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Executive Summary

This technical report documents the results of laboratory geochemical and hydrologic measurements
of sediments collected from new borehole 299-E13-65 (C7047) and comparison of the results with those
of nearby borehole 299-13E-62 (C5923) both drilled in the BC Cribs and Trenches Area. The new
borehole (C7047) is located between the 216-B-16 and 216-B-17 cribs and about 39.1 ft northeast of
adjacent well 299-13E-62 (C5923). Laboratory geochemical and hydrologic characterizations were
conducted to provide more data that can be used to support the decision-making related to operating the
Soil Desiccation Pilot Test (SPDT) planned near the 299-E13-62 (C5923) well. Another goal of the
sediment characterization was to measure the total and water-leachable concentrations of key
contaminants of concern (COC) as a function of depth and distances from the footprints of inactive
disposal facilities. The total and water-leachable concentrations of key contaminants will be used to
update contaminant-distribution conceptual models and to provide more data for improving baseline risk
predictions and remedial alternative selections.

Sediment moisture content, contaminant concentration and distribution on sediments, contaminant
concentrations in water and acid extracts, and sediment physicochemical properties (such as lithology,
particle size analysis, saturated hydraulic conductivity, air permeability, surface area, and cation exchange
capacity) were measured to increase our understanding of the sediments existing in the region of the
proposed SDPT after comparing them with those from the existing well 299-E13-62 (C5923). In total, 36
grab and core samples were obtained for characterization out of the 28 grab and 24 core samples. Vadose
zone sediment samples were obtained at a frequency of about every 2.5 ft from approximately 5 ft below
ground surface (bgs)to borehole total depth of 70 ft bgs in C7047. As part of the vadose zone sediment
characterization, experienced geologists examined the samples and all available geophysical logging data
for the new boreholes and then generated very detailed information on the local stratigraphy in the BC
Cribs and Trenches Area.

The gravimetric moisture contents of the C7047 sediments range from 2.43 wt% to 12.7 wt%. The
only sediments with high moisture greater than 7.0 wt% are found in the upper 40 ft bgs, especially
between 20 ft and 40 ft bgs. The elevated moisture contents between 20 ft and 40 ft bgs are likely from
the fine-grained nature of the sediments in the vadose zone. These fine-grained silty beds are expected to
increase lateral spreading of contaminant migration in the upper Hanford formation, because of capillary
breaks between fine- and coarse-grained sand. Very similar profiles of moisture contents are found in the
two boreholes (C7047 and C5923) sediments, except that higher values of moisture contents were found
at the depth of 20 ft to 40 ft bgs in C7047 and lower values were found in the depth of 15.5 ft and 4648
ft bgs in C7047 compared to those at the similar depth regions in C5923. Significantly different moisture
contents found at both 16 ft and 46 ft bgs between C7047 and C5923 boreholes suggest the possibility of
the presence of the fine-grained silty beds (or lenses) discretely located in the shallow depth, even though
these two boreholes are located close to each other.

The pore-water chemical composition data show that pore-water electrical conductivity (EC), the
concentrations of major ions (sodium and nitrate), and total ionic strength are highly correlated with one
another. These values have two elevated lobes in the depth regions of 25 ft to 33 ft bgs and 46 ft to 60 ft
bgs of borehole C7047. The deeper lobe at 46 ft to 60 ft bgs has more elevated values compared to those
found in the shallower lobe at the depths of 25 ft to 33 ft bgs. The borehole C7047 sediments contain
high ionic strength (> 0.3 M) reaching to maximum of 4.34 M at 53.5 ft bgs. The highest pore-water EC



at C7047 is 456 mS/cm at 48.5 ft bgs. The concentration of major cations in water extracts of C7047
sediments do not show any distinctive depletion in the divalent cations in the shallowest ion exchange
front indicating that waste fluids migrated horizontally into the sediments in the shallow portion of
borehole C7047 as opposed to vertically, which is the same condition found in borehole C5923. The
vadose zone pH profiles in water extracts of C7047 show elevated values (> 9.0 pH) indicative of caustic
waste in the depth region of 30 ft to 40 ft bgs. The highest pH found in C7047 is 9.65 pH at 33.2 ft bgs.
Mildly elevated pH levels between 8.5 pH and 9.0 pH are also found in the depth region of 46 ft to 53 ft
bgs and the pH levels decrease to reach to background Hanford pore water levels (7.0-8.5 pH) below

56 ft bgs. For the sediments where elevated pH levels were found in the shallow depths, a few of the
major elements (aluminum, iron, and manganese) and PO, also show elevated water-extractable
concentrations, suggesting that the sediments interact with the caustic-waste fluids through dissolution
and precipitation reactions with more leachable amorphous solid phases. The vertical distribution of the
pH, EC, ionic strength, and pore-water concentrations of sodium and nitrate in C0747 are similar to the
profiles of C5923, but the values are much higher than those of C5923, especially at the depths of the two
lobes.

Two key radioactive contaminants, technetium-99 and uranium-238, along with other trace metals
were determined in water and acid extractions. The water-extractable technetium-99 concentrations in
borehole C7047 show elevated technetium-99 concentrations occurring at the same locations as elevated
nitrate with maxima of 73 pCi/g, 73 pCi/g, and 64.5 pCi/g (4.3 x10” ug/g, 4.3 x10” ug/g, and 3.8x10°
pg/g) at 29 ft, 39 ft, and 60 ft bgs. Because they are mobile contaminants, the concentration profile of
nitrate and technetium-99 occurs at the same place and distributes in a similar pattern in the Hanford
vadose zone. The same sediments contain elevated water-extractable uranium-238 as high as 1.29 pg/g of
dry sediment at the depth of 33.2 ft bgs. Highly elevated uranium-238 concentrations are found in the
depth region of 33 ft to 40 ft bgs where high moisture and elevated pH levels are found because of the
presence of fine-grained silty beds and contact with caustic waste plume. The concentrations of
technetium-99 in acid extracts of C7047 are very similar to those of technetium-99 in water extracts.
However, much higher concentrations of uranium-238 were found in acid extracts of C7047 sediments
with a maximum value of 3.36 pg/g at 33.2 ft bgs, which is indicative of the presence of uranium
(co)precipitates or uranium occlusions within mineral structure. None of the C7047 borehole sediments
showed significantly elevated acid-extractable Resource Conservation and Recovery Act metals, mercury,
strontium-90, and nickel-63. The gross-alpha and beta results on the sediments were also low and within
the range of natural background.

Compared to water-extractable technetium-99 and uranium-238 concentrations in C5923 sediments,
C7047 sediments show a similar distribution of technetium-99 between two boreholes except for higher
concentrations of technetium-99 at the depths of 22 ft to 33 ft bgs in C7047 and 36.8 ft and 45.5 ft bgs in
C5923. Much higher uranium-238 concentrations in water extracts of C7047 sediments suggest that high
uranium contaminants still remain in the uranium-recovery wastes disposed of in the cribs. Higher values
of pH, EC, and ionic strength in the two lobes (25-33 ft and 46-60 ft bgs), and elevated concentrations of
water-extractable technetium-99 and nitrate at shallow depths (25 ft and 33 ft bgs) of C7047 sediments
are attributed to the greater volumes of caustic wastes that have contaminated the C7047 sediments
through lateral spreading after being disposed of in the cribs which are located closer to C7047 than
C5923. In addition, even though there are no data for the contaminants on sediments collected at the
depth below 70 ft bgs in C7047 borehole, based on the geochemical characterization results from C7047
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and comparison of them with those of C5923, the vertical extent of contact with the waste plume might be
a bit larger in C7047 than the thicknesses of impacted sediments observed at C5923.

Additional characterization results (particle-size distribution [PSD], surface area analysis [SSA],
cation exchange capacity [CEC], saturated hydraulic conductivity, and air permeability) related to
hydrologic properties for selected core samples show that C7047 sediments belong to the sand-dominant
Hanford formation H2 unit with minor variation in clay and gravel contents. The highest gravel content
(8.2 wt%) was found in the sediment collected at 31.3 ft bgs, which has also high content of silt and clay
(33 wt%). The highest clay-only fraction (8.1 wt%) was found in sediment at 40.5 ft bgs. In general,
most of high values of silt/clay contents ranging from 12 wt% to 33 wt% were found in sediments at
between 30 ft and 40 ft bgs where elevated moisture contents, pHs, and uranium-238 concentrations were
found in previous geochemical characterizations. Compared to PSD results from C5923, C7047
sediments show similar size fractions with less amounts of gravel and clay fractions, but more silt and
sand fractions. Because of the high salt concentration, a higher SSA after the washing steps to remove
pore-water salts was found in most of the sediments collected at between 31 ft and 46 ft bgs, and the
values ranged from 2.17 m%/g to 25.1 m*/g. Compared to the SSA of C5923 sediments, the SSA values
collected from C7047 sediments are similar, but slightly higher, especially those collected at shallow
depths above 40 ft bgs. The CEC values measured using after-washed sediments of C7047 ranged from
8.11 meq/100 g to 27.3 meq/100 g. Higher CEC (> 10 meq/100g) were also found at the depths between
31 ft and 41 ft bgs where most of high ionic strengths and fine-grained silty beds were found. Compared
to CEC in C5923 sediments, the CEC values of C7047 are much higher than those found in C5923, which
ranged from 3.23 meq/100 g to 9.28 meq/100 g with a mean value of 7.16 meq/100 g.

The measured saturated hydraulic conductivity ranged from a low of 2.55E-07 cm/sec at 40.5 ft bgs
to a high of 1.58E-03 cm/sec at 49.0 ft bgs with a mean of 3.73E-04 cm/sec. Sediment collected at 40.5 ft
bgs showed the lowest hydraulic conductivity because of the high content of clay-sized particles.
Compared to measured hydraulic conductivities of C5923, borehole C7047 showed relatively lower
hydraulic conductivities than those of C5923. The intrinsic air permeability of C7047 sediments ranged
from 2x10™% m? to 2.73x10™"” m* with a mean value of 4.8x10™"" m” and the pneumatic conductivity was
determined to range from 0.039 cm/hr to 5.27 cm/hr with a mean value of 0.93 cm/hr. Compared to
measured air permeability values in C5923 sediments collected at the depths above 70 ft bgs, borehole
C7047 sediments showed similar, but slightly higher values than those of C5923 sediments. In general,
samples with high moisture content are typically finer in texture and also exhibit low conductivities for
both air and water flow than coarser and drier samples. However, sediments showing the lowest
hydraulic conductivity collected at 40.5 ft bgs did not exhibit the lowest air permeability among
sediments collected in C7047. Because the hydraulic conductivity and air permeability of sediment
depend on porosity, pore-size distribution, pore shape, pore tortuosity, and connectivity in soils, more
careful measurements should be conducted to compare the data with each other.

Based on the geochemical and hydrologic characterization results described above, greater volumes
of wastes appear to have contacted the sediments of borehole C7047 than contacted the shallow sediments
at borehole C5923. Additional geochemical and hydrologic data were obtained to provide realistic
information for the design and operation of the soil desiccation system that is planned at the BC Cribs and
Trenches Area. In addition, the total and water-leachable concentrations of key contaminants of concern
as a function of depth and distance from the footprints of inactive disposal facilities were measured, and
these results will be used to update contaminant-distribution conceptual models and to provide more data
for improving baseline risk predictions and remedial alternative selections at the Hanford Site.
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BET

bgs

CEC
CHPRC
CcocC

DI

DOE
DVZTT
EC

EPA
ESL

FHI
GEA
HASQARD
HEIS

IC
ICP-MS
ICP-OES
ID

Acronyms and Abbreviations

Brunauer-Emmett-Teller — method used to measure specific surface area of solid
below ground surface

cation exchange capacity

CH2M HILL Plateau Remediation Contractor

contaminant of concern

deionized

U.S. Department of Energy

Deep Vadose Zone Treatability Test

electrical conductivity — measure of salt content in fluid

U.S. Environmental Protection Agency

Environmental Sciences Laboratory

Fluor Hanford, Inc.

gamma energy analysis

Hanford Analytical Services Quality Assurance Requirements Document
Hanford Environmental Information System

ion chromatography — used to measure anions concentrations
inductively coupled plasma mass spectroscopy

inductively coupled plasma optical emission spectroscopy
identification

saturated hydraulic conductivity

air permeability

Pacific Northwest National Laboratory

particle-size distribution

Resource Conservation and Recovery Act

(DOE’s) Richland Operations Office

specific surface area

United States Geological Society
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Units of Measure

% percent

°C temperature in degrees Celsius [T(°C) = T(K) — 273.15)
Ci curie

cm centimeter

ft foot

g gram

g acceleration due to gravity
v micro (prefix, 10-6)

uCi microcurie

peq microequivalent

ng microgram

pum micrometer

m meter

M molarity, mol/L

meq/L milli-equivalent per liter
mg milligram

mL milliliter

mm millimeter

mM millimolar

mN millinormal

mol mole

mS milliSiemen

N Normal

nCi nanocurie

ng nanogram

pCi picocurie

wt% weight percent
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1.0 Introduction

The radioactive liquid wastes, nearly 2 trillion liters (450 billion gallons) generated by the
U.S. Department of Energy (DOE) over decades of operation are being stored at the Hanford Site (DOE
2007). Some of this waste has been released into the vadose zone at the Hanford Site called the Central
Plateau and reached groundwater by percolating through the vadose zone. Two contaminants,
technetium-99 and uranium-238, are considered to the major contaminants of concern (COC) at the
Hanford Site because they are mobile in the subsurface environments and have been detected at high
concentrations deep in vadose zone and groundwater. Although widely distributed contaminants have
been detected, however, in situ technologies of remediation for application to the Hanford deep vadose
zone are not developed and tested sufficiently to enable adequate evaluation as remedial alternatives
(DOE 2007). Therefore, treatability studies have been established to provide the data for the design and
operation of necessary technology and implement a cost effective remedy for technetium-99 and uranium-
238 in the vadose zone at the Hanford Site. The improved understanding of subsurface conditions and
methods to remediate these principle contaminants can be also used to valuate the application of specific
technologies to other contaminants across the Hanford Site.

The Deep Vadose Zone Treatability Test (DVZTT) within the Soil & Groundwater Remediation
Project was designed to provide science and technology for the soil desiccation remediation by laboratory
testing, modeling and simulation, additional field test site characterization and soil sample analyses, and
development of inputs for soil desiccation test system. Soil desiccation remedy, the top selected
treatability technology, was recommended to remediate contaminants present in vadose zone pore water
by removing water from the vadose zone with injecting dry air. Promisingly, soil desiccation can remove
pore water in the vadose zone, it reduces the amount of pore fluid as well as the mobility of water and
contaminant in the deep vadose zone (DOE 2007).

The overall goal of the soil characterization effort, one of the DVZTT tasks as described above, is to
provide data and analyses to support the decisions to be made in designing and operating the Soil
Desiccation Pilot Test (SDPT) in the BC Cribs and Trenches Area. For a more complete discussion of
characterization of the soil desiccation pilot test site, see the overall work plan, Sampling and Analysis
Plan for Characterization of the Soil Desiccation Pilot Test Site (DOE/RL -2008-67 Rev.0). To meet the
associated characterization goals, the CH2M HILL Plateau Remediation Contractor (CHPRC) asked
scientists from Pacific Northwest National Laboratory (PNNL) to perform detailed analyses of vadose
zone sediments collected from a new drilled borehole 299-E13-65 (C7047) in the BC Cribs and Trenches
Area.

111 Purpose and Scope

Under this characterization study, borehole 299-E13-65 (C7047) was drilled to enable the collection,
measurement, and analysis of grab and core sediment samples to augment data previously collected from
adjacent borehole 299-E13-62 (C5923), which is located about 39.1 ft southwest of C7047 between the
216-B-16 and 216-B-17 cribs (as shown in Figure 1.1). Sediment sampling and laboratory analysis of
borehole sediments were conducted to provide information that is a key to determining the vertical
distribution of mobile contaminants, moisture contents, and major solutes in the vadose zone pore water
to support groundwater remediation related to final site cleanup. The data and analyses described in this
report are designed to provide additional information for direct measurements of geochemical,
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hydrological, and soil properties of subsurface sediments collected from the new borehole, 299-E13-65
(C7047) and compare them with those previously collected data from existing borehole 299-13E-62
(C5923) in order to build more robust sediments characterization database. The total and water-leachable
concentrations of key contaminants of concern, especially technetium-99 and uranium-238 in the
sediments as a function of depth, and their distances from inactive disposal facilities were also collected
to develop an additional database for a contaminants depth profile in the BC Cribs and Trenches Area.
Water extracts taken from the sediments were used for electrical conductivity (EC), common cation and
anion concentrations, pH, and alkalinity. Pore-water ionic strength was calculated based on the
concentrations of major cations and anions. The total and water-leachable concentrations of key
contaminants will be used to update contaminant-distribution conceptual models and to provide more data
for improving baseline risk predictions and remedial alternative selections.

216-B-17
Crib

216-B-19

Crib 216-B-16
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Figure 1.1. Borehole and Direct-Push Technology Locations in the BC Cribs and Trenches Area

All of the data collected on the borehole sediments in this report can be used for soil desiccation
groundwater remediation to remove the contaminants of concern and for development of conceptual
models for the contaminants’ distribution in the subsurface and future potential mobility. Newly added
data and analyses can also inform DOE decision-making about the near-term operations, future waste site
remediation, and final closure activities for inactive disposal facilities.

11.2 Report Contents and Organization

This report contains of all the measured geochemical and hydrological characterization data collected
on vadose zone sediments recovered from new borehole 299-E13-65 (C7047) placed next to existing 299-
13E-62 (C5923) borehole within the BC Cribs and Trenches Area. It also interprets data in the context of
the vertical extent of contamination, the migration potential of the contaminants that still reside in the
vadose zone, and the correspondence of the contaminant distribution in the borehole sediment to
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groundwater plumes in the unconfined aquifer proximate and downgradient from the BC Cribs and
Trenches Area. The ensuing sections of this report describe the geochemical and hydrological
characterization methods, and discuss geochemical and hydrological results, and summarize findings and
conclusions. Appendices A and B provide additional details, including borehole driller’s well summary,
borehole logs, and geologic logs and sediment grab/core-sample photographs.
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2.0 Geochemical/Hydrological Methods and Materials

The following sections describe the methods and philosophy used to characterize the sediments
collected from borehole 299-E13-65 (C7047) in the BC Cribs and Trenches Area and the parameters that
were measured and analyzed in the laboratory. The materials and methods used to conduct analyses of
the geochemical, hydrological, and physical properties of the sediments are also described.

2.1 Sample Inventory

The Hanford Environmental Information System (HEIS), a consolidated set of electronic systems that
manage data collected during environmental monitoring, was used to name samples for specific sample
identification (ID) numbers assigned by Fluor Hanford, Inc. (FHI). The core samples from split-spoon
core sampling at borehole 299-E13-65 (C7047) were further identified by the numbers 1, 2, 3, or 4, where
the number 1 liner was always in the deeper position closest to the drive shoe. Four 0.5-ft Lexan liners
were emplaced within the split-spoon coring device. After discarding liner 4 (top liner) as slough and
using liner 1 and the core barrel drive shoe to generate a composite grab sample, liners 2 and 3 were
generally sent to the PNNL environmental science laboratory in an intact condition. Drilling for borehole
299-E13-65 (C7047) reached a depth of 70 ft (21.4 m) below ground surface (bgs). Both core liners (total
24) and grab samples (total 28) were received from borehole 299-E13-65 (C7047). Additional laboratory
duplicate samples were generated during sub-sampling so that Hanford Analytical Services Quality
Assurance Requirements Document (HASQARD) quality assurance and/or quality control protocols
could be met. The PNNL document for implementing HASQARD is PNNL-SA-63118, Conducting
Analytical Work in Support of Regulatory Programs. Details about the core and grab samples received
from borehole 299-E13-65 (C7047) are listed in Table 3.1.

2.2 Approach

Based on past borehole characterization investigations of Hanford sediments, a method was
developed to select samples that considered depth, geology (e.g., lithology, grain-size composition, and
carbonate content), contaminant concentration (e.g., radionuclides, metal, and nitrate), moisture content,
and overall sample quality. Extraction and leaching procedures were performed and certain key
parameters (i.e., moisture content, gamma energy analysis [GEA]) were measured on each sediment
sample. During the geologic examination of the grab samples, the sediment contents were sub-sampled
for moisture content, gamma-emission radiocounting, 1:1 water extractions (which provide soil pH,
alkalinity, EC, cation and anion data, and ionic strength calculation), cation exchange capacity (CEC),
and surface area measurement. Sampling preference was always biased toward the finer-grained and/or
wetter material contained in each grab sample. The remaining sediment from each grab sample was then
sealed and placed in cold storage. Selected core samples based on previous characterization results from
grab samples were also used for measuring saturated hydraulic conductivity, air permeability, 1:1 water
extracts, CEC, and surface area analysis.

2.3 Materials and Methods

During sub-sampling, every effort was made to minimize moisture loss and prevent cross
contamination between samples. Depending on the sample matrix, very coarse pebbles and larger
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material (i.e., > 32 mm) were removed during sub-sampling. Larger substrate was excluded to achieve
moisture contents that were representative of GEA and 1:1 ratio of sediment-to-water-extraction samples.
Therefore, the results from the sub-sample measurements may contain a possible bias toward higher
concentrations for some analytes that would be preferentially associated with the smaller sized sediment
fractions.

Procedures ASTM D2488-93 (ASTM 1993) and PNL-MA-567-DO-1 (PNL 1990) were followed for
visual descriptions and geological descriptions of all samples. The sediment classification scheme used
for geologic identification of the sediment types (used solely for graphing purposes in this report) was
based on the modified Folk (1968) and Wentworth (1922) classification scheme.

This section also describes the laboratory methods used to characterize the hydrologic properties of
the soil samples collected from borehole 299-E13-65 (C7047). Laboratory measurements were
performed on intact cores and grab samples to characterize hydrologic soil properties. Measured
properties included particle-size distribution (PSD), specific surface area (SSA), saturated hydraulic
conductivity (K,), and air permeability (K,). Ten core samples were selected for particle-size analysis
and surface area measurements. In general, samples were specifically selected from fine-grained silty
beds (or lenses) and the first coarse-textured layer occurring beneath each fine layer, i.e., layer sequences
that might constitute a capillary break.

2.3.1 Moisture Content

The gravimetric water contents of the sediment samples were determined using PNNL procedure
PNNL-AGG-WC-001 (PNNL 2005). This procedure is based on the American Society for Testing and
Materials (ASTM) procedure ASTM D2216-98, Test Method for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass () 1998). One representative sub-sample of at least 15 g to
70 g was used. Sediment aliquots were placed in tared containers, weighed, and dried in an oven at
105°C until constant weight was achieved, which took at least 24 hours. The containers were removed
from the oven, sealed, cooled, and weighed. At least two weighings, each after a 24-hour heating period,
were performed to verify that all moisture was removed. All weighings were performed using a
calibrated balance. A calibrated weight set was used to verify balance performance before weighing the
samples. The gravimetric water content was computed as the percentage of change in soil weight before
and after oven drying.

2.3.2 1:1 Sediment-to-Water Extracts

Water-soluble inorganic constituents were determined using a 1:1 sediment-to-de-ionized (DI)-water
extract method. The extracts were prepared by adding an exact weight of DI water to approximately 60 g
to 80 g of sediment (post air-drying and sieving). The weight of DI water needed was determined based
on the weight of the air-dried samples (residual moisture in the air-dried samples was considered
negligible). An appropriate amount of DI water was added to screw-cap jars containing the sediment
samples. The jars were sealed and briefly shaken by hand and then placed on a mechanical orbital shaker
for 1 hour. The samples were allowed to settle overnight until the supernatant liquid was fairly clear.
The supernatant was carefully decanted, filtered (passed through 0.45-um membranes), and analyzed for
conductivity, pH, anions, cations, alkalinity, and radionuclide content. More procedural details can be
found in the report by Rhoades (1996) and in Methods of Soils Analysis — Part 3 (ASA 1996).
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2.3.21 pH and Conductivity

Two aliquots of approximately 3-mL volume of the 1:1 sediment-to-water extract supernatants were
used for pH and conductivity measurements. The pH of the extracts was measured with a solid-state pH
electrode and a pH meter calibrated with buffers 7 and 10. The EC was measured using a Pharmacia
Biotech Conductivity Monitor. Approximately 2 mL to 3 mL of filtered sample were measured in the
conductivity meter and compared to potassium chloride standards with a range of 0.001 M to 1.0 M.

2.3.2.2 Anions

The 1:1 sediment-to-water extracts were analyzed for anions using ion chromatography (IC).
Fluoride, chloride, nitrite, bromide, nitrate, phosphate, and sulfate were separated on a Dionex AS17
column with a gradient elution of 1-mM to 35-mM sodium hydroxide and measured using a conductivity
detector. This methodology is based on U.S. Environmental Protection Agency (EPA) Method 300.0A
(EPA 1984) with the exception of using the gradient elution of sodium hydroxide.

2.3.2.3 Cations and Trace Metals

Major cation analysis was performed using an inductively coupled plasma-optical emission
spectroscopy (ICP-OES) unit using high-purity calibration standards to generate calibration curves and
verify continuing calibration during the analysis run. Dilutions of 100x, 50x, 10x, and 5x were made of
each 1:1 water extraction for analysis to investigate and correct for matrix interferences. Details of this
method are found in EPA Method 6010B (EPA 2000b). Analysis of trace metals, including technetium-
99 and uranium-238, was conducted using an inductively coupled plasma-mass spectrometer (ICP-MS)
following the PNNL-AGG-415 method (PNNL 1998), which is quite similar to EPA Method 6020 (EPA
2000c).

2.3.2.4 Alkalinity

Alkalinity was measured using a standard titration with acid method. The alkalinity procedure is
equivalent to the U.S. Geological Survey method in the National Field Manual for the Collection of
Water-Quality Data (USGS 2004). Measured alkalinity (mg/L as CaCQOj3) was converted to determine
CO;> concentration in solution.

2.3.3 8-M Nitric Acid Extracts and Elemental Analysis

Approximately 20 g of oven-dried sediment was contacted with 8-M nitric acid at a ratio of
approximately five parts acid to one part sediment. The slurries were heated to about 80 °C for several
hours, and then the fluid was separated by filtration through 0.2-um membranes. The acid extractions
were analyzed for major cations and trace metals using ICP-OES and ICP-MS techniques, respectively, to
determine the elemental composition of the bulk sediment samples. The acid digestion procedure is based
on EPA SW-846 Method 3050B (EPA 2000a).
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2.3.4 Radioanalytical Analysis

The GEA was performed on 10 selected core sediments after measuring hydraulic properties. All
samples for GEA were analyzed using 60% efficient intrinsic germanium gamma detectors. All
germanium counters were efficiency calibrated for distinct geometries using mixed gamma standards
traceable to the National Institute of Standards and Technology. Field-moist samples were placed in
150-cm’ counting containers and analyzed for 100 minutes in a fixed geometry. All of the measured
spectra for samples were background-subtracted. Spectral analysis was conducted using libraries
containing most mixed fission products, activation products, and natural decay products. Control samples
were run throughout the analysis to verify correct operation of the detectors. The controls contained
isotopes with photo peaks spanning the full detector range and were monitored for peak position, counting
rate, and full-width half-maximum. Procedural details are found in Gamma Energy Analysis, Operation,
and Instrument Verification using Genie2000" Support Software (PNNL 1997).

2.3.5 Pore Water Composition Analysis

Major cations (Na', Ca*", K, Mg2+, and Ba®") and anions (NO5, PO, COs*, SO,*, CI, F, and,
when present, NO,") concentrations measured from both 1:1 water extracts were used to determine the
total inorganic salt concentration and the ionic strength (moles/L). The total ionic strength (M) of the
pore water was calculated by the molar concentration of each ionic species multiplied by its charge
squared:

I :lZCiZf
25 @.1)

where C; is the molar concentration (moles/L) of each ionic species, and Z is the charge valence of each
ionic species.

Equivalents of both cations and anions were also determined by the measured molar concentration
multiplied by its charge valence. Equivalents of total cation and anion species were used to calculate the
charge balance of measured ionic species in pore water as follows:

ABS[ (cations — amons)}

(cations + anions) (2.2)

where ABS is the absolute value and cations and anions are total cation and anion concentrations with
respect to equivalents.

2.3.6 Particle-Size Distribution

The dry sieving and hydrometer methods were used to determine the PSD for 10 selected core
samples. The method is based on the ASTM procedure ASTM Method D422-63, Standard Test Method
for Particle-Size Analysis of Soils ( 2006a). The silt/clay, sand, and gravel size fractions were separated
by sieving. The silt and clay size fractions were further separated using Stokes law (Lamb 1994) settling
velocities to determine the weight percentage of each size fraction.
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2.3.7 Specific Surface Area

The SSA was measured with a Micromeritics ASAP 2020 gas sorption surface-area analyzer using
the N,- Brunauer-Emmett-Teller (BET) method (Brunauer et al. 1938). The samples were outgassed for a
minimum of 5 hours at 110°C and at 3-um Hg pressure. Because the instrument glassware had a narrow
neck (~0.9-cm inner diameter), particles larger than 7 mm were excluded for measuring the surface area.
The SSA was measured at liquid nitrogen temperature (approximately 77K) to allow any N, molecules to
adsorb at the solid surface. The BET method is well known and is given by:
p 1 c-1 P

-+ T
V.(,-P) V,C V C P

(2.3)

where:

(S

= the quantity of gas adsorbed at pressure P

= the quantity of gas adsorbed to form a complete monolayer
= the saturation pressure of the gas

= the BET constant.
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|

The values of V,, and C are determined by a regression line of the adsorption isotherm plotted with
P/V,(P,-P) vs. P/P,. The SSA of a solid is determined by:

V
Area =—"—a N 1077
22414 (2.4)

where a,, is the average area occupied by a single adsorbate molecule and NA is Avogadro’s number
(Gregg and Sing 1982, Webb and Orr 1997).

2.3.8 Cation Exchange Capacity

The CEC of 10 selected core samples from borehole 299-¢13-65 (C7047) sediments was measured by
taking 15 g of distilled water pre-rinsed (three short-duration rinses) air-dried sediment and extracting one
time with 1.0-M ammonium acetate (35 mL) to prevent additional dissolution of calcium carbonate. The
sediment-ammonium acetate slurries were gently shaken on a linear shaker for 24 hours and then
centrifuged. Each supernatant solution was filtered through a 0.2- um membrane. The exchangeable
cations (Ba, Ca, K, Mg, Na, and Sr) in the ammonium acetate extract were analyzed by ICP-OES. Cation
concentrations were converted to milli-equivalent (meq) and summed to get the total CEC of the
composite sediments (in meq/100 g). Our method is quite similar to the ammonium acetate method used
to estimate exchangeable cations found in the ASA chapter written by Suarez (1996 pp. 583—-584).

2.3.9 Saturated Hydraulic Conductivity

Saturated hydraulic conductivity measurements were made on 10 undisturbed core liners from
borehole 299-E13-65 (C7047) using the falling-head method. A major advantage of the falling-head
method over constant head and other methods is that it can be used for both fine-grained and coarse-
grained soils, both of which are present at the BC Cribs site (Serne et al. 2009). For hydraulic
measurements by falling-head test, each core liner was fitted with two machined Plexiglas® collars, one
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at each end, to allow attachment of end plates. Because some cores were not fully covered, sediment
collected from adjacent cores was used to fill the empty space of the core. After the end plates were
attached, the core was saturated and weighed. A small reservoir fill with water was used to saturate the
cores with different saturation heights to minimize the air-entrapment during saturation. For these tests, a
burette was used as the small-diameter reservoir and the saturated cores were connected to a burette
through water-filled tubing. The burette was filled with water, and the height at time zero, hy, was
recorded. The measurement was started by opening the burette stopcock, and the rate of decline of the
water level in the burette was recorded over time. The hydraulic head at the upgradient end of the sample
was allowed to decline from hy, at time O (t), to h, at some time t (t;). The calculation of K; is based on
Darcy's Law, with K being defined as follows:

cLatglnly
A(tz - to) hz (2.5)

where a is the cross-sectional area of the small reservoir, A is the cross-sectional area of the soil core, and
L. is the length of the soil core.

Each measurement was repeated three times using different initial hydraulic gradients. A mean value
of K was then calculated for head gradient as the average of the three replicates. Owing to the nature and
levels of contaminants in the cores, all work conducted on the cores was performed in a radiation control
area.

2.3.10 Air Permeability

Air permeability is important to gas-transport studies and for remediation techniques that may involve
the injection of gas-phase reactants and heated dehumidified air for desiccation at the BC Cribs and
Trenches Area. Air permeability is relatively easy to measure and was measured on 10 undisturbed core
liners from borehole 299-E13-65 (C7047) using an automated gas mini-permeameter (Tidwell and Wilson
1997). The mini-permeameter consists of four electronic mass-flow meters (0 cm’/min to 50 cm’/min,

0 cm’/min to 500 cm’/min, 0 cm®/min to 2000 cm®/min, and 0 cm’/min to 20,000 cm®/min at standard
conditions), a pressure transducer (0 to 100 kPa gauge), a barometer, and a gas temperature sensor that are
all connected to a regulated source of air, generated by an automated piston. Measurements were made
by pressing a molded silicone rubber tip seal against the soil surface (both core ends) while injecting gas
at a constant pressure. We used a tip seal with an inner radius of 0.31 cm and an outer radius measuring
twice the inner diameter. An inner spring-driven guide and an immobile outer guide maintained
consistent seal geometry under compressed conditions. The ring-shaped seal imposed a strongly
divergent flow field resulting in a roughly hemispherical sample support (i.e., sample volume). Gas flow
was directed into the soil via the tip seal affixed to a rigid brass housing (Tidwell and Wilson 1997).

Using information on the seal geometry, gas flow rate, gas injection pressure, and barometric
pressure, the permeability was calculated using a modified form of Darcy’s Law (Goggin et al. 1988):

k = lellua(T)

a 0.57, G, (r‘)j[Pf P
V.

7

(2.6)
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where:

k, = air permeability (m?)

Qi = gas flow rate

Py = fluid density,

P, = gas injection pressure

1(T) = gas viscosity as a function of temperature T

Go(r()/ I‘i)

a geometric factor that varies according to the ratio of the outer tip seal radius 1,
to the inner tip seal radius r;.

For the permeameter used for these measurements, Go(r/1;) = Go(2) = 5.03. Vertical k, measurements
were made on three randomly selected locations on each end of the intact sediment core, and the results
were averaged to compute the mean vertical air permeability for each sample. An air-permeability value
equivalent to the saturated hydraulic conductivity (cm/hr) can be calculated using Equation (2.7):

K =k, P& 2.7)
y7;
where:
K, = pneumatic conductivity (cm/hour)
Pa = the representative particle diameter of the mixture
p = density of air
g = acceleration due to gravity
y7, = dynamic viscosity of air.
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3.0 Results and Discussion

This section presents the geochemical and physical characterization data collected on sediments from
borehole 299-E13-65 (C7047) that was recently placed adjacent to previous borehole 299-E13-62
(C5923) located directly south of the southeast corner of 216-B-17 Crib and directly west of the
southwest corner of 216-B-16 Crib (Figure 1.1). Ten selected cores out of a total of 24 collected core
sediment samples were used to characterize the hydraulic and geochemical properties of the sediment.

The characterization activities provided basic characterization information that is key to determining
the vertical distribution of mobile contaminants and moisture and major solutes in the vadose zone pore
water. Information about the borehole sediments presented in this section includes moisture content, pH,
and EC of 1:1 sediment-to-water extracts, and measurements of major cations, anions, and radionuclides
in both the sediment and 1:1 sediment-to-water extracts. A GEA of selected core samples was also
performed to search for any detectable manmade gamma-emitting radionuclides. The total chemical
composition of selected sediment samples was measured by strong acid extracts. The PSD, surface area,
CEC, saturated hydraulic conductivity, and air-permeability were measured for the selected cores samples
to provide more data for predicting baseline risk and selecting appropriate remedial alternatives for final
site cleanup. All of the photos of grab samples and core samples are provided in Appendix B.

3.1 Moisture Content

This section describes the results of moisture analysis performed on the sediment samples. The
moisture profile of borehole sediments illustrates the relative distribution of moisture throughout the
borehole. The gravimetric moisture contents of the sediment from the grab and core samples from 299-
E13-65 (C7047) is listed with geologic information in Table 3.1. The sample ID numbers are the sample
unique HEIS numbers assigned by FHI staff. A summary of hydrogeologic logs including an integration
of all the geologic, field geophysical neutron moisture logs, and laboratory measured moisture data
collected for borehole C7047 is presented in Figure 3.1.

Table 3.1. Grab and Core Samples Collected from Borehole 299-E13-65 (C7047)

Type HEIS # Mid-Depth (ft) Lithology Stratigraphic Unit Cl(:i[l(z;iiu(r; )
GRAB BIYRS86 9.75 sand Hanford formation H2 8.89
GRAB B1YRS87 12.0 gravelly sand Hanford formation H2 451
GRAB BIYRS86 9.75 gravelly sand Hanford formation H2 8.86
GRAB BIYRS87 12.0 gravelly sand Hanford formation H2 4.51
GRAB BI1YRS8 15.0 gravelly sand Hanford formation H2 3.83
GRAB BI1YRS89 17.5 gravelly sand Hanford formation H2 5.06
GRAB BIYR90 20.0 sand Hanford formation H2 4.79
GRAB BIYRI1 22.5 gravelly silt sand  Hanford formation H2 10.1
GRAB BI1YR92 25.0 gravelly silt sand  Hanford formation H2 6.99
GRAB BIYR93 27.3 gravelly silt sand  Hanford formation H2 7.91
CORE B1YRH3-2 29.0 silty sand Hanford formation H2 10.9
CORE B1YRH3-1 29.5 silty sand Hanford formation H2 ND
GRAB BI1YRY% 30.0 silty sand Hanford formation H2 8.97
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Moisture

Type HEIS # Mid-Depth (ft) Lithology Stratigraphic Unit Content (%)
CORE B1YRH4-2 30.8 silty sand Hanford formation H2 12.7
CORE B1YRH4-1 31.3 silty sand Hanford formation H2 ND
GRAB BIYR9S 31.8 silty sand Hanford formation H2 9.84
CORE B1YRH5-2 33.2 silty sand Hanford formation H2 9.67
CORE BlYRH5-1 33.7 silty sand Hanford formation H2 ND
GRAB BIYR96 342 silty sand Hanford formation H2 10.6
CORE  B1YRH6-2 36.7 silty sand Hanford formation H2 14.8
CORE B1YRH6-1 37.2 silty sand Hanford formation H2 ND
GRAB B1YRY97 37.7 silty sand Hanford formation H2 11.7
CORE B1YRH7-2 38.5 silty sand Hanford formation H2 9.67
CORE BlYRH7-1 39.0 silty sand Hanford formation H2 ND
GRAB BIYR98 39.5 sandy silt Hanford formation H2 12.0
CORE B1YRH8-4 40.0 sand Hanford formation H2 ND
CORE B1YRHS8-2 41.0 sand Hanford formation H2 4.93
CORE  B1YRH9-3 40.5 sand Hanford formation H2 ND
CORE B1YRH9-1 41.5 sand Hanford formation H2 ND
GRAB BI1YRBO 42.0 sand Hanford formation H2 391
CORE BI1YRJ0-2 43.7 sand Hanford formation H2 ND
CORE  BI1YRIJO-1 442 sand Hanford formation H2 ND
GRAB BIYRBI 44.7 sand Hanford formation H2 6.67
CORE B1YRJ1-2 46.1 sand Hanford formation H2 3.89
CORE B1YRJ1-1 46.6 sand Hanford formation H2 ND
GRAB BIYRB2 47.1 sand Hanford formation H2 4.25
CORE B1YRJ2-2 48.5 sand Hanford formation H2 3.34
CORE B1YRJ2-1 49.0 sand Hanford formation H2 ND
GRAB BI1YRB3 49.5 sand Hanford formation H2 3.63
CORE B1YRJ3-2 51.4 sand Hanford formation H2 2.70
CORE B1YRJ3-1 51.9 sand Hanford formation H2 ND
GRAB BIYRB4 52.4 silty sand Hanford formation H2 3.29
CORE B1YRJ4-2 53.5 silty sand Hanford formation H2 2.75
CORE B1YRJ4-1 54.0 silty sand Hanford formation H2 ND
GRAB BIYRBS 56.0 silty sand Hanford formation H2 3.02
GRAB BIYRB6 58.0 silty sand Hanford formation H2 2.84
GRAB BI1YRB7 60.0 silty sand Hanford formation H2 3.31
GRAB BIYRBS 62.5 silty sand Hanford formation H2 243
GRAB BIYRB9 65.5 silty sand Hanford formation H2 2.53
GRAB BIYRCO 67.5 silty sand Hanford formation H2 2.69
GRAB BIYRH2 70.0 silty sand Hanford formation H2 3.23

ND = Not Determined.

A total of 35 grab and core sediment samples extending from the ground surface to 70 ft below bgs
were collected from borehole 299-E13-65 (C7047). The gravimetric moisture contents of the samples
collected from C7047 varied from a low of 2.43 wt% to a high of 12.7 wt% (see Table 3.1). The average
moisture content in the Hanford formation sediments located from 10 ft to 70 ft bgs is 6.4 wt.%, which is
consistent with the known range of moisture contents for uncontaminated Hanford formation vadose zone
sediment. The only sediments with moisture contents equal to or greater than 7.0 wt% are found in the
upper 40 ft of the profile, especially between 20 ft and 40 ft bgs. The elevated moisture contents in these
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vadose zone sediment samples are likely from the fine-grained nature of the sediments and not residual
waste fluids. As stated in a previous study of the borehole 299-E13-62 (C5923), the vadose zone beneath
the BC Cribs and Trenches Area is dominated by a thick sand-dominated sequence of the Hanford
formation (H2 unit). However, this sequence contains internally multiple beds of fine- to coarse-grained
sand up to several meters thick that grade back and forth between coarse sand to fine sand multiple times
before finally grading up into a silty fine sand to silt-textured cap (Serne et al. 2009). Due to a higher
frequency of fine-grained, silty, slackwater beds in the upper part of the Hanford formation, these
elevated moisture intervals are associated with Hanford formation stringers containing greater
concentrations of silt and/or clay and posing higher moisture retention. These fine-grained silty beds are
expected to increase the likelihood for lateral spreading of contaminant migration in the upper Hanford
formation.

Because of the proximity of boreholes C7047 and C5923 to each other, their moisture contents are
similar showing a narrow zone of relatively high moisture content in the upper 40 ft to 45 ft bgs and low
moisture content less than 7 wt% at deeper depths (see Figure 3.1). Thicker and coarser flood beds are
considered to be present in a deeper depth of the profile as evidenced by the lack of any zones with
moisture contents greater than 7 wt % below 40 ft bgs in C7047. Similar fine-grained silty beds are found
in both C7047 and C5923 between 20 ft and 40 ft bgs. In comparison with C7047, where no high
moisture was found at 16 ft and 46 ft bgs, borehole C5923 contains more thin zones with higher moisture
in the upper 50 ft of the Hanford formation (H2 unit) than borehole C7047.
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3.2 1:1 Sediment-to-Water Extracts

Selected core and grab samples were processed by adding known amounts of DI water to aid in
separating the native pore water in the relatively dry sediments. In this section, the water-extract data are
reported in both units of pore water concentration and mass per gram of dry sediment for estimating
vertical distribution of each species both in pore water and sediments, respectively.

3.2.1 Water-Extract pH and Electrical Conductivity

The pH and EC of water extracts are shown in Table 3.2. Figure 3.2 shows the pH measured in water
extracts for both 299-E13-65 (C7047) and 299-E13-62 (C5923) boreholes. The measured pH for C7047
in water extracts ranges from 7.45 pH to 9.65 pH. The pH of borehole C7047 show some samples above
the depth of 53 ft bgs with elevated pH values (> 8.5 pH) indicative of caustic waste contact. Similar
high pH values of 9 to 10 are observed below and adjacent to single-shell tanks that have leaked highly
caustic waste. The highest pHs (> 9.0 pH) measured in water extracts of C7047 are found at the depths of
33 ft to 40 ft bgs where most fine-grained silty sand beds are located (see Table 3.1). Although the crib
bottoms are considered approximately 11 ft to 15 ft bgs at the time of their use, some of the shallow
sediments in C7047 above 30 ft bgs do not show any elevated pH (> 9.0 pH). This condition is attributed
to the pH-buffer capacity of Hanford vadose zone sediments, which has buffered caustic waste plumes
over the four to six decades since the fluids were released and sediments contaminated. High pHs found
in the region of 33 ft to 40 ft bgs for C7047 indicate lateral spreading after downward movement of a
leaking waste stream by the presence of fine-grained silty sand beds posing high water-retention capacity
within micropores with capillary force. Below the depth of 40 ft bgs of C7047, the pH gradually
decreases with depths and reach the range of naturally occurring pH values (7.0 pH to 8.5 pH) in Hanford
pore water below the depth of 55 ft bgs.

The measured pHs of C7047 are very similar to those of C5923 at the shallow depths above 30 ft bgs.
The high pH (9.2) found at 8 ft bgs of the C5923 borehole suggests that caustic waste must have ponded
in the adjacent cribs and also migrated horizontally up to a few hundred feet (Serne et al. 2009).
Although there are no data for the pH measured in water extracts above 17 ft bgs for C7047, based on the
similar pHs measured in both C7047 and C5923 boreholes at between 17 ft and 30 ft bgs, a similar pH
profile can be expected for C7047 at a shallow depth above 17 ft bgs. The same trend of measured pH
found in C5923 at deeper depths below 70 ft bgs is also expected for C7047. The vertical extent of the
elevated pH at borehole C7047, approximately between 33 ft and 53 ft bgs, is a bit larger than the
thicknesses of impacted sediment observed at C5923. The thicker impact zone of elevated pH at borehole
C7047 is considered to result from the location of C7047, which is much closer than C5923 to the nearby
216-B-16 and 216-B-17 cribs (see Figure 1.1). Because the C7047 borehole is closer to the cribs, more
caustic wastes can contaminate sediments through lateral spreading after being disposed of in the cribs.
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Figure 3.2. Measured pHs in Water Extracts for 299-E13-65 (C7047) Borehole Sediments

Table 3.2. pH and EC Values for 1:1 Sediment-to-Water Extracts from C7047

Mid Depth 1:1 Extract 1:1 Extr’agt Conductiyity Dilution
HEIS # ID (ft) bs pH Conductivity Corrected in Pore Water
(mS/cm) (mS/ cm)
B1YRS&9 17.5 8.55 0.19 3.70
B1YR91 22.5 8.68 1.11 11.1
B1YR92 25.0 7.83 9.09 129.9
B1YR93 27.3 7.60 8.75 113.6
B1YRH3-2 29.0 7.95 12.5 128.2
B1YRH4-2 30.8 8.52 9.91 77.8
B1YR95 31.8 7.78 11.5 116.5
B1YRHS-2 332 9.65 8.16 84.8
B1YR96 34.2 9.10 5.85 55.2
B1YRHG6-2 36.7 9.60 7.66 51.8
B1YR97 37.7 9.14 8.61 73.6
B1YRH7-2 38.5 9.39 4.98 53.8
B1YR9S8 39.5 9.15 7.98 66.5
B1YRHS-2 41.0 8.07 5.94 120.7
B1YRBI 44.7 7.87 12.3 181.9
B1YRJ1-2 46.1 8.54 14.0 357.3
B1YRJ2-2 48.5 8.23 15.3 455.6
B1YRB3 49.5 8.88 10.7 296.1
B1YRJ3-2 514 8.12 9.70 361.0
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Mid Depth 1:1 Extract 1:1 Extract Conductivity Dilution

HEIS # ID (ft) bgs pH Conductivity Corrected in Pore Water
(mS/cm) (mS/ cm)
B1YRJ4-2 53.5 8.70 11.6 412.2
B1YRBS5 56.0 8.04 10.8 357.9
B1YRB7 60.0 7.91 12.6 380.4
B1YRBS 62.5 7.60 5.21 211.1
B1YRB9 65.5 7.76 5.83 231.0
B1YRCO 67.5 7.77 6.32 2354
B1YRH2 70.0 7.45 7.18 2234

The EC, total ionic strength, and major dissolved constituents of pore water are shown in Figure 3.3.
The pore-water EC data for both C7047 and C5923 show a very similar distribution pattern at the shallow
depth above 70 ft bgs, except for the noticeable bimodal EC distribution between 25-35 ft and 4661 ft
bgs in C7047. Although the sediments from C5923 appear to show a trimodal peak in pore-water EC data
extending up to 300 ft bgs (Serne et al. 2009) with three EC maxima at 90 ft, 132 ft, and 230 ft bgs, pore-
water EC data at C7047 also show bimodal distribution, especially at the shallower depth above 70 ft bgs
(see Figure 3.3). The shallow lobe of high EC in C7047 is about 10-ft thick with maximum pore-water
EC of 130 mS/cm at 25 ft bgs, while the deep lobe is about 15-ft thick with maximum pore-water EC of
456 mS/cm at 48.5 ft bgs. The maximum EC values of C7047 in two lobes are much higher than those of
(C5923 at similar depths. The higher values of pore-water EC found in the lobes of C7047 than C5923 at
shallow depth are also attributed to the large volume of wastes disposed of in the 216-B-16 and 216-B-17
cribs (~9 million liters) and the location of C7047 being much closer to those cribs than C5923. Even
though data are limited for the depths below 70 ft bgs in C7047, deeper penetration of salt and wastes is
also expected in borehole C7047 based on a comparison of what with pore-water EC data of C5923
extending to 350 ft bgs (Serne et al. 2009).
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3.2.2 Water Extract Composition for C7047

The 1:1 sediment-to-water extract anion composition, in units of micrograms per gram (ug/g) of dry
sediment and in units of milligrams per liter (mg/L) of the calculated pore water, are shown in Table 3.3
and Table 3.4, respectively. Figure 3.3 shows the calculated pore-water concentrations of nitrate and
sulfate, which are the most dominant anions in water extracts. Because of a tri-butylphosphate-based
process used to recover uranium from bismuth phosphate wastes retrieved from single-shell tanks, about
2.67 metric tons of dissolved salts consisting mainly of nitrate and sodium (combined, these represent
2.39 metric tons) and lesser amounts of sulfate, phosphate, fluoride, chloride, and potassium were
disposed of into the 216-B-16 and 216-B-17 cribs (Serne et al. 2009). More details about the waste
composition can be found in Corbin et al. (2005) and the appendixes to the Data Quality Objectives report
(Benecke 2008).

The vadose zone sediments in borehole C7047 show elevated concentrations of most of the
aforementioned anions except fluoride and nitrite. Because of the reactive anions, phosphate and
carbonate are immobilized between 30 ft and 40 ft bgs where fine-grained silty sand beds are found.
Elevated pH and moisture content in water extracts previously confirmed waste contact with fine-grained
silty sand beds at this range of depths. Elevated sulfate concentrations are found in one broad region of
the C7047 from 30 ft to 60 ft bgs. The highest peak of chloride concentration is found at 29 ft bgs and
decreases with depth below 29 ft bgs. Figure 3.4 plots the nitrate concentration per gram of dry sediment
as a function of depth. The most elevated nitrate concentration is also found at the same depth as the
highest concentrations of chloride and sulfate are found, 29 ft bgs. The second-highest peak of nitrate
concentration is found at the depth of 49 ft bgs in C7047 close to the highest peak of nitrate concentration
(16,773 ng/g) found in a water extract sample of the C5923 borehole at 46 ft bgs. The third-highest peak
of nitrate concentration found in C4074 is a little bit deep at 60 ft bgs. The massive quantity of disposed
nitrate makes it a good tracer of the waste-fluid plume location because of the mobile behavior of nitrate
with no reaction on the surrounding sediments. The depth distributions do not show any vertical
differences between sulfate, chloride, and nitrate, which suggests that the contamination at borehole
C7047 has migrated into the region via horizontal flow. The lack of vertical discrimination of anions for
sulfate and nitrate is also reported in nearby borehole C5923 (Serne et al. 2009).
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Table 3.3. Anion Composition of Water Extracts of C7047 (ug/g dry sediment)

Mid
Sample ID Depth  Fluoride Chloride Nitrite Nitrate Sulfate-IC  Phosphate-IC ~ Alkalinity
(ft bgs) (as CaCOs)
B1YRS89 17.5 0.86 5.98 <1.0 7.38 20.7 0.240 61.7
B1YRI1 22.5 1.47 45.8 <1.0 301 108 <1.5 159
B1YR92 25.0 <0.2 85.0 8.19 5102 180 5.09 51.1
B1YR93 273 6.45 82.7 8.00 5359 189 <l.5 533
B1YRH3-2 29.0 <0.2 101 9.76 7125 413 <1.5 57.5
B1YRH4-2 30.8 <0.2 84.2 7.98 3760 1728 <l.5 102
B1YR95 31.8 <0.2 92.8 <1.0 6122 632 <1.5 62.0
B1YRHS-2 33.2 <0.2 75.0 8.84 3594 979 106 410
B1YR96 342 2.74 52.0 <1.0 2150 1014 54.6 243
B1YRH6-2 36.7 <0.2 76.6 6.91 2647 939 132 579
B1YR97 37.7 4.23 73.1 <1.0 3457 1280 62.1 342
B1YRH7-2 38.5 <0.2 56.9 8.14 1777 831 15.6 202
B1YR9S8 39.5 3.88 71.7 10.4 2958 1275 33.7 316
B1YRHS-2 41.0 <0.2 51.9 6.81 2184 1242 5.21 39.8
B1YRBI 44.7 <0.2 76.1 <1.0 5940 1430 8.01 59.7
B1YRJ1-2 46.1 <0.2 453 9.53 6059 1338 6.45 50.1
B1YRJ2-2 48.5 <0.2 60.4 10.4 6640 1577 7.29 343
B1YRB3 49.5 <0.2 50.3 <1.0 5675 734 13.4 106
B1YRIJ3-2 514 <0.2 34.7 8.84 4664 1197 5.12 30.7
B1YRJ4-2 53.5 <0.2 39.5 8.80 4951 1016 <1.5 51.5
B1YRB5 56.0 <0.2 44.0 <1.0 5294 1002 <L.5 542
B1YRB7 60.0 <0.2 522 <1.0 6952 718 <1.5 49.5
B1YRBS 62.5 <0.2 29.4 5.82 2980 46.6 <L.5 22.6
B1YRBY9 65.5 3.13 25.0 <1.0 3553 61.2 <1.5 39.8
B1YRCO 67.5 <0.2 29.6 <1.0 3575 78.3 <L.5 32.1
B1YRH2 70.0 4.50 33.0 <1.0 4390 58.1 <1.5 39.9

<values = below level of quantitation.

Table 3.4 shows the same water-extract anion data in units of mg/L in pore-water concentrations.
Some dominant pore-water anion and cation concentrations can be found in Figure 3.3. The highest
concentration of pore-water nitrate (209,881 mg/L) is found at 60 ft bgs and is indicative of downward
movement of the nitrate-containing waste plume. The highest pore-water concentration of chloride is
found at the same depth as nitrate at 60 ft bgs. Pore-water concentrations of sulfate and phosphate were
analyzed using both IC and ICP-OES, and comparison of the results from different methods shows pretty
good. However, because ICP-OES has less interference by coexisting ions in sample analysis, ICP-OES
results are used for determining the total ionic strength in pore water.
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Table 3.4. Water-Extractable Anions Converted to Pore-Water Concentrations for C7047 Borehole

Samples (mg/L)
Alkalinity
HEIS # Mid Fluoride Chloride Nitrite Nitrate Sulfate-IC Sulfate- Phosphate- Phosphate- (as
Depth ICP-OES IC ICP-OES  CaCO;)
(ft bgs)
B1YRS89 17.5 170 1181 <1.0 146 409 437 4.8 9.15 1220
B1YR91 22.5 14.6 453.7 <1.0 2989 1067 1170 <1.5 8.35 1577
B1YR92 25,0 <02 1216  117.2 73025 2579 3310 72.9 13.8 731
B1YR93 273 815 1045 101.2 67774 2389 3094 8.6 13.5 675
BIYRH3-2 29.0 <02 9288 89.6 65365 3787 4471 <1.5 12.8 527
B1YRH4-2 30.8 <02 6626 628 29602 13603 14153 <15 5.41 804
B1YRY95 31.8 <02 9429 <1.0 62181 6423 7505 <1.5 12.4 629
BIYRH5-2 332 <02 7754 915 37165 10127 10914 1099 1109 4240
B1YR96 342 257 4888 <1.0 20215 9534 10012 513.7 550.0 2282
B1YRH6-2 367 <02  517.7 46.7 17887 6346 6778 894.6 968.7 3909
B1YR97 377 361 6233 <1.0 29470 10916 11612 529.2 604.7 2915
B1YRH7-2 385 <0.2 588.4 84.2 18375 8591 8858 160.9 139.6 2087
B1YR98 39.5 323 5980 869 24672 10636 11336 281.4 3242 2637
BIYRHS-2  41.0 <0.2 1053 138.2 44303 25185 25185 105.7 19.7 808
B1YRBI1 44.7 <0.2 1141 <1.0 89097 21445 22147 120.2 21.2 896
B1YRJI-2 461 <02 1164 2450 155747 34385 36542 165.9 74.8 1287
BIYRJ2-2 485 <0.2 1808  310.8 198812 47221 24179 218.1 306.1 1027
B1YRB3 495 <02 1387  <1.0 156492 20252 22311 369.5 2825 2928
BIYRJ3-2 514 <02 1284  327.4 172747 44321 45310 189.8 28.4 1137
BI1YRJ4-2 535 <0.2 1436 319.8 180032 36957 37633 <1.5 16.9 1873
B1YRBS 56.0 <0.2 1457  <1.0 175474 33210 25875 <l.5 315 1796
B1YRB7 60.0 <02 1575  <1.0 209881 21671 23537 <1.5 28.6 1496
B1YRBS 625 <02 1208  239.1 122520 1917 3364 <l.5 23.7 929
B1YRB9 65.5 123.6 9873 <1.0 140386 2418 3288 <1.5 23.2 1574
B1YRCO 67.5 <02 1102 <1.0 133030 2912 3180 <15 31.2 1195
B1YRH2 70.0 1394 1021 <1.0 136075 1801 2657 <1.5 26.0 1236

<values = below level of quantitation.

Table 3.5 shows the water-leachable concentrations of divalent and monovalent cations, in units of pug

per gram of dry sediment analyzed from borehole C7047. The most dominantly elevated concentration of

cation is sodium. Figure 3.4 shows no difference in the vertical distribution of the major anion (nitrate),
and the major cation (sodium) suggesting that NaNO;, which is a major constituent in waste plume,
contacted the C7047 borehole sediments. At borehole C7047, the water-extractable Na shows elevated
values over two shallow zones, one from 25 ft to 40 ft bgs and another from 45 ft to 60 ft bgs with three
discrete maxima concentrations at 29 ft, 49 ft, and 60 ft bgs. Table 3.5 also shows the ion-exchange front
that occurs when sodium-dominated liquid wastes are disposed of into native Hanford sediments that have
their cation exchange surface sites naturally loaded with divalent cations, such as calcium, magnesium,
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and strontium. When waste liquid percolates below cribs both vertically and horizontally into a sediment
profile, the sodium in the waste plume replaces the native divalent cations (and to some extent native
potassium) present on the exchange sites and pushes the replaced divalent cations out in the leading edge
of the waste plume (Serne et al. 2009). Table 3.5 shows depleted divalent cations over the depth range of
25 ft to 60 ft bgs where a high concentration of nitrate was found.

Table 3.5. Water Extractable Cations in Borehole C7047 Sediments (pg/g dry soil)

HEIS # Mid Depth Ca Mg Sr Na K
(ft bgs) (ng/g soil) (ng/g soil) (ng/g soil) (ng/g soil) (ng/g soil)
BIYR89 17.5 7.64 1.73 0.040 27.2 5.34
BIYRII 225 2.12 0.63 0.008 246.3 418
BI1YR92 25.0 188.0 45.1 0.850 1626 36.8
BIYR93 27.3 186.5 438 0.805 1700 36.8
B1YRH3-2 29.0 155.8 46.0 0.859 2505 40.8
BI1YRH4-2 30.8 21.1 10.3 0.123 2242 23.5
BIYR95 31.8 125.5 36.7 0.620 2431 374
BIYRHS-2 332 1.88 0.44 0.011 1964 11.1
B1YR96 34.2 3.82 0.86 0.015 1334 9.82
BIYRH6-2 36.7 1.74 0.18 0.010 1701 9.56
BIYR97 37.7 3.66 0.89 0.018 1975 12.9
BIYRH7-2 38.5 3.18 0.44 0.017 1124 8.69
BIYR98 39.5 4.69 0.84 0.020 1869 12.9
BI1YRHS-2 41.0 133.0 17.7 0.411 1125 20.3
BIYRBI 44.7 142.8 19.5 0.499 2642 29.1
BIYRJ1-2 46.1 73.6 5.14 0.255 2637 18.4
BIYRJ2-2 48.5 120.1 2.05 0.215 2913 22.9
BIYRB3 49.5 12.2 3.08 0.097 2479 18.1
BIYRJ3-2 514 63.8 5.20 0.309 2106 19.3
BIYRJ4-2 33.5 39.4 6.59 0328 2142 29.3
BIYRBS 56.0 37.0 9.93 0.328 2502 25.7
BIYRB7 60.0 55.5 19.7 0.511 2839 33.9
BIYRBS 62.5 2313 49.9 1.886 723.6 20.0
BIYRBY 65.5 93.5 25.6 0.978 1130 25.6
BIYRCO 67.5 112.8 37.1 1.032 1123 25.9
BIYRH2 70.0 261.7 85.3 1.988 1116 35.6

Table 3.6 shows the same water-leachable cation data in units of mg/L of pore water assuming that
adding DI water to field-moist sediment does not significantly dissolve solids and minerals; rather, it only
dilutes and promotes the separation of the extant small volume of pore fluid. For highly contaminated
vadose zone pore water, this assumption is fairly valid, but for slightly or uncontaminated pore water, the
DI water still can dissolve some mildly soluble salts and carbonate coatings so that it can over-estimate
the true pore-water concentrations. Figure 3.3 shows the calculated EC and ionic strength for the pore
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water in sediments from borehole C7047 plotted to show a qualitative representation of the shapes of the
depth distributions of these parameters in water extracts.

Table 3.6. Water-Extractable Cations as Pore-Water Concentrations in Borehole C7047 Sediments

(mg/L)
HEIS # Mid Depth Ca Mg Sr Na K

(ft bgs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
B1YR&9 17.5 150.9 342 0.785 536.8 105.5
BIYRSI 22.5 21.0 6.26 0.081 2439 414
B1YR92 25.0 2691 645.0 122 23275 526.7
BIYR93 27.3 2358 553.3 10.2 21495 465.6
BIYRH3-2 29.0 1429 4219 7.88 22979 374.7
BIYRH4-2 30.8 166.0 81.1 0.967 17651 184.7
BIYR9S 31.8 1274 372.5 6.29 24689 380.1
BIYRHS-2 332 19.4 4.60 0.119 20314 114.5
BIYR96 34.2 35.9 8.12 0.145 12547 92.3
BIYRH6-2 36.7 11.8 121 0.065 11490 64.6
BIYR97 37.7 312 7.58 0.156 16837 110.2
BIYRH7-2 38.5 32,9 455 0.176 11622 89.9
BIYR9S 39.5 39.1 7.00 0.164 15588 107.8
BIYRHS-2 41.0 2697 358.1 8.33 22811 4117
BIYRBI 44.7 2143 291.9 7.48 39637 435.9
BIYRJ1-2 46.1 1891 132.1 6.55 67790 473.0
BIYRJ2-2 48.5 366.0 91.9 291 74098 542.0
BIYRB3 49.5 337.7 84.8 2.68 68373 500.1
BIYRJ3-2 Sl4 2362 192.7 11.4 77989 713.8
BIYRJ4-2 53.5 1316 353.2 11.7 88993 914.5
BIYRBS 56.0 1841 654.5 17.0 94227 1126
BIYRB7 60.0 1674 595.3 15.4 85713 1024
BI1YRB8 62.5 3779 1034 39.5 45680 1034
BIYRB9 65.5 3694 1010 38.6 44657 1011
BIYRCO 67.5 9709 3163 73.8 41396 1321
BIYRH2 70.0 8114 2643 61.6 34597 1104

As part of the characterization of the water extracts, other chemical species such as aluminum,
silicon, iron, manganese, zinc, and trace constituents, such as arsenic, boron, barium, beryllium, bismuth,
cadmium, cobalt, chromium, copper, lithium, molybdenum, nickel, lead, selenium, thallium, vanadium,
titanium, and zirconium, were also measured. However, because their concentrations were generally low
to nondetectable, the data are not presented in this document.

Table 3.7 and Figure 3.3 show the total ionic strengths of the calculated pore waters in the vadose
zone profile at C7047 based on the measured pore-water concentrations of major cations and anions. Of
all the pore-water parameters, the total ionic strength should correlate best with the total dissolved salt
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content in pore water, namely the major cation (sodium) and anion (nitrate) concentrations. A qualitative
view of the distribution of ionic strength shows very similar distributions to pore-water concentrations of
sodium and nitrate as well as EC data. The ionic strengths of borehole C7047 have two peaks of 1.4 M
and 4.3 M in the region of 25-35 ft and 4562 ft bgs, respectively.

Table 3.7. Water-Extractable Radionuclides and Pore-Water Total Ionic Strength for C7047 Sediments

PW Ionic
HEIS # Mid Depth PTc U PTc U Strength
(ft bgs) (pCi/g) (ng/g) (pCi/L) (ng/L) M)

B1YRS9 17.5 3.76E-02 2.13E-03 7.44E+02 421E+01 6.04E-02
B1YR91 225 1.52E+00 1.02E-02 1.50E+04 1.01E+02 1.42E-01
B1YR92 25.0 3.50E+01 1.42E-03 5.01E+05 2.04E+01 1.39E+00
B1YR93 27.3 4.16E+01 2.11E-03 5.27E+05 2.67E+01 1.28E+00
B1YRH3-2 29.0 7.36E+01 5.02E-03 6.75E+05 4.60E+01 1.25E+00
B1YRH4-2 30.8 3.03E+01 5.27E-03 2.38E+05 4.15E+01 9.60E-01
B1YRY95 31.8 4.99E+01 7.49E-03 5.07E+05 7.61E+01 1.32E+00
B1YRHS5-2 33.2 3.11E+01 1.29E+00 3.22E+05 1.33E+04 1.12E+00
B1YR96 342 1.36E+01 1.96E-01 1.28E+05 1.84E+03 7.26E-01
B1YRH6-2 36.7 2.35E+01 4.89E-01 1.59E+05 3.30E+03 6.65E-01
B1YR97 37.7 1.80E+01 3.93E-01 1.53E+05 3.35E+03 9.42E-01
B1YRH7-2 38.5 8.83E+00 2.20E-01 9.13E+04 2.27E+03 6.46E-01
B1YR98 39.5 9.62E+00 3.12E-01 8.02E+04 2.60E+03 8.53E-01
B1YRHS-2 41.0 2.17E+01 8.21E-03 4.41E+05 1.67E+02 1.58E+00
B1YRBI 44.7 3.04E+01 5.42E-02 4.56E+05 8.13E+02 2.22E+00
B1YRJ1-2 46.1 6.48E+01 2.50E-02 1.67E+06 6.43E+02 3.65E+00
B1YRJ2-2 48.5 7.37E+01 5.41E-02 2.21E+06 1.62E+03 3.81E+00
B1YRB3 49.5 4.29E+01 6.01E-02 1.18E+06 1.66E+03 3.34E+00
B1YRJ3-2 51.4 5.05E+01 2.70E-02 1.87E+06 1.00E+03 4.23E+00
B1YRJ4-2 53.5 3.86E+01 9.80E-02 1.40E+06 3.56E+03 4.34E+00
B1YRBS5 56.0 5.25E+01 3.09E-03 1.74E+06 1.02E+02 4.22E+00
B1YRB7 60.0 6.38E+01 1.48E-03 1.93E+06 4.45E+01 4.24E+00
B1YRBS 62.5 2.33E+01 5.96E-04 9.58E+05 2.45E+01 2.37E+00
B1YRB9 65.5 2.33E+01 5.90E-04 9.21E+05 2.33E+01 2.50E+00
B1YRCO 67.5 1.41E+01 8.32E-04 5.23E+05 3.10E+01 2.84E+00
B1YRH2 70.0 3.28E+01 1.12E-03 1.02E+06 3.46E+01 2.58E+00

The only potential radiological COCs that were measurable in the water extracts were technetium-99
and uranium-238. The concentrations of technetium-99 and uranium-238 on both a gram of sediment
basis and as pore-water concentrations are listed in Table 3.7. Pore-water concentrations of water-
extractable technetium-99 and uranium-238, as well as concentration of those on sediment as a function
of depth, are also shown in Figure 3.4. The technetium-99 data show elevated water-extracted
technetium-99 concentrations in two shallow lobes of 25 to 35 ft bgs and 45 to 60 ft bgs. The distribution
of technetium-99 concentrations is very similar to that of nitrate on sediments. Three maxima of

3.15



technetium-99 concentrations at 29 ft, 49 ft, and 60 ft bgs are at exactly the same depths as the highest
pore-water concentrations of nitrate found in C7047. These two mobile contaminants are often found to
travel and distribute in the vadose zone in a similar pattern. Elevated water-extractable concentrations of
uranium-238 are found in shallow vadose zone from 33 ft to 40 ft bgs where high pH and moisture
content were found. Elevated pHs, EC, and uranium-238 concentration data in water extracts result from
the presence of fine-grained silty sand beds located at between 30 and 40 ft bgs. Narrow distribution of
elevated uranium-238 concentrations found at relatively shallow depths suggests that uranium-238 is less
mobile than technetium-99 and nitrate.

Compared to the data obtained at borehole C5923, in general, the profiles of water-extractable
compositions for both boreholes C5923 and C7047 close to the 216-B-16 and 216-B-17 cribs are not
simple. Complicated profiles of water-extractable compositions in these two boreholes are attributed to
the effects of lateral spreading of penetrating waste plumes from the two cribs leading to a complicated
mixture from both the east and west directions. However, the profiles of major cation and anion
concentrations for these two boreholes are pretty much similar. Except for two peaks for nitrate and
sodium concentrations at 37 ft and 46 ft bgs in C5923, relatively higher concentrations of nitrate and
sodium are found in most of the sediments from C7047 rather than those in C5923. Higher
concentrations of wastes in sediments of C7047 are considered to result from the closer location of
borehole C7047 to the cribs. Distribution of technetium-99 concentrations at different depths is also
similar for the two boreholes except for the relatively higher concentrations of technetium found in the
shallow depth of C7047. The peak ionic strengths measured at borehole C7047 are also somewhat higher
at 1.4 M to 4.3 M in the thin concentrated lobes of the plume from 25 ft to 35 ft and 45 ft to 60 ft bgs,
respectively, than a peak ionic strength of 0.7 M to 3.1 M at the same range of depth in borehole C5923.
A significant difference was found in uranium-238 concentration in water extracts between boreholes
(C5923 and C7047. Although no detectable uranium-238 concentration higher than natural background
uranium-238 concentration was found in water extracts of C2923 borehole sediments at shallow depth
above 70 ft bgs, water extracts of C7047 sediments show a highly concentrated uranium-238
contamination in a shallow depth, especially between 30 ft and 40 ft bgs. The peak concentration of
uranium-238 in water extracts of C7047 sediments reaches up to 1.3 ug/g at 33.2 ft bgs. Considering that
more wastes were disposed of in the two nearest cribs, B-16 and B-17, and the closer location of C7047 to
those cribs, the high volume of waste plumes with elevated uranium concentration is considered to reach
C7047 borehole sediments. High concentrations of uranium-238 on C7047 sediments also indicate the
possibility of uranium remaining in waste solutions disposed of in BC Cribs and Trenches even after
uranium recovery processes. Although no sediment samples were collected below 70 ft bgs in C7047, the
higher concentration and greater volume of wastes found in pore water and sediments at C7047 can lead
one to expect deeper penetration of waste plumes in C7047 as was found in the nearby C5923 borehole.

3.2.3  8-M Nitric Acid Extracts and Gamma Energy Analysis Results

The amount of radionuclides extracted from the C7047 vadose zone sediment by 8-M nitric acid is
shown in Table 3.8 and Figure 3.5. The 8-M nitric acid extraction is a protocol used by the EPA to
estimate the maximum concentrations of regulated metals in contaminated sediment. Aliquots of
sediment from borehole C7047 were subjected to acid extraction to look for elevated quantities of
selected constituents and radionuclides. The concentrations of technetium-99 in acid extracts of C7047
are very similar to those of technetium-99 in water extracts. Similar distribution of technetium-99
concentrations in both water and acid extracts as well as the same maxima depths in C7047 indicate there
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is no water-resistant technetium reaction with sediments. Some vadose zone sediments have reported
higher technetium concentrations in acid extracts than in water extracts, which is attributed to stronger
binding of technetium with iron oxides on sediments. However, much higher concentrations of uranium-
238 were found in acid extracts of C7047 sediments compared to those of water extracts. The peak
concentration of acid-extractable uranium-238 is 3.4 ug/g at 33 ft bgs where the highest water-extractable
uranium-238 concentration is also found. Acid-extractable uranium-238 concentration also decreases
with the depth below 33 ft bgs, but the concentrations of uranium-238 in acid extracts are approximately
2.5 to 8 times higher than those in water extracts of sediments collected between 33 ft and 50 ft bgs.
Higher concentration of uranium-238 in acid extracts indicates that there are more water-resistant
uranium-238 phases, such as (co)precipitates and strongly bound uranium-238, in either mineral surface
or internal structure. Because of highly caustic waste solutions from the leaking storage tanks, the
presence of uranium-silicate mineral precipitates (boltwoodite and/or uranophane) is found in Hanford
200 Area sediments (Um et al. 2009). In addition, uranium incorporation within mineral structure or
sorption on fine-grained particles makes the mass transfer of uranium leach slowly in water extracts.
More detailed understanding of the uranium retention mechanism is required to identify uranium solid
phases and predict uranium desorption or leaching from the contaminated sediments.
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Figure 3.5. Acid-Extractable Technetium-99 (left) and Uranium-238 (right) in Sediments from Borehole
C7047 with Comparison of Water-Extractable Technetium and Uranium-238 from C5923
and C7047

Table 3.8. Acid-Extractable Radionuclides in Borehole C7047 Sediments

Sample Mid-Depth *Te 3y

(HEIS D) (ft bgs) (pCi/g) (ug/g)
BI1YRI1 22.5 3.31E-01 5.24E-01
B1YRH3-2 29.0 7.07E+01 5.79E-01
B1YRHS5-2 332 2.64E+01 3.36E+00
B1YR98 39.5 1.86E+01 2.58E+00
B1YRJ2-2 48.5 7.88E+01 1.65E+00
B1YRJ4-2 53.5 4.87E+01 1.60E+00
B1YRB7 60.0 6.98E+01 3.74E-01
B1YRH2 70.0 3.04E+01 4.24E-01
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Further, no elevated concentrations of other Resource Conservation and Recovery Act (RCRA)-
regulated metals and mercury were found. Because of the low detectable concentrations of those metals,
the results are not reported in this document. Wet chemical separations on acid extracts of the samples
were also performed to measure strontium-90 and nickel-63. However, the strontium-90 and nickel-63
activities were also all below detection limits in acid extracts.

Ten selected core samples in zones that contained high salt content in pore waters were directly
counted by GEA. Manmade fission products measured by GEA are shown in Table 3.9. One sample
measured at 46 ft bgs in the field showed a very minor amount of cesium-137 (0.2 pCi/g). However,
because the measured core samples in the laboratory did not show any detectable cesium-137 in
sediments collected at the depths close to 46 ft bgs (Table 3.9) and the values measured in the field were
very close to the detection limit of ~0.15 pCi/g, the detection of 0.2 pCi/g cesium-137 found at 46 ft bgs
in the field can be considered to the counting uncertainty. Table 3.9 shows that no other manmade
gamma-emitting radionuclides were seen in the sediments from C7047. The GEA of the selected grab
samples from borehole C7047 did show background activities of natural potassium-40 and daughter
products of natural uranium-238 and thorium-232. These results are also very similar to those found in
nearby borehole C5923.

Table 3.9. Manmade Fission Product GEA Data (pCi/g sediment) for Core Samples from C7047

HEIS # mid depth Co-60 Sb-125 Cs-137 Eu-152 Eu-154 Eu-155

(ft bgs) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

B1YRH4-1 31.3 <0.31 <0.79 <0.34 <1.02 <0.57 <0.83
B1YRHS5-2 33.2 <0.14 <0.39 <0.16 <0.48 <0.27 <0.38
B1YRH6-1 37.2 <0.14 <0.42 <0.15 <0.55 <0.29 <0.44
B1YRH7-1 39.0 <0.12 <0.40 <0.14 <0.54 <0.27 <0.44
B1YRH9-1 41.5 <0.12 <0.36 <0.14 <0.44 <0.24 <0.34
B1YRJO-2 43.7 <0.12 <0.35 <0.13 <0.45 <0.25 <0.37
B1YRJ1-2 46.1 <0.12 <0.38 <0.15 <0.44 <0.25 <0.35
B1YRJI1-1 46.6 <0.13 <0.38 <0.14 <0.52 <0.26 <0.42
B1YRJ2-1 49.0 <0.12 <0.35 <0.14 <0.42 <0.24 <0.34
B1YRJ4-1 54.0 <0.13 <0.35 <0.13 <0.49 <0.26 <0.40

<values = below level of quantitation.

3.2.4 Particle-Size Distribution of Sediments in Borehole C7047

Particle-size data for eight selected core samples were collected after measuring saturated hydraulic
conductivities for the same core samples. A dry sieving approach, rather than wet sieving, was adopted to
minimize waste generation. However, dry sieving is known to cause an over-estimation of the coarse
fraction, especially in sediments with high-fines content, because the fines can aggregate into sand and
fine pebble-sized particles (Serne et al. 2009). However, previous particle-size analysis using a laser for
the fine particles less than 63-um fraction for C5923 borehole sediments also produced very high-quality
data that showed good continuity with dry-sieve measurements (Serne et al. 2009). Figures 3.6 shows the
PSD data as determined by the weight percent passing each sieve plotted as a curve on a semi-logarithmic
scale for the C7047 core samples. The resulting data represent the percentage of particles retained and
passing through each sieve. The hydrometer method was used to quantify the silt and clay content for
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C7047 core sediments. Table 3.10 gives PSD information along with the modified Folk-Wentworth (Folk
1968, Wentworth 1922) classification for each composite sample.
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Figure 3.6. Particle-Size Distribution of the Selected Core Sediments from Borehole C7047. Lines with
symbols indicate date from sieve and lines without symbols are from hydrometer analyses

The data show that most of the core samples consist of a sand-size fraction, ranging from 58% to
90%, indicating a typical Hanford formation sand-dominated sequence. None of the samples contains
significant fine-grained particles (silt plus clay), and the silt/clay fraction (< 63-um) ranges from 9.9% to
32.5% with a mean of 14.9%. The silt content ranges from 4.2% to 28.5%, whereas the coarse fraction
ranges from 0% to 8.2%. The PSD, particularly of sand and silt fractions, has considerable practical
value for the development of a fate and transport model to design appropriate remedies for contaminants
in the subsurface environment, because both theory and experiments have shown that air and water
permeability as well as surface area are strongly related to the effective particle diameter. Compared to
PSD results from C5923, C7047 sediments show similar size fractions with less amounts of gravel (0—
8.2% in C7047 vs. 0-50% in C5923) and clay fractions (2.2—8.7% in C7047 vs. 1-12% in C5923).
However, more silt and sand fractions are found in sediments of C7047.

Because the dry sieve and the hydrometer methods measure two different aspects of the sample (e.g.,
the sieve method measures the amount of material smaller than a specific diameter, while the hydrometer
data measure the average diameter remaining in suspension), the two data curves in Figure 3.6 do not line
up perfectly for some samples. However, the differences between the two curves are not great and are not
expected to affect data analysis and future use.
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Table 3.10. Particle-Size Distributions as Determined by the Dry Sieve/Hydrometer Method for Core

Samples from C7047
HEIS # Mid Depth (ft bgs) Gravel (%) Sand (%) Silt (%) Clay (%)
B1YRH4-1 313 8.20 59.3 28.5 3.99
B1YRH6-1 37.2 1.48 80.4 13.2 3.81
B1YRH7-1 39.0 0.09 87.8 9.44 2.63
B1YRHO9-3 40.5 1.86 80.9 9.18 8.09
B1YRIJO-2 43.7 2.08 87.3 5.30 5.34
B1YRIJ1-1 46.6 7.31 83.6 6.65 2.46
B1YRIJ2-1 49.0 0.34 89.8 7.66 2.20
B1YRJ4-1 54.0 1.02 88.3 4.18 6.54

3.2.5 Specific Surface Area and CEC of Vadose Sediments from Borehole C7047

The specific surface-area data for the 10 selected core samples from C7047 are shown in Table 3.11.
Two additional core samples, BIYRH5-2 and BIYRJ1-2 at 33.1 ft and 46.1 ft bgs, respectively were
added and analyzed for SSA and CEC using bulk size-fractioned samples after measuring saturated
hydraulic conductivities. Because most of the sediment samples collected at the sediments below 20 ft
bgs in C7047 showed high salt contents, both before-washed and after-washed sediments using DI water
for couple of hours were used for SSA measurements.

The measured SSA ranged from 1.66 m*/g to 19.1 m*/g and 2.17 m?/g to 25.1 m?/g for before-washed
and after-washed sediments, respectively. A higher SSA result after the washing steps to remove pore-
water salts was found in most of the sediments collected at between 31 ft and 46 ft bgs where the fine-
grained silty beds are present. About a two times higher SSA value was found in after-washed sediment
at 40.5 ft bgs (B1YRHO9-3) compared to that of before-washed sample in which the highest clay fraction
(8.1 wt%) was found among the sediments studied (Table 3.10 and 3.11). Even though high ionic
strength was still found in the depth of 50 ft to 60 ft bgs, not much increased SSA values were found in
even after-washed sediments, indicating that the effects of high salt precipitates on SSA are more related
to the fine-grained particles. In general, SSA should increase with increasing clay and silt content and
decrease with sand content. The sediments which show most of noticeably increased SSA data in after-
washed step compared to those of before-washed sediments also have relatively high content of the silt
and clay fractions (12% to 28% at the depths of 30 ft to 40 ft bgs). The sediments collected at below 41 ft
bgs show about less than or equal to 11% of the silt and clay fractions, but no significant increase of SSA
values after the sediment-washing step. Compared to the SSA of C5923, the SSA values collected from
C7047 are similar, but show a little bit higher SSA values, especially on sediments collected at the
shallow depth above 40 ft bgs.
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Table 3.11. SSA and CEC for Borehole C7047 Vadose Zone Sediments

HEIS # Mid Depth SSA before SSA after CEC (%) after wash
(ft bgs) wash (m%/g) wash (m%/g) (meq/100g)
B1YRH4-1 31.3 15.4+0.069 18.7+0.111 27.34+2.21
B1YRHS5-2 33.1 11.5+0.050 17.7+0.107 18.3£1.15
BI1YRH6-1 37.2 19.1+0.089 25.1+£0.138 17.0£7.53
BI1YRH7-1 39.0 6.1940.042 6.24+0.037 14.6+6.06
B1YRH9-3 40.5 8.37+0.045 16.0+0.098 14.8+6.41
BI1YRJ0-2 43.7 4.89+0.022 6.88+0.040 9.72+1.12
B1YRJ1-2 46.1 1.71£0.017 4.06+0.028 8.11£1.07
B1YRJ1-1 46.6 5.27+0.030 4.67+0.026 8.54+0.42
B1YRJ2-1 49.0 2.96+0.030 2.66+0.029 13.0+6.83
B1YRJ4-1 54.0 1.66+0.011 2.17+0.043 9.31+0.69

Because the high sodium-nitrate pore-water precipitates impact both measurements of SSA and CEC,
the CEC values were measured using the after-washed sediments from borehole C7047. The measured
CEC values are shown in Table 3.11. The after-washed sediments usually show low CEC values
compared to those from sediments without rinsing in the C5923 borehole (Serne et al. 2009). The CEC
values ranged from 8.11 meq/100 g to 27.3 meq/100 g for sediments of C7047. Higher CEC values than
10 meq/100g were found at the depths between 31 ft and 41 ft bgs and at 49.0 ft bgs where most of high
ionic strengths were found. A high content of fine silt and clays are also found in this region. Compared
to CEC values in C5923 sediments, the CEC values of C7047 sediments are much higher than those
found in C5923 which ranged from 3.23 meq/100 g to 9.28 meq/100 g with a mean value of 7.16
meq/100 g.

3.2.6 Saturated Hydraulic Conductivity and Air Permeability of Sediments from
Borehole C7047

Table 3.12 shows the saturated hydraulic conductivity and air permeability data obtained from 8
selected cores from borehole C7047. The measured saturated hydraulic conductivity ranged from the
lowest of 2.55E-07 cm/sec at 40.5 ft bgs to the highest of 1.58E-03 cm/sec at 49.0 ft bgs with a mean of
3.73E-04 cm/sec. Only one sediment showed extremely fast hydraulic conductivity, 1.58E-03 cm/sec
(6.59 cm/hour) at 49.0 ft bgs. Most of the slow hydraulic conductivities found between 30 ft and 40 ft
bgs are related with the presence of fine-grained silt beds. Sediment collected at 40.5 ft bgs showed the
lowest hydraulic conductivity, because of the high content of clay fraction. Discharge versus hydraulic
head for all of the samples showed the expected linear response for heads between 5 cm and 30 cm, which
indicates the good quality of the data. Compared to the measured hydraulic conductivities of C5923,
borehole C7047 shows relatively lower hydraulic conductivities than those of C5923.
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Table 3.12. Saturated Hydraulic Conductivity and Air-Permeability Measurements for Borehole C7047
Vadose Zone Sediments

Saturated Hydraulic ~ Saturated Hydraulic Intrinsic Air Air
HEIS # Mid Depth Conductivity Conductivity Permeability & Permeability

(ft bgs) (cm/s) (ft/day) (m?) (cm/hour)
B1YRH4-1 31.3 1.11E-05 + 5.57E-07 3.13E-02 + 1.58E-03 2.03E-12 3.94E-02
BI1YRHG6-1 37.2 1.96E-05 + 5.19E-07 5.56E-02 + 1.47E-03 2.73E-10 5.27E+00
B1YRH7-1 39.0 3.62E-04 + 1.13E-05 1.03E+00 + 3.20E-02 1.16E-11 2.24E-01
B1YRH9-3 40.5 2.55E-07 + 6.43E-09 7.23E-04 + 1.82E-05 2.85E-11 5.51E-01
B1YRJO-2 43.7 1.53E-04 + 3.62E-06 4.33E-01 + 1.03E-02 1.41E-11 2.74E-01
B1YRJ1-1 46.6 8.43E-04 + 4.69E-05 2.39E+00 + 1.33E-01 1.20E-11 2.32E-01
B1YRJ2-1 49.0 1.58E-03 + 1.00E-04 4.48E+00 + 2.84E-01 2.78E-11 5.38E-01
B1YRJ4-1 54.0 1.42E-05 + 4.41E-07 4.03E-02 + 1.25E-03 1.36E-11 2.64E-01

Table 3.12 also presents a summary of the air permeability for core samples from borehole C7047.
Air permeability was measured at the antecedent moisture to gain insight into air permeability under field
conditions to provide realistic information for the design and operation of the soil desiccation systems that
is planned to be used at the BC Cribs and Trenches Area. The values presented in Table 3.12 represent
the intrinsic air permeability, k,, and equivalent air permeability value to the saturated hydraulic
conductivity (cm/hr). The intrinsic air permeability ranged from 2x10™* m* to 2.73x10™'° m* with a mean
value of 4.8x10™"" m*. The pneumatic conductivity ranged from 0.039 cm/hr to 5.27 cm/hr with a mean
value of 0.93 c/hr. Because the hydraulic conductivity of soil depends on properties of both the soil
matrix and moving fluid, the soil permeability is a function of the soil’s pore-space characteristics, that is,
porosity, pore-size distribution, pore shape, pore tortuosity, and connectivity (Serne et al. 2009). The
intrinsic air permeability is therefore a measure of the average cross-sectional area of the pores
conducting air in units of square meters and has shown somewhat of a correlation with saturated hydraulic
conductivity.

Samples showing high moisture content are considered to be typically finer in texture and show low
conductivities for both air and water than coarser and drier samples that show high conductivities for both
air and water. Sediment with the lowest hydraulic conductivity at 40.5 ft bgs did not show the lowest air
permeability among sediments collected in C7047. Lowest air permeability was found in the sediment
collected at 31.3 ft bgs in which a higher content of silt and clay fractions (32.5%) was found. However,
this sediment also had the highest gravel content, 8.2%, so that the measured hydraulic conductivity was
not the lowest among the collected sediments in C7047. Compared to measured air permeability values
in C5923, borehole C7047 showed similar but a little bit higher air permeability values than those of
C5923 sediments, especially those collected at shallow depths above 70 ft bgs. This contrary trend
between hydraulic conductivity and air permeability between the two boreholes is considered to result
from many unknown parameters affecting those measured values as described above. Nonetheless, these
data collected from the boreholes C5923 and C7047 provide an important database for field
measurements of air permeability to be used for desiccation treatability testing.
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4.0 Conclusions

This section provides a summary of the geochemical and hydrologic findings on the sediments
obtained from borehole 299-E13-65 (C7047) at the BC Cribs and Trenches Area. The physical and
geochemical properties were characterized for the selected grab and core sediment samples from borehole
299-E13-65 (C7047) to augment data previously collected from adjacent borehole 299-E13-62 (C5923),
which is located about 39.1 ft southwest of C7047 between the 216-B-16 and 216-B-17 cribs.

As a function of collection depths, the measured moisture content of C7047 has a profile similar to
that of C5923, but shows relatively higher moisture contents especially between 30 ft and 40 ft bgs.
Higher moisture contents are closely related to the presence of fine-grained silty beds in this depth range.
Because of their close proximity to C5923, the sediments collected from C7047 and C5923 show very
similar profiles of 1:1 water-extracted ions and radionuclides. However, higher pH, EC, ionic strength
values found in the sediments of C7047 are attributed to the closer location of C7047 borehole to the two
nearby cribs, 216-B-16 and 216-B-17 that were the major source of the liquid wastes that created the
vadose zone plume. The closer location of C7047 to the cribs causes more waste to contact the sediments
in C7047. Concentrations of mobile nitrate and technetium-99 either in pore-water solution or on
sediments of C7047 are similar to the profiles of those in C5923, except that higher concentrations are
found at shallow depths above 35 ft bgs in C7047. A highly contaminated uranium-238 plume was found
in C7047 at the depths of 30 ft to 40 ft bgs, consistent with elevated pH in pore water (> 9.0 pH) and
indicative of caustic waste plume contact with the sediments. The GEA of selected core samples did not
detect any discernable manmade gamma-emitting radionuclides. The total chemical composition of
selected sediment samples was measured by strong nitric acid extraction and the results also show no
measurable RCRA metals, mercury, and strontium-90 and nickel-63. The gross alpha and beta results for
the acid extracts did not show any signs of unaccounted for radioactivity beyond that found in the specific
analyses.

Hydrologic characterization results also show that most of sediments collected in C7047 consist of
sand-size fractions with varying amount of silt/clay and gravel contents. The PSD, especially silt/clay
contents, are considered to relate closely with surface area results, saturated hydraulic conductivity, and
air permeability values. Sediment collected at 40.5 ft bgs has high clay contents and exhibits the lowest
saturated hydraulic conductivity. Because of the effect of high salt concentration from penetrating waste
plumes, the pre-washing procedure is highly recommended to remove any remaining salt precipitates on
the sediments before measuring the SSA and CEC. Although the two borehole sediments studied show
similar hydrologic properties, relatively higher values of SSA, CEC, and air permeability were found in
C7047, while slightly lower values of saturated hydraulic conductivity were found in C5923.

Based on the geochemical and hydrologic characterization results, more waste liquids migrated
laterally through the shallow sediments at C7047 than at the more distant C5923 borehole. This study
provided additional geochemical and hydrologic data to increase our understanding of site sediment
characterizations and contaminant profiles prior to operating the SDPT in the BC Cribs and Trenches
Area. The sediments contaminated by highly elevated uranium-238 concentrations found between 30 ft
and 40 ft bgs need to be investigated more thoroughly using sophisticated techniques to unveil the
uranium-238 solid phases and understand mobility of uranium-238.
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Figure A.8. C7047 Geologic Log, Page 3
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Appendix B

Photographs of Sediment Samples Opened
in the Lab from Borehole 299-E13-65 (C7047) in the BC Cribs
and Trenches Area






APPENDIX B: Photographs of Sediment Samples Opened
in the Lab from Borehole 299-E13-65 (C7047) in the BC Cribs
and Trenches Area

Grab Samples from Borehole C7047 (299-E13-05) ....ocoviiiiiiiiiieieeieesieesee st ere et sieesneseveesveesses B.2
Core Samples from Borehole C7047 (299-E13-65)......ccciiriiiieiieiieeeeeeitetesee sttt B.15

B.1 Samples from Borehole C7047 (299-E13-65)

C7047 B1YR89 17.5 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth  Sample

B.3



4

25.0 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth  Sample

C7047 B1YR93 27.25 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth  Sample

B4



l'..:!:: ] J
C7047 B1YRH3-2 28.95 ft+ Core

Borehole ID Sample Number Best Est. of Interval Mid Depth SQmP|e

4

C7047 B1YRH4-2 30.75 ft Core

Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

B.5



C7047 B1YR95 31.75 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

4

4

C7047 B1YRH5-2 33.15 ft Core

Borehole ID Sample Number Best Est. of Interval Mid Depth SQmPIe

B.6



4

C7047 B1YR96 34.15 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth samp|e

4

C7047 B1YRH6-2 36.65 ft Core

Borehole ID Sample Number Best Est. of Interval Mid Depth SQmp|e

B.7
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C7047 B1YR97 37.65 ft 6rab
Borehole ID Sample Number Best Est. of Interval Mid Depth SGmple

C7047 B1YRH7-2 38.45 ft Core

Borehole ID Sample Number Best Est. of Interval Mid Depth scmp|e

B.§



\

C7047 B1YR98 39.45 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

4

— )

C7047 B1YRH8-2 40.95 f+ Core

Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

B.9



C7047

Borehole ID

Borehole ID

'B1YRBI

Sample Number

44 65 ft 6rab

Best Est. of Interval Mid Depth  Sample

B1YRJ1-2

Sample Number

46.05 ft Core

Best Est. of Interval Mid Depth  Sample

B.10



C7047 B1YRJ2-2 48.45 ft Core

Borehole ID Sample Number  Best Est. of Interval Mid Depth  Sample

C7047 B1YRB3 49 .45 ft 6rab
Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

B.11



T ———

Y e e 4
C7047 B1YRJ3-2 51.35 f+ Core
Bovenole 3D Sample Number Best Est. of Interval Mid Depth  Sample

\ & =
C7047 B1YRJ4-2 53.45 ft+ Core
Sorehnts XD Sample Number  Best Est. of Interval Mid Depth  Sample

B.12



C7047 B1YRB5 56.0 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth  Sample

C7047 B1YRB7 60.0 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth samplg

B.13



C7047 B1YRBS8 62.5 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth Sqmplg

el

C7047 B1YRB9 65.5 ft 6rab

Borehole ID Sample Number Best Est. of Interval Mid Depth Sample

B.14



—

B1YRCO 67.5 f+ 6rab

Sample Number Best Est. of Interval Mid Depth  Sample

—

B1YRH2 70.0 ft 6rab

Sample Number Best Est. of Interval Mid Depth  Sample

B.15



B.2 Core Sample used for Saturated Hydraulic Conductivity from
Borehole C7047 (299-E13-65)

B1YRH4-1 at 31.3 ft bgs

B1YRHG6-1 at 37.2 ft bgs

B.16



B1YRH7-1 at 39.0 ft bgs

B1YRH9-3 at 40.5 ft bgs

B.17



B1YRJO0-2 at 43.7 ft bgs

B1YRJI-1 at 46.5 ft bgs

B.18



B1YRJ4-1 at 54.0 ft bgs

B.19
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