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The sediments from the three T tank farm b holes, C4104, C4105, and 299-W10-196, do show that
sodium-, nitrate-, and sulfate-dominated fluids are present below nk T-106 and have formed a salt
plume. The fluids are more dilute than tank fluids observed below tanks at the SX and BX Tank Farms.
Most of the chemical data for contaminants intercepted by boreh: s C4104, 299-W10-196, and C4105
suggest that fluid leaked from Tank T-106 and percolated deeper into the sediments below C4104. More
interesting is that the fluids traveled horizontally, within the lower Hanford formation H2 and the two
Cold Creek Formation units, to the west at least as far as borehole C4105. Other spectral gamma logging
data suggest that the tank T-106 leak also migrated east of tank T-106. To the east, the tank T-106 plume
is overlain by a small leak from tank T-103. Thus, near tank T-106 there are signs of significant
horizontal spreading of the original leak.

Our conceptual model of the borehole geology between core samples (recall that sampling was
intermittent and collected ~25% of the sediment profile) is based on our interpretation of the geophysical
log and blow-count data. Three primary stratigraphic units were encountered in each of the three
contaminated boreholes: 1) backfill material, 2) the Hanford formation, and 3) the Cold Creek unit. At
C4104, we infer that there are at least two separate, relatively thin (<0.5 ft), moderately to well-sorted,
silty fine sand beds in the Hanford formation ! stratigraphic unit. These occur at depths starting at
58.6 and 63.5 ft below ground surface (ft bgs). Up to four additional fine-grained beds may also be
present between cored intervals in the profile at C4104. At C4105, we infer that there are at least two
fine-grained layers within the Hanford formation H2 unit. These fine-grained layers were encountered at
depths of ~ 56.5 and ~ 75 ft bgs. ' ese thin, fine-grained lenses within sands of the Hanford formation
H2 unit may impact the flow of leaked fluids and affect irregular and horizontal flow.

Bor oles C4104 and C4105 could not penetrate below the gravel-rich strata of the Ringold
Formation Wooded land member (R,,;) (refusal was met at about 130 ft bgs at both holes); therefore, we
did not identify the maximum vertical penetration of the tank-r ited plume. However, there is elevated
electrical conductivity (EC) in the C4104 borehole sediments from 47 ft bgs to the bottom of the borehole
near 127 ft bgs. At 46 ft bgs, EC of the C4104 water extracts and actual porewaters are 6 times higher
than background values and differences reach values of ~ 40 times larger than background at 116 ft bgs.
The dilution-corrected (calculated) porewaters are also quite elevated between 59 and 76 ft bgs. The
highest values of dilution-corrected porewater EC found at C4104 (33.4 mS/cm at 116 ft bgs) are
equivalent to a pore solution of 0.21 M KCl, the salt solution used to calibrate the conductivity probe.
There is also evidence of elevated EC starting at 86.7 ft bgs to the bottom of the C4105 borehole. The EC
values for 1:1 water extracts from the Cold Creek units’ sediments at C4105 range from 1.2 to 3.1 mS/cm,
which is about 10 to 30 times higher than found in dilution-corrected porewaters from nearby background
sediments. The highest values of dilution-corrected porewater EC in borehole C4105 occur in two zones,
between 87 to 110 ft bgs and at 123 ft bgs. The dilution-corrected EC and actual porewater values for
these two zones are equivalent to a pore solution 0.10 to 0.175 M KC1. The peak EC values for these
two T boreholes are lower than the dilution-corrected EC maximum at borehole C3831 near Tank
TX-107, which peaked between 60-61 ft bgs with a value equivalent to a pore solution of 0.4 M KCL.

Despite the evidence that elevated EC values may be present in both T boreholes to their depth of
refusal, the concentrations are not large. For example, the maximum dilution corrected EC at C4104 is
33.4 mS/cm and at C4105, the maximum is ~ 19 mS/cm. The leaks near the SX108-109 and BX-102
tanks had peak vadose zone porewater concentrations that were much more concentrated waste fluids:
524 to 1774 and 77 mS/cm, respectively.
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The inventories of potential contaminants of concern—nitrate, technetium-99, uranium, and
chromium, as a function of depth—are provided in Section 6.6. In addition, in situ desorption K4
(distribution coefficient or sorption partition coefficient) values for sse potential contaminants are
provided based on the difference between acid [for cobalt-60 direct sediment gamma activities were used)
and water extracts of the contaminated sediments. For bounding modeling purposes we recommend using
Kgvalues of 0 L/g for nitrate, cobalt-60, and technetium-99, a value of 0.1 mL/g for uranium near
borehole C4104 and 10 mL/g for U near borehole C4105, and | mL/g for chromium to represent the
entire vadose zone profile from the bottoms of the tanks to the water table.  hese K, values, along with
the provided inventories in the vadose zone sediments obtained from the three boreholes, can be used in
long-term risk projections that rely on estimates of water recharge and vadose zone and aquifer transport
calculations.

A technetium-99 groundwater plume exists northeast and east of T WMA. The highest technetium-
99 concentration in fiscal year 2003 was 9,200 pCi/L in well 299-W11-39. The most probable source for
the technetium-99 is the T waste management area. Groundwater from wells in the west (up gradient)
and north of WMA T appear to be highly influenced by wastes disposed to the cribs and trenches on the
west side of the WMA. Groundwater from wells at the northeast corner and the east side of the WMA
appears to be evolving toward tank waste that has leaked from T-101 or T-106. In the vadose zone
sediments  boreholes C4104 and C4105, the actual and derived porewaters between the depths of 87 to
~130 ft bgs contain greater than 5 x 10"to 2 x 10™” pCi/L technetium-99. These concentrations pose the
largest risk of all the constituents present in the tank T-106 leak plume.
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Acro 1S and Abbreviations

American Society of Agronomy

American Society for Testing and Materials

below ground surface

Cold Creek unit, upper subunit

Cold Creek unit, lower subunit; also referred to as Cold Creek caliche subunit
electrical conductivity

United States Environmental Protection Agency

Field Investigation Report

gravitational constant (980 cm?/s)

gamma energy analysis

global positioning system

Hanford formation — H1 unit

Hanford formation — H2 unit

hydrochloric acid

High-Purity Germanium

ion chromatography

inductively coupled plasma (o called inductively coupled plasma ~ optical emission
spectroscopy

inductively coupled  1sma mass spectrometer

inductively coupled plasma — optical emission spectroscopy

distribution coefficient or sorption partition coefficient in units of mL/g
potassium, uranium, and thorium

mean sea level

powder diffraction files

Pacific Northwest National Laboratory

quality assurance

quality control

Resource Conservation and Recovery Act

Reduction Oxidation Process (the second fuel reprocessing process used at the Hanford
Site to extract plutonium)

Ringold Formation — Member of Taylor Flat

Ringold Formation — Member of Wooded Island

scanning electron microscope

transmission electron microscopy

unsaturated flow apparatus (ultracentrifuge for squeezing porewater out of sediment)
ultraviolet

Waste Management Area

X-ray diffraction (a technique to characterize crystalline materials)

X-ray fluorescence (a technique to measure t 1l element mass in solids)
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Tank T-106 was placed in service in June 1947 and became a confirmed leaker in May 1973 at which
time wastes were pt  ped out of it, rendering it inactive. Over its years of service numerous waste types
were stored in the tank including first- and second-cycle decontamination wastes from T-plant bismuth
phosphate processes, REDOX coating waste, and general decc imination wastes and waste from B-Plant
fission product recovery activities. In March 1973, tank T-106 contained ~ 78,000 gal of liquid and
sludge, primarily from REDOX coating waste. 1 early April 1973, ion-exchange waste from fission
product recovery operations was cascaded into tank T )6. Ir ~and June 1973, two observations, a
drop in tank T-106 liquid levels and elevated count rates in a 1 y dry monitoring well [299-W10-51],
led the operations staff to designate tank T-106 as a “confirme aker on June 8, 1973. Based on dry
well monitoring by gross gamma logging ar some new borehole drilling (16 new dry wells emplaced
between June and end of August 1973, some to a depth of 88 ft bgs), Routson et al. (1979) estimated that
the original leak contaminated a sediment volume of ~25,000 m’ (883,000 ft’) and reached 108 ft bgs.
The leak volume was estimated at 115,000 gal and it containe 1,000 Ci of cesium-137, 14,000 Ci of
strontium-90 and 4 Ci of plutonium-239, 240 as well as 270,( “1 of short-lived fission products, mostly
ruthenium-106, as reported in Freeman-Pollard et al. (1993).

Between September 1973 and 1978, additional dry boreh s (~ 25) were installed around tank T-106
and all existing and new boreholes were periodically monitored for gamma-emitting radionuclides.
Routson et al. (1979) contains the results. Briefly, the conclusions are that the leak plume front moved
horizontally between 1973 and 1974 but appeared to be relatively stationary from 1974 through 1978.
These conclusions are based on gross gamma counting, which was dominated by the short-lived
ruthenium-106 isotope (half-life [t;,]= 1 yr). The Freeman-Pollard et al. (1994) conclusions also suggest
that there has no' een significant vertical migration of mobile contaminants since the 1979 study of
Routson et al.

The first new T WMA borehole in the CH2M HILL Hanford Group vadose zone characterization
project, C4104, was drilled between April 4 and May 22, 2003 as close as possible (~13 ft south) to the
existing borehole, 299-W10-196 (drilled from November 13, 1992 through April 13, 1993), to allow
comparisons to be made on the extent of vertical migration that occurred over the ten year time span.  1e
second new borehole, C4105, was drilled between January 8 and March 12, 2003 downgradient of tank
T-106 and about 87.7 ft west of C4104 in hopes of quantifying the mobility and horizontal spreading of
non-gamma emitting contaminants such as technetium-99, ¢ ymium, nitrate, fission products
(strontium-90 and stable ruthenium and molybdenum) and actinides.

This report is divided into sections that describe the geology, geochemical characterization methods
employe geochemical results for the two new boreholes (C4104 and C4105), comparison between
contaminant distributions for boreholes C¢ )4 and 299-W1 )6 (which are 13 feet apart and drilled
~ 10 years apart), and the correlation between the existing v se zon¢ orewater with current and past
groundwater contamination characteristics. In addition, a summary and conclusions, references, and
appendixes with additional geology details and sediment photographs are provided.

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 report depths and well construction
details. To convert feet to meters, multiply by 0.3048; to ¢ vert inches to centimeters, multiply by 2.54.

1e metric system is used in this report for all other purposes.
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“coarse-grained main-channel facies” (DOE 1988, Last et al. 198! 1d “coarse-grained tlood gravels”
(Moody 1987; Baker et al. 1991). Gravel-dominated facies consis loose, massive to horizontal and
large-scale, planar-tabular cross-bedded, poorly sorted mixtures of gravel, sand, and silt. Gravel clasts in
flood gravels generally consist of 50% to 75% subangular to subrounded basalt (DOE 2002). Rounded
rip-up clasts of caliche and/or semi-consolidated silt and clay are common in the gravel-dominated facies.

Below an elevation of approximately 300 m (1,000 ft) within the Pasco Basin, the Hanford formation
unconformably overlies the Cold Creek unit (CCU) and, where the CCU is eroded, lies directly on the
Ringold Formation or Columbia River basalt. ¥ hin the cent  Pasco Basin up to 100 m of flood
deposits accumulated along Priest Rapids, Ci | Creek, and Gable Mountain tlood bars, which developed
downstream of constrictions or obstructions to the flow of cataclysmic floods through the basin
(Figure 2.2). The bulk of the vadose zone at Hanford lies within sediments of the Hanford formation.

2.2 Geologic Setting of e T Tank Farm

The geology in the vicinity of the T Tank Farm has been  icribed in numerous reports (ARHCO
1973; Price and Fecht 1976; Brown et al. 1979; Tallman et al  79; Last et al. 1989; Bjornstad 1990;
Conn' vy et al. 1992a; Freeman-Pollard et al. 1994; DOE/GJO 1999; Randall et al. 2000; Lindsey et al.
2001; Sobczyk 2001; Wood et al. 2001). A generalized stratigraphic column for the T Tank Farm is
illustrated in Figure 2.3.

More detailed descriptions of the vadose zone units used in this report are presented in Table 2.1,
This report follows the standardized stratigraphic nomenclature recommended by DOE (2002); therefore,
the names for post-Ringold Formation stratigraphic units may be ¢ erent than the terminology used in
previous reports.

The subsurface geology of the T Tank Farm is interpreted from dozens of boreholes drilled in the
area. A total of 67 dry wells were constructed in the early to mid 1970s to monitor for leaks from the
twelve 530,000 gallon and four smaller, 55,000 gallon single-shel. inks within the T Tank Farm
(DOE/GJO 1999a). Seven of the 12 larger tanks are designated assumed leakers; the remaining tanks
within T Tank Farm are classified as sound. The shallow vi se-zone holes served as primary and
secondary leak-detection devices. Most of the dry wells extend to depths of between 80 and 100 ft bgs,
while the groundwater is approxi ately 220 ft bgs. While there are no wells that extend to the bottom of
the uppermost aquifer within T Tank Farm, seventeen groundwater monitoring wells are located around
the perimeter. Locations of the monitoring wells in the vicir + of the T Tank Farm, and other key
boreholes used in this report, are shown in Figure 2.4.

2.2.1 Stratigraphy and Lithology

Stratigraphic terminology of the vadose zone used in this report is presented in Table 2.1. The tank
farm was excavated into the Pleistocene-age Hanford formation and « )cene eolian deposits that mantle
the central portion of the Cold Creek flood bar. The depth to groundwater in the vicinity of the T Tank
Farm 1s about 220 ft (67 m). Stratigraphic units that make up the vadose-zone units beneath the tank farm
include in descending order: 1) recent deposits, 2) Hanford formation, 3) Cold Creek unit, and 4) ingold
Formation.
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vertical bar immediately to the right of the lithologic log in these diagrams. In general, the highest
concentrations of moisture in the vadose zone at T Tank Farm appear to lie within the Cold Creek unit
and Ringold Formation member of Taylor Flat (Rs). Occasional, thin fine-grained lenses within the
Hanford formatior 2 unit also display higher moisture content.

Moisture also concentrates along boundaries between sudden, large contrasts in grain size.
Commonly, a lower-permeability ne-grained silty layer may be present along the boundary, but is not
required for a high-moisture zone to develop. Depending on the flux rate, moisture may collect and move
laterally: ) within finer-grained layers, 2) along interfaces between highly contrasting facies, or 3) along
primary sedimentary structures (Bjornstad et al. 2003). Moisture may also move vertically along
discordant clastic dikes, which are known to occur, especially within the Hanford formation (Fecht et al.
1999). During high-recharge events, moisture may move preferentially within the coarser-grained,
vadose-zone strata, in contrast to fine-grained layers which transmit relatively more moisture under a low

ux rate.

Figure 2.27 presents a statistical analysis of moisture conditions at different stratigraphic levels for
each of the four borings documented in this report. Conclusions that can be drawn from these data
include:

¢ Relatively low moisture contents are found in gravelly facies, which include backfill materials,
Hanford formation H1 unit, and the Ringold Formation member of Wooded Island. Sand-dominated
facies of the Hanford formation (H2 unit) are also relativ 7 low in moisture content.

e Relatively higher moisture contents are found for fine-grained strata, which includes both the upper
and lower Cold Creek subunits and Ringold Formation member of Taylor Flat, in all four boreholes.
Moisture is naturally high in these strata and not necessar  from tank leaks.

e Average moisture content for the Hanford formation H2 unit and the upper CCU is about the same in
the background hole as the probe holes within the T Tank farm. This suggests movement of water
under both artificial and natural recharge is transient in nature and may be difficult to distinguish
with d th in the vadose zone.
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liner was en sealed and placed in cold storage. Later, additional aliquots of selected liners from clean
borehole 299-W11-39 and C4105 were removed to measure parti : size distribution and total chemical
composition (for the clean borehole only). Additional aliquots of sediment from C4104 and C4105 were
used to extract porewater using ultracentrifugation.

3.3 Materials and Methods

Duri  subsampling of the selected core liner, every effor  as made to minimize moisture loss and
prevent cross contamination between samples. Depending on  sample matrix, very coarse pebble and
larger material (i.e., >32 millimeter [mm]) was avoided during subsampling. Larger substrate was
excluded to provide moisture contents representative of counting and 1:1 sediment:water extract samples.
Therefore, the results from the subsample measurements may contain a possible bias toward higher
concentr ons for some analytes that would be preferentially associated with the smaller sized sediment
fractions. The sediment in the lower Cold Creek unit (silt-dominated facies) contained no large pebbles
or cobbles.

Procedures ASTM D2488-93 (1993) and PNL-MA-567-DO-1 (PNL 1990a) were followed for visual
descriptions and geologic description of all splitspoon samples. The sediment classification scheme used
for geologic identification of the sediment types is based on the modified Folk/Wentworth classification
scheme described earlier (Section 2.3.1.3 and Figure 2.8). However, the particle size distribution for
selected samples from the background well and borehole C4105 was also performed where further
separation of the mud into discrete silt and clay size fractions was performed. Finally, selected sediments
from C4105 were characterized for bulk sediment and clay-size separates mineralogy using X-ray
diffraction.

3.3.1 Moisture Content

Gravimetric water contents of the sediment samples from each liner were determined using PNNL
proced ¢ PNL-MA-567-DO-1 (PNL 1990). This procedure ased on the American Society for
Testing and Materials procedure Test Method for Laboratory Determination of Water (Moisture) Content
of Soil and Rock (ASTM D2216-98 [ASTM 1998]). One rej sentative subsample of at least 15 to
70 grams was taken from each liner. Sediment samples were place in tared containers, weighed, and
dried in an oven at 105°C (221°F) until constant weight was achieved, which took at least 24 hours. The
containers then were removed from the oven, sealed, cooled, and weighed. At least two weighings, each
after a 24-hour heating, were performed to ensure that all moisture was removed. All weighings were
performed using a calibrated balance. A calibrated weight s was used to verify balance performance
before weighing samples. The gravimetric water content was computed as the percentage change in soil
weight before and after oven drying.

3.3.2 1:1 Sediment:Water Extracts

The water-soluble inorganic constituents were determined using a 1:1 sediment:deionized water
extract method. This method was chosen because the sediment was too dry to easily extract vadose zone
porewater. The e acts were prepared by adding an exact weight of deionized water to approximately 60
to 80 grams of sediment subsampled from each liner. The wei t of deionized water needed was
calculated based on the weight of the field-moist samples and their previously determined moisture
contents. The sum of the existing moisture (porewater) anc i deionized water was fixed at the mass of
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33 8 M Nitric Acid Extract

Approximately 20 grams of oven-dried sediment was contacted with 8 M nitric acid at a ratio of
~5 parts acid to one part sediment. The slurries were heated to about 80°C (176°F) for several hours and
then the fluid was separated by centrifugation and filtration through 0.2 pm membranes. The acid
extracts w : analyzed for major cations and trace metals usin ~ “P and ICP-MS techniques, respectively.
The acid digestion procedure is based on EPA SW-846 Methc  )50B (EPA 2000a).

3.3.7 Elemental Analysis

The elemental composition of the bulk sediment from nine liners from the clean borehole,
299-W11-39, was determined by a commercial analytical lab  tory using total fusion (using lithium
metaborate/tetraborate) and inductively coupled plasma (ICP) and ICP-MS. The commercial lab used
was AC”  B-Skyline in Tucson, Arizona. Sample preparation involved grinding and mixing the sample
ina Coo  igh-density alumina (AL,O;) mortar and pestle. Fifty-six elements (i.e., beryllium, sodium
through phosphorous, potassium through arsenic, rubidium tt  1gh molybdenum, silver, indium through
antimony, cesium through tungsten, thallium, lead , bismuth, rium, and uranium) were analyzed on
each sam) . Nine geologic material standards that represent  vide range of geologic materials were
fused and run along with the unknown sediments. Results for each element for the nine standards were
reported along with the certified values from NIST, USGS, and other institutions that provide certified
standards. We were satisfied with the accuracy on reported results for the standards and also found that
the total oxide composition of the sediments from 299-W11-. summed to close to 100%, suggesting that
the results were acceptable.

No ‘:mental analyses were performed on the two conta; 1ated T borehole sediments because the
commercial laboratory can not test radioactive samples. We o have found that bulk elemental analysis
of moderately radionuclide-contaminated sediments, such as  : three TX borehole samples, do not vary
significantly from uncontaminated samples (Serne et al. 2004).

3.3.8 Particle Size Distribution

The wet sieving/hydrometer method was used to determine the particle size distribution of s« cted
samples from the background borehole, 299-W11-39 and th  /drometer method was used on selected
samples from borehole C4105. No particle size measureme  were made on samples from C4104. The
hydrometer technique is described in ASA (1986a), Part 1,1  hod 15-5, “Hydrometer Method;” it
concentrates on quantifying the relative amounts of siltand 7. The silt and clay separates were saved
for later mineralogical analyses. Samples from the borehole it were used for the hydrometer method
were never air- or oven-dried to minimize the effects of particle aggregation that can affect the separation
of clay grains from the coarser material.

3.3.9 Particle Density

The particle density of bulk grains from the background borehole are usually determined using
py nometers as described in ASA (1986b) Part 1, Method 14-3, “Pychnometer Method,” and oven-dried
material. The particle density is an input needed to determine the particle size when using the hydrometer
method. However, no direct particle density measurements 2re made for the 299-W11-39 or C4105
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sediments and the pa cle size data reported in this document used the quartz default value of
2.65 grams/cm’ to calculate the particle size distribution. The error in using this simplifying assumption
is not significant.

3.3.10 Mineralogy

The mineralogy of the whole rock and clay size fractions of the selected sediment samples was
determined by XRD techniques. Each bulk sample was prepared for XRD analysis by crushing the
sample into a fine powder using a mortar and pestle. The rest int powders were side packed into
aluminum sa e holders prior to being analyzed. Preparation of the clay fraction for XRD analysis
began by dispersing the whole rock sediment using the following technique. Approximately 100g of
sediment w  transferred into a 1.0 L bottle and mixed with 1.0 L« 0.001 M solution of sodium
hexametaphosphate. The suspensions were allowed to shake over night to ensure complete dispersion.
The sand and silt fractions were separated from the clay fractions by repetitively using Stoke’s settling
law describe in Jackson (1969). The lower limit of the silt fraction was taken at ~2 microns. The
dispersed slurry was allowed to settle for ~24 hours and the v  ettled slurry decanted. The settled solids
were then re-suspended in ~ 1 liter of the sodium hexametaphosphate solution and the settling repeated
several more times. All batches of settled solution cor 1ining 1e suspended clays for each sample depth
were composited. Once the supernatant solution appeared to be clear, the clay separation was complete.

Each composited clay suspension was concentrated to an approximate volume of 30 mls by adding a
few drops of 10N MgCl, to the dispersing solution. Concentrations of clay in the concentrated
suspensions were determined by drying known volumes of the suspension and weighing the dried
sediment. The density of the slurry was calculated from the ime pipetted and the final weight of dried
sediment. Volumes of slurry equaling 250 mg of clay were transferred into centrifuge tubes and saturated
with Mg”" using several more drops of the ION MgCl,. After] 1 saturation, the slurries were centrifuged
to remove excess fluid. Two specimens were prepared for each dewatered-clay slurry by pipetting the
concentrated slurry onto aluminum slides. One slide was allowed to air dry before examination by XRD.
The other slide was saturated with ethylene glycol and stored in a desiccator over night before analysis by
XRD.

All bulk and clay-sized samples were analyzed on a Sci g XRD unit equipped with a Pelter
thermoelectrically cooled detector and a copper X-ray tube. andomly oriented whole sediment samples
were scanned from 2 to 65 20 with a dwell time of 2 seconds. Slides of preferentially oriented clay were
scanned from 2 to 45 20 with a dwell time of 2 seconds. Scans were collected electronically and
processed using the JADE® XRD pattern processing s« ware. Some patterns were corrected for minor
angular deviation using the quartz reflection. Identification of the mineral phases was based on mineral
powder diffraction files published by the JCPDS Internatior ~ Center for Diffraction Data.

Semi quantification of mineral phases in the whole rock sediment samples were determined by the
whole pattern fitting technique provided by JADE® XRD p: n processing software. The software
allows the whole pattern fitting of the observed data and Reitveld refinement of crystal structures. A
diffraction model is fit by non-linear least-square optimization in which certain parameters are varied to
improve the fit between the two patterns. Success of the refinement process is measured by a ratio of the
weighted and calculated errors. This value, referred to as “goodness of fit”, is expected to be close to one
in an ide: refinement.
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Clay mineral abundances in the <2 micron fraction were calculated using the method outlined by
Brindley and  own (1980), which relies on external standards. The relationship of intensity and mass
absorption to the weight fraction of an unknown phase is expressed as:

Vp=pp/p (v

where:

I is the intensity of the unknown phase

I, is the intensity of the pure phase, p, is the mass absorption of the pure phase
u is the average mass absorption of the unknown mixture

wf is the weight fraction of the unknown.

Pure mineral phases of illite, smectite, kaolinite, and chlorite were obtained from the Clay Mineral
Society’s source clays :pository, (operated from the Univers  of Missouri in Columbia, Missouri), and
analyzed under the same conditions as the sediment samples.  1artz, feldspars, and calcite standards
were purchased from the Excalibur Mineral Company (Peeks , New York), ground and analyzed on the
diffractometer to ot n intensities for pure nonclay phases. 1  ed on previous data collected from
Hanford sediments, an average mass absorption of 55 cm’g”' was assumed for the clay samples. Mass
absorption values for standard reference minerals were calcul :d from published chemical data.

3.3.11 Water Potential (Suction) Mea rements

Suction measurements were made on the core liners in e:  splitspoon sampler from borehole
299-W11-39 and on the disturbed unused sediment after geo' ic  aracterization and subsampling for
the first phase of the characterization had been performed on C4104 samples using the filter paper method
PNL-MA-567-, A-2 (PNL 1990b), which is essentially the  1e as ASTM (2002). This method relies
on three filter papers folded together into a small san  vichtl  rapidly equilibrates with the sediment
sample. The middle filter paper does not contact sediment tt  night stick to the paper and bias the mass
measurements. At equilibrium, the matric suction ir 1e filter paper is the same as the matric suction of
the sediment sample. The dry filter paper sandwiches were | ced in the 299-W11-39 liners and the
C4104 air-tight storage containers while still filled with the ¢ iment and remained there for three weeks
to allow su cient time for the matric suction in the sedimen ) equilibrate with the matric suction in the
filter paper. The mass of the wetted middle filter paper that has had no direct contact with the sediment
was subsequently determined, and the suction of the sedime  wvas determined from a calibration
relationship between filter paper water content and matric st on. The filter paper method provides a
good estimate of water potentials over the range from -0.01 to -2 MPa (1 to 200 m [3.3 to 656 ft] suction
head) (Deka et al. 1995).

The relationships used for converting the water content of filter paper to matric suction for Whatman
#42 filter paper have been determined by Deka et al. (1995) and can be expressed as:

Sm: 10(5.[44‘6699\\')/10 [_W<O.5
Sm= 10%72"12"/10 forw >0.5

where:

Sm is the matric suction (m) and
w is the gravimetric water content of the filter paper (gram/ .m).
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4.0 Results and Dis« s¢ n

This section presents the geochemical and physical characterization data collected on sediment from
the background borehole 299-W11-39 and the two boreholes C4104 (near the 1993 borehole emplaced by
Westinghouse Hanford Corporation, 299-W10-196) and C4105. The results for 299-W11-39 are
presented in Section 4.1, and those for C4104 and C4105 are given in Sections 4.2, and 4.4, respectively.
Comparison between the current data from C4104 with the distribution and concentrations of
contaminants from 299-W10-196, found in Section 4.3, allows discussion on migration over the last
ten years.

The first characterization activities emphasized tests that were inexpensive or that were key to
determining the vertical distribution of mobile contaminants in the vadose zone sediments. Such
information on the borehole sediments includes moisture content and total and inorganic carbon content,
pH, electrical conductivity (EC), and measurements of major cations, anions, and trace metals (including
technetium-99 and uranium-238) in 1:1 sediment:water- and ¢ nitric acid- extracts. A gamma energy
analysis (GEA) of the sediments was also performed to search for any detectable man-made gamma
emitting radionuclides. The particle size, bulk chemical composition, and alpha- and beta-emitting
radionucli s of selected sediment samples were measured in the second characterization phase. The
determination of particle size and bulk chemical composition aids in selecting contacts between major
geologic its. These parameters also help to better define the background composition of the
uncontaminated sediments for determining the vertical extent of mobile contaminants in the other
boreholes. The measurement of beta- and alpha-emitting radionuclides (i.¢., stronium-90 and
transuranics, respectively) allows direct measurement of the vertical migration potential of these
potentially risky contaminants.

4.1 Vadose Zone Sediment from Borehole 2 >-W11-39

4.1.1 Moisture Content

The moisture content of the sediment from the 15 fro section of borehole 299-W11-39 that
was continuously cored (20 to 94 ft bgs) is listed in Table 4. presented as a graph (Figure 2.9) in
Chapter 2.0 Geology. Figure 2.9 shows both the field volumetric moisture obtained via neutron logging
and the gravimetric moisture content of small aliquots of sediment taken during the geologic description
activities. The moisture content profile correlates with the lithology described in Section 2.3.2 and shown
in Figure 2.9. The first region with elevated moisture in the Hanford formation H2 unit is the thin mud
lens at ~50 ft bgs. 1ere is one other elevated moisture content spot in the Hanford formation H2 unit at

76 to 78 ft bgs. The rest of the Hanford formation H2 unit er dry, with a mean gravimetric moisture
content of 4.5 wt%. Above the Hanford formation !, the yrd formation H1 unit is slightly drier,
with a mean moisture content of 3.8 wt% and with no sign y wetter, thin, fine-grained lenses.

Below the Har rd formation strata, both the Cold Creek upper, CCU,, (fine-grained) and the lower
(carbonate-rich CCU) units are wetter than the Hanford formation units. The Ringold Ry unit that lies
below the Cold Creek units also is quite moist, but the gravelly R,,; unit is quite dry based on the field
neutron logs. No core samples were obtained from borehole 299-W11-39 in the lower Cold Creek
subunit or the Ringold units.
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The distributions of water leachable masses of several of the major cations versus pth are shown in
Figure 4.3. Upon comparison with the comparable water leach le cation data at the background
borehole at TX Tank Farm, we find that the water-leachable divalent cations, excepting barium, are low
in 299-W11-39 in the Hanford H2 unit above 78 ft bgs. Conversely, the water-leachable sodium shows
higher values leached from the background sediments from the Hanford formation H2 unit at this T Tank
Farm borehole in comparison to the background sediments at TX tank farm. Again, the concentrations of
water-leachable cations are about a factor of 4 lower for calcium, magnesium, strontium, and potassium
for Hanford formation H2 sediments from 299-W11-39. The water-leachable sodium at 299-W11-39 are
as large as a factor of 10 higher than values for the background sediments near TX tank farm. Water-
leachable cations in the upper subunit of the Cold Creek unit a 1e T Tank Farm background well are
slightly elevated in comparison to the comparable sediments at the TX background borehole.

1ese findings further confirm that the upper portion of the H  ford formation H2 unit at the
background borehole at the T Tank Farm contains discharged Hanford fluids enriched in sodium and
nitrate. In fact, the low water-leachable magnesium and calcium and high sodium at 60.5 ft bgs in
borehole 299-W11-39 is the result of high sodium-bearing solution having replaced natural calcium and
magnesium from the sediment cation exchange sites. Thus, at 60.5 ft bgs in well 299-W11-39,
considerable Hanford liquid likely percolated through this zone 1d flushed the natural divalent cations
out of the sediment. There does not appear to be a fine-grained sediment lens at this depth, but the
geologic stratigraphy does show this zone is finer grained sand than the sediments above and below this
depth. Interestingly, the water-extractable nitrate in this zone is low compared to the sediments above and
below, suggesting that it may have been flushed out after the high sodium nitrate liquids removed the
divalent cations off the natural sediments. One can speculate 1at the sediments at 60.5 ft bgs in borehole
299-W11-39 represent a preferential flow channel for unsaturated water flow and some flushing with
natural recharge water has occurred since the Hanford fluids wer¢  esent.

ittle data are available for the Cold Creek units at borehole 299-W11-39 but we speculate that the
findings for the background borehole at TX Tank Farm would  ply at the T Tank Farm as well (see
discussion in Section 4.1.2 in Serne et al. [2004]). Briefly, we would expect that water-soluble cations in
the carbonate-rich CCU, sediment would be higher than in the anford formation. This is to be expected
because these divalent cations form moderately soluble carbonate solids. Although not characterized, the
Ringold Formation sediments at 299-W11-39 would be expected to show slightly elevated water-
leachable divalent cations because of carbonate coatings on the grains or detrital carbonates present in
these older sediments.

The water-leachable metals (see Table 4.6) at 299-W11-39 ) not differ significantly from values
found in the background well for the TX Tank Farm with the exception of the elevated sulfur, reported as
sulfate and discussed previously. The one exc tion is high water-soluble iron at 60.5 ft bgs at
299-W11-39. We will thus rely more on the background data from the water extract of the TX borehole
299-W10-27 when comparing the data from the contaminated T boreholes. Table 4.7 and Figures 4.4 and
4.5 show the water-leachable concentrations for sediments from orehole 299-W11-39 for constituents
that are present in tank leak fluids and, in the case of those shown in Figure 4.5, metals that have been
found to be relatively mobile under some tanks in the S-SX ar B-BX-BY WMAs (see Serne et al. 200b,
2002c, 20024, . 02e, 2002f for further discussion).
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ICP and IC -MS. The carbon content of the samples was determined with a carbon analyzer (see
Section 4.1.6). The total chemical composition of the samples is shown in Table 4.11 and total trace
element compositions are shown in Table 4.12.

As found for most Hanford Site sediments, the bulk chemistry 1s dominated by silicon and aluminum
oxides, with iron and calcium being next in abundance. Thereis o several percent of sodium,
potassium, and magnesium present in all the sediments. Trace metals are often used to differentiate
different lithologic units but the data in Table 4.12 include data for only the Hanford formation H2 unit
and the upper Cold Creek unit and no significant trends are evident. For the background sediments at the
TX Tank Farm, the minor trace metal data suggest that the fine-grained Cold Creek upper subunit is
distinguishable from all other units by the presence of elevate lanthanide series elements. ¢ other
elements ) not show striking differences in trace element concentrations with lithology (see Serne et al.
2004 for details).

4.1.5 Radionuclide Content in Vadose Zone Sedii :nt -om 299-W11-39

The sediment cores from borehole 299-W  [-39 did not contain any man-made gamma radioactivity.
The radioanalytical analyses performed on the sediment inclt  d direct gamma energy analysis and
technetium-99 and uranium-238 analysis of the 1:1 sediment:water extracts and the sediment:acid
extracts. The uranium and technetium water-extractable contents of the background sediments that were
characterized are shown in Table 4.7 and the acid-extractable amounts are shown in Table 4.10. Both
data sets suggest no elevated amounts are present. As mentioned in Serne et al. (2004) for the TX Tank
Farmt kground sediments, sediments with high concentrations of calcium carbonate contain slightly
higher concentrations of acid-leachable uranium, greater than one part per million (ppm) compared to 0.5
to 0.7 ppm for non-calcareous sediment acid leachates . The gz ma energy analysis data are not reported
because there is nothing significant to report.

4.1.6 Total Carbon, Calcium Carbonate, and Or nic Carbon Content of Vadose Zone
Sediment from Borehole 299-W11-39

Table 4.13 shows the total carbon, inorganic carbon, and organic carbon contents of the vadose zone
sediment at selected depths. The inorganic carbon was also converted to the equivalent calcium-
carbonate content. The sediment in the shallow Hanford fo1 ation H2 unit is relatively low in calcium
carbonate (<2 wt%) and organic carbon. At depth, the H2 unit shows slightly more calcium carbonate
(~4 wt%). The fine-grained CCU, sample contains ~ 3.3 wt% calcium carbonate. These data for the
identified stratigraphic units are quite similar to the data for = same units at the TX Tank Farm
background borehole. No other strata were characterized at 299-W11-39.

At eba ground borehole near the TX Tank Farm, the coarser-grained CCU; contains significant
quantities (~ 25 wt%) of calcium carbonate and low organic carbon content. The R unit samples show
highly variable calcium-carbonate contents as a function of depth. * ¢ coarse-grained R.; gravel has very
little calcium carbonate and organic carbon.
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4.1.7 Particle Size Mea rements on Vadose Zone Sediment

Both the hydrometer and wet sieving methods were used to determine the particle size distributions of
the selected samples from borehole 299-W11-39. Wet sieving results are shown in Table 4.14. The three
samples of the Hanford formation H2 unit that were chosen ft  article-size characterization represent
zones with atypically high contents of fines. Samples for geo  mical characterization were biased in
favor of the fine-grained strata since these tend to contain more moisture and are more likely to have
contaminants associated with them. Therefore, the values in  ible 4.14 should not be used as
representative of the bulk of the Hanford H2 unit. The H2 sample at 78 ft bgs is the finest grained
sediment of the three samples characterized. Based on the three 2 samples characterized, it appears that
the fine-grained lens at this borehole get progressively more ie-grained with depth. The Cold Creek
upper subunit is predominantly silt and has a particle size dis  bution very similar to the deepest Hanford
formation H2 unit sample that was characterized, especially for e grains <100 microns. The Cold Creek
upper sample has less larger-sized sand grains than the Hanford formation H2 unit.

In contrast, based on the data from the TX background bor ole (see Serne et al. 2004 for details), the
Cold Creek lower subunit (caliche) is very poorly sorted and has a wide range of particle sizes from
gravel to silt and clay, as has been described previously for sediments below the SX tank farm
(Serne et al. 2002a, 2002b, 2002¢, 2002d). The hydrometer res s and wet sieving results are combined
in Figures 4.10 and Figure 4.11 as plots of “cumulative percenl 1er than” versus “particle size in
microns”. The merged data for the two particle size methods are shown in Table 4.15.

At 299-W11-39 within the Hanford formation H2 unit the sediments at ~50, ~60, and 76 to 78 ft bgs
are more fine-grained than the remainder of the 55-ft thick w . The median grain size of these H2 unit
samples are ~250, ~100, and ~25 microns, respectively. The sample from the Cold Creek upper subunit
has a fine texture with the median grain size, ~ 30 microns.

Table 4.14. Waet Sieve Particle Size Results for  rehole 299-W11-39 Sediments

Depth Strati; phic Weight Percent
(ft bgs) Unit Grav | Sand | Silt/Clay
19.5 H2 6.80 78.19 [15.01
60.5 H2 5.53 57.89 [36.58
78 H2 2.40 2.56  15.03
92 CCu, 0.03 I‘O'70 19.27
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The status of soil water can be defined by either the amount « water in the soil (water content) or by
the force that holds water to the soil matrix (i.e., the matric potential or suction) (Or and Wraith 2002). In
recent studies, Serne et al. (2002b, 2002¢, 20 e, and 2002f Lindenmesier et al. 2002) measured both
water content (gravimetrically) and matric water potential (1 saper method, ASTM 2002) on core
sample:  tained from boreholes in the SX and B-BX tank farm environs. The same measurements were
made ai  -ehole 299-W11-39 near to the T tank farm. All cores om the Hanford formation H2 unit that
were obtained were analyzed. Unfortunately, at 299-W 11-39, continuous coring was not performed all
the way to the water table so that the entire profile of matric potential is not available.

Table 4.16 and Figure 4.12 show the matric potentials as  inction of depth. Also plotted in
Figure 4.12 is the gravity head expressed in pressure units (N . The gravity head 1s zero at the water
table and increases linearly with height to the soil surface. For the core samples available from
299-W11-39, the water potentials are generally much less than the gravity potential from the shallowest
core at 50 ft bgs down to the deepest core taken at 90 ft bgs, all within the Hanford formation H2 unit.
Two of the samples (24.5 and 32 ft bgs) showed very high matric potentials that appear to be erroneous
because of inadvertent drying of the samples or weighing errors. The green line, labeled “theoretical
value” in Figure 4.12 is the theoretical line that represents the steady state unit gradient condition. This
condition represents the profile for matric potential in a sediment profile that is neither draining nor drier
than (actively evapotranspiring) a profile at equilibrium. Matric potential values to the left of the unit
gradient line suggest a draining profile. The general trend for the data from 299-W11-39 is that the water
potentials are consistent with a draining profile.
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Figure 4.10. Particle Size Distribution of Hanford formation H2 Unit S1 samples from Borehole
299-W11-39
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C3117 - H2/CCUy (78 - 92 ft Below Ground Surface)
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Figure 4.11. Particle Size Distribution of Deepest H2 and the Cold Creek Unit Subsample from
Borehole 299-W11-39
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Figure 4.12. Matric Water Potential Measured by Filter Paper Technique on Core Samples from
Borehole 299-W11-39
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The agreement between measuring the water extracts for phosphate and sulfate directly with the ion
chromatograph and indirectly by converting the I( measurements for phosphorous and sulfur is very
good. Besides validating the ion chromatography data, we can state that the water-extractable sulfur and
phosphorous species are in fact sulfate and phosphate.

The water-extractable small organic molecules in the C4 4 borehole sediments are shown in
Table 4.20.  1e depth profiles are erratic and there are several samples that appear to show elevated
values especially for acetate and oxalate. There appears to be a zone of elevated acetate between 59 and
76 ft bgs and two discrete samples with high values of water-extractable oxalate, at 63 and 116 ft bgs.
The formate value for the 116 ft bgs sample is also elevated. ‘e are not confident that these data are
meaningful and are concerned that analytical difficulties from the highly variable matrix from sample to
sample may be causing some spurious peaks in the ion chron ograph that relies solely on conductivity
measurements as a function of time to quantitate analytes.

The water-extractable major cations in the C4104 borehole sediments are tabulated in Table 4.21 and
the distribution with depth is shown in Figure 4.15. The disti ution of the divalent-alkaline-earth cations
(magnesium, calcium, and strontium and to some extent barium), shows low water-extractable quantities
between 40 and 93 ft bgs. Conversely, the distribution of water-extractable sodium is higher than the mass
that is water-leachable from uncontaminated sediments in the  ofile from 23 to 116 ft bgs. These trends
suggest that tank fluids that are high in sodium did seep into-  vadose zone near this borehole. The
sodium pushed the natural divalent cations off the sediment cation exchange sites in the sediments
between 40 and 93 ft bgs. We have observed the same catior istribution and ion exchange fronts where
divalent cations and sometimes potassium are depleted in the shallow sediments, and high levels of
water-extractable sodium are present at both the SX and BX  k farms where tank fluids have been
confirmed as being present (see Serne et al. 2002b, 2002¢, 2 e, 20021 for details). At and right below
the leading edge of the sodium plume, one finds elevated lev  of the divalent cations that were
displaced. We observe the high levels of divalent cations in ~ C¢< )4 samples between 115 ft bgs to the
bottom of the borehole at 127 ft bgs. For the three more comr i divalent cations (calcium, magnesium,
and strontium), the highest concentrations occur in the 116 ft sample. The water-extractable sodium
concentration approaches background levels below 116 ft bgs. © e maximumr _ ne tion of the cation-
exchange front is located between 116 and 120 ft. No samples were obtained between these two depths to
locate the exact penetration depth of the cation exchange interactions.

The water-extractable aluminum, silicon, iron, manganese, zinc, copper, phosphorous, and sulfur in
the C4104 borehole sediments are shown in Table 4.22 and Figure 4.16. The phosphorous and sulfur data
were converted to water-extractable phosphate and sulfate and plotted with the anion data in Figure 4.14.
In general, the agreement between direct measurement of the two anions by ion chromatography and the
converted ICP measurements of water-extractable P ar S are very good. The water-soluble aluminum
and iron data show elevated values between the depths of 40 and 76 and 46.3 to 111 ft bgs, respectively.
We speculate  at these elevated values indicate some chemical reaction between alkaline tank fluids and
native sediments that formed precipitates of aluminum and i that are more water soluble than
aluminum- and iron-rich phases in the native sediments. The manganese water extract data are slightly
elevated from 59 to 116 ft bgs with very high values between | and 116 ft bgs. The water—extractable
zinc and copper values appear to be elevated between 81 and 116 ft bgs. The water-extractable sulfur
(reported as sulfate) values between the depths of 37 ft bgs ar  the bottom of the borehole at 127 ft bgs
also appear to be elevated in comparison with the sulfate that is water-extractable from background
sediments in borehole 299-W10-27. Water-extractable sulfate values in C4104 sediments are 10 to
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70 times greater than background values over the depth range 81 ft bgs to the bottom of the hole. Zinc
and copper can form soluble aqueous complexes with sulfate; this might be the cause for the elevated
transition metals concentrations in the water extracts.

The water extract data for potentially mobile metals such as technetium-99, uranium-238, chromium,
molybdenum and ruthenium (Ru) are shown in Table 4.23 anc¢ igure 4.17. Water-leachable
technetium-99 is present in the C4104 sediment from 40 ft bgs to the bottom of the borehole. The bulk of
the technetium plume resides between the depths of 115 and 121 ft bgs in the Ringold Taylor Flats unit.
The maximum water-leachable technetium in t . zone ranges from 500 to 1160 pCi/g. This range is
larger than values found at contaminated boreholes in the TX ( 20 to 130 pCi/g), BX and B tank farms
(5 to 20 pCi/g), and higher than the values found at the 299-W23-19 borehole near SX-115 (100 to
500 pCi/g) but lower than the water-leachable technetium-99 found in boreholes near the SX-108 and
SX-109 tanks (1,000 to 10,000 pCi/g) as described in Serne et al. (2002b, 2002c, 2002d, 2002¢, 2002f)
and Serne et al. (2004).

Elevated water-leachable uranium-238 is found in the zone between 58 and 93 ft bgs at borehole
C4104 and the values range from 0.2 to 1.0 pug/g. The water-extractable uranium concentrations at C4104
are low compared to values found in the contaminated sediment east of the BX-102 tank where values
reached 500 pg/g. Elevated concentrations « water-leachable chromium, molybdenum and ruthenium
are found in the sediments from borehole C4104. Ruthenium, similar to the technetium-99 profile,
appears to be more mobile than chromium and molybdenum based on the fact that chromium and
molybdenum profiles reach only 116 ft bgs and the peak concentrations of both elements found between
81 to 95 and 87 to 102 ft bgs, respectively. Both the ruthenium and technetium-99 distributions reach the
bottom of the borehole (~127 ft bgs) and their peak concentrations are found between 111 and 116 and
116 and 121 ft bgs, respectively. The technetium-99 data suggest that tank fluids may have percolated
down through the entire Hanford formation H2 unit, the fine-grained CCU, mud, and the caliche-bearing
CCU; unit, and currently reside in the lower portion of the fine-grained Ringold Taylor Flat unit and
coarser grained Ringold Wooded Island unit.

4.42










































sediments. For further information, see detailed discussions rived and actu  vadose zone porewater
concentrations in Serne et al. (2002b, 2002¢, 2002d, 2002e, : J04).

The maximum concentration of technetium-99 in the C4 4 vadose zone porewaters is found
between the depths of 115 to 124 ft bgs. Concentrations range between 3.5 and 25 million pCy/L and the
agreement between the derived porewater and actual porewater concentrations are excellent. This range
in porewater concentrations exceeds the drinking water stan y 3500 to 25,000 times. The whole
sediment profile from 46 ft bgs to the bottom of the borehol¢ lerived porewater technetium-99
concentrations that exceed the drinking water standard by at least 40 times.

Vadose zone porewater in C4104 sediments between the de 15 of 46 and 93 ft bgs contain elevated
levels of soluble uranium at concentrations greater than 1 mg/L (ppm). The agreement between the
derived porewater concentrations and actual porewater is goc  for the 64 ft bgs sample, but for all other
comparisons the actual porewater concentrations are about one third as large as the derived porewaters
(based on dilution correction of the 1:1 water extracts). The screpancy likely is caused by the presence
of readily soluble uranium precipitates or releasable uranium  surface adsorption sites that solubilize
during the extraction process. The Hanford tank leak-derivec -anium in the C4104 vadose zone is not as
mobile as constituents such as technetium-99, ruthenium, chromium, and molybdenum. The C4104

vadose zone porewater chromium is most elevated between t sths of 76 to 116 ft bgs. Peak
porewater chromium concentrations range from 4 to 45 mg/L 1), and range between 80 and ~1000
times larger than the drinking water standard. The actual po 'r chromium concentrations are 1.5 to

2.5 umes lower than the derived porewater concentrations sig  ying some of the chromium is
sequestered in the sediments in an easily extractable form. The molybdenum and ruthenium porewater
concentrations are highest between 94 and 115 ft bgs but are somewhat variable. The actual porewater
concentrations are somewhat lower than the derived porewater concentrations but not as disparate as the
uranium and chromium comparisons. The ICP-MS data for the three molybdenum and ruthenium
1sotopes vary considerably because the instrument software a  stan rds used to calibrate the instrument
assume that the relative abundances of each isotope is the same as is naturally found, whereas during the
fission process unnatural percentages of stable isotopes are g¢  rated. Thus, much of the variation in
calculated concentrations of total molybdenum and ruthenium, based on each isotope, is an indication that
fission-generated molybdenum and ruthenium are present. M : detailed analysis of our raw data for
fission product elements, where several stable isotopes are av  1ble, may be performed by “isotope
signature” experts in the future to evaluate the percentages of : water-extractable isotopes that are
natural versus fission produced. Such information may be able to aid in identifying the sources

(e.g., which tank was the source of the fluids).
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Table 4.28. (cont
Depth | Stratigraphic
Sample No. | (ft bgs) Unit Mg Ca Sr Ba Na K
20A 116.02 Ry 8.6E+03 | 9.6E+0% | 45E+01 | 1.0E+02 9.1E- JTE+03
21B 120.30 Ry 6.6E+03 | 3.2E+ 43E+01 | 1.1E+02 |(2.5E+02)®|1.2E+03
21A 120.97 Ry 6.2E+03 | 1.8E+ 44E+01 | 8.7E+01 2.1E+02 |1.4E+03
22B 123.32 Ry 14aE+03 | S.8E+03 | 4
22A 124.05 R 4.1E+03 | 3.7E+03 | 2.
23A 127.13 R,; 3.2E+03 | 4.5E+03 | 3.9E+01 | LOEFUZ | 6.6E+U2 |9.UE+VZ
) Parentheses signify values below level of quantitation but considered valid.
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4.2.6 Total Carbon, Calcium Ca onate, and Organic Carbon Content of Vadose Zone
Sediment from Borehole C4104

The total, inorganic, and organic carb.  contents of the C4104 sediments are reported in Table 4.34.
Three of the samples from the lower Cold Creek subunit (caliche) obtained at 92.6, 93.6, and 102 ft bgs,
contain significant amounts of calcium-carbonate equivalent material (ranging from 36 to 55% by
weight.) The wide range in calcium-carbonate contents reflects the variability in weathering processes
and time for paleosol horizon development. 1e sediment from the upper C: | Creek subunit also
contains a few percent calcium-carbonate content. As is found in most vadose sediments from the
Hanford Reservation, there is very little (<0.1% by weight) organic carbon in the vadose zone sediments.
The lower Cold Creek subunit may contain the most organic carbon, up to 0.1% by weight. However,
because the organic carbon is determined from the difference in total and inorganic carbon content, which
are measured on two separate aliquots of se ment, small differences in composition of the two aliquots in
this highly variable strata can lead to the appearance of organic carbon when, in fact, sample
inhomogeniety is the cause of the difference in the total and inorganic values. The backfill and Hanford
H2 unit contain a few percent calcium-carbonate content and low organic carbon content.

4.2.7 Matric Potential of C4104 Vadose Zone Sediments

Water potential measurements have been included in the Hanford Tank Farm Vadose Zone
Characterization Program to document the energy state of porewaters in the tank farm sediments. At the
tank farms, vegetation is absent, surface soils are coarse-textured, and the potential for drainage
(recharge) is high (Gee 1987; Gee et al. 1992). However, actual drainage rates are generally unknown.
Attempts are currently being made to determine the soil water matrix potential and use the analysis to
confirm the occurrence of recharge within the Hanford Site tank farms.

The status of soil water can be defined by either the amount of water in the soil (water content) or by
the force that holds water to the soil matrix ., the matric potential or suction) (Or and Wraith 2002). In
recent studies, Serne et al. (2002b, 2002¢c, . 2e, and 2002f) and Lindenmeier et al. (2002) measurec oth
water content (gravimetrically) and matric water potential (filter paper method, ASTM 2002) on core
samples obtained from boreholes in the SX and B-BX tank farm environs. The same measurements were
made at borehole C4104 on the sedime:  in each A liner several weeks after the samples hac  een
opened and sub-sampled. Sandwiched er papers were added to the air tight plastic storage containers
that contained the residual sediment. The data are presented in Table 4.35 and Figure 4.28. To generate
the theoretical unit gradient line (gravity head) shown in Figure 4.28, we estimated the water table to be
present at an elevation of 448.32 ft above mean seal level or 227 ft bgs, based on nearby groundwater
monitoring wells.

The gravity head is zero at the water ta' : and increases linearly with height to the soil surface. For
the core samples available from C4104, the measured water potentials are quite erratic and about two
thirds of the datum are generally greater than the gravity potential, especially in ¢ deeper samples. Two
of the samples 8A and 16A have very high matric potentials (signifying very dry conditions). About one
third of the matric potentials are very low in comparison of the gravity hea  The green line labeled
“theoretical value” in  igure 4.28 is the theoretical line that represents the steady-state unit gradient
condition, wl :h represents the profile fo: 1atric potential in a sediment profile that is neither draining
nor drier than (actively evapotranspiring) equilibrium. Matric potential values to  : left of the unit
gradient line suggest a draining profile. The general trend for the data from C4104 is that the water
potentials are erratic and should not be used to infer whether the profile is draining or actively
evapotranspiring water.
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It appears that inadvertent drying occurred in many of the samples during the core processing,
wherein samples were photographed and 1antitatively transferred by means of aliquots for geochemical
characterization. Our standard procedure 1s to insert the matric potential filter papers into the core liner
ends, sometimes up to several weeks prior  opening for characterization, to avoid opportunity for

drying.

4.3 Comparison of Contamin: Distributions in C4104 and 299-W10-196
Vadose Zone Sediments

The main objective of drilling the C¢ borehole was to provide sediment from the vadose zone as
close as possible to borehole 299-W10-1 1at was installed in 1993 to assess the migration of
contaminants from the 1973 tank leak at T-106. As mentioned previously, C4104 could not be placed any
closer than ~13 ft because of tank farm infrastructure obstructions. Figures 4.29 and 4.30 show detailed
maps of the three contaminated boreholes discussed in this report. The C4104 borehole is situated ~13 ft
to the east 0f 299-W10-196 and is farther away from Tank T-106. The drilling techniques differed
(see Section 2.3.5) such that C4104 met refusal at a shallower depth ~127 ft bgs than was reached at
299-W10-196 (~180 ft bgs). The following discussion compares the vertical distribution and
concentrations of various constituents per gram of dry sediment for both boreholes. No water extracts or
attempts were made to obtain estimates of the porewater within the sediments at 299-W10-196 in 1993;
thus, the only comparisons that can be made are for the total concentration of constituents in the
sediments of each borehole. The activities of short-lived radionuclides found in borehole 299-W10-196
were decay-corrected to 2003 when borehole C4104 was emplaced so  at the comparisons represent the
present day conditions (assuming that significant migration of radionuclides has not occurred in borehole
299-W10-196 over the last ten years).

4.3.1 Technetium-99

Technetium-99 is one of Hanford’s highest potential risk-causing contaminants because it does not
usually interact (precipitate or adsorb) with vadose zone sediments. Therefore, attention was given to
measuring the technetium-99 concentrations in the C4104 vadose zone sediments. Although different
analytical methods were used to measure technetium-99 in the sediments from the new (C4104) and old
(299-W10 6) boreholes, previous studies on vadose zone sediments from WMA SX (see Serne et al.
2002c¢) and measurements in this report show that the two methods yield comparable results. Assuming
that the original tank leak plume had fully interacted with the sediments at both boreholes based on the
large volume of the 1973 leak (115,000 gal; Freeman o ird et al. 1993), any differences in
technetium-99 content in the sediments from the same lithology and same approximate depth should be
an indication of either horizontal or vertical migration, or bc , over the ten-year span between the
measurements. If no differences in technetium-99 content are found between the two boreholes, it would
be an indication that the vadose zone sediments are capable of significant sequestration of cor uminants
very near to the tank. Based on the avar  : data that shows technetium-99, in general, to not interact
significantly with Hanford vadose zone:  ments, we can  smiss the latter hypothesis.
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Figi 24.29. Location of the] ee Contaminated Boreholes Around Tank T-106
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Tanks 241-T-106 and 241-T-109 and Well Locations
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Figure 4.30. Location of the Three Coi iminated oreholes in Relationship to Tanks T-106
and T-109
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118 ft bgs; thus, the entire deep zone is not well defined. In 2003 at borehole C4104, there is no obvious
indication of elevated uranium in the Hanford formation H2 unit near the bottom of the tank and the high
value at 103 ft bgs in the Cold Creek caliche layer may actually be natural. The GEA data, based on the

uranium daughter product thorium-234, suggests slightly elevated uranium concentrations are present in

borehole C4104 between the depths of 50 and 65 ft bgs, slightly deeper than the shallower elevated zone
in borehole 299-W10-196 at the 1993 sampling.

It is thus not easy to evaluate the uranium data set for the two boreholes to determine whether there
are obvious signs of uranium migration over the ten-year period between drilling the two boreholes. The
lower concentrations of acid-extractable uranium in the C4104 borehole are likely an indication that
uranium reacts with the sediments and was readily removed from the leaking tank fluid from T-106 such
that sediments 13 ft farther away from the leak (as is C4104) contain reacted tank pore fluids that have
lower concentrations of uranium. Therefore, uranium concentrations decrease rapidly with distance from
the tank. As shown in Section 4.4, uranium concentrations in borehole C4105, ~ 88 ft farther west from
(C4104, are much lower and hard to distinguish from natural background levels. This observation also
suggests that uranium is interacting with the sediments and being removed from solution in the vadose
zone sediments.

4.3.5 Cesium-137

The cesium-137 activity found in the sediments at both boreholes was directly measured on aliquots
of sediment removed from the splitspoon samplers and also continuously logged through the metal
casings using spectral gamma logging instrumentation. The cesium-137 profiles (corrected to May 2003)
are shown in Figure 4.35. In 1993 at the 299-W10-196 borehole, there was a shallow zone of elevated
cesium-137 between the depths of 33 and 58.6 ft bgs, mostly defined by field logging measurements
where the detector was saturated but supplanted by a few lab samples that were above the detection limit
of ~ 0.3 pCi/g. The activity level in the lab measured samples was ~ 1,000 pCi/g at 43.4 ft bgs and
~4 pCi/g at 58.6 ft bgs, after decay correction to 2003. The field gamma logs for borehole 299-W10-196
also show elevated cesium-137 between 63 and 66 ft bgs. 12003 at borehole C4104, the cesium-137
activity in samples measured in the lab was ~ 3 or less pCi/g throughout the entire profile (see Table 4.32
for data). The maximum concentration of cesium-137 in borehole C4104 was found at ~50 ft bgs based
on the field log, which is somewhat deeper than the zone of tector saturation at 299-W10-196. Based
on the field spectral gamma log, the ma: sesium-137 activity at C4104 is ~ 40 pCi/g, much Jower
than the decay-corrected values found 13 ft closer to the tank at 299-W10-196.

We interpret the cesium-137 data as corroborating the hypothesis that cesium-137 is highly adsorbed
in Hanford sediments when the ionic strength of the waste fluids is less than 5 M as discussed in Zachara
et al. (2002) and Knepp (2002). As desct ed in Section 4.2.2.1, the water extract electrical conductivity
is not high and the calculated porewater concentrations are no greater than 0.4 M. Thus at 299-W10-196,
cesium-137 did not migrate deeper than ~ 66 ft bgs and within an additional 13 ft of horizont: migration,
the fluids that populated the 299-W10-196 sediments with up to 1,000 pCi/g cesium-137 had only enough
radiocesium available to populate the sediments at C4104 with a few tens of pCi/g cesium-137.
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