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INTRODUCTION

Two sitesin southern Ontario were studied through instrumentation of boreholes with Waterloo
Multilevel Monitoring Systems. These sitesare located approximately 7 km (4.3 miles) apart and lie
between Sarniato the northwest, and Petrolia to the east in lambton County, Ontario, Canada (figure 1).
Multilevel monitoring devices wer e installed to provide detailed vertical corr elation of chemical and
presare datato assst in the determination of the groundwater r egime of the area,

GEOLOGY

The Sarnia areaislocated on the eastern edge of the Michigan Basin. Stratigraphically, the area
comprisesflat-lying o gently dipping Cambrian, Ordovician, Silurian and Devonian sedimentary
deposits. Theformations of interest at each site include the upper bedrock for mations of the Paleozoic
sequencein the region (figure 2). The uppermost zone monitored at each Steiscompleted in the Kettle
Point For mation, a black, organic-rich shale with some fracturing noted in the are. The Kettle Paint.
Formation isrelatively thin in thisarea and is underlain by the Hamilton Group, comprised mainly of
soft, grey shalesand limestones at each site. The lowest monitoring zone at each steisopen to thetop of
the DundeeFor mation, an oil-bearing limestone from which petroleum is produced in the surr ounding
area, Underlying the DundeeFor mation isthe Detr oit River Group, a dolomitic limestone used asa
waste disposal formation during the 1960'sand 1970's. A 40 meter (130') thick blanket of glacial till
overliesthe K ettle Point shale acrossthe study area,

HISTORICAL DATA



Although few studies have investigated the flow regime and chemistry of groundwater in the bedr ock
formations of the Sarnia area, historical records provide insight into the behavior and char acteristics of
fluids from these for mations. Recor ds of petroleum seeping into local streams and ponding on the
surfaceof clay till (Harkness

195)) in the region indicate that fluids must have migrated vertically upward from the oil-bearing
formations through the overlying shalesinto thetill. Transport of saline formation water isalso
suspeded to have occurre d smultaneoudy with petroleum transport. Thefirst wellsdrilled in the region
in the 1860's (Harkness 1957) also indicated strong upward gradients from the oil-bearing Dundee

For mation through the overlying shales and till to the ground surface One of the preliminary issiesto
be addressed by the install ation of these multil evel bedr ock monitoring wellsisthe degreeto which these
gradients have disspated since ail production began. Additionally, geochemical infor mation should
provide insight on the historical movement of fluids thr ough the shales.

Reaords of the disposal of liquid industrial wastesto the Detroit River Group also provide infor mation of
the physical hydrologic regime of the bedrock formationsin the study are & The Detroit River Group
received a variety of liquid industrial wastes between 1958 and 1975. These wastesincluded spent
refinery caustics, phenals, acids, organics and ammonia and wer e injected into thisformation under
presare (McLean, 1968). During injection, recor ds of waste breakoutsin stratigraphically higher units
indicated that vertically upward gradients wer e established when the system was presairized. Between
1975 and 1990, disposal in thisformation was limited to gravity drainage of waste liquids at a few wells
in the Petrolia area, These fluids were predominantly oil-field brinesfrom degoer in the stratigraphic
sedion. In 1990 new disposal wellswere installed into the Detroit River Group in the Petrolia and Oil
Springs area. Waste oil-field water from petr oleum production from the Dundeeand Detr oit River
Group are currently being introduced to the Detroit River Group under gravity drainage. Again, the
wellsinstalled in this gudy should provide insight on the degree to which high presaires established
during theinjection phase of waste disposal have disspated.

Studies of groundwater chemistry in thisregion have primarily been limited to the overlying gacial till
formations (Desaulniers et al, 1981 Ruland et al, 1991 among others). Groundwater chemistry of
Silurian and deeper bedrock for mations have been performed by Frape € al, 1989 and the groundwater
chemistry of the oil-field water from the DundeeFor mation is curre ntly being investigated (Weaver e al,
in prep.). Littleinformation on the groundwater chemistry of the shales separ ating the overlying till s
from the underlying dl-bearing units has been coll ected, however, and the wells instrumented as part of
thisresearch are providing data through time on the aurrent groundwater chemistry in these shales.

Other than the ongoing research described in this paper, the only other study investigating the
groundwater

head and chemistry of the Hamilton Group shales and limestonesis part of the monitoring of a deep
(760m/2500)

multilevel monitoring well installed by the Ontario Ministry of the Environment in the City of Sarnia.
Initial findingsfrom thiswell are presented by Raven and Boulanger, 1990.

MULTILEVEL MONITORS

General Description

The multilevel monitoring device chosen for this gudy was the Waterloo M ultil evel M onitoring System.
It isa system specifically designed and engineered to dotain data from many elevationsin a single
bedrock borehole. It isof modular design, and as such, isinstalled in much the same way asa typical
PVC standpipe piezometer. I n addition, the Waterloo System has the option of including dedicated



sampling pumps and pressur e transducer s, and multiple packer sto seal unmonitor ed zones, thus making
it particularly useful for this project.

The system iscomprised of stainless steel monitoring ports, and per manent, positive-seal packer s built
intoa PVC casing string. Individual tubes and cables extend within the casing string from each port to
the surface. Thisprovides monitoring access to each zone isolated by the Waterloo packers. The small
diameter tube design of the system reduces pur ge volumes and lag time effects, making it very applicable
for monitoring and sampling in low hydraulic conductivity for mations.

The Waterloo Packer

One of the most important components of the Waterloo Multilevel System isthe self-inflating packer
which provides a continuous, positive seal within the bor ehole annulus. The packer iscomposed of layers
of flexible gum rubber, woven Kevlar and Dowell expansion sealant over a PVC screen section (figure 3).

The backbone of the packer - alength of dotted PVC screen, iscovered with a molded Dowell expansion
deeve. The Dowell isaunique, hydrophilic material which expands by simply absor bing water from
inside the casing string. The Dowell deeveis covered with alayer of gum rubber to retain the sealant
material. A woven Kevlar wrap isinstalled over the gum rubber. While designed to allow expansion, the
strong Kevlar affords protection against ruptur e due to possible over expansion into a lar ge void or
fracture, or against a sharp protuberancein aborehole. A final layer of gum rubber isused to cover the
Kevlar and provide a soft pliable outer layer capable of conforming to an irregular borehole wall.

In order to provide a greater percentage of sealed bor ehole, while limiting costs, special infill packers
wer e provided by Solinst Canada. These packer s have a PV C casing backbone, a partial geofabric sock,
a gum rubber outer layer, and arefilled with dry, granular bentonite (figure 3). Two small holes on
either end of the packer allow groundwater to enter the packer. The geofabric acts asa conduit for the
water to come in contact with most of the bentonite. A short gap in the geofabricisleft to prevent any
short circuiting of water through the packer. Inflation of the infill packers starts as soon asthe packers
arelowered to a point below static water level. Theinflation processistimed to take place after the
Waterloo packer s have inflated.

Asthe Waterloo packer isdesigned of relatively inert materials, and only the gum rubber comesin
contact with the groundwater being monitor ed, thereis no concern about sample degradation asthereis
when bentonite or grout are used as seals. Theinfill packers have very limited contact with groundwater,
but in this study wer e separ ated from the sampling zones above and below by Waterloo type packers.

After installation of a Waterloo system, water isadded tofill the casng string. Thiswater passes through
the PVC screen and isabsor bed by the Dowell in each packer, causing simultaneous packer expansion.
The packer sexpand with time, aslong asthereiswater adjacent tothem in the casng string. Typically,
it takes 24 - 48 hoursfor a standard Waterloo packer to effectively seal a borehole. Lab tests have proven
the packersto be effective in separ ating intervals with pressur e differentials of up to 689.5 kPa (100 psi).

The effectiveness of the Waterloo System packer in ensuring atight, reliable seal within a borehole,
without the need to monitor or reinftate the packer, wasa major factor, both in technical and cost
consider ationsfor thisproject

Monitoring Ports

The monitoring ports of the Waterloo System are made completely of 316 stainless steel. Accessto the
monitoring interval isthrough a 9.5mm (.375") inlet tube which is cover ed by a double wrap of 75
micron (200 mesh) stainless steel screen (figure 3).



Coaxial polyethylene tubing conneds stainless seel positive displacement gasdrive pumpsright at the
monitoring portsfor groundwater sampling. These pumps are very reliable, and require no maintenance
or adjusting after installation. They provide fairly low pumping rates (1 to 1.5 liters per minute/.25t0 33
gpm), which are quite acceptable considering the small volume of groundwater in the tubing to be
purged, and the low flow ratesin the monitoring zonesin this gudy.

Dedicated vibrating wir e pressire transducers wer e install ed onto separ ate stainless $eel portswithin
each monitoring zone. Heavy duty direct-burial 4-conductor cable extends from each transducer to the
surface, allowing either manual of datalogged readings of presaure and temper ature to be taken in each
zone.

METHODOLOGY

One multilevel bedrock monitoring well wasinstalled at each research site (SitesA and B on figure 2). A
Longyear 38 drill rig with atricone bit wasused to drill to the till-bedr ock interface (approximately
40m/130). The overburden wasthen cased off, the asing cemented in and a blow-out protedor installed
on therig for bedrock drilling. Bedrock was cored using a 76mm (3") diamond drill bit and NQ casing
and core barrel. Below thetop 3 meters (10) of shale, full core recovery was achieved from each
borehole. Each well wasdrilled to adepth of 143 meters (469), extending approximately 2 meters (6.5')
into the ail-bearing DundeeFor mation and the stratigraphy encountered during drilling wassimilar at
each site.

After each borehole was completed, the diameter was tested using adown-hole dummy (74.6mm/2.94"
diameter). Geophysical logging o the borehole was not done due to concern regar ding the degr eeof
competence of the shale comprising the majority of the open portion of the borehole. Once the borehole
wastested, the drill rig moved off site and the Waterloo M ultilevel System wasinstalled.

Thefinal construction of each monitoring well isshown in figure 2. Due to the potential for high
presauresto be encountered at depth, many packer s were used in each well. Consequently,
approximately 25% of the uncased portion of the borehole at Site A, and approximately 22% of the
borehole at SteB. was sealed with packers. Every monitoring zone in each well isequipped with a
permanently dedicated presaire transducer and groundwater sampling device, enabling easy pressire
monitoring and groundwater sample colledion. A readout box and ohm-meter are all that isneeded to
take presauure measurements, and a contr ol box and pressurized gas ource are all that isrequired to
collect groundwater samples. No decontamination proceduresor lowering o equipment down-hole is
required. As sich, one person can easily and rapidly take readings and collea samples without
assstance.

Transducers were alibrated to the standing water level in each borehole after installation but beforethe
packershad sealed, to provide reliable zroreadings for each transducer. Pressure measurementstaken
over the three weeks following installation indicated minimal release of drilli ng fluidsinto the bedr ock.
Instead, purging to remove drill fluidsinitiated return to normal hydrostatic levels. Figure4 illustratesa
deaeasein presaire in each monitoring zone over time, with the most marked changes br ought on by
early purging isampling events. The different rates of recharge for each zone shown in figure 4 are good
indication that the packer s between monitoring zones are providing effedive seals. Transducers with
rangesfrom 0 - 689.5 kPa to 0-1,723.75 kPa (0-100 psi to 0-250psi) were used in each borehole with the
rangeincreasing with increasng depth. Such large range transducers wer e used due to the limited

infor mation of the presaire regime of the formation and arecord of high presaureswithin the lower
Hamilton Group shalesin the Sarnia borehole Raven et al, 1990. Presaure measurements ar e cor rected
for temperature and the alibration factor appropriate to the measured value. Barometric presaire

corr ections are cnsidered inappr opriate considering the depth of the monitoring zones and the
apparent low-permeability of the system.



PRELIMINARY RESULTSAND INTERPRETATIONS

Both Multilevel bedrock monitoring wellsinstalled aspart of thisresearch projed are completed in very
low permeability geological for mations. Consequently, the data presented hereindicate the initial
response of these wellsto installation and purging. None of the presaire measurements presented can be
taken to represent equili brium conditionsin the for mations monitored. On-going monitoring of
presaires, and sampling and chemical analysiswill provide substantial detail required to deter minethe
hydrologic regime of the area, and to better definethe role of the shalesin controlling inter action
between the overlying glacial deposits, and the underlying bedrock formations on the Sarnia aea.
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