Encontro Técnico

AESABESP

Congresso Nacional
de Saneamento e
Meio Ambiente

Me Tulio Cordeiro Bicudo

Mr. Itiro Nakakura
Oriti Solutions Servicos de Engenharia

OBIJETIV. 'S

DE DESENVOLVIMENTO

SUSTENTAVEL



OritiSOIutions

= Geofisico
= Mestre em Geofisica
= Gerente de Projetos

Experiéncia comercial em Prospecc¢do Geofisica
aplicada ao planejamento urbano, engenharia,
geotecnia, hidrogeologia, arqueologia entre
outras.

Dedica-se a pesquisa na area de computacio
geofisica (modelagem, inversao e inteligéncia

_— artificial).
Talio Bicu Trabalha principalmente com o0s métodos de
Gerente de Proje Radar de Penetracdo do Solo (GPR),
SIS Eletrorresistividade (ER) e Sismica de Ondas de

Pesquisador

Superficie (MASW).




Introducao

 Método geofisico Georadar (GPR - Ground
Penetrating Radar) no mapeamento de
tubulacoes e cabeamentos;

* Principal objetivo: o sistema de distribuicao
de agua;

 As caracteristicas das tubulacoes desse
sistema também foram definidas/estimadas;

* Locais com provaveis vazamentos foram
Indicados;

e Georreferenciamento dos sistemas de
distribuicoes mapeados.
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Metodologia

* Georadar (GPR - Ground

Penetrating Radar);

* O GPR pode ser aplicado na
Engenharia, Geotecnia, Meio
Ambiente, Estudos Forense,
Arqueologia, Hidrologia entre
outros.

 Em aplicacoes da engenharia
pode ser usado para
investigacoes em pavimentos,
estruturas de concreto
armado, infraestrutura
ferroviaria, planejamento
urbano entre outras.
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Metodologia

* Georadar (GPR - Ground Penetrating Radar);

* O GPR pode ser aplicado na Engenharia, Geotecnia, Meio
Ambiente, Estudos Forense, Arqueologia, Hidrologia entre
outros.

Em aplicacoes da engenharia pode ser usado para
investigacoes em pavimentos, estruturas de concreto
armado, infraestrutura ferroviaria, planejamento urbano

entre outras.




Metodologia

* Georadar (GPR - Ground Penetrating Radar);
« Baseado na Reflexdo de Ondas Eletromagnéticas
(Frequéncias de Radio);
* O carater nao destrutivo da geofisica faz essa ferramenta
ser amplamente utilizada;

 Para sua aplicacao adequada € necessario conhecimento
profundo sobre os principios teodricos e praticos de
funcionamento do método;
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Metodologia

* Georadar (GPR - Ground Penetrating Radar);
« Baseado na Reflexdo de Ondas Eletromagnéticas
(Frequéncias de Radio);
* O carater nao destrutivo da geofisica faz essa ferramenta
ser amplamente utilizada;

 Para sua aplicacao adequada € necessario conhecimento
profundo sobre os principios teodricos e praticos de
funcionamento do método.
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Metodologia

* Georadar (GPR - Ground Penetrating Radar); .

* O carater nao destrutivo da geofisica faz essa ferramenta
ser amplamente utilizada; o

* Para sua aplicacao adequada € necessario conhecimento
profundo sobre o0s principios teoricos e praticos de
funcionamento do método.
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Metodologia

* Georadar (GPR - Ground Penetrating Radar); |

* O carater nao destrutivo da geofisica faz essa ferramenta
ser amplamente utilizada; o

 Para sua aplicacdo adequada é necessario conhecimento
profundo sobre o0s principios teoricos e praticos de
funcionamento do método.
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Aquisicao de Dados

» Deteccao e Mapeamento de Tubulagoes
10 km de mapeamento em um periodo de 10 dias;
* Planejamento  visando o) detalhamento dos
cruzamentos;
 Marcacao em Tempo Real no Periodo Noturno;
* Coleta das posicoes das tubulacoes por sistema GNSS.
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» Deteccao de Vazamentos
* Pontos Especificos com Problemas na Distribuicao;

 Metodologia diferenciada;
 Marcacao em Tempo Real no Periodo Noturno.
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Processamento de Dados

* Fluxo de Processamento

* Filtros para Remover Ruidos
* Ganhos para Compensar Perdas de Energia
» Correcoes para Ajustar Aspectos Geométricos
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Processamento de Dados

* Fluxo de Processamento
* Filtros para Remover Ruidos
* Ganhos para Compensar Perdas de Energia
» Correcoes para Ajustar Aspectos Geométricos
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Interpretacao dos Resultados &) B

* Analise das Correlagao entre Perfis
* As anomalias hiperbdlicas correspondentes entre cada perfil sao analisadas confirmando a presenca

de tubulacoes e/ou cabeamentos
* Analise das Anomalias de Interesse
 Além das informacodes diretas por caixas de inspecodes, caracteristicas sao inferidas através de (1)
comparacao com dados controlados e (2) modelagem numérica
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Interpretacao dos Resultados A

935653 935703

Analise das Anomalias

de Interesse

A comparacao com dados
controlados € uma maneira
de diminuir a ambiguidade
das interpretacoes,
principalmente onde nao se
tem dados diretos para
agregar informacoes.

Neste projeto, dados
adquiridos sobre o Sitio
Controlado de Geofisica Rasa
2 foram utilizados para
embasar uma analise ainda
mais adequada dos dados.

Mapa de Localizacao
Sitio Controlado de Geofisica Rasa 2
(SCGR-II)
IAG-USP
Sistema de Coordenadas Geograficas
Datum SIRGAS 2000 225

935653 935703
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Interpretacao dos Resultados &) B

935653 93503
I
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Mapa de Localizacdo = Marcas de controle Cano metalico guia — Linha de estudos
Sitio Controlado de Geofisica Rasa 2 e
(SCGR-II) @ e K 2on conn alors
IAG-USP Arvores Area sem alvos

Sistema de Coordenadas Geogréficas
Datum SIRGAS 2000 225

935653 935703

Sitio Controlado de Geofisica Rasa 2
Um grande laboratorio de testes para auxiliar em aplicacoes de geofisica na industria. Trés
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Distincia (m)
» Cano metalico guia de 3.8 cm de diametro Tubo de PVC de 10 cm de diametro vazio

Manilha ceramica de 10 cm de didmetro vazia
--+s Tubo de polietileno de 20, 32, 40 ¢ 63 mm de diametro vazio
* Tubo de PVC branco de 75 mm de diametro cheio de agua
« Tubo de PVC marrom de 100 mm de diametro cheio de agua
-+« Ferro fundido de 50, 75 ¢ 100 mm de didmetro vazio
-+ Tubo de polietileno de 20 ¢ 32 mm de diametro cheio de agua
« ¢ Tubo de PVC de 150, 200 ¢ 300 mm de didmetro metade de dgua
Tubo de PVC de 300 mm de diametro vazio

« « @ Manilha ceramica de 150, 200 ¢ 300 mm de diametro metade de agua

A-Agua V-Vazio M - Metade dgua
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Distincia (m)
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‘ . . S=] O Manilhas de ceramica preenchidos parcialmente com agua e ar (diametro - 15 cm, 20 cm e 30 cm)
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Distincia (m)
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a tubulacdes metalicas a tubulagdes ceramicas
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Interpretacao dos Resultados &) B

Analise das Anomalias

de Interesse

A modelagem numérica €
uma maneira muito eficaz de
prever formas de anomalias
sintéticas e compara-las com
seus dados reais.

Além desse usO mais
simples, modalgens "
numéricas também  sao 2|
utilizadas para a resolucao
de problemas inversos e
também treinar redes
neurais 51

Modelagem

Distancia (m)
00 01 02 03 04 05
O T ———| 00

Tempo (hs)
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Interpretacao dos Resultados &) B

Analise das Anomalias

de Interesse

A modelagem numérica é
uma maneira muito eficaz de
prever formas de anomalias
sintéticas e compara-las com
seus dados reais.

Além desse uso mais
simples, modalgens
numéricas também  sao
utilizadas para a resolucao
de problemas inversos e
também treinar redes

14

neurais

Distance [m]

Modelagem

Time [s]




Interpretacao dos Resultados

Analise das Anomalias

de Interesse

A modelagem numérica €
uma maneira muito eficaz de
prever formas de anomalias
sintéticas e compara-las com
seus dados reais.

Além desse usO mais
simples, modalgens
numéricas também  sao
utilizadas para a resolucao
de problemas inversos e
também treinar redes
neurais
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Interpretacao dos Resultados

samples

samples

samples

Analise dos Dados Sintéticos

Observando os padroes criados em modelos de vazamentos
para a criacao de um parametro de indicacao nos dados reais.
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0.0
{m)
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3D GPR characterization of buried metallic and plastic tanks using time-reversal processing

technique

Tiitio Cordeiro Bicudo*', Vinicius Rafael Neris dos Santos

%, Jorge Luis Porsani ' and Fernando Lisboa Teixeira '

*  Universidade de Sdo Paulo (USP), Instituto de Astronomia. Geofisica e Ciéncias Atmosféricas (IAG), Deparramento
de Geofisica, Sdo Paulo, SP 05508090, Brazil; wilio.bicudo@iag.usp.br (T.B.); jorge porsani@iag.usp.br (J.P.)

? Kerno Geo Solugies, Sio Paulo, SP 01311100, Brazil; vinicius@kerno.com br (V.5.)

4 ElectroScience Laboratory and Deparnment of Electrical and Computer Engineering, The Ohio State University,

Columbus, OH 43221, USA, teixeira 5@osu.edu (F.T.)
Summary
This work prexents a 3D GPR characterization of metallic
and plastic buried tanks using the Time-Reversal (TR)
technique. Geometry estimation of buried objects is very
wseful in many studies (e.g. archeology and engineering)
and tie GPR method can yield optimal results. In this work,
we applied the TR technique to recover the geometry of
buried ranks ar the Shallow Geophysics Controlled Site 1,
located in University of Sdo Pawlo. Four targets were
chosen, two 200 L metallic tanks horizontally and vertically
located at different depths and two vertical 100 L plastic
tankx filled with different fluids. The TR technique uses the
invariance property of the wave equation (o generate

images of wrgets in many applications (geoscience,

logy, medicine, sound quality, etc.).  This
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Automatic estimation of inversion parameters for Microwave
Tomography in GPR data using cooperative targets
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mographic imaging pracess in erder 10 retrieve the best imuge possible for 2 gven target is proposed {npee pa
cameter requiced for the femagraphic imaging process were evaluaced through Ant Celeny Opeimzanion. 3n
efficient global search algonithm, An experiment was carmed oot using 3 2600 MHz antenna for surveys over me
il andStyoeem et o e crons sectons erbediod a3 sand bea, 0 five dferes scrnance Accs
rite results were achieved for estmatang daskectric wich slighe aano
complexity, Troe tanget positions were well retrieved in most cases; however, depth and mmm pee
sented Aigher errers related to known limittinss of the tomegrapbic mapmg In addition, automai extimaticn
of the regularization factar aveids eventual exvon related to subjextive anabpis Low computarional times re-
the models

Knawing the dielectTic constant of 2 Seologic medirm 4t 3 ETpErtant Tack (n GPR Subes. ACCLate estination
ablow realistic tosules in migration process, whilst imaccurase values lead t0 (acorrect me-to-depeh cemverin
f GPR sectians, Dielectric constant is als needed for target imaging theough Micowave which

nce property allowed modelling  electromagnetic
ave propagation using real data signals reversed in
the source, focusing the energy on the target region
bcovering us geometry. The modelling process
the Finite Difference Time Domain (FDTD)
imation, The 3D geometry obtained with the TR
pue was analyzed. The resulis showed that in some
particularly the plastic tanks, the TR obtained good
Yy recovery,

uction

is an empty plastic tank st 0.5 m of depth, target 4 is a
plastic tank filled with fresh water at 0.5 m of depth.

The GPR results presented here indicate that features such
the major axis alignment direction of the tank (i.c. vertical
or horizontal), along with physical properties of the tank
and the internal fluid, determine the overall efficacy of the
TR-based to GPR ch of buried
tanks. In general, the high reflectivity at the top boundary
of metallic tanks and the weak wave penetration into the
tank volume may hamper the characterization of the bottom
tank boundaries. On the other hand, TR-based 3D
characterization of plastic tanks yields satisfactory results,

Methodology

TR tech were lly developed for

(Fink e7 al, 1989) and later mcu-“fnlly extended to EM
waves (Cresp et af, 2008; Santos ef al, 2017). TR-based
techniques has been proved wseful in a wide range of
applications, such as medical imaging (Thomas and Fink,
1996), remote sensing (Reyes-Rodriguez er al, 2014),
geophysical  investigations  (Artman e al,  2010),
charactenization of targets applied to urban planning
(Santos er al, 2018), studies related 10 acoustic quality (Lin
and Too, 2014), and wircless communications (Fouda ef
al, 2012), to name a few

TR techniques exploit the invariance of the wave equation

present  work i a 3D ( )
fruction technigue for the characterization of metal
astic tanks buried in u controlled test site. The
led GPR site for near subsurface geophysics
-1) of the Institute of Astronomy, Geophysics and
pheric Science of the Univensity of Sio Puulo
SP) is an area with several representative buried
umallv.-d in *(m being the first test site vmh these

E 1) with respect 1o time reversal. Mathematically,
this refer to the fact that if E(7, t) is a solution of the wave
cquation for a Jossless medium

VE(F,0) ~ u(e(r) 25 E.0) =0 W

then it follows that E(7,~t) is also a solution. In equation
(1), E(#,t) represents the electric ficld, 7 the three

ch for duelectnc through the 1o

In the first commercial project. GPR was applied

approach suitable far application i realistic CPR naveys
€ 2020 Elsevier BV, All ights reservesl.

subsurface below the dam's concrete were located 4

future intervention. In this case, the 3D integrated m{ 1. istroduction
the possible voids, as well as their projections on th

Ground Penetrating Radar (CPR) has lxrnmddy wsed for nuq:n;

conductivity on the imaging result was addressed by Soldoviert et al
2009 ), showing that the conductivity has some influence on the con-

trast funsction sharpness related to the tomogr aphic image.

al clutter usually observed in GPR data can highly affect

tures due to its high
makes this method particularly good for mapping nhmnlo‘k‘l ane-
facts, buried pipes, galleries, tunnels, fractures and geological heteroge-
netties. All these features may appear in the data as similar hyperbolic
features, representing a source of ambiguity the target ge-

the quality of the reconstruction. Chutter usually is removed in GPR pro-
cessing through background removal tools. The effects of these tools en
the final imaging were analysed by Persico and Soldovien (2008). A
¢ between the imaging capabilities of MT and conventional

ametry. Therefore, GPR data has being typically analysed thiough qual-
iative analysis as reparted by Chen et al (2016}, providing reliable
1 n ly when Qud.

migration was carried out by Pettinedll et al. (2009). Both techniques
were applied to data acquired over real metallic and plastic targets in

area aﬂer proce:smg a) Radargram dlsplawng anomahes of il interest
arder 1o define the capabubiies of each coe. It has been shown tue MT[am afier applying the Hilbert transform to make visualizations even

Figure 2 3D integrated model from the data collected over the dam structure. a) View of the GPR
radargrams position. b) View of the GPR radargrams and the detected void projection.

The 3D model allowed a clear and intuitive understanding of the position and density of the GPR lines
performed as v«ell as the achn:ved depth (Figure 2:|) Takmg into account the mlerpretalmn of GPR

Bian afo o oifio.o oFab. Y T it I et o R L L P P

Tmore nuiive.

Results and Discussion

y reflections
signal recording.

The synthetic data generated by realistic modelling showed that voids in the subsurface can be identified
by very specific anomalies in the radargrams. These anomalies are characterized by zones of higher
d with reverberations that extend throughout the entire time window of

This result was able to provide a gundmg parameter for interpreting the real data acquired in the study,

thereby reducing the inherent

y in GPR interp

&
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. Furthermore, additional information
about the site was considered in the GPR interpretation process. Among this information, two boreholes
supplied details regarding the types and thicknesses of both the soil and the concrete floor.

EAGE . NEAR SURFAGE
A GEOSCIENCE

Diameter estimation of concrete rebars using a practical GPR
data processing: a case study.

T. Cordeiro Bicudo!, 1. Nakakura', C. Costa Nunes da Silva!
'Orin Solutions Engineering Services

Introduction

Ground Penetrating Radar (GPR) is a well-stablished geophysical method for investigate the shallow
subsurface or engineering structures. The fact that GPR is a non-destructive technique (NDT) combined
with aspects such as the high resolution and the ability to cover large areas quickly and continuously,
makes this tool widely used for studies from groundwater, archacology, urban planning to
contamination, forensic and engineering.

The application of GPR. in civil engineering studies can be performed aiming different objectives, such
as the detection of internal cracks or location of excessive humidity (Annan, 1996; Rasol, 2020), The
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