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Abstract

This research investigates the controls on natural fracture intensity observed in Clearwater Formation over townships 94-95, ranges 5-6, west of
the fourth meridian. These potential controls include thickness variations of both Clearwater Formation and underlying Devonian age rocks, as
well as the topography of the sub-Cretaceous unconformity. Fracture data were drawn from 30 boreholes, all of which have both core and
image log essentially covering the full thickness of Clearwater Formation. Results show that Clearwater Formation thins to the north and does
not appear to influence natural fracture intensity. Where Firebag Member of Waterways Formation thins and disappears to expose Slave Point
Formation subcrop in northeast corner, no correlation is observed between fracture intensity values and Devonian age formation thickness. The
relationship between natural fracture intensity and the underlying sub-Cretaceous unconformity is unclear. A map view of natural fracture
intensity overlaid on the sub-Cretaceous unconformity surface indicates that some of the highest intensity values occur along the transition
edge from topographically high to low areas. However, fracture intensity along the transition edge is variable. Some lower intensity values
occur along this same edge. If the basin edge does influence fracture development, its relationship is statistical in nature and does not manifest
as a one-to-one mapping.

References Cited
Berkowitz, B., 1995, Analysis of Fracture Network Connectivity Using Percolation Theory: Mathematical Geology, v. 27/4, p. 467-483.

Davy, P., C. Darcel, O. Bour, R. Munier, and J.R. De Dreuzy, 2006, A note on the angular correction applied to fracture intensity profiles along
drill core: Jour. Phys. Research: Solid Earth, American Geophysical Union, 2006, v. B11, p. 111.

Englman, R., Y. Gur, and Z. Jaeger, 1983, Fluid flow through a crack network in rocks: Jour. Appl. Mech., v. 50, p. 707-711.


mailto:queena.chou@ca.weatherford.com

McLellan, P.J., K.P. Gillen, and S. Rogers, 2014, Essential Elements of Caprock Integrity Assessment for Thermal Recovery Projects: AAPG-
CSPG Oil Sands & Heavy Oil Symposium: A Local to Global Multidisciplinary Collaboration, Calgary, Alberta, October 14-16, 2014.

Ozkaya, S.I., and J. Mattner, 2003, Fracture connectivity from fracture intersections in borehole image logs: Computers & Geosciences, v. 29,
p. 143-153.

Robinson, P.C., 1983, Connectivity of fracture systems--a percolation theory approach: Jour. Phys. A: Math. Gen., v. 16/3, p. 605-614.

Schneider, C.L., S. Mei, K. Haug, and M. Grobe, 2014, The sub-Cretaceous unconformity and the Devonian subcrop in the Athabasca Oil
Sands area, townships 87-99, ranges 1-13, west of the fourth meridian: AER/AGS Open File Report 2014-07.

Terzaghi, R.D., 1965, Sources of error in joint surveys: Geotechnique, v.15, p. 287-304.

Tsui, P.C., M. Cruden, and T.S. Thomson, 1989, Ice-thrust terrains and glaciotectonic settings in central Alberta. Can.J. of Earth Sci., v. 26, p.
1308-1318.

Wang, X., 2005, Stereological Interpretation of Rock Fracture Traces on Borehole Walls and Other Cylindrical Surfaces: PhD dissertation,
Virginia Polytechnic Institute and State University, Blacksburg, Virginia.



v

B e e o Predicting Clearwater Formation Natural Fracture Intensity,

0 60 120 180 240 300 360 O 30 60 90 0123456728910

Kevin Gillen, Consultant A
Abstract Athabasca Oil Sands Area A
This research investigates the controls on natural fracture intensity observed in the o % | | K
Clearwater Formation over townships 94-95, ranges 5-6, west of the Fourth Meridian. “ ¢ ’.‘.
These potential controls include thickness variations of both the Clearwater Formation .
and underlying Devonian age rocks, as well as the topography of the sub-Cretaceous o 230 1 -,
unconformity. Fracture data were drawn from 30 boreholes, all of which have both core CO fea nd Image Log Fra Ctu re Intensrty ﬁ st | Tt I
and image logs, essentially covering the full thickness of the Clearwater Formation. I 125 mm 375 : - E 240 | ] 1. K
Results show that the northward erosional thinning of the Clearwater Formation does ~(a) ) % T
not appear to influence natural fracture intensity. No correlation is observed between 120 mm 375 | 12.02 » 14.53 T95-R7 T95-R6 T95-R5 s " |
fracture intensity values and the Devonian Waterways and Slave Point subcrop BS STATIC MudClasts DYNAMIC S 1 | .
transition. The relationship between natural fracture intensity and the underlying sub- 126 imm: 3750 256102 | 19 w251 .0 2.6e102 ’ | . i
Cretaceous unconformity is unclear. A map view of natural fracture intensity overlaid on _f__'ifif_;_Tf- Image Orientation® Image Orientation® 260 { s | | ] )
the sub-Cretaceous unconformity surface indicates that relatively high intensity values Y e N E s W n|Reference E s W N ‘ .
occur along the transition edge from topographically high to low areas. However, - gizl —To 50 180 570360 :'::, 0 180 570360 A / » g
fracture intensity along the transition edge is variable. Some lower intensity values | el e 53
occur along this same edge. If the basin edge does influence fracture development, its ' 210 88 |mem
relationship is statistical in nature and does not manifest as a one-to-one mapping. ' .
/ | ® Unmineralized | ® P32 Lower Limit
[ ] [ ] Mfos-22 W P32 Upper Limit
Geological Setting . p—— — [ TO4-R7 | ' ” — L
Figure 6: (a) 1AA/01-16-095-06W4/00. Natural fractures I ’ —u Figure 14: Variation of Estimated P32 Values with
_ Cross-section of the Firebag Basin showing architecture of Cretaceous strata. Observed in U pper Clearwater Member. Unmineralized { & tos m:: Depth in 100 /02-04-095-06W4 /00
2 e i . [ 25 Fractures at 247mKB TVD. Arrows Indicate Fractures \ Oriented Unmineralized Fractures
200m of Quatsrery ssiment .
In terms of fractures, faults and bedding, we use the same definitions of ; \ SSSSS

Bates and Jackson (1984). Assessment of fracture origin in core (i.e. natural
i} = versus coring-induced) was primarily accomplished using fracture shape and
b\ o e il surface textures (fractography).

Figure 11: Natural fracture intensity P32 values in caprock overlaid on
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Figure 1: Cross-section of Firebag Basin
Figure 7: (a) 100/02-07-095-06W4/00. Resistive Fractures Interpreted

from Siltstone 210.4-211.2 mKB TVD, Upper Clearwater member
(b) Associated Siltstone in Core Showing Multiple Mineralized Fractures

Methods

Located 60 km northeast of the city of Fort McMurray, Alberta, Canada, the Firebag Basin is host to
bitumen saturated siliciclastics of the Aptian McMurray Formation. These deposits form a portion of
Suncor Energy’s resource at the Firebag Steam-Assisted Gravity Drainage (SAGD) Project. A northwest—
southeast cross-section shows the Firebag Basin’s architecture of Cretaceous age rock strata in relation
to the sub-Cretaceous unconformity (Figure 1). Devonian carbonates of the Waterways Formation, the
Slave Point Formation and older Paleozoic strata make up the rock mass beneath the unconformity. The
Clearwater Formation serves as the regional caprock for the SAGD operation. Above the Clearwater
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composite pull-apart/karst basin that owes its origin to sub-regionally unique extensional responses to regional compressional tectonics, and non-unique multi-phase
evaporite dissolution-collapse.



