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Abstract

¥ 1 two energy-phase (shore and
maring) resulting insertion of sand-shale content, will have unusual petrophysi

and vertical pattem from well log atribute. Meanwhile the petrophysic (permeability)
distribution has 1o be predicted accurately, well log auribute cannot do, even a simple
conventional porosity-permeability semilog plot is firmly used, the fallacy comes. Here we
present a methodology of rock typing by integrating geological aspect from 112 detailed
core descnption and well log gamma ray atinbute as shorteut 1o predict permeability that
closes to real one.

Reservoir rock typing is a process by which geological facies or lithofacies
charactenized by their dynamic behaviour. Facies and the role of sedimentology could be the
base to conduct rock types. Hereby lithofacies is defined by the sedimentary texture,
Meanwhile, core descniption should be done in a great detail, therefore it is recommended o
lump or bin lithofacies 1\p1.s into facies .nwo‘.muon Gamma ray log that shows vertical
slacking pat i . ing-u d) explain the
In this paper we propose mln.gnlmn of the core description and the facies association to be

used to pmdum representative rock types into PGS method. Once established, porosity-
bility I

relationship

em fracts.

are formed to result permeability equation, Moreover,

stratigraphic modified lorenz plot (SMLP) is used to define flow unit in stratigraphic or
The study results 2 rock types based on facics association in PGS method;

I bility prediction e has been valid through routine core data (R*0.9576),

henee, it could be used for j

coarsening upward, fining upward, ete, from well logs gamma ry attribute response that is
in aceordance also with grain size (core description). In fact, bed thickness and rock type
(grain size) could be integrted and agree with interpreted depositional context from cone
description and well logs (Xu, 2013). Facies, itsell. could be group into [acies association
with prerequisite happened within a same environment and has permeability -porosity
relationship. Gomes et al. (2008) defined facies associations are groups or bins of lithofacies
from the same depositional environment/Tacies racks with common e-k relationships/trends.

Based on the defini stated, one persp of facies and the role of
sedimentology could be the base to conduet rock types. paper shows that the rock
tional zone could be tucted by i ¢ [ncies ion denved from
esponse (coarsening upward and fning upward) in uvial-delta environment,
and pore geometry-structure method, hence it is a good simplification of rock typing in
Nuvial-delta envi this
reservoir "X, the resulted permeability prediction equation could be used steadily

mment. Thus, for further wells correlation in the same layer

Literature Review and Basic Theory
Facies and the role of sedimentology

Lithof: types are &
and with the help of petrographic thin scetion analysi

I from

ly. slabbed cores using a hand lens
Lithofaics types are defined by the
sedimentary texture (Dunham, 1962; Embry and Klovan, 1971). the grain types, and

P v by the v stuchires. | types are the basic building blocks for

gy bility on the Fwells by

i
stratigraphy-correlation for reservoir *X°. The SMLF has confirmed 4 Mow units which the
best flow zone is in coarsening upward pattern. This could be an altemative reservoir
characterization reliable core data which leads 1o a well-built reservoir model and o
know the best layer to be produced

Keywords:  lihtof:
meability prediction

s, [facies  association, mck  typing, pore  geometry-structure,

Introduction
Unless from core data, permeability is an uncertain petrophysical parameter o
measure whereas it determines the capacity of reservoir fluid Nowing 1.hmugh connected

ih i e F " hili

pore space or pore throat. Well log have in |

accurately, as well as such a sunph conventional puruswl\ pc.rmn.uhllll\ sumlug p]ol is

firmly used, the fallacy comes. il it does in i ¢ en

all il analysis. Con porosity: y dota derived (rom core plugs
should be tied 1o the litholacies types. Core description (litholacies deseription) should be
done in a great detail, because it is always easy to lump lithofs types together at a later
stage. Therefore it is reommended 1o lump or bin lithofacies types into facies association
(FA, facies bins). The lumping should be done using common lihtofacies tracts (facies of
similar depositional un\urunm.nl) and one should be very careful of grouping them based on
porosity plots without prior k dedge of the di
Binned lithofacies types ullh sm:ﬂur diagenetic overprint should follow the same porosity-
permeability trends. In addition. the lithof vpes binned in the facies association should
have approximately the same range of porosity-permeability (Gomes et ':I 2008)

ibed within a seq phi k.
because the vertical stacking ol lithofacies (shallowing upward, deu.pmg upward, thinning
upward, thickening upward, or fining upward as well as coarsening upward) depends on the
system tracts (TST: retrograding system, HST: prograding system). Time.

& £

overprint,

Lithofacies types should be d

hes

where the sand-shale content and deposit over and over again  cau: unusual

petrophysically relationship, exactly it will have difficultics to characterize rock type for

lurther study of geological modelling. Definitely is. well log attribute responses still show a
robust pattem 1o assist in rock typing. Here, the concept of sequence stratigraphy will be
reviewing the rock types applied into pore geometry-structure method as it could also result
a permeability prediction equation.

There are some dcﬁlliln of ek typing based on common technical
terminologies found in the literawre, Geologists consider rock as depositional facies or
lithofacies which emphasize the genesis of rock formation enable 3D stratigrmphic
reservoir modeling (Fisher 1982, Kerans and Tinker, 1999; Slait, 2007). Petrophysicists
define rock types based re geometry that relates all static and dynamic petrophysical
properties (Archic, 1950), Reservoir and production engineers group rock types as flow units
ﬁl are stratigraphically continuous intervals of similar geologic and petrophysical features

upscale reservoir grids for efficient (uid-flow simulation (Gunter et al., 1997b)
Notewaorthy is that reservoir characterization teams are working 1 wand a common olsjocluc

boundarics: sequence bounda

I maximum looding surfaces, and
MNooding surfaces) i i\ v tied 1o well-logs (distinctive well-log
character) should be used to subdivide the reservoir at a third-(depositional sequences)
fourth-(parasequence sets) and al needed. Ofth-order ( ] ) scale. 1 or
facies association maps (GDE: gross depositional environment or EOD: environment of
deposition maps) should be built at fourth- or fifth-order scale. These GDEEOD maps also
serve as a quality check for the correet lithofacies interpretation), (Gomes et. al., 2008),

on core and

‘Grain-Size Analysis from Gamma Ray Log Attribute

rai e is directly associated with depositional energy (Xu, 2013). Large
gmins are deposited wnder highly energetic flow conditions, whereas
deposited under low flow energy (Reading, 1996). Grain size information provides key data
for geologist in their facies interpretation work (Glaister et.al . 1974) In addition. grain size
distribution detel
elfects are not significant. Consequ.
terms of hydra

small grains arc

mines the pore-size distribution of most clastic rocks when di
v. grain size information becomes a good in
capacity,

Grain size is typically measured from core samples. To date, there exists no
capable of measuring grain size dircctly at downhole

reservoir quality

to construct a venfiable reservoir modu.l pulated with for

reserves estimation and | I ing (Lucia, 1999). Thcml'm dcwlo;nng new flective physical
rock classification schemes and workflows that serve multiple cb purp

from different disciplines remains a challenging but § |mpollanl task. It is important thal

integral endeavor to classify rock types are so i o ically and petroy Th ve

However, there are causative and correlational effects between grain size and
physical logs. Gamma ray logs are sensitive to the natural radioa, of rock formations

unique

Petrophysically, reservoir characterization involves identil rock 1ype with
-.||1:|Ial !‘Im\ 'md xlnlagn. characterislics, Rock ty) pes 43 unit of rocks deposited under similar

similar diag lling in unique it

p\:lmn:ahihly. capillary pressure and water saturation -dmn. free water (Gunier et al, I‘)‘n}.
Recently, based on a set of mercury injection capillary pressure data it was found that the
Levereit's mean hydraulic diameter (ko) correlates very well with volumelric average of
mode values ol pore aperture size distnbution then called as effective hvdraulic diameter of
the pores (Permadi et al., 2004). Such a capillary model may be wsed as an approach o
characienize not just pore geometry but also the pore structure, il does. the model may also
be emploved to identify rock types (Permadi etal., 2000), Later, it was indicated in the work
of Guo et al (2005) that good history maiches were quickly achieved where the defined fow

units or rock types were in accordance with the capillary pressure data in terms of J-funtion.

These all indicate that both pore geometry and its structure play an important role in defining
arock type or a llow unit.

Geologically, igraphy has been uscfull to identify a similar lime-set
b study 1 sel that

ly showing a cenain stacking patiemn,

(U, K, Th) are predominantly associated with small grains such as
silt or elay (Sema, 2003). Consequently, often there is a correlation between gamma ray log
and grain size distribution (Xu. 2013), see Figl. In fact the gamma ray log as been long
used as a single indicator of grain size in many geological ficld studies because it is more
readily available than others (Pirson, 1983 Rider, 1990).




Figure 1- Gamma ray log respondly consistent to rock type (grain size), (Xu, 2013)
Pa ] Pa Set and Stacking Pattern Formed
Parasequence consists of several laver and stack of laver of rocks that are
relatively conformable, formed by sedimentary proceess and restriccted by Nooding-sea
level or equal level. There are two mech forming p namely the increase of
sea depth relatively [ast, and increase of sea level [ast. Fig. 2 shows 3 parasequence sets
relating to the gamma ray log response of each.

Cylindrical | | Funael

Aggrading

[rep———

B e, [ e e (=T

Pty e My B

Figure 2- Parasequence set of formation and gamma ray log response

The parasequence is restricted above and beneath by the surface of marine
flooding which is as boundary separating voung laver and older one resulted by an increase
of sea level depth suddenly and the spreading towards laterally. Parasequence set is a
combination of parasequences that are related genctically to forming distinct stacking
pattern. Fig.2 shows that progradational parasequence set is typically formed when the
sediment supply is higher than accommodation, and Ihl. '.Iat.L\ng patien formed s
coarsening upward (rom gamma ray log resy A i I q sel has equal

supplay and dation which f(srm stacking pattem of cyvlindrical from
gamma ray log response. while the fational q sel has opy process
from progradational. hence it has stacking pattem of ﬁnlnl. upward.

Pore Geometry-Structure
Besides of porosity and (uid

permeability whic

one of the i is

rock |

P

¥
tem, P.:rm.:ahilil_\- asa

rongly controlled by archite

result of geological processes will cause the ¥
that is umique. Permadi et al. (2009) proposed a rock typing method which is pore geome

structure, simply as :

k=co )
the J-Fun . rock typing requires identification of both pore geomelry and structure
similarities for o given samples set. This can be approached by applying th copillary wbe
model 10 a natural pore system for which Eq(1) can be rearranged 1o separate pore
geometne term from the pore structural term,

JE_=NVT 2

this cquation says that plotting (k'e)" versus C on log-log seale should yield a straight line,
Theoretically for a perfectly smooth. cylindrical capillary tube system. the slope of the
straight line should be 0.5, The position of the straight line in the graph depends on both the
degree of tortuosity il the capillary system and the specific internal surface area of the
capillary whes affecting the effective hydraulic quality,. When the values of (kio)"* are
plotied against the corresponding values of C on log-log scale, data points that tend 1o forma
straight line with positive slope reflects the tence of similanty in the pore architecture
amon g the samples (Permadi et al., 2009).

Leverett’s J-Function. Rock type is rock or parts of rock that has been deposi the
same envi and has i similar di ic process (Archie, 1950). of
rock which the same rock type tend 1o have a certain correlation between the physical
properties. Pore size distribution of rocks control the porosity and permeability and
saturation correlates with water, Rock type tends to have a certain pore size distribution and

Model of Permeability Prediction
PGS. Rock type equation from PGS plot (Wibowe, 2013): y = a x®
05

(5" = & (%) becomes k = o? ((1 )

equation of k-Swi relation
Swi=mk™

k= (2 ®

match action into “climination’ equation {(4) and (3) -

= (a?xm¥)x (;_,) ........................................................ ©

W=y Swi
If & is permeability (mI¥). o is porosity {(fraction). Swi is irreducible water satu
([raction) @Pc ~ 150 psi. “a” is rock type equation constant, “b" is rock type slope, “m™ is
constant of k-Swi, “n” is slope of &-Swi, thus the correlation between permeability, porosity
and waler saturation i'i 4

k=Cx — i M

o S

Plot between & against IW) into log-log plot, cach rock type will have their own
straight line with constant (C) and the certain slope, then it is the equation of permeability

prediction.

Methodology

Mn.lhmlulo&\ used consists of d of lithofacies types and dey
envi T ion, Gamma ray log-based stacking patterm and facies association,
Petrophysical grouping. Pore geometry-structure (PGS). Rock tvpe using J-function as
validation, and the result are permeability prediction as well as flow unit based on SMLP.
Fig.3 clearly shows the step-by-step of

proy

Log =
Standaed Peropkysical Anatyis
¥

el Log Gamima Ray
[

¥
‘Sucking Parserz Anslyas

e

Iemtify Ltnstacien frems | Vabiation
Cove Deseripricn

=,
Envwonment e

After Calibeated itk
SCAL Fai

! ]
Reock Typing POS st b= F )
i
Pt (V605 11 bie'3 | e | Difine Equation of Rock Types | <3200 mm o500
“ilidase ot L-Fosction - k= tin Soi)

Penmeability prediction (POS) | MSI08, | 4opyy
¥

[ Deefine Flow Ve |
Stntiprphically using SMLP

Figure 3- Workllow used based on core data and well log

Rock tvpes defined by facies association from core deseription with certain
stacking pattem from well log gamma ray response should be integrated into pore geometry-
structure (PGS) method whether they are already in accordance together or not. The PGS
method says that the slopes ideally is 0.5, but here the assumptions is made by the slope is
no more than zero 0.7, this is because in the transitional zone the effect of shore-oll shore

energy has resulted unusual [acies/lithofacies types hgraphycally whereby the

content of shale happened over and over again. Afier rock ty p\.: validated by J-function, the
permeability equation could be gained by integrating the calibrated Swi-well log with rock
ype's uqll'\llnrl this step will result permeability prediction equation as function of o and
Swi. . 1o know depth of the single well that has good layer

shape of the curve will have the unique capillary pressure. Leverent (1941) did an approact
by identifying dimensionless function from water saturation then called as J-Function:

JESw) -0.21645 = .
Data point in the J-I"um:l“nul il it tends 1o form a single cury
data points are a flow unit or a rock type that has similarity both of pore seometry (/o)
and pore structure (€ = %}. (Permadi et. al., 2009; Muttagin, 2015). Nevertheless, the pore

L8k distribution does not necessarily define or charactenze rock type. some rock types that
have the pore size distribution is generally the same. Integration aspects of geology and
petroleum engineering are necessary o define or characterize the rock type.

Flow Unit from SMLP

The best way 1o assess the minimum number of flow units in a reservoir is o
make use of the Stratigraphic Modified Lorenz Plot (SMLP) technique (Gunter et al.. 1997).
To compute the SMLP., countinous (foot-hy-foot) core porosity and permeability and the
respective k/phi ratio are in igraphi order. Subsequently, the prod of k*h
and o*h were caleulated, the p:mnl SUmMs were and, Iy, lizati
1o 100% was carmied out (Gomes ¢t al., 2008)

perf Pl lified 1nr\.n/ plot is employed to emphasize it

Result and Discussion
Core-Based Lithof: Ty pes and D I Environment Interpretation

Core description can assist the lithofacies types formed and the depositional
environment nterpretation. Here 112 core samples are analvzed 1o guiding the well log
gamma ray response later, tabulated in Table 1,

Table 1- D itional Envi Interp hased on Core description

. Depositional
(wﬁrm;ﬁ:dst?r:':lﬂ) Description (lithofacies type) Environment
il tadih : Interpretation




(6848 01— GES6 [): Sandstone and
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 Lower Part of
Channel Depasits
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fart thick
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Pore Geometry-Structure (PGS)

Pore geometry-structure will establish wheter the resulted two stacking pattemn
have a distinet architecre of pores well or not. ldeally for evlindnical capillary wbe sistem
the slope will be 0.3, but here we assumse that the limil of a good slope’ gradient is no more
than 0.7, Fig 6 confirmes each plots shows in excellent agreement with slopes are 0.67 for
coarsening upward (CL) and 0.578 for fning upward (FU) petrophysical data. Subsequently,
the CU and FU will be named as rock type 1 and rock type 2. respectively.

Figure 5- Pittman plot hip between porosity-per

king pattcrn group
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(6938 v 6939 [t Sandstone,
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(6939 ft — 6940 1); Sandy mudstone
and mudstone pebble conglomerate.
(6940 i 6951 fip: Small pebble
conglomerate, yellowish gray, lithic,
moderate sorted, inclined laminag

6951 1 - 6957 M) Sandstone and
Small pebble conglomerate, vellowish

Al sets in Fluvial-
Delta Cyele

gy, lithic, coal fragments

(6957 1N 6958 1) Mudstone or
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yellowish gray
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coarse poarly sorted.

Figure 6- PGS plot based on the CU and FU petrophysical data, called RT 1 (CU) and RT 2

Rock Type using J-Tunction as Validation to PGS
Special core anal (SCAL) data as many as 4 core plugs will validate the
resulted PG S-rock types. SCAL samples consist of 4 namely 1D 306, 1D 319, 1D 326, and 1D
333 All the samples are denived from coarsening upward section or BT 1. Subsequently,
cach 1D has their own irreducible water saturation — capillary pressure data, all data were
nomalized by j-function method, see Fig.7. The result shows all data-spread are close each
others and they tend to form a single curve like Fig. T (b). With determination coefTi ®
0.9143. This figure has validate that coarsening upward section or RT 1 has been in
accordance with j-function-rock type. Meanw in the fining upward or RT 2 section has
no SCAL samples to observe, so it has not been validated Hence, for further

recommendation is in that depth section should be taken any core samples to know the
dynamic behaviour and to guide the rock type resulted before.

Gumma Ray Log-Based Stacking Pattern and Facies Association

Study above can facilitate the same lithofacies into a same environment, here is
fuvial-delta (Muvial is dominant). We validate it into gamma ray response that shows two
stacking patterns (coarsening upward (CU) and fining upward (FU)), Figd shows that
LAMma ray resy could be corresponded Types. Facies association for the
two is generally same (fuvial-delta), hence in manner of stratigraph, thi
correlate other wells and [acilitate a petrophysical paramater (permeability distribution ).
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Figure 7- J-function just validates RT 1 {CU Jby its single curve formed (b)

Permeability Prediction
Fig 8. s as consideration why conventional method does not necessanly comect
1o predict permeability distrbution. Con I porosity-permeability plot for cach section
has determination coellicient R? = 0,8367 (CU) and RB? = 0,6078 (FUJ). These result is lower
for bility prediction pupose. PGS could accomodate ireducible water

and porosity o corclate permeabiilty better. The steps are caleulated using

Fievationa oam

;
]
{
$

1 with lithof: tvpe to be

Figure 4- Stacking pattern of gamma ray resp
facies association

Petrophysical Grouping

In order 1o elablish the petrophysical groups within a st
concept of pore throat is used, Pittman plot employ quation difl
petrophysical range in order to know their group. In Fig.5 shows there are 4 average isopore
throat lines called R35. These each lines will correspond to how many proper flow units will
be in the stratigraphic order using SMLP method The sam
for different stacking pattem group within the same [acies association

king pattemn group, a

may apply

relation in the Fig

mation (4) until (8). The calib i-Swi for cach RT s are in Fig.9. and cquations
were merged with rock Lype equation to gain of porosity-p bility-wat
saration. The result of log(k) = log(C)+ log \A‘:m,, see Fig10. Subscquently, calculate

permeability estimation using cach rock type’s equation resulted from Fig. 10, Finally, the
estimated permeability for both convensional method and PGS approach are shown in
Fig. 11. We see, the k-PGS gives more accurate permeability that closes to core permeability

Coarsening Upward Fining Upward
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Figure 8- Conventional porosity-permeability plot
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Flow Unit Based on SMLP

Flow umit is a reservoir layer that has certain chameteristic of Quid fow. Flow
unit always relates 1o the effective permeability/ pore throat space. In this case, from 112
core samples stratigraphically-analyzed hos resulted 4 flow unit (chameterized by data
spread-shape). The advantage of SMLP, when applied 1o a single well, is that it resembles
the gradients of a production loging tols (PLT) profile versus depth, whereby the shape off
the SMLP curve i
slopes have a greater percentage of reservorr fow capacity relative to storage capacity, and
by definition have a high reservoir process speed. See Fig. 12, A0 iz a flow zone with depth
from 6848 (1o 6867 I, Al is a low zone with depth from 6878 [1 10 6888 (L Al is a flow
zone with depth from G888 [ to 6908 11, Sezment of A has storage capacity around 16%
but little flow capacity (3%). Segment of Al has storage capacity 20% but high enough for
the flow capacity (14%). Segment of A2 has storage capacity around 20% and the highest
flow capacity (34%). Segment of A3 has highest storage capacity 40% with the fow
capacity around 19%, Mathematically, A2 and A3 are the best Mlow unit, but we should
correspond il 1o waler saturation profile (Fig.13). Gomes et al.. 2008, said that the best Mow
1. But il the highest fow zone has water-bea
12 and 13, we may

indicative of the flow performance of the reservoir. Segments with steep

unit is which has the steepest gradi 2 layer,
it will just like to produce water. Based on the observation from
conclude that the best Now zone is AZ that has the steepest gradient, (low capacity 34%:),
this zone dominantly consists of lower part of RT 1 {coarsening upward). The high-average
permeability and lower water saturation are also located in the coarsening upward section.
Thus, A2, Al and AD in a row are the best-row to produce oil

Previosly. petrophysical group based on Pittman plot there are 4 groups,
the Mow unit resulted from SMLP, 4 groups of flow This plot is very
uselul for optimization of the number of petrophysical groups and 1o asses their distinet
dynamic behavieur

nd these

correspond als

Stratigraphic Modified Lorenz Plot
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Figure 12- Flow zones based on stratigraphic modified lorenz ploy
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Conelusion
I The faci
together to define a fuvial Facies association for purpose of rock typing, even in

litholacies types found in a Huviatile e

vironment may be grouped

Muvial-delta environment.

2 This study results 2 rock types based on facies associ
RT 1 (coarsening upward), RT 2 (fining upward) s could be an altemative
voir characterization wsing reliable core data which leads 10 a well-built

tion in PGS method namely

; ility  predi uation has been va
e, il could be used for predi
stratigraphy-correlation for rese

through routine core data

ing permeability on the uncored-

r X

4. The SMLP has confirmed 4 flow units which the best flow zone 15
upward pattern, hence it assists knowing the best layer to be produced

5. As recommendation, PGS plot could be used for guiding which samples to measure
SCAL further.

b coarsening
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