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Abstract

AVO analysis is a techniqua&hich iswidely used in industry and is applied on seismic prestack
data. Resw$ from changes in seismic waveflection amplitude versus offset can be used in
extracting elastic properties and hence lithology and reservoirs pore fluid identification. Before
performing AVO analysis studies, processing steps should be ensured that changes in reflection
amplitude &e relative to only changes in elastic properties of layers. One ofdfwe parts of AVO

analysis isinvestigation of common AVO attributes such as AVO intercept, AVO gradient and
scaled Poissonds ratio and t he utescanoplayan affieignt o n s
role in AVO analysis. In this research, AVO analysis is executed on a loose and unconsolidated
sandstone reservoir aradisowell logging data were used to calibrate real seismic data. By using
Fluid Replacement Modeling (FRM) am@as s manndés equation on res
behavior in every conditions of reservoir (with changes in fluid type and saturation) shows that it
bel ongs to class |V of Rutherford and WhkicH | i am
are defined usingapplying AVO attributeson crosssections and target horizomre found
consistent with information from well data.

Keywords: Modeling, Fluid Replacement Modeling, Amplitude versus Offset, AVO Attributes,
AVO Attributes Cross Plots

1i Introduction Reflected wave pulse characteristics variation
which originates from a reflector can be

Seismic reflection method has been used iAterpreted to specify a basin history, rock type
hydrocarbon reservoirs investigation since 193 a layer and even pore fluid (Chibues al,

In seismic data interpretation, quantitativd993). Bright spots were first practical
methods have been gradually used instead ®fidences to identify fluiéxistence which were
qualitative methods in exploration industryconsidered in early 1970 especially in
According to diferent characteristics of identifying gas. But drillings were carried out
compressional (P) and shear waves (S) afgier on showed that hydrocarbons are not the
different effects of earth elastic properties ofnly source of this amplitude response type.
these waves, it is necessary to be aware of thetherford and Williams (1989) (Zhang and
shear wave behavior and its changes in additi&fown, 2001) dssified amplitude response of
to Pwave to do quantitative study and aising 9as sands surrounded by shales in seismic
information in the case of different fluids andsections into three classes for better
type of rocks forming materials. (Aki andidentification. With further investigations and
Richards, 1980) observing other behaviors from gas sands by
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Castagnaet al (1989), this classification wasReflection and transmission incideranglesof
devdoped and fourth type of this response wasysb a s e d o0 n aBdeénedabglow: a w
added to the classification. AVO anomalies n n

classification was not limited to that and later” @
Castagna and Swan (1997) noted that AVQ whichP is ray parameter.

anomaly investigation using cross plotting of

intercept and gradient attribute§ AVO would i REFLECTED

be better. The advantage of using this type o INEIDENT : & n——
plotting is that much information is available ‘ i <
and trends are visible in the data which is nojv. vs ..

visible in a plot of standard offset (or angle)

versus amplitude. AVO analysis investigateg — -2terfece

variation of reflecton and transmission |

coefficients with angle of incidence in seismic|'pz:Vsz.72 R ave
data. Rock properties and corresponding AVQ |
responses can be determined from el data | RS—

in AVO modeling (synthetic model) based on : 5‘:':”

the seismic rock properties which are dt -
prop e Figure 1) Reflected and refracted rays of P and S

related to seismic wave propagation and SeISMiG ves caused by oblique incident of P wave to an

responses. Thus for determining anomalyietace with different acoustic impedance at upper
precision caused by changes in lithology af,q jower parts (Zhang and Brown, 2001).
fluid, the main key of using AVO is comparing

the existing real data with a standard conditiolﬁnOt,t (,1899) an.d Zoeppritz 1019) mvoke_d
such as a synthetic sei model. continuity of displacement andstress in

reflectors as boundary conditions to determine
reflection and transmission coefficients a
function of incidence angle and elastic
Reflection and transmission coefficient changgsroperties of media (densjty shear and
with incidence angle (and corresponding to thablumetric module). Zoepprifz s equations
offset changes) (AVA) often refao reflection describerelationsbetweentransmitted reflected
dependence on offset and is the basis ahd refracted shear @rcompressed waves for
amplitude analysis versus offset (AVO)both medisanddetermines propagationf each
Nowadays AVO is widely used in identifyingideal flat wave.Reflection and transmission
hydrocarbons, lithology determination and fluictoefficients including 4 M R R in
parameter analysis based on the fact that seisrgigeh  radiation angle off are completely
amplitudes in bouraties are affected Dby getermined by density and wave velocity of P
different physical properties of upper and lowegng Sin each media.These parameters are

21 AVO Principles

parts of the interface themselves depended on physipabdperties of
When a P wave incident obliquely to arimediasuch as lithology, porosity and fluid type.
interface of two homogeneous and isotropig ; e t o complicated for

layers with unlimited extension and variablequations and thifact that they do not give us
acoustic impedance, reflected arefracted P 5 intuition of how amplitudes are related to the

wave is generated similar to normal incidencg 5 v | o u s physical param
and moreover some of incident compressgations are approximated. Aki and Richards
wave energy changes into reflectioand e quat i on (1980) (equati

refraction of S wave rays idure 1).
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equation (1985) (equation 3) can be mentionddat hydrocarbons are not tbaly generator of

as some of

simplified the relation between

coefficient and incidence angle so that basicom fluid changegChiburiset al, 1993).

coefficients of Zoeppritz can be recognizable.

v oL L Y Lo Lo ioe (2)

3)

In which @ , w and ” are respectively
compressional and shear waves average velocity
and density in upper and lower medias of
interface.  AkiRichards equation is an
appropriate approxi mat
equation in angles less than 30 degrees (can be
used even with angleaiger than 30 degrees).
Al so Shueyos equation
equation 4 (Castagna, 1993).

Y— -p 1—i 0 —L i

(4)

Where'Y is normal reflectioncoefficient of P-
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wo o (7) Fig. 3. AVO response curves related to gas

these approximations whiclbright spots. Only AVO analysis which requires
reflectionspecial data can distinguish lithology changes

Figure 2) Plot of Pwave reflection cdécient
wave and , Y, and, are repectively defined Vversus incidence angle o r

saturated clastiaeservoirs with shale cap rock; in

3i AVO Classification

this figure, reflection coefficients changes versus

incidence angle are observed in four AVO classes.

Early practical evidence that fluids could p&lass | has a positive normal reflection coefficient
seen by seismic waves as bright spots was oft%'ﬁd a negative gradient, class Il has a small normal

used to

identify gas.

recognized in the early 1970s as potentl‘E‘;Iradient (Rutherford and Williams 1989). Class IV

Bright spots were

reflection oefficient near zero and class Il has a
negative normal reflection coefficient and a negative

hydrocarbon indicators, but drillers soon Ieam%ﬂcludes negative normal reflection coefficient but

ncrease
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positive gradient, hence amplitude decreases wifeismic data through providing synthetic
increasiry offset (Castagnat al, 1998). sei smograph. Gassmannos

Rutherford and Williams (1989) classifiedused to model reservoir rock. Gassmann
different responses of gas sand reservoirs. The§rformed equation 8 to predict reservoir
divided these gas sands reflections according $§ismic  properties  changes  (density,
value of normal incidence reflection coefficienfompressional and shear wave velocity) cduse
(2 ) at the top of gas sands intioree groups. by fluid replacement based on texture property
Figure 3 shows reflection coefficients changef reservoir rock.

versus incidence angle from shale to gas sand.

As can be seen, changes include sands with high - (8)
acoustic impedance (class ), sands with - T

acoustic impedance near shale (class IlI) amd which K is volumetric module of saturated
sands with lav acoustic impedance (class lll).reservoir rock of a fluid with volumetric module
Castagna and Swan (1997) introduced fourdf + and+ is volumetric module of rock
type of AVO changes (class IV). In this classrame in dry condition + is volumetric
normal reflection coefficient is negative andnodule resultant of forming minerals in

while offset increases, its absolute valugeservoir rock and Q is reservoir rock porosity.
decreases.

5/ AVO Attributes

4i Fluid ReplacementM odelin
P g AVO interpretationbasicallyis extracthg AVO

Changing of fluid type and its saturation valugommon attributes including intercept (A),
at reservoir and creating synthetic logs relatingradient (B), andpseudoPoissoé satio and

to these changes s introduced as fluigross plotting them to specify reservoir fluids
replacement modeling. In most cases, only oRgyq different lithological units. Cross plotting in
well data is available in StUdy area which haAVO can be usedo determineAVO class
encountered with a Spe'lﬂ'ﬁ horizon (Oil, gas or (Foster and KeyS, 199gzastagna and Swan,
water). In such situation, modeling of AVO1997) andidentifying hydrocarbon sediments
behavior for all conditions of reservoir(Ross and Kinmann, 1995;Verm and
including gas, oil and water is not possible. Thgijlterman 1995). Under different geological
solution is modeling of reservoir rock ancconditions, A and B values in wateands and
existing fluids, and then prediction of synthetighgle layers follow a spedifi trend of
logs with substituting fluid type using this background (figure ¥ AVO anomaly is a
modeling. By having Rvave logs, shear wavedeviation from this trend of background that
and density and usin tnayZ Be® RelBtédi th ZlithSlogye fhdtost drons
one of its approximations, AVO behavior ohydrocarbon presence. Gradient of this line
reservoir can be estimated in diﬁ‘erengependS ol j 6 ratio of background.

conditions of pore fluid and comparingattwith
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Figure 4) Cross plotting of interceA) and gradient (B) shows existence possibility of four changing areas
depending on intercept and gradient. Situation of each one of AVO classes in these areas has been specified.
For a limited timing windw, water sand and shale locateer a specified dckground trend. Top of gas

layer locates in lower part of background trend and the end of gas layer at the upper trend part (Castagna

al., 1998).

-

Asmari is completely consolidated and with no

6.1- Field I nformation

Case study was done on a filed echin g o Procesing
Persian Gulf with 242 square kilometers area . _
and reservoir depth between 820 to 880 mete%qn&dered well penetrates the reservoir at oil

Hydrocarbon in this field originates from ancontaining position therefore by using fluid
oligo-miocenesandstone formation. Field is anreplacement method, other conditions (place as

anticline with trend of NWSE and plunge of 1 gas or water saturated) were modeled. In figure

to 1.5 degrees which has a hydrocarbon colurrﬁsn shear and compressional wave logs and

with a length of 62 meters from the top_density for each three nditions of pore fluid

Reservoir includes oil column of roughly 44PTeSENCE Can be.ot_)served. Ars,_ con3|d_er‘6d,
meters and a gas cap with maximum 18 meteﬁol.‘dy6 are negativen all cond|t|9ns (oll, gas
Field includes 3 units: lower carbonated Asmarnd water)so based on equation 2, normal
Ghar sand (equivalent to Ahwaz section) arflection coefficient ') is negative anty —
upper carbonated Asmari (lower Fars). Uppeihould be positive so total increasing of

Asmari includes reservoir potential while lowe@MHitude versus offset should be decreased.
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Event Time Structure of Top Ghar
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Figure 5) Time changes of reservoir upper horizon (time decreases from violet to green) and well location.
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Figure 6) Changes of Vp, Vand density caused by fluid type changing at reservoir which has been

performed by fluid replacement modeling using well data (orange, red and blue logs respectively refers to
gas, oil and water saturated conditions). Density and compressional waven lagddr saturated condition
(at the top of reservoir) is maximum and in gas saturated condition is minimum while shear wave log in gas
saturated is a few more than two other conditions.

It should be noted that because dgative negative and positive then AVO anomaly shows

phase of wavelet used in modeling (because diss V). In figure 8, stacked seismic section

using reverse polarity in processiofj seismic f r o m

data), intercept in iGure 7 is positive and upper horizon of reservoir related to synthetic

t he

attr

but e of

gradient is negative (if phase being normaCDP gathers idrigure 7 is observed. As can be
intercept and gradient will respectively beseen, amountofs@ld P o i
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in gas saturated condition is more than othémom noise existence at @dbutin general there
two conditions although difference of gas ang a linear trend similar to AVO behavior in
oil saturated conditions is not so muchsynthetic model.

Therefore this attribute can be suitable for tha-
separation of fluids boundary. Also since i
each three conditions, gradient is roughly equ| ...
but intercept is different, intercept attribute ca
also be suitable for the separation of fluid| ..
border.

o Gas sat Oil sat Water sat ':
fiif-’z,sﬁz;ﬂ/ B IS SN II IS IS IS,

o DBEBEDBPPY. . BEBEEBEREY. . BEBEBBBPPY: ... Figure 8) Stacked s¢éci on o f scal ed Po
related to gathers in figure 7. From left to right,
seismic effects are respectively related to gas, oil
and water sturated conditions (Mirzakhanian,

2007).
After extracting attributesHgs. 10, 11 and 12)
using cross plotting of intercept versus gradient
and gradient versus scal
synthetic model as a pattern and applying that as
Figure 7) AVO behavior at the top of reservoiranomaly zones (red color) and background
relating to synthetic CMP gather with changing dui (grey color) on resulted cross plotting from real
type. Gathers are respectively from left to rightgsmic data, lateral section is gained in which
related to gas, oil and water saturated conditions. Ipper horizon can be observed well (Figs. 13
lower part of figure, amount of amplitude versus, g 14),
offset variations is shown.
) As can be seen atigares 15, 16 and 17, fluid
6.3- AVO Interpretation changing can be observed well at top of
As can be seen in figur®, at the top of reservoir and where top horizon of reservoir
reservoir, AVO behavior in seismic datecrossing well sitepased on intercept, gradient
matches AVO behaviogainedfrom well data and scal ed Poissonds rat.i

and AVOclasslV can be observed well at this
horizon. It is noteworthy that nemniform
variations of amplitude in real data is coming up
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shows amplitude changes in real data and blue liferseo amplitude changes in synthetic model).
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Figure 10) Cross section of intercept attribute (A) at well place. AVO intercept at top of horizon is positive.
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Figure 11) Cross section of gradient attribute (B) passes across a well. AVO gradient at top of horizon is
negative.
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Figure 13) Cross plotting of intercept and gradient attributes at upperizon of reservoir for synthetic
model (upper left) and for seismic data (upper right) and also seismic data cross section caused by their

cross plot zoning (lower).
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Figure 14 Cr oss pl otting of scaled Poissondés ratio an
reservoir for synthetic model (upper left) and for seismic data (upper right) and also seismic data cross
section caused by their cross plot zoning (lower).

Figure 15) Intercept attribute of AVO at upperFigure 16) Gradient attribute of AVO at upper
horizon of reservoir resulted by arithmetic average.horizon of reservoir resulted by arithmetic average.
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