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Summary:

Permeability has been estimated making use of the
concept of Flow Zone Indicator (FZI). Flow Zone
Indicator has been obtained from the combined use
of the well log data. Well logs are evaluated for
porous and permeable sand layers. Permeability
values have been calculated for three sand layers
varying thicknesses from 4 to 9 m. Flow zone
indicator (FZI) for porous and permeable layers
from different wells are calculated from
transformation of gamma ray, neutron porosity,
density, deep resistivity logs. Calculated
permeability value ranges from 11 md to 24 md for
hydrocarbon bearing layers.

Introduction:

The hydraulic flow unit (HFU) approach has been
used for classification of rock types and prediction
of flow properties, as an integrating tool for
petrophysical  description of the reservoir.
Development and application of the HFU approach
is stimulated by the common problem of
permeability prediction in uncored but logged
wells (Svirsky et al., 2004). Classical approaches
for estimation of permeability are based either on
simple logarithmic  regressions evaluating
permeability from log-derived porosity (Eq. 1) or
on empirical correlations which relate permeability
to various log responses.

a and b are constants.

The hydraulic unit is defined as the representative
elementary volume of total reservoir rock within
which geological and petrophysical properties that
control fluid flow are internally consistent and
predictably different from properties of other rocks
(Amaefule et al, 1993). The fundamental
petrophysical units in a reservoir (rock types) can
be determined by flow zone indicators for routine
core plug analysis. The variation in the
petrophysical properties (porosity & permeability)
should be small for a given rock type implying that

knowledge of any porosity or permeability will
enhance the prediction of the other properties. This
technique of calculating FZI from core data has
been introduced by Amaefule et al., 1993, which
involves normalized porosity index (NPI) and
reservoir quality index (RQI) through equation 2.

Flow Zone Indicator (FZI): Flow Zone Indicator is
a unique and useful value to quantify the flow
character of a reservoir and one that offers a
relationship between petrophysical properties at
small-scale, such as core plugs, and large-scale,
such as well bore level. In addition, the term of FZI
provides the representation of the flow zones based
on the surface area and tortuosity. It is
mathematically represented as (Al-Dhafeeri et al.,

2007)

FZI =RQI/NPI = {(.0314\/10(13)} /{®/ (1- D)}
.......................................... 2)

Where,

FZI=Flow Zone Indicator, pm.
K=Permeability, md.
®=Porosity, volume fraction.

Methodology:

To obtain FZI (Flow Zone Indicator) for uncored
interval / well, the various log parameters such as
GR (gamma Ray), NPHI (neutron porosity), RHOZ
(density), LLD (true resistivity) are obtained for
depth intervals: (X876-X880m) for well KL-XXX,
(X161-X169m) for well AM-XXI, and (X537-
X544m) for well AM-XX2. FZI is calculated for
these selected porous and permeable depth
intervals using a technique given by Xue and Dutta
Gupta, 1997. This technique is based on the
transformation of gamma ray (GR), neutron
porosity (NPHI), density (RHOZ) and resistivity
(LLD) logs as given below:
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GR_Tr = 4.7860E-03 GR?2 — 1.7320E-01 GR + 1.0614E+00 --------mmeeemm- (3)
NPHI_Tr = -8.1102E+00 NPHI 2 + 9.6676E-01 NPHI + 1.7170E-01  -=---n-memn (4)
RHOZ_Tr = 7.1926E+00 RHOZ 2 — 3.6727E+01 RHOZ + 4. 5873E+01 -------- (5)
LLD_Tr = -1.6859E-04 HLLD 2 — 3.8016E-02 LLD + 4. 3712E-01 ------------ (6)
SUMTr = GR_Tr + NPHI_Tr +RHOZ_Tr + LLD_Tr (7)
FZI = 4.4306E-01 SUMTr? + 6. 08575E-01 SUMTr + 3.8229E-01  --------m-- (8)
SUMTT is the sum of all transform given by equations @R WP -
(3-6). Equation (8) gives the relation between the log Depthim) | (Nommalized) | (mim) RHOZ | LLD F2 | Pemeabilty
: (gmiene’) | - (@m) | (um) (md)
motifs and FZI. (gAPI)
X676.0 022 03 | 2M 454 02 156
Calculations: X676.9 0.9 0% | 25 593 026 6.73
The FZI values using equation (8) are estimated for Xe1.0 020 032 | 232 A% 03 813
X8715 020 03 | 257 449 030 8.16
porous and permeable zones from well log data. The i T REE i ¥ A
porous and permeable sand layers are identified from Y6785 W R 50 WA o
depth intervals; X871.5-X883.0m for well KL#XXX, X879:0 0:21 0:32 2:44 7:03 0:33 7193
X161-X170m for well AM#XX1 and X536.5- X8795 0.19 033 | 246 573 033 860
X549.5m for well AM#XX2 respectively. The X880.0 02 037 | 28 350 025 830
hydrocarbon bearing sand layers corresponding to the :
above depth intervals are respectively from X161- Table 1. Well log parameters, FZI and permeability values for
X169m for well AM#XX1 and X537-X544m for well Depth interval (X876-X880)m for well KL#XXX

AM#XX2. The layer in the interval X161-X169m in
well AM#XX1 is having resistivity value of around 1
Q-m and is of fine grained in nature. The layer in the
interval X537-X544m in well AM#XX2 is having
resistivity value of 10-12 Q-m and is siltstone
reservoir in nature. The layer in the interval X876-
X880m in well KL#XXX is having resistivity value
of 3-8 Q-m and is water bearing. The well log
parameters like gamma ray (GR), neutron porosity
(NPHI), density (RHOZ), resistivity (LLD), FZI and
permeability values are listed in Tables 1, 2 and 3 for
depth intervals X876-X880m, X161-X169m, and
X537-X544m respectively.

Fig 1. KTIM for well KL#XXX
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FZI(micrometer) FZl(micrometer)
0 01 02 03 04
28755 2 0i1 0i2 0;3 04 2160 . : :
2876 2161
2876.5 2162
2877 2163
E 2877.5 A E 2164 4
£ 2878 E 2165
§ 28785 & 2166 -
2879 + 2167 4
2879.5 A 2168 4
2880 2169
2880.5 2170
Plot. Ta: FZI Vs Depth plot for (X876-X880)m Plot. ITa: FZI Vs Depth plot for (X161-X169)m
Permeability(mD) Permeability(mD)
0 2 4 6 8 10 0 5 10 15 20
28755 . s . . ) 2160 1 I L )
2876 - 2161 1
2876.5 2162 -
2877 2163 -
E 28775 £ 2164 -
% 2878 - .E 2165 1
& 28785 | & 2166 -
2879 4 2167 -
2879.5 - 2168 -
2880 1 2169 -
2880.5 - 2170 -
Plot. Ib: Permeability Vs Depth plot for (X876- Plot. IIb: Permeability Vs Depth plot for (X161-
X880)m X169)m
Depthim) | GR NPH | RHOZ | LLD(Qum) | FZium) | Permeabilty Depth(m) GR | NPHI -
omalzed) | i) | (gnicm imd) oz | ()| s | L) | P2 | PTEY
(gAPI) P) (gmicm’) (md)
KGO | 00 [ 046 | a0 | 0% | 09 216 0 | 07 W | % | o | 00| 0%
XG0 | 07 | 06 ) a0 | 0% | 0f8 128 R | 05 [0 1 | e |00 | 6%

X163.0 0.4 043 | 28 0.5 029 6.9

X639.0 023 030 | 230 1072 | 019 1664

T

T

T
I T
X660 |0 | 04 | 247 | 05 | of 2 K40 | 0% | 00 ) 231 | 419 | 049 | 167
R Y BT R B BB Y A X e W0 | 0% | 0% | 1% | B | om | e
1650 0728 048 237 044 018 kW3] X430 0.31 050 | 24 1376 0.18 16.04
X600 | 02 | 0% | 2% | 0@ | of 1543 Y50 | 0% | 08 | 2% | 4% | 0 | W0

Table 2. Well log parameters, FZI and permeability values for Table 3. WeI-I log parameters, FZI and permeability values for
Depth interval (X161-X169) m for well AM#XX1 Depth interval (X537-X544)m for well AM#XX2
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Interpretation:

Plots. Ia-IIIb represent the variation of FZI within the
depth intervals of (X876-X880)m, (X161-X169)m
and (X537-X544)m for wells KL#XXX, AM#XX1
and AM#XX2 respectively. FZI vs depth plots for
three sand layers are indicating peak amplitude FZI
with lows at either sides. The minimum FZI values
are representing shales above and below these sand
¥ e layers. The FZI is showing high value within the
_ il - ||| LA depth interval X876.5-X877.5m, X162.0-X164.0m
- 3 il = and X537.0-X539.0m. We observe oscillating FZI
Fig 3. KTIM for well AM#XX2 variation within depth interval X537-X544m (Plot.
[la), which matches with laminated shaly sand
gamma ray log response. Among the two
hydrocarbon bearing sand layers the highest FZI

FZI(micrometer)

sae S oM o1 09 0.2 0-21 value (.29) has occurred at depth X163m (Plot. Ila)
1537 4 for oil bearing layer. The peak FZI value for water
1538 - bearing sand layer is .34 at depth X877m (Plot. Ia).
1539 1 For shale layer, low values of FZI are observed. Plots.
g :ZZ? Ib, IIb and IIIb represent the variation of permeability
§- 1542 | values with depth intervals (X876-X880)m, (X161-
1543 - X169)m and (X537-X544)m for wells KL#XXX,
1544 1 AM#XX1 and AM#XX2 respectively. The low
1545 1 permeability values are representing shales above

1546 .q: .
and below the sand layers. The permeability is

= =l

showing high value within the depth intervals
X876.5-X877.5m, X162.0-X164.0m and X537.0-
X539.0m respectively. The peak values of

Plot. IIa:: FZI vs. Depth plot for (X537-X544)m

Permeability(mb) permeabilities are 16.99md and 24.55md at a depth
) 5 10 15 20 25 30 of X163m and X538m for hydrocarbon bearing sand
1223 | layers respectively.
1538 .
1539 Conclusions:
E 1::) The use of well logs data for calculating FZI for
& oo logged depth interval is found to be an important tool
1543 | to find out permeability. FZI and Permeability values
1544 - are obtained for hydrocarbon bearing clean sand and
1545 7 shaly sand layers as well as for water bearing layer.
1546 -

The high FZI values indicate high permeability
values in hydrocarbon reservoir. The permeability of
the hydrocarbon reservoir increases with the increase
of FZI value. FZI as well as permeability decreases
in shale layers. The FZI plot vs. depth serves as a
lithological indicator because it differentiates
permeable zone from impermeable zone. This result
also matches with the variation of core permeability
of sandstone samples with laboratory derived FZI
values provided by previous author (Prasad, 2003).

Plot. ITIb:: Permeability Vs Depth plot for (X537-
X544)m



ﬁ Permeability estimatiBEiéth tFIoW ph e qiaieatd P ZPPisH Well log data and
=294 comparison with permeability obtainetP&rain3CMR log. Case study: Field of ONGC,
= Ahmedabad Asset.

L

The permeability values computed from FZI, also
matches with the permeability value obtained from
CMR log wherever available (Fig.1 & Fig.3).
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