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After evaluating all the characterizati  and analytical data associated with the T Tank Farm dircct
pu campaign, there is no qucstion that the vadose zone in the vicinity of tank 241-T-101 has been
contaminated by tank-related waste. The rcct observance of elevated soil |, porewater-corrected
electrical conductivity, nitratc, technetium-99, elevated water-cxtractable sodium, and fission product
isotopes of europium as well as cesium-137 in closc proxin vy to tank 241-T-101 indicate tt e tank or
infrastructure associated with the tar  is responsible for 2 contamination. The sparse sam;  overage
associated with the dire  push technique has made it dif ult to estimate the lateral spread of the
contamination, while 1e nature of the direct p  h technique has made it impossible to determine the
ve al extent of the contamination. However, based on characterization of the probe holes that were
er 1ced to the southeast of tank 241-T-1( it appears that waste from tank 241-T-101 migrated laterally
several meters away from the tank. Interpretation of the water extract data associated with these samples
indicates that the mobile constituents associated with tl  leak event reside deeper in the vadose zone at
this location; however, the lack of depth-discrete samples does not enable the confirmation of this
h othesis.

The vadose zone directly northeast of tank 241-T-1 30 has been found to be contaminated with
tank waste constituents. It is not possible at this time to directly attribute the source of this contamination
to a particular tank. Sufficient data does not exist to determine if the contamination observed in this
region is a result of a loss from tank 241-T-104 or if it is a result of lateral spreading of waste from tank
241-T-101.
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wa breach. Cesium-137 contamination in drywell 50-01-04 occurred at a dep  beginning at
approximat 7 25 feet below ground surface and extending intermittently to the terminus depth of the

ywell (125 feet below ground surface). Wood et al. (2001) and Myers (2005) estimated that the leaked
flui migrated to the south and can be found in drywell 50-01-06. A location map highlighting the area of
interest is presented in Section 2 (Figure 2.1).

This report is divided into sections that describe the geochemical characterization methods employed
an the results of analysis« the T and TY Tank Farm direct push core samples. English units are used in
this report for descriptions and discussions of drilling activities and samples because that is the system of
units used by drillers to measure and repo  lepths. To convert feet to meters, multiply by 0.3048; to
convert inches to centimeters, multiply by 2.54. The metric system is used in this report for all other
purposes.
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2.2  ate rreted rec y Re ited to Direct ush Samples

All the samples from the TY Tank Farm came from a depth between 43.5 and 45.5 ft bgs within the
gravel-dominated H1 unit of the Hanford formation. Samples from e T Tank Farm, on the other hand,
came from a wider interval (43-82 ft bgs), which appears to inclu : both gravel (H1)- and sand-
dominated (H2) units of the Hanford form on, as well as the upper Cold Creek subunit.

All the new direct push holes in the TY Tank Farm penetrated only coarse-grained cataclysmic flood
deposits of the Hanford formation, while  deepest samples from the T Tank Farm reached into fine-
grained sediments of the upper Cold Creek unit. Except for the discrete core intervals, no direct geologic
observations were made available by direct push holes. However, some indirect interpretation of
lithology can be made based on the gamma logs.

Based on down-hole geophysical logs, a spike in gamma activity was often associated with the ~45-ft
depth and less often at a depth of ~55 ftat > TY Tank Farm. The 45-ft depth lies near the HI1/H2
contact and, therefore, may reflect a capillary boundary that exists between highly contrasting lithologies
along this boundary. Moisture and contar  ants moving through the vadose zone have been shown to
collect along highly contrasting lithologic  indaries (Serne et al. 2004a).

Unlike the C-152 direct push characterization study (Brown et al. 2007) in W1 A C, which had lots of
neutron geophysical log information and showed multiple moisture boundaries, there is much less
information, with no moisture (neutron) logs for T and TY probe holes. Therefore, not much can be
concluded about the geology penetrated by 2 T and TY direct push holes.
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The water-extractable aluminum, iron, icon, and sulfur in the TY direct push sediments are shown
in Table 4.5. The sulfur data were converted to water-extractable sulfur as sulfate so that = results could

be compared to the IC data presented in T. -3. The water-soluble aluminum was elevated ( ove the
limit of detection) in samples from probe | C4604 and C4610, which were both emplaced to the south
of tank 241-TY-106. It appears that these ted values of aluminum are a result of some chemical
reactions (dissolution/precipitation) betwe caaline tank fluids and native sediments that formed

precipitates of amorphous aluminum phases that are more water soluble than crystalline aluminum-rich
mineral phases in the native sediments. The A-sleeve material from borehole C4606 also contained
elevated water-extractable sulfur (reported as sulfate in Table 4.5) and silicon. These results further
support the hypothesis that the vadose zone sediments in the vicinity of this probe hole have been
chemically altered due to interaction with tank-related waste. The agreement between directly measured
sulfate in the water extracts using ion chro  ography and indirectly by converting the ICP measurements
for sulfur to sulfate was very good (Tables i and 4.5). Besides validating the ion chromatography data,
we can state that the water-extractable sulfur was in fact sulfate.

The water extract data for potentially mobile metals, such as technetium-99, uranium-238, chromium,
molybdenum, and ruthenium (Ru) are shov  n Table 4.6. Additionally, the water-extractable uranium-
238 is plotted as a function of depth in Figure 4.6. Not a single sample collected from the five probe
holes (twelve samples total) contained water-leachable technetium-99. Elevated water-leachable
uranium-238 was only found in a single sa e (S06001-1) from probe hole C4604, which was emplaced
just south of tank 241-TY-106. Atonly 7.0 -03 pg/g, this sample was clevated by aj -oximately a
factor of 10 when compared to the average  ter-extractable uranium concentration found in sediment
from borehole 299-W10-27 (9.97E-4 ng/g). This sample did not have an elevated porewater alkalinity;
however, sample S06001-1A, which was ¢« :cted just shallower than sample S06001-1, had a porewater
alkalinity of 113 meq/L, which was elevate vy a factor of three above the average porewater alkalinity
measured in all of the TY direct push samples, as well as the highest measured pH value (8.63).
Therefore, it is possible that the slightly elevated uranium observed in sample S06001-1 could be an
artifact of uranyl-carbonate complexation « 1aturally occurring labile uranium rather than soluble tank-
waste-related contaminant uranium.

Elevated water-leachable chromium (2.64E-01 pg/g) was only observed in sample S06001-1A
collected from probe hole C46(  For comr rative purposes, the average water-leachable chromium
value for all of the remaining TY direct pu samples was below the limit of quantification for the
analysis (less than 1.25E-2 pg/g). Four samples appeared to have slightly elevated concentrations of
water-leachable molybdenum (1.17E-01 to  66E-0O1 pg/g) compared to the average water-leachable
molybdenum concentration in samples from borehole 299-10-27 (5.72E-03 pg/g). The samples
containing elevated molybdenum came 01 orobe holes C4604, C4610, and C4626, and could be a result
of the dissolution of naturally present minerals via an alkaline tank waste solution. Once dissolved, the

molybdenum would be quite mot :and travel a significant distance from the point of discharge.
None of the samples analyzed contained fiable concentrations of water-extractable ruthenium.
However, this was not surprising given t of measurable technetium-99 in these samples.
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4.1.6 Total Carbon, Calcium Carbonate, and Organic Cai on Content of adose Zone
Sediment from the TY Tank Farm Direct Pus Holes

Data from the total carbon, inorganic carbon, and organic carbon (calculated by difference) contents
of the TY Tank Farm direct push sediments are shown in Table 4.15. The inorganic carbon was
converted to the equivalent calcium carbonate content. In general, the sediments were low in organic
carbon (<0.15% by weight) which is typic:  f Hanford Site sediments. As a comparison, the average
amount of organic carbon  sediments col  ed from the background borehole (299-W10-27) was 0.05%
by weight, while the average for all of the TY Tank Farm direct push samples was 0.07% by weight.
Inorganic carbon, as CaCO;, was also present at concentrations that are typical for Hanford formation
sediments (0.5 to 3.7 wt% as CaCOs;) and compare well with other Hanford formation samples from
uncontaminated locations (Serne et al. 2004a,b).

4.2 Vadose Zone Sediment -om the T Tank Farm Direct Push Samples
4.2.1 Moisture Content

The moisture contents of the 23 core li s and 5 grab samples collected from the T direct push holes
are presented as a function of depth in Table 4.16 and Figure 4.9. Several of the samples contained high
soil moisture contents: the C-liner collected in probe he : C5378 at approximately 45 ft bgs (11.7%), all
three liners collected from probe hole C5374 at depths ranging from approximately 80 to 81.5 ft bgs
(14.9-18.2%), and the A- and B-liners collected from probe hole C5382 from a depth of approximately
79 ft bgs (22.7% and 14.9%). The B and C ners from probe hole C5378 (collected at approximately
45 ft bgs) contained sediment with appreci vy different moisture contents (approximately a 50%
difference), indicating that the contact fort  zone of increased moisture was encountered within the
interval comprising the two liners (1 ft). Photographs of the sediment removed from each liner, whir are
contained in Appendix C of this report, cor  m the presence of finer-grained particles in the sediment
contained within the C liner. The Band C  =rs from probe hole C5382 (collected at approximately
78 ft bgs) also appeared to capture the cont  between the Hanford formation and Cold Creek Unit.
Photographs of the material taken from these two cores confirm the transition from a silt-dominated
material to coarse-grained sand over the 12 ich span captured by the two liners.

The average gravimetric moisture content of all of the samples measured in this study was 7.9 wt%,
which was slightly higher than the average  nsture content in core samples collected within the Hanford
formation H2 unit (3.9%) at the nearby TX  nk Farm characterization site (background borehole
299-W10-27 just east of the TY Tank Farn  However, the Cold Creek Unit was interc  ted by several
of the T direct samples, which caused the average moisture content for all of the samples to be biased
high when compared to the coarse-grained materials comprising the Hanford formation H2 unit.

4.2.2 1:1 Sediment:Water Extracts

The samples from the T Tank Farm direct push were characterized by performing 1:1 sediment:water
extracts. The following tables present the 1 3s of a given constituent leached per gram of sediment as
asured in the water extracts. Other tables show dilution-corrected values that represent concentrations
in vadose zone pore water. As discussed in several other Vadose Zone Characterization Project reports,
the dilution-corrected 1:1 sediment:water e:  acts are a reasonable estimate of the actual vadose zone pore
water (see Serne et al. 2002a, 2002b, 2002c¢, 2002e, 2002f).
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make this argument valid (homogeneous backfill material and not vegetated) is that the chloride ta from
the pushes represents chloride deposited on the soil surface un  r the current surface conditions. In other
words, it represents current recharge con  ns.

The CMB method cannot provide insight pertaining to the umbrella or shedding effect of tanks.
Assuming the same chloride deposition and evapotranspiration conditions, the ¢ centration of chloride
next to the sides of a tank should not be:  rent than the chloride some distance away from the tank.
Divergence of water around the tanks wi  crease the water flux, but the concentration of chloride will
not change.

Chloride-36 measurements on these push samples would not provide beneficial information for
estimating recharge because the method relies on establishing the chloride-36 peak concentration,
meaning that the . loride-36 profile is needed. 1t is entirely possible that if one were to measure the
chloride-36 profile next to the sidewall of a tank and away from the tank, the difference in water flux
would be captured. This assumes that the peak chloride-36 deposition (from atmo heric bomb testing)
in the mid-1950s post-dates construction of T Tank Farm.

The following types and antity of samples are necessary in order to obtain a useful CMB dataset:

The collection of many depth-discrete undisturbe core samples is needed so that field moisture
content conditions are captured. s important that field moisture content be accurately determine in
order to calculate pore water chloride conc  Irations.

Continuous, or near continuous, cores ¢ ected from near the ground surface to an appropriate depth
to capture the chloride peak is necessary. Based on previous anford CMB studies, the chloride peak can
range from 6 ft to over 30 ft bgs. The m ity of the studies identified the chloride peak to be shallower
than 30 ft bgs. A helpful guide is to colleet cores to a depth of 50 ft, with continuous cores being
collected from near the surface to a depth of 30 ft and cores collected every 3 ft from 30 to 50 ft bgs.

4.62



























Given that there were some analytical . Jrtcomings/challenges associated with this dataset, it is
difficult to interpret the results with a high degree of confidence. However, based on the data, it does
appear that multiple source terms (at least two) could be present in the C4104 borehole at the interface of
the Hanford formation and the Cold Creek iit. Additionally, one of the sources present at this location
has a similar ruthenium isotopic ratio to those measured in the direct push samples collected from probe
hole C5374. Since these samples were a  :ollected at the interface of the Hanford formation and the
Cold Creek Unit, it is possible that wastc om the 241-T-101 tank leak migrated laterally to the
southwest and can be observed in the C4104 borehole (Serne et al. [2004b] showed that the strata dip to
the southwest in the T Tank Farm). Again, it is difficult to place an exact level of confidence on the
interpretation of this data; however, it is su  orted by the stratigraphy in the area and certainly warrants
further investigation.

5343 Recharge Estimates

The existing chloride data from the pushes at the T Tank Farm were unsatisfactory for use in
estimating recharge using the chloride mass alance (CMB) method. Part of what makes the data
problematic for CMB is that the chloride rofile is incomplete with much of the data being between
43 and 50 ft bgs. Without some knowledge about the chloride profile over a much larger depth interval, it
can’t be said if the chloride concentrations represent steady-state conditions, whether other transport
processes are dominating (i.e., preferential w), and if the chloride concentrations represent past or
current re  arge conditions.

5.3.5 Source of Contamination a  nd tanks 241-T-101 and 241-T-104

After evaluating all the characterization and analytical data, there is no question that the vadose zone
in the vicinity of tank 241-T-101 has bee contaminated by tank-related waste. The direct observance of
elevated soil pH, porewater-corrected electrical conductivity, nitrate, technetium-99, elevated
water-extractable sodium, and fission product isotopes of europium as well as cesium-137 in close

proximity to tank 241-T-101 indicates th tank or infrastructure associated with the tank is
responsible for the contamination. 1e+ sample coverage associated with the direct push technique
has made it difticult to estimate the later. :ad of the contamination, while the depth limitation of the

direct push technique has made it impossible to discuss the vertical extent of the contamination.

However, based on characterization of the  »be holes that were emplaced to the southeast of tank

241-T-101, it appears that waste from tank 241-T-101 migrated laterally several meters away from the

tank. Interpretation of the water extract :a associated with these samples indicates that the mobile

constituents associated with this leak ev  reside deeper in the vadose zone at this location; however, the
ick of depth-discrete sam; s does not enable the contirmation of this hypothesis.

The vadose zone directly northeast of tank 241-T-104 also has been found to be contaminated with

tank waste constituents. It is not possibl us time to directly attribute the source of this contamination
to a particular tank. Sufficient data does xist to determine if the contamination observed in this
region is a result of a loss from tank 241 4 or if it 1s a result of lateral spreading from tank
241-T-101.

5.9



5.4 Deta :d Characterization to Elucidate Controlling Geochemical
Processes at the Tand TY ink Farms

Characterization activities of the direct 1sh samples added some insight as to 1) the processes that
control the observed distribution of contaminants and 2) the migration potential of key contaminants in
the future. The pore waters, calculated by dilution correction of the 1:1 water extracts in the sediment
from the direct push samples, were dominated by sodium and bicarbonate for sediments with obvious
signs of tank fluids. The most concentrated pore water is shown in Table 5.1 in units of meg/L. Also
included in the table for comparison are 2 maximum pore water concentrations found in other
characterization work previously reported i  the T, TX, and SX Tank Farms.

For the TY Tank Farm direct push samj s, the most saline calculated pore water resided in the H2
unit and had a chemical composition of 80.5 meg/L calcium, 67.2 meq/L sodium, 10.6 meg/L potassium,
and trace amounts of magnesium (0.02 meg/L). The cations were balanced primarily by bicarbonate
(113 meg/L), with lesser amounts of sulfate (38.6 meq/L), chloride (2.12 meq/L), nitrate (0.999 meq/L),
and phosphate (0.422 meg/L). As shown in Table 5.1, the most concentrated calculated pore water from
the TY Tank Farm direct push sampling ¢~ aign was less concentrated, and in some cases much less
concentrated, than pore waters found in the vadose zone sediments from the T, TX, or SX Tank Farms.

For the T Tank Farm direct push sam; s, the most saline calculated pore water also resided in the H2
unit and had a chemical composition of 193 meq/L sodium with a trace amount of calcium (0.576 meg/L).
The cations were balanced almost exclusivi - by bicarbonate (192 meq/L), with lesser amounts « sulfate
(3.05 meq/L), nitrate (1.82 meqg/L), and phosphate (1.65 meq/L).

The distribution of the water-extractable major cations in the direct push sediment samples indicates
that an ion-exchange process dominates the pore water  diment interactions where tank fluid has passed
by or currently exists. The depth profiles for the divalent alkaline earth cations (calcium, magnesium, and
strontium) versus sodium show depleted alkaline earth cation concentrations in the shallow Hanford
formation sediments at both locations to depths of up to 80 ft bgs (the terminal depth of the deepest
sample emplaced as part of the characterization campaign). Conversely, the water-extractable sodium
concentrations in these zones were elevatc  These trends suggest that tank fluids that are high in sodium
are present at these locations. The lack of a significant amount of nitrate in the TY Tank Farm direct push
holes indicates that the contamination has been present for a sufficiently long period of time to facilitate
the migration of more mobile contaminants (i.e., nitrate and technetium-99) deeper into the vadose zone.
The observance of significantly elevated nitrate in the deepest direct push samples collected as part of the
T Tank Farm campaign further supp:  the premise that mobile contaminants reside much deeper in the
vadose zone at both of these locations.
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Table 6.4. 1:1 Sediment:Water-Extractable Technetium-99 Data »r Samples Obtained from the T Tank
Farm Interim Measures Activities
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