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extend from the Hanford Site’s Central Plateau to the southeast, toward the Colun a
River, with maximum concentrations wi  in the plume: ‘nerally declining. Carbon
tetrachloride and associated organic constituents form a large plume that exceeds
drinking water standa : beneath the west-central portion of the site, originating in
the 200 West Area. Other constituents forming significant plumes exceeding drinking
water standards are hexavalent chromium, strontium-90, technetium-99, and uranium.
These constituents exist beneath the reactor areas along the Columbia River and
beneath the west-central portion of the site, as well as the Central Plateau and the
300 Area. Small contaminant plumes with concentrations greater than their respective
drinking water standards include carbon-14, cesium-137, cis-1,2-dichloroethene,
cyanide, fluoride, plutonium, sulfate, and trichloroethene.

Levels of some contaminants exceed drinking water standards in water samples
collected from aquifer sampling tubes along the Columbia River shore. The greatest
exceedances were strontium-90 in the 100-N Area, chromium in the 100-D Area,
and uranium in the 300 Area.

Highlights for the reporting period include the following:

* Release of the draft remedial investigation/feasibil study an proposed plan
documents for the 200-UP-1 Operable Unit within the Central Plateau, meeting
Milestone M-015-17A of the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al., 1989)

» Expansion of pump-and-treat systems for chromium remediation in the 100-D
and 100-H Areas

* Optimization of pump-and-treat systems for chromium remediation in the
100-K Area

» Submittal of the draft treatability test plan, Treatability Test Plan for the 200-BP-5
Groundwater Operable Unit (DOE/RL-2010-74),  the U.S. Environmental
Protection Agency, completing Tri-Party Agreement Milestone M-015-082

» Approval and issuance of remedial investigation/feasibility study work plans
and initiation of field studies in the 100 and 300 Areas.

During the reporting period, drillers completed 282 new wells r monitoring,
remediation, or characterization. One hundred eighty-two soilt  : well installations
were decommissioned (filled with grout).

Thisreport is available on the Internet through the Hanford Site Soil and Groundwater
Remediation Project
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» WHC-SD-EN-TI-221, Geology of the 100-FR-3 perable Unit, Hanford Site,
South-Central Washington, 1994

¢« WHC-SD-EN-1 294, Hydrogeology of the 100-K Area, Hanford Site,
South-Central Washington, 1994,

The geology of the 300 Area is described in Geology and Hydrology of the 300 Area

and Vicinity, Hanford Site, South-Central Washin N 2-EP-0500). p«
geologic information is presented in Volatile O Compound Investigation
Results, 300 Area, Hanford Site, Washington (PN] ’66).
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Figure 11-8. Chromium, Nitrate, and Technetium-99 Concentrations in Well 299-W23-19,
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Chapter 13.0

North Process Pond; it is screened in Ringold Formation gravelly sediment in the
lower portion of the unconfined aquifer. The origin for cis-1,2-dichloroethene
is likely degradation of trichloroethene and/or tetrachloroethene disposed to the
former 300 Area Process Trenches and/or North Process Pond (PNNL-17666). This
degradation product is also detected at well 399-1-17B, which is also near the two
disposal sites but at concentrations much lower than the DWS.

During a limited field investigation for uranium (PNNL-16435), VOC
cor  unation was encountered in groundwater associated with a finer grained interval
of sediment within Ringold unit E. The interval is a subunit within the unconfined
aquifer system and is not laterally continuous beneath the 300 Area. The primary
contaminant discovered was trichloroethene, with the maximum concentration
encountered during drilling at 630 pg/L. Additional drilling was conducted during
2007 to further characterize this occurrence. The results of this investigation, as
well as a review of historical operations and potential source locations for VOCs,
are presented in PNNL-17666.

The contamination initially appeared to be limited to the area immediately east of
the former 307 Process Trenches and South Process Pond. However, 300 Area RI/FS
drilling in 2010 indicated that the contamination extends further north and includes
the area east of the former sanitary leach trenches. Figure 13-16 provides an updated
cross section that shows the results from groundwater samples collected during the
various drilling campaigns, including those available in 2010 from the st recent
drilling activities. The finer grained interval of sediment is not intercepted by existing
well screens, so current knowledge of conditions in the interval is based on samples
collected during drilling. The finer grained interval has a very low permeability and
does not readily yield groundwater. Groundwater moves very slowly through this
hydrologic unit; however, the unit is incised by the river channel, so at least some
potential exists for exposure at the riverbed.

13.1.2.2 Outlying 300-FF-5 Operable Unit Subregions

Tributyl phosphate has been detected in groundwater beneath the former
316-4 Cribs, although at low levels, and recent sampling has indicated nondetects.
The cribs received liquid waste associated with research conducted at the
321 Separations Laboratory in the 300 Area from 1948 to 1954 (BHI-00012), which
included tributyl phosphate and uranium. Tributyl phosphate concentrations, ing
with uranium, were elevated in early 2004 at well 699-S6-E4A (located within the
footprint of the remedial action excavation) during crib removal activities. Tributyl
phosphate, an SVOC, tends to bind to soil in the vadose zone, where it slowly
degrades over time; it is not particularly soluble in water and, therefore, not widely
dispersed via water transport mechanisms. A DWS for tributyl phosphate has not
been established.

13.1.3 Tritium

Tritium released from the 618-11 Burial Ground, which is a 300-FF-2 OU
waste site, has contaminated groundwater in the vicinity of the Energy Northwest
complex. High concentrations of tritium in groundwater were detected in early
1999 at well 699-13-3A, located next to the eastern fence line of the burial ground.
The contamination was unexpected, and concentrations greatly exceeded the
20,000 pCi/L DWS, with peak concentrations reaching 8 million pCi/L. Subsequent
investigations revealed a narrow plume that extends downgradient (east) of the burial
ground, with concentrations that are much higher than the surrounding site-wide

ume from the 200 East Area (PNNL-13675, Measurement of Helium-3/Helium-4

300-FF-5 Operable Unit
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Ratios in Soil Gas at the 618-11 Burial Ground). Concentrations in the plume during
2010 are shown in Figure 13-17.

Concentrations near the burial ground have declined since peak values in 1999
and 2000. The trend in groundwater at w = 699-13-3A (Figure 13-18) suggests
that a possible episodic event of unknown nature caused tritium released from
buried materials to contaminate groundwater. At wells farther away from the burial
ground, concentration trends reflect migration of the plume. The conceptual model
for the plume, including a simulation of plume evolution over time, suggests that
concentrations will be below the DWS when the plume reaches the Columbia River
(PNNL-15293, Evaluation of the Fate and Transport of Tritium-Contaminated
Groundwater from the 618-11 Burial Ground). Groundwater monitoring wells in
use by Energy Northwest do not show evidence of this plume, nor is tritium detected
in Energy Northwest water supply wells, which tap deep aquifers.

13.1.4 Nitrate

Some groundwater contamination by nitrate occurred because of disposal at
300-FF-1 and 300-FF-2 OU waste sites during the active years of fuels production
and research, and also while a sanitary sewer system was in use at the 300 Area.
Throughout the 1970s and 1980s, nitrate concentrations in groundwater were
somewhat higher than today but never greatly exceeded the DWS. Evaluation of
concentration trends from 1992 through 2004 revealed a relatively constant level
of contamination, but with some variability (PNNL-15127). Trends since 2004 are
similar, although concentrations exceeding the DWS continue in the southern portion
of the 300 Area and near the 618-11 Burial Ground subregion. Nitrate contamination
is also associated with the widespread site-wide contaminant plume.

13.1.4.1 300 Area

Nitrate concentrations in groundwater beneath the 300 Area are lower than the
45 mg/L DWS (i.e., 10 mg/L measured as nitrogen in nitrate), except for the southern
portion of the 300 Area where groundwater has been impacted by agricultural and
industrial activities not ociated with the Hanford Si e Chap 14.0 for
discussion of sources). The relatively higher concentrations in the southern portion
currently reflect the migration of nitrate-contaminatec  undwater into the 300 Area
from sources to the southwest. Gradu vy increasing concer ations are observed
in wells and at shoreline sites as the nitrate-laden groundwater migrates into the
300 Area. For example, the concentration at well 699-S28-E12 (located near the
southwestern corner of the 300 Areabour  ry) was 157 mg/L in June 2010, and the
concentration was 84 mg/L at nearby well 699-S27-E14 in May 2010. Nitrate also
migrates into the 300 Area from the northwest as part of the site-wide plume that
originates in the 200 East Area, with concentrations typically ranging from 25 to
30 mg/L (Chapter 10.0 includes further discussion of the site-wide plume).

13.1.4.2 618-11 Burial Ground Subregion

Nitrate concentrations near of the 618-11 Burial Ground have remained elevated
above the DWS for many years. Concentrations at well 699-13-3A, whichis  ljacent
to the burial ground, have been gradually increasing a1 reached 136 mg/L during
2010. The origin for nitrate observed in this area is enigmatic; waste acids, such as
nitric acid, are not known to have been placed in the burial ground. Septic systems
associated with Energy Northwest are not located in the vicinity of this contamination.
One explanation suggests that waste disposal at the 200 East Area sites may be
implicated (i.e., the contamination is part of the site-wide groundwater plume assigned
to the 200-PO-1 OU). The relatively higher concentrations currently observed near

13.0-12 Hanford Site Groundwater Monitoring Report for 2010
















Chapter 13.0

of the dynamic nature of groundwater flow beneath the 300 Area, particularly near
the Columbia River, and also because of the complex geochemical interactions of
uranium between dissolved forms and forms associated with sediment (Yabusaki
et al., 2008; Hammond and Lichtner, 2010). However, some insight on future
¢ litions is possible based on modeling efforts, which will be helpful during the
reme: U action alternative evaluation process.

13.2.2 Interim Remedial Action Monitoring

Groundwater monitoring required under the 1996 ROD is implemented via
a sampling and analysis plan (DOE/RL-2002-11), which has been modified several
times. Samples are collected from wells, and in the 300 Area, samples are collected
from aquifer tubes beneath the shoreline. Comprehensive sampling events occur
semiannually, with more frequent sampling occurring when conditions change
rapidly and/or major excavation activities are underway. Most monitoring wells
have screens positioned to include the zone occupied by the water table. Several
wells are screened in the lower portion of the unconfined aquifer, and a few wells
are screened in the uppermost confined aquifer.

During the latter part of 2010, wells and aquifer tubes were not sampled as planned
between late September and the end of the year due to a work shutdown related to
safety issues. Additional minor exceptions to planned monitoring occurred due to
maintenance issues and scheduling compromises. Lists of wells and aquifer tubes
used for monitoring and the laboratory analyses conducted on groundwater samples
are presented in Appendix A.

Additional environmental monitoring along the 300 Area shoreline, as described
in the 300-FF-5 OU operation and maintenance plan, is conducted under the Surface
Environmental Surveil’ e Project (SESP), which is part of DOE’s Public Safety
and Resource Protection Program (DOE/RL-91-50, Environmental Monitoring
Plan). The SESP monitors potential contamination in riverbank springs (water and
sediment), near-shore river water, and the free-flowing stream of the Columbia River;
the project also performs limited biota sampling. The schedule and locations for
SESP monitoring for calendar year 2011 will be described in an upcoming PNNL
environmental monitoring report.

13.2.3 Treatability Tests for Uranium Contamination in the
Subsurface
The DOE’s remedial action objective for 300 Area groundwater is to reduce the
concentration of dissolved uranium to less than the DWS. One strategy is to transform
dissolved uranium to a less mobile form that is sequestered in aquifer sediment.
A second strategy involves transforming contaminant uranium remaining in the vadose
zone to even less mobile forms, thus reducing the downward flux to groundwater.

Bench-scale testing using polyphosphate solutions to immobilize uranium in
the subsurface began in 2006 under DOE’s Environmental Management program.
The process involves introducing polyphosphate and calcium chloride to groundwater
contaminated by uranium. Minerals are formed that cause the dissolved uranium
to be sequestered in solid form as part of the new minerals crystal structure, thus
reducing the potential for further migration along environmental pathways. Following
successful bench-scale testing, field testing involving the injection of polyphosphate
into the aquifer at a site near the south end of the former 300 Area Process Trenches
was performed in 2007 (see Figure 13-19 for the location of testing). While the
chemical reactions worked well in the laboratory, application in the field proved
more challenging because of heterogeneous sediment and geochemical conditions
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(PNNL-17480, Challenges Associated with Apatite Remediation of Uranium in the
300 Area Aquifer). A final report on the aquifer injection test conducted in 2007
is presented in 300 Area Uranium Stabilization Through Polyphosphate Injection:
Final Report (PNNL-18529). Additional treatability testing using >lyphosphate
solutions began in 2009 and continued into 2010 at a second test site, focusing -
immobilizing uranium in the vadose zone (DOE/RL-2009-16, 300-FF-5 Groundwater
Operable Unit Infiltration Test Sampling and Analysis Plan).

13.2.4 Research Activities

The DOE’s Office of Science, Biological and Environment: Research, is
supporting field research involving the mobility of uranium in the environment under
a program referred to as the Integrated Field-Scale Research Challenge (IFRC).
The focus of the research is multi-scale, mass-transfer processes that control the
sequestration and mobility of uranium contamination in the subsurface, including
the vadose zone and groundwater. The Hanford Site 300 Area is one of three
DOE sites where field and laboratory research activ s are 2ing performed. The
activities at the Hanford Site are described in the 300 Area Integrated Field-Scale
Subsurface Research Challenge (IFRC) Field Site Management Plan (PNNL-17067).
A detailed description of the 300 Area IFRC site’s network of boreholes Hr
experiments and the hydrogeologic setting is presented in Borehole Completion and
Conceptual Hydrogeologic Model for the IFRC Well Field, 300 Area, Hanford Site
(PNNL-18340). The location of the IFRC is shown in Figure 13-19.

Other DOE Office of Science projects include geophysical investigations of
the aquifer beneath the 300 Area and the connection of the aquifer to the river
channel. This investigation uses a variety of near-surface geophysical methods to
characterize preferential pathways for groundwater movement and discharge to the
river channel. One of the methods uses fiber optic cables on the riverbed, which
record temperature at 1-meter increments along the length of the approximately
1-kilometer-long cable. The results and interpretations are presented in “Use of
Electrical Imaging and Distributed Temperature Sensing Methods to Characterize
Surfa Wz /G nd er Exchange Regulating Uranium Trans  tat the Hanford
300 Area, Washington” (Slater et al., 2010).

The DOE has also funded a groundwater flow and uranium transport modeling
project for the 300 Area via the Scientific Discovery Through Advanced Computing
Program. This project involves massively parallel, high-speed computing and
conducts calculations that would otherwise require exceedingly long computing
times with conventional computer equipment. Initial roject results are presents
in “Field-Scale Modeling for the Natural Attenuation of Uranium at the Hanford
300 Area Using High Performance Computing” (Hammond and Lichtner, 2010) and
“Stochastic Simulation of Uranium Migration at the Hanford 300 Area” (Hammo1
et al., 2010).

13.3 Facility Monitoring: 300 Area Process Trenches

D.C. Weekes

The former 300 Area Process Trenches (waste site 316-5) received efflu
discharges of mixed waste from fuel fabrication and nuclear research laboratories
in the 300 Area from 1975 through 1985, followed by continued discharge of clean
effluent until December 1994. During this period of operation the trenches were used
as a TSD facility, therefore the trenches are regulated under RCRA. A comprehensive
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Figure 16 Categorization of Unique Well Identification Numbers

Categorization Of 10,979 Unique Well ID’s
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Table B-25. Critical Means for Low-Level Waste Management Area 4 for CY 2011 Comparisons

pH 14 13 ! 7.920 0.18497 2.4 ! 4.6981 | T0O—R R4
Specific conductance
(uS/cmy) 13 12 497.5 54.79 11.0 4.421:

_T_O(‘a*" fio/T ) 14 13 304.6 126.4 41.5 4.3191 [ 870
TOX= tio/1) 12.0 11 5.983 3.866 64.6 45477 | 2413

Note: Based on semiannual sampling events from January 2007 through July 2007/ tor upg
through February 2010 for upgradient well 299-W18-21, and from February 2007 through May 2008 tor upgradient well 299-W18-23.

a. For values reported below laboratory’s specified method detection limit, one-half of the method detection limit is used in the critical
mean calculation.

b. Excluding “R” flagged data, February 2008.

CV = coefficient of variation
df = degrees of freedom (n-1)
n = number of background replicate averages
t, = Bonferront critical t-value for appropriate df and 24 comparisons
TOC = total organic carbon
_TOY = total organic halides
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