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Message of the Coordinator

 * e INCT-GP plays an essential role 

in the national scenario of oil and gas explo-

ration. Examples of the challenges to over-

come are the growing di,  culties in the ex-

ploration of new petroleum reserves like, 

for instance, the recently discovered oil 

% elds in the pre-salt, as well as the need to 

increase the recovery percentage of exist-

ing reserves like, for instance, the mature 

% elds of the Recôncavo and Potiguar basins.

 In addition to the technological chal-

lenges, there are great demands regarding the 

scienti% c advancement and the education of 

human resources at all levels, particularly the 

formation of new researchers. * e members 

of the INCT-GP have made a great e; ort in 

order to improve the abilities to satisfy these 

demands in the near future. Regarding sci-

enti% c progress, the INCT-GP has obtained 

many important results in its % rst year of exist-

ence. * e following main achievements there 

are to be cited: Seismic imaging have yielded 

new methods to obtain and re% ne the veloc-

ity models for seismic time-migration and to 

improve time-to-depth conversion, as well as 

advances in several aspects of di; erent seismic 

migration techniques. * e obtained results 

constitute a great progress in the way how to 

proceed when constructing seismic images. 

 Studies of the multifrequency elec-

tromagnetic method proved its capac-

ity to map the conductivity distribution 

and the e; ect of induced polarization re-

lated to the presence of brine or petroleum. 

* e results reached until now allow us to 

predict that it will soon be possible to use 

the electromagnetic method as a comple-

mentary technique to the traditional seismic 

method, as much in exploration as in the 

monitoring of secondary petroleum recovery.

Studies on inverse problems in geophysics 

focused on the questions of stability and ef-

% ciency and resulted in new methods and 

robust algorithms for the solution of large 

systems. Moreover, we developed new meth-

ods for reservoir studies and management, 

for multiple attenuation, and for % ltering to 

improve seismic signals. * ese results are of 

great importance as much for imaging as for 

reservoir studies, and they contribute to the 

reduction of uncertainty and exploration risks.

 Up to the present moment, the INCT-

GP sta;  performed numerous administra-

tive tasks together with their research and 

education activities. To be cited in this re-

spect are the implementation of research 

grants, the construction of the INCT-GP’s 

home page, the contraction of services, the 

acquisition of equipment. Regarding educa-

tion, the INCT-GP has already to report the 

graduation of 6 M.Sc.s, 2 PhDs, and 4 B.Sc.s. 

Its scienti% c results gave rise to the publica-

tion of 19 papers in national and internation-

al journals with restrictive editorial policy.

 * e main perspective of the INCT-GP 

at the moment is de% ned by its aims: (1) to 

deepen and amplify the scienti% c coopera-

tion with national and international institu-

tions and companies; (2) to incorporate new 
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research groups, co-workers and institutions 

that work in the area of geophysics applied 

to the exploration and study of hydrocarbon 

reservoirs; (3) to consolidate its physical in-

frastructure and construct the necessary tools 

for its management and for the dissemina-

tion of its research and results, as well as for 

the exchange of researchers and students.

Milton J. Porsani
Coordinator
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The Institute

National Institute of Science and Technilogy of Petro-

leum Geophysics (INCT-GP)

 * e INCT-GP was founded in 2009 by research groups of Geophys-
ics, Geology and Reservoir Engineering from four Brazilian institutions 
(UFBA, UFPA, UFRN, and UNICAMP) that act in the common area of “Ex-
ploration and Studies of Reservoirs” (ESR) of Petroleum. Recently, a % ? h re-
search group in Applied Geophysics, located at LENEP/UENF, has joined 
the INCT-GP as an associated member.  * e complete research team is now 
constituted by 31 PhD researchers, group leaders and project coordinators.

Managing Committee
Milton José Porsani – COORDINATOR - (UFBA)
Amin Bassrei (UFBA)
Jesse Carvalho Costa (UFPA)
Joerg Dietrich Wilhelm Schleicher (UNICAMP)
Walter Eugênio de Medeiros (UFRN)
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 * e INCT-GP proposes the develop-
ment of research together with the profes-
sional development of people in order to 
confront new technologic challenges and 
reduce the shortage of human resources 
in the petroleum industry and academy. 

 * e INCT-GP aims at the integration 
of research groups in the areas of Geophysics, 
Geology and Reservoir Engineering and relat-
ed areas, optimizing the existing under-grad-
uated and graduated programs the necessary 
resources for education and for the develop-
ment of the scienti% c production at the Brazil-
ian universities. * e main research topics are:

Our mission and aims

Photo: Hedison Sato

Photo: Hedison Sato
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· Seismic imaging methods
· Inverse problems in Geophysics 
· Filtering methods of geophysical data
· Electromagnetic methods for reservoir characterization
· Reservoir characterization through induced microseismicity
· Interface for the integration of the INCT-GP’s computational devices
· Methods for the analysis and management of reservoirs
· Potential and nuclear methods for petroleum exploration
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INTERNATIONAL CONNECTIONS
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Main Results of Thematic 

Researches

 Already in its rather short period 
of existence the INCT-GP has contribut-
ed to the advancement of petroleum-relat-
ed topics in Geophysics. Below, we brief-
ly summarize some of the main results.

Seismic imaging methods

Seismic modeling

 Regarding the topic of seismic mod-
eling, there has been an advancement in the 
theoretical understanding of several important 
aspects. As the % rst of these, we derived new 
expressions for the traveltime curves of seis-
mic reK ections in media with vertical trans-
versal isotropy. * ese advancements resulted 
in a publication in the journal Geophysical 
Prospecting (Aleixo and Schleicher, 2010).
 As a second investigated aspect of seis-
mic modeling, we found new ways of con-
structing kinematic and dynamic informa-
tion about SS waves from the interpretation 
of PP and PS reK ection measurements. * ese 
results were obtained in cooperation of the 
Computational Geophysics Group (GGC) 
at UNICAMP with Norwegian researchers 
from Trondheim University and published in 
the journal Geophysics (Ursin et al., 2009).
 Still with respect to the modeling of 
seismic data, we studied paraxial forms of the 
acoustic wave equation for media with vertical 
transversal isotropy. * ese forms allow for the 
simulation of synthetic data for those media 
in approximate form. * e results of this line of 
research were presented at the congresses of 
SIAM and SBGf  (Aleixo et al., 2009a,f). An-
other approach to the same question of mod-
eling seismic data in VTI media under the 
condition of cylindric symmetry (2.5D) by 
means of the % nite-di; erence method also al-
ready yielded % rst results which were present-
ed at the SIAM congress (Aleixo et al., 2009e).

Modeling of the seismic wave6 eld in the Mar-

mouso7  model. (a) Paraxial approximation; 

(b) full wave equation.
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2D zero-offset CRS stack 

and attributes

 The computation of coherence meas-
ures is essential for any implementation of 
the CRS method. Because of certain disad-
vantages of semblance, which is widely used 
for this purpose in all presently existing im-
plementations, we have investigated alterna-
tive coherence measures, speci% cally a new 
fourth-order semblance. First experiments in-
dicate a better performance of this new meas-
ure for the detection of linear events in data 
with a poor signal-to-noise ratio, in this way 
yielding a more reliable estimate of its slope 
value. * is work was presented at the con-
gresses of SIAM e SBGf (Lima et al., 2009a,b).
A topic of common interest for both, stereoto-
mography and the CRS method is the deter-
mination of seismic event slopes directly in 

the data. In this respect, we have investigated 
the possibilities of carrying out this determi-
nation, in an automatic way, thus reducing the 
dependence on coherence measures like sem-
blance. * is work yielded one publication in the 
journal Geophysics (Schleicher et al., 2009a).
 Based on these techniques for the fast 
detection of seismic event slopes, we developed 
a method of extracting the CRS parameters 
directly from the data slopes without the need 
for semblance calculations along trial surfaces. 
First results reporting these procedures were 
presented at the congresses of EAGE, SEG e 
SBGf (Santos et al., 2009a, b, c). More recent-
ly, we were able to propose improvements to 
these techniques. * ese results were presented 
at the Workshop in Teplá (Czech Republic), at 
the Joint Assembly of AGU and are accepted 
for presentation at the congress of the SEG 
this year (Santos & Schleicher, 2010a, b, c).

Section of the CRS parameter C (related to NMO velocity), as determined using the 

local slopes of the seismic data sections.
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MVA and 2D time migration

 Another important subject that was 
tackled during the current project is migra-
tion velocity analysis for time migration. In 
this respect, we derived the image-wave equa-
tion for the description of the propagation of 
the migrated image within a common-image 
gather (CIG). Together with a new process 
of updating the present velocity model based 
on Pythatgoras * eorem of Time Migra-
tion, we developed an iterative process for 
time migration velocity analysis. * e cor-
responding results were presented at the 
congress of SIAM (Schleicher et al., 2009b).
 Another approach to the very same 
topic makes use of pre-stack time migra-
tion by means of multipath integrals. Using 
this technique in a double-stack fashion, it 
is possible to estimate a smooth time migra-
tion velocity model by division of the two ob-
tained images. * e results of this procedure 
were presented at the congresses of EAGE, 
SIAM, SEG and SBGf (Schleicher & Costa, 
2009b,c,d e Costa & Schleicher, 2009) and a 
scienti% c paper was published in the jour-
nal Geophysics (Schleicher & Costa, 2009a).
 Still related to this topic is the theo-
retical study of time-to-depth conversion. 
* is study, analyzing the dynamical prop-
erties of the image ray, was completed in 
the % rst period of the current project. * is 
procedure is supposed to establish the con-
nection between time and depth migration. 
Numerical results studying three recently 
proposed di; erent implementational forms 
of time-to-depth conversion were presented 
at the congress of SBGf (Valente et al., 2009).
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Time-migration velocity model for the Marmouso7  data, as determined using 

the double multi-path migration technique.
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Anisotropic depth migration

 Another important topic that was in-
vestigated in this project is depth migration in 
anisotropic media. We have studied the exten-
sion of the complex Padé approximation to VTI 
media. * e encouraging results of this research 
line were presented at the congresses of EAGE, 
SIAM e SBGf (Amazonas et al., 2009b,d,e) 
and led to the publication of an article in the 
journal Geophysics (Amazonas et al., 2010a).

Reverse time migration

 * e next research topic approached 
during the % rst year of the current project is 
reverse time migration. Again directing the 
focus of our research to the improvement of 
seismic migration amplitudes, we derived a 
correction to the standard imaging condi-
tion usually applied in this kind of migration, 
which improves the amplitudes of the mi-
grated image. Additionally, a taper function 
based on the propagation directions of the up- 
and downgoing % elds as evaluated using the 
respective Poynting vectors helps to reduce 
undesirable backscattering artifacts. * e re-
sults of this line of research where published 
in the journal Geophysics (Costa et al., 2009).
Moreover, we studied those seismic modeling 
problems a; ecting reverse time migration that 
are based on the temporal evolution of the 
seismic wave % elds. For heterogeneous media, 
we have worked with procedures to evaluate, 
in a more precise way, the time evolution of 
seismic wave % elds. One method of time evo-
lution works in a single step, where intermedi-
ate times are not needed. Using this very same 
procedure it is also possible to obtain the in-
termediate wave % elds and, therefore, develop 
a recursive solution. * e results of both meth-

ods are quite precise, and the recursive form 
can be reduced to % nite-di; erence methods 
with temporal derivatives, in dependence on 
the utilized approximations. * e results of 
these studies were presented at the congresses 
of SBGf (Sto; a and Pestana, 2009, Pestana and 
Sto; a, 2009), SEG (Sto; a and Pestana, 2009, 
Pestana and Sto; a, 2009), EAGE (Sto; a and 
Pestana, 2009), AGU (Sto; a and Pestana, 2010) 
and yielded a publication of an article in the 
journal Geophysics (Pestana and Sto; a, 2010).

True amplitude wave equation 

migration

 True amplitude one-way wave equa-
tion was recently proposed as a robust alter-
native to recover reK ectivity information from 
migrated data. Unfortunately, % nite-di; er-
ence implementation of true amplitude wave 
equation migration is numerically unstable. 
We proposed simpler and stable alternative 
approximate algorithms to true-amplitude 
wave equation migration. * e new algorithms 
were presented at international events: EAGE 
and SBGf Annual Meetings (Amazonas et 
al., 2009a, c), Workshop of Seismic Waves in 
3D Inhomogeneous Media (Teplá, CZ) and 
AGU Joint Assembly (Amazonas et al., 2010d, 
e). * is work was also presented at the SEG 
Annual Meeting and published in the jour-
nal Geophysics (Amazonas et al., 2010c, b).  
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Anisotropic depth migration 

of the Hess anisotropic test 

data set using a hybrid FFD/

FD migration using the com-

plex Padé approximation.

Tru Result of pres-stack true-

amplitude FFD migration of the 

Marmouso7  data. e amplitude 

wave equation migration

Result of pres-stack true-amplitude FFD migration of the Marmouso7  data.
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Electromagnetic methods for reservoir characterization

 * e Multi-frequency Inductive Electromagnetic Method is a new approach developed 
by INCT-GP researchers to measure the earth's response to induced polarization response. 
A % eld experiment to evaluate this new technology was carried out in the Recôncavo basin 
in Bahia. Based on this experience, the method was shown to be adequate and satisfactory as 
a complementary technique for the evaluation and monitoring of petroleum reservoirs sub-
jected to the forced injection of K uids. * e results obtained until now allow to predict that the 
electromagnetic multi-frequency method has large possibilities of becoming a complementary 
technique to the traditional seismic method, as much in the direct hydrocarbon exploration as 
in the monitoring of the e,  ciency of the secondary petroleum recovery processes.

Acquiring geophysical data using the multi-frequency 

inductive electromagnetic equipment.
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Seismic and electromagnetic 
sections along the same line in 
São Mateus area (Espítito Santo 
- Brazil). In details are depicted 
three chiminey structures re-
lated to K uid migration efects.
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Velocity spectrum obtained by smearing data in the 

spectrum domain instead of stacking in the CMP 

domain. Velocities focus clearly and correctly.

inverse problems 

in geophysics

Velocity analysis

 In a new approach to the problem of 
velocity analysis, we have studied the analytic 
tracing of OCO (o; set continuation) rays us-
ing the intermediate tracing of OCO trajecto-
ries. * e value of the NMO (or better, OCO) 
velocity is obtained from the intersection of the 
OCO ray with the true event in the acquired 
data. * e results of this research were presented 
at the congresses of SEG and SBGf (Coimbra et 
al., 2009a,b), as well as the Workshop in Teplá 
(Czech Republic) and at the Joint Assembly of 
AGU (Coimbra et al., 2010a, b). * is work also 
resulted in a master’s thesis (Coimbra, 2010).
Another new approach to velocity analysis, 
more closely related to the conventional ap-
proach, is based on the change of paradigm 
from stacking to smearing. By changing from 
conventional stacking to smearing, it is possi-
ble to construct velocity spectra that are equal 
to the ones from the conventional procedure. 
* e new way of constructing them presents 
advantages for parallel implementation and 
allows, by using other coherence measures
beyond semblance, to construct slightly dif-
ferent velocity spectra. * e results of this re-
search were presented in a master’s thesis and 
at the congress of SEG (Macedo et al., 2009).

 Inversion of the quality 

 factor

 Estimation of attenuation from seismic 
data can lead to better reservoir characteriza-
tion and seismic images with higher resolu-
tion. * e performances of the spectral ratio 
(SR), frequency centroid shi?  (FCS), and fre-
quency peak shi?  (FPS) methods to estimate 
the e; ective quality factor Q were compared. 

 * e methods can be ranked from low to 
high automation complexity in the sequence: 
FPS, FCS, and SR. Regarding the noise content, 
the methods can be ranked from low to high 
robustness in the same sequence: FPS, FCS, 
and SR. Finally, regarding the sensitivity of 
the methods to the presence of dipping layers, 
only the SR and FCS provide good estimates, 
at least to typical dips in non-faulted sedimen-
tary layers, with the estimates obtained with 
the SR method being more accurate that those 
obtained with the FCS method. Among the 
three methods, the FCS method appears to be 
the choice of best trade-o;  between degree of 
automation and sensitive to noise content. A 
detailed report was submitted to publication 
(Nunes et al., 2010) and preliminary results 
are available in a master thesis (Nunes, 2010). 
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Velocity spectrum obtained by smearing data in the 

spectrum domain instead of stacking in the CMP 

domain. Velocities focus clearly and correctly.

Sensitivity to noise level: estimated Q 

for a layer (Q3) using the spectral ra-

tio (a), frequency centroid shi7  (b), 

and frequency peak shi7  (c) methods. 

(a)

(c)

(b)

Each point is the mean of ten estimates, being each estimate associat-

ed to a diY erent pseudo-random sequence of the added Gaussian noise. Er-

ror bars represent two standard deviation centered at the correspondent mean.
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filtering methods of geophysical data 

Automatic event tracking and % ltering using SVD

Automatic event tracking and % ltering is critical for coherent noise suppression and the im-
provement of the signal-to-noise ratio in seismic data. Using SVD we developed a new % ltering 
algorithm that preserves amplitude relations, phase and spatial correlation along the events. * e 
SVD % ltering is computationally e,  cient and strongly improves the coherence and continuity of 
reK ection events, which increases the success of autotracking algorithms (Porsani, et al., 2010).

Comparisons of the automatic event tracking. Results using 

the original data in (a) and a7 er the SVD 6 ltering.

Ground roll attenuation

Ground-roll is a coherent noise which is present in almost all land seismic data and, due its high amplitude, it 
can mask reK ection events and degrade the quality of seismic images. We found that are SVD % ltering (Porsani 
et al., 2009, 2010) and dip % ltering (Melo et al., 2009) are very e; ective for ground-roll  suppression.  

23



Comparison of SVD 6 ltering of the ground-roll .  

Input data in (a), a7 er of the SVD 6 ltering and the 6 ltered noise (c).

Multiple attenuation

 Multiple attenuation is essential for the success of most methods of velocity analysis 
and seismic imaging. Multiple attenuation is challenging where there is strong lateral veloc-
ity variation, for example, in continental slope areas when the ocean K oor has steep dips. We 
reported improvements of multiple attenuation in continental slope areas by using parabolic 
Radon transform and single and multi-channel adaptive prediction % lters. * ese results were 
presented at the congress of SBGf (Luite, et al., 2009, Einsiedler et al., 2009) and published in 
the journal Geophysics (Abbad, et al., 2010).

Multiple attenuation using multichannel 6 ltering. Original data in (a) and 6 ltered results in (b). 24



Reservoir studies with passive seismic

 
 * e nanoseismic method is able to detect events of magnitude -2.4 ML asso-ciated to 
seismic signals generated by fracturing due to a hydrofracturing operations. * e advantages of 
this method are the small number of receivers and a coupling very close to the earth’s surface. 
Experiments were done to evaluate the seismic noise introduced by the machines responsible 
for the hydrofracturing operation and the amplitude of the signal directly associated to the 
hydrofracturing. Now, we are modeling the seismic response due to the hydrofracturing stress 
in order to optimize the sensor locations. Preliminary results yielded a master thesis (Silva, 
2010. We developed also a new hypocenter localization method where the used constraints are 
compatible with the geological fact that quakes generally occur along fault planes. * is topic 
yielded one PhD thesis (Santana, 2010).

Example of the industrial environment in the Potiguar Basin where a microseismical test of a 
hydrofracturing operation was conducted.
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Interface for the integration of the INCT-GP's

computational devices

 Regarding the development of the interface itself, we can highlight some important ad-
vances, such as the support of the implementation of processing streams in high-performance 
clusters, like cluster Neptune, made available for research by the * ematic Network of Applied 
Geophysics of PETROBRAS; native support of execution queues, regardless if the server has 
this feature; parameters dictionary, which allows parameter sharing between processing K ows; 
rescue of any intermediate state of the con% guration of K ows, allowing to maintain speci% c 
con% gurations of a stream, in a transparent and uni% ed way; the new resource allowing the 
importation and exportation of projects, lines and processing streams, enabling the exchange 
of information between users a simple way.
 Besides these points, we can also quantify the development of the implementation of 
the GêBR interface by the number of code lines. In early 2009, there were 21 thousand lines of 
code. At the end of 2009 this % gure was at  33 thousand, representing an increase of 57%. At the 
end of 2009 this number had increased to 176 programs. Currently, the  % gure stands already 
at over 300 programs. * ese programs lend themselves to synthetic data modeling, editing, 
geometry, pre-processing, multichannel deconvolution, migration, and velocity analysis.

Display of the GêBR interface being developed for the integration of the INCT-GPs devices. 26



Main Events

As part of the INCT-GP Training Program, several short courses were o; ered for scholars and 
researchers, open to academic and business professionals on topics related to Petroleum and 
Geophysical Studies of Reservoirs, which are listed below:
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Main Results on Human Resources 
Formations

Z e visiting researcher INCT-GP Einar Iversen, gave the traveling seminar "Seismic Ray methodol-

ogy: basic concepts and modern applications" at the participating institutions UFPA, UNICAMP, 

UFRN on 29-30 April (UFPA), 03-04 May (UFRN) 06/10 May (UNICAMP), as well as at the headquar-

ters of SBGf (Rio de Janeiro) on May 12, 2010.29 



“Introduction to seismic processing” using 
ProMax, lectured by Prof. Dr. Ellen Gomes 

(UFPA). Winter Week of Geophysics, 
IMECC-UNICAMP, 19 to 23 June, 2010.

“Mono-and Multichannel Deconvo-
lution”, lectured by Prof. Dr. Milton 

Porsani (UFBA). Winter Week of Geo-
physics, IMECC-UNICAMP, 19 to 23 

June, 2010.

“Introduction to the Seismic Method”, lec-
tured by Prof. Dr. Lucio T. Santos (UNI-

CAMP). Winter Week of Geophysics, 
IMECC-UNICAMP, 19 to 23 June, 2010.

 
“Introduction to Petroleum Geophysics”, lectured Prof. 

Amin Bassrei (UFBA). Winter Week of Geophysics, IM-
ECC-UNICAMP, 19 to 23 Jun, 2010.

“Introduction to the Processing Interface 
GêBR”, lectured by Prof. Dr. Ricardo Biloti 
(UNICAMP). Winter Week of Geophysics, 
IMECC-UNICAMP, 19 to 23 June, 2010.
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Cooperation activities 

between INCTs and other 

institutions

* e INCT-GP participates in the proposal to create 
the Geotechnologial Laboratories Applied to Hydro-
carbon Exploration and Production and to Environ-
mental Monitoring of Mature Fields, submitted to 
the Center of Petroleum, Gas and Renewable Energy 
(UFBA-PETROBRAS), to be installed in the Tech-
nological Park in Salvador. * is laboratory will be 
supporting the techno-scienti% c activities of IGEO/
UFBA and CPGG/UFBA and will be integrated into 
the INCT-GP, as well as into the Bahia Center of Ex-
cellence in Petroleum and the Center of Petroleum, 
Gas and Renewable Energy UFBA-PETROBRAS.

* e INCT-GP also participates together the INCT 
for Energy and Environment in the proposal to 
create at UFBA the Institute for Science, Technol-
ogy and Environment (ICTI-EA). We believe that 
the thematic complementarity and the collabora-
tion activities between  those INCTs will strength-
en both institutes and the ties between them.

* e INCT-GP also cooperates with the INCT for 
Tectonic Studies (INCT-ET). Interaction between 
researchers from these two INCTs aims at joint de-
velopment of lithospheric studies in the Borborema 
province, which is of interest to improve the under-
standing of the geodynamic evolution of on- and 
o; shore sedimentary basins of the northern North-
east. Particularly, there has been a session at the 
Joint Assembly 2010 of AGU to debate the advance-
ments of knowledge about the Borborema province.

With respect to the research projects that are de-
veloped in the realm of INCT-GP, we can state 
that the researchers of the 4 participating institu-
tions are keeping regular dialogue with technical 
sta;  of PETROBRAS and other companies of the 
petroleum exploration sector. Some of these con-
tacts happen naturally at the occasion of technical 
and evaluation visits of research projects % nanced 
by PETROBRAS and at techno-scienti% c events.

We also keep a good and regular dialogue with rep-
resentatives of ANP, who, together with PETRO-
BRAS, % nance infrastructure improvements 
associated with the projects of the * ematic Net-
work of Applied Geophysics of PETROBRAS.

* e INCT-GP has furthered the collaboration of its 
researchers with partners from international research 
institutions, particularly the universities of Texas and 
Stanford (USA), Trondheim (NOR), Edinburgh (UK), 
and Hamburg and Karlsruhe (GER). * is partnership 
is reK ected in the co-authorship of the published works.
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Papers presented 

at conferences 

AMAZONAS D, ALEIXO R, MELO G, NOVAIS A, 
SCHLEICHER J & COSTA  JC. 2010. Including lateral 
velocity variations into true-amplitude common-shot 
wave-equation migration. In: Annual Meeting, Den-
ver. Society of Exploration Geophysicists. Expanded 
Abstracts, 3385-3390.

ASSUMPÇÃO M, FERREIRA JM, NASCIMENTO D, 
FONTES SL, PIRCHINER M, BARROS LV, FRANÇA 
GS, DOURADO J & DO NASCIMENTO AF. 2010. 
* e Brazilian Permanent Seismographic Network: 
Current Plans and Preliminary Results. In AGU Joint 
Assembly, Foz do Iguaçu.

CANDIDO IP, DO NASCIMENTO AF, NOVO BAR-
BOSA MF, JULIÀ J, FRANÇA GS & FERREIRA JM. 
2010. Crustal * ickness and VP/VS Ratio Variation in 
the Borborema Province from Receiver Functions: In 
AGU Joint Assembly, Foz do Iguaçu.

DO NASCIMENTO RM, DO NASCIMENTO AF, 
FERREIRA JM & ASSUMPÇÃO M. 2010. Analysis 
of the Dispersion of Surface Waves in the Borborema 
Province, Northeastern Brazil: In AGU Joint Assem-
bly, Foz do Iguaçu.

DO NASCIMENTO AF, NUNES BI, BEZERRA FH 
& FERREIRA JM. 2010. Pore pressure changes, pre-
existing faults and present-day stress % eld: the Castan-
hão reservoir (NE Brazil) example:. In AGU Joint As-
sembly, Foz do Iguaçu.

FERREIRA JM, DO NASCIMENTO AF, BEZERRA 
FH, de LIMA HC & FUCK RA. 2010. Monitoring and 
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