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Figure 2: Structural picture of LS-B reservoir with faults based on
3D interpretation. Curvature analyses, Coherency analysis,
are indicative of fractures in the up-dip area. The non-
sealing faults have acted as conduit for water movement.

STRUCTURE AND RESERVOIR FACIES

The exploitation was initiated in June 1985 and peaked at
40332 BOPD in June 1995 (Figure-1). The hydrocarbon
distribution and fluid flow behaviour of LS-B reservoir is
governed by structure and facies. The interpretation of 3D
seismic data has brought out a better definition of structure
and understanding the influence of structure on facies and
fluid dynamics. The faults display two trends, one oriented in
NNW-SSE are older, and another set of faults oriented in NE-
SW and NNE-SSW direction are younger (Figure-2). The
interaction of these sets of faults has resulted in
compartmentalization of L-II reservoir. Facies analysis
demonstrates the cyclic nature of deposition due to sea level
fluctuations and can be divided into six fairly genetically co-

ABSTRACT :  Mumbai High field located in Mumbai Offshore is a large doubly plunging anticline (Paleohigh) bounded towards
east by NNW-SSE trending basement controlled fault. The major Carbonate reservoirs of Mumbai high were deposited during
Early Miocene (LS-C) and Middle Miocene (LS-B). The LS-B reservoir has small gas cap at the crest and aquifer from the edges.
The exploitation was initiated in June 1985 and peaked at 40332 BOPD in June 1995 (Figure-1). Peripheral water injection to
maintain pressure started in April 1991 on realizing the fact that energy support from the gas cap and the aquifer is insufficient, but
its effect did not meet the requirements. This led to commencement of up dip injection in June 1994, in addition to peripheral
injection. This action too didn’t give encouraging results, as the crestal part of the LS-B reservoir soon experienced increased water-
cut. Up ward trend of water cut continued, and the water cut of the field became around 74% in Mid 2002 (Figure-1) after
producing around 19% of OIIP.  This paper deals with diagnosis of source and mechanism of water cut using a Five Step Integrated
Water Tracking technique (WTT) incorporating 3D seismic, Petrophysical, Diagnostic mapping, Water tracking & Event analysis
and Tracer analysis.

Figure 1: Production performance of LS-B Reservoir indicate sharp
rise in water cut after 1994 with the  initiation of up dip
water injection and peak oil production in 1995.
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relatable flow units A1 to A6 from top to bottom (Figure-3).
The changing energy regime has resulted into deposition of
varying lithology influencing reservoir properties and
eventually the capacity of fluid flow. Therefore, variations in
horizontal and vertical permeability are common across the
field. The post deposition activities like diagenesis and tectonic
episodes have resulted into better development of porosity in
the form of solution vugs/channels and fractures especially
in updip. These aspects have turned certain sectors into a
productive one initially, but after initiation of injection, have
also acted as conduits for water. It has been observed that
water cut is not governed by one particular flow unit, rather
the whole reservoir due to network of faults and associated
fractures offering preferential paths for injection water to break
through, leaving oil in the background.

FIELD  PERFORMANCE

The field was put on production in June 1985 through
P platform wells. Wells of R, S & Q platforms were added in
1986, K wells in 1989, and four platforms A, B, C, D in the year
1994, to enhance production. Performance of LS-B reservoir
during the period 1987-1991 remained by and large static
between 20,000-25,000 bopd with 15-30% water cut and during
this period there was no water injection.  On initiation of
peripheral water injection in April 1991, oil production declined
to a level of around 10,000 bopd, with rise in water cut towards
the end of 1992. On addition of A, B, C, D platform wells, the

production increased touching to an all time high 40,332 bopd
in June 95. With the start of up dip injection in June 1994,
water cut increased sharply dropping oil production. The
maximum oil loss was observed in R and B platform wells and
this loss is attributed to heavy water loading. Between 1996-
98, the production dwindled and remained around 25,000 bopd
with 55% water cut. After 1999, the oil production declined
sharply to around 12000 bopd with further rises in water cut to
around 72% due to adverse effect of putting more number of
up dip wells on injection (Figure-1 & 4). The Gas Oil Ratio
(GOR) increased gradually as shown in Figure-1. The wells of
R, A, K platform have experienced more GOR problem than
others due to coning/cusping from the gas cap in whereas in
Q platform wells it was due to channeling from other reservoirs.

Cumulatively, the LS-B reservoir has produced
around 21.5 MMm3 (17 MMt) of Oil, 7.1 MMMm3 of Gas and
18.4 Mmm3 of water till October 2002 with cumulative GOR of
337 v/v and 47% water cut (Figure-4).

WATER INJECTION AND WATER PRODUCTION

Peripheral water injection was initiated in May 1991
and at that point of time cumulative production was around
6.7 MMm3 (5.4 MMt) of oil, 21.7 MMm3 of Gas and 1.3 MMm3

of water. The produced water before 1991 has been from aquifer
by channeling/ conning. The average injection rate remained
45,000-55,000 bwpd. To further augment the injection, the up
dip water injection was started in 1994 and injection rate
increased to around 80, 000 bwpd

• The Average injection rate, Injectivity Index, Results of
Pressure Fall Off (PFO) studies indicates better injectivity
in the up dip injectors due to better reservoir
characteristics and/or presence of fractures present in
up dip area.

Figure 3: The LS-B is divided into six sublayers A1 to A6.
Permeability (estimated from Timur equation) profile along
K-B-R-C indicate high permeability streaks (Blue) within
LS-B reservoir which have acted as conduit for water
movement.

Figure 4: Cumulative Oil & Water production along with Cumulative
Water injection of LS-B reservoir. Rate of rise of water
production increased after 1995.
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• Reservoir Pressure has declined from 1657 psi in 1985 to
1000-1100 psi in 2001(Figure-5) and currently the
pressure recorded in injectors is more or less in
equilibrium with producers in up-dip indicating good
dissipation/circulation whereas pressure in the
peripheral injector is higher than up-dip producer. High
pressure in injectors D-1, T-5, E-3, and D-3 are indicative
of poor dissipation as these wells fall in an area of
comparatively poor reservoir facies. The material balance
study indicate depletion as the dominating drive (44%)
with 36% from water injection and little contribution from
aquifer and gas cap. Cumulative Voidage Compensation
(CVC) through water injection is 33% and with aquifer it
is 44%.

• Water injected into LS-B reservoir till October 2002 is
42.7 MMm3 and around 18.4 MMm3 of water has been
produced of which, approximately, around 4.5MMm3 of
the total water produced has been from the Aquifer. The
remaining around 14MMm3 of water appears to be
recycled injected water. Therefore out of 38 MMm3 of
water injected in the main block, around 14 MMm3 (37%)
has been produced and remaining 28 MMm3 has been
retained in the reservoir for fill up and pressure
maintenance which is 28% of the OIIP.

WATER CUT DIAGNOSIS

The main problem of LS-B reservoir is declining
pressure and high water cut especially in crestal area. The
source and mechanism of water problem has been addressed
through a Five Step Integrated Water Tracking Technique
(WTT), which has helped in mapping and tracking injected
water in the reservoir.

An Integrated Approach for Water Tracking using 3D Seismic

1. Water diagnostic plotting
2. Water tracking in space & time and Event analysis
3. Tracer analysis
4. 3D seismic analysis
5. Permeability mapping

1. WATER DIAGNOSTIC PLOTS

Three set of plots were made for each well / platform
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These three plots together (Figure-6, 7 & 8) helped in
differentiating the mechanism of water production, whether it
is due to break through or conning. In majority of the wells
where water production has started after start of water
injection, water break through is identified as the predominant
phenomenon (Figure-14). In most of these wells, the Water
tracking, Tracer analysis, Permeability mapping also points
towards water breakthrough.  In wells where water production
has started before start of water injection, the water source
mechanism is either by channeling or coning from the aquifer.

Figure 5: Pressure Trends in different parts of the field show
continuous decline in Up-dip producers. The pressure in
few injectors is high indicating  poor dissipation whereas
in others it is good dissipation/circulation.

Figure 6: The plot between Q Oil / Water Cut Vs. Σ Q Oil  shows
water breakthrough in R well and rise is gradual in wells of
A, C platforms wells.
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2. WATER TRACKING & EVENT ANALYSIS

For tracking water from injectors, various water
behavior maps (Iso-water cut, WOR, Cumulative water) have
been prepared and studied in space and time (Figure-9 to 13).
These maps show the possible water paths. Following are the
main observations.

- Before start of peripheral injection in 1991 (Figure-9),
water cut was observed in wells P-9, 5, 6, 1, 8, Q-1, 3, 9, K-
H2, S-H, 2, 6. The water cut however remained less than
40% except Q-9. In these areas, the reservoir is underlain
by water and probable mechanism of water production
could be coning and channeling (Diagnostic plots).

An Integrated Approach for Water Tracking using 3D Seismic

Figure 7: The plot between Log (WOR/WOR’) Vs. Log (Dt), shows
rising slope indicating breakthrough whereas a dipping
slope indicative of coning is seen in P & Q wells.

Figure 8: The plot between ΣQ water/ΣQ Gas Vs. Σ Q Oil, clearly
show breakthrough in R platform well.  This behavior has
been seen in many wells of B, D, A, K wells whereas in P,
Q & S it is gradual.

Figure 9: Water cut Before Start of injection in 1991 was only in
the peripheral wells of P, Q, K, S platforms and it was
from Aquifer.

Figure 10: Water production after start of peripheral injection in
1991 and before start of up-dip injection in 1994 was
restricted to peripheral wells.

Figure-11: Water movement paths after start of injection in A-1
using Water tracking in space and time in A, C area indicate
preferential movement of water corroborating the finding
of Diagnostic plots & Tracer survey.
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- The effect of water injection in K-4 & 5 has been felt in K-
H2, H3, H1 and S-H. The wells K-H2 & S-H are located
very near to a fault, which is passing close to injectors
K-4 & 5. Similarly, the high water cut in well S-2Z appears
to be from injector B-1 as both the wells are near or on
the fault.

- The Reservoir-Well level event analysis has helped to
map the water movement path before and after start of
water injection. Two major events of LS-B reservoir were
(a) start of water injection in up-dip area vis-à-vis start of
water production (Figure-14) in producers (b) Temporary
suspension of up-dip water injection in May 2002 (A-1,
8, B-1, 4, C-7) and its effect on producers (Figure-16, 17).
The analysis indicates

• There was reduction in water production and water cut
in wells A-2, 5, C-6, 3H, 8 & 4 due to suspension of water
injection in injectors A-1 and C-7. The possible paths are
towards A-5, C-6 in SW direction and C-6 and 4 in E and
SE direction.

Figure-12: Water production before start of up-dip injection in 1994
in K, B, R areas and injection in K-4 & 5 was continuing.

Figure-13: Water movement paths identified based on WTT in K,
B, R areas with injection in B-1, 4, D-1, 3 & K-4 , 5
continuing in 2002.

- Before start of up dip injection in June 1994 (Figure-10),
the water cut remained restricted to Q, P, S & K platform
wells which are underlain by aquifer and are present in
the wedge zone. The water production during the period
1985-1991 was from Aquifer by channeling and coning
and during 1991-1994 it was injection water breakthrough
from peripheral injectors, and from aquifer by channeling/
coning.

- After start of up-dip injection in June 1994 in injectors B-
1, 4, D-1, there was sharp rise in water cut in the producers
and fall in productivity. The water maps show preferential
water movement from B-4 towards B-3H, 2, 7, 9, R-6, 5
and from B-1 towards B-5H, 8, 9, D-6, 8, 4H. The water
movement from D-1 is restricted towards D-2 & 5H.

- Water from injector A-1 has moved more towards A-6H,
5, 8, C-6 than A-2 & 3. The water movement towards A-7
was less.  From injector C-5, the water has moved towards
C-4 & 8 and from injector C-7 towards C-8, 2 & 1. FMI
recorded in C-11H shows cemented fractures.

Figure-14: The trend of rise in water cut and results of Diagnostic
Mapping. In Up-dip area, rise in water cut is sharp
compared to the areas, which do not have fractures (North
of C and A). The fault in A area and between B-1 & S-2Z
and few others have acted as conduit for water movement.
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• In B platform area, based on absolute value of reduction
in water production and water cut, there appear to be
large water movement towards B-2, 3H, 7, R-6, 5, H. There
has been reduction in water cut and water production in
the wells of D platform due to water suspension in B-1.

• In wells A-4, 7, 6H, there is rise in water cut and liquid
production after May 2002, this could be due to water
movement from injector A-3 and/or from Q injectors.

3. TRACER SURVEY

Tracer was injected in 1996 in injectors A-1 & B-4 to
track the water movement from Injector. On analysis of water
samples in neighboring producers (Figure-15) it appears that
from well A-1, the water has taken a preferential path towards
C-6 and A-5 and water movement towards A-2 & 3 is far too
feeble. The water from B-4 has moved towards R-5, R-6, and
B-3H.

4. 3D SEISMIC STUDIES

3D seismic interpretation for LS-B reservoir in
addition to giving revised structural definition, helped in
identifying the source and mechanism of water production.
The different types of studies used in for this purpose were
Structural interpretation, fracture identification and their spatial
density distribution through Co-variance and Curvature
analysis. The following are the main observations

• New fault pattern and structure based on 3D seismic and
101 processed logs validated by dynamic inputs have

Figure-15: Water movement from injector’s A-1 & B-4 based on
tracer injection and monitoring in neighboring producers.
Results of Tracer survey confirms the results of WTT &
diagnostic plotting.

Figure-16: The Effect of Suspension of water injection in A-1, B-1,
B-4, D-1, C-7 on nearby producers in terms of Decline in
water cut, decline in Liquid  and possible paths thereof.

Figure-17: The Effect of Suspension of water injection in A-1, B-1,
B-4, D-1, C-7 on nearby producers in terms of decline in
Water production and rise in Oil production and possible
paths thereof.

been evolved and field has been divided into three blocks
for better reservoir characterization, E-T and J-N6 have
been considered as separate blocks. On superimposing
the fault pattern on different water tracking maps, it
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appeared that some of faults (between B-1 to S-2H, K-5
to S-H, between A-7, 3, 6H and small faults/fractures in
B-K-R area) have acted as conduit for water movement.

• Coherency and Curvature analysis indicated that the
crestal part is likely to have fractures. The data revealed
that reservoir is faulted in the up-dip area especially in R-
B area and has associated fractures. These faults,
associated subtle faults and fractures have acted as
conduit for quick water breakthrough in producers.

PERMEABILITY MAPPING

Timur empirical relation between porosity and
permeability has been established and layer wise permeability
maps show distinct permeability trends. The study indicates
that layer A2, A4, A5 have high permeability streaks which
have acted as conduit for injected water especially in B-D-A
area. The comparison between Log derived and Well test
permeability along with Productivity Index (PI) shows
fracturing in R-B area.  The core and Log derived permeability
through Timur relation matches well with Well test permeability
in the periphery and in few areas in the up-dip, but in B-R-K
area, the well test permeability are higher than the log
permeability. This could be due presence of fractures.

RESULTS INTEGRATION FOR WATER DIAGNOSIS

• In A area, water has moved more towards A-5, A-6H, C-
6 from A-1 and less towards north. The water in A-7 is
probably due to A-3, and in A-4 it is due to A-3 and Q-3.
Injectors C-5 & 7 are responsible for water movement in
wells C-4, 8, 2 & 3H. The preferential water movement
towards C-3H &2 is less. This is probably due to low
permeability in this area and there are no open fractures
as evident from  FMI recorded in well C-11H.

• In B area, the water has moved towards B-2, 3H, R-5, 6
from the injector B-4, whereas B-1 is responsible for water
movement towards D, R-H, B-7, 5H areas. It appears that
water has also moved from B-1 towards NS-2Z. The
fractures and faults are responsible for early water
breakthrough.

• These studies indicate that various sub-layers of LS-B-
B are in communication. Production logging results
reaffirm to this conclusion.

• It has been seen that faults, subtle faults (not seen on 3D
seismic), fracture in the reservoir and high permeability
conduits are the possible carrier of injected water. Out of
58 strings subjected to WTT, around 52% shows water
breakthrough. In the up dip producers, 65% wells have

experienced breakthrough phenomena whereas only 30%
peripheral producers have experienced breakthrough.

• The A, C wells are less prone to breakthrough as
compared to wells of K, B, R, D platforms, where around
80% wells have experienced this phenomenon. This area
is faulted and has fractures, which has contributed to
high production initially and later acted as water conduit.
The wells (A-2, C-3H, C-2, C-1, B-6 etc), which are away
from Faults have normal rise in water cut and FMI of this
area do not indicate presence of open fracture. In A-P
area, the faults FF appears to have acted as conduit.
Similarly, the fault connecting B-1 & S-2Z and K-5 and S-
H have acted as carrier for water movement.

CONCLUSION

1. Integration of diagnostic plotting, Water tracking, Tracer
analysis, Event analysis along with 3D seismic & Log-
Well test based permeability mapping has helped in
identification of Source and Mechanism of water cut in
matured LS-B reservoir.

2. The main source of high water cut appears to be mainly
from fractures, faults and high permeability streaks in
the crestal part.

3. The conceptualized Five-step approach reduce
uncertainty in ascertaining the reasons for high water
cut and select better candidate for remedial measures.
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