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SUMMARY

This administrative report documents “best practices” for the collection and analysis of
electrical resistivity imaging (ERI) data and presents a demonstration of these best practices at
the Eastland Woolen Mill Superfund Site, Corinna, Maine. With recent advances in ERI
technology and software, the state-of-the-art for data acquisition and analysis has evolved
rapidly. Practitioners are faced with numerous choices in selecting acquisition and inversion
parameters, some of which can affect results substantially. Here, we propose a series of
guidelines to (1) enable the design of robust survey geometries, (2) inform selection of
acquisition and inversion parameters, and (3) document proper data collection, quality-assurance
and quality-control, and analysis procedures. Although this report focuses on cross-hole ERI, the
guidelines presented are, in many cases, also relevant to ERI conducted with electrodes at ground
surface. We use these guidelines to collect, analyze, and interpret data from the Corinna site. Our
experimental results indicate only weak correlation between resistivity anomalies and hydraulic
features identified previously in borehole logs. Based on analysis of reciprocal data and inversion
sensitivity, the Corinna dataset contains substantial noise and error.



1. BACKGROUND ON ELECTRICAL RESISTIVITY METHODS

Electrical resistivity imaging (ERI) is a direct-current (or low-frequency alternating-
current) method that can be used to estimate the distribution of electrical resistivity under the
assumption of electrical isotropy and scalar quantities in the subsurface. Bulk resistivity is
directly related to rock type, porosity, ionic strength of the pore fluids, and surface conductivity
of geologic materials. Although water in its pure state is non-conductive, the presence of
chemical salts in solution produces a conductive electrolyte detectable with resistivity methods
(Zohdy and others, 1974). ERI is therefore sensitive to the presence of moisture, changes or
contrasts in ionic strength of pore fluids, porosity, and lithology.

To collect the requisite resistance measurements in the field, a series of electrodes are
attached to a resistivity control unit, which consists of a current source (for example, deep-cycle
battery), voltage meter, current meter, and multiplexers for multi-channel data collection.
Electrodes are commonly stainless-steel or graphite. Steel electrodes tend to be more durable,
whereas graphite electrodes resist corrosion.

Resistance data are collected by establishing an electrical-potential difference between
two source electrodes and measuring the resultant potential distribution at two or more receiving
electrodes. This procedure is repeated for as many combinations of source and receiver electrode
positions as desired, and usually involves the acquisition of many hundreds or thousands of
multi-electrode combinations.

For a given current, the voltages between one or more pairs of electrodes are measured.
The physics underlying ERI is described by the Poisson equation:

V-oVg=15(X=X,, Y- Y, 2-1,) 1)
subject to boundary conditions, where
o is the electrical conductivity, an instrinsic property of the material;
@ is the electrical potential;
I is the electrical current source;
o is the Dirac delta function;

XY, Z are the spatial position vectors; and
Xs, Ys, Zs ~ are the spatial coordinates of the current source.

Equation 1 can be solved as the forward problem for potentials, which would be
measured in the field. It is possible to calculate resistance as the difference in potential (i.e.,
voltage, V) divided by the applied current. Equation 1 assumes equilibrium electrical conditions
and includes neither transient effects (induced polarization) or current sources other than
electrodes (e.g., spontaneous potentials). For efficient inversion of two-dimensional (2-D) cross
sections, it is common to simulate three-dimensional (3-D) current flow under the assumption of
2-D heterogeneity (LaBrecque and others, 1996).

Each measured resistance is a function of the electrical properties of both solids and
liquids in the system (Keller and Frischknecht, 1966). Resistance is not an intrinsic property of a
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rock or soil; rather, it depends on the geometry of, and distance between, electrodes used for
measurement. For example, the resistance across 100 m of homogeneous copper wire would be
100 times the resistance across 1 m of the same wire. The relevant intrinsic property is
resistivity, p, (or its reciprocal, electrical conductivity, o) where p =KV/I and K is the geometric
factor describing the measurement configuration, as explained in detail in Section 2. It is
important to note that the raw measurements made by resistivity instrumentation are voltages,
which are divided by the applied current to produce resistance values. Various software packages
take as input resistance data or apparent resistivity data.

In field surveys and in the presence of heterogeneity, the volume of earth sampled by a
particular resistance measurement is unknown, and conversion from resistance to resistivity
requires inverse modeling. Depending on the survey geometry (i.e., number and placement of
electrode cables), inversion can produce 2- or 3-D tomograms, where each tomogram shows the
subsurface distribution of electrical resistivity. Electrical imaging is possible at the sub-meter to
tens-of-meters scale in practical field-scale investigations, and can be used to reveal static
properties such as subsurface structure, as well as temporal changes in moisture and (or) pore
fluid salinity. The depth of penetration of the current depends on the electrical resistivity of the
subsurface, the spacing of the electrodes, and local noise, and is, therefore, difficult to quantify
exactly or to predict prior to data collection and analysis. Many surface studies, however,
successfully image resistivity to depths of a few tens of meters below ground surface, and cross-
well studies commonly use wells with offsets of similar scale.

ERI has a number of advantages over other geophysical methods for hydrological studies:
(1) many hydrological features, such as clay layers, variable moisture content, high salinity, etc.,
manifest detectable resistivity contrasts; (2) instrumentation is relatively inexpensive, robust, and
easy to operate; (3) instrumentation, particularly for surface imaging, is mature and available
commercially; and (4) resistivity measurements are amenable to automation, allowing for long-
term, continuous, cost-effective monitoring. Resistivity imaging suffers from a number of
disadvantages, however, including (1) direct contact with the subsurface is needed, which is
problematic in areas with resistive ground cover such as highways, permafrost, etc.; (2) electrode
array deployment requires significant labor, particularly for long (several 100 m) arrays; (3)
depending on instrumentation and number of electrodes, data collection can be slow and can
limit monitoring of rapid dynamic processes; and (4) processing of data, despite commercially
available code, requires substantial user knowledge if quantitative, rather than qualitative,
interpretation of hydrogeologic processes is required. Currently, there exists no American
Society for Testing and Materials (ASTM) or community-accepted quality assurance and quality
control (QA/QC) standards for electrical resistivity tomography, hence the need for the best-
practices guidance documentation presented here. Below, we outline a set of best practices for
ensuring, to the extent possible, high-quality ERI data and inversions that can be used to estimate
hydrologic properties and processes.



2. SURVEY DESIGN

Historically, ERI data were collected using a fixed set of geometries (for example,
Wenner, Schlumberger, or dipole-dipole arrays) because scientists moved the two current and
two potential electrodes by hand, and used simple geometries where analytic methods could be
used to estimate the subsurface resistivity without complex inversion (for example, Zohdy and
others, 1974). Such work was highly labor-intensive and time-consuming. Although there
remains considerable labor involved in initial deployment of cables, the advent of multi-node
cables (i.e., cables with tens of electrodes) and multi-channel instrumentation enables much
faster data collection. Furthermore, modern inversion software is capable of processing ERI data
in minutes on a low-end PC, and does not require that electrode arrangement correspond to any
of the traditional, standard array types (for example, Schlumberger, Wenner, dipole-dipole).
Whereas selection of an ideal geometry has been the subject of past research (Furman and others,
2003, 2004; Stummer and others, 2004), the ability to resolve properties in the subsurface is
dependent on the electrical conductivity of the subsurface, which is unknown (Day-Lewis and
others, 2005). For cross-well tomography, where the electrodes are deployed within a series of
wellbores, we suggest the use of a mixed survey geometry combining in-well and cross-well
dipoles; i.e., with current pair in one well and potential pair in a second, as well as with current
and (or) potential pairs split between wells. In-well dipoles are sensitive to targets located near
boreholes, but do not provide much information farther from boreholes. On the other hand,
cross-well dipoles are more sensitive to targets located farther from wells (Day-Lewis and others,
2007). The combination of these geometries provides an effective coverage of the subsurface;
however, the number of possible combinations of quadripoles, given n electrodes, is n!/(n-4)!
which is far too many measurements to possibly collect in the field given the memory constraints
of most resistivity meters and the time required to collect the data. Depending on the instrument
used, how quickly it can acquire data, and the decision whether or not to collect time-lapse data,
we select an appropriate number of quadripoles given two criteria: geometric factor and accuracy
of forward modeling. We note that in order to collect quality cross-hole data, the boreholes
should be twice as deep as they are far apart. Also there is a limit on the wellbore spacing that is
governed by the resistivity of the earth materials and the capability of the equipment to inject
current.

2.1. Selection of geometries with small geometric factors

We introduce the concept of the geometric factor in the context of surface arrays, rather
than cross-hole arrays, because the underlying math is simpler and we expect many readers are
already familiar with surface arrays. Assuming a homogeneous half space, the geometric factor,
K, for every quadripole involving current electrodes A and B and potential electrodes M and N, is
calculated for surface arrays using the well-known equation:

27
K== 1 1 1 (2)

- +
AM AN BM BN

where AM, AN,BM, BN are the distances between electrodes A and M, A and N, B and M, and
B and N, respectively. The geometric factor accounts for the arrangement of electrodes and

4



allows one to calculate an apparent resistivity, p,, from measured resistance data, as p, = K V/I,
assuming a homogeneous earth. Of course, were the earth homogenous, we would not need
geophysics, so this assumption is never met. Nonetheless, it is useful to consider apparent
resistivity, which, having the same units as the intrinsic property being estimated, is more
intuitive and easily examined for error than raw resistance values (V/1).

For cross-hole geometries, the electrodes are located within the half-space rather than at
the boundary at the earth’s surface. In this case, use of equation 2 would not account for the no-
flow condition at the earth’s surface. To account for the effect of the boundary on cross-hole
measurements, the “method of images” from optics is commonly invoked. This approach is
analogous to the use of “image wells” in ground-water hydrology for analytical modeling of
aquifer response to pumping. Here, imaginary “image electrodes” are introduced on the other
side of the boundary, equidistant from the real current electrodes, to mathematically produce a
no-flow condition at the earth’s surface:

4
K== 1 1 1 1 1 1 1 (3)
+ +

+ N — — — _ —
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where “image” indicates image electrode.

Quadripoles with large geometric factors may produce small voltage differences, which
are prone to error. In other words, the conversion of measured voltages to apparent resistivity is
subject to larger error for data with high geometric factor. A critical cutoff is determined based
on the average expected electrical conductivity of the field and the instrument specifications.
Figure 1 illustrates how error in measured voltage translates into error in calculated apparent
resistivity as a function of K, holding I constant at 50 mA and assuming a 1-microvolt (uv)
instrument error. In practice, larger errors may occur.
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Figure 1. Apparent resistivity error, as a percent of the true apparent resistivity, as a function of geometric
factor for three different values of resistivity (50, 500, and 5,000 ohm-meters (Q-m)), assuming the

voltage error is 1 microvolt and the applied current is 50 milliamperes.



2.2. Forward modeling

In designing ERI surveys, forward modeling is a powerful tool. Forward modeling codes
are commonly based on finite-difference or finite-element solution of the electrical conduction
equation (eqn. 1). Given a hypothetical target (fig. 2a), it is possible to simulate synthetic data for
different survey geometries and noise levels for a given discretization of equation 1; these
predicted data can be inverted to generate tomograms (fig. 2b). Such exercises provide insight
into the resolving power of different survey geometries. In the example of figure 2, a cross-hole
resistivity survey is conducted for a cross section containing a single, large (25-cm) fracture zone
and no other heterogeneity. Assuming a low-noise dataset, 2 percent random normal error are
added to the data. The resulting tomogram provides only a blurry and blunted image of the true
resistivity distribution, and interpretation of the location and extent of the fracture zone is
complicated by the limited resolution. If other heterogeneity existed in the cross section (for
example, lithologic or porosity variation), or if the fracture zone were a single fracture (perhaps
2.5 mm instead of 25 cm), it might not be possible to identify the fracture at all. By considering
different input models, or targets, it is also possible to gain insight into how resolution varies
spatially over a tomogram.
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Figure 2. (a) Hypothetical electrical resistivity cross section, and (b) resulting tomogram. Because
of the limited resolution of the survey, the tomogram is a blurred, blunted version of reality.

In inversion codes, forward models are used within an optimization framework to
calculate predicted data for comparison with observed data. Depending on the discretization of
the finite-difference grid or finite-element mesh, some quadripoles may model poorly; i.e., the
inverse model would not be able to accurately match these data. Forward model accuracy thus
provides another factor to consider in designing survey geometries—we can eliminate
quadripoles from our geometry that will not model well and would, ultimately, be edited during
inversion assuming we use the same parameterization of the numerical model. For example, we



can forward model all candidate quadripoles assuming a 100-ohm-m (Q-m) background, and
calculate the apparent resistivities given the geometric factors calculated analytically above.
Quadripoles that do not model well are not collected in the field. The discretization of the mesh
and the location of the boundary conditions should be refined if problems exist or too many data
are eliminated in this manner. As a rule of thumb, grid spacing near electrodes should be finer
than one half of the electrode spacing. Grid spacing can be coarser further from electrodes.
Commonly, grid spacing is increased by a factor of less than 1.5.

Once we have created the survey geometry for data collection and tested it with a forward
model, we can head to the field and deploy the electrodes.

3. COLLECTION AND VERIFICATION OF FIELD DATA

Commercially available multi-node resistivity systems commonly accept input files
listing which quadripoles to collect. These files are variously referred to as “sequence,”
“command,” or “schedule” files. In addition to quadripoles collected for inversion, it is highly
advisable to collect (1) electrode contact resistance measurements, (2) repeat measurements, and
(3) reciprocal measurements, which together allow the user to determine the quality of the data
both in the field and later during analysis back in the office.

3.1. Contact resistance

Resistance checks should be run on the electrodes prior to data collection to assure that
contact resistances are not too large. In surface arrays, it is possible to add saltwater around
electrodes to improve contact resistance, but this generally is not possible for cross-hole arrays.
We generally use cutoffs of 50 kiloohms (kQ) for borehole data or 20 kQ for surface data. Higher
values may indicate that limited current can be injected for that electrode pair. Contact
resistances should be recorded manually if not automatically recorded by the instrument
software. Contact resistance values can provide a basis for editing data associated with particular
electrodes that are malfunctioning or in poor contact with the formation.

3.2. Stacking

It is common practice for most commercial systems to collect each quadripole several
times and average the results. This procedure is referred to as “stacking.” Although collection of
repeat measurements increases duration of the survey, this extra time is well worthwhile.
Stacking serves to improve the signal-to-noise ratio because random noise is averaged out. In
addition, the standard deviation of the repeat measurements (i.e., the stacking error) provides a
means to quantify error and define data weights for inversion. Stacking errors are useful in
QA/QC and form another basis for editing datasets prior to inversion. The number of repeat
measurements should be recorded on field data collection forms if not recorded by the software.
In some cases, the number of repeat measurements is determined by calculating the running
stacking error, with more repeats collected for measurements with larger error.



3.3. Reciprocal measurements

A reciprocal measurement involves swapping current and voltage electrode pairs. In other
words, electrodes A and B are swapped with electrodes M and N such that K remains the same.
Theoretically, the reciprocal measurement should yield the same apparent resistivity as the
original measurement. The standard deviation of reciprocal measurements is termed the
“reciprocal error,” which provides a measure of instrument error and nonlinear effects in
violation of equation 1. In general, reciprocal errors are larger than stacking errors, and it is
commonly thought that reciprocal measurements provide a better quantification of noise than
stacking errors (Binley and others, 1995). For QA/QC, reciprocal errors may be used instead of,
or in addition to, stacking errors, and are preferred for calculation of weights for inversion.
Collection of reciprocal measurements tends to be slow relative to collection of stacked
measurements, as the switching mechanism in the control unit must change which electrodes are
being used for current and voltage pairs. To collect a reciprocal measurement involves an
electronic switch between electrodes, which can take on the order of a second for modern
systems, whereas a repeat measurement requires no switching and takes on the order of 50 to 500
ms depending on the pulse duration, as explained in Section 3.4.

Reciprocal measurements should not be collected immediately after their associated
measurements, as polarization of the electrodes may affect the resultant measurement. Such
effects generally dissipate in a few seconds. Reciprocal measurements are best collected (1)
interleaved throughout the measurement sequence file, or (2) following regular data collection,
depending on whether time-lapse processes are being considered, and the subsequent time lag
between the “normal” and “reciprocal” measurement. For investigations of time-varying
processes, the first strategy is preferred; otherwise, meaningful temporal changes would appear
as error.

3.4. Pulse duration

On some instruments, the duration of the current injection can be selected by the user.
Commonly, pulse duration varies from 250 ms to several seconds. Lower pulse duration results
in shorter data acquisition time. Pulses on the order of 250 ms may be acceptable in conductive,
low-clay media; in the presence of clays and induced polarization, however, longer durations
may be required to achieve equilibrium voltages. The length of the pulse duration can be varied,
and surveys repeated, to determine the minimum duration necessary to achieve good data.

3.5. Notes on field conditions

Notes on the location of electrical lines, radio transmission towers, known metallic
objects, topography, and weather should be collected at each field site, as should decisions about
the QA/QC procedures above. The battery voltage should be checked and recorded, as should the
position of the electrodes, how their position was determined (tape, GPS, etc.), and how the
electrodes were deployed and (or) built. Information on well construction (casing length, total
depth, borehole integrity, presence of monitoring equipment, etc.) should be known prior to
installing cables and injecting current. Some commercially available systems provide a test



resistor to verify the correct operation of the instrument. Results of this test, if performed, should
be recorded.

3.6. Checks for outlier data

In cases where time-varying processes are not expected to occur, replicate datasets should
be collected to quantify error in measurements, and to check for poorly performing quadripoles,
which may be removed. Apparent resistivities should match within a few percent, if not better. In
the case of time-lapse imaging, collecting multiple background datasets can be useful for
determining systematic errors and is generally worth the time, as the most time-consuming part
of resistivity data collection usually is deploying the electrode strings. Note that the resistance
measurements can be both positive and negative (as geometric factors can be positive or
negative), but apparent resistivities should be positive in most circumstances. In cases of extreme
layering or certain electrode arrangements, negative apparent resistivities may result. For this
reason, it is important to collect signed voltages in the field.

4. DATA INVERSION

Once the data are collected, the resistance data are inverted to make electrical resistivity
images. A variety of public domain and commercially available inversion codes are in use within
the geophysical community. Most codes follow similar inversion approaches, which are based on
quasi-Newton algorithms. Depending on selection of modeling and inversion parameters, these
codes can be made to produce similar results; default values differ greatly, however, and it is not
always clear how parameters are used within the inversion. Selection of many of these
parameters can be somewhat subjective, and guided by the geophysicists’ intuition or prior
knowledge of the site geology or the nature of the targets. For example, in a layered system, one
might choose to apply anisotropic smoothing, which will result in a tomogram that has a layered
character. For results to be reproducible, it is critical to (1) report all parameter selections and
default values; (2) document the algorithm used by the software; and (3) archive a copy of the
software code or executable. Justifications of parameter choices should also be documented.

We note that, in general, a number of issues complicate interpreting images from
electrical resistivity inversion: there is not enough information to uniquely determine all the local
bulk resistivity parameter values because a finite number of resistance measurements are
collected; data errors create ill-conditioning; and calculating the true distribution of resistivity in
the subsurface is a highly non-linear problem because the current paths through the medium are
dependent on the resistivity structure, as has been described elsewhere (Day-Lewis and others.,
2005; Singha and Moysey, 2006). Most tomographic problems in geophysics are solved with an
excess number of model parameters and use regularization to create a mathematically stable
solution (e.g., Constable and others, 1987). Due to these issues, this problem is solved using
iterative inversion (Tripp and others, 1984; Daily and Owen, 1991). The solution to the inverse
problem is a map of electrical resistivity values and is usually based on non-linear least-squares
minimization of a two-part objective function. The first part is the misfit between the predicted
and measured resistance values. This part of the objective function minimizes the discrepancy
between field resistance data and the computed resistances based on Poisson’s Equation (eqn. 1).
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The second part is the regularization term, which minimizes the roughness of the electrical
resistivity field and allows for well-posedness of the inverse problem. For resistivity inversion,
this objective function, F, is given by

F - (d-g()) C2 (@ g(m))+am DD @

where
is the vector of electrical resistance measurements;

() is the forward model for electric potential (egn. 1);
is the vector of parameter estimates, (log electrical conductivity or
resistivity);

, Isthe covariance matrix of measurement errors;

a is the regularization parameter that determines the importance given to the
smooth appearance of the electrical conductivity field relative to the misfit
between calculated and observed resistances; a small a will minimize the
residual error between measured and modeled resistances but may not

converge to a unique solution, whereas a large o will identify an overly
smooth electrical conductivity field that may not fit the measured field
data (resistances) well (see, for example Tikhonov and Arsenin, 1977);

o =

@)

and
D is the model-weighting regularization matrix, which can be defined by
either a discretized second-derivative filter or the covariance of the model
parameters (Tarantola, 1987; Gouveia and Scales, 1997; Kitanidis, 1997;
Vasco and others, 1997; Day-Lewis and others, 2003).

The model parameters are updated in an iterative fashion by repeated solution of a linear
system of equations for Am at successive iterations. Such an approach results in the
regularization changing throughout the iterative process. This issue makes it difficult to map the
effect of regularization throughout the inversion process, and consequently impairs quantitative
inference from the images. The update appears like the following:

[07C2d +aD'D] A =J"CZ(d-g(,,))-aD'Dm,, (5a)
m, =m,_, + Am (5b)
where
J is the Jacobian matrix, with elements J, = adi/arﬁj ;
d : is the calculated value of measurement i;
m, isthe vector of parameter estimates after updating in iteration k; and

Am is the vector of parameter updates for iteration k.

Although tomographic inversion with regularization is useful for imaging large-scale
(low spatial frequency) structures, it yields poor results when attempting to infer quantitative
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values from the recovered images (e.g., Binley et al., 2002; Singha and Gorelick, 2005; Day-
Lewis et al., 2007). This effect is often caused by over-regularization of the solution during
inversion, as well as over-parameterization of the inverse problem. The following issues are
important considerations for the electrical inverse problem:

4.1. Selection of inversion parameters to prevent overfitting/underfitting of data

Data should be weighted by their measurement (reciprocal or stacking) errors, as stressed
above, to prevent overfitting or underfitting of the data. In other words, the inversions will match
the data to within the expected measurement errors, given errors seen in the field. Occam
inversion refers to an approach that seeks to objectively set the tradeoff between the data match
and the complexity (roughness) of the inverted resistivity tomograms (Constable and others,
1987). Some software packages leave it to the user to decide when the inversion has converged,
placing the burden of balancing the tradeoff between the model and data misfit on the scientists
subjective judgment. All selections of inversion parameters should be recorded and reported.

4.2. Definition of data misfit

In equation 4, the data misfit is based on an L2 norm, i.e., as the sum of weighted,
squared differences between predicted and observed values. The L2 norm is highly sensitive to
outlier data, hence the need to carefully edit datasets and remove data corresponding to
electrodes with poor electrical contact or faulty channels. Many inversion packages also support
minimization of the L1 data misfit, which is commonly referred to as robust inversion. The L1
norm is based on absolute differences instead of squared differences, and is therefore less
sensitive to outliers (Claerbout and Muir, 1973). We note that the L1 norm also can be used in
defining the model misfit (i.e., roughness in the case where D is a second derivative filter), which
is appropriate if sharp boundaries are expected. It is important not to confuse the use of L1 for
data misfit with the L1 for model misfit.

4.3. Quantification of inversion quality

Several approaches are commonly used to gain insight into the reliability of tomograms.
For small inverse problems, it is possible to calculate the model resolution matrix [e.g., Menke,
1984; Ramirez and others, 1993; Alumbaugh and Newman, 2000; Day-Lewis and Lane, 2004]
and present the diagonals, rows, and columns of these matrices as cross sectional images.
Conceptually, the model resolution matrix is the lens or filter through which the inversion sees
the study region. For a linear inverse problem,

m=[J'C} +aD'D]'I'Cld~[IJ"CI +a«D'D]'I'ClIm,,, (6)
the model resolution matrix, R, is defined as
R=[J'C} +aD'D['J'C}J, 7)

and thus,
Mm=Rm (8)



For linear problems, where J is independent of m, ., R can be calculated prior to data

collection. Given a model of measurement errors, the model resolution matrix can be calculated
using equation 7 and used as a tool to assess and refine hypothetical survey designs and
regularization criteria. In interpreting inversion results, R is useful for identifying likely
inversion artifacts (Day-Lewis and others, 2002). The model resolution matrix quantifies the
spatial averaging inherent to tomography; hence it gives insight into which regions of a
tomogram are well resolved versus poorly resolved. This information is valuable if tomograms
are to be converted to quantitative estimates of porosity, concentration, or other hydrologic
parameters.

Calculation of resolution matrices remains computationally intensive or prohibitive for
many problems; hence few commercially available software packages support calculation of R,
and it is instead more common to look at an inverse problem’s sensitivity matrix:

S =diag(J' J), (9)

where S is the sensitivity matrix and diag(’) indicates the diagonal elements of a matrix. The
sensitivity matrix can be used to gain semi-quantitative insight into how resolution varies
spatially over a tomogram. Pixels with high values of sensitivity are relatively well informed by
the measured data, whereas pixels with low values of sensitivity are poorly informed. It is
important to note that, in contrast to R, S does not account for the effects of regularization
criteria (as contained in D) or measurement error (as contained in Cp); rather, S is based only on
the survey geometry and measurement sensitivity.

4.4. Checks on inversion results

Tomographic inversion results are strongly affected by selected inversion parameters and
regularization criteria, especially in the presence of large measurement errors. It is instructive,
therefore, to run multiple inversions in order to gain insight into the effects of different software
settings. Rarely are default inversion settings appropriate. The process for selecting inversion
settings should be guided by whatever prior information the geophysicist has at his or her
disposal. Such information could include past geophysical results, geologic maps, and drillers
logs. If inverted resistivity cross sections are inconsistent with such prior information (e.g.,
values from electromagnetic logs), this could indicate that settings are sub-optimal or that
assumptions (e.g., 2-D heterogeneity) are violated. Table 1 lists some common problems and
their associated symptoms and solutions.
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Table 1. Common problems with inversion settings, and the associated symptoms and solutions.

Symptom

Possible problems

Solution

Minimum/maximum
estimated resistivity too
low/high compared to
expected values

The inversion may be overfitting
the data

Stop inversion at an earlier
iteration or increase the assumed
measurement error

Non-random outlier data may be
present

Check the dataset for outliers and
edit
Try the L1 norm for data misfit

Tomogram is speckly or
looks like a checkerboard

The inversion may be overfitting
the data

Stop inversion at an earlier
iteration or increase the assumed
measurement error in Occam
inversion

Non-random outlier data may be
present

Check the dataset for outliers and
edit
Try the L1 norm for data misfit

The inversion can not
match the data to within
the reciprocal error

The optimization algorithm may be
caught in a local minimum

Change optimization tolerances
Increase number of iterations
Update the Jacobian more
frequently

Change the starting model

The finite-difference or finite-
element grid may be too coarse

Refine the grid or mesh

The inversion grid may be too
coarse

Increase the number of inversion
parameters

Non-random outlier data may be
present

Check the dataset for outliers and
edit
Try the L1 norm for data misfit

The tomogram does not
look like expected geology

Regularization criteria may be
smoothing/blunting the tomogram
too much

Try robust model misfit instead of
L2 model misfit

Use anisotropic regularization
Try different regularization
criteria

Resistivity may not correlate with
lithology

Another geophysical technique
may be needed

Two (or more) tomograms
that share a borehole
appear inconsistent at the
borehole

Electrical anisotropy

Use an inversion package with a
forward model that allows for
resistivity anisotropy

Outlier data are present in at least
one dataset

Check the dataset for outliers and
edit
Try the L1 norm for data misfit

Tomograms show vertical
streaking, or high or low
resistivity patches only at
boreholes

Resolution may vary greatly from
the sides to the middle of the
tomogram

Create synthetic or hypothetical
forward models of the experiment
to evaluate resolution and likely
artifacts

Examine plots of the inversion’s
sensitivity or resolution matrix
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5. CORINNA FIELD EXPERIMENTS

Electrical resistivity data were collected in July 2007 to image fractured rocks at the
Eastern Woolen Mill Superfund site, Corinna, Maine. The goals of this work were to (1)
demonstrate best practices, and (2) provide site-specific insight into heterogeneity and help
evaluate the utility of ERI in the fractured bedrock at the site. The electrical resistivity
tomography (ERT) survey was not expected to image individual discrete fractures because
fracture apertures are commonly on the order of microns to millimeters, whereas the resolution
or ERT tomograms is on the order of tens of centimeters to meters (e.g., fig. 1). Larger fracture
zones, however, could manifest resistivity anomalies.

Data were collected for four cross sections connecting four wells: BM 32, BM 34, BM
37, and BM 38 (fig. 3). Based on USEPA'’s prioritization of cross sections for electrical imaging,
cross-hole resistance data were collected according to the following order of well pairs: (1) BM-
34/BM-37, (2) BM-34/BM-38, (3) BM-37/BM-38, and (4) BM-32/BM-34. The wells were 6-in.
(15-cm) open holes over the intervals where electrodes were placed, with steel casing above this
zone.
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Figure 3. Layout of electrical resistivity panels collected for this investigation at the Eastland
Woolen Mill Superfund site, Corinna, Maine.
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5.1. Data collection

We used Pennsylvania State University’s 10-channel IRIS Syscal Pro* (http://www.iris-
instruments.com/Product/Brochure/syscal.html) (fig. 4) to collect data for a mixed survey
geometry combining in-well and cross-well dipoles. The Syscal Pro measures voltages between
electrodes resulting from an applied current, which is set by the user in terms of the applied
voltage. The instrument is also capable of induced polarization and spontaneous potential
measurements, but the discussion of these capabilities is outside the scope of this report.

The downhole cables had 24 stainless-steel electrodes each, at 1.25-m spacing. Cables
were suspended in wells such that the top-most electrodes were aligned at the same elevation. To
cover the entire vertical extent of wells, cables were set over three different vertical intervals. For
each vertical interval of a cross-hole plane, we collected: (1) 625 cross-well quadripole data and
625 reciprocal data; and (2) 118 in-well Wenner data with a-spacings of 1 and 2; this procedure
was applied also for 3-D data collection, which simply comprised multiple 2-D cross-sectional
datasets from three vertical intervals (we note, however, that there is nothing inherently 2-D
about flow processes; current flow is always in 3-D in the subsurface). Data were collected for
one 2-D cross section at a time. A summary of the data collection is given in table 2, and the
‘sequence files’ used for data collection (e.g., file ‘DipDip3d.txt”) are included in appendix 1. A
sequence file comprises a list of instructions for the resistivity instrument about which
quadripoles to collect. Additional settings (e.g., pulse duration, applied voltage, etc.) were set in
the field and are reported in the standard USGS data collection forms (fig. 5). Completed field
notes are provided as appendix 2. Note that we collected the same dataset with multiple
instrument configurations to illustrate how user selections affect data quality, e.g., the choice of
applied voltage, the pulse duration, etc. These settings are all reported in appendix 2.

! Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not
imply endorsement by the U.S. Government.
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Figure 4. The IRIS Syscal Pro 10-channel resistivity instrument.
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Table 2. Summary of data collected at the Eastland Woolen Mills Superfund Site, Corinna, Maine

Data Filename in " Depth of to Number. of Storage startin Endin Start End
field Bl I sty electrgde (metzrs) measurements on blo?:k numbgr Blockg DEIE time time CrlipnE=

DipDip3d (34, 37,38) 15.0 1639 0 1639 7/9/07 12:35

DipDip3d_recip (34, 37, 38) 15.0 1639 1639 3278 7/9/07 13:35 15:45

DipDip3d (34, 37,38) 225 1639 3278 4917 7/9/07 16:15

DipDip3d_recip (34, 37,38) 22.5 1639 4917 6556 7/9/07 17:07 19:07

DipDip3d (34, 37,38) 30.0 1639 6556 7101 7/10/07 | 8:40

DipDip3d (34, 37, 38) 30.0 1639 7102 7648 7/10/07 | 9:00

Fred3d.txt (34, 37, 38) 30.0 1639 0 587 7/10/07 | 10:23

DipDip2d (37,38) 29.5 625 588 7/10/07 | 11:29

DipDip3d_recip (34,37, 38) 30.0 1638 681 2319 7/10/07 | 11:55 13:50

DipDip3d (34, 37,38) 30.0 1638 2320 3958 7/10/07 | 14:02 15:54

Wenmer3d (34, 37, 38) 30.0 118 3959 4077 7/10/07 | 16:10

Wenmer3d_recip (34, 37, 38) 30.0 118 4077 4194 7/10/07 | 16:20

Wenmer3d (34, 37,38) 225 118 4195 4312 7/10/07 | 16:51

Wenmer3d_recip (34,37, 38) 22.5 118 4313 4430 7/10/07 | 17:03 17:12

Wenmer3d (34, 37,38) 15.0 118 4431 4548 7/10/07 | 17:30 17:44

Wenmer3d_recip (34, 37, 38) 15.0 118 4549 4666 7/10/07 | 17:49 17:59

DipDip2d (34, 32) 15.0 625 4667 5291 7/11/07 | 8:26 8:46

DipDip2d-recip (34, 32) 15.0 625 5292 5916 7/11/07 | 8:48 9:31

DipDip2d (34, 32) 225 625 5917 6541 7/11/07 | 10:35 10:55

DipDip2d-recip (34,32 225 625 6542 7166 7/11/07

DipDip2d-recip (34,32 30.0 625 7167 7791 7/11/07 | 11:55 12:45

DipDip2d (34, 32) 30.0 625 7792 8416 7/11/07 | 13:00 13:45 Single channel collection- due
to heat

DipDip2d (34, 32) 30.0 625 8417 9041 7/11/07 | 14:00 15:15 Redo with 2X pulse duration
(1s), single channel collection

DipDip2d-recip (34, 32) 30.0 625 9042 9666 7/11/07 | 15:25 16:35 Redo with 2X pulse duration
(1s), single channel collection

DipDip2d (34, 32) 30.0 625 9667 10291 7/12/07 | 8:27 9:03 Redo with ¥ line pulse duration
(250ms), 1 channel collection

DipDip2d-recip (34, 32) 30.0 625 10292 10918 7/12/07 | 9:06 9:40 Redo with % line pulse duration
(250ms), 1 channel collection

DipDip2d (34, 32) 30.0 625 10917 11541 7/12/07 | 9:50 10:30 Redo with 500 ms duration and
800 mV power

DipDip2d-recip (34, 32) 30.0 625 11542 12166 7/12/07 | 10:40 11:30 Redo with 500 ms duration and
800 mV power

DipDip2d (34, 32) 225 625 12167 12791 7/12/07 | 12:34 12:58 With 10 channels and air
conditioning (AC)

DipDip2d-recip (34, 32) 22.5 625 12792 13416 7/12/07 | 13:00 13:51 With 10 channels and AC

DipDip2d-recip (34,32 15.0 625 13417 14041 7/12/07 14:53 With 10 channels and AC

DipDip2d (34, 32) 15.0 625 14042 14666 7/12/07 | 14:55 15:09 With 10 channels and AC
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«USGS

science lor  chasping workl

‘General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name:

GPS location: (units)

Operator(s):

Datum:

Weather conditions:

Date:

Measurement and system specifications:

Geometry fi Units (check one): T meters [ feet
Data fil Iris unit

Mumber of electrodes used: Number of

Mumber of stacks minir ! Voltage (check one): O signed [ unsigned

Requested standard

Injection pulse

Recip data?: O

Voltage requested:

El and well
‘Well ID:

Cable #:

Electrodes (# — #):
Elevation at TOC:
Stickup:

Depth to upper electrode:
Electrode spacing:
Electrode type:

Length of casing:

Type of casing:

Sounded well depth:
Screened intervals:
Depth to water:

Notes:

(note units)

Site di (Label electrod b

ranges for each well)

date:

Map view:

Cross-section:

Well offsets: units.

Well ID

System checks at start of data collection:

Transmitter battery level:
Resistance check performed (check): O

Pairs above 10 k-ohm:

Receiver battery level:

Minimum value:

Maximum value:

Survey start time:

System checks at end of data collection:

Transmitter battery level:
Resistance check performed (check): O
Pairs above 10 k-chm:

Receiver battery level:

Minimum value:

Maximum value:

Survey end time:

Data backup:

Data backed up (check): [1 Location:

Figure 5. USGS IRIS Syscal Pro data-collection form for cross-hole ERT.
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5.2 Data quality

Data quality is partly a function of instrument output current, which depends on the
equipment’s maximum driving voltage, electrode contact resistance, resistivity of the medium,
and distance between electrodes. As discussed earlier, errors are quantified by standard errors
from repeat measurements, and (or) reciprocal measurements. It is common to eliminate outlier
data prior to inversion; these bad data result from a number of factors, including (1) high
geometric factors, which result in a poor signal-to-noise ratio; (2) high contact resistance, which
occurs when electrodes are in poor contact with the formation; and (3) insufficient (low relative
to what is needed) current injection, especially in highly resistive media. Here, for our base-case
inversions, we eliminated data with standard errors larger than 3 percent, reciprocal errors larger
than 3 percent, or applied current less than 250 mA. Electrodes with contact resistance higher
than 10 kQ were noted in the field forms (appendix 2), and data associated with these electrodes
were eliminated during editing. This editing was performed outside of inversion software. In
general, the data collected at the Eastland Woolen Mills Superfund Site show large errors. To
eliminate data with more than 3 percent stacking and (or) reciprocal error, it was necessary to
remove about 40 percent of the raw data. Other criteria (e.g., geometric factor) could be used to
define cutoffs to further edit the dataset; however, elimination of 40 percent of the original data
was judged to be severe and further editing extreme. Histograms of errors for a representative,
edited dataset for the BM-34/BM-38 cross section are shown in figure 6. The reciprocal error for
this dataset is, on average, about twice the stacking error. As discussed in section 3.3, reciprocal
measurements are commonly considered to provide more meaningful quantification of errors,
incorporating instrument error, error arising from nearby anthropogenic current sources (cathode
protection systems), natural electrical storms, and (or) physical effects in violation of equation 1.
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Figure 6. Standard (a) and reciprocal (b) errors for the BM-34/BM-38 cross section.

5.3 Inversions

Inversions were performed using two popular commercially available software packages
for comparison: AGI EarthImager and Res2DInv. For the base-case inversion, we used measured
resistances as data (note that it is also possible to use apparent resistivity as data), and used
reciprocal errors to determine data weights. For the regularization criteria, we applied a
horizontal-to-vertical smoothing of 2:1, to promote smoothness in the horizontal direction. We
stress that for many ERT problems, the choices of regularization and data weighting can strongly
affect results, and it is critical to experiment with different approaches to help distinguish
artifacts from geologic features. Features common to a suite of tomograms inverted from the
same dataset should inspire some degree of confidence for interpretation whereas features that
result only for a specific inversion setting or regularization are more likely to be artifacts. To
demonstrate this concept, figures 7-9 show a series of tomograms for the BM-34/BM-38 cross
section, generated from the same dataset with different inversion settings for (1) regularization
criteria, smoothness versus damping (smallness) (fig. 7); (2) software package, AGI Earth
Imager and Res2DInv, with default settings (fig. 8); and (3) different convergence criteria for
data matching (fig. 9).
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Figure 7. Effect of regularization criteria for tomograms of the BM-34/BM-38 cross section. In
each tomogram, borehole BM-34 is on the left and borehole BM-38 is on the right. (a)
Smoothness-based inversion, and (b) smallness-based inversion. Both tomograms have a 30

percent root-mean-squared error match to the data.
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Figure 8. Effect of using different inversion packages with default settings for tomograms of the BM-

34/BM-38 cross section: (a) Res2DInv and (b) Earthimager. In each tomogram, borehole BM-34 is on the
left and borehole BM-38 is on the right.
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Figure 9. Effect of convergence criterion for tomograms of the BM-34/BM-38 cross section: (a) 20.4
percent, (b) 12.3 percent, and (c) 8.4 percent root-mean-squared match to data. In each tomogram,
borehole BM-34 is on the left and borehole BM-38 is on the right.

To facilitate comparison of different cross sections, it is strongly recommended to select
inversion settings in a consistent and well documented manner. For example, to enable
interpretation and comparison of data at Corinna, we first focus on a single cross section and
apply different settings (figs. 7-9), and establish a strategy to apply consistently to the remaining
cross sections. Because the dataset shows large error, as discussed in Section 5.2, we choose to
minimize the L1 norm between the predicted and observed data for the objective function in the
inversion. We applied a 2:1 smoothing in the horizontal:vertical direction, used resistances as
data for the inversion, and used a L2 measure of the model misfit. Additional damping was
required to stabilize the inversion results for the BM-34/BM-32 dataset, for which the well offset
was large. A complete list of inversion settings are reported in “ivp” files output from Res2DInv
in appendix 3. Tomograms and sensitivity plots generated with Res2DInv for the cross sections
BM-34/BM-38, BM-34/BM-37, BM-37/BM-38, BM-34/BM-32 are shown in figures 10-13 and
14-17, respectively. With the exception of the BM-34/BM-32 cross section, the tomograms are
annotated with interpreted transmissive zones identified in pumped-flow flowmeter logs (PF),
ambient-flow flowmeter logs (AF), temperature logs (T), and fluid resistance logs (R). Where
fluid-filled fractures are present, we expect a possible decrease in the resistivity relative to the
unfractured rock. The BM-34/BM-32 tomogram has a larger interwell spacing and resulted in a
particularly poor comparison to the hydraulic features identified in wells using flowmeter or
borehole geophysics. In general, the tomograms show large variations in resistivity, in excess of
three orders of magnitude. Sensitivity (calculated according to equation 9 and then normalized)
varies over the tomograms, with the highest sensitivity near boreholes where the electrodes are
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located. Sensitivity tends to be high in regions of lower resistivity (higher conductivity), because

current focuses into more conductive features.
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Figure 10. Resistivity tomogram for the BM-34/BM-38 cross section and features

identified in borehole

logs (PF, pumped flow; AF, ambient flow; T, temperature; R,resistance). On the tomogram, borehole BM-

34 is on the left and borehole BM-38 is on the right.
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Figure 11. Resistivity tomogram for the BM-34/BM-37 cross section and features identified in

borehole logs (PF, pumped flow; AF, ambient flow; T, temperature; R, resistance). On the
tomogram, borehole BM-34 is on the left and borehole BM-37 is on the right.
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Figure 12. Resistivity tomogram for the BM-37/BM-38 cross section and features identified in borehole
logs (PF, pumped flow; AF, ambient flow; T, temperature; R, resistance). On the tomogram, borehole BM-
37 is on the left and borehole BM-38 is on the right.
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Figure 13. Resistivity tomogram for the BM-34/BM-32 cross section and features identified in borehole
logs (PF, pumped flow; AF, ambient flow; T, temperature; R,resistance). On the tomogram, borehole BM-
34 is on the left and borehole BM-32 is on the right.
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Figure 14. Relative sensitivity of the resistivity tomogram for the BM-34/BM-38 cross section. On
the tomogram, borehole BM-34 is on the left and borehole BM-38 is on the right.
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Figure 15. Relative sensitivity of the resistivity tomogram for the BM-34/BM-37 cross section. On
the tomogram, borehole BM-34 is on the left and borehole BM-37 is on the right.

30



Distance, in meters

w
o

Distance, in meters

i
o

O O O O B ==
0. 0 0 3.3 8.9

Figure 16. Relative sensitivity of the resistivity tomogram for the BM-37/BM-38 cross section. On
the tomogram, borehole BM-37 is on the left and borehole BM-38 is on the right.
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Figure 17. Relative sensitivity of the resistivity tomogram for the BM-34/BM-32 cross section. On
the tomogram, borehole BM-34 is on the left and borehole BM-32 is on the right.
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6. DISCUSSION

The data from Corinna exhibit large errors. Prior to editing, 40 percent of the full dataset
had reciprocal or stacking errors larger than 3 percent or yielded negative values for apparent
resistivity. Porosity in bedrock aquifers commonly is low (a few percent) and electrical
resistivity can be very high (1,000-10,000 Qm). In these settings, contact resistance is high, and
it can be difficult to inject sufficient current to achieve a good signal-to-noise ratio. Working
with electrode cables suspended in fluid-filled open holes can cause additional problems
associated with current channeling inside wells. For measurements with in-well current dipoles
(both current electrodes in the same well), current can channel preferentially travel through the
electrically conductive water column rather than into the electrically resistive formation; these
data may show small stacking and reciprocal errors but may, in fact, be highly spurious because
such current channeling is not accounted for in the finite-difference or finite-element electrical
simulation. Yet another challenge in applying ERI in fractured rock is that the features of interest
(individual fractures of fracture zones) can be small relative to the resolution of the tomography
(no better than the electrode spacing, or 1.25 m here). If large spatial variations in resistivity
occur at sub-grid scale, the inversion may have a difficult time matching field data to a level
consistent with the observed reciprocal error.

Inversions of the four 2-D tomographic datasets were unable to match the data to within
observed reciprocal error; hence Occam inversion (section 4.1) was not possible. The final mean
absolute errors for the four tomograms range from 11.3 to 28.6 percent, which are orders of
magnitude larger than error indicated by reciprocal measurements (table 3). We note also that
comparison of the tomograms generated from these data tend to show inconsistent resistivity
values at borehole BM-38. Such inconsistency can result from measurement error or electrical
anisotropy, in which case conductivity is directionally dependent. In the presence of electrical
anisotropy, conductivity must be considered a tensor rather than scaler quantity; consideration of
electrical anisotropy, however, is not available in Res2DInv or most commercially available
resistivity inversion software. Because of the inability to fit 2D tomograms to the noisy data,
more computationally intensive 3D inversion is not pursued here.

Table 3. Final mean absolute error for inversions.

L1 mean absolute error
BM-34/BM-38 11.3 percent
BM-34/BM-37 28.6 percent
BM-37/BM-38 28.6 percent
BM-34/BM-32 22.4 percent

Despite the errors present in the Corinna dataset and the poor inversion results, the
tomograms do show weak, qualitative correlation with transmissive features identified in
borehole logs collected at the site (figs. 10-13). Fractures and transmissive zones were identified
previously using a combination of borehole temperature, flowmeter, caliper, and televiewer logs
conducted by Northeast Geophysical and provided to the USGS by Nobis Engineering, Inc.
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Several important hydraulic features in the BM-37/BM-38, BM-34/BM-38, and BM-34/BM-37
planes are co-located with low resistivity anomalies (e.g., at about 41.5 m depth in the BM-
34/BM-37 tomogram, and about 56.5 m depth in the BM-37/BM-38 tomogram), which would be
consistent with regions of enhanced porosity or fracture density. We stress, however, that the
correlation is weak and many transmissive features do not correspond to obvious anomalies in
tomograms. Furthermore, because of large measurement errors and the inability of the inversion
to match data closely, the location and magnitude of anomalies change substantially depending
on the choice of inversion parameters. These results underscore the importance of corroborating
borehole geophysical data and justifying parameter selection in the inversions before interpreting
the tomograms.

Fractured rock settings have historically been difficult places to produce high quality
electrical tomographic inversions. It may be that electromagnetic methods, such as borehole
radar with its high spatial resolution may be more suitable for determining fracture location and
connectivity between wellbores (Day-Lewis and others, 2003, 2004), although radar data tends
to be more time-consuming and labor-intensive to collect and process.

7. CONCLUSIONS AND FUTURE DIRECTIONS

The goal of this work was to demonstrate and document best practices for ERT data
collection and analysis. In summary, we provide guidelines in seven areas:

(1) Survey geometry design: The boreholes should be spaced such that electrode strings
are at least twice as long vertically as their horizontal separation distance. The maximum
offset between wells is further limited by the power of the resistivity unit and ability to
inject sufficient current to achieve a good signal-to-noise ratio. Survey geometries should
comprise both in-well and cross-well dipoles to capitalize on the sensitivity of each
measurement and maximize the coverage of the tomogram.

(2) Standard procedures for data collection: Data collection and quality assurance and
control should be documented using standardized forms and procedures.

(3) Quantification of measurement error: Standard and reciprocal errors should be
collected in the field to assess the quality of the data, inform the editing of datasets, and
calculate measurement weights for the inversion.

(4) Selection of inversion parameters: Existing data and geologic insight should be used
to inform selection of inversion parameters. For datasets involving multiple planes, it is
useful to apply multiple approaches to data from one plane, compare results, and design a
consistent approach to inversion for data from across the site. Investigation of alternative
inversion settings can aid in distinguishing artifacts from geologic features.

(5) Checks on inversion results: Tomograms should be evaluated for likely inversion
artifacts and the effects of bad data. The practitioner should look at the range of estimated
resistivity values for plausibility; pixilation (checkerboard) appearance of tomograms;
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artifacts such as streaking, anomalous blocks, or diagonal patterns; and goodness of fit
and convergence of the inversion.

(6) Resolution assessment: Results of tomograms should be compared with the
sensitivity and (or) resolution matrix to assess the general quality of the tomogram.

(7) Comparison to other information: Tomograms should be compared to existing
information, including geologic maps, lithology, borehole logs, and hydraulic tests.
Borehole logs can provide information to help interpret features seen in tomograms and
to help correlate estimated resistivity and lithology or hydraulic properties.

Our ERT results provide only limited insight into the distribution of fractures or fracture
zones at the Corinna site. Fractured-rock aquifers represent challenging environments for ERT
and conventional hydrologic characterization alike, as spatial variability is severe and occurs
over a wide range of scales. Possible strategies to advance the capabilities of ERT for fractured-
rock characterization include (1) use of electrode cables with smaller electrode spacing and more
electrodes in order to improve resolution; (2) improved coupling between electrodes and
borehole walls, using modified well constructions (e.g., with water-filled well liners) and
dedicated electrodes; (3) improvements to ERT hardware to allow for higher driving voltages
and applied currents, to improve the signal-to-noise ratio, (4) use of parameterizations and
forward models appropriate for discrete-fracture networks, and (5) time-lapse imaging of
electrically conductive (saline) tracers, which can reveal features not apparent in static
tomograms (e.g., Day-Lewis and others, 2003, 2004; Singha and Gorelick, 2005). All of these
strategies are areas of active research within the hydrogeophysical community. ERT hardware,
software, and inversion strategies have evolved rapidly in recent years and continue to evolve,
and further expansion of capabilities for characterization of fractured rock are likely. Faster data
acquisition and computers, respectively, will facilitate full 3-D surveys and inversion. Although
our results here are largely negative, this evaluation project should not be interpreted as a final
statement on the ability of ERT to resolve important features in fractured rock; rather, we have
highlighted the current limitations of the approach for a specific site and well configuration.
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17 0O
18 0O
19 00
20 0O
21 00
22 00
23 00
24 00
25 14.6
26 14.6
27 14.6
28 14.6
29 14.6
30 14.6
31 14.6
32 14.6
.6

75

25

75

25

75
32.
31.
30
28.
27 .
26.
25
23.
22.
21.
20
18.
17.
16.
15

olooloNoNoNoNoNe)

5
25

75

25

75

25

75

25

15

16.
17.
18.

20

21.
22.
23.

25

25

75

25

75
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8910 811

9 10 11 9 12
10 11 12 10
11 12 13 11
12 13 14 12
13 14 15 13
14 15 16 14
15 16 17 15
16 17 18 16
17 18 19 17
18 19 20 18
19 20 21 19
20 21 22 20
21 22 23 21
22 25 26 24
23 26 27 25
24 27 28 26
25 28 29 27
26 29 30 28
27 30 31 29
28 31 32 30
29 32 33 31
30 33 34 32
31 34 35 33
32 35 36 34
33 36 37 35
34 37 38 36
35 38 39 37
36 39 40 38
37 40 41 39
38 41 42 40
39 42 43 41
40 43 44 42
41 44 45 43
42 45 46 44
43 46 47 45
44 50 51 49
45 51 52 50
46 52 53 51
47 53 54 52
48 54 55 53
49 55 56 54
50 56 57 55
51 57 58 56
52 58 59 57
53 59 60 58
54 60 61 59

13
14
15
16
17
18
19
20
21
22
23
24
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
52
53
54
55
56
57
58
59
60
61
62
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55 61
56 62
57 63
58 64
59 65
60 66
61 67
62 68
63 69
64 70
65 3
66 4
67 5
68 6
69 7
70 8
71 9
72 10
73 11
74 12
75 13
76 14
77 15
78 16
79 17
80 18
81 19
82 20
83 27
84 28
85 29
86 30
87 31
88 32
89 33
90 34
91 35
92 36
93 37
94 38
95 39
96 40
97 41
98 42
99 43
100 44
101 51

62
63
64
65
66
67
68
69
70
71

O oo~NO O

17
28
39
4 10
511

60 63
61 64
62 65
63 66
64 67
65 68
66 69
67 70
68 71
69 72

10 6 12
11 7 13

12
13
14
15
16
17
18
19
20
21
22
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
53

8 14

9 15

10 16
11 17
12 18
13 19
14 20
15 21
16 22
17 23
18 24
25 31
26 32
27 33
28 34
29 35
30 36
31 37
32 38
33 39
34 40
35 41
36 42
37 43
38 44
39 45
40 46
41 47
42 48
49 55
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102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

wenner3drecip.txt

O©Co~Noulh,WwWwN P H
OO OO O0OOCOOOoOX

el
(N )
oo

120
130
140
150
160
170
180
190
200
210
220
230

C OO0 OO0 ODO0ODOCOODO0OODO0ODOOOOOO0COO0OoOL

Z
43.75
42.5
41.25
40
38.75
375
36.25
35
33.75
325
31.25
30
28.75
27.5
26.25
25
23.75
225
21.25
20
18.75
175
16.25
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240 0O
2514.6
26 14.6
2714.6
2814.6
2914.6
3014.6
3114.6
32146
3314.6
34146
3514.6
36 14.6
3714.6
3814.6
3914.6
4014.6
4114.6
42146
4314.6
44 14.6
4514.6
46 14.6
4714.6
48 14.6
49250
50250
51250
52250
53250
54250
55250
56250
57250
58250
59250
60250
61250
62250
63250
64250
65250
66 250
67250
68250
69250

(&)

15
16.25
17.5
18.75
20
21.25
22.5
23.75
25
26.25
27.5
28.75
30
31.25
32.5
33.75
35
36.25
37.5
38.75
40
41.25
42.5
43.75

eoNolololNolNololNelelolNoeloeloelelolNoelolololololNolNall

o

15
16.25
17.5
18.75
20
21.25
225
23.75
25
26.25
275
28.75
30
31.25
325
33.75
35
36.25
375
38.75
40
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70250 41.25
71250 42.5
72250 43.75

0o N O O1

9
108 9

119 10
121011
1010131112
1111141213
1212151314
1313161415
1414171516
15151816 17
1616191718
1717201819
1818211920
1919222021
2020232122
2121242223
2224272526
2325282627
2426292728
2527302829
2628312930
2729323031
2830333132
2931343233
3032353334
3133363435
3234373536
3335383637
3436393738
3537403839
3638413940
3739424041
3840434142
3941444243
4042454344
41434644 45
42 44 47 45 46

O©CooO~NOoOulTh, WwWwN P H
O©CoOoO~NO O WDN P
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434548 46 47
4449525051
4550535152
4651545253
4752555354
48 53 56 54 55
4954 57 5556
505558 56 57
5156595758
52 576058 59
53586159 60
5459626061
5560636162
56 61 64 62 63
57626563 64
58 63 66 64 65
59 64 67 65 66
606568 66 67
6166 69 67 68
62677068 69
6368716970
6469727071
651 7 3 5

662 8 4 6

673 9 5 7

684 106 8

695 117 9

706 128 10
717 139 11
728 141012
739 151113
7410161214
7511171315
7612181416
7713191517
7814201618
7915211719
8016221820
8117231921
8218242022
8325312729
8426322830
8527332931
86 28 34 30 32
8729353133
8830363234
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8931373335
90 32 38 34 36
9133393537
92344036 38
9335413739
94 36 42 38 40
9537433941
9638444042
9739454143
9840464244
9941474345

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

42 48 44 46
49555153
5056 52 54
51575355
52 58 54 56
53595557
54 60 56 58
55615759
56 62 58 60
57635961
58 64 60 62
59656163
60 66 62 64
6167 63 65
62 68 64 66
63696567
64 70 66 68
65716769
66 7268 70
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Appendix 2. Field Data Collection Forms
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depth casing depth casing

Wells inm length {m) in ft length (ft)
BM-04-34 _ 61.0 13.7 200 45
BM-04-37  76.2 146 250 48
BM-04-38  76.2 137 250 45
BM-04-32  61.0 14.6 200 48

Well Pairs in order of priority:
34-37 Hottest boreholes

34-38
37-38
32-34
DISTANCE MATRIX Distance in meters
BM-04-34 BM-04-37 BM-04-38 BM-04-32 Busl cloctrods on cadte
BEAST |, ST Socf fonn
BM-04-34 0 14.6 25.0 25.9 et . o F
L1 ecfricteo 49-72
BM-04-37| 48 0 15.2 250 bard clothed af S¥-57
BM-04-38 57 50 0 387 .
Tobal Meeshtn @q—t)x 1S =
BM-04-32| 85 82 127 0 ZR.TE M
Distance in ft

Wedt 34

Al Sy PR e —
e ETIM W EBFEm [63.2’—?;14
TG
14416~ 27
LI

ekl 3T welh 3F

f3.7%

poetI o v cppee clectnde QWA e - - 195 dopttts ppes ehoeteellc .

Z;H . # a1 ?ci Dmp éwm c;g(\a-ln 7 S'M

T 22.5m - - co e J ! N 21985 awe s

: ! ‘ Drop eleednde cemd o, -S4

'; o & Sow @ ¥} 27 - . ‘ e o>

W74
9’1.25"‘\"
l'wsms.' L ER e, . 5328
TH Gim 7020 7L .2
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Summary of ERT Surveys at Eastland Woolen Mill Superfund Site in Corrina, ME July 2007
Collected by Fred Day-Lewis and Carole Johnson
Using Syscal Pro, Auto switch 96 SN:18705-155445 957-95 (borrowed from Kamini Singha)
3 cables used: owned by BG, 1.25 m spacing, 24 steel electrodes each cable

See field notes for more details of survey layout.

Depth top No of storage
Data filename Wells in electrode measure- starting on Ending
in field survey (m) ments block no. block Date starttime endtime comments
DipDip3d (34, 37, 38) 150 m 1639 0 1639 7/9/07 12:35
DipDip3d-recip (34, 37, 38) 150 m 1639 1639 3278 7/9/07 13:35 15:45
DipDip3d (34, 37, 38) 225 m 1639 3278 4917 7/9/07 16:15
DipDip3d-recip (34, 37, 38) 225 m 1639 4917 6556 7/9/07 17:07 19:07
DipDip3d (34, 37, 38) 30,0 m 1639 6556 7101  7/10/07 8:40 survey stopped prematurely
DipDip3d (34, 37, 38) 30,0 m 1639 7102 7648  7/10/07 9:00 second try - prematurely stopped
Fred3d.txt (34, 37, 38) 30,0 m 1639 0 587 7/10/07 10:23 survey stopped prematurely
DipDip2d (37, 38) 295 m 625 588 7/10/07 11:29 temporarily moved onto 2D surveys
DipDip3d-recip (34, 37, 38) 30.0 m 1638 681 2319  7/10/07 11:55 13:50
DipDip3d (34, 37, 38) 30.0 m 1638 2320 3958  7/10/07 14:02 15:54
Wenner3d (34, 37, 38) 30.0 m 118 3959 4077  7/10/07 16:10 single channel collection
Wenner3d-recip (34, 37, 38) 30.0 m 118 4077 4194  7/10/07 16:20 single channel collection
Wenner3d (34, 37, 38) 225 m 118 4195 4312  7/10/07 16:51 single channel collection
Wenner3d-recip (34, 37, 38) 225 m 118 4313 4430  7/10/07 17:03 17:12 single channel collection
Wenner3d (34, 37, 38) 15.0 m 118 4431 4548  7/10/07 17:30 17:44 single channel collection
Wenner3d-recip (34, 37, 38) 15.0 m 118 4549 4666  7/10/07 17:49 17:59 single channel collection
DipDip2d (34, 32) 150 m 625 4667 5291  7/11/07 8:26 8:46
DipDip2d-recip (34, 32) 150 m 625 5292 5916  7/11/07 8:48 9:31
DipDip2d (34, 32) 225 m 625 5917 6541  7/11/07 10:35 10:55
DipDip2d-recip (34, 32) 225 m 625 6542 7166  7/11/07
DipDip2d-recip (34, 32) 30.0 m 625 7167 7791  7/11/07 11:55 12:45
DipDip2d (34, 32) 30.0 m 625 7792 8416  7/11/07 13:00 13:45 single channel collection
DipDip2d (34, 32) 30.0 m 625 8417 9041  7/11/07 14:00 15:15 redo with 2X pulse duration (1s), single channel collection
DipDip2d-recip (34, 32) 30.0 m 625 9042 9666  7/11/07 15:25 16:35 redo with 2X pulse duration (1s), single channel collection
DipDip2d (34, 32) 30.0 m 625 9667 10291 7/12/07 8:27 9:03 redo with 1/2 the pulse duration (250 ms), 1 channel collection
DipDip2d-recip (34, 32) 30.0 m 625 10292 10916 7/12/07 9:05 9:40 redo with 1/2 the pulse duration (250 ms), 1 channel collection
DipDip2d (34, 32) 30.0 m 625 10917 11541  7/12/07 9:50 10:30 redo with 500us duration and 800 mV power
DipDip2d-recip (34, 32) 30.0 m 625 11542 12166 7/12/07 10:40 11:30 redo with 500us duration and 800 mV power
DipDip2d (34, 32) 225 m 625 12167 12791 7/12/07 12:34 12:58 with 10 channels and AC running
DipDip2d-recip (34, 32) 225 m 625 12792 13416 7/12/07 13:00 13:51 with 10 channels and AC running
DipDip2d-recip (34, 32) 150 m 625 13417 14041 7/12/07 14:53 with 10 channels and AC running
DipDip2d (34, 32) 15.0 m 625 14042 14666 7/12/07 14:55 15:09 with 10 channels and AC running
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& USGS

soignce for a clenging werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

3ite location name: C*"’f““‘* Me GPS location: (units)
Operator(s):__ CarAt Tokuser v Bieel  Dag -1 <2 Datum:
Weather conditions:__( levdy, Drivzling, ~ O™ Date: Flilo ¥
Measurement and system specifications:
Geometry filename: d.p d‘-?‘%‘{ Ayt Units (check one): FEmeters O feet

Data filename:_

Injection pulse duration:

Number of electrodes used:

Requested standard deviation:

1 Number of stacks minimum/maximum:

Voltage requested:

24y 3
- /3
20%
SO s
50 AV

Iris unit model/SN;_Syscal Pre 1% 305 1 57 Cyy]
_ . 757 -a%
Number of quadripoles: _! & 31

Voltage (check one): ® signed

Reciprocal data?:

™

O unsigned

Electrode and well configuration: (note units)

Well 1D: Ty 2 3 TE
Cable#: 1 eV QGLAS L BGAs |
Electrodes (# - #): y -1y ¢ ~U% G- 11
Blovetion al TOC: | (32T | GRugf |“ifus
stickup: |, 10 e | ™ - 120m v = 1o
Depth to upper electrode: | |~ 144, thq CRTs
Electrode spacing: |26 1 2C (.26
Electrode type: | ¢ yeel e\ Speel
Length of casing: (3.7 m 4.6 m 13,7 .
Type of casing: g}‘ Q __S\fd, S hul
Sounded well depth: [ im 7¢. 2 76,2 an
Screened intervals: . . —
Depth to water:
Notes: Glortd. w
WALty )’ 4
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d.jochyp 3d et
Top hectrde af 1Sucin 34 gate: Ialod

Site diagrams: (Label electrode number ranges for each well)

Map view: 1 Cross-section:
/ _| North BM34 BM37 BM38
I Elevation][68.84 m above SL~ [[~6833m ~ [-68.29m
Castand Elevation of survey}|53.84 m above SL
Superfund Site Rt depth to top
Nobis Field Office \ electrode 15 m 14.49 m 14.45m
/ Corinna ME § 2 o
\ /.\ /\ N
/ 32 \ - 10 N
e Rt4311 R\ N
\ 4 o )
e} S [
\ BM-34 \ = o K
P Rt 222 3 g g
I = [}
\37 ~ ‘ w depth to bottom w w
%,9 3 ./ electrode 43.75 m 43.74 m 43.20 m
)
%s, v o 1 ‘ TD: 61m TD:76.2m TD: 76.2m
<
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

[Yo ¥

Transmitter battery level:

Pairs above 10 k-ohm:

Resistance check performed (check):ﬁ

(§-59

Receiver battery level:

J+ZY

Minimum value: 0. S ka Maximum value: Z 00 kX

(94 s

994.99 ky)

Survey start time:

12135 pm

System echecks at end of data collection:

Transmiitter battery level:

(5. Vv

Pairs above 10 k-ohm:

Resista nce check performed (check): O

Receiver battery level:

Minimum value:

1S, 2% v

Maximum value:

Survey end time:

___ Databac kyp:

Data baa cked up (check): O

Location:
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= USGS

selencs for & changing werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

3ite location name: Cor re, Me

Operator(s). _Cavole Tobuwsen Treek Dy —Leo7s Datum:

v (pc)t: f:‘

Weather conditions:_R.c., -’\.‘"(a X

GPS location: (units)

Date: #Il4 /e

Measurement and system specifications:

Geometry filename:_dspdop A cecip. Hx b

Data filename:

z4 x 3

Number of electrodes used:

Number of stacks minimum/maximum:;_ 2% [ %

Requested standard deviation: __ 2+ ¢ 1o

Injection pulse duration:____$°° S

Voltage requested: SOV mV

Units {check one): M'meters [l feet

Iris unit mode|/SN:_Eg"lﬁ’:§’3’fss?ws?9 7-95
(L3
Voltage (check one):& signed u) unsigned

Number of quadripoles:

Reciprocal data?: K|

Electrode and well configuration: (note units)

Well ID: 3 13 FF ¥
Cable #: PT RAs 2 | BGAS |
Electrodes (# — #): (- 24 25 -4 44 -T2
Elevation at TOC: LB LY _ﬁg-_«,é&f? £8.27
Stickup: ” = Ioom oy » =~/ gan
Depth to upper electrode: /5 On I 4D o, 74k Y S
Electrode spacing: | | 2 ¢ .. (.25 .25
Electrode type: CH > ga/ <L, /
Length of casing: /3,7 Y7 /2.7
Type of casing: e, 9/44/ .S—%a/
Sounded well depth: 61m 74.2m 74. 2us
Screened intervals: —_— J— —
Depth to water:
Notes: S?f‘;w- in
Wi
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Site diagrams: (Label electrode number ranges for each well)

Map view:
/ .| North
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Office \
/ Corinna ME
/ 32 \
(] \ Rt4311
\ BM-34 \
\3 ) Rt 222
38 % 7~  }
2 7~
2 1 \
B @09\6
N\?x

Crossysection:

BRP BM37 BM38
[Elevation][68.84 m above SL~  [[~6833m T [6829m
Elevation of survey}|53.84 m above SL

depth to top
. clectrode 15 m 14.49m 14.45m
N £ <
A N N
4 0 N
g P '
- Q 4
2 8 g
g 5 &
] o &
depth to bottom w w
electrode 43.75 m 43.74 m 43.20m
TD:61m TD:76.2m TD:76.2m
Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level___1 3.6

Resistance check performed (check): M
$F-59

Pairs above 10 k-ohm:

Receiver battery level:

Minimum value: & 94 3L Maximum value: - k3

1 3.3

Survey start time;_1 3" 38"

(€9 tes 49599 LK)

System checks at end of data collection:

Transmitter battery level:_;2.

Resistance check performed (check): O
Pairs above 10 k-ohm:__¢ & -<9

Receiver battery level:_| 3. S

Minimum value:_¢. 19
(s 4-6°

Maximum value: 2 -¢!

999 (2D

Survey end time;___~ 1545

Data backup:

Data backed up (check): [1 Location:
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USGS Office of Ground Water Branch of Geophysics
iris Resistivity System - Borehole data collection sheet

a USGS

sclencs far & changing werld

General information:

3ite location name:_Cor an« / Me GPS location: (units)
Operator(s): Cerole Fohivsea , Fredd Bﬂj -Lesoi3 patum:
Weather conditions:_¢& ‘wuf’t"’] ~ Lo’ Date: FlgloF
Measurement and system specifications:
Geometry filename:__L:p A ip 34 tyd Units {(check one): [ meters [ feet

Data filename: Iris unit model/SN:

Number of electrodes used:___¢-“t¥ 3 Number of quadripotes: _{ & 39

Injection pulse duration:

Voltage requested:

/LO@.«\\/

Number of stacks minimum/maximum:;__ ¢~/ 3 Voltage {check one): h’signed [] unsigned
Requested standard deviation: 2-9°%4 Reciprocal data?: kf
SCOmS

Electrode and well configuration: (note units)

Well ID: '; L{, g '.’}_ 2 ¥
Cable# | MPT | ReAsz | ReAs |
Electrodes (# — #): \ __7,.4_‘, 7 ‘:_"f»ﬁs‘ "f"‘ﬂ( - f_?,z
YolonatT0C | g ryn | 68334 | 48.29%
Stickup: |, ., o " = 2 C0m ~ = J4m
Depth to upper electrode: | 74 & m 31.99 2/.95m
Electrode spacing: RSy, .25 1.2 8 ma
Electrode type: | o4,,0 Cy- a,Q St .
Length of casing: /3.7 m o 137
Type of casing: [ o454 e Steeld
Sounded well depth: 6/m 76. 2 n Vb, 72 m
Screened intervals: —_ _
Depth towater: | 5 3., gl VImnu | 1. T0m @11z
Notes: [Sherk (@ lucaken
h) 2 ’f‘f YA
A €Y
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b‘-P Dl‘P gbm M]J{‘
b chchode of 235 gater HG [0 F

o 3Y,
Site diagrams: (Label electrode number ranges for each well)
= l —— -
Map view: Nort Craggppection: gy )q; BM38
/ 1 I Elevation][68.84 m above SL~ [[~6833m T6829m
/
Eastland ‘
\é\ﬁopo_e‘ffnxilllsne_\e Rt7
Nobis Field Offic \ Lower electrodes 7.5 meters, Elevation of survey: 46.34 m asl
/ \ \ depth to top 21.99 m 21.95m
< - electrode 22.5m
/ 3.2 \ R(43,11 (: % g
\ BM-34 \ ; cuw) é
\i P Rt 222 g é 2
g S S
2, 3gY .7 ~ ‘ § g %
e - W - depth to bottom w o
%b/ v 6?\0& 1 ‘ electrode 51.25 m 50.74 m 50.7 m
W TD: 61 m TD: 76.2m TD: 76.2m
I Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID
System checks at start of data collection:
Transmitter battery level:___ 13.2 Receiver battery level:__(3-&
Resistance check performed (check): ﬁ Minimum value:_ ¢+ 1T Maximum value: kf
- . A A '1 O l
. - € . 4
Pairs above 10 k-ohm: 5 8754 (¢G-bo 49 LCJZ)
. ]
Survey start time____1 @15~
System checks at end of data collection:
Transmitter battery level: 2.4 v Receiver battery level: 133 v

Resistance check performed {check):

Pairs above 10 k-ohm:

Minimum value:

Maximum value:

Survey end time:

Data backup:

Data backed up (check): O Location:
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ZUSGS

soleace ler a changing werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name:

ﬁdi’/nna ﬂffﬁ/h e

Operator(s): f;uf ij / Md Coale

Weather conditions: rczfm/ 00@/ kel

GPS location:

Datum: _
Date: 7 '/q /0’7

{units)

Measurement and system specifications:

Geometry filename:

dupdip 3D prevp txf.

Data filename:

Number of electrodes used:

S X 3

Units (check one): R meters [ feet
Iris unit model/SN: ﬁ""“”}” 15 -1 354597723

/6 3F

Number of quadripoles:

Number of stacks minimum/maximum:__ =/ 3  Voltage (check one): Wsigned O unsigned
Requested standard deviation: 2.0 % Reciprocal data?: KX
Injection pulse duration: S s S
Voltage requested: XA o p”
Electrode and well configuration: (note units)
Well ID: 3 “I 37 29
Cable# | per R&4g-2 | sus
Electrodes (# — #): - 24 2543 |ga-12
Ele\égrtion atTOC: | ., 9 w4 4, 63334 EF AT
Stickup: =0 M v o= 12em v =1 em
Depth to upper electrode: | 5 5 g 2/.9G 2/ 95
Electrode spacing: L2 S m /25 m L 250
Electrode type: W W y M
Length of casing: | |3 T m 24 6 /37
Type of casing: J"wj jjx‘/ \%!,(
Sounded well depth: 6l wm 76,20 m 76.2m
Screened intervals: - - —
Fiver € P %pu}h fowater:] 2. ol BT R
Notes: [ sruyms Llockt
4917
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A jp depo 3D rzc‘x%v
”Drg;m/é’ééé Aoty 1507

7 h 225m o 3.

dater/7/¢7
Site diagrams: (Label electrode number ranges for each well)
Map view:  TFrader | T Cross-section:
X N ﬂ LS . 37 33
e
X I
(Spd oo 0
R . hoeper
) C g yqx 3EKend Sk
X X OF‘MWMETM,
A rd
v A
* X
k4 },
¥ X . '
fas T BTN
Well offsets: units
Well ID
System checks at start of data collection:
Receiver battery level:_ {3.3

Transmitter battery level: 1 2.4

Resistance check performed (check): vd

‘Minimum value: @ ' Maximum value: <<

Pairs above 10 k-ohm; S5~ 59
Survey starttime;____/ Z'0F

System checks at end of data collection:

Transmitter battery level: i3 b Receiver battery level:___ 173, 3
Resistance check performed (check):lQ’ Minimum value:_0 |4 Maximum value;_Z - +f
Pairs above 10 k-ohm: £F-¢9
Survey end time;___ |90 F
—Data backup:
Data backed up (check): [ Location:
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a USGS

snlsnce for 8 chenging werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name: {or.una J,i‘/‘ =1 GPS location: (units)
Operator(s):__C + Tohnsen, . DAY ~Lispois Datum:
Weather conditions: C‘Ou&l‘l , ~ (O Date: FJio]loE

Measurement and system specifications:

Geometry filename:_dy dip 2ol . y b+

Data filename:

M meters [ feet
g‘-‘Sc:\\ Pro

Iris unit model/SN: i € oy /8549 S G972 9¢

Units (check one):

Number of electrodes used:_2-% ¥ 3 Number of quadripoles: _| ©39
Number of stacks minimum/maximum:_ %/ 3 Voltage (check one): Esigned 0 unsigned
Requested standard deviation: 2.0° Reciprocal data?: ¥
Injection pulse duration___ 5 ©0=$
Voltage requested: 200wV
Electrode and well configuration: (note units)
Well ID: 24 23 R
Cable #: M T Bors 2 RG4S
Electrodes (# — #): | -2 4 1 -YG yag -T2
EI%vatlopngt TOC: 8. B 4 28,33 m 2 ¥1%,
Stickup: | — /5 e ~ = 12Cn ~ =/ Em
Depth to upper electrode: ?Fﬁ;g-,m 24,94, 24957,
Electrode spacing: V2S 126 e S n
Electrode type: Shex| Clee Steel
Length of casing: 13.7m 74, 4 /3.7
Type of casing: | < u/ Stk Sted.
Sounded well depth: <o J6-2 1, V. 2.
Screened intervals: L . —
Depth to water:;
Notes: | Sterted ot
el T |
Lot
Q‘hwl!hm qm) g vt Shepped prenaterd with
o gi45 ecryl Dof  Gavt -quvsl,\ NI
F T ik o 546 e etk foet -
T ¥ S & I T U VU S




AFUPPA/( qu'JLt S~
3‘-’{ 4-& 33*\

well

date: Flrofe}
Lo~ TTOC to | ¢F olect-ode
Site diagrams: (Label electrode number ranges for each well)
Map view: 1 ot Cross-section:
/ 1 BM34 BM37 BM38
I Flevation][68.84 m above SL~ [[~6833m T 6829m
Eastland
Woolen Mill -
Superfund Site Rt7
Nobis Field Office \
/ Corinna ME Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.49 m 29.45m
/ 3.2 \ o S, electrode 30.0m © 2
N N '
\ BM-34 \ \—Ii Lf‘? (\\/.I
N
\é ) Rt 222 § 9 ’q\"}
X % 7 . g g g
g2 s :
) w i @
s Vv e ‘ depth to bottom w w
| <2 electrode 58.75 m 58.24 m 58.25m
I TD:61m TD: 76.2m TD: 76.2m
Electrode map. Depths in meters from@p of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level:

Pairs above 10 k-ohm:

Resistance check performed (check): ¥

i4.¢ V Receiver battery level:__/4. 2 v/
Minimum value: 211 Maximum value;_2%¢
Sv-5q (9 Figun)

Survey start time:

¥ 40

System checks at end of data collection:

Transmitter battery level:

Resistance check performed

Pairs above 10 k-ohm:

{check): O

Receiver battery level:

Minimum value:

Maximum vaiue:

Survey end time:

—Databackup:

l Data backed up (check): [

Location:
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z USGS USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
sclence for 3 changing werll

General information:

Site location name: Cotiana ; MmMe GPS location: (units)
Operator(s):__( Sohnsen, F Day -Lewis Datum:
Weather conditions:__ € loua(.? : GOV Date: Hliofo?

Measurement and system specifications: Qreony TRM FER THIS CONFIL URHIIVN /SETVE

Geometry filename: Lphip 2 4y + Units (check one): R meters [ feet
Data filename: Iris unit model/SN:_Sywale 708 1S8v15” 79 295
Number of electrodes used: 2-+ X s Number of quadripoles:

Number of stacks minimum/maximum:__Z— / .3 Voltage (check one): { signed O unsigned

Requested standard deviation. '2‘0"{0 Reciprocatl data?: }X{
Injection pulse duration: $00u S
Voltage requested: 200V

Electrode and well configuration: (note units)

Well ID: gd( 2 3 3%
Cable #: Naw RGAS 2- BG'A_S 1
Electrodes (# —#): | — ),A_{, 2¢ ”ff Lf«fi - ‘{. y

Elevation at TOC: {47 ?'7{9-1 48 330 Y. 2Fcuq
Stickup: ~ fOC 2 Eom =S
Depth to upper electrode: ; O A 29 4. 2145
Electrode spacing: /. 26 m /.28 n f. 25
Electrode type: 5720/ 57/‘/ ffa,/
Length of casing: 13. 7 me /4. Zoa 1207

Type of casing: _S:f,a/ 57/”/ S%.’///

Sounded well depth: é'/ 7 4.2 r« 7[- 2

Screened intervals: —

e —

Depth to water:

Notes: | St=rted ot

Pntwrego g, sl o’

Yol

Premn atveely shoped ok end ) ook phml & SYC™ mesncrosd
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A jpilfp 38 Fet  Shand by Sor i

Site diagrams: (Label electrode number ranges for each well)

date:_7//%/2}

Map view:

/

Eastland

Woolen Mill

Superfund Site

Nobis Field Office \

|
1
\

/ Corinna ME \
32 \
( .
\ BM-34 \ \
\a A

%6 d:<38 .7/ / ‘

%@/ v ?,@0\5@1 ‘

W

North

Rt 4311

Crgﬁﬂsg-fection:

JEtevation][68.84 m above SL ™

Lower electrodes 7.5 + another

depth to top

< - electrode 30.0 m o)
N <
n A
. 0
N
D o
he} Q
o g
S 3
m @
depth to bottom e
electrode 58.75 m
TD: 61 m TD:

BM37

Electrode map. Depths in meters from top of 6 inch casing

BM38

T 6829m

~68.33m

7.5 meters. Elevation of survey: 38.84 m

29.49'm 29.45m
ol
<
v
N
N~
[%]
(]
=}
<
3
Q
]
58.24 m 58.25m
76.2m TD:76.2m

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level. L 3.«

Receiver battery level:

Resistance check performed (check): X[

Pairs above 10 k-ohm: 5% -$4

iZ.b

Minimum value: %44

(<o 299 k1)

WAS

Maximum value: 297 L2

%00

Survey start time:

System checks at end of data collection:

Transmitter battery level:

Receiver battery level:

Resistance check performed (check). 0

Pairs above 10 k-ohm:

Minimum value:

Maximum value:

Survey end time:

Data backup:

I Data backed up {check): I

Location:
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aUSGS

solence for & changing werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

U{?‘r"lr)':)a . M =

3ite location name: GPS location: {(units)
Operator(s);__* 1)43;[3»«} s L. Tihnsen Datum:
Weather conditions:_svz» cof coof  homid Date: 7/i8/17
Measurement and system specifications: ?c/c;
Geometry filename: /’/”m/ 3D, Sk Units (check one): ™' meters [0 feet
beal A3
Data filename: Iris unit model/SN;: S;j;? 05"—~?EZS"/</S 297 55
Number of electrodes used;___ 29 x-3 Number of quadripoles: __ /6437
Number of stacks minimum/maximum: A P4 Voltage (check one): lErsigned 0O unsigned
Requested standard deviation: 210 % Reciprocal data?: ™
Injection puise duration: 500 i §
Voltage requested: SomV

Electrode and well configuration: (note units)

Well ID: 21 377 39 \
Cable #: /-24/ 25 -¥F 49 ~772
Electrodes (# — #?<b mMPT B&nS 2 BeAs |
Elevation at TOC: L8 54 £ 5353 £%.29
Stickup: —Jo cni Sy Y —~ e
Depth to upper electrode: 26 29, 9/9 29.45
Electrode spacing: /25w J 25 m .25 m.
Electrode type: M Qf J W
Length of casing: /3.7 m "'-’é " 17 2
Type of casing: St b@ &%a// Sf%,u, f
Sounded well depth: £/ 0m 74.2 m 7 £ 2
Screened intervals: — —_ —_—
Depth to water:
Notes: 5;‘”4@ on bludl

S"ﬁpﬁtftg R MpLC T LT f
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Loty

ﬁz@ 3D SAf

date:_77/0/0 /

Site diagrams: (Label electrode number ranges for each well)

Map view: | Cross-section:
/ 1 North BM34 BM37 BM38
I Elevation][68.84 m above SL~ [[~6833m T6829m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Offi
/ Cﬁrifna'iAE e \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.49 m 2945 m
/ 32 < - electrode 30.0 m © o
™Y Rt43,11 N < 2
\ A A
\ ‘ ‘ !
\ BM-34 - 10 ~
\3 P Rt 222 é @ E
38 4 - \ £ s g
%/ ./ b 3] °
2] | @ @
2 @ ‘ depth to bottom w w
K \hq,"“oo electrode 58.75 m 58.24 m 58.25 m
I TD:61m TD:76.2m TD:76.2m
Electrode map. Depths in meters from top of 6 inch casing
S
Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level: /3.3

Resistance check performed (check): il

55-5%

Pairs above 10 k-ohm:

Receiver battery level: /3.

Minimum value: Maximum value:

0:22

Survey start time:

System checks at end of data collection:

Transmitter battery levetl:

Resistance check performed (check): U

Pairs above 10 k-ohm:

Receiver battery ievel:

Minimum value: Maximum value:

Survey end time:

Data backup:

| Data backed up (check): [ Location:
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solence for & changing werld

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name: (b-’if\wﬁ,. Mg GPS location: {units)
Operator(s): C~T°\Jm<,o~1, . 'D:)W{- Lewis Datum:
Weather conditions: Date.___+[ofoT
Measurement and system specifications:
Geometry filename: Apdip 2444k Units (check one): [ meters [ feet
Data filename: Iris unit model/SN:
Number of electrodes used: Number of quadripoles: (o z2G
Number of stacks minimum/maximum: / Voltage (check one): O signed O unsigned
Requested standard deviation: Reciprocal data?: Kl o duded i a
e

Injection pulse duration:

Voltage requested:

Electrode and well configuration: (note units)

Well ID: 37 3?
Cable #: 2. |
Electrodes (# — #): -2y 75 -Ug
Elevation at TOC: 3 33m ¢ ¥ 25
Stickup: | | 12 Com — Y o
Depth to upper electrode: 2.9 49 29,95
Electrode spacing: 524 e
Electrode type: SHee/ SHee/
Length of casing: oy /7.7
Type of casing: S, e./ S’/eé/
Sounded well depth: 7.2 m Té. 2 m
Screened intervals: —- —
Depth to water:
. Notes: 5%
Stk o omemmany
blgde .
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Ay chp 2D

J—
/oo Aborele D RIS date: ./ /407
Site diagrams: (Label electrode number ranges for each well)
Map view: | North Cross-section: BM37 BM38
/ -I Elevation: 68.84 maboveSL -
I T ~68.33m 68.29m
/ |\
Eastland : ‘
\é\{?poétrefllr,\wcimsite Rtz
Nobis Field Office \ )
/ Corinna ME Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.45m
( 3.2 \ Rt4311 S electrode 29.49 m o
N
\ BM-34 \ i' L(/\:')
® B Rt 222 0 x
T ' g i
e 8 g
\%v Vv 3 ‘ H depth to bottom w
L <2 electrode 58.24 m 58.25m
I TD: 76.2m TD: 76.2m
e El€Ctrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID
System checks at start of data collection:
Transmitter battery level: 1.6 Receiver battery level;__ 123
Resistance check performed (check): ({ Minimum value:_ &t Maximum value: <

Pairs above 10 k-ohm:

23 -3%

999 2

[l.29

Survey start time:

System checks at end of data collection:

Transmitter battery level:

[ 6 v

_Receiver battery level:__1 2 S v

Pairs above 10 k-ohm:

»

Resistance check performed (check): 7]

- O,

2
Minirmum value:

Maximum value:

Survey end time:

—Databackup:

I Data backed up (check): O

Location:
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g USGS USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
sclence for & changing werld

General information:

Site location name: /’mk,i;af M GPS location: {units)
Operator(s);_£_z szﬁ/wa%,/ C Tt hwgrr - Datum:
Weather conditions: S"w,u;, 2 Date: /o 7
Measurement and system specifications:
Geometry filename:___ 2ip 21, zA-.rm,;, L Units (check one): &'meters [ feet
Data filename: Iris unit model/SN: S}Mdﬂf%
Number of electrodes used: 24X5 Number of quadripoles: ___/43%
Number of stacks minimum/maximum: & /=2  \Voltage (check one): B’signed U unsigned
Requested standard deviation: 2.0 7o Reciprocal data?: &
Injection pulse duration: S mS
Voltage requested: S0 mi/

Electrode and well configuration: (note units)
Well ID:

34 37 =5
Cable #: e Beps L BC A% |
Electrodes {# — #): - 24 2c - 43 4072
Elevation at TOC; | "
pr — 10w Rl PP o1 owa

Depth to upper electrode:

3om KRG 4Gy 2P 45y
Electrode spacing: /25 /i 25y J25 a
Electrode type: <y y/ o a/ Slee /
Length of casing: /3.7 144, G 13 7m
Type of casing: 5"74[&/ el j}w/
Sounded well depth: &/ Om Tl 2 76, 21

Screened intervals:

Depth to water:
Notes: | 57 Gk fome

24

175



Dz/:/-),a,sa (“ec“/‘g_ w A T2 ey ohrete ‘s

at I0py

P date:_ 7>//6/g 7
Site diagrams: (Label electrode number ranges for each well)
Map view: I Cross-section:
North BM37 BM38
/] Flevation: 68.84 m above SL .
I T ~68.33m 68.29 m
Eastland ‘
Woolen Mill Rt7
Superfund Site
Nobis Field Office \ )
/ Corinna ME Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.45m
/ 32 <« electrode 29.49 m
® Rt4311 S ©
\ \ " A
BM-34 - i
\ L P Rt 222 9 §
=)
3 38.\/3.7/ - . % §
% ‘ 0 b o
S VvV depth to bottom w
k \4\@’“@)\ electrode 58.24 m 58.25m
I TD: 762 m TD: 76.2m

Well offsets: units

b—Eloctiode map Depthsin meters from top of 6 inch casing

Well ID

System checks at start of data collection:

Transmitter battery level:

12 G

Pairs above 10 k-ohm:

Resistance check performed (check): gl

5Y-5%

Receiver battery level: /2. =

Minimum value;__./9 Maximum value:

777 Q-

Survey start time:

/5%

System checks at end of data collection:

Transmitter battery level:

Resistance check performed (check): O

Receiver battery level:

13

Minimum value: - /¢

Maximum value: ™~ ©

Pairs above 10 k-ohm: sSg—%g  G99.¢7 obhon
Survey end time: ~12.50
— Databackup:
Data backed up (check): O Location:
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EUSGS

solsnce lor  changing werkd

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

3ite location name:__Conrsua, M2 GPS location: (units)

Operator(s): 7 /)? Lew .ffr,/ (. Jebhnnses Datum:

Weather conditions: 5297%; Date: Suey (6, 2860 Z—
Measurement and system specifications:

Geometry filename: DM ﬁ,ﬁo 3D Units (check one): B/meters [ feet

Data filename: Iris unit model/SN:%ocd/%

Number of electrodes used:__ <+ X.3 Number of quadripoles: ___ /¢4 3%

Number of stacks minimum/maximum:___<Z /3 Voltage (check one): Msigned O unsigned

Requested standard deviation: 2 0% Reciprocal data?: af

Injection pulse duration: 500m¢ Singl hemncd o /

Voltage requested: 50 2V

Electrode and well configuration: (note units)

Well ID:

39 37 P4
Cable#: | nor Bons 2 BeAs [
Electrodes (#—#): | /oy 2G-Yy 47-72
Elevationat TOC: { /g 5 £3. 2 0 3.3 4
StiCkUp: PRT-PIN ~_§2 Cra Moo Y ey
Depth to upper electrode: 20 29 %94, 29. 4%
Electrode spacing: /. 28 25 m 125,
Electrode type: Sted S/ ,u./ Sted
Length of casing: | 2 7 /YL .27
Type of casing: | <7/, .4 Fed g./—“,/
Sounded well depth: 61 76T | 76200
Screened intervals: — —_— -
Depth to water:
Notes: Stpred of
Mem blsca
A 320
b b 3%
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o~ /65

Dp D530 )t oy W
'@L Vit JS—’;‘ bwsydate: / o7

Wik fop chechrkl od 30ad

Site diagrams: {Label electrode number ranges for each well)

Map view: | Cross-section:
/ _| North BM34 BM37 BM38
I Elevation[68.84 m above SL ™ [[~6833m Tre829m
Eastland ‘
Woolen Mill
Superfund Site Rt7
Nobis Field Office \ L : .
/ Corina ME ower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ depth to top 29.49m 29.45m
( 32 \ < - electrode 30.0 m ® o
® \ Rt 4311 ‘: j\f <
\ BM-34 \ - Q x.
B Rt 222 3 @ ';,
=) S Q
2 38 \‘307 - . £ £ g
% ~ a @ o
“‘% v 1 ‘ depth to bottom e [}
> \4\@@0\)\ electrode 58.75 m 58.24 m 58.25 m
I TD: 61 m TD: 76.2m TD: 76.2m
IJ Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID
System checks at start of data collection:
Transmitter battery level: 13.6 Receiver battery level: L3S v

Pairs above 10 k-ohm:

Resistance check performed (check):

Minimum value: ™ /& Maximum value:™ /.o

52‘5—? -C/Z/Mo

Survey start time:__ /4. d2

System checks at end of data collection:

Transmitter battery level:

134 v Receiver battery level: /3. Y%

Pairs above 10 k-ohm:

Resistance check performed (check): [

Minimum value;_0 /%  Maximumvalue?™/-
5? hd 57 ojL/’,A/bnﬂ.h

Survey end time:_ 1§ .5 4

Data backup:

Data backed up (check): U

Location:
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» USGS Office of Ground Water Branch of Geophysics
USGS Iris Resistivity System - Borehole data collection sheet

science for 2 changing werld

General information:

Operator(s);._ Daé LewtS 8. Tohn s

Weather conditions: S\an\zj g rng

Site location name:___ (e o n VO ek GPS location: (units)

Datum:
Date: o ’7,/’/@/ g

Measurement and system specifications:

Geometry filename: Wenner 3d Fxt

Data filename:

Number of electrodes used: 2% X =

Number of stacks minimum/maximum: < /7 3

Requested standard deviation: 2.0 %
Injection pulse duration: 500mS
Voltage requested: L0 i

Units (check one): R meters [ feet

Iris unit model/SN: _&Mﬁd 1§70~ 155445 4919
Number of quadripoles: /18

Voltage (check one): ¥'signed  [J unsigned

Reciprocai data?: [

L7

Electrode and well configuration: (note units)

Well ID:

3¢ 37 Sy
Cable#: | 4,0 Besz | sesss
Electrodes (# — #): T, A5 4F Hq 72,
Elevation at TOC: 65 F4%m 45 33, 6729
Stickup: | ~ _ 16 com Y oellem |V - r%em
Depth to upper elecirode: B a9 49 29 45
Electrode spacing: [ 25 an VS e L2 o
Electrode type: SAal Stk gyt_ui
Length of casing: 13.7 o 7. L on £3.7 0
Type of casing: Sl Stoeah, M
Sounded well depth: 6k m o —~C 2o
Screened intervals; N . —
Depth to water:
S
Notes: | S¥e m
s
39S}
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ﬁfﬁ,(/ee.@dLmeﬁo ad 30ng

Site diagrams: {(Label electrode number ranges for each well)

date: 7//%6 7

Map view: 1 o Cross-section:
/ 1 o BM34 BM37 BM38
I Flevation][68.84 m above SL~ [[~6833m T 68.29m
/ )\
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Office \ .
/ Corinna ME Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.49 m 29.45m
( 3.2 o N electrode 30.0 m ® &
\ A A N
\ BM-34 \ rli UI? t\<1
P Rt 222 @ P ~
(0]
iz 38 \:.7 - ‘ g ‘-.é é
% -~ o 8 g
%v v et ‘ %" depth to bottom w w
Y e electrode 58.75 m 58.24 m 58.25m
I TD:61m TD: 76.2m TD: 76.2m
Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID
System checks at start of data collection:
Transmitter battery level; 13. b v Receiver battery level: (3. %y
Resistance check performed (check): ¥ @10 Minimum value: 1 2 Maximum value:__f. 3f
Pairs above 10 k-ohm: 5SR-S
Survey start time: C 16t
System checks at end of data collection:
Transmitter battery level: 1804 V Receiver battery level:___ 13, 4

Resistance check performed (check): U

Pairs above 10 k-ohm:

Minimum value:

Maximum value:

Survey end time:

— Data backup:

Data backed up (check): [] Location:
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& USGS

sclence for 8 changing werkt

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

{

Site location name: GPS location: {(units)

Operator(s): T$WJIJM6 // C Johwmnmn Datum:

Weather conditions: S.mn} Loerpn Date:  ~J_ u/j lo, Wa7
Measurement and system specifications:

Geometry filename: i [ Units (check one): [ meters [ feet

Data filename: Iris unit model/SN:

Number of electrodes used: 243 Number of quadripoles: (197

Number of stacks minimum/maximum: =2/ 3 Voltage (check one): M'signed [ unsigned

Requested standard deviation: 2D% Reciprocal data?: M~

Injection pulse duration: 50 ~98 1 OLw-m va bl T

Voltage requested: 50 m ¥

Electrode and well configuration: (note units)

Well ID: 34 37 3¢
Cable #: MPT 8Yas 2 Bgue |
Electrodes (#—#): | - oy 25- Hg Hfq- 72
Elevation at TOC: 6Z. Y (Y. 33, 3.
Stickup: Ve - .;Uh ~\4 e
Depth to upper electrode: 20 m KU 49| 2945 4
Electrode spacing: 1.2< o 1.3 VOS5
Electrode type: | -, , ( Stal -2, k-
Length of casing: 13, . 1’4.(&;} 13.7 ™
Type of casing: ‘S{“ U:L g‘} wl M
Sounded well depth: A 16, 2 Ao 2
Screened intervals: — —_— —
Depth to water:
Notes: .
Shot ghyr 7077
en blo
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Wermrae™

-5@;:#35 re,e{,«‘o_

Site diagrams: (Label electrode number ranges for each well)

date: 7/410 7

Map view: | Cross-section:
/ 1 North BM34 BM37 BM38
I Flevation][68.84 m above SL~ [[~6833m T 6829m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Office \ .
/ Corinna ME Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.49 m 2945 m
/ 3.2 e N electrode 30.0 m @ 2
\ A A
\ BM-34 \ ;4 lI"’ <¥
P Rt 222 @ P -
\ ' g E g
% ‘o o g £ S
2 -~ 2 ki 8
(9, [AN] =
S Vv @ ‘ depth to bottom w w
K “\@“OO electrode 58.75 m 58.24m 58.25m
I TD:61m TD: 76.2m TD: 76.2m
Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well iD
System checks at start of data collection:
Transmitter battery level: \3-6 Receiver battery level: 13.4
Resistance check performed (check): & Minimum value:_® | Maximum vaiue:_/ ¥ &

Pairs above 10 k-ohm:

<> aéwm;,a .cwfﬁy /;1 Al a’[m

Survey start time: /620

System checks at end of data collection:

Transmitter battery level:

Resistance check performed (check): [

Pairs above 10 k-ohm:

Receiver battery level:

Minimum value: Maximum value:

Survey end time:

&

Data backup:

Data backed up (check): [ Location:
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&= USGS

scisnce for & changing werld

General information:

USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet

Site location name:__ Csvrin nal WACA s GPS location: {units)
Operator(s): F N Tén Datum:
Weather conditions: Smay Lo, Date: Soly \O) REDF
Measurement and system specifications:

Geometry filename: Wonee 2N Units (check one): ™ meters O feet
Data filename: Iris unit model/SN:
Number of electrodes used: A3 Number of quadripoles: I
Number of stacks minimum/maximum: A/ 3 Voltage (check one): E(signed 0 unsigned
Requested standard deviation: 2.0 % Reciprocal data?: ©
Injection pulse duration: S50 mS )

j p m <, W%& Clarmel
Voltage requested: 50 myv

Electrode and well configuration: (note units)

Well ID: 3\' 37 I K
Cable #: \m_v:; @,“4 ol 2 weq \
Electrodes (# - #): (—-249 2T - 58 44~ 72
Elevation at TOC: L X o CX. 33.1 €F.29m
Stickup: YD apa | Y~ 12 # =1t L
Depth to upper electrode: 2.5 21,99 21.9¢
Electrode spacing: L2 o 1. OT L 25
Electrode type: S Doy <k, 0
Length of casing: Y3, i‘/_.ém =
Type of casing: %hut[ <o\ ghu\\
Sounded well depth:
Screened intervals: ol on- S 76'%"‘
. Depth to water: — =
Notes: gf\‘:;t‘_“\ﬁ ‘
135

183




w//wwu b
22,5 ’d@p ~

dat/tO( ot

Site diagrams: (Label electrode number ranges for each well)

Map view: 1 ! North Crgsg section: o5 BM38
/ I Elevation][68.84 m above SL~ [[~6833m [[68.29m
Eastland ‘
Woolen Mill
Superfund Site Rt7
Nobis Field Off
/ Cgri:wsnaI?\AE < \ Lower electrodes 7.5 meters, Elevation of survey: 46.34 m asl
\ depth to top 21.99m 21.95m
32 \ < - electrode 22.5m © o
/ o Rt43711 N < 2
\ A A
i i \Y
\ BM-34 \ - Q NS
[%]
) Rt 222 % 8 8
7 ~ = K 3
38 5 = =
%/ L J ) o 3]
23 ~ m @ @
Y 1 ‘ depth to bottom w ]
@ N\@@"‘)\e electrode 51.25 m 50.74 m 50.7m
TD: 61 m TD: 76.2m TD: 76.2m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level____{3.(» v Receiver battery level: 129

Resistance check performed (check): ~d Minimum value:__ .\ 3 Maximum value: . € @ SY- 9.

Pairs above 10 k-ohm:
Survey start time:__\ G & |

System checks at end of data collection:

Transmitter battery level: [ .6V Receiver battery level: (2.4
Resistance check performed (check}: M Minimum value:;__ 0 - | q’Maximum value: l, +
Pairs above 10 k-ohm: s 1 was 197 4&2%
Survey end time:
Data backup:
Data backed up (check): O Location:
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ZUSGS

sclence for g Chninging wivid

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name: Cofﬂm\m_ N\O.&IU\L GPS location: {units)
Operator(s): T %D.m;{/ C. o ngm Datum:;
Weather conditions: %\mvvi:{) VEPEISN Date: Joy 7 D00
Measurement and system specifications:
Geometry filename: Wernner— 2% mc"wp . Units (check one): BEmeters [ feet
Data filename: Iris unit model/SN:
Number of electrodes used: 249X 3 Number of quadripoles: (A
Number of stacks minimum/maximum: 2/ 3 Voltage (check one): B/signed [ unsigned
Requested standard deviation: 2. 6% Reciprocal data?: =g
Injection pulse duration: 500 ms
Voltage requested: S0

Electrode and well configuration: (note units)

Well ID: Uy

27

2%

Cable #: =24

25 - 4<

49-92

Electrodes (# — #):

Elevation at TOC:

Stickup:

Depth to uppei' electrode:

QA5 ™

2).99

2, ag

Electrode spacing: L BS g

LA o

L35 ~

Electrode type:

Length of casing:

Type of casing:

Sounded well depth;

Screened intervals:

Depth to water:

T
—

Notes:

i
LAl

— ™S
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s

date:_ ) 4 a
. . o (~ well 34
Site diagrams: (Label electrode number ranges for each well)
Map view: | Cross-section:
/ 1 North BM34 BM37 BM38
I Elevation][68.84 m above SL~ [[~6833m T6829m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Office \
/ Corinna ME Lower electrodes 7.5 meters, Elevation of survey: 46.34 m asl
\ dep{h to top 2199 m 21.95m
/ 3.2 o N electrode 22.5 m @ 2
\ ) ) J
\ BM-34 — 9 ~
P Rt 222 § 9 E
38) : - ) = g g
3 . 8 8 3
e 4 ‘ W - depth to bottom ] i
N %@0\3‘@ electrode 51.25 m 50.74 m 50.7 m
< .
I TD: 61 m TD:76.2m TD: 76.2m
Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level:

| €LV

Resistance check performed (check): QSK

Pairs above 10 k-ohm:

Receiver battery level:_| . 4 V

Minimum value: 0. {3 Maximum value: - ¥

g-? be-gg

999 ke

{F 032

Survey start time:

System checks at end of data collection:

\Se

Transmitter battery level:

Resistance check performed (check): O

Pairs above 10 k-ohm:

13-4

Receiver battery level:

Minimum value: Q. | & Maximum value: | .8

1712,

Survey end time:

Data backup:

Data backed up (check): [J Location:
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USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
solence for s sheuging werid

General information:

Site location name:___{orinna ME GPS location: (Units)
Operator(s):___C «Fohusow & Day - Lewis Datum:
Weather conditions:__Svawy  ~¥0°F Date:__¥[10/0 2

Measurement and system specifications:

Geometry filename:__Wwenner 3d.4xr Units (check one): & meters [ feet
Data filename: Iris unit model/SN:

Number of electrodes used:__ 2 4 X 3 Number of quadripoles: __ 1 1 &

Number of stacks minimum/maximum:_Z _/ Voltage (check one): &signed U unsigned
Requested standard deviation: 270 Reciprocal data?: K

Injection pulse duration: SO ms

Voltage requested: Semy

Electrode and well configuration: (note units)

Well ID: 2 U 21 2%
Cable #: MPT 8(1%2, ?CO'A‘S:]ﬁ,
Electrodes (# — #): r-2¢ 2¢ -4y | 99~ 72.

Elevation at TOC:

Stickup:

Depth to upper electrode: ’? { /
3P Sl 1/ 49 Yyg

Electrode spacing:

Electrode type: Shen Sheel Stee

Length of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

Notes:

Uz
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woedae/ §c1,4-{+— MJ
dep clectrode ot (S 74 Well 24 date: HHrofoF

Site diagrams: (Label electrode number ranges for each well)

Map view: : et cr%?ﬂs:s'f ection: BM37 BM38
I |Eevation][68.84 m above SL~ [~6833m T [6829m
Eastland
MZLZE Mill ‘ . Elevation of survey}|53.84 m above SL
Superfund Site
Nobis Field Office \ dlepth tg tolps 1449 ™ 14.45 m
/ Corinna ME < electrode m © : o
o <
\ L\ A A N
' ! v
/ 3.2 Rt4311 “‘ 9 Q
\ 4 # (7]
\ BM-34 \ 3 3 %
\; ) Rt 222 E g §
3 % ~ *' depth to bottom w w
%\p e electrode 43.75 m 43.74 m 43.20m
2 1
s vV o ‘ TD: 61 m TD: 76.2m TD: 76.2m
@(6
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level:

\?:9

139

Receiver battery level:

Pairs above 10 k-ohm:

Resistance check performed {check): X

Minimum value: © !+ Maximum value:( -8

S9 s 793452

KR

Survey start time:

System checks at end of data collection:

\3

Transmitter battery level:

2 Receiver battery level:__{ 2.H

Resistance check performed (che

Pazirs above 10 k-ohm:

ck):ﬂ' Minimum value:_0. lﬂ Maximum value: 1 §_

<q waS 999 feh

| 74

Survey end time:

Data backup:

Data backed up (check).

Location:
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= USGS

saiencs fer & changing werld

General information:

USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet

Site location name: ( oriaug, M

Weather conditions: S ...,,m.i

~FF

Operator(s)._ € « Johnss~ = D ag-Lou.$

GPS location:

{units)

Datum:

Date: ':1"[10,0 +

Measurement and system specifications:

Geometry filename:__veungr 34 rec:.p.wlxd‘

Data filename:

Number of electrodes used:

24y %

Number of stacks minimum/maximum:

L/S

Units (check one): Tmeters [ feet
Iris unit model/SN:
Number of quadripoles: Iy

Voltage (check one): ysigned 0 unsigned

Requested standard deviation: 2°/s Reciprocal data?: ﬂ
Injection pulse duration: Gooml
Voltage requested: SomV
Electrode and well configuration: (note units)
Well ID: T 2 7 ??
Ccaled| MPT | B4AS 2 [BoAs 1
Electrodes (# — #): l "?/"r 74§ "l’?- 72
Elevation at TOC:
Stickup:

Depth to upper electrode:
Electrode spacing:
Electrode type:

Length of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

Notes:

1S

2544
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lverner 34( I‘w()f'nch

" ) + -
vl oleptle o 1 electndo date:_FHio[oF
N (S a weld 34
Site diagrams: (Label electrode number ranges for each well)
Map view: | Cross-section:
/ 1 North BM34 BM37 BM38
I Elevation][68.84 m above SL~ [[°6833m  [~68.29m
e il Elevation of survey|[53.84 m above SL |]
Superfund Site Rtz depth to top
Nobis Field Office \ electrode 15 m 14.49 m 14.45 m
/ Corinna ME (ﬁ cé) g:
\ A A
32 \ " v
/ Y \ Rt43,11 : 0 &J
[0} 4 %
\ BM-34 \ E é %
B! Rt 222 % E E
7 ~ ) | depth to bottom w w
%/9:8 ./ electrode 43.75 m 43.74 m 43.20 m
& Vv <3 ‘ TD:61m TD:76.2m TD:76.2m
W
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level:

Pairs above 10 k-ohm:

Resistance check performed (check):ﬂg

U3 12.0 Receiver battery level:__[ S WX

Minimum value: O‘Zﬂ Maximum value:_{. &
§‘i L &S ?q?kﬂ-

Survey start time:

ERT;

System checks at end of data collection:

Transmitter battery level:

(2.6 12.4

Receiver battery level:

Pairs above 10 k-ohm:

Resistance check performed (check): M

Minimum vaiue:_§.24  Maximum value: (-Sﬁ
9 wes 799 K2

| 7:97

Survey end time:

Data backup:

Data backed up (check): O

Location:
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USGS Office of Ground Water Branch of Geophysics
%USGS Iris Resistivity System - Borehole data collection sheet

solence far a changing werld

General information:

Site location name: Cer;una\; Me
Operator(s).__C :roHuSoui E. DAY -LE WIS

GPS location: (units})

Datum:

Weather conditions: ©rt+24 g e AN

Date: % ThitfoT

Measurement and system specifications:

Geometry filename:__s2d” AipAyp 2 A
Data filename:
Number of etectrodes used: LL{' ¥ Z-

Number of stacks minimum/maximum: <. / ¥

Requested standard deviation: 2’(’/0
Injection pulse duration: &OomnS
Voltage requested: SDAV

Units (check one): K meters [ feet

. Sascal o Seikh G
[ris unit model/SN: n-';—'sror 'Pr L7

Number of quadripoles: 4915-

Voltage (check one): ﬁsigned J unsigned

Reciprocal data?:

Electrode and well configuration: (note units)

WellID: | 7, T2
Cable #: MPT ;q AsS 2-
Electrodes (#—-#). | /. 5 o 25~ 48
Elevation at TOC: (8. % (X.05%
Stickup: -0 Can —i2.FCm
Depth to upper electrode: i 5 m /4.20
Electrode spacing: h25w 1.2.¢ M
Electrode type: S'l(e el S‘kﬁl
Length of casing: 13T 4. 6 amx
Type of casing: [ le, | Sleel
Sounded well depth:
Screened intervals: - -
Depth to water:
Notes: | . -
Hoel
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d!}oﬂ(‘);Zo[ w/ Tep

reBrde ad /5m o ~etlS¥ date: Hi /0”4-_
Site diagrams: (Label electrode number ranges for each well}

Map view: : | - Crpgsssection: i3
/ I Flevation][68.84 m above S [["6805m
Eastland Elevation of survey}|53.84 m above SL
Woolen Mill
! depth to top
Superfund Site Rt7
Nobis Field Office \ electrode 15 m 14.20 m
/ Corinna ME \ N X
N N
\ - ;
( s \ Rt4311 ? P
S [0}
\ BM-3/ \ % Té
® B Rt 222 ko) 3
] @
depth to bottom L
2z, 38 3.7 -~ ‘ electrode 43.75 m 42.95m
e @ ~
L v e | | TD:61m D:61m
> '
2
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level: \ 3.~ VY Receiver battery level: 13.3V

Resistance check performed (check): ﬂ Minimum value:_0O .‘;';l Maximum value: ' c?
Pairs above 10 k-ohm: pMovE

Survey start time: €. 2

System checks at end of data collection:

Transmitter battery level: 13.6V Receiver battery level,___ {34V
Resistance check performed (check): X Minimum value: 8, $ | Maximum value: [ ¥
Pairs above 10 k-ohm: Wove

Survey end time:___ % 1 Hb

Data backup:

Data backed up (check): [ Location:
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EUSGS

scionse for & changing werkd

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name:__ o ane ME GPS location: {units)
Operator(s):_C Tofnioy (= DAY -l CwiS  Datum:
Weather conditions: ( loudy L 6SF Date:_ F-{tifo3
Measurement and system specifications:
Geometry filename:__«tspdia pec obpip?diecip  Units (check one): A meters [ feet
Data filename: Iris unit model/SN:
Number of electrodes used;___"24t x 4- Number of quadripoles; (28
Number of stacks minimum/maximum:_"%— / &  Voltage (check one): ﬁ’signed 0 unsigned

2%

Requested standard deviation:

gbo.mg

Injection pulse duration:

ZomV

Voltage requested:

Reciprocal data?: [

Electrode and well configuration: (note units)

Well ID:

24 3z
Cable #: MPT EﬁA‘S 2
Electrodes (# — #): {~2 "‘f 7 C“'—{ ¥
Elevation at TOC:
Stickup:
Depth to upper electrode: '\ S 1.2 m
Electrode spacing: I Zg‘“ L 25 m
Electrode type: < k ¢ \ Shee I
Length of casing:
Type of casing:
Sounded well depth:
Screened intervals:
Depth to water:
Notes:
5202
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dip dpAD comp. o top

R brota v ECEY IS My date:M’?—

. . TocC.
Site diagrams: (Label electrode number ranges for each well)
Map view: | Cross-section:
/ 1 North BM34 BM32
' I Elevation][68.84 m above SL~ [[~68.05m
s il Elevation of survey}|53.84 m above SL
Superfund Site Rt7 depth to top
Nobis Field Office \ electrode 15 m 14.20 m
Corinna ME < ©
/ \ N 3
N A
( 32 \ - 10
Rt4311 R\
\ 8 2
\ BMg4 \ S g
) Rt 222 % E
37 ~ ‘ depth to bottom w
’@9_ 3% ./ electrode 43.75 m 42.95m
0
3 \% go&e“ ‘ TD: 61 m TD: 61 m
2
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Resistance check performed (check): K

Pairs above 10 k-ohm:

Transmitter battery level: 26 Vv Receiver battery level: [3.3V
Resistance check performed (check): ] Minimum value:® . 51 Maximum value: [ ¥
Pairs above 10 k-ohm:
Survey start time: 748
System checks at end of data collection:
Transmitter battery level: 3. V Receiver battery level: 12.4v

Minimum value: 0"‘(0 Maximum value: /4

Survey end time:

93|

Data backup:

Data backed up (check): [J Location:
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scisnce for 8 changing workd

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name:. (o r‘-a-\A’. ME.

9
Weather conditions: € [wt{-! ~LS F

GPS location: {units)
Operator(s);__C Jeopnsod) 5, DAY- LEWIS  Dpatum:
Date:  FJi1fo #

Measurement and system specifications:

Geometry filename:

d .‘Pd.‘F 2.4 . ‘]"‘x"‘“

Data filename:

Number of electrodes used:

Cata O S

Number of stacks minimum/maximum:

2/ 3

Requested standard deviation:

2%,

S00mS

Injection pulse duration:

go A‘/

Voltage requested:

Units (check one): ﬂmeters 0 feet

Iris unit model/SN:

bzs—

Number of quadripoles:

Voltage (check one): lt(éigned 0 unsigned

¥

Reciprocal data?:

Electrode and well configuration: (note units)

Well ID: 3 ,_’ 3 y
Cable #: M p ' Bﬁ A,S 2.
Electrodes (# — #): -2 ,_1 T -4y
Elevation at TOC:
Stickup:
Depth to upper electrode: 272, g‘w‘ . 7“1

Electrode spacing:

Electrode type:

Stee

Slee |

Length of casing:

Type of casing: Slac\ Sdee |
Sounded well depth:
Screened intervals:
Depth to water:
Notes:
$91F
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A?PJ(:P 7’B @

e di 22.5 ™
Site diagrams: (Label electrode number ranges for each well)
I Map view: : | o Cross.section: .
/ I | Flevation][68.84 m above SL~ [[~6805m — T
Eastland
Woolen Mill
SL? ;;fr;‘ndl site Rt7
/ (V\;gglnsnlgli/lldEOfflce Lower electrodes 7.5 meters, Elevation of survey: 46.34 m
\ depth to top 21.7m
/ 32 \ @ N electrode 22.5 m ®
\ A A
\ BM-3/ \ — 10
® 2 Rt 222 é é
1\ 2 e
37 ~ = 2
ce < s 2
603 1 ‘ W - depth to bottom w
s vV 6@00‘6 electrode 51.25 m 50.45 m
A TD: 61 m TD: 61 m )
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: u_nits

Well ID

System checks at start of data collection:

Transmitter battery levei:

[ZpV

Receiver battery level: 3. 4v
Resistance check performed (check): ¥’ Minimum value: 0.5 Maximum value: I 9
Pairs above 10 k-ohm: New€
Survey start time:___ | © « 35~

System checks at end of data collection:

Transmitter battery level:

3.V

Resistance check performed (check): K

Receiver battery level:

3V

Minimum value: * X1 Maximum value:_2-{ 3

Pairs above 10 k-ohm: MovE
Survey end time: {0:5¢"
clkup:
— Data backup:
Data backed up (check): O Location:

196
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g USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
selsnce for & shanging werkd

General information:

AT oY 3F43 4
Site location name: Cor-‘..nmk ) ME GPS location: 49 474 r2 +t?‘" (units)

. - Qlewsdio~ 32.3
Operator(s): CTTOHUQONi EDAY-LEWLL Datum:_utm wege4 Feem

Weather conditions:__Cleody A oS Date: ~Z{1floF

Measurement and system specifications:

Geometry filename: dlgd‘ap 'La(,re_c},? A x‘*’ Units {(check one): IXmeters 0 feet

Data filename: Iris unit model/SN:

Number of electrodes used:__2- "f/ Y 2- Number of quadripoles: b 23

Number of stacks minimum/maximum:___ 2=/ 3 Voltage (check one): M’ signed O unsigned
Requested standard deviation: 7"/0 Reciprocal data?: ‘ﬂ

Injection pulse duration: L00mS

Voltage requested: o v n\( -

Electrode and well configuration: {(note units)

Well ID: .(5 Lf -—3 7
Cable #: MET BC) A_g 7

Electrodes (# — #): |~ 2 U{ 204 5
Elevation at TOC:

Stickup:

Depth to upper electrode: 22.6wm 207 e
Electrode spacing: 1.2Cm | [ 25 m
Electrode type: Sle S lee

Length of casing:

Type of casing: < ‘kﬂ ‘ §+ed

Sounded well depth:

Screened intervals:

Depth to water:

Notas:

T OHICOS

bs Yo
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dopdip2d pecp Fyt
® zz2.6~

Site diagrams: (Label electrode number ranges for each well)

Map view: /1 L ot Crg,\s/l%-élsectlon. BM32
I Elevation[68.84 m above SL~ [["6805m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Office
/ Corinna ME \ Lower electrodes 7.5 meters, Elevation of survey: 46.34 m
\ \ depth to top 21.7m
32 < - electrode 22.5 m ©
( \ Rt43,11 T j\r
\ BM-3/ \ A UN;
® 3 Rt 222 8 @
a7 s ‘ g 8
AN 8 g
9% » ‘ W - depth to bottom [}
&Y v (&goo\e electrode 51.25 m 50.45 m
W TD: 61 m TD: 61 m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level: V2.V

Resistance check performed (check): M\

Pairs above 10 k-ohm: None

Receiver battery level: \3.4Vv

date::wLO_ ¥+

Minimum value: @ . S &  Maximum value:_ 2,135

Survey start time:

System checks at end of data collection:

Transmitter battery level:

Resistance check performed (check): {J

Pairs above 10 k-ohm:

Receiver battery level:

Minimum value: Maximum value:

Survey end time:

Data backup:

Data backed up (check): [ Location:
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USGS USGS Office of Ground Water Branch of Geophysics
% Iris Resistivity System - Borehole data collection sheet
science for & changing vworkd

General information:

Site location name: Cerhmq} ME GPS location: {units)
Operator(s)._C . ToHNS6 N . DAr-LEwiIS Datum:
Weather conditions:__C 'buolul; Fo° = Date: ‘7-[”!0 pA

Measurement and system specifications:

Geometry filename: d.‘{s AT{; 2D Fﬁcl?-"‘#'}‘ Units (check one): Y meters [ feet

Data filename: : Iris unit model/SN:

Number of electrodes used:_ 2 H¥ 2 Number of quadripoles: ___ 02 <
Number of stacks minimum/maximum: - 1 3 Voltage (check one): JXsigned (] unsigned
Requested standard deviation: 2o Reciprocal data?: ,Kf

Injection pulse duration: Gooms

Voltage requested: Co mV

Electrode and well configuration: (note units)

Well ID: 3 b( ‘Z 2

Cable# [ wpr BgAS |
Electrodes (#—#): (~ 24 Z.S;" '-f‘ f
Elevation at TOC:

Stickup:
Depth to upper electrode: ZOm 29.2um .
Electrode spacing: \- < (.26
Electrode type: | ¢ been Seef

Length of casing:

Type of casing: QH_L( g‘[\ed

Sounded well depth:

Screened intervals:

Depth to water:

Notes:

bF
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&(:P 0(2‘, 2D r&:f.-“xJ— @

date: 1,'"07‘

BY=) v
Site diagrams: (Label electrode number ranges for each well)
Map view: 1 ) Cross-section:
/ 'I Nort BM34 BM32
| Eevatioﬁmw.&lm aboveSL~ [resosm
Eastland
Woolen Mill
Superfund Site Rt7
/ ggi’ifnzi"l‘?mce \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ depth to top 29.20m
/ 32 \ < - electrode 30.0 m ©
\ Rt43,11 ‘/\\' 7\*
BM_3/ \ ) g
L d P Rt 222 2 ®
=}
[e] ©
2 7~ o R]
R 1 ‘ depth to bottom w
NZ
> N\?’@\) electrode 58.75 m 57.95m
TD:61m TD: 61 m

| |

Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

13.bv

Transmitter battery level:

Resistance check performed (check):}]"

Pairs above 10 k-chm:

Receiver battery level:

Minimum value: 0.6 &6  Maximum value: .2 F

[3.2V

Survey start time:__ {155

System checks at end of data collection:

Transmitter battery level: 2.0

Resistance check performed (check): K

Pairs above 10 k-ohm:

Receiver battery level:

13.3

Minimum value;_ 0.k @ _ Maximum value:___l._‘_'._?_

Survey end time:_~ 1 2- 45

-~~~ —Data backup:

Location:

Data backed up (check): [l
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G USGS Office of Ground Water Branch of Geophysics
% US s Iris Resistivity System - Borehole data collection sheet
sclsnce for & shanging world

General information:

Site location name: Car‘.anq’_ ML;- GPS location: (units)
Operator(s):__ ¢ jwi—nJ&mJ= =~ DAY-LEWIS Datum:
Weather conditions: € lo "‘(1 , e~ Date: =+ ’ll Jo +

Measurement and system specifications:

Geometry filename: d-”? t’l‘-? 2d.+yt Units (check one): ﬁmeters [1feet
Data filename: Iris unit model/SN:
Number of electrodes used:___ & B X 2 Number of quadripoles: {25
Number of stacks minimum/maximum:_ & / S Voitage (check one):Xsigned U unsigned
Requested standard deviation: Z % Reciprocal data?: XI
Injection pulse duration: {00 s .

) P — 7k Cﬂl\cckﬂ' \,VI 04\‘1
Voltage requested: <o mV owe channe

Electrode and well configuration: (note units) | e

Weil ID: g L_l 22
Cable #: MPT— BG‘AS 7
Electrodes (# — #): ( ~ 4 24 3

Elevation at TOC:
Stickup: | jpeng. — /2. 2¢cmn
Depth to upper electrode: 20 m T9. 2w

Electrode spacing: |  {,2 & \.Z5m

Electrode type: S fee) Steel
Length of casing:

Type of casing: SAee\ < Hel
Sounded well depth:

Screened intervals:

Depth to water: 2V wbnd 156mi ¢ e

[ RAAAT AL

ELEY]
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Ay elip 24+t

date:c’q‘m[()?-

Z20m
Site diagrams: (Label electrode number ranges for each well}
Map view: | Cross-section:
-| North BM34 BM32
/ | IevatoFme‘S.Szlm above SL~ [[6805m
Eastland
Woolen Mill
Sup_erfu‘nd Slte_ Rt7
Nobis Field Office \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
/ Corinna ME
\ depth to top 29.20m
32 \ < - electrode 30.0 m ®
( \ Rt43 11 N N
\ BM%/ \ 1 :
2]
® B Rt 222 3 §
37 ~ Y £ =
%. 38 ® 8 E
> @ -~ w ]
e 4 ‘ depth to bottom
3 @@0\3‘8 electrode 58.75 m 57.95m
W TD:61m TD: 61 m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level: 136 V

Resistance check performed (check):d

Receiver battery level:

Minimum value: (2'-6&" Maximum vaiue: l. IZ

Pairs above 10 k-ohm:; NoNE

18 3V

Survey start time;__~ 1300

System checks at end of data collection:

Transmitter battery level:___\5.( ¥

Resistance check performed (check):x

Pairs above 10 k-ohm:

Receiver battery level:

(3.4v

Minimum vaiue:o- é’ s Maximum value: /"/S"

Survey end time;__ | 3 s

Data backup:

Data backed up {check): O Location:
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USGS USGS Office of Ground Water Branch of Geophysics
g Iris Resistivity System - Borehole data collection sheet
science far 8 chenging werld

General information:

Site location name: Cor‘nuwk, mNE GPS location: (units)
Operator(s): Cﬂbhﬂ%"“, ED AY - L &L SDatum;
Weather conditions:_C oo 4? Fo°+ Date:__ T/ :l, +
Measurement and system specifications:
Geometry filename:__Ap cv(.?,ﬂ Zd,+ct Units (check one): %meters 0 feet
Data filename: Iris unit model/SN:
Number of electrodes used: 7/"{ XZ— Number of quadripoles: Gz$
Number of stacks minimum/maximum:_2—__/ 3 Voltage (check one): l;Kéigned a unsig'nerd
[/
Requested standard deviation: Z / o Reciprocal data?: &
Injection pulse duration: ' 3 ~ Redoin u—/ (44 'I’Luz
-~ L
Voltage requested: S o my usval p'ise durafien.

_ r\,,\n‘.AcaL\...! aA\~l| ICLU'\“M’

Electrode and well configuration: (note units)

Well ID: 3 "j < y
Cable #; MPT @q}fgg_
Electrodes (# — #): \ ~ 2 L{ 28 qg

Elevation at TOC:

Stickup:

Depth to upper electrode: 3 O

Eiectrode spacing: \« 26 an .26 m
Electrode type:

Length of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

Notes:

413
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Aipp2d byt @ SO~

vl pelse durafro~ of s

Site diagrams: (Label electrode number ranges for each well)

date: F/t1foF

Map view: l o Cross-section:
orf
/1 BM34 BM32
I Flevation][68.84 m above SL~ [[~68.05m
Eastland ‘
Woolen Mill
Superfund Site Rt7
Nobis Field Off
/ CgrilnsnaleME “ \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.20 m
( 32 Tl S, | electrode 30.0m ®
\ N A
\ BM-34 \ - "
® P Rt 222 ® PN
[}
=}
37 ~ ‘ = 8
% 38 ( J 3] 5
%%) v < ‘ " depth to bottom w
- @@@0 electrode 58.75 m 57.95m
I TD: 61 m TD: 61 m
Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level:

13,0V

Pairs above 10 k-ohm:

Resistance check performed (check):ﬁ\

NModNe

Receiver battery level:

133V

Minimum value: 0. G’g’ Maximum value: f. Ifi

Survey start time:

~ Y- 00

System checks at end of data collection:

Transmitter battery level:

X

Resistance check performed (check):ﬁ

Receiver battery level:

13.4v

Minimum value:_ (), LE Maximum value: {.0 Ea

Pairs above 10 k-ohm: NoN&
Survey end time:~ 1§ 1§
Data backup:
Data backed up (check): O Location:
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% USGS USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet
selence for & chonging world

General information:

Site location name: Coriana, ME GPS location: {units)
Operator(s): C ey, Ago . bm_, ~Lewis Datum:
Weather conditions:_C loo aL.; g0t Date:_FltiloF
Measurement and system specifications:
Geometry filename:__dkspdop 2L recp. 4 x4 Units (check one): ‘Wmeters [ feet
Data filename: Iris unit model/SN:
Number of electrodes used: 7""’ X 2— Number of quadripoles: é Z5
Number of stacks minimum/maximum;__"L- 3 Voltage (check one):%signed 0 unsigned
Requested standard deviation: z.f, Reciprocal data?: &
Injection pulse duration: L s Reelox g wf 2y pulse duwaton
Voltage requested: gomV o | o liammel.

Electrode and well configuration: (note units)

Well ID: 32 ,'( 27

Cable #: mp‘-— gé”‘fs Z
Electrodes (# — #). | - LL{ 2g-, L{X

Elevation at TOC: )

Stickup:

Depth to upper electrode: Fo M

Electrode spacing:

Electrode type:

Length of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

[ PNS .
NULG S,

T Go#Z
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&}po(:pufedp.‘f-ﬁ wf
ls  pulse Aorsbon @ date: 1 Jo 7~

Site diagrams: (Label electrode number ranges for each well) . S Om
Map view: | Cross-section:
/] North BM34 BM32

I FEIevation: 68.84 mabove SL_ [["6805m
Eastland ‘
Woolen Mill

Superfund Site Rt7

Nobis Field oﬁic\e \

Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m

/ Corinna ME
\ depth to top 29.20m
32 \ N electrode 30.0 m ®
/ Rt43,11 A N
\ | °
\ BMi/ \ - 2
[%]
P Rt 222 % é
= (]
38 3.7 -~ ] S 3
2 ® -~ o @
@ depth to bottom w
5 V7 \>'@1
5 N\@?& electrode 58.75 m 57.95m
TD:61m TD:61m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level.____[ 3.4 Receiver battery level: 13.4
Resistance check performed (check):@'\ Minimum value: 05 2 Maximum value: /. 17
Pairs above 10 k-ohm: N oA

Survey start time: 1525

System checks at end of data collection:

Transmitter battery level: 186 Receiver battery level:___{-S.4
Resistance check performed (check):v\ Minimum value: d. 3' Maximum value: 1.2 @
Pairs above 10 k-ohm: N ank
Survey end time: ig.35
~— Data backup:
Data backed up (check): O Location:
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USGS Office of Ground Water Branch of Geophysics
% USGS Iris Resistivity System - Borehole data collection sheet
solonce for 8 changing werkd

General information:

Site location name: Corian Ay M = GPS location: {units})
Operator(s): C Tommsens, £ DAY~ EWIS Datum:
Weather conditions: Yo, 7 S i Date; “Fliz/oF+

Measurement and system specifications:

Geometry filename: ﬂ( - ?0’(3{&2"’(» *‘Y H Units {(check one):_ ﬁ’meters [ feet
Data filename; Iris unit model/SN:

Number of electrodes used:;____2 U4 X Z Number of guadripoles: C, 5
Number of stacks minimum/maximum;___&— / g Voltage (check one): ,leigned U unsigned
Requested standard deviation: } "/ © Reciprocal data?: K

Injection pulse duration: Z235Bm S

Voltage requested: semV

Electrode and well configuration: (note units)

Well ID: ?,,,,‘ For
Cable #: ™ P‘r FC]A'S 2z

Electrodes (# — #): I — 7,4{ 257 “{X
Elevation at TOC:

Stickup:

Depth to upper electrode: g 0

Electrode spacing:

Electrode type:

Length of casing:

Type of casing:

Sounded weil depth:

Screened intervals;

Depth to water:

qco?
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()(’:!‘7 a(ﬁ) 2.'.7( @ ?Ou-s

W Lets plgg date: 711 2/0+
Site diagrams: {Label electrode number ranges for each well)
Map view: | o Cross-section:
/1 ” BM34 BM32
I Elevation][68.84 m above SL [["68.05m
Eastland ‘
Woolen Mill RE7
Sup_erfu‘nd Slte_
/ gg:ﬁnzlﬂlomce \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.20m
( 32 e N electrode 30.0 m @
\ ' A A
\ BMgA \ - &
P Rt 222 %m) %U))
37 - ‘ = e
2 % . 8 g
% o L
S 1 ‘ depth to bottom w
%, N
S &/@o electrode 58.75 m 57.95m
I TD:61m TD:61m
Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level:___ { 3. & v Receiver battery level:_ { 3. 3+~
Resistance check performed {check): ﬂ Minimum value: .23 Maximum value: /. / 9
Pairs above 10 k-ohm: Neha :

Survey start tme;__ & .2 T+

System checks at end of data collection:

Transmitter battery level: 1S Receiver battery level:_ ) %. ¢
Resistance check performed (check): % Minimum value: .S/ Maximum value;_!. " 4
Pairs above 10 k-ohm: Nv €

Survey end time;__ 9.0 3

~— ~ Databackup:

Data backed up (check): [I Location:
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% USGS USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
seionce for & changing workl

General information:

Site location name: Ca'»‘—wt A, Me GPS location: {(units)
Operator(s): C “Tormse ﬁ-': ~.D AY-LEWiS Datum: 7
Weather conditions: P‘-f‘“ﬁ' st? J Fo'=  pater FH12 /U F

Measurement and system specifications:

Geometry filename:__ iy by A reciy +yt Units (check one): P meters O feet
Data filename: Iris unit model/SN:
Number of electrodes used: el S Number of quadripoles: _ (& 1T

Number of stacks minimum/maximum:_2— / % Voltage (check one): {'signed [ unsigned

Requested standard deviation: AL Reciprocal data?: 'N

T — 2 <o 'g_,\g » o
Injection pulse duration: - >‘/ clpdipzeliey @ 30wy
Voltage requested: Do pse © {- 2¢0aS.

Electrode and well configuration: (note units)

Well 1D: 37,_,, 3 7
Cable # MPT BCAS 7

Electrodes (# - #): |-2 o |z -y %
Elevation at TOC:

Stickup:

Depth to upper electrode: T 0w

Electrode spacing:

Electrode type:

Length of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

Notes:

\O'Lﬁll

209



g{;Pp(:[, zdvenp ® 301 |
oy 1605 P»-ISO date: :HIZ/Q??-
Site diagrams: (Label electrode number ranges for each well)

Map view: 1 i, Cross-section:
/ 1 BM34 BM32
I Elevation][68.84 m above SL~ [[768.05m
Eastland ‘
Woolen Mill
Superfund Site Rt7
Nobis Field Off
/ Cﬁr.fna'iAE e \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ \ depth to top 29.20 m
( 32 <t - electrode 30.0 m ©
Rt 43,11 N <
\ A A
\ BM&/ \ = Q
Rt 222 )
2 % §
2 38 > -~ ) B =
X ~ K o
NS o ‘ depth to bottom w
Y &@0" electrode 58.75 m 57.95m
I TD: 61 m TD:61m
Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units
Well ID

System checks at start of data collection:

Transmitter battery level: 1.6 Receiver battery level: ig.%
Resistance check performed (check): ﬂ Minimum value: &+ 5 1 Maximum value: l / L’Z
Pairs above 10 k-ohm: | ) ot

,-
Survey start time: 49:0 S

System checks at end of data collection:

Transmitter battery level: LY Receiver battery level;___13.y4

Resistance check performed (check):R Minimum value:_(J, ;'2 Maximum value: “F
Pairs above 10 k-ohm: '

Survey end time: 2~ 948

Data backup:

Data backed up (check): U Location:
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Gs USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet
science for & chenging workl

General information:

Site location name: (,d rian ‘“, W e GPS location: {units)
Operator(s):_(_ “Jo rsan T, DA -tz 1 S patum:

e

Weather conditions: f’f«f"'”c: Cuviim 4 Fo%~ Date: “t[1zfo T

Measurement and system specifications:

Geometry filename:___<l: P @{3,_9 24 ASCTR Fyt units (check one): 3Imeters L] feet

Data filename: Iris unit model/SN:

Number of electrodes used:___ 2. 4 A L Number of quadripoles: (ces™
Number of stacks minimum/maximum:_2. _/ 3 Voltage (check one): ! signed 2& igned
Requested standard deviation: "2;“’/ © Reciprocal data?: )8[

Injection pulse duration: So0 $

Voltage requested: Fo eV

Electrode and well configuration: (note units)

Well ID: ? Lf g 7.

Cable #: MPT gﬁﬂ'S 7_
Electrodes (# — #): i __2/,4 75 — L/E
Elevation at TOC:

Stickup:

Depth to upper electrode: T om

Electrode spacing:

Electrode type:

l.ength of casing:

Type of casing:

Sounded well depth:

Screened intervals:

Depth to water:

MNoies:
NOLES:

109173
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sy

:94 D 14 (& 5C —~
w/ Y*(m\/ e d E0m 2 date: ’”Z[/C?—'

Site diagrams: (Label electrode number ranges for each well)

Map view: | Cross-section:
/ 1 North BM34 BM32
| Elevation][68.84 m above SL [[~6805m
Eastland ‘
Woolen Mill
Superfund Site Rt7
Nobis Field Office . .
/ Corinna ME \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
depth to top 29.20m
< - electrode 30.0 m @
Rt4311 N <~
\ A A
o 3/ \ 3 :
Rt 222 é é
2 9]
38 P! 5 b=
) & @
RS 1 ‘ depth to bottom w
> ?ﬁo\,@ electrode 58.75 m 57.95m
W TD: 61 m TD:61m
I Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units
Well ID

System checks at start of data collection:

13-4

Transmitter battery level:

Resistance check performed (check): (X,

Pairs above 10 k-ohm:

Receiver battery level:

K

Minimum value:_C S 2 Maximum value:_|. | K

5:5

Survey start time:

System checks at end of data collection:

Transmitter battery level: 129

Receiver battery level:

Resistance check performed (check):%

Pairs above 10 k-ohm:

132 of

Minimum value: () 3( Maximum value: ’ ‘|§

None

Survey end time:___;£:2 Q

- "Data backup:

097

Data backed up (check): O

Location:
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2 Y

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data coliection sheet

a USGS

sclence for & changing workl

General information:

Site location name:_( yorne A E GPS location: (units)

Operator(s) fbw Leeols //’ o hnsen Datum:

Weather condmons ﬁmy L\t rma Date: JuLy (2 .Dog 7
Measurement and system specifications:

Geometry filename: A:; cll‘-;,v 2 e 0 5r>4» Units (check one): K meters [ feet

Data filename: Iris unit model/SN:

Number of electrodes used:___ &2\ MW 2 Number of quadripoles:

Number of stacks minimum/maximum: =2 [ 3 Voltage (check one): [J signed  [J unsigned

Requested standard deviation: 2%, Reciprocal data?: O

Injection pulse duration: oS

Voltage requested: 200 mV

Electrode and welil configuration: (note units)

Well ID: 3 Lﬁ >0
Cable #: M BErz
Electrodes (# — #): | —24 254
Elevation at TOC: LR, T LE. O
Stickup: 1O n “ 2 ca
Depth to upper electrode: 30 o ZM
Electrode spacing: | 25 |25 e
Electrode type: SZG_QL %L}/Q
Length of casing: 3.7 4. b
Type of casing: Ut [ S }*u/Q'
Sounded well depth: !pl A
Screened intervals:
Depth to water:
Notes:
1z
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&_,, ok P Z t}(./'c'."L};?.'{‘ )({"

(ﬂ’ ol Vo ow $06mS GV

SG

date: '.’11{ (2-1¢ +

Site diagrams: (Label electrode number ranges for each well) 4.6 14
Map view: I Cross-section:
[ ot BM34 BM32
l Elevation][68.84 m above SL~  [[~6805m
Eastland
Woolen Mill
Superfund Site Rt7
/ Egﬁfn';'i'fgome \ Lower electrodes 7.5 + another 7.5 meters. Elevation of survey: 38.84 m
\ depth to top 29.20 m
( 32 \ < - electrode 30.0 m ©
Rt43,11 N X
\ A A
\ BM-3/ \ “ (.{3
® ) ‘ Rt 222 %V’J %m)
37 ~ £ <
c) O i g
RS o . depth to bottom w
& \\990“\ electrode 58.75 m 57.95m
TD:61m TD: 61 m
I Electrode map. Depths in meters from top of 6 inch casing
Well offsets: units__ 1\
Well ID ; 7
24 | 253%g

System checks at start of data collection:

Transmitter battery level: 12. 7

Resistance check perfbrmed (check): Q

Pairs above 10 k-ohm:

Receiver battery level:

iz.uyV

Minimum value: 03\

Maximum value: [ N ‘7/

Survey start time;___' S0

System checks at end of data collection:

Transmitter battery level: 1 2.

Resistance check performed (check): ﬁ\

Paifs above 10 k-ohm:

Receiver battery level:

72

Minimum value: 0.3

Maximum value: H i

Survey end time: A 38

-"Data backup:

Data backed up (check): O Location:
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ZUSGS

General information:

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

Site location name;_ (¢ r i dute ; M & GPS location: (units)
Operator(s):_C - S evpjsent, & DA -LEWIS Datum:
Weather conditions: Date: Fhzlot
Measurement and system specifications:
Geometry filename: L:X;?o(.? 24 At Units (check one): K[meters O feet
Data filename: Iris unit model/SN:
Number of electrodes used:__ 24 N 2 Number of quadripoles: ([‘ [
Number of stacks minimum/maximum:_ 2~/ S Voltage (check one): Ei%iéned O unsigned

Requested standard deviation:

Injection pulse duration:

Voltage requested:

s Reciprocal data?: g‘
5’2 Jia S | .
X 00 vV w10 ¢ leawnels

~ Electrode and well configuration: (note units)

532

WellD: | 2 (_l ; 2
Cable #: bap T B As 2
Electrodes (# — #): |~ 24 254D
Elevation at TOC: ‘ @ 2% é‘g 05
Stickup: —10 g “17 o
Depth to upper electrode: 27 5/‘ y ?E 7‘5‘
' ] i 4 o
Electrode spacing: 2%, Ny
& vt . M
Electrode type: - f v
St | Stz
Length of casing: 1 3.7 n 14
: 4 P&
Type of casing: S, S gf& /f
Sounded well depth: / /, K; / y
Z et ]
Screened intervals: o
Depth to water:
N Notes: | . ., .. -1
roje T
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- :(:PA-.P 24 (2 22.Sm
el mé'wvl z date: 7’/(1{&7‘

Site diagrams: (Label electrode number ranges for each well) . 5o

Map view: | Cross-section:
/ 1 North BM34 BM32
I |Elevation][68.84 m above SL [["68.05m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Offi
/ Corinna ME ce \ Lower electrodes 7.5 meters, Elevation of survey: 46.34 m
\ depth to top 21.7m
32 \ < - electrode 22.5 m o)
/ Rt 4311 N <
\ A A
\ BM-3/ \ - &
® P Rt 222 § §
37 ~ L Y £ <
AN ) g g
ﬁxgﬁ v » ‘ W - depth to bottom w
. a@o\@ electrode 51.25 m 50.45m
W TD:61m TD: 61 m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level: z.Y Receiver battery level___i 3

Resistance check performed (check):}@\ Minimum value:_ - € Maximum value: [- O EI:
Pairs above 10 k-ohm: Noar

Survey start time: |72 . s ‘—‘{— ('5'\«\

System checks at end of data collection:

Transmitter battery level: 3.1 Receiver battery level; ;3.4

Resistance check performed (check):/El/ Minimum value: ¢ €& Maximum value: /[) 2

Pairs above 10 k-ohm:

Survey end time: (7 S’E'{as -

Data backup:

Data backed up (check): 1 Location:
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ZUSGS

science for & cheaging work]

USGS Office of Ground Water Branch of Geophysics
Iris Resistivity System - Borehole data collection sheet

)

General information:

Site location name:. C o7\ ame WU

GPS location: (units)

Operator(s)__C 7§ eniise Y . DAy - LewiSDatum:

Weather conditions:

L B Date; r[{12/cF

S NV —
|

Measurement and system specifications:

Geometry filename: A-“pd E? 2l (e i{; .+L'f’

Units (check one):  [¥peters [ feet

Data filename:

Iris unit model/SN:

Number of electrodes used:

Number of stacks minimum/maximum:

Requested standard deviation:

2 UYL Number of quadripoles: (p2s~
2/ S Voltage (check one):[XQigned (J unsigned

Injection pulse duration:

Voltage requested:

2. (e Reciprocal data?: ﬁ(
(reo S
¥ &Tha |/

Electrode and well configuration: (note units)

Well ID: ; q 3 2
Cable #: M ?OT /gq% z/
Electrodes (# - #): A 7¢y7
Elevation at TOC: é 7, Y—[i &% us
Stickup: [ __ /O ¢ 2t
Depth to upper electrode: 2. <m 73, 7
d Bt
Electrode spacing: ) -
Electrode type: §ﬁ¢ [ g 76:’”’ /
e . <
Length of casing: /2 7 14,
e g
Type of casing: <Fol / S/Iz’c/
Sounded well depth: é /Vf«. (/wz
Screened intervals: —
Depth to water:
Notes:
(2 F92
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drpikig 1ed (& T2S5nm

(Ve ! (‘g—TuG 2% ¢ (I/

Site diagrams: (Label electrode number ranges for each well)

date: 72 /1(07'

(Y

AAon \ew r I\ Crose-caction:
Teiap VIsw A North Vi BM32
I Flevation][68.84 m above SL~ [[~6805m
Eastland
Woolen Mill
Superfund Site Rt7
Nobis Field Off .
/ cgrifnaler}wg “ \ Lower electrodes 7.5 meters, Elevation of survey: 46.34 m
\ depth to top 21.7m
32 \ < - electrode 22.5 m ®
( Rt 43,11 N <
\ ! A
\ :/' \ - 2
P} Rt 222 B o
a7 s —5 B
z 38 ® S 3
% ® / ] Q
oy g ‘ depth to bottom w
. v go\x\e electrode 51.25 m 50.45 m
\2
W TD:61m TD:61m
I Electrode map. Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

Transmitter battery level:

P20

Pairs above 10 k-ohm:

Resistance check performed (check):/‘(

N e

Receiver battery level:

Minimum value: C‘.fﬁ_fﬁ Maximum value: /. 71

2.

[ 5

Survey start time:

oo

System checks at end of data collection:

Transmitter battery level:

2.9

Receiver battery level:

13+

1 /\ . Ry
Resistance check performed (check): ﬂ Minimum value:_U [ Maximum vafue:_j_-&
Pairs above 10 k-ohm: N oE
Survey end time: |;ﬁﬂ
"Data backup:
Data backed up (check): [ Location:
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5> USGS Office of Ground Water Branch of Geophysics
é USGS Iris Resistivity System - Borehole data collection sheet

science for & chaaging workl

General information:

(units)

Site location name: ( O ARG 1 £ GPS location:

Operator(s): C-/j CyfpSe & E = bf\"L (cwi$ Datum: (
L™ Flizfed

Weather conditions: QL s % 4 - i— Date:

e

Measurement and system specifications:

Geometry filename: A:pekp 2ef recs P A ¥t Units (check one): X’heters [ feet

Data filename: Iris unit model/SN:

Number of electrodes used: V4 1,/ ¥ 2 Number of quadripoles: (o7 5/

Number of stacks minimum/maximum:_ 2 | 3 Voltage (checkone):;&/s‘igned O unsigned

Requested standard deviation: s Reciprocal data?: X
Injection pulse duration: VS

7
Voltage requested: ?C iy

Electrode and well configuration: (note units)

Well ID: | 5./ 37
Cable #: [y T £6AS Z
Blectrodes (#~#):| | oy |25
Elevation at TOC: LT 7Y, L7 os .
Stickup: | SOy | =72 cu :
Depth to upper electrode: / S/”’I //;'74 7 oy
Electrode spacing: /.25 . /25 m
Electrode type: Sheed $7 a/
Length of casing: [ 3.7 pin N
Type of casing: ’S}Lw/ §teet
Sounded well depth: é/ . £ /i
Screened intervals: - —
Depth to water:
Notes:
15417
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—HViap view: — I\ Cross-section:
1 North BM34 BM32
/ | Elevation][68.64 mabove SL— [[6805m™
Bastland ‘ Elevation of survey}|53.84 m above SL
Woolen Mill R d h
Superfund Site epth to top
Nobis Field Office \ electrode 15 m 1420 m
/ Corinna ME \ :\r] g
N A
2\ g ;
( Rt43,11 " N
\ L\ g g
BM-34 <] o
\ ® Rt 222 S 3
2 uij o]
37 s 1\ depth to bottom w
z 38 ® electrode 43.75 m 42.95m
2 @ -~
)
S Vv <3 ‘ TD: 61 m TD:61m
e %Q\O
W
I Electrode map Depths in meters from top of 6 inch casing

Well offsets: units

Well ID

System checks at start of data collection:

7

Transmitter battery level:___ 3.1 ¥

Resistance check performed (check): [ﬁ(

Pairs above 10 k-ohm:

Receiver battery level___ (3.4 v

Minimum value.o,,"l{‘é Maximum value: /% Ny

Survey start time:

System checks at end of data collection:

Transmitter battery level: | 2. ( Receiver battery level: EATA
Resistance check performed (check): g( Minimum value:_6: ¢ & Maximum value: J -?
Pairs above 10 k-ohm: Noeal
Survey end time,___ |4 ' 53
"Data backup:
Data backed up (check): 0 Location:
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ZUSGS

science for 8 changing world

USGS Office of Ground Water Branch of Geophysics

Iris Resistivity System - Borehole data collection sheet

General information:

Site location name:__( ¢-iave WIS
Vi

Operator(s):

Weather conditions:

GPS location: {units)
<un41 25N Date:#[. 2 [¢F

Measurement and system specifications:

Requested standard deviation:

Number of stacks minimum/maximum: ~ ¢

S

2 7.

SLCnS

Injection pulse duration:

Voltage requested:

g ™M \//

Geometry filename:___ A ‘Lc( Lo 2d, x ¥ Units (check one): )ﬁ\meters [ feet
Data filename: Iris unit model/SN:
Number of electrodes used: 2 4 X T Number of quadripoles: (o 25~

Voltage (check one): M\signed J unsigned

R

Reciprocal data?;

Electrode and well configuration: (note units)

Well ID:

Cable #:

Electrodes (# — #):
Elevation at TOC:
Stickup:

Depth to upper electrode:
Electrode spacing:
Electrode type:
Length of casing:
Type of casing:
Sounded well depth:
Screened intervals:
Depth to water:

Notes:

Y Sz

MPT | BG4S

\- 24 Ly YE
(BT | &F,05 nn
— [l et |~ 72 ¢
LS m 1.7 wi
/25 m ) 25
Steed | Steel
J 3 Jem /% ¢ s
Steef |SEe/
é/‘m e

X4

EEa
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Site diagrams: (Label electrode number ranges for each well)

= T Cross-section:
View: T BM34T T BM3Z
/ 1 Flevation][68.84 m above SL~ [[~6805m
Eastland Elevation of survey}|53.84 m above SL
Woolen Mill R depth to top
Nobie ol Ofice \ .~ Clectrode 15 m © 14.20m
/ Corinna ME \ :/\\1 7\-
( : M s . g
\ g £ g
\ BM-34 \ % =
o B Rt 222 @ 3
w depth to bottom w
2, 38 3.7 g electrode 43.75 m 42.95m
2, ® >
‘%{& v C ‘ TD:61m TD:61m
\\k?/
I Electrode map Depths in meters from top of 6 inch casing
Well offsets: units
Well ID
System checks at start of data collection:
Transmitter battery level: 1t.e Receiver battery level:___! S. 4

Resistance check performed (check): Rf Minimum value: €. Maximum value: (fc{

Pairs above 10 k-ohm: pMe <
T o
(45

Survey start time:

System checks at end of data collection:

Transmitter battery level: 12 .87 Receiver battery level:_ 1 ui
Resistance check performed (check):K Minimum value: 0.k | Maximum value: /,'72'
Pairs above 10 k-ohm; None

15009

Survey end time:

“Data backup:

Location:

Data backed up (check): [
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Appendix 3. Inversion parameter files for Res2DInv

File epa.ivp for inversions of BM-34/BM-38, BM-34/BM-37, BM-37/BM-38

Inversion settings
Initial damping factor

0.1600

Minimum damping factor
0.0100

Line search option

2

Convergence limit

5.0000

Minimum change in RMS error
0.4000

Number of iterations

5

Vertical to horizontal flatness filter ratio
0.5000

Model for increase in thickness of layers(O=default 10, l=default 25,
2=user defined)

ﬁumber of nodes between adjacent electrodes

élatness filter type, Include smoothing of model resistivity

éeduce number of topographical datum points?

garry out topography modeling?

iype of topography trend removal

Type of Jacobian matrix calculation

1

Increase of damping factor with depth
1.0500

Type of topographical modeling

0

Robust data constrain?

1

Cutoff factor for data constrain
0.0500

Robust model constrain?

0

Cutoff factor for model constrain
0.0050

Allow number of model parameters to exceed datum points?
1

Use extended model?

0

Reduce effect of side blocks?

2

Type of mesh

0

Optimise damping factor?

1
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Time-lapse inversion constrain

0

Type of time-lapse inversion method

0

Thickness of first layer

0.5000

Factor to increase thickness layer with depth
1.1000

USE FINITE ELEMENT METHOD (YES=1,NO=0)

1

WIDTH OF BLOCKS (1=NORMAL WIDTH, 2=DOUBLE, 3=TRIPLE, 4=QUADRAPLE,
5=QUINTIPLE)

1

MAKE SURE BLOCKS HAVE THE SAME WIDTH (YES=1,NO=0)
1

RMS CONVERGENCE LIMIT (IN PERCENT)

1.000

USE LOGARITHM OF APPARENT RESISTIVITY (O=USE LOG OF APPARENT
RESISTIVITY, 1=USE RESISTANCE VALUES, 2=USE APPARENT RESISTIVITY)
%YPE OF 1P INVERSION METHOD (O=CONCURRENT,1=SEQUENTIAL)

gROCEED AUTOMATICALLY FOR SEQUENTIAL METHOD (1=YES,0=NO)

?P DAMPING FACTOR

0.100

USE AUTOMATIC IP DAMPING FACTOR (YES=1,N0=0)

0

CUTOFF FACTOR FOR BOREHOLE DATA (0.0005 to 0.02)
0.00300

TYPE OF CROSS-BOREHOLE MODEL (O=normal,l=halfsize)
1

LIMIT RESISTIVITY VALUES(0O=No,1=Yes)

0

Upper limit factor (10-50)

50.000

Lower limit factor (0.02 to 0.1)

0.020

Type of reference resistivity (O=average,l=Ffirst iteration)
3odel refinement (1.0=Normal,0.5=Half-width cells)

géggined Combined Marquardt and Occam inversion (0=Not used,l=used)
?ype of optimisation method (0=Gauss-Newton,2=Incomplete GN)
éonvergence limit for Incomplete Gauss-Newton method

Ségogata compression with Incomplete Gauss-Newton (0=No,l1=Yes)
Sse reference model in inversion (0=No,1l=Yes)

gamping factor for reference model

0.00500

Use fast method to calculate Jacobian matrix. (0=No,l=Yes)

ﬁse higher damping for first layer? (0=No,l=Yes)
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0

Extra damping factor for first layer

1.50000

Type of Finite-element method (O=Triangular,l1=Trapezoidal elements)
0

File epa34_32.ivp for inversions of BM-34/BM-38, BM-34/BM-37, BM-37/BM-38

Inversion settings
Initial damping factor

0.2500

Minimum damping factor
0.1000

Line search option

2

Convergence limit

5.0000

Minimum change in RMS error
0.4000

Number of iterations

5

Vertical to horizontal flatness filter ratio
0.5000

Model for increase iIn thickness of layers(O=default 10, l=default 25,
2=user defined)

ﬁumber of nodes between adjacent electrodes

élatness filter type, Include smoothing of model resistivity

;educe number of topographical datum points?

8arry out topography modeling?

iype of topography trend removal

Type of Jacobian matrix calculation

1

Increase of damping factor with depth
1.0500

Type of topographical modeling

0

Robust data constrain?

1

Cutoff factor for data constrain
0.0500

Robust model constrain?

0

Cutoff factor for model constrain
0.0050

Allow number of model parameters to exceed datum points?
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1
Use extended model?

0

Reduce effect of side blocks?

2

Type of mesh

0

Optimise damping factor?

1

Time-lapse inversion constrain

0

Type of time-lapse inversion method

0

Thickness of first layer

0.5000

Factor to increase thickness layer with depth
1.1000

USE FINITE ELEMENT METHOD (YES=1,N0=0)
1

WIDTH OF BLOCKS (1=NORMAL WIDTH, 2=DOUBLE, 3=TRIPLE, 4=QUADRAPLE,
5=QUINTIPLE)

1

MAKE SURE BLOCKS HAVE THE SAME WIDTH (YES=1,NO=0)
1

RMS CONVERGENCE LIMIT (IN PERCENT)

1.000

USE LOGARITHM OF APPARENT RESISTIVITY (O=USE LOG OF APPARENT
RESISTIVITY, 1=USE RESISTANCE VALUES, 2=USE APPARENT RESISTIVITY)
%YPE OF 1P INVERSION METHOD (O=CONCURRENT,1=SEQUENTIAL)

gROCEED AUTOMATICALLY FOR SEQUENTIAL METHOD (1=YES,0=NO)

?P DAMPING FACTOR

0.100

USE AUTOMATIC IP DAMPING FACTOR (YES=1,N0O=0)

0

CUTOFF FACTOR FOR BOREHOLE DATA (0.0005 to 0.02)
0.00300

TYPE OF CROSS-BOREHOLE MODEL (O=normal,l=halfsize)
1

LIMIT RESISTIVITY VALUES(0O=No,1=Yes)

0

Upper limit factor (10-50)

50.000

Lower limit factor (0.02 to 0.1)

0.020

Type of reference resistivity (O=average,l=First iteration)

ﬁodel refinement (1.0=Normal,0.5=Half-width cells)

géﬁgined Combined Marquardt and Occam inversion (0=Not used,l=used)
Eype of optimisation method (0=Gauss-Newton,2=Incomplete GN)

Convergence limit for Incomplete Gauss-Newton method
0.005
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Use data compression with Incomplete Gauss-Newton (0=No,l1=Yes)
0

Use reference model in inversion (0=No,l1l=Yes)

0

Damping factor for reference model

0.00500

Use fast method to calculate Jacobian matrix. (0=No,l=Yes)

1

Use higher damping for Ffirst layer? (0=No,1l=Yes)

0

Extra damping factor for first layer

1.50000

Type of Finite-element method (O=Triangular,l1=Trapezoidal elements)
0
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