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Abstract

The Geological Survey of Canada (GSC) is investigating the hydrogeology of the Spiritwood buried
valley aquifer in southwestern Manitoba as part of its Groundwater Geosciences Program. This Open
File reports on a drilling program conducted in November 2010 in which one shallow and one
intermediate depth piezometer were installed within separate boreholes at each of three sites near
Killarney, Manitoba to complement existing deep wells monitored by Manitoba Conservation and
Water Stewardship (Government of Manitoba, Ministry of CWS). Boreholes were advanced without
drilling fluids by the cable tool method and by driving core tubes which allowed for accurate borehole
logging and the collection of sample cores at selected depths. This Open File includes the geological
logs of the boreholes, the piezometer construction details and the geotechnical data measured on
sampled core. Geotechnical analyses included measurement of approximate shear strength using a
pocket penetrometer (n=21), grain size distribution (n=8), gravimetric water content (n=91), and wet
bulk density (n=22) from which dry bulk density (n=22) and volumetric water content (n=22) were
calculated and porosity (n=22) estimated.

The drilling program was a collaborative effort between the Agri-Environmental Services Branch

(AESB) of Agriculture and Agri-Food Canada (AAFC) and the Geological Survey of Canada of
Natural Resources Canada (NRCan).
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Introduction

The Geological Survey of Canada (GSC) is investigating the hydrogeology of the Spiritwood buried
valley aquifer in southwestern Manitoba as part of its Groundwater Geosciences Program. The
Spiritwood buried valley aquifer is a cross-border aquifer extending from Manitoba, through North
Dakota and into South Dakota (Figure 1). This aquifer has been studied extensively in North Dakota
but is less known in Manitoba. The Water Resources Branch of Manitoba Natural Resources (currently
Water Science and Management Branch of Manitoba Conservation and Water Stewardship, CWS) had
previously drilled boreholes in the study area in 1974 and again in 2000-02. Eight monitoring wells
drilled along the Spiritwood buried valley aquifer between Margaret, Manitoba, and the international
border are currently being monitored by CWS. Most of these monitoring wells are screened at depth in
confined units; interpretation of their water level fluctuations is problematic since there are no records
of groundwater level response near the ground surface and at intermediate depths. A drilling program
was undertaken in November 2010 to install piezometer nests at four sites with active CWS
monitoring wells along the Spiritwood buried valley aquifer. One site was not accessible and, at the
conclusion of fieldwork, two additional piezometers (one shallow, one intermediate depth) were
installed at each of three existing sites. The purpose of this GSC Open File is to present the logs and
geotechnical data collected from the six boreholes drilled near Killarney, Manitoba in November 2010.

The drilling program was a collaborative effort between Agriculture and Agri-Food Canada (AAFC)
and Natural Resources Canada (NRCan). AAFC provided the drill rig with the field crew and
technical support for geotechnical analysis of collected samples and compilation of field logs. NRCan
selected the sites, ensured utility clearances before drilling, consulted with drillers to select piezometer
installation depths, developed piezometers and installed water level recording dataloggers.

Study area

The study area is located in southwestern Manitoba near the town of Killarney (Figure 2). Four active
CWS monitoring well sites were targeted for shallow piezometer installations: GO50OA008,
G050A009, G0O50A010, and GO50A011, however site GO50A011 was not accessible to the drill rig
due to water ponding at the surface in a ditch. AAFC and GSC assigned their own site numbers to the
new boreholes and the GSC also assigned new piezometer numbers to the completed piezometers. All
borehole and piezometer designations are presented in Table 1 along with their GPS coordinates.

Previous and current studies

The groundwater resources of the Brandon map area were first mapped and summarized by Halstead
(1959). By mapping the bedrock topography, he recognized the presence of deep valleys in the
bedrock that were subsequently filled with glaciofluvial and glacial sediments. Although he
acknowledged the potential of these buried valley aquifers for higher yield wells, there was minimal
information available about them. More information existed for the shallower sand and gravel bodies
found locally within the till. He observed that the volume of water recovered from these inter-till
aquifers varied depending on their thickness, extent and interconnection with other aquifers and the
ground surface.

Bedrock topography was subsequently mapped for all southern Manitoba by Klassen et al. (1970).
Teller et al. (1976) similarly compiled bedrock topography and sediment thickness for southern
Manitoba, whereas Sie and Little (1976) produced several maps and cross-sections of the Brandon
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map area for the Groundwater Availability Map Series produced by Manitoba Natural Resources,
Water Resources Branch. These maps indicate the presence of a broad buried valley that crosses the
international border in a north-south direction just south of Cartwright, Manitoba, and then extends
from Cartwright to the northwest towards the Souris River near Margaret.

The province of Manitoba has undertaken test drilling of the Spiritwood aquifer in 1961-62, 1974 and
then installed 8 monitoring wells in 2000-02. The results of these drilling programs were never
published, although the logs are available within the provincial water well records. In 2009, the
province drilled 23 boreholes to specifically target buried valleys to the north and west of the current
study area between Margaret and Brandon (Toop, 2010). Test drilling and a short-term pump test were
conducted for the development of a groundwater supply for the Town of Killarney (Friesen Drilling
Ltd., 2007; W. L. Gibbons & Associates Inc., 2009).

The Spiritwood buried valley aquifer was studied in greater detail in North Dakota where it is a
significant water source for irrigation and municipal supply (Randich and Kuzniar, 1984; Shaver,
1984; Shaver and Pusc, 1992). Several cross-sections of mud-rotary holes were drilled at
approximately one mile intervals to define the extent of the Spiritwood buried valley aquifer as well as
the shallower inter-till aquifers in the area just south of the international boundary (Randich and
Kuzniar, 1984).

As part of the GSC’s Groundwater Geoscience Program, airborne and ground electromagnetic
(Oldenborger, 2010b; Oldenborger, 2010a; Oldenborger et al., 2010; Oldenborger et al., 2011;
Oldenborger et al., 2013), seismic reflection (Oldenborger et al., 2011; Oldenborger et al., 2013;
Pullan et al., 2013; Pugin et al., 2014) and borehole (Crow et al., 2012a) geophysical surveys were
conducted to help define the location, depth and composition of the Spiritwood buried valley aquifer
in Manitoba. A borehole was cored to a depth of 97.5 m (320 feet) south of Cartwright, Manitoba, and
two piezometers were installed at the site (Crow et al., 2012Db).

Methods

All six boreholes were advanced with a B-12 cable tool rig owned and operated by the
Agri-Environmental Services Branch (AESB) of AAFC without adding drilling fluids (water or mud;
Figure 3 and Appendix B). A 3 74" diameter excavator bit was used to drill the initial borehole and
bring cuttings to the surface for geological logging. Sediments were described and classified in the
field using a modified unified soil classification system (USCS). A pocket penetrometer was used on
site to provide estimates of unconfined compressive strength and assist sample descriptions. Intact
cores were retrieved for selected intervals in 0.75 m length brass liner tubes driven into the sediment.
Cores were sealed and stored for subsequent gravimetric water content and wet bulk density analysis
in the laboratory. A core catcher was occasionally used at the base of the tube depending on the nature
of the cored sediment. The upper portions of the borehole were usually reamed out using 5 %" and
sometimes 7 74" bits to assist with the advance of a temporary 4" casing to keep the borehole open in
sandy sections and allow for installation of piezometers and filter sands. The 4" casing was removed
following piezometer installation. Piezometers were completed with 2" nominal PVC pipe (schedule
40 thickness) fitted with 20-slot screens (20/1000"” slot width). Filter sand was emplaced adjacent to
(and slightly above) screened intervals (Table 2). The borehole annulus was sealed with bentonite and
followed by borehole cuttings. Lockable steel casing protectors (5'x6"”x6") were installed over each
piezometer and extended approximately 0.75 m above ground surface (stick up). Locks on the wells
were supplied by CWS and were keyed alike to all the CWS monitoring wells.
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Cores were extruded from the tubes at AAFC laboratories in Regina to log the geology and obtain
samples for geotechnical analysis. Samples were analyzed for gravimetric moisture content (ASTM
Committee D18 on Soil and Rock, 2005), wet bulk density (AAFC internal method, described below),
and compressive strength using a pocket penetrometer. Grain size analysis (ASTM Committee D18 on
Soil and Rock, 2006; ASTM Committee D18 on Soil and Rock, 2007) was conducted to determine the
sand and gravel fractions (>75 um) of the non-till units. Particles passing through the 75 um sieve (silt
and clay sized particles) are reported in aggregate as “fines”.

Wet bulk density is measured by weighing a wet sample sealed in wax both in air and in water, and
includes the following steps (PFRA, no date):

1. The soil sample was coated with paraffin wax.

2. The waxed sample was weighed on a balance.

3. On the same balance, the sample was suspended into a large container of water and weighed while it
was submerged in water.

4. The sample density was calculated using the following equation:

Mg . Pwater (1)

Pwet = mg—m,,

where

Pwet is Wet bulk density (g/cm®),

Pwater IS the density of water (g/cm?), assumed to be 1 g/cm?,
m, is the sample weight in air (g), and

my is the sample weight in water (g).

From the measured values of gravimetric water content and wet bulk density, both the dry bulk density
and volumetric water content were calculated by the following equations:

_ Pwet
0 = Pwet - W 3
Pwater ( )

where
Pary is dry bulk density (g/cm®),

w is gravimetric water content (g water/g of soil), and

0 is volumetric water content (cm*/cm®).

Porosity was also estimated from the following equation by assuming a specific gravity of sediment
particles of 2.65:

_ (Gs-pwet)—pary
Gs -Pwet

(4)



where
n = porosity (cm®cm?), and

G = specific gravity (g/cm®/ glcm®).

Results

Two boreholes were advanced at each of three sites and a piezometer was constructed in each borehole
for a total of six piezometers (Figure 4, Table 1). Piezometer construction is summarized in Table 2.
Borehole logs for each borehole are presented graphically in Figures 5 to 10 and tabulated in Tables 3
to 8. The legend for borehole logs is shown in Figure 11. Borehole logs were based both on field
observations of sediment samples during drilling and laboratory inspection of extruded cores. Field
borehole descriptions are reproduced in Appendix A. Grain size distributions of non-till units are
presented in Figures 12 to 19. Geotechnical results are compiled in Tables 9 to 11.

Site GSC-BH-SW-02 (CWS well GO50A010)

The well log for the mud-rotary drilled monitoring well GO5OA010 (Table 12) corresponds closely
with that obtained from borehole GSC-BH-SW-02A (Figure 6, Table 3). A shallow sand unit was
encountered between 0.45 and 1.15 m and was instrumented with piezometer GSC-SW-02-p1 (in
borehole GSC-BH-SW-02B) which will provide an effective measurement of the water table depth.
The deepest observation of oxidation in borehole GSC-BH-SW-02A was 3.15 m whereas beige till
was noted to a depth of 3.7 m (12") for well GO50A010.

Although the borehole log for GSC-BH-SW-02A only indicates one deeper sand unit from 8.00 m to
8.60 m, another thinner sandy seam was encountered at 9.75 m (Appendix Al) and is also recorded in
well GO50A010 from 33-34' (10.1-10.4 m). The screen for piezometer GSC-SW-02-p2 straddles this
thin sandy seam. Borehole GSC-BH-SW-02A was not extended deeper because there were no other
sandy units reported above the deeper aquifer in well GO50OA010 (Table 12) and drilling progress was
hampered by a cobble at 9.1 m.

Grain size analyses of the shallow (Figure 19) and intermediate (Figure 18) sand units yielded similar
size distributions that indicate a predominance of medium sand with 18% and 16% of fines (silt and
clay sized sediment), respectively. Geotechnical data show fairly consistent measurements within the
till (Table 9). Average values of wet and dry bulk densities (n=5) were 2.08+0.06 and 1.78+0.08
glem?®, respectively. Results showed consistency as the average volumetric water content (n=5) was
0.30£0.02, whereas the average estimated porosity (n=5) was 0.33+0.03. Pocket penetrometer readings
indicated a very stiff to hard consistency. The sand at 8.0 to 8.6 m depth had higher gravimetric water
contents than the till (Table 9), which suggests that the porosity of the sand is higher than that of the
till and/or that the dry bulk density of the sand is lower than that of the till.

Site GSC-BH-SW-03 (CWS well GO50A009)

The well log for the mud-rotary drilled monitoring well GO5OA009 (Table 13) indicates a clayey
beige till (i.e. oxidized) to a depth of 5.5 m (18’) which is comparable to the observed maximum
depths of 6.75 m of joint oxidation and the presence of gypsum in borehole GSC-BH-SW-03A (Figure
8, Table 5). The shallow piezometer GSC-SW-03-p1 is completed in a silty seam within the oxidized
till of borehole GSC-BH-SW-03B and provides a measurement of the water table depth. The sand
seam from 1.4 to 1.5 m depth would not have been suitable for piezometer installation since the water
table is below this depth most of the time.
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The numerous descriptions of “clay shale” within borehole GSC-BH-SW-03A either as fragments or
as “shale’ units are testimony to the high proportion of reworked shale within the till (Figure 8, Table
5, Appendix A3). The shale is present throughout much of the thickness of till as the first “clay shale”
unit in borehole GSC-BH-SW-03A is recorded at 17.8-18.0 m depth (and at 18.6-19.2 m (61-63")
depth in GO5OA009) and the depth of the true shale bedrock surface is recorded as 59.7 m (196’) in
well GO50A0009.

A five foot thick “sand and gravel layer” was recorded in well GOSOA009 at a depth of 32.0-33.5 m
(105-110"). In borehole GSC-BH-SW-03A only a few thin sandy and silty seams were encountered
within the till between depths of 22.8 and 33.4 m. Piezometer GSC-SW-03-p2 straddles the lowermost
of these thin sandy seams with a filter pack extending from 31.4 to 35.0 m depth.

The greater variability in the till was also observed in the geotechnical properties. Gravimetric water
contents exhibited a wide range from 13.0 to 30.8 g of water/100 g of dry soil even below the water
table with an average for all measurements of 21.3+4.9 g/100 g. Average values of wet and dry bulk
densities (n=11) were 1.97+0.11 and 1.64+0.14 g/cm®, respectively, whereas average volumetric water
content and porosity were 0.33+£0.04 and 0.38+0.05, respectively. Pocket penetrometer readings had
the largest range of the three sites and indicated stiff to hard consistency.

Grain size analyses from the only non-till or clay shale units encountered characterize the sandy and

silty seams. The sand seam is predominantly fine sand (75%), has no sediment coarser than medium

sand (8%) and has 17% fines (24.0-24.1 m depth, Figure 16). The underlying sandy silt unit has only
1% medium sand, 44% fine sand and is predominantly (55%) fines (24.1-24.3 m depth, Figure 17).

Site GSC-BH-SW-04 (CWS well GO5SOA008)

The well log for the mud-rotary drilled monitoring well GO5OAQ008 (Table 14) differs significantly
with that obtained from borehole GSC-BH-SW-04A (Figure 10, Table 7). Whereas the well log for
GO050A008 records brown coarse sand (0-5.5 m, 0-18") and brown coarse gravel (5.5-6.7 m, 18-22"),
the description of borehole GSC-BH-SW-04A makes no mention of sand or gravel and simply reports
stiff to hard till with oxidized fractures or joints to a depth of 7.90 m. Similarly, the sandy non-till
units in borehole GSC-BH-SW-04A (between 12.19 and 14.80 m depth) are offset from the gravel
recorded in well GOSOA008 (between 18.9 and 19.5 m, 62-64"). As the UTMs on well GO50A008
(Table 14) concur with those for GSC-SW-04-p1 and —p2 (Table 1), even though they were obtained
independently, it is concluded that the correct well log for GO5SOAQ008 was likely used but that the site
geology may have been misinterpreted in the mud-rotary borehole.

Piezometer GSC-SW-04-p1 was completed near the base of the oxidized zone (filter pack from 4.00 to
7.50 m depth), slightly below the water table (2.6-3.8 m deep). The intermediate depth piezometer
GSC-SW-04-p2 straddles the sand and gravel units in borehole GSC-BH-SW-04A with a filter pack
extending from 11.40-15.10 m depth.

Compared to borehole GSC-BH-SW-03A, the grain size distributions of non-till units in GSC-BH-
SW-04A (Figures 12-15) are coarser and slightly less uniform (better graded). In particular, the sample
at 13.4 m depth has 42% gravel, 49% sand and 9% silt and clay (fines; Figure 13). The presence of
fines even in gravel units suggests that high hydraulic conductivities are unlikely within the inter-till
sands and gravels of these boreholes.



Geotechnical data show considerable variability (Table 11). Gravimetric water contents are generally
lower that for site GSC-BH-SW-03 with an average value of 16.3+3.8 g/100 g that may reflect the
coarser grain size in borehole GSC-BH-SW-04A. Although average values and standard deviations of
porosities and volumetric water contents are similar to those for borehole GSC-BH-SW-03A, the
estimated porosities (0.37+0.06, n=6) are consistently higher than the calculated volumetric water
contents (0.28+0.04, n=6) even if only those samples below the water table are considered (n=5).
Average values of wet and dry bulk densities (n=5) were 1.96+0.13 and 1.68+0.15 g/cm®, respectively.
Pocket penetrometer readings indicated very stiff to hard consistency.

Additional work and installations

The piezometer nests are being used to assess groundwater conditions at these three sites as part of the
investigation of the Spiritwood buried valley aquifer. These piezometers have also been developed,
bail and slug tested and instrumented to allow for continuous monitoring. The piezometers have also
been purged and sampled for groundwater geochemical and isotopic analyses. Soil moisture probes
have been installed at sites GSC-BH-SW-02 and GSC-BH-SW-04 to provide data on the timing of
infiltrating precipitation in relation to groundwater recharge.

Summary

This report documents geological, geotechnical and piezometer data collected during the drilling of six
boreholes at three sites near Killarney, Manitoba. A piezometer was successfully installed in each
borehole such that each monitoring site now has a vertical nest of three piezometers, including a
shallow piezometer near the water table, an intermediate piezometer that straddles a sandy seam or
layer, and a deeper Manitoba CWS monitoring well. As these boreholes were advanced without
drilling fluids and cores were retrieved, the geology logs were expected to be more accurate than mud-
rotary logger boreholes. The boreholes predominantly intercepted till with occasional gravel and sand
or silt seams or thin layers. The depth of oxidation within the till varied from 3.15 m to 7.90 m. Till
was mostly stiff to very hard. Geotechnical measurements were most uniform at site GSC-BH-SW-02
and most variable at site GSC-BH-SW-03. These piezometer installations will permit interpretation of
the hydraulic relations between the groundwater table and the Spiritwood buried valley aquifer.
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Figure 1. Regional map of the approximate extent of the Spiritwood buried valley.
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Figure 3. B-12 cable tool rig and field core logging trailer at site GO50A010 (GSC-BH-SW02),
November 2010.
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Figure 4. Photographs of piezometer sites.
a) GSC-SW-02-p1 (foreground), GSC-SW-02-p2 (middle) and GO5OA010 (distant), facing NNW.

¥

b) GSC-SW-03-p1 (left), GSC-SW-03-p2 (middle) and GO50A009 (right), facing NNE.
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Figure 5. Borehole log for GSC-BH-SW-02B completed with piezometer GSC-SW-02-p1.
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Figure 7. Borehole log for GSC-BH-SW-03B completed with piezometer GSC-SW-03-p1.
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Figure 8b. Borehole log for GSC-BH-SW-03A completed with piezometer GSC-SW-03-p2, 2 of 2.
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Figure 9. Borehole log for GSC-BH-SW-04B completed with piezometer GSC-SW-04-p1.
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Figure 10. Borehole log for GSC-BH-SW-04A completed with piezometer GSC-SW-04-p2.
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Figure 11. Legend for borehole logs in Figures 5-10 (provided by AAFC).
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Grain Size Analysis
ASTM D422, D1140, C117, C136

D60= 0.557 D30=  0.308|SPSM, fine, wet, dark grey
D10= 0.165 Cc= 1.028
Cu= 3.365 D15= 0.216
D85= 2.127
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Figure 12. Grain size analysis, borehole GSC-BH-SW-04A, 12.19-12.50 m depth.
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Grain Size Analysis
ASTM D422, D1140, C117, C136

D60= 5.773 D30=  0.536|SPSM, medium, wet, grey, very gravelly,
D10= 0.096 Cc= 0.518 pkts clay, frags Clay Shale
Cu= 60.024 Di15= 0.189
D85= 29.904
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Figure 13. Grain size analysis, borehole GSC-BH-SW-04A, 13.40 m depth.
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Grain Size Analysis
ASTM D422, D1140, C117, C136

D60= 0.686 D30=  0.261|SPSM, fine, wet, slightly gravelly,
D10= #N/A Cc= #N/A pkts clay, numerous frags Clay Shale
Cu= #N/A D15= 0.105
D85= 3.132
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Figure 14. Grain size analysis, borehole GSC-BH-SW-04A, 14.00 m depth.
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Grain Size Analysis
ASTM D422, D1140, C117, C136

D60= 0.565 D30=  0.264|SM, medium, wet, very dark grey, pkts & seams clay,
D10= #N/A Cc= #N/A frags Clay Shale
Cu= #N/A D15= 0.090
D85= 1.219
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