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INTRODUCTION

The Carbonate Rock aquifer is the largest fresh water aquifer in Manitoba, stretching from north
of The Pas southward through the Interlake region and continuing along the east side of the Red
and Rat Rivers into Minnesota. The fresh water portion of the aquifer is formed by a sequence of
Paleozoic limestones, dolomites and minor shales ranging in age from Ordovician to Devonian.
West of the fresh water areas, there is a rapid transition to saline groundwaters and brines in the
aquifer. The hydrogeology of the aquifer also becomes much more complex in this region as the
Paleozoic sequence thickens with the addition of late Devonian and Mississippian age limestones,
dolomites, shales and evaporites. In addition, evaporite units are present in the Ordovician and
Devonian carbonates, forming laterally extensive aquitards.

The fresh to brackish water portions of the aquifer are heavily utilised for municipal, industrial,
agricultural and residential water supply in the southern Interlake region and southeastern
Manitoba, being the sole aquifer within extensive parts of this area. The aquifer also forms the
major source of water supply to ring communities near Winnipeg and is heavily utilised for
heating/cooling systems within the City. The saline water and brine portions of the aquifer have
also served as sources of brines for salt extraction in the past. Oil is extracted from Mississippian
age sediments in the southwestern parts of the province where the aquifer is also used as a source of
water for flushing of oil fields. In some areas, the aquifer has been or is currently used as a disposal
formation for industrial operations.

Due to the importance of the Carbonate Rock aquifer to Manitoba, the Geological Survey of

Canada, with the cooperation of the Province of Manitoba, has initiated a study to advance our




understanding of the factors that govern the water supply, capacity, sensitivity to contamination,
water quality, and dynamics of this groundwater system. An initial step in this study was to
compile available data on the water chemistry. Here we present a compilation of chemical and
stable isotope analyses of waters from the Carbonate Rock aquifer. DST analyses in southern
Manitoba have been previously compiled by the Manitoba Department of Energy and Mines.

This report differs in that data are culled for poor quality analyses.

THE CARBONATE ROCK AQUIFER

The Carbonate Rock aquifer is comprised of Middle Ordovician to Silurian and Middle
Devonian to Mississippian strata. This sequence is dominated by limestones and dolomites with
thin but persistent layers of shale and anhydrite. The aquifer conformably overlies the basal
clastic sequence consisting of the Deadwood and Winnipeg Formations and is overlain with
marked angular unconformity by Jurassic and Cretaceous sandstones and shales. The Carbonate
Rock aquifer has a maximum thickness of 1200 m in southwestern Manitoba and tapers out to
the east and north. The aquifer is dominated by limestones and dolomites with thin but persistent
layers of shale and anhydrite.

Fractures, joints and bedding planes form primary pathways for water moverient in most of
the aquifer, with dissolution processes having enhanced the permeability of these fractures in
some areas. While termed assingle aquifer, it is recognized that the carbonate sequence should
properly be referred to as an aquifer system. In the eastern portion of the aquifer (east of the
Manitoba escarpment), shale and evaporite aquitards are either absent or have limited effect.
Vertical profiles show little variation in water chemistry, suggesting there is little correlation
between aquifer and formational boundaries. To the west, shale and evaporite beds become
thicker and form more effective aquitards, reducing transformational flow. Although there are

some vertical variations in salinity in this part of the province, all formations show similar east-

west trends (Simpson et al.; 1987).

SAMPLING METHODS

Data are derived from: 1) domestic wells and test holes, 2) saline springs, 3) oil wells, and 4)

drill stem test (DST) analyses. Analyses from domestic wells, test holes, and oil well waters
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were extracted from the Manitoba Water Resources Branch (MWRB) data baso. of groundwater
analyses, whereas DST analyses were extracted from the G.S.C.’s data base. Data have been
culled for poor quality and suspect analyses as discussed below. Analyses for domestic wells,
springs and test holes contained in the MWRB data base have been obtained from a variety of
sources dating back to the 1960's. As a result, sampling and analysis protocols are not consistent,
particularly with respect to duration of pumping prior to sample collection, field analyses, filtration,
preservation, and sample handling, Consistent protocols were followed in a number of water
quality surveys carried out by the MWRB during the 1980's and 1990's. Wells were pumped for
approximately 5 minutes or until the groundwater temperature stabilized. Sample aliquots for
cation analysis were field filtered through 0.45 micron filters and collected in pre-acidified bottles or
were acidified in the field or in the lab. Samples were generally kept in coolers until delivered to
the lab. Field analyses for fluid conductivity, temperature and pH were carried out on most
samples. Field analyses for dissolved oxygen were carried out in some sampling programs while in
others separate preserved samples were collected in glass bottles for laboratory analysis of dissolved
oxygen (DO).

Samples from oil wells were collected at the well head of selected producing wells having high
water-oil ratios. Samples were collected from all major oil producing fields in the province. Two
litres of oil/water mixtures were collected at each well and shipped to a commercial laboratory
where the oil and water were separated prior to water analysis. “

Water samples from DST’s are collected by individual well operators. The sampling

protocols used are uncertain and likely highly variable.

CULLING METHODS
Water samples are subject to many potential inaccuracies (Bachu et al., 1987, Hitcheon et al,
1987). These range from contamination during sampling to analytical and data entry errors.
Charge balances were calculated for analyses of samples from domestic wells and test holes, springs
and oil wells. Analyses with charge balance errors greater than 5% were rejected. DST data are
derived from oil and gas operations in southwestern Manitoba. Water samples are collected by
well operators not necessarily trained in proper sampling protocol. Thus analyses are subject to
many potential inaccuracies. Using culling methods of Bachu et al. (1987) and Kirste et al.

(1997), poor quality water samples related to contamination associated with drilling, production
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and completion methods, and data entry errors, may be recognized and removed. Culling
removed approximately 70% of DST analyses; a typical degree of data reduction for DST’s. The

remaining data can be considered representative of the aquifer on a regional scale.

MAPPING METHODS

Contour maps of major ion concentrations were generated using the commercial gridding
software SURFER®. These data were gridded using kriging using a quadrant search with a
search radius if 75000 m. Due to a wide range in ion concentrations for the fresh and saline
water samples, a variable contour interval was used for all maps. Changes in contour intervals
are indicated on the maps by a thicker contour line. For the purpose of regional mapping, DST
and oil field data have not been sorted by depth, although vertical chemical stratification in the

deeper parts of the aquifer have been noted.

THE DATA BASE
Analytical data for the Carbonate Rock aquifer are presented in the attached tables. In addition,
the data base is contained on the attached 32" disk as a self extracting zip file. The data file is
saved in both Excel 97 and ASCII format. For the sake of clarity, there are a few important

points about the data base.

e As mentioned above, data in this report are from two primary sources, 1) analyses of waters
extracted from Manitoba Water Resources Branch data base, and 2) DST analyses provided
by oil and gas companies. The source of data is identified by the codes MWRB and DST
respectively.

e Many of the parameters listed (e.g. trace elements, stable isotopes, etc.) were only analysed
for selected samples. A blank entry means there are no data available for that particular
sample.

e Manitoba uses two land survey systems, 1) township and range, and 2) river lots in Parishes,.
Wells located under the township and range system are only identified by the quarter section
(s mile square). Latitude and longitude, and UTM, for the wells are thus taken from the

centre of the quarter. For wells in Parishes, the location is provided by the Parish and river
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lot number (e.g. lot 6 St. Paul). As this is the only reference in the original data base the
latitude and longitude, and UTM, are taken from the centre of the lot, and thus do not
necessarily reflect the exact location of the well.

e The data base is divided into four sections: 1) water well data located by township and range,

2) water well data located by Parish, 3) oil field data ,and 4) saline springs.
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Water well data

Located by river lots in Parishes
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