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The successful application of electrical resistivity scans could significantly reduce the costs
and safety risks for characterizing the vadose zone. Direct soil/sediment sampling could be
focused by identifying important borehole locations, such as the lateral boundary of a targeted
COPC plume.

1.1.2 Decision Statements and Decision Rules

Decision statements are presented in the DQO to consolidate potential questions and alternative
actions. Decision rules are generated from the decision statements. A decision rule is an
“IF...THEN...” statement that incorporates the parameter of interest, unit of decision making,
action level, and action(s) that would result from resolution of the decision. Table 1-1 presents
the decision statements and decision rules that were identified in the DQO (SGW-32480).

The decision rules are not explicitly quant 1itive, because the purpose of the HRR evaluation is
to assess whether any correlation exists between electrical resistivity and soil/sediment analytical
data. No correlation between the two data sets would indicate that the electrical resistivity
geophysical method is not applicable to the purposes described in the decision statements. Data
generated for this SAP will be appropriately applied to the decision rules in Table 1-1.

1.1.3 Error Tolerance and Decision Consequences

As explained for the decision statements and rules, the electrical resistivity evaluation is based
on qualitative criteria rather than quantitative statistical analyses. The borehole locations and the
soil/sediment sampling and analyses plans are based on professional judgment for acquiring
information that will resolve the decision rules. Professional judgment included an evaluation of
electrical resistivity data and soil/sediment-sample analytical results from Borehole C4191,
which previously was drilled through Trench 216-B-26. Significant correlations were found in
Borehole C4191 between vadose-zone regions of low apparent electrical resistivity, as measured
by the electrical resistivity geophysical method, and soil/sediment concentrations of nitrate,
Tc-99, sodium, and other anions and cations.

1.2 PROPOSED BOREHOL .. LOCATIONS

Five boreholes in the BC Cribs and Trenches Area are proposed in the DQO (SGW-32480) for
collecting vadose-zone soil/sediment samples. The selected borehole locations are shown in
Figure [-1. The 3-D inverted electrical resistivity for each borehole is shown in a plan view
map, two vertical profiles, and a vertical electrical resistivity plot (except for Borehole E) in
Figures 1-2 through 1-20. The 3-D inverted electrical resistivity maps, vertical profiles, and
plots are the results of computer inversion modeling of electrical resistivity data that were
obtained from lines of electrode arrays placed on the ground surface in the BC Cribs and
Trenches Area. The electrical resistivity data were collected during three series of geophysical
surface surveys in fiscal years 2004, 2005, and 2006 (D&D-31659, Geophysical Investigations
by High-Resolution Resistivity for the BC Cribs and Trenches Area, 2004-2006).
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The 3-D inversion models identified regions of low electric: resistivity in the vadose zone that
are the basis for selecting the five borehole locations (Boreholes A through E). The electrical
resistivity geophysical method is described in Appendix A. Each borehole location is intended
to test electrical resistivity data interpretations under differing conditions, such as the lateral
edges and deeper extent of low electrical resistivity zones. Professional judgment was applied to
the 3-D inverted data to select the number and locations of - : boreholes.

Soil/sediment sampling is planned at closely spaced depth intervals in each orehole. Analytical
data from the borehole soil/sediment samples will be compared to existing corresponding

(i.e., co-located) electrical resistivity data to address the principal study questions identified in
the DQO (SGW-32480), and the decision statements and decision rules in Table 1-1. The
planned an: rses of the soil/sediment samples are described in Chapter 3.0 of this SAP. Samples
that are not analyzed will be stored for future use.

1.3 SUMMARY OF DATA QUALITY
OBJECTIVES (SAMPLING DESIGN)

This section presents a summary of data required to evaluate the electrical resistivity geophysical
method and to address the decision statements as presented in the )O (SGW-32480). The data
will be obtained by analyzing vadose-zone soil/sediment samples from five proposed boreholes
to be drilled in the BC Cribs and Trenches Area during calendar year 2007. Selected
soil/sediment samples from each borehole will be analyzed for the parameters that are required to
evaluate the electrical resistivity data. The required soil/sediment-sample analytical results will
be compared to existing co-loc ed electrical resistivity data to address the decision rules in
Table 1-1. The soil/sediment-sample analyses for electrical resistivity evaluation and the reasons
for the analyses are summarized in Table 1-2. A detailed sampling design is presented in
Chapter 3.0 of this SAP.

Additional analyses may be applied to selected soil/sediment samples to acquire data for
purposes other than electrical resistivity evaluation, such as refinement and updating of the
vadose-zone CSM. This SAP primarily addresses the sampling and analytical requirements for
evaluating electrical resistivity data.  able 1-3 summarizes additional analyses for vadose-zone
characterization and CSM enhancement.

Table -4 presents the selected analytical methods that will meet the analytical performance

re iirements. The analyses identified in Table 1-4 will be completed by an analytical laboratory
and will include the laboratory quality control (QC) requirements specified in Section 2.2.6 of
this SAP. Table 1-5 lists the quick-turnaround laboratory methods that will be used to aid in
selecting soil/sediment samples for analyses and determining the total depth of each borehole.

Figure 1-1 shows the location of the five proposed boreholes (Boreholes A through E) that are
the subject of this SAP. The general stratigraphy underlying the 200 Areas of the Hanford Site is
presented in Figure 1-21.
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1.4 TARGETED PARAMETERS

The targeted parameters for evaluating electrical resistivity as a vadose-zone characterization
tool include risk-based and other COPCs, anions and cations, and geochemical and physical
soil/sediment properties. Nonradionuclide and radionuclide lists of COPCs for the BC Cribs and
Trenches Area are shown in  ables 3-1 and 3-2, respectively, of DOE/RL-2004-66, Focused
Feasibility Study for the BC Cribs and Trenches Area Waste Sites. Additional COPCS are
included in DOE/RL-2004-66 in Figures 2-4, 2-10a, 2-10b, and 2-11.

The risk-based COPCs in Tables 3-1 and 3-2 of DOE/RL-2004-66 (i.c., nitrate, selenium,
uranium, Cs-137, Co-60, Pu-239/240, Sr-90, and Tc-99) were retained as targeted parameters.
The remaining COPCs in Tables 3-1 and 3-2 and Figures 2-4, 2-10a, 2-10b, and 2-11 of
DOE/RL-2004-66 were screened for those that are either detectable by electrical resistivity
surveys or associated with analytes that are detectable by electrical resistivity (i.e., COPCs with a
low partition coefficient). The resulting COPCs then were screened for those that are found in
the BC Cribs and Trenches Area at relatively high concentrations or activity levels, and are
thereby capable of significantly contributing to the measured electrical resistivity signal. The
screening information and rationale for including or excluding each COPC as a targeted
parameter are shown in Table 1-6.

Table 1-7 summarizes the final set of targeted parameters for analyses of borehole soil/sediment
samples to evaluate the electrical resistivity geophysical method. The targeted parameters are
identified in the DQO (SGW-32480). The reason for measuring each targeted parameter for
electrical resistivity evaluation is included in Table 1-2. Additional analyses for irther
characterization of the vadose zone are shown in Table 1-3. Further explanation of the electrical
resistivity evaluation and vadose-zone characterization parameters is provided in Section 3.2.2 of
this SA
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2.43 Reconc ation with User Requii nents

The determination of data usability will be documented in the data-quality assessment report.
The data-quality-assessment process is defined in EPA/24  B-06/002, Data Quality Assessment:
A Reviewers Guide, EPA QA/G-9R. The EPA data-quality-assessment process will be used for
oratory data. The analytical data will be reviewed to determine whether DQOs are met for

prec Hn, accuracy, and completeness. The quality and quantity of the borr  e: lytical data

";0 will be reviewed to determi  whether conclusions may be formed reg  ng correlation of
the analytical data and co-locate lectrical resistivity data. Verified and/or validated data will
be reviewed to assess their usability. TI BC Cribs and Trenches Area Task Leadisrw  onsible
for ensurir  that the data-quality assessment is performed. The data-quality assessment results
will be reported to the BC Cribs and Trenches A1 Task Lead.
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Al.2 DEPTH OF INVESTIGATION

The depth of investigation stems from a need to relate a measurement made at the surface to
some particular depth in 't that survey parameters can be optimized for target identification
(Barker, 1989, “Depth of  estigation of Collinear Symmetrical our-1 :ctrode Arrays.”
Before tomographic inversion was common practice among geophysicists to estimate the true
resistivity from measured apparent resistivity, apparent resistivity pseudo-sections were used
primarily for interpretation of subsurface electrical anomalies. Field practitioners became quite
efficient at locating the depth to specific targets, such as ore bodies. The presentation of the
pseudo-section is impo nt in these regards. Additionally, the pole-pole array, above all others,
provides the weakest edge effects, thereby facilitating the direct interpretation of these data more
rc ably (Robain et al., 1999, “The Location of Infinite Electrodes in Pole-Pole Electrical
Surveys: Consequences for 2D Imaging”).

The traditional linear pseudo-section of Hallof (1957) has limitations with respect to a physical
meaning of the earth. Therefore, many researchers have taken a closer examination of the
plotting method to allow for a more reasonable geological interpretation. The most widely
accepted depth of investigation studies are those presented by Roy and Apparao (1971),

Roy, 1972, “Depth of Investigation in Wenner, Three-Electrode, and Dipole-Dipole DC
Resistivity Methods,” and Koefoed, 1972, “Depth of Investigation in Direct Current Methods,”
who defined a depth of investigation characteristics (DIC) model for determining the depth of a
measurement. The DIC was termined by finding the depth at which a thin horizontal layer
within a homogeneous background makes the maximum contribution to the total measured signal
at the surface. The results were consistent in that the depth of investigation is a nearly
logarithmic fi :tion of electrode spacing, regardless of how the depth of investigation is defined.
This suggests a modification of the linear pseudo-section (Edwards, 1977, “A Modified
Pseudosection for Resistivity and IP,” and Fink, 1980, “Logarithmic Pseudosections”).

Figure A-3B shows an example of a nonlinear pseudo-section, based on a logarithmically-based
depth interpretation based on the electrode separation.

To facilitate the nonlinear depth plotting of apparent resistivity data, a function of the logarithm
of the n-spacing value can be used. The coefficients of the function usually are determined by
using collocated borehole data or based on standardized values developed over years of
experience. The consequences of a nonlinear pseudo-section are shown in Figure A-3B, where
the resistivity values near the surface are pushed deeper relative to e linear pseudo-section and
the deeper resistivity is pulled up relative to the linear pseudo-section. At one point, the two
plotting strategies have the same depth location for a given electrode separation.

A2.0 TWO- AND THREE-DIMENSIONAL RESISTIVITY INVERSION

Typically after data collection, the apparent resistivity data are run through an inversion routine
to estimate the true resistivity values that give rise to the measured resistivity. These models are
based on either finite element or finite difference. In any case, the inversion method is nonlinear
and requires an iterative solver. During the iterations, distributions of true resistivities are
estimated and the forward model calculates the voltage at the surface coincident with electrode
locations. The differences between measured and modeled voltages are compared, and
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To demonstrate the vertical smearing effects more concretely, Figure A-5 includes vertical
resistivity slices at 81 m along the transect for both sets of inversions and for all three target
models examined. In all three models, the minimum resistivity value is closer to the surface for
the inversion results than the nonlinear pseudo-section, but not as close as the linear
pseudo-section. Another m: Hr observation is that the gradient of resistivity is more
asymmetrical for the inversion, where the change in resistivity to define e target is high close
to the surface and low at depth. With these simplified models, it appears that the apparent
resistivity may prove to be a useful tool for preliminary interpretation of simple discrete
subsurface targets before inversion. Furthermore, if external information exists such as borehole
information, the pseudo-depth can be converted to a depth that is closer to the target horizon.

Figure A-5. Vertical Slices for Comparison of Interpretation Algorithms Including
Pseudo-Section Apparent Resistivity and Inverted True Resistivity
for a Discrete Conductive Target at A) 10 m Belowground Surface,
B) 20 m Belowground Surface, and C) 30 m Belowground surface.
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A2.1 BCCRIBSA!)™ T. NCHES ATTA
__ECTRICAL RESISTIV ( DATA

The electrical resistivity data for the BC Cribs and Trenches Area were processed with
EarthImager 3DCL, Version 1.0  a three-dimensional (3-D) inversion computer program. The
electrical resistivity data for the BC Cribs and Trenches Area were divided into four geographic
subsets as shown on the borehole location maps in this sampling and analysis plan. Each
geographic subset then was processed with Earthimager 3DCL. The results of the 3-D inversion
processing are shown on the location maps and vertical profiles for the five proposed boreholes.
The 3 ) inverted data are the primary basis for selecting both borehole locations and the planned
depth intervals for analyzing soil/sediment samples.

Apparent electrical resistivity (i.e., “high resolution resistivity”) data for the BC Cribs and
Trenches Area previously were correlated with laboratory analytical data from Borehole C4191,
which was drilled in Trench 216-B-26. Depth distribution profiles for selected analytes in
Borehole C4191 are shown in Figure 1-21 of this SAP. The apparent resistivity, 3-D inverted
resistivity, and nitrate concentrations for Borehole C4191 are compared in the vertical profile in
Figure A-6. The vertical profile illustrates a strong correlation between relatively high nitrate
concentrations and both apparent and inverted electrical resistivity data. The measured electrical
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