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Repurposing Depleted Gas Fields for CO, Storage:
An Operations Geologist's Perspective on Site
Characterisation



Focus

* Integrating geoscience, well engineering, and well integrity datasets

* Re-evaluating legacy operational records for site characterisation with a
carbon storage containment perspective
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5 Aspects

ldentifying all wellbores
Shallow boreholes

Fluid losses while drilling
Gas peak history

Cement evaluation
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Confirm unrecorded sidetracks with bit records

Depth Depth : m Conductor
Size Run Bit in(m) out(m) Remarks 150m
17" 1 1 150 420 Spud; drill out conductor shoe 500

172" 2 1IRR 420 1,210 Drill to 13%s" casing point

1,000

124" 3 2 1,210 1,980 Drill ahead _
4 Ik 13%" casing shoe
1210m
12v4" 4 3 1,980 1,985 Fish left in hole
_ 1500
12%" 5 4 1,650 1,660  Cement plug / milling run = il
§ Cement plug .
1650-1980 m
12v4" 6 5 1,660 2,470 Build angle 2,000 Fish left in hole & Unrecorded sidetrack
1985m TD 1985 m
123" 7 5RR 2,470 2,900 Drill to 9%" casing point
81" 8 6 2,900 3,320 DrilltoTD wee
934" casing shoe
. 2900 m

Next run starts 330 m shallower than the last
depth out - a kick-off point. T0:3:220 mMD
Is this sidetrack in the well records?

e Recorded wellbore == e= = |nferred from bit records
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Legacy geotechnical samples

Platform & jacket
site investigations

Rig site
surveys

Pre-drill shallow hazard
surveys (NSTA NDR)

Foundation boreholes
& CPTs

Decommissioning & Offshore wind
research coring Shallow site investigations

borehole
data

Turbine & substation
boreholes (Marine Data Exch.)

Site surveys,
academic cores

BGS offshore
archive

Pipeline & cable
route surveys

Vibrocores & shallow CPTs
along the route

Boreholes, cores & samples
(BGS Geolndex)

© BGS borehole I:l Round 1 (2023)
Out of round [ Round 2 offered
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Constrain the shallow with legacy boreholes

Well top hole Geotechnical borehole

I| |I Cuttings to seabed
0
E Push samples: Iitholog-gl,
*  No mud log or samples = density, strength
20 - m= ,
Shall | inf d CPT: continuous
e L e = cone resistance
I |_|)______fromseismiconly __________ —t Ve x L __] [ _
’é‘- 40 4 Base Quaternary B Base Quaternary
= = _ m
2 ., Often no logs until - B Rotary cores in bedrocH e
® 601, below surface casing a
" < | <
2 U B Logs (e.g. gamma) E
3 gof -
o < x Conductor &_casing H
< Q shoes set 'blind’ g Lab tests: bulk density,
= [ | shear strength
[ |
120 A =
1401 Bedrock Bedrock




Constrain the shallow with legacy boreholes

Sea
BH Well BH BH Well BH BH Well BH
0
Quaternary
(unconsolidated)
20 T ==4 e __ |
E _-'~N\\ ,’ ____________
~ \\ // _________
-  (f r 0 1@r N N v r | @  TTTTm==———a__
L 40 i -~ : '
8 \\ / \ I/ \ ase Quaternary
\
; Losses in ‘\/ \' Borehole stops shor
/
% 60 next hole section? U of the channel base
Q Buried channel
<
)
o
3]
o 80+
Shoe below Shoe above Shoe at
Base Quaternary Base Quaternary Base Quaternary
100 -

Bedrock

120 -




Shallow density from geotechnical samples - Shallow Velocity Model

© Sand @© Mudstone =-=-=P10/P90 Velocity
O Clay = Best fit from density Depth-converted shallow seismic
0 ] (\) (,) ;.-. O\\ 0 T [O—— m
> O N \ O Use: seismic velocity model, — o ¥
@ © 8\9 28 X depth-tie shallow horizons _
O X at BQ
-l QSN
20 . e o\ 54 -
L
’g —
< 40 A : €
o Density - = 40+
2 | 2
s velocity 5
(%2} \ [}
s 60 S transform =
3 p 2
o
c ® ’\‘ g_
2 ® & o 2
o 80+ \Q ) 0 80 -
e )
@ 0
@ o ?
100 © ‘\ ® 100 -
O @
e & %
120 T T T T = . T T b T 1 120 T T = —
1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 1500 2000 0.5 1.0 1.5 2.0
Bulk density (g/cm?) Vp (m/s) Distance (km)

lllustrative synthetic data
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Losses history as an overburden strength map

V' Loss event A Casing shoe
Well with no losses V¥ Loss event

Well Well A Well B well
O =
Shallow
Y Y ¥ Losses at |0\'{]V mud weight: v v Shall
conductor setting depth? weak zone? allow
2501 WV i v v
vy VoA
_____________________________________ ‘ e e e e e ————
500 Overburden I

. Few losses — lower bound ‘ o
c on any weak zone %
5 750 1 @7 Well A: Losses at previous shoe? qa sy
Q previous \
o shoe? \
; 1000 Overburden
o Fault \
2 1250 - intercept? \
L
a .
g Well B: Fault intercept? —@

1500 A

Reservoir Poinioty/ CEREERRES
1750 1 Losses from overbalance WV Sidetraci v
in high-permeability sands v v
2000 - VooV \/ \ Reservoir
VV
8.5 9.0 9.5 10.0 10.5 11.0 11.5

Mud weight (ppg)




Hydrocarbon Source

Where did the gas come from?

Background peaks (offset wells)

B Peaks within reservoir [[] Anomalous shallow peaks
; O
1 g 0O O
; i O
c
B
0]
o
.  Approx. t ir
B feprOxlopresenvON g W mige
= S gl = Pom
. ] i " a |
" = iaga" - ]
0.001% 0.01% 0.1% 1% 10%
Total gas peak (%, log scale)

100%

Illustrative synthetic data
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Hydrocarbon Fingerprinting

Candidate source: Zone A (shallow)

—e— Candidate source: Zone B (deeper) [ Anomalous shallow peaks M Peaks within reservoir
== Annulus / wellhead gas 100000
100,000 4
Dry gas Wet gas (C2+ present)
Parallel profile, lower level biogenic? thermogenic
- annulus gas matches Zone B
10000 -
10,000 4 1
L)
o
s
wn (=]
o 5 1000 A O
L= 1,000 A i ]
£ ] Almost pure €1
[=% % (Wh-<-0.5,Bh>1,000)
= ©
c a
o 1
= 100 -
Ju 100 - < 00 : -
5 ~97% C1, dry: ] nD.
“ no match
] ]
10 1 10 3 "
] Not possible
(Bh = (100—Wh)/Wh)
0.5
1 T T r T T 1 T T 1+ f ' '
c1 c2 c3 ic4 nca ic5 ncs c6 0.01 0.1 o 10 100
Component Wh - wetness ratio (%)
lllustrative synthetic data only Fields after Haworth et al, (1985) - illustrative synthetic data
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Cement strength builds over weeks, not hours

100 - °
: 28 days
- ~99%
© 80 @ :
£ :
K] - 7 days
2 . ~80%
< 60+ :
(@)}
c
S ¢
« :
o :
240 - 72h
o - ~50%
‘5_ :
£
(@]
O
20 1
0 T . T T T T : 1
0 5 10 15 20 25 30

Time since cementing (days)

Schematic curve; exact rate depends on slurry design and temperature

So does time of logging time change the bond we see?..

SPE CO2 Conference, Aberdeen, 7 October 2026



Cement Bond Log Timing

100

80 1

60

40 1

Within-cluster sum of squares (relative)

20

Elbow at 3 data clusters

.\._\-.

T T T T T

1 2 3 4 5 6
Number of clusters

Interval bonded (%)

Bond log timing vs cement placement quality

100

80

| Logged before the cement had cured?
— candidates for relogging

: ®
| e ° (0]
60 : o
I [ ]
40
[ ]
[ ]
20 /:///.
[} e Y
® Good placement
® Partial issues
® Severe issues
0 : : r T ;
10 15 20 25 30

Days from cementing to bond log
lllustrative synthetic data

See also Time Lapse Logging of Cement Bond Logs SPWLA 2015 symposium paper, The Effect of Time on Apparent Cement Integrity (OnePetro).

lan Leslie;, Tom Bradley; Julius Balamaga, lain Whyte

SPE CO2 Conference, Aberdeen, 7 October 2026


https://onepetro.org/SPWLAALS/proceedings-abstract/SPWLA15/All-SPWLA15/SPWLA-2015-MMMM/28465

LEGACY WELL DATA

From existing records to actionable results

DATASET

1 Bit Records

Geotechnical
Boreholes

3 | Losses While Drilling

4 | Drill Gas Logs

5 | Cement Bond Logs

WHAT IT TELLS US

An auditable check that every sidetrack s
accounted for

Shallow correlations
Depth ties to seismic surfaces
Density trends

Conductor depth vs unconsolidated
formation

Weak zones in storage complex /
overburden

Ties hydrocarbons to their probable source
zone

Time since cementing affects measured
bond quality

ACTIONABLE RESULT

Complete, verified well record

Better shallow seismic imaging
Improved depth conversion

Improved storage complex
characterisation

Deeper conductors where needed
Image logs on injectors to define weak
zones

Casing shoes set clear of weak zones

Overburden characterisation

Clearer view of potential leakage
pathways

Time logging runs for best results

Set realistic expectations for
improvement

Select wells for relogging

b

N

PERMIT REQUIREMENT

Monitoring baseline

Monitoring baseline
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Thank you....
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