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3.3.4 Radioanalytical Analysis
3.3.4.1 Gamma Energy Analysis
Gamma energy analysis was performed on sediment from all sleeves. Gamma energy analysis was

performed on water and acid extracts and the three FA™ (UFA Venture, Richland, Washington)
squeezings.

All samples for gamma energy : s were analyzed using 60%-efficient intrinsic germanium
gamma detectors. All germanium ¢ were efficiency calibrated for distinct geometries using mixed
gamma standat  traceable to the N Institute of Standards and Technology. Samples analyzed

varied from 5 to 80 grams in a fixed geometry. All spectra were background subtracted. Spectral
analysis was conducted using libraries cont 1ing most mixed fission products, ac ation products, and
natural decay products. Control samples were run throughout the analysis to ensure correct operation of
the detectors. The controls contained isotopes with photo peaks spai .ng the full detector range and were
monitored for peak position, counting r :, and full-width half-maximum. Deta are found in Gamma
Energy Analysis, Operation, and Instrument Verification using Genie2000 Support Software (PNNL
1997).

3.3.4.2 Strontium-90

Sediment aliquots were weighed and sy 2d with strontium-85. Sediment samples were leached
overnight with concentrated nitric acid, then an aliquot of the leachate was diluted 50% with deionized
water. Leachate aliquots were first passed through the SrSpec columns with 8 M nitric acid to capture
strontium, then the resins were washed with 10 column volumes of 8 M nitric acid. The strontium was
eluted from the SrSpec column using deionized water. The water extract was evaporated to dryness in a
liquid scintillation vial and was ready for counting after adding the cocktail. The purified strontium
samples were analyzed by gamma spectroscopy to determine chemical yield from the added tracer and to
quantify any contamination from cesium-137. Samples were analyzed by liquid scintillation counting to
determine the amount of strontium-90. A matrix spike, a blank spike, a duplicate, and blanks were run
with each sample set to determine the ¢  iency of the separation procedure as well as the purity of
reagents. For the most part, the separation procedure was straightforward. Chemic. yields were
generally good with some explainable exceptions. Matrix and blank spike yields were good, bias was
consistent, and blanks were below detection limits.

3.3.4.3 Tritium
The tritium content of selected sedim :samples was determined by distillation from 1-gram samples
using method PNL-ALO-418 and a Lachat Microdistillation apparatus. The tritium was condensed on

spect GC E-TEX collectors at were analyzed by liquid scinti  .tion.

3.3.5 Carbon Content of Sedim:
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4.0 Results and Discussion

This section presents the geochemical and physical characterization data collected on sediment from
the slant  rehole. The tier | phase emphasized tests that were inexpensive or that were key to
determining the vertical distribution of contaminants. Information on the borehole sediment presented
in this section includes moisture content, | . and electrical conductivity of 1:1 water extracts, and
measurements of major cations, anions, trace metals, and radionuclides. The particle size and mineralogy
of si :cted samples also were measured to aid in selecting contacts between major geologic units. We
also were looking for geochemical and mineralogic changes caused by interaction with the caustic fluids
leaking from the tanks.

4.1 Moisture Content

The moisture content of the sediment from each sleeve is listed in Table 4.1 and presented as a graph
in Figure 2.9. Figure 2.9 shows both | volumetric moisture obtained via neutron logging and the
gravimetric moisture content of small alic 5 of sediment taken during the geologic description
activities. The moisture content profile shows one higher moisture region in the Hanford formation H2
laminated sand facies where a silt stringer exists at a vertical depth of 32 meters (105 feet) below ground
surface (bgs). At a vertical depth of ~37.2 meters (~122 feet) bgs to the bottom of the borehole at ~43.9
meters (~144 feet) bgs within the Plio-Pliestocene (PP1z) mud, the moisture content increases from
11.95% to 19.70%. There is one sleeve, 16A within the PPlz unit with a lower moisture content of 7.5%
by weight. Compared to the other vertical borehole drilled in the SX Tank Farm, the moisture content in
the slant borchole sediment from the Hanford formation is notably drier suggesting that the heat and rain
shadow from tank SX-108 have kept the se ment drier than other boreholes.

The laboratory-generated data show gravimetric moisture content (wt%) and the field data are related
to volumetric water content (vol%). If the field tool was calibrated accurately and the vadose zone bulk
density profiles were known, one could convert the field data to gravimetric data by dividing by the bulk
density. For our needs, we merely compare the two logs qualitatively to see if the moisture peaks
correspond depthwise.

4.2 1:1 Sediment-to-Water Extracts

The main objectives for placing the nt borehole under tank SX-108 w  : to investigate whether we
could find a zone of highly altered sediment from reactions of caustic, high salinity redox tank liquor and
to explore the vertical extent of contamination under the suspected worst leak y tank in the SX Ta:
Farm. In addition to determining the vertical extent of cesium-137 so that comparisons could be made to
distributions in the vertical dry wells surrounding the tanks, there was interest in determining whether the
mobile contaminants that have reached the groundwater in the southwest corner of SX Tank Farm could
be traced all the way ) the bottom of the slant borehole. The most economical method of determining

4.1
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The tetrahedral sheet has minor substitution of aluminum (III) for silicon (IV), which creates a small
negative charge. This negative charge is balanced by the +0.01 charge on the octahedral sheet and by the
interlayer cation charge of +0.31. Iron co :ntrations in the octahedral sites varied between 0.52 and
1.57 atoms per O,,(OH), The interlayer cation, calcium®, ranged from a low of 0.03 to a high of
0.33 atoms per O,,(OH),. Potassium concentrations, which ranged between below-detectable-limits to as

igh as 0.12 atoms per O,,(OH),, were assigned to the interlayer position and possibly represent minor
amounts of illite/smectite mixed layering. Trace amounts of titar 1m (IV) were also detected in most
smectites examined.

1¢ clay muneral kaolinite was identific by the x-ray diffraction analysis, but not by the TEM
analysis. Kaolinite particles typically appear similar to illite particles and can be difficuit to identify by
TEM. Additionally, minerals such as sepiolite, apatite, iron oxide, sodium-plagioclase, amphibole, and
anatase were detected in trace amounts during TEM analysis.

Mineral assemblages and structural for; ilas were similar to data reported earlier on uncontaminated

sediment from the Hanford Site (Serne et al. 2002¢). No evidence of caustic tank liquor reacting with the
sediment to alter the mineral phases or properties was observed by x-ray diffraction or TEM analysis.
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Aside from sample 7A, uranium shows significant resistance to water leaching/desorption. The
uranium in the sediment does not appear to be elevated significantly over values for natural sediment.
Thus, the uranium in the vadose zon¢ robably is mostly natural 1, thus, resistant to water leaching.

The chromium content in the slant borehole sediment is very elevated in many of the samples. There

are two zones where the chromium desorption K, values are quite low, 24.6 to 31 meters (80.6 to 101.7
feet) and 34.7 to 42.1 meters (113.8 to 138.2 feet) bgs. There is one sample, 12A, between these two
zones that has been shown to have little signature of tank fluids. If this sample is excluded, the two
relatively mobile chromium plumes would coalesce into one from 24.6 to 42.1 meters (80.6 to 138.2 feet)
bgs. It is quite dramatic that chromium migration abruptly stopped somewhere between 39.6 and 42.1
meters (130 and 138 feet) bgs, but technetium-99 has migrated deeper. Despite the science and
technology findings that approximately one-third of the chromium appears to be reduced via
heterogeneous reaction dissolution of ferrous containing minerals, e chromium desorption K, values are
still <1 mL/g in the entire zone where the bulk of the tank fluid currently resides. Below the zone of
elevated chromium, the chromium K, value is quite large (>100 mL/g). Beneath the tank bottom between
20.7 to 23.3 meters (67.9 and 76.4 feet) bgs, there 1s elevated total chromium in the sediment, and the
apparent desorption K, ranges from 3 to 51 /g. This is likely the zone where most of the chromium
reduction occurred by the caustic-induced dissolution of ferrous-bearing minerals mechanism described in

¢ Science and Technology Program activities.

Based on Table 5.1, we would conclude that selenium is slightly more interactive with the sediment
an technetium-99, but more detailed fissir  product isotope signature work by scientists suggests that
tank liquor containing selenium is just as mobile as technetium-99. We conclude that the acid extractions

may be dissolving enough natural selenium om the sediment to skew the in situ desorption K4
calculations. By dissolving natural selenium, we overestimate the amount of selenium bound to the
sediment and, thus, overestimate the K, value. The molybdenum data in Table 5.1 suggest that in the
lower portion of the profile molybdenum is more interactive than chromium. The Science and
Technology Program, using more sophistic :d measurements of isotope signature, also suggests
molybdenum is more interactive and likely more prone to reduction when ferrous ions are released from

2 dissolution of sediment by caustic tank 1ids. Our data suggest that the in situ desorption K, values
for molybdenum in the shallower sediment (above 24.6 meters [80.6 feet] bgs) are smaller than the
chromium values and thus molybdenum would be more mobile in this zone. This is a disagreement with
Science and Technology Program conclusic 3, and we defer to their more elegant analyses. In the depth
zones 24.6 to 31 meters [80.6 to 101.7 feet] and 32.2 to 39.7 meters [105.6 to 130.1 feet] bgs, our
molybdenum in situ desorption K, values are higher than the chromium values in agreement with the
Science and Technology Program interpret  ons.

5.2 Comparison of Porewater Composition in Boreholes 41-09-39
and 299-W23-19

In this section, we compare the dilution-correctec  srewater and actual porewater obtained by
ultracentrifugation between the two boreholes. The first observation is that the vadose zone sediment
under tank SX )8 between 16.8 to 21.8 meters (55 to 71.5 feet) and 26.8 to 30.8 meters (88 to 101 feet)

53



bgs is drier (i.e., has lower moisture contents) than compar le sediment from borehole 41-09-39. Thus,
moisture content measurements do indicate  at the heat/temperature environment below tank SX-108
was higher. In fact, temperature measurements of the slant borehole casing (shown in Figure 2.9) show
that the temperature is still elevated and significantly high than temperatures measured several years
earlier at borehole 41-09-39. The moisture contents in the shallow sediment from the slant borehole
ranged from 1.9 to 6.5% by weight. The moisture content for borehole 41-09-39 samples from the same
depths (or more correctly from the same lithologies) ranged from 4 to 12% by weight. Thus, the dilution
corrections for the drier sediment at the slant borehole are significantly larger than the values for borehole
41-09-39 extracts.

Table 5.2 shows the pH of the uncorrected water extracts and the dilution-corrected electrical
conductivity for samples from the two boreholes. Borehole 41-09-39 was sampled twice within the
backfill so that baseline conditions could be established. The slant borehole beneath tank SX-108 was not
sampled until the H1la unit was found, just below the backfill. At the 41-09-39 borehole that was
~3 meters (~10 feet) from the side of tank SX-109, the backfill and the Hla unit appear to be relatively
uncontaminated. The sediment pH is normal and the electrical conductivity is about the same as for
uncontaminated sediment. The only constituent that appears to be elevated above background is nitrate.
At the slant borehole at tank SX-108, the Hla unit sediment (based on the only sample obtained [1A])
shows high pH and elevated electrical conductivity. Thus, the impact of tank fluid is seen closer to the
bottom of the tank at SX-108 than at SX-109. The sample 1A at the slant borehole is about 2.4 meters
(8 feet) from the edge of the tank, so it is not that much closer to the tank edge than borehole 41-09-39.

The H1 coarse-grained sediment at both boreholes shows a high pH (compared to uncontaminated
sediment) and elevated electrical conductivity. Because only one sample was obtained in the H1 unit at
the slant borehole, the effects of the leaking tank liquor cannot be describe in detail under tank SX-108
within this unit. However, there is no doubt that effects from the tank liquor impacted this unit. Within
this unit at borehole 41-09-39, the nitrate concentration in porewater is 1.5 M.

At both boreholes, the fine-laminated s ds underneath the coarse H1 unit contain the bulk of the
tank liquor salts. At borehole 41-09-39, the pH is normal suggesting that most of the caustic components
have reacted in shallow sediment or the sediment closer to the tank. At SX-108 slant borehole, the pH is
still elevated down to at least 25.6 meters (84 vertical feet) bgs. At 26.8 meters (88 feet) bgs to the final
depth of the borehole, the sediment pH is normal. Thus, it would appear that caustic reactions reached a
deeper depth under tank SX-108.
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The maximum electrical conductivity found in the porewater at borehole 41-09-39 within the H2
sands reached 525 mS/cm, and at the slan  orehole, the maximum electrical conductivity in the
porewater reached 1772 mS/cm. Table 5.3 through 5.5 show the anion, major cations, and selected
metals in the two porewaters.

The upper 1.5 to 1.8 meters (5 to 6 feet) of PPlz sediment at borehole 41-09-39 shows effects of the
more mobile contaminants from the tank leak(s). At the slant borehole, all three samples obtained in the
PPlz sediment show the presence of many constituents from tank leaks. The ta; leak plume, thus, has
migrated deeper under tank SX-108 than it has to the side of tank SX-109 at borchole 41-09-39. Based
on the nitrate profile at borehole 41-09-39 (shown in Table 5.3 and in Serne et al. 2002a), we estimate

at the leading edge of the plume under tank SX-108 should extend between another 1.5 to 3 meters
(5 and 10 feet) deeper than the bottom of ¢ slant borehole. This would put the plume’s leading edge
near the bottom of the P1 : unit near its contact with the PPlc unit.

The anion distributions in the porewaters from the vadose zone sediment from both boreholes (shown
in Table 5.3) suggest that the bulk of the le  :d liquor still resides in the H2 unit and the upper portion of
the PPlz unit. At borehole 41-09-39, the porewaters in the H2 unit range from 273 to 416 g/L nitrate, 0.4
to 1.4 g/L nitrite, 2 to 4.2 g/L chloride, and 2 to 4.6 g/L sulfate. Under tank SX-108, the highly
contaminated porewaters in the H2 se ment range from 300 to 994 g/L nitrate, 0.3 to 3 g/L nitrite, 1.4 to
6.7 g/L chloride, and 2 to 24 g/L. sulfate.

Similar porewater anion concentrations in the upper portion of the PPlz sediment are 101 g/L nitrate,
0.25 g/L nitrite, 0.6 g/L chloride, and 0.6 g/L sulfate for the one highly contaminated sample at borehole
41-09-39 and 200 g/L nitrate, 0.2 g/L nitrite, 2 g/L. chloride, and 3 g/L sulfate for the slant borehole under
tank SX-108.

The cation distributions (see Table 5.4) in the porewaters are controlled by the ion exchange reactions
between the sediment (containing mostly calcium and magnesium on the exchange sites) and the
concentrated sodium nitrate tank liquor. We also are interested in monitoring the aluminum, iron,
manganese, and silicon contents (see Table 5.5) in the waters in hopes of observing signs of the reaction
of the caustic tank liquors with the sediment that leads to sediment weathering.  elative to the Hla sand
unit, the backfill at borehole 41-09-39 appears to water extract higher amounts of aluminum, iron,
potassium, silicon, and strontium. This might have been caused by all the mechanical sturbances during
excavation/stockpiling and coarse screening of the larger particles before use as backfill. The one sample
of Hla sediment obtained from the slant bor ole shows ~10 times higher sodium and s con in the
porewater than found at borehole 41-09-39. We suspect that this finding is explained by the presence of
some tank liquor (high sodium) and caustic neutralization reactions that leave more soluble amorphous
silicon phases in the sediment. It is interesting that elevated water-leachable aluminum is not found in
this sample because the tank liquor purportedly had tenths to molar concentrations of soluble aluminum.

The water extracts (porewaters after dilution correction) from both boreholes in the HI coarse unit at
~20.1 to 21.9 meters (~66 to 72 feet) bgs show elevated aluminum, iron, and silicon and low calcium and
magnesium concentrations. The first  ee constituents might be indicative of the caustic reactions
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6.0 Sum ary and Conclusions

In this section, we present summary . ormation on our interpretation of the significance of the slant
borehole sediment characterization data. Conclusions are included to aid in making decisions on what
interim actions and future studies are neede 0 make current and future tank farm operations less likely
to unfavorably impact the environment.

6.1 Conceptual Model of the Geology at the Slant Borehole

Borehole SX-108 intersected three primary stratigraphic units: 1) backfill (not sampled), . the
Hanford formation, and 3) the top of the uj >r Plio-Pleistocene (PP1z) unit. The bac appe i to
extend to a depth of about 16.1 meters (53 teet) bgs where it is in contact with the Hanford formation.
This contact depth is supported by an increase in blow counts and an increase in moisture content (as
indicated in the neutron-neutron moisture log; see Figure 2.9). The next 2.6 vertical meters (8.4 vertical
feet) are interpreted to correlate with the ur  r fine sand and mud sequence of the Hanford formation,
Hla unit. The location of the Hla/H1 contact (at 18.7 meters [61.5 feet] bgs) is supported by a slight
increase in the blow counts and a sharp decrease in the neutron-neutron moisture log. O1 7 one split-
spoon sample, S0070-01, was collected from the Hla upper fine sand and mud sequence.

Below Hla lies the 4.3-meter (14-foot)-thick middle coarse sand and gravel seque e (H1 unit)
extending to a vertical depth of approximately 22.9 meters (75.3 feet) bgs. This contact between H1 and
H2 is supported by a sharp decrease in blow counts and an increase in the neutron-neutron moisture log,
which is further substantiated by an increase in the gravimetric moisture content of samples collected
below this contact. Two split-spoon samples, S0070-03 and S0070-04, were recovered from the H1
coarse unit. A third sample, S0070-02, was a :mpted but the sample was not retained by of the sampler
during retrieval.

The lower fine sand and mud Hanford sequence, the Hanford formation H2 unit, is estimated to be
approximately 15.6 meters (51.1 feet) thick, extending to a vertical depth of approximately 38.5 meters
(126.4 feet) bgs. The H2/PPlz contact at this depth is supported by a  ght increase in the blow counts
and a sharp increase in the neutron-neutron moisture log, which is further substantiated by an increase in
the gravimetric moisture content of samples collected below this contact.  :n split-spoon samj s
(S0070-5 through S0070-14) were collected throughout the H2 horizon. These san .¢s were collected
from vertical distances of approximately 6.9 to 21 meters (22.8 to 68.8) feet directly beneath tank
SX-108. The Hanford formation H2 unit represented by these samples is composed « stratified sand,
muddy sand, and mud, and can be further broken down into three subunits on the basis of texture (grain
size), moisture content, blow counts, and ¢ 1ma contamination.

The upper portion of the Hanford form  on H2 unit beneath tank SX-108 is composed of mostly
interstratified medium to fine sand with occasional muddy very fine sand and/or mud strata. The middle
portion of the H2 * it appears to be dominated by interstratified sand deposits often exh iting an upward
grading texture ranging from medium sar at the bottom to fine to very fine sand with some mud (silt) at
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Nitrate was the fourth parameter that was measured to define the vertical extent of contamination.
Nitrate is perhaps the most sensitive chemical marker of tank leaks migrating through the vadose
sediment. The nitrate concentration in tank guor from tank SX-108 at the temperature present at the
time of the leak has been calculated to be as high as 16 to 18 M (~1,000,000 ppm), but the porewater in
deep vadose zone se ment in the semiarid region where the Hanford Site is located is not expected to
contain more than several parts per million to perhaps a few tens of parts per m ion nitrate. The
difference between the background nitr : baseline and the full-strength tank liquor is at least 10°.
Therefore, adding about 0.001% tank liquor into existing porewater should be readily : :asura :above
the natural background. Thus, the 1:1 water-extract nitrate data should be quite useful to trace the vertical
extent of the tank leak plume.

There are obvious indications of high nitrate concentrations  the slant borehole s¢ ment throughout
all the samples to the total vertical depth of the borehole, ~44.2 meters (~145 feet) bgs. Based on the
nitrate profile at borehole 41-09-39, whi-  does show the whole extent of the plume, we suggest that the
leading edge of the tank-leak plume beneath tank SX-108 may have stopped at the contact of the PPlz and
PPlc units near 45.7 meters (150 feet) bgs.  1is estimate does not consider any complications from the
convection cells that may have transported water vapor and recondensed water under tank SX-108 as
indicated by the Science and Technology rogram Study.

The fifth indicator species used was sodium in the water extract. Sodium is the dominant cation in
tank liquor and like nitrate is present at over 10 M concentrations. Water extract sodium data for the slant
borehole sediment suggest that tank fluid has severely affected the vadose zone sediment to a depth of at
least 39.7 meters (130.5 feet) bgs (1.2 meters [4 fee into the PPlz unit) and moderately affected the
sediment to the total vertical depth of the be hole.

There also appears to be at least one if not two ion-exchange fronts where sodium displaces the native
calcium, magnesium, and potassium from the sediment surface sites resulting in the elevated calcium,
magnesium, and potassium in the water extracts of the deeper sediment. There is obvious low water
leachable calcium, magnesium, and potassium in samples at shallow depths of 20.7 to 24.4 or 25.9 meters
(68 to 80 or 85 feet) bgs caused by the displacement and subsequent transport deeper by the tank fluids
and recharge since the leak(s). The sediment at 32.2 meters (105.6 feet) bgs (sample 12A) appears to be
affected very little by the tank fluid or the ion exchange reactions. This sample appears to have been
bypassed by the percolating tank liquor probably because of lower permeability.

Finally, the water extracts (porewaters after dilution correction) from both boreholes in the H1 coarse
unit at ~20.1 meters (~66 feet) bgs show elevated aluminum, iron, and silicon and low calcium and
magnesium concentrations. The first three constituents might be i cative of the caustic
weathering/precipitation reactions between the tank liquor and the sediment. As just mentioned, the low
calcium and magnesium undoubtedly indic ~ he removal of these alkaline earth cations from the
exchange sites by the high sodiumin  le g fluid. The porewater from the top of the H2 laminated
sand unit, at the slant borehole (22.9 meters i feet] bgs) shows elevated concentrations of aluminum.

iis again may indicate an alkaline attack on the sediment. Most all of the porewaters from the H2 unit
at the slant borehole show elevated iron, pc  sium, and sodium and lower silicon concentrations than
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porewaters from the shallower H1 unit. We expected to find more significant changes in aluminum, iron,
and pH, in both the water extracts and sediment themselves, but the zone of caustic alteration is either
small or has been muted by continued weathering since the leaks began.

The traditional sampling of Hanford sediment focuses on determining the total concentration of
radionuclides in the sediment. For the most part, the highly radioactive samples in the sediment from
the slant borehole were found between 16.8 and 25.9 meters (55 and 85 feet) bgs (cesium-137) and 25.9
to 42.1 meters (85 to 138 feet) bgs (technetium-99).

Using the more complete field spectral gamma log, the maximum concentrations of cesium-137 found
in two major peaks in the sediment are between 5 and 9 x 107 pCi/g between 17.1 and 7.3 meters (56 to
63 feet) and between 24.6 to 25.8 meters (80.6 to 84.6 feet) bgs, respectively. The bulk of the
contamination resides at or near the contac' :tween the Hla and the HI coarse-grained sediment and in
the upper portion of the laminated fine sand (H2 unit), respectively. Below 28.3 meters (93 feet) bgs, st
within the H2 unit, the cesium-137 activity is 10,000 times less concentrated, though the cesium 37
activity does not drop to background values before the end of the borehole in the PPIz unit. Thus, we did
not find the maximum depth of cesium-137 enetration in this borehole.

The technetium-99 data show that there are significant concentrations of technetium-99 between the
depths of approximately 25.9 to 42.1 meters (85 to 138 feet) bgs. The leading edge of the technetium-99
plume appears to reach 42.1 meters (138 feet) bgs, though even the deepest sample at 44 meters (144.5
feet) bgs is slightly elevated in technetium-99. Strontium-90 activities (>10 pCi/g) in the sediment are
found sporadically in the slant borehole samples. Between 23.2 and 25.9 meters (76 and 85 feet) bgs, the
strontium-90 activity is between 11 and ¢ pCi/g, and there are two other hits at 39.6 and 44.1 meters
(130 and 144.6 feet) bgs. The latter two elevated strontium-90 activities are associated with higher stable
strontium in the water extracts suggesting that the sodium ion exchange process is affecting the strontium-
90 distribution. Compared to the cesium-137 distributions, there is very little strontium-90 in the
sediment suggesting that strontium-90 is not mobile in the fluid from the Reduction Oxidation (REDOX)
Plant that leaked from the SX tanks. Strontium is not considered very solul : in most single-shell tank
environments and has been found to reside predominately in precipitates in the sludge at the bottom of the
tanks.

In summary, the moisture content, pH, chromium(VI) (discussed in Section 6.3) , and cesium-137
profiles do not identify the leading edge of the plume. The profiles of more mobile constituents, such as
electrical conductivity and sodium, suggest that the leading edge of the hypersaline plume resides about
1.5 meters (5 feet) into the fine-grained PPlz unit at ~39.6 meters (~130 feet) bgs. The most mobile
constituent profiles, such as nitrate and technetium-99, suggest that the leading edge of the plume was not
found because the borehole did not penetrate far enough. Based on the complete plume identification at
borehole 41-09-39, we speculate that the nitrate and technetium-99 activities would return to near
background values at the contact of the PPlz and PPlc units at ~45.7 meters (~150 feet) bgs.

The majority of e borehole 41-09-39 plume still resides in the shallower coarse-grained H1 unit.

The | ime under tank SX-108 resides predominately in the H1 and upper H2 units. Compared to the
plume from tank SX-115 leaks that predorr ately resides in the PPlz unit, the center mass of the tank
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SX-108 plume traveled deeper than the plume at borehole 41-09-39 but shallower than the plume at tank
SX-115. The leading edge of the te :ak  ume 1s within the PPlz unit below tank SX-108; we did not
find the maximum vertical extent. sv. we do speculate that the plume does not extend into the
Ringold sediment below the PPlc carbonate rich zone.

6.3 Controlling Geochemicz 1 bcesses Based on Characterization

The more detailed characterization activities of the cores from the slant borehole added insi; tto the
processes that control the observed vertic stribution of contaminants and to their migration potential in
the future. The first key finding was that :1 sediment-to-water extracts give a good estimate of the
porewater chemistry in the vadose zone sediment. We extracted porewater from three samples of the
slant borehole vadose zone sediment using  gh-speed centrifugation. The chemical composition of the
actual porewater was found to be fairly well estimated by dilution correcting the 1:1 water extra
Because it is much easier to obtain a water extract of the vadose zone sediment, this finding is important
to understanding the porewater chemistry throughout the vadose zone plumes under disposal facilities and
leaking tanks. Constituents that showed the best agreement include electrical conductivity, nitrate,
sodium, chromium, and technetium.

The porewaters in the sediment from the cores in the three Hanford formation units (H1a, HI, and
H2) were dominated by sodium and nitrate. At the slant borehole, the most concentrated porewater was
in the H2 unit and was essentially 16 to 7  sodium nitrate with 1 M concentrations of calcium, 0.5 M
chromate, and several tenths molar chloride, magnesium, potassium, and sulfate. This extremely
hypersaline composition is about three times higher in all constituents as found in the H2 porewater at
borehole 41-09-39. The slant borehole vadose zone porewater in the upper region of the PP1z zone was

3 M sodium nitrate with a few tenths r calcium and magnesium, and a few hundredths molar
chloride, chromate, potassium, and su . Only one sediment sample was obtained from the slant
borehole in the coarse-grained H1 uni ere tank liquor was present. Based on the fact that the

composition of borehole 41-09-39 porewater from sediment in the H2 unit is about three times less saline,
we took the most saline porewater in the F 1nit of borehole 41-09-39 and multiplied by three to get an
estimate of the concentration of the slantt  :hole H1 porewater composition. This gives the H1 unit
under the slant borehole concentrations estimated to be at least 3 M sodium nitrate with 0.5 M chromate.
We do not know whether the heat induced convection cells would significantly alter this estimate.

The nitrite distribution suggests that once it leaked into the sediment, oxidation converts the nitrite to
nitrate because the ratio of nitrite to nitrate is much lower in the vadose zone porewaters than the values
within the tanks.

Based on both water and strong acid extracts, there is elevated chromium, molybdenum, technetium-
99, and to a lesser extent selenium, in the region where electrical conductivity, sodium, and nitrate show
the presence of tank fluids. There: 'y also be elevated arsenic values but the inductively cor led
plasma-mass spectroscopy (ICP-MS) data may be biased by an argon-chloride complex species that has
the same mass as arsenic.
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cesium-137 will be adequately retarded once it is separated from the high sodium porewater plume. The
temperature effect on adsorption reactions is not well studied but the few available studies suggest only
small effects (see Ames et al. 1982 for cesium-137 adsorption onto basalt and smectite clay weathering
products).

Another technique to estimate mobility is to compare the ratio of cesium-137 to technetium-99
activity in the borehole sediment. Slant borehole sediment from 20.7 to 24.6 meters (67.9 to 80.6 feet)
bgs has a cesium-137 to technetium-99 activity ratio >10,000. Johnson and Chou (1998) suggest that the
ratio in SX tank liquors would be 10,000. Therefore, the shallow sediment from the slant borehole
between 20.7 to 24.6 meters (67.9 and 80.6 feet) bgs eithera orbed cesium-137 relative to technetium-
99 or the tank liquor has been flushed from the shallow sediment so that the ratio is greater than it is
within the tank supernate. Between the depths of 27.1 meters (89 feet) bgs and the bottom of the slant
borehole, the cesium-137 to technetium-99 decreases from 1 1 to about 0.1, which suggests that cesium-
137 gets removed from the tank fluid by adsorption reactions and technetium-99 continues to migrate

eper into the sediment with the mobile constituents in the tank liquor plume.

Based on comparing the depth of penetration of various contaminants and comparing the percentages
that are water leachable, we can state that chromium and r  ybdenum migrate faster than cesium-137 but
slower than nitrate, selenium, and technetium-99. In other waste disposal situations at Hanford, oxidized
chromium in reactor cooling water (low ionic strength and neutral pH) appears to migrate similarly to
nitrate and technetium-99. All of these observations, based on directly measuring sediment or  zir water
and acid extracts, suggest that nitrate, selenium, and technetium-99 migrate with no measurable
retardation, while chromium, molybdenum, and sodium migrate with a small amount of retardation, and
cesium-137 and lead migrate with moderate to strong retardation.

6.5 O .er Characterization ( servations

The ratio of one ostensibly mobile species to others in the porewaters can be used to determine
relative mobilities. If the absolute concentrations of co-migrating species are changed solely by dilution
with existing porewater, then the ratio of the two should remain constant. Unlike similar ratio discussions
for the other two contaminated boreholes (41-09-39 and 299-W23-19; see Serne et al. 2002a, b), the ratios
for the porewaters in the slant borehole are not constant. It would appear that there are some
complicating processes occurring at the slant borehole cor ared to the other two boreholes. Perhaps the
fact that the slant borehole is not a vertical borehole that conceivably allows one to follow systematically
the expected vertical recharge is part of the roblem. The possibility of two distinct leak events that
caused additional irregular mixing between the two plumes or dynamic convection currents driven by the
time varying head load under the tank makes this ratio approach difficult. Sample 12A is also adding
complexity because it is a thin lens of fine-grained sediment that appears to be isolated from having
imbibed much of the tank liquor. It is similar to an isolated pocket of sediment that e tank liquor flowed
around instead of through. Despite these complications the following observations are offered.

The ratio of technetium-99 to nitrate, though not as constant as it was at borehole 299-W23-19 (Serne
et al. 2002b), is much lower than the ratio in the groundwater elow the SX Tank Farm. The ratio in the
groundwater is 100 pCi/mg, a value muct igher than the range found for the slant borehole porewaters
(0.02 t0 0.48 pCi/mg). This would suggest that if tank SX-108 were the source of the groundwater
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contamination, much more nitrate or less te  netium-99 should be in the groundwater. Alternatively
there would have to be some mechanism in the deeper sediment that preferenti: y removes technetium-
99 from the pore fluids. Conversely, it is much more plausible that the source of the contamination in the
groundwater under the SX Tank Farm is the 1ids lost from tank SX-115 that show a technetium-99 to
nitrate ratio closer to 100 in the vadose zone porewater.

In general, the percentage of the total s nent trace met.  concentrations that is acid extractal : from
the contaminated sediment is slightly highc ~ an for the uncontaminated sediment. We would have

ected that the chromium percentage would be measurably higher for the contaminated sediment but

increase is not striking despite the fact that the total chromium content of the contaminated sediment
is significantly elevated over uncontaminate sediment. The percentage of the total lead that is
extractable from several of the samples suggests it lead contamination from the shielding in the
samplers is present in some of the extracts  or example, the concentration of lead in sample 13 A that
acid leached is 4 times greater than the tot. 1 the sample that was used in perform the x-ray fluorescence
measurements. Somehow lead contamination was present in 2 aliquot that was acid extracted or lead
contamination was introduced before the acid digest was measured by both ICP and ICP-MS (see
Table 4.18).

The manmade sodium, and perhaps a percentage of the trace metals, show a higher percentage of the
total concentrations are acid extractable from the highly contaminated slant borehole sediment compared
to uncontaminated sediment. Except for the sodium results, we expected there to be a larger increase than
was observed for the contaminated sedimer suggesting that the comparison of percentages of the total
composition of any element that is acid extractable is not a very sensitive indicator of the presence of tank
liquors or its reaction products with vadose zone sediment. More on alteration products is found in the
mineralogy section,

As part of our characterization, the contaminated sediment parameters that can control contaminant
migration were measured. Key parameters that were measured on the slant borehole sediment include the
calcium carbonate content, particle size distribution, anc ulk and clay-size mineralogy.

Particle size measurements showed that the H1 unit does have enough gravel to be considered a
gravelly muddy sand. The Hanford formation H2 unit has a few finer grained lenses that are sandy mud.
The PPlz zone is considered a sandy mud.

The finest grained samples of the H2 u= are very similar in grain size to the top of the fine-grained
PPIz unit represented by sample 15A.  ecause the borehole did not penetrate the whe : PP1z unit, we
cannot show explicitly that the PPlz unit is finer grained in general than the H2 unit at this borehole; but
based on other nearby boreholes, we believe that the PPlz under tank SX-108 is finer grained than the H2
unit.

X-ray diffraction analyses of the bu  samples from nine depths in the slant borehole indicate that the
sediment is mostly quartz (~30 to 60%) and feldspar (~15 to 80%), with lesser amounts of calcite,
amphibole, mica, chlorite, and smectite. X-ray diffraction tracings from several of the bulk samples
showed evidence of the sodium nitrate min 1, nitratine. Chemistry of the 1:1 water extracts from these
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samples showed large amounts of sodium and nitrate (~3.0 to 15 M), so it is not unexpected that solid
sodium nitrate is present in the dried sam] :s.

The clay fraction (<2 micron) in all the samples characterized is dominated by four clay minerals:
1 te, smectite, chlorite, and kaolinite with minor amounts of quartz, feldspar, amphibole, and calcite.
Overall, smectite, illite, and chlorite are the dominant minerals in the clay fraction. Smectites range in
concentrations from as high as 20 wt% to as low as 5 wt%,; illite occurred between ~10 and 30 wt%.
Chlorite concentrations were as low as 5 wt% and as high as 30 wt%. Minor amounts of kaolinite
(~10 wt%) were detected at all depths, but one (3A, 20.7 meters [67.9 feet] bgs). Quartz and feldspar
made up ~10 to 15 wt% of the clay fraction. Amphibole was identified in the clay fraction in minor
amounts. Nitratine was not found in the clay fractions. This is not surprising because the clay particles
were washed repeatedly during their collection.

The presence of illites as the dominant clay-size mineral is fortuitous because illites are strong
adsorbers of cesium-137 and can irreversibly adsorb cesium-137 within interlayer sites.

Trace amounts of laumontite (9.08 A) were detected in three samples (3A, 6A, and 7A). The zeolite,
laumontite, is known to be present in the natural uncontaminated Hanford formation sediment and is not
ought to be a weathering product resulting from the interaction of tank liquor with the sediment. No
evidence of mineral alteration or precipitation rest  ing from the interaction of the tank liquor with the

sediment was observed based on the x-ray ¢ Traction measurements. However, scanning electron
microscopy scans of some of the samples by the Science and Technology Program suggest that there is
evidence of caustic attack on sample 3A.
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Core Descriptions



























































































Appendix C

Comparison of Water Extractable and
8 M Nitric Acid Extractable Concentrations
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Figure C-2. Arsenic Concentrations in Acid and Water Extracts
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Appendix D

X-Ray Diffraction Patterns for Selected Core Samples
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