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¯Òß�¨�©7Ü Á�³È³�Âv«ö³�©7©7¨�Å�¯°7ªÝ³|Àv¼I¨�ôñ#¨�¨�Àv7¬¦¨eÃD³�Â¦¨�Å�®F¯�À�Âð7¬¦¨D©7¨�®7ª�®[7ªÝß�ªÝôÜÞ³�´#7¬¦¨e®[³|ª�Å"®7¯�ÃDÛ~ÅÝ¨�®FÃD¨�¯�®7»¦©7¨�Â
ª�À 7¬¦¨DÅ�¯°¼I³�©M¯°[³�©7Ü�µ���¬¦¨�Ãeª�«�¯�ÅÚ¯�À�¯�ÅÝÜÈ¾�¨�®á³�´�7¬¦¨e®[³|ª�ÅÚ®7¯�ÃDÛ~ÅÝ¨�®FÃe¯°¿�¨�ªÝFÛI³|®7®7ªÝ¼~ÅÝ¨R[³+«M¬�¯°©M¯�«ö[¨�©MªÝ¾�¨e7¬¦¨
ñ�¯�®[[¨�µ
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É°µ�ÉÕã6ÅÝ7Å�¯�®[[¨�À µRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê

É°µ�É°µ�É ã6ÅÝ7Å�¯�®[[¨�À¦Û�©7³�¼~ÅÝ¨�Ãe¯°7ªÝ¿ µRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê
É°µ�É°µ Ê �6¨�´[Ä¯�¬¦©MÂ�»�À¦Á|®[ÛI³�[¨�À�7ª�¯�Å4Â�»¦©M«M¬Qã6ÅÝ7Å�¯�®[[¨�ÀµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ ÿ

É°µ Ê4�6¨�³�Û~¬�Ü�®7ªÝ¿°¯�Å�ª�®7«M¬¦¨RÙ2©7¿�»�À�Â�»�À¦ÁHß�³|À+ã6ÅÝ7Å�¯�®[[¨�À µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 5
É°µ ÷ çA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�[³�[¨�Å�Å�»¦©MªÝ¿ µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 6

É°µ ÷Èµ�É ¸Þ¨�®7®7ÃD¨�7¬¦³�Â¦¨.µRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 6
É°µ ÷Èµ Ê ã6»�®[ñ#¨�©77»�À¦ÁeÂ¦¨�©Aç6¸+½�èô¶F¯°[¨�À µáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ �

É°µ ÿ87IªÝ¨�ÅÝ¨áÂ¦¨�©AãA©7¼I¨�ªÝ<µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�É
9;:=<3,?>A@�,B/�(-C�D$<3,FE�@$1�)3GH+-IJ2A,.) %?K
ÊÈµ�ÉÕçA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�[³�[¨�Å�Å�»¦©MªÝ¿ µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�÷
ÊÈµ Ê ¶6¨�©Aò?ÃDÛI¨�Â�¯�À¦¾�[¨�À�®[³�©cµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Éöÿ
ÊÈµ ÷ ¶FªÝ¨á©øÄ¯�»�ÃeÅ�ª�«M¬¦¨Fæ"¨�©7[¨�ª�Å�»�À¦ÁeÂ¦¨�®
¨�ÅÝ¨�¿È[©Mª�®7«M¬¦¨�ÀQï�ª�Â¦¨�©M®[7¯�À�Â�®%µáµRµRµRµáµRµRµáµRµRµáµRµRµ Éöÿ
ÊÈµ ÿ ¶FªÝ¨RÙ2©7¿�»�À�Â�»�À¦Á|®[7ªÝ¨�´�¨sµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�5
ÊÈµ 5T¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�L
ÊÈµ Ç ò?À�ß�¨�©M®7ªÝ³|ÀÒµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�L

ÊÈµ ÇÈµ�ÉM�;ª�À¦¨�¯°©Mª�®7ªÝ¨�©M»�À¦ÁHµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É��
ÊÈµ ÇÈµ Ê çL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á%µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê°Æ
ÊÈµ ÇÈµ ÷ ç6¸ðì�èô·¦¨�¬�ÅÝ¨�©ðµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê°Æ
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ÊÈµ 6 É�¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�É
ÊÈµ L Ê°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�É

ÊÈµ LÈµ�É ¸+ª�À�ª�ÃeªÝ¨�©M»�À¦Á<Â¦¨�©Lëá³|®[[¨�À¦´�»�À¦¿È7ªÝ³|À$µáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ê
ÊÈµ LÈµ Ê �F¯�»¦û°èôºA¨�ñL[³|À�èôã6ÅÝÁ�³�©MªÝ7¬�Ã�»�®�µRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ê
ÊÈµ LÈµ ÷ º6ª�«M¬�7Å�ª�À¦¨�¯°©[èôëá³|À��7»¦Á|ªÝ¨�©7[¨öèX�6©M¯�Â�ªÝ¨�À�[¨�À�èX¸Þ¨�7¬¦³�Â¦¨�µRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�÷
ÊÈµ LÈµ ÿ Ê°¶AèX¸Þ³�Â¦¨�Å�ÅÝÁ|ªÝ[[¨�©
µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�÷
ÊÈµ LÈµ 5 ìÈ¨�À�®7ªÝ7ªÝß�ªÝ�Ä¯°-µRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Êøÿ

ÊÈµ � ÷°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�5
ÊÈµ �Èµ�É ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®[Û�©7³�Á�©M¯�ÃeÃüß�³|ÀY��µ~ºA¨�ñAÃe¯�ÀÒµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ç
ÊÈµ �Èµ Ê ÷°¶AèX¸Þ³�Â¦¨�Å�ÅÝÁ|ªÝ[[¨�©
µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÊZ6

ÊÈµ�É�Æ[�6¨�³È¨�ÅÝ¨�¿È[©Mª�®7«M¬¦¨H¸Þ¨�®7®[ß�¨�©7´�¯�¬¦©7¨�À µRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÊZ6
K]\^>_G�,.+*+-C`/�13GH(-,.) 9Ja
÷Èµ�ÉVÊ°¶AèX¸Þ³�Â¦¨�Å�Å�®[7»�Â�ªÝ¨�µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷°Æ

÷Èµ�É°µ�É Ê°¶Aèôã6»�®[Á|¯�À¦Á|®7ÃD³�Â¦¨�Å�Å$µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷°Æ
÷Èµ�É°µ Ê Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|À+Â¦¨�©A®[Ü�À�7¬¦¨�7ª�®7«M¬¦¨�ÀÞ¶F¯°[¨�À µáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�É
÷Èµ�É°µ ÷ ¶FªÝ¨Rï¹¯�¬�ÅdÂ¦¨�®LçL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�[¨�©M®�bîµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�É
÷Èµ�É°µ ÿ �F¯�»¦û°èôºA¨�ñL[³|À�èôã6ÅÝÁ�³�©MªÝ7¬�Ã�»�®�µRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�Ê
÷Èµ�É°µ 5 º��H�c�Aèôã6ÅÝÁ�³�©MªÝ7¬�Ã�»�®µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷øÿ
÷Èµ�É°µ Ç æ"¨�©7Á|ÅÝ¨�ª�«M¬+Â¦¨�©Aã6ÅÝÁ�³�©MªÝ7¬�ÃD¨�ÀkµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�5
÷Èµ�É°µ 6 ìÈ¨�À�®7ªÝ7ªÝß�ªÝ�Ä¯°[¨�ÀQÂ¦¨�®AÊ°¶AèX¸Þ³�Â¦¨�Å�Å�®QµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�Ç
÷Èµ�É°µ L 7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦ÁDÂ¦¨�©6Ê°¶AèX¸Þ³�Â¦¨�Å�Å�®[7»�Â�ªÝ¨µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�L

÷Èµ Ê ÷°¶Aèôã6»�®[Á|¯�À¦Á|®7ÃD³�Â¦¨�Å�Å¡µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷��
÷Èµ ÷ Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|ÀÞÂ¦¨�©6÷°¶AèX¸Þ³�Â¦¨�Å�Å�Â�¯°[¨�ÀaµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÿ�÷
÷Èµ ÿ ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|ÀÞÂ¦¨�©6÷°¶AèX¸Þ³�Â¦¨�Å�Å�Â�¯°[¨�ÀaµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÿBL
÷Èµ 5d7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦ÁÓµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5�Ê

fg\^,?C�C�2A,?hH(-,B/�ij>R)32A,?@$(-D$< kJK
ÿ¦µ�ÉÓã6ÅÝ7¯°¼~Å�¯°Á�¨�©M»�À¦Á#�d³|À¦Á�¨�©Mª�«M¬�µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5�÷
ÿ¦µ Êd�6¨�³|ÅÝ³�Á|ªÝ¨kµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5øÿ

ÿ¦µ ÊÈµ�É ã6Å�ÅÝÁ�¨�ÃD¨�ª�À¦¨=�6¨�³|ÅÝ³�Á|ªÝ¨HÂ¦¨�©Aº6ªÝ¨�Â¦¨�©7©M¬¦¨�ª�À�ª�®7«M¬¦¨�À_§�»�«M¬�ÞµRµáµRµRµáµRµRµRµáµRµRµáµe5øÿ
ÿ¦µ ÊÈµ Ê ½;¨�©77ªôÄ¯°©7¨H»�À�ÂQùÈ»�¯°©7�Ä¯°©7¨�ìÈ¨�Â�ª�ÃD¨�À�[¨Rª�Ãüë�Ä³|Å�À¦¨�©6ìÈ7¯�Â¦[Á�¨�¼~ªÝ¨�îµáµRµRµRµáµRµRµáµe5øÿ
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ÿ¦µ ÊÈµ ÷mlAÜ�Â¦©7³|ÅÝ³�Á|ªÝ¨ µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�5
ÿ¦µ ÷ çL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç

ÿ¦µ ÷Èµ�Én�6¨�³È¨�ÅÝ¨�¿È[©Mª�®7«M¬¦¨<ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�ÀÒª�ÃþçL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�kµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç
ÿ¦µ ÷Èµ�É°µ�É ì�«M¬�Å�»�ÃH¼I¨�©7Á�¨�©[è?ìÈ³|À�Â�ªÝ¨�©M»�À¦Á.µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç
ÿ¦µ ÷Èµ�É°µ Ê ¶FªÝÛI³|Å èô¶FªÝÛI³|Å èX¸Þ¨�®7®7»�À¦Á�µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5��

ÿ¦µ ÷Èµ Ê ç6¸+½]ª�ÃþçL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�.µáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç°Æ
ÿ¦µ ÷Èµ ÷ 7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦Á<çL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�eµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�Ê

ÿ¦µ ÿ ¸Þ¨�®7®7»�À¦Á�¨�ÀÞª�Ãþ§#¨�©7¨�ª�«M¬+Â¦¨�©Aã6ÅÝ7¯°¼~Å�¯°Á�¨�©M»�À¦Á µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�÷
ÿ¦µ ÿ¦µ�Én�6¨�³È¨�ÅÝ¨�¿È[©MªÝ¿)µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Çøÿ
ÿ¦µ ÿ¦µ Ê ò?²"èX¸Þ¨�®7®7»�À¦Á�¨�ÀvµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�5
ÿ¦µ ÿ¦µ ÷ ½LÙ#¸QèX¸Þ¨�®7®7»�À¦Á�¨�ÀcµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�5
ÿ¦µ ÿ¦µ ÿ ç6¸+½�èX¸Þ¨�®7®7»�À¦Á�¨�ÀÞ¯�»¦´ÚÂ¦¨�©A¶6¨�ÛI³|À�ªÝ¨ µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�Ç

ÿ¦µ 5TÊ°¶Aèõò?À�ß�¨�©M®7ªÝ³|À+Â¦¨�©Aç6¸+½�èô¶F¯°[¨�ÀîµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6øÆ
ÿ¦µ 5Èµ�ÉMlA³|ÃD³�Á�¨�À¦¨�©�l6¯�ÅÝ¼�©M¯�»�Ãþ¯�Å�®6ìÈ7¯°©77ÃD³�Â¦¨�Å�ÅaµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6øÆ
ÿ¦µ 5Èµ Ê Ê�è?ì�«M¬�ª�«M¬�[´�¯�Å�Åd¯�Å�®6ìÈ7¯°©77ÃD³�Â¦¨�Å�Å#µRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6�ÿ

ÿ¦µ ÇT÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À+Â¦¨�©Aç6¸+½�èô¶F¯°[¨�ÀîµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6�6
ÿ¦µ ÇÈµ�É Ù2©M®[[¨�ìÈ7»�Â�ªÝ¨�ÀQÃeªÝ
Â¦¨�Ã ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®[Û�©7³�Á�©M¯�ÃeÃ�µáµRµRµRµáµRµRµáµRµRµáµRµRµo6�6
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GN (Laplacian)            RMS= 1.27 ( 20. iteration)
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GN (Laplacian)            RMS= 1.25 ( 20. iteration)
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NLCG (Laplacian)             RMS= 1.26 ( 71. iteration)
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NLCG (Laplacian)             RMS= 1.26 ( 71. iteration)
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NLCG (Laplacian)             RMS= 1.27 ( 32. iteration)
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NLCG (Laplacian)             RMS= 1.27 ( 32. iteration)
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2D model: Lines 3D model: Symbols

TM-Mode
TE-Mode

230.0kHz140.0kHz70.0kHz20.0kHz
230.0kHz140.0kHz70.0kHz20.0kHz
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xz-section, y=-62.5m
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yz-section, x=-2.5m
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RMT1D (M. Eckard) - 1D Inversion
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North-South Transmitters
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East-West Transmitters
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Profile Y=0m              Longerich, SFB 419

East-West

North-South

19.6kHz 60.0kHz 123.7kHz 207.0kHz
23.4kHz 68.9kHz 147.2kHz 234.0kHz
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2D Inversion, Profile y=0m,  RMS= 3.05
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2D Inversion, Profile y=0m,  RMS= 3.05
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2D Inversion, Profile y=-50m, RMS= 2.29
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2D Inversion, Profile y=-50m, RMS= 2.29
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2D Inversion, Profile x=220m,  RMS= 1.82
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2D Inversion, Profile x=220m,  RMS= 1.82
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2D Inversion, Profile y=0m,  RMS= 3.06

     
X [m]

25

20

15

10

5

0

De
pth

 [m
]

-4

-4

-4

-4

-4-4

2D Inversion, Profile y=0m,  RMS= 3.06

400 300 200 100 0
X [m]

25

20

15

10

5

0

De
pth

 [m
]

   1  25  50  75 100 125 150 175 200 225 250  
Resistivity [Ohm*m]

      

A

2D Inversion, Profile y=-50m, RMS= 2.28
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2D Inversion, Profile y=-50m, RMS= 2.28
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2D Inversion, Profile x=220m,  RMS= 1.86
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2D Inversion, Profile x=220m,  RMS= 1.86
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2D Inversion, Profile y=0m,  RMS= 2.08
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2D Inversion, Profile y=0m,  RMS= 2.08
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2D Inversion, Profile y=0m,  RMS= 2.11
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2D Inversion, Profile y=0m,  RMS= 2.11
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3D Inversion, Profile y=0m
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3D Inversion, Profile y=-50m
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3D Inversion, Profile y=-50m
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3D Inversion, Profile x=220m
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3D Inversion, Profile y=0m
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3D Inversion, Profile y=-50m
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3D Inversion, Profile y=-50m

500 400 300 200 100
X [m]

25

20

15

10

5

0

D
ep

th
 [m

]

   1  25  50  75 100 125 150 175 200 225 250  
Resistivity [Ohm*m]

      

BC

3D Inversion, Profile x=220m
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3D Inversion, Profile x=220m
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Ù2©7Á~Ä¯�À¦¾�¨�À�Â�®7ª�À�ÂHÂ¦³�©7Ú¯�»�«M¬DÂ�ªÝ¨�ïv¨�©7[¨
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3D Inversion, z=0.75m
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3D Inversion, z=4.5m
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3D Inversion, z=6.5m
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3D Inversion, z=10.5m
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3D Inversion, z=14.5m

      
X [m]

100

0

-100

-200

-300

Y
 [m

]

3D Inversion, z=14.5m

500 400 300 200 100 0
X [m]

100

0

-100

-200

-300

Y
 [m

]

   1  25  50  75 100 125 150 175 200 225 250  
Resistivity [Ohm*m]

    
  

3D Inversion, z=20.5m
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¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©M®6ß�³|ÀxÂ¦¨�Àð¨�¼I¨�À�®[³QÁ|»¦RÅÝ¨�ªÝ[¨�À�Â¦¨�Àð[¨�©77ªôÄ¯°©7¨�À%ìÈ¨�Â�ª�ÃD¨�À�[¨�À4µIï�ªÝ¨�®7ª�«M¬vÂ¦¨�©H®[ÛI¨�¾�ª��~®7«M¬¦¨
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2D Inversion, y=-25m,  RMS= 2.25
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3D Inversion, Profile y=-25m
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²Ú¯°©M¯�ÃD¨�[¨�©A¾�»¦©AëRÅ�¯�®7®7ª���¾�ªÝ¨�©M»�À¦ÁHß�³|À+¸+¯°[¨�©Mª�¯�Å;¯�À4µNìÈ³Dñ#¨�©MÂ¦¨�ÀQ¯�»�«M¬+§#¨�¾�ªÝ©7¿�¨HÂ¦¨�©L¶6¨�ÛI³|À�ªÝ¨á´ýÄ»¦©L§#³|¬�è
©M»�À¦Á�¨�À&ª�À�[¨�©7¨�®7®7¯�À��å�Â�ªÝ¨+®7ª�«M¬�ª�À&Â¦¨�À�Ê°¶Aèõï�ª�Â¦¨�©M®[7¯�À�Â�®7ÃD³�Â¦¨�Å�ÅÝ¨�ÀkÂ¦¨�©Òç6¸+½sÀ¦³�«M¬&Á|ÅÝ¨�ª�«M¬¦¨�À4å#¯°¼I¨�©
í6À�[¨�©M®7«M¬�ªÝ¨�Â¦¨_ª�ÀxÂ¦¨�Àx²�®[¨�»�Â¦³|®[¨�¿È7ªÝ³|À¦¨�ÀxÂ¦¨�©<ã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝR¾�¨�ªÝÁ�¨�À4µ;ò?Ã)ã6À�¬�¯�À¦Á�� �~À�Â¦¨�À¹®7ª�«M¬%ª�À
Â¦¨�ÀiãA¼�¼~ª�Å�Â�»�À¦Á�¨�À}�6µ�ÉÒ»�À�Â��6µ ÊðÂ�ªÝ¨Ò²�®[¨�»�Â¦³|®[¨�¿È7ªÝ³|À¦¨�ÀiÂ¦¨�©D²2©7³��~ÅÝ¨AO ü Æ�Ã�»�À�Â-O ü è�5°Æ�Ã$´ýÄ»¦©DÂ�ªÝ¨®7«M¬¦¨�ª�À�¼~¯°©7¨�Àvï�ª�Â¦¨�©M®[�Ä¯�À�Â¦¨D»�À�Âvã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ[¨�À4µdº6¯�«M¬x¶F»¦©M«M¬�®7ª�«M¬�HÂ¦¨�©Rß�³�©MÅôÄ¯�»Ò��ÁÞ¯�»�®[Á�¨�ñ#¨�©7[¨�[¨�À
ç6¸+½�èR»�À�Âxò?²"èô¶F¯°[¨�Àk®7ª�À�Âxß�ªÝ¨�©D§#¨�©7¨�ª�«M¬¦¨Qí�ÉIóÈíAÿxª�Ã$®�Ä»�Â;Ä³|®[7Å�ª�«M¬¦¨�À%½;¨�ª�Å#Â¦¨�©e¶6¨�ÛI³|À�ªÝ¨�åÚ¯�Å�®[³vÂ¦¨�Ã
Á�¨�ÃD¨�ª�À�®7¯�ÃZ¨�©7¿�»�À�Â¦¨�[¨�À�¶6¨�ÛI³|À�ªÝ¨�¼I¨�©7¨�ª�«M¬4å�¯�»�®[Á�¨�®7»�«M¬��ñ#³�©MÂ¦¨�À4µ�ò?À�Â¦¨�©�ãA¼�¼~ª�Å�Â�»�À¦Á�5Èµ Ê�®7ª�À�ÂeÂ�ªÝ¨Lß�ªÝ¨�©
§#¨�¾�ªÝ©7¿�¨H¯�»¦´�Â�ªÝ¨áëR¯°©7[¨RÂ¦¨�®�Á�¨�ÃD¨�®7®[¨�À¦¨�À+®7«M¬¦¨�ª�À�¼~¯°©7¨�À_ï�ª�Â¦¨�©M®[7¯�À�Â�®�¾�»¦©L·¦©7¨�ùÈ»¦¨�À¦¾HÊ�÷øÿ�¿.lA¾HÁ�¨�¾�¨�ª�«M¬�è
À¦¨��µ
¶6¨�©�§#¨�¾�ªÝ©7¿¹í�Ée¾�¨�ªÝÁ��ª�À¹Â¦¨�Àxç6¸+½�èX¸Þ³�Â¦¨�Å�ÅÝ¨�À¹®[¨�¬¦©�À�ªÝ¨�Â¦©MªÝÁ�¨D®[ÛI¨�¾�ª��~®7«M¬¦¨eï�ª�Â¦¨�©M®[�Ä¯�À�Â¦¨eª�Ã,½LªÝ¨öè

´�¨�À�¼I¨�©7¨�ª�«M¬_Æ�Ã ¼~ª�®6É�Æ�ÃQµ�¶6¨�©
ï�ª�Â¦¨�©M®[7¯�À�Â�®[ß�¨�©MÅ�¯�»¦´I¾�»ÞìÈ7¯°7ªÝ³|Àðé� ü Ç°Æ�Ã�[�O ü Æ�Ã_ê#ª�À_ãA¼�¼~ª�Å�Â�»�À¦Á�5Èµ�É
Á|ªÝ¼�AÂ�ªÝ¨�®LñAªÝ¨�Â¦¨�©�µ�ò?À+Â¦¨�©6²�®[¨�»�Â¦³|®[¨�¿È7ªÝ³|À+Â¦¨�©Aò?²�ß�³|À ²2©7³��~Å�O ü Æ�Ã �~À�Â¦¨�ÀÞ®7ª�«M¬ ª�ÀÞÂ�ªÝ¨�®[¨�Ã §#¨�©7¨�ª�«M¬
ÃeªÝ[7ÅÝ¨�©7¨R®7«M¬¦¨�ª�À�¼~¯°©7¨Rã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ[¨�ÀÒß�³|À Ê°ÆøèX÷°Æ�®[¨�«öæh[�æ�é�®7ªÝ¨�¬¦¨RãA¼�¼~ª�Å�Â�»�À¦Á#�6µ�ÉRª�Ãþã6À�¬�¯�À¦Á��LêMµ
¶6¨�©Þ§#¨�¾�ªÝ©7¿�íFÊi®[[¨�¬�Q´ýÄ»¦©QÂ¦¨�À �6©7³�û�[¨�ª�ÅáÂ¦¨�© ìÈ7¯°7ªÝ³|À¦¨�À�¯�»¦´�Â¦¨�©Þ¶6¨�ÛI³|À�ªÝ¨�µ�¶F»¦©M«M¬�®7«M¬�À�ªÝ[7Å�ª�«M¬¦¨

®[ÛI¨�¾�ª��~®7«M¬¦¨Fï�ª�Â¦¨�©M®[�Ä¯�À�Â¦¨R»�À�ÂQ®7«M¬¦¨�ª�À�¼~¯°©7¨Rã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ[¨�ÀQ«M¬�¯°©M¯°¿È[¨�©Mª�®7ªÝ¨�©7¨�ÀÞÂ�ªÝ¨�®[¨�ÀQ§#¨�¾�ªÝ©7¿Nµ
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¶FªÝ¨Aç6¸+½�è?ìÈ7¯°7ªÝ³|À¦¨�À�ª�Ãú§#¨�¾�ªÝ©7¿DíF÷á¼~ª�Å�Â¦¨�À<¨�ª�À¦¨L¯�»�à2Ä¯�Å�Å�ªÝÁ�¨Lã6À¦³|Ãe¯�Å�ªÝ¨AÃeªÝ"¨�©M¬;Ä³|¬�[¨�Ã ®7«M¬¦¨�ª�À�¼~¯°©7¨�À

ï�ª�Â¦¨�©M®[7¯�À�ÂDª�À<Â¦¨�À�¸Þ¨�®7®7Â�¯°[¨�À4µ|ïv¨�À�ÀeÃe¯�Àe®7ª�«M¬eÂ�ªÝ¨�ï�ª�Â¦¨�©M®[7¯�À�Â�®[¿°¯°©7[¨�ÀDª�ÀDãA¼�¼~ª�Å�Â�»�À¦ÁAÿ¦µ LF¾�»Dß�¨�©[è
®7«M¬�ªÝ¨�Â¦¨�À¦¨�À_·¦©7¨�ùÈ»¦¨�À¦¾�¨�ÀÒ¯�À�®7ªÝ¨�¬��åÈ´[Ä¯�Å�ÅÝ#Â�ªÝ¨�®[¨�©�§#¨�©7¨�ª�«M¬Ò»�ÃüìÈ7¯°7ªÝ³|Àðé� ü Ê�Ê°Æ�Ã�[�O ü è�5°Æ�Ã_ê#¼I¨�®[³|À�Â¦¨�©M®¼I¨�ª¦Â¦¨�©#¬;Ä³|¬¦¨�©7¨�Àe·¦©7¨�ùÈ»¦¨�À¦¾6Ê�÷øÿ�¿.lA¾Fª�À�®2ã6»¦Á�¨�µ�¶6¨�©#ß�¨�©77ªÝ¿°¯�ÅÝ¨Læ"¨�©MÅ�¯�»¦´IÂ¦¨�®�®[ÛI¨�¾�ª��~®7«M¬¦¨�À<ï�ª�Â¦¨�©M®[7¯�À�Â�®
À�¯�«M¬+Â¦¨�©FÊ°¶Aèõò?À�ß�¨�©M®7ªÝ³|Àié�®7ªÝ¨�¬¦¨HãA¼�¼~ª�Å�Â�»�À¦Á®5Èµ�É�ê�¾�¨�ªÝÁ�Fª�Ãþ³�¼I¨�©7ó�Ä¯�«M¬¦¨�À�À�¯�¬¦¨�À+§#¨�©7¨�ª�«M¬+¨�©M¬;Ä³|¬�[¨Hïv¨�©[è
[¨�µ#¶FªÝ¨+®7«M¬¦¨�ª�À�¼~¯°©7¨+ã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝeª�®[eß�¨�©M¬;Ä¯�ÅÝ7À�ª�®7Ã+Ä¯°û|ªÝÁ¹À�ªÝ¨�Â¦©MªÝÁké 5�èMÉ�5°®[¨�«öæh[�æRêMåA®[³xÂ�¯�®7®�®7ª�«M¬&Â�ªÝ¨
ëá³|ÃH¼~ª�À�¯°7ªÝ³|ÀÒ¯�»�®�¨�©M¬;Ä³|¬�[¨�Ãü®[ÛI¨�¾�ª��~®7«M¬¦¨�À�ï�ª�Â¦¨�©M®[7¯�À�ÂQ»�À�ÂÒ®[¨�¬¦©
À�ªÝ¨�Â¦©MªÝÁ�¨�©
ã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ#´ýÄ»¦©�¨�ª�À¦¨
§#³|¬¦©M»�À¦ÁD¯�À�¼~ªÝ¨�[¨��é�®7ªÝ¨�¬¦¨RãA¼�¼~ª�Å�Â�»�À¦Á#�6µ ÊDª�Ãþã6À�¬�¯�À¦Á��LêMµ
§#¨�¾�ªÝ©7¿DíAÿHñ#¨�ª�®[#ª�ÀeÂ¦¨�Àeç6¸+½�èX¸Þ¨�®7®7Â�¯°[¨�À�¼I¨�©7¨�ªÝ7®�Â�ªÝ¨
Á�¨�©Mª�À¦Á|®[[¨�À�®7«M¬¦¨�ª�À�¼~¯°©7¨�Àeï�ª�Â¦¨�©M®[�Ä¯�À�Â¦¨LÂ¦¨�®

Á|¯�À¦¾�¨�À+¸Þ¨�®7®[Á�¨�¼~ªÝ¨�[¨�®A¯�»¦´Xµ�¶F¯D¨�®L®7ª�«M¬Q»�Ã-¨�ª�À¦¨áÁ�©øÄ³�û�¨�©7¨Hã6À¦³|Ãe¯�Å�ªÝ¨F¾�»Þ¬�¯�À�Â¦¨�Å�ÀÒ®7«M¬¦¨�ª�À��å~®[³|Å�ÅÝ¨�ÀÒ¬�ªÝ¨�©
¨�¼I¨�À�®[³�§#³�Â¦¨�À¦Û�©7³�¼I¨�ÀeÁ�¨�ñ#³|À�À¦¨�ÀÒñ#¨�©MÂ¦¨�À4µÈã6»¦´�Á�©M»�À�Â�Â¦¨�©
çA¯�À�Â�Å�¯°Á�¨A¿4Ä³|À�À�[¨áÂ¦¨�©�¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©�¯�À
Â�ªÝ¨�®[¨�©AìÈ[¨�Å�ÅÝ¨F¯�»�«M¬Qñ#¨�À�ªÝÁ�¨�©LÃ+Ä¯�«M¬�7ªÝÁe®[¨�ª�À4å¦®[³DÂ�¯�®7®
Ãe¯�ÀÒÁ�¨�À"Ä»¦Á�¨�À�ÂQ²2©7³�¼I¨�À�Ãe¯°[¨�©Mª�¯�ÅIÂ¦¨�©AìÈ¨�Â�ª�ÃD¨�À�[¨
»�À�[¨�©M¬�¯�ÅÝ¼QÂ¦¨�©A¶6¨�ÛI³|À�ªÝ¨áÁ�¨�ñAª�À�À¦¨�ÀÒñeÄ»¦©MÂ¦¨�µ¦¶FªÝ¨H®7«M¬¦¨�ª�À�¼~¯°©7¨�ÀQã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ[¨�ÀÞ®7ª�À�ÂÒ¬�ªÝ¨�©LÀ�ªÝ¨�Â¦©MªÝÁ¦µ
·6Ä»¦©áçA¯�ÃeÃD¿�¨�©MÀ�®[³|À�Â�ªÝ¨�©M»�À¦Á�¨�À ¯�»¦û�¨�©M¬�¯�ÅÝ¼vÂ¦¨�©á¶6¨�ÛI³|À�ªÝ¨<¼~ªÝ¨�[¨�á®7ª�«M¬ðÂ¦¨�©á®�Ä»�Â;Ä³|®[7Å�ª�«M¬ðÂ¦¨�®á¸Þ¨�®7®[Á�¨öè

¼~ªÝ¨�7®DÁ�¨�ÅÝ¨�Á�¨�À¦¨+ï¹¯�Å�Â�¯�À4å�ª�ÀkÂ¦¨�Ã�¼I¨�©7¨�ªÝ7®eç6¸+½�è<»�À�Âiò?²"èX¸Þ¨�®7®7»�À¦Á�¨�Àk¾�»&çL¨�´�¨�©7¨�À¦¾�¾�ñ#¨�«7¿�¨�À�¯�»�®?è
Á�¨�´ýÄ»�¬¦©7�ñ#³�©MÂ¦¨�ÀÞ®7ª�À�Â4µ

ôH���_�-í ��¡_ª�ªs¬u¤J§B¥�£�¨3¥�ò�«¢¤J§Bó�¥�ôu¤A¥öó�¥�ò ��©À¨3ñ�§Bó�¥�ôu¤A¥
7I»¦©;¶F»¦©M«M¬¦´ýÄ»�¬¦©M»�À¦Á
Â¦¨�©"ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�Àáª�®[d¨�ª�À¦¨�§#³|¬¦©7©M¯�»¦ÛI¨�¯�Å�®;ã6»�®7ÅÝ¨�ª�¬¦¨"ß�³|Ã �6¨�³�Á�©M¯°Û~¬�ª�®7«M¬¦¨�ÀHò?À�®[7ª è
7»¦
Â¦¨�©Lí6À�ªÝß�¨�©M®7ªÝ�Ä¯°�¾�»Që�Ä³|Å�À4å�ãA©7¼I¨�ªÝ7®[Á�©M»¦Û�ÛI¨6²2©7³�´Xµ¦§#©M»�À¦³�[[¨�å¦¼I¨�ÀÈ»¦[¾��ñ#³�©MÂ¦¨�À4µ¦¶FªÝ¨�®[¨R§#³|¬¦©7©M¯�»¦ÛI¨
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ÃeªÝ6¯�»�®[´�¯�¬¦©7¼~¯°©7¨�Ãs§#³|¬¦©77»¦©MÃ ¨�©MÃ+Ä³�Á|Å�ª�«M¬�FÃeªÝ�l6ª�ÅÝ´�¨H¨�ª�À¦¨�®A¿�ÅÝ¨�ª�À¦¨�À+²2©7¨�®7®7Å�»¦´�7¬�¯�ÃeÃD¨�©M®AÂ�¯�®Aæ"³�©M¯�À�è
[©7¨�ªÝ¼I¨�À<ß�³|À_ìÈ³|À�Â�ªÝ¨�©M»�À¦Á|®7®[7¯�À¦Á�¨�À<ª�ÀDÂ¦¨�ÀDí6À�[¨�©7Á�©M»�À�Â4µ|¶FªÝ¨LãA©7¼I¨�ªÝ7®[Á�©M»¦Û�ÛI¨�ß�³|Àe²2©7³�´Xµ|§#©M»�À¦³�[[¨A¬�¯°
Â�ªÝ¨�®[¨�®��6¨�©øÄ¯°L¼I¨�©7¨�ªÝ7®
®[¨�ªÝ
ß�ªÝ¨�ÅÝ¨�ÀÞâ|¯�¬¦©7¨�ÀQ¼I¨�ªIÁ�¨�³|ÃD³�©7Û~¬¦³|ÅÝ³�Á|ª�®7«M¬¦¨�ÀÞí6À�[¨�©M®7»�«M¬È»�À¦Á�¨�À+ª�ÃþçA¬¦¨�ª�À�Å�¯�À�Â
»�À�ÂDÂ¦¨�©2ë�Ä³|Å�À¦¨�©2§�»�«M¬�2¨�ª�À¦Á�¨�®[¨�[¾� ¹ ¾�µ §6µ Ä Å�Æ Ë.´ × å~É������ ºõµÈçA¯�ÃeÃD¿�¨�©MÀ�®[³|À�Â�ªÝ¨�©M»�À¦Á�¨�À<®7ª�À�Â�¼~ª�®"ª�À<½LªÝ¨�´�¨�Àß�³|ÀxÉ�ÆøèMÉ�5°Ãs»�À�[¨�©��6¨�ÅôÄ¯�À�Â¦¨�³�¼I¨�©7¿°¯�À�[¨HÃ+Ä³�Á|Å�ª�«M¬4µ
§#¨�ª�Ã)Ù�ª�À�®7¯°[¾_Â�ªÝ¨�®[¨�®�§#³|¬¦©7Á�¨�©øÄ¯°[¨�®D¯�»¦´LÂ¦¨�©<¶6¨�ÛI³|À�ªÝ¨_¬�¯°<®7ª�«M¬��[¨�Â¦³�«M¬i¬¦¨�©M¯�»�®[Á�¨�®[[¨�Å�ÅÝ�å�Â�¯�®7®�Â�ªÝ¨

ì�«M¬�Å�¯°Á|ÅÝ¨�ª�®[7»�À¦ÁeÂ¦¨�®6§#³|¬¦©M¬�¯�ÃeÃD¨�©M®L¾�»ÞÁ�¨�©Mª�À¦Á_ª�®[�µ~ã6ÀkÄ»¦¼I¨�©HÉ�ÆQìÈ[¨�Å�ÅÝ¨�ÀÞª�À+Â¦¨�À+§#¨�¾�ªÝ©7¿�¨�À í�ÉýèôíAÿÒª�®[
Â�ªÝ¨�ìÈ³|À�Â�ªÝ¨�©M»�À¦Á_ÃeªÝRÂ¦¨�Ãî§#³|¬¦©7Á�¨�©øÄ¯°R¨�©7´�³|ÅÝÁ|ÅÝ³|®FÁ�¨�¼~Å�ªÝ¨�¼I¨�À4µIò?ÀvãA¼�¼~ª�Å�Â�»�À¦Á�5Èµ ÷Q®7ª�À�ÂðÃeªÝF©øÄ³|Ãeª�®7«M¬¦¨�À7I¯�¬�ÅÝ¨�ÀxÉ�5�¸Þ¨�®7®[Û~»�À¦¿È[¨�¯�»¦´2»�À�ÂÞ»�Ã Â�ªÝ¨H¶6¨�ÛI³|À�ªÝ¨�¬¦¨�©M»�Ã Â�¯°©7Á�¨�®[[¨�Å�ÅÝ�µN¶FªÝ¨Hïv¨�©7[¨<¯�À Â¦¨�ÀðìÈ³|À�Â�ªÝ¨öè
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Rammkernsondierungen und -bohrungen Koeln-Longerich

 320  280  240  200  160  120  80  40  0  
X-Koordinate [m]

100

75

50

25

0

-25

-50

-75

-100

-125

-150

Y
-K

oo
rd

in
at

e 
[m

]

598
I

 50
II

200
III

950
IV

290
V

310
VI

310
VII

320
VIII

335
IX

 95
X

265
XI

  5
XII

320
XIII

270
XIV

910
XV

A

BC

XI

A

320

Sondierung

Bohrung

Teufe in [cm]

N

Ausschnitt
Deponie-
gelaende

*,+-+/.1032547678 ?U;WäU< åID-i�iS]�^-T5?YV�VgJKBZi�OQBZi�idR�B�qE?MBEVWBZi»r7L@T-R�BEFZ?M]�^)��iZ?MB�^�B�R/F#H@D5B��ÅXZkHK]�^�B�?YT\åzq�qE?YX J@D	T-R�è%e%Ê#�Ke�f�?MB"�FZVWB�JKBEFIGIH@����>KBEFZT�iSL@TUJ@?MBEFZD	T-R�BETQD	TUJ�Ndq�L�^-FZD	T-R�BET\iZ?YTUJ���?YV�? ^-F#BET�|x?MBMjEBET ?YTÃª�BET5V�?Y��BEVWBEFZT BE?YT-R�BEV�F#HSR�BETUe
í6ÃZ§#³�Â¦¨�À¦Û�©7³�¼I¨�ÀD¯�»�®�¯�Å�ÅÝ¨�Àe½LªÝ¨�´�¨�ÀeÂ¦¨�©�¶6¨�ÛI³|À�ªÝ¨L¾�»e¼I¨�¿�³|ÃeÃD¨�À4å�®7ª�À�ÂDçA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�ÀDª�À

ã6»¦´�[©M¯°ÁáÁ�¨�Á�¨�¼I¨�ÀDñ#³�©MÂ¦¨�À4µ|¶F¯RÂ�ªÝ¨�®[¨
ëá³|®[[¨�À�À�ª�«M¬�"ß�³|Àe²2©7³��[¨�¿È7®[¨�ªÝ[¨A¯°¼�Á�¨�Â¦¨�«7¿È�®7ª�À�Â4å�¬�¯°2Â�¯�®"ò?À�®[7ª è
7»¦2Â�ªÝ¨�®[¨<Ä»¦¼I¨�©MÀ¦³|ÃeÃD¨�À4µ°¶FªÝ¨AÀ�ª�«M¬�2»�À¦¨�©M¬¦¨�¼~Å�ª�«M¬¦¨�À�ã6»¦´�ñ#¨�À�Â�»�À¦Á�¨�À<´ýÄ»¦©2çA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�À<¨�ª�À¦¨�©
§#³|¬¦©ë��©MÃe¯áÅ�¯�®7®[¨�À�ÀÈ»¦©2ñ#¨�À�ªÝÁ�¨6§#³|¬¦©M»�À¦Á�¨�ÀD¾�»4µÈ¶F¯R¼~ª�®2Ãeª�À�Â¦¨�®[[¨�À�®2»�À�[¨�©M¬�¯�ÅÝ¼�Â¦¨�©�¶6¨�ÛI³|À�ªÝ¨�®[³|¬�ÅÝ¨LÁ�¨öè
¼I³|¬¦©7#»�À�Â�Á|ÅÝ¨�ª�«M¬¦¾�¨�ªÝ7ªÝÁ<¯�À_ß�¨�©M®7«M¬�ªÝ¨�Â¦¨�À¦¨�ÀÒ²�»�À¦¿È[¨�ÀQ¸+¯°[¨�©Mª�¯�ÅNÁ�¨�ñ#³|À�À¦¨�ÀÒñ#¨�©MÂ¦¨�ÀÒ®[³|Å�Å å�¼I¨�®7«M¬¦©øÄ¯�À¦¿�¨�À
®7ª�«M¬¹Â�ªÝ¨eçA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�Àv¯�»¦´�ª�À�®[Á�¨�®7¯�ÃHHÂ¦©7¨�ª2²�»�À¦¿È[¨eÃeªÝR½LªÝ¨�´�¨�Àvß�³|À&É�5°ÃQµ;ò?À¹Â¦¨�©HãA¼�¼~ª�Å è
Â�»�À¦Á�5Èµ ÷x®7ª�À�ÂkÃeªÝ�Â¦¨�À&§#¨�¾�¨�ª�«M¬�ÀÈ»�À¦Á�¨�À�ãHå#§ü»�À�Â��þÂ�ªÝ¨�v6©7[¨ Â¦¨�©_Â¦©7¨�ªL§#³|¬¦©M»�À¦Á�¨�À&Ãe¯°©7¿�ªÝ¨�©7�µ
ã6»¦´�Á�©M»�À�ÂðÂ¦¨�®H®[¨�¬¦©H®7«M¬�ñ#¨�©7¨�Àx§#³|¬¦©7ñ�¯°Á�¨�À�®�»�À�ÂvÂ¦¨�©R¾�»�Ãc½;¨�ª�Å2À�¯�®7®[¨�À¹»�À�Âðñ#¨�À�ªÝÁ�¨�©Hß�¨�©MÂ�ª�«M¬�[¨�[¨�À
¶6¨�«7¿�®7«M¬�ª�«M¬�6Â¦¨�©L¶6¨�ÛI³|À�ªÝ¨�å�®[Û~ªÝ¨�ÅÝ
Â�ªÝ¨á§#¨�´�¯�¬¦©7¼~¯°©7¿�¨�ªÝLÂ¦¨�®��6¨�ÅôÄ¯�À�Â¦¨�®
¼I¨�ªIÂ¦¨�©L¨�©MÀ¦¨�»¦[¨�ÀQã6»�®[ñ�¯�¬�Å4Â¦¨�©
§#³|¬¦©7Û~»�À¦¿È[¨L¨�ª�À¦¨LñAª�«M¬�7ªÝÁ�¨FçL³|Å�ÅÝ¨�µ�§#³|¬¦©M»�À¦Á�¨�À_ª�À�Â¦¨�À�§#¨�¾�ªÝ©7¿�¨�ÀÒíFÊR»�À�Â�íAÿ<®7«M¬¦¨�ª�Â¦¨�Àeñ#¨�Á�¨�ÀÒí6À�¼I¨öè
´�¯�¬¦©7¼~¯°©7¿�¨�ªÝ
ÃeªÝLÂ¦¨�Ãü®7«M¬�ñ#¨�©7¨�À+§#³|¬¦©7Á�¨�©øÄ¯°6¯�»�®�µ�²2©7³�¼I¨�ÀQ¯�»�®A§#¨�¾�ªÝ©7¿Òí�Éáñ#¨�©MÂ¦¨�ÀÞÃeªÝLÂ¦¨�©L§#³|¬¦©M»�À¦Á
ãZÁ�¨�ñ#³|À�À¦¨�À4åd²2©7³�¼I¨�Àv¯�»�®R§#¨�¾�ªÝ©7¿ðíF÷QÃeªÝR§#³|¬¦©M»�À¦Á�6µd§#³|¬¦©M»�À¦ÁQ§bÅ�ªÝ¨�Á�RÀ�¯�¬¦¨D¨�ª�À¦¨�®F¼I¨�´�¨�®[7ªÝÁ�[¨�À
ïv¨�Á�¨�®A¯�»¦´;Â¦¨�©L¶6¨�ÛI³|À�ªÝ¨á»�À�Â_®[³|Å�ÅI²2©7³�¼I¨�À�Ãe¯°[¨�©Mª�¯�Å~´ýÄ»¦©
Â�»¦©M«M¬�®7«M¬�À�ªÝ[7Å�ª�«M¬¦¨6®[ÛI¨�¾�ª��~®7«M¬¦¨Fï�ª�Â¦¨�©M®[�Ä¯�À�Â¦¨
»�À�ÂDã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ[¨�À�è�Ä¯�¬�À�Å�ª�«M¬DíFÊ6è�Å�ªÝ¨�´�¨�©MÀ4µ|¸+ªÝ[[¨A¶6¨�¾�¨�ÃH¼I¨�©FÉ������R®7ª�À�ÂDÂ�ªÝ¨L§#³|¬¦©M»�À¦Á�¨�ÀDãHå�§n»�À�Â��ª�À�À¦¨�©M¬�¯�ÅÝ¼_ß�³|ÀÞß�ªÝ¨�©L½�¯°Á�¨�À+Â�»¦©M«M¬¦Á�¨�´ýÄ»�¬¦©7�ñ#³�©MÂ¦¨�À4µ
¸+ªÝ"¨�ª�À¦¨�©2çA¯�ÃeÃD¿�¨�©MÀ�®[³|À�Â¦¨
ß�³|À+É�Ãø�#Ä¯�À¦Á�¨A»�À�ÂÒÉ�Æ�«�ÃZ¶F»¦©M«M¬�ÃD¨�®7®[¨�©2ñAªÝ©MÂ<¶6¨�ÛI³|À�ªÝ¨�Ãe¯°[¨�©Mª�¯�Å¦ÃD¨öè

[¨�©7ñ#¨�ª�®[¨á¨�©7¼I³|¬¦©7�µ¦¶F¯�®A¸+¯°[¨�©Mª�¯�Å4ñAªÝ©MÂ_¼I¨�ª�Ã-çA¯�ÃeÃHß�³�©7Á|¯�À¦Á�Â�ªÝ©7¨�¿È
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OQPRPTSVU�WYXBZB[ \9^VÚ%)
` vakmux� n�rm{èy�kxfw�zcqy�kmu/fx�:n�d9y�fèr�d9yty�kmu���j�n�f)k'{9�r�uGy�n�f+* � � k-,.* � � k-,-é � y�km�6�Elc6�Õy�kmdíy�n�u�s3k-,
fx�:km�6� �:kmdQ�Õn�u|n�l�km�:kmuxd9�

Þ*î>à<êrá}ç�æ0âJèrç6î;C(Þrã1æxîTï$ïeê$à'&�îkæ#OeáSáwî>â0à<ç�æmò<Þ ê
ïrè ô�ä6î�çPôrâ4ç�áSáwî>àJê
ï�âxî>à<Þrã1äPô è*î>à�.Rêrä�ä�ä�ç�ïrç6î�õ &�å+ä 0/ ú+ý�÷21üeûdý43D�-ÿBÿ���� �h���	��s���
$Rê��Bô�ã1ê*îTïrè ã1ê��Gî�ç�ï*î�á $RäPå1ì1à<çPâ8ÞráKêræB��ê$à?G
ì+ä6î-ð�G
ì+ä6î-ð�í/ïc&�î>à<æ8çPì�ï�ã1êræ�è*î>à�$Jà8ôEî�çPâB&1ì�ïnx  ��óì�ïrçPåç�æ0âzî�ç�ï�î�ç�ï��«ã�ò<Þ*î�æ�í/ïc&�î>à<æ8çPì�ïræ#�rà8ì1å1à<ã1áSáäîTï�â8æ0â8ã�ïrè*îTï � èrã1æ8æ P àmî�<�ê*îTï��>ôEî>àmî�ç�ò<Þræ8èrã�âxîTï è*î>à�í�C ã�ï�î�ç�ï

G
ì+ä6î-ð�G
ì+ä6î-ð�x¾ìeè*î�ä�äYã�ï���ã1æ8æ0â  õaãR��ê ßJçPà<è � ßJç6î�ç�á $Jô�æmò<Þ
ïrçPâ0â%q  H�è*î�æ% 4Þ*î>ì1à<ç6î>ï�ãR��çPâxî�ä�æJôEî�æmò<Þ$à<ç6î>ôEîTï �î�ç�ïsò�î�ã1æ0â.ð/öv<�êrã�àmî-ð P çPâjôEîTï�ê$â#�>â  õaç6î%x@î�æ8æ8èrã�âxîTï�ß�î>à<è*îTï�áSçPâJî�ç�ï*î�á P î�Þrä6î>àl&�î>à<æxî�Þ*îTï � ß
ìeèrê$à)ò<Þsæ8ç�ò<Þã1ê
ò<Þ�èrç6î%�sóê$âxîFè*î>àI$ï���ã1æ8æ8ê
ï$åKèrê$à)ò<Þêî�ç�ï*îTïN��x÷ö�ð P î�Þrä6î>à � ã�ïrã1äPì1å9��ê�è*îTï��aä6î�ç�ò<Þ�ê
ï$å�îTï,0rq  q	H�4
ê
ïrè0rq  q � 4 � ôEî�æ0â8ç�áSáwîTïsä\óã1æ8æ0â  $Rä�æ P î�Þrä6î>àtßJçPà<è uv q%5~�Oóê$àjè*îTï�ë�î>â0à<ã�å;è*î�æ6+ ç�è*î>à<æ0â8ã�ïrèræ
ê
ïrè3>%5ù�Oóê$àtèrç6î
C(Þrã1æxî�ã�ï$å�îTï$ì+áSáwîTï�õ- 8I� 1��E��769� ���Ñ�! Ù" � � ��$�% �Y& � �)(*�+ %
��$-,/.0� 1 +3242 ��%
$65�798:$ + % ��
P óê$àFèrç6îKí/ïc&�î>à<æ8çPì�ï¹è*î>àSx@î�æ8æ8èrã�âxîTï ç�æ0âî�ç�ï*î9$Rêræ0ßjã1ÞräYå�î>â0à8ìRQEîTï¶ß
ì1à<è*îTï  L!ê
ïVóã�ò<Þræ0âFæ8ç�ïrè ã1ä�äYèrç6î-ð"xîTïrçPå�îTï�õaã�âxîTï ã1êræ8æ0ì1à8â8ç6î>à8â�ß
ì1à<è*îTï � è*î>àmîTïfC(Þrã1æxîTïc&�î>à<ä�ã1ê��Rç�ï ï�î�ç�ï*î>à�+Þî�ç�æxî¾ã�ï èrç6î3C(Þrã1æxîTï$ïeê$à'&�îç�á í�Cvð�x¾ìeè*î�ä�ä�0´$Jôrô�ç�ä�èrê
ï$å2> �� q�4�î>à<ç�ï
ï*î>à8â � è  Þ  î�ç�ï*x ã3�$ç�áKêrá@��ê-�!ì+æ8çPâ8ç�&�îTï-C(Þrã1æxîTï�ß�î>à8âxîTï  L!êeðè*î�á ç�æ0âÜï�ê$àsè*î>à P àmî�<�ê*îTï��>ôEî>àmî�ç�ò<Þ��>ßJç�æmò<Þ*îTï � ���¶ê
ïrè � ïv���¶ã1êræ0å�î>ßKóã1ÞräPâ;ß
ì1à<è*îTï  õî>à�ë�î>àmî�ç�ò<Þê
ï�âxî>à � ���aôF�>ß  óê$ôEî>à � ïv���FÞrã�âtæ8ç�ò<Þsç�ï?�«ã1æ0âtã1ä�ä6îTï3x@î�æ8æ8ê
ï$å�îTï�ã1ä�æ�îTï�â\ß�î�è*î>àJæ0â8ã�à8ï�&�î>à8à<ã1êræmò<Þ�âjìeè*î>àã1ä�æ4æ0â8ã�à8ï óê$ôEî>à'�ràcóã�å1âI&1ì�ï@î�ä6î>ï�â0à8ì+áSã�å�ï*î>â8ç�æmò<Þ*îTï¹î�QEî>ï�âxîTï å�î���î�çPå1â  ò�î�èrçPå+ä�ç�ò<Þ è*î>àJç�ï¾è*îTï2$Jôrô�ç�ä�èrê
ïeðå�îTï/> ���u ê
ïrè*> ��	� å1à<ã1ê ê
ï�âxî>à<ä6î>å1âxî P àmî�<�ê*îTï��>ôEî>àmî�ç�ò<Þ æ0âxî�Þ�â�æ0ìo�Oóê$àKèrç6îSí/ïc&�î>à<æ8çPì�ï�è*î>à9x@î�æ8æ8èrã�âxîTï��ê$àI�Õî>à'�Oóê$å+ê
ï$å 
$Jôrô�ç�ä�èrê
ï$å;> ���
 ��î�çPå1â � ßJç6î�è*î>à<êráûï�ê$à
ç�ïN$Rêræ0ßjã1Þrä � �>ß�î�ç8&�î>à<æmò<Þrç6î�è*îTï*îJí/ïc&�î>à<æ8çPì�ïræxî>à8å�î>ôBïrç�æ8æxî  L!êè*î>à%CNà8ì1ôEî�ã1êræaè$àmî�çUx@î>âxî>à; 4ç6î���î�è*î>àFë
ì+Þ$à<ê
ï$å3$ æ8ç�ïrè2�Oóê$àFèrç6î�î(ä6î>ï�â0à8ìeè*îTï$ï1ì�ï*	rå+ê$à<ã�â8çPì�ï q6ð 
 ê
ïrèq6ð J èrç6î;á�ìeè*î�ä�ä�ç6î>à8âxîTï,+ ç�è*î>à<æ0â6óã�ïrè*îsê
ïrè�C(Þrã1æxîTï 0«òVç�ïrç6îTï84���ê è*îTï/x@î�æ8æ8èrã�âxîTï¸0«æmò<Þ�ßjã�à'��î ñFàmî�ç�æxî54ç�á P àmî�<�ê*îTï��>ôEî>àmî�ç�ò<Þ � ���-ð � ïv���kèrã�à8å�î�æ0âxî�ä�äPâ  x çPâ P î�Þrä6î>à)ï ç�ïsè*î>àI$ï���ã1æ8æ8ê
ï$åB&1ì�ï���x÷ö8� �R 
	� ôF�>ß ��x÷ö8� uv � q¹æ8ç�ïrèÁå+ê$âxî ókJôEî>àmî�ç�ïræ0â8ç�áSáKê
ï$å�îTï,�>ßJç�æmò<Þ*îTï å�î�áwî�æ8æxîTï*îTï�ê
ïrè�ôEî>àmîTò<Þ
ï*î>âxîTï�õaã�âxîTï áSçPâè*î�á G
ì+ä6î-ð�G
ì+ä6î-ð�x¾ìeè*î�ä�äBî>à'��ç6î�äPâ
ß
ì1à<è*îTï  õaç6î�æ
å+ç�äPâ
ã1ê
ò<Þ3�Oóê$à
èrç6îaã�ïrè*î>àmîTï;í/ïc&�î>à<æ8çPì�ï*îTï � èrãKèrê$à)ò<Þsèrç6î$Rêræ0ßjã1ÞräYè*î>àSx@î�æ8æ8èrã�âxîTï¶ôEî>àmî�çPâ8æ�CNà8ì1ô�ä6î�á��0óã1ä�ä6îKã1êræ8æ0ì1à8â8ç6î>à8âaæ8ç�ïrè  $ï¶è*î�á ã1êræ0å�î>ßKóã1ÞräPâxîTï ë�î�ç�æ#��ç6î�ä



ð�ð�× ò�� ó��
�[ô
� � õ0�
�/ö��[÷ùø��B����Ö��FõB���
�*ú � ��Ö��
�E�-�0�

A3_p23         Cole-Cole Inversion          RMS= 1.38
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meas. data
calc. data

30.154  0.139  0.009  0.578ρ = τ =Ω m = c =    m s

A3_p24         Cole-Cole Inversion          RMS= 0.92
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meas. data
calc. data

28.400  0.054  0.004  0.666ρ = τ =Ω m = c =    m s
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2D Inversion, Profile 1  RMS= 4.78
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2D Inversion, Profile 1  RMS= 1.74
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2D Inversion, Profile 1  RMS= 1.74
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2D Inversion, Profile 2 RMS= 4.50
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2D Inversion, Profile 2 RMS= 4.50
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2D Inversion, Profile 3  RMS= 2.60
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2D Inversion, Profil 4  RMS= 1.60
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2D Inversion, Profil 4  RMS= 1.59
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2D Inversion, Profil 4  RMS= 1.59
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GN (Gradient)            RMS= 1.51 ( 48. iteration)
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GN (Gradient)            RMS= 1.36 ( 48. iteration)
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NLCG (Gradient)          RMS= 1.51 ( 41. iteration)
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NLCG (Gradient)          RMS= 1.39 ( 27. iteration)
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2D-Inversion TM-Mode          RMS= 1.32 ( 37. iteration)
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2D-Inversion TM-Mode          RMS= 1.32 ( 37. iteration)
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2D-Inversion TE-Mode,         RMS= 1.17 ( 51. iteration)
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2D-Inversion TE-Mode,         RMS= 1.17 ( 51. iteration)
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OQPRPTSVU�WYXBZB[íO4^:\9` â�Û�,-é � y�km�6� fx��rYy�cqk]�rY~/kmuGy�kmd`û'c6dwH'rRf/fGy�kmuêvakmu9�n�d9y�kmuxr�dRszy�kxfúf��Yk/omc E f)i/j�kmdÙ�zcqy�kmu/fx�:n�d9y�f
y�kmuhTc6�*h*i/jRà�n�u|oÑfx�:n�u|e�r#Tu|n�d9y�km�:kmdêã
cqkq{mkmd�o � d9k�<Vá[;�T_,Iá[ä�T�@èn�rm{Ñy�kmd�f)i/j�kmc6d9~/n�u|kmd@�zcqy�kmu/fx�:n�d9y�r�d9y�y�cqk'��j�nA,
f)k�{9�r�uèy�cqkúha�:n���c � d4c6dÜy�kmu�éwc6���:ky�kxfJ�'u � E�� f)�*Ûn�f�é � y�km�6�Bc fx��c6díy�kmdÜn�d9y�kmu|kmd � kmu|kmcqi/j�kmdQsT� kmcqi/jêy�k�Tðé � y�km�6�
y�kmu�â�Û�,-ha��rYy�cqk!c6d N n|�9c6�:km�o;
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y�kmu^Tc6�èh*i/jRà�n�u|o4fx�:n�u|eír#Tu|n�d9y�km�:kmdùã
cqkq{mkmd�o � d9kB<Vá[;�T_,Iá[ä�T�@]n�rm{wy�kmd f)i/j�kmc6d9~/n�u|kmdç�zcqy�kmu/fx�:n�d9yår�d9y@y�cqk
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n�rm{Vs3km� c fx�:km�:�
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m%n Ppo3U:UqoíO4^�)
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f)i/j�kmc6d9~/n�u|kmd��zcqy�kmu/fx�:n�d9yq<s`�tquJvGw8`�t�e�b�b7v~@tr�d9yzy�kmuè��j�n�f)kL<qx%tquJvGw�x%t�e�b�b7v~@tc6d.V;T>~/omà��!tÑu|n�y���u0dY�:kmu/f)i/jRcqk-,
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Ûèc iJkmu|kmd�opkmdÞy �r�u�{/�:kmd@omrÜs3kmuxc6dRsÜf)kmc6d%Fún�� fQy�n�f/fÝfxcqkw~/kmcÕ�Bkm� y2T�kxf/fxr�dRs3kmd÷r�dY�:kmu/f)i/j�kmcqy�~/n�uÝà!�n�u|kmd9��:UT¢tDk-s3kmdY,
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NLCG, tau=20      RMS= 1.50 ( 43. iteration)
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NLCG, tau=20          RMS= 1.58 ( 52. iteration)
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NLCG, tau=20,           RMS= 1.44 ( 67. iteration)
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