TWIN SAMPLES AS QC TOOL IN CAPILLARY
RRESSURE MEASUREMENTS AND MODELING:

FROW MICPA Q. CENTRIFUGE TOWARDS AN
INTEGRATED/RSERVOIR MODEL

lulian Hulea and Adam Moss

“the SHM man” : SHM is really easy, really easy to get wrong !

I The dataset and the problem

Key message: twin samples are an effective QC tool, once porosity and Pc range share the
same reference.

1. The datase «.lI@Stic, Geoscience Australia NOPIMS database (7 wells, twin pairs)

2. Data covered, aCquisitin‘neethodology, sample size
3. Bring the measurements to thie sathereference

4. QC the measurements

5. Methodology employed

6. Conclusions and recommendations

o, cknock-4

o lliance-2
oblige-2

. le Ea

.

Toré5a-6

75 10.0 125 15.0 175 20.0 225 25.0
Porosity (%)

“the SHM man” - TWIN SAMPLES AS QC TOOL IN CAPILLARY PRESSURE- LPS OCTOBER 2026



I Data eligibility: plugs and porosity
All analysis performed by Corelabs in Perth, Australia
All plugs cleaned using hot Soxhlet & dried at 95 °C in a dry oven.

All plugs hadffoutime helium porosity and Klinkenberg permeability measured at a nominal confining pressure of
800psi. For tiresgumpoles of this study this is referred to as ‘Ambient’.

The porosity of every centrifaig e Piv'olliagyalso been measured using pre and post brine saturation masses and an
immersed mass. We refer to this porosity astihe,.Archimedes porosity’

Helium porosity has been measured on every MiCP bl gtims,
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I Data eligibility: capillary pressure
All wells had centrifuge (CF) air-brine primary drainage capillary pressure measured.
The centrifuge tests were run at zero confining pressure for all wells.

The rfiw gpatrifuge data has been corrected for saturation profile effects and the ‘end face water saturations’ are
used:

For the centrifuge t8&f5 fite ali-bpine interfacial tension has been modelled. This is 73.36 Dynes/cm.
Every centrifuge plug had merctry itipdiidmeapillary pressure (MICP) measured on a plug trim.

MICP corrections: closure/conformance; Hg—ai' & /* 485%lyn/cm, 8 = 140°
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cap|||ary pressure curveafon the sgsamples.

Max pressure : 60,000psi = 0.004 microns diam. This represents a gas column of about 3 km (gas—water, Ag«:,0.9 g/cn3’)

A Micromeritics Autopore IS used to measure the mercury injection

Sample held in penetrometer. Sample size limited - typically 4 to 12 cm?®
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Centrifuge Capillary Pressure

Looking down on the top of the centrifuge

Fluid displaced at downstream end

. and collected in graduated tube
It's a £ pinfiryerfor rocks!

Rotor -
Constant

S
<= R RPM
Plug maintained

for each Pc

Initially 100%
saturated plug

5\ 49 higher at the end of core
plugiciss 2 o the rotor centre,
resulting 1’ agsaturafion Hrofile

Pc = Ap (r,2 - r?) RPN2

The lab used the Forbes method to correct these data*fhi: satu ation profile
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I What do we worry about?

Pcvs Sw - Sample 161 Pcvs Sw - Sample 127 Pcvs Sw - Sample 244

e~ CF #161 4623.64m K=0.0463 md 9=8.2% —e— CF #127 4606.60m K=0.119 md 9=8.7% —e— CF #244 448510 m K=0.251md ¢=6.0%
—4— MICP #161 4623.64 m K=0.046 md 9=31532% ~4— MICP #127 4606.60 m K=0.119 md ¢=8.2193% —4— MICP #244 448510 m K=0.251md 9=6.3642%

1 Capillary Pressure (bar/dy/cm)

IFT1 Capillary Pressure (bar/dy/cm)
IFT1 Capillary Pressure (bar/dy/cm)

o Y3
Water Saturation, Sw (fraction)

Pc=2 ¢ cos(0,)/r_p

= Pc/c cos

Is this kind of agreement acceptable? How should we map the difference?
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AN\

Porosity: three measurements Istay/ % A

Porosity Comparison
Torosa-6

CF vs MICP (%) CF vs Archimedes (%) CF vs He (%)

°

Porosity - He (%)
&

5]

Porosity - MICP (%)

Porosity -
5
S
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Porosity - CF (%) Porosity - CF (%) pgsity - CF (%

One sample porosity ...3 measurements! Which one do we trust?
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Porosity: He vs CF

Example: Torosa-6

For Torosa-6, there is on average a 0.15 PU difference in the helium (He)
porosity and that used in the centrifuge calculations, likely within measurement
uncertainty.

These differences can be attributed to stress (He at 800 psi vs CF at 0 psi),
samples swelling when brine saturated or possibly not being fully brine

Sqhated.

The centrifég€s(G™) porosity is almost identical to the Archimedes (Arch)
porosity.

Note: the CF and Arch porog<iies) fifé) saot always identical. These

] small/occasional differences cannot be exptaiaéd/dsinglihe information in the
borosity - CF (%) SCAL reports. The difference is probably due to the sz urated shpagles being
reweighed just before the start of the centrifuge tests/ hefigelths sighily
different porosity.

“the SHM man” - TWIN SAMPLES AS QC TOOL IN CAPILLARY PRESSURE- LPS OCTOBER 2026

Porosity: MICP vs CF

Example: Torosa-6
CF ve micP (%) For Torosa-6, there is on average a 1.45 PU difference in the mercury
injection porosity (MICP) porosity and centrifuge calculations.

The MICP pore volume is calculated using the volume of mercury that
intrudes the samples at the highest capillary pressure, for this data set,
and most ‘modern’ MICP data, that is 60,000psi. (Even at this Pc, clay-
ygiead micro-porosity may not be intruded).

Porosity - MICP (%)

The diffefelicEy may also be due to ‘swelling’ and ‘contraction’ effects
due to one sdiaple being Oyine saturated and one being dry (clays may
be altered by cleaning aldLinfirg:

Finally, the differences could be dueofagi¢rcigpneiby!

Porosity - CF (%)

PROPOSAL: we ‘correct’ the MICP data so thawthe derifedesSw is
‘scaled’ to the CF or even the He porosity
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, ORANGE: MICP Porosity corrected, BLUE: CF AN CRER
U/~
e . ,,

CF vs MICP Sw parity — Sample 96D - Pcvs Sw — Sample 21D K=8850.0 md CF vs MICP Sw parity — Sample 21D

—u - o e =
-

Normalised Capillary Pressure (bar/(dy/cm))
MICP resampled Sw (fraction)

Normalised Capillary Pressure (bar

The MICP Sw values are rescaled/normalised to the He porOsity (We/idliddalso use the CF porosity).

MICP points are ‘resampled’ so the normalised capillary pressures match'thes/: il fie SF experiments.
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, ORANGE: MICP Porosity corrected, BLUE: CF

Pcvs Sw — Sample 61 K=1.63 md . CF vs MICP Sw parity — Sample 61 CF va MICP Sw parity — Sample 266

ssure (bari(dylcm)

MICP resampled Sw (fraction)

Normalised Capillary Pres

p—— ¥ 4 K. - I ——

sure (barf(dylcm))

MICP resampled Sw (fraction)

malised Capillary Pres:

Non
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. . X NCERA
Compare CF to MICP: mapping difference Istay/ ”“ng\ el

CF vs MICP Sw parity - Sample 161

1. Pc_IFT1
2. Erfor galculation

MICP resampled Sw (fraction)

res= g ¥t GOy micp

rmse np.sqgrt (np.meaw (reg

CF vs MICP Sw parity - Sample 69

3. Porosity-permeability correlation

Zgz

Water Saturation, Sw (raction)
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A AN\ RO/
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I Error correlation to por/perm Istay/] *’LW

Pc Curve Discrepancy vs / Per ili
MICP Sw resampled onto CF Pc nodes

RMSE(Sw) RMSE(Sw)
Permeability mismatch

RMSE(Sw)
Porosity mismatch Permeability mismatch

°
3

RMSE(Sw) [fraction]
°
RMSE(Sw) [fraction]
°

°

H
°
H

-15 -1.0 -0.5 0.0
DlogioK (10g10Kpe — 10g10Kine.cr) [log md]

Bo (9umice — 9cr) [%]

NRMSE(Sw)

NRMSE(Sw)
Permeability mismatch

Porosity mismatch

Mismatch error does not correlate with permeability
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I A porosity: best predictor of mismatch

Porosity Mismatch vs Sw Curve Discrepancy
Left: Raw Sw | Right: SWN-normalised Sw

A¢ vs RMSE(Sw_raw)

Islay/,

A¢ vs RMSE(Sw_norm)

.“ 1 Tidepole East-1
Torosa-6
Brecknock-4
Calliance-2
@ Noblige-2 Noblige-2

Trend (slope=-0.0 Trend (slope=-0.0281)

o
=
]

161

A (9_MICP — @_CF) [%]

A (9_MICP — @_CF) [%]
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Porosity correction does not always help

Pcvs sw - sample 120 . CF vs MICP Sw parity - Sample 12D

ANCERR
Isloy/ #ﬁ;ﬂﬁp \

CF s MICP Sw parity - Sample 44

MICP resampled Sw (fraction)

Orange:
corrected

Random examples

Likely cause of
misfit: trim—plug

Water Saturation, Sw (fraction)

Pcvs Sw - sample 210 . CF vs MICP Sw parity - Sample 21D

o2 o o6 a2 o4 o6
Water Saturation, Sw (fraction) Water Saturation, Sw (fraction)

heterogeneity

CF vs MICP Sw parity - Sample 56
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QC tools: lulian plot

(selected avFTavcztUre sus pICIOUS (all welts, perm2 welghis)

® Tidepole East-1

Measured Ky, (md)

Estimated K from Pc — perm2 (md) Estimated K from Pc — perm2 (md)

Efficient method to QC Pcs and SHMs vs associated permeability /models
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Hulea et al.,AAPG Bulletin, 96, p. 1627-1642 (2012).

Hulea et al., IPTC-18587-MS (2016).
Hulea IN, SPE-164251 (2013).

I Contrast fracture suspicious vs ‘default’

Plugs flagged as
fracture-
suspicious show
the largest Sw
errors
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AN I~
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I Poro-perm per well: modelling istay/, @L

Porosity-Permeability Across Wells (Highlighted & Combined)

Porosity vs Kair — Tidepole East-1 Porosity vs Kair — Torosa-6 Porosity vs Kair — Brecknock-4

Kair (md)
Kair (md)

150 175 oy 100 125 150 175
Porosity (%) (% Porosity (%)

Porosity vs Kair — Calliance-2 e All Wells Combined

® Glancez Noblge2 ¢ {7 @ Taepote East1

Kair (md)
Kair (md)
Kair (md)

175 7.5
)

150 150 1
Porosity (%) Porosity (%)
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- A GEEA
Models as a tool for comparison T

Twin BC fit — Torosa-6|S10 | ¢=12.52 % K=109 md (MICPx1, CFx1)

MICP data (n=64)

Prepare models using the same ' G o s
consiraints on both datasets Combinedrotay model (W, 08
1 M f\p \ MS‘W£8'%B“§°E’§‘&=O 0015 N=2.031

2. MICP cofistraiged fh €F max Pc
3.CF

ynormalised units)

Brooks-Corey, Pc_IFT1, etc
We fit 3 params each time:

Normalised P

1/N

P ..
Sw = Swi + (1 - Swi) %
CIFT1

Sw (fraction)
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CF / MICP models: parameter dependency

Individual parameter dependency on plug properties.

.§ b @@W/phi (CF & MICP) Swi vs phi_frac (CF & MICP) N vs phi_frac (CF & MICP)
‘ \ s ;

N

PCe (Bar/dy/cm)

perm/phi phi frac

Pce to k/Phi stands out, something we already knew
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CF / MICP models: entry pressure

* logis PCe vs logs: (K/g)

THIS model

I Universal

rgodel
k‘--.

Entry pressure can be predicted
Hulea IN, SPE-193164 (2018)

“the SHM man” - TWIN SAMPLES AS QC TOOL IN CAPILLARY PRESSURE- LPS OCTOBER 2026




Al

CF / MICP models: effect of Pc range Istay/

Histogram of SWi_full (CF, MICP, MICP caHistdgram of SWi_full (CF, MICP, MICP capped) | —Fce vs permiphl (CF & MICP) X FCe MICF Vs CF
80 M

= cr ot
3 mice 064 *
L1 MICP capped

g 100 100 100 100 10¢ “ 3 102 :
perm/phi pce cF
y Swi vs phi_frac (CF & MICP) Swi MICP vs CF
o & g O . y=001x1006
X 4 vS ' :
v o e .
todt Yy . " N
%ﬁ‘
-,

b o . - ol o¥e 8w

02 04
phi_frac Swi CF
0.04 0.06 0.08 010 . 0.1 » 0.3 X 1

N vs phi_frac (CF & MICP) N MICP vs CF
Swi_full Swi_full . Lt

Individual parameters shift as the MICP Pc range is

reduced to CF. Swi changes most: it is driven by the
high-Pc MICP data, hence clip MICP to the reservoir
column height.
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AL\ RSN
Islay/, JL?“?\ S

ample A (phi=10.0%, K=120 ma)

MICP uncapped stands out.

Hulea IN, SPE-193164 (2018)
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High level results

1. Clip MICP data at a maximum Pc equivalent to the maximum
g hydrocarbon column height in your reservoir:.

2. MICP porosity: normalise MICP Sw to He or CF pore volume.

3. Handle reported porosity with care: read the lab SCAL report
thoroughly (stress, cleaning and drying conditions).

4. The N 1SR pArchimedes porosity difference is a good proxy for
whether trifn“and plfig \re true twins (threshold = 2 PU).

5. Plugs flagged as fractlre-Suspidioss show the largest Sw
errors.

6. Using the same constraints, comparable modersdrg oligined
regardless of the dataset used (multimodal samples not treated
separately).
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Path forward

We are still looking for other fluid combinations twins (oil/brine vs MICP).
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