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Abstract

Petroleum migration, geothermal energy exploration and development, assessment of favourable locations for CO2 sequestration, and
groundwater management and allocation all require the knowledge of regional hydrogeology. The Government of Saskatchewan initiated a
project titled Saskatchewan Phanerozoic Fluids and Petroleum Systems Assessment (SPFPS) in order to investigate the movement of fluids in
the Williston Basin portion of Saskatchewan. One of its objectives is to complete hydrogeological characterization of the area. As part of this
task, this study has produced a suite of hydrogeological data and maps for southwestern Saskatchewan.

Twelve major hydrostratigraphic units (aquifers) have been identified: 7 Paleozoic; 1 Jurassic; and 4 Cretaceous aged units. Pressure and
chemistry data obtained from Drill Stem Tests and water analysis reports were compiled for each aquifer. These data were culled for poor
quality, production-influenced pressures and contaminated chemical data to ensure that only representative values were used to produce the final
maps. Processed data were used to construct Potentiometric Surface and Total Dissolved Solids (TDS) maps.

Fluid flow in all Paleozoic aquifers is directed towards the north. Fluid flow in the Jurassic aquifer (Shaunavon) is also directed generally
northwards. However, there is a prominent potentiometric low spatially associated with the producing Shaunavon oil and gas pools. In contrast
to the deeper units, fluid flow in the Lower Cretaceous aquifers is directed towards the east and northeast, indicating the influence of inflow from
the Alberta Basin to the west. Fluid flow in the Upper Cretaceous aquifer is controlled by local topography, with flow directed away from
topographic highs towards low-lying subcrop areas.
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TDS values in the Paleozoic aquifers range from 5 g/L in the south to over 300 g/L in the north. In the southern part of the study area, where
TDS values are relatively low (< 50 g/L), the water's chemical concentration appears to be diluted by freshwater recharge from the Montana
highlands. Overlying Jurassic and Cretaceous aquifers have relatively low TDS content ranging from 5 g/L to 30 g/L.

This study will be completed by construction of fresh water and density corrected driving force (DFR) maps and representative vertical hydraulic
cross-sections. The combined results will be used to produce a complete regional characterization of subsurface fluid flow in southwestern
Saskatchewan.

Reference
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GEOLOGY - BRIEF SUMMARY

— Paleozoic

» Carbonate and evaporite dominated
sequences with minor siliciclastics.

. Dipping towards the south/southeast

(Williston Basin center)

— Mesozoic
e Siliclastic rocks with several
carbonate formations in Jurassic.
. Dipping towards the south

*  Truncating Paleozoic sediments

FIG. 2 South-North Cross-Section A-A' showing regional basin structure .
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HYDROSTRATIGRAPHY

System Lithostratigraphy Hydrostratigraphy : .
e O3 e ==> Detailed Hydrostratigraphy

Based on

Bearpaw Fm. BEARPAW AQUITARD -
& Bally River Gip | BELLY RIVER AQUIFER SYSTEM Upper Cretaceous 1 Geology (SMER)
Cretaceous * Colbter G COL?RADOMS f
= »  VikingFm Ac:-llk.l;:gouwcﬂ ™ 2 NeW data
e o | smemsrmem | Lower Cretaceous 3. Previous studies
i BEE— s JUTASSIC
R | [T el ) =
[Pamsonen) ___ Y
o \ MSSISSIPPIAN Mississippian > ACIUIfer GrOUpS - Summary
\ y «  Lower Paleozoic - 6 Aquifers
slet omeowawe ] e  Mississippian - 1 Aquifer
| == sz saure «  Jurassic - 1 Aquifer
et | WIRIPEGOSI AGUIRER i
[ manta ] [ reewemes L Pal . * Lower Cretaceous - 3 Aquifers
T T —— ower FPaleozoic .
T osoosuman. «  Upper Cretaceous - 1 Aquifer
Ordovician Red Fiver Fmn
Cambrian HHH;:W FMHMN B:rLRDmDWUDT:J:::R q
o 1131 bt 111221 (Dl - Total of 12 aquifers

+
IR R EEEEEERETEE:

S ————
sanpsTONE [ |cAReoNATE [ |RED BEDS < ® GAS/OI

[ sHae EVAPORITE [+ +|PRECAMBRIAN ~~= UNCONFORMITIES



Blues

33.85453



<.click
@: for
~audio

DATA COLLECTION AND ANALYSIS

— Data Types
1. Formation pressures from Drill Stem Tests (DSTSs)

2. Water chemistry reports

-_———

— Data Collection
1. Exported data from commercial databases
2. QUALITY CONTROL

— v ——— - — g g

— Data Analysis
1. Total Dissolved Solids (TDS) and water density.

2. Freshwater hydraulic head (potential)
3. Density-dependent Water Driving Forces (WDFs)
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RESULTS - MAPS

Lower Paleozoic - Winnipegosis Aquifer
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Jurassic - Shaunavon Aquifer
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RESULTS - MAPS

Lower Cretaceous - Lower Mannville Aquifer
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RESULTS - MAPS

Upper Cretaceous - Belly River Aquifer
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RESULTS - CROSS-SECTIONS
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RESULTS - CROSS-SECTIONS

— Fluid Flow

 Flow is generally towards the north

* Highest hydraulic heads are observed in the Mississippian Aquifer (South)
e  Paleozoic units discharge fluids into Lower Cretaceous Aquifers (North)
Topography controlled flow in Upper Cretaceous Belly River Aquifer.

A (South) FIG. 7b Hydraulic Cross-Section A-A’ orth) A"
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APPLICATIONS

CASE STUDY: Hydrodynamic Entrapment in Shaunavon Formation

=== Shaunavon Formation (Jurassic) — Hydrodynamics
 Carbonate cemented sandstones and shales e UVZ method - Hubbert, 1953
e Medium-heavy crude trapped along *  Shaunavon oil is trapped hydrodynamically
“Shaunavon QOil Trend” *  Qil has migrated from south
—
Shaunavon Structure Map 22° API Oil Potential Maps 35° API
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SUMMARY

1. Twelve major aquifers or aquifer systems have been identified for southwestern
Saskatchewan.

2. Lower Paleozoic aquifers have a wide range of TDS values; more than 300 g/L where
Prairie Evaporite Formation is present. Mississippian and all Mesozoic aquifers have low
TDS values; less than 30 g/L.

3.  Fluid flow in Paleozoic and Jurassic aquifers is generally towards the north. Fluid flow in
Lower Cretaceous aquifers in towards east and northeast. Upper Cretaceous aquifer has
local scale topographically driven flow from high to low elevation areas.

4. Significant density-related flow effects are present in Lower Paleozoic aquifers.
0. Hydrodynamic trapping conditions have been identified in Shaunavon and other aquifers.

Reference

Hubbert, M. K., 1953. Entrapment of petroleum under hydrodynamic conditions. American Association of Petroleum Geologists Bulletin,
v. 37, p. 1954-2026.
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THANK YOU FOR ATTENTION

Questions?

Contact Information

Anatoly Melnik: amelnik@ualberta.ca

Benjamin Rostron: ben.rostron@ualberta.ca
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