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NEW SOFTWARE SOLUTION FOR ESTIMATING
PERMEABILITY THROUGH NMR-MICP DATA
INTEGRATION

“"NMR-MICP Integration & Permeability” / \
H -
P.V. Mesquita, R. B. V. Azeredo, E. H. Rios, w

A. Souza, B. A. C. Silva, B. M. Faria.
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MICP IN FORMATION EVALUATION www permine.com

Pressure

Laboratory Experiment to obtain the

Cappilary Pressure curve from rock Ctoedl}  Closeall Openea T
samples, by gradually injecting Mercury. ..,'ﬁg
Glass Level
) Holder
» The Cappilary Pressure curve can be Sample
converted to a “pore throat size”
.y 20|cosd
distribution (R, = @).
c

« Can be used to estimate permeability and
several other types of petrophysical data.
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+ Can't be used downhole.

» Destroys the sample. — —
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NMR IN FORMATION EVALUATION

Provides a single measurement (“T2 distribution”), that can be used to estimate
(mineralogy-independent) Porosity (¢), pore size distribution (PSD), irreducible water
saturation (SWI) and Permeability (k) of formations.

Mineralogy-Independent Porosity Facies Analysis Pore Size Distribution

Ju=¢

Signal distribution
Signal distribution

T, msec T, msec

Irreducible Water and Free Fluid Continuous Permeability

K= P Toun)

Signal distribution
Signal distribution

T, msec T, msec

http://accutech.metadot.com/index.pler=1 www.spe.org/jpt/article/10327-technology-update-24
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T2 (o) | e— A
TZ Tzsurface : 4 pore k= a¢b (E)

pore
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knmr = a¢b(Pszrgp)c

kspr = @' B (T210gmean)”

From “NMR Logging - Principles ans Applications" o o T B o B ¥ e
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NMR-MICP INTEGRATION

MARSCHALL, D.et al: Method for correlating NMR relaxometry and mercury
injection data. SCA Conference, 9511, p. 1-12, 1995.
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» Found a simple way to correlate the PTD from MICP with the
pseudo-PSD from NMR.

NMR-MICP match
ID: AC, Group: Carbonate, Porosity: 0.23
10 Kabs: 9.99 mD, MICP-T2rho2: 3.43693352261
* R =vy T. g™
E 2 208 — MICP
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NMR-MICP INTEGRATION

RIOS, E.H.; et al. NMR permeability estimators under different relaxation time
selections: a laboratory study of cretaceous diagenetic chalks. SPWLA, 55th
Annual Logging Symposium, 2014
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- Different metrics to obtain the representative value from
T2 and Rt distributions.
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» Sized-Scaled estimators -
T2 (ms) T2 (ms)

Simple match between MICP
(PTD) and NMR (PDS).
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PERMEABILITY ESTIMATION IMPROVED
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a=1873.873,b=4.872,c=1.0 10¢ a=13.877, b =0.905, c = 2.303
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¢
Dataset with “50”samples, each with T2 and Rt distribution with 256 points each k = ag® <§>
poro
_ It _ I k = a¢’(R <
T2 narmonic = Z?:lﬂ’i/;'zi & Rt parmonic = 2?:;4;/;{” MICP ¢°( trep)
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NMIP’s GOALS

Brazil Section

1. Handle big datasets RCA and SCAL data or log.

2. Automate calculations of all required parameters (means,
cutoffs and p values) from NMR and MICP distributions.

3. Enable fast evaluation of these permeability estimators.

4. Facilitate the interpretation of results and comparison with
the others models.
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Project Samples ¢

74 KOCURECO(21 TCC final fev) - 0 X

Project Samples Calculate Selection Sort Plots Knmr Estimators Options

/ \ Laboratério para Aplicagdes da RMN e Petrofisica
NMIP LAR Universidade Federal Fluminense
e
D

Ne o Formation Group  MICP-T2ccrho-match_error @ (%) NMR® (%) MICPphi Kabs(mD) T2 MICP T2ecutoff (ms) T2swisatcut Swi (%) T2 Timur-Coates  T2geo m  Ee
1 AL Austin Chalk Carbonate  78.2423338508 230 237 205 999 oK OK 244139353365 0.3655682957633 312511550545 183681432641 443795742911 203 20,
2 DP  Desert Pink Carbonate 160342400778 305 38 213 955 oK OK 401353323844 0100664368835 14.2857142857 965103190338 107.615016203 24 13,
3 GD  Guelph Dolomite  Carbonate 188.042157516 73 100 41 427 oK OK 133104421698 0.338472551383 211796246643 152583697033 156.543777808 1.71 751
4 |8 Indiana 2-4 mD Catbonate 141732232664 138 134 1.7 197 oK OK 175027112869 0.462803724322  41.4248021108 1.18818336401 197.369706273 1.74 31
5 I Indiana810mD  Carbonate 173 403791271 a1 108 82 042 oK OK 132196482279 0.65065805765  53E7E5053013 0548371812328 129600189552 152 33,
B w Leuders Catbonate 177170267315 162 154 145 1.03 oK OK 517619324328 0.371835563619 353187913463 173434254032 T6.0836634226 163 22
7 50 Sillurian Dolomite 1 Carbonate 135 568618018 124 132 56 183 oK OK 425213010345 0.46733317751 37.868852459 114323333302 263819457023 195 50,
8 TO  Texas Carbonate 330482840131 263 265 17.2 07 oK OK '3.31484546983 0.463738642008 233201145324 115230919338 96402740068 22 281
El BB Bandera Brown Sandstone 253 385727831 208 208 136 121 oK OK 147017685002 0.331285142144 232094571514 207000058853 238852978702 228 341
10 BN Bentheimer Sandstone 171330387456 232 28 203 24300 oK OK 734041952336 0.0767161056642 329929300864 12085343764 531.927147252 1.7 12
n BR  Briarhil Sandstone 127092873154 243 233 213 33000 oK OK 465350273217 0124195175462 718574472206 706347328143 285785190607 19 14,
12 BS Berea Stripe Sandstone 130310245471 212 13 183 4150 oK OK 423218875218 0150784357428 10.2758521086 578808723446 152925600375 1.81 16
13 BU  Buff Berea Sandstone 185 678603083 244 238 213 6980 oK OK 1848475755 0166370331004 136871875314 503635927516 741832386448 13 14
14 C&  Castlegate Sandstone 184.855641377 263 258 237 1080.0 oK OK 773129155502 0.0705434106114 7 1326828153397 142534158561 1.87 121
15 CO  CrabOrchad Sandstone 431303404666 65 67 58 0.09 oK OK 504432168432 0633317610799 635070303236 0458379131773 225208705205 165 891
16 cT Carbon Tan Sandstone 379661651587 171 180 133 380 oK OK 135211843343 0.344111635325 285211826908 196122345537 405575679921 193 281
17 18 Boise daho Brown Sandstone 98.3835641173 215 W2 %62 15100 oK OK 0 801324503311 240751415884 20 131
18 K Kirby Sandstone 172806835142 218 2139 1.7 173 oK OK 264033782273 0.237430643831  20.2348630154 327112740665 579333130327 201 21
13 LE Leapord Sandstone 250.536455419 205 202 173 16100 oK OK 2.93365624546 0.0361810815258 363601745537 265171838365 1.78 16
20 L) lugget Sandstone 144.187506415 108 103 78 B.61 oK OK 274324583533 0.383332274457 38956023421 158335737847 317847985254 1.76 501
21 SG Sister Grap Berea  Sandstone 214, 161146205 2208 210 157 1430 oK OK 44, 4 0 15817171457 106.30376253 197 22
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2 - AUTOMATION

NMIP imports all input data from Excel spreadsheets:
NMR T2 distributions
MICP Rt distributions
Routine Core Analysis (porosity, absolute permeability, etc...)
Any other petrophysical input.

NMIP automatically tries to calculate:
All Pythagorian means (harmonic, geometric or “logarithmic”, arithmetic).
Saturations cutoffs from 5% to 95%, with a 5% step
sHg matches with all possible combinations
NMR-MICP direct matching (Cross-Correlation)

Create arbitrary cutoffs from NMR or MICP data.
Run Custom Python Scripts.

Possibility to edit the NMR-MICP match.
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3 — PERMEABILITY ESTIMATION

74 Estimators

Knmy = ad® (param0 * param1)©

Change Porosity variable
Change Permeability variable

19 samples.

Groups: Carbonate, Sandstone.

Porosity variable:"Porosity", range: 6.5% to 30.5%

Permeability variable: "Kabs", range: 0.09mD to 3900.0mD.

9

9

I~ Pures (param0=1.0)

sHg (param0=MICP/NMRE):
I Timur-Coates (param0=BVI/FFi)
MICP(or DBIF) CCp (param0=CCp)

I™ DT2 p2 (param0= p2):

Variable

1040

Variable options: leave empty to estimate, writ

20

mi

n,

ma
to define inferior and superior bounds for the estimation, or insert a real value to fixate the variable.

Add multiples estimators: | Add custom estimator: | Define:
[¢ Means [ Cuttofs Name: | Custom Estimator |
rT VT2 & paame: [
¥ MICP I~ DDIF Coparamt: [

Ne Name

13 MICP-T2s0iho | T2_4¢

s ﬁ‘ 14 MICP-T2zcihe | T2_8L
§ 15 MICP-T2eerho | T2_E

m 16 MICP-T20etho | T2_Bl

m. 17 MICP-T2cerho | T2_E8:
m. 18 MICP-T2eetho | T2_70%
m 19 MICP-T2ccho | T2_75%
m 20

WICP-T 2cciho | T2_80%
HICP-T2
val 2 MICE

|T:
P-T2cerho | T2_90%

param0
MICP-T 2ccrho

MICF-T 2oorho
MICPT 2eerho
MICP:T 2ocrho
MICP-
MICP-

T2cerho

Yol Remove | ClearList|  Show Full List

Ll

param1
T2 45
T250%
T2 86
T2 6%
T2 66%
T2 A0
1275

[ Full Cross Validation ~ Process Estimators
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4 - RESULTS

6 Results
Results Sort Groups

Knmr
N R SE a b

il
0.3709076839627224
0.9632763311042791
[ 1

i 3
1.678379368308301 5
1

31
261.02354503744144

15 £l
2.0014147364265824

1.730625451514355
1.7323207999403696

E70.435511832678
421.6736003776241

1 #f Kabs X pardmo
1.53704 32w3349425
]

200+~ BAY

= a¢p? (param0 * param1)©

A Kabs vs. Knmr (sH(MICPgeo/T2ge) | T2_80%) | 19 samples from groups CarbonateSa..  — O X

sHg(MICPgeo/T2geo) | T2_80%
R2 = 0.971, SE = 1.678 mD

Universidade Federal Fluminense

Plof Kabs X par.

0.9669351541121 265
0.9568991714768098

1
H
3
n
5 0967
3
7
8 0.966780209626847

1.7348514298057729
1.735312292117215
1.73701279934468

477 5180746361353
7145390636595 1
539.1686087572527

1.770908541618402
165788658051 57673

0
10 0.9667071774595182

1
1.73803054 22848203

541
347 B485TI0EEE534

12 0.3685347085871969
0

1396523741
1.7404714778236896
1

41235501 405059474

1
1.736717960035801 3
156453461 27549945

11546:

0
15 0.9653386063310055
16 0.9662477990716714

1
1.7431 67069088606
1.744411802853938

6.
E531246133897169
701.4578994131089

1.8588991 96038921 4
1

15729971 79229624,
1.641086755280131 7

0.3861
19 0.9658741600396811
0 7

20 0.9655429606037797
21 0.965434562301 1662
2 0.96543I0GTT0EN2
23 0.9652158954851374

1.7459475657122148
1.743536512314635
H

175416306431 4854
1.7556504748308126
1.7557126946773675
17586 396718776883
1.753003781744558

457 BT26764122426
5302303122695
561

342 3403341468902
707614344601 5051
BE1.7361390734733
257.47117732028903
731319525107 209

1500
1.538192429520232
H

1.9567600279031945
1.9579092036648528
1.4672699298759255
1. 264457 2710870523
1.9084852748025085

24 0.9651848649343567
0

% 0965

1.753;
175 1 495

00,3331 36371
422,

27 0.9650227190782352
29 0.9649026789368102
29 0.95482403712441

30 0.9647850414265502
3 0.9647565M9195637
32 0.9647028989234639

1.7613306344429476
1.762976706539158

B50.7825771431915
£37.134304795605

b
1.981 286795539281 2
14202132406712613
1

£

17643821 853611312
1.7657 180105733674

1
50510251 716388626
651.9388450265212

1,808
2.0412815091533365
1.4583713119085318

g a=261.03,b .001, ¢ :
10
Groups
e Carbonate
3
R Sandstone
g
E
> 107 .
3
i
E 10 .
&
3
5 100
10
5 .
i
107
102
107 107 10° 10’ 102 10° 10
Absolute Permeability (mD)
LIUMGDUIAIILIT  STUIMILEUEUN L0 1CSJe 130 STMMILEUELE 14301 1€ TA
20421046330706317 __ sHOMICPgeo/T2_30%) T2 35% 792 sHolMICPgen/T2_30%] 1 T2_35%
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CONCLUSION

» Positive feedback from pilot users.

» [t never ends!!

» Project is open for ideas and suggestions.

» UFFLAR will register it as a free software.
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U covoratsrinpor picastes do s perofisca g
Thank you!
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Email: pedroviannamesquita@gmail.com




