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Shallow Hazard Events on the NCS

o Still a challenge in 20252 YES

 Why?¢
 Hazard not detected — very common with SWF
- Hazard underestimated - e.g. during pilot hole drilling
» Unexpected combination of problems

 Can we do something about ite YES




in Challenge

Geohazard

Geohazard

Weak Surface Soils. Cratering
during jetting, arasion | minirg of
20ils, fractuning, well-bore defor-
mation

Doulders. Conductor refusal /
deflection

Hard Layers. Low RoP, BHA
daflaction, stuck pipa, casing
hang-up.

Loose sands. Well-bnre stahility,
wash-nut, zanal isolation

Buried Channels (Gravel lag
deposits. hard layers). Conductor

refusal, losses, zonal isolation

Reactive Clays. Pack-off, gumbo,
loss of drilled annulus,

Excess Pore Water Pressure
Low shear strengih, Inabliity o
ot anmulus

Highly structured clays. Hor-
Zzontal and vertical fractures,
reduced fracture pressure, toun-
[dation integrity

Buried landslides (MTC's).
Directional drilling issuss, stuck
pipe, casing hang-up

Shallow Water Flow. Mressure
kicke, probleme comenting casing, —
lose of integrity, formation frecture,

o

saafloor, shallow gas trap.

Patential destahilization

up, broach pathway to seafloor,
pressure communication o depth

Gas Hydrates. Gas seepage lo |

Faults. Losses, BHA deflection, |
__Jstuck pipeitwist off, casing hand-

caging collapss, permaabla mone
isolation, loss of well,

Shallow Gas (Free Gas). Pres- P
sure kicks, Blow-out, loss of well, -
loss of rig, environmental release.

Shallow Oil. Uncontrolied flow to
seafloor, environmental release.

Formation Gas (In solution).
Inability to cement annulus, pres-
sure build up st wellhead, well
integrity issues.

Building Angle. Inability lo slear
BHA, multiple attempt at driling
trajectory, reduction of shear
strength, fracturing

| High rate of progress

* High ECD, pack-off

= High flow rale, wash-out, poarly
cemented annulus, variable
gauge hole, soll swelling

= Driling Biind. Mo, or partial
relums, hydraulic fraciure,
raduction of sofl strength.

= Use ul dispensanis. Mining and
swelling.

= Use af drilling mud. Water
baasd wa aynthetic, reactive
clays, environmental concemsa

. Sha
2. Sha
3. Wel

Ora combination of 1, 2 & 3

ow Gas
ow Water Flow

pore Stability & Losses

» Shallow gas & shallow water flow =

shallow pressure problem

e Limited or no well control barriers
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Just a reminder

Source: von Deimling et al. 2015
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North Stream 2022 “experiment” showing size

« 22/4b-4 blowout in 1990 » Reqal life analogue of a heavy

» 20 m x 70 m crater gas plowout
- Still leaking today * 5 nautical mile safety zone
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How to get better in 5 steps

1. Acquire good site survey data

2. High Resolution Processing

3. Integrate ALL subsurface data = IOGP Best Practise
4. Use seismic attributes & AVO

5. Don’'t forget other Geohazards

Avoid, prepare & mitigate

—=Avoidance is the cheapest & easiest option




1 - Acquire Good Site Survey Datdl

2022 Original Data After Noise Removal Noise Removed Key Learnings

chan 12 16 20 24 2| 52 56 60 64 68 72 7! chan 1357912 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
73 it

704

« Use experienced Client Reps
to QC quality offshore

* Process offshore processing to
check the quality during
acquisition

« Avoid bad weather if you can
for geophysical data
acquisition — waste of time to
collect bad data

» Use high resolution processing
techniques (“Broadband”)
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2 -Improve Resolution - Classic Data
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2 - Improve Resolution - Latest Techniques

Basics in processing, should NOT be an option:
Deghosting
« Designature : |
» Pre stack fime migratfion (PSTM) yn -— Double the frequency

oy Are almost always removesj from ’rhe. site survey : S,
b Orogram to save costs = misconception of the value e
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2 - Bonus = Boulder Detection
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3 - Integrate ALL Subsurface Data

Integrated approach using:

* Multiple datasets
« 2DUHR & 3D, MBES, SBP

« Seismic attributes
* Velocity data
 Well data and experience

ALL DATA in DEPTH!

High Resolution Velocity data
key to map & detect SWF
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4 - Use Seismic Atiributes & AVO
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5 - Other Shallow Hazards

| gl e — » Lots of different
Bty . ;.ff; challenges across
(Gas chimney B the Norwegian

ociated structures

=i
|

Plume flare] s

] Lt | shelf incl. sand
- ) e — Injectites & ooze

Overpressure-ass-

« Generally nothing
that can't be
handlead

Dirpir structures

However ....

Sediment ruptures

Example from Ma et al., 2021
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5 - Other Hazards = Potential Escalation

Shallow Gas :IIIIIIIIIIIIIIIIII.
Shallow Water Flow :
Hazard .
I-I LA ] IIIIIIIII'
11
Gas Hydrates 11 ‘
Reduced strength : :
AP
Prevention Barrier — i s
' Top Event Barrier REE“‘E"}

“IIIIIIIIIIIIIIIIIIIIIIIIII..

Wellbore Stability e
Losses .
Faults | E”“”’"”’
Boulders "
Time E

L/
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-+ Shallow Gas & SWF Escalation factors not assessed
.lllIlIIIIIIIIIIIIIIIIIIIIII" ° e'g. P”O-I- Holes&swqbbing
* Interactions are not considered e.g. gas hydrates
* Pilot hole or RMR # barrier
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Need a hand?
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