Regional Geological Mapping

Structure Mapping

The regional geological maps were
drawn using a database that
comprised of verified geological picks
derived from most of the drillholes
penetrating Devonian and deeper
horizons and from selected wells
(averaging 5 wells per township in
densely drilled areas) penetrating
Mississippian- and Mesozoic-aged
rocks. The final database contains
information from a total of 9012 wells,
which includes 2606 wells from
Manitoba, 5046 wells from
Saskatchewan, 771 wells from North
Dakota, and 589 wells from Montana.

Data was collected from the wells
located in up to five townships outside
of the project boundaries, including
North Dakota and Montana, to ensure
accurate mapping up to the project
boundaries.

Structure Contour Map

Structure Contour Map of the Winnipeg
Formation; contour interval is 20 m.

Structure maps were all computer-
generated using Arcinfo GIS Spatial Analyst,
version 9.2.

Map specifications
Central Meridian: 101°W
Map Projection:
Transversse Mercator

North American Datum 1983

Spatial Interpolation:
Tension spline

Isopach Map

Isopach Map of the Winnipeg Formation;
contour interval is 1 m.

Isopach maps were all computer-generated
using Arcinfo GIS Spatial Analyst, version
9.2.

Map specifications
Central Meridian: 101°W
Map Projection:
Transversse Mercator

North American Datum 1983

Spatial Interpolation:
Inverse Distance Weighted
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Regional Hydrogeology

(Palombi, 2007, in progress)

Total Dissolved Solids (TDS) - Cambro-Ordovician Aquifer

106°W ) ] 96"W
L 10‘: L4 102°W 100°W 93IW
[ \
g .
55N zl= 55N
=
-ned L el N
e e
L
+ I
SERRE }ESE?
i A | ! | T[]
|. ! i | !
54N - L ¢ B - 54'N
IR W Lﬁf I [
| £ |
~ \ [ |
ol e R .ol
| { | ~
& Lake Winnipeg
53N . r I - 53N
' - ake 051 i
0 I T—
: T T
! [ : ‘ | | v
0 T‘.. | _ M.
L i i A
52N , :5 = ' l g |
38 L L] ] ‘__| [ 1 | |i LN dmnot
el | N I 2
' h
o | [ | 1 \ :
NEAREEEE | N _
-‘ — '. - : b ! ~
1 \ N ir
SIN (min IL REE N\ Pl - 51N
‘ d | | | | | \ Ur\
B L 2 ; .
i e e
- i Y + || ;
= pe ‘ il ' Lgke Manito
i - | : - ‘ ‘ -
o - F oy L 50N
o C
+
L%
0N B Fid . 3 : : : l_ 49N
106°W ‘ 96"W
104°W 98°W

106w 104°W 08" W 96"W
102°W 1007W *
‘ ‘ , Freshwater Hydraulic Head
Cambro-Ordovician Aquifer
2| -
= %
35N j:; =] 55N LEGEND
- b - E E
Py L g o = —— Equipotential Line
> (78]
o ks — Edge of Phanerozoic Cover
. } %
Ué ------ Deadwood Zero Edge
Winnipeg Zero Edge
p Winnipeg Outcrop
S4°N 54°N
Aquifer Eroded
: - -+ Control Point
-
4 Lake
Lake Wmmpeg Contour Interval = 40m
o = '
SIN L L] | HYDROSTRATIGRAPHY
SURFICIAL
]
1
Ay
0 BELLY RIVER
; 3
") NEWCASTLE
.~ MANNVILLE
. .
- +# |
52°N ' 430 " Jr JURASSIC
hd
POPLARMKIBBEY
RATCLIFFE
:
P I’ SOIJIIIII-I%\NLLEV
3 BAKKEN
3
BIRDBEAR
DUPEROW
5 b p MANITOBA
5_90 JO ¥ (-] WINHIPEG 0SIS
SI“N l F _L Sl“N ORDO-SILURIAN
| YEOMAN
I
]
= = v . Hydraulic Head map series for the TGI Il
e Markt Williston Basin Architecture Project
b UNIVERSITY OF ALBERT A
so - ! : @ Hibivoroi o |
> & e SRR
(7, >
] 7 Py 270
‘?0 4 v Transverse Mercator Projection N
+ Central Meridian 101 W
. km
———
5 0 50
=
<
4N - & e = R - 49N [<ITRl 2007 Aug 03 14:59:23| D.D. Palombi, B.J. Rostron
106°W ‘ T ‘ 96"W
104°W 102°W 100°W S8
[ ] [ ] [ ] [ ] ]
Water Drlvmg Force - Cambro-Ordovician Aqu ifer
106°W - . 96"W Water Driving Force
i 102°W 100°W 9B, . . .
[ , ‘ | 1 Cambro-Ordovician Aquifer
5 LEGEND
El 2
o bl o
3N 5 *‘é (= B Azimuthal difference between WDF and -+/h
fo=]
e 7 (= — T 777
ge I | T T \
- - > % 0 30 60 90 120 150 180
- | / density-dependent water driving force
| 1 & » - L] E (vector magnitude shown = 0.003 m/m)
| - -
- f | |Ts0 ! \’ hydraulic gradient driving force
54N — 2 & - % § 4 54'N /g
2 A - . _
’7 — Equipotential Line {contour interval = 40 m)
L |
: i —_— Edge of Phanerozoic Cover
L 3
AU EEEEEY "YEEELAEEE 7 Deadwood Zero Edge
Winnipeg Zero Edge
r = Lake Winnipeg
w W Aquifer Eroded
53N A L2 = | \ o
‘ - z & 4 Control Point
5y - —
Yo L \ HYDROS TRATIGRAPHY
U -
¥ - | SURFICIAL
T F’
) &z » | BELLY RIVER
i ?\' \‘ i
y & S
- & ¥ | a
52°N 430 | al la 4 J ] 4‘— - 52°N NEWCASTLE
- L y || - | | r [ -
u MANNVILLE
k L
'j‘ : ;:] '1' ;1 L JURASSIC
- | N | h | i POPLARKIBBEY
ﬁ i] T3 ‘ ‘ J h RATCLIFFE
1) i F
3 # 7
_‘ . \‘ \_? % w0 <l;, p SOURIS VALLEY
"] | L} -~ BAKKEN
590 @JO ot i JO \ l al — /) BIRDEEAR
{ 7 I DUPEROW
SI'N ‘t ‘f ‘SLL\:); ] _l . . 3 )L— - 51°N MANITOBA
‘ﬁ | o < | | o WINNIPEGOSIS
[T R T INF L N7
. \\ ! \\ 3 ; ORDO-SILURIAN
\IJZI 'a T2 YEOMAN
NN AN AN
I ) N NG £ ¥
i / 0 N\ | CAMERO-ORDOVICIAN
[ i .
= - AR N ke Ma
> 6: i v 5 N - - ‘ : Water Driving F ies for th
SON 5 ) >g - B o L sg°N ater Driving Force map series for the
o o \)“95’— /0 ~ : f TGl Il Williston Basin Architecture Project
ay e,
T = Un It OF AL wa
<~ C 0 ‘ \ % 270 : )
85 I 0 ™ ¥ () L Hybroceorocy
0 % ™~ \ e la - T —————
* | )
4 oy ‘ ¥ Xl ﬁ‘ a1 @ Transverse Mercator Projection N
LY .
* . e Central Meridian 101 W
N | \ .
| WA NE #| ] ¥ =
49°N b BE ol TS [ TN\ s 49N P A
106w : . - | — = \ ‘ 96°W ° 0
1w 102°W 100°W 98"W [EITRd 2007 Aug 21 16:17:55| D.D. Palombi, B.d. Rostron

Total Dissolved Solids (TDS)
Cambro-Ordovician Aquifer

LEGEND

TDS (g/L)

T L I [ 11

10 25 50 100 200 300

—— Isoconcentration Line

Edge of Phanerozoic Cover
...... Deadwood Zero Edge
Winnipeg Zero Edge

p Winnipeg Outcrop
Aquifer Eroded

R S Control Point

Lake

HYDROSTRATIGRAPHY

SURFICIAL

BELLY RIVER

NEWCASTLE

MANNVILLE

JURASSIC

POPLAR/KIEBEY
RATCLIFFE

F| E

SOURIS VALLEY
BAKKEN

[ BIRDBEAR |
DUPEROW

MANITOBA

VWANNIPEG OS1S

ORDO-SILURIAN

YEOMAN

TDS map series for the TGl I
Williston Basin Architecture Project

b UNIVERSITY OF ALBERTA
@ HYDROGEOLOGY ]

uuuuuuuuuuuuuuuuuuuuuuuuuuu

Transverse Mercator Projection
Central Meridian 101 W

km

—
0 50

[l 2007 Jun 1108:39:43| D.D. Palombi, B.J. Rostron

The regional hydrogeology maps
were drawn using a database that
comprised of the TGl verified
geological picks in combination with
water chemistry data.

A series of maps consisting of Total
Dissolved Solids, Freshwater Head,
and Water Driving Force for every
hydrostatic unit (18 in total) have been
completed, as well as hydrochemical
and hydrauliccross-sections.

Total Dissolved Solids Map

Total Dissolved Solids of the Cambro-
Ordovician aquifer (mg/L).

Geochemical mapping revealed large
variations in water chemistry (both
composition and TDS) within, and between,
the aquifer in the study.

Freshwater Head Map

Potentiometric Surface Map for the
Cambro-Ordovician aquifer.

In the deep paleozoic aquifers, hydraulic
heads range from over 900m in the south to
less than 270 in the NE. Hydraulic gradients
range from approximately 0.04m/km to ~
4m/km with an average of about 0.8m/km.
Hyraulic head decreases across the study
area in a generally NE direction indicating a
preferential flow direction towards the lakes.

Water Driving Force Map

Water Driving Force Map for the Cambro-
Ordovician aquifer.

Vector maps depicting the actual flow
directions and magnitudes corrected for
density. The colours indicate where there is
an azimuthal difference between hydraulic
gradient driving force and density-
dependent water driving force (from 0-180
degress). These vectors are calculated
using structural gradient (of the underlying
aquifer/formation which in this case is the
PreCambrian), TDS, temperature of the
formation, Pressure distribution, and
hydraulic gradient. With all the information a
Water Driving Force is calculated which
corrected for the density of fluid giving a
certain Pressure, temperature, and salinity
regime.
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