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Albertans may face $8B bill for orphan wells unless rules
change, lawyer says

Province 'hedging its bets' in case Supreme Court fails to put cleanup first, Keith Wilson says
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AB considers converting disused wells to geothermal energy systems. Oil firm to About
coproduce oil and geothermal heat in Saskatchewan - two firsts for Canada.
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Alberta Energy may promote the conversion of disused oil and gas wells into geothermal 'i m
systems as a partial solution to the province’s abandoned well crisis. — -

“Using abandoned wells for geothermal is a complex issue that requires further input and
consultation from a broad range of stakeholders,” says Alberta energy minister Marg McCuaig-
Boyd. “I have asked government staff to consider this option as we move forward with our
climate plan and also in our considerations of the entire liability management system.” A
government official says the province aims to have policies in place before April, which may
include tax and carbon credits.



The Western Canada Sedimentary Basin
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Temperatures are known in the WCSB
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Fourier’s Law

dq, = -k dT/dx

Darcy’s Law

q; = -K dh/dx




Over 20 billion m3 of
water has been

produced from the
WSCB

Over 23 billion m3 of
water has been

injected into the
WSCB
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Direct-use for space heating is possible with at
temperatures above 45°C [Rafferty, 2004; Lund, 2011],
resulting in an outlet temperature of 30°C.

Based on these criteria, the thermal power associated with
each well is estimated with the following equation:

P=0Q; p;c; AT

Where:

P, is thermal power, Q; is fluid flow rate, p; is fluid density
and c; is fluid heat capacity.

T is calculated assuming a geothermal gradient of 0.03 K/m



Most production wells do
not produce sufficient
amounts of water to be
viable geothermal wells.

Roughly 50% of injection
wells might be viable as
geothermal wells (>100
kW)). A few hundred
would produce > 1 MW..
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The potash ihdustry ihjects 30 million m? of brine into the
Deadwood and Interlake formations each vear.
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THE DEADWOOD

Copyright 2003-2009 Travis N. Wood



Depth to Deadwood (m)
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Deadwood Temperatures (°C)
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Deadwood Temperatures (°C)
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Deadwood Temperatures (°C)
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Very high injection rates possible in the

Deadwood
100 /s converts to ~ 15 MWy,

Injection rates at Mosaic Belle Plaine
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Regina Geothermal Project

Laurence Vigrass ', Alan Jessop °, and Brian Brunskill *

Vigrass, L., Jessop, A, and Brunskill, B. (2007): Regina Geothermal Project; in Summary of Investigations 2007, Volume 1,
Saskatchewan Geological Survey, Sask. Industry Resources, Misc. Rep. 2007-4.1, CD-ROM, Paper A-2, 21p.

Abstract

In sedimentary basins, the temperature increases downward at an average rate of 30°C per kilometre of depth.
Where large volumes of water occur at temperatures above 50°C, immense amounts of energy are available.
Sedimentary basin geothermal energy is, utilized in France where installed capacity in 2005 was 308 MW.

In winter 1978, a 2226 m deep geothermal test well, funded by Energy, Mines and Resources Canada (EMR, the
predecessor of Natural Resources Canada), was completed on the University of Regina campus. The project was to
supply heating for a sports complex and to serve as a demonstration of sedimentary basin geothermal energy. The
proposed project involved production of hot water from the geothermal reservoir, passing the hot water through a
heat exchanger, and transferring the heat to a fresh-water circuit that would carry the heated fresh water to the
point of utilization. The cooled geothermal brine would be injected into the producing reservoir through a disposal
well about a kilometre distant. Plans for the sports complex were shelved. This, coupled with decreasing energy
prices, resulted in the termination of the project. The knowledge acquired from the test well will be useful in
designing geothermal projects proposed for the Regina area or elsewhere.

The well was completed in Winnipeg-Deadwood strata with open hole from 2034 to 2226 m. The open section has
111 m of net effective sandstone reservoir with an average porosity of 13.2%; two six-hour pump tests indicate
average permeability of 350 mD. With long-term pumping at 100 m %/h, it is considered that drawdown will stabilize
150 m below ground surface. Bottom-hole temperature is 61°C and, when pumped at 100 m /h (440 usgpm), it is
expected that the surface temperature of produced water will be 59°C. The fluid is sodmm-chlonde-sulphate brine
with ap,pronmately 108 500 g/m’ of total dissolved solids. Estimated content of CO, and H,S are 56 g/m’ and

26 g/m respectively. On a short-term (103 hours) test, corrosion rates with ferrous metals' were low and fall into an
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So what’s the hold up here?
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Deep portions of the Deadwood may

not support high capacity wells.

Deadwood Formation
permeability from

DST

Deadwood Formation
permeability from
core




Deep portions of the Deadwood may

not support high capacity wells.
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Other considerations...




be a crowded place...

R 5 The subsurface can

Oil and injection wells, SE Saskatchewan



The Race for Porosity
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From MclIntosh & Ferguson, In review



The Race for Porosity

Geothermal wells
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Redwater Field, Alberta

)

Wells Facilities (Pipelines, Pump
Stations, Batteries, etc)



Temperature

Reservoir temp: ~34 °C

Injected water is mostly
produced water
— 1.71 km3 produced vs
1.77 km3 injected

Produced water stored
on surface

Average annual

temperature at
Redwater: 1.6 °C

Assume mixing in entire
reservoir
— Final temp: 28.4 °C

— Greater difference
around wells
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Estimated Temperature Changes
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Induced seismicity associated with Enhanced
Geothermal Systems

Emest L. Majer®*, Roy Baria®, Mitch Stark ¢, Stephen Oates 9,
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Induced Seismicity at Esterhazy, SK
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INDUCED EARTHQUAKES

Sharp increase in central Oklahoma
seismicity since 2008 induced by
massive wastewater injection

K. M. Keranen,'* M. Weingarten,” G. A. Abers,>t B. A. Bekins,* S. Ge?

Unconventional oil and gas production provides a rapidly growing energy source; however,
high-production states in the United States, such as Oklahoma, face sharply rising
numbers of earthquakes. Subsurface pressure data required to unequivocally link
earthquakes to wastewater injection are rarely accessible. Here we use seismicity and
hydrogeological models to show that fluid migration from high-rate disposal wells in
Oklahoma is potentially responsible for the largest swarm. Earthquake hypocenters occur
within disposal formations and upper basement, between 2- and 5-kilometer depth. The
modeled fluid pressure perturbation propagates throughout the same depth range and
tracks earthquakes to distances of 35 kilometers, with a triggering threshold of ~0.07
megapascals. Although thousands of disposal wells operate aseismically, four of the
highest-rate wells are capable of inducing 20% of 2008 to 2013 central U.S. seismicity.
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Pros to developing geothermal energy in sedimentary
basins:

* High permeability

* Availability of data

Cons to developing geothermal energy in sedimentary
basins:

* Existing infrastructure and changes in temperature

* Low temperatures

Geothermal wells
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