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Importance of electromagnetics g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

RELIEF WELL #2 DlSCO\_IERER ENTERPRISE DRILL SHIP RELIEF WELL #1
Original MC 252 #1 Subsea Containment =
: Development Driller lll

i Spudded May 5that 15:27hrs

Development Driller Il ®

The relief well
was navigated
with 3D EM OVERVIEW The bottom

kill operation involved
drilling two relief wells,
the second as a backup
in case the first failed.

The bottom kill was |
achieved by pumping “
cement into the base of 15 ‘

<4RESERVOIR
After Marshall, L., 2011 the wellbore just above
the reservoir.

RELIEF WELLS &
SUBSEA CONTAINMENT

© BP p.l.c
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How | got started — 1980 - Colorado
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

 How did | get started? 1980 Dotzero Volcano, CO survey

 Same problem: truck & generator

— 1981 Group 7 Inc. 8 »

MT 8!Lotem receivers
N\

© 2022 KMS Technologies > 20 years of excellence in electromagnetic R&D

«



How | got started — 1981 — AZ- CO - CA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

* G7I: Many problems: Software to complicated/slow; Trucks unreliable;
sensor (SQUIDs) too complicated/uncalibrated; MT versus Lotem, TX 0.5 to 1 MW
BUT. Data looks very strong — not smart

ALWAYS challenged by boreholes
—
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D |
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' L

)
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1981: 0.5 MW transmitter

-__:.\4\‘ i \ e

Fort Mogan, CO - calibration Br-‘aji;zvlsey_ifnperi'a‘l't\./a.uey;,
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How | got started — 1982 — NEW concepts — hard to tests \O/
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

* NEW ideas: follow seismic experience — dense data — cheaper system 1000 receivers
(my boss thought | was NUTS)
smaller sensors = coils ; new amplifiers; WWVB — GPS; portable computers

G7I system
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Toward fluid mapping — early 1980s — Australia - Germany g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

« Key results: Germany - Australia work in 1980s
* Need BETTER data

* Need electric fields
* Hopeless without anisotropy

History:
> Initial work at U of T & CSM (Eadie, 1979 and Passalacqua, 1979). M.Sc & Ph.D.
Strack et al. 1989. First land CSEM case histories

» Eidesmo et al. 2002, Ellingsrud et al. 2002. First marine theory and examples.
» NOW standard for offshore & onshore
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Canning Basin, Australia base map
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Canning Basin: well 2 log
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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DEEP LATEROLOG

DEPTH (km]

Doug Moss thesis,

22 layers were used
WE laughed in 1980s
TODAY we do more &
full anisotropy

After Strack et al., 1988
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Canning Basin: seismic section

Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Canning Basing: joint inversion results \O/
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

JOINT INVERSION RESULTS
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Germany: Data examples H & E g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Germany: layer sensitivity — E-> resistor
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

Normalized Jacobian
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What are we missing: dense data and anisotropy
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

* 1990 s monitoring started — limited success (anisotropy — 40% error)
* Development of 3D induction log KEY — 40 % more oil
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Exploration — seismic integration- China - India — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

» Map subsurface where seismic is bad
— Here carbonates & poor seismic

» Great difficulty in inversion
» Data quality good - tested imaging

© 2022 KMS Technologies > 20 years of excellence in electromagnetic R&D )5



Exploration — seismic integration- China - India — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

LOTEM Current Image

Resisanity

Scale

T Low -pass Filter none
» . 2 aad
’ - s ¢ . After Strack et al, 1992 Gnd-Interpolation 5 points
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

» Seismic has great difficulties
— High velocities
— Diffuse scattering

> Basalt s very resistive (20 - 400 Ohm-m)

juctive . .
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: uctive sediments

sedimentary
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Exploration — seismic integration- China — India/Brazil — Europe - USA g;
Early years >>> Resistors — DHI >

) \J
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72 Volcanics

(3 200 400 600 km After Strack & Pandey, 2007
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Exploration — seismic integration- China — India/Brazil — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

Actual well results

Pre-drill Prediction

© 2022 t
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

Actual well results

 Lotem interpretation done w/ ONGC
* Well drilled on results
* ONGC claims Lotem predictions are
within 90-95% certainty.

*Survey was designed using Feasibility
modeling 3 years BEFORE survey — ALL
CORRECT

StrackandRPandey; 2007,



Exploration — seismic integration- China — India/Brazil — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA

Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

New EM integrated seismic Previous seismic

NE SW
Projected Location of MT Line 4 (kg\)

new well

Projected Location of MT Line 4

After Henke et al., 2020
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Exploration — seismic integration- China — India/Brazil — Europe - USA g

Early years >>> Resistors — DHI >>> MORE? >>> Case histories

TRANSMITTER

Overburden: R, :1.2to 11.4 Om
R,/R,=1.1t0 1.4

R, =23, R, =24.9 Om

© 2022 KMS Technologies
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories
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Exploration — seismic integration- China — India/Brazil — Europe - USA
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

Noise test — multiple sensors, verify noise sources

Noise test site 1 layout diagram
KMSVE?O Electric field sensors: electrodes
Ey West Ey East50 m
- y 520 Cable coil
Ex South -50 m
transient response & noise
100 T T ~r
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

I Setup Transmitter |

v

Verify transmitter

Recorder Web access box

Layout receivers

D:h

1
7 / Remote station \
| i | Grand Forks, ND

Move transmitter

v Web access qu‘_ Recorder
I Break down setup | b LR

Com
k Quallty Assurance /
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

Line 2, Transmitter
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Exploration — seismic integration- China — India/Brazil — Europe - USA g
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

LZCSEMOGJ L2CSEM062 L20$EM063 . L2CSEMO064 LZCSEMO§5 _LZCSEMQ§6
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Exploration — seismic integration- China — India/Brazil — Europe - USA \O/
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

2D MT inversion 9(p. am) . 3D modeled CSEM data
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Unsupervised 1D inversion
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Conclusion & Future: THE PATH ol,
Early years >>> Resistors — DHI >>> MORE? >>> Case histories

» Technology path over 40 years
— Sensors: SQUIDS (>100 k$) = FG (5 k$)
— TX:0.5-1 MW - 200 kW
— DAU: custom =227 bit FP = 24 - 32 bit

— Manual processing 20 Hz 8 sites/crew (30
min)-> continuous time series to Cloud at 1
KHz, unlimited (4-5 hours normal)

— Slow 1D inversion — unsupervised anisotropic
inversion & 3D modeling



Conclusion & Future: THE PATH

»EM works — MT or CSEM; rarely seen bad
data

» Dense data allow integration with seismic
» Formal integration still needed
»BOREHOLE - better images

» Anisotropy — otherwise 30-50% error

» CLOUD usage revolutionizes acquisition
-> processing = 3D modeling

~



Old (1989) processing versus new (2022)
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Old (1981) hardware versus new (2022)

A
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ing versus new (2022)

Old (1989) process
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Unsupervised 1D inversion
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MT & CSEM good and bad data

MT

CSEM
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MT & CSEM good and bad data

2D MT inversion
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The CLOUD is revolutionizing the future
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Thank you!.. Question D\

5 A
',-i--:f‘"
',‘. -'*:-.

=
©

2022 KMS Technologies > 20 years of excellence in electromagnetic R&D 45

o =
1'77

L
e



