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Geological Storage
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Boundary Dam/Aquistore Projects
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Boundary Dam CCS Project

2 \
Boundary Dam Power Station ﬁ ‘A-I—

«Coal-fired power plant
1 Mt/lyear CO2 starting in 2014
*90% of CO2 for EOR

*Deep saline aquifer storage and EOR (Aquistore)
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Orilnal Unit 3
*Pulverized Coal (lignite)
»1800 psi 1000/1000 F
*139 MW net
scommissioned 1968

Replacement Unit 3
*New Unit in an old box
«Carbon Capture Ready
1800 psi 1050/1050 F
*120 MW net with Carbon Capture
.| scommissioned 2013
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Boundary Dam ICCS Demonstration:
2011 Conceptual Model




Capture Plant: 2012




kl SaskPower

Powering the future”
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Capture Plant: 2013
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Aquistore Project Overview Q.

*CO, storage research
monitoring project

*Variable injection rates:
0-1500 tonnes CO,/day

*Buffer protection and
long-term storage option
for SaskPower’s
Boundary Dam Carbon
Capture Project
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Aquistore Project Timeline Q.

Site characterization > Baseline Surveys >
Site/Funding Injection Observation Today
Agreements Well Well

H,O Injection

Test
l Apr-13
( J
Sep-11 NOV'].Z Nov_13 2014
Mar-12 Aug-12 i N
4
Crosswell Seismic,
Monitor | 3D co
N Groundwater, GPS, Seismic Injectzion
Baseline 3D Soil Gas, Tiltmeters
Seismic Passive Seismic InSAR, Baseline VSP
Piezometers Monitor Il 3D
Seismic
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AQUISTORE Project: Task List

3. Geophysical Monitoring

4. Geochemical Sampling and Analysis

5. Reservoir Surveillance Wells

6. Numerical Simulations

7. Risk Assessment Management Framework
8. Commercialization / Economic Analysis




GEOLOGICAL
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Subsurface Model Q

Colorado Shale

Watrous “Red Beds”

Midale Beds

Prairie Evaporite

Depth: 3.4km

Aquistore dupth s squrvalunt 10 Over 30 foattsal fleids
and 10 end.

Precambrian
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Schlumberger

Geothermal Regime: T at Precambrian Surface carbon Serices

Contour Interval = 10° C
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100° C

Approx. Project
Location



) . Schlumbergep
\9> ptrc C02 Saturation Carhon Services

Petroleum Technology
Researc h Centre

—0.25
0.2

Case 1: 2000 T/d (Winnipeg and Lower Deadwood) '




3D Seismic Survey
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. Size : 30 km? : ;.
. Acquisition : UniQ Kllometers

. Acquired March 2012 b e

. Vibroseis source:
2-100Hz sweep

5 sec record length

2ms sample rate
288 m line interval,
36 min-line

J Receivers:

288m line interval
6m in-line

. 2411 shots

. 18100 geophones p
Natural bin size: 3m x 18m ‘
e  Fullfold: 88

e  Offset range: 220m to 5388m



{3__(‘»

-
l

ol
W 851348 SKET1 JT1679 E
230.0 220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0
2236 2216 21396 2176 2156 2136 2116 20396 2076 2056 2036 2016
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

‘l‘r\-‘n-ﬂ*'\

R R

i

S

[
wm
(8]
il

[}

Al anan ; "‘ DeTaR 5 ‘? :l
:;‘;;I"’:!E' il E!! .3! g!‘ﬁ!‘;.f g;,:::.f?::m

\ AN

LI L

Ry
P T LA
L

{
Ch R R .—-__.__.\ et ALY

= oy ; i il (L
174 O IRl el 4 -Itqr"*. .:g(lﬂ- Lt ¢ b i g (“"": l"" " LA |llv
E BRI ,_....r-,----'—"-"u....,,,qlplrp- .‘l'iﬂli
r-'a.

E __,__,,.-...r—-.-.;l-;.....-q... _,_,._..p-. & %l i

1760 = i

LT
g
ikl

LI L)

1 '
L

[
=]
=]

=]

AR
R
o B S St T I —-;‘_,1‘1—-"\"

.ﬂur'r

l)l"

1780 :
E gl'p-q,.taw.,,pq,"

18003 -.......]ul}lﬂﬂﬂ‘l

3 2 O Om |
KA

.

T :::‘mmx:::: o )
sl
an= """ ‘!l]!‘"""' '-;:l“ ! L

,:-',"‘

“-‘1-“

L

VY -M

oy

"h-rq‘

o L R R

Bl(plr .:_“‘\‘ ..di':]lll i

“'P"-Ifl'ﬁu-..
1] J

':"ﬂf"':"lll !lllf"’uh-'-:::l

AN

Natural Resources Ressources naturelles
Canada Canada

i+l

"'lllh zs:':, A b Regional Seal
Crcp o | 560 g’ I prairie Evaporite (150m)

]
I ‘-v—«--~*-*"“)E'=::I=:::::::::::nn i)

A
L -... o J gy TRy RN Y sy, T

ll:ll’

e ]
r:::::}:....]llml )

niRi A

B e
i !’."jl""

BN “““‘-‘\“

!llllml..i [k

HHEIe?, “
23:'.‘1:"E!!!!!!ll):l!!!.::n“

.l'h-l

e

Reservoir Caprock:
Icebox Shale (15m)

ey “-‘
| ]

(t((!lll' et (LG ettt el

I L L el 1]

f Reservoir:
e ‘|-llhrl’1‘ - .
W et ’! Winnipeg Sand/
i li Deadwood Fm (150m)

Ml!ii!!llﬂ:ﬂ s
i+l 25
Canada

' ‘ll" - !llll.]l

'—i

[ -_.,..-‘-
AN ‘l"."r‘-._,',..:‘;, ,:
..) .F. ‘ it L L

W LY,

Precambrlan




PRAIRIE EVAPORITE ISOPACH (M

\ - ‘- - = \é - - - | =
B Bow 2 9 ¥ o4 8 9 E % W B3 RS~ = &
— 2 £ & = & & =& -& 8 2 g 2InF 8 8 B 3
f i)
o \_\ \-—_'—
52" T TE200
~ 1 4 P
PR it . . 8 T I [r51a0
D 2t 3
T5100) - F fre100
hd | . \
T5050 5050 |~
T
T4950 T4950 H\\/
T4900 4900 Fany )
. &9 e
[ ras50
T4B50 s ras00
T4T30 [EXF
(/fﬁk\“ 4703 /{) 4700
T4850 4650
3 T4520 T4500
' T45=1'J E}&sc
) T4500 T4500
T4450 [ 4450
T44 T4400
— T435 4350 oy
a | 38
4
T4300 T4300
T42 T4250
0 3700
+ T413 T4150
T4100 4100
L - 30
2T Tom 26 25 - 29 T4050 28
T4000 4000
i e b L Bl Gy o g 2 2 223 £ 3 & &
C | — | O m g R 3 = 8 ® 2B 2 8 2 /8 &8 8 ¢ £ o2 =2 2 g
+

128
131
134
136
139
142
145
147
150
153
135
158
161
163
166
169
171

m

Energy

Aquistore 3D Preliminary Review

26



D) Seismic Interpretation — Time Data

Winnipeg to Winnipegosis Isochron Grid (ms) Boyd PetroSearch

A thinning of the Winnipeg Shale to Winnipegosis
isochron may indicate drape of Winnipeg Fm over a
& Precambrian basement high.

boydpetro.com | rpsgroup.com/Canada



Ordovician lineation
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MONITORING RESEARCH
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Monitoring Program Aquistare,

Designed for: (1) project/plume monitoring; (2) public assurance; (3) research objectives

Surface-based: Down-hole
* Regional 3D seismic survey * Cross-well seismic & VSP
» Geological characterization * Cross-well & surface-to-
« Baseline & time-lapse (?) downhole electrical
 Permanent seismic array monitoring
 Time-lapse imaging Plume * Real-timeP & T
 Electrical/electromagnetic  Passive seismic In Situ
* Gravity * Fluid sampling
* Passive seismic (broadband & * Time-lapse logging
short period array) « Distributed
* InSAR Deformation Acoustic/Temperature
« GPS Sensors (DAS/DTS)
e Tiltmeters * Heater cable

* Groundwater & Soil gas
mon

Leakage




PLUME MONITORING



Time-Lapse Imaging




Seismic Time-Lapse Imaging

T2-T1




Time-Lapse Seismic Imaging:
Repeatability Factors

locations, numbers of sources and receivers,
recording patch)

— Data processing

e Subsurface conditions

— Near-surface condition variations (dry or wet,
frozen)

— Variations in the overburden above the target zone
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Permanent Seismic Array 8.

* Active source and passive monitoring
* 630 geophones over 6.25 km?2

e 20 m depth

* Receiver lines 144m, in-line 72m

e Baseline dynamite survey:

260 shots, 1 kg at 15 m depth

* Source lines 288m, in-line 144m




Permanent Seismic Array
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Time-Lapse 3D Seismic: Permanent Seismic Array
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Time-Lapse 3D Seismic: Permanent Seismic Array
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Time-Lapse Differences

Seismic Compare _I—l Seismic Compare [
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Improved Data Repeatability

NRMS

Weyburn NRMS during processing flow

Prestack

Poststack
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DEFORMATION MONITORING



Microseismic Monitoring Array
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Passive Monitoring Array

First deployment of 2D

passive sites
26/7/2012
Start of seismic Permanent array 3D VSP & Permanent
acquisition - full 3D Perforation shots survey (1) array 3D (2) Start of injection?
16/3/2012 14/9/2012 3/5/2013 13/11/2013 30/4/2014

Mar

e 2014

Sep | Dec

Today

2DPassivel _ 26/7/2012 - 20/12/2012
2DPassive2 _ 4/5/2013 - 23/8/2013

2DPassive3 B 24/8/2013 - 26/10/2013
3D vsp survey 30/10/2013 - 20/11/2013

2DPassived - 30/11/2013 - 13/1/2014




Passive Monitoring: Local Event
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Surface Monltorlng Sites
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GPS: Background Ground Deformation

Scale
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5 mmly

Red: Uplift
Blue: Subsidence




Surface Monitoring Site

GPS Antenna GPS Solar

INSAR & Monument
Monument — Panels
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INSAR
Reflector/
GPS Antenna
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I
InSAR Vertlcal Motlon (06/2012 to 11 2013)
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GPS Vertical Motion (06/2012 to 11/2013)
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IN SITU MONITORING



TVD (m) 345 MPa wellhead
16" Conductor

. Bit Size - 121"

- 953" Casing at 675m

Observation Well -
Monitoring

KEY:-
o ReguarCement VD T Vit D
I C0;Resistant Coment MP2 Megapascal

OTS Dt Tmperature Senng
B PSR GO  ug riues At Senng
o FuldSampligPort  PBTD PlugBac Tt Deg

Casing-conveyed instruments:
* Fluid sampling ports
o PIT gauges | DTS/DAS line on 412" csg. 2850m - surface
. . Paplar 5
* Fibre OptIC Temp Sensor/ Raclifie Heat trace line on 41/2" csg. 3337m- surfad
Acoustic Sensor
» Heat trace cable

- 4 Casing-Conveyed Prassure Gauges
1.3137m (Ice Box Shale)

2.3177m (Black Island)
Faku 3.3235m (Upper Deadwood)
Wireline instruments: 220 R 4.3305m (Lower Deadwood
-« Geophones Phperon i Et
i Souris River rairie tvaporite .
° EleCtromagnetlc Sensors Dovsan Bey Secondary Sealing Unit
* Time-lapse logging (RST, sonic —_
» Gravit g J9ing ( ) Winnipegosis -~ e CO2-Resistant Cement to 3025m
y Achern
VB Intarlake
00 — Winnipeg Shale
Primary Sealing Unit

Eoum Stony Mountain/
lca Box Shala ~m Red River

Black lsland = -~ Fluid Sampling Port - 3232m

W Deadwood

2900 — Bit Size 812"

. ~PRTD = 3365m
I 412" casing at 3400m




Data Acquisition

smsdmulﬂaz

Source Interval;: 1.5 m
Receiver Interval: 1.5 m

Sweep Length: 2.6 sec

Sweep: 100-800 Hz

Sample Rate: 0.25ms

Stack: 8

Record length: 3000 ms
Correlated record length: 400 ms

Source type: Piezoelectric
Receiver type: Hydrophone — 20 levels

55



Baseline Reflection Tomography Image

GR{api)
0.0

W. Icebox Shale

W. Black Island

Deadwood

Precambria

WM W T

n
Injection Well

Depth )

(m)
3100

3200

3300

3400

150 m

»

»

Density{kg/m3)
1.5 3.0

S N e
: I : T . &.‘i-' Oblack
3339338413884 8 28043377 Y YR VReeCeecess sy s nage ' j
1102505 ohssmnmana bt} PpRsmmesb D BODS = L
DI [ §
S T Lo b i bbb s | | gg =
] 4433011 TTTYIVIT 944499991499 _ E.
555 il =
PIT =00 3 z
EeSsssias -
L 2 g. | 8
i A N
RRIIIN : ‘jé %§
535 iNREK d
o ) :
11 (] <
OSSN I 1335333331441 43444954493: '
9D TDR AR CERRRRRER TR R Ccces b
R R R s 2l
Observation Well

6.50
6.30
6.10
5.90
5.70
5.50
5.30
5.10
4.90
4.70
4.50



Geophones vs Fibre Sensors
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Aquistore Team ).

 Monitoring Activities: Lisa Roach (GSC), S. Samsonov (CCRS),
M. Craymer (CCRS), B. Roberts (GSC), J. Henton (CCRS), M.
Czarnogorska, J. Silliker (CCRS), Tom Daley (LBNL), Michelle
Robertson (LBNL)

 Management: Petroleum Technology Research Centre (Kyle
Worth, Neil Wildgust, Aleana Young, Joseph Lazlo)

e QOperations: Sask Power, Schlumberger Carbon Services (Jared
Lee Walker, Marcia Couéslan, Bob Will, Wade Zaluski)

* Science & Engineering Research Committee: Rick Chalaturnyk
(U Alberta), Chris Hawkes (U Sask), Ben Rostron (U Alberta),
Jim Johnson (Schlumberger-Dole), Jim Sorensen (EERC), Don
White (GSC)

e Contractors: Western-Geco, RPS Boyd-PetroSearch,
Geospace, Silixa, Sercel
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