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Abstract

The geomechanical relationship between lithology and rock strength reveals a new method for fracture study and analysis. This practical
geomechanical application is also valuable for drilling parameter design and could create a new way of development of field development.
In order to simplify complications in the Jurassic Manusela carbonate fractured reservoir, we used the geomechanical as approach.

The method of geomechanical core interpretation and analysis of our carbonate fractured field is as follows:

e stress in the earth is simplified by using Smax and Smin system,;

e all failure is simplified into shear and tensile fracture;

e tensile strength of rock is much smaller compared to compressive strength;

e cvidence of multiple tectonic phases, such as extension, surface exposure and compression, are key for fracture development;
diagenesis (e.g., cementation and compaction) creates higher rock strength;

e rock strength of Manusela carbonate is calculated from sonic log by using equation, drilling well data and triaxial test;

e direct relationship between helium porosity and rock strength is found in Oseil-1 well.

In the core workshop we are proposing new ways for fracture analysis by combining calculated rock strength and lithology. Higher rock
strength has fewer fractures and less porosity, whereas less rock strength has more fractures and more porosity. In E Nief-1 well, compacted
dolostone core has the highest rock strength (average 10500 PSI), less fracture, and is non-reservoir. Oolitic limestone core at this well has
less rock strength (average 7200 PSI), more fractures and is good reservoir.

In Oseil-1and 4, Oolitic limestone dissolution core zone has less rock strength (average 6800 PSI), and dolostone is slightly stronger (8800
PSI); both zones of limestone and dolostone are highly fractured and highly porous.
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Stratigraphy of Oseil field

« Manusela fracture carbonate reservoir-- Jurassic age.

 Tectonic extensional fracture was generated during Early Jurassic.
« Uplift of listric fault reactivation followed by karsting, dissolution and cementation caused by phreatic water.
* From Jurassic to Late Neogene's Manusela carbonate was compacted.
« Late Neogene's compression rectified the extensional fracture and compression fracturing was generated.
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Mechanical Stratigraphy

Geomechanical approach for Oselil field

r=c+otang

(a) (b) (c) (d) (e)

Fig. 4.16. Rock failure types. a. spliting; b. shear farlure; c. multiple shear frac-
tures; d. tensile failure; e. tensile farlure induced by pomt loads

Jaeger, J. C., and N. G. W. Cook, 1979. Fundamentals of Rock Mechanics, Chapman
and Hall, London.

* Stress in the earth is simplified by using Smax and Smin
system.

* All the failures are simplified into shear and tensile
fracture

* Tensile strength of rock is much smaller than
compressive strength

» Multi-phase of tectonics, such as extension, surface
exposure and compression, are key for development of
fractures; extension is good for fracture and compression
good for structure.

» Diagenesis changed lithology and rock strength
properties of the rock.

» Rock strength of Manusela carbonate facies is calculated
from sonic log by using Militzer and Stoll equation (1973),
drilling data and core triaxial test.

» Porosity is calculated using helium porosity
measurement; direct relation of Helium porosity versus
rock strength found in Oseil-1 well.

*Geomechanics core measurement:
a. Poisson ratio b. Rock strength c. Thomsen parameter



ﬁ KUFPEC INDONESIA — .
WELL:0SEIL-1 .

CORE 1 CORE 1 RE 1
§701.00-679400 6794.00-6797.00  6797.00 -6800.00  6800.00 - GRO3EEERRHERY E794'-879T" 6797'-6800' BB00"-6803

- - | Os-1Rock Strength Calculated Using Militzer and Stoll |
A 15’ 9 74| Core no:1 depth 6791 to 6803 feet
\ . | MDDEPTH ( FEET) DT 7682/DT  (7682/DT)*1.82
\ y “‘[ / 679100 5239 14667 8766
/\ < /> 679150  56.08  137.02 7744
. ol 6792.00  58.99  130.26 7062
) P \\; \ L 679250 5962  128.68 6927
e \\k , 6793.00 5836 13167 7202
o 679350 5599  137.4 7766
’ s 1 679400 5296  145.09 8594
o - il/’f’{ 679450 5020 15307 9473
q X~ /] 6795.00 4889  157.17 9940
E v B el 679550 4923  156.08 9815
IA V) 3 Y 6796.00 5034 15264 9425
N P | 8|\ A 679650  51.05 15052 9188
= ' ° Y 6797.00 5056 15198 9351
\WIE ﬁg::;- 4, 679750  48.89  157.17 9940
¢ R ) 6798.00 4694 16370 10704
\)c?;; ~ } P 679850 4570  168.14 11239
By ) 6799.00 4581  167.74 11190
< 6799.50 4741  162.08 10512
& 6800.00 49589  154.02 9580
6800.50 5240  146.64 8762
\ ,’] N 6801.00 5469 14050 8105
4, 680150  56.81  135.26 7563
6802.00 5829 13182 7218
KEY TO FRACTURES : 6802.50  58.67  130.97 7133
6803.00 5840 13158 7193
e et s tur s et i e rock o o pereuss i) Average Rock Strength 051 core no:1 8816
FACIES|DESCRIPTION
I | A OOLITIC GRAINSTONE
,f';' L. . BPH] ot e i it ' A B
|

)
allt

\ Migrolraciures of fractures which are healed with calcite comants
-~

Lithology: Limestone

Naall  Stytolites

Low-rock-strength lithology has more fractures and is porous.

(\_}. Wugs of Faliled pors spaces



DOLOSTONE

E KUFPEC INDONESIA LTD
| WELL: EAST NIEF -1

CORE 3 CORE 3 CORE 3 CORE 3
5594.00~ 5597.00 5597.00 -5599.00  5599.00- 5602.00 5602.00 - 5605.00

EAST NIEF 1 CORE LOG ~ CORE 3
I M [i‘l?"‘;w’_ Do e B R
—L L 4/ | CORE 3 : 5586 10 5621 . ot 35, 100% ec. [

—7 = a o | 5504 o 5421 1. 100% Dolostond : wiita 10 IGhT FEEES
| | giey 10 geey, cyslaling 10 micioCiysiaiing, SRR

] AL sucrosic, hord, colcoteous In porl. Almost B
compiele recstalisation and repiacement of B

the oigna foorc by doiomile hos occuned [8

-

QIthough Some CIoss-Daading 5 S evicent on 0 [EEES
| whole  coe  scale, Very poor o ol BEEE
Interenstaling mabilx porodty,  Fol 1o pox g
vuguiar ond fhochee porodly with fome B

w® = = ®

oFr=

M | sacondary  cementation of * veid  space, [REE ’ | -_
Fractus vedical fo sub-verical (up fo 40 JE " :
= | degrees lo ox of com), Abuncont bock FESE . | _
| LT /. biturmen / 1ot in part Inflling ol pocodty fypos, JREEE i |
T srong odour and ol stalin throughoul. 2 | ]
| = SHOWS : aul o falr 1o sirong yelow to ioht B ' | - ‘ -
| = - olange Muoascence bolh within matrx ond JEES * | PUE—
B s s _// | secondary porosty, Instant 10 fost white yellow [ * | EPEC
| I S e stecming cut, Madium to dark brown fesdual . | . KU
i T r firn . | g
{ »
~ ::%,;:El /i ' |
=== . ; 1] i
g = —— . | - _ ﬁ"‘:: o
—:.{I;,L.ﬂl / . . / o
Py i s e N ! i,

E Nief-1 Rock Strength Calculated Using Militzer and Stoll Equation (1973)
Core no:3 depth 5594 to 5605 feet

MD DEPTH ( FEET) DT 7682/DT (7682/DT)*1.82

5594.0 45.98 167.46 11159

5594.5 46.91 163.80 10717

5595 0 4777 160.85 10368

5595 5 48.78 157 .52 9981

5596.0 49.8 154.30 9612

5596 5 505 152 16 9371

5597.0 50.7 151.56 9304

5597 5 50.43 152 37 9395

5598.0 48.82 157.39 9966 : =
5598 .5 47 46 161.90 10492 : §
5599.0 46.75 164.36 10784 m
5599 5 46 52 16516 10881 - 8
5600.0 46.51 165.21 10885 z
56005 46.72 164 .47 10796 '
5601.0 47.13 163.04 10626

5601.5 47.1 163.14 10638

5602.0 46.93 163.73 10709

5602 5 46.49 165.28 10894

5603.0 46.31 165.93 10971

5603.5 46.19 166.36 11023

5604.0 46.13 166.57 11049

5604 5 46.07 166.79 11075

5605.0 46.05 166.86 11084

Average Rock Strength E Nief core no:3 105121PSI Higher-rock-strength lithology--fewer fractures and lowerporosity.
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Depositional Environment

" Unconformity

Core Dapth: GR2Y
Plata 7

Coarsening
Upwards

Core Depth: 48337
Plate B

Oolitic carbonate deposited in
regressive cycle of
shallow-marine environment,
from low-energy restricted
marine to high-energy marine - e
sand shoals.




Dissolution and Breccias Alteration
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A dolomudstone? 1s heavily fractured (brecciated) and composed of hypidiotopic dolomite
crystals that forms a mosaic fabnc. The diameter of dolomite crystals ranges from 80 1o 600
microns, with an average of 180 microns. No grains were evident
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Early Jurassic extension followed by uplift and surface
exposure has generated dissolution, brecciation of
Limestone and Dolostone.

Thin section and core of dissolution zone from OS-1 well
occur in Oolitic limestone; dissolution of Mollusk has distorted
some Ooids and created better porosity.

Heavily fractured (brecciated) Dolostone is clearly seen in
core and thin section.

Brecciation with high angle fracture could create very high
vertical permeability that could connect reservoir to
aquifer.



Less compacted Dolostone (Oseil-1well)

Delemtwation has destroved the onigenal rack (?pracurses himastonal

Inuarcrystalling porosity & good and well connected. Ol staining 15 locally observed 1FLB GTI

Compaction diagenetic alteration caused by burial will destroy
dolostone porosity; Oseil-1 dolostone is less compacted, compared to
E,Nief-1.

Rock strength is also increased by compaction; rock strength of
dolostone in E.Nief-1 area is much greater, compared to OS-1.

Diagenetic Compaction

More compacted Dolostone (E.Nief-1 well)

FIGURE 12b - Thin section of Manusela Formation showing total replacement of
grainstone by dolomite. Sample from East Nief 1 well at depth of
5594° (RKB)



Fracturing History

Intergranular porosity is mostly filled with blocky calcite cement (G9). Early fractures are cemented by calcite; later fractures are open and
Later stage of fracturing caused millimeter-scale displacement. contain calcite and bitumen (ES8).

Compression began in late Neogene and rectified early fractured
rock that had been cemented by calcite and caused millimeter-scale
displacement; younger fractures are open and could contain oil.



Helium Porosity
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Company : Kufpec

Fila Mo, PET-23.131

Well ¢ Dgeil-1
PETROGRAPHIC DATA SHEET
Core Depth: GB27°
Plate 7
Lithalogy Limestane
Classificonon : Oolitic-molluscan grainstone
GRAINS 68% | CEMENTS Z1%
Ooids 51% Calcite 21%
Peloids 2%
Intraclasts 1% REFLACEMENTS 0%
Moliuscs an
schinoderms 3%
MATRIX 0% | VISIBLE POROSITY - 119
Intergranular 2%
MMouldic 2%
Min Mode Max TEXTURE
Grain size v fine Medivm  V.coarse | Sorting rModerate
Pore Size Grain Contacts : Flgating > Tan
(rmim) Q.01 012 0.24 Abrasion : Modarate
Summary :

A medium-grained oolitic-molluscan grainstone is laminated and containg abundant oolds
accompanied by common imbrcated molluscan fragments (PLA: bottam) and minor peloids
echinoderms and intraclasts. Some ooids have very thin concentne leminae (supe-ficial, PILA

E7).

Micriisation of molluscan fragments has resulted in micrite-envalops.  sopachous rims of
calcite cement s evident (AL.B: C15). Dissolution of molluscs was followed by compacuon
that has distorted some ooids (A.B: D2, the praciprtation of aguant ealeite semant, nfiling

primary and secondary porosity.
Vigible porosity := fair, comprieing widosorcad

Iacalised mouldic porosity.

Plate A: Tcm = 0.23mm, Plane polars
Plate B: Tem = 0.06mm, Plane polars

Os-1 Petrography Data 6827’ MD

saloie reduced intergranular porcsity and

Lithology: Limestone
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Lithology: Dolostone
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Summary

A dolomudstone? is hoawly fractured loreccmted) ond composed of hvoidiotopic dolomite
crystals that forms a mosaic fabns, The dusmetsr of dolomite cryatals ranges from B0 1o GO0
rmiceons, with gn average of 180 mecrons. No glains wene evidsnt
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g (PLA: JBE.5

Pinte Az Tom = 0. 24mm, Plane polars
Piote B: 1em = 0.0Emm. Plonc polars
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N
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0s.3 Rock Strength Calculated Using Militzer and Stoll Equation (1973)

Core no:3 depth 7510 to 7513 feet ' ' ’m

761000 5144  149.38 9062 InCarnations
761050 5137 14958 9084 —
761100 5148  149.26 9049
761150 5206  147.60 8866
761200 5259  146.11 8704

T612.50 52.65 145.94 8686
7613.00 52.52 146.31 8725

Average Rock Strength 8882 PSI



Seismic Anisotropy and Oseil Cores

SEISMIC ANISOTROPY
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, w1m -
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) E_Nief-1 :

SEISMIC ANISOTROPY

oFr=
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1.40 -
1,028
! 1,2607%
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1,1078 ] g
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Core and seismic anisotropy of Oseil-1 upper zone E Nief-1 core and seismic anisotropy showing Manusela
showing high intensity of Manusela carbonate fractured carbonate fractured reservoir not developed.

reservoir.
High fracture intensity = High seismic anisotropy Low fracture intensity = Low seismic anisotropy



Future research on Geomechanical and AVAZ

Static geomechanical cores measurement for the following physical
properties:

Poisson ratio

Rocks strength, unconfined compressive strength (UCS)
Thomsen parameter using ultrasonic stiffness at 0, 45 & 90
degrees to fracture planes.

Wn =



7510'-7513"

WHOLE CORE

CORE#®4

7513'-7518°

RUBBLE

Inthe case of anisotropy,Vs shear wave is polarized into Vs fast and Vs slow, shear wave traveling paralle
to fractured zone will have faster velocity, while shear wave traveling perpendicular to fractured
zone will have slower velocity, ¥ Thomsen parameter will be:

Vs fast—Vsslow e .
=————————  crated significant positive value 0.15
Vs slow

If in the case of dissolution or brecciation and P wave velocity changes dependent on fracture strike and
direction, £ and & of Thomsen parameter may change:

_ Vp90deg-VpOdeg
Vp Odeg

=-0.05

__ Vp45deg-VpOdeg
Vp 0 deg

6 € =-0.05

and coefficient AVO Fracture anisotropy

Vv
Ban = -0.05 + 1.2[—]?
Ve Shear wave splitting in anisotropic media

: /-..,/ Vs fast

Con = %[—0.05 sin 20 + 0.05]

Y

/\( 7}/ =iy | 5t

FRACTURE ANISOTROPY FROM CORES






Conclusion

G&G Problems for carbonate fracture reservoir are
lithology heterogeneity and fracture distribution.

Combining cores, well data and seismic will be valuable
to predict reservoir heterogeneity and fracturing.

Rock strength is used because simple approach to
heterogeneity of reservoir and AVAZ are used for

fracture prediction.
_ow-rock-strength lithology will have more fractures, more

porosity and more anisotropy. High-rock-strength
ithology Is less fractured, less porous and isotropic.
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