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1.0 Introduction

In February and March 2011, Aeroquest Airborne Surveys collected 27,000 km of airborne time-domain
electromagnetic (AEM) data in southern Alberta. The data were collected for Alberta Environment

(AENV) aspartoff 6 SNII I Qa4 t NPGAYOAlf DNRdzyRgl SN LYy@Syid2NE
was to map aquifers with EM techniques.

The survey area, southeast of Calgary and north of Lethbridge, is shéiguiel. The survey area was
about 2@ km northsouth by 1B km eastwest. Line spacing was 750 m and traverse lines were
oriented at an azimuth of approximately 158 the 10TM coordinate system. Tiees, perpendicular

to the traverse lines, were flown at a tenth the spacing (7500 m).
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Figurel: Airborne TEM survey location in southern Alberta
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utilizing a triangular waveform. A base frequency of 90 Hz was used, and thitinefhannels of
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different AeroTEM lII systemgere used to collect the survey data, Mike and November.

The data were processed by Aeroquest, and inversions were performed by Petros Eikon. The traverse
and tie line Hz data were inverted using 1D stacked inversions, and depth slices and sections were
produced from these inversions and delivered to AENV. A preliminary interpretation of the data is
provided in this report
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2.0 Initial Analyses of Data

Prior to performing the inversions, data along several survey lines across the survey area were analyzed
to examine data quality and determine appropriate settings for the inversions. 1D forward modeling was
conducted using EMIGMA v8.5 (Petros Eikon, 2011) and was used to evaluate the data. In additional to
forward modeling, decays were compared on repaatdi and grids of the data were created to examine

the consistency of the data. This section serves as an introduction to the data quality issues in the
survey. These are further discussed in Section 5.0 with reference to the inversion results.

2.1 Initial Examination of Decays

2.1.1 LateTime Noise and Repeatability

Figure2 displays the decays at seven points in the decimated data between 556600&6&h0Cbon
Line 20200 (November). The plot indicates noise in the last two channels, with limited repeatability
between stations. The amplitude of the response at these channels is below 20 nT/s.

5.0

-8 20200, v 556600B.00, T-F(M) Hz

B 20200, Y 5566021.00, T-F(M) Hz

-+ 20200, ¥ 5566036 .00, T-F(M) Hz

4.0 L - 20200, Y 556605100, T-F(M) Hz
- -8 20200, Y 556608100, T-F(M) Hz

- =&~ 20200, Y 5566096 .00, T-F(M) Hz

3.0

2.0

Log (Response (nTesla/sec))

1.0

| | | 1 | 1 | | |
15 2.0 25 3.0 3.5 4.0 45 5.0
Time {mSec)

Figure2: Decays for decimatedata between 5566000 and 5566100 on Line 20200. Chann8. 1

A second example of several adjacent decays is showiguime3 for 10940 (Mike). Thers significant

noise in the decays beyond Channel 26, and Channel$ 238e noisy as well. Note that the noise

appears coherent across several points. The reason for this is not known. The amplitude of the noise is
approximately 4 nT/s.

In general, tle data is not reliable beyond Channel 26. In some sections of the data, the decays vary
significantly between points in these channels, while in others, the noise appears somewhat coherent,
but the decays are not physically possible. It is possible thaigicaused by the system, but it could

also be due to manmade features on the ground. Due to thetiate noise, these channels should not
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be used in the inversion. Some decays are noisy beginning several channels earlier than Channel 26,
with the Mikedata typically being noisier than the November data.
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Figure3: Decays for decimated data between 5635290 and 55635390 on Line 10940. Chariels 1

2.1.2 Other Decay Features

Figure4 displaysseveral decays near a power line. The data become noisy around Channel 4 as a result
of the power line. Due to the significant effect that the power lines have on the data, theserseofi

the data should not be used in the inversion. Some areas of the data near cities and towns are also
particularly noisy, especially the north ends of Lines 11PT4B0 in the northwest and decays are

similar to those near power lines.
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Figure4: Decays near a power line on Line 10800.
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Several lines contain mitime channels that appear to be inconsistent with the rest of the decay. An
example of this is shown Figure5, where Channel 10 is not consistent with the other +tide
channels over a significant section of the line.
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Figureb: Three decays, 500 m apart, on Line 1004dlQstrating the unusual response at Channel 10, which
persists across most of the line.

In some areas, there is a rapid decay at late times often with a change in sign at very late times. An
example is shown iRigure6. This rapid decay is cannot be fit by modeling and is not geologic in nature.
Also of note in this decay is the noise in the #iide data.
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Figure6: Measureal data at 5639241 on Line 10800. This is an example of a decay in which the decay rate has
become quite rapid by about Channel 24, and the last several channels are negative.
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2.2 1D Modeling and Depth Resolution

Forward modeling is necessary for evaluatidnihe data and was used to:

1) Find the general resistivity structure in the area.

2) Determine which channels have reliable data by comparison with simulated data.

3) Examine the depth resolution.

4) Examine repeatability and consistency of the data

5) Use the results of-2 to determine appropriate settings for the inversions. (Discussed further in
Section 4.0)

Results for two stations are presented below and the general resistivity model and resolution are
discussed.

A two-layer model was founthat fits the main characteristics of the response near 5566006 on Line
20200. The model is 12 Ohm m down to 85 m depth, and a 100 Ohm+sphaak below that. The
model is a good fit to the data although at late times the data is somewhat is faggye€7).

5.0

& 20200, ¥ 556B006 00, T-F(M) Hx
B 20200, v 5566008 00, T-F(5 - 12_100bjHz

4.0

3.0

2.0

Log {Response (nTesla/sec))

1.0

15 2.0 2.5 3.0 3.5 4.0 45 5.0
Time (mSec)

Figure7: Measured data vs. 1D model at 5566006 on Line 20200. Chanr&ss Model: 12 Ohm m for 85 m over
100 Ohmm.

Figure8 compares the measured data, the model, and a 12 Ohm mspalte. While there is a slight
difference in response at mitimes between the radel and the halspace, the decay curves do not
separate until Channel 23, i.e., this is when the currents enter the resistor. A modified version of the
model, in which the depth of the resistor was increased to 110 m, was also simulated, and the results
are shown irFigure8. In comparing the response of this model and the-spHice, it is observed that

the currents enter the resistor about Chanr2é. Note that due to noise in the data, it is not possible to
resolve the resistivity deeper than about Channel 25 or 26. Thus, depth resolution at this station is

approximately 110 m. Furthermore, the response has limited sensitivity to the basemetitvigsis
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there is little difference between the response of a model with 200 Ohm m and 100 Ohm m as the
basement resistivity, and there is negligible difference between 100 Ohm and 50 Ohm until about
Channel 26.

5.0

tihe

40 =

3.0 =

20

Log (Response (nTesla/sec))

1.0

Ch26

1:5 ) i.o - :.5 ) :;.0 ) ;.5 ) ;0 ) ;.5 ) .';.0
Time (mSec)
Figure8: Measured data (red) vs. 1D model (blue) at 5566006 on Line 20200. Model: 12 Ohm m for 85 m over
100 Ohm m. Also shown is a 12 Ohm m ksgfice (green). The decay of the model separates from that of the
half-space at about Channel 20. A modified versiohthe model in which the thickness of the 12 Ohm m layer
has been increased to 110 m is shown in brown. The decay of this model is fairly similar to that of thegedt

until about Channel 26.

Figure9 shows the modeling results for Line 10940 at 565388. The model is composed of three layers:
20 Ohm m between 0 and 35 m, 15 Ohm m between 35 and 100 m, and a 100 Ohrrspabalbelow

that. This moel fits the data well between Channels 1 and 25. Beyond Channel 26, the decay of the
model is slower than that of the data. Even increasing the resistivity of the bottom layer to 10,000 Ohm
m does not lower the response of the model to that of the datéatd time. Thus, it is concluded that

the rapid decay at this station cannot be fit by a 1D model, similar to the de¢aglire6. As seen in
Figure3, the decay beyond Channel 26, particularly beyond Channel 28, is noisy, and as such, it is not
unexpected that it cannot be fit. In fact, in an inversion, it would not be desirtablfit this part of the

decay, as it is not geologic.

Based on forward modeling results, the system is unable to resolve the resistivity structure beyond 150
m, often not beyond 120 m or so. The depth resolution is partially limited by the noise latéhiéme

data, but is mainly limited by the low resistivity of the subsurface (typically about 15 Ohm m). Based on
forward modeling results, by Channel 18, the currents have penetrated approximately 100 m in 15 Ohm
m. In 30 Ohm m material, they have mtrated about 150 m by this channel.
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40

8- 10940, 56353860 (M) Hz
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=+ 10940, ¥ 5635386.00, T-F
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3.0

20
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Figure9: Measured data (red) vs. 1D model (blue) at 565388 on Line 10940. The three layer model is 20 Ohm m
from 0-35 m, 15 Ohm m from 3800 m, and 100 Ohm m below. Green is the modeliwé 10,000 Ohm m
basement.

2.3 Refly Comparisons

Large sections of both Lines 20600 (on the edge of Areas 3 and 4) and 20760 (Area 4) were flown with
both Mike and November. This enabled the direct comparison of decays at the same location for the
two different systems.

2.3.1 Line 20760

There is a sigdficant difference in the midate time decay (beyond about channel 14) for the two

systems on this lingzigure10displays three decays for Novemlserd three decays for Mike within a

25 m stretch on the line. In this particular section of the line, the difference in altitude for the two
systems is less than 1 m, so the difference in altitude would have negligible effect on the response. The
decays ér Mike are fairly consistent over the 25 m interval, as are the decays for November, although
both are noisy beyond about channel 23. (Mike is somewhat noisier.) However, there are major
differences in the decays beyond channel 14 between the two systdmgember has a much slower

decay than Mike.

Similar results are observed across the lifigurell displays the profile response at Channel 262 Th
November data consistently have greater amplitude along the line.

These results suggest a discrepancy between thelatidtime data for the two systems.
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Figurel0: Decays over a 25 m interval on Line 20760 for both Mike (mgeten, orange) and November (blue,
brown, purple). Channels-28 are shown.
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r — 2076B0mikenew, Chan # 20, T-F(M) Hz
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Figurell: Channel 20 on Line 20760 for Mike (red) and November (blue).

2.3.2 Line 20600

Figurel2displays three decays for November and three decays for Mike within a 40 m section of the
Line 20600. Here, the decays are more similar than on Line 20760. There are slight differences in the
responseat midtimes (with Mike having a slightly lower response) and at late times beyond Channel 23
(with Mike having a greater response). The difference in thetlate response is in contrast to the

results on Line 20760, where Mike had a much lower resptire® November.
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Similar comparisons were made at other points along the Line 20600 and the results were variable. In
general, the November and Mike data agreed better than on Line 20760, but differences in the decays
varied depending on location.

Theseobservations on Lines 20600 and 20760 show inconsistencies between the data from the two
systems. However, the different results on the two lines suggest that there may be inconsistencies
within the data collected with a given system.

35
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2 20
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15

20 25 3.0 35 40 45
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Figurel2: Decays over a 40 m interval on Line 20600 for both Mike (red, green, orange) and November (blue,
brown, purple). Channels-28 are shown.

2.4 Decay Maps

As illustrated in Section 2.3, there is not a consistent difference in the decay between Mike and
November. In fact, the mithte time decays do not appear consistent within the data for a given system.
InFigurel3, a decay map of offime channels 14.8 (without tie lines) is shown for the southwest (Area
4). There are significant life-line effects (i.e., streaking).

This effect is more pronoundedor the data collected with Mike: compare this figure witigurel14,
which displays the same decay for the northeast (Area 2). While there areairdecays on a couple
lines, the results are general more consistent than for Area 4.

This lineto-line variation cannot be caused by different altitudes of the system (which have minimal

effect by this point in the decay) or by geology.
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A ground caliration site would have assisted in understanding the issues with the decay. While at
present it is clear that there are inconsistencies in the data, it is not clear which of the decays are
correct.
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Figurel3: Decay rate (taupetween channels 14 and 18 for Area 4.
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Figurel4d: Decay rate (tau) between channels 14 and 18 for Area 2.

2.5 Tie lines

Tie lines, perpendicular to the survey lines, were flown at a spacing of 7.5 km throughout the survey
area.The intersections of the tie lines and traverse lines were compared. Care must be taken in
comparing the earlyime amplitude as these are affected by the altitude of the system, which may be
different on the traverse and tie lines. However, by #aité time, the currents are deeper in the
subsurface and the variation in altitude of the system has little effect.

It was found that at some of the intersections, the-liige and traversdine data were reasonably
similar, while at other intersections, thermere significant differences in the amplitude of the data. We
estimate that at approximately onthird of the intersections, the data were similar. Another ethed

had small differences in the data, and the remaining third had significant differences.

Figurel5displays the tie and traverse line intersections over sections of tie Lines 19110, 19120, and
19130. The tie and traverse lines show the same general trends in amplitude, but some considerable
differences are noted. For example, at (1), the data has l@angglitude on the tie line than on the
traverse data over several lines. Other examples of intersections where the tie and tréiverdata

disagree are marked by2
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Figurel5: Traverse and tie line intersections over a segtiof tie lines 19110, 19120, 19130. Data for Channel 16
shown. 15 highlight some of the areas where significant differences at the intersections.

2.6 Summary of Data Quality Issues

1) Noise in late time: Data beyond Channel 26 is not usable in thesiomeEven if the data do not
appear noisy, the falff is frequently too rapid to be fit with a model. Negative values are often
observed.

2) Repeatability of midate time decay. As observed on Line 10760, different decays are frequently
observed in the repeats. Furthermore, in examining grids of the decay, significatt-line effects are
observed.

3) Noise in mid time: Variable neign midtime data. Some may be related to mamade structures. In
some cases, a single channel will appear to be inconsistent with the rest of the decay over an entire line.

4) Significant cultural noise in the data. Many towns are within the bountteecgurvey. The data to the
northwest is quite noisy on several lines; this is likely due to the proximity to Calgary. Power lines and
highways also affect the data in some areas.
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Line 10050 was flown in two

19

division of the survey area into blocks is showFRigurel6. Each of these four bloskvas prepared and

The traversdine data were deliveredat Petros Eikon in four blocks as processing was completed. The
inverted separately. Tie lines were inverted independently of the traverse lines.

3.0 Data Processing for Inversion
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these features is quite noisy and cannot be fit by the inversion. The power lines were removed with the
Tel: (905) 7989324 www.PetRosEiKon.com

aid of a) the power line monitor channel provided with the data and b) maps of major power lines.

pieces: 10050 and 10051. These were merged and the overlap area cleaned to produce a single line.
Typically a swath of data abbli km wide was removed around a major power line.

2) Removal of data affected by power lines and other manmade features ifeeg).cThe data over

Prior to inversion, a block of data was prepared by:
1) Merging survey lireethat were flown in multiple flights. For example

Figurel6: Division of survey area in four blocks.



3) Decimation and filtering of the data. The sampling along the line wa3 12.5A statistical decimation
was applied to increase the sampling to about 15 m. As the system is 35 m above the surface on
average, inversion of the data at the original sampling is not meaningful. Following the decimation, a
Gaussian filter was applied to the data to reduce noise in thetlate data. A filter with a width of

eleven data points and a standard deviation ofesepoints was used.

4) Removal of stations flow at very high altitude, as well as stations without positional information.
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4.0 Inversion of Data

4.1 Inversion technique

The data was inverted with EMIGMA v8/%6Marqguardt inversion was used. This is an
underparametrized 1D inversion that allows for inversion of both the thickness and resistivity of each
layer. An appropriate starting model is determined through forward modeling, and upper and lower
bounds forboth resistivity and thickness can be specified separately for each layer. A Marquardt
inversion was used rather than a smooth, overparametrized inversion to allow identification of discrete
layers.

Rather than finding a single 1D model at each stagomultistation approach was used: a single

inversion model was found for three consecutive stations along the line. Once a model was found for
these stations, the following group of three stations was inverted. Following decimation of the data,
station spacing was approximately 15 m, and so three stations cover roughly 45 m along the line. Given
the instrument height was about 35 m, a window of 45 m was considered appropriate. The advantage of
the multi-station approach is that it reduces the effect of ¢mgic noise (i.e., smadicale structure that is

not of interest), and instrument noise.

While it is possible to use a greater number of stations in the mstdtion inversion, this would entalil
finding a single 1D model over a greater distance. Sosts teere completed with fiveand severpoint
windows for the multistation inversion. However, the results did not improve on the results for the
three-point window. Furthermore, where the geology changes rapidly, a single model does not fit all
stationsacross a distance of 100 m (sewawmint window). Thus, it was decided that a thyeeint

window was most appropriate.

4.2 Determination of inversion settings

Similar, but slightly different, settings were used to invert the four blocks of tiatarsion settings
were determined based on:

1) Forward modeling results: both the range of 1D models in a given block and assessment of data
guality through comparison with simulated 1D models.

2) Test inversions on a couple lines in a given block.

4.21 Time Windows

Thirty offtime channels were delivered by Aeroquest. The late time data were similarly not used in the
inversion because the data were noisy. Inversion of noisytiete data can result in the inversion
trying to fit aspects of the decayhich are not geologic, but caused by the system.
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Data beyond channel 26 was noisy throughout most of the survey. Data between channels 20 and 26
was of variable quality: in some areas, decays were relatively clean to channel 26 while in other sections
of the data, decays were noisy by channel 26 or earlier.

The data were inverted either to channel 25 or 26 depending on the area. The data was inverted down
to these channels rather than only to channel 20 to maximize depth resolution where the data were
clean.

4.2.2 Starting Model

For each block, 1D models were found at several points on a couple different lines. Following the
forward modeling, a representative model from the 1D models across the block was chosen as the
starting model. Through test irvsions, it was found that a fodiayer model usually resulted in the
most consistent results along a given line, and that four layers (three layers oversphedf) were
needed to fit the data well in some areas.

4.2.3 Constraints

Appropriate constraits on the thickness and resistivity of each layer were based on the variation in 1D
models across the block, and these were later refined following test inversion runs.

In initial tests, all thicknesses and resistivities (seven parameters total) wemddvHowever, it was
determined that the results were improved if the resistivity of the deepest layer (100 Ohm m resistivity
for all four blocks) was not inverted. The reason for this is that the data are not very sensitive to the
resistivity of thisdyer, as illustrated in Section 3.0. Fixing its resistivity resulted in cleaner inversion
results that fit the data just as well as inversions in which the resistivity of this layer was not fixed.

While constraints varied slightly between blocks, thestgiies of the upper three layers were typically
bounded between 3 Ohm m and 70 Ohm m. The top layer was constrained to be quite thin. The next
two layers were constrained to be up to 100 m or more (depending on the block). Thus, in areas where
the data cannot resolve the resistor, the top three layers are permitted to be thick enough such that the
response is not sensitive to the fixed 100 Ohm m layer.

4.2 .4 Misfit and Iterations

A misfit of 6.5% was used for the inversions. It was found that thesireoften had difficulty fitting

the data better than 6.5%, and so using a lower misfit would have significantly increased computation
time. Using a 6.5% misfit was necessary to deliver the inversion products on time. Had there been more
time to complet the inversions, a misfit 0f8% would have been used in areas where the data was
relatively clean. This would have yielded inversion results that better fit the data in some places.
However, a lower misfit would not have been appropriate in areas moiby data at midimes

(particularly within the Mike data). In these areas, if the inversion was able to reduce the misfit below
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6.5%, the results may not have been meaningful, as the inversion may have been trying to fit the noise
in the data.

If the misfit was not reached, the maximum number of iterations was set as ten because it was found
that the misfit did not usually improve beyond ten iterations.

4.3 Delivery of Inversion Results

Following inversion of traverse data and tie line data, the tragend tie line inversions were merged
for each of the four blocks. Depth slices, both with and without the tie lines, were created at 5 m
intervals between 0 and 175 m below surface. These were provided both in .gdb and .qct (QCTool)
formats as well a&eosoft grid files (.grd).

Inversion sections along each traverse and tie line are also available in .gdb (two or three files per block)
and gct (one file per line) formats.

4.4 New Shallow, Smooth Inversions

The inversions were rerun a second timeptoduce cleaner images. Channeld®were inverted so
that the inconsistencies in the lateme decays would have less effect on the result on the inversions.
Channel 1 was not inverted as well, as this channel was often inconsistent with the restetthe

A threelayer starting model was used for all areas: 25 Ohm m (to 43 m), 10 Oh m (to 93 m) and 100
Ohm m below. The use of three layers rather than four layers removed a significant portion of the
streaking in the inversion results. Further discasss to the reason for these setting is provided in
Section 5.0

The data were decimated further to produce in station spacing of roughly 50 m. Agtatitin
technique was not used i.e., a model was found for the data at a single station. The misfioywasd
to 4% due to the removal of the late channels, which were noisier, from the inversion

References to the inversion results in this report refer to the original inversions unless otherwise
specified.
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5.0 Results

Based on examination of the data ati inversion results, the survey was evaluated in terms of its
FoAfAGe G2 YSSO !'9b+xQa 202S0GAQSad { SOSNIF t A&aads
The majority of the survey area is within Vulcan and Wheatland counties, and referertbesRegional
Groundwater Assessments for these counties are made. Lithological and geophysical logs within
Wheatland (both in Area 1 and Area 2) were provided by AGS, and these are referenced as well.

5.1 Areal
5.1.1. Geophysical Logs vs. Inversions

5.11.1 Log 111837

Figurel? displays the location of drill log 111837 within Wheatland county and the nearest survey line.
The drill hole is very close to the survey line: the nearest location on the survey line iwd§t of the
drill hole. The resistivity log for this hole is showifigurel8.

Drill Log 111837
SW-07-022-26W4
LOCATION 614673.6 5635459.5

614631,5635456 on survey
line which is 40mwest of drill
hole

Line 10930

Figurel7: Western portion of WheatlandCounty (from HCL, 2003), showing the location of Line 10930 and drill
hole 111837 (SW7-022-26W4, at 614673.6, 5635459.5 in 10TM).

Petros Eikon 24
10A Bram Ct, Unit-20, Brampton, ON, Canada L6W 3R6
Tel: (905) 7989324 www.PetRosEiKon.com



RIS

DEPTH
Figurel8: Resistivity log for 111837 (location shown on previous page). Resistivity data celietct 70 m depth
in May 1985.

Data at Station 5635456 is shown in r&ih(rel9) with the response of a model which closely
approximates the resistity log shown in blue. It is seen that while the shallow resistivities reflect the
data, it would appear from the data that the ground is significantly more conducting at intermediate
depths than represented by the log, as the log model has a smallertadgthan the data beyond the
early channels.

-+ 10830, Y 5635456.00, T-F(P)Hz

200

Log (Response (nTesla/sec))

150 200 250 I} 3.00 3.50 4.00 450
Time (mSec)

Figurel9: Data at 563456 in red and response of a model which closely approximates the resistivit{Figgré
18) in blue

The model that fits the data well is slightly less resistive than the resistivity log across the entire depth
but the data require a conductive zone just below where the log ended. The resistor shown in the log at
about 65mdepth may or not be there as far as the data are concerned. The system is not sensitive to
such a thin resistor at this depth. Additionally, the model requires a somewhat more resistive basement
than 40 Ohm m, but the data cannot resolve this parametelt.Wéis is partially because we were

unable to use data channels later than 4.33msec and partially because of the low resistivities found in
the top 70m of the geology, which limits the depth resolution (discussed eaHRiggre20 displays the

fit to the inversion model at this station.

The inversion section along a 1500length of Line 10930 is shownRigure21. As the basement
resistivity is not resolvable, all resistivities about 80 Ohm m are shown in black.
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Figure20: Data at 563456 in red and response af aversion model which fits the data.
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Figure21: The inversion section is shown along the survey line (10930) for about 1500m. The location of the
station proximate to the drill hole is shown by a red line.

5.1.1.2 Logs 111854nd 111858

These logs are from the same drill hole but read one month apart. The resistivities between logs bear no
resemblance to each other. However, the March 1985 resistivity data (111857) is entirely implausible
when compared to resistivities observadother logs and from the AEM data. Log 111858 indicates a

thin (2m) cover of about 15 Ohm m and then an almost constant resistivity of approximately 31 Ohm m
to the bottom of the hole at 68.5m. There is a thin increase of about 20 Ohm m just befobettioen

of the hole.

Figure22 displays the data at the closest AEM station to the drill hole (a few hundred meters west). This
is compared with theasponse of a model based on the well log, as well as the response of the inversion
model. In this case, the inversion model indicates a few meters of 60 Ohm m material followed by a
deep section of material at about 15 Ohm m to a depth of about 130mbpaitalv that is the
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unresolveable resistor. In general, we believe the resistivity log and the AEM do not disagree with each
other as logging instrument will not produce exactly the same resistivities as the EM due to the
difference in the physics associateith each instrument.

The remainder of the drill logs in Areal for Wheatland County does not contain resistivity logs.

4.00

-+ 11040, Y 5632261.00, T-F(P)Hz
. —+ 11040, Y 5632261.00, T-F(S - res log 2)Hz
-8 11040, Y 5632261.00, T-F(S - inversion)Hz

3.00

2.00

Log (Response (nTesla/sec))

8
|

. l . \ l . l . l S |

1.50 2.00 2.50 2.00 23.50 4.00 4.50

Figure22: Data (red) at the closest AEM station from 111857/111858 (a few hundred meters west). The
respanse due to a model as represented by the well log is shown in green while blue is the response of the
inversion model. In this case, the inversion model indicates a few meters of 60 Ohm m material followed by a
deep section of material at about 15 Ohm m todepth of about 130m. Below that is the unresolveable resistor.

5.1.2 Depth Slices and Shallow Discriminatory Resolution

An example of a shallow depth slice (15m) for Area 1 is shoWwigime23. There is streaking in the
inversions, which is highly correlated with the flight paths. To examine this issue, we will look closely at
two neighboring lines, namely 10930, which passed near the firstatyifbr this area, and line 10920 to

the west. The area in the vicinity of the well is shown in the insBtgore23.

Figure24 displays the depth slices over this ssiction of Area 1 at 15 m, 50 smd 60 m. From the drill

log resistivity (5.1.1.1), the resistivity is quite constant to a depth of 60m. Line 10930 agrees with this
result although resistivities are somewhat lower than in the drill logs. Line 10920, however, indicates a
resistor at intemediate depths. The reasons for these results are examined in further detail.
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Figure24: Depth sliceover a subsection of Area 1 at three depths.
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Figure25displays the inversion results over the southern sections of Line 10920 and 10930. A smaller
section of each line (about 1 km) is showrrigure26.
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Figure25: Southern sections of Line 10920 on top and 10930 oa lottom. Plotted in the same resistivity
range. Location of well shown in greylue. There is little difference in topography on the two lines. Line 10920
is missing a section near the south due to noise effects. We will focus on the area between 562850
5635240N.

InFigure27, the data at a group of stations over 100 m over the central part of the focus area are shown
for both lines. The data on Line10930 are remarkably similar in early antimas over 100m. Td

variation in late time must therefore be noise. This illustrates the difficulty in discrimination at depth as
discussed previously. The data on L10920 begins to vary significantly-@athtéime. This indicates

either higher noise levels or a dranlly more complex shallow structure under this line. But of most
importance significance in the variation in the inversion model is due to the amplitude of the first time
channel. The first time channel in the above figure is significantly larger®201(14125) over L10930
(11220). However, the second channel is very similar on the two lines (8510 vs. 8310). This would
necessitate a more conducting top layer under L10920 followed immediately by a more resistive layer in
order to bring the data to LB20 levels. Thus, the results hinge upon how to utilize Channel 1 as well as
how much to force the middle time channels which have different levels of noise.

Petros Eikon 29
10A Bram Ct, Unit-20, Brampton, ON, Canada L6W 3R6
Tel: (905) 7989324 www.PetRosEiKon.com



1ol o o

rmwuf‘::'r‘wwtm v [5 ,7'_’*'& Load PEX

l@J 0520 Wc‘“““‘ B < Max [100 | NN Max Export PEX

5634300 5634350 5634400 5634450 5634500 5634550 5634600 5634650 5634700 5634750 5634800 563450 5634900 5634950 5635000 5636050 5635100 5635150 5635200 5635250 5635
' ' | | | ' ' 1 f 1 1 ' ' 1

A0t

201

a0t

40f

o[ ety [T ——— - ﬁﬁ“*!irrm Losd

i
JEJIJ 10930 ((: lvf'mg l"mw@l = Max 100 | Maxﬂl

5534300 5634350 5934400 5834450 5634500 5534550 5634600 5634650 5634700 5O34TE0 5634800 5634850 5634000 563050 GE3E000 BBIB0S0 BEIGI00 BGIFIS0 5635200 5838280 BRI
L L ' ' L L L L ' L I I I |

P S P S u
-0

20t

EYES
40

50t

Figure26: A focused southern section of Line 10920 on top with respect to ground level with L10930 on the
bottom. Plotted in the same resistivity range. The well is just to the south of the shown areas.
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Figure27. Data is shown at a grup of stations covering approximately 100m over the central part of the focus
area. Line L10920 at top and Line10930 at bottom.
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5.1.2.1 Discussion of Inversion Settings for Area 1

Batch inversion settings for Area 1: Area 1 was inverted in large batckgmiog mode with channels 1
25 and a target misfit of 6% with a spatial weighting window of approximately 50m. It was generally
chosen to utilize Channel 1 throughout the inversions as it provided shallow discrimination. A smaller
misfit posed two prol@ms: a) generally noise levels varied a great deal and attempting a smaller misfit
in noisy errors provided problematic and b) time constraints generally would not have allowed us a
smaller misfit as calculation times for each area extended from abouCBa0 hours to about 1200 CPU
hours. A larger spatial weighting window proved difficult due to a) computation times and b) problems
around manmade infrastructure.

Numerous inversions were performed over this area to examine the effects of:

1) Starting Mdel: All starting models contained 3 layers of varying thicknesses over a resistive
basement of 100 Ohm m. All starting models consisted of a relatively conducting cover and a
conducting third layer but the staring model for the second layer was eitinesiative or a conducting

layer.

2) Constraints on the layers. All top three layers were constrained to be between 2 and 70 Ohm m but
for some tests the second layer was allowed to increase to 100 Ohm m.

3) Utilized time channels: Two main aspects watglied: a) the use of Channel 3 and the use of
Channels 23 to 27.

4) Level of Misfit: The level of misfit was examined between 1% and 6%.

The most relevant factors were a) use of Channel 1 and the constraints on the second layer. The
resistive layecould be produced on L10930 and as well it could be removed from L10920. Generally
speaking, it is normal that a resistive layer wedged between two conductive layers is difficult to resolve.
CDI techniques, for example, have great difficulty with thig tgpmodel as they depend entirely on

decay rates and not amplitudes. With a proper inversion technique which utilizes both amplitude and
decay rates generally the resolution of a wedged resistor is possible. However, it requires extremely
reliable data irthe appropriate time channels. In this case, Channel 1 is crucial as are the noise levels in
Channels 30 which are not provided by this data.

As an example, we show the results of one inversion which does not utilize ChaRigairgZ8). In this
case, the results are somewhat opposite. A thin slightly resistive layer is resolved on L10930 while a
resistive layer is only slightly indicated on 920. For this inversion, Channels 1 through 24 were used, a
starting resistivity for layer 2 of 65 Ohm m which was allowed to increase only to 70 Ohm m, single
station rather than spatial window, and a target misfit of 2%.
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Figure28: Inversion on Lines 109200930 without inverting Channel 1.

5.2 Area 2

In this region, the basement is the sedimentary rocks below the drift. The geology is shieigareR9.
wSaArAauAgGAle t23a Ay (GKS I NBI ¢gSNB LINPJARSRI I yR

5.2. 1 Discrimination within the Basement

In this area, the upper basement formation is generally Horseshoe Canyon. In studying these logs in
conjunction with down hole lithological picks, it was found that there was no discrimination between
the different lithologies (sandstone, shale, siltstométhin the basement.

Furthermore, in two nearby holes, it was observed that there was little correlation between the
lithologies in one hole and those in the other. In one hole (9239449), lithology between 20 m (thickness
of cover) and 85 m depth isted chiefly as siltstone, whereas in nearby hole 9239460, which is about
200 m away, the lithology is predominantly sandstone and shale at the same dEghee@0). Thus, it
appears that the differences between these lithologies are subtle and identification depends largely on
the interpreter. From this point of view, it is not surprising that they cannot be distinguished in the
resistivity logs. bite: formations are not identified in lithological logs.
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Figure29: Map of the geology and paleochannels in the survey area. Geology from Hamgitah 1998.
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9239460 9239449

Primary Lithology [Top{m) |Bottom {m]) Primary Lithology [Top [m) Bottom [m}
Topsoil 0.0 1.7 i

Clay i TE Topsoil 0.0 16.0
Clay 12.2| 13.9 Sand 16.0 19.8
Clay and Silt 13.9 15.7 Siltstone 19.8 39.0
S 15.7 Lo sandstone 39.0 46.3
Shale and coal 19.5 20,9

Siltstone 20.9 326 Siltstone 46.3 52.9
Shale 22.5 24.4 Siltstone 52.9 065.4
Siltstone 24,4 20.8 sandstone 65.4 71.0
phale S 28.9 Siltstone 7L.0 73.1
Shale 25.9 32.4

khale 32.4 33.1 Shale and siltstone 73.1 76.6
Sandstone 33.1 37.2 Siltstone 76.6 50.0
A S 2l siltstone 50.0 85.3
Sandstone 37.6 38.3

Giltstone 38.3 47.0

Sandstone 47.0 48.7

Shale 45.7 53.9

Sandstone 53.9 55.0

Shale and siltstone 55.0 59.2

Sandstone 59.2 60,6

Shale G0, & 64,4

Sandstone 64,4 66,1

Shale 66,1 69.6

Shale 69,6 69.9

Shale 69.9 30.0

Sandstone 80.0 81.8

Shale 81.8 92.2

Sandstone 92.2 94.0

Shale 94.1) 95.7

Shale 95.7 97.4

Sandstone 97.4 102.7

Shale 102.7 104.4

Figure30: Comparison of lithologicadbgs in nearby holes. Siltstone is yellow, sandstone is red, shale is green,
and sand/clay is blue.

In the inversion results, there is a resistor, typically at about 120 m, although it is not seen across the
SYGANBE &adz2NBSeo 0! f Gresistiasy i fixédkirthe inversior iKisydeey enbughis NI &
some places that the response is not sensitive to it.) In examining the drill hole lithologies, it is not clear
what this resistor could represent. Note that such a resistor is not observee iarty of the geophysical

logs examined; however few of these logs even reach a depth of 120 m. This resistor is observed across
most of the survey area and a gradual trend across the area was not noted. This is surprising, given that
the sedimentary sequece dips towards the northwest: a trend in the depth to the resistor from

southeast to northwest would have been expected. Thus, the resistor does not appear to have a
lithological significance. It is unclear whether this is an artifact of the data. Tthevsy be filtered in

such a way that a resistor is always observed in thetlate decays.
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According to the Wheatland Regional Groundwater Assessment, the following bedrock aquifers are
present in the county: Lower Lacombe, Haynes, Upper Scollardy [Smellard, Upper Horseshoe

Canyon, Middle Horseshoe Canyon, and Lower Horseshoe Canyon. The available geophysical logs are
mainly within Horseshoe Canyon, and suggest that discrimination within the Horseshoe Canyon using
EM methods is not possible. Thevérsions of the AeroTEM data similarly do not show any differences
between the southeast of Wheatland, where the Lower Horseshoe Canyon is the uppermost basement
rock, and the center of Wheatland, where the Upper Horseshoe Canyon is the top of the basemen
Thus, we conclude that the aquifers within the Horseshoe Canyon cannot be distinguished by the
survey.

It is possible that some formations may be discriminated from others on the basis of resistivity, as the
geophysical logs provided did not interseditformations in the area. However, an examination of the

depth slices over the Scollard and Paskapoo in Area 2 did not show any differences from the results over
the Horseshoe Canyon.

In summary:
1) The inversions do not discriminate between differkthtologies within the Horseshoe Canyon and
indeed, geophysical logs support the fact that this cannot be discriminated on the basis of resistivity.

2) Similarly, the depth slices do not indicate that the Scollard and Paskapoo can be discriminated from
the Horseshoe Canyon.

5.2.3.2 Depthto-Basement

The inversions typically have an upper resistor§2am thick) over a conductor, sometimes with an
additional cover. It is thought that the resistor (typically about 60 Ohm m) is mostly likely the
unconsoidated sediments over the basement. According to the lithological descriptions for the drill
holes, the sediments are typically about 20 m thick. In some holes, the thickness of the sediments
corresponds relatively well with the thickness of the resistathie inversion model (e.g. 9239560).
However, in many holes, they do not correlate as well with the resistor in the inversion model usually
being thicker than that of the sediments (segure31). The existence of this layer in the inversion
results depends on the starting model used, as discussed for Areas 1.
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10340 : y=5682664

Primary Lithology [Top (m) [Bottom(m)

Clay 0.0 10.8
Gravel 10.8 13.9
Clay and Sand 13.9 20.9
Sand and coal 20.9 27.8
Sand and coal 27.8 33.4
Sand 341 37.2
Silt 37.2 41.8
Sand 42.8 52.2
Silt 52.2 60.6
Silt 60.6 74.8
Siltstone 74.8 81.8
Siltstone and coal 81.8 86.3
Sandstone 86.3 100.9
Siltstone 100.9 104.4
Siltstone 104.4 113.1
Siltstone 113.4 116.6
Sandstone 116.6 118.3
Siltstone 118.3 119.7
Sandstone 119.7 120.8
Sandstone 121.1 123.2
Siltstone and coal 123.2 125.3
Siltstone and coal 125.3 128.8

Figure31: Comparison of lithology in 9228146 and nearimyersion result.

In the geophysical logs, the distinction between the sediments and underlying sedimentary rocks is
mainly seen in the smooth variation in resistivity in the sediments versus the more rapiging

response in the underlying rocksigure32), but there is not a clear increase or decrease in resistivity at
the sedimentbasement boundary. Thus, the lack of correlation between thergior results and the
depthto-basement may be primarily a result of the lack of electrical contrast between the sediments

and basement.

SEDIMENTS

! BASEMENT

no 300

Figure32: Resistivity log 9239476.
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5.2.3.3 Resistivity Comparison (Logs vs. Invergasults)

Above the 100 Ohm m resistor, the inversion results show resistivitieg8f@hm m. Some of the logs
show resistivities in a similar range; however, there is a significant variation in the resistivities observed
in different holes. For examplbole 9329476 exhibits resistivities of about 180 Ohm through the hole,
whereas 111006 has an average resistivity of 3 Ohm m. Some holes, such as 9239460, which has an
average resistivity of about 17 Ohm m, do contain resistivities similar to those inv@sion results.

As a result of the significant differences in the resistivities in nearby holes, the amplitude of the
resistivity is not considered reliable.

5.3 Area 3

Area 3 is predominantly within Vulcan and Lethbridge counties. There is a Régionadwater
Assessment for Vulcan, but such a report for Lethbridge cannot be found, and it is now known if it has
been completed.

5.3.1 Analyses of Inversion Results

The shallow depth slices for Area 33® m) show significant streaking, i.e., liteeline effects. The 25 m
depth slice is displayed Figure33.

650000 670|000 690|000 710000

730000
5620000 +—t—t .

$§620000

—1-5600000

5580000

nnnnnnn

BEANONO

5520000 ——+—+—+—+—f—+—+—+—+——+—+—+———+—+—+——{ 5520000
§50000 670000 £90000 710000 730000

Figure33: Depth slice at 25 m for Area 3.
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It is noted thatthis has some correlation with the position of the channels after the end of the pulse. A
map is shown ifrigure34. The position of the first channel relative to the end of the pulse varies
between flights. Prior to running the inversions, some initial tests were performed on sample data from
Area 1 using different window times (within the range observed in the data,it was found that there
was not a major difference in the inversion results between the correct windows for a line and the
average window settings for the area.

650000 670000 690000 710000 730000

0.110
0.108
0.108
0.104
0.102
0100 5600000
0098
0096
0,004
0062
0060
0088
0088
0.084

5620000 5620000

5600000

5580000 $580000

$560000 $560000

$540000 5540000

$520000 $520000

650000 670000 630000 710000 730000

Figure34: Time of Channel 1 after the end of the pulse.

However, an examination of the timing vs. the shallow depth sli€ggufe35) indicates that there is
some correlation between them, with a higher shallmsgistivity where the channels are closer to the
end of the pulse.

A section of Lines 20240 (channels further from end of pulse) and 20250 (channels closer to the end of
the pulse) was examined in further detail. This inversion results are compaFeéguire36. 20240 does
not have a shallow resistor, but 20250 does.
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710000 730000

650000 670000 690000
$620000 Y $§620000
$600000 $600000
$580000 $580000
$560000 5560000
$540000 $540000
$§520000 §520000 2520000

650000 670000 690000 710000 730000 10000 TioMo 75600

Figure35: Comparison of the timing of Channel 1 (Igfvith the 25 m depth slice for Area 3. An area of high
shallow resistivities in the depth slice and short delay to Channel 1 is marked in both figures by the black
outline.

Figure36: Inversion results along 3 km sections of 2[I2(top) and 20250 (bottom).

Petros Eikon 39
10A Bram Ct, Unit-20, Brampton, ON, Canada L6W 3R6
Tel: (905) 7989324 www.PetRosEiKon.com



Further inversions were run on both of these lines. The starting model was adjusted slightly so that the
three layers above the 100 Ohm m resistor had the same resistivity, i.e. the resistor observed on Line
20250 was nopresent in the starting model. Inversions were run both with and without Channel 1, for
the average time channel positions (as used in the full inversion) and the adjusted time channels for
each line. (Note: the position of the end of the pulse is morkess constant across lines flown within a
single flight.) For Line 2024Bigure37), all results are fairly similar to the initial inversion. Thisra

slightly resistive cover of 20 Ohm m or less, followed by a conductor. The thickness of this conductor is
slightly less for the adjusted time channels, but all are fairly similar.
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Figure37: Inversion results along a 3 knestion of 20240 for different time channel settings.

On Line 20250Rjgure38), again the results are similar for all four inversions. There is a difference in the
depth to the 100 Ohm m resistor at depth; however, all inversions indicate a depth of greater than 130
m to the resistor, and there is limited depth resolution by 130 m, so this is not considered significant.
Interestingly, however, these results for Line 20250 do not have the-swwdaice 70 Ohm m resistor as

in Figure36. The main difference in these inversions versus the original was the starting model.

Further inversions were run in which the initial starting model (20 Ohm m, followed by 15 Ohnra ove

100 Ohm m halépace) was used. Again, this did not result in the same-swdace resistor despite the

use of the same starting model as the original inversion. The reason for this is assumed to be that the

inversion does not use this starting mo@gleach station, but instead uses the model at the previous

point along the line. Thus, presumably along Line 20250, the resistor was needed to fit stations closer to

the beginning of the line, and therefore was the starting model by this section ofteAifurther

inversion on the subsection of Lines 20240 and 20250 was run, in which the resistor was included in the
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starting model, was run. This results in a stronger resistor at surface on Line 20240 (50 Ohm m vs. 20
Ohm m) that is slightly thinner.rCLine 20250, there is a resistor of similar resistivity, but it is overlain by
a conductor. These results are the same whether or not Channel 1 is used.

Teemsterebeneotmaduanede

Avg channels, 1-26 © Adjusted channels, 1-26

...... acan Vascese saa1000 s 200
......

T [ ey e ey | L] T T

...........

™

“Avg channels, 2-26 J Adjusted channels, 2-26

Figure38: Inversion results along a 3 km section of 20250 for differéinte channel settings.

These initial results on a subsection, as showrigure37 and Figure38, do not show significant
differences between the average and adjusted channels, and with and without Channel 1, although they
do show significant sensitivity to the starting model.

Further inversionsvere run on a large section of Area 3: Lines 2020280(full lines) to see if on a

larger scale, not inverting Channel 1 would result in more consistent inversion models between lines.
Average channel times were used. Results on Lines 202240 are snilar for both inversions. Results

on Lines 2025@0280 contain a neasurface resistor across most of the initial inversion, but only a

small part of the new inversion without channel 3. Results on Line 20250 are shéwguia39. The

new inversion, without Channel 1, does show a resistor over part of the line, slightly deeper than on Line
20250. This is observed over part of neighboring Line 2026@e4. It is thought that this resistor is real.
Thus, preliminary results suggest that removing channel 1 from the inversion settings may improve
consistency in the inversion results, removing the raaface resistor across most of Lines 20210

20280 wlen it was absent in the starting model.

However, results are fairly sensitive to the starting model and constraints. If the resistor were present in
the starting model, it is expected that it would be observed in the inversion results as well.
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Furthernore, while the inversion without Channel 1 did not show a resistor across most of the survey, it
does not mean that this model is necessarily correct, but more consistent across neighboring inversions.
If Channel 1 is to be believed on the lines wheis dloser to the pulse, then a conductor is needed to

drive up the response of Channel 1. (Note: the elevated response of this channel could also be due to
system response.
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Figure39: Inversion results along the length of 20250. Initial settings (top) and new settings without channel 1
(bottom).

5.3.2 Inversion Results and Geology

In Area 2, no correlation between the bedrock geology and the inversion results was observed. In
contrast the Bearpaw formation, which underlies the Horseshoe Canyon, has a slowgnmidecay
and this corresponds to a lower resistivity in the depth slices, as seen in Area 3rigdré40). The
Bearpaw is an aquitard. We do not have any drill logs for Area 3.
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Figure40: 75 m depth slice for Area 3, showing the boundaries of the Bearpaw Formation.
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5.4 Summarnyof Results for Original Inversions

1) Geophysical logs are available in Wheatland County. Detailed studies of these logs versus the
inversion results show that the logs are not inconsistent with the AEM inversions but due to limited
knowledge of the equipmnt used and variable resistivities in different holes, these are insufficient for
calibration of the system.

2) Inversions show significant liwe-line variation in the depth to the 100 Ohm m hafface. Given the
line-to-line differences in the decaysd the inconsistency of the laténe data, this is not surprising.
The significance of this layer is not known, and it is possible that theifageresistor is a result of
filtering of the data. Ground data would assist in determining its significance

3) Inversions also show streaking between lines at shallower depths. The variation in models between
lines is a result of a) noise in riiche data b) variations in response at Channel 1 and ¢) non
unigueness, at least in part as a result of the naisthé data. Removing Channel 1 from the inversions
may improve consistency of inversions Hieeline.

4) The data is unable to resolve the basement geology, with the exception of the Bearpaw, which is
slightly more conducting and has a more uniformstgity than the other formations.

5.5 New Shallow Inversions

Through analyses of the initial inversion results, as detailed in Sectiofs3 .l was observed that on

some lines, a shallow resistor was present in the inversion model under a thinatond®n other

lines, there was little variation in the resistivity of the top three layers. These two distinct models are
observed in all four areas, often on neighboring lines. For example, compare the results on Lines 10920
and 10930 in Area 1 in Semti5.1. As a result, streaking is observed in the depth slices, particularly
above 35 m (for example, séégure33), as the shallow inversion results vary from one lio another.

The original inversion was performed with four layers, three layers over spete, the top layer being
a thin cover, as such a model was needed to fit the data well in some areas. However, in the inversion
results on some lines, as aeibed above, the top three layers are essentially blended into a single layer.

We believe that the shallow resistor is present, at least over part of the survey, but it cannot be
adequately resolved due to the data quality issues, described in Sectiomzarticular, it is related to
variations in the early time amplitude. In Section 5.3, it was shown that there is some correlation
between the timing of Channel 1 and the streaking in the depth slices. We believe that the amplitude of
Channel 1, whicfs affected by variation in the timing of this channel from the end of the pulse, has
some bearing on the streaking in the slices. As described in Section 5.1.2, where various tests on the
inversion settings were described, whether or not Channel 1 id irsthe inversions was an important
factor in the results. However, the streaking is not entirely due to the firstioi# channel. (Note that
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the timing has little effect on the amplitude of the response beyond Channel 1, and further issues with
the ealy-time data are not likely related to timing issues.) The inconsistent resultsdifiee are also a
result of noise and amplitude issues in other channels.

The difference in response between these two types of models is slight and very clean tiataanly
channels is required to distinguish between them (see Section 5.1.2). Through our examinations of the
decays and the depth slices, we believe that the data caanot distinguish between them in many areas. In
such cases, the starting model, i.e., W or not it contains the resistor, can affect the result.

In other cases, minor aspects of the decay may cause the inversion to favor one model over the other,
although the differences in the data may be a quality issue and not actually reflective gfdund.

Thus, we conclude that we are unable to satisfactorily resolve the top two layers in the data, and
streaking in the inversion slices may be improved if we do not attempt to discriminate these two layers.

A second inversion was run with tigeal of improving the appearance of the inversions, i.e., decrease

the streaking in the shallow inversion results. Rather than using three layers overspdadf two

layers over a hai§pace were used so that the inversion was not allowed to discrimahin

conductor over a resistor at surface. Thus, the top layer in the new inversions was a combination of the
two uppermost layers in the original inversions. Although we believe that the shallow resistor is present,
the data is such that it cannot resolved, and so we did not try to resolve it in the second inversion.

The second inversion also used fewer time channels than the first: chanh8lsazher than 126.

Channel 1 was not used in the inversion as it was somewhat affected by timinguitiésrbetween

flights (Section 5.3), although timing is not necessarily thee sole cause of the variability in this channel.
This channel was frequently difficult for the inversion to fit, and appeared inconsistent with the rest of
the decay in some areads such, the removal of Channel 1 from the inversions also reduced the
computational time.

The latter time channels were removed from these inversions because the decays were not considered
reliable, particularly in the Mike data (see section 2.0). Tlhesggnificant variation in the late decays on
reflies and at tie line intersections. A map of the decays also shows inconsistencies the decay rate on
certain lines. These channels were used in the original inversion to maximize depth resolution were the
data quality was good.

The shallow, smooth inversions improved the appearance of the depth slices at shallow depths for Areas
1, 2, and 3. For example, see both 30 m depth slices for AreRigure41. The inversion at this depth

is very similar to a simple grid of the dakagure42), although it is slightly smoother. Generally, the

original inversions did not contain interpretable results until at least 35 m depth, whereas the second
shallow inversions contain better results if not from the surface, than from 5 or 10 m depth.
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The apth slices for Area 4, which generally had the poorsility data, were not improved as
significantly at shallow depths as the other three areas. However, the Area 4 depth slices are still
somewhat cleaner in the second set of inversions.

Below abouts0 m, the original inversions and new shallow inversions show fairly similar features but
there is generally less streaking in the new inversiéigufe43) and in some regions, there is better
discrimination within these resistive features. This is at least in part due to the later (and noisier)
channels not being used in the inversion, but may also be related to there being more consistent
shallow nodels.Figure43 presents a general comparison of the new shallow and original inversions, but
more detailed comparisons, with reference to particuieatures, are presented in the interpretation
section that follows.

The fact that some streaking remains in the new shallow inversions, particularly in Area 4, is reflective of
the inconsistencies in the eartymne amplitudes. If the data were inverted smaller sections, some
adjustments could be made to resolve this issue, and that may result in cleaner depth slices.

We believe that the original inversions are a more accurate reflection of the amplitude and decays in the
data. However, the new shalloinversions resulted in cleaner images because the channels that
contained the greatest inconsistencies in the data were not used in the inversions, and we did not
attempt to resolve the shallow structure. Indeed, the fact that these inversions are imerpretable
supports our conclusions regarding the data quality.

Despite the problems in the data outlined in Section 2.0, we believe that the AeroTEM data and depth
slices contain considerable information on the subsurface, as will be detailed iorS@€t. Many

features observed in the inversions correspond to known structures, and possible structures of interest
are mentioned. More detailed comparisons of the two sets of inversions are also made over particular
features. The above discussion oétlesults for the new inversions is a general overview. The specifics
of the comparisons vary somewhat between the four areas and the following section provides further
detail.

To our knowledge, the GeoTEM data previously collected for AENV was nosédigiexamined for

data quality. Although our findings are somewhat critical of the quality of the AeroTEM data, based on
our experiences with GeoTEM data in the past and the information contained in our AeroTEM
inversions, we believe the AeroTEM syst@as more suitable for this survey.
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Figure4l: comparison of 30 m depth slices for Area 2: new shallow inversion (left) and original (right).
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Figure42: 30 m depth slice for shallow inversion (lefnd Channel 8 data (right). Regkllow is low amplitude in
the data and high resistivity in the depth slice; pirtdue is high amplitude in the data and low resistivity in the
depth slice.
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Figure43: comparison of 60 m depthklice for Area 2: new shallow inversion (left) and original (right).
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6.0 Preliminary Interpretation by Area

Below is a preliminary interpretation of each of the four survey blocksKggpeel6) individually. The
correlation between the data and known mamade structures as well as rivers and topography is
discussed. Maps of the rivers were obtained as vector data from Aeroquest and also fromineiato
geology map (Hamiltoat al, 1998). The former appears to be more detailed and better correlates with
the digital terrain model, but does not include as many rivers as the later. Comparisons are also made
between the data and known paleochannelafowiczet al, 2007) and areas of further interest are
noted.

In our own research of aquifers in this area, we found no information as to resistivities of the different
types of aquifers and indeed very little in regard to the composition of the aguifierour initial

analyses of the data with comparisons to the available maps and paleochannels, it was observed that a
large number of rivers appeared conductive at shallow depths and then relatively resistive at greater
depths. Many of these deeper regi® zones correlating roughly with the path of the rivers also were
consistent with interpreted paleochannels.

It is therefore assumed that the aquifers are coarse sediments or gravels and they are thus resistive
compared to the formations surroundingem. There is also some correlation between areas of higher
resistivity in the inversions and known sand/gravel aquifers in Wheatland and Vulcan counties.

The resistivity of gravel/sand depends on several factors including the water content and the
distribution of grain sizes. The solubility and composition of the sand/gravel could affect dissolved ions
in the water, which in turn would affect the resistivity. Thus, the resistivity of sand and gravels is quite
variable. We were unable to find any infortizn as to what range of resistivities to expect from these
deposits. The well logs that we examined were not helpful in this regard.

Additionally, the amount of water flow along and into these deposits and the sediment content of the

flow will affect esistivity. As the flow rate can control the amount of sediment settling in the deposits.

The type of sediments contained in the water flow thus affect the resistivity of these settlings as does
the amount of particles in suspension in water in these dépos
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6.1 Area 1
Results for the original inversions and the smooth, shallow inversions are presented separately.

6.1.1 Effect of Known Features

6.1.1.1 Infrastructure

Figured4 displays the Area 1 (channel 4) data, cleaned of very noisy areas, with a map of the major
highways. Only the main TransCanada highway appears to have any effect upon the data. Low
amplitudewould be expected over a major highway due to increased altitude of the system.
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Figure44: Effects of Highways on Area 1 data. Channel 4 cleaned of noisy areas is shown. Highways are in red.

The data is compared with known raéiws, power lines, and pipelineskigure45. There is no portion
of the data which displays any great correlation with the railways. Only one sedtmower line
indicates a clear correlation with the data{®) Q0 ® ¢ KS L2 6SNJ f AyS AyRAOI G2NJ
survey data indicated a power line along this line segment and data stations were removed which had a
significant power line indicatoHowever, there still remains an apparent correlation along this one
segment of power line. There is also indication a power line continues west along the same angle which
is not shown in the map of infrastructure. Low amplitudes may be expected at paesrdue to
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increased altitude of the system. A map of the altitude is showkigare46. Altitude suggests an
extension of the power line (X) | Qthe wés2. Higher altitudes over the Bow River agree with a
topography drop shown later. There is a general increase in elevation on the east of the survey.

Figure4b: Effects of Other Infrastructure on Area 1 data: Railwaypinple, pipelines in dark blue, and power
lines in green are shown. Only one section of power line indicates a clear correlation with the data¢A) Q U @
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Meters

Figure46: Height of bird over Area 1.

6.1.1. 2 Topography and Rivers

Figure47 compares the Channel 4 data over Area 1 with the digital terrain model. The only areas where
there appears a correlation with the topographyearhere there are topographic lows. Specifically, this
refers to areas (AJC) as well as along a section of the Bow River where the topography is low.-A close
up along the Bow River is presentedigure48.
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Figure47: Effects of Topography for Area 1. Correlations are noted where there a topographic lows, e.g. areas
(AX(C) as well as along a section of the Bow River vehine topography is low.

Figure48: Effects of Rivers for Area 1. The only strong area of correlation between the rivers and the data is
along the Bow River (grey). The approximate location of the power line is shown in green.
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6.1.2 Interpretation of Original Inversions

The first depth section that reveals structure is at 3%iigure49 compares the depth slice with rivers
and known paleochannels. There is some correlated resistive structure along the Bow River (A), a
cohesive spatial resistive structure at (B) as well as a possible resistive structure at (C).

"

Figure49: Area 1 east, 35 m depth slice. River geometries are shown in thin black while paleochannels are
shown in grey. There is some correlated resistive structure along the Bow River (A), a cohesive spatial resistive
structure at (B) as well as a possible rasis structure at (C).
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The 65 m depth slice is shownRigure50. At this depth, the three structures are still visible. Area (C)
appears to be quite large spatial area of low resistivity extending to the east. Area (C) appears
correlated with a paleochannel.
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Figure50: 65 m depth slice for Area 1. Area (C) appears to be a quite large spatial area of low resistivity
extending to the east. Area (C) appears correlated with a paleochannel.
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At 75m depth Figure51), there appears no correlation with the paleochannels. However, large areas of
resistive material are to be seen which could indicate more coarsely grained sediments. These
somewhat more resistive areasmtinue well below 100m when then begin to merge into the resistive
substructure.
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Figure51: 75 m depth slice for Area 1.
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6.1.3 Interpretation of Smooth, Shallow Inversions

In this section, figures showing the depth slicestli@r shallow inversions between 10 m and 60 m are
presented. These are compared with known infrastructure and also maps of the rivers and
paleochannels. Little correlation is noted between the infrastructure and the inversion results. Some
correlation withrivers and paleochannels is observed, as are other features of interest.

The second set of inversions is more interpretable than the original inversions. The shallow inversions
for Area 1 are much cleaner from the shallowest depth slice when we do reyhpttto resolve the

shallow resistor. As mentioned in Section 5.5, this supports our conclusions regarding the quality of the
very early and the mithate decays. While some of the same features are noted in both sets of
inversions, additional structures@observed in the shallow inversions, and a discussion of these
features is provided.

In Figure52, a resistivity depth section is shown at 10m bekwwface for the shallow inversion
approach. Major highways are shown as dark red lines. No significant effects of the major highways are
evident.
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Figure52: Highways on Area 1 depth slice at 10 m below (shallow inversion).
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Similarly, no significant effects of major power lines are evident in the depth slice at 10 m, as shown in
Figure53 except possibly at (A), (B), afd).
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Figure53: Depth section at 10 m for Area 1. Major power lines are shown as broken green lines.
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In Figure54, the same resistivity depth section is shown with rivers and paleochannels marked. Four
structures are marked:

(A) - Some correlation with the interpreted paleochannel.
(B) Low resistivity area coetated with 2 rivers and 2 paleochannels.
(C) Possible correlation with river but also appears to be an area of population.

(D) -6 5 appearance of an unknown structure

Figure54: Depth section at 10 m for Area 1 (shallow, smootlvérsion). Rivers are shown as thin black lines and
paleochannels by thicker grey lines.
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A deeper slice, 30 m, is displayedrigure55. Important features are described below:

(A)¢ some correlation with the interpreted paleochannel.

B)gd. QU [2¢ NBaradA@Ade I NBIF O2NNBtFIGSR gAGK H NRAROD
(C) Possible correlation with river and possible gravel bed but also appears to be af @opalation.

(D) 6 5 stvonger appearance of an unknown structure

In addition to these items, there appear to be several areas of low resistivity or possible gravel beds.

Figure55: Depth section at 30 m for Area 1 (shal, smooth inversion). Rivers are shown as thin black lines and
paleochannels by thicker grey lines.
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The 40 m depth slice for the shallow Area 1 inversions is shotiguime56. The following are observed,

as marked on the figure:

(A)¢ Continued correlation with the interpreted paleochannel.

(B)go .
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(C) Possible correlation withver and possible gravel bed but also appears to be an area of population.

(D)} 6 5 £xontinued appearance of an unknown structure

(E) Apparent correlation with interpreted paleochannel
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Figure56: Depth slice at 40 m for Area (shallow, smooth inversion). Rivers are indicated as thin black lines and

370008

paleochannels by thicker grey lines.
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The 40 m depth slice is shown agairfrigure57, but with a different color range to emphasize the
resistive areas. Based on the results, the position of the south paleochannel has also been adjusted and
is shown in greyplue.
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Figure57: Depth slice at 40 m for Agel (shallow, smooth inversion). A suggested revision to the southern
paleochannels is marked in greylue.
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The 50 m depth slice for the shallow inversion is displayé&igure58. There are several features of
interest:

(A) Continued correlation with the interpreted paleochannel.
B)o. QU [ 26 NBaraldAgAGe | NBF O2NNBtFGSR 6A0GK H NRAOD
(C) Possible correlation with river apdssible gravel bed but also appears to be an area of population.
(D)} 6 5 £xontinued appearance of an unknown structure but weaker

(E) Apparent correlation with interpreted paleochannel

(F) Some correlation with paleochannel

(G) Some correlation with paleochanhe

Figure58: Depth slice at 50 m for Area 1 (shallow, smooth inversion). Rivers are shown as thin black and
interpreted paleochannels by thick grey lines.
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