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Outline

SAGD and Leismer Demonstration Area
Survey design

DC resistivity examples

EM examples

Lessons learned
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Geology

« Quaternary: :Z
— Glacial tills, sands, shales 550 |

* Clearwater Formation 500 -
— Shales, cap rock = 450 ;

« McMurray Formation - reservoir ;§4°°'
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— Lower
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Steam-assisted gravity drainage

Target: bitumen oll

Oil is too viscous for conventional
recovery; too deep to mine

Qil Production
=

Steam Injection
9

Decreases the electrical resistivity

eservoir

>0 el

Steam Injection Wellbore
Oil Producing Wellbore

Peacock et al (2010)
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Resistivity model

Create resistivity
model based on
geology and
baseline survey
(Tandel et al, 2014)
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Resistivity model
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Survey design

* Inductive or galvanic sources ﬂb v

— Surface or borehole C‘E
[ ]

« Measure electric or magnetic fields
— Surface or borehole

* Leismer Demonstration Area: CE
test borehole galvanic sources
with borehole receivers v

— Crosswell

S

— Along-well
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Survey design

* 4 crosswell DC resistivity
surveys

— repeated twice every day

* Field results:

— 80% decrease in resistivity in
2-year period

— 2 steam chambers
— Tgndel et al, 2014
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Research goal

» Investigate how effective survey design for multiple models

* Improve chamber recovery using electromagnetic methods

 Methodologies: numerical modelling and inversion
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Inverse theory

« Forward model « Sensitivity
_ _ OF[m]
Fm]=d J = 3
* Inversion
d(m) = d, + B = |Wa(F[m] - d°>s| + B

sm = (JTWIWa] + BWEWa) ™ [T W Wy (d°P° — Flm]) — BWGE Wi (" — )]

n+1

m =m"+om
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Workflow -
Add steam chambers to the )
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Two things to keep in mind

» Purposely NOT showing the true synthetic model

 Results are shown as MODEL DIFFERENCE

om = mrecovered _ mbackground
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DC results: scenario 1

« Each survey recovers 2 om

anomalies [ o

-40

* Some smearing in Surveys 1 _ ., @ Suney | (°) Survey 2 -6
and 2 £ 205
E 200

i : - - -120

* Rightanomaly has slightly (¢) Survey 3 (d) Survey 4 |

greater change than left = e ~140

anomaly g ~160

%} -180
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DC results: scenario 1

True Difference Time 3

Great recovery using om

T 250 0
Surveys 3 and 4, 5225 ~20
“ok” recovery using 3 200 40
2 ;
Surveys 1 and 2 (a) Survey 1 (b) Survey 2 S
T 250 '
S 225
Results similar to inversion  z .0 _
. L |
of field data (c) Survey 3 (d) Survey 4 120
E 250 -140
— Crosswell DC resistivity % 225 ~160
works for imaging two 8 200 ~180
steam chambers -150 -100  -50 0 -150 -100  -50 0
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DC results: scenario 2

A different scenario...

One main anomaly on
the left

Some smearing by
Surveys 2 and 4
towards centre

0
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DC results: scenario 2

True Difference Time 3b

A different scenario...

Inversion does not
recover the right
chamber!
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Sensitivity

T . ( )
« Sensitivity M A\
[ = dF|m]
aom WAL )
SEG Annual Meeting slide 18

October 19, 2016




« Measure of sensitivity

D =diag(J"])

D = diag

Sensitivity

Jislarge. J

« Sensitivity
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Sensitivity
Measure of sensitivity

D =diag(J"])
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Approximate diagonal: probing
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Sensitivity

How to form pseudo-random

« Sensitivity
vectors?
0F [m]
p=3-> w;=[1001001 ..]7 om
w,=[0100100 ...]7
wy;=[0010010 ...]7
N _
I -
DUl If p =m,then W = I, and
diag(JT]) is recovered exactly.
pe
W

SEG Annual Meeting
October 19, 2016

slide 21




Approximate sensitivity

(a) Survey 1 (b) Survey 2 10 o
25 ¢ Sensitivity
decreases away
-3.0 from the
observation wells
-3.5
(c) Survey 3 (d) Survey 4
40 .« Different survey —
.e different sensitivity
-5.0
-225 -150 -75 O -225 -150 -75
Easting (m) Easting (m
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Approximate sensitivity

Chamber
=107 .
o i \ \
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Sensitivity decreases away from the observation wells
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Debrief...

* DC resistivity:
— Limited sensitivity to certain parts of the reservoir
— Recovery of chambers depends on survey sensitivity

* How to increase sensitivity so that the entire reservoir is monitored?
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Electromagnetic methods

Whereas DC resistivity used 1

frequency (f = 0 Hz), EM uses

multiple.

VXE+iuwH =0
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As frequency increases, skin depth
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Electromagnetic methods

* Whereas DC resistivity used 1+ Imaginary component increases

frequency (f = 0 Hz), EM uses as frequency increases
multiple. |
Naz
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Electromagnetic methods

1 Hz real 1 Hz - imag

o E 50 0919 1
 Whereas DC resistivity used 1 2 o] ;[_ f l [ »
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Elevation (m)

EM multi-frequency results

« Multiple frequencies
True Difference allow the whole region

E 2% to be adequately
_120 sampled
-180
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EM multi-frequency results

True Difference
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Multiple frequencies
allow the whole region
to be adequately
sampled

Recovery of both
chambers in both
scenarios!
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Debrief...

* DC resistivity:
— Limited sensitivity to certain parts of the reservoir
— Recovery of chambers depends on survey sensitivity

* How to increase sensitivity so that the entire reservoir is monitored?
— Multi-frequency EM allows for better monitoring of the reservoir
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Summary

» Crosswell DC surveys are a great way to monitor SAGD steam chamber growth.

« But... the surveys are not sensitive to the whole reservoir.
» By collecting multiple frequencies, recovery of the chambers has improved and,

« Additional confidence that the whole reservoir is monitored.
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Thank you!

Questions?
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