, and surface water because of interconnecting release mechanisms. Transport is
discussed in Chapter 5.

e Exposure—the process by which a contaminant or physical agent in the environment comes into
direct contact with the body, tissues, or exchange bounc ies of humans, plants, or animals
(for example, ingestion, inhalation, dermal absorption, or root uptake). Contaminants in the
environment move from sources to potential receptors via pathways. An exposure pathway is
complete when a receptor encor  ers contaminated environmental media. | 2ntial exposure
scenarios are discussed in Chapters 6 and 7.

e Receptors—humans and other organisms (for example, plants, animals, and other species) that may
come into contact with the contaminants. Chapters 6 and 7 evaluate exposure to receptors.

In Chapters 8 through 10, the refined model is used to identify technologies, develop remedial
ernatives, and evaluate the effectiveness of potential remedial actions.

The identification of data needs ir = 100-D/H Work Plan (DOE/RL-2008-46-ADD1) led to

dev: pment of a sampling and analysis plan (SAP) that established characterization activities specific

to 100-D/H (Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and
100-HR-3 Operable Units Remedial Investigation/Feasibility Study [DOE/RL-2009-40], hereinafter

calle the 100-D/H SAP). The approved 100-D/H SAP (DOE/RL-2009-40) includes a field sampling plan
that provides the sampling strategy and techniques that were used to obtain the RI/FS data presented in
this report. The 100-D/H SAP (DOE/RL-2009-40 o provides a Quality Assurance Project Plan
(QAP;jP) to ensure that data collected meet the ap riate quality assurance (QA) and quality control
(QC) requirements.

1.2 Site Background

The Hanford Site encompasses approximately 1,517 km® (586 mi®) in Benton, Franklin, and Grant
counties in south-central Washington State within the semiarid Pasco Basin of the Columbia Plateau.
The Site stretches approximat. 7 50 km (30 mi) north to south and about 40 km (24 mi) east to west,
immediately north-northwest of the confluence of the Yakima and Columbia Rivers; the cities of
Kennewick, Pasco, and Richland (the Tri-Cities); and the city of West Ri  land. The Columbia River
flows 80 km (50 mi) through the northern part of the Hanford Site and, turning south, forms part of the
Site’s eastern boundary, while the Yakima River runs near the southern boundary of the Hanford Site,
joining the Columbia River at the city of Richland. The central portion of the Hanford Site is punctuated
by two small east-west trending ridges, Gable Butte and Gable Mountain. Lands adjoining the site to the
west, north, and east are principally range and agricultural. State Routes 240 and 24 skirt the southwestern
and northern portions of the Site, respectively.

The Hanford Site area is culturally rich, experiencing a history of multiple occupations by both Native
and non-Native Americans. For thousands of years, Native American peoples have inhabited the lands
within and around the Hanford Site (7ribal Distribution in Washington [Spier, 1936]; and Handbook of
North American Indians: Volume 12, Plateau [Walker and Sturtevant, 1998]). Non-Native American
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1.2.1 Site Description

The Hanford Site is divided into numerically designated areas. The areas served as the location for
reactor, chemical separation, and related activities for the production and purification of special nuclear
materials and other nuclear facilities. The reactors and their ancillary/support {  lities were located along
the shore of the Columbia River in the 100 Area, because of the need for large quantities of water to cool
the reactors. Between 1943 and 1964, nine plutonium production reactors were built along the

Columbia River in six areas: 100-BC, )0-K, 100-N, 100-D, 100-H, and 100-F. The areas associated with
this investigation are 100-D and 100-H.

The 100 Areas contained all of the reactors used to produce plutonium in fuel slugs irradiated in the
reactor. The 100-D/H Area encompasses 20 km® (7.8 mi®) in the northern portion of the Hanford Site in
the 100 Area. 100-D/H includes two reactor areas (100-D and 100-H) and adjacent areas, as shown on
Fig 1-2.7 :Columbia River bounds 100-D and 100-H. The area betwe the reactor areas is
commonly referred to as the “Horn.” The Horn was used fo icultural purposes until 1943. A few
isolated waste sites are located in the Horn, but the area is r sely undisturbe  Appendix A includes
detailed site plans of 100-D/H.

2.2 Hanford Site and Operational History

ais sectic  provides an overview of the history of the Hanford Site and summarizes the history of
100-D/H, including operational and process history. It describes the reactors and support facilities,
cooling water systems, and radioactive and nonradioactive waste streams. It also describes the waste
disposal facilities that were used during site operations and locations where contaminants were
accidentally released. Finally, this section indicates the types of contaminants that are likely to be in
various locations at 100-D/  based or istorical information and previous investigations.

Operations in the 100 Area has been described in many reports. The summary in this section draws on
information from the following documents:

DOE/RL-2008-46-ADDV1, Integrated 100 Area Remedial Investigation /Feasibility Study Work Plan,
Addendum [. 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units

e BHI-00127, 100-H Area Technical Baseline Report
e  WHC-SD-EN-TI-181, 100-D Area Technical Baseline Report

e PNL-6456, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford:
Volume 2 — Engineered-Facility Sites (HISS Data Base)

e RL FEA-2247, Historical Events—Reactors and Fuels Fabrication

e DUN-4847, Quarterly Report Contamination Control—Columbia River April — June 1968

e DUN-4668, Chemicals Discharged to the Columbia River from DUN Facilities Fiscal Year 1968
e DUN-6888, Historical Events—Single Pass Reactors and Fuel Fabrication

1.2.2.1 Hanford Site History

The Hanford Site was selected for plutonium production for military nuclear weapons in 1942 as part of
the Manhattan Project because of the availability of water from the Columbia River, access to power from
the Bonneville and Grand Coulee Dams, its remote location, and its relatively small population. Land
acquisition for the Hanford Site took place in February 1943 and was one of the largest land procurements
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(approximately 160,000 ha [400,000 ac]) carried out during Wor ar [I. Site construction, which began
the following month, brought the first three reactors (B, D, and T ine by April 1945.

Between 1947 and 1955, the Atomic Energy C ission (AEC) added five new reactors (C, H, DR, KE,
and KW) at the Hanford Site and boosted the output of the three Manhattan Project reactors (B, D, and F).
The five new reactors were built with the intent of replacing some of the older Manhattan Project reactors,
whose graphite blocks were showing signs of deformation, and increasing the plutonium output.
Incremental improvements in the basic components of the World War Il Manhattan Project reactors and

a construction program that incorporated these improvements into the new reactors accounted for
doubling the plutonium output at the Hanford Site in 1952 and 1953.

The period from 1956 through 1964 saw the most intense defense production at the Hanford Site,
including the construction of a new dual-purpose reactor (N Reactor) capable of generating electricity and
producing plutonium. Construction of the N Reactor, which featured a new closed-loop, primary cooling
system, was completed in 1963, with plutonium production beginning in 1964. The N Reactor’s
800-megawatt steam plantb i producing electricity in 1966 and was the world’s largest nuclear power
plant for many years.

By the 1960s, however, the nation’s plutonium stockpile was much larger than deemed necessary, and

] 1itonium production at the Hanford Site gradually decreased. In 1964, the AEC shut down the H, DR,
and F Reactors, followed by the D Reactor in 1967 and B Reactor in 1968. The C, KE, and KW Reactors
were shut down in 1971. The N Reactor was shut down in 1986 and transitioned to cold standby in 1989,
signaling the close of the Hanford Site’s production mission and the start of its cleanup mission. During
the Manhattan Project and Cold War, more than 67,000 kg (147,000 1b) of plutonium were produced at
the Hanford Site, 13,000 kg (29,000 1b) of which were fuel-grade plutonium. The Hanford Site produce
the entire nation’s nuclear arsenal plutonium between 1945 and 1963, and accounted for more than

65 percent of all plutonium in the history of U.S. plutonium production.

The environmental impacts associated with the ultimate disposition of the reactors were evaluated in
Addendum (Final Environmental Impact Statement): Decommissioning of Eight Surplus Production
Reactors at the Hanford Site, Richland, Washington (DOE/EIS-0119F). The Environmental Impact
Statement (EIS) ROD (“Record of Decision: Decommissioning of Eight Surplus Production Reactors at
the Hanford Site, Richland, WA” [58 FR 48509], hereinafter called Reactor Decommissioning ROD)
documented the selection of interim safe storage (ISS) for the reactors. (ISS is the provision of an
upgraded, weather resistant shell to isolate the reactor core until remedial activities are conducted.)
Following a period of up to 75 years for radioactive decay of short and intermediate half-life
radionuclides, the reactors are planned to be transported to the 200 West Area for disposal (58 FR 48509).

The ISS reactor enclosures at 100-D and 100-H are periodically inspected to ensure that structural
integrity and hazardous material confinement is maintained. External inspections are performed annually.
I rnal inspection of accessible areas are performed at 5-year intervals. Inspections are performed for
evidence of damage and degradation caused by corrosion, aging of material, water intrusion, wind
damage and animal and insect intrusion. Radiological surveys and inspection of barriers and postings are
also performed. Non-routine activities may include repairs.

1.2.2.2 100-D/H Operations

Before beginning reactor construction at 100-D/H, the area supported orchard development, livestock
grazing, and irrigated farming. Figure 1-5 is a 1941 aerial photo of the area before reactor construction.
By 1947, the D Reactor was thought to be near the end of its life because of the growth and distortion of
its graphite core.
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A 10 wt% sodium dichromate solution was used initially in 1944, which was increased to a 15 wt%
sodium dichromate solution as the standard intermediate concentration by 1952 (4 Proposal for Liquid
Sodium Dichromate Facilities for the 100-C and 100-D Areas [HW-27270]). Batches of 10 to 15 wt%
sc um dichromate solution were pumped from the 108-D Building via an underground pipeline to
storage tanks in the 185-D Building. Batches of 10 or 15 wt% sodium dichromate water solution could
also be transferred from the 108-D Building via an overhead pipeline to a storage tank in the

105-D Reactor Building valve pit.

The 10 to 15 wt% sodium dichromate solution was metered into the reactor cooling water stored in the
190-D and 190-DR storage/pump tanks to provide a sodium dichromate concentration of 1,800 to

2,000 pg/L. From ere, it was pumped through the reactor facilities from 1944 t ugh 1967.

The 2,000 pg/L sodium dichromate reactor cooling water solution had a near neutral pH, with

a concentration of Cr(VI) at about 700 pg/L. The sodium dichromate concentration in the reactor cooling
water was reduced to 1,000 pg/L during reactor tests from 1964 to 1967 with a corresponding Cr(VI)
concentration of 350 pg/L.

Concentrated sodium dichromate materials included solid sodium dichromate dihydrate

(Na:Cr,0,-2 O)and 70 v % sodium dichromate-water solutions delivered to 100-D. Solid sodium
dichromate dihydrate was received (inb  and/ordruy  and processed in 100-D from 1944 until 1959.
Shipments of 45 kg (100 Ib) bags of soli  odium dichromate dihydrate were received at the 108-D
Building from 1944 to 1950, then at the 185-D Building until 1955. Shipments of 226.8 kg (500 Ib) drums
of solid sodium dichromate dihydrate were received and stored at the 185-D Building from 1955 until
1959, when the transition to a liquid sodium dichromate supply system in the 100-D/DR Area was
completed (Monthly Record Report, Irradiation Processing Department August, 1959 [HW-61789]).
Based on historical information for the 1713-DA Essential Materials Warchouse, supplies of 45 kg

(100 1Ib) bags of solid sodium dichromate dihydrate also may have been stored at the 1713-DA Essential
Materials Warchouse m 1944 until about 1955. It is not known when the 1713-DA Building was
removed, but it was not seen in aerial photos after 1955. The shipments of bags and drums of solid
sodium dichromate dihydrate were replaced with shipments of 70 wt% sodium dichromate water
solutions beginning in 1959 (HW-61789) ar continued until D Reactor was shut down in 1967.

In 1959, a tank truck/railroad car Unloading/Transfer Station (100-D-12) was installed adjacent to the
railroad spur between the 183-D and the 183-DR Water Treatment Plants. The concentrated sodium
dichromate solutions were transferred by hose from railroad cars or tanker trucks to the pumping facility
(100-D Area Technical Baseline Report [WHC-SD-EN-TI-181}). The 100-D-12 Unloading/Transfer
Station included a water dilution/mixing valve and a transfer pump (on a concrete pad) and an

ur rground transfer pipeline (with isolation valves) that tied into the sodium dichromate underground
transfer line from 185-D to 183-DR. The water dilution/mixing valve was used to dilute the delivered
solutions to 70 wi% sodium dichromate, as necessary.

A 133,000 L (35,000 gal) storage tank was installed outside of the south side of the 185-D Building
(Figure 1-14) to store the 70 wt% sodium dichromate solutions received at 100-D-12.

A recirculation/transfer pump, valves, and piping connected the outside storage tank to sodium
dichromate tanks inside the 185-D Building. The liquid sodium dichromate feed system for the 100-D/DR
Area was completed in July 1959 and started up in August 1959 (HW-61789). The isolation valves in the
underground line allowed the alternate use of the line for transfers of 70 wt% solutions from the

100-D-12 Unloading/Transfer Station to the 185-D large storage tank, and from 185-D to 183-DR. From
1959 until 1964, the 183-DR Head House received 70 wt% sodium dichromate solutions, which were
likely diluted to an intermediate 10 to 15 wt% concentration. From 1959 to 1967, the 70 wt% sodium
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resulting from fuel failures, decontamination activities, and liquid and sludge from the irradiated fuel
storage basins (Radiological Characterization of the Retired 100 Areas [UNI-946]). The principal
radionuclides associated with these ilities include cobalt-60, cesium-137, strontium-90, europium-152,
europium-154, europium-155, carbon-14, and tritium. The 117 Cribs at the D, DR, and H Reactors
received low-activity radioactive condensate and water seal water drainage from 117 Building seal pits.
The 108 Cribs (116-D-3 and 116-D-4) were underground French drains covered with approximately

2.5 m (8 ft) of soil that received contaminated liquid effluents from the 108-D Building, which housed the
100-D main maintenance shop. The liquid waste included contaminated water, decontamination solutions,
solvents, and low-level fission products (/00-D Area Technical Baseline Report [WHC-SD-EN-TI-181]).
The 116-D-3 Crib also received effluent from a cask decontamination pad at the 108-D Building
(Radiological Characterization of the Retired 100 Areas [UNI-946]).

Decontamination Solutions. Decontamination solutions were used routinely to clean facility equipment
and surfaces at 108-D Building, at the reactor fuel slug decontamination facilities decontamination
stations in 100-D, and at the H Reactor fuel slug decontamination facility wash pad next to the 105-H
Fuel Storage Basin. Known decontamination solutions included chromic, citric, oxalic, nitric, sulfamic,
and su ric acids (neutralized with sodium carbonate before disposal), and sodium fluoride. Other
chemicals, including organic solvents, were used in some decontamination processes at the D and

H Reactors at various times and locations (Hazard Ranking System Evaluation of CERCLA Inactive
Waste Sites at Hanford: Volume 2 — Engineered-Facility Sites (HISS Data Base) [PNL-6456]; 100-D Area
Technical Baseline Report [WHC-SD-EN-TI-181]; 100-H Area Technical Baseline Report |BHI-00127]).

Decontamination solutions contained both radionuclide and chemical contaminants and were generally
disposed of in cribs, trenches, or French drains near the buildings in which they were used. Occasionally,
decontamination solutions were routed to the downstream process sewer that drained to the 1608 Waste
Water Pump House (lift station); the decontamination solutions were combined with the cooling water
before being discharged to the river via the retention basins. The 105-DR and 105-H facilities also had
process drains to an emergency process sewer that drained to the 1907 Outfall. The process sewer to the
1907 Qutfall also received waste from the 183 Water Treatment Plant. The Cr(VI) concentrations in these
solutions and volumes discharged to cribs and drains are not known. Near the 108-D Building,
decontamination solutions were discharged into two small cribs, 116-D-3 (1951 to 1967) and 116-D-4
(1956 to 1967) (Technical Activities Report Heat, Water, and Mechanical Studies [HW-22346]).
Laboratory solutions derived from corrosion tests also included Cr(VI) and were disposed of in the
116-D-4 Crib.

Burial Grounds. Burial grounds were used for the disposal of solid waste. The primary radionuclides at
these locations were cobalt-60 and europium-152, although europium-154, europium-155, cesium-134,
cesium-137, strontium-90, an nickel-63 are present (Radiological Characterization of the Retired
100 Areas [UNI-946]). Radioactive solid waste consisted of reactor components, contaminated
equipment, tools, air filters, and miscellaneous contaminated items. This waste was primarily disposed
of in the 118-D-1, 118-D-2, 118-D-3, 118-D-5, 118-H-1, and 118-H-3 Burial Grounds.

Other radioactive solid waste buried “in place™ (that is, not at burial grounds) at 100-D/H included
building foundations, belowgrade concrete structures, and other materials from demolished buildings.
Starting in the 1970s, most 100 Area solid waste was transferred to the 200 Area burial grounds

(100-D Area Technical Baseline Report [WHC-SD-EN-TI-181]; 100-H Area Technical Baseline Report
[BHI-00127]).

Air Emissions. A carbon dioxide and helium gas atmosphere was maintained around the reactor cores.
Facilitics supporting air treatment and air handling processes included the 115 and 117 Buildings, the
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1.2.3 Previous and Ongoing Investigations and Remediation

1is subsection summarizes the significant investigation and remediation activities for facilities, waste
sites, and groundwater at 100 /H. Since the beginning of reactor operations, investigations were
conducted to determine impacts to the environment, including the Columbia River. With the issuance of
the TPA (Ecology et al., 1989a), investigation activities transitioned to CERCLA cleanup activities within
the River Corridor including 100-D/H. Investigations and remediation activities were carried out pursuant
to various remedial and removal action decision documents for facilities, waste sites, and groundwater.

The relevant data and conclusions from investigations and remediation activities (see Appendix B)
provide supporting information that is analyzed and evaluated in this RI/FS. The following are examples
of the various data sets used to develop this RI/FS:

e Vadose zone contaminants
¢ Groundwater contaminants

e Geologic contact information, fate and transport parameters (e.g., distt ution coefficient [K]
dispersivity, hydraulic conductivity, and soil bulk density)

e Well and borehole information (e.g., drill depth, screen length, and screen depth)
e Groundwater elevations and river stage

e Geographic information system shape files (e.g., aerial photography, Columbia River, and locations
of wells and boreholes, salmon redds, facilities, roads, and waste sites)

Characterization of the vadose zone and associated waste sites has been an important consideration in
Hanford plant operations since the 1940s. Early characterization efforts combined well drilling and
geophysical logging to evaluate rates of contaminant migration in the vadose zone and in the aquifer.
Little attention was focused on nonradionuclides.

Radiological Characterization of the Retired 100 Areas (UNI-946) presents the results of vadose zone
investigations in 1975 at solid and liquid waste sites. Soil samples were collected and analyzed mainly to
determine the inventory of radionuclides in retention basins and in the vadose zone. In general, up to

70 percent of the radionuclide inventory was determined to be within the retention basins.

Analytical data used in this RI/FS (provided in Appendix D) include the data reduction protocols and QA
reports. Summaries of facility demolition activities, va se zone investigation and remedial activities,
groundwater investigation and remedial activities, and previous risk assessments are provided below.

The various 100-D/H decision documents are summarized in Table 1-2. Appendix B presents
annotated bibliography of the related CERCLA documentation for the River Corridor.
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e Sites with a “rejected” or “not accepted” status were reviewed to determine whether new information,
if available, is consistent with the existing documented basis for rejection or nonacceptance.
Where the existing classification/reclassification was appropriate, the site was not considered further
within the RI/FS process. Two rejected or not accepted sites at 100-D/H (100-D-10 and 100-D-59)
were found to have information that was inconsistent with the existing determinations. The existing
determinations are documented for each site in accordance with 7ri-Party Agreement Handbook
Management Procedures, Guideline Number TPA-MP-14, “Maintenance of the Waste Information
Data System (WIDS)” (RL-TPA-90-0001).

e Sites with a “'no action” or “interim closed™ reclassification status based on confirmatory or
verification data are all considered within the overall RI and are quantitatively evaluated against
PRGs as described in Chapters 5 through 7 to determine if further action(s) or institutional controls
are needed. Sites with a no action or interim closed reclassification with a basis other than direct data
(for example, historic decommissioning data) were considered on a site-by-site basis as described in
Ch ter8.

Sites with an “accepted” classification status fit within two broad general subcategories:

— Sites where an interim remedial action requirement has been identified in interim decision
documents, but for which iterim remedial action had not been completed (via an approved waste
site reclassification). iese sites were considered within the Ri from the standpoint that
a remedial action determination has already been made. Because site-specific data were not yet
available, these sites were carried into the FS.

— Candidate sites under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) are sites for
which an interim remedial action determination has not yet been made. The 100 Area Remaining
Sites ROD (EPA/ROD/R 10-99/039) established a process whereby new and existing sites that did
not have sufficient information to warrant a remedial action determination or exclusion from
consideration as a formal waste site could be evaluated in order to make this determination.
These sites are referred to as “candidate sites” or “confirmatory sites” under the interim action
framework. Until such time as the ROD is issued, the candidate process to add these waste sites
wil e retained under the interim action ROD; and these sites will continue to be dispositioned
according to that process, including site-specific evaluation for protection of HHE.

! T tment, Storage, ¢ ~ ‘sposal Unit Closure. Thrce RCRA TSD units (183-H Solar Evaporation
Basins, 100-D Ponds, and 10¢ R Large Sodium Fire Facility [LSFF]) have undergone closure within
100-D/H as discussed below:

183-H S« ir Evaporation Basin: The 183-H Facility was constructed in 1949 and used for 100-H
water treatment until mid-1960. This facility consisted of 16 concrete basins that were used in treating
Columbia River water for subsequent use as reactor coolant. In 1973, four of these basins were
converted for use in cvaporation of other mixed waste. Approximately 1.6 million kg (3.6 million Ib)
of waste per year were treated by solar evaporation. The facility received routine and nonroutine
waste, which consisted of spent acid etch solutions, metal constituents in the form of precipitates, and
unused chemicals and spent solutions from miscellaneous processes. Most of the water treatment
structures, including 12 additional adjoining basins, were demolished in 1974. The four remaining
basins were inactive until July 1973, when radioactive and dangerous (mixed) waste from the

300 Arca fuel fabrication facilities was shipped to the basins for storage and treatment. The last
shipment of waste to the basins took place on November 8, 1985. By the fall of 1996, the basins had
been completely demolished, and demolition waste was disposed of in the adjacent 183-H clear wells
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In Situ Redox Manipulation Barrier and Fortification Test. An ISRM permeable reactive barrier continues to
treat Cr(VI) in the 100-D southern plume, in conjunction with the DX pump-and-treat system (Fiscal
Year 2008 Annual Summary Report for the In Situ Redox Manipulation Operations [DOE/RL-2009-01]).
The ISRM barrier consists of 65 wells spaced across the width of the 100-D southern plume parallel to the
shoreline. The ISRM barrier was established by injecting sodium dithionite, which reacts with iron in the
soil, into the aquifer through these wells to create a permeable treatment zone where contaminated
groundwater can flow. The treatment zone reduces Cr(VI) to Cr(IIl). The majority ol ¢ remaining
chemical reaction byproducts (predominantly sulfate) was then pumped out of the treated portion of the
aquifer and transferred to the ISRM Evaporation Pond. The ISRM Pond is no longer used and is
scheduled to be decommissioned.

The I[SRM barrier continued to convert Cr(VI) to a less-toxic, less-mobile form (Cr[III]) within a portion
of the aquifer. Concentrations in some downgradient wells remained above the remedial action goal of
20 pg/L (for interim action ROD) because the northeastern segment of the barrier was not working
effectively. Therefore, new DX extraction wells were installed downgra ent from the barrier to treat
this area, as agreed to by the Tri-Parties. The ISRM barrier will continue to provide a measure of
conversion to Cr(IIl) until the amendments are exhausted.

1.2.3.7 R rrian and Near-shore Areas

The River Corridor has been divided into three environmental zones for purposes of investigation
(RCBRA [DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume . Ecological Risk
Assessment]; Integrated Work Plan [DOE/RL-2008-46]): the upland, riparian, and near-shore aquatic
zones. Summary definitions of these environmental zones are presented in Section 3.9. These zones are
identified here for describing the investigations in the riparian and near-shore areas.

Riparian and near-shore environments are of specific interest in the 100 and 300 Areas. The riparian zone
contains plant communities requiring more water than the shrub-steppe vegetation of the upland zone, and
because of the shallow water table, the riparian zone is generally green throughout the year (Literature
Review of Environmental Documents in Support of the 100 and 300 Area River Corridor Baseline Risk
Assessment [PNNL-SA-41467], hereinafter called RCBRA Literature Review). While the wildlife and
food webs of the upland and riparian zones overlap, some wildlife species occur specifically within the
riparian zone (DQQO Summary Report for the 100 Area and 300 Area Component of the RCBRA
[BHI-01757]). The near-shore zone is more frequently under water and is capable of sustaining

aquatic biota.

There are few waste sites located within the riparian zone. However, releases and contaminant transport

from waste sites could have resulted in hazardous or radioactive constituents being released to riparian

and near-shore media. Groundwater from the Hanford Site discharges into the Columbia River through

seeps, springs, and other upwelling locations. Discharge of groundwater could also have resulted in
azardous or radioactive constituents being released to riparian or near-shore zones.

Investigations historically conducted in the riparian and near-shore areas of 100-D/H are summarized in
the RCBRA Literature Review (PNNL-SA-41467). In addition to these historical investigations, other
sampling and analytical data have been collected from riparian and near-shore areas as part of the Surface
Environmental Surveillance Program (SESP). The data from the SESP are summarized in the Annual
Environmental Reports for the Hanford Site. Finally, investigations of riparian and near-shore areas were
conducted as part of the RCBRA ecological risk assessment (ERA) (RCBRA [DOE/RL-2007-21,
Volume | 100 Area and 300 Area Component of the RCBRA Sampling and Analysis Plan
[DOE/RL-2005-42], hereinafter called the RCBRA SAP).
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The SESP project does not routinely monitor Columbia River water near 100-D and 100-H. The nearest
routinely monitored locations are the annual cross-river transects at 100-N and 100-F. Riverbank spring
locations near 100-D and 100-H have been monitored by the SESP. The trends in metals concentrations in
spring samples are reported to have been consistent over the past several years. With the exception of
chromium, concentrations of metals in spring samples in 100-D and 100-H were below Washington State
chronic ambient surface water quality criteria in “Water Quality Standards for Surface Waters of the State
of Wa ington” (WAC 173-201A). Concentrations of radionuclides detected in springs in 2009 were
reported to be similar to those in previous years. Potassium-40, cesium-137, and uranium isotopes were
the only radionuclides reported above minimum detectable concentrations. Concentrations of
radionuclides and metals in 100-D and 100-H sediments were similar to levels detected in previous years
(Hanford Site Environmental Report for Calendar Year 2009 [PNNL-19455], hereinafter called 2009
Sitewide Environmental Report).

Investigations of riparian and near-shore areas were conducted in support of the RCBRA. Riparian and
near-shore areas were selected where affected media (seeps, springs, or runoff) may have created
exposure pathways to biota (RCBRA SAP [DOE/RL-2005-42]) iparian sampling locations also were
identified based on radiation field survey results (RCBRA SAP  OE/RL-2005-42], Appendix C; DQO
Summary Report for the 100 Area and 300 Area Component of the RCBRA [BHI-01757], Appendix H).
Radiation survey results and detection of chromium in groundwater, aquifer tube, anc  ota (bivalve)
samples provided the primary basis for selection of riparian and near-shore study sites in 100-D/H
(RCBRA SAP [DOE/RL-2005-42], Table C-1). Eight near-shore (aquatic) study sites were near 100-D/H.
Eight riparian study sites were also upstream and downstream from 100-D/H, and between the 100-D and
100-H operational areas.

Sar le collection rationale and techniques varied by area and medium. Investigation areas characterized
by data collected under the SAP included the upland, riparian, and near-shore river zones. Sites selected
for sampling were identified based on existing data demonstrating a range of contaminant concentrations.
Reference sites were identified using evidence and knowledge of areas not affected by contaminant
release and selected based on physical and ecological similarity to onsite investigation areas.

Media collected in the upland and riparian zones included soil, vegetation, invertebrates, small mammals,
and kingbirds (kingbirds  the riparian zone only). Near-shore media included sediment, interstitial pore
water, surface water, ben ic macroinvertebrates, clams, and sculpin. Toxicity testing was performed on
soil, sediment, and water to provide Hanford Site-specific information on the ecological effects of
contaminant mixtures and contaminant bioavailability. The results of these tests are used to make

infi 1ed inferences on the toxicity of contaminants to Hanford Site biota. A more detailed discussion

of the results from the RCBRA in riparian and near-shore areas is presented in Chapter 4 of this

RI/FS report.

1 4 Risk Assessm( s

Risk assessments have been conducted for the 100 Area to provide the foundation for establishing the
need for remedial action to protect HHE. Three key risk assessments, 1.e., the QRAs performed in the
early 1990s, RCBRA (DOE/RL-2007-21), and CRC (DOE/RL-2010-117), are summarized below. The
results of RCE A and the CRC are described in more detail (and used) in Chapters 4, 6, and 7 of this
RI .

Qualitative Risk Assessments. QRAs were conducted to define the basis for remedial actions under
Interim Action RODs (Past-Practice Strategy [DOE/RL-91-40]). Assessment of human health risks in the
QRAs was based on frequent use and occasional use scenarios, which reflected current gui  nce for that
time. COPCs were identified from the historical site data and data collected during the LFIs, taking into
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Conclusions from the CRC HHRA (DOE/RL-2010-117, Volume II) are discussed in Section 6.4.2, and
the CRC ERA (DOE/RL-2010-117, Volume 1) are reviewed in Section 7.6.2.

1.2.5 CERCLA Five-Year Review

Effectiveness of the interim actions discussed previously is evaluated through the CERCLA 5-year review
process. This review determines whether the selected remedy remains protective of HHE. Since the
issuance of the first interim ROD, there have been three 5-year reviews for the 100 Area NPL

(40 CFR 300, Appendix B) Site. USDOE Hanford Site First Five Year Review Report (EPA, 2001)
recommended system enhancements to the 100-HR-3 groundwater pump-and-treat system for chromium
that have been implemented. The Second CERCLA Five-Year Review Report for the Hanford Site
(DOE/RL-2006-20) listed five issues and recommended six actions for 100-D/H:

Issue 8. Groundwater monitoring data indicate there is an unidentified chromium vadose source in
the 100-D Area near the demolished 190-DR clear wells.

Action 8-1. Complete a field investigation to investigate additional sources of chromium
groundwater cont 1ination within the 100-D Area. Perform additional geologic and geochemical
investigations of the vadose zone in the 100-D Area. Investigations were conducted for bo  the
southern and northern plume (Investigation of Hexavalent Chromium Source in the Southwest
100-D Area [SGW-38757]; Report on Investigation of Hexavalent Chromium Source in the
Northern 100-D Area [DOE/RL-2010-40]). In addition, several boreholes and wells have been
installed as part of the RI/FS (100-D/H Work Plan [DOE/RL-2008-46-ADD1]). This completed
the rc iired action.

Issue 9. There is less than adequate data to characterize potential chromium groundwater
contamination between the 100-D and 100-H Area, in the area known as the “Horn.”

Action 9-1. Perform additional characterization of the aquifer for chromium contamination
between the 100-D and 100-H Area, in the area known as the “Horn,” and evaluate the need to
perform remedial action to meet the RAOs of the 100-D ROD for interim action. This issue will
also be addressed in the record of decision. This action was previously completed and is
summarized in Hydrogeological Summary Report for 600 Area Between 100-D and 100-H for the
100-HR-3 Groundwater Operable Unit (DOE/RL-2008-42).

Action 9-2. Incorporate the “Horn” area into the 100-HR-3 interim ROD treatment zone if
Action 9-1 indi-  es the “Horn” contains a groundwater chromium plume that needs immediate
remediation. DOE has completed the RPO evaluation of the pump-and-treat system and is
currently implementing the results (/00-HR-3 Remedial Process Optimization Modeling
Technical Memorandum [SGW-400441]). DOE insta d additional extraction and injection wells
throughout the Horn area in FY 2009 and FY 2010 as part of RPO. This completed the

required action.

Issue 10. Some of the groundwater wells near the 182-D reservoir show conductivity values similar
to values expected for raw water, indicating some leakage from the reservoir.

Action ). Iss :direction to the operating contractor to change operations to minimize leakage
from the 182-D reservoir further. Direction was given to the contractor, and the action was
completed. The leaks and their effect on groundwater flow have significantly diminished since
the reduction of storage volume in the reservoir in 2004, to the point that influences on
groundwater flow from reservoir leakage are indistinguishable from those created by nearby
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pump-and-treat activities (Project Work Plan: Hanford 100-D Area Treatability Demonstration:
Accelerated Bioremediation through Polylactate Injection [PNI  -SA-50369]).

Issue 11. A few wells within the ISRM barrier have shown break through much sooner than expected.

— Action 11-1. Perform initial limited iron amendments to the ISRM barrier to evaluate whether
this enhances performance. Results of ¢ iron amendment tests are documented ~ Treatability
Test Report on Mending the In Situ Redox Manipulation Barrier Using Nano-Size Zero Valent
Iron (DOE/RL-2009-35). This completed the required action.

Issue 12. Groundwater samples from deeper wells extending below the aquitard exceed the drinking
water standard (100 pg/L) for chromium. The extent of chromium contamination in this zone is not
well understood.

— Action 12-1.  rform additional characterization of the aquifer below the initial aquitard.
DOE installed three wells in the Horn area, screened in the RUM unit (Hydrogeological
Summary Report for 600 Area Between 100-D and 100-H for the 100-HR-3 Groundwater
Operable Unit  'OE/RL-2008-42]), and continued to monitor three wells in the 100-H Area.
Five wells (three in 100-H and two in 100-D) were installed as part of the 100-D/H Work Plan
(DOE/RL-2 18-46-ADD1). The wells have been drilled through the RUM and screened within
the first water-bearing unit encountered. This completed the required action.

...¢ third 5-year review was pul shed in March 2012 (Hanford Site Third CERCLA Five-Year Review
Repori DOE/RL-2011-56]). There were two issues and two actions identified for the 100-D/H Area.

Issue 2. Recent data indicates a low spot in the surface of the Ringold Upper Mud in the 100-HR-3
OU that may trap hexavalent chromium in the aquifer, which in combination with a likely continuing
vadose source of hexavalent chromium at the adjacent 100-D-100 waste site results in persistent
hexavalent chromium concentrations in groundwater southeast of the 182-D Reservoir.

— Action 2.1. Remove, treat, and dispose of the chromium source discovered in the deep vadose
zone at 100-D-100. emediation of the 100-D-100 site to remove the chromium source in the
vadose zone is ongoing.

Issue 3. Leakage and spills from the 182-D Reservoir and export water system may contribute to
movement of contaminants into the vadose zone.

— Action 3.1. Complete the engineering export water scoping study to evaluate whether the 182D
Reservoir and export water system is necessary to support the Hanford Cleanup Mission.
Hanford Site Water System Master Plan (HNF-5828), called the Water System Master Plan,
indicates that the 182D reservoir will be closed following installation of pumps to b ss the
reservoir.

126 Summary

Chapter 1 summarized historical information, prior assessments and remediation work, treatability tests,
and other relevant studies. This information provides a picture of current 100-D/H site conditions and
establishes a foundation for the remainder of the I FS document.

anford-related contamination of the 100-D/H Area began with reactor construction in 1943 and

continued until related operations ceased. Radiological and chemical contamination of soil and
groundwater resulted that remains to date. Characterization efforts have delineated the nature and extent
of groundwater and vadose zone contamination. Risks to HHE were recognized early, resulting in
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operational actions to limit transport of contaminants to potential receptors. Despite those actions,
contamination levels exceeding standards have resulted. Interim remedial actions, including groundwater
pump-and-treat and in situ treatments have been deployed to address groundwater contamination.
Similarly, demolition of surface facilities and excavation of contaminated soil have been performed to
begin the process of restoring the land and groundwater to beneficial use.
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Aqulier tube (dampling point &) 1 he well iaenuners arc:

identifiers are: e 199-H3-6 (C7626; Well 6)
o (7649 e 199-H3-7(C7627; Well 7)
e (7650 o 199-H6-3 (C7628; Well 10)

e 199-H6-4 (C7629; Well 11)
e 199-HI1-7(C7630; Well 12)

6. The level of
groundwater
contamination
entering the
Columbia River
(in particular, the
hyporheic zone) is
not well known.

Evaluate the utility
and adequacy of
aquifer tubes in
supporting the
understanding of
gro  .water
contamination
entering the
Columbia River.
Collect
groundwater
upwelling data.

Continue collecting aquifer tube
sampling data and information per
the existing program.

Collect groundwater upwelling
samples in the Columbia River
(Columbia River Rl1 Work Plan
[DOE/RL-2008-11}).

A task was included in the
Integrated Work Plan
(DOE/RL-2008-46) for evaluating
and developing an approach to
obtain data that will demonstrate
compliance with ambient water
quality eriteria in the river, for
proposed new ROD.

Four new aquifer tubes (two at 100-D and two at 100-H) were installed and data
collection continues from the existing aquifer tube sampling program. The aquifer tube
data are presented and discussed in Chapter 4 (Section 4.5.1.4 and Sections 4.5.2
through 4.5.8).

Upwelling sa  les were collected as per the Columbia River RI Work Plan
(DOE/RL-2008-11). Results are presented in Field Summary Report for Remedial
Investigation of Hanford Site Releases to the Columbia River, Hanford Site,
Washington: Collection of Surface Water, Pore Water, and Sediment Sumples for
Characterization of Groundwater Upwelling (WCH-380) and discussed in Section
2.1.7.2 and Chapter 4.

Approaches to obtain and assess data to demonstrate groundwater compliance with
AWQC in the Columbia River (e.g., monitoring wells, aquifer tubes, and pore water
sampling) were cvaluated during the remedial investigation. The results of this task are
discussed in Section 2.1.7.1 along with summaries of the additional investigations
associated with this task.

Yes
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contaminants
beneath the
unconfined aquifer
has not been
cvaluated.

information to
further support the
evaluation of
contaminant fate
and transport
beneath the
unconfined aquifer.

borcholes (R4 and RS) drilled
through the RUM and into the
Ringold unit B.

100-H: Drill and sample soil and
groundwater from three new
boreholes (R1, R2, and R3) drilled
through the RUM and into the
Ringold unit B.

Collect soil samples at 1.5 m (5 ft)
into the RUM at the cight wells
installed during the pump-and-treat
system expansion.

Collect samples in the 100-D wells
at the Hanford/Ringold
geologic contact.

screened in the first water-bearing unit of the RUM. The well identifiers arc as follows:
o 199-D5-134 (C7624; Wcll R4)
o 199-D5-141 (C7625; Well RS ~ mislocated)

)0-H: Three new boreholes (R1, R2, and R3) were drilled through the RUM and into
the Ringold Formation unit B (presumed) aquifer. These were completed as wells
screcned in the first water-bearing unit of the RUM. The well identifiers are as follows:

e 199-H3-9 (C7639: Well R1)

e 199-H3-10 (C7640; Well R2)

e 199-H2-1(C7631; Well R3)

Results from the boreholes are presented in Chapter 3.

Soil Samples: Split-spoon soil samples at 1.5 m (5 ft) total depth into the RUM were
collected from eight wells that were installed as part of the expansion of the 100-D/H
pump-and-treat system. Samples were collected in 100-D wells at the Hanford/Ringold
lithologic change. For new wells near waste sites, additional split-spoon samples were
collected above and below the Hanford formation/Ringold Formation unit E contact.
For decp wells, s -spoon soil samples were collected from above the water table;
within the unconfined aquifer; within the decp unconfined aquifer at the top of the
RUM:; at two depths within the] M (outside of any water producing zone); and within
the Ringold Formation unit B (presumed), per the 100-D/H SAP (DOE/RL-2009-40).
Analytical results from the soil boreholes arc summarized in Chapter 4 (Scction 4.3) and
presented in Appendix D.

Groundwater samples were collected during drilling of R1 through RS from the
unconfined aquifer, water-bearing units of the RUM, and the Ringold Formation unit B
aquifer (presumed) for field sereening parameters and COPC analysis. Groundwater
results for the RUM wells are presented in Chapter 4 (Section 4.4) and in Appendix D.
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Chapter 7, Ecological Risk Assessment
Section 3.9, Demography and Land Use

Annual Groundwater Monitoring,

Section 2.1.10, Groundwater Investigations
Section 4.4, Groundwater Contamination

Section 4.5, Distribution of Contaminants

Ongoing Aquifer Tube Sampling.

Section 2.1.10, Groundwater Investigations
Section 4.4, Groundwater Contamination

Section 4.5. Distribution of Contaminants

Columbia River Component Risk Assessment (DOE/RL-2010-117, Vol. 1 [Screening-Level Ecological Risk
Assessmen and Vol. 1l [Baseline Human Health Risk Assessment)).

Section 7.5.2, Results and Conclusions of the
CRC

Section 3.9, Demography and Land Use

Data Summary Report for Hanford Site Coal Ash Characterization (WCH-506).

N/A

Sources: DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area.

DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume : Ecological Risk Assessment.

DOE/RL-2008-11, Remedial investigation Work Plan for Hanford Site Releuses to the Columbia River.

DOE/RL-2010-117. Columbia River Component Risk Assessment, Volume I: Screening-Level Ecological Risk Assessment.
Ecology et al.. 1989a, Hanford Federal Facility Agreement and Consent Order.

SGW-39305, Technical Evaluation of the Interaction of Groundwater with the Columbia River at the Department of Energy Ha
WAC 173-340-740, “Model Toxics Control Act-—
WAC 173-340-747, “Model Toxics Co 1l Act—( anup,” “Deriving Soil Concentrations for Groundwater Protection.”
WCH-506, Data Summary Report for Hanford Site Coal Ash Characterization.

AWQC = ambient water quality criteria

anup,” “Unrestricted Land Use Soil Cleanup Standards.”

CRC = Columbia River Component
HHRA = human health risk assessment
N/A = not applica

MTCA = Model Toxics Control Act
RAG  =remedial action goal

ROD = record of decision

TPA = Tri-Party Agrecement

rd Site, 100-D Area.
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The 100-D/H SAP (DOE/RL-2009-40) provides additional details, such as specific sample intervals,
sampling and analytical methodology, and technical memorandums that st narize each field activity.
Appendix C includes specific information for each borehole and sampling interval, including details of
the field effort for soil and groundwater sampling, respectively. Soil samples were typically collected at
1.5 m (5 ft) depth intervals during drilling. Actual soil and groundwater sample depths may have some
minor variability from the depths planned in the 100-D/H SAP (DOE/RL-2009-40) because of the depth
where : water table was encountered and the formation conditions encountered. Some variability in
sample location is expected and allowed under the 100-D/H SAP (DOE/RL-2009-40).

The following sections present details of investigations conducted under the 100-D/H Work Plan
(DOE/RL-2008-46-ADD1), as well as investigation activities conducted under other scopes of work that
may affect the FS decisions, including the Columbia River RI Work Plan (DOE/RL-2008-11) and the
RCBRA (DOE/RL-2007-21).

Variations of the 100-D/H Work Plan (DOE/RL-2008-46-ADD1) typically resulted in additional data
collection and were as follows:

e  Well Drilling

- Well 199-D5-141 (C7625; Well R5) was incorrectly located. A replacement well,
Well 199-D5-144 (C8668, Well R5 redrill), was drilled in the originally planned location.
Samples were collected and analyzed during drilling from both of these wells. Drilling depth and
sampling for Well 199-D5-144 (C8668, Well R5 redrill) was conducted under Tri-Party
Agreement Change Notice FForm: DOE/RL-2009-40 Sampling and Analysis Plan for the
[00-DR-1, 100-DR-2, [00-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial
Investigation Feasibility Study, Rev. 0 (TPA-CN-460).

- Well 199-D5-140 (C7866, Well 9) was incorrectly located and not placed beneath the 100-D-56
sodium dichromate pipeline. A replacement well, Well 199-D5-143 (C8375; Well 9 redrill), was
drilled in the originally planned location. Samples were collected and analyzed during drilling
from both of these wells.

e Aquifer Tubes

— One additional aquifer tube was added to the cluster of three planned at 100-D and represents
a second deep zone.

—  The deep zone aquifer tubes at the 100-H cluster location were not installed as a result of
encountering the Ringold Formation upper mud (RUM) at a shallow depth. There was insufficient
water at the deep locations for aquifer tube installation.

Other approved deviations include the following:

e Spatial and Temporal Sampling. Well 199-D5-41 was sampled once and then converted to an
injection well for the pump-and-treat system per Tri-Party Agreement Change Notice Form:
DOE/RL-2009-40, Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2,
and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study, Rev. 0 (TPA-CN-368).

e Ten rary Well Installation in 5 of 10 Boreholes. Five reholes were drilled into waste sites and
completed as 10 cm (4 in.) temporary wells: 116-DR-1&2 (Trench), 118-D-6:3 (FSB), 116-H-6
(Solar Evaporation Basin), 116-H-7 (Retention Basin), and 118-H-6:3 (FSB). 1e well names and
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— Data collected during the RI/FS field investigation activities.

— Soil analytical data. Depth specific soil samples collected during RI borehole and well installation
are used to evaluate contaminant distribution in the vadose zone and to develop/refine the CSM
(Chapter 4), groundwater protection (Chapter 5), and H A (Chapter 6).

e  Groundwater analytical data:

— Spatial and temporal groundwater monitoring data. This dataset was used in the HHRA
(Chapter 6) and understanding of spatial and temporal distribution of groundwater contaminants
(Chapter 4).

— Groundwater samples collected from RI boreholes and monitoring wells. Depth discrete
groundwater samples were used to establish the vertical distribution of contaminants in
groundwater (Chapter 4) and to develop/refine the CSM.

e Soil physical properties (grain size, moisture content, and porosity). These data were used in the
groundwater model develor 2nt (Appendix F), fate and transport modeling, and preliminary
remediation goal (PRG) development.

e Hydraulic conductivity. These data were used in the groundwater model development (Appendix F).

e  Geophysical logging. The geophysical logs from RI boreholes are presented in Appendix M.
These data help with the understanding of the CSM and transport of contaminants through the vadose
zone.

e Distribution coefficient data for metals. This dataset is used in the evaluation of fate-and-transport of
metals (Chapter 5).

Analytical data used in the RI/FS (Appendix D) were collected and analyzed in a fixed laboratory using
approved methods with specific quality assurance/quality control (QA/QC) requirements. Detection
limits, precisions, accuracy, and completencss were assessed to determine whether the chemical and
radiochemical data obtained were the right type, quality, and quantity to support regulatory decision
making.

2.1.2 storical Information Review

Historical information fi  100-D/H was researched and considered during the 100-D/H Work Plan
(DOE/RL-2008-46-ADD1) development and in the preparation of this report. Section 1.2.3 and
Appendix B summarize those reports containing relevant or significant information. In addition,

a summary of site history and 100-D/H operational and process history is presented in Section 1.2.2.

2.1.3 Surface Features

Surface feature mapping, such as high-resolution topography, was condueted using Light Detection and
Ranging (LIDAR) technology for 100-D/H in 2008. LIDAR is an optical remote sensing technology that
measures properties of scattered light to find range and/or other information of a distant target.
The current accuracy of the LIDAR mapping is estimated at 0.11 m (4.3 in.). LIDAR data were used to
create a topographic map of 100-D/H for defining surface relief/elevation differences. Surface topography
(Section 3.1) establishes part of the framework needed to evaluate contaminant fate and transport.

IDAR was also used in conducting the non-operational area evaluation, discussed in Appendix K.






DOE/RL-2010-95, REV. 0

2.1.6.1  Air Monitoring Near Facilities and Operations

Ambient air is monitored at locations on the Hanford Site near facilities and operations. Samplers are
located primarily within approximately 500 m (1,640 ft) of projects or facilities having a known potential
for, or history of, environmental radiation releases. This ambient monitoring is termed near-facility
environmental monitoring. Monitoring locations are associated largely with major nuclear facilities and
waste storage, sposal, or- :anup activities. Occasional adjustments are made in the number or location
of the monitoring stations as changes in the sources of emissions may occur.

2.1.6.2 Air Monitoring at Hanford Sitewide and Offsite Locations

As part of the Hanford Site Environmental Surveillance Program, near facility ambient air samples are
collected at four continuously operating locations associated with 100-D and four locations associated
with 100- (Figure 2-4). In addition, 11 ambient air monitors are operated at locations representing the
Hanford Site perimeter, . ing with seven monitoring stations in nearby communities of Basin City,
Benton City, Kennewick, Mattawa, Othello, Pasco, and Richland, Washington, and one in a distant
community (Yakima, Washington).

Samples are collected from known or expected air transport pathways, which are generally downwind of
potential or ac | airborne releases and downgradient of liquid discharges. Airborne particle samples are
collected at each station biweekly and monitored for gross alpha and gross beta concentrations. Biweekly
samples are combined into quarterly composite samples and analyzed for gamma emitting radionuclides.
Samples of atmospheric water vapor are collected every 4 weeks and analyzed for tritium at
approximately 20 locations. All air sample results showed very low radiological concentrations in 2010,
with resultant exposure to any public individual remaining well below the dose standard of 10 mrem/yr
tot =ffective dose equivalent. A detailed discussion of the air sampling and results are presented in the
2009 Sitewide Environmental Report (PNNL-19455) in Section 8.2. Table 8.2.3 of the same report
provides sample locations and a list of analyses collected at each location.

Ambient air sampling is the primary method used in monitoring fugitive emissions. Hanford Site
contractors also monitor r other effects from airborne emissions or other releases from site facilities.
This is done through sampling of various environmental media besides the air, as part of the Surface
Environmental Surveillance Program. Routine monitoring includes sampling of surface contamination,
external radiation ses, soil, vegetation, and animals. All estimated and measured environmental doses
from Hanford Site activities remain much lower than EPA and DOE standards. While not a required
action for the CERCLA remedial action, the Washington State Department of Health also conducts
independent sampling and analysis of various media, including ambient air, soil, and biota, both on and
off the Hanford Site. This independent sampling and analysis routinely confirms little or no
environmental impacts outside of the Hanford Site’s most closely controlled work areas. A discussion of
the nature and extent of air contaminants is presented in Section 4.8. Historic fugitive dust emissions or
stack emissions have been evaluated as a potential fate-and-transport pathway for contaminants in
non-operational areas. The nonoperational area evaluation discussed in Chapter 1 and presented in
Appendix K, summarizes different surveillance programs, including the OSE, and provides different
statistical analyses to identify the potential for effects in nonoperational areas.

No additional air monitoring, with the exception of in-process monitoring at the immediate worksite
during select borehole, well, and test pit activities, has been conducted as part of this RI/FS.
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21.7 Surface Water and Sediment Investigations

Pore water, surface water, and sediment investigations were conducted to identify the nature and extent of
contaminants entering the Columbia River, specifically by groundwater upwelling. The effort was
performed according to the Columbia River RI Work Plan (DOE/RL-2008-11). These data were
integrated with the RI data to evaluate groundwater discharge to surface water and presented in the CRC
(DOE/RL-2010-117). The data evaluation is presented in Appendix L.

2.1.7.1 Approaches to Den strate Compliance attl Columbia Ri

To address Data Gap 6 approaches to obtain and assess data to demonstrate groundwater compliance with
AWQC in the Columbia River (e.g., monitoring we ., aqu r tubes, and pore water sampling) were
evaluated during the remedial investigation. This task included an extensive literature search for data
collection and data analysis strategies, re-assessing the 1:1 dilution assumption for groundwater entering
the river, and reevaluating the current mixing/dilution conceptual model for groundwater and surface
water in the hyporheic zone. The pertinent findings from this evaluation included:

e Although aquifer tubes may not be suitable for compliance monitoring (Chapter 4, Section 4.5.1.4),
they are a reliable tool for collecting hyporheic zone data and are useful in tracking groundwater
contaminants through shoreline areas.

e Pore water (groundwater upwelling) sampling is not suitable for compliance monitoring. Hanford Site
groundwater upwells into the river during low river stage conditions. The upwelling groundwater
1ality is variable due to flow reverses several times per day due to Priest River Dam operations.
(Chapter  Section4.9  5).

e The literature review produced some new thoughts on the mixing/dilution conceptual model for
groundwater and surface water in the hyporheic zone (Chapter 4, Section 4.9.8.4). However, the
review did not prc ice analytical tools useable to evaluate the 1:1 dilution theory.

¢ No strategies were identified to collect data that could support the Interim ROD 1:1 dilution
assumption for grou lwater entering the river. The approach adopted in the feasibility study
(Chapter 9) is to treat groundwater to achieve AWQC at the groundwater-surface water interface in
the hyporheic zone (Chapter 9, Section 9.2.2.4). This also takes into account that diffusion and
dispersion may still be considered contributors to attenuating processes for groundwater contaminants
(Chapter 8, Section 8.3.1.2).

DX and ({pump-an treat systems are in operation and the objective of these systems is to provide

hy ic containment of Cr(VI) to protect the Columbia River. Capture zone analysis is another tool that
wi ist in demonstrating remediation effects. Capture zone analysis indicates that hydraulic
containment is being achieved in most locations along 100-D/H. Realignment of the system for
optimizing plume capture is ongoing, with the objective of protection of the river (Calendar Year 2012
Annual Summary Report for the 100-HR-3 and 100-KR-4 Pump-and-Treat Operations, and [00-NR-2
Groundwater Remediation [DOE/RL-2013-13]).

2.1.7.2  Groundwater Upwelling and Discharge into the Columbia River (Pore Water, Surface
Water, and ¢ iment Samplin

Groundwater beneath the Hanford Site discharges to the Columbia River through seeps and upwelling to
the riverbed. This flow path provides a means to transport inford Site contaminants that may have
leached into groundwater to reach the Columbia River.
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extent of potential releases of contaminants associated with operations at the Hanford Site at locations
described in:

e [ield Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia River,
Hanford Site, Washington: Collection of Surface Water, River Sediments, and Island Soil (WCH-352)

e Data Summary Report for the Remedial Investigation of Hanford Site Releases to the Columbia
River, Hanford Site, Washington: January 2011 (WCH-398), hereinafter called Hanford Site Releases
Data Summary.

Figures 5-10a throu; 5-11c in Hanford Site Releases Data  Table 2-7. Summary of Additional Samples
Summary (WCH-398) show these sample locations near Collected in the Vicinitv of 100-D/H
100-D and 100-H. Table 2-7 provides a summary of the

number of additional samples collected. The CRC also

planned to collect samples from D-Island, but because of

high Columbia iver conditions that restricted access to D- | jgjand Soil ‘ 9 10

Island, no soil samples were collected during the 2009 and ‘

2010 CRC sampling efforts. Surface Water 2 I
1 *

However, over the past 23 years, D-Island was Sediment ‘ 13 22

characterized three times: * Includes shoreline, shallow, and eore samples.

e In the early 1990s, the upstream half (12.5 acres) of
100-D Island (100-D-67) was surveyed using the
Ultrasonic Ranging and Data System (USRADS) (/00-D Island USRADS Radiological Surveys
Preliminary Report — Phase 11 [BHI-00134]). Areas of elevated radiation readings were found to be
discrete radioactive particles (specks) that were in the silt 10.1 to 25.4 ¢cm (4 to 10 in.) beneath the
surface and between the 4 to 6 inch diameter cobbles that make up the bulk of the soil on 100-D
[sland. During the USRADS surveys in April 1992, the specks that were found were removed and
portions of them were counted in the laboratory. The only radionuclide found in the majority of the
specks was cobalt-60. In 1992, the highest activity speck contained 22 micro-Curies of cobalt-60 with
the average specks containing 2.5 micro-Curies. Calculations based on the maximum number of
specks found in a volume of soil show that the soil activity due to cobalt-60 in 1992 was 0.45 pCi/g.

o ie Washington State Department of Health (WDOH) conducted a risk assessment on cobalt-60
present in particulates on 100-D Island (/00-D Island Radiological Survey [WDOH/ERS-96-1101]).
The carcinogenic risk associated with the cobalt-60 particles was stated to be the result of two
pathways: external exposure and ingestion. The maximum potential dose rate from external exposure
was estimated to be 0.04 mrem/year based on a recreational scenario. The WDOH study
(100-D Island Radiological Survey [WDOH/ERS-96-1101]) also reported the carcinogenic risk from
external exposure and ingestion of soil to be 2.7 x 10™* and 2.3 x 10", respectively, and concluded
that the risks from radioactive specks were not sufficient to justify further surveys to locate and
remove them. Since 1993, cobalt-60 has decayed through almost four half-—lives resulting in present
day sks that are considerably less than these values.

e In 2004, the 100-D Island was surveyed using Laser-Assisted Ranging and Data System (LARADS).
The results of the survey showed that levels of gamma-emitting radionuclides were present at or
slightly above background levels, with maximum readings between background and 5,000 counts per
minute.
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Tahla 2-8 Qail Samnla Chamical Analvees and Phvsical Pronertv Tests for Nine RPO Boreholes

Barium-133 Antimony Lithium Grain size (sleve analysis)
Cesium-137 Arsenic Manganese
Cobalt-60 Barium Molybdenum
Europium-152 Beryllium Nickel
Europium-154 Boron Selenium
Europium-155 Cadmium Silver
Strontium-90 Cr(VI) Thallium
Chromium (Total) Vanadium
Copper Zinc
I.ead

* Includes geochemical analyses for K4 and batch leach testing (see Chapter 5).

RPO = remedial process optimization

y fill the data need, boreholes and test pits were identified and s¢  >led to refine the CSM, confirm
modeling inputs, and provide data on the vertical distribution of contaminants. The RI activities required
to address the  ta needs for Data Gap 2 involved drilling 10 boreholes, installing 2 permanent
monitoring wells, excavating 5 test pits, and collecting and analyzing soil samples to assess the vertical
extent of contamination in the vadose zone. Boreholes were drilled and sampled, and all but five
boreholes were converted to 10 cm (4 in.) temporary PVC wells or permanent stainless steel wells
(Appendix C, Table C-5). Characterization data collected beneath remediated waste sites were used to
develop/refine the current CSM, including model input parameters and assumptions. Input parameters

| assumptions used for remediated waste sites were compared against field data to identify the accuracy
of model inputs and assumptions that affect contaminant migration predictions.

y determine which interim closed sites required additional characterization, all accepted waste sites
having undergone an interim remedial action were evaluated with consideration of the following:

e Depth of remedial action relative to depth of the site’s engineered structure
e Depth of contamination reported in historical documents relative to depth of remedial action
e Omission of historically reported contaminants during closure sampling analysis

e Closure sample concentrations relative to current 2007 MTCA (WAC 173-340) Method B
cleanup levels

e Trends indicating contaminant concentration increases with depth
¢ Proximity to groundwater contaminant plumes
e Historically documented effects to groundwater

e Type of waste site (for example, high volume liquid effluent site, low volume liquid effluent site, or
sludge trench)
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Sites selected for characterization were identific  during the work plan process in coordination between
Ecology and DOE. Vadose zone soil samples were collected for characterization purposes during the field
activities in locations as outlined in Table 2-1. Five boreholes were completed as 10 cm (4 in.) temporary
PVC wells in order to obtain representative groundwater samples. Table C-8 (Appendix C) identifies the
waste sites that were investigated and provides justification for selection, which was documented in
Section 4.8.1 of the 100-D/H Work Plan (DOE/RL-2008-46-ADD1). D ling of boreholes and wells, as
outlined in Table 2-1, was conducted to address Data Gap 2.

Table C-5 (Appendix C) summarizes borehole and monitoring well sampling and location information,
and Table C-7 (Appendix C) summarizes test pit information. Sampling and location information for the
five boreholes completed as temporary monitoring wells (199-D8-101, 199-D5-142, 199-H4-84,
199-H4-83, and 199-H3-11) is presented in Section 2.1.

Samples were screened in the field for radiological contamination using field instruments and visually
inspected for Cr(VI), as indicated by soil staining. Soil samples were generally collected from boreholes
for analytical testing, field screening, and batch leach testing according to the 100-D/H SAP

OE/RL-2009-40). Sampling typically was conducted at 4.5, 3, 1.5, and 0.6 m (15, 10, 5, and 2 ft) above
the water table, at the water table, and 1.5 m (5 ft) into the aquifer. Location-specific target analytes
specified in the 100-D/H SAP (DOE/RL-2009-40) include both a subset of the master list of target
analytes (presented in Table 2-9) and additional analytes selected based on previous investigations and
history of the waste site.

AMETICIUMI-£4 | 1, 1-UICNIOTOCUENE BeE-BHU | vianganese
Barium-133 4,4'-DDT bis(2-ethylhexyl)phthalate Mercury
Carbon-14 Acetone Boron Molybdenum
Cesium-137 Antimony Cadmium Nickel
Cobalt-60 Aroclor-1016 (PCB) Carbon Tetrachloride Nitrate (as N)
Europium-152 Aroclor-1221 (PCB) Chloroform Nitrite (as N)
Europium-154 Aroclor-1232 (PCB) Chromium (Total) Pyrene
Europium-155 Aroclor-1242 (PCB) Chrysene Selenium
Neptunium-237 Aroclor-1248 (PCB) Cobalt Silver
Nickel-63 Aroclor-1254 (PCB) Copper Strontium
Plutonium-238 Aroclor-1260 (PCB) Di-n-butyl phthalate Sulfate
Plutonium-239/240 Arsenic Dibenz[a,h]anthracene Thallium
Strontium-90 Barium Dieldrin Tin
Technetium-99 Benzene Fluoranthene Trichloroethene
Tritium Benzo(a)anthracene Fluoride Uranium (Total)
Uranium-233/234 Benzo(a)pyrene Cr(VI) Vanadium
Uranium-235 Benzo(b)fluoranthene Indeno(1,2,3-cd)pyrene Vinyl Chloride
Uranium-238 Benzo(k)fluoranthene Lead Zinc

Beryllium Lithium

Source: Integrated 100 Area Remedial Investigation/Feasibility Study work Plan Addendum 1. 100-DR-1, 100-DR-2,
I00-HR-], [00-HR-?, and 100-HR-3 Operable Units (DOE/RL-2008-46-ADD1).

Additional samples were collected, including at major

yrmation and lithology changes, at the discretion
of the geologist or sampler based on soil characteristics and field screening results; these samples were
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Tahle 2.10 Mayimum Danth nf Remedial Artinn at Qalart Wacta Qitac

1UVU-D-12 2.4 (58.U) L16-H-2 2.6 (8.3)
100-D-4 2.9(9.5) 1607-H4 3.6(11.0)
116-D-4 2.9 (9.5)

bgs = below ground surface

2.1.9.3 Characterize beneath and around Reactor Structures

Additional characterization was needed for interim closed areas adjacent to the 105-D and 105-H Reactor
facilities and soil underlying these reactors (Data Gap 3). Justification for characterization at these two
reactors inclt s reports of leakage from FSBs during reactor operations, reports of contamination
beyond the depth of remedial actions, the quai ty of liquids managed, and the lack of sampling
performed beneath the FSBs and around/beneath the reactors (Appendix C, Table C-8). To address Data
Gap 3, boreholes were drilled a acent to the 118-D-6:3 FSB (105-D Reactor) and through the118-H-6:3,
FSB (105-H Reactor). The 118-H-6:3 FSB is also collocated with waste subsites 118-H-6:2; 105-H
Reactor Ancillary Support Areas, Below-Grade Structures, and Underlying Soils, and 118-H-6:6 FSB
Deep Zone Side-Slope Soils. One borehole was drilled within the boundary of each of the two reactor
FSBs, and samples were collected and analyzed to assess the vertical extent of contamination and to
refine the 100-D/H CSM.

Remediation of the 118-H-6:3 FSB included removing the below grade structure because of documented
leaks and disposing of contaminated materials, including the soil underlying the former FSB floor and the
side slopes. The 118-D-6:3 below grade structure remains in place because the FSB did not have a history
of leaking; thus, the borehole was drilled as close as possible to the FSB. Copies of the borehole logs,
detailed sampling summaries, well construction summaries, well summary sheets, geophysical logs, and
final surveys are located in the borehole summary reports.

Additional characterization was not required for the 105-DR ISS reactor facilities, per the 100-D/H Work
Plan (DOE/RL-2008-46-ADDI1), because there was no historical evidence that the FSB leaked, and soil
samples collected beneath the FSB floor indicated no contamination was present.

2.1.9.4 Evaluate Reasons for the Persistence of Cr(Vl)

During the RI, data were collected to evaluate the potential for contaminants to be entrained within the

soil matrix and be a continuing source of groundwater contamination (Data Gap 10). Samples were

targeted within the upper and lower vadose zone, periodically rewetted zone, unconfined aquifer, RUM

surface, and the first water-bearing unit of the RUM (Chapter 4). The soil data obtained during RI

sampling and analysis activities, along with data from the RPO wells, were evaluated at the specified
ications to decrease uncertainty about contaminant sources.

2.1.9.5 Develop Additional Data Needed for Modeling

Insufficient data to support fate and transport modeling were identified as Data Gap 12. The fate and
transport of site contaminants in the environment is highly dependent on the effluent volume discharge
and contaminant specific Ky, which quantifies the par ioning of a contaminant between a solid phase and
an: 1eous phase. Data needed to develop a Ky and to conduct accurate fate and transport modeling
include: physical properties, hydraulic conductivity, batch leach test results, contaminant concentrations,
and field screening parameters. Data to support contaminant fate and transport modeling were collected
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From 1987 to 1999, groundwater samples from Monitoring Well 199-D5-12 (located east of the

105-D Reactor) had the highest strontium-90 concentrations identified in the unconfined aquifer
underlying 100-D. This well was decommissioned in late 1999, with the last groundwater sample
collected having strontium-90 concentrations exceeding the DWS of 8 pCi/L by approximately five times.
Since that time, no wells have been available for sampling near this former well location. During the RI,

I Hnitoring Well 199-D5-132 (C7622, Well 4) was installed as a replacement through the

116-D1-1A Trench to monitor both strontium-90 and Cr(VI). Well 199-D5-132 is located approximately
46 m (150 ft) and hydraulically downgradient from former Well 199-D5-12 and, therefore, monitors
contaminants that may have sources located near thc former well.

A cluster of two new aquifer tubes (C7649 and C7650), Monitoring Well 199-H3-6 (C7626, Well 6), and
Wells 199 -7 (C7627, Well 7) and 199-H6-3 (C7628, Well 10) were installed in 100-H to define the
extent of strontium-90 and to monitor nitrate concentrations. Specifically, the strontium-90 plume near
waste sites 116-H-1 and 116-H-7, and along the river, had not been well defined.

Monitoring Wells 199-H6-3 (C7628, Well 10) and Well 199-H6-4 (C7629, Well 11) were installed to
evaluate the southern extent of the strontium-90 plume, south of Well 199-H6-1 (and the former 107-H
Liquid Disposal Trench WNaste Site 116-H-1]) in 100-H. In addition, the wells were placed to allow
further evaluation of potential effects related to the 1607-H3 Septic System near a former guardhouse
location (Facility 1720-H).

Monitoring Well 199-H1-7 (C7630, Well 12) was installed to assess groundwater effects north of the
1607-H3 Septic System where sufficient well coverage had not been available. Monitoring

Well 199-H1-7 was also placed to monitor for polychlorinated biphenyls (PCBs), spec  cally
Aroclor-1254), which was detected in an unfiltered groundwater s 1ple from Well 199-H4-10 at

a concentration of 8.3 ug/L in November 2005. Aroclor-1254 was also detected in CVP samples collected
during remediation of the 1607-H2 waste site.

The aquifer tubes installed to address Data Gap 5 are 0.64 cm (0.25 in.) outer diameter (0.43 cm [0.17 in.]
inner diameter) polyethylene tubes that have a 15 ¢cm (6 in.) long screen at the lower end. The tubes were
implanted into the aquifer by driving a temporary steel casing into thc ground and inserting a tube into the
casing. The end of each tube was fitted with a screened section, which acts as the sampling port.

The temporary steel casing was driven either by a hydraulic ram attached to a vehicle or by a hand-carried
pneumatic air hammer. The steel casing was then backpulled, leaving the tube (and the stainless steel
drive point) in place. Water is withdrawn from the tube using a peristaltic pump. The tubing exposed at
ground surface is of minimal length (several feet) and is protected from wildlife and the elements by PVC
conduit. Figure 2-13 shows the main components of aquifer tube installation. Each individual tube was
driven to a different depth. These aquifer tubes were added to the SAP for Aquifer Sampling Tubes
(DOE/RL-2000-59) to ensure that new aquifer tubes were installed and sampled consistent with existing
aquifer tubes. Table C ) summarizes information on the two new aquifer tube clusters that were installed
as part of the RI.

~1.10.3 ._.aluate Reasons for the Persistence of Cr(VI)

Groundwater samples were analyzed for COPCs as specified in the 100-D/H Work Plan. In addition, for
the low and transition river stage sampling rounds, groundwater samples from select wells were analyzed
for cyanide, pesticides, PCBs, polycyclic aromatic hydrocarbons (PAHs), and/or semivolatile organic
compounds (SVOCs), as in the 100-D/H Work Plan (DOE/RL-2008-46-ADD1).
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2 12.1 Vegetation Monitoring

[n 2008, vegetation samples were collected on or adjacent to former waste disposal sites and from
locations downwind and near or within the boundaries of operating facilities and remedial action sites to
monitor for radioactive contaminants.

2.1.12.2 Fish and Wildlife Monitoring

Fish and wildlife on the Hanford Site are monitored for Site-produced contaminants. In 2008, sucker,
common carp, smallmouth bass, and deer were collected at locations on and around the Hanford Site.
Tissue samples were analyzed for strontium-90 and gamma emitters, including cesium-137. Since the
1990s, strontium-90 and cesium-137 have been the most frequently measured radionuclides in fish and
wildlife samples. In addition, liver tissues from fish and deer were monitored for 17 trace metals.

2.1.12.3 Plant Communities and Population Surveys

Plant populations monitored on the Hanford Site include species listed by Washington State as
endangered, threatened, or sensitive, and species listed as review group 1. Monitoring data are used to
develop baseline information and to monitor for changes resulting from Hanford Site operations. Surveys
for rare animal species were conducted in 2008 as part of annual compliance review activities. More than
100 plants listed as endangered, threatened, sensitive, or on the view or watch list are found on the
Hanford Site.

2.1.12.4 Wildlife Populations Surveys

Four fish and wildlife species on the Hanford Site are surveyed annually: fall Chinook salmon, steelhcad
trout, bald eagle, and mule deer. The number of fall Chinook salmon spawning nests (re  Is) in the
Hanford Reach is estimated by aerial surveys. In addition, two aerial surveys were conducted to identify
possible steelhead trout spawning areas. Roadside surveys were conducted for mule deer on the

Hanford Site to assess age and sex ratios, and the frequency of testicular atrophy in males.

2.1.12.5 Habitat and Species Characterizations

Ecological monitoring on the Hanford Site includes characterizing breeding locations, habitat use, and
distribution of key wildlife species. In 2008, characterization studies focused on the Woodhouse’s toad
and the burrowing owl, a Washington State candidate species and federal species of concern in this
region. Toads were monitored using radio telemetry. Burrowing owl distributions and nesting habitats
were cv. 1ated.

2.1.12.6 Contaminatea ofa

Radiological surveys are conducted around active and inactive waste sites at the Hanford Site to detect
surface radiological contamination, including biointrusion, from plants and animals (including insects).
The results from these surveys are used to determine trends, assess environmental impacts, and identify
corrective actions, as appropriate. None of the 100 Area sites falls within the priority ranking for
contamination incidents at the Hanford Site (most incidents are reported in the 200 Arca). A total of

|8 contamination e¢pisodes, mostly animal-related, were reported across the entire 100 Arca in 2010
(Quarterly Environmental Radiological Survey Summary, Fourth Quarter Calendar Year 2010
[HNF-SP-0665]).

2.1.13 River Corridor Supplemental Investigations

To support information needs for the entire River Corridor, the following supplemental activities from the
Integrated Work Plan (DOE/RL-2008-46) were carried out separately from the RI field investigation:
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size and complex topography contribute to substantial spatial variations in wind, temperature,
precipitation, ar  other meteorol: " :al parameters, which are further affected by mountain barriers
(Hanford Site National Environmental Policy Act (NEPA) Characterization [PNNL-6415], hereinafter
called the NEPA Characterization Report). The Cascade Range to the west creates a rain shadow effect over
eastern Washington State, minimizing precipitation at 100-D and 100-H, while the Rocky Mountains and
ranges in southern British Columbia protect the sites from the more severe polar air masses from Canada
(Hanford Site Climatological Summary 2004 with Historical Data [PNNL-15160]).

Climatologic ta are monitored at the HMS near the 200 Area southwest of the 100-D/H boundary and
other locations throughout the inford Site. Data gathered at the station are representative of conditions
in 100-D/H. The station is approximately 12.9 km (8 mi) southwest of the 100-D/H boundary. From 1945
through 2009, the recorded maximum temperature was 45°C (113°F) during July 2002 and August 1961,
and the recorded minimum temperature was -30.6°C (-23°F) measured twice in February 1950 (NEPA
Characterization Report [PNNL-6415]). The monthly average temperature ranges from a low of -0.24°C
(31.7°F) in January to a high of 24.6°C (76.3°F) in July. Annual average relative humidity at the HMS is
54 percent (NEPA Characterization Report [PNNL-6415]). It is highest during the winter months,
averag 1about 76 percent, and lowest during the s mer, averaging approximately 36 percent

(NEPA Characterization | rt [PNNL-6415]). Tables 3-1 and 3-2 present the average monthly
minimum and maximum temperatures, respectively, at the Hanford Site from 1945 through 2009.

Since 1947, annual precipitation at the Hanford Site has varied from approximately 7.6 to 31.3 ¢cm

(3.0 to 12.3 in.), with an annual average of 17.2 cm (6.8 in.). As shown in Table 3-3, most precipitation
occurs during late fall and winter, with more than half occurring from November through February.
Snowfall accounts for approximately 38 percent of precipitation at the Hanford Site from December
through February (NEPA Characterization Report [PNNL-6415]) and for the majority of the moisture that
infiltrates the ground. Average snowfall ranges from 0.25 cm (0.1 in.) during October to a maximum of
13.2 ¢m (5.2 in.) during December, and decreases to 1.3 cm (0.5 in.) during March. The highest monthly
snowfall recorded at the HMS was 59.4 ¢cm (23.4 in.) in January 1950.

Surface winds blow predominantly from the northwest during winter and summer months, and from the
sou west during spring and fall. Local winds in the 100 Area and along the Columbia River are strongly
influencec ' near-river topography (NEPA Characterization Report [PNNL-6415]). Average monthly
wind speeds at the Hanford Site are lowest during winter, averaging 10 to 11 km/h (6 to 7 mi/h)

(Table 3-4). The highest average wind speeds, ranging from 14 to 16 km/h (8 to 10 mi/h), have been
reported during summer. The fastest wind speeds recorded at HMS are usually assoc  ed with flow from
the southwest. However, the summertime drainage winds from the northwest frequently exceed speeds of
47 km/h (30 mi/h).

Strong winds occasionally create blowing dust, and dust suppression measures are necessary during
construction, demolition, and remedial actions to prevent the spread of contamination during periods of
high winds. Methods used to minimize wind-related concerns in 100-D/H include applying dust
suppression water and soluble adhesives. Wind and dust can limit the progress of work, and at times, it is
necessary to stop work.

The wind speed class with the highest frequency of occurrence at HMS is 6.5 to 11 km/h (4 to 7 mi/h).
Winds in that category occur 37 percent of the time. The speed class with the second highest frequency of
occurrence is 13 to 19 km/h (8 to 12 mi/h), at 25 percent. Winds averaging over 40 kmvh (25 mi/h) only
occur 1 percent of the time on an annual basis, with the highest frequency (1.6 percent) in March
(Hanford Site Climatological Summary 2004 with Historical Data [PNNL-15160]).
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(EC -100NPL-11-0070) describes the process used to create geologic maps and cross sections presented
in Appendix M.

A partial listi of previous reports used to supplement the RI data include (but are not limited to) the
following documents.

o Limited Field Investigation Report for the 100-HR-3 Operable Unit (DOE/RL-93-43)

o Geologic Setting of the 100-HR-3 Operable Unit, Hanford Site, South Central Washington
(WHC-SD-EN-TI-132)

Geology of the Northern Part of the Hanford Site: An Outline of Data Sources and the Geologic
Setting of the 100 Areas (WHC-SD-EN-TI-011)

e Remedial Design Report and Remedial Action Work Plan for the 100-HR-3 Groundwater Operable
Unit In Situ Redox Manipulation (DOE/RL-99-51)

e Description of Work for the Installation of Two NABIR Wells at the 100-H Area. FY2006
(WMP-29720)

Sampling and Analysis Plan for Installation of 100-HR-3 Groundwater Operable Unit Remedial
Process Optimization Wells (DOE,  .-2009-09)

e Borehole Summary Report for the Installation of 70 Remedial Process Optimization, Pump-and-Treat
Expansion Wells, for the 100-HR-3 Operable Unit (SGW-48612), which describes 70 new wells drilled to
su rt the DX and HX interim action pump-and-treat expansions and included specific data collected in
su ot of the RVFS

e Aquifer Testing and Rebound Studv in Support of the 100-H Deep Chromium Investigation (SGW-47776)
o Report on Investigation of Hexavalent Chromium Source in the Northern 100-D Area (DOE/RL-2010-40)

e Report on [nvestigation of Hexavalent Chromium Source in the Southwest 100-D Area
(DC /b -2009-92)

Hvdrogeological Summary Report for the 600 Area Between 100-D and 100-H for the 100-HR-3
Groundwater Operable Unit  'OE/RL-2008-42)

o Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 1. 100-DR-1,
100-DR-2, 100-HR-1, 100-HR-2 and 100-HR-3 Operable Units (DOE/RL-2008-46-ADDI)

o Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3
Operable Units Remedial Investigation/Feasibility Study (DOE/RL-2009-40)

Appendix B provides a bibliography of .  litional documents related to 100-D/H.

Geologic data obtained from the recent drilling of RI and RPO boreholes have considerably improved the
knowledge of 100-D/H stratigraphic relationships. Before drilling these boreholes, the geographic
location of where the unconfined aquifer matrix transitions from the Ringold Formation unit E to the
Hanford formation was not as well defined. The location of this lithologic transition, particularly to the
east of 100-D, is important because the Hanford formation is more transmissive than the Ringold
Formation unit E, which influences groundwater flow (Section 3.7). Data from the new boreholes also
provides better delineation of the RUM surface.
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locations of the 17 RI wells. Hydrogeologic cross sections are presented in Appendix M, with analytical
data presented on cross sections in Section 4.5.2.

Hydrogeologic information about the Ringold units below the RUM is far more limited than for the
Hanford formation ar  Ringold unit E sediments. Several wells at 100-H drilled in the 1990s were deep
enough to provide information on the RUM and a deeper water-bearing zone, presumed to be Ringold

ormation unit B. The Horn stu  + (Hvdrogeological Summary Report for 600 Area Between 100-D and
100-H for the 100-HR-3 Groundwater Operable Unit [DOE/RL-2008-42]), RPO effort (Sampling and
Analysis Plan for Installation of 100-HR-3, Groundwater Operable Unit Remedial Process Optimization
Wells DOE/RL-2009-09]), and the RI characterization improved understanding of the relationships and
properties of these units.

Cross section A to A' (Figure I 5) is located in the southern portion of 100-D and trends from the
Columbia River inland tow | the east. The cross section shows the unconfined aquifer being present
within the Ringold Formation unit E, and relatively thin. The undulating surface of the RUM is also
evident, with a scour depression in the RUM surface present at Wells 199-D5-141 and 199-D5-104.

The RUM surface rises slightly toward the river in this area, which may act as an impediment to
contaminant migration. Not evident in the cross section, but shown in plan view in Figure 3-4, is the dip
in the RUM surface in the southern portion of 100-D (coinciding with Well 199-D3-5), where the surface
has a downward slope toward the south.

Cross section B to B' (Figure M-6) begins at the Columbia River and extends to the east, through northern
100-D. Several depressions occur in the RUM surface along this cross section. The dip in the RUM
extends across a wider area in cross section B to B* and is more pronounced than in cross section A to A'.
As in cross section A to A', the RUM surface rises as it gets closer to the river.

Hydrogeologic cross section C to C' (Figure M-7) runs parallel to the Columbia River from the ISRM
well locations towards the Horn area in the north. Cross section C to C' shows the unconfined aquifer
complet 7 within the Ringold Formation unit E near 100-D, with the RUM forming the bottom of the
unconfined aquifer. As the cross section extends to the north, the Ringold Formation vt E is no longer
identified in boring logs, with the aquifer being present entirely in Hanford formation material, which is
more conductive than the Ringold Formation unit E. The abrupt change in geology near Well 199-D8-55
and Well 199-D8-68 aligns roughly with the southern edge of surface outburst channels during historic
flood events (Figure 3-1) that crossed the Horn, eroding the Ringold Formation unit E. In addition, the
outburst channels may have developed preferential  athways across the Horn, resulting in the wide
distribution of Cr(VI) during reactor operations through this zone. This cross section also shows the
undi tion of the RUM surface through the area, and a significant drop in elevation at the Horn.

Cross section D to D' (Figure M-8) spans 100-D/H, beginning just north of 100-D and extending across
the Horn to 100-H. The RUM surface across the Horn has a slight rise near 100-H but otherwise
unremarkable. The unconfined aquifer occurs within the Ringold Formation unit E at 100-D, but
transitions to the Hanford formation across the Horn and at 100-H, with some few exceptions.

The transition of the aquifer matrix from Ringold Formation unit E to the Hanford formation likely
facilitated the lateral spread of Cr(VI) across the Horn area and 100-H, because of greater hydraulic
conductivity values of the Hanford formation. The spreading would have dramatically increased with
the significant groundwater mounding that was caused by reactor operations and the 1967 cooling water
injection test.
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Water that infiltrates the ground surface is either retained by capillary forces or passed downward toward
the water table, as gravitational flow. Movement of moisture in the vadose zone is influenced by overall
soil moisture content, the hydraulic properties of soil, vegetation cover, and timing of precipitation events.

3.5 Soil Types

Holocene deposits of eolian loess, silt, sand, and gravel form surficial deposits across 100-D/H.

These posits overlie the Hanford formation in a relatively thin (less than 1 m [3 ft] thick) veneer in
most locations. During the past 10,000 years, a mix of eolian and alluvial processes deposited this soil.

In some portions of 100-D/H, the surface is reworked construction backfill. This backfill material

ty] -ally consisted of Hanford formation gravel, sometimes mixe with construction debris. Debris pits
and piles created during construction have generally been addressed as waste sites. Recent (1995 to
present) backfill practices rely almost exclusively on excavated Hanford formation gravel or fill imported
from local or offsite borrow pits. This backfill is generally located near existing or former manmade
structures and varies in depth, depending on the excavation depth of waste sites and building foundations.
Additionally, backfill may cover larger graded areas to a depth up to 0.3 m (1 ft) ecause of human
activities associated with construction of the reactors and supporting facilities, the Holocene deposits

! ave been removed or altered. The key waste sites in the operational arcas are shown on Figures 2-1
and 2-2 d the extent of disturbed soil 1s visible in the areal views shown on Figures 2-5, 2-6, 2-7,

and 2-8.

Soil Survey Hanford Project in Benton County Washington (BNWL-243) describes 15 soil series on the
anford Site, which consist of sand, sandy loams, and silty loams. The following five soil series are
present within 100-D/H (Figure 3-6):

e Burbank Loamy Sand. Burbank loamy sand is a dark-colored, coarse-textured soil underlain by
gravel. Its surface soil is usually about 40 cm (16 in.) thick but may be as much as 75 cm
(30 in.) thick. 1e gravel content of its subsoil ranges from 20 to 80 percent.

e Ephrata Sandy Loam. Ephrata sandy loam is found on level topography on the Hanford Site.
Its surface is darkly colored and its subsoil is dark grayish-brown, medium-textured soil underlain by
gravelly material that may continue for many feet.

Ephrata Stony Loam. Ephrata stony loam is similar to Ephrata sandy loam. It differs by the presence
of many large hummocky ridges that consist of debris from melting glaciers. Areas between
hummocks may contain many oulders several feet in diameter.

Riverwash. Riverwash consists of the wet and periodically flooded areas of sand, gravel, and
boulders adjacent to the Columbia River.

e Ri art Sand. Rupert sand is brown to grayish brown coarse sand. The color grades to dark grayish-
brown at a depth of about 90 cm (35 in.). Rupert soil typically develops under grass, sagebrush, and
hopsage in coarse sandy alluvial deposits that are mantled by windblown sand. The relief
characteristically consists of hummocky terraces and dune-like ridges. The soil is correlated as
Quincy sand from an earlier survey.
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6.1 m (20 ft) bgs often have more sand content than deeper soil. These samples may represent reworked
soils with backfill, considering samples were collected in waste sites that had limited excavations
conducted. Occasionally, sand layers are present in the vadose zone at greater pths (for exam; :, Wells
199-D5-134 and 199-D5-132 had 67 to 70 percent sand at depths from 16.8 to 17.7 m [55 to 58 ft] bgs).

PNNL conducted a historical study (Vadose Zone Hydrogeology Data Package for Hanford Assessments
NNL-14702]) on bulk densities in the Hanford formation versus the Ringold Formation unit E, which
are used for comparison to recent RI and RPO physical property data (Table 3-7). Size classifications for

the RI and RPO data sets were primarily based on the borehole log descriptions. Bu  density is used in
vadose zone fate and transport calculations. The site wide statistical mean values were essentially

id tical for the inford formation and the Ringold Formation unit E, with the RI/RPO data also
comparable within the data set. Appendix D (Table D-68) contains the sieve analysis reports for the RPO
data set.

3.6 lydrogeology

The understanding of the hydrogeologic framework of 100-D/H is based on subsurface investigations
conducted during  : operational phase of the reactors up through the interim remedial actions and the
current RI/FS. The three main hydrogeologic units include the following:

e Vadose zone (discussed in Section 3.5)
e Suprabasalt z tifer system

o Confined basalt aquifer system

This section describes the saturated hydrogeology of 100-D/H, beginning with descriptions of the main
aquifer and aquitard units of the suprabasalt aquifer system. 1is system includes all sediments between
the water table an  the top surface of the basalt. The structure of the aquifer system is one of the
controlling factors for groundwater flow between the various aquifers, aquitards, d the C 1mbia River,
which forms a regional discharge boundary for shallow groundwater beneath the Hanford Site.

At 100-D/H, the unconfined aquifer is the zone between the water table and the surface of the RUM.

At 100-D, the unconfined aquifer is present in the Ringold Formation unit E, and at 100-H, it is present in
the Hanford formation, since the Ringold Formation unit E is absent. Within the JM, there are several
zones of sand and gravel which are water-bearing units. (Specific properties of these zones are described
in Section 3.4.2.4 and Section 3.6.2). These water-bearing units may be connected to each other, to the
unconfined aquifer, or to the Columbia River. The extent of this aquifer interconnection varies spatially
across 100-D/H and may have been temporally dependent on the overlying hydrologic conditions, such as
elevated head pressures that existed during operations because of high-volume cooling water discharges.

As presented in Section 3.4.1, the stratigraphic units identified within the Ringold Formation include the
Ringold Formation unit E, the RUM, the Ringold unit B, and the RLM. Aquifers found below the upper

surface of the RUM are typically confined or semiconfined, but leakage between the units may also occur.

In addition, these various units may not be continuous in all locations, making them difficult to
differentiate during drilling activities. The hydrostratigraphy of the suprabasalt aquifer system underlying
100-D/H is summarized in Table 3-8.
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D-67 of Appendix D. Variability of the horizontal hydraulic conductivity in the unconfined aquifer
reflects the variable cementation and sediment heterogeneity of the Ringold Formation unit E and the
‘anford formation.

Based on this dataset, approximate ranges of hydraulic conductivity for each area are summarized in
Table 3-9, assuming an average value where multiple entries are provided for the same well location.

It should be noted that the values for Wells 199-D8-3 and 199-1 10 are well outside the range of
available hydraulic conductivity est  tes from all other wells and for that reason two sets of ranges were
culate for 100-D and 100-H, including and excluding those ta points, respectively. Also, one of
the hydraulic conductivity estimates available in the Horn was an order of magnitude higher than the

other two.

1€ distribution of hydraulic conductivity values in each area is illustrated in the cumulative frequency
plot shown in Figure 3-11. Summary statistics were calculated based on data obtained from wells
screened within those geologic units, and located in certain areas of the anford site, as provided in /00-
HR-3 Remedial Process Optimization Modeling Data Package (SGW-40781) and tabulated in Table M-4,
Appendix M. The hydraulic conductivity frequency plot suggests that the distributions in 100-D and
100-H arenot s ficantly different. Both datasets are characterized by some extreme (and potentially
suspect) values, resulting in higher mean values that differ by a factor of three between the two areas.
W those extreme values are excluded, the mean hydraulic conductivity in the Hanford formation of
1 is about two times higher than that in the Ringold Formation unit E of 100 . Similarly, the
median hydraulic conductivity value is 0.026 cm/s for the Ringold Formation unit E and 0.039 cm/s for
the Hanford formation. It is important to note that in localized areas where horizontal conductivity is
higher, preferential flow pathways may exist.

A field investigation of the Horn area between 100-D and )0-H was conducted in 2007 and 2008 to
characterize the extent, concentration, and movement of Cr(VI) in groundwater ({ydrogeological
Summary Report for 600 Area Between 100-D and 100-H for the 100-HR-3 Groundwater Operable Unit
[DOE/RL-2008-42]). As part of this study, new wells were drilled and development data were analyzed to
calculate hydraulic conductivity estimates in the unconfined aquifer. As no aquifer tests were performed
for this characterization effort, the well development data could provide the basis only for rough estimates
of hydraulic conductivity, especially considering that well development data reflect short-term aquifer
response and can largely overestimate the specific capacity of the well. The estimated hydraulic
conductivities varied between 0.013 and 2.242 cm/s (36 and 6,354 ft/d).
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3.6.2.2 Vertical Hydr. ic Conductivity - Water-Bearing Units within the RUM

During installation of the 70 DX/HX RPO wells across the 100-HR-3 OU, efforts were made to collect
RUM surface samples at each borehole location for permeameter tests. Tests were not conducted when
poor sample recovery occurred (e.g., Well 199-D7-5). In addition, soil samples were collected from

14 »reholes during the RI to evaluate the physical properties of the RUM. Each borehole log was
conducted to verify the lithology of the depth interval that is representative of the first water-bearing unit
of the RUM. The vertical hydraulic conductivity estimates are tabulated in Table 3-11.

The estimated vertical hydraulic conductivity values in the first water-bearing unit of the RUM varied
between 1.40 x 10™ and 5.0 x 10” cm/sec. However, samples from two of the locations (Well 199-H2-1
and 199-H3-9) had hydraulic conductivity values of 4.24 x 107 and 5.0 x 10~ cns, respectively. The
results from these two locations skew the results for the remainder of the sample set. The hydraulic
conductivity values without including those results range from 1.4 x 10 to 3.8 x 10~ cm/s, which is
consistent with expected results.

Samples from two different depths were collected in 199-H1-35 and 199-H1-36. The second sample from
Well 199-H1-35 was collected 1.5 m [5 ft] into RUM and it had a vertical hydraulic conductivity value of
about 1.0 x 10 cm/sec, approximately one order of magnitude lower than the value estimated from the
sample collected from the RUM surface. The 199-H1-36 sample (1.5 m [5 ft] into the RUM) appears to
have greater sand content than the sample collected at the RUM surface. e vertical hydraulic
conductivity value for the 199-HI-36 RUM surface sample was at 1.0 x 10 cm/sec. The 199-H4-71 and
199-H4-73 samples have a greater percentage of sand/gravel than RUM samples with low vertical
hydraulic conductivity values.

Analysis of an aquifer test performed at Well 199-H3-2C, as part of the deep chromium investigation in
100-H (Aquifer Testing and Rebound Study in Support of the 100-H Deep Chromium Investigation
[SGW-47776]), suggests that there is hydraulic connection between the unconfined aquifer and a shallow
water-bearing unit in the RUM at that location. The borehole log of this well shows higher permeability
sediments above its screened interval. Vertical hydraulic conductivity estimates for neighboring

Wells 199-H4-71 and 199-H4-73 are more than one order of magnitude higher than those of other RUM
wells nearby. On the other hand, the aquifer test data at Well 199-H4-12C did not allow for similar
inferences, because of its proximity to the Columbia River and the river’s effect on water levels in

the aquifer. Other nearby wells such as 199-H4-70 and 199-H3-27, have estimated vertical hydraulic
conductivities consistent with typical RUM values (1.0 x 10 cm/sec, or 0.0028 ft/day), which suggests
that the extent of a higher vertical conductivity zone could be limited in that area.

3.6.3 Columbia River Basalt Group Hydrogeology

The basalt confined aquifer system extends throughout the Pasco Basin. The upper basalt confined aquifer
is an interflow zone consisting of fractured EI  hant Mountain Member basalt flow-bottom,

Rattlesnake Ridge interbed sediments, and underlying fractured Pomona Member basalt flow-top (see
Figure 3-3). Piezometer 199-H4-15CP monitors a fracture zone in the Elephant Mountain Member basalt
and consistently exhibits an artesian head, with water flowing from the well when the well cap is opened.
Well 199-H4-2 monitors the upper basalt confined aquifer and also exhibits an artesian condition.

It should be noted that the pressure differential exhibited between the basalt aquifer unit and the aquifers
within the overlying unconsolidated units is not a demonstration of an actual upward gradient (i.e., flow
of groundwater from the deeper units to the shallower units) in the absence of defined flow paths.

Early groundwater maps of the upper confined basalt aquifer system show groundwater flow to the
southwest under 100-D/H, based on very limited hydraulic head data between the Columbia River and
Gable Mountain — Gable Butte (Hydrochemistry and Hydrogeologic Conditions Within the Hanford Site
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DR Reactors, and from the south-southwest toward the Columbia River near the H Reactor.
Groundwater ultimately discharged to the Columbia River and fluctuations in groundwater levels within
the unconfined aquifer resulted from natural changes in the stage of the Columbia River.

During the period of irrigated agriculture operations on the Hanford Site area, some undefined amount of
artificial recharge likely occurred. This recharge would have been mostly related to local conditions
beneath fields irrigated using flood or rill distribution techniques, and from leakage from the Hanford
Ditch (an irrigation canal used to convey water from the vicinity of 100-K Area on the upstream side to
the vicinity of the former Hanford Townsite on the downstream side). The hydrogeologic effects of the
peric of irrigated agricultural operations at Hanford are not defined quantitatively.

With the industrial development of the Hanford Site, various anthropogenic influences have dominated
the directions and rates of groundwater flow. During operation of the D, DR, and H Reactors, large
volumes of spent cooling water (high-temperature effluent from the reactors, containing Cr(VI) and other
chemicals used to maintain water quality) were discharged to the retention basins where the water was
hel up, allowing the water to cool somewhat and short-lived radionuclides to decay. After the holding
period, the contaminated cooling water was discharged directly into the Columbia River. Reactor cooling
water entered the vadose zone in the vicinity of the reactor operations under two common conditions.
First, leaks developed in the retention basins as a result of thermal expansion and contraction, allowing
cooling water to leak from the basins into the underlying vadose zone. This contributed substantial
quantities of localized artificial recharge to the underlying groundwater. Secondly, episodic fuel element
failures also contaminated the cor  ng water with radioactive fission products and fuel residues; under
these upset conditions, the cooling water stream was discharged directly to the vadose zone via
engineered infiltration trenches instead of to the river. The discharge of contaminated cooling water to the
vadose zone reduced the amount of radioactive contaminants that ultimately reached the river. The local
artificial recharge conditions caused by discharges of contaminated cooling water from these trenches,
and leaks from the retention basins, resulted in the buildup of extensive groundwater mounds in the
unconfined aquifer ben¢ h the reactor operating areas at 100-D and 100-H. Monitoring well hydrographs
from 100-D and 100-H indicate that wastewater infiltration elevated groundwater levels as much as 10 m
(33 ft) at 100-D and 7 m (21 ft) at 100-H. These extensive mounds altered groundwater flow patterns and
groundwater velocity for years and account for the observed current distribution of groundwater
contaminants across the entire width of the Horn area from 100-D to 100 . Operation of the three
reactors ceased in 1964 (DR Reactor), 1967 (D Reactor), and 1965 (H Reactor). The artificial recharge
mounds dissipated fairly quickly and groundwater flow began to return to pre-Hanford conditions.

A contemporary report of «  servations of the groundwater mounding effects of discharges of reactor
cooling water to the vadose zone in the Hanford 100 Areas during reactor operations is presented in
Status of the Ground Water Beneath Hanford Reactor Areas January, 1962 to January, 1963
(HW-77170), which presents detailed descriptions of the groundwater mounds observed at all of the
Hanford reactor areas, including detailed description of the groundwater temperature effects caused by
discharge of high volumes of near-boiling cooling water.

3.7.1  Groundwater Mounding at 100-D

Groundwater mounding beneath the 107-D and 107-DR Retention Basins began shortly after reactor
operations started in 100-D. By 1963, both basins had developed contraction/expansion cracks that
allowed a large fraction of the conveyed cooling water to leak from the basins into the underlying

vadose zone. The study of thermal and hydraulic effects, published in Status of the Ground Water Beneath
Hanford Reactor Areas January, 1962 to January, 1963 (HW-77170), clearly indicate the evolution of

a groundwater mound, consisting largely of reactor cooling water, that extended all the way from 100-D
to 100-H, with a peak elevation of greater than 122 m (400 ft) amsl beneath the 107-D and
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discharge of cooling water. The test involved monitoring the nuclide activity concentrations in the
effluent cooling water and comparing those measurements to the activity concentrations obs  ed in
samples collected from the thermal springs that emerged at the river shore. Measurements of changes in
groundwater temperature and elevation were also conducted to document the effects of the discharge on
the physical groundwater system. The test was found to be effective at reducing activity concentrations of
target nuclides (e.g., iodine-131, chromium-51, and zinc-65). During the test, a large volume of reactor
coolant effluent was discharged to the 116-DR-1 and 116-DR-2 Trenches at a constant rate of

104,100 L/min (27,500 gal/min). This resulted in a total subsurface discharge of more than 13 billion L
(3.4 billion gal) of cooling water effluent over the course of the test.

Groundwater elevations and temperatures increased beneath 100-D, with no significant decrease in the
infiltration rate over time. Approximately 25 percent of the discharged volume was accounted for in the
groundwater mound that formed. Detectable increases in groundwater elevation were measured as far as
1.61 (1 mi) from the trenches.

Figures 3-15a, 3-15b, and 3-15c illustrate water table conditions before, during, and after the 4-month
field test in 1967. The effect of the groundwater mound on groundwater lateral flow shows the radial flow
from the groundwater mound created with the discharge. This large effluent discharge increased the
groundwater gradient of the already-established mound and accelerated groundwater flow to the northeast
and east away from the trenches. In addition, the resulting increased head of the enlarged groundwater
mound would have applied ac tional vertical pressure on the underlying aquitard (R V).

This potentially resulted in some water migrating vertically into the underlying RUM, resulting in
contamination in that unit, such as ~ Well 699-97-48C. However, the anisotropic nature of the contact
between the RUM and the overlying unconsolidated formations (i.e., either Ringold Formation unit E or
Hanford formation), as well as the anisotropic contact between the Hanford formation and the Ringold
unit E would have made lateral flow away from the mound the preferential pathway; rapidly in the
Hanford, and slightly slower in the Ringold unit E. In addition, the relatively low hydraulic conductivity
of the RUM and the relatively short duration of the injection test (i.e., 4 months) would tend to minimize
the vertical distribution effects of this test condition. This scenario is discussed further in Chapter 4.

Hydrographs from wells near the infiltration trench indicate that extensive groundwater mounding that
occurred in response to the infiltration persisted for the duration of the test; the mound did not fully
dissipate until about 1968 or 1969, although it was largely gone by September 1967 (Figure 3-16).

During the test, groundwater elevation rose to nearly meet the ground surface in the immediate vicinity of
the disposal trench, with a water table elevation of 129 m (415 ft) and a ground surface elevation of
approximately 133 m (436 ft). The effects of the artificial recharge were compounded by the fact the
Columbia iver exhibited substantially higher than average annual peak river stages during the period

of 1961 through 1972; this condition would have prolonged the decay of the groundwater mound
established by artificial recharge at 100-D/H. By June 1967, the researchers were no longer able to clearly
discern changes in groundwater elevation related to the cooling water discharge from the effects of the
annual peak river stage, which occurred that month and reached an elevation of 134 m (440 ft) amsl at
Priest Rapids Dam.
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Source: By L-CC-1352, Ground Disposal of Reactor Coolant Effluent.
Figure 3-15b. Hydrologic Effects of the 1967 Infiltration Test

The 182-D Reservoir was constructed as part of the D Reactor cooling water treatment system and has
also been used to store raw river water for Site use, including export to the 200 Areas of the Central
Plateau. The reservoir is still used as one of two sources of untreated, nonpotable water to supply the
Hanford Site. Up until the last few years, the 182-D Reservoir chronically leaked enough to sustain

a local groundwater mound. In recent years, the reservoir has been operated under administrative controls
that limit the operating head within the reservoir to a predetermined water level. This has reduced the
apparent leakage from the reservoir substantially. Although the reservoir is expected to continue to leak,
the effects on the underlying shallow unconfined aquifer are becoming apparent as the inferred
distribution of the uncontaminated water that divides the two Cr(VI) plume segments appears to the
shriy ing. An area of very low Cr(VI) concentration is still observed associated with Wells 199-D5-33
and 199-D5-44, located near the reservoir.

Recent efforts to address the leakage have included reducing the operating water level in the reservoir and
attempting to seal concrete cracks and construction joints. As presented in Chapter 4, the result has been
a reduction in leakage and diminished effects on the local groundwater flow, which is seen by the
merging of the northern and southe  Cr(VI) plumes at 100-D.
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Source: BNWL-CC-1352, Ground Disposal of Reactor Coolant Effluent.
Figure 3-15¢. Hydrologic Effects of the 1967 Infiltration Test

3.7.1.2 Groundwa Mounding at 100-H

In 100-H, a substantial groundwater mound formed under conditions similar to those at 100-D; however,
the overall magnitude of the mound was smaller, both in its height (which still approached local ground
surface) and in  cal extent. Again, similar to 100-D and the other Hanford reactors, cooling water was
stored before treatment in the 32-H Reservoir, which may have leaked unspecified quantities of water
during operation. Spent cooling water left the reactor and was held up in the 116-H-7 (107-H) Retention
Basin before being discharged to the Columbia River. Retention basin leaks at 100-H developed and
substantial quantities of water were inadvertently released to the vadose zone beneath the basin. In
addition, contaminated cooling water generated during upset conditions (e.g., fuel ruptures) at H Reactor
was diverted from the retention basin to the 116-H Trench and allowed to infiltrate into the vadose zone
soil. Cooling water leaking from the retention basin and discharged to the trench was the source of the
observed groundwater mound at 100-H.
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in the unconfined aquifer and the first water-bearing unit in the RUM, the systems had only localized
influence on the groundwater flow regime. The DR-5 and HR-3 systems were shut down in April and
May 2011, respectively. The new 100-DX and 100-HX systems came on line December 17, 2010, and
October 1, 2011, respectively.

3.7.1.4 Horizontal Hydraulic Gradients and Flow Velocities

While reactor-related activities took place (including disposal of wastewater to the subsurface),
groundwater flow velocities between the wastewater disposal areas and the Columbia River increased
considerably from predevelopment rates. Several years after operations started in the 100-D and

100-H Areas, it was discovered that leaks from the retention basins and associated pipelines caused
significant groundwater mounding under the retention basins, greatly increasing the gradients and
groundwater velocities between the basins and the Columbia River. The gradients formed were sufficient
to cause riverbank thermal springs near the retention basins in both areas.

In 1962, a study was undertaken to determine the effects that the thermally hot groundwater might have
on reactor operations (Status of the Ground V  2r Beneath Hanford Reactor Areas January, 1962 to
January, 1963 [HW-77170]). At that time, groundwater velocities near the 100-D and 100-H Retention
Basins were estimated to range from about 3.5 x 10~ cm/sec (10 ft/day) to about 1.06 x 107 cm/sec

30 ft/day). Figure 3-14 depicts approximate groundwater elevations in 1962. Groundwater velocity at
100-D e:  bited : greatest variation; velocity directly toward the river from the retention basins was
about 3.5 x 10~ cm/sec (10 ft/day), somewhat moderated by the presence of the Ringold unit E material
in the aquifer. ..ie velocity of groun vater flowing across the Horn toward 100-H was substantially
greater at about 1.06 x 10 cm/sec (30 ft/day). The velocity at 100-H, flowing from the vicinity of the
retention basin toward the river was about 7.0 x 10” cm/sec (20 ft/day). Given the period of reactor
operations in both areas, the groundwater elevation contours presented on Figure 3-14 likely represent the
approximate size and configuration of the groundwater mounds at their peaks, although the mound
beneath 100-D would have grown substantially during the cooling water injection test conducted in 1967.
The calculated groundwater velocity during the 100 injection test was 1.75 x 10™ cm/sec (50 ft/day)
based on reduction of measured iodine-131 activity concentrations in the cooling water and in the
groundwater subsequently discharged at thermal springs along the river (Ground Disposal of Reactor
Coolant Effluent [BNW -CC-1352)).

Discharges of wastewater to the various trenches and basins declined with the sequential cessation of
reactor operations in 1964 (DR Reactor), 1965 (H Reactor), and in 1967 (D Reactor). Water level data
obtained since 1967 suggest that conditions approaching predevelopment horizontal hydraulic gradients
were largely restored by about 1968 or 1969 (Figure 3-16).

The effects of wastewater infiltratic  on patterns of groundwater flow and contaminant migration near the
100-D: 1100 . Area reactors and associated trenches and basins are detailed further in Chapter 5.
Water level maps are used to depict patterns of flow inland from the reactors and associated wastewater
disposal areas and the likely effect of these groundwater flow patterns on contaminant migration.

3.7.1.5 Vertical Gradients

During operation of the reactors, infiltration and overland flow of contaminated cooling water from
surface features and from leaks at the 100-D and 100-H Area retention basins created significant vertical
(downward) fluxes within the vadose zone that would have increased the potential for vertical migration
of contaminants released to the aquifer. Although historical water level data from River Corridor reactor
areas during this period are from wells with similar screened intervals (making direct assessments of
vertical gradients difficult), qualitative evaluation of the mounding conditions suggests that vertical
hydraulic gradients exerted by the intense artificial recharge must have been significant.
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3.7.2 Current Groundwater Flow Conditions

Since the cessation of reactor operations and associated wastewater disposal, hydraulic gradients and
groundwater flow have largely returned to their predevelopment direction toward the Columbia River,
with variations in response to changes in the stage of the now actively managed Columbia River, which
are dictated by the spring snowmelt, summer season, and controlled releases at the Priest Rapids Dam.
Throughout the year, hydraulic gradients steepen toward the river during low river s e (fall and winter),
and flatten or may reverse near the shoreline during high river stage. Superimposed on these longer term
fluctuations are daily and weekly fluctuations arising from controlled releases at the Priest Rapids Dam.
Historically, the water table elevation ranges from approximately 117 m (384 ft) in the 100-D and central
Horn areas to approximately 115 m (377 ft) in 100-H (North American Vertical Datum of 1988
[NAVDE&E]). The seasonal high river stage on the Hanford Reach of the Columbia River coincides with
the spring snowmelt and typically extends from May through July and seasonal low river stage is
generally from September through the early winter. Data used for development of the water level maps are
presented in Appendix D, Tables 10 through 64.

Data obtained from river gauges along the Hanford Reach indicate that high river stage can be more than
3 m (10 ft) higher than low river stage. River stage can also fluctuate several meters over short periods
(hours to days), based on operations at Priest Rapids Dam (Remedial Design and Remedial Action Work
Plan for the 100-HR-3 and 100-KR-4 Groundwater Operable Units’ Interim Action [DOE/RL-96-841).
Depending on local geology, changing river stage can influence groundwater elevations up to several
hundred meters inland. 1e groundwater level response to changes in river stage is slower and of less
magnitude farther inland than near the river. However, effects have been observed as far inland as Gable
Gap, approximately 3,600 m (2.2 mi) to the southeast (Hanford Site Groundwater Monitoring for Fiscal
Year 2008 [DOE/RL-2008-66]). Groundwater elevations have varied by up to 1.0 m/day (3.3 ft/day) in
some wells nearest the river and up to approximately 1.8 m (6 ft) over the season in a few wells
(Monitoring Groundwater and River Interaction Along the Hanford Reach of the Columbia River
[PNL-9437]).

Water table maps are presented to illustrate groundwater elevations and groundwater flow under

three different seasonal conditions: when the average river stage is at the annual low (September), when
the river stage is intermediate (March), and when the river stage peaks (June). Groundwater elevation data
displayed on the June 2010 and September 2010 contour maps represent pre-DX/HX pump-and-treat
system groundwater elevations. However, the DR-5 and HR-3 pump-and-treat systems were still
operating. The March 2011 contour map represents conditions where only the DX system was on line.

The March 2011 groundwater contour map represents flow conditions during intermediate river stage
(i.e., average conditions; Figure 3-17) over the 100-HR-3 OU. Figure 3-17 illustrates that under current
conditions, groundwater enters the 100-HR-3 OU from the south and generally flows toward the
Columbia River. Much of the regional flow is toward the northeast and 100-H. A lesser portion flows
north/northwest toward 100-D, which is now influenced by pumping and injection. From the area
northeast of 100-D, groundwater flows across the Horn to the east-northeast and toward 100-H.
Evidence indicates that the DX pump-and-treat system is influencing the groundwater flow regime
beneath 100-D. Two groundwater depressions near the river are caused by DX extraction wells.

In addition, a groundwater mound is nearly centered beneath the reactors, which is caused by DX
injection wells.  ow away from the injection wells is designed to push contaminants toward the
extraction wells.
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Two additional groundwater contour maps were constructed to show close-up profiles of 100-D

(Figure 3-18) and 100-H (Figure 3-19) during high and low river stages. These maps show the effects of
river stage on the groundwater flow regime near the river, where the effect is more pronounced than it is
inland or in the Horn area. . ..e map shows high river stage conditions at [00-D in June 2010, where the
119 m (390 ft) equipotential line is near the river, and the next two consecutive equipotential lines
decrease inland to 118.5 and 118 m (388.8 and 387 ft). This decrease indicates the river is flowing into
the aquifer, so the river is referred to as a “losing stream.” The flow is generally southeast, away from the
river. The 118 m (387 ft) equipotential line is distorted around extraction Well 199-D5-39, which was
extracting groundwater for the former DR-5 pump-and-treat system. In 100-D, the September 2010 map
on Figure 3-18 shows low river stage conditions, where the 118 m (387 ft) equipotential line is inland;
then, the next three consecutive equipotential lines decrease from 117.5 to 116.5 m (385 to 382 ft) at the
river. This decreasc indicates groundwater is discharging to the river. The general flow direction is
northwest, north, and northeast depending on the location in 100-D. The influence of the former DR-5
pump-and-treat system is «  served with the 118 m (387 ft) equipotential line.

The June 2010 map on Figure 3-19 represents high river stage conditions in 100-H, where the 117 m
(383.8 ft) equipotential line is near the river, with the next equipotential line decreasing inland to 116 m
(380.5 ft). This potentiometric head difference indicates that during period of high river stage, water
enters the aquifer from the river and may migrate some distance inland at a velocity determined by the
head difference. The oval-shaped 116 m (380.5 ft) equipotential line is likely a combination of effects
from high river stage and the former HR-3 pump-and-treat extraction wells that were operating.

The September 2010 map on Figure 3-19 represents low river stage conditions in 100-H, where
equipotential lines converge toward the river from high to low elevation. This indicates groundwater is
discharging to the river. The general flow direction is northeast and east depending on the location

in 100-H. The influence of the former HR-3 pump-and-treat system is evident near Well 199-H4-3, which
causes a steeper hydraulic gradient.

Groundwater flow direction reversals have been documented in 100 1 and 100-H (Conceptual Site Models
Jfor Groundwater Contamination at 100-BC-5, 100-KR-4, 100-HR-3, and 100-FR-3 Opcrable Units
[BHI-00917]; Geohvdrologic Characterization of the Area Surrounding the 183-H Solar Evaporation
Basins [PNL-6728]). Over the course of each year, however, groundwater exhibits a net discharge to the
Columbia River om 100-D/H.

Figures 3-20 and 3-21 show river stage elevation at 100-D and 100-H river gauges versus groundwater
elevations in selected wells in each area, respectively. Figures 3-20 and 3-21 show the annual and diurnal
cycles in river stage fluctuations and the translation of those stage changes into the adjacent aquifer.

The river stage fluctuates as much as 4.6 m (15 ft) during the year and some days by as much as 2.7 m

(9 ft) (Monitoring Groundwater and River Interaction Along the Hanford Reach of the Columbia River
[PNL-9437]), depending on how water is released from Priest Rapids Dam upstream from the

Hanford Site. The fluctuations in river stage create a cyclic rise and fall of the water table in the aquifer
adjacent to the river, the effects of which can be observed hundreds of meters inland. This zone between
the high an low water table is termed the periodically rewetted zone.

igure 3-17  ows that the 100-DX pump-and-treat system has a significant influence on groundwater
flow at 100-D. With the startup of the 100-HX pump-and-treat system, which includes pumping of the
RUM first water-bearing unit from Wells 199-H4-12C and 199-H3-2C in fall 2010, hydraulic gradients
are now altered. Operation of the DX and HX pump-and-treat systems will result in gradient effects
caused by extraction and injection wells.
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3.7.2.1 Horizontal Gradients and Groundwater Velocities

Current hydraulic gradients within the unconfined aquifer are generally toward the Columbia River, but
the gradients show some seasonal variation in response to changes in river stage. Gradients steepen
toward the river iring low river stage (fall and winter), and flatten or may reverse near the river
shoreline during high river stage (spring). Local gradients are also influenced by the operation of the
pump-and-treat systems in 100-D/H.

The 100-HR-3 groundwater pump-and-treat systems were reconfigured and expanded in 2011 following
RPO activities. Four groundwater pump-and-treat systems operated for all or part of 2011:

e Inthe 100-D Area, the 'X system operated for the entire calendar year, while the DR-5 system
operated from January to April.

e Inthe 100-H Area, the R-3 system operated from January to May, while the HX system operated
from late September to December.

e To evaluate the variation in the groundwater gradient direction and magnitude at 100-D/H, as
influenced by current pump-and-treat operations, a three-point gradient analysis was performed using
groundwater levels measured during 2011. A “mesh” of triangles was created between monitoring
wells that are outfitted with dataloggers and transducers that record groundwater levels continuously.
With some exceptions (detailed below), each triangle in the me | referred to as an element, is
definec ’three monitoring wells. A gradient vector consisting of a magnitude and azimuth
(direction) is calculate for each element, using groundwater levels measured in the three wells
(Figure 3-22). For this analysis, weekly gradients were calculated for each element, using weekly
average groundwater elevation measurements in monitoring wells. The presence of extraction or
injection w. s within any one three-point element introduces some degree of uncertainty in the net
calculated gradient. Injection and extraction wells may exert effects on the direction or magnitude of
gradient within the element.

The three-point gradient method is most effective if water levels vary linearly between the three wells
used to define the triangular element. If an injection or extraction well lies insi : an element, however,
water level mounding or depression generated by the injection or extraction well will result in a different
gradient than would be calculated assuming a planar water table passing through the three

monitoring wells. Element triangles were, therefore, drawn such that injection wells lie outside of

the triangles. If it was not possible to draw appropriate triangles using existing monitoring wells, water
levels at the triangle vertices were inferred from weekly average water level maps prepared for Calendar
Year 2010 Annual Summary Report for the 100-HR-3 and 100-KR-4 Pump-and-Treat Operations and
[00-NR-2 Groundwater Remediation (DOE/RL-2011-25). These water level maps were calculated using
a universal kriging technique that explicitly accounts for the effects of injection or extraction on
groundwater levels (Collection and Mapping of Water Levels to Assist in the Evaluation of Groundwater
Pump-and-Treat Remedy Performance [SGW-42305)).
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Results of the three-point gradient analysis suggest geographic variations in average hydraulic gradients
that can be broadly grouped in three general areas (shown in Figure 3-22) as follows:

e Area I: The area near the 100-D southern plume that is now the target of the 100-DX remedy
(example Element 7).

e Area 2: The area near 100-H that is now the target of the 100-HX remedy (example Element 76).

o Area 3: The area between 100-D and 100-H, referred to as the Horn. Because of relatively sparse
data during 2011, a hydraulic gradient rose diagram is not presented for the Horn area.

adial diagrams illustrating gradient magnitude and direction in Areas | and 2 are presented on
Figures 3-23 and 3-24. At 100-D, an azimuth direction of approximately 310 degrees would indicate
a flow direction perpendicular to the Columbia River. At 100-H, an azimuth direction of approximately
45 degrees would indicate a flow direction perpendicular to the Columbia River. The radial diagrams
illustrate the variations in weekly average gradient for representative elements in the two general areas
identified above. The direction that the lines point indicates the calculated azimuth direction (that is, the
flow direction). 1e length of the line indicates the relative magnitude of the groundwater gradient. The
line colors reflect the general seasonality of the observations: blue indicating spring, green indicating
summer, yellow indicating fall, and red indicating winter.

In Area I, hydraulic gradients during 2011 varied in magnitude from approximately 0.0014 to 0.0023 for
the period May rough August, and from approximately 0.0017 to 0.003 1, for the period September
through April. The gradient direction was to the north/northwest toward the Columbia River for most of
the year; however, gradients shifted to the north/northeast for a brief period from May through

August 2011, coinciding with high stage in the Columbia River. The flow direction in this area exhibited
a range of approximately 200 degrees azimuth over the high river-stage period of May to August, but only
a range of 70 degrees azimuth during the period of September through April. Time-series and radial
graphics showing the weekly gradients for Area | are presented on Figure 3-23.

In Area 2, hydraulic gradients varied in magnitude from about 0.0014 to 0.0036 for the period of May
through August, and from approximately 0.0015 to 0.0046 for the period of September through April.
The gradient direction was generally north/northeast toward the Columbia River; however, gradients
shifted to the south/southeast for a brief period from May through August 2011, coinciding with high
stage in the Columbia River. The flow direction in this area exhibited a range of approximately

128 degrees azimuth over the high river-stage period of May to August, but only a range of 70 degrees
azimuth during the eriod of September through April. Time-series and radial graphics showing the
weekly gradients for Area 2 are presented on Figure 3-24.

During 2011, hydraulic gradients in Area 3, consisting of the Horn, are difficult to enumerate because of
widely varying monitoring frequencies at the wells that form the boundaries of the gradient elements.
Available data indicate that areas relatively close to the shore of the Columbia River varied in azimuth
fre 1 north/northwest during times of very low river stage (that is, toward the Columbia River at the
northern si : of 100-D), to south/southeast (that is, away from the Columbia River) during times of very
high river stage, with periods of relatively flatter gradients to the west and west-southwest at times of
intermediate river stage. / locations more distant from the Columbia River, gradients appear to be more
systematically to the west across the Horn.
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and 199-H3-10 are likely influenced by the extraction pumping at Wells 199-H3-2C and 199-H4-12C,
which are screened in the first water-bearing unit of the RUM. The hydraulic head differences of

Wells 199-H4-15A (unconfined), 199-H4-15B (unconfined), 199-H4-15CS (first water-bearing unit in
the RUM), 199-H4-15CR (Ringold unit B), 199-H4-15CQ (water-bearing unit in the RLM), and
199-H4-15CP (basalt unit) are considerable.  /draulic head of the first water-bearing unit in the RUM is
occasionally lower than the head in the unconfined aquifer, but has been as much as 0.5 m (1.6 ft) higher.
The well completed in the Ringold unit B (199-H4-15CR) has similar head values to that of the RUM
well (199-H4-15CS). Well 199-H4-15CQ, completed in the RLM, has a higher head and therefore
upward gradient when compared to the shallower aquifers, but there is considerable variation in the
amount « 1ead present. The hydraulic head of the basalt is consistently about 4 m (13 ft) higher than the
other wells, indicating a strong upward gradient in the basalt aquifer. The presence of a demonstrable
piezometric head difference between aquifer units is not evidence of the movement of groundwater
upward or downward between the units. The movement of water in response to the observed head
differences is dependent upon the existence of hydraulic conduit that would allow the movement of water.
In most instances where subst:  ial piczometric head differences are identified, the sustained pressure
differential is indication of the absence of a direct hydraulic communication between the units.

3.7.3 Groundwater and Surface Water interactions

Groundwater and surface water interactions are important for understanding the flux of cont:  nants
entering the Colu bia River. The zone of interaction is represented by the boundary between
groundwater and river water below the river and near the shoreline. Groundwater discharge into the river
occurs as seeps or springs release groundwater that flows across the riparian zone to the river, and via
direct subsurface discharge of groundwater into the river channel substrate. Section 4.5 discusses recent
pore water, surface water, and sediment sampling results, and Figure 3-28 illustrates the zone of
interaction and riverbank seepage.

Groundwater flow, especially near the river, is strongly influenced by river stage, which varies seasonally
¢ is directly controlled by the upstream Priest Rapids Dam. The rise and fall of river stage creates

¢ _namic zone of interaction between groundwater and river water; river stage influences flow patterns,
transport rates, contaminant concentrations, and attenuation rates within the system (Zone of Interaction
Between Hanford Site Groundwater and Adjacent Columbia River: Progress Report for the
Groundwater/River Interface Task Science and Technology Groundwater/Vadose Zone Integration
Project [PNNL-13674]).

Physical, chemical, and biological processes that potentially alter the characteristics of approaching
groundwater occur within the zone of interaction. Data suggest that physical processes (for example,
changes in gradient and physical mixing of river water with groundwater) are the primary influences on
contaminant concentrations and fluxes where groundwater discharges into the river. Chemic. processes
(for example, precipitation reactions involving varying concentrations of calcium carbonate, pH, or
reduction-oxidation conditions) may render contaminants less mobile as they adsorb to sediments, more
mobile as they desorb from sediment under specific conditions or precipitate out of solution.
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Further evidence of a hydraulic connection between the unconfined aquifer and first water-bearing unit in
the RUM at a localized area of 100-H includes the results of a comparison of the geochemistry of
groundwater from the unconfined aquifer, first water-bearing unit in the RUM, and river water. First,
analysis of groundwater geochemistry from the first water-bearing unit in the RUM (Section 3.7.6)
indicates that groundwater from RUM wells near the river have a chemical signature similar to that of
river water. Second, the chemical signature of groundwater from RUM Well 199-H3-2C is similar to
groundwater from nested Wells 199-H3-2A and 199-H3-2B, which are completed in the

unconfined aquifer. Third, in addition to having similar chemical signatures between groundwater and
river water, the ability of Well 199-H4-12C to sustain about 38 L/min (10 gal/min) pumping provides

fur ers Horting evidence that the RUM aquifer is drawing water from another source, such as the river
or other aquifers.

3.7.5 Additional Effects to the Groundwater Flow Regime

The current interim remedies for 100-HR-3 OU groundwater contaminated with Cr(VI) consist of in situ

chemical treatment and pump-and-treat. These interim remedies are intended to prevent Cr(VI) from

reaching the Columbia River at concentrations exceeding the State of Washington Surface Water Quality

Standard of 10 pg/L. These remedial systems (discussed in Chapter 1) have a significant effect on the
oundwater flow regime in the 100-HR-3 OU.

The updated remediation systems will drastically alter hydraulic gradients and flow in the unconfined
aquifer beneath 100-D/H. The 100-DX/HX system is designed to effectively capture and treat
Cr(VI)-contaminated groundwater before it enters the Columbia River at concentrations exceeding the
State Surface Water Qu.  ty Standard. This system will continue to evolve as extraction and injection
wells are turned on and off to account for seasonal river stage variations and plume configuration
changes.

Another aspect of soil remedial activities potentially affecting groundwater is dust control.

During remedial action, it is important to control fugitive dust (and the contamination it may contain).
Water is applic to control airborne dust on haul roads, at excavation sites, and at soil stockpiles. If the
water volume applied exceeds the holding capacity of vadose zone soil, it could move deeper into the
vadose zone and eventually serve as a source of groundwater recharge. As a result, water is applied only
to the extent needed to control dust to meet worker protection needs, and mitigate airborne contamination
concerns for that day’s planned excavation activities.

3.7.6  Groundwater Geochemistry

Groundwater data were evaluated for the distribution of the major ions in various wells within 100-D/H.
The major ions evaluated include the common positively charged cations [calcium (Ca"™), sodium (Na"),
potassium (K "), and magnesium (Mg"™)] and the common negatively charged anions [chloride (CI),
sulfate (SO47), carbonate (CO; ™) and bicarbonate (HCO;)]. The relative equivalent concentrations of
these ions were compared in wells with different geology, various levels of contamination, and the water
of the Columbia River. > compare the concentrations of the ions, laboratory analytical results

are collecte  The concentrations are then converted from micrograms per liter or milligrams per liter into
the milliequivalents per liter of the ion, based on its atomic weight.

The equivalent ionic concentrations vary greatly across 100-D/H (Appendix M), but when the distribution
is plotted as a graphic diagram, patterns develop. Radial plot diagrams showing relative ion
concentrations for various wells, based on the data in Table M-6 (Appendix M), and for the Columbia
River, are presented on Figures 3-30 and 3-31. Groundwater monitoring wells were evaluated from
various geologic units and locations at 100-D (Figure 3-32), across the Horn (Figure 3-33), and from
100-H (Figure 3-33).
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and 199-H4-12B, which are completed in the Hanford formation. However, the RUM Well 199-H4-12C
has a different signature. It is undetermined why wells with such different geology would present such
similar patterns in groundwater chemistry.

aree sets of nested wells are in 100-H. The nested wells consist of at least three wells or piezometers
completed in multiple aquifers and within a few feet of each other. The nested groups are 199-H3-2,
199-H4-12, and 79-H4-15. Wells with the suftix of “A” and “B” are completed in the unconfined aquifer
at 100-H. Wells 199-H3-2C, 199-H4-12C, and 199-H4-15CS are completed in the RUM. The remaining
piezometers associated with 199-H4-15 are completed in the Ringold Formation unit B (-15CQ), the
RLM (-15CR), and the basalt (-15CP) units, which all have distinct geochemistry.

Monitoring Wells 199-H3-2A, 199-H3-2B, 199- H3-2C, 199-H4-12A, and 199-H4-12B have a similar
chemical pattern. The consistency of the chemical pattern is expected for the “A™ and “B” wells because
they are completed in the same geologic unit. The deep well, 199-H3-2C, was completed in the RUM.
Monitoring Well 199-H3-2C was shown to be connected to the overlying unconfined aquifer wells
(199-H3-2A and 199-H3-2B) during the aquifer rebound test (Aquifer Testing and Rebound Study in
Support of the 100-H Deep Chromium Investigation [SGV  7776]).

ae other two RUM well/piezometers at 100 (1 1-12C and 199-H4-15CS) ¢ near the
Columbia River. Both of these wells have a geoch ry that is similar to river water, and different from
the chemistry found in the associated nested wells. The water levels in these wells also respond to
changes in river stage (Aquifer Testing and Rebound Study in Support of the 100-H Deep Chromium
Investigation [SGW-47776]). The observation of similar geochemistry supports the theory that the RUM
is hydrologically connected to the river in that location. It also supports the theory that the RUM wells
near the river are not connected to the inland RUM wells.

3.7.7 Time Series Evi 1ation

The geochemistry of four wells was also evaluated over a time series with data from 1988 through 2010:
199-D4-15 (southern 100-D), 199-D5-14 (northern 100-D), 199-H4-48 (central 100-H), and 199-H4-6
(northern 100-H). These wells were chosen for time series evaluation based on their geographic location
and the availability of sufficient data to produce stiff diagrams, while providing data from a variety of
geologic formations, site conditions (such as the ISRM barrier), and a spatial distribution. Time periods
used for the evaluation were limited to those periods when data were analyzed for a specific well.

Stiff diagrams for each well over time, with the corresponding Cr(VI) concentrations are presented in
Figures 3-34 and 3-35.

The wells in 100-D showed no significant change over time, with geochemical patterns consistent with
other wells in the geographic area. Some slight changes were present in 100-D area wells in the sulfate,
calcium, and magnesium levels; however, these were relatively stable over time. Well 199-D5-14 had the
greatest change at 100-D (Figure 3-32) from 1992 and 2003, however no apparent correlation to Cr(VI)
concentrations was possible due to lack of data during that timeframe.

In 100-H, Well 199-H4-48 ad little change from 1999 through 2010 (Figure 3-35). The pattern for 1992
had very little chloride in the geochemical signature, which is quite different from the pattern in all of the
later years. This change corresponds with a drop in Cr(VI) concentrations from 150 pg/L in 1996 to

20 pg/L in 1999 in Well 199-H4-48.

The other well in 100-H that was evaluated over time is 199-H4-6 (Figure 3-35). Well 199-H4-6 showed
little change over time, with small fluctuations of sulfate from 1988 through 1996. In 2010, the chloride
levels in 199-H4-6 increased, thus changing the pattern, but there was no apparent corresponding change
in Cr(VI) levels, and the cause of this fluctuation has not been determined.
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cessation of operations in 1965, after which the mound quickly dissipated (see Section 3.7.1.2 Groundwater
Mounding at 100-H).

3.8.2.1 Demography and Land Use

Demographics. A detailed discussion of the population surrounding the Hanford Site, including adjacent
counties and cities, is presented in the NEPA Characterization Report (PNNL-6415). The 2009 population
estimate from the U.S. Census Bureau was that 47,530 people lived in the city of Richland, the closest
population center to the Hanford Site. An estimated 58,650 people lived in Pasco and 67,810 people lived
in Kennewick. Population groups near the Hanford Site include Native Americans and various

ethnic minorities. Native American descendants living near the Hanford Site include members of the
following federa recognized groups: Confederated Tribes and Bands of the Yakama Nations,
Confederated Tribes of the Umatilla Indian Reservation (CTUIR), Nez Perce Tribe, and Confederated
Tribes of the Colville Reservation. Members of other unrecognized Tribes, such as the Wanapum, also live
in the area. There is no continuous human inhabitation immediately adjacent to 100-D/H.

The economy in the region near the Hanford Site is driven by three major sectors: DOE and its
contractors operating the Hanford Site; Energy Northwest, which operates the nuclear-powered Columbia
Generating Station on land leased from DOE; and the agricultural community, including a substantial
food-processing component. Additional employment sectors driving the local economy include “other
major employers,” such as non-DOE contractor employers in the region, tourism, and health care.

Land Use. The Columbia River is a critical resource for the people and ecology of the Pacific Northwest.
The 80.5 km (50 mi) stretch of the Columbia River flowing through the Hanford Site is referred to as the
Hanford Reach. It is a non-tidal, free-flowing stretch of the Columbia in the United States. The river,
islands, gravel bars, sloughs, riparian areas, and dune field of the Hanford Reach provide a variety of
habitats that are now rare along the Columbia River. As one of the largest rivers in North America, its
waters support a multitude of uses that are vital to the economic and environmental well-being of

the region. The river is particularly important in sustaining the culture of Native Americans.

The Columbia River downstream of the Hanford Site is the primary source of municipal drinking water
for cities of Richland, Pasco, and Kennewick; river water is withdrawn for irrigation at numerous
locations below the Hanford Reach.

Land use in the River Corridor is currently controlled by the DOE and the U.S. Fish and Wildlife Service
(USFWS), which jointly manage this federally owned land to protect natural and cultural resources while
conducting cleanup activities. Such management is consistent with the Final Hanford Comprehensive
Land Use Plan Environmental Impact Statement (DOE/EIS-0222 ), hereinafter called Hanford CLUP,
and Supplement Analysis: Hanford Comprehensive Land-Use Plan Environmental Impact Statement
(DOE/EIS-0222-SA-01) for the Site, and reflects the requirements of Hanford Reach National
Monument: Final Comprehensive Conservation Plan and Environmental Impact Statement Adams,
Benton, Grant and Franklin Counties, Washington (USFWS, 2008) for the Hanford Reach National
Monument. It is both the DOE and the USFWS expectation that this joint management of the Hanford
Site will continue for many years into the future and that the property will remain under

federal ownership.

Interim RODs for CERCLA cleanup activities in the River Corridor recognized that the reasonably
anticipated future land use in the River Corridor had not been well defined. Since that time, DOE has
issued the Hanford CLUP (DOE/EIS-0222-F), the Hanford Reach National Monument has been
established, and those documents define conservation and preservation as the future use of the lands along
the river. In a memorandum (Hanford Reach National Monument [Clinton, 2000]), the President directed
the Secretary of Energy to consult with the Secretary of the Interior on how best to protect the lands

3-84







DOE/RL-2010-95, REV. 0

Within the operational areas, most of the upland zone is highly disturbed, consisting of barren or
gravel areas or non-native annual species. The upland environment outside the operational arcas is
relatively undisturbed and consists of relatively native shrub-steppe vegetation habitat.

. iparian zone—extends from the point on the riverbank where upland vegetation is no longer
dominant to the shoreline of the Columbia River. Typically narrow, the riparian zone varies in width,
depending on the slope of the riverbank. The transition from the upland zone vegetation to riparian
vegetation is generally abrupt. The vegetation that grows in the riparian zone along the river shoreline
is thicker and taller than that in the upland area, attracting a broader range of wildlife species.

The small mammals, birds, and reptiles common to the upland environment are also likely to inhabit
the riparian environment (RCBRA Report [DOE/RL-2007-21, Volume I}).

e Nearshore aquatic zone—Consists of a narrow band of the Columbia River adjacent to the

shoreline. The nearshore aquatic zone evaluated in this report extends from the low water mark on
e shoreline into the river channel to a water depth of roughly 1.8 m (6 ft). The CRC

(DOE/RL-2010-117, Volume I) evaluates environmental conditions for depths greater than 1.8 m
(6 ft). The aquatic vegetation found in the nearshore zone supports aquatic insect populations, benthic
taxa (species and organisms that live in or on the bottom of the river), birds, and fish. At least
45 species of fish live in the Columbia River adjacent to the Hanford Site, and some use the river as
a migration route to and from upstream spawning areas. The shoreline areas provide rearing habitat
for many fish species, including spawning habitat for threatened and endangered fish species
(RCBRA Report [DOE/RL-2007-  Volume I}).

Large-scale distribution of vegetation types within the upland zone and surrounding the riparian and
nearshore zones before the 2000 wildfire is presented in Figure 3-37. Table H-1 (Appendix H) presents
a description and list of species known or potentially occurring on the Hanford Site classified by
habitat type.

3.9.1 Threatened and Endangere Species

Several species are recognized by state or federal agencies as having special status based on the species’
risk of extinction. Threatened and endangered species are considered at risk, and as such, these species
were not identified for sacrificial sampling or subsequent analyses for the risk assessment effort. Data for
selected surrogate species were required for contaminant or biological characterization based on the guild
in which the special-status species were identified (Table 5-1 of Risk Assessment Work Plan for the

100 Area and 300 Area Component of the RCBRA [DOE/RL-2004-37]; Chapter 7 of this report). The list
of state and federa - listed species of concern, including candidate, sensitive, and monitored species
thought or known to occur on the Hanford Site is updated regularly in the NEPA Characterization Report
(PNNL-6415). No plants, invertebrates, reptiles, amphibians, or mammals on the federal list of threatened
and endangered wildlife and plants are known to occur on the Hanford Site (RCBRA Literature Review

. NNL-SA-41467]).

wo species of federally listed endangered fish, the Upper Columbia River spring-run Chinook salmon
and the steelhead, occur in the Hanford Reach. The spring-run Chinook salmon do not spawn in the
Hanford each, but they use it as a migration corridor. Steelhead spawning has been observed in the
Hanford Reach. The bull trout is listed as threatened by the National Marine Fisheries Service but is not
considered a resident species and is rarely observed in the Hanford Reach (700-B/C Pilot Project Risk
Assessment Report |DOE/RL-2005-401]).
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Plan (DOE/RL-96-32), hereinafter called BRMaP, which outlines that the end goals of restoration are to
be developed in the context of future land use. The goal of most post-remediation waste site restoration
efforts, where habitat is to be restored, is to establish the necessary species composition, structural
components and ecological processes at a site such that it can support native plants, fish and/or wildlife.
Utilizing varying restoration methods and natural processes at a site-by-site level will enhance
biodiversity and strengthen the ecosystem and thus meet the expectations set forth by BRMaP
(DOE/RL-96-32).

DOE and contractors will continue to consider biological resource values in planning to minimize or
avoid adverse impacts, and plan for appropriate mitigation and restoration where impacts can not be
avoided. For example, native plants and wildlife prefer to utilize sloped topography, whether existing
naturally or through man-made occurrences such as waste sites that are not backfilled to grade.
Micro-habitats created through varied topography provide native plants and wildlife with many benefits,
such as relief from climatic extremes (wind and temperature), shade relief, shelter from predation, and
burrowing opportunities. Therefore, restoration of remediated areas may include varying backfilled
grades to optimize conditions for plants and wildlife.

High quality riparian habitat remains low throughout the Hanford Reach, representing only a small
fraction in proportion to upland t  strial habitats. BRN ™ (DOE. ~ 96-32) describes these arcas as
Level IV Resources and as such, are to be rectified at a 2:1 ratio, by area or quality. With regard to
shoreline waste sites 100-D-8, 100-D-65, and 100-D-66 for example, DOE restored shoreline Level [V
habitat to meet the expectations outlined in BRMaP (DOE/RL-96-32) guidance. It is expected that DOE
would continue to restore shoreline areas impacted by remediation in accordance with BRMaP
(DOE/RL-96-32) guidelines.

3.10 Cultv il Resources

The Hanford Site contains some of the most important archaeological sites in the region. Many of these
sites are « gible for listing on the “National Register of Historic Places” (36 CFR 60). In addition, other
natural resources and sacred sites important to the cultures of the regional Tribal Nations are preserved at
the Hanford Site (Data Compendium for the Columbia River Comprehensive Impact Assessment
[PNL-9785]). Long-term (that is, more than 50 years) restricted access has minimized looting and
vandalism of historic, cultural, and archaeological sites. Furthermore, hydroelectric and agricultural
development have not destroyed these culturally significance sites, as has been experienced elsewhere in
the Columbia River Basin.

While rapid Hanford Site development did not accommodate protection of important Native American
locations, Hanford Site planners, directors of onsite construction activity, and Tribal Nations leaders work
together for the protection of important Native American locations. The cultural resources of the

Hanford Site are important to many people interested in their historic preservation. The National Register
of Historic Places criteria (National Register of Historic Places Multiple Property Documentation
Form-Historic, Archaeological and Traditional Cultural Properties of the Hanford Site, Washington
[DOE/RL-97-02]) offer three suitable categories for chronicling historic, archaeological, and traditional
cultural properties of the Hanford Site:

e Prehistoric era (10,000 years B.P. to 1805)
e Homestead and Townsite era (1805 to 1945)
e Manhattan Project and Cold War era (post-1945 to 1990)
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later winter consumption when plant and fish supplies were the lowest of the year. Archaeological
investigations cor. icted in the Columbia Plateau have enabled the creation of a cultural chronology
dating back to the end of the Pleistocene, which is summarized in the following paragraphs
(Cultural Resources Report for the 100-HR-3 Resource Process Optimization Wells Project,

Benton County, Washington [SGW-44410]).

The Windust hase (I 000 to 8,000 years B.P.) represents the oldest known Paleo-Indian culture in the
Columbia Plateau region. Although archaeological evidence is limited, the people of this period are
believed to have been highly mobile hunters and foragers. The food source was primarily large mammals,
supplemented with small mammals and fish. Population numbers were low. Living areas are believed to
have been in rock shelters and caves. No evidence of constructed dwellings or storage features exists,
which further supports the theory of a highly mobile culture. Artifacts from this phase include projectile
points, cobble tools, scrapers, gravers and burins, hammer stones, grooved stones, used flakes, bone awls,
ocher beads, and antler wedges. Supporting evidence of a Paleo-Indian culture on the Hanford Reach
includes a Windust-style projectile point, which was discovered near 100-K in 2001. This projectile point
is the oldest known Paleo-Indian point discovered to date at the Hanford Site.

The Cascade/Vantage Phase (8,000 to 4,500 years B.P.) sites include leaf-shaped Cascade projectile
points, stemmed projectile points, ovate knives, edge-ground cobble tools, microblades, hammer stones,
core tools, and scrapers. The people of this period are believed to have been mobile foragers who relied in
part on fish, mussel shells, seeds, and animals. Generally, Vantage 1 ase sites are at the confluence of
major rivers and their tributaries, near intersections of larger side canyons, and along rapids.

People of the Frenchman Springs Phase (4,500 to 2,500 years B.P.) are believed to have been more
dependent than their predecessors on the use of natural resources from upland areas. The people from this
period also shifted from tools manufactured from fine-gra :d basalt to cryptocrystalline silica and
petrified wood, probably the result of increased upland exploitation. During this period, a shift from
chipped stone to ground stone and cobbled implements occurred. Mortars and pestles were first used
during this period, suggesting increased reliance on seeds and roots. Semi-subterranean house pits were in
use during this period, although not at every location. Research suggests there were both mobile and
sedentary foragers with an increased reliance on upland resources.

The Cayuse I Phase (2,500 to 1,200 years B.P.) is characterized by the use of pit houses. The pit houses
had level floors, vertical walls with step-like benches, and basal-notched and corner-notched projectile
points. The Cayuse  Phase (1,200 to 900 years B.P.) differs only slightly from the earlier phase in that it
contains a diff :nt pit house design. These pit houses lack the wall benches that characterize the previous
phase. Projectile points remain very similar. In the Cayuse III Phase (900 to 250 years B.P.), the number
of corner-notched projectile points decreases, and the use of stemmed and side-notched points increases.
The number of trade goods also increases during this period. In general, the Cayuse Phase contained
well-develope ground stone technologies, sma corner-notched and side-notched projectile points,
scrapers, lanceolate and pentagonal knives, net weights, pestles, grinding stones, hopper mortars, and
cobble implements. During the Cayuse period, populations increased their reliance on fish and root
collecting and reduced their reliance on hunting. Horses were introduced in about 1730, increasing the
hunting and transportation capabilities. The Cayuse III Phase was also the period with the largest
pre-contact populations.

Sahaptin-speaking Wanapum occupied the region of the Columbia River between the Wenatchee and
Snake Rivers. Pre-contact population numbers were estimated to be as high as 10,000 before the
beginning of the 1800s. By the early to middle 1800s, several epidemics reduced the population to

a fraction of its original size. In the mid-1800s, a large group of indigenous people lived at Priest Rapids,
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ahead of harvests in surrounding areas. In the early 1900s, wheat and livestock were the primary
agricultural commodities produced in Benton County.

By the early 1900s, land speculators began constructing large-scale, privately funded irrigation canals to
supply water to thousands of acres in the White Bluffs, Hanford, Fruitvale, Vernita, and Richland areas.
Various irrigation techniques were initiated to produce the most affordable irrigation system, which
included pumping from wells and canals, and directly from the Columbia River. Poor economic
conditions brought about by weak commodity prices and the Depression of the 1930s created economic
hardships on most local residents that continued until the area was acquired by the government under the
War Powers Act of 1941 for the | nhattan Project.

3.10.3 Manhattan Pri :ctand Cold War Era

The federal government selected the Hanford Site for the location of the Manhattan Project in 1942, and
in 1943, approximately 1,500 local residents were removed from their lands for the war effort.

The following year, the Hanford Site was created to support the nation’s production of plutonium during
World War II. Plutonium production at the anford Site continued until 1965, when President Lyndon
Johnson declared that the nation’s  utonium stockpile had exceeded its needs, and the production of
plutonium was gradually decreased. The shutdown of N Reactor in 1986 and its transition to cold standby
in 1989 with the end of the Cold War signaled the close of the production mission at the Hanford Site and
the start of its environmental cleanup mission, which continues in earnest today. Section 1.2.2 presents
additional information on the Manhattan Project and the Cold War Era.

3.11 Summary of P ssical Setting

Within this chapter, the key clements of potential contaminant pathways within the environment

are discussed. These include a number of important elements for the CSM such as the interrelationships
between the geology, the ccology, and the hydrologic cycle. The relationship between these elements and
the vadose zone, groundwater, riparian zone, and Columbia River are discussed. The discussion also

inclu s a description of the plants and animals that need to be considered as part of the remedy selection.
Historical use of the land by various Native American tribes has resulted in the designation of culturally
sensitive sites within 100-D/H. Mitigative or evasive measures may be required to protect these sites
during remedial actions, which arc proposed at the culmination of this report.

The study area is in the Pasco Basin of Washington. The monthly average temperature ranges from a low
of -0.24°C (31.7°F) in January to a high of 24.6°C (76.3°F) in July. Surface winds are predominantly from the
northwest and are frequently the result of cooler air draining from the mountains to the northwest.

On average, the highest wind speeds occur in March. Average annual precipitation is 17.2 cm (6.8 in.)
with most of this occurring during the late fall and winter months when evapotranspiration is lowest.
Natural recharge rates to groundwater from precipitation vary from approximately 0 to 100 mm/yr

(0 to 3.94 in./yr), depending on plant cover and soil type. In operational arcas where the vegetation and
topsoil have been removed, a large fraction of this water travels down through the vadose zone, leaching
any available contaminants as it drains. The Columbia River is the dominant surface water feature at the
Site. Columbia River flows typically peak from May through July during spring runoff because of
regional and high elevation snowmelt. Flows are lowest from September through October. Flow rates
range from approximately 1,020 to 10,300 m'/s (36,000 to 362,000 ft'/s) (Hydrodynamic Simulation of
the Columbia River, Hanford Reach, 1940-2004 [PNNL-15226]), depending on the releases from Priest
Rapids Dam. At high river stage, the river water can impact groundwater flow some distance inland
within the aquifer. The degree of impact is very site specific and depends heavily on the stratigraphy of
the location.
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Infiltration and overland flow of contaminated cooling water from surface features and from leaks at the
100 +and 100-H Area retention basins created significant vertical (downward) fluxes within the vadose
zone that would have increased any potential for vertical migration of contaminants released to

the aquifer. Since reactor operations ceased, 100-D/H hydrogeology has primarily been influenced by
the fc wing:

e Natural precipitation events and snow melt

e  Groundwater remediation activities

e  Operation of the Export Water System and other water/wastewater infrastructure
e Aj ication of dust suppression water during waste site remediation

e Annual and diurnal fluctuations in Columbia River stage

Grour. vater flows into 100-D/H from the south and then regionally bends toward the lower hydraulic
heads at 100-H. At 100-D, some groundwater discharges to the Columbia River; however, most of the
groundwater flows from 100-D across the Horn to 100-H. River stage affects groundwater near the river,
influencing groundwater elevations more than 700 m (2,300 ft) inland at 100-D, and more than 640 m
(2,100 ft) inland at 100-H. When river stage is low, natural groundwater flow is from 100-D/H toward
the river. When river stage is high, water can flow from the river inland and mix with

100-D/H groundwater.

Current hydraulic gradient magnitudes and directions within the unconfined aquifer are generally toward
the Columbia River, but they show some seasonal variation in response to changes in river stage.

Gr: ents steepen toward the river during low river stage (fall and winter), and flatten or may reverse near
the river shoreline during high river stage (spring). Local gradients are also heavily influenced by the
operation of the pump-and-treat systems in the 100-D and 100-H Areas. During 2011, groundwater
pump-and-treat remedies were reconfigured and expanded following RPO activities. Four groundwater
pump-and-treat systems operated for all or part of 2011:

e Inthe 100-D Area, the DX system operated for the entire year, while the DR-5 system operated from
January to April.

e Inthe 100-H Area, the HR-3 system operated from January to May, while the HX system operated
from late September to December.

Because of the operation of these remedies, and the influence of the Columbia River stage, groundwater
levels and hydraulic gradients within the unconfined aquifer varied widely during 2011.

Near the 100-D southern plume, the hydraulic gradients during 2011 varied in magnitude from about
0.0002 to about 0.008. The gradient direction was generally north/northwest toward the Columbia River;
however, gradients shifted to the north/northeast for a brief period from May through August 2011,
coinciding with high stage in the Columbia River. The flow velocity ranged from 0.0000013 to

0.000064 cm/sec (0.004 to 0.181 ft/day). Near 100-H, the gradient direction was generally north/northeast
toward the Columbia River; however, gradients shifted to the south/southeast for a brief period from May
through August 201 1, coinciding with high stage in the Columbia River. The flow velocity ranged from
0.0000031 to 0.000012 cm/sec (0.009 to 0.034 fi/day).

Intercommunication between different aquifers is indicated at nested Wells 199-H3-2A, 199-H3-2B,
and 199-H3-2C within 100-H. During a step test and constant-rate pump test of Well 199-H3-2C, the
unconfined aquifer exhibited characteristics of a leaky aquifer, with groundwater levels in nearby water
table wells showing drawdown in response to pumping in the first water-bearing unit in the RUM.
Geochemical data evaluated during this R1 also indicate a connection between the aquifers at
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