PNNL-16435

Limited Field Investigation Report

for Uranium Contamination in tl'le

300 Area, 300-FE-5 Operal)le Unit,
Hanford Site, Was}n'ngton

B. A. Williams
C. F. Brown
W. Um

M. J. Nimmons
R. E. Peterson
B. N. Bjornstad
D. C. Lanigan
R.]J. Serne

F. A. Spane

M. L. Rockhold

March 2007

Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01830



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor Battelle Memorial Ingtitute, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any
specific commercia product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government
or any agency thereof, or Battelle Memoria Institute. The views and opinions
of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC05-76RL01830

Printed in the United States of America

Availableto DOE and DOE contractorsfrom the
Office of Scientific and Technical Infor mation,
P.O. Box 62, Oak Ridge, TN 37831-0062;
ph: (865) 576-8401
fax: (865) 576-5728
email: reports@adonis.osti.gov

Availableto the public from the National Technical Information Service,
U.S. Department of Commer ce, 5285 Port Royal Rd., Springfield, VA 22161
ph: (800) 553-6847
fax: (703) 605-6900
email: orders@ntis.fedworld.gov
onlineordering: http://www.ntis.gov/ordering.htm

@9 This document was printed on recycled paper.
(8/00)



PNNL-16435

Limited Field Investigation Report for Uranium
Contamination in the 300 Area, 300-FF-5 Operable
Unit, Hanford Site, Washington

B. A. Williams
C. F. Brown
W. Um

M. J. Nimmons
R. E. Peterson
B. N. Bjornstad
D. C. Lanigan
R. J. Serne

F. A. Spane

M. L. Rockhold

March 2007

Prepared for
the U.S. Department of Energy
under Contract DE-AC05-76RL01830

Pacific Northwest National Laboratory
Richland, Washington 99352



Executive Summary

Additional data needed for devel opment of aComprehensive Environmental Response, Compensa-
tion, and Liability Act (CERCLA) Phase |1l Feasibility Study to address a persistent uranium plumein
300 Area groundwater provided the stimulus for the limited field investigation (LFI) described in this
report. The focus of the LFI was to determine the location and geochemical nature of the source for the
uranium plume. These objectives were accomplished by drilling four new groundwater monitoring wells
in the 300-FF-5 Operable Unit (OU) in fiscal year 2006 as defined in the Operable Unit Limited Field
Investigation Plan (DOE 2006a). Wells 399-3-18 (C4999), 399-3-19 (C5001), 399-3-20 (C5002), and
399-1-23 (C5000) were drilled to characterize the uranium distribution in sediments in the vadose zone
and the unconfined aquifer. In addition to uranium, the presence of other contaminants of concern were
also evaluated.

Uranium contamination in groundwater beneath the Hanford Site’ s 300 Area has persisted longer than
predicted by modeling that was conducted during the 1990s as part of the initial remedia investigation for
the 300-FF-5 Operable Unit. Even though discharge of uranium-bearing effluent to infiltration ponds and
trenches ended by the mid-1980s, and removal of contaminated soil from former waste sites was accomp-
lished in the late 1990s, the groundwater plume today continues to occupy arelatively constant area, with
concentrations remaining within afairly fixed range. Because portions of the plume exceed the drinking
water standard for uranium (30 pg/L), the U.S. Department of Energy is supporting renewed remedial
investigation activities and remedial action feasibility studies. The goal of thisrenewed effortisto find a
remedy that will reduce uranium concentrations in the aquifer such that the aguifer isrestored to its
maximum beneficial use, i.e., as apotentia supplier of drinking water.

To provide the information necessary to proceed with the remedia action feasibility study and
possible field treatability tests, alimited field investigation (LFI) has been conducted. The focus of the
LFI was to determine the location and mobility characteristics for contaminant uranium that continues to
re-ssupply the groundwater plume. Presumed sources include uranium remaining in the vadose zone
and/or sequestered in the aquifer sediments, which interact with the fluctuating groundwater-river water.
Thisinformation is fundamental for evaluating remedial action aternatives to reduce the concentration of
uranium in groundwater to meet regulatory standards. New results provided by the LFI will beused in
devel oping computer simulations of groundwater flow and uranium transport, in designing treatability
field tests, and when implementing remedial action decisions.

The four LFI borehole locations were chosen to represent various combinations of proximity to
former waste disposal sites, proximity to the Columbia River, and wide ranging hydrogeol ogic features.
Highly detailed descriptions of geologic features encountered during drilling facilitated re-interpretation
of descriptions from earlier drilling activities. Extensive andytical work was conducted on sediment
samples collected from the continuous core recovered from each borehole, and on water samples collected
from the saturated zone at depth discrete intervals during drilling. Hydrol ogic testing was conducted at
multiple depth levelsin each borehole to provide data on the ability of the sediment to transmit water.
Geophysical logging of the entire borehole was conducted to provide additional details on stratigraphic
features, and in an attempt to identify and quantify contaminant uranium concentrations. In addition to
uranium, new information was obtained on the unexpected presence of other contaminants of concern
(i.e., volatileorganic compounds) at depths below those routinely monitored by the existing well network.



The LFI produced abundant new observational data about conditions in the vadose zone and
unconfined aquifer that are relevant to uranium contamination in the subsurface environment. The new
information devel oped during the LFI pertains to stratigraphy and hydrol ogic units; the vertical distri-
bution of uranium in the vadose zone and unconfined aquifer; and the potentia usefulness of geophysical
logging for mapping contaminant uranium in future boreholes. Principa findings relative to the
objectives for the LFI include:

e Thesonic drilling method was successfully used to recover abundant cored sections of the coarse,
loosely consolidated gravel and sand units comprising the vadose zone and unconfined aquifer
beneath the 300 Area. A portion of the core recovered has been archived and is available for future
investigations.

¢ Geologic characterization activities performed during drilling have revealed significant new details
on the stratigraphy at these sites. The new information allowed re-interpretation of drilling logs for
previoudy installed wells, followed by a substantial update to the database for the hydrogeol ogic
framework for the 300 Area. This update helpsreduce uncertainty in computer simulation of
groundwater flow and uranium transport through the aquifer.

o Lower than expected levels of contaminant uranium were encountered in the sediment samples from
the vadose zone, and were too low to permit use of spectral gamma geophysical logging in the field
to define the vertical distribution of contaminant uranium in boreholes. Because of this, the planned
Phase |1 drilling was canceled, asit depended on using spectral gamma logging to map the distri-
bution of contaminant uranium over abroad area.

o At three of the four borehole locations, thereis no distinct evidence from laboratory geochemical
analysis of samples collected during drilling and/or geophysical logging of relatively elevated levels
of uranium in sediment immediately above the water table. At the fourth location, 399-3-23
(C5000), which is near the most recently active waste disposal site, somewhat elevated levels of
uranium are indicated in the lower portion of the vadose zone. Elevated levels of contamination in
this “smear zone” near the water table have been postulated as a source region that continues to
supply uranium to the groundwater plume.

o Rdatively high concentrations of uranium have been estimated for moisture associated with the
unsaturated sediment above the water table in two of the four boreholes drilled (399-3-18 and
399-1-23). The estimates are based on the amount of uranium measured in 1:1 water extracts of
sediment samples. These results are then adjusted so that they represent the concentrations present
in the natural moisture associated with the sediment, as estimated using the lab sample. The
implication of high uranium concentrations in vadose zone moisture with regard to re-supply of
uranium to the groundwater plume is under investigation.

e Contaminant uranium extracted from aquifer sediment samples was also at relatively low levels and
comparableto levels observed in samples from the vadose zone.

e Total uranium concentrations in depth-discrete groundwater samples collected during drilling are
generally consistent with concentrations observed in historical groundwater monitoring results.



o Thediscrete interva groundwater sampling, laboratory geochemical extracts of the sediments, and
hydraulic conductivity measurements conducted during drilling confirmed that the groundwater
uranium plume is constrained above the Hanford-Ringold contact boundary. These data are con-
sistent with groundwater uranium concentrations obtained from the current 300 Area monitoring
well network.

Additional discoveries not directly related to theinitial objectives for the LFI include:

¢ Volatile organic compounds were discovered in many of the groundwater samples collected during
drilling. Unexpectedly high concentrations of trichloroethene were encountered in some deep
aquifer water samples from two of the boreholes. The samples were obtained from below the

saturated Hanford formation in arelatively fine-grained (i.e., less transmissive) subunit within the
Ringold Formation.

o Unexpectedly low va ues for the specific conductance of groundwater samples were measured at one
location deep in the unconfined aquifer. The anomalously low values appear to be correlated with
the relatively fine-grained subunit in the Ringold Formation, and the significance of thisfinding is
not currently well understood.

This report includes a compilation of all geologic, hydrologic, geochemical, and geophysical data
collected. Final monitoring well construction and devel opment activities are described. The report is
intended to be areference document that provides updated descriptions of (a) the hydrogeologic
framework for the uranium plume, (b) the vertical distribution of contaminant uranium, and (c) the
geochemical features that control the fate and mobility of uranium. The new information provided by
the LFI will lead to arefinement of the conceptua site model for uranium contamination in the 300 Area
subsurface environment. When combined with the results from treatability tests and an updated con-
ceptual site model, the Phase 11 Feasibility Study will lead to a future Proposed Plan for remedial action
in the 300-FF-5 Operable Unit.
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1.0 Introduction

A limited field investigation (LFI) was undertaken in the Hanford Site 300 Area during 2006 to

characterize the distribution and determine the processes that mobilize uranium in the vadose zone and
aquifer at the 300 Area (TPA Milestone M-016-68, as updated February 25, 2005).

Detailed information on the geologic, hydrogeol ogic, and geochemical features that influence the
mobility of uranium was collected from four boreholesdrilled at four locations within the uranium plume
(Figure 1.1). In addition to recovering nearly continuous core for each borehole, water samples were
collected and aquifer testing was completed at frequent intervalsin the saturated zone. Borehole
geophysical logging was conducted to help define stratigraphic features and the presence of uranium
originating from former nuclear reactor fuel production activities.

The LFI is part of a Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Phase Il Feasihility Study that focuses on the 300 Area uranium groundwater plume.
Groundwater beneath the 300 Areais one of three geographic subregions of the 300-FF5 Operable Unit
(OU). Although other contaminants of potential concern (COPC) are present within the 300 Area
subregion, only uranium has been deemed of sufficient concern to warrant additional study of remediation
aternatives. The results of this LFI will be used in the Phase |11 Feasibility Study which will lead to a
future Proposed Plan for groundwater in the 300-FF-5 OU.

This report summarizes the findings from the LFI including the drilling, sampling, characterization,
and well installation activities of this effort and provides a data compilation of those results. The report is
intended to compile al available hydrogeol ogic, geochemica and well construction information obtained
during the field investigation and associated groundwater, sediment, and geophysical analyses.

English units are used in this report in various | ocations to describe drilling and well completion and
related activities because that is the system of units used by drillers and geol ogists to measure and report
depths and well construction measurements. Metric units are used in other portions of this report.
Conversion to metric can be done by multiplying feet by 0.3048 to obtain meters or by multiplying inches
by 2.54 to obtain centimeters.

1.1 Persstence of the 300 Area Uranium Plume

The persistence of the uranium plume in groundwater beneath the 300 Area after discharging of
uranium-bearing liquid effluent to ground disposal facilities ended in 1985 represents a source of
uncertainty as to the factors controlling contaminant migration within the area. Preliminary predictions
made during theinitial remedial investigation/feasibility study suggested that the plume would dissipate
to meet regulatory requirements under natural conditionsin 3 to 10 years from late 1993 (DOE 1995b).
Thiscontaminant plume dissipation has not occurred. Uranium concentrations in groundwater remain at
relatively constant levels, though with distinct seasonal variationsin concentration patterns; a portion of
theuranium groundwater plume continues to exceed the current government regulatory standard for
groundwater (30 ng/L).
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Several activities and events have occurred since theinitial remedial investigation that prompts
re-evaluation of the earlier conceptua model used to describe and simulate the uranium plume’ s behavior,
including:

e Cessation of clean water discharge to the 300 Area process trenches (316-5 waste site). Thisclean
water discharge occurred between 1991 and late 1994, and caused dilution of the uranium plumein
the vicinity of the trenches. Uranium concentrations rebounded to earlier levels after 1994
(Figure 1.2).

o Unusually high water-tabl e conditions during 1996 and 1997, caused by abnormally high Columbia
River discharge. High water-table conditions have been suspected of remobilizing uranium
contamination held in the lower vadose zone (Lindberg and Chou 2001, p. 4.12) (Figure 1.3).

e Extensive excavation of liquid waste disposal sites: Excavation of waste sites (process ponds)
occurred during the mid-1990s, and backfilling did not occur until early 2004, thus exposing large
portions of the 300 Area to potentially higher-than-normal rates of infiltration of moisture, which
may have remobilized contamination held in the vadose zone (Figure 1.4).
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Figurel.2. Uranium Concentrations at Well 399-1-17A
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These activities and events may partially explain why the plume has not dissipated as quickly as
anticipated during the 1990s, i.e., uranium continues to be supplied to groundwater at locations, and by
processes, that are not yet fully understood. Without additional understanding, conducting a meaningful
feasibility study to identify and evaluate remedies for the uranium in groundwater is not possible.
Therefore, the U.S. Department of Energy (DOE) authorized this LFI to further characterize the
distribution and processes that mobilize uranium in the vadose zone and aquifer at the 300 Area (TPA
Milestone M-016-68, as updated February 25, 2005).

1.2 Limited Field Investigation Objectives

The LFI included atwo-phased drilling, sampling, and test characterization campaign. Phase |

utilized cored boreholes to characterize the vadose zone and uppermost aquifer at four representative
locations Phase Il was to employ awidely distributed direct-push borehol e network to gain access down

to the water table for borehol e geophysical logging characterization. The objectives for the LFI drilling
phases are stated as information needs in the LFI work plan (DOE 20063) as follows:

Phase| - Characterization Boreholes

o Determinethe vertical distribution and concentrations for uranium in the lower vadose zone,
capillary fringe zone adjacent to the water table, and upper portion of the unconfined aquifer
(uranium on aquifer solids and dissolved uranium).

o Evaluate the geochemical characteristics of sediment that influence uranium mobility in the
environment (a) near theriver, (b) near recently active waste sites, and (c) inland from river
influence.

o Determine the hydraulic characteristics of sediment that influence movement of natural moisture,
residual waste effluent that remains in the vadose zone and aquifer, and fluids injected as part of
remedial action.

¢ Determine the relationship between spectral gamma logging daia and |aboratory analytical results for
uranium.

o Determine the hydrogeol ogic framework and obtain subsurface geochemical datato better define
preferential pathways for uranium transport along a postulated route(s) from waste site to the river
(i.e., evidence for paleochannel).

Phase |l - Direct-Push Boreholes

o Determinethe vertical distribution of uranium in the vadose zone above the mapped groundwater
plume.

e Determinethe lateral/area extent of zones where uranium is € evated in the vadose zone.

o Correlate concentration patterns that appear in the mapped plume with (a) waste sites, (b) proximity
to the river, and (c) water-table elevation.
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During Phase | drilling of the characterization boreholes, it was determined that the high-resolution
geophysical logging could not provide alow enough detection limit of contaminant uranium based on
comparisons with laboratory analysis of sediment core samples, so the direct-push campaign, which does
not obtain sediment samples and only provides a conduit to lower the high-resol ution geophysical logging
tools down into the vadose zone, was cancelled.

1.3 LFI Scopeof Work: Overview

The characterization boreholes, Phase |, involved drilling four boreholes at |ocations representative of
various hydrogeologic settings and proximity to liquid waste disposal sites. Two of the four boreholes
weredrilled through the entire unconfined aquifer; the remaining two extended into the upper part of the
unconfined aquifer. Continuous core was recovered whenever possible from all four boreholes; water
samples were collected at frequent intervalsin the saturated zone; hydraulic tests were conducted at
multiple intervals; and geophysical logging, including spectral gamma and neutron moisture logging, was
completed for all four boreholes.

Select core were retained as archive material. Digital color photographs were taken, and alicensed
geologist provided a description of each opened core section. The four boreholes were eventually
completed as monitoring wells with screened interval splaced across the water table.

Analyses of sediment sub-samples from the recovered cores were divided into two tiers to accom-
modate the need for certain results immediately, and for other logistical considerations. Asdescribed in
the LFI work plan (DOE 20064), Tier 1 analyses of sediment included (1) moisture content and determi-
nation of total uranium concentration using gamma energy analysis (GEA), and (2) measurement of
groundwater solution chemistry on the water samples. The uranium data were used to calibrate and
confirm the geophysical spectral gamma logging results from the boreholes. Tier 2 analyses included
particle-size distribution and solution chemistry of various extracts and leaching solutions from sediment
samples. Core material was also made available to other investigators outside of the LFI who are working
on various 300 Arearesearch projectsinvolving uranium.

1.4 Regulatory Framework

The LFI was conducted as part of a Phase |11 Feasibility Study for the 300-FF-5 Operable Unit (OU).
The feasibility study isapartial consequence of the first 5-year review (EPA 2001) of the Record of
Decision for theOU (EPA 1996). The review found that dissolved uranium plume predictions made
during theinitia remedial investigation/feasibility study (DOE-RL 1995b, p. 4-22) had not proven to be
accurate. Subsequently, the Tri-Parties (U.S. Environmental Protection Agency [EPA], DOE, and
Washington Department of Ecology [Ecology]) agreed to a new milestone (M-016-68, as updated
February 25, 2005) cdling for (a) a document providing updated conceptual models for the 300 Area
uranium plume and 618-11 Burial Ground tritium plume, along with descriptions of the characteristics
and trends for al previously identified contaminants of potential concern (COPC), (b) an evaluation of
COPCs and updated list of those that should be retained for further evaluation, and (c) awork plan
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describing the scope and schedule for activities leading to a focused feasibility study report and proposed
plan. Two documents were submitted to satisfy this March 31, 2005 milestone;

e Items(a) and (b):
— Contaminants of Potential Concern in the 300-FF-5 Operable Unit: Expanded Annual
Groundwater Report for FY 2004 (Peterson et a. 2005).

e Item(c):
— Work Plan for Phase |l1 Feasibility Sudy, 300-FF-5 Operable Unit (DOE 2005b).

o Following release of the Phase |11 Feasibility Study work plan, a LFI plan was developed and
distributed in September 2005. That draft plan was subsequently revised and released in March
2006:

— 300-FF-5 Operable Unit Limited Field Investigation Plan (DOE 20063).

The Record of Decisionfor the 300-FF-5 OU was developed in the mid-1990s (EPA 1996) and listed
the following interim actions for groundwater:

e Continued monitoring of groundwater that is contaminated above health-based levelsto make certain
that concentrations continue to decrease.

e Institutional controlsto make certain that groundwater use is restricted to prevent unacceptable
exposures to groundwater contamination.

Although the first 5-year review of the Record of Decision found that these interim actions were till
appropriate, it specified the need for additional monitoring and characterization activities. DOE decided
to proceed with additional investigation of engineered remedial action alternatives (TPA Milestone
M-016-68, Change Control M-016-04-05, August 9, 2004) to reduce the concentration of uraniumin
groundwater to levels below the U.S. Environmental Protection Agency’s (EPA’s) maximum contaminant

level for drinking water supplies, i.e., 30 pg/L dissolved uranium in an unfiltered water sample.

A second 5-year review of this Record of Decision was conducted during 2006 and resulted in one
action item (Action 19-1, due September 2008) that is specific to the 300 Area: “Complete focused
feasibility study of 300-FF-5 OU to provide better characterization of the uranium contamination, develop
a conceptual model, validate ecological consequences and eval uate treatment alternatives’ (DOE 2006c,
p. 3.16).

1.5 Background Information on the 300 Area

An extensive collection of reportsis available with information on the 300 Area and its groundwater
contamination issues. For readers not already familiar with the history of operations at the 300 Area, its
hydrogeologic setting, contaminants of potentia concern, and contaminant geochemistry, the reports
listed in Table 1.1 are suggested for further information. A brief overview was prepared in 2004
(Peterson et a. 2005, pp. 1.2 to 1.4), from which the following paragraphs are extracted, with updates as

appropriate.
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Table1.1. Published 300 Area Reports

History of Operations

Data Compilation Task Report for the Source Investigation of the 300-FF 1 Operable Unit Phase | Remedial
Investigation (Young et a. 1990)

Addendum to Data Compilation Task Report for the Source Investigation of the 300-FF-1 Operable Unit Phase |
Remedial Investigations (Young and Fruchter 1991)

Past Practices Technical Characterization Study — 300 Area—Hanford Ste (Gerber 1992)
300-FF-2 Operable Unit Technical Baseline Report (Deford et al. 1994)

Hydrogeologic Setting

Geohydrology and Groundwater Quality Beneath the 300 Area, Hanford Ste, Washington (Lindberg and Bond
1979

Interim Characterization Report for the 300 Areas Process Trenches (Schalla et a. 1988)
Phase | Hydrogeologic Summary of the 300-FF-5 Operable Unit, 300 Area (Swanson et al. 1992)

Sampling and Hydrogeol ogy of the Vadose Zone Beneath 300 Area Process Ponds (Bjornstad 2004)

Contaminants of Potential Concern

Contaminants of Potential Concern in the 300-FF-5 Operable Unit: Expanded Annual Groundwater Report for
FY 2004 (Peterson et a. 2005)

“300-FF-5 Operable Unit.” Chapter 2.12in Hanford Ste Groundwater Monitoring for Fiscal Year 2005
(Lindberg and Peterson 2006)

Contaminant Geochemistry

The 300 Area Uranium Leach and Adsor ption Project (Serne et a. 2002)

Uranium Geochemistry in Vadose Zone and Aquifer Sediments from the 300 Area Uranium Plume (Zachara
2005)

Facilitiesin the 300 Area of the Hanford Site were primarily involved with fabrication of nuclear fuel
for plutonium production, which included some research and devel opment activities, during the period
spanning the startup of Hanford reactorsin 1944 through the late 1980s (Y oung and Fruchter 1991). The
range of activities produced awide variety of waste streams that contained chemical and radiologica
constituents (Gerber 1992; Deford et al. 1994). Since the early 1990s, extensive remediation of inactive
liquid waste disposal sites and solid waste buria grounds has taken place. As of December 2006, most
liquid waste disposal sites, which are located in the northern half of the 300 Area, have been excavated,
backfilled, and the ground surface contours restored. Some unknown amount of contamination likely
remains in the vadose zone beneath the lower extent of the excavated areas. Additional contamination
may also remain beneath buildings and facilities in the southern portion of the 300 Area, where decon-
tamination and decommissioning activities are continuing, but where subsurface remedia action has not
yet started.

The hydrogeologic intervals impacted by operationsin the 300 Area consist of the Pliocene age
Ringold Formation consisting of fluvia —lacustrine sediments deposited by the ancestral Columbia River
(Lindsay 1995), and the Hanford formation which disconformably overlies an erosional surfacein the
Ringold Formation created during one or more Pleistocene cataclysmic floods (DOE 2002).
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Uranium is the most prominent waste constituent remaining in the environment beneath the 300 Area,
and it has persisted in waste sites and groundwater during the years following the shutdown of most fuel
fabrication activities and subsequent cessation of liquid effluent disposal to the ground. Uraniumin
soluble form is of concern for chemical toxicity and radiological exposure. The concentrationsin
groundwater for chemical toxicity are lower than those associated with radiological dose standards.
Specific criteriaon the toxicity to freshwater aguatic organisms are not been established, so by default,
the criteriafor the protection of aguatic organisms are the same as those applied for protection of human
health. The EPA’s maximum contaminant level for total uranium in groundwater for drinking water
suppliesis currently 30 pg/L, measured as total uranium in an unfiltered water sample. Additiona
chemicals of concern present in groundwater beneath the 300 Areainclude the volatile organic
compounds cis-1, 2-dichloroethene, trichloroethene, and tetrachloroethene. Also, groundwater moni-
toring confirmsthat tritium, nitrate, technetium-99, and trichloroethene migrate into the 300 Area from
upgradient source areas (i.e., from the northwest and southwest).

1.6 Organization of the Report

This report documents. (a) an initial interpretation of the new geologic, hydrologic, and geochemical
data obtained thus far; (b) all aspects of the drilling activities completed to date under the LFI (i.e., fulfills
the regquirement for a borehole compl etion report); (c) description of and results from analytical work
performed on sediment core and water samples; and (d) results of hydrologic testing and geophysical
logging. Additionaly, selected information from other investigations or monitoring conducted contem-
poraneoudly is referenced to better interpret findings from the LFI. A summary and discussion section is
included that identifies the major advances made toward an improved conceptual site model for uranium
and the remaining uncertainties in achieving a credible technical baseline for evaluating remedial action
aternatives for the 300 Area uranium plume.

161 LFI Phasel —Borehole Drilling

The LFI was divided into two main phases. Phase | - Borehole Drilling has been completed, and the
results are provided in thisreport. The locations of the four new wells are shown on the location map in
Figure1l.1. These new groundwater monitoring wells also fulfill requirements of the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement; Ecology et al. 1989) Milestone M-24-57*
during FY 2006. The new wells were constructed to the specifications and requirements described in
Washington Administrative Code (WAC) 173-160, 300-FF-5 Operable Unit Field Investigation Plan
(DOE 2005) and specifications provided by Fluor Hanford, Inc. (FHI), Richland, Washington. During
drilling and construction of the wells, groundwater sampling and analysis activities were conducted to
determine the distribution of radiological and chemical contaminants, collect continuous intact sediment
core samples for hydrogeol ogic and geochemical characterization, and perform aquifer testing to
determine aquifer flow conditions. Detailed geophysical logging was aso performed to determine the
distribution of manmade uranium in the subsurface.

! Letter from EJ Murphy-Fitch (Fluor Hanford, Inc., Richland, Washington) to Distribution, Tentative Agreement on
Tri-Party Agreement Negotiations on the Overall Srategy and Approach for Hanford Groundwater Protection,
Monitoring, and Remediation (M-024), dated September 22, 2003.
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16.2 LFI Phasell —Geophysical Logging

LFI Phase |l - Geophysical logging, planned for 15 direct push (DPT) boreholes, was cancelled
because sediment concentrations capable of producing the observed persistent uranium plume were at
concentrations less than that detectable by geophysical logging and, in lieu of this scope, approval from
regulators and DOE was received to perform additiona anayses for uranium in sediment core samples
collected from the Phase | boreholes? The results from that work are presented in this report. There are
currently no plansto perform the LFI - Phase Il scope.

16.3 I nvestigation I nfor mation and Data

All of the available and relevant information obtained during the LFI is contained in this report. Most
of the supporting data and well information is located in the seven appendices at the end of this report.

Each appendix is organized to contain information about specific activities conducted during the LFI.

Appendix A contains the general well installation information such as the Well Summary Sheets, the
field geologist’s borehole logs, the well construction summary reports, well development and pump
installation records, and the well survey results.

Appendix B contains the sediment core information including, core inventory forms, the geologists
core descriptions, photographs of the opened split spoon core, and core chain-of-custody forms.

Appendix C contains the complete geophysical 1og reports and data.

Appendix D contains the laboratory results of groundwater and sediment analysis and contains grain-
size distribution data and metrics determined for whole (bulk) sediment samples from the four boreholes.

Appendix E contains aquifer testing information including selected slug test analysis plots and results.

Appendix F contains supporting information for the groundwater sampling activities which includes
the depth-discrete groundwater sample location information and field sampling results, the groundwater
sample analysis request reports, and the associated chain of custody forms.

Appendix G contains the drilling contractor’ s general well construction information including the
contractor’ s borehole daily field activity reports, and the construction surveillance-acceptance report.

2 Letter from Mr. Nick Ceto (Program Manager, U.S. Environmental Protection Agency, Region 10) to Matt
McCormick (U.S. Department of Energy, Richland, Washington), Recommendation to Cancel 300-FF-5 Limited

Field Investigation Direct Push Technology, dated November 15, 2006.
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2.0 Investigation Study Area

The LFI was completed at the 300 Area within the 300-FF-5 OU. Asdefined in the LFI work plan
(DOE-RL 20063), four characterization boreholes were drilled to collect subsurface data to define the
vertical distribution of the uranium and obtain sediment and water samples for investigating ther uranium
sequestration and mobility characteristics (location map provided in Figure2.1). Locations of hew
boreholes, principal liquid and solid waste sites, existing monitoring wells, and shoreline monitoring sites
areshown in Figure 2.1. Criteria used to select locations for these boreholes included (a) within the
300 Areauranium plume as defined by the 10-ug/L contour, (b) proximity to awaste site that likely acted
as arelatively recent supplier of uranium to groundwater, (c) one site influenced by river water infiltra:
tion, and (d) a second siteinland of that influence and upgradient of the source areas.

The first characterization borehole, 399-3-18 (C4999), islocated in the centra portion of the uranium
plume, i.e., the area where concentrations exceed 60 pug/L near the Columbia River. This core area of
the uranium plume intersects ~800 meters (2,600 feet) of the Columbia River shoreline and extends
~300 meters (980 feet) inland of the bank; it is generally downgradient of the primary 300 Arealiquid
waste disposal sources. Well 399-3-18 (C4999) is located ~40 meters (130 feet) west of theriverbank
and is adjacent to existing well 399-3-1 (see well location map in Figure 2.1).

This area of relatively high uranium concentrations also coincides with a structurally high, erosional
remnant of Ringold Formation fine-grained sediment. Drilling at this location was successful in con-
firming the presence of thisfine-grained interval and recovering nearly continuous sediment core from
this relatively low-permeability stratigraphic interval. The results will help to evaluate the hydraulic and
geochemical influence that these fine-grained sediments have on uranium concentrations in the ground-
water. This location also provided sediment core from the saturated to semi-saturated interval near the
water table that isinfluenced by infiltrating Columbia River water.

The location for the second characterization borehole, 399-1-23 (C5000), was based on investigating
the presence of aresidual uranium source that may be located deep in the vadose zone, i.e., just above the
present day water table and near arecently active waste site. Borehole 399-1-23 (C5000) is located near
the liquid effluent discharge end of the decommissioned 300 Area process trenches (WIDS 316-5) (see
Figure2.1). Groundwater monitoring results dating back to the 1980s indicate that these trenches were a
primary source areafor uranium that impacted the aquifer.

The first two boreholes spanned the vadose zone and the entire unconfined aquifer down to the
Ringold Formation (Fm) lower mud confining unit, which was contacted between approximately 110 and
126 feet below ground surface (bgs). Thus, acomplete vertical section through the upper unconfined
aguifer was characterized for uranium and other COPC.

Thethird borehole, borehole 399-3-19 (C5001), was positioned to investigate the presence of residua
uranium within the lower vadose zone and uppermost aquifer in an areathat is outside of the plume
migration path from the primary 300 Arealiquid waste disposd sites(Figure 2.1). Thelocation is also
inland far enough that, under normal river flow conditions, it is not impacted by the infiltration of river
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water. However, the uranium plume ispersistent in thisregion. This borehole provided accessto the
vadose zone and upper portion of the unconfined aquifer for the collection of sediment core and depth-
discrete water samples and other geohydrologic data. Thislocation also provided datafor differentiating
the saturated highly permeable Hanford formation sediment from the less permeabl e Ringold Formation
sediment. The presence of Hanford formation sediment is presumed to control contaminant movement
within the uppermost aquifer in thisarea. Thiswell location improves uranium plume monitoring
coverage in the area that is upgradient from most sources. Characterization well 399-3-19 (C5001) is
located ~150 meters (492 feet) directly west (hydraulically upgradient direction) of the South Process
Pond (WIDS 316-1).

The fourth borehole, 399-3-20 (C5002), was drilled at alocation immediately southeast (and

presumably downgradient) of the 307 disposal trench (WIDS 316-3). The 307 trench is a known uranium
source area and the presumed source of a nearby localized uranium hotspot in groundwater (Figure 2.1).
Thislocation was chosen to collect vadose and aquifer sediment from the vicinity of this waste site to
determine whether residual uranium in the vadose zone sediment is a current contributor of uranium to
groundwater.

2.3



3.0 Updated Hydrogeologic Conceptual Model

This section updates the hydrogeol ogic interpretation for the unconfined aquifer system within the
LFI study area of the 300 Area based on the new characterization results obtained during the drilling of
four new boreholes. This interpretation adds to existing published knowledge and information reported
previoudly by others (e.g., Lindberg and Bond 1979; Schallaet al. 1988; Swanson et al. 1992). Results
from sediment sample analyses, geologic core descriptions, depth-discrete groundwater analysis, aquifer
hydraulic test analyses, spectral gamma and neutron moisture logging, and well development data from
the four wells are correlated to provide an interpretation of the hydrogeologic conditionsat each borehole
location.

The characterization data obtained from the four borehol es confirm and refine existing hydrogeologic
interpretations, and provide new information about the hydrogeology of the 300 Area. This information
was used to refine the 300 Area hydrogeol ogic conceptual models, update contaminant transport models,
and support selection of remedial aternatives for uranium contamination in vadose zone sediments and
groundwater. The hydrogeologic column for the 300 Areaisillustrated in Figure 3.1.

Hanford Site - 300 Area

Hydro- _ _
str a}r/i graphy Lithostratigraphy Epoch| Age
T
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w
! Unit 8 i S
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- - 8.5 Ma
Basalt Confined . Columbia 2
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Modified for 300 Area after Reidel et. al. (1992), Thorne et al. (1993), Lindsey (1995), Williams et. al. (2000), DOE (2002)

Figure 3.1. Hydrogeol ogic Column Depicting the Hydrogeology of the 300 Area
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This section includes adiscussion of the criteria used to evaluate and interpret these new data.
Composite borehole logsillustrate the interpreted hydrogeology devel oped for each borehole (Figures 3.2
to 3.5). An accurate interpretation of the hydrogeology is prerequisite to understanding the nature and
extent of contaminant movement within the aquifer system. Section 4 provides the interpretation of the
sediment and groundwater hydrochemistry and contaminant results for the four new wells and establishes
contaminant pathways as they relate to the hydrogeol ogy of the 300 Area.

3.1 Composite BoreholeL ogs

A composite boreholelog was assembled for each new borehole (Figures 3.2t0 3.5). These
interpretive logs utilize multiple data sets and provide a graphic, easy-to-use compilation of pertinent data
and a hydrogeologic profile representing each borehole. Strati graphic contacts key lithologic intervals,
and hydrogeol ogic units within each borehole are identified based on the interpretation of the available
data Depth-specific data used to construct the composite logsinclude (1) the well as-built diagram;

(2) characterization intervals illustrating the sampling, coring, and aquifer hydraulic testing intervals and
frequency; (3) a graphic representation of the borehole lithology based on descriptions of sediment grab
samples and core; (4) the uranium concentrations in groundwater and sediment samples aong with select
organic contaminants; (5) the geophysical and laboratory gamma energy analysis (GEA) uranium data
included for comparison; and (6) the geophysical total gamma and moisture log correlations. In addition
to these data, atable of depth-discrete aquifer testing results and a summary table containing groundwater
sampling information are provided with each composite borehole log.

3.2 BoreholeLithology and Physical Properties

Grab samples collected from the core barrel drive shoe (~6-feet-depth intervals) and from exam-
ination of the ends of the 1-foot-long core liners were used to describe the lithology in the boreholes. The
field descriptions are recorded on the geologist’s borehole log located in Appendix A. A more detailed
geol ogic description of the opened core was also completed (Appendix B), and these descriptions are
represented graphically on the composite logs for each well (Figures 3.2 to 3.5). Thecore data provide
visual confirmation of the depths and zonation (changes in lithology) of Hanford and Ringold Formation
lithologies and allow a precise lithologic description of individual units and determination of the
hydrogeologic contact boundaries and unit thicknesses. The sample quality and formation representa-
tiveness of the core samplesis generaly very good where complete core recovery occurred (see aso
Section 6.6.1).

3.3 Sediment Core Photographic Log

A digital photograph of each opened sediment core from each well isincluded in Appendix B. These
photos were used to confirm the lithol ogic descriptions and contacts recorded by the field geologist and to
support the overall hydrogeologic interpretation. The interpretative value of these photographsis very
good and provides a quick access to, and realistic view of, theborehole sediments. Where possible, key
hydrogeologic contact boundaries have been defined on the core photos. The photographic file
(Appendix B) provides aqualitative visual record of the coresin their origina opened condition. These
photos record the original structure, moisture content, and fabric of the cored intervals (i.e., grain size,
grain orientation, color, and relative moisture).

3.2
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Figure 3.2. Composite Borehole Log for Well 399-3-18 (C4999)
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88QAVN ‘(W) uoiipA2|3






L'E

Depth Below Ground Surface

Ground Surface Elev. = 395.82 f+ (120.647 m)

399-3-19 (€5001)

238 - Gamma Energy Analysis Lab Moisture

£ As-Built Geologist 238ranium and 238panium (GEA) in Sediment Field Moisture & Gamma Logs ngaﬂgmphy
§ g— %’ Diagram Core Sample Volatile Organic Compounds in Sediment 238 - Spectral Gamma Log o Lab Moisture (wt %) 5 .
wes=s F} Graphic Log in Groundwater (ICP-MS) (S6L) in Cased Borehole 0O 10 20 30 40 50 f Litho
0410 ; p A A
s - Depth-Discrete 238U -~ Microwave Digest —o-GEA '\
1 x o - Acid Extract (609 keV) e
-1 2 —o- SGL o
51 :,_, [ [ | & Water Extract [ (609 keV) [ 4 * E
2 & -~ S6L 5 3
) bo (1764 keV) D @
| P L i [ L P
10913 By § Bt
NE e naag :
SEE R B — HE: T —— HETEY S
151 L\ 5 S 4 - - : oo
CEENE
M8 SIRSERN p
206 I3 TGP - - 5
K‘ 2 L » ]
v DAp=0
-7 l\ ‘_3 X
25 £ sl F + F P
- 8 (}f—) g
g T T S ;‘8 p 0
Lo la) SoaTy S = 24 o
301 AR €9 o s [ =y i 3 I
o |- < S S 5] b
I:] ° L O 2 . = g‘ 5
-10 - T >887 S D T A L O
35 I -1 a9 E § g o %’ bo 0
1 o . - 5 I 2 i i i
STRRE I H 52 2 o ¢ & = 3
|- - o= = 13 Y Q 5 y
1 : § 8 @& Z 5 s 3
I 2 &2 F @ £ 2 £ 3
STRERE B -3 5 =T S5 3 4
401 15 | e 5 > | 8 £ = © L L L ¢
i : 3 2o * = £ s y 2 5 A <
[ 4 ER T 5§ /9 = » P o
13 3 Vv < a3 g 2 ~ O et
5 =N £ 2 T T 3lo
E - . 3 © C RY] = - 2 - s
L 14 I: 1 : | ¢ + . = o > . E E
- : — — LR e L || e - — — ] o . - | o
;] 2 Yo 47 ft £l 2f+
L . . o
solf? TR (L4 i ) (04/13/06) £| D
=N g1
SURNTE =— B A Al 12 U U 9! 1 3
I ] : I LT | A & T X
559147 ] i N B F
L E:! N
;3 A pmus 12 U U
F18 |1 ]
601 I : | I - +
19 :;f : —3f—v—12 U v
i 1 i T L K L L Q
651120 I - ERELER be ¢ .
(1 I s
b21 liiit
707 I: | r i ¢
k22 Lt
! oBb
751}23 I [ r
24
801 L -
[ ln7 v Channel
oundar
851126 e $ e e T T8 %o T - Y
XN
he] o P
27 3 .2
904 - 3 3 3 O ‘é
28 . o | w %
o = | =
A e
95129 i i i i 5(5(5
Reduced 5 S
50 piiii BEESy - b S SR S B SRS o S
1001 F - F F (a2
-3l | : I5 u 14 v U
Rty
105432 - A e e e . :
TD(;llgS".\S) ft o] 20 40 60 80 0 1 2 3 0 1 2 3 4 0 60 120 180
' Groundwater 238U (ug/L) @@ Sediment 238U (pCi/q) Sediment 238U (pCi/q) @ Neutron Moisture (cps)
I e Natural Uranium T v v v v
. . 0 0.01 0.02 0.03 100 150 200 250 300
As-Built Symbols Geologist Core Log Symbols o Sediment 238U (pCi/g) ® Total Gamma (cps)
Portland ] Lost Core or o . A .
Cement Grout }A Slough Zone Sandy Mud VOC Result Qualifiers Field Parameters for Depth-Discrete Water Sampling
7 Bentonite J = Estimated Value Zon GW Depth| Interval | Sample | Purged [Elec. Cond.|Temp| D.O. | Turb. H
2 Crambles Muddy Sand Sand U = Analyzed for, el ety Isampled (£1)| Method | /Filtered| (us/em) | €€) |ma/L)|(NTU)| P
o i 3 Muddy G Il But Not Detected 1 47.2 52 -53 Pum Purged 407 20.1 8.4 246 | 7.24
0] Bentonite g Gravelly E o W A It 204 | 191 85 | B |733
e Eelons Ll st I 0 1 R A
. 5] Muddy Sandy Sandy : : : :
. Silica Sand g 2 471 57.5-58 Pum| Purged 407 16.3 9 415 | 756
E , ﬂ Gravel =22 Gravel - : P ) Ia,?d . 409 mﬁg 94 | 43¢ 749
Nat i H ihe- iltere 41 16. g 1 | 747
E BG ::;’7! Ash Reworked R:r\gold Undesrgna'r'ed F'me' 208 31 3% 7l Y,
ackri Muddy Matrix grained Unit Within 3 Yo = 7 — yer sl s 000 762
Stainless Steel Ringold Fm Unit 5 : ump L:‘r‘Q; 411 198 8.3 598 75
Screen Filtered 413 193 | 84 294 | 749
411 20 8.1 674 | 748
T~ ™= & (%2 [80E
1 H H ant R . > -
Best Estimate Ya!ues Fror‘n ‘Aqutfer Testing Filtered it 165 | 76 | >i000 | 733
Profiled Hydraulic Conductivity | Hydraulic 428 192 | 77 639 | 7.56
?or:: Profile Interval Conductivity Azz 2051 75 | 392 | 756
di 5 46.1 100 - 1025 Pum| Purged 345 19.8 11 >1000 | 7.61
() (m) (meter/ ay) P angd 341 19.1 0.6 >1000 | 7.44
B-A 47 -52 14.32 - 15.85 » 2,000 Filtered 336 19 07 >1000 | 7.56
AL
K . > E
A 52-57 |1585-17.37 2,200 3 61 RS | e | oBy
318 18.7 09 225 | 755
318 19.2 0.7 108 | 7.54

ND = Not Determined 2007/DCL/C5001/001 (03/22)

Figure 3.4. Composite Borehole Log for Well 399-3-19 (C5001)
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3.4 Depth-Discrete Groundwater Results

Groundwater data are used to better understand the relationship between contaminant concentrations,
preferentia groundwater flow, and aquifer boundariesin order to understand contaminant migration
through the aguifer and to aid in devel oping the conceptual models. In addition to showing contaminant
vertical depth distributions within the aquifer, discrete-depth groundwater sample data (see Section 6.6.2
for details on sampling and analysis results) aid in identifying and extrapolating hydrogeol ogic bound-
aries between characterization boreholes throughout the study area. Some groundwater flow conditions
and variations in natural chemical concentrations were identified. Restrictions to groundwater movement
in some zones and infiltration within the unconfined aguifer system were identified based on vertical
changes in the field parameters for the groundwater such as specific conductance, dissolved oxygen, pH,
and temperature. In addition, the laboratory analytical data results also aided in defining vertical and
spatial changes in the distribution of natural groundwater based on the chemical makeup of various
constituents. These data are used to interpret which zones within the aquifer are more conducive to
external influences or changes on the aquifer system, such asriver elevation changes and resultant aquifer
interaction, artificial recharge from surface disposal operations, and induced groundwater flow, etc.

The laboratory-measured pH of groundwater samples collected from the four boreholes were similar
and ranged from 7.8 t0 8.2 (see Table D.1 in Appendix D). The pH measured in the vadose zone
sediment pore water, obtained by ultracentrifugation of aliquots of sediment and 1:1 sediment to water
extracts (used on many samples that were not ultracentrifuged because of time constraints or for samples
that did not contain adequate natural moisture to produce a useful volume), was between 7.2 and 9.0. The
higher pH values (pH = ~9) were found in ultracentrifuged sediments from below the water table and can
not be attributed to the presence of caustic waste disposed to near-surface facilities. The cause of the
dlightly elevated pH is not known at thistime.

Field pH values for the groundwater obtained during the collection of the depth-discrete water
samples ranged from 7.2 to 8.4, adightly larger range of values than the laboratory measured pH val ues,
perhaps because of more variable temperature conditions in the field, and variable ability to purge the
formation being sampled (Figures 3.2 through 3.5).

Specific conductance values measured in groundwater samples from well 399-3-18 (C4999) were
lower, relatively, than those measured in groundwater samples from wells 399-1-23 (C5000), 399-3-19
(C5001), and 399-3-20 (C5002) undoubtedly caused by well 399-3-18 (C4999)’ s proximity to the
Columbia River. Higher specific conductance values in vadose zone sediment pore water samples for
thefour boreholes were attributed to higher concentrations of dissolved ionsin pore water solution
(Appendix D, Table D.1).

The measured akalinity values indicated that most of the groundwater samples from the four
boreholes were equilibrated with calcite (Appendix D, Table D.1). Alkalinity in borehole well 399-3-18
(C4999) groundwater samples was also lower, similar to the specific conductance data compared to those
from the other three wells (399-1-23 [C5000], 399-3-19 [ C5001], and 399-3-20 [C5002]). Low akalinity
values for groundwater and pore water samples from well 399-3-18 (C4999), collected at depths of 52.5-
77.0 and 56-62 feet bgs, respectively, were associated with afine-grained silty sand unit located at these
depths. Finding the lowest groundwater alkalinity in the fine-grained silty sand likely is an indication that
dilute river water makes up a greater portion of the water in thislower permeability materid; that is, the
more saline “inland” groundwater transports towards the Columbia River in the shallower and coarser
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more highly permeable material s without much mixing with waters in the pores of the lower silty sand
sediments. The lowest dkalinity value (94.2 mg/L) of the well 399-1-23 (C5000) groundwater samples
was measured at a depth of 68.5 feet bgs, where athin fine-grained silty sand within the Ringold
Formation was encountered. The specific conductance measured during purging prior to collection of the
depth-discrete groundwater samples revealed similar values (Appendix F, Table F.1). Well 399-3-18
(C4999) had the lowest measured specific conductance of al the wells, and all of the wells measured
decreasing specific conductance with depth. Proximity to the Columbia River and itsriver stage
influences are the cause of the low specific conductance in well 399-3-18 (C4999) and may also partially
explain the decrease in specific conductance with depth in al the wells.

There was no significant difference in geochemical data measured in the laboratory at the boundary
between the Hanford and Ringold formations for samples from the four boreholes. However, dissolved
oxygen, measured in field samples during collection of the depth-discrete groundwater samples, dropped
significantly to levels below 2.7 mg/L in the Ringold Formation sedimentsin all of the wells
(Appendix F, TableF.1). Thedissolved oxygen data, while qualitative, suggest that reducing conditions
may predominant in the deeper portion of the unconfined aguifer. Thisapparent reducing geochemical
trend with depthis also supported by the physical appearance (greenish/blue-grayish color) of the
sediment sampl es collected from these deeper portions of the aquifer (Figures 3.2 through 3.5).

Cation and anion anal yses were a so measured on groundwater and pore water samples from the four
boreholes (see Appendix D, Tables D.3 throughD.7). After bicarbonate (alkalinity), nitrate and sulfate
were found to be the next dominant anions, and the higher concentrations of most of the anions were
distributed in the shallower depths of the aquifer. The most dominant cation in both groundwater and
pore water from the four boreholes was Ca, suggesting groundwater is equilibrated with calcium
carbonate minerals. Other major cationic elements Si, Al, Fe, S, Mg, Na, K, and minor amounts of As,
Pb, and Ti were also found in groundwater sampl es from the four boreholes. None of the groundwater or
vadose zone sediment pore water from the four boreholes showed significant signs of the presence of
enriched sodium nitrate waste, which is generally the most ubiquitous chemical species found in Hanford
process waste.

3.5 Depth-Discrete Aquifer Hydraulic Testing Results

The information provided by multiple, depth-discrete aquifer hydraulic tests (performed in each
borehole) allow the determination of groundwater conditions across varying hydrogeologic intervals.
These results are used to identify the general permeability distribution of major hydrogeologic units
within the aguifer system and to distinguish groundwater flow paths within the subsurface. See
Figures 3.2 through 3.5 for theintervals analyzed in each well. A detailed description of the aquifer
hydraulic testing performed at each characterization well site, and the associated analytical results are
presented in Section 6.6.3. A brief summary of the analytical results for the respective characterization
wellsis provided in the following paragraphs.

Figure 3.6 shows the vertical depth distribution of hydraulic conductivity determined for the five
Ringold Formation depth intervalsin well 399-3-18 (C4999). The figure results are based on the test
depth interval analysis results presented in Tables 3.1 and 3.2.
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Figure3.6. Vertica Distribution of Hydraulic Conductivity for Selected Depth Intervals at Well
399-3-18 (C4999), Based on Field Aquifer Hydraulic Test Characterization
Table31l  Well 399-3-18 (C4999) Aquifer Hydraulic Test Analysis Results
Time-History Matching Analysis
Type-Curve Analysis Method Method®
Hydraulic Conductivity, Specific Storage, Hydraulic Conductivity, Specific Storage,
(Zone) K ,® S Kn® S
Test Interval (m, bgs) (mvday) (m-l) (m/day) (m’l)
(A) 14.78 -16.61* NA NA 0.04* 5.5E-6©
(B) 20.12 - 21.34** NA NA o o
(C) 18.29- 21.34* NA NA 0.36 3.3E-6©
(D) 37.34-38.71 3.67 -3.89 1.0E-5 NA NA
(3.82)
(E) 36.12 - 38.71 19.0-24.2 1.0E-4 - 5.0E-4 NA NA
(21.6)

Note: Number in parenthesesis the average value for all tests.

(@) Standard type-curve analytical method is not completely applicable due to the incomplete test data record and lack of fully
recovered test responses. Results based on a superimposed, time-history match of all aquifer hydraulic tests conducted.

(b) Assumed to be uniform within the well-screen test section.

(c) Based onan assign storativity value (S= 1.0E-5).

* = Some of the aquifer hydraulic test datalost during transfer from datalogger system. Response indicates low

permesability formation condition. Test analysis based on time-history match.

Most of the aquifer hydraulic test datalost during transfer from datalogger system. Response indicates low

permeability formation condition. Not enough data available for time-history match analysis.

Not applicable or applied analytical method.

*%

NA
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Table3.2  Well 399-3-18 (C4999) Hydraulic Conductivity Distribution

Best Estimate Vaue
Hydraulic Conductivity,
Profile Interval K@

(m, bgs) (m/day) Specific Storage, S (m™) Basis’Comments
14.78 - 16.61 0.04 5.56-69 Zone A
20.12-21.34 -© -© ZoneB
18.29-21.34 0.36 3366V ZoneC
36.12-37.34 38.9 3.0E-4 ZoneE - Zone D
37.34-3871 3.82 1.0E-5 ZoneD

(8 Assumed to be uniform within the test/depth interval .

(b) Based on an assign storativity value (S = 1.0E-5).

(c) Most of the Zone B aquifer hydraulic test datalost during transfer from datalogger system. Response indicates low
permeability formation condition. Not enough data available for quantitative analysis.

Asindicated in Table 3.2, hydraulic conductivity for the lower permeability Ringold Formation —
fine-grained unit ranged between 0.04 and 0.36 m/day, while the two underlying higher permeability
middle Ringold Formation test intervals ranged more widely between 3.82 and 38.9 m/day. Selected
analysis figures for the respective test depth zones are presented in Appendix E.

Figure 3.7 shows the vertical depth distribution of hydraulic conductivity determined for the four
successful Ringold Formation interval tests and one Hanford formation interval test conducted at well

399-1-23 (C5000).
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Figure 3.7 illustrates the distribution of hydraulic conductivity (Kn) with depth within the various
hydrogeologic units. Asshown in the figure, the K,,in the Hanford formationis at least two orders of
magnitude higher than the K}, within the underlying Ringold Formation sediment. The results are based
on the test depth interval analysis results presented in Tables 3.3 and 3.4.

Table3.3.  Waell 399-1-23 (C5000) Aquifer Hydraulic Test Analysis Results
Type-Curve Analysis Method High-K Analysis Method®
Hydraulic Hydraulic Dimensionless
(Zone) Test Interval | Conductivity, K,® Specific Storage, | Conductivity, K,® | Damping Parameter,
(m bgs) (m/day) Ss(m*) (m/day) Co
(A) 12.19 - 13.26 NA NA >1009 -
(B) 16.82 - 18.29 1.60- 1.86 1.0E-5- 3.0E-5 NA NA
(1.73)
(C) 1542 -18.29 147 1.0E-5 NA NA
(D) 19.81- 21.34 2.16 5.0E-5- 1.0E-4 NA NA
(E) 18.29- 21.34 1.43 1.0E-4 NA NA
(F) 30.78 - 33.53* NA NA NA NA

value.

Note: Number in parenthesesis the average value for al tests.

(a) Standard type-curve analytical method is not valid for aquifer hydraulic tests exhibiting either critically or
under-damped behavior. Results based on high K analysis method (Butler and Garnett 2000).

(b) Assumed to be uniform within the well-screen test section.

() No guantitative analysis of test is possible, due to pressure probe location during testing. Test response
indicates avery high K condition. Value listed should be considered to be an assigned, lowest possible

All agquifer hydraulic test responses for this zone adversely affected by packer by-pass (leskage).

NA = Not applicable or applied analytical method.
Table3.4.  Well 399-1-23 (C5000) Hydraulic Conductivity Distribution
Best Estimate Value
. Hydraulic Conductivity,
Profile Interval K,® Specific Storage,
(m, bgs) (m/day) Se(m'h) BasisComments
12.19- 13.26® >100 - Zone A®
15.42- 16.83 1.20 2.0E-5 ZoneC- Zone B
16.83- 18.29 1.73 1.0E-5 Zone B
18.29-19.81 0.69 7.5E-5 ZoneE -ZoneD
19.81- 21.33 2.16 1.0E-4 ZoneD
30.78 - 33.53© - - Zone F©

(8 Assumed to be uniform within the test/depth interval.
(b) No guantitative analysis of test is possible, due to pressure probe location during test. Test response

indicates a very high K condition. Vauelisted is an assigned, lowest possible value.
(c) All aquifer hydraulic test responses for this zone adversely affected by packer by-pass (leakage).
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Asindicated in Table 3.4, hydraulic conductivities for Ringold Formation test intervals ranged
narrowly between 0.69 and 2.16 m/day, suggesting rather uniform formation conditions with depth at this
location. The hydraulic conductivity value for the top depth interval (Zone A), which isreflective of the
Hanford formation, represents an assigned value (i.e., >100 m/day). Asnoted in Table 3.3, because of
test limitations for this depth interval, no quantitative test analysis for this depth interval was possible, but
the test response indicates a high permeability condition. The actual hydraulic conductivity value for this
zone, therefore, islikely to be significantly higher than this assigned minimum vaue. Selected analysis
figures for the respective test zones are presented in Appendix E.

Thereisno vertical depth distribution of hydraulic conductivity figure provided for well 399-3-19
(C5001) because only two test depth-interval characterizations were conducted at this well site. Both test
depth intervals were located within the Hanford formation and i ndicated high-permeability conditions
with K, values >2,000 m/day. Theresultsfor test depth interval anaysisresults are presented in
Tables3.5and 3.6.

Table35  Well 399-3-19 (C5001) Test/Depth Interval Aquifer Hydraulic Test Analysis Results

TypeCurve Analysis Method HighK Analysis Method®
Hydraulic Conductivity, Hydraulic Conductivity,
Test/Depth Kn® Specific Storage, Kn,© Dimensionless
Interval (m/day) Ss () (m/day) Damping Parameter, Cp
Zone A NA NA 2,100 - 2,300 0.11
(2,200)
Zone B© NA NA >2,000) -@

NA Not applicable or applied analytical method.

Note: Number in parenthesesis the average value for all tests.

(8 Assumed to be uniform within the well-screen test section.

(b) Standard type-curve analytica method are not valid for aguifer hydraulic tests exhibiting under-damped

behavior.
Results based on High-K analysis method (Butler and Garnett 2000).

(c) No quantitative analysis of test is possible, dueto the minor test response and rapid recovery. Test
response indicates avery high K condition. Estimate listed should be considered to be an assigned,
lowest possible value

Table3.6. Well 399-3-19 (C5001) Test/Depth Hydraulic Conductivity Distribution

Best Estimate Vaue

Test/Depth Hydraulic Conductivity, |  Specific Storage,
Interval m, bgs K, @ (m/day) S.(mh) BasigComments

14.32 - 15.85® >2,000® ZoneB - Zone A
15.85-17.37 2,200 - Zone A

Assumed to be uniform within the test/depth interval .
Value listed is an assigned, lowest possible value.

Figure 3.8 shows the vertical depth distribution of hydraulic conductivity determined for the three
depth interval tests for well 399-3-20 (C5002). The results are based on the test depth interval analysis
results presented in Tables 3.7 and 3.8. Thisfigureillustrates the distribution of hydraulic conductivity

(Kn) within the various hydrogeol ogic units.
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Figure3.8. Vertica Distribution of Hydraulic Conductivity for Selected Depth Intervals at Well 399-
3-20 (C5002), Based on Field Aquifer Hydraulic Test Characterization
Table3.7. Well 399-3-20 (C5002) Aquifer Hydraulic Test Analysis Results
High-K Analysis
Type-Curve Analysis Method Method®
Hydraulic Hydraulic Conductivity, Dimensionless
(Zone) Test Conductivity, Ki® | Specific Storage, Ki® Damping Parameter,
Interval (m bgs) (m/day) S(m? (m/day) Co
(A) 16.92 - 19.05 NA NA >2,000© 0.06
(B) 26.21 — 27.58 NA NA 41.2 15
(C) 25.30 —27.58 NA NA 334 15

NA =

(@) Standard type-curve analytical method is not valid for aquifer hydraulic tests exhibiting either critically or
under-damped behavior. Results based on High-K analysis method (Butler and Garnett 2000).

(b) Assumed to be uniform within the well- screen test section.

(c) Analysisof Zone A aquifer hydraulic tests provided non-consistent results al with K values >2,000 m/day.
Test responsesindicate avery high K condition. Value listed should be considered to be an assigned, lowest
possible value.

Not applicable or applied analytical method.

3.17




Table3.8  Waell 399-3-20 (C5002) Hydraulic Conductivity Distribution

Best Estimate Vaue
Hydraulic Conductivity, Specific Storage,
Profile Interval K,

(m, bgs) (m/day) (m'l) Basis’Comments
16.92- 19.05 >2,000 - Zone A
25.30-26.21 21.7 - ZoneC - ZoneB
26.21- 27.58 41.2 - Zone B

(@) Assumed to be uniform within the test/depth interval.

Overdl, the K, distribution in the four wells show a very high permeability condition for the Hanford
formation gravel-dominated facies compared to a very low-to-moderate permeability within the various
Ringold Formation sediments. These data indicate that groundwater and associated dissolved or sus-
pended contamination can be displaced very quickly and moveslaterally more rapidly within the Hanford
formation in comparison to groundwater within the underlying Ringold Formation. It aso suggests that
contaminants migrating into the unconfined aquifer from the overlying vadose zone likely would be
removed from the aquifer system more rapidly through this more permeable unit and are less likely to
migrate deeper into the Ringold Formation portion of the aquifer even though the saturated portion of the
Hanford formation is much thinner than the saturated Ringold Formation.

Asindicated in Table 3.6, a hydraulic conductivity for the Hanford formation test interval is assigned
as>2,000 m/day. Thisassigned valueisaresult of alack of uniformity of analysis results for tests
conducted for this depth interval. This represents a minimum estimate and interval conditions may be
significantly higher (i.e., by afactor of 2 or 3 greater) than this assigned value. Hydraulic conductivity
values for the underlying two Ringold Formation depth intervals ranged between 21.7 and 41.2 m/day
(Table 3.6). Selected analysis figures for the respective test zones are presented in Appendix E.

Overdll, the K, distribution in the four wells show avery high permeability condition for the Hanford
formation gravel-dominated facies compared to a very low-to-moderate permeability within the various
Ringold Formation sediments. These data indicate that groundwater and associated dissolved or
suspended contamination can be displaced very quickly and moves laterally more rapidly within the
Hanford formation in comparison to groundwater within the underlying Ringold Formation. It also
suggests that contaminants migrating into the unconfined aquifer from the overlying vadose zone likely
would be removed from the aquifer system more rapidly through this more permeable unit and are less
likely to migrate deeper into the Ringold Formation portion of the aquifer even though the saturated
portion of the Hanford formation is much thinner than the saturated Ringold Formation.

3.6 Spectral Gamma and Neutron Moisture L ogging

The geophysical spectral gamma log data are used qualitatively to refinethe lithologic/hydrogeol ogic
interpretations. The inflections recorded on the geophysical 1ogs were used to corroborate and precisely
define changesin lithology, i.e., sand versus silt/clay or gravel intervals, to more precisely locate contact
boundaries, the water table, and gamma emitting contaminants. The composite logs (Figures 3.2 through
3.5) provide the geophysical 1og correlations relevant to the hydrogeol ogic interpretation at each bore-
hole. Based on interpretations by Stoller Inc., there were no manmade gammaremitting contaminants
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detected above the minimum detectable level (MDL) in these wells. The detailed geophysical reports are
presented in Appendix C. Section 6.6.4 also provides details of the geophysical well logging process.

3.7 Subsurface Characterization

The entire uppermost unconfined aquifer system was characterized in detail in new wells 399-3-18
(C4999) and 399-1-23 (C5000). The variable thickness of the permeable Hanford formation, which
disconformably overlies the older and less permeable Ringold Formation sediments, was accurately
defined in al four wells. The distinct lithologic contrast across the Hanford — Ringold erosional boundary
was documented and verified via core samples (e.g., Figure 3.9).
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Figure 3.9. Core Photograph Showing the Hanford Formation - Ringold Formation Contact Boundary in
Well 399-3-18 (C4999)

The lower confining unit (Ringold Lower Mud Unit 8) was also defined, and sampleswere collected
in core obtained across the contact between the Unit 8 and the overlying Ringold Formation Unit 5 (e.g.,
Figure 3.10). Based on these results the uppermost unconfined aquifer system, defined as the saturated
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interval from the water table to the top of the Ringold Formation lower mud unit (Unit 8), ranges from
approximately 23 meters (75 feet) to 27.4 meters (90 feet) thick depending on the water-table elevation
recorded in each well, which constantly changes due to changesin river level. Drilling in the two deep
wells terminated in the Ringold lower mud unit, and no new information was obtained below those
depths.

fampled Depih (M)

C5000 C5000-61A 110-111  semie UP 4 l

Figure3.10. Core Photograph Showing the Ringold Formation Unit 5 and Unit 8 Contact Boundary in
Well 399-1-23 (C5000)

Depth-discrete hydraulic flow parameters and groundwater results were compared to depth-equivalent
lithologic intervals and used to differentiate preferential flow paths within the unconfined aquifer system.
Three primary hydrologic units or flow zones were identified within the unconfined aquifer system in this
area(Figure 3.11): (1) the highly-transmissive Hanford formation gravel-dominated facies as the upper-
most hydrologic unit, (2) aless-transmissive sandy unit (Ringold Formation undesignated fine-grained
unit) in the middle, and (3) a moderately transmissive silty, sandy, gravel sequence (Ringold Formation
Unit E) in the lower portion. The bottom of the unconfined aquifer is at the contact between the base of
Ringold Formation Unit E (Unit 5) and the underlying aquitard, the Ringold lower mud (Unit 8).
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Figure3.11. Schematic Cross Section Trending Southwest to Northeast Illustrating the Three Primary
Hydrologic Units within the Unconfined Aquifer, 300-FF-5 Operable Unit

Combining the sediment core descriptions with the aquifer testing results facilitated the subdivision of
the aguifer into mapable hydrogeol ogic units based on varying hydraulic properties (Figure 3.11). The
hydraulic conductivity data and the well development information confirm that the Hanford formation
Unit 1 gravel-dominated facies is significantly more permeable then the underlying, older Ringold
Formation Unit 5 sediments. The Ringold Formation sediment is more compacted, variably cemented,
and geochemically altered resulting in alower overall permeability. The measured Hanford formation
hydraulic conductivity ranges greater than 2,000 meters per day compared to a measured high value in the
Ringold Formation of only 41.2 meters per day.

The Hanford/Ringold contact, which lies below the water table in most of the LFI study area, reflects
anerosional paleo-surface believed to have been created by Pleistocene ice age catastrophic flooding
acrossthe area. The contrast in permeabilities across this Hanford/Ringold contact creates an effective
groundwater flow boundary (e.g., Figure 3.9). Where saturated, the more permeable Hanford formation
gravel-dominated facies, deposited directly onto thiseroded Ringold surface, creates a preferentia
groundwater flow path that only exists within the very uppermost portion of the unconfined aguifer
system. Characterization data used to define the contact include changes noted by the driller and in the
wellsite geologist borehole log, sediment core descriptions, the borehole geophysical logs, and the
integrated depth-discrete aquifer hydraulic testing and groundwater sample results. These data have been
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correlated and used to support the reinterpretation of the Hanford/Ringold contact (top of Ringold
Formation) in the existing well records and to update and revise the relief map of the top of the Ringold
Formation for the 300 Area (Figure 3.12).

The revised relief map confirms amajor topographic trough, or channel, eroded into the Ringold
Formation that trends northwest to southeast across the 300 study area. This northwest-southeast trending
channel is paralleled by a Ringold Formation high, erosional remnant ridge on the east side of the study
areanear theriver. The subsurface topographic relief across the channel -ridge arearanges up to
~14 meters. This prominent Hanford filled Ringold channel was first discovered in an excavated trench
in 1958 (Figure 3.13) during installation of a water supply pipeline for serving the Plutonium Recycle
Test Reactor (Lindberg and Bond 1979). This channel, and otherslike it, is eroded into the underlying
Ringold Formation and filled with more permeable Hanford formation gravel-dominated sediments.
These highly permeable channel deposits provide pathways for groundwater contaminants to migrate
more rapidly and to discharge ultimately to the Columbia River. This channel and other features of the
subsurface are conceptually illustrated using the new borehole datain hydrogeologic cross sections
(Figure 3.14). Figures3.15to 3.17 illustrate the revised hydrogeology perpendicular and parallel to the
Columbia River, including the well locations, the primary hydrogeologic units and the vertical
distribution and extent of uranium contamination in the unconfined aquifer system.

Within the Ringold Formation, new subsurface data have lead to the discovery of alocally continuous
and thick fine-grained silty sand interval near the top of the Ringold Formation in the LFI study area.
These new data suggest that prior to the post-Ringold erosional episode, afairly extensive Ringold fine-
grained interval (as yet undesignated) was present across portions of the 300 Area. Thisisbased on a
relatively thick (~12 to 35 feet), well sorted, fine-grained sand and silt interval that was characterized in
three of the four boreholes (Figures 3.2 through 3.5). In addition, areview of older existing well dataand
geophysical logs suggests that this fine-grained interval is present and more widespread then previoudy
thought. Preliminary mapping indicatesthat portions of or the entire fine-grained unit may have been
removed in some deeply eroded areas. These areas could be misinterpreted as nor-depositional areas
giving the appearance that the fine-grained unit is not as continuous as we now believe.

Toinvestigate the lateral extent of thisfine-grained unit, additional sediment sampling and coring was
completed by the Remediation Task of the Science and Technology Project (S& T Project). Sediment
sampling at an underwater outcrop located offshore in the Columbia River, and from two core locations at
the shoreline recovered fine-grained sand and silt samples very similar to the fine-grained sediment cored
in the new wells (Figure 3.18). The addition of the river and shoreline core samples supportsthe hypoth-
esisthat thisfine-grained unit isrelatively continuous, extending out beneath the river (Figure 3.15).
River shore aquifer tube water sample results also suggest a vertical hydraulic barrier to groundwater
movement through or across this fine-grained interval. Hydraulic conductivity measurements (0.04 and
0.36 meters per day) from well 399-3-18 (C4999) across this fine-grained interval indicate that this zone
has very low permeability compared to shallower Hanford formation and deeper Ringold Formation
sediments. Additional work is needed to confirm the extent and significance of this unit to groundwater
and contaminant flow within the 300 Area.

Finally, geophysical log data were used to confirm and precisaly determine contact depths and

identify changesin lithology. Together, the integrated data sets represented in the composite logs provide
accurate and comprehensive interpretations of the hydrogeology of the area.
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Figure3.13. Aerial Photograph (1958) Showing the 300 Area Under Construction. Visiblein this
photograph are the 307 trenches and excavated plutonium recycle test reactor pipeline
trench.

Hydrogeol ogic units (Figure 3.1) encountered in the boreholes, from youngest (shallowest) to oldest
(deepest) asillustrated in the composite borehole logs (Figures 3.2 to 3.5) include:

1. Recent surficial sediments (Holocene) and/or backfill material composed of reworked Hanford
sandy gravel and eolian silt and sand deposits, or coa plant ash waste. These deposits overlie the
areaand range in thickness from 0.3 meter (1 foot) up to approximately 5.2 meters (17 feet) bgsin
the new wells.

2. Hanford formation Unit 1 gravel-dominated sediments comprise the rest of the vadose zone and the
upper, most permeabl e portion of the unconfined aquifer in all the new wells. Thisunit is
composed of unconsolidated sediment ranging in grain size from boulder to pebble gravel and
includes coarse to fine sand with minor amounts of silt. Most often, these sediments exhibit a clast-
support structure; matrix between clasts is normally a poorly sorted mixture of sand and silt.
Occasionally, matrix is missing, which produces an open-framework fabric (Figure 3.19). There
were no distinguishable or mapable hydrogeol ogic changes within the vadose zone between these
wells, but there are isolated occurrences of older, reworked Ringold Formation sediment distin-
guished by their more cohesive sediment structure, color and/or degree of sorting (Figure 3.20).
These Ringold Formation sediments may also contain zones with higher clay/silt content. There are
also zones where reworked Ringold Formation mud was deposited along with the Hanford
formation cataclysmic flood gravel (Bjornstad 2004). Large boulder-size clasts of consolidated,
cohesive Ringold Formation clay/silt were observed as rip-up clasts and lenses within the Hanford
formation in the 300 Area (see Bjornstad 2004). These Ringold Formation sediments, randomly
deposited, may create localized restrictions to the vertical movement of liquid and moisture in the
vadose zone. Overall, Unit 1 ranges in thickness from ~9.8 meters (32 feet) in well 399-3-18
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(C4999) to ~21.3 meters (70 feet) in well 399-3-19 (C5001). The saturated portion of Unit 1 ranges
in thickness from ~1 meter (3 feet) in well 399-3-18 (C4999) near the river to ~10.7 meters (35
feet) thick in the paleo-erosional channel encountered in well 399-3-19 (C5001). These saturated
thicknesses decrease and increase depending on river induced changes occurring at the water table.

3. Ringold Formation Unit 5 (Figure 3.1) unconformably underlies the Hanford formation Unit 1 and
is composed predominantly of (a) afluvial fine-grained silt to sand interval, and (b) afluvia gravel
to silty sandy gravel unit (DOE 2006a). The fine-grained silt to sand interval (undesignated)
(Figure 3.1) was confirmed by coring in three of the four boreholes and overliesthe variably
indurated, fluvial silty sandy gravel Ringold Formation Unit 5 sequence (Figure 3.1). Thefine-
grained interval was encountered (Figures 3.2 to 3.5) near the Hanford/Ringold contact and ranges
in thickness from ~0 metersin well 399-1-23 (C5000) to ~11 meters (36 feet) in well 399-3-18
(C4999). Thefluvia gravel facies ranges in thickness from ~13.4 meters (44 feet) in wdl 399-3-18
(C4999) to ~17.4 meters (57 feet) in well 399-1-23 (C5000). Combined, these two units comprise
the lower, and significantly less permeable, portion of the unconfined aquifer beneath the 300-FF5
OU. The contact with the overlying Hanford formation is determined based on a distinct changein
basalt content, color, decreasing grain size and better sorting in the Ringold sediments (A ppendix
B). Thisinterpretation is aso supported by changesin the hydraulic properties exhibited by aquifer
tests conducted in the two formations and increasing total gamma activity (e.g., increasesin natural
potassium-40).

4. Ringold Formation Unit 8 (lower mud unit) underlies the Ringold Formation Unit 5 and forms the
lower boundary of the unconfined aquifer system (Figure 3.1). This confining unit separates the
basalt confined aquifer system from the overlying unconfined aquifer system. The lower mud unit
is comprised of silty clay to silty sand and forms a sharp well defined contact boundary with the
overlying Unit 5 fluvial gravel (Figure 3.10). Only two of the four wells, 399-3-18 (C4999) and
399-1-23 (C5000) (Figures 3.2 to 3.5), were drilled deep enough to encounter the lower mud unit;
there are several older existing wells that have penetrated or tagged thisinterval. The two wells
were drilled approximately 1.5 meters (5 feet) into the top of this unit to confirm the boundary and
collect intact core samples.

5. lce Harbor Member (lavaflows) of the Saddle Mountains Basalt underlies the Ringold lower mud

Unit 8. Drilling did not penetrate to the depth of the Ice Harbor Member during the LFI
characterization.

6. Additional information about the hydrogeol ogy of the 300 Areais available in DOE (2006a).
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4.0 Revised and Updated Contaminant Distribution Mode

Section 4 provides the interpretation of the sediment and groundwater hydrochemistry and
contaminant results for the four new wells and establishes contaminant pathways as they relate to the
hydrogeology of the 300 Area.

The ultimate goal of the 300 Area LFI was to determine the distribution and concentration of Hanford
process uranium in the lower vadose zone and unconfined aquifer (DOE 2006a). This section describes
the distribution of the primary contaminants uranium, nitrate, and volatile organic carbon compounds
associated with tri chloroethene (TCE) detected during characteri zation of the four new boreholes. These
contaminant distributions are incorporated into the updated hydrogeol ogic interpretations for the
boreholes and will be used to develop vadose zoneand groundwater contaminant conceptual models
(Figures 3.2 through 3.5).

Depth-discrete groundwater sample dataand analytical results (see Section 6.6.2 for details on
sampling and analysis), besides showing where the contamination is and how it is distributed, aid in
determining hydrologic conditions and flow boundaries within the aguifer system. The laboratory
analytical datadirectly provide the identification, concentration, and distribution of contaminants and
other constituents within the aquifer system. In addition to these data, groundwater flow conditions and
aquifer variations can also, indirectly, be determined based on vertical changesin the groundwater
indicator parameters collected in the field during drilling and sampling (such as specific conductance,
dissolved oxygen, pH, and temperature). Combined, these data are used to interpret which zones within
the aquifer are contaminated and to better understand the relationship between contaminant concentration,
groundwater flow zones, and aquifer boundaries as needed for devel oping the conceptual models.

Field parameters indicate an interval with redox-reducing conditions and low specific conductance
within the lower to middle Ringold Formation that suggests that the lower portion of the unconfined
aquifer has been less prone to infiltration by younger water sources (Figures 4.1 to 4.4). Aquifer testing
(Section 3.4) and visual inspection of sediment core results also support thisinterpretation. These data
arecorroborated by the depth-discrete uranium/nitrate results, two of the primary maobile dissolved
contaminants in the 300 Area whose concentrations drop off significantly at or just below the Hanford/
Ringold contact. Other constituent concentrations, such as sulfate and calcium, also drop off significantly
below this contact. The lack of these constituents in the deeper intervals bel ow the Hanford/Ringold
contact aso support the presence of a geochemical reducing trend with depth within the lower unconfined
aquifer. Daafrom the four wells all confirm that the Hanford/Ringold contact is the primary flow
boundary within the upper unconfined aquifer (Figures 3.2 through 3.5) that controls the vertical
movement of groundwater and dissolved contaminants.

Geochemical stiff diagrams (Figures 4.1 through 4.4) illustrate the major cation and anion compo-
sition for groundwater samples from the discrete sample depths in each of the four new boreholes. All
of the shallow groundwater samples are dominated by calcium and bicarbonate, which is the natural
condition of groundwater (uncontaminated or slightly contaminated). Thereis asubtle shift in the cation
makeup of the groundwater with depth wherein the mono-valent cations sodium and potassium increase
and calcium decreases especialy in the low dissolved oxygen/reducing redox interval below the
Hanford/Ringold contact.
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Selected Results for Depth Discrete Water Sampling from Borehole €4999 (399-3-18)
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Figure4.1l. Stiff Chemistry Plots for Depth-Discrete Groundwater Samplesin Well 399-3-18 (C4999)
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Selected Results for Depth Discrete Water Sampling from Borehole €5000 (399-1-23)
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Figure4.2. Stiff Chemistry Plots for Depth-Discrete Groundwater Samples in Well 399-1-23 (C5000)
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Selected Results for Depth Discrete Water Sampling from Borehole €5001 (399-3-19)
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Figure4.3. Stiff Chemistry Plots for Depth-Discrete Groundwater Samplesin Borehole 399-3-19
(C5001)

Selected Results for Depth Discrete Water Sampling from Borehole 5002 (399-3-20)

Specific Dissolved
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Figure4.4. Stiff Chemistry Plots for Depth-Discrete Groundwater Samplesin Borehole 399-3-20
(C5002)
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4.1 Uranium Distribution

41.1 Uranium Contamination in the Aquifer

Based on depth-discrete groundwater data (Appendix D, Table D.22), asillustrated on the four
composite borehole logs (Figures 3.2 to 3.5) and groundwater chemistry plots (Figures 4.1 to 4.4),
elevated (above natura background) concentrations of dissolved uranium in groundwater is restricted to
the upper portion of the unconfined aquifer primarily above the Hanford/Ringold contact boundary. The
lack of detectable levels of Hanford process uranium in the borehole geophysical logging results
(Section 6.6.4) and the | aboratory GEA results (Section 6.6.1.3) dso support this observation.

Elevated uranium concentrations in groundwater, ranging up to 202 ug/L, occur in the groundwater
throughout the saturated Hanford formation gravel and only slightly penetrate into the upper Ringold
Formation in all four of the new boreholes. With the exception of samplesthat were collected near, or
that bridged, the Hanford/Ringold contact, groundwater uranium results are essentially below detection at
all sample depths below the Hanford/Ringold contact in all of the new wells.

The highest dissolved uranium in groundwater, ~202 pg/L, was detected in well 399-1-23 (C5000) at
the Hanford/Ringold contact (see Figures 3.3 and 4.2). EPA’s maximum contaminant level for uranium
in drinking water suppliesis 30 ug/L. Valuesfor four other shallower groundwater samples within the
~6-meter-thick Hanford formation had dissolved uranium concentrations that ranged between ~35 and
80 ug/L, and the highest concentration was at the water table. Thiswell islocated at the disposal end of
the now decommissioned 316-5 Process Trenches that are a known past source of process uranium.

Well 399-3-18 (C4999), located downgradient of the 316-South Process Pond, had the second highest
groundwater uranium concentration, ~113 ug/L, from a sample collected at the water table (Figures 3.2
and 4.1). The saturated Hanford formation interval is significantly thinner than the other three new wells
(~1 meter when sampled). The uranium concentration of the next deeper groundwater sample was
<10 png/L. This deeper groundwater uranium concentration is lower because the sampleinterval bridged
or was located just below the H/R contact and may reflect dilution of the high uranium concentration
groundwater in the Hanford formation from the deeper groundwater within the lower permeability
Ringold Formation (which contains lower uranium concentrations). Several of the older existing wellsin
this area have long screen or perforated intervals that are open across the H/R contact which implies that
the resulting groundwater samples may be diluted and that the measured uranium concentrations are not
representative of the true uranium concentrations within the thin saturated Hanford formation portion of
the aguifer that has high permeability (i.e., transports water readily to the Columbia River).

New well 399-3-19 (C5001), located upgradient (generally) of al of the known waste disposal ponds
and trenches, had the lowest uranium concentrations in the groundwater of al the new wells (Figures 3.4
and 4.3). Thislocation intersects athick, saturated Hanford formation gravel-dominated interval
(~11 meters) within the prominent channel eroded into the Ringold Formation. The average groundwater
uranium concentration from four independent depth samples collected from the Hanford formation was
less then the 30-ug/L EPA drinking water standard. Uranium concentrations in the groundwater in the

fourth well, 399-3-20 (C5002), ranged between ~50 and 75 pg/L (Figures 3.5 and 4.4). The highest value
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was near the water table. Thiswell islocated at the southeastern corner of the 307 Trench, a suspected
source of uranium contamination to groundwater. The saturated Hanford formation is~9.5 m thick at this
location.

The groundwater uranium concentration results from the depth-discrete samples from the four new
borehol es are generally consistent with regional uranium plume concentrations as determined through the
routine 300-FF-5 OU sampling program; these results reflect dissolved uranium concentrationsin the
shallow, unconfined aquifer within the permeable gravel -dominated deposits of the Hanford formation
(Figure 2.1).

Based on the new characterization data obtained during the LFI, it is probable that most of the
dissolved uranium contamination within the 300-F~5 OU moving through groundwater is constrained to
the saturated, variably thick Hanford formation sediment above the Hanford/Ringold boundary. The lack
of detectabl e uranium below the Hanford/Ringold contact is also consistent with the hydrogeologic
interpretation. Aquifer test results, groundwater anaytical data, and field indicator parameters (specific
conductance and dissolved oxygen) suggest that the groundwater bel ow the Hanford/Ringoldis older
water that has not been significantly altered or displaced by the more recent liquid waste effluent disposal
activities.

41.2 Uranium Contamination in the Vadose Zone

Theanalysis for uranium on sediments or in pore fluid within the vadose zone has been compl eted
(Section 6.6.1.4). Overadl, thereis ageneral trend in which samples from the lower vadose zone and
shallow in the aquifer contain Hanford process uranium (i.e., thetotal uranium is higher than the natural
uranium), especidly in the 399-3-18 (C4999) and 399-1-23 (C5000) borehol e sediment samples.
However, there were no “hot spots’ (high uranium concentration) of process uranium detected in the
vadose zone or saturated sediments during characterization of thesefour boreholes. Both borehole
geophysical and laboratory GEA reaults support this observation.

In addition to obtaining the directly measured pore water from a few selected sediment samples using
ultracentrifugation, 1:1 sediment to water extracts were performed, and the water extract data were
recal culated (dilution corrected) to derive uranium concentrations in pore water of the sediments. Actual
chemical composition, including uranium concentration of the native pore water in the sediments, was
estimated from the 1:1 water extract analyses after correcting for dilution based on knowledge of the
moi sture content of the sediment samples. A comparison of the uranium concentrations measured in
groundwater samples, directly measured pore water samples after ultracentrifuge, and cal culated pore
water from the 1:1 sediment-water extracts from the four wellsis shown in Figure4.5. The samefigure,
with a different scaleto show more detail, isincluded in Appendix D (Figure D-21).

Uranium concentrations in the pore waters measured directly after ultracentrifugation for wells 399-3-
18 (C4999) and 399-1-23 (C5000) sedimentswere similar to those from the estimated pore waters based
on 1:1 water extracts after moisture content correction. Uranium concentrationsin the calculated pore
watersranged up to 3,650 ug/L and showed relatively higher concentrationsin well 399-3-18 (C4999)
and well 399-1-23 (C5000) sediments. Both well 399-3-19 (C5001) and well 399-3-20 (C5002)
groundwater and estimated vadose zone sediment pore waters showed relatively low uranium concen-
trations compared to samples from well 399-3-18 (C4999) or well 399-1-23 (C5000). The borehole
sediment uranium concentration profiles (Figure 4.5) suggest that near the water table, vadose
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Figure 4.5. Soluble Uranium Concentrations in the Depth-Discrete Groundwater, Pore Water After
Ultracentrifugation, and Calculated Pore Water Uranium Concentrations in the Sediments
from Boreholes (a) 399-3-18 (C4999), (b) 399-1-23 (C5000), (c) 399-3-19 (C5001), and
(d) 399-3-20 (C5002)

sediment pore water contains elevated uranium concentrations that are equivalent to, or dightly higher
than, the elevated concentrations in the shallow groundwater. The elevated vadose sediment uranium
concentrations could indicate a nearby source or aremnant of lateral spreading due to groundwater
fluctuations. These results, which compare very well with previous Pacific Northwest National
Laboratory (PNNL) investigations (Zachara 2005), support a conceptual model wherein the uraniumis
more evenly distributed as a low concentration vadose zone source spread over alarge footprint. An
alternative conceptual model assumesone or more residual uranium source *hot spots” in the vadose zone
or upper aquifer sediments might be control ling the groundwater contamination. Based on the data from
these four new boreholes, only well 399-1-23 (C5000) and possibly well 399-3-18 (C4999) contain any
significant concentrations of uranium within the vadose zone pore fluids and sediments. The vadose zone
surrounding wells 399-1-23 (C5000) and 399-3-18 (C4999) may be a slow bleeding source of uranium to
the upper unconfined aquifer by both natura recharge and as caused by the seasond river stage water
table fluctuations.
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It is probable that resdual uranium contamination exists in the lower vadose zone beneath the
southern portion of the 316-5 process trenches based on data fromwell 399-1-23 (C5000). The well
399-1-23 (C5000) borehole has the highest vadose pore water uranium concentrations and analysis of
vadose sediments indicates above background levels of uranium are present at depths 6 meters bgs down
to the water table (~10.5 meters). In addition, based on large differences between microwave-assisted
sediment digestion uranium extracts and uranium leaching results using carbonate extractant (see
Section 6.6.1.4 for details), high concentrations of recalcitrant uranium contamination were also found in
thewell 399-1-23 (C5000) borehol e vadose zone sediments. Because carbonate-leachable uraniumis
considered to be labile uranium, the difference between the carbonate-leached uranium and the
microwave-assi sted digested uranium (total leachable uranium) indicates the presence of a more strongly
bound uranium phase, perhaps found as mineral coprecipitates or within mineral structures. The
carbonate-|eachabl e strongly bound uranium contamination, detected in the vadose zone sediments close
to the water table, could be a continuous source of uranium that slowly bleedsinto the groundwater
through a saturation-de-saturation mechanism that is controlled by river level fluctuations.

The highest inorganic carbon content (3.42 mg/g or 2.85 wt.% as CaCO,) was found at a depth of 7 m
(23 feet) bgs where the highest uranium concentration (5 pCi/g) was detected via the microwave-assisted
digestion method (well 399-1-23 [C5000]). These results suggest that uranium is present in this sample
due to co-precipitation with calcite. Similar results suggesting possible uranium co-precipitation with
calcite in 300 Area sediments have been found by others (Wang et a. 2005; Zachara et al. 2005). We
speculate that the higher inorganic carbon content in the sediments from well 399-1-23 (C5000) may be
related to reactions of alkaline waste with atmospheric carbon dioxide and the native vadose zone pore
waters during the active disposal period into the 300 Area process trenches. However, it may be possible
that the higher inorganic carbon contents in the well 399-1-23 (C5000) sediments are detrital (transported
and deposited by the ice-age floods) from subtle differencesin sediment mineralogy. More detailed
microscal e characteri zation techniques would need to be applied to these sediments to potentialy
determine the origin of the carbonates in the sediments.

Co-precipitation of uranium with calcite in vadose zone sediments might have significant implica-
tions for the fate and transport of uranium in groundwater, especialy in the capillary fringe region where
the water table tends to fluctuate due to Columbia River level changes. Thetotal carbon content
measured in sediments from boreholes 399-3-19 (C5001) and 399-3-20 (C5002) was relatively low, and
inorganic carbon content varied from 0.0 to 0.96 and to 0.93 mg/g (<1 wt.% as CaCQ;), respectively,
similar to those values found in sediments from borehole 399-3-18 (C4999). The highest inorganic
carbon content (0.93 mg/g) measured in sediments from borehole 399-3-20 (C5002) at a depth of 24.7
meters (81.1 feet) bgs might result from calcium carbonate present as cementing materias at the boundary
between the Hanford and Ringold formation sediments.

4.2 Nitrate Distribution

The analysis of nitrate concentration in groundwater samples and 1.1 water extracts from the
sediments from the four boreholes was conducted, and the results are shown in Appendix D. Detectable
nitrate concentrationsin the groundwater were only found in the shallower depths of theaquifer (within 5,
17, 34, and 23 fedt of the water tablein boreholes 399-3-18 (C4999), 399-1-23 (C5000), 399-3-19
(C5001), and 399-3-20 (C5002), respectively). The groundwater nitrate concentrations ranged from 13 to
21, 26 to 27, 37 to 39 and 22 to 23 mg/L in the shallow zones of the aquifer at boreholes399-3-18
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(C4999), 399-1-23 (C5000), 399-3-19 (C5001), and 399-3-20 (C5002), respectively. These concentra-
tions are below the drinking water MCL and not noteworthy compared to nitrate plumes on the 200 Area
Central Plateau. There are a few high nitrate concentrations detected in the lower depths of the vadose
zone porewater (upper 35 feetin borehole 399-3-18 (C4999) at concentrations of 4460 down to
110mg/L and upper 20 feet in borehole 399-1-23 (C5000) pore water at concentrations from 60 to
33mg/L. At borehole 399-3-19 (C5001), there was one pore water sample at 39.5 feet bgs that contained
36 mg/L nitrate, and at borehole 399-3-20 (C5002) the pore water nitrate was 140 mg/L at 16 feet bgs and
the nitrate pore water concentration dropped below the detection limit <10 mg/L at 25 feet bgs. All the
aquifer sediments showed low nitrate concentration from 1:1 water extracts. Most nitrate concentrations
in the aquifer significantly drop below detection limits at the Hanford/Ringold contact. As can be seenin
Figures 4.1 to 4.4, nitrate is never a dominant anion in the groundwater.

The new datafrom the recently installed boreholes 399-3-18 (C4999), 399-1-23 (C5000), 399-3-19
(C5001), and 399-3-20 (C5002) suggest that the source of the nitrate in the groundwater today is likely
not the vadose zone sediments at the 300-FF-5 OU. Thereis no indication that the deep vadose zone
sediments or aguifer sediments contain elevated nitrate concentrations that could be supplying the low
concentrations of nitrate found in the groundwater at the 300-FF-5 OU. A more likely sourceis
upgradient groundwater that isimpacted by other Hanford activities, the Central Plateau fuel reprocessing
facilities, and/or irrigation water that recharges the aquifer from nearby agricultural and industria
facilities. At boreholes 399-3-18 (C4999) and to alimited extent 399-1-23 (C5000) in the near-surface
vadose zone, thereis elevated nitrate that could be afuture source of groundwater nitrate if a water
driving force (including slow natural recharge) pushes the soluble nitrate to the water table. However,
these pools of nitrate do not appear to be the cause of the current groundwater nitrate distribution.

4.3 Volatile Organic Carbon Constituents

As part of the LFI characterization, the groundwater samples were also analyzed for volatile organic
compounds (VOC). Severa organic carbon compounds were detected in al four of the boreholes at
depths well below the water table and bel ow those typically monitored by the 300 Areawell network
(Table4.1).

At the northern location (well 399-1-23 [ C5000]), cis-1,2-dichloroethene (DCE) was detected at
multiple depth horizons in the deeper portion of the aquifer below the Hanford/Ringold contact, with
concentrations increasing with increased depth (Figure 3.3). This occurrence is consistent with other
monitoring data from nearby wellsthat revea the presence of DCE in the lower portion of the unconfined
aquifer. The source for the DCE is presumed to be disposal of liquid effluent to the 300 Area Process
Trenches (316-5 waste site) during the 1970s and 1980s.

At two of the southern locations, wells 399-3-18 (C4999) and 399-3-20 (C5002), results for TCE
were well above the drinking water standard, again at depths below the Hanford/Ringold contact
(Figures 3.2 and 3.5). Re-analysis of those samples confirmed theinitial results, and there is no evidence
to indicate that TCE may have been inadvertently introduced into the boreholes during drilling activities.
Consequently, the elevated concentrations are presumed to represent aguifer conditions. These occurr-

ences were unexpected and have opened new questions regarding the extent of VOC contamination in the
subsurface at the 300 Area.
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The area of concern is centered on LFI well 399-3-20 (C5002) and extends to include the southern
portion of the South Process Pond (316-1 waste site) and 307 Trench (316-3 waste site) (see Figure 2.1).

A water sample collected during drilling at well 399-3-20 (C5002) from the Ringold Formation
undesignated fine-grained unit contained TCE at a concentration of 630 pug/L. Thisunitisbelow the
Hanford fm unit 1 monitored by the completed monitoring well (see Table 4.1) and other wellsin the
area LFl well 399-3-18 (C4999), located ~200 meters to the northeast of well 399-3-20 (C5002), also
revealed elevated TCE concentrations (63 and 51 pg/L) in drilling samples collected from the upper
portion of the same hydrologic unit asin well 399-3-20 (C5002).

TCE concentrations in drilling samples from the uppermost Hanford fm hydrogeologic unit, i.e.,
above the Hanford/Ringold contact, are consistent with those indicated by long-term groundwater
monitoring. Concentrations in the Hanford gravels have been lower than the 5-ug/L drinking water
standard for at least the last decadein the area of concern (Peterson 2005). The TCE has been presumed
to have migrated into the 300 Area from sources to the southwest, i.e., it is not associated with 300 Area
waste sites(Lindberg and Peterson 2006). However, the presence of TCE and other volatile organic
compounds at depths in the aquifer greater than those monitored by existing wells poses new questions as
to the origin and nature of VOC contamination in the unconfined aguifer.

DOE has elected to go forward with characterizing the VOC occurrence at depth in the unconfined
aquifer at the southern locations in the 300-FF-5 OU because of these questions. This new VOC
investigation is not part of thisLH.
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Table4.1.

Limited Field Investigation Sites

Volatile Organic Compounds in Water Samples Collected During Drilling of
Limited Field Investigation Characterization Boreholes, 300 Area

Volatile Organic Compounds in Water Samples Collected During Drilling at 300 Area

Depth to
Depth to top bottom of Drilling
of sample sample sample Cis-1,2-
interval interval relative to Trichloro- Tetrachloro- dichloro-
(feet-below  (feet-below final ethene ethene ethene Vinyl chloride
Drilling sample location ground ground screened Sample (ugiL) (ug/L) (uglL) {ugiL)
designator surface) surface) interval Date/Time MDL = 0.20 MDL =0.19 MDL =0.19 MDL =0.23
399-1-23: Near southern end of former 300 Area Process Trenches (316-5 waste site)
C5000,399-1-23 (1) 335 34 Within 4/3/2006 U U U U
C5000,399-1-23 (2) 36 39  Within 4/4/2006 0.20 Ul u U
C5000,399-1-23 (3) 43 43.5  Within 4/4/2006 U U U U
C5000,399-1-23 (4) 47 48.5  Within 4/5/2006 u U u u
(completed well) 25 50 Screen 716/2006 0.22 u u u
(completed well) 25 50 Screen 9/14/2006 0.22 u u U
C5000,399-1-23 (5) 53.5 55 Below 4/5/2006 210 0.20 3.00 U
C5000,399-1-23 (6) 58.6 60 Below 4/6/2006 2.20 Ul 15.00 U
C5000,399-1-23 (7) 67 70 Below 4/7/2006 0.27 U 32.00 U
C5000,399-1-23 (8) 77 82 Below 4/10/2006 1.10 U 48.00 u
C5000,399-1-23 (9) 88.5 92 Below 4/11/2006 2.20 U 51.00 8]
C5000,399-1-23 (10) 105.5 110 Below 4/17/2006 U U 57.00 U
399-3-18: Near Columbia River, downgradient of former South Process Ponds (316-1 waste site)
C4999,399-3-18 (1) 42.5 42.5  Within 3/14/2006 0.85 u U U
C4999,399-3-18 (10) 42.6 47.9  Within 4/13/2006 0.78 u U U
(completed well) 33 48 Screen 6/27/2006 1.40 U U U
C4999,399-3-18 (2) 46 49.7 At bottom 3/14/2006 63.00 1.80 0.71 U
C4999,399-3-18 (3) 52.5 52.5 Below 3/15/2006 51.00 0.83 0.66 8]
C4999,399-3-18 (4) 66 70 Below 3/16/2006 0.64 U U u
C4999,399-3-18 (5) 76 78 Below 3/20/2006 U u U U
C4999,399-3-18 (6) 86 89 Below 3/21/2006 u Ul u U
C4999,399-3-18 (7) 98 101 Below 3/22/2006 u U 0.85 U
C4999,399-3-18 (8) 107 109 Below 3/22/2006 U u U U
C4999,399-3-18 (9) 120 121.5 Below 3/23/2006 U U 3.00 U
399-3-19: Inland, upgradient from principal liquid waste disposal sites
C5001 399-3-19 (1) 53 53  Within 4/26/2006 1.20 U U u
C5001 399-3-19 (2) 57.5 58  Within 4/27/2006 1.20 Ul u U
C5001 399-3-19 (3) 63 63  Within 4/27/2006 1.20 U U U
(completed well) 40 65 Screen 7/6/2006 0.77 u U U
(completed well) 40 65 Screen 9/25/2006 1.20 U U 0]
C5001 399-3-19 (4) 80 88 Below 4/28/2006 1.70 U U U
C5001 399-3-19 (5) 100 102.5 Below 5/3/2006 1.40 u u U
C5001 399-3-19 (6) no sample no sample Below U U U
389-3-20: Adjacent to downgradient side of 307 Process Trench {316-3 wasle site)
C5002 399-3-20 (1) 51 53.5  Within 5/12/2006 0.84 U U U
C5002 399-3-20 (2) 60 63  Within 5/12/2006 0.80 u U U
(completed well) 40 65 Screen 716/2006 1.50 U U U
(completed well) 40 65 Screen 9/25/2006 1.50 u U u
C5002 399-3-20 (3) 72 73 Below 5/15/2006 1.60 U U 8]
C5002 399-3-20 (4) 90 92 Below 5/16/2006 630.00 9.90 6.50 u
C5002 399-3-20 (5) nosample no sample Below
C5002 399-3-20 (6) nosample no sample Below

Color Key: Blue = undetected (U); Black = detected; Red = Exceeds MCL
Ground elevation at LFI characterization borehole sites (m-NAVD88):
399-1-23 (115.455); 399-3-18 (117.680); 399-3-19 (120.647); and 399-3-20 (120.448)
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5.0 Summary

The Limited Field Investigation produced abundant new observational data about conditionsin the
vadose zone and unconfined aquifer in the 300 Areathat are relevant to uranium contamination in the
subsurface environment. Each of the four characterization borehole drilling sites represented a different
combination of hydrologic settings, proximity to waste disposal sites, and proximity to the Columbia
River. The sites were chosen to provide the widest assortment of subsurface conditions relative to
contaminant uranium, given the resources available, such that the conceptual site model for uranium can
be developed as comprehensively as possible. The new information obtained by the LFI pertainsto
(a) stratigraphy and hydrologic units, (b) the vertical distribution of uranium in the vadose zone and
unconfined aquifer from laboratory geochemical analyses and field measurements, and (c) the potentia
usefulness of geophysical logging for mapping contaminant uranium in future 300 Area boreholes.

5.1 Summary of Principal Results

Objectives for the Phase | characterization boreholes are described in Section 1.2. The following
presents a summary of resultsthat are relevant toward meeting those objectives, along with additional
genera information on what was achieved during this investigation:

511 Drilling/Char acterization M ethodology

The sonic drilling method was successfully used at four representative locations to recover continuous
core throughout the vadose zone and unconfined aquifer. The drilling activity also facilitated the collec-
tion of groundwater samples from the saturated zone, hydraulic testing at multiple depth horizons, and
geophysical logging using a variety of tools. A portion of the core recovered has been archived and is
available for future investigations.

The four characterization boreholes were completed as monitoring wells, with screened intervals
positioned in the upper portion of the unconfined aquifer. Each well screen was strategically placed,
based on laboratory analyses, to capture the peak vertical zone of uranium contaminated groundwater in
the unconfined aquifer at each well location. The four new monitoring wells and their well identifiers are;
399-3-18 (C4999), 399-1-23 (C5000), 399-3-19 (C5001), and 399-3-20 (C5002). All four wells have
been added to the groundwater monitoring schedule.

51.2 Hydr ogeologic Framewor k

Geologic characteri zation activities during drilling have revealed significant new details on the
subsurface stratigraphy at these sites. The new information has permitted re-interpretation of the drilling
logs from previously installed wells, which has been followed by a substantial update of the database for
the 300 Area hydrogeologic framework. Significant productsinclude anewly defined structure contour
surface for the contact between the gravel dominated Hanford formation Unit 1 and the underlying
Ringold Formation Unit 5. The saturated portion of the Hanford gravels appears to contain the bulk of
contaminant uranium, and the relief on the contact likely influences the movement pattern of that plume.

The Hanford formation Unit 1, composed predominantly of unconsolidated sandy gravel, is
significantly more permeable than the underlying and older Ringold Formation, which includes more
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compacted and variably cemented fine-grained to gravelly sediment. The principal subunits of Ringold
Formation Unit 5 include a) an undesignated fine-grained unit composed of silt and fine sand, and b) the
silty sandy gravel interval.

The hydraulic conductivity (Ky,) of the Hanford formation Unit 1 gravel is very high (=2000 meters
per day) compared to the low-to-moderate conductivity in Ringold Formation Unit 5 subunit (0.04 to
41.2 meters per day). Because of these differences, the Hanford-Ringold contact represents an effective
barrier to downward migration of groundwater and contaminants.

The Ringold Formation Unit 5 undesignated fine-grained subunit is composed of low permeability
silty sand to sandy sediment, and is present at three of the four characterization borehole locations (it is
not present at the northernmost location, 399-1-23). The subunit is characterized by alternating layers of
oxidized and reduced fine-grained sediment, and by relatively low groundwater specific conductance
values. Previous drilling had indicated the occasiona presence of asimilar fine-grained subunit in
Ringold Unit 5. However, the LFI results have revealed that this subunit is more continuous than pre-
viously thought and has significance relative to contamination at depth. The undesignated fine-grained
subunit does not contain € evated levels of uranium contamination, but has reveal ed evidence for
contamination by VOC.

513 Contaminant Uranium in the Vadose Zone

The amount of uranium contamination (i.e., activity per unit mass of sediment) in vadose zone
samples was determined by laboratory geochemical analysis of various extracts of the bulk sediments,
including a 1:1 water extract, acid extract, and microwave-assisted digestion of the sample. GEA was
also used to measure uranium activity in the laboratory samples. For nearly all measurements, the activity
of uranium in the sediment isin the less than 4 pCi/g (based on dry weight). The uranium measured by
GEA is presumed to be consistent with background levels of natural uranium in the sediment.

At three of the four borehole | ocations, there is no distinct evidence for elevated levels of uraniumin
sediment immediately above the water table. However, at one of the boreholes (399-1-23, near the
former 300 Area Process Trenches), uranium is shown to be somewhat elevated in a zone positioned
approximately one meter above the normal high water level at the borehole site, with values ranging up to
5.7 pCi/g. The highest activitiesof uranium are for analyses done using microwave assisted digestion,
which isthe most aggressive “extraction” method for preparing the sample, and thus would be the most
likely extraction method for total uranium concentration including less mobile forms of uranium. The
microwave-assisted digestions were performed on small masses of sediment from which gravel particles
(>2 mm) were removed. Thus the microwave- assisted uranium concentration values were often larger
than the GEA concentration values for the same bulk sediment that contained gravel. Thisis common
because the larger gravel particles contain lower concentrations of trace constituents, such as uranium,
than the smaller particles based on mass.

Therelatively low levels of uranium, i.e., lower than expected, that were encountered in sediment
samples from the vadose zonewere too low to alow use of spectral gamma geophysical logging and
GEA results measured in the field to define the vertical distribution of contaminant uranium inthe
boreholes Geophysical logging analysts for this investigation have estimated that the lower detection
limit for that logging effort was ~10 pCi of total uranium/g.
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While most measurements for contaminant uranium in sediment from the vadose zone do not reveal
digtinctly elevated levels on a unit sediment mass basis, estimates for the concentration of uraniumin the
moi sture associated with the sample (i.e., activity per pore water volume in the sediment) do reveal
significantly elevated values in two of the four new wells. These estimates are based on the analyses of
water extracts from the sediment, with the results then interpreted rel ative to the natural moisture content
of the sample. The highest estimated values for uranium in pore water range up to ~3,650 pCi/L and were
found in borehole 399-1-23. This borehole location is adjacent to the former 300 Area Process Trenches,
which were the last infiltration trenches to receive uranium-bearing effluent. Elevated concentrations
(~500 pCi/L) were aso estimated for vadose zone pore water from borehole 399-3-18, which islocated
within the central portion of the mapped groundwater uranium plume. The significance of these high
uranium concentrations estimated for vadose zone pore waters with respect to their influence on
maintai ning the groundwater plume remains under investigation.

514  Contaminant Uranium in the Aquifer

Uranium extracted from aquifer sediment samples was aso at relatively low levels and comparable to
levels observed in sediment from the vadose zone. There is the suggestion of a reduced zone containing
elevated amounts of natural uranium in samples from the fine-grained aquifer sediments encountered at
399-3-18; it appears that this zone has been acting asa“sink” for natural uranium. Based on uranium
leaching using different solutions, the uranium present in the aquifer sediments can slowly desorb from
the contaminated sediments |ocated near the capillary fringe region, where water chemistry is frequently
changed by river water infiltration. Due to the sensitivity of uranium release to the chemistry of the
contacting water, the river water influx and mixing in the capillary fringe zone could be a continuous
source of slowly bleeding uranium into the 300 Area aquifer.

Uranium concentrations in depth-discrete groundwater samples collected during drilling are general ly
consistent with concentrations observed in historical groundwater monitoring samples. The highest
groundwater uranium concentrations in the water obtained during borehole drilling ranged up to
~200 pg/L and were found at the location near the former 300 Area Process Trenches (399-1-23). At
all four locations, the highest groundwater uranium concentrations were observed in samples from the
saturated Hanford gravels. Samples collected from the underlying Ringold Formation showed very low
concentrations of uranium that are consi stent with natural background levels.

The depth-discrete interval groundwater sampling conducted during drilling confirmed that inter-
pretations regarding the distribution and concentrations of the uranium plume are adequately represented
by sampling and analysis activities in the current monitoring well network.

515 Additional Discoveries and Observations

Determining the characteristics of contaminant uranium was the primary focus for the LFI
characterization activities. Additional measurements were made to provide supporting information
relevant to uranium mobility, and to take advantage of the opportunity to screen for other 300 Area
COPC.

VOCs were detected in many of the groundwater samples collected during drilling. Samples from

depth intervals equival ent to those monitored by the established well network show concentrations that
are consistent with those revealed by routine monitoring. However, unexpectedly high levels of
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trichloroethene were encountered in deeper groundwater samples from boreholes 399-3-18 and 399-3-20.
These groundwater samples were obtained within the Ringold Formation undesignated fine grained unit

(i.e., lesstransmissive). Thisdiscovery hasled to planning for an additional investigation of VOCsin the
300 Area.

At borehole 399-3-18, unexpectedly low val ues for the specific conductance of groundwater samples
collected during drilling were measured. The anomalously low values a so appeared to be correlated with
the relatively low permeability fine-grained subunit in the Ringold Formation. The significance of this
finding is not currently well understood.

5.2 Phasell Drilling Activity

Asinitially conceived, the LFI would proceed with two phases of drilling: the first would involve
coring and extensive characterization at representative locations (Phase 1), and the second wasto be a
widespread distribution of direct-push boreholesto provide access for high resolution spectral gamma
logging (Phase I1). Because the levels of uranium encountered during the Phase | drilling were too low
for detection by the spectra gamma logging equipment, the second phase was cancelled.

There are several conseguences of this development, although none are expected to be critical to
achieving sufficient information to proceed with the feasibility study. However, without afield method to
map differences in the levels of uranium in the capillary fringe (“smear”) zone throughout the area
occupied by the uranium plume, there is no new information on the nature of those differences (i.e., large
or small variations) and on correlations with proximity to waste sites, process sewer lines, the Columbia
River, and water table fluctuations.

5.3 Limitationsand Caveats

This LF was planned and conducted in accordance with the purpose of providing better characteri-
zation of the sediment and uppermost aquifer beneath the 300-FF-5 OU. It was designed to provide an
outline level of information of the vertical, stratigraphic occurrence and distribution of the primary
constituent of concern, uranium, at four locations. These four locations were pre-selected based upon
proximity to source(s), historic groundwater residual concentrations, and a simplified conceptual model
that hypothesized the potential of awidespread occurrence of uranium at or near afluctuating water table.
Theintent of thisinitial phase of characterization was to provide arigorous basis for extrapolation with a
second phase of investigation at 15 Direct Push Technology (DPT) locations spread across the site. With
the technical inability to quantitatively correlate radioactivity from uranium in these DPT holes based on
laboratory-analyzed uranium concentrations from sediments collected in the first phase, our ability to map
the lateral extent of uranium deposits associated with sediments has been precluded. Consequently, this
investigation is limited inits lateral resolution of a nonruniform, spatially variable contaminated site.
With the exception of some limited pit samples collected in the two former pond areas prior to backfilling
in 2004, thereis minimal additional information concerning uranium residualsin or near known waste
disposal units at the site. This deficiency increases the uncertainty of the resulting conceptual model.
However, the ongoing treatability investigation near the south end of the 316-trench and future borings
that will accompany phased implementation of future remediation deployments will provide opportunities
for confirmation of the geochemical and uranium depositional patterns indicated by this investigation.
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Indications of other contaminants, notably TCE, in two of the southern boreholes of thisinvestigation
were not delineated sufficiently by thisinvestigation to define the source, extent, and magnitude of the
chlorinated solvent(s). Follow-up characterization efforts have been planned and will be conducted to
better address the chlorinated solvents detected in this study.

The 300-FF-5 OU is an extensive area with multiple historic release locations into a spatially variable
subsurface vadose zone with a dynamic and temporally changing hydrogeology. An understanding of the
contaminant distribution and mechanism devel oped from the information herein should be viewed within
the broad context as presenting alarger scale conceptua model of uranium contamination as affecting
dissolved uranium in the groundwater. It provides a sound fundamental beginning for developing a
remediation strategy for the site. Further site resolution and particulars of implementing remedial actions
will develop as the remediation effort proceeds.
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6.0 LFI Phasel —Borehole Data

This section summarizes the drilling, characterization activities, and construction of the four Phase |
groundwater monitoring wells. Groundwater monitoring wells 399-3-18 (C4999), 399-1-23 (C5000),
399-3-19 (C5001), and 399-3-20 (C5002) wereinstalled in the four new boreholes between May and July
2006. Thelocation of these wellsis shown in Figure6.1. These new groundwater monitoring wells also
fulfill requirements of the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989)
Milestone M-24-57 (Murphy-Fitch 2003)@ during FY 2006. The new wells were constructed to the
specifications and requirements described in Washington Administrative Code (WAC) 173-160,
Sampling and Analysis Plan for CERCLA Well Drilling at 300-FF-5 OU, FY05 (DOE 2005a), and
specifications provided by Fluor Hanford, Inc. (FHI), Richland, Washington.

Additional well construction documentation ison filewith FHI. The Hanford Well Information
System (HWIS) (http://apweb02.rl.gov/cfroot/rapi dweb/phmc/cp/hwisapp/) contains electronic drilling
and construction records for these wells (Note: thislink is password protected, contact FHI or DOE for
access approval).

The four boreholes were drilled with the resonant sonic drill method using 9-5/8 inch outside
diameter (0.5-inch-thick) carbon steel casing and cored using a 6-feet long by 5-inch inside diameter split
spoon core barrel. The boreholes were completed with nominal 6-inch-diameter stainless steel casings
and screens as groundwater monitoring wells.

Two of the four characterization boreholes (399-3-18[C4999] and 399-1-23 [C5000]) were drilled
through the entire uppermost unconfined aquifer to the top of the Ringold Formation lower mud confining
unit that separates and isolates the lower confined Ringold/basalt aquifer system. The purpose of the deep
drilling was to provide access for characterization of the entire upper unconfined aguifer. The third and
fourth characterization boreholes (399-3-19 [C5001] and 399-3-20 [C5002]) were only drilled to depths
that extend midway into the unconfined aquifer because existing data and monitoring results suggested
that the uranium contamination was mainly constrained to the very upper portion of the unconfined
aquifer. All of these boreholes provided access to the vadose zone and upper portion of the unconfined
aquifer for the collection of continuous sediment core and depth-discrete water samplesfor aquifer testing
and borehole geophysical logging.

6.1.1 Field Screening

Field screening for radiologica and chemical contaminants was completed at each well during
drilling and sampling to fulfill site safety and worker health requirements. During drilling of the four new
boreholes, drill cuttings and select core samples were screened in the fidd for VOCs and beta-gamma
activity by radiation control technicians and site safety staff. Subsurface spectral gammalogs were also
evaluated for gamma-emitting contaminants (details are discussed in Section 6.6.4).

(@) Letter from EJMurphy-Fitch (Fluor Hanford, Inc., Richland, Washington) to Distribution, “Tentative
Agreement on Tri-Party Agreement Negotiations on the Overall Strategy and Approach for Hanford
Groundwater Protection, Monitoring, and Remediation (M-024),” dated September 22, 2003.
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Radiation screening of cuttings revealed only natural background levels. Results of field screening
for radiation and gases during drilling are indicated on the daily drilling reports, which are on file with the
drilling contractor (FHI).

6.2 Well 399-3-18 (C4999)

Well 399-3-18 (C4999) is located approximately 200 feet west of the Columbia River in the 300 Area
(Figure 6.1), downgradient of the former 316-1 South Process Ponds and slightly west of existing well
399-1-3. The new well monitors the uppermost unconfined aquifer and is screened across lower Hanford
formation sediments.

6.2.1 Drilling and Sampling

Well 399-3-18 (C4999) was drilled with arotosonic drill rig from surface to atotal depth of 131 feet
bgs. Temporary 9-5/8-inch outside diameter casing was used during drilling to total depth. Drilling
began on March 9, 2006, and total depth was reached on March 23, 2006.

Continuous coring was attempted during drilling from the surface to 130.5 feet bgs. Representative
core was obtained from approximately 71% of the borehole. The water table was encountered at approxi-
mately 42.5 feet bgs. The boreholelog in Appendix A provides the lithologic description of sediments
encountered in the field during drilling. The compositelog in Figure 3.2 is acompilation of al geologic,
hydrologic, geophysical, and uranium data collected from the well. High-resolution digital photographs
of the sediment core are provided in Appendix B.

Ten depth-discrete water samples were collected, and four depth-discrete aquifer hydraulic tests were
performed during drilling through the unconfined aquifer. The groundwater samples were analyzed as
described in Section 6.6.2. Select results from the vadose zone and groundwater analysis are plotted on
the composite log (Figure 3.2) to illustrate the vertical contaminant distribution and the relationship to the
various hydrogeologic units.

Sedi ments encountered during drilling were composed of approximately 13 feet of coa ash and other
backfill sediment near the surface followed by predominantly unconsolidated cataclysmic flood deposits
composed of mostly the gravel -dominated facies of the hydrologic Unit 1 (Hanford formation) from
approximately 13 feet to a depth of 46.3 feet bgs.

The Hanford/Ringold contact at thislocation is marked by a very abrupt and sharp changein
lithology. Beneath the Hanford formation gravel-dominated facies lay fluvial deposits belonging to an
undesignated fine-grained unit of the Ringold Formation (Unit 5), which is composed of athick, well
sorted sequence of compact silty, very fine sand from approximately 46.3 feet to a depth of 81.5 feet bgs.
A silty sandy gravel to gravelly sand sequence of the Ringold Formation Unit 5 was encountered from
81.5 fedt to a depth of approximately 126.4 feet bgs. The Ringold Formation lower mud unit, whichis
considered the lower boundary of the upper unconfined aquifer was contacted at 126.4 feet bgsand
extends to at least the total depth at approximately 130.5 feet bgs. The lower mud unit is composed of
clayey silt to silty sand. The field geologist’s borehole log, aong with the well construction summary
report, as-built diagram, well development and pump installation records, and well survey results are
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included in Appendix A. Appendix B contains the core chain-of-custody forms, the core photographs,
and the detailed geologic description of the sediment core. A more detailed hydrogeologic interpretation
of the borehole sedimentsisincluded in Section 3.0.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants (i.e., gamma). Radioisotope monitoring reveal ed no detectable contamination was present.
Spectral gamma and neutron moisture geophysical 1ogs were run in the temporary boreholein
March 2006 by Stoller Corporation (Appendix C). Section 6.6.4 provides more details of this logging.

6.2.2 Well Completion

The permanent casing and screen were installed in well 399-3-18 (C4999) on March 28, 2006. A
15-feet long, 6-inch inside diameter, stainless steel, continuous wire-wrap 20 ot (0.02-inch dot) screen
was set from 32.86 to 47.86 feet bgs (Figure 3.2). A 2-fed long, 6-inch inside diameter stainless steel
sump is attached to the bottom of the screen and extends from 47.86 to 49.86 feet bgs. The permanent
well casingis6-inch ID, stainless steel from 32.86 feet bgs to 2.18 feet above ground surface.

The screen filter pack is composed of 10-20 mesh silica sand placed from 22 to 52 feet bgs, which
was developed with adual surge block to settle the sand pack. The annular seal is composed of 3/8-inch
bentonite pellets from 17.2 to 22 feet bgs and granular bentonite crumbles from 17.2 to 10.1 feet bgs. The
surface seal is composed of Portland cement grout from 10.1 feet bgs to ground surface. A 4-feet by
4-feet by 6-inch concrete pad was placed around the well a the surface. A protective well head casing
with locking cap, four protective steel posts, and a brass marker stamped with the well identification
number and Hanford well number were set into the concrete pad.

A borehole straightness test was completed. The vertical and horizontal coordinates of the well were
surveyed by Fluor Federal Services on August 3, 2006. The horizontal position of the well was refer-
enced to horizontal control stations established by the U.S. Army Corps of Engineers (USACE). The
coordinates horizontal datum is NAD83(91). Vertical datum is NAVD88 and is based on existing
USACE bench marks. The coordinates are Washington Coordinate System, South Zone. Survey dataare
includedin Table 6.1 and Appendix A. The static water level was 39.5 feet bgs on April 13, 2006.

6.23  Waeéll Development and Pump Installation

Well 399-3-18 (C4999) was developed on April 13, 2006, at the bottom of the screen at approxi-
mately 50.5 feet bel ow top of casing (btc) using atemporary submersible pump. The depth to water was
measured at 42.6 feet below btc prior to development. A pressure transducer was installed above the
pump and connected to a Hermit datalogger to monitor water level during development. A total of
1,485 gallons of water was pumped. Table 6.2 contains the well development results, including pump
intake depth, pump rate, pump run time, drawdown, final turbidity (NTU), pH, and temperature readings.
Water samples were collected following well development and submitted to the labs for analysis.

A dedicated 0.5-horsepower Grundfos™ submersible sampling pump (model 5S05-13) was installed
inwell 399-3-18 (C4999) on May 23, 2006. The sampling pump intake was set at 43.53 feet bgs, and
connected to the surface with 3/4-inch diameter stainless stedl riser pipe.
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399-3-19 (C5001), and 399-3-20 (C5002)

Table6.1. Location and Elevation Data for New CERCLA Wells 399-3-18 (C4999), 399-1-23 (C5000),

Well Name Easting Northing Elevation
(Well ID) (meters) (meters) (meters) Comments
594464.71 116019.98 Center of casing
399-3-18 118.615 Top of casing, N. edge
(C4999) 117.680 Brass survey marker
118.620 Top pump base plate, N. edge
594113.52 116453.04 Center of casing
399-1-23 116.307 Top of casing, N. edge
(C5000) 115.446 Brass survey marker
116.312 Top pump base plate, N. edge
594071.94 116030.22 Center of casing
399-23-19 121.447 Top of casing, N. edge
(C5001) 120.647 Brass survey marker
121.452 Top pump base plate, N. edge
594375.42 115849.70 Center of casing
399-3-20 121.76 Top of casing, N. edge
(C5002) 120.448 Brass survey marker
121.281 Top pump base plate, N. edge
Note: Horizonta Datum is NAD83(91); Vertica Datum is NAVD88; Washington State Plane
Coordinates (South Zone).

6.3 399-1-23 (C5000)

Well 399-1-23 (C5000) islocated approximately 60 feet from the south end (effluent disposal end) of
the 316-5 Process Trenches (Figure 6.1) and is dightly northeast of existing wells 399-1-17A, B, and C.
The new well monitors the uppermost unconfined aquifer and is screened across lower Hanford formation
sediments (Figure 3.3).

6.3.1 Drilling and Sampling

Well 399-1-23 (C5000) was drilled with arotosonic drill rig from surface to atotal depth of 116 feet
bgs. Temporary 9 5/8-inch outside diameter casing was used during drilling to total depth. Drilling
began on March 30, 2006, and total depth was reached on April 12, 2006.

Continuous coring was attempted during drilling from the surface to 112.5 feet bgs. Representative
core was obtained from approximately 63% of the borehole. The water table was encountered at approxi-
mately 33.5 feet bgs. The boreholelog in Appendix A provides the lithologic description of sediments
encountered during drilling. The composite log (Figure 3.3) summarizes the core sample intervals, and
provides the lithology and graphic log based on a detailed description of the core samples. Digita
photographs of the sediment core are provided in Appendix B.
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Table6.2. Well Development Information for Wells 399-3-18 (C4999), 399-1-23 (C5000), 399-3-19
(C5001), and 399-3-20 (C5002)

Pumping
Well Pump Rate | Pump Intake | Run Time | Drawdown Recovery Test
Number (gpm) Depth (ft btc) |  (min) (ft) Fina Field Readings Time
15 50.5 30 0 10.3 NTU, 345 us/cm, 15.5°C, N/A
399-3-18 pH=7.43,DO=83
(C4999) 15 50.5 69 0 2.69 NTU, 349 us/cm, 16.4°C, N/A
pH=751,DO=81
399.1-23 16 48 29 N/A  |1.88NTU N/A
(CS000) 16 36 31 N/A  [2.82NTU N/A
15 68.6 48 0.2 0.83NTU, 480 pc/cm, 17.2°C, N/A
399-3-19 pH =7.23,
(C5001) 15 53.6 27 0001 1043 NTU, 477 ps/cm, 17.2°C, N/A
pH =7.42
15 68 42 009  10.81 NTU, 416 uc/cm, 17.2°C, N/A
399-3-20 pH=74
(C5002) 15 53 36 01  |0.67 NTU, 414 ucicm, 18.5°C, N/A
pH =7.43
ftbtc = Feet below top of casing.
gpm = Gallons per minute.
N/A = Not available.
NTU = Nephelometric turbidity unit.
us/cm = Micro siemens per centimeter.
DO = Dissolved oxygen.

Ten depth-discrete water samples were collected and seven depth-discrete aquifer hydraulic tests
were performed during drilling through the unconfined aquifer. The groundwater samples were analyzed
as described in Section 6.6.2. Select results from the vadose zone and groundwater analysis are plotted on
the composite logto illustrate the vertical contaminant distribution and the relationship to the various
hydrogeol ogic units.

Sediments encountered during drilling were comprised of approximately 51 feet of predominantly
unconsolidated silty sandy gravel of the Hanford formation (hydrologic Unit 1) from approximately
1.5 feet to adepth of 52.5 feet bgs. Backfill and/or recent Holocene deposits make up the upper 1.5 feet
of the borehole.

The exact Hanford/Ringold contact (~52.5 f et bgs) at this location is difficult to identify and data
suggest a gradational contact consisting of a mixture of similarly textured Hanford formation silty sandy
gravel and Ringold Formation silty sandy gravel. However, the transition from grey poorly sorted gravel
to brown, better sorted gravel a approximately 52.5 feet suggest that the contact is near this depth. The
Ringold Formation Unit 5 consists predominantly of asilty sandy gravel to sandy gravel with minor silty
to sandy intervals from 52.5 feet to a depth of approximately 110.3 feet bgs. The Ringold Formation
Lower Mud Unit, which is considered the lower boundary of the upper unconfined aguifer was contacted
at 110.3 feet bgs and extends deeper than the borehole total depth at approximately 116 feet bgs. The
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Lower Mud Unit is composed of silt to silty fine sand. Thefield geologist’ s borehole log, along with the
well construction summary report, as-built diagram, well development and pump installation records, and
well survey results are included in Appendix A. Appendix B contains the core chain-of -custody forms
and the core photographs. A more detailed hydrogeol ogic interpretation of the borehole sedimentsis
included in Section 3.0.

The borehole and drill cuttings were monitored regularly for organic vapors and radioisotope
contaminants (i.e., gamma). Radioisotope monitoring revealed no detectable contamination was present.
Spectral gamma and neutron moisture geophysical logs were run in the temporary borehole in April 2006
by Stoller Corporation (Appendix C). Section 6.6 provides more details of this logging.

6.3.2  Waell Completion

The permanent casing and screen were installed in well 399-1-23 (C5000) on April 19, 2006. A
25-feet long, 6-inch inside diameter, stainless steel, continuous wire-wrap 20 s ot (0.02-inch slot) screen
was set from 24.94 to 49.95 feet bgs (Figure 3.3). A 2-feet long, 6-inch inside diameter stainless stegl
sump is attached to the bottom of the screen and extends from 49.95 to 51.98 feet bgs. The permanent
well casing is 6-inch inside diameter, stainless steel from 24.94 bgs to 1.65 feet above ground surface.

The screen filter pack is composed of 10-20 mesh silica sand placed from 20 to 54.4 feet bgs, which
was developed with adual surge block to settle the sand pack. The annular seal is composed of 3/8-inch
bentonite pellets from 14.4 to 20 feet bgs and granular bentonite crumbles from 14.4 to 10.8 feet bgs. The
surface seal is composed of Portland cement grout from 10.8 feet bgs to ground surface. A 4-foot by
4foot by 6-inch concrete pad was placed around the well at the surface. A protective well head casing
with locking cap, four protective stedl posts, and a brass marker stamped with the well identification
number and Hanford well number were set into the concrete pad.

The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Serviceson
August 3, 2006. The horizonta position of the well was referenced to horizontal control stations estab-
lished by the USACE. The horizontal datumisNAD83(91). Vertical datum is NAVD88 and is based on
existing USACE bench marks. The coordinates are Washington Coordinate System, South Zone. Survey
dataareincluded in Table 6.1 and Appendix A. The static water level was 30.3 feet bgs on May 1, 2006.

6.3.3  Waell Development and Pump Installation

Well 399-1-23 (C5000) was developed on May 1, 2006. Two intervals, 48 feet and at 38 feet below

top of casing (btc), were pumped using atemporary submersible pump. The depth to water was measured
at 33.0 feet btc prior to development. A pressuretransducer was installed above the pump and connected
to aHermit datalogger to monitor water level during development. A total of 930 gallons of water was
pumped. Table6.2 contains the well development results, including pump intake depth, pump rate, pump
run time, drawdown, and final turbidity (NTU).

A dedicated 0.5 hp Grundfos™ submersible sampling pump (modedl 5S05-13) wasinstalled in well
399-1-23 (C5000) on May 23, 2006. The sampling pump intake was set at 43.88 feet bgs, and connected
to the surface with 3/4-inch diameter stainless stedl riser pipe. Depth to water was measured at 33.4 feet
btc.
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6.4 Well 399-3-19 (C5001)

Well 399-3-19 (C5001) islocated upgradient approximately 450 feet west of the 316-1 South Process
Ponds within the 300 Area(Figure 6.1). The new well monitors the uppermost unconfined aquifer and is
screened across lower Hanford formation sediments (Figure 3.4).

6.4.1 Drilling and Sampling

Well 399-3-19 (C5001) was drilled with a rotosonic drill rig from surface to atotal depth of
103.5feet below ground surface (bgs). Temporary 9 5/8-inch outside diameter casing was used during
drilling to total depth. Drilling began on April 24, 2006, and total depth was reached on May 3, 2006.

Continuous coring was attempted during drilling from the surface to approximately 100 feet bgs.
However, core recovery was poor (<50%) in the saturated Hanford formation because of the loose,
unconsolidated nature of the gravel. The water table was encountered at approximately 47.2 feet bgs
on April 26, 2006. The boreholelogin Appendix A provides the lithologic description of sediments
encountered during drilling. The composite log (Figure 3.4) summarizes the core sampleintervals, and
provides the lithology and graphic log based on a detailed description of the core samples. Digital
photographsand detailed geologic description of the core are in Appendix B.

Five depth-discrete water samples were collected and two depth-discrete aquifer hydraulic tests were
performed during drilling through the unconfined aquifer. The groundwater samples were analyzed as
described in Section 6.6.2. Select results from the vadose zone and groundwater analysis are plotted on
the composite log (Figure 3.4) to illustrate the vertical contaminant distribution and the relationship to the
various hydrogeologic units.

Sediments encountered during drilling were comprised of approximately 13 feet of backfill sediments
at the surface, followed by predominantly unconsolidated sand to sandy gravel and gravel of the hydro-
logic Unit 1 (Hanford formation) from approximately 13 feet to a depth of 83 feet bgs.

The Hanford/Ringold contact at thislocation is at approximately 83 feet bgs and distinguished by
changesin lithology and color. Thereis only approximately 1.5 feet of Ringold Formation Unit 5 sandy
gravel before the lithol ogy changes abruptly into a clayey silt to sand interval located from approximately
84.7 feet bgs to 98 feet bgs. The borehole reached atotal depth of 103.5 feet bgs within the Unit 5 sandy
gravel. Thefield geologist' s borehole log, along with the well construction summary report, as-built
diagram, well development and pump installation records, and well survey results are included in
Appendix A. Appendix B contains the core chain-of-custody forms, the core photographs, and the
detailed geologic description of the sediment core. A more detailed hydrogeologic interpretation of the
borehole sedimentsisincluded in Section 3.0.

The borehole and drill cuttings were monitored regularly for organic vapors and radioisotope
contaminants (i.e., gamma). Radioisotope monitoring revealed no detectable contamination was present.
Spectral gamma and neutron moisture geophysical logs were run in the temporary borehole in May 2006
by Stoller Corporation (Appendix C). Section 6.6.4 provides more details of thislogging.
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6.4.2  Well Completion

The permanent casing and screen were installed in well 399-3-19 (C5001) on May 5, 2006. A 25-foot
long, 6-inch inside diameter, stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) screen was set
from 40.29 to 65.42 feet bgs (Figure 3.4). A 2-feetlong, 6-inch inside diameter stainless steel sump is
attached to the bottom of the screen and extends from 65.42 to 67.45 feet bgs. The permanent well casing
is 6-inch inside diameter, stainless steel from 40.29 bgs to 1.69 feet above ground surface.

The screen filter pack is composed of 6-9 mesh silica sand placed from 29.9 to 71.9 feet bgs, and was
developed with adua surge block to settle the sand pack. The annular seal is composed of 3/8-inch
bentonite pellets from 23.9 to 29.9 feet bgs and granular bentonite crumbles from 10.5 to 23.9 feet bgs.
The surface seal is composed of Portland cement grout from 10.5 feet bgsto ground surface. A 4-foot by
4-foot by 6-inch concrete pad was placed around the well at the surface. A protective well head casing
with locking cap, four protective steel posts, and a brass marker stamped with the well identification
number and Hanford well number were set into the concrete pad.

The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Serviceson
August 3, 2006. The horizontal position of the well was referenced to horizontal control stations
established by the USACE. The horizontal datum isNAD83(91). Vertical datumisNAVD88andis
based on existing USA CE bench marks. The coordi nates are Washington Coordinate System, South
Zone. Survey dataareincluded in Table 6.1 and Appendix A. The static water level was 47.7 feet bgs on
May 22, 2006.

6.4.3  Waeéll Development and Pump Installation

Well 399-3-19 (C5001) was developed on May 22, 2006, at two locations within the screen at
approximately 68.3 and 53.6 feet btc using atemporary submersible pump. The depth to water was
measured at 50.34 feet btc prior to development. A pressure transducer was installed above the pump and
connected to a Hermit datalogger to monitor water level during development. A total of 1,125 gallons of

water was pumped. Table 6.2 contains the well development results, including pump intake depth, pump
rate, pump run time, drawdown, final turbidity (NTU), specific conductivity, pH, dissolved oxygen, and

temperature readings.

A dedicated 0.5-horsepower Grundfos™ submersible sampling pump (model 5S05-13) was installed
inwell 399-3-19 (C5001) on May 23, 2006. The sampling pump intake was set at 59.10 feet bgs, and
connected to the surface with 3/4-inch diameter stainless sted riser pipe.

6.5 Well 399-3-20 (C5002)
Well 399-3-20 (C5002) islocated immediately downgradient, and adjacent to the southeast side of the

307 Trench within the 300 Area(Figure 6.1). The new well monitors the uppermost unconfined aquifer
and is screened across lower Hanford formation sediments (Figure 3.5).
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6.5.1 Drilling and Sampling

Well 399-3-20 (C5002) was drilled with arotosonic drill rig from surface to atotal depth of 95 feet
bgs. Temporary 9 5/8-inch outside diameter casing was used during drilling to total depth. Drilling
began on May 11, 2006, and total depth was reached on May 16, 2006. A borehol e strai ghtness test was
successfully completed.

Continuous coring was attempted during drilling from the surface to approximately 95 feet bgs.
However, core recovery was poor (<50%) in the saturated Hanford formation because of the loose,
unconsolidated nature of the gravel. The water teble was encountered at approximately 47.7 feet bgs on
May 12, 2006. The boreholelog in Appendix A provides the lithologic description of sediments
encountered during drilling. The composite log (Figure 3.5) summarizes the core sampleintervals and
provides the lithology and graphic log based on a detailed description of the core samples. Digital
photographs of the sediment core are provided in Appendix B.

Four depth-discrete water samples were collected, and four depth-discrete aquifer hydraulic tests were
performed during drilling through the unconfined aquifer. The groundwater samples were analyzed as
described in Section 6.6.2. Select results from the vadose zone and groundwater analysis are plotted on
the composite log (Figure 3.5) to illustrate the vertical contaminant distribution and the relationship to the
various hydrogeologic units.

Sedi ments encountered during drilling include approximately 10 feet of backfill overlaying 6.5 feet
of eolian (Holocene) sand from approximately 10 to 16.5 feet bgs. The Hanford formation Unit 1is
composed of unconsolidated silty sandy gravel to gravel from approximately 6.5 feet to a depth of
80 feet bgs.

The Hanford/Ringold contact at thislocation is at approximately 80 feet bgs and distinguished by
changes in lithology and color. The Ringold Formation Unit 5 sandy gravel isless then 2 feet thick and
changes abruptly into sand that extends from approximately 81.8 feet bgs to 95 feet bgs (total depth).
The borehole reached atotal depth of 95 feet bgs within the Unit 5 fine-to coarse-grained sand. Thefield
geol ogist’s borehole log, along with the well construction summary report, as-built diagram, well
development and pump installation records, and well survey results areincluded in Appendix A.
Appendix B contains the core chain-of-custody forms, the core photographs, and a detailed geologic
description of the core. A more detailed hydrogeologic interpretation of the borehole sedimentsis
included in Section 3.0.

The borehole and drill cuttings were monitored regularly for organic vapors and radioisotope
contaminants (i.e., gamma). Radioisotope monitoring revealed no detectable contamination was present.
Spectral gamma and neutron moisture geophysical logs were run in the temporary borehole in May 2006
by Stoller Corporation (Appendix C). Section 6.6.4 provides more details of this logging.
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6.5.2  Waell Completion

The permanent casing and screen were installed in well 399-3-20 (C5002) on May 18, 2006. A
25-foot long, 6-inch inside diameter, stainless stedl, continuous wire-wrap 20 slot (0.02-inch sot) screen
was set from 40.24 to 65.26 feet bgs (Figure 3.5). A 2-foot long, 6-inch inside diameter stainless stedl
sump is attached to the bottom of the screen and extends from 65.26 to 67.28 feet bgs. The permanent
well casing is 6-inch inside diameter, stainless steel from 40.24 feet bgsto 1.74 feet above ground
surface.

The screen filter pack is composed of 6-9 mesh silica sand placed from 29.9 to 72.1 feet bgs, and was

developed with adua surge block to settle the sand pack. The annular seal is composed of 3/8-inch
bentonite pellets from 25.5 to 29.9 feet bgs and granular bentonite crumbles from 10.2 to 25.5 feet bgs.
The surface seal is composed of Portland cement grout from 10.2 feet bgs to ground surface. A 4-foot by
4foot by 6-inch concrete pad was placed around the well at the surface. A protective well head casing
with locking cap, four protective stedl posts, and a brass marker stamped with the well identification
number and Hanford well number were set into the concrete pad.

The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services on
August 3, 2006. The horizonta position of the well was referenced to horizontal control stations estab-
lished by the USACE. The horizontal datumisNAD83(91).. Vertical datumis NAVD88 and is based on
existing USACE bench marks. The coordinates are Washington Coordinate System, South Zone. Survey
dataareincluded in Table 6.1 and Appendix A. The static water level was 46.4 feet bgs on May 22,

2006.

6.5.3  Waeéll Development and Pump Installation

Well 399-3-20 (C5002) was developed on May 27, 2006, at two locations within the screen at
approximately 68 and 66 feet btc using atemporary submersible pump. The depth to water was measured
at 49.07 feet btc prior to development. A pressure transducer was installed above the pump and con-
nected to a Hermit datalogger to monitor water level during development. A total of 1,170 gallons of
water was pumped. Table 6.2 contains the well development results, including pump intake depth, pump
rate, pump run time, drawdown, final turbidity (NTU), specific conductivity, pH, and temperature
readings.

A dedicated 0.5-horsepower Grundfos™ submersible sampling pump (model 5S05-13) was installed
in well 399-3-20 (C5002) on May 23, 2006. The sampling pump intake was set at 58.94 feet bgs, and
connected to the surface with 3/4-inch diameter stainless stedl riser pipe.

6.6 Field Characterization and Laboratory Activities Associated with the
300 Area Limited Field Investigation

This section details the characterization activities conducted during drilling of the four new boreholes.
It also provides the sampling and analysis results from sediment, groundwater, and other testing methods
used in the hydrogeol ogic and geochemical investigation of the vadose zone and uppermost unconfined
aquifer. Section 3.0 provides an updated hydrogeologic interpretation based on these LFI results.
Section 4.0 incorporates the contaminant concentration data results from sediment and groundwater
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analysis into the updated hydrogeology conceptual model and provides an interpretation of contaminant
distribution within the vadose zone and uppermost unconfined aquifer within the LFI area of the
300 Area

Characterization activities, i.e., sampling and testing, conducted in associati on with drilling the four
boreholes include the following:

o Callection of sediment grab samples and continuous intact sediment core returned to the surface
during drilling

e Geochemical characterization of sediments

e Callection and analysis of depth-discrete groundwater samples during drilling
o Depth-discrete aquifer testing during and after drilling

o Water-level measurements

o High-resolution borehole geophysical logging at the completion of drilling and prior to well
construction (i.e., packing the outside annulus of the permanent casing with sand, bentonite, and
concrete at selected depths)

o Waell development parameters (groundwater field parameters and drawdown during pumping and
recovery).

6.6.1 Sediment Sampling and Analysis

This section describes the sediment sampling methods used during Phase | Well Drilling, and the
sediment analysis and data results. Continuous and minimally disturbed (intact) sediment cores were
required from surface to total depth in each borehole (DOE 2006a). The purposes of the core samples
were to provide (1) intact sediment samples for more detailed and representative descriptions of the
borehol e lithology and to improve and refine the hydrogeologic conceptua model, (2) intact, depth-
discrete samples for evaluation of physical and chemica properties associated with uranium contami-
nation and sequestration, and (3) intact, whole-core samples for treatability testing to develop chemical
treatment techniques that can be used to reduce uranium contamination to groundwater. Actual core
recovery varied depending on the type of sediments being cored. A high percentage of the saturated
Hanford formation core was not recovered intact due to loose, unconsolidated coarsesand and gravel, and
in many instances, those intervals had to be cored a second time to recover sediment. Core recovery did
improve in the Ringold Formation because it is composed of more consolidated sediments.

The detailed geol ogic descriptions of the opened core are contained in Appendix B and graphically
displayed on the composite logs (Figures 3.2 through 3.5). The composite logs (Section 3.0) also contain
the cored depths and intervals for each borehole. Appendix B also provides a digital photograph of each
core opened. After opening and sub-sampling, the remaining core material wasretained in 1-2 liter
plastic containers labeled with depth and well number. These moisture-proof containersare archived at
the Environmental Sciences Laboratory (ESL) located in the 300 Area.
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At the sediment characterization laboratory, the core samples were subdivided and anal yzed based on
the protocol and procedures defined in the sampling and analysis plan (DOE 2006a). Table 6.3 providesa
summary of analysis performed on the sediment samples.

The wellsite geologist’s borehole logs in Appendix A contain a general description of the cored and
drilled interval for each well. The borehole logs include descriptions of the following:

¢ Drilling conditions and changes in drilling conditions (e.g., drilling method, drill rate, addition of
water, heaving sand)

o Depthsof all collected samples and tests

o Lithologic descriptions of sediment (e.g., grain size classification, color, mineralogy/lithology,
sorting, etc.).

A total of 420 feet of core was recovered from the four Phase | boreholes. Approximately 58% of the
cored intervals were considered representative of subsurface lithology. Table 6.4 provides the total depth
drilled in each borehole, thetotal cored interval in each borehole, and the number and percentage of those
core that were determined to be representative of subsurface conditions. The composite Logs (Figures3.2
through 3.5) illustrate the core intervals in each borehole

Table6.3.  Characterization Analyses

Tier 1 Characterization Analyses Tier 2 Characterization Analyses
e Core opening, including visua inspection, o 1:1 Sediment:water extracts (pH, specific
geologica characterization, and photographing conductance anion, cation, alkalinity, and uranium
of the cores concentration)
e Moisture content measurement e Acid extracts (cation and uranium concentration)
e GEA e Microwave digestion (cation and uranium

concentration)

e  Ultracentrifuge analysis for pore water (pH, specific
conductance, anion, cation, akalinity, and
uranium concentration)

e Paticlesizeanaysis

e Tota elemental andysis

e  Carbon content analysis

e Labileuranium leaching by carbonate solution

e  Uranium-leaching with three different background
solutions (synthetic pore water, groundwater, and
river water)
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Table6.4. 300 AreaLFl Sediment Core Inventory by Well

Totd Drill | Totd Cored Intact Core % Recovery of
Depth Interval Recovered® | Representative Core
Well ID (feet bgs) (feet bgs) (feet) (%) Comments

399-3-18 131 0-130.5 93 71.0 Opened core moved to

(C4999) containers for storage at ESL
after opening

399-1-23 116 0-113 70.8 62.7 Opened core moved to

(C5000) containers for storage at ESL
after opening

399-3-19 103.5 1-89 41.2 46.8 11 feet of core was bagged

(C5001) (~89to 100 feet bgs)

399-3-20 95 3591 39.3 44.9 7 fed of core was bagged

(C5002) (~851t0 91, and 95 fect bgs)

Tota 4455 419.5 244.3 58.2

(@) Core Recovered = asum of intact core. Empty liners and slough intervals are not counted.
bgs = Below ground surface.
ESL = Environmental Sciences Laboratory.

The core samples were obtained by utilizing sonic energy from the drill string to drive a 6-feet-long
by 6-inch-diameter splitspoon core barrel ahead of the drilled portion of the borehole into undisturbed
sediment (Figure 6.2). After retrieval of the core barrd, the borehole was over-drilled, using alarger
diameter drive casing, to the depth reached by the core barrel (~4-6 feet interval) and the borehole was
cleaned out to the bottom of the casing to remove cuttings and slough in preparation for the next core
barrel run. The depth to the bottom of the borehole was confirmed with a steel tape prior to each core
barrel run. Thecore barrel assembly contains six 1-foot-long, 5-inch inside diameter Lexan (plastic)
liners stacked end to end and is fitted with a 6-inch-long drive shoe attached at the front end. Sloughin
the bottom of the borehole could not always be kept cleaned out so portions of the upper core liners
occasionally contained slough. These slough liners were identified based on (1) knowledge of the re-cored
depth intervals, and/or (2) direct examination of core ends, and/or (3) confirmed through examination when
opened in the laboratory. Where possible, the dough material was not used for sample anaysis.

Upon retrieval, the 6-feet-long core barrels were immediately opened at the drill site and the
individual 1-foot-long liners were labeled with top and bottom depths, directional arrow, sequentia liner
number, and well ID. All liners were sealed with plastic end caps and sealing tape and placed in coolers
for temporary storage until they could be transferred offsite to the PNNL ESL in the 325 Building in the
300 Area.

The sequential numbering of each 1-foot long core section was recorded for each well to assure

proper depth placement and location of the core (Appendix B). Chain-of-custody forms were used to
inventory and track the transfer of the core from the drill site to the laboratory (A ppendix B).
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Figure6.2. @) Six-Foot Splitspoon Core Barrel and Drive Shoe, and b) Opened Splitspoon Core Barrd
During Recovery of Lexan CoreLiners

An integrated sampling approach was used to select which core samples were opened for physical and
geochemical analysis and which core sections were retained intact for treatability testing and/or archived
for futuretesting. Core that was designated for physical and geochemical analysis was placed hori-
zontally on alighted table jig, cut lengthwise in half, and laid open for sub-sampling. A high-resolution
digital photograph of each opened core section was taken to record the intact sediment structure,
lithology, grain size distribution and orientation, and color (Appendix B). A licensed geologist observed
the split core to determine the most representative intervals for sampling (and to identify and remove
doughintervals). Sub-sampling was accomplished by scooping sediment, typically from the center of the
opened core, and sealing the samplein labeled airtight containers. The geologist examined each opened
core and prepared adetailed lithol ogic description of the sediment before the core material was trans-
ferred into labeled containers for storage and archival. Cores that were not opened wereretained intact
and placed in cold storage.

The core descriptions from each well revealed similar occurrences and trends related to drilling and
changesin lithology (i.e., geologic formation). Most of the 6-feet-long core runs in the Ringold
Formation had nearly complete recovery. Recovery was poorer in the Hanford formation, where most of
the core runs had slough in the uppermost (shallowest) liner(s). The quality of the core sediments for all
but the coarsest material was good, i.e., the preservation of textural, stratigraphic, and large clast
orientations (Appendix B). Thelowest core recovery rates occurred when coring in the saturated | ower
Hanford formation gravel, which is composed of nearly 100% gravel to sandy gravel with minimal
amounts of silt, and/or clay material to hold or bind the sediment particles together and keep them from
falling out during retrieval. Note: various attempts were made to keep these gravel sediments from
falling out of the core barrel during retrieval, including using retention baskets, welded nuts and bolts
inside the core barrel drive shoe, etc. It was not surprising that these gravel-dominated intervals a so had
the highest apparent permeability based on aquifer hydraulic testing and other (water sampling)
measurements. The highest percentage of core recovery was within the compacted fine-grained Ringold
Formation sediments.
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Overdl, thequality of the LFI coring operation was greatly improved versus conventional splitspoon
coring by utilizing larger diameter (5-inch-diameter versus 4-inch-diameter) liners and alonger splitspoon
core barrel (6-feet versus 2-feet). Thelarger diameter core alowed a more complete recovery of the
predominantly pebbly to cobble gravel sections without plugging, breaking, pulverizing, or rotating/
moving the larger clasts (Figure 6.3). Thelonger core barrels alowed alonger, more continuous recovery
process with less depth interval disruption (e.g., doughing and measurement error) between core runs.

6.6.1.1 Characterization of Sediments

Physical and geochemical characterizations of the 300-FF-5 OU sediments from the four LFI
boreholes were conducted at PNNL inthe ESL. These activitiesincluded Tier 1 and Tier 2 characteriza-
tion and analyses. A summary of the methods used for Tier 1 and 2 sediment characterization and
analysis performed is provided in Table 6.3. One of the primary goals of the Tier 1 work was to “ground
truth” the field geophysical logging results, with a specific emphasis on comparing the field-derived
uranium measurements versus that uranium content of the field-moist sediments (including pore water)
acquired in a controlled laboratory setting. The Tier 1 work included opening and photographing the
cores, a geologist performing detailed visual inspection of the core material, determining the gravimetric
water content of the samples, and measuring total uranium in the as-received sediment using GEA. Tier 2
sediment analyses were performed to better determine where to place the screen intervalsin the wells and
to better delineate the uranium concentration profile in the vadose zone and aquifer sediments and
groundwater. More details for each specific method can be found in the 300-FF-5 OU LFI plan (DOE
2005b). Resultsfrom all of the analyses performed on the 300-FF-5 OU samples are summarized below
according to individual analysis.

6.6.1.2 M oistur e Content

This section describes the results, by well, of the moisture analysis performed on the sediment core
samples. Overall, these moisture results reveal reasonable vadose moisture levels, averaging between 4.7
to 5.4 wt%, which would be expected for thistype of Hanford formation gravel -dominated environment
(Horton et al. 2003; Serne et a. 2002). The core liners from below the water table often showed moisture
contents bel ow values expected for fully saturated sediments, which reflects moistureloss out of the
bottom of the splitspoon core sampler while traveling back up the casing. The gravimetric moisture
results obtained in the laboratory are aso plotted by depth on the borehole composite logs for each well
(Figures 3.2 through 3.5) aong with the qualitative field neutron moisture logs (see Table D.13in
Appendix D).

Well 399-1-23 (C5000) appears to be the only borehole to have elevated moisture levelsin the vadose
zone beginning at approximately 23 feet bgs that also coincides with el evated uranium concentrations
found in the sediment samples from the same interval (Figure 6.4). The field neutron moisture log does
not show elevated moisture in this zone, and based on the fact that thisinterval is described as reworked
mixed Ringold mud and flood deposits, it cannot be stated conclusively that the elevated moisture in this
zoneisresidud fluid from past liquid disposals at the 316-5 Process Trenches. That is, the el evated
moi sture contents in these vadose zone sediment samples are likely just areflection of the fine-grained
nature of the sediments and not residual waste fluids.
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Figure6.3. Well 399-3-18 (C4999) Core Photograph — Example of Preserved Structure Along the
Hanford Formation/Ringold Formation Hydrogeologic Boundary. Coarse, poorly sorted
basaltic gravel, sand, and silt of the Hanford formation overlies brown, well sorted, arkosic
fine sand of the Ringold Formation.
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There do not appear to be any significant zones of elevated or anomalously high moisture in the
vadose zone in any of the other three wells above the high water table elevation that might be attributed to
residual waste liquids or migrating contaminants. A more detailed borehole by borehol e discussion of
moisture content follows.

Borehole sediment moisture profiles (see Figure 6.4a-d) illustrate the relative distribution of moisture
throughout the four boreholes. All values below the water table are el evated because these samples had
been recently saturated by Columbia River or groundwater during fluctuating river stage variationsand
only partialy drained, depending on the relative permeability of the sample, at the time of analysis.

Well 399-3-18 (C4999): A total of 133 sediment samples extending from the ground surfaceto 131
feet below ground surface (bgs) were collected from borehole 399-3-18 (C4999). Gravimetric moisture
contents of the samples collected from the vadose zone varied from alow of 2.4 weight percent (wt.%) to
ahigh of 22.3 wt.% (Figure 6.43). The two vadose zone samples with the highest moisture contents (21.2
and 22.3 wt.%) were collected at the shallowest depth (2.7-3.7 feet bgs). The relatively high moisture
contents found at shallow depth were attributed to the presence of fine-grained coal ash and other fine-
grained backfill sediments at the surface and possible recent rain events. The average moisture content in
the Hanford formation sediments located from 13 feet bgs to the water table (42.5 feet) was 5.6 wt.%,
which is consistent to the known range of moisture contents for uncontaminated Hanford formation
vadose zone sediment. Three possible thin lenses of increased moisture were observed at approximately
9, 23, and 36 feet bgs, respectively, in the vadose zone. These elevated moisture intervals are associated
with Ringold rip-up clasts or Hanford formation stringers containing greater concentrations of silt and/or
clay. The Ringold Formation undesignated fine-grained unit and Ringold lower mud intervals, located at
46-82 feet and 126-131 feet, respectively, also contain higher moisture contents (30-40 and 43-48 wt.%)
compared to those measured in Ringold Unit E sediments between 82-125 feet bgs. These higher
moisture values are due to higher moisture retention that naturally occurs in finer-grained sediment.
Relative moisture values in the Ringold formation samples were collected from the saturated zone (i.e.,
below the water table), and thus are higher than the range of moisture contents for Hanford formation
vadose zone sediments.

Well 399-1-23 (C5000): atotal of 110 sediment samples extending from the ground surface to
116feet bgs were collected. Gravimetric moisture contents from the samples collected from the vadose
zone to the bottom of the unconfined aquifer are shown in Figure 6.4b. Moisture contentsin the vadose
zone varied between alow of 2.9 wt.% and a high of 13.8 wt.% with an average of 4.9 wt.%. The highest
moi sture content (13.8 wt.%) was measured at approximately 23 feet bgs, above the high water table, and
may be attributed to water table fluctuationsdue to seasonal changes in the stage of the Columbia River
or to post-operational residual moisture moving down through the vadose zone or trappedin silty deposits
within the Hanford formation. Results from uranium analysis of sediment samples from the same depth
interval reveals slightly elevated uranium concentrations at these same depths but we cannot say that the
coincident elevated moisture content and uranium content reflect residual liquid waste disposed into the
316-5 process trenches. Sedimentsin the Ringold Formation lower mud unit, located below 110 fet,
showed high water contents (40-41 wt %), which are due to the fine-grained, |ow-permeability (high-
moisture retention) nature of thisinterval.

Well 399-13-19 (C5001): A tota of 49 core samples from the ground surface to 89 feet bgs and an
additional 5 bagged grab samples between 89 and 100 feet bgs were collected. Gravimetric moisture
contents of the samples collected from the vadose zone to the bottom of the unconfined aquifer are shown
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in Figure6.4c. Moisture contentsin the vadose zone were variable from alow of 2.9 wt% to a high of
10.8 wt.%. The average moisture content of all the vadose zone samples was 5.4 wt%. A higher moisture
content range (4.9-35.0 wt.%) was found in aquifer sediments and the highest water content (24-35 wt.%)
was found in the Ringold fine-grained silty sand unit at depths between 85 and 100 f eet bgs.

Well 399-3-20 (C5002): A total of 50 core samples from the ground surface to 85 feet bgs and an
additional 4 bagged samples between 85 and 95 feet bgs were collected. Gravimetric moisture contents
of the samples collected from the vadose zone to the bottom of the unconfined aquifer are shown in
Figure6.4d. Moisture contentsin the vadose zone showed a relatively narrow range between 2.2 and
8.7 wt.% and an average moisture content in vadose zone sediments was 4.7 wt.%. The higher moisture
contents (25-38 wt.%) found in the deeper aquifer sediments are attributed to finer-grained sediment in
the Ringold Formation located below 82 feet bgs.

6.6.1.3

Gamma Energy Analysis (GEA)

GEA was performed on sediment samples to measure the amount of process uranium detectablein the
boreholes for comparison to geophysical borehole gamma logging uranium results. This was one of the
most important steps of the LFI (Phase 11) because if the uranium was detectable, and confirmed using the
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geophysical borehole logging technique, it would greatly enhance the ability to quickly and cost-
effectively screen for uranium distribution in the vadose beneath the 300-FF-5 OU LFI study area.

To complete the GEA measurements in the laboratory, aliquots of sediment from the core samples
were placed in 1-L marinelliscontainers and counted for 2 hours on a 60% efficient intrinsi c-germanium
gamma detector. Spectral analysis was conducted using alibrary containing key energies associated with
the decay of uranium and thorium isotopes and their daughters. Control samples were run throughout the
analysis to ensure correct operation of the detectors. The controls contained i sotopes with photo peaks
spanning the full detector range and were monitored for peak position, counting rate, and full-width half-
maximum.

The laboratory GEA results were compared with those measured by the borehole geophysical spectral
gamma systemin the field (Section 6.6.4). Theresults for the “K, %*Th, and **U all agreed exception-
aly well for the vadose zone samples, but discrepancies began to arise once samples from below the
water table were compared. Overal, comparison of the laboratory results versus the borehole geophysical
GEA performed in the field was reasonable (Section 6.6.4 and Figures 3.2 through 3.5).

The GEA data from borehole samples were further refined in an attempt to discern Hanford-produced
(process) uranium from natural background uranium. This was accomplished by comparing the activities
of various uranium decay products. Specifically, ?*Bi at 609 keV was used to quantitate natural >U.
Conversely, #*™Paat 1001 keV, **Th at 63.3 keV, and the**'Th doublet at 92.5 keV were monitored and
used to measure total 2U: the difference between the uranium measured at these energies and that
measured at 609 keV (total U — natural *2U) is being labeled as Hanford-process uranium. If the
uranium was processed into fuel rods at Hanford over the time period 1943 to 1990s, the first two U
daughter products, 2*Th (t,, = 24 days) and **"Pa (t;, = 1.17 minutes), would be in secular equilibrium
with the parent *2U in the sediments and pore waters. However, sufficient time would not have e apsed
for any 22U daughters below ?*U (e.g., ?“Bi) to be present at measurable activities. Thus, this strategy
should differentiate natural background 2®U and Hanford-processed 2®U within the sediments. Further, it
is assumed that the uranium contained in these samplesis present at natural relative abundances (i.e.,
99.3% 2*U with little to no 2°U enrichment); so that any U measured using the aforementioned
isotopes could be further simplified as either “total uranium” and/or “natural uranium.” The error bars
contained within Figures 6.5 through 6.8 represent the one-sigma counting uncertai nties associated with
each measured isotope for the masses of sediment used and live count times chosen after background
radiation subtraction.

The highest natural uranium concentration in the sediments from the four boreholes measured by
GEA was approximately 4 pCi/g, as found in borehole 399-3-18 (C4999) (Figure6.5). Thisvalueis
coincident with athin silt interval that was deposited naturally within the thick Ringold Formation fine
sand unit (Figure 3.2). Overall, the natural uranium background concentrations in the four boreholes
averaged around 1 pCi/g or less (Figure 6.6). By comparison, the natural uranium concentrations measure
by GEA for theseintervals are similar to the laboratory-derived total uranium values (microwave and acid
digest methods) measured for the same sample intervals and therefore indicate that these intervals are
probably reflecting higher levels of natural uranium deposited with the fine-grained Ringold Formation.
The highest GEA-measured total uranium, based on the >*Th doublet at 92.5 keV, was approximately
13 and 11 pCi/g measured in sediment samples from boreholes 399-3-18 (C4999) and 399-1-23 (C5000)
(Figures6.5 and 6.6). These samples were collected from depths of approximately 65 and 70 feet bgs
respectively, within the Ringold Formation undesignated fine grained unit and Ringold Formation Unit 5
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below the water table in wells 399-3-18 (C4999) and 399-1-23 (C5000). These high total uranium values
are not very precise because of the very large error bars associated with these values.

Thedatain Figure 6.5 show atrend of increased total uranium concentration in sediment below the
water table to a depth of about 80 feet bgsin well 399-3-18 (C4999). Thisincrease in uranium concen
tration coincides with the Ringold Formation undesignated fine grained unit located from approximately
46 to 82 feet bgs. Datafrom well 399-1-23 (C5000) (Figure 6.6) are more random, with few high
uranium concentration values near the water table, and otherwise do not reveal continuous high values or
trends.

Thetotal and natural uranium in the sediments from wells 399-3-19 (C5001) and 399-3-20 (C5002)
are dl lessthan 3 pCi/g, which iswell within the range of uncontaminated background uranium concer+
trations in sediments at the Hanford Site (Figures 6.7 and 6.8). There is no statistical difference between
the total and natural activities measured suggesting that there is no significant occurrence of Hanford-
process uranium in the sediments at these two locations.

Overadl, thereisagenera trend in which samples from the lower vadose zone and shallow aquifer
contain Hanford process uranium (i.e., the total uranium is higher than the natural uranium), especialy in
thewells 399-3-18 (C4999) and 399-1-23 (C5000) samples. However, there were no “hot spots’ (high
uranium concentration) of Hanford-process uranium detected in the vadose zone or saturated sediments
during characterization of these four wells. In addition, given the relatively large error bars associated
withthe data (which represent 1-6); it is difficult to quantitatively state that a significant amount of
Hanford-process uranium is present in any of these samples
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based on the Measurement of U Daughter Products
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Because only very low quantities of Hanford-process uranium were found in two of the four wells,
the planned correlation of the GEA results with the field geophysical results was not possible. Therefore,
Phase Il of the LFI plan was cancelled, and more detailed laboratory analysis to evaluate the fate of the
uranium in the sediment samples was performed and is described in Section 6.6.1.4.

6.6.1.4 Geochemical Extracts (Water Extracts, Acid Extracts, and Microwave Digests)

In addition to GEA and moisture content cal cul ationsof sediment samples, Tier |1 sediment:water
(2:1) extracts (WE), acid extracts (AE), and microwave assisted digestions (MD) were performed on
selected samples from the four boreholes Naturally occurring uraniumistypically present in aform that
is recalcitrant to water leaching; therefore, elevated concentrations of uranium in the sediment:water (1:1)
extractsis generally indicative of contaminant (Hanford-process) uranium. A subset of samples was also
extracted via either 8 Molar hot nitric acid extraction (AE) or MD, which are both more effective
extraction methods than water extracts. The MD solution consists of 16 M HNO3(17%), 12 M HCI (7%),
32 M HF (3.3%), 0.5 g of H3BO3(1.5%), and deionized water. The resulting solutions were analyzed for
dissolved uranium viainductively coupled plasma mass spectrometry (ICP-MS). Unlike the GEA data,
which were composed of the bulk sample material and included gravels and cobbles, the WE, AE and
MD procedures used finer-grained materia (only material with a diameter <2 mm). Of the two methods
(AE and MD), only the MD procedure resulted in total sample dissolution; therefore, it isthe most
representative technique for quantifying total uranium in the <2-mm sediment-size fraction. The
distribution of natura uranium, calculated using GEA, is compared to the various extract and digested
uranium values (Figures 6.9 t0 6.12).
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Figure6.10. Water Extracts (a) and Extractable Uranium by WE, AE, and MD with GEA Data(b) in
Sediments from Well 399-1-23 (C5000)

The WE were prepared by adding an exact weight of de-ionized water to approximately 60 grams of
sediment sub-sampled (<2 mm) from each liner. The weight of de-ionized water needed was cal culated
based on the weight of the field-moist samples and their previously determined moisture contents. The
sum of the existing moisture (pore water) and the de-ionized water was fixed at the mass of the oven-dry
sediment. An appropriate amount of de-ionized water was added to screw-cap jars containing the field-
moi st sediment samples. The jars were sealed and briefly shaken by hand, then placed on a mechanical
orbital shaker for 1 hour. The samples were alowed to settle until the supernatant liquid was fairly clear,
usually overnight. The supernatant was carefully decanted and filtered aliquots (passed through 0.45-pum
membranes) were separated for specific conductance, pH, anion, cation, akalinity, carbon, and radio-
nuclide analyses for the dissolved uranium content of the water extracts (results are provided in
Appendix D).
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For the sediment samples from well 399-3-18 (C4999), the baseline or background water-extractable
uranium concentration in the sediment was approximately 3E-04 pCi/g. However, the shallowest sample
in the vadose zone from well 399-3-18 (C4999) analyzed via a sediment:water (1:1) extract contained
nearly two orders of magnitude more water extractable uranium than the background value. Additionaly,
there appears to be evidence of elevated uranium inwell 399-3-18 (C4999) sediment sampl es collected
just below the water tablebased on the AE and MD methods. It should be noted that a sediment:water
extract does not adequately assess the total amount of labile (amount available for |eaching/transport)
uranium present in the sediment. Based on the data measured via GEA in Figure 6.9, the background
natural uranium concentration in the sediment from well 399-3-18 (C4999) varied between approximately
0.5and 4.0 pCi/g. Generally, the MD samples contain more uranium than the measured uranium concen-
tration via any other extraction/analytical technique. Thisislikely because the uranium present in the
MD samplesis associated with the finer-grained material that was targeted viathe MD technique. In
addition, most of the samples containing higher uranium concentrations measured in extracts by various

6.25




methods were located near and just below the water table down to 80 feet bgs. We attribute this zone of
elevated uranium to be caused by the presence of the Ringold Formation undesignated fine grained unit
between 40-80 feet bgs (see composite Figure 3.2). Although the total uranium concentrations in the
borehol e 399-3-18 (C4999) sediments were still relatively low (less than 4 pCi/g based on MD) and there
was no significantly high concentration of process uranium detected in the 399-3-18 (C4999) vadose zone
or saturated sediments during the drilling and characterization, there appear to be regions of mildly
elevated Hanford-process uranium, up to about 3 pCi/g, in the vadose zone sediments close to the water
table (based on the difference between total uranium and natural uranium in the laboratory-generated
uranium extracts and GEA results).

For the sediments from well 399-1-23 (C5000), the highest water-extractabl e uranium concentration,
whichis approximately two times higher than the highest water-extractable uranium concentration found
in 399-3-18 (C4999) sediments, was found in vadose zone sediments close to the water table
(Figure 6.10). Most of the high water-extractabl e uranium concentrations in well 399-1-23 (C5000)
sediments were found in either deep vadose zone sediments or shallow aquifer sediments, consistent with
previous results for well 399-3-18 (C4999) that Hanford-process uranium is located close to the water
table.

Based on the data measured via GEA in Figure 6.10b, the background natural uranium concentration
in the sediment from well 399-1-23 (C5000) varied between approximately 0.4 and 1.2 pCi/g. Assuming
that the MD results indicate total uranium concentration and the difference between total uranium and
natural uranium in the laboratory extract resultsis considered as the contribution from Hanford-process
(contaminant) uranium, the highest Hanford-process uranium measured in the well 399-1-23 (C5000)
sediments was about 5 pCi/g for sedimentslocated in the deep vadose zone close to the water table. Well
399-1-23 (C5000) showsthe highest concentration of Hanford-process uranium both in the vadose zone
sediment and shallow aquifer sediments analyzed among sediments from all four wells. It is aso located
just feet from the effluent disposal end of the 316-5 Process Trench.

For the sediment samples from wells 399-3-19 (C5001) and 399-3-20 (C5002), the highest water-
extractable uranium was less than 0.003 and 0.002 pCi/g, respectively (Figures 6.11 and 6.12). Even
though dlightly higher water-extractable uranium concentrations, versus the <0.001 pCi/g average for all
the water extracts in these two wells, were found in shallow vadose zone sediments (near 20 fegt bgs)
from these two wells, Hanford-process uranium was not detected in sediments from wells 399-3-19
(C5001) and 399-3-20 (C5002) based on the MD extract uranium val ues coinciding with the natural
background uranium values using GEA. Stated differently, the comparable uranium concentrations with
depth between natura uranium (quantified by GEA) and thetotal uranium (quantified by MD for both
vadose zone and aquifer sediments from the 399-3-19 (C5001) and 399-3-20 (C5002) boreholesindicate
negligible Hanford-process uranium is present in these sediments.

The highest concentration of water-extractable process uranium measured in the laboratory for
sediments from the four wells was around 0.02 and 0.041 pCi/g for a few vadose sediments above the
water tablein wells 399-3-18 (C4999) and 399-3-23 (C5000), respectively. These process uranium
values equate to pore water concentrations of approximately 450 and 2,590 pg/L, respectively, for the two
boreholes. These concentrations are higher than the total uranium concentrations measured in the 300-
FF5 OU groundwater (Section 6.6.2), suggesting that uranium in the vadose zone sediments at boreholes
399-3-18 (C4999) and 399-3-23 (C5000) could be a continuing and slowly bleeding source of the
uranium contamination in the aquifer.
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Uranium concentration data from the water extracts, ultracentrifuged pore water and groundwater
described above arefound in Appendix D (Table D.2). Other information such aswater extract pH,
alkalinity, specific conductance, major cations and anions analyses for these fluids are provided in
Appendix D (TablesD.1 and D3-D.7). Higher values for pH, specific conductance, akalinity, and
dilution corrected cation/anion analysis were found in water extract samples compared to those from
groundwater and pore water samples due to the dissolution of some soluble solids during the water extract
process. More detailed discussions for groundwater and pore water samples from the four boreholes are
provided in Section 6.6.2.

6.6.1.5 Total Elemental Analysis

The total elemental composition of the sediments from the four wells were determined by MD with
subsequent analysis of the dissolved material by inductively coupled plasmaoptical emission spec-
trometry (ICP-OES) and inductively coupled plasma/mass spectrometry (ICP-MS). The dominant major
elements in the sediments from the four LFI boreholes are shown in Appendix D (Table D.8). The bulk
chemical composition showed that Si, Al, and Fe were the most dominant el ementsin most of the
sediments from the four borehol es due to the abundance of quartz and aluminosilicate minerals. Other
major elements were Ca, Na, Mg, K, Ti, S, Mn, P, and Sr, which are similarly distributed in al the
sediments analyzed from the four boreholes. Similar concentrations of minor eements (As, Ba, Be, Bi,
Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Se, V, Zn, Zr, Ag, Re, and Sb) were found in the sediments from all four
boreholes. Because most of the selected sediment samples for total el emental analysis were from the
Hanford formation with some designated as the Ringold Formation undesignated fine grained unit above
Ringold Formation Unit 5, the major and minor elements concentrations are similar for the selected
sediment sampl es from thefour borehole sediments. However, different elemental concentrations are
expected between the Hanford formation and Ringold Formation as reported by Bjornstad (1990) because
of different proportions of the major minerals and some differences in minor mineral occurrencesin these
two formations. Even though no specific mineralogy study has been conducted at thistime on these four
borehol e sediments, the major and minor elements are considered to result from quartz, feldspar, and
clays (smectite, chlorite, and mica).

6.6.1.6 Particle-Size and Physical PropertiesAnalysis

Particle size analysis using 1) bulk sedimentsincluding gravels and 2) for size fractions less than
2 mm was conducted using a combination of sieve and hydrometer methods (Gee and Or 2002). Particle
size analysis results for sediments | ess than 2 mm are shown in Appendix D (Table D.9). For sediments
from borehole 399-3-18 (C4999), higher clay contents were found at depths of 23 and 36.5 feet bgs,
consistent with the high moisture contents measured in these fine-grained samples. The highest silt/clay
content (64.24%) was found in a sample from borehole 399-3-18 (C4999) at a depth of 127 feet bgs,
where the Ringold Formation lower mud unit is located.

Over 90% of the sediments from borehol e 399- 3-23 (C5000) were dominated by gravel and sand
sized particles. Higher silt/clay contents (29.7-31.6%) were found at a depth between 21 and 25 feet bgs
at 399-3-23 (C5000), which is consistent with the high moisture contents measured over thisdepth zone
(Figure 3.3). For sediments from borehole 399-3-19 (C5001), over 95% of the samples were dominated
by gravel- and sand-sized particles. The higher silt/clay content (34.4%) found at depth of 34 feet bgs
was consistent with the highest moisture content measured in the vadose zone sediments from 399-3-19
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(C5001) (Figure 3.4). Thehighest silt/clay content (50.6%) in a sample at a depth of 85.5 feet bgs was
consistent with the presence of the Ringold Formation undesignated fine grained unit highlighted in
yellow color in the composite figure (Figure 3.4).

Particle-size analysis results for sediments from borehole 399-3-20 (C5002) showed that over 90% of
the samples were dominated by gravel and sand. Higher silt/clay contents, about 29%, were found at
depths of 21.5 and 39.5 feet bgs in vadose zone. At borehole 399-3-20 (C5002), the Hanford formation
below the water table showed low silt/clay contents (<15%), but relatively higher silt/clay contents were
found in the Ringold Formation undesignated fine grained unit below a depth of 82 feet bgs.

For most of the samples, particle-size distribution data were generated for only the <2 mm size
fraction. Almost al of the bulk samples analyzed for grain-size distribution are from the gravel-
dominated Hanford formation. However, particle-size analyses were also performed on the whole (bulk)
sediment for 20 samples, five from each of the four boreholes (see Appendix D). Continuous functions
were fit to the discrete grain-size distribution data for these 20 samples using an Excel-Visua Basic
Applications program to generate various metrics, reported in Appendix D; Figures D1-20).

A summary of physical and hydraulic property datafor the 20 selected samples for which particle-
size distributions were measured on the whole (bulk) sampleis presented in Table 6.5. The selected
samples listed in Table 6.5 were collected from the immediate vicinity of the water table (elevation ~105-
106 m), and from overlying and underlying locations in the vadose and saturated zones, respectively. The
interpreted hydrogeologic unit designations (e.g., Hanford formationor Ringold Formation) are listed for
each sample, and the gravel, sand, silt, and clay percentages are given in Table 6.5. The compl ete sets of
grain-size distribution data and various metrics for these samples are presented in Appendix D.

Grain size metrics reported in Appendix D were computed using both mm and ¢ scales, where ¢is
defined as (Folk 1980)

¢ = -log,(mm) (6.1)
One of the reported metricsisthe inclusive graphic standard deviation, oic, defined as

d16 — d84 " d5 — d95
4 6.6

O = (6.2)

where d isthe grain diameter (in ¢ units), and the subscripts (e.g., 16, 84, etc.) refer to the weight percent
of the bulk sample with grain sizes smaller than the given diameter. The inclusive graphic standard
deviation is ameasure of the uniformity or sorting of the grain-size distribution.

Also reported in Appendix D are the geometric mean diameter, dg,m, and the geometric standard
deviation, ogeom, (both in units of mm) which were computed as follows (Campbell 1985)

dyeom = exp{z m, Ind, | (6.3)
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Table6.5. Physical Property Datafor Bulk Sediment Samples from Wells 399-3-18 (C4999), 399-1-23 (C5000), 399-3-19 (C5001), and
399-3-20 (C5002)
Depths Elevation Bulk Tota
Top | Bot | Mid-pt Mid-pt Mid-pt Density | Porosity

Well ID Sample (ft) (ft) (ft) (m) (m) Unit (g/ent) T % Grav | % Sand | % Silt | % Clay
399-3-18 C4999-6D | 225 | 235 | 23 7.01 110.67 H 217 0212 | 93.28 398 | 111 1.63
399-3-18 C4999-9C | 31 32 315 9.60 108.08 H 2.28 0.175 | 86.94 961 | 2.37 1.08
399-3-18 | C4999-10C | 35 36 35.5 10.82 106.86 H 2.30 0.168 | 82.75 11.39 | 4.47 1.39
399-3-18 C4999-10C 36 37 36.5 11.13 106.55 H 2.18 0.211 71.48 16.35 8.71 3.45
399-3-18 | C4999-11D | 41 42 415 12.65 105.03 H 211 0.237 | 9331 442 | 173 0.55
399-1-23 C5000-39D 24.5 255 25 7.62 107.83 H 1.95 0.293 71.78 21.15 4.16 2.92
399-1-23 | C5000-40C | 315 | 325 | 32 9.75 105.69 H 2.34 0.152 | 76.18 1943 | 3.02 1.37
399-1-23 | C5000-40E | 335 | 345 | 34 10.36 105.08 H 231 0.165 | 70.59 2212 | 534 1.95
399-1-23 | C5000-41C | 355 | 365 | 36 10.97 104.47 H 2.34 0.153 | 76.45 19.73 | 255 1.26
399-1-23 C5000-45C 535 54.5 54 16.46 98.99 R 2.26 0.182 82.77 13.18 3.03 1.02
399-3-19 C5001-66A 20.5 215 21 6.40 114.25 H 2.30 0.167 62.57 33.50 2.19 173
399-3-19 C5001-69D 335 34.5 34 10.36 110.28 H 1.90 0.310 93.53 4.64 1.05 0.78
399-3-19 C5001-70E 40 41 40.5 12.34 108.30 H 2.28 0.172 83.20 14.21 1.89 0.70
399-3-19 | C5001-73B | 465 | 475 | 47 14.33 106.32 H 1.95 0.295 | 80.36 18.16 | 1.05 0.42
399-3-19 | C5001-74B | 53 54 53.5 16.31 104.34 H 2.04 0.263 | 83.46 15.60 | 0.63 0.31
399-3-20 C5002-86E 21 22 215 6.55 113.89 H 1.99 0.279 80.15 15.96 3.13 0.76
399-3-20 C5002-91C 39 40 39.5 12.04 108.41 H 231 0.165 80.35 14.31 2.92 243
399-3-20 C5002-92D 48 49 48.5 14.78 105.67 H 245 0.113 85.69 12.19 147 0.65
399-3-20 C5002-93E 54 55 54.5 16.61 103.84 H 2.17 0.214 86.56 12.72 0.51 0.21
399-3-20 | C5002-98E | 805 | 8.7 | 811 24.72 95.73 H/R 2.19 0.205 | 80.84 16.93 | 1.91 0.32

ArithmeticAverages | 219 | 0207 | 8L11 | 1498 | 266 | 125

t Particle density was not measured so an average particle density = 2.76 g/cm?® (see Williams et al. 2006, Table 3) was used to calcul ate porosities.




and

O goom = exp{[Zm (Ind,)* - (Z m Ind, )2]%} (6.4)

and where m isthe mass fraction of size classi, and d; isthe arithmetic mean diameter (mm) of size class
. The metrics dgeom and ogem Were used by Campbell (1985) to predict moisture retention characteristics
of soilsfrom texture data. The ratio of dgeonf 0geom has also been used recently by Ward et a. (2006) to
devel op pedotransfer functions (PTFs) that relate physical and hydraulic properties of soilsto their
texture.

The grain-size metrics reported in Appendix D were generated by fitting a continuous analytic
function to each set of discrete grain sizedata. An exampleis depicted in Figure 6.13. The anaytic
functions were evaluated at 500 different values of the fraction passing a given size (fraction<), over a
range from 0.0001 to 0.999, to generate the discrete size classes used to cal cul ate dyeom @Nd Ggeom from
Equations (6.3) and (6.4).
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Figure6.13. Grain-Size Digtribution Data and Fitted Function for Sample C5001- 74B from Well 399-3-19

Based on the grain-size distribution metrics (Appendix D), an estimate of saturated hydraulic
conductivity (K,) was calculated using several methods. The simplest formulais due to Hazen (1911)

K, =Cdy (6.5)
whereK;isthe saturated hydraulic conductivity (cm/s), C is aconstant (taken here to be 1), and dypisthe
effective grain size (mm) for which 10% (by weight) of the particlesin the sample are finer (Freeze and

Cherry 1979, p. 350). Hydraulic conductivities were a'so computed using the well-known K ozeny-
Carmen equation (Bear 1972, p. 166)
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(P9 1 | dy
KS‘( p 1(1—n)2}(180j (©9)

where p, and u are the density and viscosity of water, respectively, g isthe gravitational constant, nisthe
porosity, and d,, is a representative grain size, taken here to be either dso(mm) or dye,(mm). Porosity was
calculated from

_Po
P

n=1 (6.7)

where p, and p, are the bulk and particle densities, respectively. Particle densities were not measured,
so an average particle density of 2.76 g/cm?® (Williams et al. 2006) was used to compute the porosities
reported in Table 6.5.

The Hazen formula uses a single grain-size metric, d,,, while the Kozeny-Carmen equation uses a
measure of the median grain diameter, dso or dyeom, and the porosity of the porous medium. Masch and
Denny (1966) analyzed 12 sets of grain size data and showed that the permeability of unconsolidated
sands was related to both the median grain diameter, dso, and the inclusive graphic standard deviation,
oic. However they did not develop any predictive formulas for these relationships.

The Masch and Denny (1966) data set was reana yzed by Mark Rockhold (PNNL) who devel oped the
following regression relationship which coal esces the data from their 12 samplesinto asingle curve (see
Figure 4 of Williams et a. 2006)

Ks(cm/s) = 4.744e-4* [dsf(mm)/ o1c"%]**"°, R%=0.9813 (6.8)

In the soils literature, this type of regression relationship is referred to as a pedotransfer function (PTF)
(Guber et al. 2006). Ward et al. (2006) used theratio dyeqn/ oyeom t0 generate the following PTF for K
based on average sand, silt, and clay percentages for eleven soil typesinthe USDA textural classification
system

K{cm/hr) = 385.97* (Gyeon/ Tyeom) "5 R® = 0.9733 (6.9)

It should be noted that Ward et a. (2006) referred to the ratio dyeom/ oyeom S the “ Fredle index.” However,
the Fredle index, F.l., was defined by Lotspeich and Everest (1981) as

F.l _ Joen (6.10)
1.=~¢ :

(0]

where Sois another type of sorting index
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S, =. -2 (6.11)

and where dzs and dxsare the grain diameters (in mm) at the 75th and 25th percentiles of the distribution.
The ratios dyeon/ Tgeom aNd Ayeonf S, do NOt yield the same values. Therefore, strictly speaking, it is incorrect
to refer to the ratio of dgeon! Ggeom @s the Fredle index.

The Masch and Denny (1966) data set and the sand, silt, and clay percentages used by Ward et d.
(2006) represent relatively fine-textured sediments (<2 mm size fraction) relative to those that are found
in the 300 Area. Another PTF was developed to predict Ks from texture data using >50 samples of mostly
Hanford sediments, which ranged in texture from silt loam to pea gravel. This PTFis given by (see
Figure 5 of Williams et a. 2006).

K {cm/s) = 0.0481* (dsy(mm)/ 6c%) >, R? = 0.7665 (6.12)

Equations (6.10), (6.11), and (6.12) will be referred to as K¢ PTF-3, PTF-2, and PTF-1, respectively.
Although the R? value for PTF-1 (Equation [6.12]) is considerably lower than the other PTFs, it was
devel oped using more than four times as many samples, and extends into a coarser range of textures.

Values of Kswere estimated from the various empirical formula (described in Appendix D) and are
listed in Table 6.6. For any given sample, the five empirical formulas yield estimates of K ; that range
over 4 orders of magnitude. Estimates of Ks using the dso-based Kozeny-Carmen equation are
consistently the highest for al the samples, while estimates of K, using PTF-3 (from the Masch and
Denny data set) are the lowest for most of the samples.

These empirical K, calculations were compared to aquifer hydraulic test analysis results from the
same borehole depth intervals. Aquifer hydraulic test results from the 15.85-17.37 m depth interval were
calculated for well 399-3-19 (C5001). Thisaquifer hydraulictest analysis yielded avalue of K= 2,300
m/d. A sediment sample, C5001-74B, from the 16.3-16.46 m depth interval of well 399-3-19 (C5001), is
within the aquifer hydraulic test interval. Table 6.6 indicates that the estimated K values for this sample
ranges from 923 and 14,000 m/d, respectively, which are approximatey 2.5 times|ess than, and 6 times
greater than, the K val ue estimated from the aquifer hydraulic test. Based on the comparisonsin
Table 6.6, the Hazen formula provides an estimate of Ksthat is closest to the pump test value for this
location.

On average (all 20 samplesin Table 6.5), the values of K¢ estimated using PTF-1 are only ~30%
greater than those estimated using PTF-2, despite the fact that these two PTFs were generated using
completely different and independent data sets and different grain-size distribution metrics. These two
PTFswere also generated using K data that were collected on vertically oriented core samples, whereas
aquifer hydraulic tests measure the horizontal Ks. Therefore, it is reasonable to assume that the PTF
values are representative of K, in the vertical direction. If thisis assumed, and if a horizontal to vertical
anisotropy ratio of 10:1 is aso assumed, PTF-1 and PTF-2 yield horizontal Ks estimates of 10*150 =
1,500 m/d, and 10*171 = 1,710 m/d, respectively, for Sample C5001-74B. These values are both within a
factor of approximately 1.5 of the aquifer hydraulic test estimate of Ks from the 15.85- to 17.37-m-depth
interval in well 399-3-19 (C5001).
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Table6.6. Estimated Values of K for Bulk Sediment Samples from Wells 399-3-18 (C4999), 399-1-23 (C5000), 399-3-19 (C5001), and 399-
3-20 (C5002) Based on Various Empirical Formulas

€€9

Elevation Hydraulic Conductivity Estimates (m/d)
Kozeny- Kozeny-
Well ID Sample Mid-pt (m) Hazen Carmen (ds,) | Carmen (dy) PTF-1 PTF-2 PTF-3
399-3-18 C4999-6D 110.67 2.71E+04 1.20E+05 3.79E+04 6.03E+02 3.14E+02 8.24E+01
399-3-18 C4999-9C 108.08 6.20E+02 2.64E+04 5.80E+03 2.06E+02 1.39E+02 3.32E+01
399-3-18 C4999-10C 106.86 6.12E+01 1.49E+04 2.28E+03 1.06E+02 7.20E+01 1.97E+01
399-3-18 C4999-10C 106.55 8.69E-01 5.26E+03 6.21E+02 2.81E+01 2.08E+01 4,08E+00
399-3-18 C4999-11D 105.03 1.58E+04 1.02E+05 3.65E+04 4.66E+02 3.09E+02 5.42E+01
399-1-23 C5000-39D 107.83 1.68E+01 1.57E+05 1.11E+04 8.36E+01 4.36E+01 2.20E+01
399-1-23 C5000-40C 105.69 8.14E+01 1.76E+04 1.78E+03 1.18E+02 7.51E+01 2.75E+01
399-1-23 C5000-40E 105.08 9.40E+00 1.60E+04 1.06E+03 7.07E+01 3.69E+01 1.81E+01
399-1-23 C5000-41C 104.47 1.50E+02 1.71E+03 5.43E+02 5.93E+01 6.31E+01 5.43E+00
399-1-23 C5000-45C 98.99 6.19E+01 1.82E+04 3.13E+03 1.10E+02 8.96E+01 1.92E+01
399-3-19 C5001-66A 114.25 7.98E+01 1.44E+03 4.17E+02 3.47E+01 3.70E+01 3.36E+00
399-3-19 C5001-69D 110.28 6.04E+04 4.33E+05 1.59E+05 6.76E+02 3.58E+02 8.07E+01
399-3-19 C5001-70E 108.30 4 A1E+02 6.37E+03 1.62E+03 1.35E+02 1.10E+02 1.28E+01
399-3-19 C5001-73B 106.32 5.46E+02 7.44E+04 2.03E+04 1.29E+02 1.41E+02 1.69E+01
399-3-19 C5001-74B 104.34 9.23E+02 4.29E+04 1.40E+04 1.50E+02 1.71E+02 1.69E+01
399-3-20 C5002-86E 113.89 7.96E+01 1.05E+05 1.49E+04 1.20E+02 9.01E+01 2.25E+01
399-3-20 C5002-91C 108.41 1.14E+02 5.27E+03 1.43E+03 6.43E+01 6.57E+01 9.28E+00
399-3-20 C5002-92D 105.67 1.05E+03 4 ,95E+03 1.04E+03 1.96E+02 1.55E+02 2.86E+01
399-3-20 C5002-93E 103.84 1.83E+03 2.47E+04 9.26E+03 1.79E+02 2.17E+02 2.02E+01
399-3-20 C5002-98E 95.73 4.38E+01 3.48E+04 5.76E+03 1.04E+02 1.05E+02 2.14E+01




An aquifer hydraulic test was a so performed over the 55.5-62.5 feet depth interval in well 399-3-20
(C5002). Analysis of this aquifer hydraulic test yielded avalue of K> 2000 m/d. Sample C5002-93E
was collected from the 54-55 feet depth interval in thiswell (Table 6.6), just above the aquifer hydraulic
test interval. The Hazen formulaand both the dsy- and dg-based Kozeny-Carmen equations yield K
estimates >1,000 m/d (Table 6.6). Also, if the Ks estimates from PTF1 and PTF2 are increased to
account for an assumed horizontal to vertical anisotropy ratio of 10, they both yield horizontal K
estimates >1000 m/d.

No other aquifer hydraulic tests were performed in the intervals where the whole sediment grain-size
distribution data were generated, so no further comparisons can be made at this time between grain size-
based and aquifer hydraulic test K estimates. Based on thisvery limited comparison, we tentatively
recommend that where no aquifer hydraulic or pump test data are available, but reliable, whole sediment
grain-size distribution data are, then the Hazen formula should be used to estimate Ks. Alternatively, the
horizontal K¢ can be estimated by multiplying the K, (vertical) estimates generated using either PTF-1 or
PTF-2 by afactor of 10. Note, however, that for the gravel-dominated 300 Area Hanford formation, we
recommend that whole sediment grai n-size distribution data be generated from larger diameter (5 inches
or more) cores obtained by sonic drilling, such as those collected for this LFI, rather than from smaller
(4inches) diameter cores that are typically obtained using the more standard cable-tool drilling method
(Williams et a. 2006). The larger-diameter, sonic-drilled core samples are clearly more representative of
thein situ sediments at this site.

Asafina comment regarding the use of PTFs or other empirica formulas for estimating K s (or any
other hydraulic parameters) from grain-size data alone, it should be emphasized that these estimates do
not account for structure (e.g., layering, stratification, or laminations), grain shape and orientation (e.g.,
spherical versus plate-like grains), or physicochemical properties (e.g., calcite cementation) of the in situ
sediments. All of these factors may affect the pore-size distributions and connectivity of the pores
leading to significantly different hydraulic properties for sediment samples that might have similar grain-
size distributions but different structure. Although the Hazen formula, dy-based Kozeny-Carmen
equation, and scaled PTFs all yield reasonable K estimates for Hanford formation sedimentsin the
300 Area, they do not appear to work well for the Ringold Formation sediments. New and improved
empirica formulas or PTFsfor estimating Ringold Formation K¢ values could potentially be devel oped
by combining grain-size distribution data and chemical property information (Davis et a. 2006, Lu 2007).

6.6.1.7 Carbon Content Analysis

The sediment total carbon (TC) and inorganic carbon (IC) contents in each core were measured with a
Shimadzu TOC-V CSN instrument, and organic carbon content was determined by the difference between
the measured TC and IC contents. Measured carbon contents results for selected sediments from the four
boreholes are shown in Appendix D (TableD.11). Carbon contentsin sediments from borehole 399-3-18
(C4999) were low, and inorganic carbon contents varied from 0.0 to 0.96 mg/g, which on average equates
to less than 1 wt.% of inorganic carbon as CaCO; being present in these sediments. Most of the relatively
high IC contents (0.34-0.96 mg/g) indicative of discrete carbonate minerals or coatings were found in the
shallow vadose zone borehol e 399-3-18 (C4999) sediments between ground surface and 39.5 feet bgs.
The inorganic carbon content (IC) in sediments from borehole 399-1-23 (C5000) varied from 0.0 to
3.42 mg/qg, indicating much higher inorganic carbon content than those found in sediments from borehole
399-3-18 (C4999). The highest inorganic carbon content (3.42 mg/g or 2.85 wt.% as CaCQs) in 399-1-23
(C5000) was found at a depth of 23 feet bgs, where the highest uranium concentration (5 pCi/g) was
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detected via the MD method (See Figure 6.10). These results suggest that uranium is present in this
sample due to co-precipitation with calcite. Similar results suggesting possible uranium co-precipitation
with calcitein 300 Area sediments have been found by others(Wang et a. 2005; Zachara et a. 2005).
We specul ate that the higher inorganic carbon content in the sediments from 399-1-23 (C5000) may be
related to reactions of alkaline waste with atmospheric carbon dioxide and the native vadose zone pore
waters during the active disposal period into the 300 Area process trenches.

Co-precipitation of uranium with calcite in vadose zone sediments might have significant implica-
tions for the fate and transport of uranium in groundwater, especially at the capillary fringe region where
the water table tends to fluctuate due to Columbia River level changes. Thetotal carbon contents
measured in sediments from boreholes 399-3-19 (C5001) and 399-3-20 (C5002) were relatively low, and
inorganic carbon content varied 0.0 to 0.96 and to 0.93 mg/g (<1 wt.% as CaCO), respectively, similar to
those values found in sediments from borehole 399-3-18 (C4999). The highest inorganic carbon content
(0.93 mg/g) measured in sediments from borehole 399-3-20 (C5002) at a depth of 81.1 feet bgs might
result from cal cium carbonate present as cementing materials at the boundary between the Hanford and
Ringold Formation sediments.

6.6.1.8 Labile Uranium L eaching Using Car bonate Solution

Water extracts are used to investigate the chemical composition of pore fluids within the sediment;
however, they do not provide an accurate indication of the total amount of labile uranium in the sedi-
ments. Therefore, a carbonate leaching method was used to determine the total amount of uranium
capable of being removed from the sediment under realistic environmental conditions. A carbonate
leaching solution was prepared using 1.44 x10? M in NaHCO; and 2.8 x10° M in Na,COs. The reagent
pH was 9.3, and a solid-to-solution ratio of 3 gramssediment to 35 mL of carbonate extractant was used
for thetests. Theleached uranium concentration was determined as a function of time, with total reaction
timesranging from 1 to 21 days. Carbonate extract solutions were filtered using 0.45-pum syringe filters
and andyzed for dissolved uranium using ICP-MS, for pH using a solid state el ectrode, and for dissolved
calcium using ICP. Duplicate aliquots of the carbonate extract were measured, and data were cal cul ated
as an average concentration value with an error of one standard deviation. Sample information and the
measured pH, alkalinity, and Ca concentration in each sample extract are shown in Appendix D
(TableD.11).

Labile uranium leaching results for the sediments from borehole 399-3-18 (C4999) showed variable
concentrations (0.1 to 3.3 ug/g) of leachabl e uranium depending on reaction times and the sel ected
sedimentsused (Figure 6.14). However, most of the sediments had leachable uranium concentration less
than 1.0 ug/g, even though atotal of 21 days of reaction time was permitted. The highest leachable
uranium was found in the sample (C4999-11D) collected at a depth of 41.5 feet bgs, which was close to
the water table. This result agreed well with previous geochemical extraction data(Figure6.9). The
amount of leached uranium by the carbonate solution in sample C4999-11D increased rapidly for the first
7 days of reaction time, and then leveled off after 14 days of reaction, indicating steady-state |eaching was
approached. Sincethere was no significant change in the amount of uranium leached after a 21-day
reaction, the maximum leachabl e uranium concentration in this sediment sample was estimated to be
3.3 ug/g. Based on the previously determined tota uranium concentration (10.5 pg/g) for this sediment
sample (C4999-11D) measured via microwave digestion, approximately 7.2 pg/g of uranium was
considered to exist asa recalcitrant phasethat might potentially be co-precipitated with calcite or present
as trace components in aluminosilicate minera structures.
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Figure6.14. Labile Uranium Leached from Well 399-3-18 (C4999) Sediments Using Carbonate
Extractant
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Figure6.15. Labile Uranium Leached from Well 399-1-23 (C5000) Sediments Using Carbonate
Extractant

The dissolved Ca concentration and the pH in the carbonate leachates decreased slightly with

increasing reaction time, indicating aminor amount of calcite precipitation might have occurred over time
during the carbonate leaching tests (Table D.11 in Appendix D).
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The highest concentration of uranium leached from sediments from borehole 399-1-23 (C5000) was
3.2 ug/g in sample C5000-39D, which was collected at a depth of 25.0 feet bgs (Figure 6.15). This
sample reached a steady- state condition with respect to uranium solution concentration after 14 days of
reaction, showing a dow and steady increase of |eachable uranium between days 3 and 14. Previously
reported MD results for this sample revealed that it contained atotal uranium concentration of 4.4 pg/g;
therefore, the carbonate leach resultsindicate that a small amount of uranium (about 1.2 ug/g) present in
this sample existed as more strongly bound forms. Although the highest uranium containing samplein
the borehole 399-1-23 (C5000) was C5000-39B collected at a depth of 23 feet bgs, this sample was not
selected for carbonate leaching. It was selected for uranium leaching with three different solutions
discussed in the next section. Most of the samples, except C5000-39D, showed low carbonate-leachable
uranium concentrations (<1 pg/g), even after 21 days reaction.

L eachable uranium (via carbonate extraction) from selected sediments from boreholes 399-3-19
(C5001) and 399-3-20 (C5002) was negligible (<0.2 ug/g) when compared to those from boreholes
399-3-18 (C4999) and 399-3-23 (C5000). Most of the sediments from boreholes 399-3-19 (C5001)
and 399-3-20 (C5002) had steady state dissolved uranium concentrations after 14 days of reaction
(Figures6.16 and 6.17). The carbonate leaching results for boreholes 399-3-19 (C5001) and 399-3-20
(C5002) were consistent with previous GEA results and various geochemical extraction dataindicating
that these sediments contained little if any Hanford process (contaminant) uranium.
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Figure6.16. Labile Uranium Leached from Well 399-3-19 (C5001) Sediments Using Carbonate
Extractant
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Figure6.17. Labile Uranium Leached from Well 399-3-20 (C5002) Sediments Using Carbonate
Extractant

6.6.1.9 Uranium L eaching with Different Solutions (Synthetic Pore Water, Groundwater, and
River Water)

Uranium batch leaching experiments were also conducted to determine the total amount of uranium
likely to be released under field-relevant conditions using three different synthetic leaching solutions
(pore water, groundwater, and river water). The synthetic leaching solutions were prepared based on the
measured chemical compositions of 300 Area vadose zone pore water, 300 Area groundwater, and
Columbia River water. Chemical compositions of each leaching solution are shown in Table 6.7. Severa
sediments from each borehol e were selected to be contacted with the various solutions using a solid-to-
solution ratio of 1:10 and reaction timed from 1 to 28 days. The batch test reactors were gently agitated
on a platform shaker and sparged with air every few days to keep the test containersin equilibrium with
air containing atmospheric concentrations of oxygen and carbon dioxide Extract solutions were filtered
using 0.45-um syringe filters and anal yzed for dissolved uranium concentrations using ICP-MS. The
solid to solution ratio was kept constant at 1:10 by adding fresh reagent to replace the small aiquot
(1-2 mL) removed at each sampling time. Selected sample results for leached uranium, as well asthe
measured pH, alkalinity, and Ca concentrationsin leachates, are presented in Appendix D (Table D.12).

L eachable-uranium concentrations in selected sediments from the four boreholes as a function of
reaction time using the three different leaching solutions (pore water, groundwater, and river water) are
shown in Figures 6.18 to 6.21. Asfound in the previously reported carbonate leaching tests, sample
C4999-11D had the highest |eachable-uranium concentration in all three solutions among all borehole
399-3-18 (C4999) sediments tested. The high dissolved carbonate concentration in the synthetic pore
water leaching solution resulted in higher leachable-uranium concentrations than those found in the
groundwater and river water extracts. Enriched carbonate sol utions are known promoters for leaching
uranium from geol ogic solids and have been used for many decades to extract (viain Stu processes)
uranium from low-grade ore bodies (see for example see Deutsch et al. (1983, 1984, and 1985 and
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Table6.7.  Chemica Constituents of Three Leaching Solutions

Concentrations (M)

Constituents Pore Water Groundwater River Water
Na' 2.17 x 102 217 x 103 3.04 x 10
ca®* 5.00 x 10°° 5.00x 10 2.50 x 10
K* 6.41 x 10°3 6.41 x 10* 5.13x 10°
Mg 1.67 x 107 1.67 x 10 1.65x 10™
NOs 4.35x 107 4.35x 107 1.61x 10°
cr 5.63x10° 5.63x 10" 5.63x 10°
s0,* 1.87 x 10°3 1.87 x 10* 1.04x 10*
HCO;" 9.17 x 10°3 9.17 x 10* 6.56 x 10
| (calculated) 1=0.075 M 1=0.0075 M 1=0.0013 M
pH (measured) pH=7.91 pH=7.39 pH=7.13

referencestherein). River water leached the least amount of uranium from the 399-3-18 (C4999-11D)
sample. However, because river water was undersaturated with respect to carbonate minerals, some
uranium did leach but the resultant leachate did not reach a steady-state condition, even after 21 days of
reaction. Thisslow and gradua release of uranium into the river water was especially noticeable in other
sediments from borehol es 399-3-23 (C5000), 399-3-19 (C5001), and 399-3-20 (C5002).

If the release of uranium from contaminated sediment in the 300 Area capillary fringe and aquifer
sediments was controlled solely by adsorption-desorption processes for typical clays, silicates, alumino-
silicates and hydrous oxides, one might expect little desorption to occur in Columbia River water because
it has lower dissolved carbonate concentrations and overall ionic strength and slightly lower pH values
than the groundwater. It iswell known that uranium desorption is promoted by increasing carbonate,
increasing pH, and increasing ionic strength as long as calcite precipitation is not occurring (see discus-
sion in Zachara (2005) and referencestherein). Thus it is somewhat counter-intuitive to find some
uranium leaching into the dilute ssimulated river water in the tests described herein. Another uranium
release process such as dissolution of co-precipitated uranium rich carbonate minerals could explain the
laboratory results. Even though asmall amount of leachable-uranium was measured in the river-water
extract laboratory tests, it is not certain that the infiltration of river water into the 300 Area groundwater
system, caused by fluctuations in the river stage, will lead to significant leaching of uraniumin the field.

On the other hand, in support of the laboratory results, the mixing of Columbia River water with
existing groundwater does change the chemica composition of water sampled in the monitoring wells.
There does appear to be a positive correlation between the water table elevation, observed uranium
concentration in the water samples obtained from the monitoring well network (see discussionsin
Lindberg and Chou (2001) and Figure 1.3 in this report), and the annual groundwater monitoring reports
(e.0., Hartman et al. 2006). Mixing amongst vadose zone pore water and aquifer groundwater with the
more dilute river water could increase calcite dissol ution from the surrounding sediments and allow co-
precipitated uranium to slowly desorb from uranium enriched-calcite or calcite coated aluminosilicates.
For the sediments from borehole 399-3-23 (C5000), the highest |eachable-uranium concentration was
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foundin sample C5000-39B, which was collected at a depth of 23.0 feet bgs; this result was consistent
with the high total uranium content in this sediment as determined by microwave assisted digestion. The
sampl e containing the second highest pore water |eachable-uranium concentration was C5000-39D; this
sampl e also had the highest uranium solution concentration in the carbonate leach tests.

The decrease in uranium concentrationsin the leachate for borehole 399-3-23 (C5000) sediments
contacted by the simulated pore water solution after 7 days of reaction was attributed to co-precipitation
or re-adsorption of uranium with/onto calcite. The reduced calcium concentrations measured at 7 days of
reaction time support the hypothesis that the uranium in this leach test may have co-precipitated with
freshly precipitated calcite in this sample (see Table D.12 in Appendix D).

The sediments from boreholes 399-3-19 (C5001) and 399-3-20 (C5002) had the lowest |eachable-
uranium concentrationsin all three leachant tests due to the lack of significant uranium contamination in
these sediments. However, uranium solution concentrationsin these laboratory leach tests slowly
increased in the river water leaching solution (which was the most dilute sol ution), for the tested
sediments from all the boreholes suggesting that uranium can slowly desorb/dissolve from the contami -
nated sediments located near the capillary fringe region, where water chemistry is frequently changed by
river water infiltration. Theriver water influx and mixing in the capillary fringe zone that borders the
river might be a continuous source of uranium slowly bleeding into the 300 Area groundwater system.

6.6.2 Depth-Discrete Groundwater Sampling and Analysis

This section describes the depth-discrete groundwater sampling method used during Phase | Well
Drilling and provides the groundwater chemical composition results. Depth discrete groundwater
samples were required in each borehole (DOE/RL-2005-47, Rev. 1). The purposes of the groundwater
samples were to (1) provide depth-discrete groundwater samples for the evaluation of radiologica and
chemical contaminants of concern, (2) obtain depth-discrete groundwater results to improve under-
standing of the distribution of contaminants in the unconfined aquifer system, and (3) compare depth
variations in groundwater chemistry with respect to vertical and lateral changes in the hydrogeol ogy.

The wellsite geologist’s borehole logs, contained in Appendix A, provide ageneral description and
locations of the depth-discrete groundwater sample intervals for each well. The composite borehole logs
(Figures 3.2 to 3.5) show the depth-discrete groundwater sample intervals and summarize key radio-
chemical and VOC results. In addition, Figures 4.1 through 4.4 show macro constituent chemical results
illustrated as Stiff diagrams, and concentration values; superimposed on these figures is the hydrogeologic
unit boundaries. Table 6.8 providesalist of the depth-discrete samples collected per borehole and the
thickness of the saturated interval drilled (water tableto total depth). Thelist of constituents that were
analyzed (Table 6.9) was devel oped based on COPC as defined in the operations and mai ntenance plan
(DOE 2002b) and based on other geochemical data needs (i.e., modeling and groundwater chemistry).
Groundwater sample analysis and quality assurance procedures are provided in the sampling and analysis
planinthe LFl plan (DOE 20068).
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Table6.8.  Summary of Depth-Discrete Groundwater Sampling in 300 LFI Boreholes
Totadl Drill Saturated Number of
Depth Interval Depth Discrete
Well ID (ft bgs) Drilled (ft) GW Samples Comments

399-3-18 131 835 10 3 samples bailed, 7 pumped

(C4999)

399-1-23 116 755 10 1 sample bailed, 9 samples pumped

(C5000)

399-3-19 103.5 56.5 5 All samples pumped

(C5001)

399-3-20 95 46 4 All samples pumped

(C5002)
Table6.9. List of Selected Groundwater Constituents for Laboratory Anaysis of Depth Discrete

Groundwater Samples
Sample Type Planned Sample Interval Planned Constituents Analytica Laboratory
Depth-discrete groundwater Every 1.5m (5_ft) beginning | Alkalinity ESL at 325 Building
asnear aspossible to the Anions ESL at 325 Bilding

water table and throughout
the Hanford formation to the
Ringold Formation Unit 5
and then a every 3 m (10 ft)
to total depth.

Dissolved inorganic carbon

ESL at 325 Building

Field Parameters (temp, pH,
spec. cond., DO, and redox)

Field measurement

ICP metals (filtered)

ESL at 325 Building

Volatile Organic Analysis
(8260 GCMYS)

PNNL’s Contract Laboratory

Uranium-238

ESL at 325 Building

Depth-discrete groundwater sample collection began in each borehole at the water table and
continued at approximately 5-feet-depth intervals until the Ringold Formation was confirmed, and then
the sampling interval was increased to approximately 10- to 15-feet intervalsuntil borehole total depth
was reached. The sample interval spacing was increased in the last two boreholes (399-3-19 [C5001] and
399-3-20 [C5002]) to account for athicker saturated Hanford formati on gravel sequence that exhibited
very high permeability. The samples are considered representative, to the extent practicable, of the
aquifer at the depth that the samples were collected.

The sampl e collection method required the driller to stop drilling at the target sample depth and clean
out the borehole to remove all cuttings and slough. An approximately 10-feet-long, 20-slot temporary

well screen and inflatable packer was then inserted at the bottom of the borehole, and the drill casing was
back pulled approximately 1 to 5 feet to expose the screen to the borehole and surrounding formation.
The packer was inflated to seal the inner casing annulus from the aquifer and surrounding formation, and
a submersible pump was installed inside the screen and used to first purge and then pump the ground-
water sample. The sampleintervalswere purged until groundwater parameters (temperature, pH, specific
conductance, and dissolved oxygen) stabilized. These field parameters are tabulated by sampleinterval in
the composite diagrams (Figures 3.2 to 3.5). In some instances, such as very near the water table or in
low-permeability intervals, the water sample was collected without purging using a bailer to retrieve the
sample. The bailed or pumped water samples were captured and filtered through a 0.45-um filter using a
peristaltic pump into the required sample containers. The samples were stored onsite in coolers until they
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could be delivered to the ESL and/or the PNNL offsite contract laboratory for analysis. All depth-discrete
groundwater samples were collected according to the sampling plan (see DOE 2006b) and documented
procedures. Chain-of-custody forms were required for all samples (Appendix E). Thefield parameters,
measured during borehol e purging and used to determine when groundwater conditions had stabilized for
sampling, were documented in field logs (Appendix E). Instrumentation used during the collection of all
the groundwater samples was calibrated according to the manufacturer’ s procedures.

The depth-discrete groundwater samples, collected from the four LFI wells, were anayzed to
determine the total dissolved uranium-238 concentration using ICP-MS. In addition, residual pore water
that remained in the sediment samples from boreholes 399-3-18 (C4999) and 399-3-23 (C5000) after core
opening and initial sample collection was captured using an ultracentrifuge and also analyzed for uranium
concentrations. Because of the low uranium concentration in the groundwater samples from 399-3-19
(C5001) and 399-3-20 (C5002), the ultracentrifuge was not applied to the sediments from these two wells.

The measured groundwater uranium concentrations exceeded natural background concentration
(~10 pg/L) in the uppermost aquifer in al four wells(Table 6.10). The uranium concentrationsin
groundwater samples ranged up to a high of 202 pg/L. The highest uranium groundwater concentration
was found in borehole 399-3-23 (C5000) collected at a depth (54.3 feet bgs) close to boundary between
the Hanford formation and Ringold Formation (Figure 3.3). Well 399-3-19 (C5001) also showed its
highest uranium concentration (29.6 ug/L) at a depth of 81.5 feat bgs close to the boundary between
Hanford and Ringold formation (see Figure 3.4). Although most of the high uranium concentrationsin
depth-discrete groundwater samples were measured in the uppermost aquifer samples (Figures 3.2 to 3.5)
of the four wells (see Figure E.1 in Appendix E for details), other elevated uranium concentrations were
also found close to the contact between the Hanford and Ringold formations. These high concentrations
might be attributed to the chemical differences or change of sediment texture and permeability between
these two formations.

Uranium concentrations in the pore waters measured directly after ultracentrifugation were similar to
those fromthe estimated pore waters based on 1:1 water extracts after moisture content correction. As
discussed in Section 4.0 (Figure 4.4), uranium concentrations in the cal culated pore waters ranged up to
3,650 ng/L and showed relatively higher concentrations in wells 399-3-18 (C4999) and 399-3-23 (C5000)
vadose zone sediments. Both wells 399-3-19 (C5001) and 399-3-20 (C5002) groundwater and estimated
pore waters showed relatively low uranium concentrations compared to samples from well 399-3-18
(C4999) or well 399-3-23 (C5000).

6.6.3 Depth-Discretelnterval Aquifer Hydraulic Test Characterization

Depth-discrete interval aquifer hydraulic test characterization was conducted at the four borehole sites
during drilling of the monitoring wells to provide an assessment of the variation and vertical distribution
of hydraulic conductivity with depth within the unconfined aquifer at these specific locations. Thistype
of characterization information is important for predicting/simulating contaminant migration (i.e.,
numerical flow/transport modeling), designing remedial actions, and developing proper monitoring well
strategies for the respective locations. Because of the importance of this characterization information,
depth-discrete interval aguifer hydraulic testing was required and identified for each borehole (DOE
2006a). The specific objective of the aquifer hydraulic test characterization was to provide depth
digributed hydraulic property information that may be correlated with observed physical changesin the
subsurface hydrogeology (see Section 3.0).
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Table 6.10. Uranium Concentrations in Depth Discrete Groundwater Samples

Wells Sample ID | Depth (feet bgs) Uranium Concentration (ug/L)
B1FR99 425 1.13E+02
B1FR76 453 8.48E+01
B1FR91 49.7 6.24E+00
B1FRB3 52 2.87E+00
399-3-18 B1FR87 68.0 1.10E+00
(C4999) B1FRB7 77.0 1.01E-01
B1FR83 87.5 1.36E-02
B1FR95 99.5 1.09E-02
B1FR79 108.0 9.80E-03
B1FR31 120.8 1.26E-02
B1FR35 338 7.59E+01
B1FR39 375 3.66E+01
B1FR43 433 2.73E+01
B1FR47 47.8 3.49E+01
399-1-23 B1FR51 54.3 2.02E+02
(C5000) B1FRS55 59.3 1.56E+00
B1FR59 68.5 4.37E-02
B1FR63 79.5 3.91E-02
B1FR67 90.3 7.19E-02
B1FR71 107.8 3.14E-01
B1IHRW9 53.0 2.00E+01
B1HRX3 57.8 1.94E+01
3(2%361? B1HRX7 63.0 2.34E+01
B1HRY1 815 2.96E+01
B1HRY5 101.8 5.20E-02
B1HTO3 52.3 7.39E+01
399-3-20 B1HTO7 61.5 6.59E+01
(C5002) B1HT11 725 4.66E+01
B1HT15 91.0 8.51E-02

Table 6.11 summarizes the number of depth-discrete interval tests performed at each well during
borehole drilling/advancement. Aquifer hydraulic testing was generally planned to coincide with
sel ective depth-discrete water sampling, which could then utilize a common, temporary well-screen
installation during the sampling/characterization process. Following collection of the water sample, the
temporary casing was pulled back to expose approximately 5 feet of screen, and the packer that was
attached to the top of the well-screen assembly was theninflated to isolate thetest interval. The aquifer
hydraulic tests were initiated mechanically by rapidly removing a slugging rod of known volume from the
well-screen section. In most instances, two different size slugging rods were used during the testing
program at each well to impose different stress levels on the test section. The stresslevels for the two
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Table6.11.

Summary of Depth Discrete Aquifer Testsin 300 LFI Boreholes

Total Drill Depth | Saturated Interval | Depth Discrete

Well ID (ft bgs) Drilled (ft) Test Intervals#
399-3-18 (C4999) 131 835 5
399-1-23 (C5000) 116 755 6
399-3-19 (C5001) 103.5 56.5 2
399-3-20 (C5002) 95 46 3

slugging rodswere calculated to impose an aquifer hydraulic-withdrawal test response of 0.676 m (low-
stresstests) and 1.431 m (high-stress tests) within a0.1016-m inside diameter well. Asnoted in Butler
(1996. 1997) and discussed in Spane and Newcomer (2004), differences exhibited between aquifer
hydraulic tests conducted at different stress levels can be used to eval uate stress-dependent, non-linear
test well effects (e.g., dynamic skin, turbulent head loss), which are unrelated to aquifer characteristics.

Analytical methods used to analyze the aquifer hydraulic test results follow the methods described in
Spane and Newcomer (2004). Briefly stated, standard type-curve methods were used to analyze tests
exhibiting over-damped (exponentid decay) response, while the high-K analysis type-curve matching
method was used to analyze tests displaying either under-damped (oscillatory) or critically damped
(transitional) response characteristics. A description of the performance and analysis of aquifer hydraulic
tests conducted at each of the four well sitesis provided below.

6.6.3.1 Well 399-3-18 (C4999) Aquifer Hydraulic Testing Char acterization

Five specific test/depth intervals were characterized at well 399-3-18 (C4999) between March 15
and 27, 2006 by aquifer hydraulic testing as the borehole was advanced to its final depth 39.9 m bgs
Pertinent test informaion for the individual discrete test/depth intervalsis presented in Table 6.12.
Diagnostic analysis of aquifer hydraulic tests conducted for the various test/depth intervals indicate that
all of the test zones exhibited over-damped (exponential decay) conditions. Thetop three test intervals
(Zones A, B, and B1) were within the lower permeability Ringold Formation upper fine-grained unit
(Unit 5). Aquifer hydraulic tests conducted in lower permeability formations require long test times to
monitor full recovery. For most of the tests conducted in the top three intervals, full recovery was not
attained before initiating subsequent aquifer hydraulic tests. In addition, due to aloss of test data during
transfer downloading from the datalogger system, only a portion of the total test data was available for the
top three test intervals for analysis. To account for the lack of full test datarecovery and the lack of a
complete test data record, “time-history matching” was applied to the test data sequence for these three
low-permeability test depth intervals. Time-history matching approaches rely on superposition of
preceding test activities as the basis of the composite analysis method. This contrasts with standard
analytica methods that focus on analyzing individual hydrologic tests.

The bottom two test intervals were within the higher permeability sand and gravel of the middle
Ringold Formation (Unit 5). Standard type-curve analysis methods were used to quantify hydraulic
property conditions for tests conducted within these two depth intervals.
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Table6.12.  Aquifer Hydraulic Test Characteristics for Selected Test/Depth Intervals at Well 399-3-18

(C4999)
Test Parameters
Aquifer Depth to Di agnostlgAqU|fer
Test | hydralic | Water, Test/Depth® hydraulic Test o

Test Zone | pae Tets mbgs | Interval, mbgs Response Model Hydrogeologic Unit Tested®

Zone A* 3/15/06 2 12.95 14.78 - 16.61 | Over-Damped* Ringold Formation — Upper Mud
(1.83) (exponential -decay) (Unit 5)

ZoneB** | 3/17/06 4 12.80 20.12-21.34 | Over-Damped** Ringold Formation — Upper Mud
(1.22) (exponential -decay) (Unit 5)

ZoneC 3/17/06 4 12.80 18.29-21.34 | Over-Damped* Ringold Formation — Upper Mud
(3.05) (exponential -decay) (Unit 5)

ZoneD 3/27/06 8 1271 37.34-38.71 | Over-Damped Ringold Formation (Unit 5)
(2.19) (exponential -decay)

ZoneE 3/27/06 4 12.71 36.12-38.71 | Over-Damped Ringold Formation (Unit 5)
(2.41) (exponential -decay/

elastic response)

Note: For al test/depth zones, r, = 0.051 meters; r,, = 0.1222 meters

(@ Hydrogeologic unit number in parenthesesindicates the relevant groundwater-flow model layer, as described in
Thorne et a. 1993.

(b) Valuelisted in parentheses is the effective well-screen test length; for ZonesC and D, the valueis reflective of the top
of the Lower Mud unit located at a depth of 38.53 m bgs.

*  Some of the aquifer hydraulic test datalost during transfer from datalogger system. Response indicates low permesbility
formation condition. Test analysis based on time-history match.

**  Most of the aquifer hydraulic test data lost during transfer from datalogger system. Response indicates low permeability
formation condition. No gquantitative test analysis possible.

6.6.3.2 Well 399-1-23 (C5000) Aquifer Hydraulic Testing Characterization

In al, at well 399-1-23 (C5000) six specific test/depth intervals were characterized between April 4
and 18, 2006 by aquifer hydraulic testing as the borehole was advanced to its fina depth 35.4 m bgs.
Pertinent test information for the individual discrete test/depth intervalsis presented in Table 6.13.
Diagnostic analysis of aguifer hydraulic tests conducted for the various test/depth intervals indicates that
most of the test zones (i.e., Zones B-E) exhibited exponential decay (over-damped) conditions. The top
test interval (Zone A) exhibited under-damped (oscillatory) response behavior, which is expected for test
zones within the highly permeable Hanford formation. Aquifer hydraulic tests conducted in highly
permeable formations require positioning of the pressure sensor near the top of the well water-column for
guantitative test analysis. Thiswas not done for thistest interval; consequently, only a “greater-than”
value can be assigned for the test interval. Additionally, hydrologic communication occurred around the
packer used to isolate the lowest test/depth interval (Zone F/G); and therefore, no characterization results
are possible for thistest interval. Results from depth-discrete intervals Zones B-E are representative of
the middle Ringold Formation (Unit 5).
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Table6.13.  Aquifer Hydraulic Test Characteristics for Selected Test/Depth Intervals at
Well 399-1-23 (C5000)

Test Parameters
# Aquifer | Depthto Diagnostic Aquifer
Test | Hydraulic | Water, Test/Depth Hydraulic Test S

Test Zone | pate Tests mbgs | Interval, mbgs | ResponseModd Hydrogeol ogic Unit Tested®

ZoneA 4/4/06 4 10.20 12.19-13.26 | Under-Damped Hanford formation (Unit 1)
(2.07) (oscillatory response)

ZoneB 4/6/06 8 10.18 16.83-18.29 | Over-Damped Ringold Formation (Unit 5)
(1.46) (exponential -decay)

Zone C* 4/6/06 6 10.18 15.42-18.29 | Over-Damped* Hanford & Ringold Formations
(2.87) (exponential -decay) (Unit 1 & Unit 5)

ZoneD 4/7/06 8 10.21 19.81-21.33 | Over-Damped Ringold Formation (Unit 5)
(1.52) (exponentia -decay)

ZoneE 4/7/06 2 10.21 18.29-21.33 | Over-Damped Ringold Formation (Unit 5)
(3.04) (exponential -decay)

ZoneF** | 4/18/06 12 9.33* 30.78- 33.53 | Critically-Damped** | Ringold Formation (Unit 5)
(2.75) (transitional

response)

Note: For al test/depth zones, r, = 0.051 meters; r,, = 0.1222 meters.

(8 Hydrogeologic unit number in parentheses indicates the relevant groundwater-flow model layer, as described in
Thorneet a. 1993.

*  Aquifer hydraulic test characterization adversely affected by packer by-pass (leakage) during the last four aguifer hydraulic
tests; only first aquifer hydraulic
withdrawal test results considered to be representative.

**  Aquifer hydraulic test characterization adversely affected by packer by-pass (leakage); all test results are highly
questionable.

6.6.3.3  Well 399-3-19 (C5001) Aquifer Hydraulic Testing Characterization

Two specific test/depth intervals for well 399-3-19 (C5001) were characterized on April 27, 2006 by
aquifer hydraulic testing as the borehol e was advanced to its final depth 31.5 meters bgs. Pertinent test
information for the individual discrete test/depth intervalsis presented in Table 6.14. Diagnostic analysis
of aquifer hydraulic tests conducted for the two test/depth intervals indicate that both of the test zones
exhibited under-damped (oscillatory) conditions. The two test intervals were within the highly permeable
Hanford formation (Unit 1). Under-damped aquifer hydraulic tests require use of High-K analysis type-
curve matching methods. No quantitative analysis of the longer test interval (3.05 meters) Zone B test
was possible due to the extremely low test response and rapid recovery. Test responsesindicate avery
high K condition.

A selected analysis figure for test interval Zone A is contained in Appendix E.
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Table 6.14.

Aquifer Hydraulic Test Characteristics for Selected Test/Depth Intervals at
Well 399-3-19 (C5001)

Test Parameters
# . . .
Aquifer | Depthto Diagnostic Aquifer
Test | hydraulic | Water, Test/Depth hydraulic Test o

TestZone | Dpae Tests m bgs Interval, m bgs Response Moddl Hydrogeologic Unit Tested®
ZoneA 4/27/06 4 14.36 15.85-17.37 Under-Danped Hanford formation (Unit 1)

(1.52) (oscillatory response)
ZoneB 4/27/06 4 14.36 14.32-17.37 Under-Damped Hanford formation (Unit 1)

(3.05) (oscillatory response)

Note: For all test/depth zones, r. = 0.051 meters; ry, = 0.1222 meters.

(8 Hydrogeologic unit number in parentheses indicates the rel evant groundwater-flow model layer, as described in
Thorne et a. 1993.

6.6.34  Well 399-3-20 (C5002) Aquifer Hydraulic Testing Characterization

Three specific test/depth intervalsin well 399-3-20 (C5002) were characterized between May 15 and
17, 2006 by aquifer hydraulic testing as the borehole was advanced to its final depth of 29.0 m bgs.
Pertinent test information for the individual discrete test/depth intervalsis presented in Table 6.15.
Diagnostic analysis of depth-discrete interval aquifer hydraulic tests conducted indicate that the top
Hanford formation test zone (A) exhibited under-damped (oscillatory) conditions while the two
underlying Ringold Formation test intervals (Zones C and D) exhibited critically damped test behavior.
Tests exhibiting either critically damped or under-damped aquifer hydraulic test response require use of
High-K analysis type-curve matching methods.

Table6.15. Aquifer Hydraulic Test Characteristics for Selected Test/Depth Intervals at
Well 399-3-20 (C5002)
Test Parameters
Aquifer | Depthto Diagnostic Aquifer
Test | hydraulic | Water, Test/Depth hydraulic Test
Test Zone | pae Tests m bgs Interval, m bgs Response Modd Hydrogeologic Unit Tested®
ZoneA, B | 5/15/06 8 1451 16.92-19.05 | Under-Damped Hanford formation (Unit 1)
(2.13) (oscillatory response)
ZoneC 5/17/06 4 14.78 26.21-27.58 | Critically Damped Ringold Formation (Unit 5)
(2.37) (transitional
response)
ZoneD 5/17/06 4 14.78 25.30-27.58 | Criticaly Damped Ringold Formations (Unit 5)
(2.28) (transitional
response)

Note: For all test/depth zones, r, = 0.051 meters; r,, = 0.1222 meters.

(@ Hydrogeologic unit number in parenthesesindicates the relevant groundwater-flow model layer, as described in
Thorne et a. 1993.
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6.6.4

Borehole Geophysical L ogging

High-resol ution spectral gamma surveys and neutron moisture surveys were conducted in each
borehol e using borehole geophysical 1ogging tools operated by Stoller Corporation. The main objective
of the borehole logging was to determine the presence, distribution, and quantity of manmade (contami-
nant) uranium in the subsurface at each location (DOE/RL-2005-47-Rev. 1). Secondary objectives
include (1) calibrating the planned Phase || DPT borehole geophysical logging system, (2) using the
system as a correl ation tool for identifying borehole lithology, and (3) determining the variationsin

moisture content in the vadose zone at each location.

The geophysical logs obtained in Phase |, including the detailed log data reports, are provided in
Appendix C. Thelog reports describe calibration requirements, data processing, and contain the data
results and interpretation including the borehole log plots for manmade radionuclides, natural gamma and
neutron moisture logs. Table 6.16 provides a summary of geophysical logging activities performed at
each borehole The specific gamma isotopes that were analyzed by Stoller (Appendix C) were selected
based on gamma emitting COPC, and also included known natural occurring radio-elements. All
geophysical logging followed quality assurance procedures provided in the Stoller’ sQuality Assurance

Project Plan (HGLP-002).
Table6.16. Summary of Geophysical Borehole Logging in 300 LFI Boreholes
Totd Drill Spectral Gamma Repeat Interval Neutron Logged Temporary Casing
Depth Logged Interval (feet)/count rate | Interva (feet)/count | Outside Diameter
Wdl ID | DatelLogged | (feet bgs) | (feet)/count rate (sec) (sec) rate (sec) (in.)
399-3-18 |March 24-25, 131 128-0/200 45-32/400 42.25-0/15 95/8
(C4999) | 2006
399-1-23  |April 12-18, 116 112.5-0/200 50-19/200-400 35.5-0/15 95/8
(C5000) | 2006
399-319 |May 1-2, 103.5 86.2-0/200 60-35/400 46.75-0/15 95/8
(C5001) | 2006
399-3-20 |May 16-17, 95 87-0/200 85-78, 50-42/400 47.5-0/15 95/8
(C5002) | 2006

Each borehole was logged from total depth to the surface inside the temporary drill casing prior to
well completion. Spectral gamma measurements, collected at the designated 200 to 400 second count
rate, using the “ move-stop-acquire” technique every 0.5 feet along the borehole was employed to obtain
the most optimal spectral gamma signal emitted from each borehole. Based on data processing by Stoller
Corporation, no manmade (contaminant) gamma-emitting radionuclides were detected above the MDL
(of ~1 pCi/g [for U*] and ~12 pCi/g [for U*®]) in any of the boreholes (details are provided in
Appendix C). These dataindicate that if manmade uranium exists at these locations, it is at very low
concentration levelsbelow the MDLs.

The geophysical log datahave been evaluated and correl ated to the hydrogeology and uranium and
moisture dataresults from the laboratory analysis of sediment samples for each borehole. Theseresults
and comparisons are presented in the composite logs (Figures 3.2 to 3.5).

Laboratory-measured GEA results obtained from the sediment core samples from each well were
compared to the borehole geophysical gamma energy results from thefour new wells to determine if the
data are quantitatively consistent and comparable and to determine data trends (Figures 6.22 to 6.25).
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Because no manmade uranium was detected in the borehol e geophysical data, only select natural radio-
element activity (potassium-40 [ *K], uranium-238 [**U], and thorium-232 [***Th] [KUT]) from the
laboratory GEA data and the borehole geophysical data were compared. These natural uranium results,
from the laboratory and borehol e geophysical data are aso plotted on the composite logs (Figures 3.2 to
3.5). Thedata plots (Figures 6.22 to 6.25) illustrate the differences between the major natural occurring
energy peaks (KUT) between the laboratory versus the field geophysical logging results. The laboratory
GEA results have a higher precision because the sediment sampleswere andyzed in a controlled
laboratory environment that was free from background interferences, and the samples were anayzed in
1-L marinelli containers that completely surround the detector to improve counting efficiency. Therefore,
detection of low-energy gamma emitters (such as thorium-234) was practical (detection of low-energy
gamma emitters was not possible in the field because their signals were blocked by the steel drill casing),
and the samples were counted for 600 seconds per sample (67% longer then geophysical results). As
illustrated in Figures 6.22 to 6.25, there is good agreement between the two KUT data sets, laboratory
(PNNL) versus geophysical (Stoller), throughout the vadose zone (i.e., above the water table). The
uranium data agreement, however, deteriorates below the water table; the increase in the Stoller
geophysical resultsis attributed to radon in the water inside the casing and within the saturated sediments
outside the casing (sees Stoller log reportsin Appendix C). Other sight differencesin the data for “°K
and #*Th maybe due to over-corrections applied for casing thickness and water saturation. Note that
radon is a daughter product of uranium decay and is not an indication of manmade uranium.

Borehol e geophysical neutron moisture data were al so collected from the vadose zone in each well
(Appendix C). Neutron moisture measurements were collected at arate of 15 second per 0.25-foot
(Table6.18.). These moisture data represent, at best, qualitative changesin moisture throughout the
vadose zone because the drill casing diameter istoo large to correctly quantify moisture values. Moisture
data from |laboratory analysis of select sediment core samples are also plotted by depth on the composite
logs (Figures 3.2 through 3.5) along with the geophysical neutron moisture (and total gamma) data. As
illustrated on the composite logs, there is a significant difference in the vadose moisture data between the
two sets of results. Both data sets are suspect for several reasons. The laboratory moisture samples may
have been dtered dueto (1) drainage of liquids from the core barrel during retrieval, (2) reductionin
moisture due to the heat generated during drilling, and (3) aeration (drying) of the sediment as the core
liner is opened. However, the laboratory-measured moisture samples are probably more representative of
vadose moisture conditions than the geophysical neutron moisture data because the drill casing was too
large in diameter for the effective field measurement of moisture by neutron logging.
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Sediment moisture analysis was also completed on samples collected from the saturated zone. While
not representative of the saturated zone because most of the free water drained off during core retrieval,
they do qualitatively revea changesin lithology based on grain-size differences. For example in well
399-3-18 (C4999) (composite Figure 3.2), apparent moisture values increase across the interval of fine
sand and most likely reflect an increase in retained moisture due to the decrease in relative grain size
(permeability) of the fine-grained interval as compared to the coarser-grained (saturated) Ringold
sediments.

The very low uranium MDLs that were achieved using longer count rates, larger, more sensitive
germanium crystal's (60-70%) combined with the laboratory GEA system confirm that there are no high-
concentration hot spots or zones of concentrated process uranium within the vadose zone or saturated
interval at any of the four boreholes. However, the four borehol es represent a miniscule area of coverage
for the entire 300-FF-5 OU sediments above and within the existing groundwater uranium plume so it can
not be stated that no hot spots of uranium are present at | ocations not measurable by the field spectral
gamma logging system (SGLS) or within the sediments from the four boreholes that were obtai ned.
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