
Commulı. Fac. Sci. Univ. Arık. Serie C 
V. 6. pp. 343-359 (1988)

PREDICTION OF OVERPESSURED ZONES USING SEISMIC DATA

KHALID S. Al, MUKHTAR

Dept. of Geology, CoUege of Serence^ Vniversity of Mosul^ Mosuf IRAQ.

ABSTRACT

Due to the recent progress achieved in the seıamic data acguistion and digital processing teehni- 
ques, the ability of the exploration seîsmologist to detect many important objeetives is widely 
enhanced. One cf these objeetives is to detect overpressured zones. This deteetion is very impor
tant for the petrolcüm geologist and the drilling engineer for security and drilling arrangement 
purposes.

The present paper explains this phenomena and reviews the laboratory experimental re- 
sults, and the required field seismic measurements carried out. Consequently many conciusions 
are established.

INTRODUCTION;

The most important objeetives of seismic reflection interpretalion 
are the identification of strueture, lithology, Pore filler, differential
pressure, ete, Parameters extractahle in varying degrees from seismic 
reflections to accomplish such objeetives basically are: velocity, travel 
time, amplitude, reflection pattern, ... ete.

In the last decade many papers have been published in the domain 
of seismic identification of pore fiUer (brine, oil, and gas) and of differen
tial pressure. Before that many papers have covered the geologic side 
of the oıigin, accumulations, and recognization of overpressured zones.

The research in this field is carried out through two trends. The 
first is the laboratory measurements on jacketed samples under different 
conditions of pressure, saturation, temperature, ... ete. The second trend 
is to use the measured seismic parameters in the recognition of com- 
paction zones.

As a result of many published laboratory research especially those 
of Stanford rock physics project groups, it is believed that the seismic 
data interpretation in this field could be enhanced.



344 KHALÎD S. AL MUKHTAR

EXPRESSION OF DIFFERENT PRESSÜRE TYPES:

Reynolds (1970), Toksoz et al (1976), Meckel (1978), ... ete have 
defined different pressure types.

Overburden pressure (or geostatic, confining pressure), Po, is usually 
defined as the vertieal stress caused by ali the mat eri al, both solid and 
fluid above the formation. This represents the total vveight of the overl- 
ying sedimentary layers in a downward direction. An aveıage value is 
1.0 psi for each foot of depth, although small departure from this ave- 
rage have been noted. This value is based on assumption that the ave- 
rage bulk density, pj,' of earth geloogic seetion is of 2.3 gm/c.c.

Reynolds (1970) has reported that the overburden pressure gra-
dient, Go, is equal to: 2.40 kg/l, 2.40 gm /cc, 2.40 atm/lO m.

The overburden pressure, Po, caused by many layers of interval 
thicknesses h and bulk densities pt, could be expressed as follows:

Po = S pb A h, Po = J pj) dh

Where h is the depth of the overburden.

Pore pressure (or internal fluid pressure), Pp, is usually defined as 
the pressure exerted by a column of free solution that would be in 
equilibriunı with the formation. This is usually cunsidered to be equiva- 
lent to hydrostatic pressure, i.e., the pressure resulting from a column 
of brine extending from the porous rock to the surface. Normal pore 
pressure gradient, Gp, is frequently assumed to be 0.465 psi for each 
foot of depth, although large departures from this value occur in high- 
pressure shales and ovcrpressured reservoirs. Duhem (1979) has men- 
tioned that the gradient could be represented by two manners: 1 /psi /ft. 
2 /Ibs /gal.

Gp = 0.465 psi/ft = 1.12 kg/al = 1.12 gm/cc = 1.12 Atm/lOm 
for salt water

Gp = 0.430 psi/ft = 1.03 kg/I = 1.03 gm/cc = 1.03 Atm/lOm 
for fresh water

The transformation relation is that one pounds square inch per foot 
equal to 0.052 pounds per gallon (Equivalent Mud weight = E M W).

The e^ectjre pressure (or differential pressure, compaction pressure), 
A p, governing the elastic properties of the skeleton of porous sedimen- 
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tary rocks (reservoir) is defined as the difference betwccn the overbur- 
den pressure to the overiying sedimentary layers and the pore pressurc.

A P = Po — Pb

Mossman (1973) has reported that the effective pressure is an in- 
dicator which describes the compressibility of the rocky medium.

Reynolds (1970), Tixier et al (1975) have showed that the normal 
pressure refer to for matı on pressure which is equal to the hydrostatic 
head. In this case the pore filler freely moved in the rocks and pores are 
interconnected in horizontal and vertical directions. At this case the 
pore pressure, Pp, is equal to hydrostatic pressure Ph.

Pp = Ph

At this case effective pressure (or compaction pressure) gradient, 
Ge, is given by:

Ge = Go — Gp

= 1 — 0.465 = 0.535 psi /ft

= 2.4 — 1.12 = 1.28 kg/1

Abnormally pressured formations are those which. contain pressures
higher than hydrostatic and are encountered at varying depths. These
formations referred to as abnormal pressured or overpressured. In this
case the porefiUers can not freely moved and its blocked by some bar- 
riers. For overpressured formations the following expression is valid:

Pp

GP

Ph

Gh

Gregory (1977) has reported that, the overpressured rocky medium
characterized by a low compressibility and density.

ASPECTS OF ROCK PHYSICS FROM LABORATORY DATA

The velocity and attenuation of seismic waves in crustal materials 
are strongiy dependent upon pore fluid content and details of pore 
geometry. In exploration geophysics; a substantial effort has been made 
to develop more detailed theoretical and experimental correlations bet- 
ween seismi* parameters (longitudinal and shear wave velocities, and 



346 KHALİD S. AL MUKHTAR

specific attenuation factor) and physical properties of rocks such as 
rock type, saturation, pressure, porosity ... ete. Moreover, inerease in
differential pressure from a normal values modifies velocity and also
reflection amplitude.Such modifications are used in predieting the
presence and position of overly pressured depth zones.

In the laboratory measurements, the differential pressure; p; 
causing compation which is transmitted from grain to grain is equal 
to the confining pressure minus the pore fluid pressure. In addition, 
confining pressure, Pc, represents overburden pressure or depth of
burial, while p represents the pressure case whcther it is normal or ab
normal.

will throw some light on the behavior 
funetion of pressure.

In the following seetions we 
of velocity and attenuation as a

A) Velocity versus pressure

Mossman (1973), Gregory (1977), ... ete. have showed that the elas
ticity parameters of the rock skeleton is inereased with inereasing of 
differential pressure. This relation will produce an inerease in the frame
OT skeleton velocity.

The inereasing of elasticity parameters is attributed to the reaction 
between grains borders and closing of microcracks with inereasing of 
differential pressure.

Brandt (1955), Wylile (1958), Banthia et al (1965), ... ete, demonst- 
rated both theoretically and cvperirncntally that Vp and Vs in a porous
rocks is dependent to a first approvimation only on differential pressure.

Toksöz et al (1976) have suggested that the velocity inereased with 
sing of pores in porous rock containing a speetrum of pore shapes. Also, 
they developed a theory for pore closing as a funetion of pore aspect 
ratio, resulting in an inerease in bulk modulus (incompressibility) and 
thereby an inerease in velocity.

Gregory (1977), Meckel (1978) have showed that the influence of 
pressure on the velocity decreased with inereasing of depth. This means 
that for most deeply buried rocks the velocity ehange dne to differential 
pressure is low relative to changes produced by other properties, such as 
porosity and mineral composition.

Mossman (1973) has mentionned that the type of fluid preseht in 
rocks has some effect on the velocity of transmitted sound. Brine has a 
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velocity in the order of 4990 ft / sec at atmospheric pressure and increas- 
ing about 100 ft /sec at 3000 psi. The average velocity of the hydrocar- 
bons is 3940 ft / sec at 1 atmospheric pressure and will increase under 
pressure at a rate higher than its dose in watcr.

Johne (1979) has measured the ultrasonic compressional, Vp, and 
shear velocities in samples of Berea massilon, and St. Peter sandstone 
at effective pressure to 800 bars. Velocities increase rapidly with pressure 
below 200 bars and less rapidly above 200 bars. Vp is greater for saturated 
samples than for a dry ones at low pressure but the difference disappears 
at high pressures. Vs is greater for the dry samples than the saturated 
ones at aU pressures.

Hisao Ito et al (1979) have measured both Vp and Vs in water fiUed 
Berea sandstone, during water—steam transition, as a function of pore 
pressure under a constant confining pressure of 200 bar. At 145.5°C,
Vp increased from steam saturated (]ow pore pressure) to watcr saturated 
(high pore pressure) rocks, wheras shear wave velocity decreased. Further 
more, a velocity minimum, attenuation and dispersions occur at water- 
steam transition for compressional wave. On the other hand, the results 
at 198°C show that both CVp and Vs decrease from steam saturated 
(low Pp) to water saturated (high Pp) rocks. At both temperatures, the 
Vp / Vs ratio and poissons’ ratio have inscreased from steam saturated to 
water saturated rocks.

Mc Evilly and Nur, 1979, have reported on some preliminary results 
tp determine the pore pressure in the Gabilan range, California, from 
aceurate seismic reflection data. Their results suggest that the low velo
city zone in the Gabilan range should be due to rvater pressure, approach- 
ing lithostatic confining pressure, in the depth range of 4—10 km.

Winklcr, 1979, Winkler and Nur, 1979, have measured the seismic 
velocities in resonating bars of Massilon sandstone at various degrees of 
saturation and as function of effective stress. They found that Vs dec-
reases continuously as the degree of saturation increases whereas Vp 
decrease from dry to partial saturation, and sharply increase as total 
saturation is achieved.

B~ Attenuation versus pressure

Över the past fifty years attenuation in rocks has been studied by 
many investigators using various techniques. In only a few cases has 
attenuation been studied in a rock subjected to confining pressure, Pc, 
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(Birch and Bancroft; 1938; Gardner et. al.; 1964; Gordon and Davis; 
1968; Toksöz et. al.; 1977, 1979) and of these only (Toksoz et. al.) has 
pore pressure, Pp, also been controUed. While these studies have used a 
variety of techniques, frequencies and rock types, they ali agree that 
increasing Pc causes attenuation to decrease (specific attenuation fac- 
tor or quality factor, 0, to increase) in much the same way that velocity 
increases with pressure.

Toksöz et. al.; 1977; 1979; as a results of their work using ultrasonic 
compressional and shear velocities have shown that O also increases with 
differential pressure; p; when pore pressure is kept at fixed fraction of 
confining pressure.

The same results are confirmed by Winkler, 1979. He has attribute 
the decreasing of attenuation to the increasing of confining pressure, 
due to crack closure. Winkler has studied the effect of saturation on the 
compressional and shear energy losses. As water is added to the pore 
space of rock, compressional energy loss, Qp~', is about twice as large as 
shear energy loss and both increase with increase of saturation.

Nur and Moos, 1979, have determined the expected effects of deep 
high pore pressure zones on seismic waves by combining laboratory and 
theoretical studies. They have derived the effects of high water pore 
pressure on seismic waves under crustal conditions. High pore pressure 
produces coincident regions of low Vp and Vs, and high attenuation 
Qp~l and Qs“b For reasonable crack densities and geotherms, the dec
rease dueto Pp of Vs and Qs~^ is greater than Vp and Qp~b Consequently, 
poisson’s ratiois expected to decrease some what in pore pressure in- 
ducing low velocity zone.

Finally, from the above studies ■which were carried at different con
ditions of pressure , lithology, frequency, and saturation , the following 
remarks could be established:

1— The velocity and attenuation are affected by the differential 
pressure. This effect is limited to a certain depth below which the pres
sure has a minör role.

2— The velocity of pore fluids also increased with increasing pressure.

3- High pore pressure produces coincident regions of low Vp and
Vs, and high attenuation Qp and Qs~^-,-ı
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4- Velocity and Q increases (attenuation decreased) with inereasing 
of confining pressure. This means that the general behavior öf velocity 
and quality factor suggests that they inereased as funetion of depth.

5- In addition to the possibility of usiug Vp, Vs, Qp~l, Qs~*5 it is 
possible to introduce other parameters like Vp/Vs and poisson’s ratio 
in the interpretation of overpressured reservoirs and in the detection of 
overpressured shales in young sedimentary sequences.

SEISMIC DETECTION METHODS:

Norotte, 1976, has reported that the knowledge of abnormal pres
sure zones is based on two methods:

1— Seismic velocity analyses which is carried out before drilling any 
well.

2- WeU logging method which inciudes justification of the ex- 
peeted pressure data derived from velocity analyses. This method gives 
many informations which could indicate the presence of overpressured 
zones. Of these informations are; speed of drilling, density measurements, 
mud temperature, analysis of gas, resistivity data, sonic and density 
logging.

The driUers wish to know the overpressured zones before starting 
driUihg operation. The geophysicists attempt to know the overpressured 
zones, their thicknesses and depth, before starting of any drilling. This 
represents one of the objectives of recent seismic exploration method.

As a result of research carried out in this field, it is possible to pro- 
pose the following techniques.

1- Finit velocity analyses 2- preserved amplitude processing 3— 
reflection polarity analyses 4— seismic facies analyses.

1. Finite velocity analysis :

Velocity analysis is used in the detection of overpressured zones 
by calculating the interval velocity values (Reynold, 1973, Aud, 1976,
Alsadi, 1980, ...). These velocities are derived from root mean square
velocities usiug Dix formula. For such purpose, it is necessary to obtaiu 
the velocity data with high resolution and accuracy.
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The overpressured zones could be determined by converting inter
val velocities into interval transit times. Since, transit time is a funct- 
ion of poıosity, it is an excellent indicator of abnormal pressure since 
abnormally high pressure is closely related to abnormally high porosity 
existing in the rock System.

on
The interval transit time calculated in sec /ft is plotted versus depth 

semilog paper. This plot represent acoustic impedance log wherc the 
transit time for each horizon is given on the X—axis whilc depth data is 
presented on the Y-axis. The next step consists of plotting of the best
line or lines wh ch pass through the po.nts of plot. This line is called
Normal Compaction Line (NCL) which could be mathematically cal
culated by least —square method. One important point to be established 
here is that any change in the trend of increasing compaction with depth
may be an indication of abnormal pressure. Also the degree of departure 
from the normal compaction line is proportional to the abnormal pres
sure. Since the overpressured zone is characterized by lower density re- 
lative to the adjacent beds, kit means that the path-time of seismic wa- 
ves at this zone will be high. Thus the overpressured zone values are ex- 
pected to be high to the right of NCL. (Fig.,1).

The next step is to indicate the point at which the transition from 
normal to high pressure occours. If several analyses över a region are 
composited, a statistically reliable curve can be established which prep- 
resents normal hydrocstatic pressure (9 ppG mud, 0.465 psi per ft.).

On the other hand, Tixier et . al., 1975; have mentionned that the 
normal oil field is classified as these formations which could be drilled 
with a normal pressure (tili 10 1 bs / gal). Those requiring more than 
12 Ibs /gal are described as abnormally pressured and those in between 
are referred to as the transition zone.

Consequently, quantitative degres of abnormal pressure could be 
estimated by horizontal comparison method. This is simply carried out 
firstly by making a calibration curves of pore pressure as function of 
depth and transit tome. These are derived from the wells located at the 
studied region. The next steps is to overlay these curves on the transit 
time-depth plot, so that the 9 İh ! gal gradient is positioned along the 
apparent normally pressured lithology for the area and values of abnorm- 
mal pressure are read directiy. (see Fig. 2).

Another approach is to determine the transit time of the NCL, (A
T)nor-) and the observed transit time, (A T)obs-.- at a certain depth. The
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difference between these two values, (A Tobs^+ATnor); is used to obtain 
directly the formation pressure gradient and eguivalent mud wcight. 
Fairfield Industries presented one nomogram for this calculation (Fig. 3).

2. Preserved amplitude processing:

The conventional seismic seetions are not suitable to iUustrate any 
phenomena related to pore pressure. In contrast, the preserved amplitude 
processing technique give seismic seetions which preserved their ampli- 
tudes.

Barry, 1973, zoerb, 1973, stone, 1974, ... ete have reported that this
preservation will give indications as to the physical properties of diffe
rents horizons represented in the seetion. The interpreter can notice 
many deseriptive parameters, to locate the overpressured zones, such 
as accoustic impedance, refleetivity... etse. The occurence of bright spot 
gives indication on the gas accumulations. (Fig. 4.).

3. Reflection polarity analysis :

The advanced processing technique aids the exploration seismolo- 
gist in presenting the seismic data in different manners. One of these is 
the coloured seismic seetions, from which it is possible to observe im
portant structural, stratigraphic and petrophysical properties. Zoerb, 
1973, Sheriff, 1976, Chappel, 1980,... ete. have reported that the present- 
ation of coloured polarity seetion will facilate the detection of overpres
sured zones where it is possible to detect the locations of signal sign vari- 
ations.

4. Seismic facies analysis

Another important tool which could be used by geophysicist and 
geologist is to differentiate between differents facies., Norotte (1976) 
Sangree and Widmier (1979), Vail., 1976, have showed that shale facies 
could occur in the seismic seetions as a relatively thick zone without 
refleetions or with weak and discontinuous reflections. Also, the sign 
of reflections at the top and bottom of seismic facies must be noticed. 
This will aid in the distinetion of overpressured shale.

DISGUSSION AND CONCLUSION

It is clearly known that the effective pressure is the factor which in
dicate the pressure case, whether it is normal or upnormal, in a certain 
formation . The behaviour of differents parameters as funetion of the
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effective pressure is also established. One of these parameters is the 
velocity (or its inverse: transit time) which is mostly used in the detection 
of ovcrpressured zones.

interval velocity data are derived from velocity analyses. The big- 
gest problem is the type of velocity analyses with which the geophysicist 
is forced to w«rk. In the classical processing procedures the velocity 
plots weıe made to yield infoımation for common depth points stacking 
purposes and not fror finite interval velocity resolution. Thus, it is neces-
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sary to obtain velocity values with more accuracy and higlı resolution.
The degree of accuracy is highly dependent on the queality of the seis
mic records and the interpretation of velocity analysis. Generally good 
reflections give good Vrms and good interval velocities. Any individual 
velocity plot can be completely misleading due to some coınmon sources 
of errors such as dipping beds, normal moveout, faults, multiples reflect
ions, static corrections , curved ray pathes, anisotropy,... ete. In addition, 
the spread length used for field recording may affect the accuracy of 
processing. Short spread is designed for shallow ovjective while long 
one is used for deteeting ğore deep horizon. Velocity calculation is en- 
hanced in the studied area by inereasing the number of velocity analyses.

Moreover, the velocity analyses should be located for from the sour
ces of disturbance like fault zones... ete.

Generally, any velocity anamoly could be interpretated as funetion 
of geologic age, lithology, pressure, porosity... ete. Fig(5). Also the pre
sence of small or high quantity if gas produce a decrease in the measured 
seismio velocity. It follows, a geologist opinion should be inciuded in 
the interpretation. Laboratory researehes (Nur et al., 1978, Jones, 1979, 
McEviUy and Nur, 1979,... ete) reveal some important points concerning 
the relations between effective pressure and other parameters such as
specific attenuation factor Q,4499 Vp / Vs or poisson’s ratio. It is though
that these parameters could be measured in the seismic processing çen
ter and to be introduced in the interpretation to detect overpressured 
zones. This has not yet been carried out.

Finally, the question proposed by driUing engineers and petrolcüm 
geologists concerning the possibility of early detection of overpressured 
zones may be answered by exploration geophysicist. The answer is 
positive if the geophysict is given enough time to make a detailed pro
cessing and interpretation. Any processing package must inciudes:

1— Finite velocity analysis

2- Preserved amplitude displasys

3— Reflection polarity seetions

4— Seismic facies analysis

5— Attenuation display

6— Vp, Vs, Vp / Vs or poisson’s ratio displays.
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