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in Northern Alberta and Southern Northwest Territories: Geoscience Contributions, Targeted Geoscience
Initiative, (ed.) P.K. Hannigan; Geological Survey of Canada, Bulletin 591, p. 165-177.

Abstract: A study was undertaken in the southeastern portion of the Great Slave Plain of the Northwest
Territories to discover current hydrodynamic conditions in Middle Devonian formations. A pressure eleva-
tion chart, constructed from drill-stem test data, demonstrates one aquifer system because almost all points
line up along an average water gradient of 0.47 psi/foot.

A potentiometric surface map indicates that flow is primarily to the northeast in the direction of
Precambrian outcrop. A small area of apparently low hydrodynamic potential exists near Cameron Hills.
Widely spaced potential contours over most of the area indicate near-uniform flow conditions. Excellent
water recovery on drill-stem tests and core evidence indicate good permeability for the overall Middle
Devonian section.

Formation water salinity generally freshens to the northeast in the direction of Great Slave Lake and
middle Devonian outcrops. Salinity varies widely near Cameron Hills.

Résumé : Nous avons mené une étude dans la partie sud-est de la plaine du Grand lac des Esclaves, dans
les Territoires du Nord-Ouest, afin de connaitre les conditions hydrodynamiques actuelles dans les forma-
tions du Dévonien moyen. Une carte de 1’augmentation de la pression, établie a partir de données tirés
d’essais aux tiges, révele I’existence d’une seule formation aquifére, puisque presque tous les points
s’alignent le long d’un gradient hydraulique moyen de 0,47 1b/po?/pied.

Une carte de la surface piézométrique indique que 1’écoulement s’effectue principalement vers le
nord-est en direction d’affleurements précambriens. Une petite zone, apparemment de faible potentiel
hydrodynamique, est située pres des collines Cameron. Les courbes du potentiel, qui sont trés espacées dans
laplus grande partie de larégion, indiquent des conditions d’écoulement presque uniformes. Une excellente
récupération de I’eau lors des essais aux tiges et des données tirées de carottes indiquent une bonne
perméabilité pour les strates datant dans 1I’ensemble du Dévonien moyen.

En général, la salinité de I’eau de formation diminue vers le nord-est, en direction du Grand lac des
Esclaves et des affleurements rocheux du Dévonien moyen. La salinité varie considérablement pres des
collines Cameron.

'C.S. Lord Northern Geoscience Centre, P.O. Box 1500, 4601-B 52 Ave, Yellowknife, NT X1A 2R3*
* Now at Ryder Scott Company, 1200, 530-8 Ave. S.W., Calgary, Alberta, T2P 3S8, ed_janicki @ryderscott.com
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INTRODUCTION

This study is part of a project undertaken by the Geologi-
cal Survey of Canada, the C.S. Lord Northern Geoscience
Centre and the Alberta Geological Survey to investigate the
potential for carbonate-hosted (Mississippi Valley Type —
MVT) base metal deposits in the southern Northwest
Territories (NWT) and northern Alberta. The Pine Point
deposit near Hay River, NWT, which until recently produced
lead and zinc from Middle Devonian Presqu’ile dolomite
(Rhodes et al., 1984), is a local example of carbonate-hosted
mineralization. Much farther west, in the mountain and foot-
hills, mineralized MVT occurrences are hosted in Manetoe
dolomite (Morrow et al., 1990) of Middle Devonian age.

Inherent in theories of MVT formation is the fundamental
role that fluids play in carrying the dissolved mineral ions that
cause secondary dolomitization and eventual mineralization.
This study was done to discover current hydrodynamic con-
ditions — possibly comparable to those that existed at the time
of MVT mineralization — in the economically important
Middle Devonian section. Proprietary hydrodynamic studies
have been done in this area for petroleum exploration compa-
nies, but their reports are not publicly available.

The study area is shown in Figure 1, in relation to explora-
tion regions of the NWT. Figure 2 illustrates the topography
(elevation at wellsite), underlying structures, and strati-
graphic features that likely influence the regional hydrody-
namics. Imperial measurements are used in most of the
figures because the majority of the wells were drilled before
the introduction of the metric system in Canada. The reader
will find it more convenient when checking against original
information.

STUDY PARAMETERS

This study focuses on the aquifer(s) that exists within the
Middle Devonian (Eifelian—Givetian age) formations. It
makes use of drill-stem test (DST) data gathered from several
hundred oil and gas wells in the study area during the past
fifty years of exploration activity.

In several respects, the Middle Devonian formations of
this area are well suited to a hydrodynamic study. A large pro-
portion of the wells were drill-stem tested for their hydrocar-
bon potential in the Keg River (sometimes called Pine Point),
Slave Point and other Givetian—Eifelian age formations
(Fig. 3). Much good quality DST data are available. Shut-in
pressures stabilized quickly, so Horner plots are not neces-
sary to obtain the reservoir pressure. Few tests recovered
either gas or oil, so those few could be omitted without seri-
ously compromising data density; only tests that recovered
abundant amounts of water were selected. Most importantly,
oil or gas production within the study area is very recent
(commencing March 2002 in Cameron Hills), so pressures
can generally be assumed to be virgin.
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Figure 1. Hydrocarbon exploration regions of the
Northwest Territories and hydrodynamic study area
(exploration regions courtesy of P. H. Davenport,
GSC-Calgary, 2001).

Pressures may have been reduced slightly in the south-
easternmost portion of the map area by de-watering of the
Pine Point mine pits. However, many of the wells closest to
Pine Point were drilled (and pressures recorded) before the
Pine Point mine was established in 1964. A few wells in the
vicinity (more than 50 km distant) were drilled as recently as
1970, after a few years of Pine Point de-watering.

METHODOLOGY

Dahlberg (1995) presented a good overview of the theory
and application of petroleum hydrodynamics for those read-
ers not familiar with this topic.

An area was selected for study that would be large enough
to illustrate regional patterns in formational water flow. East
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Figure 2. Topography of study area (feet with respect to mean sea level) with major tectonic features.
Cretaceous erosional edge after Douglas and Norris (1973), Presqu’ile Barrier edge after Morrell (1995),
Hay River Fault Zone after Williams (1981), and Tathlina Arch and Great Slave Shear Zone after

Burwash, et al. (1994).

of the eastern boundary of 115° longitude very few wells
have been drilled and none of those ran DSTs. North of 62°,
Middle Devonian rock is mostly shale.

Publicly available DST data were obtained from the
National Energy Board in Calgary. Pressure and water salin-
ity data were, for the most part, extracted directly from origi-
nal DST reports. Pressures and salinities for some locations,
generally in the northern part of the map area, were taken
from a proprietary database. These locations are noted in the
remarks section of the spreadsheet in Appendix A. Original
well file reports were used to verify the accuracy of a few of
these proprietary points.

DSTs from Township 126 (Alberta Energy and Utilities
Board) of neighbouring Alberta were also used to confirm
that general trends in potentiometric surface continue across
the boundary.

Constituent charts (“Stiff diagrams”) in the formal analyt-
ical water analyses were commonly available to provide qual-
itative confirmation that the water samples originated from

the formation. High water recoveries on DST also increased
confidence that formation water was sampled rather than
drilling mud or some other fluid.

Appendix A is a spreadsheet compilation of data used to
calculate the potentiometric surface values for locations with
useable DST results. Pressure charts from DST reports were
qualitatively consulted to confirm whether or not shut-in
pressures had stabilized. In most tests the charts clearly
showed stabilization of shut-in pressures. Those that had not
stabilized were not used in this study; Horner plots (graphs
that extrapolate pressure build-ups to reservoir condition)
were therefore not required. Some DST reports included
extrapolated Horner pressures done by the DST service com-
pany. These extrapolations were all close in value to the
reported shut-in pressures, thereby confirming that pressures
had nearly stabilized.

In the ‘Remarks’ column of Appendix A, a usability rank-
ing for DSTs is provided. Under this commonly used system
of ranking, “code a” refers to the best quality of DST (stabili-
zation and recovery of abundant formation water). Codes b
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Figure 3. Table of Devonian formations in southern Northwest Territories.
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and c suggest DSTs that are useable, but with constraints such
as the need for Horner extrapolations, or the uncertainty of
whether or not the produced water originated from the forma-
tion. Code “d” represents poor quality, unusable data. Only
data points with DSTs coded “a” or “b” were used to calculate
the potentiometric surface.

The potentiometric surface value (the height to which the
formation water would rise if allowed to come to atmospheric
pressure) for each location was calculated by the following
formula:

Potentiometric Surface (feet or metres above sea level)
= (Static Reservoir Pressure (psi or kpa)/ Gradient (psi/ft. or
kpa/m)) + Pressure Gauge Elevation (feet or metres above sea
level)

The static reservoir pressure inserted into the above equa-
tion is either the stabilized shut-in pressure or extrapolated
pressure (if provided). The higher of initial or final shut-in
pressure was used under the assumption that this would be
closest to virgin pressure. As previously stated, final, initial
and extrapolated shut-in values were usually very similar, so
whichever value was used would not make a significant dif-
ference to the potentiometric surface map.

The water gradient value of 0.47 psi/ft., which was used
to calculate potentiometric surface, was taken from the
“best-fit” slope of the pressure-elevation graph (Fig. 4).
Measured salinity water gradient values were not used to cal-
culate the mapped potentiometric surface, but calculations
using those values are provided in Appendix A for compari-
son. Appendix B provides a tabular comparison of weights,
gravities, salinities and pressure gradients of fluids so that the
reader can relate one unit to another and make conversions if
necessary.

Water density in g/cm?3, or parts per million (ppm) salin-
ity, were taken directly from the formal water analyses pro-
vided for most locations. Values were plotted and contoured
in Figure 5 to show distribution of salinity.

INTERPRETATION

Reservoir continuity

Figure 4 demonstrates that the formations of Give-
tian—Eifelian age comprise essentially one reservoir or aqui-
fer system. Most points fall along or close to the pressure gra-
dient of 0.47 psi/ft., which is within the range of a normally
pressured system (Dahlberg, 1995) of moderately saline for-
mation water where the rock framework supports itself and
pressure is largely due to the weight of the water.

Only one well with a code “a” ranking (B52-6100-11530)
on the southern shore of Great Slave Lake indicates a signifi-
cantly lower pressure. It is one of the shallowest wells in this
survey. Of all the wells used in this study, it is the one most
likely to have been affected by the Pine Point de-watering. It
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Figure 4. Pressure-elevation chart for Devonian
formations of Givetian—Eifelian age. Numbers within
graph are Northwest Territories well designation
numbers.

also has the lowest salinity value (9620 ppm), indicating
the likelihood of mixing with meteoric water. Other shal-
low wells, such as B07-6040-11545 and H28-6130-11930,
also plot very slightly to the left of the gradient. Location
DO06-6100-11830 plots lower, but it might not be valid
because no gauge depth was available (Appendix A).

Cross-sections constructed from wireline logs, core, and
sample evidence strongly suggests that the low-pressured
locations are part of the same aquifer. Their slightly low pres-
sures are therefore likely due to local discharge or leakage of
the aquifer.

High permeabilities characterize the Middle Devonian
formations of the study area, as demonstrated by the large
volumes of water produced on the DSTs and the rapid stabili-
zation of shut-in area pressures. The networks of vuggy and
fracture porosity observed in cores by this author are an indi-
cation that good permeability is extensive and commonly
cross-formational.

Potentiometric surface

Figure 6 represents the potentiometric surface (us-
ing a common water gradient of 0.47 psi/ft.) for the
Eifelian—Givetian formations (other than Slave Point).
Consistent with the topography and the eastward shallowing
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Figure 5. Formation water salinities of Devonian formations of Givetian—Eifelian age.

of the Phanerozoic section, flow is primarily from the south-
west to northeast: from areas of deep burial (high pressure)
to near surface (low pressure). Contours are for the most part
widely spaced, indicating slow hydrodynamic flow condi-
tions and an even distribution of permeability.

Because water flows from high potential (usually topo-
graphically higher elevations) to low (usually topographi-
cally lower elevations), discharge likely takes place along the
subcrop edge and middle Devonian outcrop near the eastern
edge of the map area (Bachu, 1997; Douglas and Norris,
1973). Salt springs are known to exist south of Great Slave
Lake (Meijer Drees, 1993) where lakes and rivers drain into
underground cavities in the carbonate sediments and forma-
tion brine is introduced to the surface. Great Slave Lake (rep-
resenting high fresh-water level) is present at the contact
between Precambrian and Devonian rock at the eastern edge.
Some mixing with meteoric water likely takes place where
outcrop or subcrop is in contact with the surface water table.
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Contours tighten somewhat, in combination with an
abrupt drop to lower potential, in the south-central portion of
the study area near the Cameron Hills. This finding is based
upon only a few data points, but they all have high-quality
DSTs.

In the western part of the study area the potentiometric
elevation is everywhere lower than the ground surface, so
flow to surface of formation water (artesian flow) would not
occur.

Salinity

A general eastward freshening (lower salinity) is apparent
on Figure 5 in the direction of thin sedimentary cover and
contact with meteoric water. Salinity increases steadily to the
west as the middle Devonian strata deepen. Similar to the
potentiometric surface, the contours for salinity are widely
spaced, except within the Cameron Hills area where varia-
tions in salinity occur.
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Figure 6. Potentiometric surface elevations (feet with respect to mean sea level) of Devonian

formations of Givetian—Eifelian age.

CONCLUSIONS

* Middle Devonian formations in the region south and
west of Great Slave Lake appear to be part of one aqui-
fer/reservoir system. Pressure and elevation points for
most wells fall on a gradient of 0.47 psi/ft.

* Good permeability in the Middle Devonian section is indi-
cated by rapid stabilization of shut-in pressures and abun-
dant salt water recovered on DSTs.

* Formation water flow direction is primarily from south-
west to northeast. Local variations to the regional trend
occur in the Cameron Hills area, where anomalously low
potential is found.

® Formation water salinity freshens to the east near Great
Slave Lake; it is variable in the Cameron Hills area.
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Appendix B

Conversions and relationships between density, specific gravity,
API gravity, total dissolved solids, and hydrostatic pressure gradients

Approximate Hydrostatic
Hydrostatic Total Dissolved Pressure
Specific = Pressure Gradient Gravity Density Solids in Water Gradient
gravity kPa/m API kg/m® ppm psil/ft.
1.14 11.152 -7.5° 1140 200,000 493
1.13 11.061 -6.3° 1129 187,000 489
1.12 10.971 -5.2° 1120 175,000 .485
1.11 10.858 -3° 1110 160,000 .480
1.1 10.767 -2.7° 1100 145,000 476
1.09 10.654 -1.7° 1090 130,000 471
1.08 10.564 -0.5° 1080 115,000 467
1.07 10.473 1° 1070 100,000 463
1.06 10.383 2° 1060 85,000 .459
1.05 10.27 3° 1050 70,000 454
1.04 10.179 4.5° 1040 55,000 450
1.03 10.066 6° 1030 40,000 445
1.02 9.976 7° 1020 30,000 441
1.01 9.885 8.5° 1010 15,000 437
1.0 9.795 10° 1000 0 (freshwater) 433
0.993 9.727 11° 993 430
*Specific gravity of water at 60°F in gm/ml.
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