
���70&'4)4170&�%#$.'5

6JGTG�KU�UWEJ�C�NCTIG�XCTKGV[�QH�ECDNG�FGUKIPU�QP�VJG�OCTMGV��VJCV�KV�KU�FKHHKEWNV��KH�PQV�KORQUUKDNG��VQ�FGXGNQR

QPG�EQORWVGT�RTQITCO�YJKEJ�ECP�ECNEWNCVG�VJG�RCTCOGVGTU�4	��.	��%	�HQT�CP[�V[RG�QH�ECDNG�

(QT�NQYGT�XQNVCIG�TCVKPIU��VJG�ECDNGU�CTG�WUWCNN[�WPUETGGPGF�CPF�KPUWNCVGF�YKVJ�RQN[XKP[N�EJNQTKFG���#P

GZCORNG�QH�C�VJTGG�RJCUG���M8�ECDNG�YKVJ�PGWVTCN�EQPFWEVQT�CPF�CTOQT�KU�UJQYP�KP�(KI������

(KI��������#TOQTGF���M8�ECDNG�
����UVTCPFGF�EQPFWEVQT������KPUWNCVKQP������DGFFKPI������HNCV
UVGGN�YKTG�CTOQT������JGNKECN�UVGGN�VCRG������RNCUVKE�QWVGT�UJGCVJ����4GRTKPVGF�D[�RGTOKUUKQP�HTQO
5KGOGPU�%CVCNQI�����

(KI�� ���� �� ��� VQ� ��� M8� FKUVTKDWVKQP� ECDNG�YKVJ� EQPEGPVTKE� PGWVTCN� EQPFWEVQTU� 
���� UVTCPFGF

EQPFWEVQT���������EQPFWEVKXG�NC[GTU������RNCUVKE�KPUWNCVKQP�������EQPFWEVKXG�VCRG������EQPEGPVTKE

PGWVTCN� EQPFWEVQTU������JGNKECN� EQRRGT� VCRG������� KPPGT� UJGCVJ�������RNCUVKE�QWVGT� UJGCVJ��

4GRTKPVGF�D[�RGTOKUUKQP�HTQO�5KGOGPU�%CVCNQI�����

#V�VJG�FKUVTKDWVKQP�XQNVCIG�NGXGN��VJG�ECDNGU�CTG�WUWCNN[�UETGGPGF�YKVJ�EQPEGPVTKE�PGWVTCN�EQPFWEVQTU��CU

UJQYP�KP�(KI������



���

(KI��������2KRG�V[RG�QKN�HKNNGF�ECDNG�=���?���l������,QJP�9KNG[���5QPU�
.VF���4GRTKPVGF�D[�RGTOKUUKQP�QH�,QJP�9KNG[���5QPU��.VF

#V�VJG�VTCPUOKUUKQP�XQNVCIG�NGXGN��VYQ�V[RGU�QH�ECDNGU�CTG�KP�YKFGURTGCF�WUG�VQFC[��PCOGN[�VJG�RKRG�V[RG

ECDNG�
(KI�������CPF�VJG�UGNH�EQPVCKPGF�ECDNG�
(KI���������+P�VJG�RKRG�V[RG�ECDNG��VJTGG�RCRGT�KPUWNCVGF�QKN�KORTGIPCVGF

ECDNGU�CTG�FTCYP�KPVQ�C�UVGGN�RKRG�CV�VJG�EQPUVTWEVKQP�UKVG���6JG�JGNKECN�UMKF�YKTGU�OCMG�KV�GCUKGT�VQ�RWNN�VJG�ECDNGU�

#HVGT�GXCEWCVKQP��VJG�RKRG�KU�HKNNGF�YKVJ�QKN�CPF�RTGUUWTK\GF�VQ�C�JKIJ�RTGUUWTG�QH�CRRTQZ������M2C���2KRG�V[RG�ECDNGU

CTG�WUGF�HQT�XQNVCIGU�HTQO����VQ�����M8��YKVJ�����M8�ECDNGU�WPFGT�FGXGNQROGPV���6JG�V[RKECN�

UGNH�EQPVCKPGF�QKN�HKNNGF�ECDNG�KU�C�UKPING�EQTG�ECDNG�
(KI���������+VU�UVTCPFGF�EQTG�EQPFWEVQT�JCU�C�JQNNQY�FWEV�YJKEJ

KU�HKNNGF�YKVJ�QKN�CPF�MGRV�RTGUUWTK\GF�YKVJ�NQY�RTGUUWTG�DGNNQY�V[RG�GZRCPUKQP�VCPMU���7PFGTITQWPF�CPF�UWDOCTKPG

UGNH�EQPVCKPGF�ECDNGU�CTG�GUUGPVKCNN[�KFGPVKECN��GZEGRV�VJCV�WPFGTITQWPF�ECDNGU�FQ�PQV�CNYC[U�JCXG�CP�CTOQT�



���

(KI��������5KPING�EQTG�UGNH�EQPVCKPGF�ECDNG�
%���UVTCPFGF�EQTG�EQPFWEVQT
YKVJ�QKN�HKNNGF�FWEV��+���RCRGT�KPUWNCVKQP��5���OGVCNNKE�UJGCVJ��$��
DGFFKPI��#���CTOQT��2���RNCUVKE�UJGCVJ����&GVCKNU�QH�EQPFWEVKXG�NC[GTU
NGHV�QWV


C��5KPING�RJCUG 
D��6JTGG�RJCUG

(KI��������5( �DWU�

)CU�KPUWNCVGF�U[UVGOU�YKVJ�EQORTGUUGF�5( �ICU�CTG�WUGF�HQT�EQORCEV�UWDUVCVKQP�FGUKIPU���6JG�DWUUGU�KP�UWEJ�

UWDUVCVKQPU�EQPUKUV�QH�VWDWNCT�EQPFWEVQTU�KPUKFG�C�OGVCNNKE�UJGCVJ��YKVJ�VJG�EQPFWEVQTU�JGNF�KP�RNCEG�D[�RNCUVKE�URCEGTU

CV�EGTVCKP�KPVGTXCNU�
(KI���������5( �DWUUGU�CTG�KP�WUG�KP�NGPIVJU�QH�WR�VQ�����O���#�UKOKNCT�FGUKIP�ECP�DG�WUGF�HQT�

ECDNGU��DWV�5( �ECDNGU�CTG�UVKNN�GZRGTKOGPVCN��YKVJ�VJG�UJGCVJ�WUWCNN[�DGKPI�EQTTWICVGF���+P�'/62�UVWFKGU��UWEJ�

TGNCVKXGN[�UJQTV

DWUUGU�ECP�QHVGP�DG�KIPQTGF��QT�TGRTGUGPVGF�CU�C�NWORGF�ECRCEKVCPEG���1PN[�KP�UVWFKGU�QH�HCUV�VTCPUKGPVU�YKVJ�JKIJ

HTGSWGPEKGU�OWUV�5( �DWUUGU�DG�TGRTGUGPVGF�CU�VTCPUOKUUKQP�NKPGU���5KPEG�VJG�UKPING�RJCUG�IGQOGVT[�KU�GUUGPVKCNN[�
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UKOKNCT�VQ�VJCV�QH�C�UGNH�EQPVCKPGF�ECDNG��CPF�UKPEG�VJG�VJTGG�RJCUG�IGQOGVT[�KU�UKOKNCT�VQ�VJCV�QH�C�RKRG�V[RG�ECDNG�

PQ�URGEKCN�RTQITCOU�CTG�PGGFGF�VQ�JCPFNG�5( �DWUUGU�QT�ECDNGU��GZEGRV�VJCV�VJG�VJTGG�RJCUG�CTTCPIGOGPV�QH�(KI��

���
D��JCU�PQ�GNGEVTQUVCVKE�UETGGPU�CU�KP�VJG�ECUG�QH�C�RKRG�V[RG�ECDNG�QH�(KI������

(KI������VQ�����CTG�QPN[�C�HGY�GZCORNGU�HQT�VJG�NCTIG�XCTKGV[�QH�ECDNG�FGUKIPU���6JG�UWRRQTV�TQWVKPG�%#$.'

%1056#065�YCU�FGXGNQRGF�D[�#��#OGVCPK�GUUGPVKCNN[�HQT�VJG�EQCZKCN�UKPING�EQTG�ECDNG�FGUKIP�QH�(KI������CPF

���
C���CPF�NCVGT�GZRCPFGF�HQT�VJG�RKRG�V[RG�ECDNG�QH�(KI������CPF�HQT�VJG�VJTGG�RJCUG�5( �DWUUGU�QH�(KI�����
D����#V�

VJKU�VKOG��VJGTG�KU�PQ�UWRRQTV�TQWVKPG�HQT�VJG�V[RGU�QH�NQYGT�XQNVCIG�ECDNGU�UJQYP�KP�(KI������CPF������DWV�ECNEWNCVKQP

OGVJQFU�CRRNKECDNG�VQ�UWEJ�PQP�EQCZKCN�CTTCPIGOGPVU�CTG�DTKGHN[�FKUEWUUGF�KP�5GEVKQP�����

����5KPING�%QTG�%CDNGU

6JG�ECDNG�RCTCOGVGTU�QH�EQCZKCN�CTTCPIGOGPVU��CU�KP�(KI�������CTG�FGTKXGF�KP�VJG�HQTO�QH�GSWCVKQPU�HQT

EQCZKCN�NQQRU�=��������?���+P�(KI�������NQQR���KU�HQTOGF�D[�VJG�EQTG�EQPFWEVQT�%�CPF�VJG�OGVCNNKE�UJGCVJ�5�CU�TGVWTP�

NQQR���D[�VJG�OGVCNNKE�UJGCVJ�5�CPF�OGVCNNKE�CTOQT�#�CU�TGVWTP��CPF�HKPCNN[�NQQR���D[�VJG�CTOQT�#�CPF�GKVJGT�GCTVJ

QT�UGC�YCVGT�CU�TGVWTP�

������5GTKGU�+ORGFCPEGU

6JG�UGTKGU�KORGFCPEGU�QH�VJG�VJTGG�NQQRU�CTG�FGUETKDGF�D[�VJTGG�EQWRNGF�GSWCVKQPU

6JG�UGNH�KORGFCPEG�<	 �QH�NQQR���EQPUKUVU�QH���RCTVU���

<	 ���<	 �
�<	 �
�<	 
������ EQTG�QWV EQTG�UJGCVJ�KPUWNCVKQP UJGCVJ�KP

YKVJ

<	 ��KPVGTPCN�KORGFCPEG�
RGT�WPKV�NGPIVJ��QH�VWDWNCT�EQTG�EQPFWEVQT�YKVJ�TGVWTP�RCVJ�QWVUKFGEQTG�QWV

VJG�VWDG�
VJTQWIJ�UJGCVJ�JGTG�

<	 � ��KORGFCPEG�
RGT�WPKV�NGPIVJ��QH�KPUWNCVKQP�DGVYGGP�EQTG�CPF�UJGCVJ��CPFEQTG�UJGCVJ�KPUWNCVKQP

<	 ��KPVGTPCN�KORGFCPEG�
RGT�WPKV�NGPIVJ��QT�VWDWNCT�UJGCVJ�YKVJ�TGVWTP�RCVJ�KPUKFG�VJG�VWDGUJGCVJ�KP


VJTQWIJ�EQTG�EQPFWEVQT�JGTG��

5KOKNCTN[�

<	 ���<	 �
�<	 �
�<	 
������ UJGCVJ�QWV UJGCVJ�CTOQT�KPUWNCVKQP CTOQT�KP

CPF
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KPUWNCVKQP
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<	 ���<	 �
�<	 �
�<	 
������ CTOQT�QWV CTOQT�GCTVJ�KPUWNCVKQP GCTVJ

YKVJ�CPCNQIQWU�FGHKPKVKQPU�CU�HQT�'S��
�������6JG�EQWRNKPI�KORGFCPEGU�<	 ���<	 �CPF�<	 ���<	 �CTG�PGICVKXG�� �� �� ��

DGECWUG�QH�QRRQUKPI�EWTTGPV�FKTGEVKQPU�
+ �KP�PGICVKXG�FKTGEVKQP�KP�NQQR����+ �KP�PGICVKXG�FKTGEVKQP�KP�NQQR����� �

<	 ���<	 ����<	 
���C��� �� UJGCVJ�OWVWCN

<	 ���<	 ����<	 
���D��� �� CTOQT�OWVWCN

YKVJ� <	 �� OWVWCN�KORGFCPEG�
RGT�WPKV�NGPIVJ��QH�VWDWNCT�UJGCVJ�DGVYGGP�VJG�KPUKFG�NQQR���CPF�VJGUJGCVJ�OWVWCN

QWVUKFG�NQQR����CPF

<	 �� OWVWCN�KORGFCPEG�
RGT�WPKV�NGPIVJ��QH�VWDWNCT�CTOQT�DGVYGGP�VJG�KPUKFG�NQQR���CPF�VJGCTOQT�OWVWCN

QWVUKFG�NQQR���

(KPCNN[��<	 ���<	 �����DGECWUG�NQQR���CPF�NQQR���JCXG�PQ�EQOOQP�DTCPEJ��� ��

6JG�UKORNGUV�VGTOU�VQ�ECNEWNCVG�CTG�VJG�KORGFCPEGU�QH�VJG�KPUWNCVKQP��YJKEJ�CTG�UKORN[

YKVJ�z ���RGTOGCDKNKV[�QH�KPUWNCVKQP�
z ���� �� �*�MO��� �
��

T���QWVUKFG�TCFKWU�QH�KPUWNCVKQP�

S���KPUKFG�TCFKWU�QH�KPUWNCVKQP�������KP�KFGPVKECN�WPKVU�
G�I��KP�OO�
+H�VJG�KPUWNCVKQP�KU�OKUUKPI��G�I���DGVYGGP�CTOQT�CPF�GCTVJ��VJGP�<	 �����KPUWNCVKQP

6JG�KPVGTPCN�KORGFCPEG�CPF�VJG�OWVWCN�KORGFCPEG�QH�C�VWDWNCT�EQPFWEVQT�YKVJ�KPUKFG�TCFKWU�S�CPF�QWVUKFG

TCFKWU�T�
(KI�������CTG�C�HWPEVKQP�QH�HTGSWGPE[��CPF�CTG�HQWPF�YKVJ�OQFKHKGF�$GUUGN�HWPEVKQPU�=���?�

<	 ���DO��BS&�]+ 
OS��- 
OT��
�- 
OS��+ 
OT�_ 
���C�VWDG�KP � � � �

<	 ���DO��BT&�]+ 
OT��- 
OS��
�- 
OT��+ 
OS�_ 
���D�VWDG�QWV � � � �

� <	 ���D��BST& 
���E�VWDG�OWVWCN

YKVJ�&���+ 
OT��- 
OS����+ 
OS��- 
OT� 
���F�� � � �

6JG�RCTCOGVGT

KU�VJG�TGEKRTQECN�QH�VJG�EQORNGZ�FGRVJ�QH�RGPGVTCVKQP�
18'4.+0'��R�FGHKPGF�GCTNKGT�KP�'S��
�����

#�UWDTQWVKPG�5-+0�HQT�ECNEWNCVKPI�VJG�KORGFCPEG�<	 �QH�'S��
���D��YCU�FGXGNQRGF�CV�$2#�HQT�VJGVWDG�QWV

UWRRQTV�TQWVKPG�.+0'�%1056#065��CPF�NCVGT�OQFKHKGF�CV�7$%�VQ��67$'��HQT�VJG�ECNEWNCVKQP�QH�<	 �CPF�<	VWDG�KP VWDG�

�CU�YGNN���#NN�CTIWOGPVU�QH�VJG�OQFKHKGF�$GUUGN�HWPEVKQPU�+ ��+ ��- ��- �CTG�EQORNGZ�PWODGTU�YKVJ�C�RJCUG�CPINGOWVWCN � � � �

QH���E�DGECWUG�QH�'S��
���G����+P�UWEJ�C�ECUG��VJG�HQNNQYKPI�TGCN�HWPEVKQPU�QH�C�TGCN�XCTKCDNG�ECP�DG�WUGF�KPUVGCF�
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6JGUG�HWPEVKQPU�CTG�GXCNWCVGF�PWOGTKECNN[�YKVJ�VJG�RQN[PQOKCN�CRRTQZKOCVKQPU�QH�'S��
��������VQ�
���������QH�=���?�

(QT�CTIWOGPVU�Z�#����VJG�CDUQNWVG�GTTQT�KU����� ��YJGTGCU�HQT�CTIWOGPVU�Z� ����VJG�TGNCVKXG�GTTQT�KU���� �� ���� ��

6Q�CXQKF�VQQ�NCTIG�PWODGTU�KP�VJG�PWOGTCVQT�CPF�FGPQOKPCVQT�HQT�NCTIG�CTIWOGPVU�QH�Z��VJG�GZRTGUUKQPU�H
Z��CPF�I
Z�

KP�'S��
��������CPF�
���������QH�=���?�CTG�OWNVKRNKGF�YKVJ�GZR�
����
�L�%��Z����+H�DQVJ�CTIWOGPVU�OS�CPF�OT�JCXG
CDUQNWVG�XCNWGU�ITGCVGT�VJCP����VJGP�KP�CFFKVKQP�VQ�VJG�CDQXG�OWNVKRNKECVKQP��VJG�- ��CPF�- ��HWPEVKQPU�CTG�HWTVJGT� �

OWNVKRNKGF�D[�GZR�
�OS��VQ�CXQKF�KPFGHKPKVG�VGTOU�����HQT�XGT[�NCTIG�CTIWOGPVU�

9JGP�VJG�UWRRQTV�TQWVKPG�%#$.'�%1056#065�YCU�FGXGNQRGF��UWDTQWVKPG�67$'�FKF�PQV�[GV�GZKUV��CPF

#��#OGVCPK�EJQUG�UNKIJVN[�FKHHGTGPV�RQN[PQOKCN�CRRTQZKOCVKQPU�HQT�VJG�HWPEVKQPU�+ ��+ ��- ��- �KP�'S��
�������*G�WUGU� � � �

'S��
�������VQ�
�������QH�=���?�KPUVGCF��YKVJ�VJG�CEEWTCE[�DGKPI�OQTG�QT�NGUU�VJG�UCOG�CU�KP�VJG�RQN[PQOKCNU�WUGF�KP

UWDTQWVKPG�67$'�

5KORNGT�HQTOWNCU�YKVJ�J[RGTDQNKE�EQVCPIGPV�HWPEVKQPU�KP�RNCEG�QH�'S��
�����YGTG�FGXGNQRGF�D[�/��9GFGRQJN

=���?��YJKEJ�CNUQ�IKXG�HCKTN[�CEEWTCVG�CPUYGTU�CU�NQPI�CU�VJG�EQPFKVKQP�
T�S��
T
S��������KU�HWNHKNNGF���6JKU�YCU

XGTKHKGF�D[�VJG�CWVJQT�HQT�VJG�FCVC�QH�C�����M8�UWDOCTKPG�ECDNG�

6JG�QPN[�VGTO�YJKEJ�UVKNN�TGOCKPU�VQ�DG�FGHKPGF�KU�<	 �KP�'S��
�������6JKU�KU�VJG�GCTVJ�QT�UGC�TGVWTPGCTVJ

KORGFCPEG�QH�C�UKPING�DWTKGF�ECDNG��YJKEJ�KU�FKUEWUUGF�KP�OQTG�FGVCKN�KP�5GEVKQP�����

5WDOCTKPG�ECDNGU�CNYC[U�JCXG�CP�CTOQT��YJKNG�WPFGTITQWPF�ECDNGU�OC[�QPN[�JCXG�C�UJGCVJ���6JG�CTOQT

QHVGP�EQPUKUVU�QH�URKTCNNGF�UVGGN�YKTGU��YJKEJ�ECP�DG�VTGCVGF�CU�C�VWDG�QH�GSWCN�ETQUU�UGEVKQP�YKVJ�z ������YKVJQWV�VQQT

OWEJ�GTTQT�
���?���#�OQTG�CEEWTCVG�TGRTGUGPVCVKQP�KU�FKUEWUUGF�KP�=���?�

'S��
�����KU�PQV�[GV�KP�C�HQTO�UWKVCDNG�HQT�'/62�OQFGNU��KP�YJKEJ�VJG�XQNVCIGU�CPF�EWTTGPVU�QH�VJG�EQTG�

UJGCVJ�� CPF� CTOQT� OWUV� CRRGCT�� KP� RNCEG� QH� NQQR� XQNVCIGU� CPF� EWTTGPVU�� � 6JG� VTCPUHQTOCVKQP� KU� CEJKGXGF� D[

KPVTQFWEKPI�VJG�VGTOKPCN�EQPFKVKQPU

8 ���8 ���8 ����+ ���+� EQTG UJGCVJ � EQTG

8 ���8 ���8 ��CPF��������+ ���+ �
�+� UJGCVJ CTOQT � UJGCVJ EQTG

8 ���8 ����+ ���+ �
�+ �
�+ 
����� CTOQT � CTOQT UJGCVJ EQTG

YJGTG 8 ���XQNVCIG�HTQO�EQTG�VQ�ITQWPF�EQTG

8 ���XQNVCIG�HTQO�UJGCVJ�VQ�ITQWPF�UJGCVJ

8 ���XQNVCIG�HTQO�CTOQT�VQ�ITQWPF�CTOQT

$[�CFFKPI�TQY���CPF���QT�'S��
�����VQ�VJG�HKTUV�TQY��CPF�D[�CFFKPI�TQY���VQ�VJG�UGEQPF�TQY��YG�QDVCKP
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(KI��������6JTGG�EQPFWEVQT�B�EKTEWKV�UWKVCDNG�HQT�60#	U


�����

YKVJ <	 ���<	 �
��<	 �
�<	 �
��<	 �
�<	 �EE �� �� �� �� ��

<	 ���<	 ���<	 �
�<	 �
��<	 �
�<	 �EU UE �� �� �� ��

<	 ���<	 ���<	 ���<	 ���<	 �
�<	 �EC CE UC CU �� ��

<	 ���<	 �
��<	 �
�<	 �UU �� �� ��

<	 ���<	 
����D��CC

5QOG�CWVJQTU�WUG�GSWKXCNGPV�EKTEWKVU�YKVJQWV�OWVWCN�EQWRNKPIU��KP�RNCEG�QH�VJG�OCVTKZ�TGRTGUGPVCVKQP�QH�'S�


������YKVJ�UGNH�KORGFCPEGU�
FKCIQPCN�GNGOGPVU��CPF�OWVWCN�KORGFCPEGU�
QHH�FKCIQPCN�GNGOGPVU����(QT�GZCORNG��=���?

UJQYU�VJG�GSWKXCNGPV�EKTEWKV�QH�(KI������HQT�C�UKPING�EQTG�ECDNG�YKVJQWV�CTOQT��YJKEJ�KU�GUUGPVKCNN[�VJG�UCOG�CU�VJG

60#�HQWT�EQPFWEVQT�TGRTGUGPVCVKQP�QH�QXGTJGCF�NKPGU�KP�(KI�������

������5JWPV�#FOKVVCPEGU

(QT�VJG�EWTTGPV�EJCPIGU�CNQPI�VJG�ECDNG�QH�(KI�������VJG�NQQR�GSWCVKQPU�CTG�PQV�EQWRNGF�

)	 �CPF�%	 �CTG�VJG�UJWPV�EQPFWEVCPEG�CPF�UJWPV�ECRCEKVCPEG�RGT�WPKV�NGPIVJ�HQT�GCEJ�KPUWNCVKQP�NC[GT���+H�VJGTG�KU�PQK K

KPUWNCVKQP�
G�I���CTOQT�KP�FKTGEV�EQPVCEV�YKVJ�VJG�GCTVJ���VJGP�TGRNCEG�'S��
������D[

8 ���� 
�����K

6JG�UJWPV�ECRCEKVCPEG�QH�VWDWNCT�KPUWNCVKQP�YKVJ�KPUKFG�TCFKWU�S�CPF�QWVUKFG�TCFKWU�T�KU�
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YKVJ�g ���CDUQNWVG�RGTOKVVKXKV[�QT�FKGNGEVTKE�EQPUVCPV�QH�HTGG�URCEG�
g �FGHKPGF�KP�'S��
�������CPF�g ���TGNCVKXG� � T

RGTOKVVKXKV[�QT�TGNCVKXG�FKGNGEVTKE�EQPUVCPV�QH�VJG�KPUWNCVKQP�OCVGTKCN���6[RKECN�XCNWGU�HQT�g �CTG�UJQYP�KP�6CDNG����T

=��?�

6CDNG�������4GNCVKXG�RGTOKVVKXKV[�CPF�NQUU�HCEVQT�QH�KPUWNCVKQP�OCVGTKCN�=��?���4GRTKPVGF�D[�RGTOKUUKQP�QH�5RTKPIGT�
8GTNCI�CPF�VJG�CWVJQTU

+PUWNCVKQP�/CVGTKCN ��E% *\�CPF���E%
4GNCVKXG�2GTOKVVKXKV[�CV .QUU�(CEVQT�VCP*�CV���

DWV[N�TWDDGT ����VQ���� ����

KPUWNCVKPI�QKN ����VQ���� ������VQ������

QKN�KORTGIPCVGF�RCRGT ����VQ���� ������VQ������

RQN[XKP[N�EJNQTKFG ����VQ���� �����VQ�����

RQN[GVJ[NGPG ������� ������

ETQUUNKPMGF�RQN[GVJ[NGPG ������� ������

6JG�UJWPV�EQPFWEVCPEG�)	�KU�KIPQTGF�KP�VJG�UWRRQTV�TQWVKPG�%#$.'�%1056#065��YJKEJ�KU�RTQDCDN[

TGCUQPCDNG� KP�OQUV�ECUGU�� �+V�ECPPQV�DG�KIPQTGF��JQYGXGT�� KH�DWTKGF�RKRGNKPGU�CTG� VQ�DG�OQFGNNGF�CU�ECDNGU��CU

GZRNCKPGF�KP�5GEVKQP�������+H�XCNWGU�HQT�)	�CTG�CXCKNCDNG�HQT�ECDNGU��KV�KU�PQTOCNN[�KP�VJG�HQTO�QH�C�FKGNGEVTKE�NQUU�CPING

*�QT�NQUU�HCEVQT�VCP*���6JGP

)	���T%	� �VCP* 
�����

6[RKECN�XCNWGU�HQT�VCP*�CTG�UJQYP�KP�6CDNG�������+P�VJG�NKVGTCVWTG�QP�GNGEVTQOCIPGVKEU��VJG�UJWPV�EQPFWEVCPEG�KU

WUWCNN[�KPENWFGF�D[�CUUWOKPI�VJCV�g �KP�'S��
������KU�C�EQORNGZ�PWODGT�g ���g	���Lg���YKVJ�'S��
������TGYTKVVGP�CUT T

(QT�ETQUU�NKPMGF�RQN[GVJ[NGPG��DQVJ�g	�CPF�g��CTG�OQTG�QT�NGUU�EQPUVCPV�WR�VQ�����O*\�=���?��YKVJ�VJG�V[RKECN�XCNWGU

QH�6CDNG�������(QT�QKN�KORTGIPCVGF�RCRGT�KPUWNCVKQP��DQVJ�g	�CPF�g��XCT[�YKVJ�HTGSWGPE[���/GCUWTGF�XCNWGU�DGVYGGP

���M*\�CPF�����O*\�=���?�UJQYGF�XCTKCVKQPU�KP�g	�QH�CRRTQZKOCVGN[������YJGTGCU�g��XCTKGF�OWEJ�OQTG���(KI�����

UJQYU�VJG�XCTKCVKQPU�YJKEJ�ECP�DG�GZRTGUUGF�CU�C�HWPEVKQP�QH�HTGSWGPE[�YKVJ�VJG�GORKTKECN�HQTOWNC
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(KI��������/GCUWTGF�XCNWGU�QH�,	�CPF�,��HQT�C�ECDNG�YKVJ�QKN�
KORTGIPCVGF�RCRGT�KPUWNCVKQP�CV���E%�=���?���4GRTKPVGF�D[
RGTOKUUKQP�QH�+''�CPF�VJG�CWVJQTU


�����

6JG�UWRRQTV�TQWVKPG�%#$.'�%1056#065�PQY�CUUWOGU�g������CPF�g	�DGKPI�EQPUVCPV��DWV�KV�EQWNF�GCUKN[�DG

EJCPIGF�VQ�KPENWFG�GORKTKECN�HQTOWNCU�DCUGF�QP�OGCUWTGOGPVU��UWEJ�CU�'S��
��������#V�VJKU�VKOG��HQTOWNCU�DCUGF

QP�VJGQT[�CTG�PQV�CXCKNCDNG�DGECWUG�VJG�HTGSWGPE[�FGRGPFGPV�DGJCXKQT�QH�FKGNGEVTKEU�KU�VQQ�EQORNKECVGF���'ZEGRV�HQT

XGT[�UJQTV�RWNUGU�
����zU���VJG�FKGNGEVTKE�NQUUGU�CTG�QH�NKVVNG�KORQTVCPEG�HQT�VJG�CVVGPWCVKQP�=���?��CPF�WUKPI�C�EQPUVCPV

g	�YKVJ�g������UJQWNF�VJGTGHQTG�IKXG�TGCUQPCDNG�CPUYGTU�KP�OQUV�ECUGU�

#ICKP��'S��
������KU�PQV�[GV�KP�C�HQTO�UWKVCDNG�HQT�'/62�OQFGNU���9KVJ�VJG�EQPFKVKQPU�QH�'S��
������VJG[

CTG�VTCPUHQTOGF�VQ

YJGTG�;	 ���)	 �
�LT%	 �K K K

����2CTCNNGN�5KPING�%QTG�%CDNGU

6JGTG�CTG�PQV�OCP[�ECUGU�YJGTG�UKPING�EQTG�ECDNGU�ECP�DG�TGRTGUGPVGF�YKVJ�UKPING�RJCUG�OQFGNU���#�PQVCDNG

GZEGRVKQP�KU�VJG�UWDOCTKPG�ECDNG�U[UVGO��YJGTG�VJG�KPFKXKFWCN�ECDNGU�CTG�NCKF�UQ�HCT�CRCTV�
VQ�TGFWEG�VJG�TKUM�QH

CPEJQTU�FCOCIKPI�OQTG�VJCP�QPG�RJCUG��VJCV�EQWRNKPI�DGVYGGP�VJG�RJCUGU�ECP�DG�KIPQTGF���+P�IGPGTCN��VJG�VJTGG
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(KI��������6JTGG�UKPING�EQTG�ECDNGU


�����

UKPING�EQTG�ECDNGU�QH�C�VJTGG�RJCUG�WPFGTITQWPF�KPUVCNNCVKQP�CTG�NCKF�ENQUG�VQIGVJGT�UQ�VJCV�EQWRNKPI�DGVYGGP�VJG

RJCUGU�OWUV�DG�VCMGP�KPVQ�CEEQWPV�

+H�YG�UVCTV�QWV�YKVJ�NQQR�CPCN[UKU��VJGP�KV�KU�CRRCTGPV�VJCV�KV�KU�QPN[�VJG�OQUV�QWVGT�NQQRU�
CTOQT�YKVJ�GCTVJ

TGVWTP��QT�UJGCVJ�YKVJ�GCTVJ�TGVWTP�KP�VJG�CDUGPEG�QH�CTOQT��VJTQWIJ�YJKEJ�VJG�RJCUGU�DGEQOG�EQWRNGF���6JG�OCIPGVKE

HKGNF�QWVUKFG�VJG�ECDNG�RTQFWEGF�D[�NQQR���CPF���KP�(KI������KU�QDXKQWUN[�\GTQ��DGECWUG�VJG�HKGNF�ETGCVGF�D[�+ �KP�VJG�

EQTG�KU�GZCEVN[�ECPEGNNGF�D[�VJG

TGVWTPKPI�EWTTGPV�+ �KP�VJG�UJGCVJ��GVE���6JG�HKTUV�VYQ�GSWCVKQPU�KP�
�����CTG�VJGTGHQTG�UVKNN�XCNKF��YJGTGCU�VJG�VJKTF�

GSWCVKQP�PQY�JCU�EQWRNKPI�VGTOU�COQPI�VJG�VJTGG�RJCUGU�C��D��E��QT�

YKVJ�<	 ��<	 ��<	 �DGKPI�VJG�OWVWCN�KORGFCPEGU�DGVYGGP�VJG�VJTGG�QWVGT�NQQRU�QH�(KI��������$[�WUKPI�'S��
�����HQTCD CE DE

VJG�VTCPUHQTOCVKQP�HTQO�NQQR�VQ�RJCUG�
EQTG��UJGCVJ��CTOQT��SWCPVKVKGU��VJG�OCVTKZ�KP�'S��
������DGEQOGU�
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6JG���Z���UWDOCVTKEGU�=< ?�GVE��QP�VJG�FKCIQPCN�CTG�KFGPVKECN�VQ�VJG�OCVTKZ�KP�'S��
����C��HQT�GCEJ�ECDNG�D[�KVUGNH�UGNH�C

YJGTGCU�VJG������Z���QHH�FKCIQPCN�OCVTKEGU�JCXG�KFGPVKECN�GNGOGPVU��G�I��

6JG�QPN[�GNGOGPVU�PQV�[GV�FGHKPGF�CTG�VJG�OWVWCN�KORGFCPEGU�<	 ��<	 ��<	 �QH�VJG�QWVGT�GCTVJ�TGVWTP�NQQRU��YJKEJCD CD DE

CTG�FKUEWUUGF�KP�OQTG�FGVCKN�KP�5GEVKQP�������+H�QPG�QH�VJG�ECDNGU�FQGU�PQV�JCXG�CP�CTOQT��KVU�UGNH�UWDOCVTKZ�KU

QDXKQWUN[�C���Z���OCVTKZ�CPF�KVU�OWVWCN�UWDOCVTKZ�KU�C���Z���OCVTKZ���(QT�ECDNGU�YKVJQWV�UJGCVJ�CPF�CTOQT��VJG

UWDOCVTKEGU�DGEQOG���Z���CPF���Z����TGURGEVKXGN[�

6JGTG�KU�PQ�EQWRNKPI�COQPI�VJG�VJTGG�RJCUGU�KP�VJG�UJWPV�CFOKVVCPEGU���6JGTGHQTG��VJG�UJWPV�CFOKVVCPEG

OCVTKZ�HQT�VJG�VJTGG�RJCUG�U[UVGO�KU�UKORN[

YJGTG�=;	 ?�KU�VJG���Z���OCVTKZ�QH�'S��
������HQT�RJCUG�C��GVE�C

6JG�UETGGPKPI�GHHGEV�QH�VJG�UJGCVJ�CPF�CTOQT�FGRGPFU�XGT[�OWEJ�QP�VJG�OGVJQF�QH�ITQWPFKPI���(QT�GZCORNG�

KH�ECDNG�C�KU�QRGTCVGF�CV�����#�DGVYGGP�EQTG�CPF�ITQWPF��YKVJ�UJGCVJ�CPF�CTOQT�WPITQWPFGF�CPF�QRGP�EKTEWKVGF��VJGP

VJG�HWNN�����#�YKNN�HNQY�KP�VJG�QWVGT�NQQR�
NQQR�EWTTGPVU�+ ��������+ ��������+ �������KP�(KI���������6JKU�YKNN�RTQFWEG� � �

OCZKOWO�KPFWEGF�XQNVCIGU�KP�VJG�EQPFWEVQTU�QH�C�PGKIJDQTKPI�ECDNG�D���*QY�OWEJ�PWKUCPEG�VJKU�KPFWEVKQP�GHHGEV

ETGCVGU�FGRGPFU�CICKP�QP�VJG�OGVJQF�QH�ITQWPFKPI�YKVJKP�ECDNG�D�KVUGNH���+H�ECDNG�D�KU�QRGTCVGF�DGVYGGP�EQTG�CPF

ITQWPF�
NQCFU�EQPPGEVGF�HTQO�EQTG�VQ�ITQWPF���CPF�KH�KVU�UJGCVJ�CPF�CTOQT�CTG�WPITQWPFGF�CPF�QRGP�EKTEWKVGF��VJGP

VJG�KPFWEGF�XQNVCIG�YKNN�FTKXG�C�EKTEWNCVKPI�EWTTGPV�VJTQWIJ�VJG�EQTG��ITQWPF�CPF�NQCF�KORGFCPEGU���+H�ECDNG�D�KU

QRGTCVGF�DGVYGGP�EQTG�CPF�UJGCVJ�
NQCFU�EQPPGEVGF�HTQO�EQTG�VQ�UJGCVJ���VJGP�VJGTG�YKNN�DG�PQ�EKTEWNCVKPI�EWTTGPV

KP�VJCV�NQQR��DGECWUG�CEEQTFKPI�VQ�'S��
�������VJG�KPFWEGF�XQNVCIGU�CTG�KFGPVKECN�KP�EQTG�CPF�UJGCVJ���6JGTG�YQWNF

DG�C�EKTEWNCVKPI�EWTTGPV�VJTQWIJ�VJG�UJGCVJ�CPF�CTOQT�KP�RCTCNNGN�YKVJ�GCTVJ�TGVWTP�KH�VJG�UJGCVJ�
CPF�CTOQT��KU

ITQWPFGF�CV�DQVJ�GPFU�

+H�DQVJ�VJG�UJGCVJ�CPF�CTOQT�KP�VJG�EWTTGPV�ECTT[KPI�ECDNG�C�CTG�ITQWPFGF�CV�DQVJ�GPFU��VJGP�VJG�XQNVCIG

KPFWEGF�KP�VJG�EQPFWEVQTU�QH�VJG�PGKIJDQTKPI�ECDNG�D�YQWNF�DG�UOCNN���(QT�VJG�RTCEVKECN�GZCORNG�QH�C�����M8�CE
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����� 6JG�CUUKUVCPEG�QH�0��5TKXCNNKRWTCPCPFCP�CPF�.��/CTVK�KP�TGUGCTEJ�HQT�VJKU�UGEVKQP�KU�ITCVGHWNN[�CEMPQYNGFIGF��

����

UWDOCTKPG�ECDNG�CV����*\������QH�VJG�EQTG�EWTTGPV�YQWNF�TGVWTP�VJTQWIJ�VJG�UJGCVJ��������VJTQWIJ�VJG�CTOQT��CPF

QPN[������VJTQWIJ�VJG�QWVGTOQUV�NQQR�YKVJ�ITQWPF�QT�UGC�YCVGT�TGVWTP���6JG�KPFWEVKQP�GHHGEV�KP�PGKIJDQTKPI�ECDNGU

YQWNF�VJGP�DG�QPN[������EQORCTGF�VQ�VJG�ECUG�YKVJ�WPITQWPFGF�UJGCVJ�CPF�CTOQT���6JG�CNIGDTCKE�UWO�KU�NCTIGT�VJCP

�����DGECWUG�VJGTG�CTG�RJCUG�UJKHVU�COQPI�VJG�VJTGG�EWTTGPVU�
+ �����G ��+ �������G ��+ ������G ��UJGCVJ CTOQT GCTVJ
�L���E 
L���E �L��E

����'CTVJ�4GVWTP�+ORGFCPEGU�

+P�'S��
������VJG�KORGFCPEG�QH�VJG�NQQR�HQTOGF�D[�VJG�QWVGTOQUV�VWDWNCT�EQPFWEVQT�CPF�VJG�GCTVJ�
QT�UGC

YCVGT��CU�TGVWTP�RCVJ�KU�PGGFGF���6JKU�UJCNN�DG�ECNNGF�VJG��UGNH�GCTVJ�TGVWTP�KORGFCPEG����(QT�VJG�OCVTKZ�QH�'S��
������

VJG��OWVWCN�GCTVJ�TGVWTP�KORGFCPEG��<	 �DGVYGGP�VJG�NQQR�HQTOGF�D[�VJG�QWVGTOQUV�VWDWNCT�EQPFWEVQT�CPF�VJG�GCTVJKM

TGVWTP�RCVJ�QH�ECDNG�K��CPF�VJG�CPCNQIQWU�NQQR�QH�ECDNG�M��KU�PGGFGF�CU�YGNN�

6JG�HQWT�OCKP�OGVJQFU�QH�KPUVCNNKPI�ECDNGU�CTG�CU�HQNNQYU�=���?�


C� 6JG�ECDNG�KU�NCKF�FKTGEVN[�KP�VJG�UQKN��KP�C�VTGPEJ�YJKEJ�KU�HKNNGF�YKVJ�C�DCEMHKNN�EQPUKUVKPI�QH�GKVJGT�VJG

QTKIKPCN�UQKN�QT�QH�QVJGT�OCVGTKCN�YKVJ�NQYGT�QT�OQTG�UVCDNG�VJGTOCN�TGUKUVKXKV[�


D� 6JG�ECDNG�KU�NCKF�KP�FWEVU�QT�VTQWIJU��WUWCNN[�QH�GCTVJGPYCTG�QT�EQPETGVG�


E� 6JG�ECDNG� KU�FTCYP�KPVQ�EKTEWNCT�FWEVU�QT�RKRGU��YJKEJ�CNNQYU�CFFKVKQPCN�ECDNGU� VQ�DG�KPUVCNNGF�YKVJQWV

GZECXCVKQP�


F� 6JG�ECDNG�KU�KPUVCNNGF��KP�CKT��G�I��KP�VWPPGNU�DWKNV�HQT�QVJGT�RWTRQUGU�

+P�ECUGU�
C���
D��CPF�
E��VJG�ECDNG�KU�ENGCTN[�DWTKGF�WPFGTITQWPF��CPF�HQTOWNCU�HQT�DWTKGF�EQPFWEVQTU�OWUV

VJGTGHQTG�DG�WUGF���+P�ECUG�
C���VJG�TCFKWU�4�QH�VJG�QWVGTOQUV�KPUWNCVKQP�KU�UKORN[�VJG�QWVUKFG�TCFKWU�QH�VJG�ECDNG���+P

ECUGU�
D��CPF�
E��KV�UJQWNF�DG�VJG�KPUKFG�TCFKWU�QH�VJG�FWEV�KH�VJG�FWEV�JCU�C�UKOKNCT�TGUKUVKXKV[�CU�VJG�UQKN��QT�VJG�QWVUKFG

TCFKWU�KH�KV�KU�C�XGT[�DCF�EQPFWEVQT��QT�RQUUKDN[�UQOG�CXGTCIG�TCFKWU�KH�KV�KU�PGKVJGT�C�IQQF�PQT�C�DCF�EQPFWEVQT���9JCV

VQ�FQ�KP�ECUG�
F��KU�UQOGYJCV�WPENGCT���4GCUQPCDNG�CPUYGTU�OKIJV�DG�QDVCKPGF�D[�TGRTGUGPVKPI�VJG�VWPPGN�YKVJ�CP

GSWKXCNGPV�EKTEWNCT�ETQUU�UGEVKQP�QH�TCFKWU�4���#PQVJGT�CNVGTPCVKXG�KU�VQ�CUUWOG�VJCV�VJG�VWPPGN�HNQQT�KU�VJG�UWTHCEG�QH

VJG�GCTVJ��CPF�VJGP�WUG�VJG�GCTVJ�TGVWTP�KORGFCPEG�HQTOWNC�HQT�QXGTJGCF�EQPFWEVQTU���6JKU�YQWNF�KIPQTG�EWTTGPV

HNQYU�KP�VJG�GCTVJ�CDQXG�VJG�VWPPGN�HNQQT�

������$WTKGF�%QPFWEVQTU�KP�5GOK�+PHKPKVG�'CTVJ

'ZCEV�HQTOWNCU�HQT�VJG�UGNH�CPF�OWVWCN�GCTVJ�TGVWTP�KORGFCPEGU�QH�DWTKGF�EQPFWEVQTU�YGTG�HKTUV�FGTKXGF�D[

2CNNCE\GM�=��?���+P�VJGUG�HQTOWNCU��VJG�GCTVJ�KU�VTGCVGF�CU�UGOK�KPHKPKVG��GZVGPFKPI�HTQO�VJG�UWTHCEG�FQYPYCTFU�CPF

UKFGYC[U�VQ�KPHKPKV[���+H�VJG�JQTK\QPVCN�FKUVCPEG�DGVYGGP�ECDNG�K�CPF�ECDNG�M�KU�Z��CPF�KH�ECDNG�K�CPF�M�CTG�DWTKGF�CV

FGRVJ�J�CPF�[��TGURGEVKXGN[�
(KI��������VJGP�VJG�OWVWCN�GCTVJ�TGVWTP�KORGFCPEG�KU�=���?


�����



����

(KI��������)GQOGVTKE�EQPHKIWTCVKQP�QH�VYQ
ECDNGU

YJGTG

F���%Z 

J�[� ���FKTGEV�FKUVCPEG�DGVYGGP�ECDNGU�K�CPF�M�� �

&���%Z 

J
[� ���FKUVCPEG�DGVYGGP�ECDNG�K�CPF�KOCIG�QH�ECDNG�M�KP�CKT�� �

O���TGEKRTQECN�QH�FGRVJ�QH�RGPGVTCVKQP�HQT�GCTVJ�HTQO�'S��
���G��

"���KPVGITCVKQP�EQPUVCPV�

6JG�UGNH�GCTVJ�TGVWTP�KORGFCPEG�KU�QDVCKPGF�HTQO�'S��
������D[�EJQQUKPI�VJG�Z�[��EQQTFKPCVG�QP�VJG�UWTHCEG�QH�VJG

QWVGTOQUV�KPUWNCVKQP��G�I���Z���4�CPF�[���*�

<	 ���
UCOG�CU�'S��
�������YKVJ�[���J��Z���4� 
�����GCTVJ

YKVJ�4���QWVUKFG�TCFKWU�QH�QWVGTOQUV�KPUWNCVKQP���6JG�RGTOGCDKNKV[�z�QH�GCTVJ�CPF�CKT�CTG�CUUWOGF�VQ�DG�KFGPVKECN�KP

VJGUG�GSWCVKQPU���(WTVJGTOQTG��VJG[�CTG�YTKVVGP�KP�C�UNKIJVN[�FKHHGTGPV�HQTO�VJCP�KP�2QNNCE\GM	U�QTKIKPCN�RCRGT��DWV

VJG[�CTG�KP�HCEV�KFGPVKECN�

9JKNG�VJG�- �VGTOU�KP�'S��
������CTG�GCU[�VQ�GXCNWCVG��VJG�KPVGITCN�VGTOU�KP�DQVJ�
������CPF�
������ECPPQV�

DG�ECNEWNCVGF�VJCV�GCUKN[���9GFGRQJN�=���?�IKXGU�CP�KPHKPKVG�UGTKGU��YJKEJ�JCU�DGGP�EQORCTGF�D[�5TKXCNNKRWTCPCPFCP

=���?�YKVJ�C�FKTGEV�PWOGTKECN�KPVGITCVKQP�OGVJQF�DCUGF�QP�4QODGTI�GZVTCRQNCVKQP���$QVJ�TGUWNVU�CITGGF�VQ�YKVJKP

�������5KPEG�VJG�HWPEVKQP�WPFGT�VJG�KPVGITCN�KU�JKIJN[�QUEKNNCVQT[��FKTGEV�PWOGTKECN�KPVGITCVKQP�KU�PQV�GCU[��CPF�VJG

UGTKGU�GZRCPUKQP�KU�VJGTGHQTG�VJG�RTGHGTTGF�CRRTQCEJ�

6JG�UWRRQTV�TQWVKPG�%#$.'�%1056#065�FQGU�PQV�WUG�VJG�GZCEV�2QNNCE\GM�HQTOWNC���#OGVCPK�TGEQIPK\GF

VJCV� VJG� KPVGITCN� VGTOU� KP�'S�� 
������ CPF� 
������DGEQOG� KFGPVKECN�YKVJ�%CTUQP	U� GCTVJ� TGVWTP� KORGFCPEG� KH� VJG

PWOGTCVQT�GZR�]�
J
[�%" 
O _�KU�TGRNCEGF�D[�GZR���]�
J
[�*"*_���#EEGRVKPI�VJKU�CRRTQZKOCVKQP��YJKEJ�KU�XCNKF� �

HQT�*"*  *O*��JG�ECP�VJGP�WUG�%CTUQP	U�KPHKPKVG�UGTKGU�QT�CU[ORVQVKE�GZRCPUKQP�FKUEWUUGF�KP�5GEVKQP�����������(KI�
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(KI���������4GNCVKXG�GTTQTU�KP�UGNH�GCTVJ�TGVWTP�KORGFCPEG�HQTOWNCU�HQT
DWTKGF�EQPFWEVQTU�
4��������OO��D�������SO��=���?���4GRTKPVGF�D[
RGTOKUUKQP�QH�0��5TKXCNNKRWTCPCPFCP

�����CPF������UJQY�VJG�GTTQTU�KP�#OGVCPK	U�TGUWNVU�HTQO�UWRRQTV�TQWVKPG�%#$.'�%1056#065��CU�YGNN�CU�VJG�GTTQTU

QH�9GFGRQJN	U�CRRTQZKOCVG�HQTOWNCU�=���?�HQT�UGNH�KORGFCPEG�

CPF�HQT�OWVWCN�KORGFCPEG

YKVJ (���'WNGT	U�EQPUVCPV��CPF�

ý���UWO�QH�VJG�FGRVJU�QH�DWTKCN�QH�VJG�VYQ�EQPFWEVQTU�

9GFGRQJN	U�CRRTQZKOCVKQPU�CTG�COC\KPIN[�CEEWTCVG�WR�VQ�����M*\�
GTTQT��������CPF�VJGP�DGEQOG�NGUU

CEEWTCVG� CU� VJG

H T G S W G P E [

KPETGCUGU� 
���

GTTQT� CV� ��O*\�

YJGTG� VJG

EQPFKVKQP� *O4*

�������QT�*OF*

�� ����� KU� PQ

NQPIGT�HWNHKNNGF�
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(KI���������4GNCVKXG�GTTQT�KP�OWVWCN�GCTVJ�TGVWTP�KORGFCPEG�HQTOWNCU�HQT
DWTKGF�EQPFWEVQTU�
F�������O��J��������O��[��������O��=���?��
4GRTKPVGF�D[�RGTOKUUKQP�QH�0��5TKXCNNKRWTCPCPFCP


�����

5GON[GP�JCU�TGEGPVN[�FGXGNQRGF�C�XGT[�UKORNG�HQTOWNC�DCUGF�QP�EQORNGZ�FGRVJ�
18'4.+0'��R�����O

=���?��CPCNQIQWU�VQ�'S��
�����HQT�VJG�ECUG�QH�QXGTJGCF�NKPGU���(QT�VJG�UGNH�GCTVJ�TGVWTP�KORGFCPEG��VJG�HQTOWNC�KU

YJKNG�C�UKOKNCT�HQTOWNC�HQT�VJG�OWVWCN�KORGFCPEG�JCU�PQV�[GV�DGGP�HQWPF���6JG�GTTQT�QH�'S��
������KU�RNQVVGF�KP�(KI�

�������%QPUKFGTKPI�VJG�GZVTGOG�UKORNKEKV[�QH�VJKU�HQTOWNC�CU�EQORCTGF�VQ�2QNNCE\GM	U�HQTOWNC��KV�KU�COC\KPI�VQ�UGG

JQY�TGCUQPCDNG�VJG�TGUWNVU�HTQO�VJKU�CRRTQZKOCVG�HQTOWNC�CTG�

������$WTKGF�%QPFWEVQTU�KP�+PHKPKVG�'CTVJ

+P�UQOG�ECUGU��KV�OC[�DG�TGCUQPCDNG�VQ�CUUWOG�VJCV�VJG�GCTVJ�KU�KPHKPKVG�KP�CNN�FKTGEVKQPU�CTQWPF�VJG�ECDNG�

6JKU�CUUWORVKQP�ECP�DG�OCFG�YJGP�VJG�FGRVJ�QH�RGPGVTCVKQP�KP�VJG�GCTVJ
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DGEQOGU�OWEJ�UOCNNGT�VJCP�VJG�FGRVJ�QH�VJG�DWTKCN���(QT�UWDOCTKPG�ECDNGU��YJGTG�D�KU�V[RKECNN[�����SO��VJKU�KU

RTQDCDN[�OQTG�QT�NGUU�VTWG�QXGT�VJG�GPVKTG�HTGSWGPE[�TCPIG�QH�KPVGTGUV��YJGTGCU�HQT�WPFGTITQWPF�ECDNGU�KV�YQWNF�QPN[

DG�VTWG�CDQXG�C�HGY�/*\�QT�UQ���$KCPEJK�CPF�.WQPK�=���?�JCXG�WUGF�VJKU�KPHKPKVG�GCTVJ�CUUWORVKQP�VQ�HKPF�VJG�UGC

TGVWTP�KORGFCPEG�QH�UWDOCTKPG�ECDNGU�

6JG�UGNH�GCTVJ�TGVWTP�KORGFCPEG�HQT�KPHKPKVG�GCTVJ�KU�GCUKN[�QDVCKPGF�HTQO�VJG�VWDWNCT�EQPFWEVQT�HQTOWNC


���C���D[�NGVVKPI�VJG�QWVUKFG�TCFKWU�T�IQ�VQ�KPHKPKV[���6JGP�YKVJ�S���4�

6JG�OWVWCN�GCTVJ�TGVWTP�KORGFCPEG�YCU�FGTKXGF�KP�=���?�CU

������1XGTJGCF�%QPFWEVQTU

+H�VJG�ECDNG�KU�KPUVCNNGF�KP�CKT��QT�NCKF�QP�VJG�UWTHCEG�QH�VJG�ITQWPF��VJGP�VJG�GCTVJ�TGVWTP�KORGFCPEGU�CTG�VJG

UCOG�CU�VJQUG�FKUEWUUGF�HQT�QXGTJGCF�NKPGU�KP�5GEVKQP�����6JG�UWRRQTV�TQWVKPG�%#$.'�%1056#065�WUGU�%CTUQP	U

HQTOWNC�KP�VJCV�ECUG���(QT�C�ECDNG�NCKF�QP�VJG�UWTHCEG�QH�VJG�ITQWPF��VJG�JGKIJV�KU�GSWCN�VQ�4���#OGVCPK�JCU�VTKGF�C

URGEKCN� HQTOWNC�QH�5WPFG�HQT�EQPFWEVQTU�QP�VJG�UWTHCEG�QH� VJG�ITQWPF��DWV� VJG�CPUYGTU�YGTG�HQWPF�VQ�DG�XGT[

QUEKNNCVQT[�CTQWPF�VJG�UGGOKPIN[�EQTTGEV�CPUYGT���5WPFG	U�HQTOWNC�YCU�VJGTGHQTG�PQV�KORNGOGPVGF�

������/WVWCN�+ORGFCPEG�$GVYGGP�1XGTJGCF�%QPFWEVQT�CPF�$WTKGF�%QPFWEVQT

6JGTG�KU�KPFWEVKXG�EQWRNKPI�DGVYGGP�VJG�NQQR�QH�CP�QXGTJGCF�EQPFWEVQT�YKVJ�GCTVJ�TGVWTP�CPF�VJG�NQQR�QH

C�DWTKGF�EQPFWEVQT�YKVJ�GCTVJ�TGVWTP���6JG�OWVWCN�KORGFCPEG�DGVYGGP�VJGUG�VYQ�NQQRU�KU�PGGFGF��HQT�GZCORNG��HQT

UVWF[KPI�VJG�EQWRNKPI�GHHGEVU�KP�RKRGNKPGU�HTQO�QXGTJGCF�NKPGU��CU�FKUEWUUGF�KP�5GEVKQP�������6JKU�ECUG�YCU�VTGCVGF

D[�2QNNCE\GM�CU�YGNN��YKVJ

#U�KP�VJG�ECUG�QH�DWTKGF�EQPFWEVQTU��#OGVCPK�WUGU�CP�CRRTQZKOCVKQP�HQT�VJKU�KPVGITCN�D[�TGRNCEKPI�[%" 
O �YKVJ� �

[*"*���9KVJ�VJKU�CRRTQZKOCVKQP��VJG�HQTOWNC�DGEQOGU�KFGPVKECN�YKVJ�%CTUQP	U�GSWCVKQPU��YKVJ�VJG�JGKIJV�QH�VJG�DWTKGF

EQPFWEVQT�JCXKPI�C�PGICVKXG�XCNWG���+P�EQPPGEVKQP�YKVJ�C�RKRGNKPG�UVWF[�=���?��KV�YCU�XGTKHKGF�VJCV�%CTUQP	U�HQTOWNC

CPF�2QNNCE\GM	U�HQTOWNC�IKXG�KFGPVKECN�TGUWNVU�CV����*\���#V�JKIJGT�HTGSWGPEKGU��VJG�FKHHGTGPEGU�YQWNF�RTQDCDN[�DG

UKOKNCT�VQ�VJQUG�UJQYP�KP�(KI�������



����

����2KRG�6[RG�%CDNG

%QORCTGF�VQ�VJG�IGQOGVT[�QH�VJG�UKPING�EQTG�ECDNG�QH�(KI�������VJG�IGQOGVT[�QH�VJG�RKRG�V[RG�ECDNG�QH�(KI�

����KU�OQTG�EQORNKECVGF���+V�KU�VJGTGHQTG�OQTG�EQORNKECVGF�VQ�QDVCKP�VJG�KORGFCPEGU�QH�C�RKRG�V[RG�ECDNG��OCKPN[�HQT

VYQ�TGCUQPU�


C� 6JG�UKPING�EQTG�ECDNGU�KPUKFG�VJG�RKRG�CTG�PQV�EQPEGPVTKE�YKVJ�TGURGEV�VQ�VJG�RKRG�


D� 6JG�UVGGN�RKRG�KU�OCIPGVKE��CPF�UWDLGEV�VQ�EWTTGPV�FGRGPFGPV�UCVWTCVKQP�GHHGEVU�

6JG�CPCN[UKU�KU�UQOGYJCV�UKORNKHKGF�D[�VJG�HCEV�VJCV�VJG�FGRVJ�QH�RGPGVTCVKQP�KPVQ�VJG�RKRG�KU�NGUU�VJCP�VJG

RKRG�VJKEMPGUU�CV�RQYGT�HTGSWGPE[�CPF�CDQXG���#V����*\��KV�KU�����OO�HTQO�'S��
�������YKVJ�V[RKECN�XCNWGU�QH�D��

��� �� �SO�CPF�z ��������YJGTGCU�C�V[RKECN�RKRG�VJKEMPGUU�HQT�C�����M8�ECDNG�KU�����OO���(QT�VTCPUKGPV�UVWFKGU��
T

YKVJ�HTGSWGPEKGU�CDQXG�RQYGT�HTGSWGPE[��VJG�RKRG�VJKEMPGUU�ECP�VJGTGHQTG�DG�CUUWOGF�VQ�DG�KPHKPKVG��QT�GSWKXCNGPVN[�

VJG�GCTVJ�TGVWTP�ECP�DG�KIPQTGF���6CDNG�����UJQYU�VJG�EWTTGPV�TGVWTPKPI�KP�VJG�GCTVJ�HQT�C�UKPING�RJCUG�VQ�ITQWPF

6CDNG��������'CTVJ�TGVWTP�EWTTGPV�KP�C�����M8�RKRG�V[RG�ECDNG�HQT�UKPING�RJCUG�HCWNV�
z �������T

H EWTTGPV�KP�GCTVJ

*\� 
RGTEGPV�QH�EQTG�EWTTGPV�

��� �����

� �����

�� ����

��� ����

HCWNV�KP�C�����M8�RKRG�V[RG�ECDNG��YKVJ�VJG�RKRG�DGKPI�KP�EQPVCEV�YKVJ�VJG�GCTVJ���6Q�CTTKXG�CV�VJGUG�XCNWGU��KV�YCU

CUUWOGF�VJCV�VJG�EQTG�QH�VJG�HCWNVGF�RJCUG�YCU�KP�VJG�EGPVGT�QH�VJG�RKRG��CPF�VJCV�VJG�VYQ�WPHCWNVGF�RJCUGU�ECP�DG

KIPQTGF���9KVJ�VJGUG�CUUWORVKQPU��VJG�KORGFCPEG�HQTOWNCU�QH�5GEVKQP�����ECP�DG�WUGF���+H�VJG�VYQ�WPHCWNVGF�RJCUGU

YGTG�KPENWFGF��VJG�GCTVJ�TGVWTP�EWTTGPV�YQWNF�RTQDCDN[�DG�GXGP�NGUU�DGECWUG�UQOG�EWTTGPV�YQWNF�TGVWTP�VJTQWIJ�VJG

UJKGNF�VCRGU�CPF�UMKF�YKTGU�QH�VJG�WPHCWNVGF�RJCUGU���6JG�TGNCVKXG�RGTOGCDKNKV[�z �KPHNWGPEGU�VJG�XCNWGU�QH�6CDNG�����T

YKVJ�z ����������QH�VJG�EWTTGPV�YQWNF�TGVWTP�VJTQWIJ�VJG�GCTVJ�CV����*\��QT�������YKVJ�z ��������T T

������+PHKPKVG�2KRG�6JKEMPGUU�
0Q�'CTVJ�4GVWTP�

+H�VJG�FGRVJ�QH�RGPGVTCVKQP�KU�NGUU�VJCP�VJG�RKRG�VJKEMPGUU��VJGP�PQ�XQNVCIG�YKNN�DG�KPFWEGF�QP�VJG�QWVUKFG�QH

VJG�RKRG�
<	 �����HTQO�'S��
���E����CPF�EQPUGSWGPVN[��VJG�NQQR�EWTTGPV�RKRG�GCTVJ�TGVWTP�YKNN�DG�RTCEVKECNN[RKRG�OWVWCN

\GTQ���+P�VJCV�ECUG��VJG�RKRG�KU�VJG�QPN[�TGVWTP�RCVJ���6JG�EQPHKIWTCVKQP�KU�VJGP�GUUGPVKCNN[�VJG�UCOG�CU�VJCV�QH�VJTGG

UKPING�EQTG�ECDNGU�KP�(KI�������GZEGRV�VJCV�VJG�RKRG�TGRNCEGU�VJG�GCTVJ�CU�VJG�TGVWTP�RCVJ�

+H�YG�CUUWOG�VJCV�GCEJ�RJCUG�EQPUKUVU�QH�VJTGG�EQPFWEVQTU�
G�I���EQTG��UJKGNF�VCRGU�TGRTGUGPVGF�CU�UJGCVJ�

UMKF�YKTGU�TGRTGUGPVGF�CU�CTOQT���VJGP�VJG�NQQR�KORGFCPEG�OCVTKZ�KU�VJG�UCOG�CU�KP�'S��
��������%QWRNKPI�YKNN�QPN[

GZKUV�COQPI�VJG�VJTGG�QWVGTOQUV�NQQRU�QH�GCEJ�CTOQT�
UMKF�YKTGU��YKVJ�TGVWTP�VJTQWIJ�VJG�RKRG���9JCV�KU�PGGFGF�VJGP
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(KI���������)GQOGVT[�QH�RKRG�V[RG�ECDNG�
S�T���KPUKFG�CPF�QWVUKFG
TCFKWU�QH�RKRG��4 ��4 ���QWVUKFG�TCFKWU�QH�UKPING�EQTG�ECDNGU�K��M��F �K M K

F ���QHHUGV�HTQO�EGPVGT�M

KU�C�HQTOWNC�HQT�VJG�UGNH�KORGFCPEGU�<	 ��<	 ��<	 �QH�VJG�NQQRU�HQTOGF�D[�GCEJ�CTOQT�
UMKF�YKTGU��CPF�VJG�RKRG���C ��D ��E

CPF�C�HQTOWNC�HQT�VJG�OWVWCN�KORGFCPEGU�<	 ��<	 ��<	 �DGVYGGP�VYQ�UWEJ�NQQRU�CD DE EC

6JG� UWRRQTV� TQWVKPG� %#$.'� %1056#065� HKPFU� VJGUG� KORGFCPEGU� YKVJ� HQTOWNCU� HKTUV� FGTKXGF� D[

6GIQRQWNQU�CPF�-TKG\KU�=���?��CPF�NCVGT�WUGF�D[�$TQYP�CPF�4QECOQTC�=���?���+P�VJGUG�HQTOWNCU�KV�KU�CUUWOGF�VJCV

VJG�EWTTGPV�KU�EQPEGPVTCVGF�KP�CP�KPHKPKVGUKOCNN[�UOCNN�HKNCOGPV�CV�VJG�EGPVGT�QH�GCEJ�UKPING�EQTG�ECDNG���6JKU�OQFGN

ECP�DG�CRRNKGF� VQ�EQPFWEVQTU�QH� HKPKVG� TCFKWU� KH�RTQZKOKV[�GHHGEVU�CTG�PGINKIKDNG��GKVJGT�DGECWUG�QH�U[OOGVTKECN

RQUKVKQPKPI�YKVJKP�VJG�RKRG��QT�DGECWUG�VJG�EQPFWEVQT�TCFKWU�KU�UOCNN�EQORCTGF�VQ�VJG�FKUVCPEG�VQ�QVJGT�EQPFWEVQTU

QT�VJG�RKRG�YCNN���+P�RKRG�V[RG�ECDNGU��PGKVJGT�EQPFKVKQP�KU�OGV�UKPEG�VJG�EQPFWEVQTU�CTG�TGNCVKXGN[�NCTIG�CPF�NKG�QP�VJG

DQVVQO�QH�VJG�RKRG���6JG�RKRG�V[RG�ECDNG�KORGFCPEGU�HTQO�%#$.'�%1056#065�CTG�VJGTGHQTG�PQV�EQORNGVGN[

CEEWTCVG��DWV�PQ�DGVVGT� CPCN[VKECN�OQFGNU� CTG�CXCKNCDNG� CV� VJKU� VKOG�� �$TQYP�CPF�4QECOQTC��YJQ�RTQRQUGF� VJG

HQTOWNCU�QTKIKPCNN[��TGEQOOGPF�OGVJQFU�DCUGF�QP�VJG�UWDFKXKUKQP�KPVQ�RCTVKCN�EQPFWEVQTU�FKUEWUUGF�KP�5GEVKQP�����

HQT�OQTG�CEEWTCVG�KORGFCPEG�ECNEWNCVKQP�=���?���*QRGHWNN[��C�UWRRQTV�TQWVKPG�DCUGF�QP�VJG�UWDFKXKUKQP�OGVJQF�YKNN

DGEQOG�CXCKNCDNG�UQOG�FC[�

6JG�UGNH�KORGFCPEG�<	 ��GVE��QH�VJG�NQQR�DGVYGGP�VJG�CTOQT�
UMKF�YKTGU��CPF�VJG�RKRG�EQPUKUVU�CICKP�QH�VJTGG��C

VGTOU��CU�KP�'S��
�������6JG�HKTUV�VGTO�<	 �KU�VJG�UCOG�CU�KP�'S��
���D���YKVJ�VJG�CUUWORVKQP�VJCV�RTQZKOKV[CTOQT�QWV

GHHGEVU�ECP�DG�KIPQTGF���6JG�UGEQPF�VGTO�HQT�VJG�KPUWNCVKQP�DGEQOGU�OQTG�EQORNKECVGF�VJCP�'S��
������DGECWUG�QH

VJG�GEEGPVTKE�IGQOGVT[�

YKVJ� S�� 4 � CPF� FK K

FGHKPGF� KP� (KI�

������ � 6JG� VJKTF

VGTO� HQT� VJG

KPVGTPCN�KORGFCPEG

QH� VJG� RKRG�� YKVJ

TGVWTP� QP� VJG

KPUKFG�� TGRNCEGU

<	 �KP�'S��
�����GCTVJ
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                as in Eq. (5.18),              0  

                with elements defined          0

                in Section 5.4.1              -Z’ m

                                               0

   [Z’ ] =                                    0                      (5.38a)loop

                                              -Z’ m

                                               0

                                               0

                                              -Z’ m

                0 0 -Z’  0 0 -Z’  0 0 -Z’       Z’  m m m s

                                                

with

Z’  = Z’  from Eq. (5.7c), (5.38b)m pipe-mutual

Z’ = Z’  + Z’  + Z’ . (5.38c)s pipe-out insulation earth

The first two terms in Eq. (5.38c) are found from Eq. (5.7b) and (5.6) (Z’  = 0 if pipe in contact with earth), andinsulation

Z’  is the earth-return impedance discussed in Section 5.3.  Transforming Eq. (5.38a) to phase quantities producesearth

            

                 same matrix as   0      Z’ Z’    ....Z’  Z’  e

                 for infinite     0      Z’ Z’    ....Z’  Z’ e

 [Z’ ] =        pipe thickness   .    ..............    .            (5.39a)phase

                                  .      ..............    .

                                         Z’ Z’    ....Z’  Z’ e

                 0 0 ...          0      Z’  Z’    ...Z’   Z’ e e e s

                                                               

 with Z ’ from Eq. (5.38c)s

Z ’ = Z ’ - Z ’ (5.39b)e s m

Z’ = Z ’ - 2Z ’s m

The last row and column in Eq. (5.39a) represent the pipe quantities, while the first 9 rows and columns refer to core,

sheath (shield tapes), armor (skid wires) of phases a, b, and c.

If the pipe is in contact with the earth, then the shunt admittance matrix is the same as in Section 5.4.1.  If it

is insulated, then the potential coefficient matrix of Eq. (5.34) must be expanded with one extra row and column for the

pipe, and the same element
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must be added to this expanded matrix,

            

                 same as in       0          P’ P’    ....P’ 

                 Eq. (5.34)       0          P’ P’    ....P’ 

 [P’ ] =                        .    +     ..............             (5.41)phase

                                  .          P’ P’    ....P’

                 0 0 ...          0                         

                                                                 

The admittance matrix is then again found by inversion with Eq. (5.37).

5.5 Building of Conductors and Elimination of Grounded Conductors

Conductors are sometimes connected together ("bundled").  For example, the concentric neutral conductors

in the cable of Fig. 5.2 are in contact with each other, and therefore electrically connected.  In a pipe-type cable, the

shield tapes and skid wires are in contact with the pipe.  In a submarine cable, the sheath is often bonded to the armor

at certain intervals, to avoid voltage differences between the sheath and armor.

In such cases, the connected conductors 1,...m can be replaced by (or bundled into) one equivalent conductor,

by introducing the bundling conditions

I  + I  +...I  = I ; V  = V  = ... V  = V (5.42)1 2 m equiv 1 2 m equiv

into the equations for the series impedance and shunt admittance matrices.  The bundling procedure for reducing the

equations from m individual to one equivalent conductor is the same as Method 1 of Section 4.1.2.2 for overhead lines,

and is therefore not explained again.  It is exact if the conductors are continuously connected with zero connection

resistance (as the neutral conductors in Fig. 5.2), and accurate enough if the connections are made at discrete points with

negligible resistance (as in bonding of the sheath to the armor), as long as the distance between the connection points

is short compared to the wavelength of the highest frequency in the transient simulation.

As in the case of overhead lines with ground wires, some conductors in a cable may be grounded.  For example,

the steel pipe of a pipe-type cable can usually be assumed grounded, because its asphalt mastic coating is not an electric

insulation.  Also, neutral conductors may be connected to ground at certain intervals, or at both ends.  If a conductor

i is grounded, then the condition is simply

V  = 0 (5.43)i

and conductor i can then be eliminated from the system of equations in the same way as described in Section 4.1.2.1.

Again, the elimination is only exact if the conductor is grounded continuously with zero grounding resistance, and

accurate enough if the distance between discrete grounding points is short compared to the wavelength of the highest

frequency.

An example of bundled as well as grounded conductors would be a single-core submarine cable which has its

sheath bonded to the armor.  Since the asphalt coating of the armor is not an electric insulation, the armor is in effect
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in contact with the sea water, and both sheath and armor are therefore grounded conductors.  By eliminating both of

them, the submarine cable can be represented by single-phase equations for the core conductor, with the current return

combined in sea water, armor and sheath.  For an overhead line, the equivalent situation would be a single-phase line

with two ground wires.

The case of segmented ground wires in overhead lines discussed in Section 4.1.2.5(b) can exist in cables as

well.  For example, if the sheath is grounded at one end, but open and ungrounded at the other end, then the sheath could

be eliminated in the same way as segmented ground wires, provided the cable length is short compared to the wavelength

of the highest frequency.  The support routine CABLE CONSTANTS does not have an option for such eliminations.

The user must represent the sheath as an explicit conductor, instead, with one end connected to ground.  This offers the

advantage that the induced voltage at the other end can automatically be obtained, if so desired.

5.6 Buried Pipelines

Pipelines buried close to power lines can be subjected to hazardous induction effects, especially during single-

line-to-ground faults.  To study these effects, one can include the pipeline as an additional conductor into the

transmission line representation (Fig. 5.14(a)).  For steady-state analysis, one can also use the single-phase

representation of Fig. 5.14(b), with an impressed voltage

steady-state analysis, one can also use the single-phase representation of Fig. 5.14(b), with an impressed voltage

There is no capacitive coupling between the power line and the pipeline if it is buried in the ground.

As explained later, nominal -circuits can only be used for very short lengths of pipeline (typically # 0.3 km

at 60 Hz).  The single-phase representation is therefore preferable for steady-state analysis, because the distributed

parameters of Fig. 5.14(b) are more easily converted into an exact equivalent -circuit than the polyphase parameters

of Fig. 5.14(a).  This results in the active equivalent -circuit of Fig. 5.15, with Y  and Y  being the usualseries shunt
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parameters obtained from Eq. (1.14), while I  is an active current [158],induced

 The correctness of the active -circuit can easily be shown.  Starting from the differential equations

the introduction of a modified current

I  = I + Imodified induced

transforms the differential equations into the normal form of the line equations, with the assumption that I  does notinduced

change along the line (dI /dx = dI/dx),modified

The solution for a line between nodes k and m is given in Eq. (1.13), except that the current is now I , or rewritten,modified

This is exactly the same equations which comes out of the equivalent circuit of Fig. 5.15.
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With this single-phase approach, the currents in the power line are assumed to be known, e.g., from the usual

type of short-circuit study.  It is also assumed that they are constant over the length of the exposure to the pipeline, and

that the pipeline runs parallel to the power line (mutual impedances constant).  If either assumption is not true, then the

power line-pipeline system must be split up into shorter sections as is customarily done in interference studies.  The

effect of the pipe on the power line zero sequence impedance is usually ignored, but could be taken into account.

In both representations of Fig. 5.14, the mutual impedances between the pipe and the overhead conductors, as

well as the self impedance of the pipe with earth return, are needed.  The mutual impedances are obtained with the

formulas discussed in Section 5.3.4.  At 60 Hz, Carson’s formula will give practically identical results as the more

complicated formula of Pollaczek.

The self impedance Z’  of the pipeline consists of the same three terms shown for the armor in Eq. (5.4).  Thepp

first two terms are calculated with Eq. (5.7b) and (5.6), while R’  is found from the equations discussed in Sectionearth

5.3.

For the shunt admittance Y’  = G’ + j C’, the capacitive part is calculated in the usual way with Eq. (5.13).pp

In contrast to the underground cable, the shunt conductance G’ of the pipeline can no longer be ignored.  The insulation

around pipelines is electrically poor, either originally or because of puncturing during the laying operation.  The loss

angle  in Eq. (5.14) is so large on pipelines insulated with glass-fiber/bitumen that G’ becomes much larger than C’

at power frequency, and if one part of the shunt admittance is ignored it should be C’ rather than G’.  On PVC-insulated

pipelines, G’ may still be smaller than C’, though.

If the shunt resistance of the insulation is relatively small, then the grounding resistance of the pipe should be

connected in series with it  [170], or2

where R’  = resistance of pipe insulation,insulation

R’  = grounding resistance.grounding

A useful formula for the grounding resistance is [170]

with  = earth resistivity (e.g., in m),earth

h = depth of burial of pipe

ý = length of pipe



����

(KI���������5JWPV�EQPFWEVCPEG�QH�DWTKGF�RKRG

D = outside diameter of pipe.

Grounding grids must generally be analyzed as three-dimensional problems, even if they consist of only one

pipe.  The grounding resistance from Eq. (5.47) is therefore no longer an evenly distributed parameter, but depends on

the length.  Fortunately, the dependence of G’ on length is very small for typical values of G’  [158].  In the regioninsulation

of measured values for G’ between 0.1 S/km for newly-layed pipelines and 0.3 S/km for older pipelines with glass

fiber/bitumen insulation [170], the dependence of G’ on length is practically negligible, as shown in Fig. 5.16.  Treating

G’ as an evenly distributed parameter is therefore a reasonable approximation.

Because of G’ >> C’, the wavelength of buried pipelines is significantly shorter than that of underground

cables, as shown in Table 5.3 [170].  Therefore, a nominal -circuit of a circuit which includes a buried pipeline should

not be longer than approximately 0.8 km for

Table 5.3 - Wavelength of pipeline at 50 Hz [170]

G’ (S/km) wavelength (km)

0.1 41.3

1.0 13.1

10.0 4.13
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steady-state analysis, or approximately 0.08 km for switching surge studies [158].

Fig. 5.17 shows a comparison between measured and calculated voltages and currents in a pipeline, induced

by currents in a neighboring power line, with the pipeline representation as discussed here [158].

5.7 Partial Conductor and Finite Element Methods

The support routine CABLE CONSTANTS uses analytical formulas which are essentially only applicable to

configurations with axial symmetry.  The formulas for the nonconcentric configuration in pipe-type cables (Section 5.5)

are only approximate, and the authors of these formulas themselves suggest improvements along the lines discussed

here.

To find the impedances and capacitances for conductor systems with arbitrary shapes (e.g., for the cable of Fig.

5.1), numerical methods can be used in place of analytical formulas, which are either based on subdivisions into partial

conductors or on finite element methods.  There is no support routine yet in the EMTP which uses these numerical

methods.  The principle of these methods is therefore only outlined very briefly.
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5.7.1 Subdivision into Partial Conductors

With this method, each conductor is subdivided into small "partial" conductors ("subconductors" in [162],

"segments" in [164]), as shown in Fig. 5.18.  Various shapes can be used for the partial conductors, with rectangles

being the preferred shape for strip lines in

integrated circuits (Fig. 5.19).

In deriving the equations for the system of partial conductors, uniform current density is assumed within each

partial conductor.  Then the voltage drops along a system of n partial conductors at one frequency are described by the

phasor equations

The diagonal resistance matrix contains the dc resistances, and the full inductance matrix contains the self and mutual

inductances of the partial conductors.  The formulas for the matrix elements depend on the shape of the partial

conductor, but they are well known.

To obtain the frequency-dependent impedance of a cable system, the matrices [R] and [L] are first computed.

At each frequency, the complex matrix [Z] = [R] + j [L] is formed, and reduced to the number of actual conductors with

Bundling Method 1 of Section 5.5.  For example, if partial conductors 1,...50 belong to the core conductor, and partial
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conductors 51,...120 to the sheath, then this bundling procedure will reduce the 120 x 120-matrix to a 2 x 2-matrix,

which produces the frequency-dependent impedances

This numerical method works well as long as the conductors are subdivided into sufficiently small partial

conductors.  The size of these partial conductors must be of the same order of magnitude as the depth of penetration.

5.7.2 Finite Element Methods

Finite element methods are more powerful than partial conductor methods in one sense, inasmuch as it is not

necessary to assume uniform current density within each element.  However, it is very difficult to handle open-boundary

conditions with finite element methods, that is configurations where the magnetic field diminishes gradually as one

moves away from the conductors, with no clearly defined boundary of known magnetic vector potential reasonably close

to the conductors.  In situations where a boundary is clearly defined, e.g., in pipe-type cables at high frequency where

the depth of penetration becomes much less than the wall thickness, finite element methods can be quite useful.

With finite element methods, the region inside and outside of the conductors is subdivided into small elements,

usually of triangular shape.  Fig. 5.20(a) shows the example of a stranded conductor inside a pipe of radius R  as theb

return path (clearly defined boundary with zero magnetic field A = 0 outside the pipe and zero derivative along the two

edges of the "wedge").  Because of axial symmetry, it is sufficient to analyze the "wedge" shown in Fig. 5.20(a).  This

wedge region is then subdivided into triangular elements as shown in Fig. 5.20(b), with longer triangles as one moves

away from the conductor.

The magnetic vector potential A is assumed to vary linearly along the edges and inside of each triangle,

A = ax + by + c, (5.49)

when a first-order method is used (higher-order methods exist as well).  The unknowns are essentially the values of A

in the node points.  If they were shown in the z-direction of a three-dimensional picture, then the triangles would appear

in a shape similar to a geodesic dome, with the roof height being the value of A.  The equations for finding A are linear

algebraic 
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Fig. 5.20 - Analysis of stranded conductor with finite element method [171].  Reprinted by permission of Yin Yanan

equations with a sparse matrix, but the number of node points or the number of equations is usually quite high (146

equations for the example of Fig. 5.20).  Once the magnetic vector potential is known in the entire region, the

impedances can be derived from it.

For readers interested in finite element methods for cable impedance calculations, the papers by Konrad, Weiss

and Csendes [165, 166, 167] are a good introduction.

5.8 Modal Parameters

Once the series impedance and shunt admittance matrices per unit length [Z’ ], [Y’ ] are known, thephase phase

derivation of modal parameters is exactly the same as described in Section 4.1.5 for overhead lines.  They could be used,

for example, to develop exact equivalent -circuits for steady-state solutions as explained in Section 4.2.1.3.
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For transient simulations, it is more difficult to use modal parameters, as compared to overhead lines, because

the transformation matrix [T ] can no longer be assumed to be constant as for a single-circuit overhead line.  Fig. 5.21i

shows the variation of the elements in the third column of [T ] for a typical three-phase arrangement of 230 kV single-i

core cables with core conductor and sheath in each [155].  Especially around the power frequency of 50 or 60 Hz, the

variations are quite pronounced.

Above a few kHz, the loop between core conductor and sheath becomes decoupled from the outer loop between sheath

and earth return, because the depth of penetration on the inside of the sheath for loop 1 becomes much smaller than the

sheath thickness.  In that case, Z  ~ 0.  This makes the transformation matrix constant above a few kHz, as evidenttube-mutual

from Fig. 5.21.  For a single-phase single-core cable with sheath and armor, the three modes are identical with the 3

loops described in Eq. (5.1) at high frequency where Z’  ~ 0 and Z’  ~ 0.  The transformation matrix between loop and12 23

phase quantities of Eq. (5.9),

5.9 Cable Models in the EMTP

Co-author: L. Marti

As of now (Summer 1986), there are no specific cable models in the BPA EMTP.  The only way to simulate

cables is to fit cable data into the models available for overhead lines.  It has long been recognized, of course, that this

is only possible in a limited number of cases.  A method specifically developed for cables, as discussed in Section

5.9.2.3, will hopefully be implemented in late 1986 or early 1987.  It has already been tested extensively in the UBC
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EMTP.

5.9.1 Ac Steady-State Solutions

In principle, there is no difficulty in representing cables as nominal or equivalent -circuits in the same way

as overhead lines (Section 4.2.1).  If nominal -circuits are used, it should be realized that the wavelength of

underground cables is shorter than on overhead lines.  If a nominal -circuit should not be longer than 100 km at 60 Hz

for overhead lines, the limit is more typically 30 km for underground cables.  If a pipeline is modelled, the limit can be

as low as 1 km, as discussed in Section 5.6.

Underground cables are often very short compared to the length of connected overhead lines.  In such cases,

the (complicated) series impedances have very little effect on the results because the system sees the cable essentially

as a shunt capacitance.  The cable can then be modelled as a simple lumped capacitance.

5.9.2 Transient Solutions

The accurate representation of cables with frequency-dependent impedances and frequency-dependent

transformation matrices is discussed in Section 5.9.2.3.  Situations where simpler models should be accurate enough

are discussed first.

5.9.2.1 Short Cables

If a rectangular wave pulse travels on an overhead line and hits a relatively short underground cable, then the

cable termination is essentially seen as a lumped capacitance.  The voltage then builds up exponentially with a time

constant of T = Z •C , shown in Fig. 5.22(a).  If the cable is modelled somewhat more accurately as a losslessoverhead cable

distributed-parameter line, then the voltage build-up has the staircase shape of Fig. 5.22(b), with the average of the

sending and receiving end curve being more or less the same as the continuous curve in Fig. 5.22(a).  As long as the

travel time [] of the cable is short compared to the time constant T, reasonably accurate results can be obtained if the

cable is represented as a lumped capacitance.

(a) Cable represented as lumped (b) Cable represented as
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capacitance lossless transmission line
------ sending end of cable
...... receiving end of cable

Fig. 5.22 - Voltage build-up in a cable connected to an overhead line

Nominal -circuit representations have often been suggested as approximate cable models.  They obviously

represent the capacitance effect correctly, but the pronounced frequency-dependence in the series impedance is ignored.

Nominal -circuits give reasonable answers probably only in those cases in which the simpler lumped capacitance

representation is already accurate enough.

5.9.2.2 Single-Phase Cables

There are situations where single-phase representations are possible.  An example is a single-phase submarine

cable in which the sheath and armor are bonded together, with the armor being in contact with the sea water.  In such

a case, the sheath and armor can be eliminated from Eq. (5.10), which results in the reduced single-phase equation

with Z’  being the impedance of the core conductor with combined current return through sheath, armor and sea water.core

Coupling to the cables of the other two phases can be ignored because the three cables are layed relatively far apart, to

reduce the risk of anchors damaging more than one phase in the same mishap.

When the equations have been reduced to single-phase equations, then it is straightforward to use the

frequency-dependent overhead line model described in Section 4.2.2.6.

Sometimes it is not necessary to take the frequency-dependence in the series impedances into account.  For

example, single phase SF -busses have been modelled quite successfully for fast transients with two decoupled lossless6

single-phase lines, one for the inside coaxial loop and a second one for the outside loop between the enclosure and the

earth-return.  The coupling between the two loops through the enclosure is negligible at high frequencies because the

depth of penetration is much less than the enclosure wall thickness.  The only coupling occurs through reflections at

the terminations.  Agreement between simulation results from such simple models and field tests has been excellent

[169].

5.9.2.3 Polyphase Cables [155]

The simple overhead line models with constant parameters discussed in Section 4.2.2 are of limited use for

underground cables for two reasons:

(a) The transformation matrix [T ] is frequency-dependent up to a few kHz, though a constant [T ] would bei i

acceptable for transients which contain only high frequencies (e.g., lightning surge studies).

(b) The modal parameters (e.g., wave velocity and attenuation) are more frequency-dependent than on overhead

lines, as shown in Fig. 5.23 for three single-core cables with core and sheath [150].
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Fig. 5.23 - Modal parameters as a function of frequency [150].  Reprinted by permission of IEE and
the authors

To derive an accurate model for an n-conductor cable system between nodes k and m, we can start from the

phasor equation (4.121) for the overhead line, if we replace that scalar equation, which was written for one phase or

mode, by a matrix equation for the n conductors,
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with [Y ] = [Z ]  = characteristic admittance matrix in phase quantities, c c
-1

[A] = e  = propagation factor matrix.-j ký

Eq. (5.51) is transformed to modal quantities, with

and

which yields

(5.53)

with both [Y ] and [A ] being diagonal matrices,c-mode mode

The diagonal element of [A ] is obtained from the i-th eigenvalue  of the product jY’ k jZ’ k,mode i phase phase

and [T] is the matrix of eigenvectors of the same product [Y’ ] [Z’ ].  Eq. (5.53) consists of n decoupled (scalar)i phase phase

equations, with one equation for each mode.

Transforming these scalar equations into the time domain is the same procedure as described in Section 4.2.2.6

for the overhead line.  For mode i, the second term in Eq. (5.53) is found with the same convolution integral as in Eq.

(4.124),

with the current i  being the sum of the line current i  and of a current which would flow through the characteristicm-total mk

impedance of mode i if the voltage v  of mode i were connected across it.  Only known history terms appear in Eq.m

(5.55), and hist  can therefore be found by n recursive convolutions for the n modes, in the same say as in Sectionpropagation

4.2.2.6.  The modal propagation factors are very similar in shape to those of an overhead line, as shown for A  ( )mode-3

in Fig. 5.24.
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W i t h

propagation of the conditions from m to k being taken care of through Eq. (5.55), the only unresolved issue in the modal

domain equations is the representation of the term Y V  in Eq. (5.53).  Again, the frequency dependence of Y  is similarc k c

to that of an overhead line, as shown in Fig. 5.25, and can be represented with the same type of Foster-I R-C network

shown in Fig. 4.42(a), and reproduced here as Fig. 5.26.  By applying the trapezoidal rule of integration to the

capacitances, or by using recursive convolution as discussed in Appendix V, the R-C
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network is converted into an equivalent conductance G  in parallel with a known current source hist  + hist .equiv RC propagation

After the network solution at each time step, the current flowing through the characteristic impedance represented by

the R-C network must be calculated for both ends of the cable from G v + hist , because this term is needed afterequiv RC

the elapse of travel time to form the expression i  needed in Eq. (5.55).m-total

From Fig. 5.26(b), it can be seen that each mode is now represented by the scalar, algebraic equation

i (t) = G v (t) + (hist  + hist ) (5.56)km equiv k RC propagation

with an analogous equation for i (t) at the other end.  If the transformation matrix were constant and real, then Eq.mk

(5.56) could very easily be transformed back to phase quantities,

[i (t)] = [T ][G ][T ] [v ] + [T ][hist]km-phase i equiv i k-phase i
t

as explained in Eq. (4.109) for the overhead line.  As shown in Fig. 5.21, the transformation matrix [T] of cables is veryi

much frequency-dependent, and the transformation back to phase quantities now requires convolutions based on Eq.

(5.52),

where [t ] is a matrix obtained from the inverse Fourier transform of the frequency-dependent matrix [T ].  Similar toi i

the curve fitting used for the modal characteristic impedances, each element of [T ] is again approximated by rationali

functions of the form
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with k , k  and p  being real constants which, when transformed into the time domain, becomes0 i i

With the simple sum of exponentials in Eq. (5.59), recursive convolution can be applied again (Appendix V).  Then,

the convolution integrals in Eq. (5.57) can be split up into a term containing the yet unknown voltages and currents at

time t, and the known history terms which can be updated recursively,

with [t ] being a real, constant n x n-matrix.  With Eq. (5.60), the transformation of the modal equations (5.56) to phase0

quantities is now fairly simple,

with

and the history term

[hist ] = [hist ] + [t ]{[G ][hist ]phase current 0 equiv voltage

   + [hist ] + [hist ]} (5.61c)RC propagation

Since the form of Eq. (5.61a) is identical to that of Eq. (4.109) for the overhead line with constant [T], adding the modeli

to the EMTP is the same as described there.  The extra effort lies essentially in the evaluation of the two extra history

vectors [hist ] and [hist ].  After the network solution at each time step, Eq. (5.60) is used to obtain the modalcurrent voltage

quantities from the phase quantities.

The principle of the frequency-dependent cable model is fairly simple, but its correct implementation depends

on many intricacies, which are described in [155].  In particular, it is important to normalize the eigenvectors in such

a way that the elements of [T ] as well as the modal surge admittances Y  both become minimum phase shifti c-mode-i

functions.  This is achieved by making one element of each eigenvector a real and constant number through the entire

frequency range.  Furthermore, standard eigenvalue/eigenvector subroutines do not produce smooth curves of [T ] andi

[Y ] as a function of frequency, because the order in which the eigenvalues are calculated often changes as onec-mode

moves from one frequency point to the next.  This problem was solved by using an extension of the Jacobi method for

complex symmetric matrices.  Symmetry is obtained by reformulating the eigenproblem
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in the form

where

and

with [L] being the lower triangular matrix obtained from the Choleski decomposition of [Y’ ] [157].  The Choleskiphase

decomposition is a modification of the Gauss elimination method, as explained in Appendix III.  One can also replace

[L] in Eq. (5.62) with the square root of [Y’ ] obtained fromphase

where [ ] is the diagonal matrix of the square roots of the eigenvalues, and [X[ is the eigenvector matrix of [Y’ ].1/2
phase

Both approaches are very efficient if G’ is ignored, or if tan  is constant for all dielectrics in the cable system, because

[L] or [Y’ ]  must then only be computed once for all frequencies.phase
1/2

For parallel single core cables layed in the ground (not in air), [Y’] is diagonal if loop equations are used.  In

that case it is more efficient to find the eigenvalues and eigenvectors for [Y’ ][Z’ ], where both [L] and [Y’ ]loop loop loop
1/2

become the same diagonal matrix with %Y’  as its elements.  The conversion back to phase quantities is trivial withloop-i

Eq. (5.50).

The reason why the Jacobi procedure produces smooth eigenvectors is that the Jacobi algorithm requires an

initial guess for the solution of the eigenvectors.  This initial guess is readily available from the solution of the

eigenproblem of the preceding frequency step; consequently, the order of the eigenvectors from one calculation to the

next is not lost.

Figure 5.27(a) shows the magnitude of the elements of row 3 of the eigenvector matrix [T ] for the same 6-i

conductor system as in Fig. 5.24, when standard eigenvalue/eigenvector routines are used.  Fig. 5.27(b), on the other

hand, shows the same elements of [T ] calculated with the modified Jacobi algorithm.i

As an application for this cable model, consider the case of three 230 kV single-core cables (with core and

sheath), buried side by side in horizontal configuration, with a length of 10 km.  A unit-step voltage is applied to the

core of phase A, and the cores of phases B and C as well as all three sheaths are left ungrounded at both ends.  The unit-

step function was approximated as a periodic rectangular pulse of 10 ms duration and a period of 20 ms with a Fourier

series containing 500 harmonics,
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The wave front of this approximation is shown in Fig. 5.28.  Choosing a Fourier series

approximation for the voltage source offered the advantage that exact answers could be found as well, by using ac

steady-state solutions with exact equivalent -circuits (Section 4.2.1.3) at each of the 500 frequencies, and by

superimposing them.  Fig. 5.29 and 5.30 show the EMTP simulation results in the region of the third pulse,

superimposed on the exact answers.  The two 
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Fig. 5.27 -
Magnitude of the elements of row 3 of [T ] (same 6-conductor system as in Fig. 5.24)i

curves are indistinguishable in this third pulse region where the phenomena have already become more or less periodic.

This shows that the EMTP cable model is capable of producing highly accurate answers.  The insert on the right-hand

side of Fig. 5.29 shows the response to the first pulse, where the EMTP simulation results differ slightly from the exact

answers, not because of inaccuracies in the model but because the EMTP starts from zero initial conditions while the

exact answer assumes periodic behavior even for t < 0.
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