An Integrated Approach To Solve Reverse Resistivity Contrast Problem In
Fresh Water Shaly Sand Reservoir Of Changmaigaon Field, Assam India
i A Case Study.
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ABSTRACT

Tipam reservoir TSA is a typical example of dated against known hydrocarbon and water bgar-
Low Resistivity Low Contrast Fresh Water Shalying zones. The use &CI-PHPA mud with high
Sand, where resistivity in oil producing zones issalinity has not only resulted into drilling a go¢d
even less than in water zones. Due to uncertaintyorehole with minimal formation damage but also
in identification of OWC and correlation of pay helped in solving the low resistivity contrast prgb-
sands, proper development of this main producdem of fresh water Tipam sands. SP log in h{gh
sand could not be done. The causative factors afalinity mud is membrane potential log which|is
low resistivity in pay zones are the presence ohighly sensitive to the changes in effective Qv gnd
grain coating authigenic clays, iron minerals, phyl-hence hydrocarbon presence. High salinity njud
litic metamorphic rock fragments and figeained filtrate in the flushed zone concentrates electrical
nature. Due to fresh connate water (3 gm/lt salineurrent into the bulk pores and makes MSFL og
ity), major part of the electric current is concen-sensitive to residual hydrocarbon and hence |de-
trated through the clay coatings and limited curmarcates oil water contact.
rent passes through bulk pores rendering resistiv- Fluid contacts and detailed pagne correla-
ity measurement less sensitive to the presence tibn provided in the study will help in effective
hydrocarbons. Rather, the insulating hydrocarboffield development. Additional hydrocarbon beT -
phase concentrates exchangeable cations of eldéog layers identified by the study will result info
trical double layer in lesser pore volume resultingmmediate oil gain and productivity enhancemgn
into enhanced effective Qwhich may reverse the The extension of these innovative concepts and

t.

resistivity contrast.
An integrated approach using,,AR; vs. SP

overlay, innovative interpretation of CMR log, SP resistivity fresh water environments.

and MSFL logs in high salinit)KCl mud have

been evolved to identify OWC and responses valiKCI-PHPA, membrane potential, SP, MSFL

methodologies to nearby areas with similar ggo-
logical setting will open up new vistas in lew

Keywords: OWC, LRLC, RJ/R;overlay, T,

INTRODUCTION

Changmaigaon field is

Rudrasagar field, South West of Charali field an
North East of Amguri field in North Assam Shelf

of Assam and Assam Arakan basin (Fig. The
field is broadly divided into two fault blocks.
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FIG.-1: Oil Fields in North Assam ShéfA & AA Basin

Block-A lies on the Eastern side of a major fault

located South O;rending NESW with a down throw of about 200

- In this field, 24 wells have been drilled so far,
of which, 5 have been drilled with high salinity
KCl mud. Block wise relative location of wells
along with log correlation profiles used in the
study are given as Fig.

Tipam reservoir TSA of Miocene age, the main
oil producer in BlockA is a typical Low Resistivity
Low Contrast reservoir, where, resistivity in oil pro-
ducing zones is even lesser than that in water pro-
ducing zones. The first well ;Adrilled in 1984, is
still producing clean oil from top 10 m. of T8A
sand having resistivity-8 ohm m, whereas the resis-
tivity in water section below is-8 ohmm (Fig-3).

To resolve this reverse resistivity contrast problem,
all hi-tech logs available at that time viz. Dielectric,

Natural & Induced Gamma ray Spectroscopy were
recorded in second nearby wel} And the data was
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FIG.-2 Well Location Map of Changmaigaon Field along with
Correlation Profiles

processed by the then statieart multimineral
software (Fig4) but no meaningful results for

identification and evaluation of hydrocarbon zone

could be achieved (Bansal C.R, 1990). Later on
CMR log was also recorded in two wells whose
conventional interpretation could also not solve the
problem of LRLC.

Due to uncertainty in identification of OWC
and correlation of pay sands, the field development
scheme for TSA in Block-A did not give the en-
visaged results and had to be staggered as three out
of six development locations went dry. In view of
the above, the present study was taken up to go
into details of the problem and develop methodolo-
gies for identification of OWC.
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FIG.-4: Log data and processing results of wejlwith then
stateof-art multrmineral software
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FIG.-3: Well A;, Formation TSbA, flowing on self from
interval 262737 m since 1990

To identify OWC, three methods viz,JRR; vs.
SP overlay, 7 spectrum in CMR log, SP and
MSFL logs in high salinity KCI mud, have been
evolved and validated against known hydrocarbon
and water bearing zones. Though these techniques
are applicable to all fresh water Tipam sands, em-
phasis of this study has been on the most challeng-
ing sand TSHA.

CAUSES OF LOW RESISTIVITY CON-
TRAST IN TS-5A SAND

Authigenic smectite clays with honey comb
morphology coating the sand grains (F3.pro-
vide additional parallel conductive paths to electric
current and hence reduce the bulk resistivity as
reported in laboratory core studies (Roy Moulik,
2008). Fresh connate water further complicates the
problem as major part of the electric current is con-



centrated through the clay coatings and limitscur-under st udRy®, Nobut omheg Det a
rent through bulk pores, where hydrocarbons arezdband t he di elDéctarlism aercya te
normally present. Hence, resistivity measurementwith increase in salinity and as a result electro
becomes less sensitive to the presence of hydrocakinetic potential E,, given by equation (1), de-
bons (Winsauer, 1953 & Sen, 1988). Many wells creases many fold when high salinity mud is used
of the area under study have produced fresh watein place of conventional low salinity NaCl mud.
with salinity 34 gm/lt. In hydrocarbon zones, ex-
changeable cations from clay minerals coating the = m

wpm (1)

sand grains are concentrated in lesser pore volume
The polymerPHPA (Partially Hydrated Poly

resulting into enhanced effectiv®, (Cation Ex-
change Capacity per unit pore volume), WhICh’Acryl Amide) is generally used iKCl based mud
formulations, which increases its viscosityto

further lowers the resistivity of oil bearing zones.

Iron minerals present in the reservoir rock as re—further reducE,

ported in core studies add to the rock conductivity Therefore the contribution due to electro Ki-

through electronic conduction. The presence of . o . . L
netic potential, if at all it develops, is negligible in

wells drilled withKCI-PHPAmuds.

lithic rock fragments of phyllites, mica schist and
_ The electrical transport number for'ign is

chloritized biotite in significant amounts within
0.496 and for Cion it is 0.504. This similarity is

K

fine grained sand matrix has been also been re
ported in core studies. These squashed rock frag- . \
ments depict behaviour similar to shales on Iogsdlue to the fac';_that t.)Oth tr?e 'OPS acquire the sagne
while adding to rock conductivifBoyd,1995). electronic_configuration that o AFGO” atom an

M both being monovalent. In a solution, cations and

L o > B anions will have same mobility under electrical
field and concentration gradients. Thus when two
solutions of different salinities make an interface,
no liquid junction potential will be developed.
Since formation water is very fresh and it always
contain some potassium ions in addition to nor-
mally present sodium ions and since diffusion of
ions takes place from higher to lower salinity re-
gion, hence, even if the formation waterNsCl
and mud filtrate is KCI, no liquid junction potential

: : is expected due to nearly equal ionic mobilities of

Ol nw2B0kl. 7{OEZ ; ; ' K & Cl ions. Liguid junction potentials for various

— electrolytes were studied theoretically (Dakhanov,
FIG.-5: SEM micrograph of cores showing authigenic 1 9 6 2 ) . The value of O6K® in

smectite coating grains with honeycomb morphology |igquid junction potential E; for solution is 0.1 mV
as compared to 12./V for NaCl, which is 127

In extreme case such as-b& sand of Chang- times less

maigaon field, resistivity reduction by effecti@®

and electronic conduction by iron minerals in oil E =Klog.. 3we
; : ; i 910

zones is more than the expected increase of resis- Ante

tivity by oil, had the reservoir been clean Archie

type. This results into reverse resistivity contrast.

—-(2)

From the above discussion, it can be concluded
that in high salinity mud Skeg is devoid of liquid
TECHNIQUES FOR IDENTIFICATION OF junction and electro kinetic potentials and is

OIL WATER CONTACT mainly due to membrane potential.

In 1968, LIJM Smits developed an integral
equation for membrane potential developed across
shaly sands separating two electrolytes of different
salinities based upon the concept of transport num-
SP & MSFL in High Salinity KCI -PHPA Mud bers and thermodynamical reasoning when ions

The salinity of any mud formulation is gener- Move under concentration gradient.
ally more than 5(Kppmand as a result mud fil-
trate resistivity R.) is about 2040 times lesser
than conventionaNaCl based muds used in area

Following three techniques have been used for
identification of OWC in such low resistivity
low contrast complex reservoirs.



__2RT ﬁz(cwtmf + BQ,) Rx/R: vs SP overlay

E, = = n (C "'BQV) dln(mg°) Identification of oil water contact in wells
moA -(3) drilled with low salinity NaCl based muds and

SP amplitude is maximum against clean waterlogged with induction resistivity tools has been
bearing sand, where the whole contribution is duedttémpted with the help of an overlay of ratio of
to membrane potential of overlying/underlying Shallow (Near & viz. MSFL, DFL, LL3 etc) and
shale beds. Against shaly sands, SP amplitude i9€ep Resistivity (Near Riz. HDRS, AT90, ILD
reduced by an amount equal to the membrane poftc.) with SP log. The technique was applied to
tential of shaly sand given by equation (3), which Wells drilled with high salinityKCI-PHPA mud
is proportional to Qv of the shaly sand. Further, also and it has been observed that it works better

presence of hydrocarbons enhances Qv due to cla§ue to Iarge_r contrast in mud_ filtrate and formati'on
minerals, phyllitic rock fragments present in the Water resistivities and selective effect of clay min-
reservoir rock and also due to fine grained nature®rals on MSFL and LLD. This technique is par-
of rock and this enhanced effective Qv further de-ticularly helpful in formations ~with complex
creases overall SP development. The presence dithologies and uncertain formation water salinity
hydrocarbons enhancey, due to clay minerals, @s it does not require the knowledge of porosity,
phyllitic rock fragments present in the reservoir formation factor and formation water resistivity.
rock and also due to fine grained nature of rock It has been observed by many petrophysicist of
matrix. LJM Smits related effective), to water ~ Yesteryears that Pseudttic SP (PSP) of water
saturation in partially saturated rocks by the ex-Pearing shaly sands is related te/R; ratio in a

pression:; similar way as Static SP (SSP) of clean water
sands is related to,RR,, ratio. Therefore PSP of
(QV)eff = Q/ a water bearing shaly sand can be expressed in the
Su - (4) following form:

The effect of hydrocarbons on membrane po- R,
tential and hence on SP log has been studied by PSP=-Klog—=
other scientists also, both theoretically as well as —-(5)
experimentally, (Ortiz, 1972, McCall, 1971). As  For oil bearing shaly sands with dispersed
discussed above, in case K€l mud, the mem- clays, PSP is given by equation (6) below
brane potential contributes predominantly towards(Bassouni, 1994):
development of SP and the large salinity contrast R
betweenKCl mud filtrate and fresh connate water PSP=- Klog—=22 - 2K Iogi
enhances the overall amplitude of SP log and thus - (6)
making it more sensitive for presence of hydrocar-
bons in the reservoir rock.

When a fresh water formation is drilled with

mgzst?ggpelt);vl\ff Ir;dTellT A;cml;g O?I;lc;rragtcijorlz/l irFoLund term in equation (6) is having some negative value

the bore hole having same mineralogy and poros—qependlng upon water saturation of virgin and

ity but saturated with different salinity brines; one filrate saturation in flushed zone. .

very saline and one very fresh. The radial s’ection It PSP ano_l R’/Rt. curves are plotted in the

sensed by MSFL (flushed zoné) is saturated Withsame_track using s_unable scales so that the curves
. L track in water bearing zones, the curves will show

KCI brine of low resistivity, whereas the -un

) - . separation in hydrocarbon zones. Consequently,
invaded virgin zone sense_d by LL[.) contains freS.hOWC can be picked on the overlay. As absolute
connate water. Grain coating authigenic clays will

have minimal effect on MSFL measurement asvalue of SP in hydrgarbon bearing shaly sands
major part of electrical current in the flushed zonetenOIS towards shale SP values, similar separation

ajor p : . is expected against shale and highly shaly water
will be concentrated in bulk pores and will sense

. . bearing zones also. The technique is useful when
;ebslladftjoaldQ%dar?c(;a'ébgr\]/f/.c:Tner:ZstL%e?\Aigge;,\\;lell dtf[ﬁ pplied with the support of other lithology indica-
: ” Fors to distinguish between shales and hydrocar-
even change in OWC during the course of produc-

i . . bon bearing reservoir.
tion can be predicted from the changes in MSFL To check the efficacy of the technique, wells
as discussed later.

outside the established oil limit §AAs, A7, B, &

For water bearing zones;,& S, and the equa-
tion (6) will reduce to equation (5)
For hydrocarbon zones,S> S, , the second



Bsg) i.e. known water bearing have been consideredHRI tool) also known as quadrature component.
and it is found that B/R; tracks with the SP login The X component is essentially recorded in new
these wells. As an example, -B& sand section in  generation induction tools to use for applying skin
well Az is presented in Fid3. effect correctionThe variation in X component is

NMR T, SPECTRUM AND QUADRATURE observed when the receiver coil or coil array

crosses an interface of magnetic and -non
COMPONENT OF CONDUCTIVITY magnetic layers (Barber Thomas, 1995). Varia-

The TS5A sand as described above containstions in HDX are more in oil bearing section than
grain coating paramagnetic clays and magnetidn water bearing. The X component has brought
heavy minerals giving rise to internal magnetic out that some paramagnetic minerals, which are
field gradients. In clean water wet sands and sandpresent in this sand, have their predominance in
stones containing light to medium viscosity crude, oil bearing sections. One more important feature
oil signal in T, spectrum is normally a distinct seen on X component curve is that, against shales
peak at higher I value as oil protons undergo the variation are smoothened. This is due to the
bulk relaxation only, which is much slower than fact that in sands these minerals are present in the
surface relaxation. On the contrary in shaly sandsform of thin laminae due to high energy deposi-
with dispersed paramagnetic clays and other magtional environment but in the shales, they are inti-
netic minerals and even saturated with light oils mately mixed.

(high GOR) T spectrum is flattened and shifts

towards lower 7 end due to enhanced diffusion LOG CORRELATION OF SAND UNITS
under internal gradients and rock exhibiting mixed  Correlation of depositional units and fluid con-
wettability and hence surface relaxation for oil tact mapping is a challenging task due to low re-
protons (Zhang, 1998; Chanh Cao Minh, 2003).sistivity contrast, lithological complexity, varia-
This effect in TSBA sand is observed due to clay tion in hole deviation, mud type and type of log-
flake ends touching oil in bulk pores due to pres-ging tools & technologies used. Correlation of
ence of asphaltenes, which are polar moleculevarious sand units and fluid contacts has been car-
thereby imparting surface relaxation and enhancedied out using maximum available log data. Six
diffusion under internal gradients. Diffusional profiles, 4 in BlockA (2 in strike direction and 2
coupling between micro and macro pores, underin dip direction) & 2 profiles in BlociB, one each
the effect of internal gradients at pore scale levelin dip and strike direction were drawn as per Fig.
can also not be ruled out. All these effects depen.

upon the value of internal gradients, which in turn A new sand layer within TSA having maxi-
depends upon susceptibility contrast betweenmum thickness up to 12 m, has been identified
grain surfaces and pore fluid. Oil being diamag- (discussed later) and correlated across the field in
netic is influenced more by diffusional effects both the blocks. So far reservoir potential of this
under internal gradients than formation brineslayer was not recognised. Isopach map of this sand
which are generally paramagnetic. in block-B is presented in Figl4 with areal extent

Hence, hydrocarbon layers in low resistivity of 2-3 sg. km. This detailed correlation has further
contrast sands like FSA can be identified on helped to fix OWC in those wells, where either the
NMR logs as flattened and shifted towards lower discussed techniques are inconclusive or data
T, end Spectrum as compared to the water zonavailability is a constraint.
where distinct high amplitude peak is observed at
around 10200 msec. Asper the conventional DISCUSSION OF RESULTS
interpretation, the oil zone would appear as poor Application of above techniques is showcased
reservoir facies with high capillary bound water with field examples in following paragraphs with
and hence low permeability. a special mention, where different techniques cor-

Another insitu test for diffusion under internal roborate each other. These examples demonstrate
gradients is carried out by changing echo spacingthe efficacy of developed methodology in known
of NMR measurement. Decrease in total porosity hydrocarbon and water bearing zones and hence
with increase in echo spacing indicates enhancedheir applicability to identify additional prospec-
diffusional effects. tive layers. Well wise discussion of results is

The presence of iron minerals and paramag-given below :
netic clays responsible for internal magnetic field Well A

. . .. . 13.
gradients is inferred by variations irncdmponent
of complex conductivity (e.g. HDX & HMX in

This well was drilled in 2007 with
KCI-PHPA mud andDLL-MSFL-SP log was re-
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the interval 266&€633 m. on overlay presented in
track4 of Fig-6 (shaded green), indicates the
zone to be hydrocarbon bearing. Good tracking of
the curves in water bearing section below OWC is
clearly seen. Further, the decrease in separation
from 2652 m indicates the zone 268652 m. to

be swept out zone and the zone above 2652 to be
clean oil zone supporting the conclusions from SP
& MSFL logs. Large separation against shale sec-
tion above top of TSA is also observed as de-
scribed earlier.

Well Ao This well was also drilled with
KCI-PHPA mud and logged byDLL-MSFL-SP
run on TLC.Deep resistivity in top clean oil zone
is 67 ohmm, whereas in water leg it is® ohm

m. Both SP and MSFL logs (Fig) are helpful in
identification of OWC at 2743 m. as described
earlier. Shift in SP at 2734 m. is due to TLC pipe
change. Again in this well of same block as well
A3 two OWC are observed at 2743 m. and
2729.5 mand there is a tendency for all the resis-
tivity curves to track in clean oil zon&he inter-

Waler Bearing Section 20m bekwin TSA

g;g 3 val 2729.52743 m. appears to be swept out zone,
Z@ §f which indicates that the original OWC has moved
FIG-6: Logs and Rxo/Rt vs SP overlay of weli;,A UP during the course of production from the field.
showing original and pr eBhisnvell ppodides svery goodccrlidration of dhee r
bearing section about 20m below is also shown for calitechnique as the testing results corroborate the
bration interpretation of OWCO s .
intervals i€.2722728 m, 2732737 m & 2752
2757 m in TSBA were perforated and flow of oil
was observed with water. Subsequently during
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corded.Deep resistivity in the top oil producing
portion of TS5A is 56 ohm m., whereas below
OWC it varies from 8 ohm m.On logs, there is a
reduction in SP and increase in MSFL readings =
from 2666 m up to TSA top, which indicates [———
presence of hydrocarbons and demarcates th¢
OWC at 2666 m. (Figb). i
Further at 2652 m. there is sharp increase in e
MSFL in spite of decrease in LLD indicating the | =
zone above this level to be a clean oil zone and
interval 26662652 to be swept out zone but still
having residual hydrocarbonk. is interesting to
note that in clean oil zone, LLD decreases and
MSFL increase to make all the three curves almost
track. The interval 263312m perforated in the top T
part of TS5A produced oil @ 33 A initially on E{ 735 ?—f
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self and the well is still producing. The strong cut ‘
& very good GYF indicated in the entire conven-

tional core cut against 2687 m supports the con- ;
cept regarding swept out zone. This observation 7 iRl
makes the SP & MSFL in KCl mud useful for | <= é i
monitoring the movement of fluid contacts during =T o
the course of production from the field also. Sharp|_ % R 0
decrease in MSFL at few places observed aboveriG.-7: Logs of well Aoshowing original and present
OWC are due to bad bore hole as seen on calipeowWCé6s. Notice the shift in
in Trackl. Separation betweenR; and SP in change during TLC logging

A
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¢
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work-over, the bottom interval 27582757m was  This well presents a very good case for analyzing
tested separately through packer and produceddMR response in oil and water bearing low resis-
only water. After isolating by bridge plug at tivity shaly sands. Conventional open hole logs
2748m, flow of oil and water was observed andalong with NMR & spectrum and overlay is pre-
BHS confirmed presence of 500m of oil column. sented in Fig9. The section from 2857.2889m
The second interval also lies below present OWCdepicts good separation on MR; ratio and SP
and needs isolation to control water production. Itoverlay and is interpreted as hydrocarbon bearing
has been recommended to close the interval 2732with OWC at 2889m.

2737m and test & complete the well in 2721 CMR response against water bearing zone in
2728m. A meaningful R/R; vs SPoverlay could the interval 2882905 m, with T} distribution
not be generated due to shift in SP describechaving a consistently high amplitude peak at the
above. right edge of the spectrum corresponds to bulk
Well B: This was the first well drileq Macropores saturated with formation brine. The

with KCI-PHPA in blockB. The section from low amplitude peaks at left end of the spectrum

. : . : . indicate clay and capillary bound water. Above
2888 2913&5m depicts decrease in SP, increase "}he oil watgr contacl'? angi/ below the overlying
MSFL and positive separation on R; vs SP . .

. o shale bed, two changes in distribution are no-
overlay (Fig:8) and is interpreted as hydrocarbon ticed: firstly, there isgan o?/erall reduction in am-
bearing. OWC is placed at 2913.5m. A moderate ' ;

separation below OWC is due to higher shalinessloe“fiugﬁa aingl Slc?\?v%?dtlgléi\?:rcstéuglzgg:iso?\?iﬁrgsor
observed on GR and-N logs. -

fast relaxation. The conventional interpretation

T T ey ® | | HCISHALE holds that in low viscosity oil zones the 3pec-
e T TR T N — trum shifts towards right i.e. higher Time indi-
B e | s — cating slower relaxation of protonsig.-10 illus-
')lf . < a0 48 L }’2 trates the diffusional effects under internal gradi-
; e S T |\ ent, where T spectrum obtained with two differ-

} ent echo spacings of 0.2 msec and 2 msec. are
| % compared against the oil zone in wel B dras-
'\ ; tic decrease in total porosidemonstrates the role
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of internal gradients in T2 spectrum and atsti-
cates that protons in oil zone also undergo diffu-
sional effects.
Variations in X component of conductivity
)j logs, viz. HDX (HRI log) in tracl6 of Fig-9
5

i

=
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)

B

indicates the presence of magnetic minerals re-
J sponsible for internal magnetic field gradient and

5{ it is further observed that these minerals are
j»* dominant in oil zone. The top part up to 2858 m.

Yed

DS
e ]

is shale as evident from CMR as well as conven-
tional open hole logs as indicated bypeak at 3

% ms, flat HDX response, marked change in SP
6

b=
4 §
5
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and high GR. Therefore, interpretation of CMR
clubbed with conventional logs helped to deline-

SO

ate this highly challenging low resistivity pay.

FIG.-8: Logs and Rxo/Rt vs SP overlay of welj B During testing, the interval 28722B75m pro-
showing the OWC in TSA duced oil @ 35 fiid with 5% watercut validat-
ing the said techniques.
Well Ba: This example demonstrates ap- Zone in the interval 2905.2916 m is identi-

plicability of R/R; vs SP technique in wells fied as reservoir facies from-N, moderate GR,
drilled with low salinity NaCl mud and interpreta- HDX /HMX and resistivity as distinct from shale
tion of NMR T, spectrum for identification of section above top of FSA. Good separation on
OWC in TS5A sand and identification of a new R,/R; vs SP overlay and flattened and shifted T
sand layer. TSA sand is very difficult to inter-  distribution is observed against this interval. By
pret as upper oil bearing portion of this sand is analogy with hydrocarbon producing layers, the
having lesser resistivity than water bearing one.interval 2905.52916 is interpreted as hydrocar-



FIG.-9: Composite log display of well BFormation : TSBA , Interval : 2872.55m. Produced oil @ 35%d with 5% wi/c during
initial testing. It is very difficult to identify OWC from resistivity log but CMR is clearly demarcating OWC as per thimteew
pretation. Presence of magnetic minerals is evident from HDX curve inGraRko/Rt vs SP overlay also confirms the OWC in
TS-5A. New Sand and its hydrocarbon potential in the interval 29%156 m is clearly identifiable from overlay, CMR & HDX.

bon bearing. By correlation this layer is equivalent ity log also (Fig:11l). The interval 2935i5

to New Sand described in wells of ble&kabove.

2951.5m depicts separation oR,/R; vs SP over-
lay and is interpreted hydrocarbon bearing by over-
lay technique, therefore OWC is placed at
2951.5m. During testing, the interval 292842m
produced oil @ 70 #d & gas @1,514 fd with
14% watercut.

FIG.-10: Well: Bs: Drastic reduction in NMR total porosity
on changing echo spacing from 0.2 ms to 2 ms, indicating
enhanced diffusion under internal magnetic field gradients in
oil bearing zone.

As an extension of the applicability of the tech-
niques and validation, FSB sand is included in

FIG.-11: Logs and R/R; vs SP overlay of well Bshow-
ing the OWC in TS5B which is also seen clearly on resis-

the study, though OWC is visible on deep resistiv- tivity logs



