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Executive Summary
1. The Windsor-Kennetcook (WK) subbasin is structurally complex with several generations of
faults and folds, including NE and NW-trending strike-slip, normal and and reverse faults, SEvergent thrust faults, and pervasive set of master joints. Estimates of 69 trillion cubic feet (tcf)
of original gas in place in 40% of the basin is based on a simple basin structure similar to
Bakker (Dakotas and southern Saskatchewan and Alberta) and Eagle Ford (Texas): Ryder Scott
estmated 10% recovery = 6.9 tcf. The structural complexity of the WK subbasin involving a
network of intersecting ENE- and NW trending faults and fractures suggests that such
analogues are unrealistic. The Monterey Shale in California and the Utica Shale in Pennsylvania
may be a closer structural analogs where productive wells are limited to small geographic areas.
2. Initial production rates in the WK basin are estimated to be 1.6 mmcfd declining by 50% in the
first year and to 10% after 5 years. In comparison, the best US fields (Bakker and Eagle Ford)
show declines of 60-69% in the 1st year, decreasing to 15-40% in the 2nd year and to ca. 6-15%
after 3 years. U.S. shale gas and shale oil reserves have been overestimated by a minimum of
100% and by as much as 400-500% by operators according to actual well production data filed
in various states. Individual well decline rates range from 80-95% after 36 months in the top
five U.S. plays. U.S. shale gas and shale oil reserves have been overestimated by a minimum of
100% and by as much as 400-500% by operators according to actual well production data filed
in various states. Individual well decline rates range from 80-95% after 36 months in the top
five U.S. plays.
3. A typical “fracturing treatment” uses 15,000 cubic metres of water (15 million litres), 15,000
litres of chemical friction reducer, and 1500 tonnes of sand with 10 - 80 % of the injected fluid
returns to the surface containing high levels of salts, fracking chemicals, ± naturally occurring
radioactive materials (NORMS). The three test wells in the WK basin produced more than 14
million litres of wastewater, most of which is currently stored in open holding ponds near
Kennetcook.
4. Drilling costs are currently close to or exceeding revenue. Industry is demonstrating reticence to
engage in further shale investment, abandoning pipeline projects, IPOs and joint venture
projects.
The WK subbasin may serve as an example for other subbasins in the Maritimes Basin. However a
similar geological analysis is required based either on existing data or further exploration work
including identification of potential shale units, joint and fault analyses, Total Organic Content,
maturation levels gas content, porosity, water saturation, seismic surveys and previous and new test
drilling. To my knowledge this has not been done for other Nova Scotia subbasins. Furthermore, NS
Department of Energy forecasts that most of the gas will be exported to the USA - would it not be wise
to: (i) let Nova Scotians use the gas, especially as electricity in Nova Scotia is the most expensive in the
country; or (ii) wait for the price of gas to go up? As further work is required to assess the potential for
fracking in Nova Scotia, I recommend that a moratorium be placed on further exploration and
development until such time as such a database is available, when a proper assessment may be made.

GEOLOGY: Windsor-Kennetcook SubBasin
The Windsor-Kennetcook (WK) subbasin forms the southern part of the Upper DevonianPermian, Maritimes basin (Figs. 1 and 2, Table 1), which is transected by a major, E-W, transcurrent
fault (Minas Fault: Keppie, 1985). In the Upper Devonian-Lower Carboniferous, the locally derived,
Horton Group (continental shale, sandstaone and volcanic rocks) was deposited, and these rocks
constitute the main focus of shale gas exploration in the WK subbasin (Figs. 3-6). These rocks are
successively overlain by a predominantly marine sequence of limestones, evaporites and clastic rocks
(Lower Carboniferous Windsor Group) followed by ca. 10 km of regionally derived middle
Carboniferouse-Early Permian clastic rocks (Mabou, Cumberland and Pictou groups (Durling and
Marillier, 1993). In the Late Devonian-Early Carboniferous, dextral transtension along the southern
Laurentian margin produced asymmetric rifting accompanied by dextral shear was synchronous with
deposition of the Horton and Fountain Lake groups. At the Lower to Upper Carboniferous boundary,
major dextral displacements along the Minas Fault, which produced clockwise rotation of pre-existing
structures, and local zones of transtension and transpression. This major change may reflect the onset
of Laurentia-Gondwana oblique collision, the effects of which continued into the latest Carboniferous
with coeval development of flower structures and pull-apart basins in zones of local transpression and
transtension. The WK subbasin lies to the south of the Minas Fault and the interpretation of seismic
data indicates six types of faults in the Horton Group including ENE-trending, subvertical normal,
reverse, transcurrent and SSE-vergent thrusts associated with polyphase folding and flower structures
(Javaid, 2011, Bianco, 2013)(Figs.7-33). Thrusting along the Windsor-Horton boundary (notably the
Kennetcook Thrust) is recorded in seismic sections (Waldron et al., 2010). All of the WK rocks are cut
by a penetrative set of NW-trending major joints/faults that curve westwards on approaching the Minas
Fault suggesting drag during opening of the Bay of Fundy and Minas Basin (Keppie, 2011)(Fig. 34).
The combination of ENE- and NW-trending subvertical faults cuts the rocks in the WK subbasin into
numerous small blocks, which are further transected by joints with displacements too small to be
resolved on the seismic sections.
Analysis of earthquakes in Atlantic Canada indicates vertical movements varying from uplift
due to thrusting along the Gulf of St. Lawrence, through a combination of extension and strike-slip
along the Bay of Fundy, to extensional subsidence approximately perpendicular to the Laurentian Slope
(Figs. 35 and 36)(Craymer et al., 2011; Goldberg, 2012; Goldberg and Grujic, 2102). Similar stresses
may be inferred to be present in the WK subbasin, and could interact with stresses realted to hydraulic
fracturing.

Figure 1. Carboniferous basins (grey) in Atlantic Canada (Waldron et al., 2010).

Figure 2. Carboniferous sub-basins in Nova Scotia showing petroleum exploration wells (Bianco 2013)

Table 1: Major stratigraphic units (after Waldron et al., 2010).
Maritimes Basin
Group
Pictou
Group

Typical lithologies
Age range
Predominantly red, non-marine Westphalian D
clastic sedimentary rocks
to early
Permian
Cumberland Predominantly grey, coalLate Namurian
Group
bearing, non-marine clastic
to Westphalian
sedimentary rocks
D
Mabou
Predominantly red, generally Late Visean to
Group
fine-grained lacustrine clastic Middle
sedimentary rocks, minor non- Namurian
marine evaporites
Windsor
Marine to restricted
Visean
Group
limestones, evaporites, and
predominantly fine-grained red
clastic sedimentary rocks
Horton
Grey to red, mainly lacustrine Late Devonian
Group
clastic sedimentary rocks
to Tournaisian
Fountain
Bimodal volcanics and
Late Devonian
Lake Group volcaniclastic rocks and
associated, mainly red,
subaerial clastic sedimentary
rocks.

Windsor-Kennetcook subbasin

Figure 3. Geological & structural map of the Kennetcook Basin (Keppie, 2011)
showing units, fold traces and major faults

Figure 4. Geological & structural map of the Kennetcook Basin (Keppie, 2011)
showing units and faults

Figure 5. Geological map of the Windsor, Kennetcook Shubenacadie and Musquodoboit basins
(Waldron et al., 2010) showing seismic profiles and drill hole locations.

Figure 6. Geological map of the Windsor subbasin (Moore et al., 2011).

SHALE GAS ESTIMATION IN THE WINDSOR-KENNETCOOK SUBBASIN
Triangle Petroleum and Elmworth Energy corporations have estimated 69 trillion cubic feet of original
gas in place in 40% of the WK subbasin (Dillon Consaulting Ltd., 2008). Initial production rates in the
WK subbasin are estimated to be 1.6 mmcfd declining by 50% in the first year and to 10% after 5
years. However, only 3 wells have been fracked and no well records are publically available. Triangle
President indicated that Triangle was still trying to establish a commercially viable gas flow (Natural
Gas Intelligence, 20th April, 2009). In June, 2011, the NDP government halted drilling and instituted a
Review on Hydraulic Fracuring. Triangle is proposing a dialogue “to determine if there is any
development potential to access the known 69 trillion cubic feet (TCF) of natural gas resource potential
(identified by independent engineers Ryder Scott) that sits in the Windsor Basin. If this were even in
part realized, the resource is staggering in its size, and would be enough to supply Nova Scotia current
needs for many generations. It would revitalize the Nova Scotia economy, bring government finances
to surplus, provide thousands of direct and indirect jobs, and permit export by either pipeline or LNG
facility” (quote from Traingle submission to the Review Panel, Reality and Opportunity, May 3rd,
2013).
Estimates of hydrocarbon potential in shale basins generally assume a simple basin geometry
(Fig. 37), similar to Bakker (Dakotas and southern Saskatchewan and Alberta) and Eagle Ford in Texas
(Figs. 38-40)(Hughes, 2013a), which is clearly not the case for the structurally complex WK subbasin.
The Monterey Shale in California may be a closer structural analog (Fig. 41) where productive wells
are limited to small geographic areas (Hughes, 2013b). Furthermore, the very high decline rates of
shale gas wells in the USA contrasts markedly with the optimisic forecasts (Hughes, 2013a)(Figs. 4244). Initial production rates in the WK basin are estimated to be 1.6 mmcfd declining by 50% in the
first year and to 10% after 5 years. In comparison, the best fields (Bakker and Eagle Ford) show
declines of 60-69% in the 1st year, decreasing to 15-40% in the 2nd year and to ca. 6-15% after 3 years.
U.S. shale gas and shale oil reserves have been overestimated by a minimum of 100% and by as much
as 400-500% by operators according to actual well production data filed in various states. NO SUCH
DATA ARE AVAILABLE IN NOVA SCOTIA. Individual well decline rates range from 80-95% after
36 months in the top five U.S. plays.
ROLE OF PRE-EXISTING FAULTS AND FRACTURES
The hydrocarbon exploration companies generally assume that any naturally occurring fractures
in the rocks are closed below several hundred metres (Clayton and Hay, 1994), however, research has
shown that they are “composed of low permeability features, such as zones of grain crushing, pressure
solution, cementation and shale smears. These features may be accompanied by open fractures or
breccias, which are likely to have enhanced permeability, as well as high strain slip surfaces that can
have either enhanced or reduced permeability depending on whether they are open or closed. The
highly variable nature of 1) the architecture of the faults and 2) the properties of the deformation
elements means there is no simple way of deterministically predicting bulk fluid flow properties of
faults at the scale of interest to hydrocarbon reservoir modellers” (quote from Lunn et al., 2008). Fault
permeability is highly variable and spatially heterogeneous, varying between barriers and conduits to
flow, and their hydraulic properties vary considerably over both space and time. Thus, fault zones in
high-porosity rocks tends to be dominated by low-porosity deformation bands, whereas in low-porosity
rock tends to be dominated by open fractures (Johansen et al. 2005). As shale horizons in the Horton
Bluff Formation are the main target for fracking in the WK subbasin, open fractures may be expected.
As the fluids injected into the rocks during the fracking process are under high pressures, newly created
fractures may intersect pre-existing faults, which, if highly porous, would provide a conduit for fluid
escape. Whereas seismic data can provide fault throw and host rocks properties, it does not provide

sufficient resolution to identify small interlinked, highly permeable fractures that control fluid flow
(Evans et al., 2005). Such data can be acquired by studying surface exposures of faults – SUCH DATA
IS NOT AVAILABLE IN THE WK SUBBASIN. Furthermore, fractures induced during the fracking
process are added to the regional stress and would tend to reactivate pre-existing ENE- and NWtrending faults and fractures. The potential role of pre-esisting faults and fractures can be determined
by studying exposures – SUCH DATA IS NOT CURRENTLY AVAILABLE IN THE WK SUBBASIN.
NATURAL GAS PRICES
US natural gas prices fell to <$2 in 2012 due to over-production, which caused the price to fall below
the level where it was possible for companies to make a profit (Fig. 45)(Berman, 2012). The real cost
of shale gas varies from $2.65-$8.10 per thousand cubic feet (mean is $4.85 according to Ken Medlock,
Senior Director of Rice University’s Baker Institute Center for Energy Studies. This suggests that any
identified gas resource remain in the ground until the revenue/cost are favourable: according to ICF
Consulting report (2013) and Rogers (2013), this could be several years.
RECOMMENDATIONS
Much data is currently unavailable for the WK subbasin:
1. Field analysis of fault and fractures to determine permeability.
2. Integration of mapped faults and fractures identified by Digital Elevation Modelling into
estimates of shale gas potential drilling sites.
3. Well production and decline data from the 3 existing wells needs to be publicly available, as in
the commercial database Drillinginfo in the USA. In the absence of such data, one may guess
that the WT subbasin will be similar to those in the USA where sweet spots drilled are first,
with high well and field decline rates, and high collateral environmental impacts.
4. Studies similar to those prepared in the USA by David Hughes (2013a and b) be prepared for
Nova Scotia.
The WK subbasin may serve as an example for other subbasins in the Maritimes Basin.
However similar geological analyses are required based either on existing data or further exploration
work including identification of potential shale units, joint and fault analyses, Total Organic Content,
maturation levels, gas content, porosity, water saturation, seismic surveys and previous and new test
drilling. Preparation of this report has taken one month, and given that there are 10 more subbasins in
Nova Scotia, the April 30th 2014 deadline is unrealistic for the generation of similar reports for the
whole province.
TheNS Department of Energy forecasts that most of the gas will be exported to the USA would it not be wise to: (i) let Nova Scotians use the gas, especially as electricity in Nova Scotia is the
most expensive in the country; or (ii) wait for the price of gas to go up? As further work is required to
assess the potential for fracking in Nova Scotia, I recommend that no production licences in Nova
Scotia be awarded until such time as a reliable database is available, at which time a proper estimation
of the resource may be made.
This report is resticted to the geology of the WK subbasin and it's implications for shale gas. A
solution is required for disposal of waste fracking water (Dutzik et al., 2013). Other issues, including
environmental, groundwater contamination, agriculture, air pollution, and health, will also need to be
addressed (e.g. Bomford 2011; Schwartz et al., 2011).
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Figure 7. Topographic map showing seismic lines and wells (Bianco, 2013)

Figure 8. (from Javaid, 2013)

Figure 9. (from Javiad, 2013)

Figure 10. (from Javaid, 2013

Figure 11. (from Javaid, 2013

Figure 12. (from Javaid, 2013)

Figure 13. (from Javaid, 2013

Figure 14. (from Javaid, 2013)

Figure 15. (from Javaid, 2013)

Figure 16. (from Javaid, 2013)

Figure 17. (from Javaid, 2013)

Figure 18. (from Javaid, 2013)

Figure 19. (from Javaid, 2013)

Figure 20. (from Javaid, 2013)

Figure 21. (from Javaid, 2013)

Figure 21. (from Javaid, 2013)
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Figure 28. (from Javaid, 2013)

Figure 29. Seismic section and interpretation parallel to fold axes showing a negative
flower structure that penetrates the complete stratigraphy (Bianco, 2013)

Figure 30. Detail seismic section and interpretation of figure 9 (Wind01)
around Kennetcook (Bianco, 2013)

Figure 11. Detailed N-S
seismic section (Wind 03)
and interpretation around
well 132 (Bianco, 2013)

Figure 12. Seimic reflection line and interpretation of data in the Windsor basin
(Waldron et al., 2010) – note complex structure including thrusts.

Figure 33. Map of base of Horton Group cut by a flower structure (Bianco, 2013)

Figure 34. 20 metre Digital Elevation Model of the Windsor-Kennetcook basin (Keppie,
2010) showing pervasive curvilinear fractures that cross the basin and the basement

Stress measurments in Atlantic Canada:extension is ca parallel to the Laurnetian slope (Goldberg, 2012)

Figure. Vertical movements (Craymer et al., 2011)

Figure 35. Horizontal movements(Craymer et al., 2011)

Figure 36. Earthquakes:
(top) 190-2014,
(middle) eastern
Canada,
(bottom) Bay of Fundy
(after Fader, 2005)
(Bottom right) 1929
7.2 earthquake

Figure 37. Idealized fracking

Figure 38. US shale plays and contribution

Figure 39. Bakken shale cross-section and map

Figure 40. Eagle shale map and cross-section

Figure 42.
Triangle
estimated gas
production from
220 wells (2009)

Figure 43. Type decline curve
for Bakken tight oil wells.
Based on data from the most
recent 66 months of this play’s
oil production

Figure 44. Type decline
curve for Eagle Ford
liquids production.
Based on data from the
most recent 50 months
through year-end 2011 of
this play’s production

The fall in US prices to <$2 in 2012 has created the illusion that shale gas is
cheap while in fact over-production caused a crash in the price in US natural gas to
below the level where it was possible for companies to make a profit
What is the real cost of shale gas? “Some wells are profitable at $2.65 per
thousand cubic feet, others need $8.10…the median is $4.85,” attributed to Ken
Medlock, Senior Director of Rice University’s Baker Institute Center for Energy
Studies
Figure 45. (after Berman 2012)

