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7KH�*35�PHWKRG�DSSOLHG�WR�WKH�ORFDWLRQ�RI�SLSHV�XVHG�LQ�ZDWHU�VXSSO\�

RI�WKH�PXQLFLSDO�GLVWULFW�RI�%HOpP�3DUi�

*HUVRQ�3RPSHX�3LQWR�

0DUFRV�:HOE\�&RUUHD�6LOYD�

�
5(6802�±��(VWH�WUDEDOKR�FRQVLVWLX�HP�DYDOLDU�D�YLDELOLGDGH�GR�PpWRGR�*35��Ground Penetrating Radar��

QD�ORFDOL]DomR�GH�WXEXODo}HV�GH�DoR��FLPHQWR�DPLDQWR��39&�H�IHUUR�IXQGLGR��GH�GLYHUVRV�GLkPHWURV��XWLOL]DGDV�

SHOD� &RPSDQKLD� GH� 6DQHDPHQWR� GR� 3DUi� �&26$13$��� QR� DEDVWHFLPHQWR� GH� iJXD� j� SRSXODomR� GD� UHJLmR�

XUEDQD�GR�PXQLFtSLR�GH�%HOpP�3DUi��3DUD�R�DOFDQFH�GHVWH�REMHWLYR� IRUDP�UHDOL]DGRV����SHUILV�HP��� ORFDLV��

GLVWLQWRV�GD�iUHD�XUEDQD�GH�%HOpP��FRP�R�LQWXLWR�GH�LGHQWLILFDU����DOYRV��XWLOL]DQGR�VH�DQWHQDV�GH�����0+]�H�

����0+]�� JHUDOPHQWH� XVDGDV� QHVWH� WLSR� GH� OHYDQWDPHQWR��2V� UDGDUJUDPDV� REWLGRV� FRP�R�*35�SHUPLWLUDP�

LGHQWLILFDU� TXDVH� WRGRV� RV� DOYRV� SHVTXLVDGRV��$SHQDV� �� GRV� ��� DOYRV�� QmR� IRUDP�SOHQDPHQWH� LGHQWLILFDGRV��

ILFDQGR�GH�IRUD��DSHQDV�RV�DOYRV�GH�39&��GH�SHTXHQD�ELWROD�����PP�H����PP���$SyV�R�HVWXGR�FRQFOXtPRV�TXH�

R�PpWRGR�*35�p�PXLWR�HILFD]�QHVWH�WLSR�GH�DSOLFDomR�H�TXH�VXD�XWLOL]DomR�WHP�JUDQGH�YDOLD�QD�ORFDOL]DomR�GDV�

UHGHV�GH�DEDVWHFLPHQWR�GH�iJXD��R�TXH�GHYH�IDFLOLWDU�HQRUPHPHQWH�DV�REUDV�GH�H[SDQVmR�GD�UHGH��DVVLP�FRPR�

D�VXD�PDQXWHQomR��

$%675$&7�±�7KLV�ZRUN�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�IHDVLELOLW\�RI�WKH�PHWKRG�*35��*URXQG�3HQHWUDWLQJ�
5DGDU��WR�ORFDWH�VWHHO��FHPHQW�DVEHVWRV��39&�DQG�FDVW�LURQ�SLSHV�RI�VHYHUDO�GLDPHWHUV��XVHG�E\�WKH�&RPSDQKLD�

GH�6DQHDPHQWR�GR�3DUi��&26$13$��IRU�ZDWHU�VXSSO\�WR�WKH�SRSXODWLRQ�RI�WKH�XUEDQ�DUHD�RI�%HOpP�3DUi��7R�

DFKLHYH�WKLV�JRDO����SURILOHV�ZHUH�SHUIRUPHG�DW���GLVWLQFW�VLWHV�RI�%HOpP
V�XUEDQ�DUHD��LQ�RUGHU�WR�LGHQWLI\����

WDUJHWV�� XVLQJ� ����0+]� DQG� ����0+]� DQWHQQDV�� FRPPRQO\� XVHG� LQ� WKLV� W\SH� RI� VXUYH\�� 7KH� UDGDUJUDPV�

REWDLQHG�ZLWK�*35�DOORZHG� WR� LGHQWLI\�DOPRVW�DOO� WDUJHWV�VXUYH\HG��2QO\���RI� WKH���� WDUJHWV�ZHUH�QRW� IXOO\�

LGHQWLILHG�� OHDYLQJ� RXW� RQO\� WKH� WDUJHWV� RI� 39&� RI� VPDOO� JDXJH� ����PP� DQG� ���PP���$IWHU� WKH� VWXG\��ZH�

FRQFOXGHG�WKDW�WKH�*35�PHWKRG�LV�YHU\�HIIHFWLYH�LQ�WKLV�W\SH�RI�DSSOLFDWLRQ�DQG�LWV�XVH�KDV�JUHDW�YDOXH�LQ�WKH�

ORFDWLRQ�RI� WKH�ZDWHU�VXSSO\�QHWZRUN��ZKDW�VKRXOG�JUHDWO\� IDFLOLWDWH� WKH�ZRUN�RI�H[SDQGLQJ� WKH�QHWZRUN��DV�

ZHOO�DV�LWV�PDLQWHQDQFH��

3DODYUDV�&KDYH�±�*HRItVLFD�DSOLFDGD��0pWRGR�*35��/RFDOL]DomR�GH�WXEDULDV��

.H\ZRUGV�±�$SSOLHG�JHRSK\VLFV��*35�PHWKRG��7XELQJ�ORFDWLRQ��

��±�,1752'8d2�

2�*35�p�XP�PpWRGR�GH� LQYHVWLJDomR�JHRItVLFD�SURSRVWR�HP�������SHOR�HQJHQKHLUR�DOHPmR�

&KULVWLDQ�+�OVPH\HU� �5H\QROGV��������� IXQGDPHQWDGD�QD� SURSDJDomR�GH� VLQDLV� HOHWURPDJQpWLFRV�

SDUD�D�ORFDOL]DomR�UHPRWD�GH�REMHWRV�HQWHUUDGRV�QR�VROR��(QWUHWDQWR��IRL�Vy�HP������TXH�RFRUUHX�D�

SULPHLUD� SXEOLFDomR� GHVFUHYHQGR� XPD� DSOLFDomR� GR� PpWRGR�� IHLWD� SRU� *RWWKHOI� /HLPEDFK� H�

+HLQULFK�/|Z\��QD�$OHPDQKD��1HVWH�WUDEDOKR�IRL�VXJHULGR�R�XVR�GH�HTXLSDPHQWRV�TXH�WUDQVPLWLDP�

RQGDV�FRQWLQXDPHQWH��SRUpP�IRL�Vy�HP������TXH�+�OVHQEHFN�SDWHQWHRX�R�SULPHLUR�HTXLSDPHQWR�
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TXH�XVDYD�D�HPLVVmR�GH�SXOVRV�GH�UDGDU��FRP�REMHWLYR�GH�LQYHVWLJDU�D�QDWXUH]D�GDV�HVWUXWXUDV�HP�
VXEVXSHUItFLHV��(P�������QD�ÈXVWULD��6WHUQ�UHDOL]RX�D�SULPHLUD�DSOLFDomR�SUiWLFD�GR�*35��FRP�D�
ILQDOLGDGH�GH�GHWHFWDU�HVSHVVXUDV�GH�JODFLDUHV��2OKRHIW���������

&RP�RV�DYDQoRV�WHFQROyJLFRV�H�DSyV�DQRV�GH�HVWXGRV�H�DSULPRUDPHQWRV�GRV�HTXLSDPHQWRV��R�
*35� WRUQRX�VH� XP� GRV� PpWRGRV� PDLV� HILFD]HV� SDUD� VRQGDJHQV� H� LQYHVWLJDo}HV� DWp� SHTXHQDV�
SURIXQGLGDGHV��JHRItVLFD�UDVD���GHYLGR�DRV�EDL[RV�FXVWRV�H�j�SUDWLFLGDGH�QD�UHDOL]DomR�GRV�WUDEDOKRV�
GH� FDPSR�� +RMH� R� PpWRGR� SRVVXL� XPD� JUDQGH� YDULHGDGH� GH� DSOLFDo}HV�� WDLV� FRPR�� DSOLFDo}HV�
IRUHQVHV�� PLOLWDUHV�� HQJHQKDULD� FLYLO�� HVWXGRV� GH� VRORV�� H[SORUDomR� PLQHUDO�� JHRORJLD� EiVLFD� H�
DPELHQWDO�� JHRWHFQLD�� KLGURJHRORJLD�� SHVTXLVD� DUTXHROyJLFD�� SODQHDPHQWR� XUEDQR�� GHQWUH� RXWUDV�
�3RUVDQL����������

1HVWH� WUDEDOKR� WUDWDU�VH�i�GD�DSOLFDomR�GR�*35�QD� ORFDOL]DomR�GH� WXEXODo}HV�XWLOL]DGDV�SHOD�
&RPSDQKLD�GH�6DQHDPHQWR�GR�3DUi��&26$13$��QR�DEDVWHFLPHQWR�GH�iJXD�j�SRSXODomR�GD�UHJLmR�
XUEDQD�GH�%HOpP�3D��(VWD�DSOLFDomR�p�GH�JUDQGH�UHOHYkQFLD��SRLV�YLVD�FRQWULEXLU�QDV�VROXo}HV�GH�
DOJXQV�SUREOHPDV�GHFRUUHQWHV�GDV�REUDV�GH�H[SDQVmR�H�PDQXWHQomR�GR�VLVWHPD�GH�DEDVWHFLPHQWR�GH�
iJXD�� WDLV� FRPR� D� ORFDOL]DomR� H[DWD� GH� VXDV� UHGHV� GH� DEDVWHFLPHQWR� GH� iJXD�� SRLV� DR� ORQJR� GR�
WHPSR� QmR� IRUDP� WRPDGRV� RV� GHYLGRV� FXLGDGRV� FRP� R� UHJLVWUR� H� FDWDORJDomR� GDV� WXEXODo}HV��
$WXDOPHQWH�D�&26$13$�GLVS}H�GH�LQIRUPDo}HV�GHVDWXDOL]DGDV�H�PXLWDV�YH]HV�FRQIXVDV��VREUH�R�
SRVLFLRQDPHQWR� FRUUHWR� GH� VXDV� UHGHV�� RFDVLRQDQGR� XP� VpULR� SUREOHPD� QR� GHVHQYROYLPHQWR� GDV�
REUDV�GH�H[SDQVmR�H�PDQXWHQomR�GD�UHGH��'HQWUR�GHVVD�SHUVSHFWLYD��D�DSOLFDomR�GR�PpWRGR�*35�QD�
ORFDOL]DomR�GDV� WXEXODo}HV�� WRUQD�VH�XPD�DOWHUQDWLYD�YLiYHO��FRP�FXVWRV�DFHLWiYHLV��KDMD�HP�YLVWD�
TXH�DWXDOPHQWH�D�&26$13$�QmR�SRVVXL�QHQKXP�PpWRGR�GH�ORFDOL]DomR�LQGLUHWD�GH�VXDV�UHGHV��

��±�0(72'2/2*,$�

����±�)XQGDPHQWDomR�WHyULFD�

2� PpWRGR� *35� XWLOL]D� XP� GLSROR� HOpWULFR� KRUL]RQWDO� FRPR� IRQWH� GR� FDPSR� GH� RQGDV�
HOHWURPDJQpWLFDV��$V�IUHQWHV�GH�RQGDV�SDUD�XPD�IRQWH�GLSRODU�VREUH�D�VXSHUItFLH�GD�7HUUD�VmR�RQGDV�
HVIpULFDV� H� TXDOTXHU� RQGD� HVIpULFD� SRGH� VHU� GHVFULWD� SRU� XPD� VXSHUSRVLomR� GH� RQGDV� SODQDV�
�6WUDWWRQ�� �������$� HTXDomR� GD� RQGD� SODQD� SDUD� R� FDPSR� HOpWULFR�� VXSRQGR� R� IOX[R� GH� FRUUHQWH�
QXPD�GDGD�GLUHomR�[��p�GDGD�SRU��
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RQGH�
[
( �p�R�FDPSR�HOpWULFR�QD�GLUHomR�[�H�N�p�R�Q~PHUR�GH�RQGD���H[SUHVVR�SRU��

� ZPVPHZ ik � �� � ����

RQGH� PHZ� �FRUUHVSRQGH�D�FRUUHQWH�GH�GHVORFDPHQWR�H� ZPVi �D�FRUUHQWH�GH�FRQGXomR��

2� PpWRGR� *35� XWLOL]D� DOWDV� IUHTXrQFLDV�� PDLRUHV� TXH� �� 0+]�� HQWmR� RV� GRLV� WHUPRV� GD�
HTXDomR�GHYHP�VHU�FRQVLGHUDGRV��H�D�FRUUHQWH�GH�GHVORFDPHQWR�p�SUHGRPLQDQWH�VREUH�D�FRUUHQWH�GH�
FRQGXomR��

� ZPVPHZ i!!� � ����

(VVD� p� D� FRQGLomR� IDYRUiYHO� SDUD� R� IXQFLRQDPHQWR� GR� PpWRGR� *35�� 8P� PHLR� FRP� HVVD�
FDUDFWHUtVWLFD�p�GHQRPLQDGR�GH�PHLR�GLHOpWULFR�GH�EDL[D�SHUGD��$QQDQ���������
� $�HTXDomR����SRGH�VHU�HVFULWD�GD�VHJXLQWH�IRUPD��

� ED ik � � ����
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RQGH�.�FRUUHVSRQGH�j�FRQVWDQWH�GH�DWHQXDomR��H[SUHVVD�HP�GHFLEHO�PHWUR��G%�P��H���j�FRQVWDQWH�

GH�SURSDJDomR��6WUDWWRQ���������
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$� SURIXQGLGDGH� GH� SHQHWUDomR� H� DV� SHUGDV� DVVRFLDGDV� j� SURSDJDomR� GDV� RQGDV�

HOHWURPDJQpWLFDV�QR�PHLR�JHROyJLFR�SRGHP�VHU�PHQVXUDGDV�SHOD�SURIXQGLGDGH�SHOLFXODU�RX�³skin 

depth´��/���2�³skin depth´�p�GHILQLGR�FRPR�D�SURIXQGLGDGH�GH�SHQHWUDomR�QD�TXDO�D�DPSOLWXGH�GD�

RQGD�HOHWURPDJQpWLFD�UHGX]�VH�D� ������
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$�HTXDomR���DSOLFD�VH�D�PHLRV�QmR�PDJQpWLFRV��LVWR�p���� ��R� ���������+�P�H�¦� ���I��FRP�I�

LJXDO�D�IUHTXrQFLD�FHQWUDO�GH�RSHUDomR�GR�*35��

$QDOLVDQGR�D�HTXDomR����SRGH�VH�FRQFOXLU�TXH�TXDQWR�PDLRU�D�FRQGXWLYLGDGH�HOpWULFD�GR�PHLR�

JHROyJLFR��PHQRU�VHUi�R�³skin depth´��RX�VHMD��PHQRU�VHUi�D�SHQHWUDomR�GD�RQGD�QR�VROR��2�PHVPR�

HIHLWR�p�REVHUYDGR�TXDQGR�DXPHQWD�VH�D�IUHTXrQFLD�GD�RQGD�HOHWURPDJQpWLFD��5LMR���������

&RQKHFHU�R�YDORU�GD�YHORFLGDGH�GH�SURSDJDomR�GD�RQGD�*35�QR�PHLR�JHROyJLFR��FRQVWLWXL�XP�

IDWRU�GH�H[WUHPD�UHOHYkQFLD��SRLV�p�DWUDYpV�GHOH�TXH�SRGH�VH�HVWLPDU�D�SURIXQGLGDGH�GRV�REMHWRV��

$�VHJXLQWH�SHUPLWH�GHWHUPLQDU�R�YDORU�GD�YHORFLGDGH�GH�SURSDJDomR�GD�RQGD�HOHWURPDJQpWLFD�

HP� XP� PHLR� FRP� SHUPLVVLYLGDGH� GLHOpWULFD� UHODWLYD� �0U��� FRQGXWLYLGDGH� HOpWULFD� �1�� H�

SHUPHDELOLGDGH�PDJQpWLFD������
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RQGH� F� p� D�YHORFLGDGH�GD� OX]�QR�YiFXR��1�&0� p� R� IDWRU�GH�SHUGD�H�&� p� D� IUHTXrQFLD� �9DQ�'DP��

������� 3RGH� REVHUYDU�VH�� DWUDYpV� GR� IDWRU� GH� SHUGD�� TXH� TXDQGR� D� FRQGXWLYLGDGH� DXPHQWD� D�

YHORFLGDGH�GD�RQGD�GLPLQXL�H�YLFH�YHUVD��

4XDQGR�XPD�RQGD�GH�DOWD�IUHTXrQFLD��FRPR�p�R�FDVR�GR�*35��SURSDJD�VH�DWUDYpV�GH�XP�PHLR�

JHROyJLFR� FRP� FRQGXWLYLGDGH� PHQRU� TXH� ����P6�P�� RQGH� D� SHUGD� p� PXLWR� SHTXHQD�� H� QmR� Ki�

SUHVHQoD�GH�PDWHULDO� IHUURPDJQpWLFR� �� ����DV�HTXDo}HV������H���SRGHP�VHU�HVFULWDV�GD�VHJXLQWH�
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3RGH�VH� REVHUYDU� DWUDYpV� GD� HTXDomR� ���� TXH� D� YHORFLGDGH� GD� RQGD� *35� QmR� GHSHQGH� GD�
IUHTXrQFLD�*35�XWLOL]DGD��'HSHQGH��XQLFDPHQWH��GD�SHUPLVVLYLGDGH�GLHOpWULFD�UHODWLYD�GR�PHLR�GH�
SURSDJDomR�GR�VLQDO�*35��'DYLV�H�$QQDQ���������

4XDQGR�XPD�RQGD�HOHWURPDJQpWLFD�SURSDJD�VH�QR�VXEHVSDoR�JHROyJLFR�HOD�GHSDUD�VH�FRP�DV�
YDULDo}HV� GDV� SURSULHGDGHV� HOHWURPDJQpWLFDV� GDV� GLYHUVDV� FDPDGDV� TXH� R� FRQVWLWXHP�� (VVD�
GHVFRQWLQXLGDGH�HOHWURPDJQpWLFD�SRGH�JHUDU�XPD�IRUWH� LPSHGkQFLD�QD� LQWHUIDFH�GH�VHSDUDomR�GDV�
FDPDGDV�� GHILQLGD� D� SDUFHOD� GH� HQHUJLD� TXH� VHUi� UHIOHWLGD�� 2� FRHILFLHQWH� GH� UHIOH[mR� �5�� p� D�
JUDQGH]D�TXH�H[SUHVVD�R�SRGHU�GH�UHIOH[mR�HQWUH�GXDV�FDPDGDV�GLVWLQWDV��2�FRHILFLHQWH�GH�UHIOH[mR�
SRGH�VHU�FDOFXODGR�SRU��5H\QROGV���������
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RQGH� 0U��� 0U��� Y�� H� Y��� VmR� DV� SHUPLVVLYLGDGHV� GLHOpWULFDV� UHODWLYDV� H� DV� YHORFLGDGHV� GD� RQGD� QDV�
FDPDGDV���H����UHVSHFWLYDPHQWH��

2EVHUYDQGR�R�4XDGUR����SRGH�VH�FRQFOXLU�TXH�QD�LQWHUIDFH�VROR�PHWDO�RFRUUH�R�IHQ{PHQR�GD�
UHIOH[mR�WRWDO��5� ��������TXH�FRQVWLWXL�XPD�H[FHOHQWH�DSOLFDomR�GR�*35�QD�GHWHFomR�GH�REMHWRV�
PHWiOLFRV� HQWHUUDGRV�� 2� PHVPR� QmR� RFRUUH� QD� LQWHUIDFH� VROR� VHFR�URFKD�� SRLV� D� UHIOH[mR� p�
UHODWLYDPHQWH� EDL[D��1D� LQWHUIDFH� DU�VROR� VHFR�� WHPRV� XPD� IRUWH� UHIOH[mR�� TXH� p� LQGHVHMDGD� QRV�
WUDEDOKRV� GH� FDPSR� H� XPD� IRUPD� GH� WHQWDU� UHGX]LU� HVVH� HIHLWR� p� SRVLFLRQDQGR� D� DQWHQD� R�PDLV�
SUy[LPR�SRVVtYHO�GR�VROR��

�
4XDGUR���±�&RHILFLHQWHV�GH�UHIOH[mR�SDUD�VHLV�GLIHUHQWHV�LQWHUIDFHV�JHROyJLFDV��

'R� HU� SDUD� HU� &RHILFLHQWH�GH�UHIOH[mR�

$U� �� 6ROR�VHFR� �� ���
6ROR�VHFR� �� ÈJXD� ��� ���
6ROR�VHFR� �� 6ROR�VDWXUDGR� ��� ���
6ROR�VHFR� �� 5RFKD� �� ���
6ROR�VDWXUDGR� ��� 5RFKD� �� ���
6ROR� ���� 0HWDO� L� ����
)RQWH��DGDSWDGR�GH�$QQDQ��������

����±�3ULQFtSLRV�GH�IXQFLRQDPHQWR�GR�*35�

2�*35�p� IXQGDPHQWDGR�QD�SURSDJDomR�GH�RQGDV� HOHWURPDJQpWLFDV� GH� DOWDV� IUHTXrQFLDV�� QD�
IDL[D�GH����0+]�D�����*+]��'DYLV�H�$QQDQ���������4XDQGR�XP�SXOVR�HOHWURPDJQpWLFR��3(0��p�
HPLWLGR�H�DWLQJH�XPD�LQWHUIDFH�JHROyJLFD�TXH�VHSDUD�SURSULHGDGHV�HOHWURPDJQpWLFDV�GLIHUHQWHV��XPD�
SDUFHOD�GD�RQGD�HOHWURPDJQpWLFD�VRIUH�UHIOH[mR�H�GLIUDomR�H�D�RXWUD�SDUFHOD�FRQWLQXD�SURSDJDQGR�VH�
DWp�VHU�FRPSOHWDPHQWH�DEVRUYLGD�SHOR�PHLR��3DUWH�GD�RQGD�TXH�IRL�UHIOHWLGD�H�GLIUDWDGD��HP�GLUHomR�
j�VXSHUItFLH��p�FDSWDGD�SRU�DQWHQD�UHFHSWRUD��)LJXUD�����$�DQWHQD�UHFHSWRUD�GHWHFWD�RV�VLQDLV�H�RV�
HQYLD� SDUD� XPD� XQLGDGH� GH� FRQWUROR�� RQGH� VmR� DPSOLILFDGRV� H� DUPD]HQDGRV� QXPD� XQLGDGH� GH�
SURFHVVDPHQWR�GH�GDGRV��JHUDQGR�XPD�VHTXrQFLD�GH�WUDoRV�RX�³VFDQV´�PRVWUDGRV�HP�UHJLVWUR�FRPR�
IXQomR�GR�WHPSR�GH�SURSDJDomR��)LJXUD�����

�
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)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GH�XP�SHUILO�*35�RQGH�VH�REVHUYD�DV�UHIOH[}HV�QD�

LQWHUIDFH�VROR�URFKD�H�DV�GLIUDo}HV�HP�XP�WXER��

�

�

)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GR�UHJLVWUR�GH�VFDQV��

$�UHVROXomR�GR�PpWRGR�SDUD�REMHWRV�HQWHUUDGRV�QD�VXEVXSHUItFLH�HVWi�UHODFLRQDGD�FRP�R�VHX�

WDPDQKR��j�RULHQWDomR�HP�UHODomR�jV�DQWHQDV��DR�FRQWUDVWH�HQWUH�DV�SURSULHGDGHV�HOHWURPDJQpWLFDV�

�FRQGXWLYLGDGH� HOpWULFD�� SHUPLVVLYLGDGH� GLHOpWULFD� H� SHUPHDELOLGDGH� PDJQpWLFD�� GRV� PHLRV�

JHROyJLFRV��DR�UXtGR�DVVRFLDGR�j�UDGLRIUHTXrQFLD�H�RXWUDV�LQWHUIHUrQFLDV��$�FRQGXWLYLGDGH�HOpWULFD�H�

D� SHUPLVVLYLGDGH� GLHOpWULFD� VmR� LPSRUWDQWHV� SRUTXH� LQWHUIHUHP� QD� DWHQXDomR� H� SURSDJDomR� GDV�

RQGDV�*35�� UHVSHFWLYDPHQWH� �$QQDQ�� �������$�SURIXQGLGDGH� GH� LQYHVWLJDomR� SRGH� YDULDU� GHVGH�

FHQWtPHWURV��HP�WHUUHQRV�PXLWR�DUJLORVRV��D�DWp�TXLO{PHWURV�QR�JHOR�SRODU��

����±�$TXLVLomR�GH�GDGRV�

1D� IDVH� GH� DTXLVLomR� GH� GDGRV� H[HFXWDPRV� RV� SHUILV� GH� *35� XVDQGR� R� HTXLSDPHQWR�

7HUUD6,5FK� 6,5� �Subsurface Interface Radar�� 6\VWHP������ IDEULFDGR� SHOD� *66,� �Geophysical 

Survey Systems, Inc.���TXH�SHUWHQFH�j�)DFXOGDGH�GH�*HRItVLFD�GD�8)3D��2�VLVWHPD�p�FRQVWLWXtGR�SRU�

XPD�XQLGDGH�GH�FRQWUROH�GLJLWDO��FRP�R�VLVWHPD�RSHUDFLRQDO�7HUUD6,5FK�SUp�LQVWDODGR��TXH�SHUPLWH�

D�YLVXDOL]DomR�H�FRQWUROH�GRV�GDGRV��GXDV�EDWHULDV��FDERV�GH�FRQH[}HV�H�GXDV�DQWHQDV�EOLQGDGDV�GH�

����0+]�H�����0+]��

$�WpFQLFD�DSOLFDGD�j�FROHWD�GH�GDGRV�QRV�SHUILV�IRL�D�GH�UHIOH[mR�FRP�DIDVWDPHQWR�FRQVWDQWH��

common offset��QR�PRGR�FRQWtQXR��)LJXUD�����2V�UHJLVWURV�IRUDP�UHDOL]DGRV�QR�PRGR�WHPSR�FRP�D�

SRVLomR�GDV�PHGLGDV� LQWHUFDODGDV�SHOD� LQFOXVmR�GH�PDUFDV� D� FDGD���P��SRLV�SDUD�R�SURSyVLWR�GR�

WUDEDOKR�� QmR� KRXYH� QHFHVVLGDGH� GH� JUDQGHV� SHUILV�� Mi� TXH� DV� GLPHQV}HV� GRV� DOYRV� HVWmR�

)LJ����±�5HSUHVHQWDomR�HVTXHPiWLFD�GD�WpFQLFD�common offset��
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FRPSUHHQGLGDV�HQWUH����PP�H������PP�GH�GLkPHWUR��
3DUD�FRPSDUDU�PHOKRU�RV�UHVXOWDGRV��IH]�VH�XVR�GH�GXDV�DQWHQDV�ELHVWiWLFDV�EOLQGDGDV�GH�����

0+]�H�����0+]��2SWRX�VH�SRU�HVVDV�DQWHQDV�SRUTXH�HODV�DSUHVHQWDP�DV�FDUDFWHUtVWLFDV�QHFHVViULDV�
j� VROXomR� GRV� SUREOHPDV�� JHUDOPHQWH� HQFRQWUDGRV� QHVVH� WLSR� GH� OHYDQWDPHQWR�� XPD� YH]� TXH� DV�
WXEXODo}HV�HVWmR� ORFDOL]DGDV�D�SRXFR�PDLV�GH���PHWUR�GH�SURIXQGLGDGH��HP�PpGLD��e� LPSRUWDQWH�
UHVVDOWDU�TXH�QmR�IRL�XWLOL]DGR�KRG{PHWUR�DFRSODGR�jV�DQWHQDV�QD�DTXLVLomR�GRV�SHUILV��

$�DTXLVLomR�GRV�GDGRV�*35�IRL�UHDOL]DGD�HP���SHUILV�GHQWUR�GD�iUHD�GR�PXQLFtSLR�GH�%HOpP��
FDSLWDO� GR� (VWDGR� GR� 3DUi�� 2V� SHUILV� IRUDP� IHLWRV� QRV� VHJXLQWHV� ORFDLV�� GRLV� GHQWUR� GD� iUHD� GD�
&26$13$�� ORFDOL]DGR�QR�3DUTXH�(VWDGXDO�GR�8WLQJD��EDLUUR�GR�&XULy�8WLQJD��GRLV�QR�FRQMXQWR�
&'3�� EDLUUR� GD�0DUDFDQJDOKD�� GRLV� QR� FRQMXQWR�&RVWD� H� 6LOYD�� EDLUUR� GD�&DVWDQKHLUD� H� GRLV� QR�
EDLUUR�GD�3HGUHLUD��$�HVFROKD�GRV�ORFDLV�RQGH�IRUDP�UHDOL]DGRV�RV�SHUILV�IRL�IHLWD�SULRUL]DQGR�VH�D�
YDULHGDGH�GH�DOYRV�SUHVHQWHV�QHVVHV�ORFDLV�H�D�GLYHUVLGDGH�JHRJUiILFD��

����±�3URFHVVDPHQWR�GH�GDGRV�

$V� HWDSDV� GH� SURFHVVDPHQWRV� DGRWDGDV� QHVVH� WUDEDOKR� WrP� FRPR� SURSyVLWR� GHVWDFDU� RV�
UHIOHWRUHV�FRQWLGRV�QR�VROR��UHGX]LQGR�D�LQWHUIHUrQFLD�SURYRFDGD�SHOD�RQGD�GLUHWD�SHOR�DU��SHOD�RQGD�
GLUHWD�SHOR�VROR�H�SRVVtYHLV�LQWHUIHUrQFLDV�JHUDGDV�SRU�HVWUXWXUDV�TXH�SRVVDP�LQWHUDJLU�FRP�R�SXOVR�
HOHWURPDJQpWLFR�� 3DUD� UHDOL]DU� HVVD� WDUHID� IRL� XVDGR� R� VRIWZDUH� 5HIOH[:� YHUVmR� ������ SDUD�
:LQGRZV�70��[�17���

$V�HWDSDV�XWLOL]DGDV�QR�SURFHVVDPHQWR�GRV�GDGRV�GHVWH�WUDEDOKR�HVWmR�GHVFULWDV�D�VHJXLU���

3ULPHLUD�HWDSD��,PSRUWDomR�GRV�GDGRV�

(VWH�SULPHLUR�SURFHGLPHQWR�FRQVLVWH�QD�LPSRUWDomR�GRV�GDGRV�DGTXLULGRV�QRV�OHYDQWDPHQWRV�
GH�FDPSR�H�QD�FULDomR�GH�XP�SURMHWR��

6HJXQGD�HWDSD��(GLomR�GRV�GDGRV�

(VWH�IRL�R�VHJXQGR�SURFHGLPHQWR�DGRWDGR�QR�SURFHVVDPHQWR�GRV�GDGRV�DGTXLULGRV�HP�FDPSR�
RQGH� IRUDP� LQVHULGDV� DV� LQIRUPDo}HV� GR� FDEHoDOKR�� WDLV� FRPR� IUHTXrQFLD� GD� DQWHQD�� GLUHomR� H�
GLPHQVmR�GR�SHUILO��

7HUFHLUD�HWDSD��,QWHUSRODomR�GDV�PDUFDV�

&RQVLVWH� QD� LQWHUSRODomR� GRV� GDGRV� QD� GLUHomR� GR� SHUILO�� WHQGR� FRPR� UHIHUrQFLD� DV�PDUFDV�
LQVHULGDV�QRV�UHJLVWURV�D�FDGD�PHWUR�SDUD�FRQWUROH�GD�SRVLomR�GDV�PHGLGDV��

4XDUWD�HWDSD��&RUUHomR�GR�WHPSR�]HUR�

6XD� IXQomR�p�FRUULJLU�R�HIHLWR�GH�GHVDOLQKDPHQWR�HP� WHPSR��GRV� WUDoRV�GH�XP�UDGDUJUDPD��
SURYRFDGRV� SRU� VDOWRV� GD� DQWHQD� GXUDQWH� D� DTXLVLomR� GRV� GDGRV� HP� FDPSR�� RFDVLRQDGRV� SRU�
LUUHJXODULGDGHV� SUHVHQWHV� QR� WHUUHQR�� $� FRUUHomR� p� UHDOL]DGD� DSOLFDQGR� XP� GHVORFDPHQWR� OLQHDU��
SDUD� FLPD� RX� SDUD� EDL[R�� QRV� WUDoRV� GR� UDGDUJUDPD� GH�PRGR� D� FRUULJLU� R� GHVDOLQKDPHQWR� HQWUH�
WUDoRV�DGMDFHQWHV��

4XLQWD�HWDSD��'HVVDWXUDomR�

5HPRYH� DV� FRPSRQHQWHV� GH� EDL[D� IUHTXrQFLD� �:2:�� DFRSODGDV� j� DPSOLWXGH� GD� RQGD� TXH�
RULJLQDP�VDWXUDo}HV�QR�VLQDO�� LPSHGLQGR�TXH�DOJXQV�UHIOHWRUHV�VHMDP�SHUFHSWtYHLV�QR�UDGDUJUDPD��
,VVR�RFRUUH� GHYLGR� j� H[LVWrQFLD� GR� IHQ{PHQR� LQGXWLYR�GD�RQGD� HOHWURPDJQpWLFD� HQWUH� DV� DQWHQDV�
WUDQVPLVVRUD�H�UHFHSWRUD�RX�D�VDWXUDomR�HOHWU{QLFD�GR�HTXLSDPHQWR��FDXVDGD�SHOD�RQGD�GLUHWD�QR�DU�
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RX�RXWUDV�IRQWHV�H[WHUQDV�GH�FDPSR�HOHWURPDJQpWLFR��WDLV�FRPR��FDVDV��FHUFDV�PHWiOLFDV��HGLItFLRV��
iUYRUHV�GH�JUDQGH�SRUWH��PXURV��WRUUHV�GH�DOWD�WHQVmR��SRVWHV�GH�LOXPLQDomR��HVWDo}HV�GH�UiGLR�)0��
DQWHQDV�GH�PLFURRQGDV��UiGLRV�WUDQVPLVVRUHV��FHOXODUHV�H�HWF��3RUVDQL���������$�DSOLFDomR�GR�ILOWUR�
'(:2:�UHVXOWD�HP�XP�UHJLVWUR�³PDLV�OLPSR´��

6H[WD�HWDSD��*DQKR�

$�DPSOLWXGH�GR�VLQDO�*35�DR�VH�SURSDJDU�QR�VROR�GHFDL�H[SRQHQFLDOPHQWH��SRU�HVVH�PRWLYR��
REMHWRV� ORFDOL]DGRV� D� JUDQGHV� SURIXQGLGDGHV� VmR� PDLV� GLItFHLV� GH� VHUHP� LGHQWLILFDGRV� QR�
UDGDUJUDPD��8PD� IRUPD�GH� FRPSHQVDU� HVVH� GHFDLPHQWR� p� D� DSOLFDomR�GH�XP�JDQKR�SDUD� TXH� VH�
SRVVDP�LQWHQVLILFDU�DV�UHIOH[}HV�SURYHQLHQWHV�GH�WHPSR�GH�SURSDJDomR�PDLV�ORQJRV��

e�LPSRUWDQWH�UHVVDOWDU�TXH�QD�DSOLFDomR�GH�JDQKRV�� WRGR�VLQDO�UHIOHWLGR�p�DPSOLILFDGR��DLQGD�
TXH�VH�WUDWH�GH�UXtGR��8P�JDQKR�H[FHVVLYR�SDUD�XP�JUDQGH�LQWHUYDOR�GH�WHPSR�GH�SURSDJDomR�QR�
TXDO� R� VLQDO� WHP� XPD� DPSOLWXGH� VLPLODU� j� GR� UXtGR�� SRGH�VH� DPSOLILFDU� R� UXtGR� HOHWU{QLFR� GR�
DSDUHOKR��GR�FDEHDPHQWR�RX�HPLVVmR�GDV�PHVPDV�IUHTXHQFLDV�TXH�HVWmR�VHQGR�UHJLVWUDGDV��GDQGR�
OXJDU�D�UHJLVWURV�FRQIXVRV��

+i�YiULRV� WLSRV�GH�JDQKRV�TXH�SRGHP�VHU� DSOLFDGRV� HP�XP�SURFHVVDPHQWR�GH�GDGRV�*35��
3DUD�HVVH�WUDEDOKR�VHUi�XWLOL]DGR�R�JDQKR�Energy Decay TXH�FRQVLVWH�QD�DSOLFDomR�GH�XP�JDQKR�QD�
GLUHomR�GR�HL[R�GR�WHPSR�SDUD�FDGD�WUDoR��(VWH�JDQKR�p�EDVHDGR�QD�FXUYD�GH�GHFDLPHQWR�PpGLR�GH�
DPSOLWXGH�� 3ULPHLUDPHQWH� XPD� FXUYD� GH� GHFDLPHQWR� PpGLR� p� GHWHUPLQDGD� GH� WRGRV� RV� WUDoRV�
H[LVWHQWHV� GR�SHUILO��'HSRLV�GD� DSOLFDomR�GH�XP� ILOWUR� GH�PHGLDQD�QHVWD� FXUYD�� FDGD�DPRVWUD� GR�
WUDoR�p�GLYLGLGD�SHOR�YDORU�GD�FXUYD�GH�GHFDLPHQWR��)UHTXHQWHPHQWH�p�QHFHVViULR�DSOLFDU�XP�IDWRU�
GH� HVFDOD�� SDUkPHWUR� GH� PXOWLSOLFDomR�� PHQRU� GR� TXH� XP�� SRLV�� DSyV� D� DSOLFDomR� GHVWH� JDQKR��
DOJXQV�YDORUHV�GH�DPSOLWXGH�H[FHGHUmR�D�DPSOLWXGH�Pi[LPD�GR�SHUILO�RULJLQDO��6DQGPHLHU���������

6pWLPD�HWDSD��)LOWUDJHP�WHPSRUDO�

&RQVLVWH� HP� UHWLUDU� GR� UDGDUJUDPD� RV� UXtGRV� RX� UHYHUEHUDo}HV� SDUD� GHVWDFDU� R� VLQDO� GH�
LQWHUHVVH�� SULQFLSDOPHQWH� RV� TXH� HVWmR� FRQWLGRV� QD� SDUWH� LQIHULRU�� &RP� HVWH� ILOWUR� p� SRVVtYHO�
HOLPLQDU� DV� IUHTXrQFLDV� HVS~ULDV�� TXH� VH� HQFRQWUDP�HP� IDL[DV�GH� DOWD�RX�EDL[D� IUHTXrQFLD� H�TXH�
HYHQWXDOPHQWH�SRGHP�PDVFDUDU�HVWUXWXUDV�QR�UDGDUJUDPD��

��±�5(68/7$'26�

������3HUILV���H����

(VVHV�SHUILV�IRUDP�UHDOL]DGRV�GHQWUR�GD�iUHD�GD�&26$13$�QR�3DUTXH�(VWDGXDO�GR�8WLQJD��QD�
UXD� SULQFLSDO� TXH� Gi� DFHVVR� DR� ODJR� %RORQKD� H� ÈJXD� 3UHWD�� 2V� SHUILV� IRUDP� IHLWRV� VREUH� XPD�
FDPDGD�GH�DVIDOWR��WRPDQGR�R�VHQWLGR�6XO�±�1RUWH��SHUSHQGLFXODU�D�XPD�DGXWRUD��2�VROR�GD�UHJLmR�
SHVTXLVDGD�p�SUHGRPLQDQWHPHQWH�DUJLOR�DUHQRVR��2�REMHWLYR�IRL� ORFDOL]DU�XPD�DGXWRUD�GH�DoR�GH�
�����PP�GH�GLkPHWUR��XVDGD�SDUD�R�WUDQVSRUWH�GH�iJXD�EUXWD�GR�ODJR�GR�8WLQJD�DWp�D�HVWDomR�GH�
WUDWDPHQWR� GH� 6mR� %UiV�� $� GLPHQVmR� GRV� SHUILV� IRL� GH� ��P� GH� FRPSULPHQWR�� FRUUHVSRQGHQWH� j�
ODUJXUD�Pi[LPD�GD�UXD��FRP�PDUFDo}HV�IHLWDV�D�FDGD���P���

2�SHUILO� �� IRL� REWLGR� FRP�D� DQWHQD�GH� ����0+]��3RGH�VH� REVHUYDU�� DWUDYpV� GR� UDGDUJUDPD�
�)LJXUD����� D�SUHVHQoD�GH�XP�IRUWH� UHIOHWRU��KLSpUEROH�GH� UHIOH[mR�DVVLQDODGD�� ORFDOL]DGR�HQWUH�DV�
SRVLo}HV���P�H���P�D��DSUR[LPDGDPHQWH����P�GH�SURIXQGLGDGH��(VVH�UHIOHWRU�FRUUHVSRQGH�j�DGXWRUD�
GH�DoR�SURFXUDGD���

2�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO����IRL�REWLGR�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]�H�R�
VHX� UDGDUJUDPD�p�PRVWUDGR�QD�)LJXUD����RQGH� VH�FRQVWDWD�D�SUHVHQoD�GXPD� UHIOH[mR�KLSHUEyOLFD��
FRUUHVSRQGHQWH� j� DGXWRUD� GH� DoR� GH� ����� PP�� D� DSUR[LPDGDPHQWH� �� P� GH� SURIXQGLGDGH� H�
ORFDOL]DGD�HQWUH�DV�SRVLo}HV���P�H���P���
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�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�IRUWH�UHIOH[mR�KLSHUEyOLFD�

UHSUHVHQWD�D�DGXWRUD�GH�DoR�GH������PP��

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�IRUWH�UHIOH[mR�KLSHUEyOLFD�

UHSUHVHQWD�D�DGXWRUD�GH�DoR�GH������PP��

&RQFOXL�VH�DSyV�DQiOLVH�GRV�UDGDUJUDPDV�GDV�)LJXUDV���H����TXH�HP�DPERV�RV�OHYDQWDPHQWRV�

RV�UHVXOWDGRV�PRVWUDGRV�IRUDP�ERQV��(QWUHWDQWR��R�OHYDQWDPHQWR�IHLWR�FRP�D�DQWHQD�GH�����0+]�

IRL�� VHQVLYHOPHQWH��PHOKRU� TXH� R� OHYDQWDPHQWR� IHLWR� FRP� D� DQWHQD� GH� ����0+]�� HP� YLUWXGH� GD�

PHOKRU�UHVROXomR�GR�VLQDO��

$SyV� DV� UHDOL]Do}HV� GRV� SHUILV� �� H� ��� IRUDP� IHLWDV� HVFDYDo}HV� HP� WRUQR� GD� DGXWRUD� FRP� D�

ILQDOLGDGH� GH� UDWLILFDU� VXD� ORFDOL]DomR�� )DWR� HVWH� TXH� S{GH� VHU� FRQILUPDGR� DSyV� R� WpUPLQR� GDV�

HVFDYDo}HV�  

������3HUILV���H����

(VVHV� SHUILV� IRUDP� UHDOL]DGRV� QR� FRQMXQWR� &'3� QD� $Y�� 1RUWH�� EDLUUR� GD� 0DUDFDQJDOKD��

SUy[LPR�D�HVTXLQD�FRP�D�$Y�� -~OLR�&pVDU��2V�SHUILV� IRUDP�IHLWRV� VREUH�XPD�FDPDGD�GH�DVIDOWR��

WRPDQGR� D� VHQWLGR� 6XGHVWH� ±� 1RURHVWH�� SHUSHQGLFXODU� DRV� DOYRV�� 2� REMHWLYR� IRL� ORFDOL]DU� GXDV�

WXEXODo}HV�GH�39&�±�����PP�H�����PP�GH�GLkPHWUR��XVDGDV�QR�IRUQHFLPHQWR�GH�iJXD�QR�FRQMXQWR�

&'3��$�GLPHQVmR�GRV�SHUILV�IRL�GH����P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�FDGD���P��

$� )LJXUD� �� PRVWUD� R� UDGDUJUDPD� GR� SHUILO� ��� REWLGR� FRP� D� DQWHQD� GH� ����0+]�� 3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�WUrV�UHIOHWRUHV��3��ORFDOL]DGR�QD�SRVLomR���P��FRP�DSUR[LPDGDPHQWH���P�GH�

SURIXQGLGDGH��3��VLWXDGR�SUy[LPR�j�SRVLomR���P�H�TXDVH�D���P�GH�SURIXQGLGDGH�H�3��TXH�HVWi�ORJR�

DSyV� D� SRVLomR� �� P� H� D� SRXFR� PDLV� GH� �� P� GH� SURIXQGLGDGH�� 2V� DOYRV� GHYHP� UHSUHVHQWDU��

UHVSHFWLYDPHQWH��WXEXODomR�39&�±�����PP��PDQLOKD�GH�HVJRWR�H�WXEXODomR�39&�±�����PP��1HVVH�

SHUILO�RV�DOYRV�GH�39&�SXGHUDP�VHU� LGHQWLILFDGRV�HP� IXQomR�GR� VHX�PDLRU�GLkPHWUR�H�GR�PDLRU�

SRGHU�GH�SHQHWUDomR�GD�DQWHQD��1HVWH�H�QRV�GHPDLV�SHUILV��QmR�IRUDP�UHDOL]DGDV�HVFDYDo}HV�SDUD�

FRQILUPDU�D�ORFDOL]DomR�H[DWD�GDV�WXEXODo}HV��1RVVDV�FRQFOXV}HV�IRUDP�FRUURERUDGDV�SHOR�PDSD�GD�

UHGH�GH�iJXD�H�HVJRWR�IRUQHFLGR�SHOD�&26$13$��
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�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3��H�3��

GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��D�WXEXODomR�39&�±�����PP��PDQLOKD�GH�HVJRWR�H�WXEXODomR�

39&�±�����PP��

2�SHUILO���REWLGR�FRP�D�DQWHQD�GH�����0+]�H�FRLQFLGHQWH�FRP�R�SHUILO����SRGH�VHU�REVHUYDGR�

QD�)LJXUD����RQGH�VH�SRGH�YHULILFDU�XPD�QRYD�FRQILJXUDomR�GRV�UHIOHWRUHV��SRLV�QmR�DSDUHFH�R�DOYR�

3�� �WXEXODomR�39&�±�����PP��� Mi�TXH�D�FRQILJXUDomR�GR�DOFDQFH�GD�DQWHQD�QmR�SHUPLWLX�TXH�D�

PHVPD� DOFDQoDVVH� D� SURIXQGLGDGH� GR� DOYR�� &RPR� IRL� REVHUYDGR� QR� UDGDUJUDPD� GD� )LJXUD�� ��� R�

UHIOHWRU�3��HQFRQWUD�VH�D�XPD�SURIXQGLGDGH�GH�DSUR[LPDGDPHQWH���P��HQWUHWDQWR��FRPR�SRGHPRV�

REVHUYDU�QD�)LJXUD����D�SURIXQGLGDGH�Pi[LPD�DOFDQoDGD�FRP�R�XVR�GD�DQWHQD�GH�����0+]�IRL�GH�

����� P�� R� TXH� LPSRVVLELOLWRX� D� VXD� ORFDOL]DomR�� (QWmR� WHP�VH�� 3�� �PDQLOKD� GH� HVJRWR�� VLWXDGR�

SUy[LPR�D�SRVLomR���P��TXDVH�D���P�GH�SURIXQGLGDGH�H�3���WXEXODomR�39&�±�����PP��TXH�HVWi�QD�

SRVLomR���P�H�D�SRXFR�PDLV�GH���P�GH�SURIXQGLGDGH��

3RGH�VH�FRQFOXLU�DSyV�DQiOLVH�GRV�UDGDUJUDPDV�GDV�)LJXUDV���H����TXH�R�PHOKRU�UHVXOWDGR�IRL�

REWLGR�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]��SRLV�FRP�D�DQWHQD�GH�����0+]�R�DOYR�3��QmR�S{GH�

VHU� LGHQWLILFDGR�� HP� GHFRUUrQFLD� GR� EDL[R� SRGHU� GH� SHQHWUDomR� GD� DQWHQD� GH� ����0+]�� SDUD� R�

UHVSHFWLYR�VROR��

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3��H�3��

GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��D�PDQLOKD�GH�HVJRWR�H�WXEXODomR�39&�±�����PP��

������3HUILV���H���

(VVHV� SHUILV� IRUDP� UHDOL]DGRV� QD� $Y�� 9LFWRU� GD� 6LOYD�� EDLUUR� GD� &DVWDQKHLUD�� HQWUH� R�

UHVLGHQFLDO�&RVWD�H�6LOYD�H�R�SRVWR�GRV�&RUUHLRV��$V�VRQGDJHQV�IRUDP�IHLWDV�VREUH�XPD�FDPDGD�GH�

DVIDOWR�� WRPDQGR�R� VHQWLGR�6XGRHVWH� ±�1RUGHVWH�� SHUSHQGLFXODU� DR� DOYR��2�REMHWLYR� IRL� ORFDOL]DU�

XPD� WXEXODomR�GH�FLPHQWR�±�DPLDQWR��&�$���GH�����PP�GH�GLkPHWUR��XVDGD�QR�IRUQHFLPHQWR�GH�

iJXD��$�GLPHQVmR�GRV�SHUILV�IRL�GH���P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�FDGD���P��

2�UDGDUJUDPD�GR�SHUILO���p�PRVWUDGR�QD�)LJXUD����REWLGR�FRP�D�DQWHQD�GH�����0+]��3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�XP�UHIOHWRU��DVVRFLDGR�j�WXEXODomR�GH�&�$��±�����PP��ORFDOL]DGR�HQWUH�DV�

SRVLo}HV���P�H���P��D�SRXFR�PDLV�GH�����P�GH�SURIXQGLGDGH��
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)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�UHIOH[mR�KLSHUEyOLFD�GHYH�

UHSUHVHQWDU�XPD�WXEXODomR�GH�FLPHQWR�DPLDQWR�FRP�����PP�GH�GLkPHWUR��

$�)LJXUD���PRVWUD�R�UDGDUJUDPD�GR�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO���REWLGR�FRP�D�DQWHQD�

GH�����0+]��RQGH�R�IRUWH�UHIOHWRU�KLSHUEyOLFR�GHYH�FRUUHVSRQGHU�j�WXEXODomR�GH�&�$��±�����PP��

HQWUH�DV�SRVLo}HV���P�H���P��D�SRXFR�PDLV�GH�����P�GH�SURIXQGLGDGH��

3RGH�VH�FRQFOXLU�DWUDYpV�GD�DQiOLVH�GRV�UHVXOWDGRV�IRUQHFLGRV�SHORV�UDGDUJUDPDV�GDV�)LJXUDV���

H����TXH�DV�LQIRUPDo}HV�REWLGDV�FRP�DV�DQWHQDV�VmR�HTXLYDOHQWHV��FRP�XPD�VHQVtYHO�PHOKRULD�QRV�

UHVXOWDGRV�IRUQHFLGRV�SHOD�DQWHQD�GH�����0+]��Mi�TXH�WHP�PDLRU�UHVROXomR���

�

)LJ����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$�UHIOH[mR�KLSHUEyOLFD�GHYH�

UHSUHVHQWDU�XPD�WXEXODomR�GH�FLPHQWR�DPLDQWR�FRP�����PP�GH�GLkPHWUR��

������3HUILV���H����

(VVHV�SHUILV�IRUDP�REWLGRV�QD�7Y��$QJXVWXUD��HQWUH�5XD�1RYD�H�5XD�$QW{QLR�(YHUGRVD��EDLUUR�

GD� 3HGUHLUD�� HP� IUHQWH� D� UHVLGrQFLD� GH� Q~PHUR� ������2V� SHUILV� IRUDP� IHLWRV� VREUH� XPD� HVSHVVD�

FDPDGD� GH� DVIDOWR�� HP� XPD� UHJLmR� RQGH� VH� S{GH� FRQVWDWDU� LQ� ORFR�� WUDWDU�VH� GH� XP� VROR� DUJLOR�

DUHQRVR�� FRP�D�SUHVHQoD�GH�*UpV�GR�3DUi�H�FRQFUHo}HV� IHUUXJLQRVDV��2V�SHUILV� IRUDP�UHDOL]DGRV�

WRPDQGR� D� VHQWLGR� 1RUGHVWH� ±� 6XGRHVWH�� SHUSHQGLFXODU� DRV� DOYRV�� 2� REMHWLYR� IRL� ORFDOL]DU� DV�

VHJXLQWHV�WXEXODo}HV��39&�±����PP��IHUUR�IXQGLGR��)R)R��±�����PP�H�&$�±�����PP��XVDGDV�QR�

IRUQHFLPHQWR�GH�iJXD��$�GLPHQVmR�GRV�SHUILV�IRL�GH����P�GH�FRPSULPHQWR�FRP�PDUFDo}HV�IHLWDV�D�

FDGD���P���

$� )LJXUD� ���PRVWUD� R� UDGDUJUDPD� GR� SHUILO� ��� REWLGR� FRP� D� DQWHQD� GH� ����0+]�� 3RGH�VH�

REVHUYDU�D�SUHVHQoD�GH�TXDWUR� UHJL}HV� UHIOHWRUDV��3�� ORFDOL]DGD�HQWUH�DV�SRVLo}HV���P�H���P��3��

VLWXDGD�HQWUH�DV�SRVLo}HV���P�H���P��3��SUy[LPD�D�SRVLomR���P�H�3��QD�SRVLomR���P��1D�UHJLmR�

RQGH�VH�HQFRQWUD�R�DOYR�3���SRGH�VH�SHUFHEHU�D�IRUPDomR�GH�SRVVtYHLV�KLSpUEROHV��HQWUHWDQWR�QmR�VH�

SRGH�DILUPDU�� FDWHJRULFDPHQWH�� WUDWDU�VH�GH�XPD� WXEXODomR�39&�±����PP��DOYR� ORFDOL]DGR�QHVWD�

UHJLmR��VHJXQGR�R�FDGDVWUR�GH�UHGHV�GD�&26$13$��2V�GHPDLV�DOYRV�GHYHP�VHU��UHVSHFWLYDPHQWH��

DV�VHJXLQWHV�WXEXODo}HV��PDQLOKD�GH�HVJRWR��3����)R)R�±�����PP��3���H�&$�±�����PP��3�����
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)LJ�����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3���

3��H�3��GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��DOYR�LQGHWHUPLQDGR��PDQLOKD�GH�HVJRWR��)R)R�±�����

PP�H�)&�±�����PP��

2�UDGDUJUDPD�GR�SHUILO����FRLQFLGHQWH�FRP�R�SHUILO����p�PRVWUDGR�QD�)LJXUD�����REWLGR�FRP�D�

DQWHQD�GH�����0+]��RQGH�VH�SRGHP�LGHQWLILFDU�DV�VHJXLQWHV�UHJL}HV�UHIOHWRUDV��3���SRVVtYHO�DOYR�GH�

39&�±����PP�� VHJXQGR�R� FDGDVWUR�GD�&26$13$�� ORFDOL]DGD�HQWUH� DV�SRVLo}HV���P�H���P��3��

�PDQLOKD�GH�HVJRWR��VLWXDGD�HQWUH�DV�SRVLo}HV���P�H���P��3���)R)R�±�����PP��SUy[LPD�D�SRVLomR���

P�H�3���)&�±�����PP��QD�SRVLomR���P��$V�LQIRUPDo}HV�FROKLGDV�QHVWH�SHUILO�FRLQFLGHP�FRP�DV�

LQIRUPDo}HV�GR�SHUILO����TXDQGR�XVDPRV�D�DQWHQD�GH�����0+]��H[FHWXDQGR�VH�D�WXEXODomR�GH�39&�

±� ���PP�� SRLV� D� DPSOLWXGH� GR� VLQDO�*35�QmR� IRL� VXILFLHQWH� SDUD� TXH� VH� SXGHVVH� FKHJDU� D� XPD�

FRQFOXVmR�H[DWD�GD�VXD�ORFDOL]DomR��

$SyV�DQiOLVH�GRV�UHVXOWDGRV�REWLGRV�QRV�UDGDUJUDPDV�GDV�)LJXUDV����H�����FRQFOXt�VH�TXH�RV�

UHVXOWDGRV�IRUQHFLGRV�FRP�D�XWLOL]DomR�GD�DQWHQD�GH�����0+]�VmR�PHOKRUHV�TXH�RV�IRUQHFLGRV�SHOD�

DQWHQD� GH� ���� 0+]�� IDWR� TXH� ILFD� HYLGHQWH� QD� )LJXUD� ���� Mi� TXH� RV� DOYRV� SURFXUDGRV� HVWmR�

ORFDOL]DGRV� D� XPD� SURIXQGLGDGH� UHODWLYDPHQWH� JUDQGH� H� VmR� PHQRV� UHIOH[LYRV�� H[FHWXDQGR�VH� R�

)R)R�±�����PP��TXH�p�XP�ERP�UHIOHWRU��

�

)LJ�����±�5DGDUJUDPD�GR�SHUILO����XVDQGR�DQWHQD�GH�����0+]��$V�UHIOH[}HV�KLSHUEyOLFDV�3���3���

3��H�3��GHYHP�UHSUHVHQWDU��UHVSHFWLYDPHQWH��DOYR�LQGHWHUPLQDGR��PDQLOKD�GH�HVJRWR��)R)R�±�����

PP�H�)&�±�����PP��

��±�&216,'(5$d®(6�),1$,6�

'HQWUR�GDV�SHUVSHFWLYDV�LQLFLDLV��SURSRVWDV�SRU�HVWH�WUDEDOKR��R�PpWRGR�*35�PRVWURX�VH�XPD�

IHUUDPHQWD�HILFD]�QD�ORFDOL]DomR�GDV�WXEXODo}HV�XWLOL]DGDV�SHOD�&RPSDQKLD�GH�6DQHDPHQWR�GR�3DUi�

±�&26$13$��QR�DEDVWHFLPHQWR�GH�iJXD�j�SRSXODomR�GD�iUHD�XUEDQD�GR�PXQLFtSLR�GH�%HOpP�3$��

SRLV�GRV���DOYRV�SHVTXLVDGRV��DSHQDV���QmR�S{GH�VHU�SOHQDPHQWH�LGHQWLILFDGR��HP�GHFRUUrQFLD�GR�

PDWHULDO�FRQVWLWXLQWH�GR�DOYR��

2�DOYR�TXH�QmR�IRL�SOHQDPHQWH�LGHQWLILFDGR�SHODV�GXDV�DQWHQDV�GH�����0+]�H�����0+]��IRL�j�

WXEXODomR�FRQVWLWXtGD�GH�39&�±����PP�GH�GLkPHWUR��KDMD�YLVWD�R�EDL[R�SRGHU�UHIOH[LYR�GR�39&�H�D�

SHTXHQD�GLPHQVmR�GR�DOYR���
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2�PpWRGR�*35�UHYHORX�VH�PXLWR�HILFD]�QD� ORFDOL]DomR�GH�DOYRV�PHWiOLFRV��SRLV��DSHQDV�XP�

GHOHV�QmR�IRL� LGHQWLILFDGR�SHOD�DQWHQD�GH�����0+]��GHYLGR�D�VXD�PDLRU�SURIXQGLGDGH�H�DR�EDL[R�

SRGHU�GH�SHQHWUDomR�GD� DQWHQD��PHQRU�TXH���P��3RUpP�� HVVH� DOYR� IRL�SHUIHLWDPHQWH� LGHQWLILFDGR�

SHOD�DQWHQD�GH�����0+]��TXH�SRVVXL�XP�SRGHU�PDLRU�GH�SHQHWUDomR���

2V� SHUILV� UHDOL]DGRV� FRP� R� LQWXLWR� GH� ORFDOL]DU� DV� WXEXODo}HV� GH� FLPHQWR�DPLDQWR�� IRUDP�

�����FREHUWDV�GH�r[LWR��Mi�TXH�DV�WXEXODo}HV�IHLWDV�FRP�HVVH�PDWHULDO�VmR�DUPDGDV�HP�HVWUXWXUDV�

IHLWDV� GH�PHWDO�� R� TXH� FRQWULEXL� SDUD� R� VHX� SRGHU� UHIOH[LYR�� SRLV� R� SRGHU� UHIOH[LYR� GR� FLPHQWR�

DPLDQWR�p�SHTXHQR���

3RU� QmR� VHU� R� IRFR� GHVWH� WUDEDOKR�� DV� LQWHUIHUrQFLDV� SURYRFDGDV� SHODV� KHWHURJHQHLGDGHV�

SUHVHQWHV�QR�VROR�QmR�IRUDP�GHVWDFDGDV��H[FHWR�QRV�FDVRV�HP�TXH�DOJXP�HOHPHQWR�VXSHUILFLDO�RX�

LQIRUPDomR� DGLFLRQDO�� YLVXDOL]DGDV� HP� FDPSR�� SHUPLWLX� VXD� GHVFULomR�PDLV� GHWDOKDGD�� FRPR� IRL�

YHULILFDGR�QR�FDVR�GDV�PDQLOKDV�GH�HVJRWR�GHVFULWDV�QRV�SHUILV���������H�����

1R�TXH�GL]�UHVSHLWR�j�XWLOL]DomR�GDV�DQWHQDV��SDUD�XP�PHVPR�range nr��SRGHPRV�FRQFOXLU�TXH�

D� DQWHQD�GH�����0+]�GHVWDFRX�VH�QRV� UHVXOWDGRV�REWLGRV�� HP�FRPSDUDomR�FRP�D� DQWHQD�GH�����

0+]��SRLV�D�PHVPD�IRL�FDSD]�GH�ORFDOL]DU�WRGRV�RV�DOYRV�PHWiOLFRV��GH�FLPHQWR�DPLDQWR�H�RV�GH�

39&�GH�PDLRU�GLPHQVmR���

2�PHVPR�QmR�RFRUUHX�FRP�D�GH�����0+]��SRLV�QmR�IRL�FDSD]�GH�ORFDOL]DU�XPD�GDV�WXEXODo}HV�

PHWiOLFDV��GHYLGR�HOD�HQFRQWUDU�VH�HP�SURIXQGLGDGH�PDLRU�TXH�R�SRGHU�GH�SHQHWUDomR�GD�DQWHQD��

��±�$*5$'(&,0(1726�

2V�DXWRUHV�DJUDGHFHP�D�-RVp�-RDTXLP�0HOR�5RGULJXHV��HQJHQKHLUR�FKHIH�GH�PDQXWHQomR�GD�

&RPSDQKLD� GH� 6DQHDPHQWR� GR� 3DUi� �&26$13$��� SHOD� FRQWULEXLomR� QR� IRUQHFLPHQWR� GDV�

LQIRUPDo}HV�QHFHVViULDV�D�UHDOL]DomR�GRV�SHUILV�H�SHORV�HVFODUHFLPHQWRV��GHFRUUHQWHV�GDV�G~YLGDV�

VXUJLGDV�DR�ORQJR�GHVWH�WUDEDOKR���

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$QQDQ��$��3����������Ground Penetration Radar Workshop notes��6HQVRUV�	�6RIWZDUH�����S���

$QQDQ�� $�� 3�� �������� Transmission dispersion and GPR. -RXUQDO� RI� (QYLURQPHQWDO� DQG�

(QJLQHHULQJ�*HRSK\VLFV��Y����Q����S������������

'DYLV��-��/���$QQDQ��$��3����������Ground-penetrating radar for high-resolution mapping of soil 

and rock stratigraphy��*HRSK\VLFDO�3URVSHFWLQJ��Y������S�����������

2OKRHIW��*��5����������(OHFWULFDO�SURSHUWLHV�RI�URFNV��LQ�Physical Properties of Rocks and Minerals, 

in Touloukian��<��6���-XGG��:��5���DQG�5R\��5��)���HGV��1HZ�<RUN��0F*UDZ�+LOO��S������������

3RUVDQL�� -�/�� �������� Método GPR: $SOLFDo}HV� HP� JHRORJLD�� JHRWHFQLD�� PHLR� DPELHQWH� H�

DUTXHRORJLD��%HOpP��3$��$SRVWLOD��

5H\QROGV��-�0����������An introduction to applied and environmental geophysics��-RKQ�:LOH\�	�

6RQV�/WG���%DIILQV�/DQH��&KLFKHVWHU��:HVW�6XVVH[�3�����8'��(QJODQG��S�����������

5LMR�� /�� �������� Electrical Geophysics. 1-D Earth Direct Modeling�� %HOpP�� ������ ���� S��

'LVSRQtYHO�HP���ZZZ�ULMR�SUR�EU!��$FHVVR�HP�����MXO���������

6DQGPHLHU�� .�-�� �������� REFLEXW Version 5.0, Windows 9x/2000/NT. Program for the 

processing of seismic, acoustic or electromagnetic reflection, refraction and transmission 

data. *HUPDQ\������S���0DQXDO�GR�6RIWZDUH��

6WUDWWRQ��-��$����������Electromagnetic Theory��1HZ�<RUN��0F*UDZ�+LOO������S���

9DQ�'DP��5��/����������Causes of ground-penetrating radar reflections in sediment������I��7KHVLV�

�'RFWRUDO�LQ�(DUWK�6FLHQFHV��±�9ULMH�8QLYHUVLWHLW��)DFXOW\�RI�(DUWK�6FLHQFHV�$PVWHUGDP��


