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Summary

The Groundwater Performance Assessment Project, managed by the U.S. Department of Energy's
Pacific Northwest National Laboratory (PNNL), provides site-specific and site-wide assessments of
groundwater conditions for the Hanford Site. The project is responsible for groundwater monitoring, data
evaluation and interpretation, and modeling. Staff at PNNL prepared this report to give decision makers
additional information on the characteristics of groundwater in the 300-FF-5 Operable Unit, located in the
southeast corner of the Hanford Site. The operable unit includes groundwater beneath the 300 Area, and
beneath two outlying sub-regions: the 618-11 burial ground and the 316-4 cribs/618-10 burial ground.

In 1996, a record of decision (ROD) stipulated interim remedial action for groundwater affected by
releases from 300 Area sources, as follows: (a) continued monitoring of groundwater that is contami-
nated above health-based levels to ensure that concentrations continue to decrease, and (b) institutional
controls to ensure that groundwater use is restricted to prevent unacceptable exposure to groundwater
contamination. In 2000, the groundwater beneath the two outlying sub-regions was added to the operable
unit. In 2001, the first 5-year review of the ROD found that the interim remedy and remedial action
objectives were still appropriate, although the review called for additional characterization activities.

This report provides a comprehensive description for many of the results from those activities.

This report satisfies an operations and maintenance plan requirement to provide an expanded annual
report on groundwater conditions for fiscal year 2004. Routine annual reporting disseminates information
that characterizes current conditions and trends and provides a basis for changes to the monitoring tasks,
as appropriate. This supplemental report supplies additional details and serves additional purposes, which
include support for the second 5-year review of the ROD and a Phase 11 Feasibility Study. The report
contains several major subsections: (a) current characteristics of contaminants in groundwater, (b)
conceptual models for uranium in the 300 Area and tritium in the 618-11 subregion, and (c) progress
during the period of interim remedial action.

Current Characteristics. The maximum concentration values for each contaminant of concern
(COC) or potential concern (COPC) for the period 1992 through 2004 are used to show where standards
are still exceeded and to illustrate trends. Uranium in the 300 Area, and tritium in the 618-11 sub-region,
remain at concentrations well above the drinking water standard. Other COPC reveal recent concentra-
tions near or below the standards. For many waste constituents, concentrations remain generally constant
or are decreasing. A primary contributor to concentration changes since 1992 appears to be plume
migration under natural groundwater flow conditions.

For uranium in the 300 Area, plume maps for June and December of 2002, 2003, and 2004 were used
to provide estimates for various plume parameters. Where groundwater exceeds the 30-ug/L drinking
water standard, parameters varied as follows: () area of plume equals 0.36 to 0.46 square kilometers; (b)
volume of contaminated groundwater equals ~294,000 to ~377,000 cubic meters; and (c) mass of
dissolved uranium equals ~18 to ~30 kilograms. Uncertainty in the accuracy of



these estimates is caused by the need to make certain assumptions, such as the thickness of the
contaminated layer. However, for the period evaluated, the trends in parameters suggest a relatively
constant level of contamination, but with some variability.

At the 618-11 sub-region, monitoring results since 1999 show decreasing tritium concentrations at
wells closest to the source and variable concentrations at wells along the downgradient migration
pathway. This plume has not reached the Energy Northwest water supply wells, nor the Columbia River.
At the 316-4/618-10 sub-region, COPC are currently at levels below the drinking water standards, except
for very recent samples from two wells near the 316-4 cribs excavation site that show concentrations near
the 30-ug/L standard for uranium.

A revised strategy for categorizing waste constituents in groundwater as a COC or COPC, along with
the implications for remedial actions and regulatory decisions, is proposed. As a result, the lists devel-
oped during the remedial investigation have been shortened, primarily because of improving conditions
and lack of evidence suggesting unacceptable risk.

Conceptual Site Model for 300 Area Uranium. The 300 Area uranium plume can be characterized
as persistent, i.e., the area and concentrations have remained similar to early 1990 conditions. There has
been variability in spatial and temporal distribution patterns, primarily as a consequence of (a) cessation
of liquid waste disposal to the ground, (b) large-scale source excavation activities, (c) unusually high and
prolonged water table conditions during 1996 and 1997, and (d) seasonality because of river-stage
fluctuations. During the most recent years, the plume appears to be relatively stable, with evidence
showing gradual downgradient migration to the Columbia River. The highest concentrations observed
currently are along the shoreline, and probably reflect the last significant input from beneath former major
waste sites, such as the 316-5 process trenches. Uranium is lost from the plume via discharge to the river
and groundwater withdrawal at a water supply well. Some amount of re-supply to the plume is believed
to occur as a consequence of long-term release of uranium that has been sequestered on vadose zone and
aquifer solids.

The mobility of uranium and controls on dissolved concentrations are influenced by the geochemistry
of the original waste effluent, the receiving sediment, and pore fluids, all of which vary in the 300 Area
environment. The compositional and spatial variability leads to complexity in computer models designed
for predicting plume behavior. The heterogeneity in conditions also drives the need for more field data
on the locations, inventory, and geochemical characteristics of uranium in potential source zones.

Conceptual Site Model for 618-11 Tritium. The tritium plume associated with the 618-11 sub-region
has apparently been created by episodic release of tritium gas from irradiated materials in the burial
ground. The gas interacts with moisture in the vadose zone and eventually impacts groundwater. The
high concentrations in groundwater observed near the burial ground during 1999 to 2000 have declined in
recent years, and the plume shows evidence of slow, downgradient migration. The plume has not reached
Energy Northwest water supply wells nor the Columbia River. In the absence of tritium re-supply to the
plume, concentrations will decrease because of transport processes (i.e., dispersion) and radioactive
decay. The amount of tritium in the environment will decrease because of radioactive decay alone.

Initial results from a computer simulation of plume behavior, under one of several scenarios being
modeled, suggest that concentrations in the plume will be below the drinking water standard in several
tens of years, assuming no further re-supply to the plume.



Progress During Interim Remedial Action. Interim remedial action for the operable unit includes
continued monitoring of groundwater that is contaminated above health-based levels and institutional
controls to ensure that groundwater use is restricted. During the past 5 years, monitoring activities have
been expanded to serve two purposes: (1) to verify that concentrations for contaminants of concern
continue to decrease, as anticipated from the results of the remedial investigation, and (2) to evaluate the
interim remedy in light of more recent U.S. Environmental Protection Agency (EPA) guidance for
including monitored natural attenuation (MNA) as a remedy’. Groundwater monitoring has included use
of nearly all available monitoring wells and newly installed aquifer sampling tubes at the shoreline.
Additional efforts have been conducted by other Hanford Site programs to monitor conditions along the
300 Area shoreline. An analysis of contaminant concentration trends during the past 12 years has
revealed information that helps to limit the lists of COC or COPC, and to provide information to make
estimates for how long it will take for contaminants to attenuate to acceptable levels under natural
conditions. Results of all these activities are summarized in a format that is intended to support the
second 5-year review of the ROD.

Because natural features and processes play a role in reducing the level of contamination in
groundwater to some degree, an analysis of current EPA guidance for including MNA as a contributing or
sole remedial action alternative is presented. EPA’s three-tiered approach for evaluating the suitability of
MNA as a remedy is discussed using site-specific information for the 300-FF-5 Operable Unit, along with
a discussion of key considerations for determining whether MNA is appropriate at this site. The analysis
suggests that the interim remedy currently selected in 1996 is consistent with subsequent EPA guidance
(1999), and that 300-FF-5 characteristics are favorable for including MNA as a remedial action
alternative.

! In 1996 when the ROD was prepared, monitored natural attenuation had not yet been formally defined by EPA as
a remedial action alternative. The definition was subsequently included in guidance published in 1999.



Acronyms

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cocC contaminant of concern

COPC contaminant of potential concern

DaVE data viewer and evaluator (database)
DOE U.S. Department of Energy

Ecology Washington State Department of Ecology
EPA U.S. Environmental Protection Agency
FY fiscal year

MNA monitored natural attenuation

NRC U.S. Nuclear Regulatory Commission
RCRA Resource Conservation and Recovery Act
ROD record of decision

SCM surface complexation model
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1.0 Introduction

The 300-FF-5 Operable Unit, located in the southeast portion of the Hanford Site, includes ground-
water affected by contaminants released from waste sites in three geographic sub-regions of the operable
unit: the 300 Area, 618-11 burial ground, and 316-4 cribs/618-10 burial ground (Figure 1.1). A map
showing facilities and monitoring well locations for the 300 Area is shown in Figure 1.2, and maps for the
outlying sub-regions are shown in Figure 1.3. Groundwater quality in these sub-regions has been affected
by releases from sources within the geographic boundaries of the operable unit (i.e., waste sites in the
overlying 300-FF-1 and 300-FF-2 Operable Units), and also by contaminants that migrate into the
operable unit from sources in the 200 East Area (200-PO-1 Operable Unit) and from sources to the
southwest of the 300 Area (1100-EM-1 Operable Unit).

This report satisfies requirements in the Operations and Maintenance Plan for the 300-FF-5 Oper-
able Unit (DOE 2002b) regarding annual reporting on groundwater conditions. The report also satisfies a
requirement in Tri-Party Agreement Milestone M-016-83 (Appendix B) to provide detailed descriptions
of updated conceptual models for the 300 Area uranium plume and 618-11 burial ground uranium plume.

The purpose for annual reporting is to provide information that can be used for:

1. Describing current conditions.
2. Establishing a basis for changes to the monitoring tasks.
3. Supporting the 5-year reviews of the interim remedial actions.

Each year, information relating to items (1) and (2) above is presented in the annual report of the
Groundwater Performance Assessment Project (e.g., Hartman et al. 2005). Section 2.12 of that report
covers the 300-FF-5 Operable Unit (Lindberg and Peterson 2005). With regard to item (3), the next
5-year review of the record of decision (ROD) for the operable unit is being conducted during calendar
year 2005, with release of the findings by April 2006. Because of the impending 5-year review, the
operations and maintenance plan (DOE 2002b) requires that an expanded annual report be prepared for
fiscal year (FY) 2004. The expanded report is to provide increased details regarding interpretation of
monitoring results; an assessment of natural attenuation processes, and any other new information
pertaining to groundwater conditions that is not includes in the regular annual report.

The following sections present data from long-term groundwater monitoring activities conducted
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
Resource Conservation and Recovery Act (RCRA) programs. Interpretations of these data with respect to
the objectives identified in the ROD (EPA 1996) and the operation and maintenance plan (DOE 2002b)
are described. A summary of the results and status of recent laboratory and modeling investigations are
also presented, along with updated descriptions for conceptual site models for uranium at the 300 Area
and tritium at the 618-11 sub-region. These conceptual site models, along with descriptions of
concentration trends for contaminants of potential concern, are intended to provide a technical basis for
determining appropriate future actions within the operable unit.
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1.1 300-FF-5 Record of Decision and First 5-Year Review

The initial ROD for the 300-FF-5 Operable Unit stipulates interim remedial action that imposes
restrictions on the use of 300 Area groundwater until such time as health-based criteria are met for
uranium, trichloroethene, and cis-1,2-dichloroethene, which are the 300 Area contaminants of concern
(COC) as defined by the ROD (EPA 1996, pg. ii). (Note: This ROD is the first Hanford Site ROD for a
groundwater operable unit along the river corridor that does not invoke active measures for restoring
water quality.') As stated in the ROD, the selected interim remedy is:

e “Continued monitoring of groundwater that is contaminated above health-based levels to ensure that
concentrations continue to decrease.

¢ Institutional controls to ensure that groundwater use is restricted to prevent unacceptable exposures
to groundwater contamination.”

The ROD describes specific remedial action objectives that involve (a) protecting human and
ecological receptors from exposure to contaminants in groundwater, and (b) minimizing future impacts to
groundwater resources from waste sites. Protection of the Columbia River from contaminants carried by
groundwater is an objective, with the criteria for protection as listed in the Washington State Surface
Water Quality Standards (WAC 173-201A).

In 2000, the ROD was modified by an explanation of significant difference (EPA 2000) that
expanded the geographic scope for the operable unit to include two outlying sub-regions to the northwest
of the 300 Area. The interim remedial action and remedial action objectives remained the same as stated
in the initial ROD, with the exception of addressing several different contaminants of potential concern
(COPC) in the new sub-regions. The northernmost of the two sub-regions contains the 618-11 burial
ground, where the COPC is tritium. The second outlying sub-region contains the 316-4 cribs and 618-10
burial ground, where the COPC are uranium and tributyl phosphate.?

The first 5-year review of the ROD (EPA 2001) found that the selected interim remedy and remedial
action objectives were still appropriate. However, additional actions were specified that called for more
characterization of the contamination problems, to include (a) expanded monitoring at the river shoreline,
and (b) an assessment of the effectiveness of natural attenuation as a remedy. The expanded characteri-
zation and assessment work is described in a revised operations and maintenance plan, which was pub-
lished in 2002 (DOE 2002b), along with an updated sampling and analysis plan (DOE 2002a).

1.2 Historical Perspective

Facilities in the 300 Area of the Hanford Site were primarily involved with fabrication of nuclear fuel
for plutonium production, which included some research and development activities, during the period

! ROD:s for interim remedial action are in place for the 100-NR-2, 100-KR-4, and 100-HR-3 Operable Units that
specify pump-and-treat systems for specific contaminants of concern. RODs have not yet been prepared for other
contaminants of potential concern in those operable units, nor have RODs been prepared for the 100-BC-5,
100-FR-3, and 200-PO-1 Operable Units, as of March 2005.

2 Because a remedial investigation and baseline risk assessment of groundwater associated with these outlying sub-
regions has not been conducted, no contaminants of concern have yet been formally identified. Therefore, waste
constituents being monitored will be referred to in this report as contaminants of potential concern.
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spanning the startup of Hanford reactors in 1944 through the late 1980s (Young and Fruchter 1991). The
range of activities produced a wide variety of waste streams that contained chemical and radiological
constituents (Gerber 1992; Deford et al. 1994). Since the early 1990s, extensive remediation of liquid
waste disposal sites and solid waste burial grounds has taken place. As of March 2004, most liquid waste
disposal sites, which are located in the north half of the 300 Area, have been excavated, backfilled, and
the ground surface restored. Some unknown amount of contamination remains in the vadose zone
beneath the lower extent of the excavation activities. Additional contamination may also remain beneath
buildings and facilities in the southern portion of the 300 Area, where decontamination and
decommissioning activities have not yet taken place.

Groundwater beneath the 300 Area and the two outlying geographic sub-regions (618-11 burial
ground and 316-4 cribs/618-10 burial ground) contain contaminants from past-practices disposal activities
at concentrations that exceed the U.S. Environmental Protection Agency (EPA) standards for drinking
water supplies. The CERCLA ROD for interim action associated with groundwater (EPA 1996;

EPA 2000) involves institutional controls on the use of groundwater and continued monitoring to
establish trends in the level of contamination. (Note: The 300-FF-5 Operable Unit, a groundwater
operable unit, includes the water and solids that constitute the aquifer.)

Uranium is the most prominent waste constituent remaining in the environment, and it has persisted
in waste sites and groundwater during the years following the shutdown of most fuel fabrication activities
and cessation of liquid effluent disposal to the ground. Uranium in soluble form is of concern for
chemical toxicity, as well as for radiological exposure, although the concentrations in groundwater for
chemical toxicity are lower than those associated with exceeding radiological dose standards. Specific
criteria on the toxicity to freshwater aquatic organisms are not currently established, so by default, the
criteria for the protection of aquatic organisms are the same as those applied for protection of human
health. The EPA’s maximum contaminant level in groundwater for drinking water supplies is currently
30 pg/L uranium, measured as total uranium in the water sample. During the remedial investigation in
the early 1990s and the development of the initial ROD, the proposed standard for uranium was 20 pg/L.

Additional waste constituents present in groundwater beneath the 300 Area include volatile organic
compounds, which resulted from disposal of liquid waste generated in the 300 Area facilities. These
constituents include cis-1,2-dichloroethene, trichloroethene, and tetrachloroethene. Also, tritium, nitrate,
technetium-99, and trichloroethene migrate into the 300-FF-5 Operable Unit from source areas to the
northwest and southwest. At the outlying 618-11 waste site, a tritium plume, whose source is assumed to
be releases from irradiated materials in the burial ground, is being monitored. At the 316-4/618-10 waste
sites, uranium and tributyl phosphate are being monitored. Those two constituents were discharged to the
cribs during the very early operations at 300 Area facilities, and residual amounts remain in the vadose
zone, as revealed by recent excavation of the 316-4 cribs. No releases from the 618-10 burial ground are
known to have impacted groundwater.

During the period of interim remedial action, monitoring and characterization of the various contam-
inant plumes continues, with one objective being to show how the level of contamination changes with
time. The remedial investigation (DOE 1995) found evidence to suggest that levels for uranium would
decrease with time (i.e., the plume would attenuate) because of natural processes, such as dispersion. A
prediction was offered that concentrations of uranium in groundwater would decrease to the proposed
drinking water standard or lower in 3 to 10 years from 1993. This led to anticipating that natural
processes would have a role in future decisions regarding remedial action alternatives for groundwater.
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The phrase “natural attenuation processes” is defined in EPA’s guidance for including natural processes
when considering remedial action alternatives (EPA 1999, pg. 3). The guidance includes the following
statements describing natural attenuation processes as:

“...a variety of physical, chemical, or biological processes that, under favorable conditions,
act without human intervention to reduce the mass, toxicity, mobility, volume, or concentra-
tion of contaminants in soil or groundwater. These in situ processes include biodegradation;
dispersion; dilution; sorption; volatilization; radioactive decay; and chemical or biological
stabilization, transformation, or destruction of contaminants.”

The expanded groundwater report for fiscal year 2004 considers monitoring results for the period
1992 to 2004. During this period of time, actions that may have impacted the 300-FF-5 Operable Unit
included the expedited response action that occurred during the early 1990s, cessation of liquid discharges
to the remaining land disposal facilities with the startup of the Treated Effluent Disposal Facility in 1994,
extensive source remedial actions involving large-scale excavations of liquid waste disposal sites and
solid waste burial grounds during the mid-1990s, and unusually high and prolonged water-table
elevations during 1996 and 1997.

1.3 Organization of the Expanded Report for Fiscal Year 2004

This expanded report starts with a detailed summary of current conditions and trends for contami-
nation indictors at each of the three geographic sub-regions within the 300-FF-5 Operable Unit
(Chapter 2). Tables are included that show maximum concentrations by calendar year for the period 1992
to 2004. Plume maps and trends charts are used where necessary to illustrate key phenomena. Uranium
concentration trend charts for each 300 Area well that monitors the uppermost hydrologic unit are
included with this report (Appendix A). Chapter 2 concludes with suggested revisions to the lists of COC
and COPC for the 300-FF-5 Operable Unit based on the data that have been collected and interpreted
since the initial remedial investigation (DOE 1995) and the ROD (EPA 1996) and explanation of
significant difference (EPA 2000).

Chapters 3 and 4 provide conceptual models for the uranium plume at the 300 Area and the tritium
plume at the 618-11 burial ground sub-region, respectively. A summary of the data and interpretations
used to develop these conceptual models are also provided. The conceptual models are intended to
provide a technical basis to determine appropriate future actions within the operable unit.

Chapter 5 presents an analysis of each COC and COPC with respect to the monitoring objectives
identified in the operation and maintenance plan (DOE 2002b). Section 5 also describes the EPA
guidance for using monitored natural attenuation (MNA) as a remedy (EPA 1999), interprets the current
300-FF-5 Operable Unit remedy in the framework of this guidance, and assesses whether it is appropriate
to consider MNA as a potential continuing remedy.

Appendix A contains uranium concentration trend charts for 300 Area wells. Appendix B is a copy
of the Tri-Party Agreement Milestone M-016-83 agreed to by the U.S. Department of Energy (DOE) and
EPA on March 11, 2005. Appendix C provides a description of the evolution of the regulatory
framework for the 300-FF-5 Operable Unit.
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Figure 1.1. Map of the Hanford Site
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2.0 Current Characteristics

This section presents sampling and analysis results, and interpretations for groundwater constituents
being monitored in the three sub-regions of the 300-FF-5 Operable Unit. The information supplements
that routinely supplied via the annual groundwater project report (e.g., Lindberg and Peterson 2005). The
data and interpretations include:

e Maximum observed concentrations by year for each well, for the period 1992 through 2004. Listing
the maximum concentration is consistent with methods used earlier during the remedial investigation
(DOE 1995) to characterize human and ecological health risks. The tables use different font
characteristics to show results that are above or below the EPA maximum contaminant levels for
drinking water supplies.

e Uranium plume maps are included that show conditions in the 300 Area for September 2001,
June 2002, December 2002, June 2003, December 2003, June 2004, and December 2004. For each
time period, estimates for the area of the plume, volume of contaminated groundwater, and mass of
uranium in the plume are provided based on the contours and an assumed thickness for the con-
taminated layer.

e Uranium concentration trend charts for 300 Area wells that monitor the uppermost hydrologic unit
(i.e., near the water table) are provided in Appendix A. These charts show (a) all results considered
representative of aquifer conditions, (b) outlier or other non-representative results, and (c) values
chosen as representative of concentrations for 2-year “windows.” The latter values are used as input
to the geostatistical analysis of the 300 Area uranium plume’s characteristics (Chapter 3 of this
report).

2.1 300 Area Contaminants of Concern or Potential Concern

The groundwater beneath the 300 Area has been contaminated by liquid effluent discharges to a
variety of disposal sites during a period of operations that extends from the late 1940s through the mid-
1980s. Since the end of fuel fabrication activities, contaminated discharges have largely ceased, although
discharges of uncontaminated effluent continued until 1994. Remedial actions have been completed that
removed the structures and contaminated soil associated with most of these disposal sites. However,
residual amounts of some contaminants remain in the underlying vadose zone, and their presence is
indicated in groundwater monitoring results.

Some contaminants are currently present at concentrations that exceed the EPA’s maximum contami-
nant level for drinking water supplies. The persistence of these contaminants, in the face of rapid flushing
of the aquifer because of its high transmissivity characteristics, implies a continuing re-supply. Candidate
non-point sources for uranium include releases from the (a) vadose zone beneath former waste sites, (b)
widely distributed capillary fringe zone near the water table, and/or (c) aquifer solids.

COC in the groundwater at the 300 Area, as defined by the ROD (EPA 1996, pg. ii), are uranium, cis-
1,2-dichloroethene, and trichloroethene. Additional COPC, as identified during the remedial
investigation (DOE 1995) or in RCRA corrective measures monitoring plans (Lindberg et al. 1995;
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Lindberg and Chou 2001), are tetrachloroethene, strontium-90, tritium, and nitrate. A detailed index map
for 300 Area wells is provided in Figure 2.1.

211 Uranium

Table 2.1 shows the maximum yearly concentration of uranium at 300 Area monitoring wells during
the period 1992 to 2004. Many results exceed the 30-ug/L drinking water standard (the proposed
standard during the early 1990s was 20 pg/L). The highest concentration observed during this period was
358 pg/L at well 399-2-2 in 1997.

An increase in uranium concentrations at many wells is readily apparent during the period 1995
through 1998. This time period correlates with major source excavation activities, cessation of clean
water discharges to the 300 Area process trenches, unusually high water-table conditions during 1996 and
1997, and the apparent migration of a “pulse” of uranium introduced at the 300 Area process trenches
during the early 1990s. Since 1998, there appears to be a general decline in uranium concentrations at
most monitoring wells, although some wells show variable trends that reveal plume migration
downgradient from known or suspected sources (e.g., 300 Area process trenches; 307 trench). During
2004, the highest uranium concentrations are observed at aquifer tube sites along the shoreline.

The geographic extent of the 300 Area uranium plume for the two seasons monitored (June and
December) is shown in Figures 2.2 through 2.8, which cover the period 2001 to 2004. The overall extent
of uranium contamination, as illustrated by the 10-ug/L contour line, remains fairly constant for this time
period.! The maximum concentration areas outlined by the contours appear to gradually decrease with
time. Two areas of relatively high concentrations occasionally appear during the June seasonal high
water-table period: one near the south end of the 300 Area process trenches, and a second to the east of
the 307 process trenches (Figures 2.3, 2.5, and 2.7). The current explanation for these features is that the
lower vadose zone at each of these locations is contaminated with uranium, which is remobilized during
periods of high water-table conditions. Source removal actions have been completed for the 300 Area
process trenches, and will be addressed at the 307 trench following decontamination and decommis-
sioning activities of surface structures.

Source removal actions at the 618-5 burial ground in October 2002 are believed to have remobilized
uranium in the vadose zone at that waste site. The remobilized uranium migrated downgradient with
groundwater flow to well 399-1-10A by December 2002, causing an increasing trend at the well (Fig-
ure 2.4). The pulse of uranium created in October 2002 appears to be dissipating (Figures 2.5 through
2.8; trend chart for well 399-1-10A in Appendix A). Based on the timing of excavation activities and the
arrival at well 399-1-10A and the distance to well 399-1-10A, a plume migration rate on the order of
meters per day is estimated.

Estimates for the areal extent, contaminated volume, and dissolved mass for the 300 Area uranium
plume are listed in Table 2.2. The estimates were derived from the six seasonal plume maps shown in
Figures 2.2 through 2.8. A summary of values for these plume parameters is presented in Table 2.3. The
areal extent of the plume at levels greater than the drinking water standard (30 pg/L) ranges between
0.36 and 0.43 square kilometers (0.14 to 0.17 square miles). The volume of groundwater contaminated

! Natural background for uranium in this area falls in the range 5 to 8 pg/L.
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above the drinking water standard ranges between 262,215 and 367,577 cubic meters (992 to 1.391

million gallons). The mass of dissolved uranium in the greater than 30-ug/L plume ranges from 15.7 to
30.4 kilograms (35 to 67 pounds).?

The differences in plume parameters caused by seasonal conditions are also revealed in Table 2.3,
where June area and mass values tend to be somewhat smaller than December values. This is generally
true for the six seasonal periods presented, with the exception of December 2003, which shows anoma-
lously low values for all parameters. The lower mass values for June are believed to reflect dilution of
groundwater (i.e., reduced concentrations) at shoreline wells because of infiltrating river water during the
high river stage in June. The highest mass values occurred during December 2002 and may reflect the
pulse of uranium detected at well 399-1-10A (see trend chart in Appendix A), which is a short-term
consequence of excavation activities at the 618-5 burial ground.

Using the observational data for uranium concentrations for December 2003, estimates for the mass
of uranium in the mapped plume (i.e., >10 pg/L) were also made using EarthVision™ software. The
effective porosity was assumed to be 25%. The total mass in the plume was calculated at 39.9 kilograms
(87.9 pounds), which is higher than the estimates summarized in Table 2.3, but still within the range of
expected values, and consistent with the mass estimates that resulted from the geostatistical analysis of
plume parameters (see Chapter 3).

A water supply well (399-4-12) operates in the south portion of the 300 Area to supply water for the
aquariums in the 331 Building (see Figure 2.1 for location, and trend chart in Appendix A for uranium
concentrations). This well has a pumping rate that typically varies in the range of 757 to 2,271 liters (200
to 600 gallons) per minute and has been in operation since approximately 1982. Assuming an average
pumping rate of 1,234.9 liters (350 gallons) per minute for 22 years, and an average uranium
concentration of 30 ug/L during that period, approximately 460 kilograms (1,014 pounds) of uranium
would have passed through this well. The aquarium water is typically made up of a mixture of water
from the well, and water drawn from the river. The effluent from the aquariums was initially returned to
the river via an outfall pipe as a permitted discharge. Currently, the effluent no longer requires a permit
and flows over the riverbank as a small stream. The stream is monitored by the Surface Environmental
Surveillance Project.

During February 2004, eight sites along the 300 Area shoreline were equipped with aquifer tubes,
with each site having up to three tubes at various depths. The three depths are intended to represent
conditions near the water table; as deep as logistically possible using the hand-held installation equip-
ment; and a depth mid-way between the other two. The first sampling of these tubes occurred during
March 2004; the results for uranium analyses are shown in Figure 2.9.

The highest uranium concentrations occur at sites AT-3-3 (195 pg/L) and AT-3-4 (241 pg/L), which
are located adjacent to the shoreline where relatively high uranium concentrations are found in ground-
water. The specific conductance for these samples indicated that they are predominantly groundwater,
i.e., there has been minimal dilution by infiltrating river water. Uranium in groundwater along this
segment of shoreline is likely to have originated in the vicinity of the 300 Area process trenches.
Uranium concentrations in tubes at the north end of the 300 Area also show results that are consistent

2 Assumptions: Contaminated layer thickness of 3 meters (9.8 feet) for December and 3.3 meters (10.8 feet) for
June; effective porosity of 27%; and mid-point concentrations between contour intervals for each segment.
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with adjacent groundwater. Concentrations ranging from 87 to 100 ug/L at site AT-3-1 (Figure 2.9) and
probably reflect uranium whose origin is the 618-5 excavation site (see Figure 2.4).

At tube sites adjacent to the second portion of the 300 Area uranium plume that shows relatively
elevated concentrations, the March 2004 tube results appear to be consistent with adjacent groundwater
results, although concentrations are not as high as along the segment just upstream. The origin for
uranium along this segment of shoreline is believed to be located in the vicinity of the 307 trench.
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Table 2.1. Maximum Uranium Concentrations (ng/L) at 300 Area Wells

Well Name | Unit | 1992 | 1093 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer

399-1-1 TU 62 53 66
399-1-2 TU 21 28 52 35 10 16 7 6 47 10 13
399-1-3 TU 53 134 | 153 | 100 | 65
399-1-4 TU 5 14
399-1-5 TU | ND | 110 | 120 105 | 80 51 48 (@) (a) (a) (a) (@)
399-1-6 TU | 23 7 9 9 13 11 8 9 9 7
399-1-7 TU | 160 | 110 | 131 248 | 329 | 132 | 153 | 95 72 90 80 67
399-1-10A TU | 152 | 110 | 71 75 85 | 144 | 75 61 53 43 | 235 | 178 67
399-1-11 TU | 48 21 31 33 | 102 | 47 9 37 28 16
399-1-12 TU | 83 44 50 60 83 53 22 23 16 17 40 22 21
399-1-13A TU 6 6 7 14
399-1-14A TU 6 6 7 8 20 13 6 8 6 6
399-1-15 TU 5 6 4 7 7 7 6
399-1-16A TU | 156 | 145 | 87 | 165 | 123 | 137 | 124 | 115 | 136 | 100 | 94 86 88
399-1-17A TU | 111 | 43 71 | 247 | 300 | 313 | 248 | 166 | 126 | 64 70 70 56
399-1-18A TU 5 5 6 5 6 7 6 6 6 6 7 7
399-1-19 TU ND 198 271 @) (@) (@) (@) (@) (@) (@) (@)
399-1-21A TU | 82 46 23 24 63 | 101 | 36 32 18 12 47 22 31
399-2-1 TU | 48 46 58 | 159 | 196 | 230 | 252 | 232 169 | 149 | 79 61
399-2-2 TU ND 110 150 160 262 358 225 322 205 144 137 66 86
399-2-3 TU | 42 ND | 118 | 147 | 68
399-3-1 TU 53 81 56 189 219 285 234 198
399-3-2 TU | 15 26 22 25
399-3-3 TU | 10 16 18 27 17 12
399-3-6 TU 17 33 46 34 20 12 11 22 14 14
399-3-9 TU | 27 22
399-3-10 TU | 14 26 20 63 36 74 92 84 | 140 | 181 | 141 | 127 92
399-3-11 TU | 24 38 97 | 130 66 35 48 28 23 85 42 107
399-3-12 TU | 32 37 39 76 78 29 37 15 78 33 20
399-4-1 TU | 16 14 17 20 37 54 26 20 16 18 24 20 16
399-4-7 TU | 59 51 53 43 29 69 68 73 73 63
399-4-9 TU 50 ND 39 74 128 128 163 152 110 46 104 83
399-4-10 TU | 56 70 55 38 94 94 91
399-4-11 TU | 13 17 24 40 51 23 20 16 17
399-4-12 TU 25 25 23 21 40 43 32 37 22 21 24 22 22
399-5-1 TU 7 6 5 5 12 10 7 9 7 7
399-6-1 TU | 10 9
399-8-1 TU 5 5 5 5 12 17 8 5 5 5
399-8-3 TU 5 5 14
399-8-4 TU 3
399-8-5A TU | 11 11 7 4 8 19 7 10 8 5 26 7
699-S19-E13 TU 4 5 5 5
699-519-E14 TU 6 4
699-S27-E12A TU 7 8 9
699-S27-E14 TU 7 8 8 7 7 8 9 7 8
699-S29-E12 TU 4 6
699-S29-E16A TU 2 1 3 2 3 5 4 5 4 3 4 4
699-S30-E15A TU 2 3 2 2 4 4 4 4 4
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Table 2.1. (contd)

well Name | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 [ 2004
Aquifer tubes at the shoreline that monitor the top of the unconfined aquifer
300-3-3A-410cm TU-S 195
300-3-3B-376cm TU-S 192
300-SPRY9A-19cm TU-S 107
300-SPR9A-86cm | TU-S 138
AT-3-1-D(1) TU-S 93
AT-3-1-M TU-S 100
AT-3-1-S TU-S 87
AT-3-2-M TU-S 88
AT-3-3-D TU-S 10
AT-3-3-M TU-S 183
AT-3-3-S TU-S 195
AT-3-4-S TU-S 241
AT-3-5-S TU-S 52
AT-3-6-S TU-S 85
AT-3-7-M TU-S 18
AT-3-8-S TU-S 18
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU | 110 | © 0 3 17 | 419 14
399-1-10B BU 0] ND 0 0 0 0 0 0 0 0 3 0.5
399-1-13B BU 0] 0 0 ND ND
399-1-14B BU 0] 0 ND 1 ND 0
399-1-16B BU 5 5) ) 14 15 14 14 15 14 14 14
399-1-17B BU 0] ND 0 ND 0 0 ND 1 1 0.4
399-1-18B BU 0 0 ND 0 0 0.2
399-1-21B BU 0 0 0 0 1 0 49®
699-S29-E16B BU 0 0 0
Wells that monitor the uppermost confined aquifer

399-1-9 C ND 0 1
399-1-16C C ND 6 0 ND
399-8-5B C 0 0 0
399-8-5C C ND 0 0 ND
699-S29-E16C C ND 0 0 0

(a) Well out-of-service.

(b) Values are under review as possible reporting errors.

Note: Maximum values for uranium at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water standard (30 pg/L).
Blanks indicate "no results."

BU = Bottom of unconfined aquifer.

= First confined aquifer.

EPA = U.S. Environmental Protection Agency.

= Not detected.

= Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.
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Table 2.2. Area, Volume, and Mass Estimates for the 300 Area Uranium Plume

Segment Parameters:

Plume Sub-Region Parameters:

Segment: Plume
ARCINFO: | contam.| Segment: |Segment: GW | Average | Segment: Sub- Sub-
Segment Segment Thick- Aquifer Volume @ Uranium Mass of Region | Plume Sub- | Region | Sub-Region
Period (ug/L AREA ness Volume | 27% porosity | Conc. Uranium || Plume Sub- Mass | Region Area | Area | GW Volume
Represented contours) (mz) (m) (m3) (m3) (ug/L) (kg) Region (kg) (m2) (km2) (m3)
September 2001 10-20 507,416 3.0 1,522,248 411,007 15 6.2 >10 35.6 943,737 0.94 764,427
September 2001 20-30 73,018 3.0 219,054 59,145 25 15 >20 29.4 436,321 0.44 353,420
September 2001 30-50 53,711 3.0 161,132 43,506 40 1.7 >30 27.9 363,302 0.36 294,275
September 2001 50-100 194,718 3.0 584,155 157,722 75 11.8 >50 26.2 309,592 0.31 250,769
September 2001 100-150 47,361 3.0 142,084 38,363 125 4.8 >100 14.4 114,873 0.11 93,047
September 2001 150-200 67,512 3.0 202,536 54,685 175 9.6 >150 9.6 67,512 0.07 54,685
June 2002 10-20 350,507 3.3 1,139,148 307,570 15 4.6 >10 27.8 1,012,773 1.01 888,708
June 2002 20-30 246,129 3.3 799,919 215,978 25 5.4 >20 23.2 662,265 0.66 581,138
June 2002 30-50 292,726 3.3 951,361 256,867 40 10.3 >30 17.8 416,136 0.42 365,160
June 2002 50-80 (1) 14,205 3.3 46,165 12,465 65 0.8 >50 (1) 7.5 123,410 0.12 108,292
June 2002 50-80 (2) 86,248 3.3 280,307 75,683 65 4.9 >50 (2) 6.7 109,205 0.11 95,828
June 2002 80-100 22,957 3.3 74,610 20,145 90 1.8 >80 1.8 22,957 0.02 20,145
December 2002 10-20 224,792 3.0 674,376 182,082 15 2.7 >10 37.3 862,593 0.86 698,700
December 2002 20-30 204,523 3.0 613,570 165,664 25 4.1 >20 345 637,801 0.64 516,618
December 2002 30-60 113,094 3.0 339,281 91,606 45 4.1 >30 304 433,277 0.43 350,954
December 2002 60-90 154,724 3.0 464,172 125,327 75 9.4 >60 26.3 320,183 0.32 259,348
December 2002 90-120 (1) 11,932 3.0 35,795 9,665 105 1.0 >90 (1) 16.9 165,459 0.17 134,022
December 2002 90-120 (2) 67,571 3.0 202,712 54,732 105 5.7 >90 (2) 15.9 153,528 0.15 124,357
December 2002 120-150 (1) 10,161 3.0 30,483 8,230 135 1.1 >120 (1) 10.1 85,957 0.09 69,625
December 2002 120-150 (2) 59,120 3.0 177,360 47,887 135 6.5 >120 (2) 9.0 75,796 0.08 61,395
December 2002 150-180 7,456 3.0 22,368 6,039 165 1.0 >150 2.5 16,676 0.02 13,507
December 2002 180-210 5,540 3.0 16,619 4,487 195 0.9 >180 1.5 9,220 0.01 7,468
December 2002 210-240 3,680 3.0 11,040 2,981 225 0.7 >210 0.7 3,680 0.00 2,981
June 2003 10-20 290,691 3.3 944,746 255,081 15 3.8 >10 26.3 867,976 0.87 761,649
June 2003 20-30 158,395 3.3 514,782 138,991 25 3.5 >20 22,5 577,285 0.58 506,568
June 2003 30-60 336,399 3.3 1,093,297 295,190 45 13.3 >30 19.0 418,891 0.42 367,577
June 2003 60-90 (1) 14,679 3.3 47,708 12,881 75 1.0 >60 (1) 5.8 82,492 0.08 72,387
June 2003 60-90 (2) 27,363 3.3 88,929 24,011 75 1.8 >60 (2) 4.8 67,812 0.07 59,505
June 2003 60-90 (3) 27,874 3.3 90,592 24,460 75 1.8 >60 (3) 3.0 40,450 0.04 35,494
June 2003 90-120 12,575 3.3 40,869 11,035 105 1.2 >90 1.2 12,575 0.01 11,035
December 2003 10-20 394,383 3.0 1,183,148 319,450 15 4.8 >10 23.6 869,575 0.87 704,355
December 2003 20-30 151,470 3.0 454,409 122,691 25 3.1 >20 18.8 475,192 0.48 384,905
December 2003 30-60 (1) 181,659 3.0 544,978 147,144 45 6.6 >30 (1) 15.7 323,722 0.32 262,215
December 2003 30-60 (2) 5,113 3.0 15,340 4,142 45 0.2 >30 (2) 9.1 142,063 0.14 115,071
December 2003 60-90 112,759 3.0 338,278 91,335 75 6.9 >60 8.9 136,950 0.14 110,929
December 2003 90-120 24,190 3.0 72,571 19,594 105 2.1 >90 2.1 24,190 0.02 19,594
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Table 2.2. (contd)

Segment Parameters:

Plume Sub-Region Parameters:

Segment: Plume
ARCINFO: | contam.| Segment: |Segment: GW | Average | Segment: Sub- Sub-
Segment Segment Thick- Aquifer Volume @ Uranium Mass of Region | Plume Sub- | Region | Sub-Region
Period (ug/L AREA ness Volume 27% porosity | Conc. Uranium || Plume Sub- Mass | Region Area | Area | GW Volume
Represented contours) (m2) (m) (m3) (m3) (ug/L) (kg) Region (kg) (m2) (km2) (m3)
September 2001 10-20 507,416 3.0 1,522,248 411,007 15 6.2 >10 35.6 943,737 0.94 764,427
September 2001 20-30 73,018 3.0 219,054 59,145 25 1.5 >20 29.4 436,321 0.44 353,420
September 2001 30-50 53,711 3.0 161,132 43,506 40 1.7 >30 27.9 363,302 0.36 294,275
September 2001 50-100 194,718 3.0 584,155 157,722 75 11.8 >50 26.2 309,592 0.31 250,769
September 2001 100-150 47,361 3.0 142,084 38,363 125 4.8 >100 144 114,873 0.11 93,047
September 2001 150-200 67,512 3.0 202,536 54,685 175 9.6 >150 9.6 67,512 0.07 54,685
June 2002 10-20 350,507 3.3 1,139,148 307,570 15 4.6 >10 27.8 1,012,773 1.01 888,708
June 2002 20-30 246,129 3.3 799,919 215,978 25 5.4 >20 23.2 662,265 0.66 581,138
June 2002 30-50 292,726 3.3 951,361 256,867 40 10.3 >30 17.8 416,136 0.42 365,160
June 2004 10-30 456,106 3.3 1,482,345 400,233 20 8.0 >10 30.1 851,862 0.85 747,509
June 2004 30-60 200,102 3.3 650,332 175,590 45 7.9 >30 22.1 395,756 0.40 347,276
June 2004 60-90 136,567 3.3 443,844 119,838 75 9.0 >60 14.2 195,654 0.20 171,686
June 2004 90-110 (1) 52,070 3.3 169,227 45,691 100 4.6 >90 (1) 5.2 59,087 0.06 51,848
June 2004 90-110 (2) 7,017 3.3 22,804 6,157 100 0.6 >90 (2) 0.6 7,017 0.01 6,157
December 2004 10-30 549,485 3.0 1,648,455 445,083 20 8.9 >10 30.5 951,658 0.95 770,843
December 2004 30-60 165,737 3.0 497,212 134,247 45 6.0 >30 21.6 402,173 0.40 325,760
December 2004 60-90 (1) 171,852 3.0 515,557 139,200 75 10.4 >60 (1) 15.6 236,436 0.24 191,513
December 2004 60-90 (2) 5,288 3.0 15,863 4,283 75 0.3 >60 (2) 5.1 64,584 0.06 52,313
December 2004 90-110 59,296 3.0 177,888 48,030 100 4.8 >90 4.8 59,296 0.06 48,030




Table 2.3. Summary of Uranium Plume Parameters

>30 pg/L Portion of Plume: >10 pg/L Portion of Plume:
Area of Volume of Mass of Avrea of Volume of Mass of
Period Plume Water Uranium Plume Water Uranium
Represented (km?) (m°) (kg) (km?) (m°) (kg)
September 2001 0.36 294,275 27.9 0.94 764,427 35.6
June 2002 0.42 365,160 17.8 1.01 888,708 27.8
December 2002 0.43 350,954 30.4 0.86 698,700 37.3
June 2003 0.42 367,577 19.0 0.87 761,649 26.3
December 2003 0.46 377,286 24.8 0.87 704,355 23.6
June 2004 0.40 347,276 19.2 0.85 747,509 29.2
December 2004 0.40 325,760 21.6 0.95 770,843 30.5
Assumptions:
1. Contaminated thickness: 3.0 meters (December) and 3.3 meters (June).
2. Effective porosity estimated at 27%.
3. Mass is estimated using mid-point concentration between contours.

21.2 Cis-1,2-Dichloroethene

The maximum concentrations of cis-1,2-dichloroethene are generally well below the drinking water
standard (70 pg/L) or non-detected at all 300 Area wells and shoreline monitoring sites (Table 2.4). The
exception occurs at well 399-1-16B, which monitors the bottom of the unconfined aquifer between the
300 Area process trenches, the presumed source, and the Columbia River. Detections of cis-1,2-
dichloroethene occur at several other wells that monitor the bottom of the unconfined aquifer near the
300 Area process trenches, and also at the aquifer tube site located along the downgradient flow path from
well 399-1-16B (tube site AT-3-3). These detections are at very low concentrations, i.e., at less than
3 ng/L. The concentration trend at well 399-1-16B has remained essentially constant since 1992, and in
the range 120 to 190 pg/L.

Groundwater flow at the bottom of the unconfined aquifer is probably much slower than at the top,
which may contribute to the persistence of this constituent at this location. The origin for cis-1,2-
dichloroethene is not precisely known; it may have been included in liquid effluent discharged to the
300 Area process trenches, or it may be a degradation product of another organic compound in the
discharge, e.g., tetrachloroethene (Lindberg and Chou 2001). Values for cis-1,2-dichloroethene (total),
which were obtained during the initial limited field investigation for 300-FF-5, are shown in Table 2.5.

2.13 Trichloroethene

The maximum concentrations of trichloroethene are generally below the drinking water standard
(5 ng/L) at all 300 Area wells and at aquifer tube sites along the shoreline (Table 2.6), with two
exceptions for recent sampling events:

e Values above the standard were observed at well 399-1-7, located between the 300 Area process
trenches and Columbia River, during 2004 (5.4 ug/L) and 2003 (7.2 pg/L).
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o A value of 6.8 ng/L was also observed during 2004 at aquifer tube site AT-3-3, which is located
along the downgradient groundwater flow path from the process trenches and well 399-1-7.

Trichloroethene was introduced to 300 Area groundwater via discharge to the 300 Area process
trenches, and it also migrates into the 300 Area from sources to the southwest of the 300 Area (Lindberg
and Peterson 2004). Where trichloroethene was present in groundwater above the drinking water
standard in the past, concentrations have generally decreased with time. For example, see trends revealed
in Table 2.6 for wells 399-2-2, 399-4-12, and 399-1-16B. (Note: A result of 28 ug/L at an unconfined
aquifer well (699-S29-E12) to the southwest of the 300 Area, and of 22 pg/L at confined aquifer well
399-1-16C, are believed to be outliers and not representative of aquifer conditions.)

214 Other Constituents of Potential Concern

Tetrachloroethene — Maximum values for tetrachloroethene at all 300 Area wells and shoreline
aquifer tube sites are well below the 5-ug/L drinking water standard (i.e., they are less than 1 pg/L or
non-detected) during recent years (Table 2.7). Tetrachloroethene degrades to cis-1,2-dichloroethene and
trichloroethene in a reducing environment.

Strontium-90 — This radionuclide, with a half-life of 28 years, has been detected at a concentration
above the 8-pCi/L drinking water standard once during monitoring since 1992, and only at well 399-3-11,
which is located near the 307 trench (Table 2.8; see also Figure 2.6 for well locations). Strontium-90
concentrations at well 399-3-11 have remained essentially constant since the exceedance noted in 1995,
with the most recent values between 3 and 4 pCi/L. Where detected at other wells during the remedial
investigation in the 1990s, the concentrations were less than 5 pCi/L.

Tritium — Tritium migrates into the 300 Area from sources to the northwest, as part of the site-wide
plume associated with waste sites in the 200 East Area (200-PO-1 Operable Unit). All maximum values
since 1992 for all 300 Area wells and aquifer tube sites are below the 20,000-pCi/L drinking water
standard (Table 2.9), with the exception of one possible outlier value at well 399-3-12 in 1996.

Nitrate — Maximum concentrations for nitrate exceed the 45-mg/L drinking water standard in several
wells located at the southwest perimeter of the 300 Area (Table 2.10). The standard is also exceeded at
two aquifer tube sites located at the downstream (south) end of the 300 Area shoreline (see Figure 2.6 for
well locations). While some nitrate may have entered the aquifer from 300 Area sources in the past (e.g.,
septic systems), the current distribution is believed to be dominated by contaminated groundwater that
migrates into the 300 Area from industrial and agricultural sources located to the southwest.
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Table 2.4. Maximum Cis-1,2-Dichloroethene Concentrations (ug/L) at 300 Area Wells

Well Name | Unit | 1992 | 1993 | 10994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 [ 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer

399-1-1 TU ND | ND | ND
399-1-2 TU ND | ND [ ND ND | ND [ ND
399-1-3 TU ND ND | ND | ND | ND
399-1-4 TU ND ND
399-1-6 TU ND | ND [ ND ND | ND
399-1-7 TU ND | 0.6 0.7 0.5
399-1-10A TU ND | ND [ ND | 0.0 ND | ND | 04 | ND | ND | 02 ND
399-1-11 TU ND | ND | ND ND | ND | ND | ND
399-1-12 TU ND | ND [ 02 0.3 0.2 ND
399-1-14A TU ND | ND | ND | ND | ND | ND | ND | ND
399-1-15 TU ND | ND | ND
399-1-16A TU ND | ND | 02 0.3 0.7 0.3 0.6 0.2 0.5 0.4 0.4
399-1-17A TU ND | ND | ND | 01 5.0 0.2 ND | ND | ND | 02 0.3
399-1-18A TU ND | ND [ ND | ND [ ND | ND [ ND | ND ND | ND
399-1-19 TU ND 0.3 (@) (@) (@) (@) (@) (@) (@) (@)
399-1-21A TU ND | ND [ ND ND | ND | ND | ND | ND | ND | ND | ND
399-2-1 TU ND | ND | ND | ND | ND | 04 ND | 04 0.1 0.1
399-2-2 TU 0.3 0.8 0.2 ND | 04 0.8 0.7 ND | 0.6 0.7 0.6 0.6
399-2-3 TU 0.2 06 | ND | ND
399-3-1 TU 03 | ND | ND
399-3-2 TU ND | ND ND | ND | ND | ND ND | ND [ 02
399-3-3 TU ND ND | ND ND | ND
399-3-6 TU ND | ND [ ND | ND [ ND | ND [ ND 0.5 ND | ND
399-3-9 TU ND
399-3-10 TU ND | ND | ND | ND [ ND | ND | ND | ND | ND | ND | ND
399-3-11 TU ND | ND [ ND | ND [ ND | ND | ND | ND [ ND | ND | ND
399-3-12 TU ND | ND ND | ND [ ND
399-4-1 TU ND | ND [ ND | ND [ ND | ND | ND | ND [ ND | ND | ND
399-4-7 TU ND | ND ND | ND
399-4-9 TU ND | ND ND | ND | ND | ND | 01 ND
399-4-10 TU ND | ND [ ND ND | ND | ND | ND ND
399-4-11 TU ND | ND [ ND 0.4 ND | ND | ND [ ND
399-4-12 TU ND ND | ND | ND | ND | ND | ND | ND | ND
399-5-1 TU ND | ND [ ND | ND [ ND | ND [ ND | ND | ND
399-5-4B TU ND | ND [ ND | ND | ND | ND | ND | ND | ND | ND
399-6-1 TU ND | ND [ ND | ND [ ND | ND
399-6-2 TU ND | ND [ ND | ND | ND | ND | ND | ND | ND
399-8-1 TU ND | ND | ND | ND | ND | ND | ND | ND
399-8-5A TU ND | ND ND | ND | ND | ND | ND | ND | ND | ND | ND
699-S19-E13 TU | ND ND
699-S19-E14 TU ND
699-S27-E12A TU ND | ND [ ND | ND [ ND | ND [ ND
699-527-E14 TU | ND | ND | ND [ ND | ND [ ND | ND [ ND | ND | ND | ND | ND | ND
699-S28-E13A TU ND | ND [ ND | ND [ ND | ND [ ND
699-529-E12 TU | ND [ ND | ND [ ND | ND [ ND | ND [ ND ND | ND [ ND
699-S29-E13A TU ND | ND [ ND | ND [ ND | ND [ ND
699-529-E16A TU ND | ND [ ND | ND [ ND | ND ND | ND [ ND | ND | ND
699-S30-E15A TU | ND
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Table 2.4. (contd)

WellName | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Aquifer tubes at the shoreline that monitor the top of the unconfined aquifer
AT-3-1-D(1) TU-S ND
AT-3-2-M TU-S ND
AT-3-3-M TU-S 0.2
AT-3-4-S TU-S ND
AT-3-5-S TU-S ND
AT-3-6-S TU-S ND
AT-3-7-M TU-S ND
AT-3-8-S TU-S ND
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU 0.3 0.2 ND ND 0.4 0.1
399-1-10B BU ND ND ND ND ND ND ND ND 0.3 ND ND ND 0.2
399-1-13B BU ND ND ND
399-1-14B BU ND ND ND ND ND
399-1-16B BU | 120.0 130.0 | 147.0 | 170.0 | 190.0 | 180.0 | 180.0 | 170.0 | 190.0 | 160.0 | 160.0 | 150.0
399-1-17B BU 15 28 0.8 3.0 3.0 44 4.7 383 14 2.8 3.3
399-1-18B BU ND ND ND ND ND ND ND ND
399-1-21B BU ND ND ND ND ND ND ND
699-S29-E16B BU ND ND ND
Wells that monitor the uppermost confined aquifer

399-1-9 Cc ND ND
399-1-16C C 60.0 ND ND
399-8-5B Cc ND ND ND
399-8-5C C ND ND ND
699-S29-E16C c ND ND ND

(a) Well out-of-service.
Note: Maximum values for cis-1,2-dichloroethene at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water
standard (70 pg/L). Blanks indicate “no results.”

BU
c
EPA
ND
TU

Bottom of unconfined aquifer.
First confined aquifer.
U.S. Environmental Protection Agency.
Not detected.
Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.
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Table 2.5. Maximum Total 1,2-Dichloroethene Concentrations (ug/L) at 300 Area Wells

Well Name | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer
399-1-5 TU ND ND ND (@) (@) (@) (@) (@)
309-1-6 TU | ND
399-1-7 TU [ nD [ ND | ND
399-1-10A TU [ ND [ ND
399-1-11 TU [ ND [ ND
309-1-12 TU [ ND [ ND
399-1-13A TU [ ND [ ND
300-1-14A TU [ ND [ ND
399-1-15 TU [ ND [ ND
309-1-16A TU | ND | 310
399-1-17A TU [ ND [ ND
399-1-18A TU [ ND [ ND
399-1-21A TU [ nD [ ND | ND
309-2-1 TU [ ND [ ND
399-2-2 TU [ nD [ ND | ND
309-2-3 TU | ND
399-3-2 TU [ nD [ ND | ND
309-3-3 TU | ND
399-3-9 TU [ ND
399-3-10 TU [ ND [ ND
399-3-11 TU [ nD [ ND | ND
309-3-12 TU [ ND [ ND | ND
399-4-1 TU [ ND [ ND
309-4-7 TU [ ND [ ND | ND
399-4-9 TU [ ND
399-4-10 TU [ ND [ ND | ND
399-4-11 TU [ ND [ ND
309-4-12 TU [ ND [ ND | ND
399-5-1 TU [ ND [ ND
399-6-1 TU [ ND [ ND
399-8-1 TU [ ND [ ND
309-8-2 TU | ND
399-8-3 TU [ ND [ ND
309-8-4 TU | ND
399-8-5A TU [ ND [ ND
699-519-E14 TU | ND
699-527-E12A TU ND [ ND | ND
699-527-E14 TU [ ND [ ND
699-528-E13A TU ND [ ND | ND
699-529-E12 TU ND ND
699-529-E13A TU ND [ ND | ND
699-529-E16A TU | ND
699-S30-E15A TU [ ND
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Table 2.5. (contd)

Well Name | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Wells that monitor the bottom of the unconfined aquifer

399-1-8 BU ND

399-1-10B BU ND

399-1-13B BU ND

399-1-14B BU ND

399-1-16B BU 130.0 | 180.0

399-1-17B BU 6.0 5.1

399-1-18B BU ND

399-1-21B BU ND

699-S29-E16B BU ND

Wells that monitor the uppermost confined aquifer

399-1-9 C ND

399-1-16C C ND 4.0 ND

399-1-17C C ND

399-1-18C Cc ND

399-8-5B C ND

399-8-5C Cc ND

699-S29-E16C C ND

(@) Well out-of-service.

Note: Maximum values for 1,2-dichloroethene (total) at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water
standard (100 pg/L). Blanks indicate “no results.”

BU = Bottom of unconfined aquifer.

m
R
>
[T TR TR T

First confined aquifer.

U.S. Environmental Protection Agency.
Not detected.

Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.
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Table 2.6. Maximum Trichloroethene Concentrations (ng/L) at 300 Area Wells

WellName | Unit [ 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer

399-1-1 TU ND | 03 | ND
399-1-2 TU 06 | 07 | ND 28 | 02 | 02
399-1-3 TU 0.6 20 | o5 | 06 | 09
399-1-4 TU 0.2 ND
399-1-5 TU ND ND ND @) @) @) @) (@)
399-1-6 TU [ ND [ ND | ND | ND ND | ND
399-1-7 Tu | 10 | 39 | 40 13 | 23 | 11 | 54
399-1-10A TU [ ND [ ND [ ND [ ND [ ND [ 01 [ 03 [ ND [ ND | ND [ ND | ND [ ND
399-1-11 TU [ND [ ND [ ND | ND [ 04 ND | ND [ ND | ND
399-1-12 Tu | ND | 12 | 03 | 02 | 05 04 | 05 | 03
399-1-13A TU [ nD | ND
399-1-14A TU [ ND [ ND [ ND | ND [ ND | ND [ ND | ND [ ND | ND
399-1-15 TU | ND | ND ND | ND [ ND
399-1-16A TU [ 30| 27 [ 11 | 09 [ 09 | 10 [ 10 |06 [ 07 | 05 | 06 | 06 | 05
399-1-17A TU [o00 | NnD [ 05 | 06 [ 05 | 04 [ 20 | 04 [ 03 | 05 | 05 | 04 | 03
399-1-18A TU [ ND [ ND [ ND | ND [ ND | ND [ ND | ND [ ND | ND ND | ND
399-1-19 TU 0.2 1.4 @) @) @) (a) @) @) @) @)
399-1-21A Tu | 30| 24 | 13 | 06 08 | 30 [ 00 | 12 | 14 | 10 | 04 | 06
399-2-1 Tu |30 17 | 09 | o7 | 12 ] 10 [ nND | 20 14 [ 21 | 10 [ 10
399-2-2 Tu | 50| 25 | 70 | 23 | 20 | 19 | 40 | 30 [ 53 [ 27 | 42 | 15 | 18
399-2-3 Tu | ND | 11 | 33 | 04 | ND
399-3-1 TU 23 | 09 | ND
399-3-2 Tu |60 | 20 | 32 | 18 07 | o8 | 10 | 06 14 [ 37 | 16
399-3-3 TU [ 60 3.9 4.0 20 | 27
399-3-6 TU 29 [ 15 | 11 [ 08 | 10 | 10 | 09 21 | 14 | 12
399-3-9 TU | 10 1.9
399-3-10 TU [ 20| 14 [ 07 | o6 [ 06 | 10 [ 20 | 10 [ 11 | 11 | 14 | 11 [ 05
399-3-11 TU [ 40 | 30 [ 31 | 13 [ 12 | 20 [ 20 | 10 | 15 | 22 | 14 | 21 | 18
399-3-12 Tu | 60 | 40 | 6.1 14 [ 20 | 14
399-4-1 Tu | 70 | 40 | 44 | 32 | 24 | 34 | 20 [ 50 | 23 [ 25 | 43 [ 27 | 21
399-4-7 TU | 40 | 50 | 20 | 31 | 14 18 | 25
399-4-9 Tu | 30 | 22 | 17 10 [ 12 | 11 [ o5 | 12 | 11
399-4-10 Tu |30 ] 27 | 12 | 06 20 | 13 | 12 | 11 0.8
399-4-11 Tu | 40 | 30 | 33 | ND | 07 10 | 17 | 19 [ 19 | 19
399-4-12 Tu | 70 | 60 | 70 | 50 | 30 | 36 | 30 | 40 | 27 | 33 | 38 | 35 | 37
399-5-1 Tu | ND | 07 | 26 | 07 | 12 | 50 | 40 | 30 | 18 | 21
399-5-4B TU 09 [ 07 | o8 [ nD | 08 [ 08 | 10 [ 11 | 10 [ 09
399-6-1 TU | 20 | 20 02 [ ND | o5 | 08 | 06 | 06
399-6-2 TU 16 [ 08 | 08 [ 10 | 10 [ 07 | 14 | 14 | 15
399-8-1 Tu | ND | 20 | 17 | 11 [ nD | 08 [ 07 | 06 | 05 | 07
399-8-2 TU [ ND
399-8-3 Tu | 10 | ND
399-8-4 TU [ ND
399-8-5A Tu | 20 | 20 | 16 07 [ 07 | nD [ 06 | 04 [ 05 | 06 [ 05 | 14
699-519-E13 TU | ND ND
699-S19-E14 TU [ ND | ND
699-527-E12A TU 60 | 50 | 60 [ 30 | 25 [ 26 | 21 [ 19 | 16
699-527-E14 TU [ o8| 12 [ 14 |02 [ o5 | 10 [ 20 08 ] 11 ] 09 [ 12] 08 | 06
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Table 2.6. (contd)

Well Name Unit 1992 | 1993 | 1994 [ 1995 | 1996 | 1997 [ 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
699-S28-E13A TU ND 1.0 2.0 0.8 0.9 0.9 0.5 0.6 0.4
699-S29-E12 TU 0.4 ND ND 28.0 ND 0.8 2.0 1.0 ND 0.2 0.4
699-S29-E13A TU ND ND ND ND ND ND ND ND ND
699-S29-E16A TU ND ND ND ND 0.1 ND ND ND ND ND ND ND
699-S30-E15A TU 0.1

Agquifer tubes at the shoreline that monitor the top of the unconfined aquifer
AT-3-1-D(1) TU-S ND
AT-3-2-M TU-S 0.3
AT-3-3-M TU-S 6.8
AT-3-4-S TU-S 0.7
AT-3-5-S TU-S 0.5
AT-3-6-S TU-S 1.3
AT-3-7-M TU-S 2.1
AT-3-8-S TU-S 1.2
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU 2.0 3.0 15 ND ND 4.0 0.2
399-1-10B BU ND ND ND ND ND ND ND ND ND ND ND ND ND
399-1-13B BU ND ND ND
399-1-14B BU ND ND ND ND ND
399-1-16B BU 16.0 11.0 5.4 6.0 2.8 10.0 8.0 6.0 35 3.1 2.8 3.3 2.8
399-1-17B BU ND ND ND ND ND 0.0 ND ND ND ND ND ND ND
399-1-18B BU ND ND ND ND ND ND ND ND ND
399-1-21B BU ND ND ND 0.4 ND ND ND 0.4
699-S29-E16B BU ND ND ND ND
Wells that monitor the uppermost confined aquifer
399-1-9 C ND ND ND
399-1-16C C 22.0 ND ND ND ND
399-1-17C C ND
399-1-18C C ND
399-8-5B C ND ND ND ND
399-8-5C C ND ND ND ND
699-S29-E16C C ND ND ND ND

(@) Well out-of-service.
Note: Maximum values for trichloroethene at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water standard (5
ug/L). Blanks indicate “no results.”

BU

(@]

=4z
co

TU-S

Bottom of unconfined aquifer.
First confined aquifer.

Not detected.
Top of unconfined aquifer.
Top of unconfined aquifer at shoreline.
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Table 2.7. Maximum Tetrachloroethene Concentrations (ug/L) at 300 Area Wells

Well Name | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer

399-1-1 TU ND | ND [ ND
399-1-2 TU 02 | 06 [ NnD ND | ND [ ND
399-1-3 TU ND 160 | 09 [ ND | ND
399-1-4 TU ND 0.8
399-1-5 TU ND ND ND @) @) (@) @) (@)
399-1-6 TU [ N\D | ND [ ND | ND ND | ND
399-1-7 TU [ ND | ND | ND ND [ ND [ 02 [ 02
399-1-10A Tu [ nND | ND [ 08 | 01 [ 02 [ 02 | 80 [ 10 | ND [ ND | ND | ND [ ND
399-1-11 TU [ NnD | 06 | 06 | 01 | 09 ND | ND [ ND | ND
399-1-12 TU [ ND | 05 | 07 | 02 | o8 ND [ ND [ ND
399-1-13A TU [ nD | ND
399-1-14A TU [ ND [ 03 [ 07 [ 04 | ND | 05 | 09 | 09 | ND | ND
399-1-15 TU [ ND | ND ND | ND [ ND
399-1-16A TU [ NnD [ 06 [ 06 | 05 | 16 | 10 [ 170 ]| 40 | n\D | ND | ND | ND | ND
399-1-17A TU [ 00 [ NnD [ 06 [ 06 | 09 | 12 [ 380 ] 40 | 06 | N\D | ND | ND | 01
399-1-18A TU [ N\D | ND [ ND | ND [ ND | ND | ND [ ND | ND | ND ND | ND
399-1-19 TU 0.1 0.2 (a) @) @) (@) (@) @) @) @)
399-1-21A Tu | ND [ 02 [ 03 | ND ND | 20 [ nD [ ND [ ND [ ND | ND [ ND
399-2-1 TU [ NnD [ ND | 07 | 00 | nD | 03 | 70 | 09 ND | ND [ ND | ND
399-2-2 Tu | ND | 03 [ 05 | 05 [ NnD | ND [ 180 [ 120 | ND [ ND | ND [ ND [ ND
399-2-3 TU [ ND | ND | 04 | 01 | ND
399-3-1 TU 03 | ND [ ND
399-3-2 TU [ ND [ ND | 05 | 03 ND | ND [ ND [ ND ND | 04 | 02
399-3-3 TU | ND 0.4 03 | 03 ND | ND
399-3-6 TU 05 [ 01 [ o1 [ nD [ 02 [ ND [ ND 04 | 06 | 04
399-3-9 TU | ND 0.2
399-3-10 TU [ NnD [ ND | 05 | ND | ND | 05 | 30 | 07 [ ND | ND [ ND [ ND [ ND
399-3-11 TU [ NnD [ ND | 03 | 01 | 01 | ND | 04 | ND [ ND [ ND [ ND [ 03 [ ND
399-3-12 TU [ ND [ 02 | 03 ND [ 03 [ ND
399-4-1 TU [ NnD [ ND | 08 | 02 | 02 | 04 | 05 [ 04 [ ND [ 04 | 04 | 05 | 04
399-4-7 TU [ N\D [ ND [ ND | ND [ 02 ND | ND
399-4-9 TU | ND [ 03 [ 02 1.0 | n\o | ND | ND | 02 | ND
399-4-10 TU [ ND | 03 | ND | ND 10 [ nD | ND [ ND ND
399-4-11 TU [ N\D | ND [ 04 | ND [ ND ND [ ND [ ND [ 04 | 06
399-4-12 TU [ ND [ ND | ND | 02 03 | 04 | 04 | nD | ND | ND | 05 | 03
399-5-1 TU [ N\D | ND [ ND | ND [ 02 [ ND | ND [ ND | ND [ ND
399-5-4B TU ND | 03 [ 02 [nDo [ N [ ND [ ND [ ND [ 02 | ND
399-6-1 TU | ND | ND ND | ND | ND [ ND | ND [ ND
399-6-2 TU ND [ 03 [ 01 [ NnD [ ND | ND | ND | ND | 02
399-8-1 TU [ N\D | ND [ ND | ND [ ND [ ND | ND [ ND | ND [ ND
399-8-2 TU | 40
399-8-3 TU | ND | ND
399-8-4 TU | 20
399-8-5A TU | ND [ 02 | 02 ND [ ND [ 02 [ ND [ ND [ ND [ ND [ 03 | 05
699-519-E13 TU [ ND ND
699-S19-E14 TU [ ND | ND
699-S27-E12A TU ND | ND [ ND [ ND [ ND [ ND [ ND [ ND [ ND
699-527-E14 TU [ n\D | ND [ ND | ND [ 02 | ND [ ND [ ND | ND [ ND | ND | ND [ ND

2.26




Table 2.7. (contd)

Well Name Unit | 1992 | 1993 [ 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
699-S28-E13A TU ND ND ND ND ND ND ND ND ND
699-S29-E12 TU ND ND ND ND ND ND 0.5 ND ND ND ND
699-S29-E13A TU ND ND ND ND ND ND ND ND ND
699-S29-E16A TU ND ND ND ND 0.2 ND ND ND ND ND ND ND
699-S30-E15A TU 0.2

Aquifer tubes at the shoreline that monitor the top of the unconfined aquifer
AT-3-1-D(1) TU-S ND
AT-3-2-M TU-S ND
AT-3-3-M TU-S ND
AT-3-4-S TU-S ND
AT-3-5-S TU-S ND
AT-3-6-S TU-S ND
AT-3-7-M TU-S ND
AT-3-8-S TU-S ND
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU ND 0.3 0.3 ND ND ND ND
399-1-10B BU ND ND ND ND ND ND ND ND ND ND ND ND ND
399-1-13B BU ND ND ND
399-1-14B BU ND ND ND ND ND
399-1-16B BU 0.4 ND 0.4 ND ND ND 1.0 0.4 ND ND ND ND ND
399-1-17B BU ND ND ND ND 0.2 ND ND ND ND ND ND ND ND
399-1-18B BU ND ND ND ND ND ND ND ND ND
399-1-21B BU ND ND ND ND ND ND ND ND
699-S29-E16B BU ND ND ND ND
Wells that monitor the uppermost confined aquifer
399-1-9 C ND ND ND
399-1-16C C ND ND ND ND ND
399-1-17C C ND
399-1-18C C ND
399-8-5B C ND ND ND ND
399-8-5C C ND ND ND ND
699-S29-E16C C ND ND ND ND

(@) Well out-of-service.
Note: Maximum values for tetrachloroethene at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water standard
(5 pg/L). Blanks indicate “no results.”

BU
C
EPA
ND
TU

_‘
&
I

Bottom of unconfined aquifer.
First confined aquifer.

U.S. Environmental Protection Agency.
Not detected.
Top of unconfined aquifer.
Top of unconfined aquifer at shoreline.
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Table 2.8. Maximum Strontium-90 Concentrations (pCi/L) at 300 Area Wells

Well Name | Unit | 1992 | 1993 | 10994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 [ 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer
399-1-5 TU 1.0 (@) @) (@) (@) @)
399-1-6 TU ND
399-1-7 TU 0.7
399-1-10A TU ND
399-1-11 TU 2.0
399-1-13A TU ND
399-1-14A TU ND
399-1-15 TU ND
399-1-16A TU ND
399-1-17A TU 1.3 2.1 0.9 1.6 0.8
399-1-18A TU ND
399-1-21A TU ND
399-2-1 TU ND
399-2-2 TU ND
399-2-3 TU ND
399-3-2 TU ND
399-3-3 TU 4.6
399-3-11 TU ND ND 8.7 3.0 3.1 3.6 41 4.1 3.6 34 4.0 34
399-3-12 TU ND
399-4-1 TU ND
399-4-9 TU ND
399-4-10 TU 0.3
399-4-11 TU ND 0.2 0.0
399-4-12 TU ND
399-5-1 TU ND
399-6-1 TU ND
399-8-1 TU ND
399-8-2 TU ND
399-8-3 TU ND
399-8-4 TU ND
399-8-5A TU ND
699-S19-E13 TU ND ND ND ND ND
699-S19-E14 TU ND
699-S29-E16A TU ND
699-S30-E15A TU ND
Wells that monitor the bottom of the unconfined aquifer

399-1-8 BU 4.1
399-1-10B BU ND
399-1-13B BU ND
399-1-14B BU ND
399-1-16B BU ND
399-1-18B BU ND
399-1-21B BU ND
699-S29-E16B BU ND
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Table 2.8. (contd)

WellName | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

Wells that monitor the uppermost confined aquifer

399-1-9 C ND
399-1-16C C ND
399-1-17C C ND
399-1-18C C ND
399-8-5B C ND
399-8-5C C ND
699-S29-E16C C ND

(@) Well out-of-service.

Note: Maximum values for strontium-90 at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water standard (8

pCi/L). Blanks indicate “no results.”

BU = Bottom of unconfined aquifer.

C = Firstconfined aquifer.

EPA = U.S. Environmental Protection Agency.
ND = Not detected.

TU = Top of unconfined aquifer.

TU-S=

Top of unconfined aquifer at shoreline.
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Table 2.9. Maximum Tritium Concentrations (pCi/L) at 300 Area Wells

Well Name | Unit | 1992 | 1993 | 1994 | 1095 | 1996 | 1997 | 1098 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

Wells that monitor the top of the unconfined aquifer

399-1-1 TU 1,218

399-1-2 TU 6,950 | 10,000 | 11,200 | 11,243 11,200

399-1-3 TU 1,080 12,100

399-1-4 TU 10,600 11,775

399-1-5 TU | 6,904 (@) (@) (@) (@) (@)
399-1-6 TU 10,600 | 11,300 | 12,700

399-1-7 TU | 2,290

399-1-10A TU | 10,000 | 10,200 | 10,800 | 12,249 | 657 | 10,800 | 12,300

399-1-11 TU | 10,300 | 10,500 | 10,900 | 12,700 | 12,525 | 11,000

399-1-12 TU | 9,030 | 9,630 | 9,640 | 12,100 | 11,497 | 10,900 | 12,300

399-1-13A TU | 8,270 9,980 | 11,500 | 11,271 12,900 | 8,700 | 4,780

399-1-14A TU | 10,000 | 10,000 | 10,700 | 12,600 | 13,501 | 11,600 | 11,900 | 12,800 | 11,600 | 8,190

399-1-15 TU | 10,300 11,900

399-1-16A TU | 8,240 | 8,920 | 9,160 | 12,400 | 2,255 | 12,300 | 11,600

399-1-17A TU 373 702 1,940 | 11,800 | 10,952 | 12,300 | 11,300 | 11,900 | 11,600 | 8,870 | 8,910 | 9,750 | 9,090
399-1-18A TU | 11,300 | 11,200 | 11,500 | 13,801 | 12,672 | 14,100 | 13,300

399-1-19 TU 473 | 10,297 (@) @) (@) @) (@) (@) (@) (@)
399-1-21A TU | 4,130 | 4,560 | 3,970 | 3,151 | 7,671 | 8,960 | 9,170 | 9,650 | 8,420 | 2,070 | 7,280 | 6,410 | 3,460
399-2-1 TU | 2,390 | 6,500 | 4,510 | 9,159 385 8,190 | 11,400

399-2-2 TU 3,890 | 5,710 | 12,200

399-2-3 TU 4,980 | 5210 | 7,115 523

399-3-1 TU 3,250 | 8,035 0

399-3-2 TU 104 11 2,570 870 ND

399-3-3 TU | 1,075 763 575 801

399-3-6 TU 0 749 4,300 | 2,100 925 583 893 ND 295 302 ND
399-3-9 TU | 2,370 2,200

399-3-10 TU | 2,270 | 2,650 | 3,790 | 4,510 686 5,460 | 7,560

399-3-11 TU | 4,634 2,220 | 4,204 | 7,258 | 4,820 | 4,060 | 8,430 | 3,900 ND 3,610 | 1,240 637
399-3-12 TU 3,370 | 3,320 20,006 | 6,500 | 5,590 | 9,170 636 5,040 | 2,210 845
399-4-1 TU 921 167 319 1,850 | 1,390 831 1,420 785 ND 971 ND ND
399-4-7 TU | 3,380 2,010 | 2,230 | 4,080 | 5,870 | 4,150 | 7,090 | 7,180 | 3,880 | 1,330 | 3,340
399-4-9 TU | 4,200 | 3,910 | 2,490 8,790 | 9,430 | 9,710 | 9,230 | 4,590 548 5,830 | 6,700
399-4-10 TU | 5,030 | 3,310 | 2,340 | 3,890 768

399-4-11 TU 997 151 138 5,090 | 2,930 920 1,860 420 ND

399-4-12 TU | 1,887 145 254 | 3,660 | 2,640 805 2,650 | 1,000 635 250 407
399-5-1 TU 43 0 0 52 26 28 43 46 31

399-5-4B TU 22 22 19 107 29 29 46 53 27
399-6-1 TU 43 55 28

399-6-2 TU 28 26 24

399-8-1 TU 34 17 ND 3,250 461 ND ND ND ND

399-8-2 TU ND

399-8-3 TU 412 716 733 4,700 | 4,890 | 2,230

399-8-4 TU ND

399-8-5A TU 0 166 ND 17 34 12 26 15 118 74 88
699-S19-E13 TU | 11,600 | 12,200 | 13,300 | 13,300 | 11,728 | 14,500 | 13,400 | 13,100 | 13,100 | 12,100 | 12,100 | 11,900 | 11,000
699-S19-E14 TU | 11,770 | 12,100 | 13,600 | 15,300 | 12,210 | 16,000 | 16,000 16,000 15,100
699-S27-E12A | TU 27

699-S27-E14 TU 0 119 124 29 33 27 25 50 31 37 27 67 36
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Table 2.9. (contd)

Well Name Unit 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 2004
699-S29-E12 TU 74 206 105 3 24 21 30
699-S29-E13A TU 348 83
699-S29-E16A TU 120 86 78 | 2,030 | 69 81 71 86 73 76 93 394
699-S30-E15A TU 191 | 293 ND 73 69 72 52 60 56 76 46 92 97

Aquifer tubes at the shoreline that monitor the top of the unconfined aquifer
300-3-3A-410cm TU-S 8,840
300-3-3B-376cm TU-S 8,340
300SPR 9A-19cm TU-S 8,860
300SPR 9A-86cm TU-S 10,000
AT-3-3-M TU-S 9,320
AT-3-3-S TU-S 9,340
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU 3,590 | 2,740
399-1-10B BU 20 37 113 0 ND ND 78 13 46 ND | ND ND
399-1-13B BU 12 71 75 0 ND
399-1-14B BU 0 0 161 0 ND ND
399-1-16B BU 404 | 358 625 | 575 ND [ 969 | 1,240 690 | 750
399-1-17B BU 7 ND ND 0 ND ND ND
399-1-18B BU 72 6 11 ND | ND ND
399-1-21B BU 11 40 85 ND
699-S29-E16B BU 0 ND ND ND 11 37 ND 14 ND 10 1 14
Wells that monitor the uppermost confined aquifer

399-1-9 Cc 27 44
399-1-16C C 0 ND | ND 10
399-1-17C c ND
399-1-18C C 11 14 14
399-8-5B Cc ND 0 96 0 ND
399-8-5C C ND 0 231 62 ND
699-S29-E16C Cc ND ND ND ND ND 9 13 2

(@) Well out-of-service.
Note: Maximum values for tritium at 300 Area wells. Values in bold in shaded cells are below the EPA drinking water standard (20,000 pCi/L).
Blanks indicate “no results.”

BU = Bottom of unconfined aquifer.

C = First confined aquifer.

EPA = U.S. Environmental Protection Agency.
ND = Not detected.

TU = Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.
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Table 2.10. Maximum Nitrate Concentrations (ng/L) at 300 Area Wells

Well Name Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 [ 2002 | 2003 | 2004
Wells that monitor the top of the unconfined aquifer

399-1-1 TU 31 | 10 [ 20
399-1-2 TU 20 | 2 27 | 21 | 25
399-1-3 TU 8 29
399-1-4 TU 21 21
399-1-5 TU 21 @) @) (@) (a) @)
399-1-6 Tu [ 22 [ 22 | 23 | 23 30 | 30
399-1-7 TU [ 3 6 15
399-1-10A Tu [ 21 [ 21 | 20 [ 13 25 | 271 | 26 27 | 32 | 19 | 26
399-1-11 TU | 22 | 20 | 24
399-1-12 TU [ 19 [ 21 | 22
399-1-13A TU | 19 2 | 21
399-1-14A TU [ 20 [ 20 | 24 [ 22 28 | 27 | 29 | 25 | 2
399-1-15 TU | 21 | 21 | 24
399-1-16A TU [ 21 | 20 21 28 | 28 | 27 26 | 26 | 10 | 26
399-1-17A TU [ 4 4 12 | 25 | 28 | 29 [ 31 | 40 [ 27 | 27 | 26 | 27 | 28
399-1-18A TU [ 22 [ 23 | 25 | 23 28 | 29 | 3 27 | 29 | 20 | 27
399-1-19 TU 2 19 (a) @) (@) (a) (@) @) @) @)
399-1-21A Tu [ 17 [ 21 [ 12 | 22 28 | 25 | 27 | 24 | 21 | 23 24
399-2-1 TU [ 10 [ 17 | 11 26 | 21
399-2-2 TU [ 15 [ 10 [ 21 | 24
399-2-3 TU | 10 | 19 | 19 | 25 2
399-3-1 TU 18 | 22 1
399-3-2 TU | 19 23 | 17 [ 15 | 22 8
399-3-3 TU | 11 16 23 | 29
399-3-6 TU 18 | 19 | 10 | 29 | 26 | 27 | 24 27 | 25 | 28
399-3-9 TU | 17 [ 18 | 21
399-3-10 TU | 15 | 15 [ 20
399-3-11 TU | 16 16 | 25 | 23 26 | 24 21 | 25 | 26
399-3-12 TU | 15 | 18 | 15 28 | 26 | 22 | 29 20 | 24 | 24 | 24
399-4-1 TU [ 14 | 18 [ 16 | 21 | 22 26 | 27 [ 25 | 24 | 26 | 24
399-4-7 TU | 15 | 14 | 17 | 15
399-4-9 TU | 17 [ 16 | 17 35 | 26 | 20 5 24 | 22
399-4-10 TU | 16 | 15 | 19 | 21
399-4-11 TU | 15 19 | 19 | 23 | 27 [ 26 | 27 | 25 | 25
399-4-12 TU | 16 18 | 23 | 23 | 28 [ 28 | 26 | 26 | 27 | 28 | 34 | 27
399-5-1 Tu | e6 | 8 | 92 | 57 [ 3 | 113 | 99 | 112 | 100 | 89 | 90 [ 97
399-5-4B TU 3 | 32 | «
399-6-1 TU | 33 24 | 34 | 39
399-6-2 TU 26 | 39 | 4
399-8-1 Tu [ 20 [ 23 [ 19 | 23 | 20
399-8-2 TU [ 15
399-8-3 TU | 12 15 | 14
399-8-4 TU | 16
399-8-5A TU | 24 [ 26 | 25 24 | 28 | 36 | 34 | 30 | 24 | 23 | 20 | 29
699-S19-E13 TU | 24 | 24 | 24 | 23 | 26 | 28 | 29 | 30 | 30 [ 27 | 20 [ 26 | 29
699-S19-E14 TU | 24 [ 23 | 25 | 26 32 35
699-527-E12A TU 141 114 [ 111 | 120 [ 100 | 95 [ 117 [ 129
699-S27-E14 Tu | 22 | 25 | 21 | 28 | 4 | 63 | 58 | 70 | 61 [ 55 | 62 [ 63 | 70
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Table 2.10. (contd)

Well Name Unit | 1992 [ 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
699-S28-E13A TU 42 57 62 56 62 75 85
699-S29-E12 TU 28 40 27 36 46 43 64 66 66 76 91
699-S29-E13A TU ND 44 40 47 66 75 76
699-S29-E16A TU 18 22 23 18 40 35 48 36 67 71
699-S30-E15A TU 16 24 20 19 22 25 42 49 55 56 66 65 73

Agquifer tubes at the shoreline that monitor the top of the unconfined aquife
AT-3-1-D(1) TU-S 27
AT-3-2-M TU-S 26
AT-3-3-M TU-S 27
AT-3-4-S TU-S 26
AT-3-5-S TU-S 13
AT-3-6-S TU-S 24
AT-3-7-M TU-S 54
AT-3-8-S TU-S 67
Wells that monitor the bottom of the unconfined aquifer
399-1-8 BU 3 7 5]
399-1-10B BU ND ND ND ND
399-1-13B BU ND 0 ND ND
399-1-14B BU 1 ND ND ND
399-1-16B BU ND 1 1 2
399-1-17B BU ND
399-1-18B BU
399-1-21B BU 1 ND ND
699-S29-E16B BU ND 0 0 0
Wells that monitor the uppermost confined aquifer
399-1-9 C ND 0 0
399-1-16C C ND 0
399-1-17C C ND 0
399-1-18C C
399-8-5B C 0 ND 0
399-8-5C C ND ND ND
699-S29-E16C C ND 0 ND 0

(@) Well out-of-service.

Note: Maximum values for nitrate at 300 Area wells.

Blanks indicate “no results.”

BU = Bottom of unconfined aquifer.

C = First confined aquifer.

EPA = U.S. Environmental Protection Agency.
ND = Not detected.

TU = Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.

Values in bold in shaded cells are below the EPA drinking water standard (45 mg/L).
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2.2 618-11 Burial Ground Contaminants of Concern or Potential Concern

Groundwater beneath the 618-11 burial ground, the northernmost outlying sub-region of the 300-FF-5
Operable Unit, contains contaminants associated with the site-wide plume, which originates in the 200
East Area (200-PO-1 Operable Unit). Release of tritium from materials in the burial ground has also
affected groundwater, creating a plume of limited extent (Figure 2.10), but relatively high concentrations
that exceed standards. The timing and mechanism causing the groundwater impact is not fully known.
The principal burial ground release that has impacted groundwater is tritium, presumably as the result of
out-gassing of tritium from irradiated lithium target material that was disposed to the burial ground.
Several other constituents have exceeded the EPA drinking water standards in groundwater near the 618-
11 burial ground or are useful indicators of contamination and are, therefore, carried as COPC for the
operable unit.

221 Tritium

Tritium concentrations at downgradient monitoring wells close to the 618-11 burial ground show a
decreasing trend since the occurrence of peak values in 2000 (Table 2.11). The highest current concen-
tration (~2.3 million pCi/L) still greatly exceeds the drinking water standard. Relatively constant or
gradually increasing trends are observed at wells along the downgradient flow path from the burial
ground, suggesting dispersal of a “pulse” possibly created some time prior to 2000. Concentration trends
for key plume tracking wells are shown in Figure 2.11. The general shape of the tritium plume has
remained nearly constant since the first maps were drawn in 2000.

222 Other Contaminants of Potential Concern

Gross Beta — Recent results for gross beta at most plume monitoring wells are below the 50-pCi/L
drinking water standard (Table 2.11). Elevated gross beta results have been observed at three sites close
to the east perimeter fence of the burial ground: well 699-12-2C (maximum value of 98 pCi/L in 2002);
well 699-13-3A (maximum value of 84 pCi/L in 2001); and borehole C3265 (maximum value of
271 pCi/L in 2000). These gross beta levels seem too high to be accounted for by tritium, which is a
weak beta emitter. Technetium-99, which is associated with the site-wide plume, is the only other beta
emitting radionuclide known to be present in the area (see description below).

Uranium — Uranium concentrations in monitoring wells at the 618-11 burial ground are all well
below the 30-ug/L drinking water standard (Table 2.11), and probably reflect natural background levels
in the sediment. There is no evidence indicating uranium releases from the burial ground.

Technetium-99 — The only other known beta emitter in the 618-11 burial ground area is
technetium-99. The few results available (Table 2.12) suggest maximum concentrations in recent years of
~320 pCi/L, which could account for the gross beta values.

Technetium-99 migrates into the area via the site-wide plume but at low concentrations in recent
years. For example, concentrations near the 316-4 cribs/618-10 burial ground sub-region, which is near
the leading edge of the site-wide plume, currently fall in the range of 20 to 40 pCi/L. The possibility
exists that the few relatively results near 618-11 burial ground (i.e., ~320 pCi/L; Table 2.12) represent
small patches of higher concentrations that migrated into the area during earlier periods, perhaps during
the 1970s and 1980s, when gross beta data indicate the possibility of a site-wide techneticium-99 plume
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in the range of 900 to 1,800 pCi/L at wells (699-26-15A and 699-20-20) located northwest of the burial
ground. These higher concentrations persist in the area because of relatively low transmissivity sediment
in the sub-region.

Gross Alpha — Gross alpha concentrations, which typically reflect uranium, fall below the 15-pCi/L
drinking water standard in wells monitoring the 618-11 burial ground (Table 2.12), with one possible
exception. A recent sample from well 699-13-3A, located adjacent to the east side fence of the burial
ground, yielded a result of 15.4 pCi/L during 2004. This value is somewhat higher than the well-
established historical trend in the 2 to 9 pCi/L range for the well, and may be an outlier.

Nitrate — Nitrate exceeds the 45-mg/L drinking water standard at several wells in the 618-11 burial
ground monitoring network (Table 2.12). The source for the nitrate is unknown, but is likely to be related
to the site-wide plume. Higher values persist longer in this sub-region for the same reasons as
technetium-99, i.e., isolated pockets in relatively low-transmissivity sediment.
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Figure 2.10. Tritium Plume Downgradient of 618-11 Burial Ground, 2004 Conditions
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Table 2.11. Maximum Concentrations for Contaminants of Potential Concern at 618-11 Sub-Region
Wells: Group A

Well Name | unit | 1994 | 1995|1996 [ 1997 [ 1998| 1999 | 2000 2000 | 2002 2003 2004
Tritium (pCi/L; MCL = 20,000)
699-12-2C TU 313,000 | 353000 | 368,000
699-12-4D TU 2,220 | 2,010 1,870
699-13-0A TU 21600 | 35500 | 36400 | 35000
699-13-1A TU 23300 | 16400 139,000
699-13-1B TU 32,400
699-13-1C TU | 770 [ ND ND 25 32
699-13-1D TU 116,000
699-13-1E TU 123,000 | 184,000 | 179,000
699-13-2C TU 196,000
699-13-2D TU 1,390,000 | 639,000 | 587,000 | 502,000
699-13-3A TU 1,860,000 | 8,380,000 | 5,290,000 | 4,230,000 | 3,620,000 | 2,320,000
699-14-E6S TU ND
C3252 TU 2,770
C3255 TU 1,040
C3264 TU 6,510
C3265 TU 1,550,000
ENW-MW-7 TU 509
ENW-MW-8 TU 351
ENW-MW-9 TU 4,580
ENW-MW-31 TU ND
ENW-MW-32 TU ND
Gross Beta (pCi/L; MCL =50)

699-12-2C TU 98 86 81
699-12-4D TU 9o |1 9
699-13-0A TU 30 12 12 11
699-13-1A TU 33 | 21 10 11 22
699-13-1B TU 27 | 29 18
699-13-1C TU 7 7 4
699-13-1D TU 20
699-13-1E TU 25 23 23
699-13-2C TU 33
699-13-2D TU 25 41 37 31
699-13-3A TU 14 [19] 18] 2 30 38 84 23 20 20
C3252 TU 22
C3255 TU 26
C3264 TU ND
C3265 TU 271
ENW-MW-7 TU 6
ENW-MW-8 TU 8
ENW-MW-9 TU 22
ENW-MW-31 TU
ENW-MW-32 TU
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Table 2.11. (contd)

Well Name Unit | 1994 | 1995] 1996 | 1997 [ 1008 | 1999 | 2000 | 2001 2002 2003 2004
Uranium (ug/L; MCL = 30)
699-12-2C TU 10 11 10
699-12-4D TU 6 | 5 6
699-13-0A TU 6 6 6
699-13-1A TU 6 | 5 4
699-13-1B TU 8 | 10 10
699-13-1E TU 8 9 9
699-13-2D TU 11 11 11
699-13-3A TU 8 [10] 9] 9 12 11 11 10 10 10
ENW-MW-7 TU 2
ENW-MW-9 TU 31

Note: Maximum values for constituent at 618-11 burial ground wells. Values in bold in shaded cells are below the EPA drinking water standard
(value units). Blanks indicate “no results.”
BU = Bottom of unconfined aquifer.
C = First confined aquifer.
= U.S. Environmental Protection Agency.
MCL= Maximum contaminant level.
ND = Not detected.
TU = Top of unconfined aquifer.
TU-S= Top of unconfined aquifer at shoreline.
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Table 2.12. Maximum Concentrations for Contaminants of Potential Concern at 618-11 Sub-Region
Wells: Group B

WellName | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 [ 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

Technetium-99 (pCi/L; MCL = 900)

699-12-2C TU 319
699-12-4D TU ND
699-13-0A TU ND
699-13-1A TU 30
699-13-1B TU 28
699-13-1C TU ND
699-13-1D TU ND
699-13-2C TU 9
699-13-2D TU 10
699-13-3A TU 124 12 26
C3252 TU ND
C3255 TU ND
C3264 TU ND
C3265 TU 332
ENW-MW-7 TU ND
ENW-MW-8 TU ND
ENW-MW-9 TU ND
ENW-MW-31 TU ND
ENW-MW-32 TU ND
Gross Alpha (pCi/L; MCL = 15)
699-12-2C TU 6 8 9
699-12-4D TU 4 4 3
699-13-0A TU ND 7 6
699-13-1A TU 5) 4 4 &
699-13-1B TU 6
699-13-1C TU ND ND ND
699-13-1D TU ND
699-13-1E TU 6 5 6
699-13-2C TU ND
699-13-2D TU 4 7 8 6
699-13-3A TU 5) 8 5 8 5 9 2 5 8
C3252 TU 10
C3255 TU ND
C3264 TU ND
C3265 TU ND
ENW-MW-7 TU ND
ENW-MW-8 TU 6
ENW-MW-9 TU 23
ENW-MW-31 TU ND
ENW-MW-32 TU 2
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Table 2.12. (contd)

WellName | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Nitrate (ug/L; MCL = 45)

699-12-2C TU 88 | 134 [ 111
699-12-4D TU 26 | 25 28 | 30 28
699-13-0A TU 17 [ 20 | 18
699-13-1A TU 48 | 24 7 5 14
699-13-1B TU 43 | el 41
699-13-1C U | 1 0 ND 0 ND 0
699-13-1E TU 43 | 53 | 60
699-13-2D TU 54 | 66 | 64
699-13-3A TU 36 | 39 103 78 | 100 | 101
C3264 TU 35
C3265 TU 48
ENW-MW-7 TU 4
ENW-MW-8 TU 2
ENW-MW-9 TU 149
ENW-MW-31 TU 0
ENW-MW-32 TU 0

Note: Maximum values for constituent at 618-11 burial ground wells. Values in bold in shaded cells are below the EPA drinking water standard
(value units). Blanks indicate “no results.”
BU = Bottom of unconfined aquifer.
= First confined aquifer.
EPA = U.S. Environmental Protection Agency.
MCL= Maximum contaminant level.
ND = Not detected.
TU = Top of unconfined aquifer.
TU-S= Top of unconfined aquifer at shoreline.
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2.3 316-4 Cribs/618-10 Burial Ground Contaminants of Potential Concern

The second outlying sub-region contains the 316-4 cribs and 618-10 burial ground, where the COPC
are uranium and tributyl phosphate. Groundwater was affected near these waste sites primarily during the
early operating years, i.e., 1950s and 1960s, and are believed to be mostly associated with discharges to
the 316-4 cribs. Solvents containing uranium were discharged to the open-bottom cribs, thus
contaminating the vadose zone and the underlying groundwater. Refurbishment of a monitoring well near
the cribs in 1995 apparently remobilized some of the vadose zone contamination and caused increases in
uranium and volatile organic compounds to appear in groundwater at that time.

Monitoring to date has not revealed evidence that groundwater beneath the 618-10 burial ground has
been affected by releases from buried materials, as has occurred at the 618-11 burial ground to the north.
A soil gas survey was conducted in September 2002 along the downgradient perimeter fence to determine
if evidence for tritium was present and to help with positioning two new monitoring wells, which would
augment the existing well network (Williams et al. 2003). High concentrations of helium-3, which would
indicate tritium, were not found. Constituents associated with the leading edge of the site-wide plume
that originated in the 200 East Area, including relatively low levels of tritium, are present in the vicinity
of the 316-4/618-10 waste sites.

23.1 Uranium

Most monitoring results are below the 30-pg/L drinking water standard, but still above levels
assumed to represent natural background conditions, i.e., 5 to 8 ug/L (Table 2.13). An exception is one
recent result from new well 699-S6-E4L. This well is located along the downgradient side of the 618-10
burial ground and near the 316-4 crib, where remedial actions began during October 2004. The gradually
increasing trend at this well (Figure 2.12) started prior to excavation activities, so remobilization
associated with such activities as excavating of application of dust control water seems unlikely.

More frequent monitoring at wells 699-S6-E4L and 699-S6-E4A is being conducted as remediation
of the 316-4 cribs proceeds (excavation remains open in March 2005). Soil samples collected during the
excavation of the 316-4 cribs in October 2004, and again in December 2004 after the excavation was
extended, revealed relatively high concentrations of uranium.

2.3.2 Tributyl Phosphate

This volatile organic compound was detected in groundwater during refurbishment of well
699-S6-E4A in 1995 at relatively high concentrations (reference), which have since decreased signifi-
cantly (Table 2.13). The occurrence is localized at the well. Soil samples collected during the excavation
of the 316-4 cribs in October 2004 revealed relatively high concentrations of tributyl phosphate.
However, the compound is not very mobile in the environment, and is not expected to pose a threat of
impacting groundwater.
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2.3.3 Other Contaminants of Potential Concern

Gross Alpha — All recent monitoring results are below the 15-pCi/L drinking water standard,
although some alpha activity reflects the uranium in groundwater from past disposal to the 316-4 cribs
(Table 2.14), in addition to natural uranium in the sediment.

Gross Beta — All recent monitoring results are below the 50-pCi/L drinking water standard
(Table 2.14). Where gross beta is higher than natural background, the cause is attributed to
technetium-99 brought to the area via the site-wide plume.

Nitrate, Technetium-99, and Tritium — These site-wide plume constituents are all currently present at
concentrations below the drinking water standards (Table 2.15). Their presence reflects the site-wide
plume from the 200 East Area (200-PO-1 Operable Unit), and each generally reveals a constant or
declining concentration trend.
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Table 2.13. Maximum Concentrations for Contaminants of Potential Concern at 316-4/618-10 Sub-
Region Wells: Group A

WellName | Unit | 1992 | 1993 | 1994 [ 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Uranium (ug/L; MCL = 30)
699-S6-E4A TU ND | 108 | 225 | o1 [ 101 | 47 | 23 | 16 | 20 21
699-S6-E4B TU 5 6 6 6
699-S6-E4CS TU 1 o oo
699-S6-E4CT TU 1
699-S6-E4D TU | 4 5 4 4 5 s | 4| 4| 4 5 4
699-S6-E4E TU 16 12
699-56-E4K TU 7 6
699-S6-E4L TU 29 35
699-S6-E14A TU 5
699-S11-E12A TU ND
699-S11-E12AP | TU 0 ND
B2764 TU 10
Tributyl Phosphate (ug/L; MCL not established)

699-S6-E4A TU 1500 | 700 | 540 | 720 | 200 | 54 | 22 [ 24
699-E4E TU ND
699-S6-E4K TU ND | ND
699-S6-E4L TU ND | ND
B2763 TU ND
B2764 TU ND

Note: Maximum values for constituent at 618-11 burial ground wells. Values in bold in shaded cells are below the EPA drinking water standard
(value units). Blanks indicate “no results.”

BU Bottom of unconfined aquifer.

First confined aquifer.

EPA = U.S. Environmental Protection Agency.

MCL= Maximum contaminant level.

ND = Not detected.

TU = Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.
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Figure 2.12. Uranium Concentrations at Wells Near the 316-4 Cribs Excavation Site



Table 2.14. Maximum Observed Concentrations for Contaminants of Potential Concern at

316-4/618-10 Sub-Region Wells: Group B

wellName | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Gross Alpha (pCi/L; MCL = 15)
699-S3-E12 TU 2 ND | 3 ND | ND
699-S6-E4A TU 309 | 15 |12 | 42 | 45 [ 23 | 10 [ 8 | 14 | 15
699-S6-E4B TU 3 3 3
699-S6-E4D TU | 5 5 4 4 2 3 [ no | 4
699-S6-E4E TU 10 11
699-56-E4K TU 4 6
699-S6-E4L TU 25 | 24
699-S6-E14A TU 2 3 4 5
699-S11-E12A TU 4 6
699-S11-E12AP TU ND | ND ND
B2763 TU 7
B2764 TU 7
Gross Beta (pCi/L; MCL = 50)
699-S3-E12 TU 14 12 | 16 12 | 10
699-S6-E4A TU 258 | 31 | 50 | 74 | 47 | 20 | 24 [ 20 | 18 | 22
699-S6-E4B TU 16 19 | 16 | 16 | 18
699-S6-E4D Tu | 21 | 18 [ 16 | 16 22 | 18 | 16 | 17 | 16 | 14 [ 15 | 15
699-S6-E4E TU 19 17
699-S6-E4K TU 17 | 16
699-S6-E4L TU 2 | 2
699-S6-E14A TU 7 8 9 9 9
699-S11-E12A TU 10 | 13 ] 12
699-S11-E12AP TU 8 8 6
B2763 TU 30
B2764 TU 18

BU = Bottom of unconfined aquifer.

C = First confined aquifer.

EPA = U.S. Environmental Protection Agency.
MCL= Maximum contaminant level.

ND = Not detected.

TU = Top of unconfined aquifer.

TU-S= Top of unconfined aquifer at shoreline.

Note: Maximum values for constituent at 316-4/618-10 waste sites wells. Values in bold in shaded cells are below the EPA drinking water
standard (value units). Blanks indicate “no results.”
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Table 2.15. Maximum Concentrations for Site-Wide Plume Constituents at 316-4/618-10 Sub-Region
Wells: Group C

well Name | Unit | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Nitrate (mg/L; MCL = 45)

699-S3-E12 Tu| 24 | 22 | 24 | 21 29 21 | o1 10 8
699-S6-E4A | TU 5 20 | 25 | 27 | 27 | 27 | 28 | 29
699-S6-E4B Tu| 19 [ 18 | 20 | 20 | 18 27 27
699-56-E4CS | TU 0
699-S6-E4CT | TU 0
609-56-E4D [ TU| 26 | 25 | 26 | 24 | 24
699-56-E4E TU 24
699-S6-E4K | TU 28 | 29
699-56-E4L TU 39 [ 49
699-S6-E14A [ TU | 5 6 7 6 6 6 6
699-S11-E12A | TU | 22 2 | 21 25
699-S11-E12AP | TU ND | ND | 0 0 0 ND
B2763 TU 26

B2764 TU 29

Technetium-99 (pCi/L; MCL = 900)
699-S3-E12 TU 17 | 19 36 2 | 21 21 | 18
699-S6-E4A | TU 28
699-S6-E4B TU 25
699-S6-E4D | TU 3 | 3 | = 20 | 22
699-S6-E4K | TU 39 | 30
699-56-E4L TU 3 | 36
699-S6-E14A | TU 0
699-S11-EL2A | TU 11 12
699-S11-E12AP | TU 0
B2763 TU 32
B2764 TU 24
Tritium (pCi/L; MCL = 20,000)

699-S3-E12 TU | 12,400 | 16,200 | 18,000 | 21,006 | 14,800 | 23,100 | 22,500 7,960 | 6,700
699-S6-E4A | TU 28,700 | 26,700 | 24,000 | 21,300 | 20,200 | 19,400 | 17,100 | 15,500
699-56-E4B | TU | 27,500 | 28,600 | 29,300 | 26,400 | 24,387 19,700 | 17,100 | 17,000 | 16,800
699-S6-E4CS | TU 2,520 | 1,060 | ND | 421 | ND | ND
699-S6-E4CT | TU 27,800 | 6,660 | 1,500 | 691 | 387 [ ND
699-56-E4D | TU [ 39,300 | 38,900 | 37,300 | 36,000 | 31,741 | 31,100 | 28,200 | 23,600 | 20,400 | 19,800 | 17,900 | 17,800 | 13,500
699-S6-E4E TU 17,100 15,700
699-S6-E4K | TU 14,500 | 14,700
699-56-E4L TU 15,600 | 14,700
699-56-E14A [ TU | 112 | 112 [ 415 [ nD [ 150 [ nND [ ND ND ND
699-S11-E12A | TU | 8,330 11,400 | 14,200 | 12,874 | 12,000 | 13,500
699-S11-E12AP | TU 15 o [ no [ no [ NnD | 6 8 19 ND

BU

EPA

<
(@]
Q2
(IR T TR TR

Note: Maximum values for constituent at 316-4/618-10 waste sites wells. Values in bold in shaded cells are below the EPA drinking water
standard (value units). Blanks indicate “no results.”

Bottom of unconfined aquifer.
First confined aquifer.
U.S. Environmental Protection Agency.
Maximum contaminant level.
Not detected.
Top of unconfined aquifer.
TU-S= Top of unconfined aquifer at shoreline.
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2.4 Proposed Updates to Lists for Contaminants of Concern or Potential
Concern

COC or COPC have been identified in several regulatory documents, including the ROD (EPA 1996),
explanation of significant difference to the ROD (EPA 2000), and first 5-year review (EPA 2001) for the
300-FF-5 Operable Unit. Abundant monitoring data have been collected during the period of interim
remedial action for these groundwater constituents, which were determined to be of concern during the
remedial investigation for the 300 Area sub-region of the operable unit (DOE 1995), and by other
investigations at the outlying sub-regions (e.g., Dresel et al. 2000).

The data trends covering approximately the past 12 years (i.e., since the initial remedial investigation)
for these constituents have been evaluated with respect to remedial action objectives for the operable
unit.> Because of changes in trends and concentrations, an updated classification of these constituents is
proposed. The re-classification scheme considers three categories: (1) retain as a COC, (2) retain as a
COPC, or (3) remove from previous list of COC or COPC.

Retaining a constituent as a COC indicates that concentrations exceed standards, and implies
continued monitoring and characterization of plume behavior. Re-evaluation of the remedy is warranted
because of uncertainty in predicted plume behavior, and/or the potential for human health or ecological
risk from the plume.

Retaining a constituent as a COPC indicates that the level of contamination remains above standards,
but that there is evidence for decreasing trends, which are likely to continue, or that concentrations are
approaching the relevant standards and are likely to continue to decrease. If there is limited information
on the risk posed to human health or the environment for the constituent, it will be retained as a COPC
while observed at concentrations above standards.

Removing a constituent from the list of COC or COPC is proposed for those constituents that are
consistently observed at concentrations below the relevant regulatory standards. “Consistency” implies
monitoring data for a period of 5 years, i.e., the length of a 5-year ROD review cycle. A second reason
for removing a constituent from the list of 300-FF-5 contaminants is that the constituent is part of the site-
wide plume (i.e., 200-PO-1 Operable Unit), or plumes that approach the 300 Area from the southwest
(1100-EM-1 Operable Unit), both of which co-mingle with 300-FF-5 Operable Unit groundwater in some
areas. Those constituents will continue to be monitored but will not be retained on the list of COC or
COPC for the 300-FF-5 Operable Unit.

24.1 300 Area

The current list of contaminants for the 300 Area sub-region includes COC uranium, cis-1,2-
dichloroethene, and trichloroethene; and COPC tetrachloroethene, strontium-90, tritium, and nitrate.

24.1.1 Proposed Contaminants List for the 300 Area

The following contaminants will be retained:

® Remedial action objectives are listed in EPA (1996) and summarized in Chapter 1 of this report.
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COC: Uranium
e COPC: cis-1,2-dichloroethene

The following contaminants will no longer be included:

e COC:
- cis-1,2-dichloroethene (below standards for all wells except one; detected at one shoreline site at
concentration well below standard)
- Trichloroethene (generally below standards for last 5 years, but some unexplained occurrences
near shoreline at levels near standards)
e COPC:
Tetrachloroethene (below standard for last 5 years)
Strontium-90 (below standard for last 5 years; limited to one well)
Tritium (below standard for last 5 years; assign to 200-PO-1 Operable Unit)
Nitrate (generally below standard for last 5 years, except for plume migrating into 300 Area
from southwest; assign to 1100-EM-1 Operable Unit)

24.1.2 Discussion

Uranium contamination in the 300 Area persists at concentrations above the remedial action goal, i.e.,
the EPA drinking water standard (30 pCi/L). While monitoring data shows that uranium concentrations
have decreased over the last 10 years, re-evaluation of the interim remedy is necessary because the rate of
decrease in uranium concentration is significantly different than the rate of decrease expected and used as
a basis for the remedy selection in the ROD (EPA 1996). The focus of these re-evaluation efforts will be
to better quantify the natural attenuation rate and factors that affect this rate and to assess natural
attenuation and other more active remedial alternatives to select a preferred remediation alternative for the
future.

Cis-1,2-dichloroethene is contaminating a very localized portion of the aquifer in the 300 Area at a
concentration that is above the remedial action goal, i.e. the EPA drinking water standard (70 pg/L).
While the cis-1,2-dichloroethene concentration is not decreasing, it is also not known to be affecting any
receptors and may decrease in concentration in the future. A specific timeframe for the natural attenu-
ation remedy of cis-1,2-dichloroethene was not defined in the ROD (EPA 1996). Because there is no
known human health or environmental impact from this contaminant, and there appears to be no
expansion of the extent of contamination, the natural attenuation remedy is performing as outlined in the
ROD. Thus, while it is proposed that cis-1,2-dichloroethene be retained as a COPC, no re-evaluation of
the interim remedy is needed. Cis-1,2-dichloroethene will continue to be monitored at the localized area
surrounding the one well where it is present at concentrations above the drinking water standard.

24.2 618-11 Burial Ground

The current list of contaminants for the 618-11 burial ground includes COPC tritium, gross beta,
technetium-99, gross alpha, uranium, and nitrate.

24.2.1 Proposed Contaminants List for the 618-11 Burial Ground

The following contaminants will be retained:
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COC: None
COPC: Tritium, gross beta, and nitrate

The following contaminants will no longer be included:

e (COC: None

COPC:

- Technetium-99 (below standard for last 5 years)

- Gross alpha (generally below standard for last 5 years; exceptions are suspected outliers)

- Uranium (below standard for last 5 years; detected at levels suggestive of natural background)

24.2.2 Discussion

Tritium is contaminating groundwater near the 618-11 burial ground at concentrations greatly
exceeding the EPA drinking water standard (20,000 pCi/L). Although currently considered unlikely,
tritium will be retained as a COPC because of the potential future need by Energy Northwest to use
groundwater from this area. Data analysis and numerical modeling suggest that the tritium concentrations
will decrease to below the drinking water standard within approximately 20 years, primarily because of
radioactive decay (tritium has a half-life of 12.3 years) and dispersion. The plume is not expected to
reach the river at concentrations that would be of concern at exposure locations associated with the
groundwater/river interface

A specific timeframe for natural attenuation was not defined in the explanation of significant differ-
ence (EPA 2000), where tritium was identified as a COPC for the 300-FF-5 Operable Unit. However,
current data and analysis indicate that the tritium plume will meet all of the remedial action objectives
through natural attenuation. Thus, while it is recommended that tritium be retained as a COPC, no
re-evaluation of the remedy for tritium is needed. Tritium will continue to be monitored in the ground-
water near the 618-11 burial ground as part of this remedy.

There is some uncertainty as to the cause and origin for elevated gross beta values and nitrate. There
is no evidence to link these constituents with releases from the 618-11 burial ground. However, both are
associated with the site-wide plume that originated in the 200 East Area (200-PO-1 Operable Unit). The
dilemma is that concentrations in the 618-11 sub-region seem too high for current conditions in the
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site-wide plume. The current explanation is that these anomalously high values represent former site-
wide plume levels, and that they are preserved near 618-11 because of relatively low transmissivity of the
aquifer in the area.

24.3 316-4 Cribs and 618-10 Burial Ground

The current list of contaminants for the 316-4/618-10 sub-region includes COPC uranium and tributyl
phosphate.

243.1 Proposed Contaminants List for the 316-4 Cribs and 618-10 Burial Ground

The following contaminants will be retained:

COC: None
COPC: Uranium and tributyl phosphate

The following contaminants will no longer be included:

COC: None
COPC: None

24.3.2 Discussion

No changes are proposed to the list of COPC for this sub-region of the 300-FF-5 Operable Unit.
Several near-term activities may provide reasons for changing the list, e.g., the excavation of the
316-4 cribs in October to December 2004, and the initiation of a limited field investigation (including
qualitative risk assessment), which has not yet been completed for this sub-region.
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3.0 Conceptual Model for Uranium at the 300 Area

This Chapter describes certain aspects of the conceptual site model® for the 300 Area portion of the
300-FF-5 Operable Unit, i.e., the characteristics of uranium contamination in the vadose zone and aquifer
beneath the 300 Area. The emphasis is on (a) hydrogeologic framework that contains the uranium, and
(b) processes that act to transport uranium through the environment or to control uranium’s mobility.
Some of the information presented in this Chapter provides updates to earlier investigations of the
300 Area (e.g., Lindberg and Bond 1979; Schalla et al. 1988) and the initial remedial investigation report
for the 300-FF-5 Operable Unit (DOE 1995). Other information is the product of very recent
investigations, such as research involving the geochemistry of uranium in the 300 Area environment
(Zachara et al. 2005) and analyses of trends in the level of uranium contamination in groundwater.

Background on Uranium Problem at the 300 Area. Historical operations involving fuel fabrication
and research activities at the 300 Area have caused contamination of engineered liquid waste disposal
facilities, the underlying vadose zone, and the uppermost aquifer by uranium (Young et al. 1990; Young
and Fruchter 1991; DeFord et al. 1994). The greatest impact to groundwater from disposal of waste
containing uranium probably occurred during the 1950s and 1960s, when effluent was directed to the
307 trench, north and south process ponds, and during the 1970s and 1980s to the 300 Area process
trenches (see Figure 1.2 for location map). Some uranium in the groundwater plume may also have been
widely distributed in the past during periods of unusually high water-table conditions. As conditions
returned to more normal levels, groundwater containing uranium was left behind in the less than fully
saturated capillary fringe above the water table.

A groundwater plume has been present beneath the 300 Area since disposal operations started. Its
persistence indicates some level of re-supply from the vadose zone via mechanisms not yet clearly
defined, because the rate of groundwater movement appears to be sufficient to have moved the plume
away from the area in the absence of a continuing source. Following excavation of the most contami-
nated waste disposal sites and adjacent soil during the period 1995 to 2004, some uranium remains in the
underlying vadose zone. Uranium in groundwater is currently transported to the Columbia River under
natural hydrologic flow conditions, where it discharges into the river system and is dispersed via
additional transport pathways (e.g., the free-flowing stream, biota and food chain, and sediment).
Uranium is also being removed from the aquifer via a water supply well that has provided water for
aquarium operations at the 331 Building since 1982.

! The EPA guidance for conducting remedial investigations (EPA 1988, p. 2-7) indicates that a “conceptual site
model should include known and suspected sources of contamination, types of contaminants and affected media,
known and potential routes of migration, and known or potential human and environmental receptors.” The stated
purpose in the guidance for developing and maintaining a conceptual site model is “...to evaluate potential risks to
human health and the environment...” and to “...assist in the identification of potential remedial technologies.”
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Uranium in the 300 Area environment represents an actual or potential risk via the following
pathways:

e Radiation dose to humans at the ground surface

e Radiation dose and ingestion hazards to terrestrial biota

e Ingestion hazards to humans who use groundwater as drinking water

e Human and biotic exposure to uranium-contaminated water at the rivershore
e Uptake of uranium by aquatic organisms that use the interface as habitat

The risk associated with some of these pathways has been significantly reduced by source removal
actions during the period 1995 to 2004. Human health risks associated with groundwater has been
managed by institutional controls on groundwater use. Recent efforts have been undertaken to better
define contaminant distribution in various media along the shoreline (e.g., Patton et al. 2003), and risk
assessments are underway for the Columbia River Corridor, including the 300 Area segment

(Weiss 2005).

Key Components of Conceptual Site Model for Uranium. Figure 3.1 is a generalized cross section
showing a former liquid waste disposal facility, the uranium plume, and the Columbia River (adapted
from Lindberg and Chou 2001, their Figure 5.1). For this report, five zones are identified as having
significance for anticipating the distribution and mobility of uranium contamination:

e Zone 1 represents the waste site and adjacent soil that has been removed as part of source remedial
actions. While initially a conduit for supplying uranium to the subsurface, no future impact to the
groundwater will occur. Backfill and surface cover materials will influence the degree that natural
precipitation or water from human activities (e.g., irrigation) will infiltrate.

e Zone 2 is the vadose zone between the deepest part of the source excavation and the capillary fringe
associated with the groundwater table. Relatively high concentrations of uranium are likely to have
migrated through this zone during operations. Limited sampling within and beneath excavated waste
sites indicates that some amount of uranium remains sorbed to sediment in this zone.

e Zone 3 is a zone defined by the maximum elevation of the capillary fringe associated with the water
table and the minimum water-table elevation. During periods of unusually high water-table eleva-
tions (because of high river-stage conditions), uranium-contaminated groundwater would move into
the lower vadose zone. When the water table returned to normal, some uranium would have been left
behind in pore fluid and retained on soil particles, thus remaining as a potential source for plume re-
supply if unusually high water table elevations return.

e Zone 4 is the uppermost hydrologic unit through which uranium migrates toward the river. During
migration, dissolved uranium interacts with aquifer solids to sorb or desorb, depending on
geochemical conditions.

e Zone 5 is a highly dynamic zone of interaction between groundwater and river water that infiltrates
the banks and channel substrate to varying degrees, depending on river state. Geochemical conditions
change rapidly within this zone because of the contrast in certain characteristics of groundwater and
river water. Dilution of contaminants in groundwater typically occurs in this zone, prior to the
ultimate discharge of groundwater into the river system.
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Figure 3.1.  Diagram Illustrating Key Components of Conceptual Model for Uranium

Current Interim Remedial Action and Uranium. The heterogeneous stratigraphic characteristics and
variable geochemical conditions within the area occupied by the uranium plume create challenges for
computer simulations of plume behavior, which are used to predict future conditions and aid in designing
technological solutions for lowering uranium concentrations. The features and processes in each of the
zones described in Figure 3.1 influence the level of contamination and how it changes with time. Even
though the basic elements of the uranium distribution and the plume’s migration over time have been
described in initial site models (e.g., DOE 1995), additional details on certain features and processes are
needed to provide an appropriate technical basis for re-evaluating the current interim remedy. Key among
these information needs is an improved estimate for the inventory of uranium in each zone.

In summary, the major issues associated with a conceptual site model for the uranium plume beneath
the 300 Area involve (1) how much uranium from waste disposal operations remains in the environment;
(2) how that amount varies with time and space; (3) if decreasing, when will the level reach criteria that
are acceptable; and (4) is uranium causing an unacceptable impact to human health and biota. Currently,
the phrase “acceptable criteria” means groundwater at concentrations lower than the EPA drinking water
standard of 30 ug/L. No water quality criteria for the protection of freshwater organisms have yet been
listed for uranium, so the 30-ug/L value is used by default for groundwater at discharge locations
associated with the Columbia River.

The following subsections contain descriptions for features and processes associated with uranium
contamination in the 300 Area. The information provides the technical basis for moving forward with a
re-evaluation of remedial action alternatives, and also keeps remedial action decision makers (e.g., DOE,
EPA, and Washington State Department of Ecology [Ecology]) apprised of updated information
regarding uranium contamination. These descriptions also establish a framework for numerical models
that are used to estimate conditions away from points of observation and for predicting future conditions.
The characteristics in each of the five zones shown in Figure 3.1 will determine the suitability of various
technologies that could potentially be used to reduce uranium concentrations in groundwater. Finally, the
combination of this conceptual site model for uranium, contaminant monitoring results, and exposure
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scenarios can be used to assess environmental impacts and to quantify risk associated with those impacts.
These current and future activities are described in more detail in a work plan for the Phase 111 Focused
Feasibility Study for the 300-FF-5 Operable Unit (DOE 2005).

3.1 Hydrogeology of the 300 Area

The hydrogeology of the 300 Area has been described in several previous reports (e.g., Lindberg and
Bond 1979; Schalla et al. 1988; Gaylord and Poeter 1991; Swanson et al. 1992). Because no new
boreholes have been completed since those reports were prepared, the observational data upon which to
base a description remain essentially the same. However, new data management and visualization
systems have improved the ability to use those data.

3.1.1 Hydrogeologic Framework for the 300 Area

Geologic descriptions are available from 67 boreholes in the 300 Area. All of these boreholes are
deep enough to penetrate the contact between the Hanford and Ringold stratigraphic formations.’
Stratigraphic unit contacts inferred during three previous studies (Schalla et al. 1988; Swanson 1992; Cole
et al. 2001) were reviewed and inconsistencies resolved when necessary. No new boreholes have been
drilled since the previous studies were conducted. EarthVision geologic modeling and visualization
software has been used to interpolate unit contacts between borehole locations and to create a three-
dimensional model of the hydrogeologic framework. Figure 3.2 provides an index to the three cross sec-
tions shown in Figures 3.3, 3.4, and 3.5, which are drawn through the model to illustrate the framework.

Highly transmissive Hanford formation gravels are found below the water table across portions of the
300 Area. The extent and thickness of saturated Hanford formation gravel vary as a consequence of
changes in water-table elevation, which are caused by changes in the Columbia River stage. The
saturated thickness of the Hanford formation in the 300 Area varies from 0 to 15 meters (0 to 49 feet).
Aquifer pumping tests at five boreholes within the 300 Area reveal an average hydraulic conductivity of
approximately 14,000 meters (45,932 feet) per day for saturated Hanford formation gravels. This
indicates a highly transmissive hydrologic unit. The value is significantly higher than the average
hydraulic conductivity for Hanford formation gravels elsewhere on the Hanford Site (i.e., approximately
2,000 meters (6,562 feet) per day.

Ringold Formation gravels below the water-table range in thickness from 15 to 50 meters (49 to
164 feet). Aquifer pumping tests at seven boreholes in the 300 Area suggest an average hydraulic
conductivity of approximately 125 meters (410 feet) per day, which is again higher than the average
values for Ringold gravels elsewhere on the Hanford Site but considerably less transmissive than the
overlying Hanford unit. Relatively higher conductivities may exist in the upper part of the Ringold
Formation (i.e., Unit E gravel), where most pumping tests have been performed.

2 |t is believed that most of the contaminated groundwater resides in the hydrologic unit formed by saturated
Hanford sediment.
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Figure 3.5. West-to-East Cross Section Through Central Portion of 300 Area

The EarthVision model establishes the hydrogeologic framework for three different simulation
modeling tasks that are currently underway in 2005 for groundwater flow and transport beneath the
300 Area. Using the same hydrogeologic framework for each modeling task results in greater consistency
in output from the various simulations.

3.1.2 Groundwater Flow Conditions

Groundwater flow beneath the 300 Area is generally directed toward the southeast. Groundwater
appears to converge beneath the 300 Area, with flow coming into the 300 Area from the northwest, west,
and southwest. The uppermost aquifer (Hanford formation) is highly transmissive because of open
framework gravelly sediment, thus leading to high flow velocities (i.e., meters per day). However,
because the hydraulic gradient that drives the flow varies with Columbia River stage, actual movement
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paths of water can be variable when viewed on short time scales, such as days or weeks. When viewed

over seasons and years, the net flow and movement of contaminant plumes follows the generally
southeasterly course.

Seasonal Variability in Water-Table Conditions. To better understand how this dynamic system
might influence the dispersal pattern of contaminant plumes, hourly hydraulic head data were analyzed to
(a) determine the predominant groundwater flow directions, and (b) assess variability in flow directions
during the various seasons. The analysis used hourly measurements of hydraulic head made at 30 wells
in the 300 Area during the period March 1992 through February 1993, using pressure transducers
(Campbell and Newcomer 1992). Water-table elevation contour maps were prepared for March, May,
June, September, and December 1992 (Figures 3.6, 3.7, 3.8, 3.9, and 3.10, respectively). The contours
were based on 22 wells deemed most representative of unconfined aquifer (i.e., water table) conditions.
The values contoured were averages of all hourly measurements made during a particular month.

The water-table maps for the various months reveal that the shape of the water table and, therefore,
the inferred long-term groundwater flow pattern, appears to show little variation from season to season.’
The overall elevation of the water table is higher during the seasonal high river discharge that occurs in

May and June. The aquifer apparently equilibrates rapidly to changes in river stage, which is expected
given the high transmissibility of the stratigraphic units.
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® Flow direction is generally perpendicular to elevation contours.
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The fluctuating river stage causes corresponding fluctuations in water-table elevations but does not
appear to have an appreciable affect on flow directions, at least when analyzed on a monthly scale.
Consequently, dispersal of contaminants from a particular source should follow a reasonably consistent
path over the course of several years. The water-table maps indicate that the groundwater flow direction
in the vicinity of the 300 Area process trenches, the last liquid waste disposal facility to receive uranium-
bearing effluent, is generally to the south-southeast for all seasons.

Periodic reversal of the hydraulic gradient (i.e., directed inland from the river) occurs near the river
when the stage is high, but this change is not readily apparent in the monthly averaged data. For example,
during May 1992 (see Figure 3.7), the river stage generally increased throughout the month, yet the
average flow pattern in the aquifer remained the same as for other months. The maps also suggest that
along the shoreline to the south of the process trenches, river water may be continually entering the
aquifer, flowing south along the shore, and then discharging back to the river. The highly transmissive
Hanford unit is thicker along this section of shoreline, which would possibly enhance this exchange (see
cross section in Figure 3.4).

The implication of having a fairly consistent long-term orientation of flow direction is that plume
boundaries can be more accurately anticipated, especially when the source of the contaminant is also
accurately known,

Because of the highly transmissive character of much of the uppermost hydrologic unit beneath the
300 Area (Hanford formation), the water table elevation responds quickly to fluctuations in stage of the
adjacent Columbia River. Consequently, the hydraulic gradient steepness and orientation may vary
dramatically over the short time periods associated with daily river fluctuations. This variability was
visually represented by creating an animation of hourly contour maps for the 300 Area from water-level
data collected between March 30 and September 26, 1992. The animation was prepared by M. P.
Connelly at Westinghouse Hanford Company on January 11, 1993, and originally recorded as a video
tape of the sequence as displayed on a computer screen. The original tape was subsequently digitized,
and that file is available from R. E. Peterson.* While the image quality of the animation is poor, the
message regarding a highly dynamic water-table configuration is clear. Figure 3.11 shows the wells used
to create the animation.

3.2 Groundwater Flow and Transport Modeling

Groundwater flow and uranium transport modeling are part of the planned work for the Phase I11
Feasibility Study for the 300-FF-5 Operable Unit (DOE 2005). Three-dimensional groundwater flow and
transport models are being developed to predict the long-term characteristics of the uranium plume in 300
Area groundwater. When output from these models become available, they are expected to provide a
significant amount of new information for the conceptual site model for uranium. The models will also
play an important role in helping to select a remedial action alternative for the operable unit, and in
evaluating potential remedial action technologies.

*R. E. Peterson, Pacific Northwest National Laboratory, Richland, Washington, 509-373-9020.

3.10



\ { 1
\ '@
N g a5
\ Ky 63
\ e\ \
" Waste Sites | \
Buildings | \ .
M Potential Source Buldings | - | M @-‘
Waias Table, Marihpr 2002. m | {
* Vel Sampled in 1996 - 2003 | \
¥ Reverse Wells ™ 3
i Riersank Sespage

\

* River Stage Recorder L\ \
| \\ \ \
o wm  ma ame \ \

i \\\‘m-sn-[u !

. —— I
l - A \ \
" A" Y

S e O e 8. 3003 1078 AR
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Model development is planned in three stages: (1) a hydraulic parameter estimation flow model using
a historical time period with water level monitoring data available for estimating aquifer parameters and
testing the model, (2) a prediction flow model with boundary conditions set based on potential future land
use and other conditions, and (3) a uranium transport model that will use the current data on aquifer and
vadose zone uranium concentrations, estimated hydraulic properties, and future conditions. All of these
modeling efforts will use a common hydrogeologic framework, as described in Section 3.1. These
models are combined saturated/unsaturated models for simulating the vadose zone and aquifer based on
the STOMP code (White and Oostrom 2004, 2000; Oostrom et al. 2003).

3.2.1 Hydraulic Parameter Estimation Model

The hydraulic parameter estimation flow model is currently under development, with completion
planned for the summer of 2005. The schedule for the additional numerical modeling tasks is shown in
the work plan for the Phase 111 Feasibility Study (DOE 2005). The first model being developed is
focused on estimating hydraulic properties of the Hanford and Ringold gravel units. Simulation results
are being compared with extensive hourly water-level measurements collected from a network of
300 Area wells during the period December 1991 through March 1993 (Campbell 1994; Section 3.1.1 of
this report). Three different hydraulic property distribution models are being tested: (1) single values for
the main Hanford and Ringold gravel units, (2) main units sub-divided into zones with different
properties, based on analysis of residuals), and (3) stochastic distribution of hydraulic properties, based
on geostatistical analysis of physical property measurements from soil collected during well drilling in the
area (e.g., Schalla et al. 1988; Swanson et al. 1992). A plan view of the grid that is currently being used
for STOMP model simulations is depicted in Figure 3.12.
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Figure 3.12. Plan View of STOMP Model Grid. Also shown are outlines of the 300 Area (purple lines),

primary waste disposal areas (red lines), the western shoreline of the Columbia River (blue

line), islands in the Columbia River (brown outlines), and miscellaneous wells (green
circles). The black circled dot depicts the location of well 399-4-12.

The hydrogeologic framework developed using EarthVision for the 300 Area (see Section 3.1) is
sampled at the three-dimensional finite difference STOMP model node locations to determine the

hydrostratigraphic units for each node. Material properties include porosity, bulk density, hydraulic

conductivity, and soil properties (e.g., Brooks-Corey parameters, residual saturation, relative permeability

function). Initial values for hydraulic conductivity (1,500 meters [4,921 feet] per day for the Hanford

formation and 150 meters [492 feet] per day for the Ringold Unit E gravels) were selected based on
Formation.

values used in the two-dimensional cross-section model. The hydraulic conductivity anisotropy was set at
0.1 (Kz/KXx). Initial values for porosity are 25% for the Hanford formation and 18% for the Ringold
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The east boundary of the model during the parameter estimation period is a specified head boundary
condition set to hourly Columbia River stage measurements from a stage recorder in the 300 Area
(SWS-1). The initial simulations use a constant average river gradient for nodes upstream and down-
stream of the SWS-1 along the boundary. Hydraulic heads are also specified along the western boundary
of the model domain based on monthly average water-level measurements collected from three wells
during the simulation period (wells 699-S29-E12, 699-S28-E12, and 399-8-2). An additional well is
planned for the northwest corner of the model domain (see Figure 3.12) for the spring of 2005 to
determine the hydraulic gradient along this portion of the model boundary and to refine the hydrostrati-
graphic units in this area with sparse well coverage. The north and south boundaries of the parameter
estimation model are initially set to no-flow boundaries. Once estimates of hydraulic properties are
narrowed, the hydraulic conductivities that are determined will be used to estimate water fluxes to be
applied along these boundaries.

A flux of 55.4 millimeters (2.18 inches) per year is currently being applied for the upper boundary of
the model to represent the long-term average natural groundwater recharge rate. This recharge rate is
based on the analysis by Fayer and Walters (1995). During the parameter estimation period for the
groundwater flow model (1991 to 1993), the discharges to the 316-5 process trenches are known to have
impacted 300 Area groundwater. Estimated volumes of water discharged to the 316-5 process trenches
are tabulated by Lindberg and Chou (2001, Table 3.2). The only known artificial withdrawal of
groundwater that occurred during the model calibration period is pumping of well 399-4-12, which
supplies water for the aquariums in the 331 Building.

3.2.2 Prediction Flow Model

This work element will develop a groundwater flow model for use in predicting future conditions,
using the hydraulic properties determined from the parameter estimation process. This model will
represent conditions in the future for recharge based on land use, other water sources (e.g., Richland Well
Field), and water sinks (e.g., pumping). The three-dimensional finite difference STOMP grid and
hydrostratigraphy will be the same as developed from the best-fit of the parameter estimation model. The
east boundary of the model, which uses the Columbia River stage, would be cycled through the historical
period since the operation of McNary Dam (1957) based on simulated river stages using a Columbia
River model over this period (MASS1 see Richmond et al. 2000). Hydraulic heads for the west model
boundary will be set based on relationships developed from analysis of the historical river stage and
water-level measurements for wells along this boundary.

Simulated water fluxes and groundwater velocities will be calculated from the model used in the
calibration process and in the prediction flow model. Values will be reported for instantaneous periods
(e.g., hourly and daily) fluxes and longer term net and cumulative values. The results will focus on the
aquifer/Columbia River interface on the east boundary of the model and will also provide model results of
the regional groundwater fluxes into the model domain from the west boundary. The long-term net fluxes
of groundwater to the river should be the same as the more-distant regional groundwater flux in the area.
Groundwater velocities and stream lines with travel markers from the simulations will also be provided
for selected time periods. Particle pathway (or stream lines) simulations utilizing the velocities from the
groundwater flow model that provides for the best-fit to the observed hydraulic head data. The
computational fluid dynamics add-in module for the Tecplot™ program will be used to generate visuali-
zations of the particle tracks.
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3.2.3 Uranium Transport Model

The objective for the uranium transport work is to develop a model for use in predictions of future
uranium concentrations under natural conditions and under the influence of various remediation technol-
ogies. The transport model will use the hydraulic properties estimated from the earlier flow modeling
efforts described above and flow conditions determined for the prediction flow model. Initial conditions
for uranium concentrations in the vadose zone and aquifer will be compiled to represent current plume
conditions for the start of the uranium transport model simulations. In addition to developing the con-
centration initial conditions, other tasks involved in the development of the uranium transport model
include developing a three-dimensional transport grid, determining the reactive transport mechanism to be
used along with field-scale parameters appropriate for the three-dimension model, and running
simulations for the identified MNA and remediation scenarios. These efforts are discussed briefly below.

Develop Uranium Initial Conditions. All available data on concentrations of uranium in the
300 Area vadose zone will be compiled and a three-dimensional conceptualization of the uranium
distribution in the aquifer and vadose zone will be developed. For the aquifer, this effort will build on an
initial representation of aqueous uranium concentrations based on groundwater monitoring data that was
developed in 2003. It will also make use of geostatistical representations of uranium distributions in the
aquifer that are being developed (Murray et al. 2004). For the vadose zone, chemical analysis of uranium
concentrations in sediment samples collected from the 300 Area have been reported in Swanson et al.
(1992), DOE (1994), Serne et al. (2002), and Zachara (2004). The total uranium in the aquifer and
vadose zone will be calculated considering partitioning to soil. These sums will be compared to other
available inventory estimates.

Construct Three-Dimensional Transport Grid. The three-dimensional uranium transport model will
be developed from the three-dimensional flow model using the STOMP simulator. The new grid will be
tested with conservative tracer simulations prior to use in uranium transport simulations.

Select/Implement Uranium Reactive Transport. This work element will assess the various uranium
reactive transport mechanisms that are being studied at the laboratory scale and select one for use in the
large-scale three-dimensional 300 Area flow and transport model. Reaction constants and other data
requirements, such as concentrations of other important species, also need to be determined for use in the
three-dimensional, field-scale simulations.

An equilibrium-based surface complexation model (SCM) has been developed to describe the
sorption characteristics of uranium in 300 Area sediment (Davis et al. 2004). Although the SCM model
has been shown to reproduce experimentally observed uranium sorption data quite well, in summarizing
other results, Zachara et al. (2005) state that “U(V1) release from the sediment was found to be very slow
and to require extensive water volumes for even partial removal of the sorbed U(V1) plume. U(VI)
desorption was found to be a kinetic and not an equilibrium process.” While the equilibrium-based SCM
represents a significant improvement over simple Kd-based transport models, the SCM may not be
entirely appropriate for regions in which rapid transients occur, such as the zone of interaction between
the river and groundwater in the 300 Area. Zachara and co-workers are developing a kinetic, multi-rate
model to describe their experimental results (Liu et al. 2004). The model uses a gamma distribution
function to define the multiple rates.
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Future Prediction Uranium Transport Simulations. The objective for this work element is to use
the appropriate transport model to evaluate natural attenuation processes and the performance of selected
remedial action technologies. For each remedial action option, the appropriate model will need to be
matched to the remedial option requirements. Natural attenuation will be simulated with the three-
dimensional uranium transport model, with initial concentrations in the aquifer and vadose zone set to
values representing recent conditions. Long-term simulations will be conducted using groundwater flow
conductions developed for the future prediction model. Some remedial options may require the three-
dimensional model for simulating processes such as complex pumping or injection strategies. Other
remedial options may require simulations at a very fine spatial resolution (e.g., 1 meter [3.28 feet]), which
would preclude the use of a large three-dimensional model for the entire 300 Area domain.

3.3 Trends in Plume Parameters

This section contains the results of a geostatistical analysis of uranium plume concentrations over
time. The analysis was conducted to reveal trends in various plume parameters. Input values for this
analysis are shown on the trend charts presented in the Appendix A. The time periods analyzed were:
1996 to 1998; 1998 to 2000; 2000 to 2002; and 2002 to 2004. Each time period is referred to by the mid-
point year of the interval, i.e., 1997, 1999, 2001, and 2003.

3.3.1 Geostatistical Methods to Characterize Plumes

Geostatistical modeling and simulation of the spatial distribution of uranium concentrations were
used to characterize the 300 Area uranium plume. Use of geostatistical methods has the advantage of
greater objectivity when comparing representations of a contaminant plume for multiple time periods. A
Monte Carlo approach was used to generate suites of realizations for the mass of uranium on a series of
regular grids. Mass estimates were developed for several assumed plume thicknesses using Monte Carlo
sampling of the estimated porosity distribution for Hanford formation sediment. Aggregate metrics were
computed for the four time periods analyzed, including (a) total mass, (b) location of the center of mass,
(c) area above the drinking water standard of 30 pg/L, and (d) length of the Columbia River shoreline
affected by the plume.

The geostatistical modeling included variogram analysis to define a mathematical model for the
spatial continuity of the contaminant concentration data. The variogram is a measure of the average
dissimilarity between pairs of points which are separated by a vector distance, as a function of that
distance. Variables associated with geologic processes that vary spatially (e.g., contaminant concen-
trations within a groundwater plume), often display spatial continuity that can be identified by geosta-
tistical analysis. If a variable exhibits spatial continuity, then points that are close to one another will
have smaller differences and, therefore, lower variogram values than pairs of points that are separated by
greater distances. In variogram analysis, models are fit to the experimental variograms that quantify the
spatial continuity of the variable. Variogram models are required for geostatistical estimation (i.e.,
kriging) or simulation algorithms because it is rare that experimental variogram values will be available
for all lag distances for which estimates or simulations may be desired. Spherical variogram models
(Isaaks and Srivastava 1989) were fit to all variograms in this study.
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A geostatistical approach known as sequential Gaussian simulation was used to generate suites of
realizations for the concentration of uranium on a regular grid. The sequential Gaussian simulation
technique requires that the data follow a normal distribution. Because the raw uranium concentration data
were not normally distributed, the sequential Gaussian simulation was performed on a normal score
transform of the data. The normal score transform is a graphical transform that ensures the data fit a
univariate normal distribution, while avoiding estimation bias problems that occur when using the
logarithmic transform.

3.3.2 Representative Concentrations Over Time for the Uranium Plume

Representative uranium concentrations for the time periods were selected by reviewing all historical
data for each 300 Area well, using the groundwater project’s data viewer and evaluator (DaVE), which is
a user interface with the Hanford Site groundwater database. Data deemed to be non-representative of
long-term conditions were marked for exclusion from subsequent statistical calculations to determine
average values. Minimum, maximum, and average values were calculated by DaVE for 2-year time
intervals for each well, starting in 1974 and continuing to 2004. The averages (i.e., representative values)
for each well, for each time period, are shown in Table 3.1. If no data existed for a well within a
particular time interval, no representative value was assigned.

For the geostatistical analysis, the time period analyzed was initially limited to 1996 to 2004;
subsequent work will extend the analysis back to 1986. Trend charts for each well were prepared that
show (a) uranium results used, (b) non-detect results, (c) excluded results (i.e., outliers), and (d) the
representative value assigned to each time interval (Appendix A). These charts were used to identify
and modify obvious misrepresentations that might have occurred during the automated statistical
summarizing of data.

The monitoring well locations where representative concentrations were available, and the concen-
tration data class for each well and time period, are shown in Figure 3.13. The concentration charac-
teristics for the four time periods are shown in Figure 3.14, using box plots. In a box plot, the longest bar
represents the range in values; the top and bottom of the box represent the 75th and 25t