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Attributes and the Enhancement of Seismic Data Interpretation:
An Nafurah-Awjilah Oil Field, Sirt Basin, Libya

Mohamed M. Elazezi*
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Abstract: Seismic data representing the reservoir
rocks of Precambrian granitic basement, and
Upper-Cretaceous clastic and carbonate rocks
of the An Nafurah-Awjilah oil field, Sirt Basin,
Libya were used to study the seismic attributes
response. These applied seismic attributes were
computed from complex signal analysis which
consisted of acoustic impedance, amplitude,
phase, and reflection strength.

The obtained results show that good and
representative responses of attributes rely very
heavily on the quality of seismic data available.
They also show the effect of noise and multiples
in obscuring the attributes response due to their

* Libyan Petroleum Institute

interference with the main reflection events. The
two used data sets have shown that the attributes
response can be useful for the interpretation and
correlation of seismic data. The displays of
amplitude, reflection strength and instantaneous
frequency show good indications of fault and
stratigraphic unit pinchout. Such indications are
not visible in the recorded sections and therefore
can not be followed. Combination of the two data
sets gives an opportunity for comparison to
investigate and improve the accuracy of seismic
interpretation.

INTRODUCTION AND OVERVIEW

Seismic attributes computed from complex signal
analysis are used as a tool to aid in the interpretation
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of seismic data. The complex analytic signal and its
application to seismic data has been described by
several authors such as Balch (1971), Farnbach
(1975), Sheriff (1976), Taner and Sheriff (1977),
Taner, et al. (1979), Robertson and Nogami (1984),
Bodine (1984), Sicking (1978), Ren, et al. (1986),
and Yilmaz (1987). They have also discussed the
methodology of computing complex trace attributes
and the apparent relationships between features of
attribute displays and physical properties of
subsurface sequences and also the involved
constrains.

The seismic data were collected from the An
Nafurah-Awjilah oil field, Sirt Basin. Geologically the
field is situated over the crestal area of the Rakb
high (Fig. 1). Itis considered as one of the major oil
fields in the world which produce from basement
reservoir and represents a typical example of this
type of oil fields as shown in Figure 2 (Elazezi, 1992,
Elazezi and Ashcroft, 1996, Belazi, 1986, 1989, and
Williams, 1968, 1972).
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Fig. 1. An Nafurah-Awjilah oil field, and the tectonic elements
of the eastern Sirt Basin.

The used seismic data (Fig. 3) is consisted of
synthetic and recorded seismic sections representing
reservoir rocks of Precambrian granitic basement,
and Upper Cretaceous clastic and carbonate rocks.
The aim of computing seismic attributes is to enhance
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Fig. 2. Stratigraphic cross section of Awjilah oil field illustrates relation of sedimentary reservoir rocks to basement (after Williams, 1972).
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Fig. 3. Location map of the study area

the interpretability of the seismic data. The
interpretation of attributes is expected to contribute
in showing any lateral variations along the bedding
which indicate stratigraphic change resulted from
thickness and lithological variations. Such a change
could be used to locate pinching out of thin beds and
hydrocarbon accumulations. It also expected to define
the continuity of the main seismic reflection events
and locate any abrupt change which might result from
structural features such as faults.

COMPUTATION OF THE
ANALYTIC SIGNAL

The seismic trace with its real and imaginary
parts, as shown in Figure 4, can be considered as
being generated by a vector rotating as a function
of time, with the length varying with time. The
projection of this rotating vector onto the real plane
gives the conventional seismic trace, where the
observed seismic trace, g(t), is expressed by:

g(t) =R(1) cose(t),

where R(t) is the envelope of the seismic trace
and e(t) is the phase. Projection onto the imaginary

plane produces the quadrature trace, h(t), which
is expressed as

h(t) =R(t) sine(t),

where R(t) is termed the reflection strength and e&(t)
is the instantaneous phase. The total signal can be
written as

R(t)e®*® = R(t) cos &(t) +R(t) sine(t)
= g + h@®

After obtaining the complex seismic trace four
seismic attributes associated with the seismic signal
can be computed.

i. Reflection strength,

RO ={[g® P+ [h® ]’}

ii. Phase angle,
e(t) = arctan [ h(t) / g(t) ]

iii. Instantaneous frequency,
de (t) /dt

iv. Polarity, defined as the sign of the seismic signal
at maximum R(t).
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Fig. 4. Complex seismic trace as generated by a vector whose
length varies with time, (rotating as a function of time).

THE SIGNIFICANCE OF
ATTRIBUTE ANALYSIS

Reflection Strength

Reflection strength is known also as instantaneous
amplitude and can be used to distinguish between
reflections from massive reflectors which tend to
remain constant over large regions and interference
from a composite of reflections. High reflection
strength is often associated with major lithological
changes between adjacent rock layers and also is
often associated with gas accumulations. Reflection
strength may aid in lithological identification of
subcropping beds associated with unconformities
which may vary as the subcropping beds change.
Sharp local changes in reflection strength may
indicate faulting or hydrocarbon accumulations where
trapping conditions are favorable.

Instantaneous Phase

Phase emphasizes the continuity of events and
because of its independence of reflection strength it
often makes weak coherent events clearer. In phase
display each peak, trough and zero crossing can be
picked and assigned the same colour so that any phase
angle can be followed from trace to trace. Therefore,
the displays are effective in showing discontinuities,
pinchouts, angularities, faults, and the interference
of events with different dip attitudes.

Instantaneous Frequency

Instantaneous frequency is the time derivative of
instantaneous phase and is a very useful tool in
investigating reflection events composed of individual
reflections from a number of very closely spaced

reflectors. Change in the composite reflection tends
to change the instantaneous frequency more rapidly
such as at pinchouts and at the edge of hydrocarbon-
water contacts. Drop in frequency (low frequency
shadow) often occurs only on reflections from
reflectors immediately below gas sand, condensate
and oil reservoir. Such a high degree of variation in
the instantaneous frequency, which may be related
to the nature of the interface between two
stratigraphic sequences, make it a useful attribute.

Apparent Polarity

The analysis of apparent polarity assumes a single
reflector, a zero phase wavelet, and no ambiguity due
to phase inversion. However, since most reflection
events are a composite of several reflections, polarity
lacks a clear comparison with reflection coefficient
and hence it is qualified as apparent polarity. It is
used for distinguishing between different types of
bright spots. Clastic sediments containing gas
accumulations usually have lower acoustic impedance
than surrounding beds and hence show negative
polarity for reservoir top reflections and positive
polarity for reflections from gas-oil or gas-water
interfaces.

PROCEDURES

The application of seismic attributes was started
by the selection of parts of synthetic and recorded
seismic sections which cover areas of productive and
non productive reservoir units of interest, and areas
where stratigraphic units pinched out. The aim of
using two sets of data was to compare the response
of attributes in each set. The obtained results can
then be used to investigate the similarities and
differences for possible data improvement.

Colour is one of the display parameters which
has proven to be especially effective in complex trace
analysis and has been used as an interpretation aid
for seismic sections. The visual impact of the attribute
displays is sensitive to colour scaling. However, the
presence of noise and multiples, and also colour range
have affected response from the main reflection
events.

Modeled Seismic Data

Synthetic seismic sections were generated using
the available well data along the recorded seismic
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sections V100, V109 and V119 (Fig. 3). The modeled
data were used to study the response of the seismic
attributes. Figure 5a shows the amplitude display of
part of the E-W synthetic seismic section along the
recorded seismic section V100. A number of wells
are located on or near the section such as well D1—
102 which are producing from the Upper Cretaceous
and Precambrian Basement reservoirs. The Bahi and
Rachmat Formations unconformably overlying the
basement reservoir and pinch out against the
basement high. The technique used to analyze the
response of seismic attributes is similar to that
described by Robertson and Nogami (1984) and
Taner, et al. (1979).

The instantaneous phase plot (Fig. 5b) emphasizes
the continuity of the reflection interfaces of the
stratigraphic units. The primary reflection interfaces
are surrounded by an area of random interfaces
resulting from the added noise. At CMPs 450-500,
and time of about 340 msec there are indications of
thinning (yellow to reddish yellow) of the Bahi
stratigraphic unit. This is confirmed by colour changes
in the frequency and reflection strength plots (Figs
5¢c,d).

The display of reflection strength (Fig. 5c) shows
that half period tuning clearly stands out as red and
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reddish yellow colours at offset intervals between
CMPs 310-330 and 370-460, and around 320 msec
time interval. These represent intervals where the
Bahi Formation is thinning in both directions, and
Rachmat Formation is thickening towards the east
between CMPs 380-500 and pinching out at about
CMP 300 towards the west as shown in Figure 6a.

The instantaneous frequency plot (Fig. 5d) shows
the reflection from the base Kalash Limestone and
top Sirte Shale at 200 msec is overlain by a low
frequency (red). The green colour interval between
about CMPs 300-330 to the west and 370-440 to the
east, and time interval between 300-350 msec might
indicate thinning of both the Bahi and Rachmat
Formations which corresponds well with change in
reflection strength mentioned above. From CMP 330
towards the west the change in colour could be
evidence of thinning of the Bahi Formation to quarter
period as shown by the decrease in reflection strength
(blue) and increase in instantaneous frequency
(green)

At CMPs 480-500 and about 325-335 msec high
frequency (blue) is visible. The increase of
instantaneous frequency indicates that the thickness
of the Bahi Formation approaches one period. The
increase is followed by a clear and abrupt transition
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Fig. 5. Portion of the E-W synthetic seismic section between CMPs 300-500 along seismic section V100.
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to low frequency (red) and then from a half to a
quarter period, the frequency increases again
(yellow). These changes in colour indicate the thinning
of the stratigraphic unit and reaches the tunning effect
followed by the thinning beyond the seismic resolution
limit.

Recorded Seismic Data

Selected parts of the recorded seismic sections
which cover the same intervals of synthetic sections
were used to analyze the attribute response. Figure
6 shows parts of seismic sections V100 and time
interval 1000-2000 msec respectively. The section is
displayed as an example from the observed data and
was converted to amplitude and instantaneous phase
(Figs. 6b-c), reflection strength, and instantaneous
frequency (Figs. 7b-c).

The vertical zone of interest is marked on Figure
6 and extends about 300 msec of TWT (1400-1700).
The reflection events of interest exhibit lateral
variations in character, amplitude, and arrival time.
These variations might be related to the presence of
shale and sandstone beds and also variation due to
the effect of weathering and fracture on the basement
reflector especially in the high areas.
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Figures 6b and 8b show plots of amplitude display
of parts of seismic sections V100 and V109. The
change in colour (red/blue) according to the wavelet
shape at the reflection coefficients of each interface
make it much easier for tracing the continuity of
reflection events in comparison with black and white
sections.

Figure 8c shows instantaneous phase display of
the main reflection events of interest at the time
interval between 1400-1600 msec TWT, seismic
section V100. Reflectors are also seen within the
interval and below the Basement reflector at around
1600 msec. The spurious interfaces are the result of
remnant noise and long period multiples. Therefore,
such noise effect have to be considered during the
assessment of attributes response from the observed
seismic data. The phase plot emphasizes the continuity
of the main reflectors.

Comparison between the phase plot, black and
white section (Fig. 6a), and amplitude plot (Fig. 6b)
shows that the top Kalash Limestone is just below
the 1400 msec time line and is slightly dipping
downwards to the east. The Sirte Shale reflector is
at about 1500 msec with slight dip similar to the Kalash
reflector. The Tagrifet Limestone interface is just
below the Sirte Shale interface at about 1520 msec.
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Fig. 7. Portion of seismic section V100 between CMPs 1632-1932: Refl. strength and Inst. frequency.

The basement reflector is between 1600 and 1550
msec from right to left, rising to the west especially
at the western end.

Figure 8c shows instantaneous phase of part
of seismic section V109. The outstanding feature
on this section is the basement fault at CMP 1350
which extends from the basement at 1700 msec
to upper sequences at about 1300 msec. The
continuity of the reflectors on the upthrown side
of the fault can be brought through much further,
to the fault plane at CMP 1348, in comparison with
the black and white section (Fig. 8a). Another
noticeable feature is the pinching out of
stratigraphic sequences from right to left at CMPs
1270 and 1290 and time interval between 1600-
1700 msec. The main reflectors show continuity
on both sides of the fault. The plot also shows
coherent energy in the interval below the basement
reflector resulting from noise and long period
multiples similar to Figure 6c¢.

Figure 7b shows reflection strength of part of
section V100. Reflection events with indication of
high strength are mainly confined to the time

interval between 1400 and 1600 msec (yellow and
red). Figure 9b shows reflection strength response
from part of seismic section V109. Reflection
interfaces with high reflection strength are
indicated by red and yellow colours from right to
left just above 1600 and also at 1500 msec time
lines. The reflection strength continuity appears
to be changing laterally and there are no boundaries
of the primary reflection events. The high
reflection strength on both sections corresponds
to high amplitude as shown in Figures 6b and 8b.
Reflectors in both sections are still poorly
identified. It appears that reflection strength is of
a limited use in this part of the data.

Figures 7c and 9c show instantaneous
frequency plots of parts of seismic sections V100
and V109. The plots are of limited use due to the
poor definition of reflection interfaces of the main
events and the rapid changes in frequency along
the sections. Even weighted frequency which has
smoothed the instantaneous frequency did not
show much improvement regarding the
enhancement of reflections continuity.



68 Mohamed M. Elazezi

1180 1168

1444 1432 1420 140 1 s k
reee S ""?h SIS SRR SRR M' oy
‘ b <45 S 2 e
i A **‘ e I ! 3‘3 i
1200 % 3 X ‘; A0 NI ,q (Y ,x ‘Nl!) z, ‘~ %) ) 5«)\ ) N}«xs w)\;’ “‘ 3 l‘u‘( '(QK]\‘
i’ EE;;‘g,z\A,fgs%«jﬂ\;ZIug,:m)a‘ ‘3 }:“:?(gyf‘}‘i AR & 4 3 \;3;%1 o }‘%““g‘“{’ﬁé 35& ¢ i)‘ J a‘(jjz}) %« ytﬁl ]lzgz 4‘.‘,; ;«,W{ .,,«;w;'«. } ) ? !("L i
‘('(’\1‘ 4 X2 30 5 {0 ! NS (1 2 .«‘4. 21 N 0 0 by Al
AL ;( ’»<\< N 3’03\11\)\"’4’""‘\'{) :1 ‘z‘ib :.' ‘)‘(‘? ‘2’1‘%‘ b l’i’)z")jg \w?h.( 2 {&x )ﬁ“}{)“}""‘ i’i«’f:.’f{f(‘«sz' )‘ﬁ? ‘?21:':'32;
W’" o f’f’f}f:fﬁ*""( il fl‘“‘il", il il s *5;\‘»,\;(:: U «(\‘w;lqmvg ‘.dfzi:@w TR
"'§ A ‘h R e : ' SRR
\ﬂ !lg{, | S) }) XU R ? PSR pe g«, SR
i sm ‘!“}1 i i[ 3} \\} ig\z y “ "J:J}j 3\‘1&.-9:5} A ‘(“)" 4" b ! %ﬁ}fw R 3} 1)3 (G j(’l 3&313"4? !'2“ 3
L ,-? ««2«; R z‘é‘( i w;ﬁ‘}qi’ <l “-“’ "m""’ A i ‘“ 3 (a 5 m}) A ‘f‘j‘\"ﬁé'wf‘ TR : 4..m i»)u. SRR
crtie ) WM PAX i) ;g‘( \ ! i g “ }): (L k::‘ “v W) df s % s £ 5 \“« t' ) !‘\‘\«
!l 3 <E a0 ﬂf’i ‘gﬁ ,»,:g,.! ‘}.‘ 3«11)!’))«(, .«2 ,« 5!7:“ <L§: AR %) ‘:‘)7;41 R } 811 j"‘}fﬁ’a "23'1;3(;:]\’ b‘g !5)5“’( i‘b Gl

iy

oy ~w§ ;

é ,«; v ".'
f u)uui‘ Q%

is

Yy, < g\-"u'« T
§ !
2.? «gm\si

o S‘ i ; ;' 'B .“.u ‘ 5 ‘ \‘: Q0
R mﬁz w?:; T """'f"mis?}s}{< Wil f:é*‘* il}r" Kot % s ’y» b 5 ;
1200 ; " Ii}i,«u ‘?) H(h 2« O‘Ii . }; l‘%"“’p ‘”ﬁ } _lb‘}l\)_b}bi} }Z !’ } '!’; “ ‘ 25 )‘ z( f](‘ﬂ« o (‘
) Sl I il It o z" RN

3\ 11 2 ’AT(\ "'

) ) “ )
«(\1“ «Z{.\J ‘:{1? ‘f (\"}\?iﬁﬁ mmgz J ”

i AN SR S ‘ -
RRIOBAII) .
\) R &;gm« S '] X,!i ‘1) "’(55
)

A‘:.‘

i

= 2 E ‘(‘.‘\")W ,A\,,\)Z((R"‘»;‘\‘dh QI) ‘tg(«é(‘z'
|
i

\Ylﬂ« { {
RO o AN U2 } “
Kgi‘i «:mbg),}f.j“*23})55"“‘%‘Jﬂ}j}‘u)} }}vi s‘w}iéi “'2-, Y

9 AN <
R e R X S TSR AT »J)«s« IR "il RIS RN
RS ot e ‘\"" Al l& 0% “\1 i \‘ AR ik ,‘{ SRS SeusiLliins
: = 5;2:',{“"" 3;;(11?42 ,“)_«,,‘\\\, ’(ﬂ flifi?‘ "‘} (ﬁ ,M!‘ (3( ’l’, 3!51&“« e 'a":i:f(:(”@)“\“‘ :‘\ b O e«w‘l««” g .’-
1800 tsle *\‘*‘ 5 v’ sl \ ey i ‘<w St i d
) ? % o ARt i)\ s V3 5 o ’ ‘
«M!éalﬁw 0 5‘!‘114] j\uszq)«\d?}i\;}\? «y\jw ’)"j‘zi‘ m)ﬂ )(“\,fw:”‘ 8% quJ'««?w;g '1"55 iiml S S ‘,|
“"’&‘ h”‘?e m ““'(«", R \ih 4..5‘1«..‘.3’3 ‘fs “"5’ R S R N ?33 Y _"Ik B'
1800 sefecs “’"5 “ Kq(\, Q(g ;w,“u,“ i 4 z, {{ ‘N\’\ \‘)‘<‘(.< uidiwb.\l"\xﬂ’\h ‘:5( E, ~2$\‘1" ‘)\‘9’( ‘,d? }‘}\‘ l,w»‘« } (‘ o
Ry S il itf'« e N e i ‘*b“xv‘vitdm i A ‘5
AR iload e TR e T M’ “’f:_:.:-.f.,,‘,im*: A “;A,m».zzw

SERdEL M
e

73 &.-w,A‘-J- Refl. Strength

Fig. 9. Portion of seismic section V109 between CMPs 1151-1449: Refl. strength and Inst. frequency.



Attributes and the Enhancement of Seismic Data Interpretation 69

DISCUSSION AND CONCLUSIONS

The obtained displays show that good and
representative response of seismic attributes rely very
heavily on the quality of seismic data available. The
displays showed the effect of noise and remnant of
multiples in obscuring the attributes response (Sheriff,
1976). They are interfering with the main reflection
events and had not been completely removed during
the noise filtering and deconvolution processing stages.

The main benefit of the use of attributes in the
modeled data is in showing the interval of Bahi
Formation which can be detected by the change of
attributes such as in the E-W synthetic section. The
use of attributes has allowed the comparison between
the different responses and gives more details which
help the interpretation of the seismic data. The plots
of amplitude, reflection strength and instantaneous
frequency indicate the presence of the Bahi Formation
reservoir interval between CMPs 330-370 (Fig. 5).
They also show indications of tuning where the
reflection interfaces of the Bahi Formation and
Rachmat Formation are thinning and/or pinching out.
Such indications are not visible in the observed
sections and therefore can not be easily followed
(Figs. 6 and 8).

Displays of attributes of the observed seismic data
are generally of limited use due to the poor quality of
the data. Instantaneous frequency displays (Figs. 7c
and 9c) show poor definition of reflection event
boundaries, and also variable and rapid changes in
frequency. The reflection strength displays (Figs. 7b
and 9b) show locations of strong reflections but poorly
defined the boundaries. The amplitude and
instantaneous phase displays (Figs. 6b-c and 8b-c)
show reasonably good response regarding the colour
representation of continuity along the boundaries of
the reflection events in spite of noise and multiples.
They are very useful for showing polarity which helps
in tracing reflection interfaces. The amplitude and
phase also show good indications of fault and
stratigraphic unit pinchout (Fig. 8).

Evaluation of the obtained results demonstrates
similar observations made by authors such as
Taner, et al. (1979) and Robertson and Nogami
(1984) regarding the use of attributes to enhance
the interpretation of the seismic data. The results
suggest that the attributes can be useful for the
modeled data. For the observed seismic data, only
amplitude and instantaneous phase have shown
reasonably good results. The poor results are
expected to be due to the obscuring factors

previously mentioned and better results can be
achieved with good quality data.

The display of the synthetic seismic sections
had noise added to give the generated traces a
visual nature similar to the traces of the observed
data. The attribute displays of instantaneous phase
and frequency (Figs. 5b, d) show a spurious
response surrounding the area of the reflection
events.

The instantaneous phase display of the observed
data (Figs. 6¢ and 8c) shows continuous reflections
especially on the interval below the basement
reflector. These reflections are mainly the result
of multiples and noise and such interference should
be considered during seismic data assessment.

The colour spectrum available consists of 12 colour
windows. The display of the attributes within this
range of colours makes the change from one colour
to another too abrupt. Therefore, broader colour
spectrum might improve the attribute response and
give better displays and more detailed interpretation
of the seismic data.
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