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1P�DGJCNH� QH�5'#5�CPF�'PTQP��¦FGICCTF���&CPPGUMKQNF�5COUÎG� 
¦&5��JCU�RGTHQTOGF�CP

KPXGUVKICVKQP�QH�VJG�PQKUG�GOKVVGF�HTQO�QHHUJQTG�RKNG�FTKXKPI�QRGTCVKQPU�YJKEJ�KU�WUGF�HQT�VJG

KPUVCNNCVKQP�QH�QHHUJQTG�YKPF�VWTDKPGU�YKVJ�KOQPQRKNGL�V[RG�HQWPFCVKQPU��6JG�RWTRQUG�QH�VJG

KPXGUVKICVKQP�YCU�VQ�OGCUWTG�DQVJ�VJG�CDQXG�YCVGT�CPF�WPFGTYCVGT�PQKUG�NGXGNU�GOKVVGF�HTQO

CP�QHHUJQTG�RKNG�FTKXKPI�QRGTCVKQP�

6JG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� CV� C� YKPF�VWTDKPG� RCTM� WPFGT� EQPUVTWEVKQP� KP� 5YGFGP�

6JG� RCTM� KU� NQECVGF� DGVYGGP� VJG�5YGFKUJ�OCKPNCPF� CPF� VJG� KUNCPF�¤NCPF� CRRTQZKOCVGN[� ��

MO� GCUV� QH� VJG� VQYP� $GTIMXCTC�� 6JG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� QP� VJG� GXGPKPI� QH

5GRVGODGT���VJ�������FWTKPI�QPG�
���RKNG�KPUVCNNCVKQP�

6JG�TGUWNVU�QH� VJG� KPXGUVKICVKQP�ECP�DG�WUGF� VQ�GUVKOCVG�PQKUG� NGXGNU� VJCV�EQWNF�DG�GZRGEVGF

HTQO� C� UKOKNCT� EQPUVTWEVKQP� OGVJQF� HQT� RNCPPGF� QHHUJQTG� YKPF�VWTDKPGU�� *QYGXGT�� KV� KU

KORQTVCPV�VQ�PQVG�VJCV�WPFGTYCVGT�PQKUG�NGXGNU�EQWNF�XCT[�UKIPKHKECPVN[�YKVJ�FKHHGTGPV�UGCDGF

EQPFKVKQPU�� FGRVJU�� CPF� VGORGTCVWTGU�� 6JKU� PGGFU� VQ� DG� EQPUKFGTGF� YJGP� GUVKOCVKPI

WPFGTYCVGT�PQKUG�NGXGNU�KP�FKHHGTGPV�EQPFKVKQPU�

�6JGUG�TGUWNVU�QH�VJKU�CPCN[UKU�CTG�UWDUGSWGPVN[�IQKPI�VQ�HQTO�C�DCUG�QH�VJG�GXCNWCVKQP�QH�VJG

GHHGEV�QH�PQKUG�QP�VJG�OCTKPG�CPKOCN�NKHG�CPF�PGCTGUV�TGUKFGPEGU�QP�NCPF�
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2KEVWTGU�QH�VJG�RKNG�FTKXGT�WUGF�FWTKPI�PQKUG�OGCUWTGOGPVU�CPF�VJG�K/QPQRKNGL

V[RG�HQWPFCVKQP�HQT�QHHUJQTG�YKPF�VWTDKPGU��
$GTIMXCTC��5YGFGP�

2KNG�&TKXGT

K/QPQRKNGL�V[RG�HQWPFCVKQP
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7PFGTYCVGT�PQKUG�OGCUWTGOGPVU�YGTG�RGTHQTOGF�FWTKPI�RKNG�FTKXKPI�QRGTCVKQPU�CV�HQWT�
��

FKHHGTGPV�FKUVCPEGU�HTQO�VJG�RKNG��#DQXG�YCVGT�PQKUG�OGCUWTGOGPVU�YGTG�RGTHQTOGF�CV�QPG


���QH�VJGUG�RQUKVKQPU���/GCUWTGOGPV�RQUKVKQPU�CPF�FKUVCPEGU�YGTG�FGVGTOKPGF�YKVJ�VYQ�)25


)NQDCN�2QUKVKQPKPI�5[UVGO��RQUKVKQPKPI�U[UVGOU��/GCUWTGOGPVU�YGTG�TGEQTFGF�QP�&#6�VCRG

TGEQTFGTU�CPF�VJG�FCVC�YCU�CPCN[UGF�KP�VJG�¦&5�NCDQTCVQT[�

��� 7PFGTYCVGT�0QKUG

6JG� J[FTQRJQPGU� YGTG� RQUKVKQPGF� �� VQ� �� OGVGTU� DGNQY� VJG� YCVGT� UWTHCEG�� YJKEJ� YCU

CRRTQZKOCVGN[� JCNHYC[� DGVYGGP� VJG� UWTHCEG� CPF� VJG� UGCDGF�� 6JG� HTGSWGPE[� TCPIG� QH� VJG

OGCUWTGOGPVU�YCU���*\�VQ����M*\��#PCN[UKU�JCU�DGGP�RGTHQTOGF� KP�����QEVCXG�DCPF� NGXGNU

UQWPF�RTGUUWTG�NGXGNU�
F$���6JG�F$�TGHGTGPEG�XCNWGU�KU���z2C�

#XGTCIG� 5QWPF� 'ZRQUWTG� .GXGNU� 
5'.�� YGTG� ECNEWNCVGF� HQT� GCEJ� QH� VJG� OGCUWTGOGPV

RQUKVKQPU���6JG�5QWPF�'ZRQUWTG�.GXGN�
5'.��TGRTGUGPVU�VJG�VQVCN�COQWPV�QH�GPGTI[�OGCUWTGF

FWTKPI�C�UKPING�PQKUG�GXGPV��UWEJ�CU�CP�KPFKXKFWCN�KORCEV�QH�C�RKNG�FTKXGT��TGHGTGPEGF�VQ�QPG

UGEQPF�� � 5QWPF� 'ZRQUWTG� .GXGN� 
5'.�� KU� C� WUGHWN� SWCPVKV[� HQT� ECNEWNCVKPI� CP� 'SWKXCNGPV

%QPVKPWQU� 5QWPF� .GXGN� 
.GS�� HQT� C� IKXGP� RGTKQF� QH� VKOG� YKVJ� C� URGEKHKE� PWODGT� QH� PQKUG

GXGPVU�HQT�VJCV�VKOG���'SWKXCNGPV�%QPVKPWQWU�5QWPF�.GXGN�
.GS��KU�VJG�UQWPF�NGXGN�QH�C�UVGCF[�

UVCVG� UQWPF� VJCV� JCU� VJG� UCOG� VQVCN� GPGTI[� CU� VJG� VKOG�XCT[KPI� UQWPF�� QXGT� C� URGEKHKE� VKOG

RGTKQF��6JG�TGNCVKQPUJKR�DGVYGGP�VJG�VYQ�VGTOU�KU�UJQYP�KP�VJG�HQNNQYKPI�GSWCVKQP�

.GS�
6����5'.�
����.QI�
0�6�

6�KU�VJG�RGTKQF�QH�VKOG�KP�UGEQPFU�CPF�0� KU� VJG�PWODGT�QH�GXGPVU�QEEWTTKPI�FWTKPI�VJG�VKOG

RGTKQF�

#U�YGNN�� C� VKOG�JKUVQT[� CPCN[UKU�YCU�RGTHQTOGF� HQT� UGXGTCN� KPFKXKFWCN� KORCEVU� VQ� UJQY� VJG

VKOG�EJCTCEVGTKUVKE�QH�VJG�PQKUG�HTQO�VJG�RKNG�FTKXKPI�KORCEVU�
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6JG�OGVJQFQNQI[�ECP�DG�UWOOGF�WR�CPF�RTGUGPVGF�KP�VJG�HQNNQYKPI�UVCIGU�

�� /GCUWTGOGPVU�QP�GZKUVKPI�QHHUJQTG�RKNG�FTKXKPI�

¾ /GCUWTGOGPV�QH�WPFGTYCVGT�PQKUG�CV���������������CPF�����OGVGTU�FKUVCPEG�HTQO�VJG

RKNG�FTKXKPI�

¾ /GCUWTGOGPV�QH�CODKGPV�
DCEMITQWPF��NGXGNU�

�� #UUGUU�HTGSWGPE[�URGEVTG�QH�RKNG�FTKXKPI�

¾ %QORCTG�OGCUWTGF�PQKUG�NGXGNU�YKVJ�CODKGPV�NGXGNU�CPF�FGVGTOKPG�HTGSWGPE[�TCPIG�QH

RKNG�FTKXKPI�PQKUG�

�� 5QWPF�'ZRQUWTG�.GXGN�
5'.��%CNEWNCVKQPU�

¾ #PCN[UG�OGCUWTGOGPV�TGEQTFKPIU�CPF�ECNEWNCVG�VJG�CXGTCIG�5'.�HQT�CP�KPFKXKFWCN�RKNG�

FTKXKPI�KORCEV�HQT�VJG�FKHHGTGPV�OGCUWTGOGPV�RQUKVKQPU�

�� 6KOG�*KUVQT[�CPF�5RGEVTQITCO�

¾ #PCN[UG� OGCUWTGOGPV� TGEQTFKPIU� VQ� UJQY� VJG� QXGTCNN� PQKUG� VKOG� JKUVQT[� CPF

URGEVTQITCO�UJQYKPI�HTGSWGPE[�FGEC[�QH�KPFKXKFWCN�KORCEVU�

�� #UUGUUOGPV�QH�WPFGTYCVGT�PQKUG�RTQRCICVKQP�EJCTCEVGTKUVKEU�

¾ 2GTHQTO� CP� KPKVKCN� TGXKGY� QH� VJG� WPFGTYCVGT� PQKUG� RTQRCICVKQP� DCUGF� QP� VJG

OGCUWTGOGPV�TGUWNVU�VQ�KFGPVKH[�VJG�OCLQT�KPHNWGPEKPI�EQPFKVKQPU�

��� #DQXG�YCVGT�PQKUG

#DQXG�YCVGT� PQKUG� HTQO� QHHUJQTG� RKNG�FTKXKPI� YCU� OGCUWTGF� CV� ���� OGVGTU� FKUVCPEG

FQYPYKPF� HTQO� VJG�RKNG��6JG� HTGSWGPE[� TCPIG�QH� VJG�OGCUWTGOGPVU�YCU����*\� VQ����M*\�

#PCN[UKU� JCU� DGGP� RGTHQTOGF� KP� .KPGCT� CPF� #�YGKIJVGF� ����QEVCXG� DCPF� UQWPF� RTGUUWTG

NGXGNU�
F$���6JG�F$�TGHGTGPEG�XCNWGU�KU����z2C�

0QKUG�OGCUWTGOGPV�NGXGNU�YGTG�CPCN[UGF�HQT�2GCM�5QWPF�2TGUUWTG�NGXGN�CPF�5QWPF�'ZRQUWTG

.GXGN� 
5'.��� 6JG� 2GCM� 5QWPF� 2TGUUWTG� NGXGNU� KU� VJG� JKIJGUV� KPUVCPVCPGQWU� UQWPF� RTGUUWTG

VJCV�QEEWTU�FWTKPI�C�IKXGP�VKOG�RGTKQF��6JG�5QWPF�'ZRQUWTG�.GXGN�
5'.��TGRTGUGPVU�VJG�VQVCN

COQWPV� QH� GPGTI[� OGCUWTGF� FWTKPI� UKPING� GXGPV�� UWEJ� CU� CP� KPFKXKFWCN� KORCEV� QH� C� RKNG

FTKXGT�� TGHGTGPEGF� VQ�QPG� UGEQPF��6JG�5'.�ECP�DG�WUGF� VQ� GUVKOCVG�'SWKXCNGPV�%QPVKPWQWU

5QWPF� .GXGN� 
.GS�� MPQYKPI� VJG� PWODGT� QH� GXGPVU� QXGT� C� URGEKHKE� RGTKQF� QH� VKOG�� 6JG� .GS



�

FGUETKRVQT�ECP�DG�EQORCTGF�VQ�GPXKTQPOGPVCN�PQKUG�NKOKVU��6JG�TGNCVKQPUJKR�DGVYGGP�.GS�CPF

5'.�KU�FGUETKDGF� KP� VJG�RTGXKQWU�UGEVKQP��#�YGKIJVGF�UQWPF�RTGUUWTG� NGXGNU�CTG�CFLWUVGF� VQ

JWOCP�JGCTKPI� TGURQPUG� CPF�CTG�WUGF� HQT� CUUGUUKPI�PQKUG� KORCEV�QP�RGQRNG�� �.KPGCT� UQWPF

RTGUUWTG�NGXGNU�YKNN�DG�WUGF�VQ�CUUGUU�VJG�CDQXG�YCVGT�PQKUG�KPHNWGPEG�QP�PGCTD[�CPKOCNU�UWEJ

CU�UGCNU�

-PQYKPI� VJG� FKUVCPEG� HTQO� VJG� RKNG�FTKXKPI� VQ� VJG� OGCUWTGOGPV� RQUKVKQP�� CDQXG�YCVGT

#XGTCIG�5QWPF�2QYGT�.GXGNU�
.9��YGTG�ECNEWNCVGF��6JG�5QWPF�2QYGT�.GXGN�KU�C�OGCUWTG�QH

VJG� SWCPVKV[� QH� CEQWUVKE� GPGTI[� TCFKCVGF� D[� C� UQWPF� UQWTEG� CPF� KU� QHVGP� WUGF� KP� RTGFKEVKPI

5QWPF� 2TGUUWTG� .GXGNU�� 6JG� TGNCVKQPUJKR� DGVYGGP� 5QWPF� 2QYGT� .GXGN� VQ� 5QWPF� 2TGUUWTG

.GXGN� 
.2�� HQT�JGOKURJGTKECN�RTQRCICVKQP�FQYPYKPF�QXGT�C� TGHNGEVKPI�RNCPG� KU� HQWPF� KP� VJG

HQNNQYKPI�GSWCVKQP�HQT�C�IKXGP�FKUVCPEG�
F��KP�OGVGTU�

.2
F����.Y�F����.QI�
��πF�����∆.#
F�

∆.# �KU�C�EQTTGEVKQP�HQT�CVOQURJGTKE�CDUQTRVKQP�KP�F$�CPF�F� KU� VJG�FKUVCPEG�HTQO�VJG�RKNG� VQ

VJG�RQKPV�QH�RTGFKEVKQP��#P�GZCORNG�QH�QEVCXG�DCPF�CVOQURJGTKE�CDUQTRVKQP�EQGHHKEKGPVU� HQT

VGORGTCVWTG�QH���Q�%�CPF�TGNCVKXG�JWOKFKV[�
4*���������KU�UJQYP�KP�VJG�HQNNQYKPI�VCDNG�

1EVCXG�DCPF�EGPVTG

(TGSWGPE[�
*\� ���� ��� ��� ���� ���� ���� ����

#VOQURJGTKE�CDUQTRVKQP
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4GH�� $GMGPFVIÎGNUG PT ��� CH �� OCL ���� HTC FGV FCPUMG /KNLÎOKPKUVGTKWO� K$GMGPFVIÎTGNUG QO UVÎL HTC

XKPFOÎNNGTL�

6CDNG��

%QGHHKEKGPVU�HQT�UQWPF�CDUQTRVKQP�KP�CKT�HQT�VGORGTCVWTG

QH���Q�%�CPF�TGNCVKXG�JWOKFKV[�
4*��������
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6JG�OGVJQFQNQI[�ECP�DG�UWOOGF�WR�CPF�RTGUGPVGF�KP�VJG�HQNNQYKPI�UVCIGU�

�� /GCUWTGOGPVU�QH�GZKUVKPI�QHHUJQTG�RKNG�FTKXKPI�

¾ /GCUWTGOGPV�QH�CDQXG�YCVGT�PQKUG�CV�URGEKHKE�FKUVCPEG�HTQO�VJG�RKNG�

�� 5QWPF�'ZRQUWTG�.GXGN�
5'.��%CNEWNCVKQPU�

¾ #PCN[UG� OGCUWTGOGPV� TGEQTFKPIU� VQ� ECNEWNCVG� CP� CXGTCIG� 5'.� HQT� QPG� RKNG� FTKXKPI

KORCEV�CV�C�URGEKHKE�FKUVCPEG�HTQO�VJG�RKNG�

�� 2GCM�5QWPF�2TGUUWTG�.GXGN�

¾ #PCN[UG� OGCUWTGOGPV� TGEQTFKPIU� VQ� UJQY� CP� CXGTCIG� RGCM� PQKUG� NGXGN� QH� VJG� RKNG�

FTKXKPI�KORCEVU�CV�VJG�UCOG�URGEKHKGF�FKUVCPEG�

�� %CNEWNCVG�2GCM�CPF�5'.�5QWPF�2QYGT�.GXGNU�

¾ $CUGF� QP� VJG�OGCUWTGF� NGXGNU� CPF� FKUVCPEG� HTQO� VJG� RKNG�FTKXKPI�� ECNEWNCVG� VJG� 2GCM

CPF�5'.�5QWPF�2QYGT�.GXGNU�
.9 2GCM��.9#�5'.��

��� 2KNG�&TKXKPI�+ORCEV�4CVG

$CUGF� QP� QWT� OGCUWTGOGPV� TGEQTFKPIU� CPF� IGPGTCN� QDUGTXCVKQPU�� YG� GUVKOCVGF� VJG� TCVG� QH

RKNG�FTKXKPI� KORCEVU� 
KORCEVU�OKPWVG�� CPF� VQVCN� PWODGT� QH� RKNG� FTKXKPI� KORCEVU� HQT� VJKU

KPFKXKFWCN�RKNG�

��� /GCUWTGOGPV�#TTCPIGOGPV

6JG�OGCUWTGOGPVU�YGTG�RGTHQTOGF�YKVJ�VJG�WUG�QH�J[FTQRJQPGU�YJGP�OGCUWTKPI�WPFGTYCVGT

PQKUG� CPF�OKETQRJQPGU�YJGP�OGCUWTKPI� PQKUG� CDQXG� VJG�YCVGTIU� UWTHCEG��6JG� UKIPCNU�YGTG

TGEQTFGF� QP� C�&#6�VCRG� TGEQTFGT�� 5WDUGSWGPVN[� VJG� CPCN[UGU� JCXG� DGGP� RGTHQTOGF�YKVJ� C

HTGSWGPE[�CPCN[UGT�

6JG�HQNNQYKPI�KU�C�FTCYKPI�QH�VJG�HKGNF�VGUV�UGV�WR�CV�VJG�QHHUJQTG�YKPF�VWTDKPGU�
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6JG�HKGNF�VGUV�UGV�WR

6JG�HQNNQYKPI�OGCUWTGOGPV�GSWKROGPV�JCU�DGGP�WUGF�

• $�-������J[FTQRJQPG�YKVJ�RTGCORNKHKGT

• $�-������J[FTQRJQPG

• $�-������RQYGT�UWRRN[

• $�-������0GZWU�EJCTIG�CORNKHKGT

• $�-�������J[FTQRJQPG�ECNKDTCVQT

• $�-������OKETQRJQPG�YKVJ�RTGCORNKHKGT

• $�-������OKETQRJQPG�YKVJ������RTGCORNKHKGT

• $�-������0GZWU�&GNVCVTQP�CORNKHKGT

• $�-������UQWPF�RTGUUWTG�ECNKDTCVQT

• 6'#%����EJCPPGN�&#6�VCRG�TGEQTFGT�
4&����6�

• 510;���EJCPPGN�&#6�VCRG�TGEQTFGT�
2%���#:�

• $�-�(TGSWGPE[�#PCN[UGT�
�����

• ��)CTOKP�)NQDCN�2QUKVKQPKPI�5[UVGO�
��:.�
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��� /GCUWTGOGPV�%QPFKVKQPU

6JG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� CV� C� YKPF�VWTDKPG� RCTM� WPFGT� EQPUVTWEVKQP� KP� 5YGFGP�

6JG� RCTM� KU� NQECVGF� DGVYGGP� VJG�5YGFKUJ�OCKPNCPF� CPF� VJG� KUNCPF�¤NCPF� CRRTQZKOCVGN[� ��

MO�GCUV�QH�VJG�VQYP�$GTIMXCTC���/GCUWTGOGPVU�YGTG�RGTHQTOGF�DGVYGGP�������CPF�������QP

VJG� GXGPKPI� QH� 5GRVGODGT� ��VJ�� ������ 6JGTG�YCU� CPF� 'CUVGTN[�YKPF�YKVJ� C� URGGF� TCPIKPI

HTQO� �� VQ� �� O�U�� 6JG� VGORGTCVWTG� YCU� CRRTQZKOCVGN[� �� Q%�YKVJ� C� RCTVKCNN[� QXGTECUV� UM[�

9CXG�JGKIJV�TCPIGF�HTQO�����VQ�����OGVGTU�
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� *[FTQRJQPG�/GCUWTGOGPV�4GUWNVU�F�7PFGTYCVGT�0QKUG

��� (TGSWGPE[�4CPIG�
7PFGTYCVGT�0QKUG�

7PFGTYCVGT� PQKUG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� YKVJ� GSWKROGPV� VJCV� EQWNF� OGCUWTG� VJG

HTGSWGPEKGU� HTQO���*\� VQ� ��� M*\��$[� EQORCTKPI� VJG�OGCUWTGF� PQKUG� NGXGNU� HTQO� VJG� RKNG�

FTKXKPI� VQ�CODKGPV� 
DCEMITQWPF��PQKUG� NGXGNU�� VJG� HTGSWGPE[�TCPIG�QH� VJG�RKNG�FTKXKPI�PQKUG

VJCV�GZEGGFU�VJG�GZKUVKPI�CODKGPV�YCU�FGVGTOKPGF���#P�CXGTCIG�QH�2GCM�OGCUWTGOGPV� NGXGNU

VCMGP� CV� ���� OGVGTU� HTQO� VJG� RKNG�FTKXKPI�� EQORCTGF� YKVJ� CP� CODKGPV� PQKUG� CV� VJG� UCOG

NQECVKQP�KU�UJQYP�KP�(KIWTG���

Hydrophone Measurement at 320 meters from the Pile
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Hydrophone Measurements: Average Sound Exposure Levels (SEL) of
Individual Pile Ramming Events at Various Distances From the Pile  
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Hydrophone Measurements: Underwater Sound Pressure Level Time History of 
Individual Pile-Driving Impacts at 30 meters from Pile
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Hydrophone Measurements: Underwater Sound Pressure Level Time History of 
Individual Pile-Driving Impacts at 320 meters from Pile
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Microphone Measurements (Above-water): Average Sound Exposure Level (SEL) for 
Individual Pile Driving Impacts at Position 2; 320 meters from Pile 

(A-weighted Levels, dBA) 
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Microphone Measurements (Above-water): Average Sound Exposure Level (SEL) for 
Individual Pile Driving Impacts at Position 2; 320 meters from Pile 

(Linear Levels, dB) 
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Microphone Measurements (Above-water): Average Peak Sound Level of 
Individual Pile-driving impacts at Position 2; 320 meters from Pile 

(A-weighted Levels, dB(A)) 
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Microphone Measurements (Above-water): Average Peak Sound Level of 
individual Pile driving impacts at Position 2; 320 meters from Pile 

(Linear Levels, dB) 
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Calculated Sound Power levels (Above-water): Average Sound Exposure Level (LwA 
SEL) and Average Peak Sound Level (LwA Peak) for an Individual Pile Driving Impact 

(A-weighted Levels, dBA) 
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Calculated Sound Power levels (Above-water): Average Sound Exposure Level (Lw 
SEL) and Average Peak Sound Level (Lw Peak) for an Individual Pile Driving Impact 

(Linear Levels, dB) 
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1XGTCNN�5'.�5QWPF

2QYGT�.GXGN�
.9�

5'.

1XGTCNN�2GCM�5QWPF

2QYGT�.GXGN�
.Y

2GCM��F$

����F$
#� ����F$
#�

����F$�
.KPGCT� ����F$�
.KPGCT�

6CDNG��

/KETQRJQPG�#DQXG�YCVGT�QXGTCNN

#�YGKIJVGF�CPF�.KPGCT�5QWPF�2QYGT�.GXGNU�

5'.��2GCM�
F$��TG�����z2C��
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� 1HHUJQTG�2KNG�&TKXKPI�+ORCEV�4CVG

$CUGF�QP�QWT�OGCUWTGOGPV�TGEQTFKPIU�CPF�QDUGTXCVKQPU��YG�GUVKOCVGF�VJG�TCVG�QH�RKNG�FTKXKPI

KORCEVU� 
KORCEVU�OKPWVG�� CPF� VQVCN� PWODGT� QH� RKNG� FTKXKPI� KORCEVU� HQT� VJKU� RCTVKEWNCT� RKNG�

6JG� CRRTQZKOCVG� VKOG� HQT� VJKU� URGEKHKE� RKNG� VQ� DG� FTKXGP� KP� YCU� �� JQWT� ��� OKPWVGU�� 6JG

PWODGT�QH�KORCEVU�YCU�EQWPVGF�QXGT�C����OKPWVG�RGTKQF�VQ�GUVKOCVG�CP�CXGTCIG�TCVG�HQT�GCEJ

���OKPWVG�RGTKQF�CU� UJQYP� KP� VJG� HQNNQYKPI� HKIWTG�� �6JG� TCVG�QH� KORCEVU�RGT�OKPWVG�XCTKGU

VJTQWIJQWV�VJG�����JQWTU���6JG�CXGTCIG�TCVG�TCPIGF�HTQO���KORCEVU�RGT�OKPWVG�VQ����KORCEVU

RGT� OKPWVG�� 6JG� UNQYGT� TCVGU� YGTG� CV� VJG� DGIKPPKPI� QH� VJG� RKNG�FTKXKPI� CPF� KPETGCUGF

VJTQWIJQWV�VJG�����JQWT�RGTKQF�

6KOG�
JQWT�OKPWVGU� +ORCEVU�RGT�OKPWVG 0WODGT�QH�+ORCEVU

5VCTV������VQ������ � ��

������VQ������ � ��

������VQ������ � ��

������VQ������ �� ���

������VQ������ �� ���

������VQ�������HKPKUJ �� ���

�6QVCN�+ORCEVU ���� ����

6CDNG��

1HHUJQTG�RKNG�FTKXKPI�TCVGU�CPF�PWODGT�QH�KORCEVU�HQT�VJG

URGEKHKE�RKNG�FTKXGP�QP�5GRVGODGT���VJ�������
$GTIMXCTC��5YGFGP�

6JKU� FCVC� KU� HTQO� QPG� 
��� RKNG� CPF� KV� KU� NKMGN[� VJCV� VJG� TCVGU� CPF� QXGTCNN� VKOG� EQWNF� XCT[

UKIPKHKECPVN[� FGRGPFKPI� QP� VJG� ITQWPF� CPF�YGCVJGT� EQPFKVKQPU�� HQT� GZCORNG�� � 5QOG� QH� VJG

RGTUQPPGN� HTQO� VJG� RKNG�FTKXKPI� QRGTCVKQPU� UCKF� VJCV� FTKXKPI� CP� KPFKXKFWCN� RKNG� EQWNF� TCPIG

HTQO���VQ���JQWTU��*QYGXGT�� VJGUG�TCVGU�ECP�DG�WUGF�KP�EQPLWPEVKQP�YKVJ�VJG�5'.�NGXGNU� VQ

ECNEWNCVG�UQWPF�RTGUUWTG�NGXGNU�
.GS��HQT�C�IKXGP�RGTKQF�QH�VKOG�
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� 'ZCORNG�%CNEWNCVKQPU

7UKPI�VJG�GSWCVKQPU�OGPVKQPGF�KP�5GEVKQP���DQVJ�VJG�#DQXG�YCVGT�CPF�7PFGTYCVGT�5QWPF

2TGUUWTG�.GXGNU�ECP�DG�GUVKOCVGF�

��� 7PFGTYCVGT

(QT�VJG�WPFGTYCVGT�GUVKOCVKQPU��YG�OWUV�CUUWOG�VJG�GZCEV�UCOG�UGC�CPF�UGCDGF�EQPFKVKQPU�CU

VJG� OGCUWTGOGPV� NQECVKQP�� 'UVKOCVKQP� QH� UQWPF� RTGUUWTG� NGXGNU� HQT� FKUVCPEGU� HWTVJGT� CYC[

HTQO�VJG�RKNG�FTKXKPI�VJCP�VJG�OGCUWTGOGPV�RQUKVKQPU�YQWNF�PGGF�VQ�EQPUKFGT�VJG�UGCDGF�CPF

UGC�EQPFKVKQPU�

6JG�WPFGTYCVGT�.GS�UQWPF�RTGUUWTG�NGXGN�CV�����OGVGTU�
2QUKVKQP����HQT�VJG�FWTCVKQP�QH���RKNG

DGKPI� FTKXKPI� HTQO� DGIKPPKPI� VQ� GPF� 
���� JQWTU�� ������ UGEQPFU��YKVJ� ����� FTKXGT� KORCEVU

YKVJ�CP�5'.�QH�����F$�ECP�DG�GUVKOCVGF�YKVJ�VJG�GSWCVKQP�UJQYP�KP�5GEVKQP�����

.GS�
6��������
����.QI�
����������

6�KU�VJG�RGTKQF�QH�VKOG�KP�UGEQPFU�CPF�0� KU� VJG�PWODGT�QH�GXGPVU�QEEWTTKPI�FWTKPI�VJG�VKOG

RGTKQF��6JG�TGUWNVKPI�QXGTCNN�.GS�KU�����F$�
TG���z2C���CV�����OGVGTU�HTQO�RKNG�FTKXKPI�

��� #DQXG�YCVGT�
#�YGKIJVGF�

#U�YGNN��#DQXG�YCVGT�5QWPF�2TGUUWTG�.GS�CPF�2GCM�.GXGNU�ECP�DG�ECNEWNCVGF�YKVJ�VJG�UCOG

KPHQTOCVKQP� WUKPI� VJG� GSWCVKQPU� KP� 5GEVKQP� ���� CPF� ����� �6JG� UQWPF� RTQRCICVKQP� KP� CKT�� CU

WPFGTYCVGT� PQKUG�� ECP� XCT[� UKIPKHKECPVN[� FGRGPFKPI� QP� VJG� GZCEV� EQPFKVKQPU� �� RCTVKEWNCTN[

YKVJ� OGVGQTQNQIKECN� EQPFKVKQPU�� � +P� &CPKUJ� GPXKTQPOGPVCN� PQKUG� NGIKUNCVKQP�� JQYGXGT�� VJG

OGVGQTQNQIKECN� EQPFKVKQPU� HQT� GZVGTPCN� PQKUG� ECNEWNCVKQPU� CTG� RTGFGHKPGF�� � 6JGTGHQTG�� VJG

CDQXG�YCVGT�UQWPF�RTQRCICVKQP�ECP�DG�FGVGTOKPGF�CV�ITGCVGT�FKUVCPEGU�CUUWOKPI�RTGFGHKPGF

EQPFKVKQPU� CPF� CVOQURJGTKE� CDUQTRVKQP�� #VOQURJGTKE� CDUQTRVKQP� 
∆.#�� KU� C� HTGSWGPE[

FGRGPFGPV�EQTTGEVKQP�CPF�VJWU��ECNEWNCVKQPU�OWUV�DG�RGTHQTOGF�HQT�GCEJ�QEVCXG�DCPF�CPF�VJGP

DG�UWOOCVGF�
F$�CFFKVKQP��HQT�CPF�QXGTCNN�NGXGN�
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(QT�GZCORNG��VJG�#DQXG�YCVGT�5QWPF�2TGUUWTG�.GS�ECP�DG�GUVKOCVGF�HQT�XCTKQWU�FKUVCPEGU�HQT

VJG� FWTCVKQP� QH� QPG� 
��� RKNG� VQ� DG� EQORNGVGN[� FTKXGP�� � 6JWU�� VJG� CUUWORVKQP� QH� ���� JQWTU


������ UGEQPFU�� FWTCVKQP� CPF� ����� RKNG�FKXGT� KORCEVU� KU� WUGF� HTQO� UWTXG[� FCVC��9KVJ� VJG

QEVCXG� DCPF� HTGSWGPE[� 5'.� 5QWPF� 2QYGT� .GXGNU� HTQO� 5GEVKQP� ����� VJG� QEVCXG� DCPF� .GS

5QWPF�2QYGT�.GXGN�ECP�DG�ECNEWNCVGF�YKVJ�VJG�HQNNQYKPI�GSWCVKQP�

.GS�
6����5'.�
����.QI�
0�6�

#ICKP��6�KU�VJG�RGTKQF�QH�VKOG�KP�UGEQPFU�CPF�0�KU�VJG�PWODGT�QH�GXGPVU�QEEWTTKPI�FWTKPI�VJG

VKOG�RGTKQF�� �6JG� QEVCXG� DCPF�.GS� 5QWPF�2QYGT�.GXGN�� CU�YGNN� CU�� VJG� QEVCXG� DCPF�2GCM

5QWPF�2QYGT�.GXGN� 
5GEVKQP������ECP�DG�WUGF� VQ�GUVKOCVG� VJG�.GS� CPF�2GCM�5QWPF�2TGUUWTG

.GXGN�CV�XCTKQWU�FKUVCPEGU�YKVJ�VJG�HQNNQYKPI�GSWCVKQP�

.2
F����.9�F����.QI�
��πF�����∆.#
F�

∆.# � KU� C� HTGSWGPE[� FGRGPFGPV� EQTTGEVKQP� HQT� CVOQURJGTKE� CDUQTRVKQP� KP� F$� CPF� F� KU� VJG

FKUVCPEG� HTQO� VJG� RKNG� VQ� VJG� RQKPV� QH� RTGFKEVKQP��%CNEWNCVKQPU�OWUV� DG� RGTHQTOGF� HQT� GCEJ

QEVCXG�DCPF�CPF�VJGP�DG�UWOOCVGF�
FGEKDGN�CFFKVKQP��VQ�ECNEWNCVG�CP�QXGTCNN�NGXGN�

#U�UJQYP�KP�5GEVKQP������CP�GZCORNG�QH�QEVCXG�DCPF�CVOQURJGTKE�CDUQTRVKQP�EQGHHKEKGPVU�HQT

VGORGTCVWTG�QH���Q�%�CPF�TGNCVKXG�JWOKFKV[�
4*����������KU�UJQYP�KP�VJG�HQNNQYKPI�VCDNG�

1EVCXG�DCPF�EGPVTG

(TGSWGPE[�
*\� ���� ��� ��� ���� ���� ���� ����

#VOQURJGTKE�CDUQTRVKQP


F$�OGVGT� � ����� ����� ����� ����� ����� �����


4GH�� $GMGPFVIÎGNUG PT ��� CH �� OCL ���� HTC FGV FCPUMG /KNLÎOKPKUVGTKWO� K$GMGPFVIÎTGNUG QO UVÎL HTC

XKPFOÎNNGTL�

6CDNG��

%QGHHKEKGPVU�HQT�UQWPF�CDUQTRVKQP�KP�CKT�HQT�VGORGTCVWTG

QH���Q�%�CPF�TGNCVKXG�JWOKFKV[�
4*��������



��

6JWU��CUUWOKPI�VJG�UCOG�RKNG�FTKXKPI�QRGTCVKQPU�� VJG�GUVKOCVGF�CDQXG�YCVGT�UQWPF�RTGUUWTG

NGXGNU�HQT�XCTKQWU�FKUVCPEGU�CTG�UJQYP�KP�VJG�HQNNQYKPI�VCDNG�

&KUVCPEG


MO�

1XGTCNN�.GS�5QWPF

2TGUUWTG�.GXGN��F$
#�

1XGTCNN�2GCM�5QWPF

2TGUUWTG�.GXGN��F$�
#�

� �� ��

� �� ��

� �� ��

�� �� ��

6CDNG��

'UVKOCVGF�CDQXG�YCVGT�QXGTCNN�#�YGKIJVGF�UQWPF�RTGUUWTG�NGXGNU�CV�XCTKQWU

FKUVCPEGU�HTQO�RKNG�FTKXKPI�
CUUWOKPI�UCOG�RKNG�FTKXKPI�QRGTCVKQPU��

.GS��2GCM�
F$
#���TG�����z2C��

6JGUG� GUVKOCVGF� NGXGNU� RTGUGPVGF� KP�6CDNG� �� CTG� DCUGF� QP� VJG� QDUGTXGF� RKNG�FTKXKPI� KORCEV

TCVGU� CPF� VJG� QXGTCNN� FWTCVKQP� QH� C� UKPING� RKNG�FTKXKPI��2KNG�FTKXKPI� TCVGU� CPF� FWTCVKQP�OC[

XCT[� CV� UKIPKHKECPVN[� DGVYGGP� RKNGU� CPF�QT� CV� QVJGT� NQECVKQPU�� � 6JGUG� HCEVQTU� PGGF� VQ� DG

EQPUKFGTGF�YJGP�GUVKOCVKPI�PQKUG�NGXGNU�

��� #DQXG�YCVGT�
.KPGCT�

#DQXG�YCVGT� .KPGCT� 5QWPF� 2TGUUWTG� .GS� CPF� 2GCM� .GXGNU� ECP� DG� ECNEWNCVGF� YKVJ� VJG� UCOG

KPHQTOCVKQP� CPF� GSWCVKQPU� FGUETKDGF� KP� VJG� RTGXKQWU� UGEVKQP�� 6JWU�� VJG� CUUWORVKQP� QH� ���

JQWTU� 
������ UGEQPFU�� FWTCVKQP� CPF� ����� RKNG�FKXGT� KORCEVU� KU� WUGF� HTQO� UWTXG[� FCVC�

6JGTGHQTG�� VJG� CDQXG�YCVGT� UQWPF� RTQRCICVKQP� ECP� DG� FGVGTOKPGF� CV� ITGCVGT� FKUVCPEGU

CUUWOKPI�RTGFGHKPGF�EQPFKVKQPU�CPF�CVOQURJGTKE�CDUQTRVKQP��#VOQURJGTKE�CDUQTRVKQP�
∆.#��KU

C�HTGSWGPE[�FGRGPFGPV�EQTTGEVKQP�CPF� VJWU��ECNEWNCVKQPU�OWUV�DG�RGTHQTOGF�HQT�GCEJ�QEVCXG

DCPF�CPF�VJGP�DG�UWOOCVGF�
F$�CFFKVKQP��HQT�CPF�QXGTCNN�NGXGN�

9KVJ� VJG� QEVCXG� DCPF� HTGSWGPE[� 5'.� .KPGCT� 5QWPF� 2QYGT� .GXGNU� HTQO� 5GEVKQP� ����� VJG

QEVCXG� DCPF�.GS�.KPGCT� 5QWPF�2QYGT�.GXGN� ECP� DG� ECNEWNCVGF��6JG� QEVCXG� DCPF�.GS� .KPGCT

5QWPF�2QYGT�.GXGN�� CU�YGNN� CU�� VJG� QEVCXG� DCPF�2GCM�.KPGCT� 5QWPF�2QYGT�.GXGN� 
5GEVKQP
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�����ECP�DG�WUGF�VQ�GUVKOCVG�VJG�.KPGCT�.GS�CPF�.KPGCT�2GCM�5QWPF�2TGUUWTG�.GXGN�CV�XCTKQWU

FKUVCPEGU�

#UUWOKPI�VJG�UCOG�RKNG�FTKXKPI�QRGTCVKQPU��VJG�GUVKOCVGF�����QEVCXG�DCPF�CPF�QXGTCNN�CDQXG�

YCVGT� .KPGCT� .GS� CPF� 2GCM� 5QWPF� 2TGUUWTG� .GXGNU� HQT� XCTKQWU� FKUVCPEGU� CTG� UJQYP� KP� VJG

HQNNQYKPI�VYQ�HKIWTGU�CPF�VCDNG�

Estimated (Above-water) Linear Leq Sound Levels for One (1) Pile Completely Driven 
at Various Distances. (1.5 hours duration 1320 pile-driver impacts)  

(Linear Levels, dB) 
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(KIWTG���

'UVKOCVGF�CDQXG�YCVGT�����QEVCXG�DCPF�.KPGCT�.GS�UQWPF�RTGUUWTG�NGXGNU�CV

XCTKQWU�FKUVCPEGU�HTQO�RKNG�
CUUWOKPI�UCOG�RKNG�FTKXKPI�QRGTCVKQPU��

.GS��2GCM�
F$��TG�����z2C��
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Estimated (Above-water) Linear Average Peak Sound Levels for Pile-driving at Various 
Distances. (1.5 hours duration 1320 pile-driver impacts)  

(Linear Levels, dB) 
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'UVKOCVGF�CDQXG�YCVGT�.KPGCT�����QEVCXG�DCPF�2GCM�UQWPF�RTGUUWTG�NGXGNU�CV

XCTKQWU�FKUVCPEGU�HTQO�RKNG�
CUUWOKPI�UCOG�RKNG�FTKXKPI�QRGTCVKQPU��

.GS��2GCM�
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&KUVCPEG


MO�

1XGTCNN�.KPGCT�.GS�5QWPF

2TGUUWTG�.GXGN��F$

1XGTCNN�.KPGCT�2GCM�5QWPF

2TGUUWTG�.GXGN��F$

� �� ��

� �� ��

� �� ��

�� �� ��

6CDNG��

'UVKOCVGF�CDQXG�YCVGT�QXGTCNN�.KPGCT�UQWPF�RTGUUWTG�NGXGNU�CV�XCTKQWU

FKUVCPEGU�HTQO�RKNG�
CUUWOKPI�UCOG�RKNG�FTKXKPI�QRGTCVKQPU��

.GS��2GCM�
F$��TG�����z2C��
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� &KUEWUUKQP�CPF�%QPENWUKQP

1P� DGJCNH� QH� 5'#5� CPF� 'PTQP�� ¦FGICCTF� �� &CPPGUMKQNF�5COUÎG� JCU� RGTHQTOGF� CP

KPXGUVKICVKQP�QH�VJG�PQKUG�GOKVVGF�HTQO�QHHUJQTG�RKNG�FTKXKPI�QRGTCVKQPU�YJKEJ�KU�WUGF�HQT�VJG

KPUVCNNCVKQP�QH�QHHUJQTG�YKPF�VWTDKPGU�YKVJ�KOQPQRKNGL�V[RG�HQWPFCVKQPU��6JG�RWTRQUG�QH�VJG

KPXGUVKICVKQP�YCU�VQ�OGCUWTG�DQVJ�CDQXG�YCVGT�VJG�CPF�WPFGTYCVGT�PQKUG�NGXGNU�GOKVVGF�HTQO

CP�GZKUVKPI�QHHUJQTG�RKNG�FTKXKPI�QRGTCVKQP�

6JG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� CV� C� YKPF�VWTDKPG� RCTM� WPFGT� EQPUVTWEVKQP� KP� 5YGFGP�

6JG�RCTM� KU� NQECVGF�DGVYGGP� VJG�5YGFKUJ�OCKP� NCPF�CPF� VJG� KUNCPF�¤NCPF�CRRTQZKOCVGN[���

MO� GCUV� QH� VJG� VQYP� $GTIMXCTC�� 6JG� OGCUWTGOGPVU� YGTG� RGTHQTOGF� QP� VJG� GXGPKPI� QH

5GRVGODGT� ��VJ�� ����� FWTKPI� QPG� RKNG� KPUVCNNCVKQP�� 6JG� TGUWNVU� CTG� UWDUGSWGPVN[� IQKPI� VQ

HQTO�C�DCUG�QH�VJG�GXCNWCVKQP�QH�VJG�GHHGEV�QP�VJG�CPKOCN�NKHG�

6JG�TGUWNVU�QH� VJG� KPXGUVKICVKQP�ECP�DG�WUGF� VQ�GUVKOCVG�PQKUG� NGXGNU� VJCV�EQWNF�DG�GZRGEVGF

HTQO�C�UKOKNCT�EQPUVTWEVKQP�OGVJQF� HQT� VJG�RNCPPGF�QHHUJQTG�YKPF� VWTDKPGU��*QYGXGT�� KV� KU

KORQTVCPV�VQ�PQVG�VJCV�WPFGTYCVGT�PQKUG�NGXGNU�EQWNF�XCT[�UKIPKHKECPVN[�YKVJ�FKHHGTGPV�ITQWPF

EQPFKVKQPU��FGRVJU��CPF�VGORGTCVWTG��6JGUG�PGGF�VQ�DG�EQPUKFGTGF�YJGP�GUVKOCVGF�WPFGTYCVGT

PQKUG�NGXGNU�KP�FKHHGTGPV�EQPFKVKQPU�

6JG�HQNNQYKPI�EQPENWUKQPU�ECP�DG�FTCYP�HTQO�VJG�RKNG�FTKXKPI�PQKUG�OGCUWTGOGPVU�

• /GCUWTGF� WPFGTYCVGT� PQKUG� HTQO� VJG� QHHUJQTG� RKNG�FTKXKPI� KU� PQV� JKIJGT� VJCP� VJG

CODKGPV�PQKUG�KP�VJG�HTGSWGPE[�TCPIG�DGNQY�CRRTQZKOCVGN[���*\�

• /GCUWTGF�WPFGTYCVGT�PQKUG�GOKVVGF�HTQO�VJG�QHHUJQTG�RKNG�FTKXKPI� KU�JKIJGT� VJCP� VJG

CODKGPV�PQKUG�KP�VJG�HTGSWGPE[�TCPIG�CDQXG�CRRTQZKOCVGN[���*\�

• #U� TGSWGUVGF� D[� VJG� OCTKPG� DKQNQIKUV�� CXGTCIG� WPFGTYCVGT� 5QWPF� 'ZRQUWTG� .GXGNU


5'.���CV�XCTKQWU�FKUVCPEGU�HTQO�VJG�RKNG�CTG�ECNEWNCVGF�HTQO�VJG�OGCUWTGOGPV�TGUWNVU�

6JGUG� TGUWNVU� ECP� DG� WUGF� VQ� CUUGUU� RTQRCICVKQP� EJCTCEVGTKUVKEU� QH� WPFGTYCVGT� PQKUG

YJGTG�VJG�OGCUWTGOGPVU�YGTG�RGTHQTOGF�



��

• #U�TGSWGUVGF�D[�VJG�OCTKPG�DKQNQIKUV��VKOG�JKUVQT[�CPCN[UKU�QH�KPFKXKFWCN�RKNG�FTKXKPI

KORCEVU�YGTG�RGTHQTOGF�CPF�UVCVGF�KP�VJKU�TGRQTV�

• #DQXG�YCVGT�PQKUG�OGCUWTGOGPV� NGXGNU�YGTG�CPCN[UGF� HQT�2GCM�CPF�5QWPF�'ZRQUWTG

.GXGN�
5'.��CPF�YGTG�WUGF�VQ�ECNEWNCVG�5QWPF�2QYGT�.GXGNU�

• 6JG� CDQXG�YCVGT� 5'.�5QWPF�2QYGT�.GXGNU� ECP� DG� WUGF� VQ� GUVKOCVG� 5QWPF�2TGUUWTG

.GXGNU�
.GS���MPQYKPI�VJG�PWODGT�QH�GXGPVU�
KORCEVU��QXGT�C�URGEKHKE�RGTKQF�QH�VKOG

CPF�VJG�FKUVCPEG�VQ�VJG�TGEGRVQT�ECP�DG�EQORCTGF�VQ�GPXKTQPOGPVCN�PQKUG�NKOKVU��+P�VJG

UCOG�YC[� 2GCM� 5QWPF� 2QYGT� .GXGNU� ECP� DG� WUGF� VQ� GUVKOCVG� 2GCM� 5QWPF� 2TGUUWTG

.GXGNU�YJKEJ�ECP�DG�EQORCTGF�VQ�CODKGPV�NGXGNU�HQT�CWFKDKNKV[�

• $CUGF�QP�QWT�OGCUWTGOGPV�TGEQTFKPIU�CPF�QDUGTXCVKQPU��YG�GUVKOCVGF�VJG�TCVG�QH�RKNG

FTKXKPI� KORCEVU� 
KORCEVU�OKPWVG�� CPF� VQVCN� PWODGT� QH� RKNG� FTKXKPI� KORCEVU� HQT� VJKU

KPFKXKFWCN� RKNG�� 6JGUG� TCVGU� ECP� DG� WUGF� KP� EQPLWPEVKQP� YKVJ� VJG� 5'.� NGXGNU� VQ

ECNEWNCVGF�5QWPF�2TGUUWTG�.GXGNU�
.GS��HQT�C�IKXGP�RGTKQF�QH�VKOG�

• 4GXKGY� QH� VJG� WPFGTYCVGT� RTQRCICVKQP� KPFKECVGF� VJCV� VJG� UGCDGF� CPF� RQUUKDN[� QVJGT

EQPFKVKQPU�CTG�KPHNWGPEKPI�VJG�RTQRCICVKQP�QH�UQWPF���6JGTGHQTG��VJG�RTQRCICVKQP�TCVG

HTQO�VJGUG�OGCUWTGOGPVU�UJQWNF�PQV�DG�FKTGEVN[�WUGF�HQT�QVJGT�UGC�FGRVJ�CPF�UGCDGF

EQPFKVKQPU�YKVJQWV�EQPUKFGTKPI�VJG�FKHHGTGPEGU�


