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APPENDIX C 

GROUND CONDITIONS 
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���&�%�!'�&�&���$#
$i�&�$�%��$�$	�i
&��&�$�(�
��
(�V��
���h�
���$�%
�'�&�$��$V
#$�S��h��hh����RV$���!%
�'�&���!'�����
&
���V��$�%
&S���������$%%
�'��&�$��
%%!$%���
%$��
��&�$���i�we���Y�ha�w�sao�wY���p̀a�ow�o��a��d̀�yha��yada��xY�Ya��y��gay�gayY�Y��Ỳa��oo~xd�Yx�ye���a�dwxoYx�y�����afa~�ogayY��p̀a��$#
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�$�&
���&�����%�&�$�(���	�g$h��$�&�$��
�'�&��&�$�$�%&�&�����%�&�$��
#$��i���$%t���ef���y����yf��i�$�r�#
����$�&�i'$��̀�jrik��Y�%%
h
$%�&�$�W������XY�̀�a����&
����%�l�(���!�&
#$�f&��&!����
Y%&�&�$�m$�(&���n���� ��#$Y��$�g$��
%���f$������̀�i�io!
h$�t�i�$�%
&$�����&�$�%!���!��
�'���$��jpdee���h�&�$�%
&$�g�!����̀k���$���&�%
&!�&$���
&�
����'��!����&$��%�!��$�(��&$�&
���q��$�����&�$�$���$����'��!����&$���g%&���&
���(�
�&%�%
&!�&$���
&�
��dee���h�&�$�%
&$t���r� �7dVst���7dV�u70RC�s79t�tR���C9��V0�i�����
�'�&��&�$�r�#
����$����$(��&	�&�$�$���$�����!��$�&�����
%&��
��Y�Y���h
YY%�%
&!�&$���
&�
���	eee����h�&�$�%
&$�g�!����̀t����v� �7V�d�i�wxyzx{�|}�~���z���x�����������������������|}����|��{x��z�x�z��z���x����x��z�x��|��x��z����x��{z��z��&�$�Y��$%&�g�����h�������(�&$�&
�Y���$�$�Y$%%�&��������h����$%���$��g�#$�&�$�������i�&
���W$#$Yt��� �



����������	��
������������������� ��!���"�#$%&
'�&
����$(��&���

)��

012�456789597�89@A6BC78A9�@6AB�7D5�46C�E�$�F�GG�H
�'�%$�&
���
��G!�$%���%!����I��F�&�$�P���$(&!�G�Q
&$����$G�����&�$� $�&$���
��G�R�'
�$$�
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��D
�8RA��H�9DB �aP��P����bDE�c
�
�
�E8��H�9D�Q9R8�98H�8�DRFS�8� bDE�c
�
�A9F�����H�Sc� ��P��P����d��98��e

R��fRFS�8� � d��98���

R�H�9D� ��P��P����CEF���
�bDE�c
�H�
C�gD�H�h07#5$7i%�̀0p$0q0r�s̀0"1r4$5)�h0i'tu98�v�9D�S��E� �9 ��w�bDE�c��AE����Hxy4i5�ir���01407#5$7i%��W2(02412�i5���#0'$7i%�h024$5)�Ti(1ri41r��%17i40��i4��3%6��$15$0r�q���������!���̀3�i��%�2�i���1%i5�6W77r0�$40��40242�ir0��0�$50��q$4#$5�4#0�r0"1r4��1"$5$152�i5��$540r"r04i4$152�0�"r0220��#0r0$5�ir0�1342$�0�4#0�271"0�1��i77r0�$4i4$156y4i5�ir��2i'"%0��$2"12i%�4$'02��35%022�14#0rq$20�i)r00��q$4#�4#0�%i(1ri41r���ir0�� 21$%2 ����q00�2��r1'�r0"1r4$5)%0i7#i402����q00�2��r1'�r0"1r4$5)qi40r2 ����q00�2��r1'�r0"1r4$5)i2(02412���I�'154#2��r1'�r0"1r4$5)��70%�71"$02�1��r0"1r42�ir0�15%��pi%$��q#05�i771'"i5$0��(��4#$2�����70r4$�$7i406W5��i22022'0542�1��71'"%$i570�q$4#�2"07$�$7i4$152�ir0�(i20��15�i743i%�i5i%�4$7i%�r023%42�q$4#�51�7154r$(34$15��r1'�3570r4i$54��1��'0i23r0'0546W""%$7i4$15�1��3570r4i$54��1��'0i23r0'054�q13%��"r1p$�0�i�ri5)0�q$4#$5�q#$7#�4#0�4r30�r023%4�%$026�W5�024$'i40�1��'0i23r0'054�3570r4i$54��7i5�(0�"r1p$�0��15�r0�30246

Ui51r�̀1i�
!�21$%�2i'"%02

W)5$02��i���0rq$�2�i

W��$4$15i%�i5i%�2$2�35�0r4i�056
dTUV��0121%34$152�T4��a��r02�05�̀1i�T15�15X����V� $��W5i%�4$7i%�T4�6!�e11�2#142�U0i�1q��r1�%0���r005V32$5022��ir��ei4�1r���f0r42��e��a�agyr070"4$15&$�i5i%�4$7i%671'bDE�c��AE��d��98��fRFS�8���whijhklm0̀"%i702�W5i%�4$7i%�̀0"1r4�X3'(0r�����!��I���$2230�516��

nopq�rstupvprwus�qoxyz{�|xu�}s�ts~tx{yrs{��s�rs~u�p|�vyzz���puoxyu�uos�s�~tsqq�~st�pqqpx|�xv�uos�zw}xtwuxt���nos�tsqyzuq�p|rzy{s{��puop|�uos�ts~xtu�wts�ts~tsqs|uwup�s�xv�uos�qw�~zsq�qy}�puus{�vxt�w|wz�qpq� �qq��x�������������w|xt��xw{�����������w�s���xv���



����������	
�����	�������	� !" #$%&��'���	(	)���	�����	0����	
��12��	)�����	������ 3456475 3456478 3456479 3456474 345647@)�����	
�A������ BC373 BC376 BC37D BC37E BC375)�����	������ FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIVW���X	Y�` 7a47 7a57 7a67 3a47 7a57W���	)�����1 63b7Eb6763 63b7Eb6763 63b7Eb6763 66b7Eb6763 6Db7Eb6763c���	c�d�� FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV����������	&��������	Y)���	�����e�è f���e 2����	�A	1�������� �����1�������	)����eQgGHI	hGHgIHg i 7a3 FpFq r	7a3 r	7a3 r	7a3 r	7a3 r	7a3sGUtgRuI	hGHgIHg i 7a73 FpFq 33 4a7 Da8 9aD Ea5vGgwT	xwtt	Gy	twxSTI	uI�IU�IV �� 7a773 FpFq 3a7 3a6 3a6 7a57 7a57�t�ItgGt	UH	QGUT	Q�uIIH	b	�VIHgUyU�wgUGH	FwxI	 v�SI Fb� �Qp	39765 � � � � ��t�ItgGt	UH	QGUT	 v�SI Fb� �Qp	39765 FGg�VIgI�gIV FGg�VIgI�gIV FGg�VIgI�gIV FGg�VIgI�gIV FGg�VIgI�gIV�������	���������eSC	�	�RgGxwgIV SC	�HUgt Fb� shq�vQ 9a@ 37aD 9a9 9a@ 9a9vGgwT	h�wHUVI x�b�� 3 shq�vQ r	3a7 r	3a7 r	3a7 r	3a7 r	3a7vGgwT	QRTS�wgI	wt	QpE x�b�� 57 shq�vQ D477 8377 8D7 6E7 E777�wgIu	QGTR�TI	QpE	38�u	I�guw�gUGH	�6�3	�Iw��wgI	qdRU�wTIHge �bT 7a77365 shq�vQ 7a7@5 7a89 7a766 7a7@8 7aE8QRTS�UVI x�b�� 3 shq�vQ 6a4 39 63 Da6 3Dpu�wHU�	swggIu i 7a3 shq�vQ � � � � 3a3vGgwT	pu�wHU�	hwu�GH	�vphe i 7a3 shq�vQ 5a7 7a5 7a3 7a6 7a8c����	&X����evGgwT	f�IHGTt	�xGHG��VuU�e x�b�� 3 shq�vQ r	3a7 r	3a7 r	3a7 r	3a7 r	3a7)�������1	&�geFwS�g�wTIHI x�b�� 7a75 shq�vQ r	7a75 r	7a75 r	7a75 r	7a75 r	7a75��IHwS�g��TIHI x�b�� 7a75 shq�vQ r	7a75 r	7a75 r	7a75 r	7a75 r	7a75��IHwS�g�IHI x�b�� 7a75 shq�vQ r	7a75 r	7a75 r	7a75 r	7a75 r	7a75hTRGuIHI x�b�� 7a75 shq�vQ r	7a75 r	7a75 r	7a75 r	7a75 r	7a75f�IHwHg�uIHI x�b�� 7a75 shq�vQ 6a7 3a9 r	7a75 7a5@ r	7a75�Hg�uw�IHI x�b�� 7a75 shq�vQ 7aE8 7aEE r	7a75 7a69 r	7a75hTRGuwHg�IHI x�b�� 7a75 shq�vQ Ea8 6a8 7aD5 3a@ 7aE@f�uIHI x�b�� 7a75 shq�vQ EaD 6a4 7aD@ 3a@ 7a9EBIHiG�wewHg�uw�IHI x�b�� 7a75 shq�vQ 6a8 3a5 r	7a75 7a93 r	7a75h�u�tIHI x�b�� 7a75 shq�vQ Da7 3a5 r	7a75 3a6 r	7a75BIHiG��eyTRGuwHg�IHI x�b�� 7a75 shq�vQ DaD 3aE r	7a75 3a3 r	7a75BIHiG��eyTRGuwHg�IHI x�b�� 7a75 shq�vQ 6a3 7a55 r	7a75 7a96 r	7a75BIHiG�weS�uIHI x�b�� 7a75 shq�vQ Da6 3a7 r	7a75 3a3 r	7a75�HVIHG�3j6jD��VeS�uIHI x�b�� 7a75 shq�vQ 3a8 7a89 r	7a75 7a87 r	7a75kU�IHi�wj�ewHg�uw�IHI x�b�� 7a75 shq�vQ 7a5E 7a6E r	7a75 r	7a75 r	7a75BIHiG���UeSIu�TIHI x�b�� 7a75 shq�vQ 6a7 7a93 r	7a75 7a96 r	7a75c����	&�gQSI�UwgIV	vGgwT	qf��38	f�Ct x�b�� 7a4 shq�vQ 6@a9 35a3 r	7a47 37a4 3a6D

lmno	pqrsntnpusq	omvwxy	zvs	{q	rq|rvywpqy}	q~pq|s	nz	twxx}	�nsmvws	smq	q~|rqoo	|qr�noonvz	vt	smq	xu{vrusvr��	lmq	rqowxso	nzpxwyqy	�nsmnz	smq	rq|vrs	rqxusq	vzx�	sv	smq	ou�|xq�o�	ow{�nssqy	tvr	sqosnz�� ���	��	����������	�����	����	���	���������	�	��	��



����������	
�����	�������	� !" #$%&��'���	(	)���	�����	0����	
��12��	)�����	������ 3456475 3456478 3456479 3456474 345647@)�����	
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�A������ BC373 BC376 BC37D BC37E BC375)�����	������ FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIVW���X	Y�` 7a47 7a57 7a67 3a47 7a57W���	)�����1 63b7Eb6763 63b7Eb6763 63b7Eb6763 66b7Eb6763 6Db7Eb6763c���	c�d�� FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV FGHI	QRSSTUIV����������	&��������	Y)���	�����e�è f���e 2����	�A	1�������� �����1�������	)����e)ghiepHUTUHI qrbsr 7a3 FtFu v w	7a3 v v vxyIHGT qrbsr 7a6 �Qt	39765 v w	7a6 v v v6v�yTG�GSyIHGT qrbsr 7a3 ��u��Q v w	7a3 v v vBU��6v�yTG�GI�y�T�I�yI� qrbsr 7a6 ��u��Q v w	7a6 v v v3�Dv�U�yTG�G�IH�IHI qrbsr 7a6 ��u��Q v w	7a6 v v v3�6v�U�yTG�G�IH�IHI qrbsr 7a3 ��u��Q v w	7a3 v v v3�Ev�U�yTG�G�IH�IHI qrbsr 7a6 ��u��Q v w	7a6 v v vBU��6v�yTG�GU�GS�GS�T�I�yI� qrbsr 7a3 ��u��Q v w	7a3 v v v6v�I�y�TSyIHGT qrbsr 7aD ��u��Q v w	7aD v v vCI���yTG�GI�y�HI qrbsr 7a75 ��u��Q v w	7a75 v v vFU��G�IH�IHI qrbsr 7aD ��u��Q v w	7aD v v vEv�I�y�TSyIHGT qrbsr 7a6 FtFu v w	7a6 v v v��GSyG�GHI qrbsr 7a6 ��u��Q v w	7a6 v v v6vFU��GSyIHGT qrbsr 7aD ��u��Q v w	7aD v v v6�Ev�UqI�y�TSyIHGT qrbsr 7aD ��u��Q v w	7aD v v vBU��6v�yTG�GI�yG���qI�y�HI qrbsr 7aD ��u��Q v w	7aD v v v3�6�Ev��U�yTG�G�IH�IHI qrbsr 7aD ��u��Q v w	7aD v v vF�Sy�y�TIHI qrbsr 7a75 ��u��Q v w	7a75 v v v6�Ev�U�yTG�GSyIHGT qrbsr 7aD ��u��Q v w	7aD v v vEv�yTG�G�HUTUHI qrbsr 7a3 FtFu v w	7a3 v v vCI���yTG�G�R��VUIHI qrbsr 7a3 ��u��Q v w	7a3 v v vEv�yTG�GvDvqI�y�TSyIHGT qrbsr 7a3 FtFu v w	7a3 v v v6�E�8v��U�yTG�GSyIHGT qrbsr 7a3 ��u��Q v w	7a3 v v v6�E�5v��U�yTG�GSyIHGT qrbsr 7a6 ��u��Q v w	7a6 v v v6v�I�y�TH�Sy�y�TIHI qrbsr 7a3 FtFu v w	7a3 v v v6v�yTG�GH�Sy�y�TIHI qrbsr 7a3 ��u��Q v w	7a3 v v v�UqI�y�TSy�y�T��I qrbsr 7a3 ��u��Q v w	7a3 v v v6�8v�UHU��G�GTRIHI qrbsr 7a3 ��u��Q v w	7a3 v v vp�IH�Sy�y�TIHI qrbsr 7a75 ��u��Q v w	7a75 v v vp�IH�Sy�yIHI qrbsr 7a75 ��u��Q v w	7a75 v v v6�Ev�UHU��G�GTRIHI qrbsr 7a6 ��u��Q v w	7a6 v v v�U�IH�G�R��H qrbsr 7a6 ��u��Q v w	7a6 v v vEv�yTG�GSyIH�T	SyIH�T	I�yI� qrbsr 7aD �Qt	39765 v w	7aD v v v�UI�y�T	Sy�y�T��I qrbsr 7a6 ��u��Q v w	7a6 v v vEvFU��G�HUTUHI qrbsr 7a6 ��u��Q v w	7a6 v v v�TRG�IHI qrbsr 7a75 ��u��Q v w	7a75 v v vp�G�IH�IHI qrbsr 7aD ��u��Q v w	7aD v v vB�GqGSyIH�T	SyIH�T	I�yI� qrbsr 7a6 ��u��Q v w	7a6 v v vCI���yTG�G�IH�IHI qrbsr 7aD ��u��Q v w	7aD v v vxyIH�H�y�IHI qrbsr 7a75 ��u��Q v 3a9 v v vpH�y���IHI qrbsr 7a75 ��u��Q v 7aEE v v v������GTI qrbsr 7aD ��u��Q v w	7aD v v v�U�R��T	Sy�y�T��I qrbsr 7a6 ��u��Q v w	7a6 v v vpH�y��dRUHGHI qrbsr 7aD ��u��Q v w	7aD v v v�TRG��H�yIHI qrbsr 7a75 ��u��Q v 6a8 v v vx��IHI qrbsr 7a75 ��u��Q v 6a4 v v vBR��T	�IH��T	Sy�y�T��I qrbsr 7aD �Qt	39765 v w	7aD v v vBIH�G����H�y���IHI qrbsr 7a75 ��u��Q v 3a5 v v v�y���IHI qrbsr 7a75 ��u��Q v 3a5 v v vBIH�G����TRG��H�yIHI qrbsr 7a75 ��u��Q v 3aE v v vBIH�G�s��TRG��H�yIHI qrbsr 7a75 ��u��Q v 7a55 v v vBIH�G���S��IHI qrbsr 7a75 ��u��Q v 3a7 v v vefgh	ijklgmginlj	hfopqr	sol	tj	kjukorpijrv	jwijul	gs	mpqqv	xglfopl	lfj	jwukjhh	ujkyghhgos	om	lfj	qntoknlokz{	efj	kjhpqlh	gsiqprjr	xglfgs	lfj	kjuokl	kjqnlj	osqz	lo	lfj	hnyuqj|h}	hptyglljr	mok	ljhlgs~{ ���	��	����������	�����	����	���	���������	�	��	��
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@BCDEF	HDECFEC I PQR STSUVDWXCỲF	HDECFEC I PQPR STSUaDCbc	dbXX	De	XbdfcF	̀FgFWhFi pq PQPPR STSUrXsFXCDX	WE	BDWc	Bg̀FFE	t	uiFECWeWgbCWDE	SbdF	 avfF Str uBT	RwPxyrXsFXCDX	WE	BDWc	 avfF Str uBT	RwPxy�������	���������@f�	�	rYCDdbCFi f�	�EWCX Str VHU�aBaDCbc	HvbEWiF dqtpq R VHU�aBaDCbc	BYcf�bCF	bX	BT� dqtpq yP VHU�aB�bCF̀	BDcYscF	BT�	R��̀	F�C̀bgCWDE	�x�R	�Fbg�bCF	U�YWhbcFEC� qtc PQPPRxy VHU�aBBYcf�WiF dqtpq R VHU�aBT̀qbEWg	VbCCF̀ I PQR VHU�aBaDCbc	T̀qbEWg	Hb̀sDE	�aTH� I PQR VHU�aB8����	&5����@aDCbc	��FEDcX	�dDED�vìWg� dqtpq R VHU�aB)�������1	&��@Sbf�C�bcFEF dqtpq PQPy VHU�aBrgFEbf�C�vcFEF dqtpq PQPy VHU�aBrgFEbf�C�FEF dqtpq PQPy VHU�aB�cYD̀FEF dqtpq PQPy VHU�aB��FEbEC�̀FEF dqtpq PQPy VHU�aBrEC�̀bgFEF dqtpq PQPy VHU�aB�cYD̀bEC�FEF dqtpq PQPy VHU�aB�v̀FEF dqtpq PQPy VHU�aBdFEeD�b�bEC�̀bgFEF dqtpq PQPy VHU�aBH�̀vXFEF dqtpq PQPy VHU�aBdFEeD�s�ecYD̀bEC�FEF dqtpq PQPy VHU�aBdFEeD�p�ecYD̀bEC�FEF dqtpq PQPy VHU�aBdFEeD�b�fv̀FEF dqtpq PQPy VHU�aBuEiFED�Rfxfg�gi�fv̀FEF dqtpq PQPy VHU�aBhWsFEe�bf��bEC�̀bgFEF dqtpq PQPy VHU�aBdFEeD�q�W�fF̀vcFEF dqtpq PQPy VHU�aB8����	&��BfFgWbCFi	aDCbc	U�r�R�	�r�X dqtpq PQi VHU�aB

RiyxiRP RiyxiRRa�RPR a�RPxSDEF	BYffcWFi SDEF	BYffcWFiPQiP PQ�Px�tP�txPxR xwtP�txPxRSDEF	BYffcWFi SDEF	BYffcWFi
j	PQR j	PQRxR yQiPQiP RQP� H�̀vXDCWcF�	�DDXF	�Ws̀DYX	hFs̀WXSDC�iFCFgCFi hFCFgCFiwQ� RPQRRxP j	RQPRPPP RPPPPQ�� PQRyR�P RwRQi �RQR PQxj	RQP j	RQPj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQPy j	PQPyj	PQiP j	PQiP

klmn	opqrmsmotrp	nluvwx	yur	zp	qp{quxvopx|	p}op{r	my	svww|	~mrluvr	rlp	p}{qpnn	{pq�mnnmuy	us	rlp	wtzuqtruq��	klp	qpnvwrn	myowvxpx	~mrlmy	rlp	qp{uqr	qpwtrp	uyw�	ru	rlp	nt�{wp�n�	nvz�mrrpx	suq	rpnrmy�� ���	��	����������	�����	����	���	���������	�	��	��
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFHI��P�	0����@	(	0�������1@QRSTUVW	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuvwxRxU	Yỳ eTR	SxgbfgTh icpqc CD� rsHtuvs̀�iVbi	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc CD� rsHtuvs�RxiVbi	Y�Td̀�̀gTUeh icpqc � rsHtuvs�RxiVbi	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuvsx��TR	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuv�T̀�	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuvrTRWbR�	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc CD� rsHtuvFVWqTg	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuvvTgTUVbi	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuv�VUW	Ỳab̀	RTcV̀	TdeR̀WèfgTh icpqc E rsHtuv0�����������@	�	���������@wTU�TUT �cpqc E rsHtuvuxgbTUT �cpqc E rsHtuvHe��gfTU�TUT �cpqc E rsHtuv�	�	i�d�gTUT �cpqc E rsHtuvx�d�gTUT �cpqc E rsHtuvruwH	YrTe��g	uTReV̀R�	wbe�g	He�TRh �cpqc E rsHtuv&��������	I�1��������@u��	sEC	�	s�C icpqc EC rsHtuvu���sde	�	QgV��̀eVW	fHsg	�	Hsh icpqc CDCCE rsHtuvu���sde	�	QgV��̀eVW	fHsh	�	Hsi icpqc CDCCE rsHtuvu���sde	�	QgV��̀eVW	fHsi	�	HsEC icpqc CDCCE rsHtuvu���sde	�	QgV��̀eVW	fHsEC	�	HsE� icpqc E rsHtuvu���sde	�	QgV��̀eVW	fHsE�	�	HsEh icpqc � rsHtuvu���sde	�	QgV��̀eVW	fHsEh	�	Hs�E icpqc i rsHtuvu���sde	�	QgV��̀eVW	fHs�E	�	Hs�g icpqc i rsHtuvu���sde	�	QgV��̀eVW	YHsg	�	Hs�gh icpqc EC rsHtuvu���sde	�	QRxì eVW	fHsg	�	Hsj icpqc CDCCE rsHtuvu���sde	�	QRxì eVW	fHsj	�	Hsi icpqc CDCCE rsHtuvu���sde	�	QRxì eVW	fHsi	�	HsEC icpqc CDCCE rsHtuvu���sde	�	QRxì eVW	fHsEC	�	HsE� icpqc E rsHtuvu���sde	�	QRxì eVW	fHsE�	�	HsEh icpqc � rsHtuvu���sde	�	QRxì eVW	fHsEh	�	Hs�E icpqc EC rsHtuvu���sde	�	QRxì eVW	fHs�E	�	Hs�g icpqc EC rsHtuvu���sde	�	QRxì eVW	YHsg	�	Hs�gh icpqc EC rsHtuv

Eig�iEC Eig�iEEu�ECE u�EC�FxUT	vb��gVT� FxUT	vb��gVT�CDiC CD�C�hpC�p�C�E �jpC�p�C�EFxUT	vb��gVT� FxUT	vb��gVT�
Eg E�EDi CDgk	CD� k	CD�k	�DC k	�DC�i Elh� �g�jC E�Ck	CD� k	CD�Ej Ej�Dl k	EDCE�C EgCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDC�l k	ECk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	EDC k	EDCE� k	�DCEi k	iDCEi k	iDC�l k	ECk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	EDC k	EDCk	�DC k	�DCk	EC k	ECk	EC k	ECk	EC k	EC

mnop	qrstouoqvtr	pnwxyz	{wt	|r	sr}swzxqrz~	r�qr}t	o{	uxyy~	�otnwxt	tnr	r�}srpp	}rs�oppow{	wu	tnr	yv|wsvtws��	mnr	srpxytp	o{qyxzrz	�otno{	tnr	sr}wst	sryvtr	w{y�	tw	tnr	pv�}yr�p�	px|�ottrz	uws	trpto{�� ���	��	����������	�����	����	���	���������	��	��	� 
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFHIPQ@RSTUVUWXYS̀aX bcdec E fgG	EiCpqRSTUVUXYS̀aX bcdec E FGFHrVUWUWXYS̀aX bcdec E fgG	EiCpqstauT	RSTUVtvX bcdec E FGFHwVtxSTUVUyT�UVUWXYS̀aX bcdec E FGFHE�E��txSTUVUXYSXaX bcdec E FGFHE�E�p�wVtxSTUVU	E�p�p�wVtyT�UVUXYS̀aX bcdec E fgG	EiCpqRt��E�p�vtxSTUVUXYSXaX bcdec E �RH�wg�wrH	��XYSuT	wXVYt̀Vu	r�YuT	HYSXV� bcdec E �RH�wgE�E��txSTUVUXYS̀aX bcdec E �RH�wgp�p��txSTUVU�VU�̀aX bcdec E �RH�wgwVtxSTUVUWXYS̀aX bcdec E �RH�wgE�E�E�wVtxSTUVUXYS̀aX bcdec E �RH�wgE�p��txSTUVUXYS̀aX bcdec E �RH�wgE�E��txSTUVU�VU�XaX bcdec E �RH�wgwV̀a��E�p�vtxSTUVUXYSXaX bcdec E FGFHrXa�XaX bcdec E �RH�wgwXYV̀xSTUVUWXYS̀aX bcdec E �RH�wgE�p��txSTUVU�VU�̀aX bcdec E �RH�wgwVtxSTUVUXYSXaX bcdec E �RH�wg�t�VUWUWXYS̀aX bcdec E �RH�wgrVUWUvtxSTUVUWXYS̀aX bcdec E �RH�wgRt��E���vtxSTUVU�VU�XaX bcdec E fgG	EiCpqwV̀a��E���vtxSTUVU�VU�XaX bcdec E fgG	EiCpqwUT�XaX bcdec E �RH�wgE�E�p�wVtxSTUVUXYS̀aX bcdec E �RH�wgE����txSTUVU�VU�̀aX bcdec E fgG	EiCpq�t�VUWUxSTUVUWXYS̀aX bcdec E fgG	EiCpqwXYV̀xSTUVUXYSXaX bcdec E FGFHE�p��t�VUWUXYS̀aX bcdec E fgG	EiCpqRSTUVU�Xa�XaX bcdec E �RH�wgE�E�E�p�wXYV̀xSTUVUXYS̀aX bcdec E �RH�wgHYSuT�Xa�XaX bcdec E �RH�wg�	�	W��uTXaX bcdec E �RH�wggYuVXaX bcdec E �RH�wgwVt�VUWUWXYS̀aX bcdec E FGFHU��uTXaX bcdec E �RH�wgE�E�p�p�wXYV̀xSTUVUXYS̀aX bcdec E �RH�wgf�U�VU�uT�Xa�XaX bcdec E �RH�wgrVUWU�Xa�XaX bcdec E �RH�wga��VU�uT�Xa�XaX bcdec E fgG	EiCpqp�RSTUVUYUT�XaX bcdec E �RH�wg��RSTUVUYUT�XaX bcdec E �RH�wgE���q�wVtWXYSuT�Xa�XaX bcdec E fgG	EiCpqYXVY�r�YuT�Xa�XaX bcdec E �RH�wgE�p���wVtWXYSuT�Xa�XaX bcdec E fgG	EiCpq�Xx�r�YuT�Xa�XaX bcdec E �RH�wgE����txSTUVU�Xa�XaX bcdec E fgG	EiCpq��f�U�VU�uTYUT�XaX bcdec E fgG	EiCpqE�p��txSTUVU�Xa�XaX bcdec E �RH�wgE����txSTUVU�Xa�XaX bcdec E �RH�wgr�YuT�Xa�XaX bcdec E �RH�wg

E�qp�EC E�qp�EEw�ECE w�ECpFUaX	g���TtXv FUaX	g���TtXvCD�C CD�Cp�dC�dpCpE pidC�dpCpEFUaX	g���TtXv FUaX	g���TtXv
�	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC �defg	hijkflfhmki	genopq	rnk	si	jitjnqohiqu	ivhitk	fr	loppu	wfkenok	kei	ivtjigg	tijxfggfnr	nl	kei	pmsnjmknjyz	dei	jigopkg	frhpoqiq	wfkefr	kei	jitnjk	jipmki	nrpy	kn	kei	gmxtpi{g|	gosxfkkiq	lnj	kigkfr}z ~��	��	����������	�����	����	���	���������	��	��	��
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E�tP�EC E�tP�EEv�ECE v�ECPFVde	q�bbaSe� FVde	q�bbaSe�CD�C CDuCP�hCuhPCPE PshCuhPCPEFVde	q�bbaSe� FVde	q�bbaSe�
�	EDC Q�	EDC Q�	EDC Q�	EDC Q

����	��������c��	��defg	hd�	i�	��j�dge��gk	�l��j�	�h	�effk	m���de�	���	�lj����	j��n����dh	d�	���	fcid�c�d�op	���	���ef��	�h�feg�g	m����h	���	��jd��	��fc��	dhfo	�d	���	�cnjf�q�r	�ein����g	�d�	�����hsp tuu	vw	xyz{y|}~zx	���w�	�w��	���	��v������	yx	w�	y�
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFH)IPQ@RSTUTSV WXỲX CDE FGFHabVScU WXỲX CDd efG	EhCdidpqbUcrcsbVScU WXỲX CDE tqHuvfwTxydp�bUcrcV�b�U�V�bVr WXỲX CDd tqHuvfE��p�T�bUcrc�VS�VSV WXỲX CDd tqHuvfE�dp�T�bUcrc�VS�VSV WXỲX CDE tqHuvfE��p�T�bUcrc�VS�VSV WXỲX CDd tqHuvfwTxydp�bUcrcTxcsrcs�U�V�bVr WXỲX CDE tqHuvfdptV�b�UsbVScU WXỲX CD� tqHuvf�V���bUcrcV�b�SV WXỲX CDCi tqHuvfFT�rc�VS�VSV WXỲX CD� tqHuvf�ptV�b�UsbVScU WXỲX CDd FGFHexcsbcrcSV WXỲX CDd tqHuvfdpFT�rcsbVScU WXỲX CD� tqHuvfd��p�TWV�b�UsbVScU WXỲX CD� tqHuvfwTxydp�bUcrcV�bc���WV�b�SV WXỲX CD� tqHuvfE�d��pvrT�bUcrc�VS�VSV WXỲX CD� tqHuvfF�sb�b�UVSV WXỲX CDCi tqHuvfd��p�T�bUcrcsbVScU WXỲX CD� tqHuvf�pqbUcrc�STUTSV WXỲX CDE FGFH�V���bUcrc�����TVSV WXỲX CDE tqHuvf�pqbUcrcp�pWV�b�UsbVScU WXỲX CDE FGFHd����pvrT�bUcrcsbVScU WXỲX CDE tqHuvfd���ipvrT�bUcrcsbVScU WXỲX CDd tqHuvfdptV�b�US�sb�b�UVSV WXỲX CDE FGFHdpqbUcrcS�sb�b�UVSV WXỲX CDE tqHuvf�TWV�b�Usb�b�U��V WXỲX CDE tqHuvfd��p�TST�rc�cU�VSV WXỲX CDE tqHuvfR�VS�sb�b�UVSV WXỲX CDCi tqHuvfR�VS�sb�bVSV WXỲX CDCi tqHuvfd��p�TST�rc�cU�VSV WXỲX CDd tqHuvf�T�VS�c��r�S WXỲX CDd tqHuvf�pqbUcrcsbVS�U	sbVS�U	V�bVr WXỲX CD� efG	EhCdi�TV�b�U	sb�b�U��V WXỲX CDd tqHuvf�pFT�rc�STUTSV WXỲX CDd tqHuvf�U�crVSV WXỲX CDCi tqHuvfR�c�VS�VSV WXỲX CD� tqHuvfwrcWcsbVS�U	sbVS�U	V�bVr WXỲX CDd tqHuvf�V���bUcrc�VS�VSV WXỲX CD� tqHuvfabVS�S�brVSV WXỲX CDCi tqHuvfRS�br��VSV WXỲX CDCi tqHuvfq�r���cUV WXỲX CD� tqHuvf�T����U	sb�b�U��V WXỲX CDd tqHuvfRS�br���TScSV WXỲX CD� tqHuvf�U�cr�S�bVSV WXỲX CDCi tqHuvfa�rVSV WXỲX CDCi tqHuvfw���U	�VS��U	sb�b�U��V WXỲX CD� efG	EhCdiwVS�cy���S�br��VSV WXỲX CDCi tqHuvfqbr�xVSV WXỲX CDCi tqHuvfwVS�cy���U�cr�S�bVSV WXỲX CDCi tqHuvfwVS�cỳ��U�cr�S�bVSV WXỲX CDCi tqHuvfwVS�cy��s�rVSV WXỲX CDCi tqHuvf

E�id�EC E�id�EEvaECE vaECdFcSV	f�ssUTV� FcSV	f�ssUTV�CD�C CD�Cd�YC�YdCdE dhYC�YdCdEFcSV	f�ssUTV� FcSV	f�ssUTV�
d	CDE pd	CDd pd	CDE pd	CDd pCDi pd	CDE pd	CDd pd	CDE pd	CD� pd	CDCi pd	CD� pd	CDd pd	CDd pd	CD� pd	CD� pd	CD� pd	CD� pd	CDCi pd	CD� pd	CDE pd	CDE pd	CDE pd	CDE pd	CDd pd	CDE pd	CDE pd	CDE pd	CDE pd	CDCi pd	CDCi pd	CDd pd	CDd pd	CD� pd	CDd pd	CDd pd	CDCi pd	CD� pd	CDd pd	CD� pd	CDCi pd	CDCi pd	CD� pd	CDd pd	CD� pd	CDCi pd	CDCi pd	CD� pd	CDCi pd	CDCi pd	CDCi pd	CDCi pd	CDCi pefgh	ijklgmginlj	hfopqr	sol	tj	kjukorpijrv	jwijul	gs	mpqqv	xglfopl	lfj	jwukjhh	ujkyghhgos	om	lfj	qntoknlokz{	efj	kjhpqlh	gsiqprjr	xglfgs	lfj	kjuokl	kjqnlj	osqz	lo	lfj	hnyuqj|h}	hptyglljr	mok	ljhlgs~{ ���	��	����������	�����	����	���	���������	��	��	��
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E�hV�EC E�hV�EEr�ECE r�ECVFSPR	s�aa�uRQ FSPR	s�aa�uRQCD�C CD�CV�fC�fVCVE V�fC�fVCVEFSPR	s�aa�uRQ FSPR	s�aa�uRQ
�	CDCh X�	CDCh X�	CDCh X

����	�����c��d��	��efgh	ie�	j�	��k�ehf��hl	�m��k�	�i	cfggl	n���ef�	���	�mk����	k��o����ei	ec	���	gdje�d�e�pq	���	���fg��	�i�gfh�h	n����i	���	��ke��	��gd��	eigp	�e	���	�dokg�r�s	�fjo����h	ce�	�����itq uvv	wx	yz{|z}~�{y	���x�	�x��	���	��w������	z�	x�	z�
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFH&IP@	��	QI!0)RST	SVWXYWỲ	ab cXdeX CDCCE fSHghiRST	SVWXYWỲ	pa cXdeX CDCCE fSHghiRST	SVWXYWỲ	ECE cXdeX CDCCE fSHghiRST	SVWXYWỲ	EEb cXdeX CDCCE fSHghiRST	SVWXYWỲ	Eqb cXdeX CDCCE fSHghiRST	SVWXYWỲ	Epq cXdeX CDCCE fSHghiRST	SVWXYWỲ	EbC cXdeX CDCCE fSHghi8����	&IP@	��	QI!0)hVrst	RSTu cXdeX CDCCv fSHghiwdi	x	wWuy�rs�tY	isc�tY					�di	x		�Wuy�����YWr	isc�tY

EbpabEC EbpabEEhRECE hRECaFVWY	iy��t�Y� FVWY	iy��t�Y�CDbC CD�Ca�dC�daCaE avdC�daCaEFVWY	iy��t�Y� FVWY	iy��t�Y�
�	CDCCE ��	CDCCE ��	CDCCE ��	CDCCE ��	CDCCE ��	CDCCE ��	CDCCE ��	CDCCv �

����	�����c��d��	��efgh	ie�	j�	��k�ehf��hl	�m��k�	�i	cfggl	n���ef�	���	�mk����	k��o����ei	ec	���	gdje�d�e�pq	���	���fg��	�i�gfh�h	n����i	���	��ke��	��gd��	eigp	�e	���	�dokg�r�s	�fjo����h	ce�	�����itq uvv	wx	yz{|z}~�{y	���x�	�x��	���	��w������	z}	x�	z�
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�3������ )�����	������ 4���5	6�7 )�����	4�8��������	9@ABCADB EF@D@ GHIP	RSTTUVPW DXA EYH̀ I	abIWc	UHbd	̀Vef	gYbhPU	bIW	YSiiUPX@ABCADp EF@DC GHIP	RSTTUVPW DXB EYH̀ I	abIWc	UHbd	̀Vef	gYbhPU	bIW	YSiiUPX@ABCADq EF@Dr GHIP	RSTTUVPW DXC EYH̀ I	abIWc	UHbd	̀Vef	gYbhPUX@ABCADA EF@Ds GHIP	RSTTUVPW @XA EYH̀ I	UHbd	bIW	abIW	̀Vef	gYbhPUX@ABCADt EF@DB GHIP	RSTTUVPW DXB EYH̀ I	UHbd	bIW	abIW	̀Vef	gYbhPU	bIW	iYVuvX@ABCA@D wx@D@ GHIP	RSTTUVPW DXA EYH̀ I	UHbd	bIW	uUbc	̀Vef	gYbhPU	bIW	iYVuvX@ABCA@@ wx@DC GHIP	RSTTUVPW DXs yVgfe	iYH̀ I	UHbd	bIW	abIW	̀Vef	YSiiUPX
�	wfPaP	WPauYVTeVHIa	bYP	HIUc	VIePIWPW	eH	bue	ba	b	uYHaa	ufPuv	V�	abdTUP	VWPIeVeVPa	bYP	�SPaeVHIPWX	wfP	db�HY	uHIaeVeSPIe	H�	efP	abdTUP	Va	VIePIWPW	eH	bue	̀Vef	YPaTPue	eH	����wR	hbUVWbeVHIX	wfP	UbiHYbeHYc	Va	buuYPWVePW	�HY	abIW�	uUbc	bIW	UHbd	�����wR�	aHVU	ecTPaX	�beb	�HY	SIbuuYPWVePW	ecTPa	H�	aHUVW	afHSUW	iP	VIePYTYPePW	̀Vef	ubYPX	ReHIP	uHIePIe	H�	b	abdTUP	Va	ubUuSUbePW	ba	efP	�	̀PVgfe	H�	efP	aeHIPa	IHe	TbaaVIg	b		@D	dd	aVPhPX	�PaSUea	bYP	IHe	uHYYPuePW	�HY	aeHIP	uHIePIeX

���	��	��cd�efgc�	hij�k	l�im	nho	hp�qlrist	�f	�u	�v



����������	
�����	������	�	� !" #$%&��'���	(	)���	�����	0����	
��12����	�����3	�����4������5�	)��6���	2����	7)28		&������	2����	7&28		9����1	2����	7928		����������	@�5�	���� ����������	0��A�1	B�5�������� ����������	0��A�1	
�6������ 0��A�1	������ 2��	(	B��	�����5�5 �����1�������	)����5CDEFGHIPQ	SHIPT	UVEDWEPQ	XY	UVXE	̀abGT	PcITHdIXVYe fPIPTgXYHIXVY	Vh	SHIPT	UVEDWEP	UDEFGHIP	Wi	pqrstuCv	wPUDEIU	TPFVTIPx	xXTPdIEi	̀EPHdGHIP	PyDX�HEPYIe	HYx	dVTTPdIPx	hVT	PcITHdIXVY	THIXV	̀UVXE	PyDX�HEPYIev pY	GVDUP	gPIGVxv ����sr� f �quw�C�PIHEU	XY	UVXE	Wi	pqrstuC fPIPTgXYHIXVY	Vh	gPIHEU	XY	UVXE	Wi	HyDHsTP�XH	xX�PUIXVY	hVEEVSPx	Wi	pqrstuCv pYsGVDUP	gPIGVx	WHUPx	VY	�u���	���b		�PIGVxU	hVT	IGP	fPIPTgXYHIXVY	Vh	�PIHEU	XY	CVXEv ����sr� f �quw�C�UWPUIVU	XxPYIXhXdHIXVY	XY	UVXE �UWPUIVU	pxPYIXhXdHIXVY	SXIG	IGP	DUP	Vh	FVEHTXUPx	EX�GI	gXdTVUdVFi	XY	dVY�DYdIXVY	SXIG	xXUFPTXVY	UIHXYXY�	IPdGYXyDPUv pY	GVDUP	gPIGVx	WHUPx	VY	�C�	��� ���asr� f pCt	a�����VTVYQ	SHIPT	UVEDWEPQ	XY	UVXE fPIPTgXYHIXVY	Vh	SHIPT	UVEDWEP	WVTVY	XY	UVXE	Wi	GVI	SHIPT	PcITHdI	hVEEVSPx	Wi	pqrstuCv pYsGVDUP	gPIGVx	WHUPx	VY	CPdVYx	CXIP	rTVFPTIXPU	�PTUXVY	� ����sr� f �quw�C�PcH�HEPYI	dGTVgXDg	XY	UVXE fPIPTgXYHIXVY	Vh	GPcH�HEPYI	dGTVgXDg	XY	UVXE	Wi	PcITHdIXVY	XY	SHIPT	IGPY	Wi	HdXxXhXdHIXVYQ	HxxXIXVY	Vh	aQ�	xXFGPYiEdHTWH�XxP	hVEEVSPx	Wi	dVEVTXgPITiv pYsGVDUP	gPIGVx ����sr� � �quw�C�VXUIDTP	qVYIPYI �VXUIDTP	dVYIPYIQ	xPIPTgXYPx	�TH�XgPITXdHEEiv	̀��	Vqe pY	GVDUP	gPIGVxv ��a�sdefr� � gtgu�VYVGixTXd	FGPYVEU	XY	UVXE fPIPTgXYHIXVY	Vh	FGPYVEU	XY	UVXE	Wi	PcITHdIXVY	SXIG	UVxXDg	GixTVcXxP	hVEEVSPx	Wi	xXUIXEEHIXVY	hVEEVSPx	Wi	dVEVTXgPITiv pYsGVDUP	gPIGVx	WHUPx	VY	ucHgXYHIXVY	Vh	�HIPT	HYx	�HUIPSHIPT	��IG	uxXIXVYh		qEPUdPTXQ	�TPPYWPT�	i	uHIVY	̀UjHEHTe ����sr� � �quw�CtT�HYXd	gHIIPT	̀�DIVgHIPxe	XY	UVXE fPIPTgXYHIXVY	Vh	VT�HYXd	gHIIPT	XY	UVXE	Wi	VcXxXUXY�	SXIG	FVIHUUXDg	xXdGTVgHIP	hVEEVSPx	Wi	IXITHIXVY	SXIG	XTVY	̀ppe	UDEFGHIPv pY	GVDUP	gPIGVxv ����sr� f �quw�CCFPdXHIPx	ur�sab	r��U	XY	UVXE fPIPTgXYHIXVY	Vh	r��	dVgFVDYxU	XY	UVXE	Wi	PcITHdIXVY	XY	xXdGEVTVgPIGHYP	HYx	GPcHYP	hVEEVSPx	Wi	�qs�C	SXIG	IGP	DUP	Vh	UDTTV�HIP	HYx	XYIPTYHE	UIHYxHTxUv pYsGVDUP	gPIGVx	WHUPx	VY	dCur�	���� ��b�sr� f �quw�Crq�kU	�i	�qs�C	XY	UVXE fPIPTgXYHIXVY	Vh	rq�	Wi	PcITHdIXVY	SXIG	HdPIVYP	HYx	GPcHYP	hVEEVSPx	Wi	�qs�Cv pYsGVDUP	gPIGVx	WHUPx	VY	dCur�	���� ����sr� f �quw�CF�	XY	UVXE	̀HDIVgHIPxe fPIPTgXYHIXVY	Vh	F�	XY	UVXE	Wi	HxxXIXVY	Vh	SHIPT	hVEEVSPx	Wi	HDIVgHIPx	PEPdITVgPITXd	gPHUDTPgPYIv pY	GVDUP	gPIGVxv ����sr� f �quw�CCDEFGXxP	XY	UVXE fPIPTgXYHIXVY	Vh	UDEFGXxP	XY	UVXE	Wi	HdXxXhXdHIXVY	HYx	GPHIXY�	IV	EXWPTHIP	GixTV�PY	UDEFGXxPQ	ITHFFPx	XY	HY	HEjHEXYP	UVEDIXVY	IGPY	HUUHiPx	Wi	XVY	UPEPdIX�P	PEPdITVxPvpYsGVDUP	gPIGVx ��a�sr� f �quw�C�VIHE	UDEFGHIP	̀HU	Ct�	XY	UVXEe fPIPTgXYHIXVY	Vh	IVIHE	UDEFGHIP	XY	UVXE	Wi	PcITHdIXVY	SXIG	a�l	�qE	hVEEVSPx	Wi	pqrstuCv pY	GVDUP	gPIGVxv ����sr� f �quw�CCIVYPU	dVYIPYI	Vh	UVXE CIHYxHTx	FTPFHTHIXVY	hVT	HEE	UHgFEPU	DYEPUU	VIGPTSXUP	xPIHXEPxv	�TH�XgPITXd	xPIPTgXYHIXVY	Vh	UIVYP	m	a�	gg	HU	l		xTi	SPX�GIv pYsGVDUP	gPIGVx	WHUPx	VY	�TXIXUG	CIHYxHTx	�PIGVxU	HYx	�quw�C	TPyDXTPgPYIUv ��a�sdefr� f gtguCPgXs�VEHIXEP	VT�HYXd	dVgFVDYxU	XY	UVXE fPIPTgXYHIXVY	Vh	UPgXs�VEHIXEP	VT�HYXd	dVgFVDYxU	XY	UVXE	Wi	PcITHdIXVY	XY	xXdGEVTVgPIGHYP	HYx	GPcHYP	hVEEVSPx	Wi	�qs�Cv pYsGVDUP	gPIGVx	WHUPx	VY	dCur�	���� ��b�sr� f �quw�C�VIHE	diHYXxP	XY	UVXE fPIPTgXYHIXVY	Vh	IVIHE	diHYXxP	Wi	xXUIXEEHIXVY	hVEEVSPx	Wi	dVEVTXgPITiv pYsGVDUP	gPIGVx	WHUPx	VY	ucHgXYHIXVY	Vh	�HIPT	HYx	�HUIPSHIPT	��IG	uxXIXVYh		qEPUdPTXQ	�TPPYWPT�	i	uHIVY		̀CjHEHTe ����sr� � �quw�C�VIHE	VT�HYXd	dHTWVY	̀�DIVgHIPxe	XY	UVXE fPIPTgXYHIXVY	Vh	VT�HYXd	gHIIPT	XY	UVXE	Wi	VcXxXUXY�	SXIG	FVIHUUXDg	xXdGTVgHIP	hVEEVSPx	Wi	IXITHIXVY	SXIG	XTVY	̀ppe	UDEFGHIPv pY	GVDUP	gPIGVxv ����sr� f �quw�Cnoo	pq	rstusvwxtr	yz{q|	}qz~	�y�	y�p�}�z��	su	q�	s�
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RjyxjRP RjyxjRRa�RPR a�RPxSDEF	BYffcWFi SDEF	BYffcWFiPQjP PQ�Px�tP�txPxR xwtP�txPxRSDEF	BYffcWFi SDEF	BYffcWFi
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Eig�iEC Eig�iEEu�ECE u�EC�FxUT	vb��gVT� FxUT	vb��gVT�CDiC CD�C�hpC�p�C�E �jpC�p�C�EFxUT	vb��gVT� FxUT	vb��gVT�
Eg E�EDi CDgk	CD� k	CD�k	�DC k	�DC�i Elh� �g�jC E�Ck	CD� k	CD�Ej Ej�Dl k	EDCE�C EgCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDCk	EDC k	EDC�l k	ECk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	EDC k	EDCE� k	�DCEi k	iDCEi k	iDC�l k	ECk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	CDCCE k	CDCCEk	EDC k	EDCk	�DC k	�DCk	EC k	ECk	EC k	ECk	EC k	EC

mnop	qrstouoqvtr	pnwxyz	{wt	|r	sr}swzxqrz~	r�qr}t	o{	uxyy~	�otnwxt	tnr	r�}srpp	}rs�oppow{	wu	tnr	yv|wsvtws��	mnr	srpxytp	o{qyxzrz	�otno{	tnr	sr}wst	sryvtr	w{y�	tw	tnr	pv�}yr�p�	px|�ottrz	uws	trpto{�� ���	��	����������	�����	����	���	���������	 	�¡	�¢
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFHIPQ@RSTUVUWXYS̀aX bcdec E fgG	EiCpqRSTUVUXYS̀aX bcdec E FGFHrVUWUWXYS̀aX bcdec E fgG	EiCpqstauT	RSTUVtvX bcdec E FGFHwVtxSTUVUyT�UVUWXYS̀aX bcdec E FGFHE�E��txSTUVUXYSXaX bcdec E FGFHE�E�p�wVtxSTUVU	E�p�p�wVtyT�UVUXYS̀aX bcdec E fgG	EiCpqRt��E�p�vtxSTUVUXYSXaX bcdec E �RH�wg�wrH	��XYSuT	wXVYt̀Vu	r�YuT	HYSXV� bcdec E �RH�wgE�E��txSTUVUXYS̀aX bcdec E �RH�wgp�p��txSTUVU�VU�̀aX bcdec E �RH�wgwVtxSTUVUWXYS̀aX bcdec E �RH�wgE�E�E�wVtxSTUVUXYS̀aX bcdec E �RH�wgE�p��txSTUVUXYS̀aX bcdec E �RH�wgE�E��txSTUVU�VU�XaX bcdec E �RH�wgwV̀a��E�p�vtxSTUVUXYSXaX bcdec E FGFHrXa�XaX bcdec E �RH�wgwXYV̀xSTUVUWXYS̀aX bcdec E �RH�wgE�p��txSTUVU�VU�̀aX bcdec E �RH�wgwVtxSTUVUXYSXaX bcdec E �RH�wg�t�VUWUWXYS̀aX bcdec E �RH�wgrVUWUvtxSTUVUWXYS̀aX bcdec E �RH�wgRt��E���vtxSTUVU�VU�XaX bcdec E fgG	EiCpqwV̀a��E���vtxSTUVU�VU�XaX bcdec E fgG	EiCpqwUT�XaX bcdec E �RH�wgE�E�p�wVtxSTUVUXYS̀aX bcdec E �RH�wgE����txSTUVU�VU�̀aX bcdec E fgG	EiCpq�t�VUWUxSTUVUWXYS̀aX bcdec E fgG	EiCpqwXYV̀xSTUVUXYSXaX bcdec E FGFHE�p��t�VUWUXYS̀aX bcdec E fgG	EiCpqRSTUVU�Xa�XaX bcdec E �RH�wgE�E�E�p�wXYV̀xSTUVUXYS̀aX bcdec E �RH�wgHYSuT�Xa�XaX bcdec E �RH�wg�	�	W��uTXaX bcdec E �RH�wggYuVXaX bcdec E �RH�wgwVt�VUWUWXYS̀aX bcdec E FGFHU��uTXaX bcdec E �RH�wgE�E�p�p�wXYV̀xSTUVUXYS̀aX bcdec E �RH�wgf�U�VU�uT�Xa�XaX bcdec E �RH�wgrVUWU�Xa�XaX bcdec E �RH�wga��VU�uT�Xa�XaX bcdec E fgG	EiCpqp�RSTUVUYUT�XaX bcdec E �RH�wg��RSTUVUYUT�XaX bcdec E �RH�wgE���q�wVtWXYSuT�Xa�XaX bcdec E fgG	EiCpqYXVY�r�YuT�Xa�XaX bcdec E �RH�wgE�p���wVtWXYSuT�Xa�XaX bcdec E fgG	EiCpq�Xx�r�YuT�Xa�XaX bcdec E �RH�wgE����txSTUVU�Xa�XaX bcdec E fgG	EiCpq��f�U�VU�uTYUT�XaX bcdec E fgG	EiCpqE�p��txSTUVU�Xa�XaX bcdec E �RH�wgE����txSTUVU�Xa�XaX bcdec E �RH�wgr�YuT�Xa�XaX bcdec E �RH�wg

E�qp�EC E�qp�EEw�ECE w�ECpFUaX	g���TtXv FUaX	g���TtXvCD�C CD�Cp�dC�dpCpE pidC�dpCpEFUaX	g���TtXv FUaX	g���TtXv
�	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC ��	EDC �defg	hijkflfhmki	genopq	rnk	si	jitjnqohiqu	ivhitk	fr	loppu	wfkenok	kei	ivtjigg	tijxfggfnr	nl	kei	pmsnjmknjyz	dei	jigopkg	frhpoqiq	wfkefr	kei	jitnjk	jipmki	nrpy	kn	kei	gmxtpi{g|	gosxfkkiq	lnj	kigkfr}z ~��	��	����������	�����	����	���	���������	��	��	��
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E�tP�EC E�tP�EEv�ECE v�ECPFVde	q�bbaSe� FVde	q�bbaSe�CD�C CDuCP�hCuhPCPE PshCuhPCPEFVde	q�bbaSe� FVde	q�bbaSe�
�	EDC Q�	EDC Q�	EDC Q�	EDC Q

����	��������c��	��defg	hd�	i�	��j�dge��gk	�l��j�	�h	�effk	m���de�	���	�lj����	j��n����dh	d�	���	fcid�c�d�op	���	���ef��	�h�feg�g	m����h	���	��jd��	��fc��	dhfo	�d	���	�cnjf�q�r	�ein����g	�d�	�����hsp tuu	vw	xyz{y|}~z�	���w�	�w��	���	��v������	yy	w�	y�
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFH)IPQ@RSTUTSV WXỲX CDE FGFHabVScU WXỲX CDd efG	EhCdidpqbUcrcsbVScU WXỲX CDE tqHuvfwTxydp�bUcrcV�b�U�V�bVr WXỲX CDd tqHuvfE��p�T�bUcrc�VS�VSV WXỲX CDd tqHuvfE�dp�T�bUcrc�VS�VSV WXỲX CDE tqHuvfE��p�T�bUcrc�VS�VSV WXỲX CDd tqHuvfwTxydp�bUcrcTxcsrcs�U�V�bVr WXỲX CDE tqHuvfdptV�b�UsbVScU WXỲX CD� tqHuvf�V���bUcrcV�b�SV WXỲX CDCi tqHuvfFT�rc�VS�VSV WXỲX CD� tqHuvf�ptV�b�UsbVScU WXỲX CDd FGFHexcsbcrcSV WXỲX CDd tqHuvfdpFT�rcsbVScU WXỲX CD� tqHuvfd��p�TWV�b�UsbVScU WXỲX CD� tqHuvfwTxydp�bUcrcV�bc���WV�b�SV WXỲX CD� tqHuvfE�d��pvrT�bUcrc�VS�VSV WXỲX CD� tqHuvfF�sb�b�UVSV WXỲX CDCi tqHuvfd��p�T�bUcrcsbVScU WXỲX CD� tqHuvf�pqbUcrc�STUTSV WXỲX CDE FGFH�V���bUcrc�����TVSV WXỲX CDE tqHuvf�pqbUcrcp�pWV�b�UsbVScU WXỲX CDE FGFHd����pvrT�bUcrcsbVScU WXỲX CDE tqHuvfd���ipvrT�bUcrcsbVScU WXỲX CDd tqHuvfdptV�b�US�sb�b�UVSV WXỲX CDE FGFHdpqbUcrcS�sb�b�UVSV WXỲX CDE tqHuvf�TWV�b�Usb�b�U��V WXỲX CDE tqHuvfd��p�TST�rc�cU�VSV WXỲX CDE tqHuvfR�VS�sb�b�UVSV WXỲX CDCi tqHuvfR�VS�sb�bVSV WXỲX CDCi tqHuvfd��p�TST�rc�cU�VSV WXỲX CDd tqHuvf�T�VS�c��r�S WXỲX CDd tqHuvf�pqbUcrcsbVS�U	sbVS�U	V�bVr WXỲX CD� efG	EhCdi�TV�b�U	sb�b�U��V WXỲX CDd tqHuvf�pFT�rc�STUTSV WXỲX CDd tqHuvf�U�crVSV WXỲX CDCi tqHuvfR�c�VS�VSV WXỲX CD� tqHuvfwrcWcsbVS�U	sbVS�U	V�bVr WXỲX CDd tqHuvf�V���bUcrc�VS�VSV WXỲX CD� tqHuvfabVS�S�brVSV WXỲX CDCi tqHuvfRS�br��VSV WXỲX CDCi tqHuvfq�r���cUV WXỲX CD� tqHuvf�T����U	sb�b�U��V WXỲX CDd tqHuvfRS�br���TScSV WXỲX CD� tqHuvf�U�cr�S�bVSV WXỲX CDCi tqHuvfa�rVSV WXỲX CDCi tqHuvfw���U	�VS��U	sb�b�U��V WXỲX CD� efG	EhCdiwVS�cy���S�br��VSV WXỲX CDCi tqHuvfqbr�xVSV WXỲX CDCi tqHuvfwVS�cy���U�cr�S�bVSV WXỲX CDCi tqHuvfwVS�cỳ��U�cr�S�bVSV WXỲX CDCi tqHuvfwVS�cy��s�rVSV WXỲX CDCi tqHuvf

E�id�EC E�id�EEvaECE vaECdFcSV	f�ssUTV� FcSV	f�ssUTV�CD�C CD�Cd�YC�YdCdE dhYC�YdCdEFcSV	f�ssUTV� FcSV	f�ssUTV�
d	CDE pd	CDd pd	CDE pd	CDd pCDi pd	CDE pd	CDd pd	CDE pd	CD� pd	CDCi pd	CD� pd	CDd pd	CDd pd	CD� pd	CD� pd	CD� pd	CD� pd	CDCi pd	CD� pd	CDE pd	CDE pd	CDE pd	CDE pd	CDd pd	CDE pd	CDE pd	CDE pd	CDE pd	CDCi pd	CDCi pd	CDd pd	CDd pd	CD� pd	CDd pd	CDd pd	CDCi pd	CD� pd	CDd pd	CD� pd	CDCi pd	CDCi pd	CD� pd	CDd pd	CD� pd	CDCi pd	CDCi pd	CD� pd	CDCi pd	CDCi pd	CDCi pd	CDCi pd	CDCi pefgh	ijklgmginlj	hfopqr	sol	tj	kjukorpijrv	jwijul	gs	mpqqv	xglfopl	lfj	jwukjhh	ujkyghhgos	om	lfj	qntoknlokz{	efj	kjhpqlh	gsiqprjr	xglfgs	lfj	kjuokl	kjqnlj	osqz	lo	lfj	hnyuqj|h}	hptyglljr	mok	ljhlgs~{ ���	��	����������	�����	����	���	���������	��	��	��
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�3������)�����	������4���5	6�74���	)�����18���	8�9������������	&��������	6)���	�����@�@7 A���@ 2����	�3	1�������� �����1�������	)����@B CDE FGFHIPQRPSTEUVUWXYQ̀abcRPR defge CDCh ipHqrstuvRPwTxUỳxP�ycxYRPR defge CDCh ipHqrs�RPwSTeyùaRcb�RPR defge CDCh ipHqrs&��@	��	��!0)�p�	pSPeRPRc	V� defge CDCCE ipHqrs�p�	pSPeRPRc	hV defge CDCCE ipHqrs�p�	pSPeRPRc	ECE defge CDCCE ipHqrs�p�	pSPeRPRc	EE� defge CDCCE ipHqrs�p�	pSPeRPRc	EW� defge CDCCE ipHqrs�p�	pSPeRPRc	EhW defge CDCCE ipHqrs�p�	pSPeRPRc	E�C defge CDCCE ipHqrs8����	&��@	��	��!0)rS�x�	�p�� defge CDCC� ipHqrs�fs	�	�P��u�xv�R	sxda�R					Ifs	�		IP����uYuRP�	sxda�R

E�hV�EC E�hV�EEr�ECE r�ECVFSPR	s�aa�uRQ FSPR	s�aa�uRQCD�C CD�CV�fC�fVCVE V�fC�fVCVEFSPR	s�aa�uRQ FSPR	s�aa�uRQ
�	CDCh X�	CDCh X�	CDCh X�	CDCCE X�	CDCCE X�	CDCCE X�	CDCCE X�	CDCCE X�	CDCCE X�	CDCCE X�	CDCC� X

��de	fghidjdfkig	e�lmno	pli	qg	hgrhlomfgos	gtfgri	dp	jmnns	udi�lmi	i�g	gtrhgee	rghvdeedlp	lj	i�g	nkqlhkilhwx	��g	hgemnie	dpfnmogo	udi�dp	i�g	hgrlhi	hgnkig	lpnw	il	i�g	ekvrngyez	emqvdiigo	jlh	igeidp{x |}}	~�	����������	�����	����	���	��~������	��	��	��
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�3������ )�����	������ 4���5	6�7 )�����	4�8��������	9@ABCADB EF@D@ GHIP	RSTTUVPW DXA EYH̀ I	abIWc	UHbd	̀Vef	gYbhPU	bIW	YSiiUPX@ABCADp EF@DC GHIP	RSTTUVPW DXB EYH̀ I	abIWc	UHbd	̀Vef	gYbhPU	bIW	YSiiUPX@ABCADq EF@Dr GHIP	RSTTUVPW DXC EYH̀ I	abIWc	UHbd	̀Vef	gYbhPUX@ABCADA EF@Ds GHIP	RSTTUVPW @XA EYH̀ I	UHbd	bIW	abIW	̀Vef	gYbhPUX@ABCADt EF@DB GHIP	RSTTUVPW DXB EYH̀ I	UHbd	bIW	abIW	̀Vef	gYbhPU	bIW	iYVuvX@ABCA@D wx@D@ GHIP	RSTTUVPW DXA EYH̀ I	UHbd	bIW	uUbc	̀Vef	gYbhPU	bIW	iYVuvX@ABCA@@ wx@DC GHIP	RSTTUVPW DXs yVgfe	iYH̀ I	UHbd	bIW	abIW	̀Vef	YSiiUPX
�	wfPaP	WPauYVTeVHIa	bYP	HIUc	VIePIWPW	eH	bue	ba	b	uYHaa	ufPuv	V�	abdTUP	VWPIeVeVPa	bYP	�SPaeVHIPWX	wfP	db�HY	uHIaeVeSPIe	H�	efP	abdTUP	Va	VIePIWPW	eH	bue	̀Vef	YPaTPue	eH	����wR	hbUVWbeVHIX	wfP	UbiHYbeHYc	Va	buuYPWVePW	�HY	abIW�	uUbc	bIW	UHbd	�����wR�	aHVU	ecTPaX	�beb	�HY	SIbuuYPWVePW	ecTPa	H�	aHUVW	afHSUW	iP	VIePYTYPePW	̀Vef	ubYPX	ReHIP	uHIePIe	H�	b	abdTUP	Va	ubUuSUbePW	ba	efP	�	̀PVgfe	H�	efP	aeHIPa	IHe	TbaaVIg	b		@D	dd	aVPhPX	�PaSUea	bYP	IHe	uHYYPuePW	�HY	aeHIP	uHIePIeX
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����������	
�����	������	�	� !"#$%&'��(���	)	0���	�����	1����	
��23����	�����4	�����5������6�	0��7���	3����	8039		'������	3����	8'39		@����2	3����	8@39		����������	A�6�	���� ����������	1��B�2	C�6�������� ����������	1��B�2	
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�����	�������	� !"# ""$��%���	&	'���	�����	(����	
��)0��	'�����	������ 1234564 1234565 1234567 1234568 1234566'�����	
�9������ @A1B1 @A1B1 @A1B4 @A1B4 @A1B5'�����	������ CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFST���U	V�W 4XBB 4X38 1X4B 3XBB BX2BT���	'�����) YF̀RabREc YF̀RabREc 41dB7d4B41 43dB7d4B41 41dB7d4B41e���	e�f�� CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFS CDEF	HIPPQRFS����������	$��������	V'���	�����g�gW h���g 0����	�9	)�������� �����)�������	'����gHbDEF	iDEbFEb p BX1 CqCr s	BX1 s	BX1 s	BX1 s	BX1 s	BX1tDRubIvF	iDEbFEb p BXB1 CqCr 1B 3X1 2X2 13 6X4wDbaQ	xauu	Dy	uaxPQF	vF�FR̀FS �c BXBB1 CqCr BX7B 1XB BX�B BX�B BX8B�������	���������gPA	�	�IbDxabFS PA	�ERbu Cd� tir�wH 3X2 3X2 �X5 2X5 2X8wDbaQ	HIQP�abF	au	Hq7 p BXBB8 tir�wH BX52B BX141 BX14� BX1B5 BXB73�abFv	HDQI�QF	Hq7	16�v	F�bva�bRDE	�4�1	�Fa��abF	r�IR̀aQFEb� cdQ BXBB148 tir�wH 1X2 BX76 BX44 BX75 BXB51�abFv	HDQI�QF	Hq7	16�v	F�bva�bRDE	�4�1	�Fa��abF	r�IR̀aQFEb� xcdQ 1X48 tir�wH 127B 765 445 746 5BX8�abFv	HDQI�QF	i�QDvRSF	�4�1�	�QFa��abF	F�IR̀aQFEb� xcdQ BX8 tir�wH 8X� 8X6 8X4 15 6X5wDbaQ	HIQP�Iv p BXBB8 tir�wH BX17B BXB71 BXB83 BX785 BXB41�abFv	HDQI�QF	CRbvabF	�4�1�	au	C	�QFa��abF	F�IR̀aQFEb� xcdQ 4 CqCr s	4XB s	4XB s	4XB s	4XB s	4XB���d�	(����g	&	(�������)gtacEFuRIx	�eabFv	uDQI�QF� xcd�c 8 CqCr 43 17 3X4 86 �X8tacEFuRIx	�QFa��abF	F�IR̀aQFEb� xcdQ 4X8 CqCr 17 6X2 5X6 42 7X2�dH	f	�EuIRba�QF	HaxPQF					gdH	f		gEuIyyR�RFEb	HaxPQF

hijk	lmnojpjlqom	kirstu	vro	wm	nmxnruslmuy	mzlmxo	jv	pstty	{joirso	oim	mzxnmkk	xmn|jkkjrv	rp	oim	tqwrnqorn}~	him	nmkstok	jvltsumu	{joijv	oim	nmxrno	nmtqom	rvt}	or	oim	kq|xtm�k�	ksw|joomu	prn	omkojv�~ ���	��	����������	�����	����	����	�����	��������	�	��	�
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�����	�������	� !"# ""$��%���	&	'���	�����	(����	
��)0��	'�����	������'�����	
�1������'�����	������2���3	4�52���	'�����)6���	6�7������������	$��������	4'���	�����8�85 9���8 0����	�1	)�������� �����)�������	'����8@ABCD	FBCADCA G HIP QRQSTBUVAWXD	FBCADCA G HIHP QRQSYBÀa	b̀ VV	Bc	V̀bdaD	XDeDUfDg hi HIHHP QRQSp������	q���r����8ds	t	uWABb̀ ADg ds	vCUAV Qwu TFSxY@YBÀa	@WadỳAD	̀V	@R� G HIHH� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� iwa HIHHP�� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� biwa PI�� TFSxY@� ÀDX	@BaW�aD	FyaBXUgD	���P�	�aD̀eỳAD	D�WUf̀aDCA� biwa HI� TFSxY@YBÀa	@WadyWX G HIHH� TFSxY@� ÀDX	@BaW�aD	QUAX̀AD	���P�	̀V	Q	�aD̀eỳAD	D�WUf̀aDCA� biwa � QRQS�����	(����8	&	(�������)8T̀ iCDVUWb	��̀ ADX	VBaW�aD� biwhi � QRQST̀ iCDVUWb	�aD̀eỳAD	D�WUf̀aDCA� biwa �I� QRQSvw@	�	vCVWUÀ�aD	@̀bdaD					�w@	�		�CVWccUeUDCA	@̀bdaD

P������ P������ P�����d P�����H P�����PesPH� esPH� esPH� esPH� esPH�QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg�I�� �IHH PHI�H P�I�H P�IHH�PwH�w�H�P �PwH�w�H�P ��wH�w�H�P ��wH�w�H�P ��wH�w�H�PQBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg
f	HIP f	HIP f	HIP f	HIP f	HIP�I� P� P� P� P�PIH PIH PIH HIdH HI�H�I� �I� �Id �I� �I�HIH�� HIHd� HIH�� HIPH� HIP��HIH�P HI�� HI�� HI�d HI���PI� ��� ��� �dP ���PH �P P� �� ��HIHP� HI��� HI��� HI�dd HI���f	�IH f	�IH f	�IH f	�IH f	�IH�IH �� �� �H �H�IH P� �� �H P�

ghij	klmnioikpnl	jhqrst	uqn	vl	mlwmqtrkltx	lyklwn	iu	orssx	zinhqrn	nhl	lywmljj	wlm{ijjiqu	qo	nhl	spvqmpnqm|}	ghl	mljrsnj	iuksrtlt	zinhiu	nhl	mlwqmn	mlspnl	qus|	nq	nhl	jp{wsl~j�	jrv{innlt	oqm	nljniu�} ���	��	����������	�����	����	����	�����	��������	�	��	�
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�����	�������	� !"# ""$��%���	&	'���	�����	(����	
��)0��	'�����	������'�����	
�1������'�����	������2���3	4�52���	'�����)6���	6�7������������	$��������	4'���	�����8�85 9���8 0����	�1	)�������� �����)�������	'����8@ABCD	FBCADCA G HIP QRQSTBUVAWXD	FBCADCA G HIHP QRQSYBÀa	b̀ VV	Bc	V̀bdaD	XDeDUfDg hi HIHHP QRQSp������	q���r����8ds	t	uWABb̀ ADg ds	vCUAV Qwu TFSxY@YBÀa	@WadỳAD	̀V	@R� G HIHH� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� iwa HIHHP�� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� biwa PI�� TFSxY@� ÀDX	@BaW�aD	FyaBXUgD	���P�	�aD̀eỳAD	D�WUf̀aDCA� biwa HI� TFSxY@YBÀa	@WadyWX G HIHH� TFSxY@� ÀDX	@BaW�aD	QUAX̀AD	���P�	̀V	Q	�aD̀eỳAD	D�WUf̀aDCA� biwa � QRQS�����	(����8	&	(�������)8T̀ iCDVUWb	��̀ ADX	VBaW�aD� biwhi � QRQST̀ iCDVUWb	�aD̀eỳAD	D�WUf̀aDCA� biwa �I� QRQSvw@	�	vCVWUÀ�aD	@̀bdaD					�w@	�		�CVWccUeUDCA	@̀bdaD

P������ P������ P������ P������ P������dsPH� dsPH� dsPH� dsPH� dsPH�QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDgPeI�H �I�� �I�H P�IHH P�IHH��wH�w�H�P ��wH�w�H�P ��wH�w�H�P ��wH�w�H�P ��wH�w�H�PQBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg
f	HIP f	HIP f	HIP f	HIP f	HIPeIP P� P� Pe PPHI�H HI�H HIeH PIH HI�H�I� �IH �I� �I� �I�HIPH� HIH�� HIHeH HIH�e HIPHeHI�� HIHPe HIP� HI�e HI����� PeIH P�� �e� ����� �I� �I� �I� ��HI�HP HIHP� HI��� HI�e� HI���f	�IH f	�IH f	�IH f	�IH f	�IH�� P� �H �� ���� �I� PH �� ��

ghij	klmnioikpnl	jhqrst	uqn	vl	mlwmqtrkltx	lyklwn	iu	orssx	zinhqrn	nhl	lywmljj	wlm{ijjiqu	qo	nhl	spvqmpnqm|}	ghl	mljrsnj	iuksrtlt	zinhiu	nhl	mlwqmn	mlspnl	qus|	nq	nhl	jp{wsl~j�	jrv{innlt	oqm	nljniu�} ���	��	����������	�����	����	����	�����	��������	�	��	�
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�����	�������	� !"# ""$��%���	&	'���	�����	(����	
��)0��	'�����	������'�����	
�1������'�����	������2���3	4�52���	'�����)6���	6�7������������	$��������	4'���	�����8�85 9���8 0����	�1	)�������� �����)�������	'����8@ABCD	FBCADCA G HIP QRQSTBUVAWXD	FBCADCA G HIHP QRQSYBÀa	b̀ VV	Bc	V̀bdaD	XDeDUfDg hi HIHHP QRQSp������	q���r����8ds	t	uWABb̀ ADg ds	vCUAV Qwu TFSxY@YBÀa	@WadỳAD	̀V	@R� G HIHH� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� iwa HIHHP�� TFSxY@� ÀDX	@BaW�aD	@R�	P�yX	D�AX̀eAUBC	���P	�D̀eỳAD	S�WUf̀aDCA� biwa PI�� TFSxY@� ÀDX	@BaW�aD	FyaBXUgD	���P�	�aD̀eỳAD	D�WUf̀aDCA� biwa HI� TFSxY@YBÀa	@WadyWX G HIHH� TFSxY@� ÀDX	@BaW�aD	QUAX̀AD	���P�	̀V	Q	�aD̀eỳAD	D�WUf̀aDCA� biwa � QRQS�����	(����8	&	(�������)8T̀ iCDVUWb	��̀ ADX	VBaW�aD� biwhi � QRQST̀ iCDVUWb	�aD̀eỳAD	D�WUf̀aDCA� biwa �I� QRQSvw@	�	vCVWUÀ�aD	@̀bdaD					�w@	�		�CVWccUeUDCA	@̀bdaD

P������ P������ P�����d P����d�esPH� esPH� YfPH� esPH�QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDgP�IHH ��IHH �IHH ��I�H��wH�w�H�P ��wH�w�H�P ��wH�w�H�P ��wH�w�H�PQBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg QBCD	@WddaUDg
g	HIP g	HIP g	HIP g	HIPP� P� �I� P�HI�H HI�H HI�H PIH�I� �I� �I� �I�HIP�� HIP�� HIH�� HIP��HI�� HI�� HIP� HI�H��P ��� PP� �d��P �H �I� �HHI�H� HI�H� HIHP� HI��Hg	�IH g	�IH g	�IH g	�IH�� �� P� �P�� �d �Id ��

hijk	lmnojpjlqom	kirstu	vro	wm	nmxnruslmuy	mzlmxo	jv	pstty	{joirso	oim	mzxnmkk	xmn|jkkjrv	rp	oim	tqwrnqorn}~	him	nmkstok	jvltsumu	{joijv	oim	nmxrno	nmtqom	rvt}	or	oim	kq|xtm�k�	ksw|joomu	prn	omkojv�~ ���	��	����������	�����	����	����	�����	��������	�	��	�
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�����	������	�	� !"# ""$��%���	&	'���	�����	(����	
��)
0��	'�����	������ '�����	
�1������ '�����	������ 2���3	4�5 '�����	2�6��������	789@ABCA DE8F8 GHIP	RSTTUVPW A DXHYI	UH̀a	̀IW	bÙc	YVde	fX̀gPUh89@ABCB DE8F8 GHIP	RSTTUVPW Ah@i DXHYI	UH̀a	̀IW	bÙc	YVde	fX̀gPUh89@ABCp DE8FA GHIP	RSTTUVPW 8hA DXHYI	UH̀a	̀IW	bÙc	YVde	fX̀gPUh89@ABCi DE8FA GHIP	RSTTUVPW @ DXHYI	bÙch89@ABCC DE8FB GHIP	RSTTUVPW Fh9 DXHYI	UH̀a	̀IW	q̀IW	YVde	fX̀gPUh89@ABC@ DE8FB GHIP	RSTTUVPW Ah@i DXHYI	UH̀a	̀IW	q̀IW	YVde	fX̀gPUh89@ABC9 DE8FB GHIP	RSTTUVPW C DXHYI	bÙch89@ABCr DE8Fp GHIP	RSTTUVPW 8Fhi DXHYI	bÙch89@AB@F DE8Fp GHIP	RSTTUVPW 8Bhi DXHYI	bÙch89@AB@8 DE8Fp GHIP	RSTTUVPW 89 DXHYI	bÙch89@AB@A DE8Fp GHIP	RSTTUVPW 8rhi DXHYI	bÙch89@AB@B DE8Fi GHIP	RSTTUVPW ph@i DXHYI	bÙc	̀IW	q̀IW	YVde	fX̀gPUh89@AB@p DE8Fi GHIP	RSTTUVPW @hi DXHYI	bÙch89@AB@i DE8Fi GHIP	RSTTUVPW 8A DXHYI	bÙch89@AB@C DE8Fi GHIP	RSTTUVPW 8p DXHYI	bÙch89@AB@@ DE8Fi GHIP	RSTTUVPW 8@ DXHYI	bÙch89@AB@9 DE8Fi GHIP	RSTTUVPW AB DXHYI	bÙch89@AB@r st8FA GHIP	RSTTUVPW A DXHYI	UH̀a	̀IW	q̀IW	YVde	fX̀gPUh89@ipr@ DE8Fp GHIP	RSTTUVPW AAhi DXHYI	bÙch

u	sePqP	WPqbXVTdVHIq	̀XP	HIUc	VIdPIWPW	dH	̀bd	̀q	̀	bXHqq	bePbv	Vw	q̀aTUP	VWPIdVdVPq	̀XP	xSPqdVHIPWh	seP	à yHX	bHIqdVdSPId	Hw	deP	q̀aTUP	Vq	VIdPIWPW	dH	̀bd	YVde	XPqTPbd	dH	����sR	g̀UVẀdVHIh	seP	Ù�HX̀dHXc	Vq	̀bbXPWVdPW	wHX	q̀IW�	bÙc	̀IW	UH̀a	�����sR�	qHVU	dcTPqh	�̀ d̀	wHX	SÌbbXPWVdPW	dcTPq	Hw	qHUVW	qeHSUW	�P	VIdPXTXPdPW	YVde	b̀XPh	RdHIP	bHIdPId	Hw	̀	q̀aTUP	Vq	b̀UbSÙdPW	̀q	deP	�	YPVfed	Hw	deP	qdHIPq	IHd	T̀qqVIf	̀		8F	aa	qVPgPh	�PqSUdq	̀XP	IHd	bHXXPbdPW	wHX	qdHIP	bHIdPIdh

���	��	����������	cde�f	g�dh	icj�	ck�lg	glkmndop	q	�r	s
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�����	������	�	� !"# ""$��%���	&	'���	�����	(����	
��)0����	�����1	�����2������3�	'��4���	0����	5'06		$������	0����	5$06		7����)	0����	5706		����������	8�3�	���� ����������	(��9�)	@�3�������� ����������	(��9�)	
�4������ (��9�)	������ 0��	&	@��	�����3�3 �����)�������	'����3ABCDEFGHIP	RBSET	FUVHWVEP	GD	FUGV XESETIGDBSGUD	UY	RBSET	FUVHWVE	IBCDEFGHI	Ẁ	EaSTBbSGUD	RGSc	RBSET	YUVVUREd	Ẁ	efghipqr eDhcUHFE	IEScUd	WBFEd	UD	stu	vvw uxy�hgu X �i�pAUGFSHTE	fUDSEDS AUGFSHTE	bUDSEDSP	dESETIGDEd	CTB�GIESTGbBVV̀r	�yx	Uf� eD	cUHFE	IEScUdr ux��h���gu � �i�p��	GD	FUGV	�BHSUIBSEd� XESETIGDBSGUD	UY	��	GD	FUGV	Ẁ	BddGSGUD	UY	RBSET	YUVVUREd	Ẁ	BHSUIBSEd	EVEbSTUIESTGb	IEBFHTEIEDSr eD	cUHFE	IEScUdr ux��hgu X AfptsqqSUDEF	bUDSEDS	UY	FUGV qSBDdBTd	�TE�BTBSGUD	YUT	BVV	FBI�VEF	HDVEFF	UScETRGFE	dESBGVEdr	�TB�GIESTGb	dESETIGDBSGUD	UY	FSUDE	�	�x	II	BF	�		dT̀	REGCcSr eDhcUHFE	IEScUd	WBFEd	UD	�TGSGFc	qSBDdBTd	AEScUdF	BDd	Afptsq	TE�HGTEIEDSFr ux��h���gu X �i�psUSBV	qHV�cBSE	GD	FUGV	BF	� XESETIGDBSGUD	UY	SUSBV	FHV�cBSE	GD	FUGV	Ẁ	EaSTBbSGUD	RGSc	�x�	�fV	YUVVUREd	Ẁ	efghipqr eD	cUHFE	IEScUdr uxy�hgu X AfptsqsUSBV	qHV�cHT	GD	FUGV	BF	� XESETIGDBSGUD	UY	SUSBV	FHV�cHT	GD	FUGV	Ẁ	EaSTBbSGUD	RGSc	B�HBhTECGBP	�USBFFGHI	WTUIGdE�WTUIBSE	YUVVUREd	Ẁ	efghipqr eD	cUHFE	IEScUdr uxy�hgu X AfptsqqHV�cBSEP	RBSET	FUVHWVEP	GD	FUGV	���cT	EaSTBbSGUD� XESETIGDBSGUD	UY	RBSET	FUVHWVE	FHV�cBSE	Ẁ	efghipqr	tEFHVSF	TE�UTSEd	dGTEbSV̀	�VEBbcBSE	E�HG�BVEDS�	BDd	bUTTEbSEd	YUT	EaSTBbSGUD	TBSGU	�FUGV	E�HG�BVEDS�r eD	cUHFE	IEScUdr uxy�hgu X Afptsq�BSET	qUVHWVE	�GSTBSE	��d��	BF	�	GD	FUGV XESETIGDBSGUD	UY	DGSTBSE	Ẁ	TEBbSGUD	RGSc	FUdGHI	FBVGb̀VBSE	BDd	bUVUTGIEST̀r eDhcUHFE	IEScUd	WBFEd	UD	paBIGDBSGUD	UY	�BSET	BDd	�BFSERBSETD	e	gUVGFc	qSBDdBTd	AEScUd	g�h���fhxvfw�rx�P	�d�	EaSTBbSGUDr uxw�hgu � �i�pfcVUTGdEP	RBSET	FUVHWVEP	GD	FUGV XESETIGDBSGUD	UY	fcVUTGdE	bUVUTGIESTGbBVV̀		Ẁ	dGFbTESE	BDBV̀FETr eD	cUHFE	IEScUdr ux��hgu X AfptsqqHV�cBSEP	RBSET	FUVHWVEP	GD	FUGV XESETIGDBSGUD	UY	RBSET	FUVHWVE	FHV�cBSE	Ẁ	efghipqr	tEFHVSF	TE�UTSEd	dGTEbSV̀	�VEBbcBSE	E�HG�BVEDS�	BDd	bUTTEbSEd	YUT	EaSTBbSGUD	TBSGU	�FUGV	E�HG�BVEDS�r eD	cUHFE	IEScUdr uxy�hgu X Afptsqg��	���9�)	������3	��)��h	��	ijki	�����3�3	9�2�	����	������)	���	��	���	����������	��	�9�	j����)	k��h)��lg��	���9�)	������3	��)��h	��	i$mi	�����3�3	9�2�	����	������)	���	��	���	����������	��	$����)l'���	����������	��3���3	���	�1���33�)	��	�	)��	n��h9�	��3�3l		09���	�����3�3	�3	������)	���	��	�3!�����2�)	�9�	��3���3	�������)	���	���������)	��	�	���3����	����������	4�����	�9��	�3	)��������)	h��2�����������	�3��h	�9�	���3����	�������	n9��9	�3	������)	���	��	�	��1����	�4	op�qlj���33	��9��n�3�	��)�����)r	3���	��4��������r	��)��	������r	���%���	������r	3������h	)���r	����r	3�����	��4������	��)	)���9	���	���2�)�)	��	�9�	������l	89�	��3������)	��	)���	��)�����3	�9�	)���	��	n9��9	�9�3	��4��������	n�3	���2�)�)	��	�9�	����������l		
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1.0 Introduction 

a. This report has been prepared by Manhire Associates Geo-Environmental Ltd to 
assess the environmental risks and factors associated with the soils and 
groundwater encountered on the site following a programme of sampling and 
contaminant testing undertaken (Phase 2) at the Homebase site, located to the 
west of Manor Road, Richmond Upon Thames. This report supplements a 
previous investigation by Fairhurst [1] and should be read in conjunction with it. 
 

b. Planning condition 25 requires that “Development shall not commence until a 
strategy to deal with the potential risks associated with any contamination of the 
site has been submitted to, and approved in writing by, the Local Planning 
Authority” 

 
c. A Phase 1 Geo-Environmental and Geotechnical Preliminary Risk Assessment 

and a Phase 2 Ground Investigation Report has previously been prepared by 
Fairhurst as part of the Amended Application. Their Phase I Report identified 
potential sources of contamination on-site and a moderate risk was identified 
typically. It recommended that a ground investigations be undertaken to further 
quantify potential risks. The Phase 2 investigation undertaken by Fairhurst in July 
2021 found low levels of contamination in 2 trial pits and detected asbestos in 2 
samples. The report recommended that in areas of proposed soft landscaping, 
the placement of an engineered capping layer formed from imported, chemically 
‘clean’ soils be installed and noted that on completion of these remedial works it 
would be considered that the risks to future site users would be considered Low. 
Ground water samples analysed were largely compliant with UKDWS with limited 
exceedances in 4 boreholes but were considered Low Risk to the shallow 
groundwater within the Kempton Park Gravel Member. Assessment of the ground 
gas indicated Very Low Risk for the site. The report recommended a second 
round of ground investigations to include boreholes, window sampling 
groundwater monitoring and geo-environmental and geo-technical sampling and 
testing to supplement the existing data.  
 

 
d. The purpose of this additional Phase 2 investigation and sampling was to 

determine the following:  
 

• Provision of sufficient geotechnical data to provide design parameters for 
the economic design of the foundations, earthworks and temporary works. 

• Assessment of problems and constraints associated with the construction 
of the works arising from the soil or ground water conditions, including 
temporary works, excavation, extraction and drainage. 

• Consideration of changes in the stability, drainage or other geotechnical 
aspects of the site and the surrounding ground and buildings which may 
arise from the works. 
 

• Assessment of the ground water regime.  

• Sampling and testing for an environmental risk assessment in accordance 
with CLEA guidelines, and the Environmental Protection Act 1990. 
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• Pile design – assessment of pile design parameters and assessment of 
various capacities for various pile diameters and recommendations for 
factors of safety. 

e. The intrusive site investigation consisted of three boreholes to a depth of 30m and 
a series of six continuous dynamic windowless sampler holes were carried out, 
supported by a programme of laboratory testing. 

 
• The ground conditions revealed by the investigation comprised Made 

Ground overlying Kempton Park Gravel with London Clay at depth.  
 

• Contamination testing found low levels of contamination, which were below 
the relevant trigger concentrations, however chemical analysis found some 
contamination above trigger levels in 3 isolated locations which will require 
limited remediation. 
 

• Standpipe readings found groundwater varied across the site with readings 
indicating groundwater at some 2.5m depth below ground level in BH1 and 
some 4.2m below ground level in BH2 & BH3. 

 
• The groundwater in BH3 was recorded at 2.36m AOD which is below the 

proposed basement excavation level and thus groundwater control will not 
be required. 

 
f. With regards to potential remediation of soil contaminated with PAH. metals or 

asbestos, it is considered that where in areas of hardstanding or below building 
footprints, contaminants can remain in situ, as the pathway in a source-pathway-
receptor model will be blocked. Where they coincide with areas of soft 
landscaping, remediation will be necessary. A 450mm thick cap should be utilised, 
comprising imported clean soils with a capillary break layer at the base underlain 
by a geotextile barrier. This is to block the pathway in a source-pathway-receptor 
model and to discourage excavation below that level.  
 

g. Planning Condition 26 requires that “Prior to occupation, a verification report 
demonstrating the completion of works set out in the approved remediation 
strategy and the effectiveness of the remediation shall be submitted to, and 
approved in writing, by the Local Planning Authority”. 
 

h. Planning Condition 27 requires that “If, during development, contamination not 
previously identified is found to be present at the site then no further development 
(unless otherwise agreed in writing with the Local Planning Authority) shall be 
carried out until a remediation strategy detailing how this contamination will be 
dealt with has been submitted to and approved in writing by the Local Planning 
Authority”. 
 

i. This Report also describes measures being adopted on site so that any 
unexpected contamination identified on site is reported and details of what the 
post remediation verification report needs to include. 
 

j. This Report is prepared for the use of Taylor Wimpy West London in connection 
with the development. The report is not intended for, and should not be relied 
upon by any third party, and no responsibility is undertaken to any third party, 
without the express written agreement of Manhire Associates Geo-Environmental 
Ltd. 



 21031: Manor Road, Richmond 
 Geo-Environmental Site Investigation 
 Taylor Wimpey West London Limited 
 
 
 

Manhire Associates Hanover House, 76 Coombe Road, Te l :  020  83 90 9097  
Geo-Environmental Limited Norb i t on,  K ings ton-Upo n-Thames ,  KT2  7AZ  Fax :  020  8390 7888  

 

2.0 Site description  

The site is a triangular plot of land currently occupied by Homebase and Pets at Home 
retail outlets with associated car parking and yard area in Richmond upon Thames. Manor 
Road forms the southern boundary in the northern and western are marked by railway 
lines. To the east of the building is car parking whilst the yard is to the north. An Autoglass 
repair centre and “We Buy Any Car” franchises are located within the main car park area. 
 
Figure 1 of Appendix E illustrates the general layout of the site and its immediate environs 
as they presently stand.   
 

3.0 Development proposals 

It is intended to construct a series of multi-storey blocks on the site with a small basement 
located under Block A measuring 31m x 6m extending approximately 3m below the 
existing ground level. 
 
The proposed ground floor layouts are provided at Figure 2 of Appendix E. 

4.0 Geology 

Published records of the British Geological Survey indicate the site to lie Kempton Park 
Gravel overlying London Clay at depth.  

5.0 Field work 

The extent of the field work was specified by the client and comprised three boreholes 
drilled by light percussive techniques to 30m. These were supplemented by six 
windowless sampler holes to a maximum of 2½m depth. The location of the exploratory 
points is shown on Figure 1 at Appendix E.   
 
Representative soil and water samples were recovered from the boreholes for 
subsequent laboratory examination and testing; whilst Standard Penetration Tests (SPT) 
were carried out as appropriate.  Details of the strata encountered are provided on the 
Borehole and Trial Pit Records at Appendix A; together with particulars of the samples 
recovered, groundwater observations and SPT results.  The profile of SPT verses depth 
is provided at Figure 3 of Appendix E. 
 
Standpipes were installed in the three percussive boreholes to allow monitoring of 
groundwater levels.  Three sets of monitoring of the standpipes have been undertaken 
and the results of this are presented at Appendix B. 
 

6.0 Laboratory testing 

The following laboratory tests were conducted on samples recovered during the field 
work: - 
 
      Natural moisture content: to assess the in situ condition of the soil. 
 Liquid and Plastic Limits: to classify cohesive soil into behavioural groups. 
 Particle size distribution: by sieve analysis to classify granular material. 
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 Unconsolidated undrained triaxial compression: to determine the shear strength of 
cohesive material and thus to assess its load bearing capacity. 

 One-dimensional consolidation: to determine the deformation characteristics of 
clay under applied loading and unloading. 

 Soluble sulphate concentration and pH value: for the specification of buried 
concrete. 

 Soluble sulphate concentration and pH value: for the specification of buried 
concrete. 

 Contamination: chemical analyses to detect the presence of contaminants as 
detailed in the Fairhurst report, viz: - 

 
Metals & metalloids: Total arsenic, cadmium, chromium, copper, lead, mercury, 
nickel  
Inorganics:  Water soluble boron. 
Organic: Petroleum hydrocarbons (TPH), polyaromatic hydrocarbons 

(PAH), volatile organic compounds (VOC), semi volatile 
organic compounds (SVOC) and phenols. 

Others: Asbestos screen and Waste Acceptance Criteria (WAC) for 
off site disposal of construction arisings. 

 
 
Results of these tests are presented at Appendix C, whilst original testing house sheets 
are at Appendix D. 
 

7.0 Ground conditions 

7.1 Stratigraphy 

The stratigraphy of the site as revealed by the boreholes is consistent with that 
previously found by Fairhurst and are described in detail at Appendix A. 

7.2 Groundwater 

Groundwater was encountered at some 3 – 3½m depth. However, the speed of drilling, 
the requirement to add water in granular material and the use of casing to support the 
bore will have masked some inflows. Groundwater monitoring standpipes were installed 
in the three boreholes. 
 
Details of all groundwater observations from the standpipes are provided on the 
standpipe monitoring records and Appendix B; but it should be noted that this work was 
undertaken at the end of a very long dry summer and water levels may be depressed 
below normal levels. 
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8.0 Discussion 

8.1 General 

The site has evidently already carried development and the investigation has revealed a 
some Made Ground to be present.  It is possible that other pockets of Made Ground may 
also be present; perhaps deeper, of different character or associated with the remains of 
underground construction; even though not detected by this investigation.  
 
All remnants of previous construction should be removed prior to redevelopment to 
enable the proposals to be constructed without hindrance and to perform satisfactorily. 
 
The magnitude of the expected loading is such that piled foundations are recommended. 
 

8.2 Piled foundations 

Either driven or bored piles would be suitable in the ground conditions found at this site.  
However, compared with bored piling, construction of driven piles generates greater 
noise and vibration which is unlikely to be acceptable in this environment.  In particular, 
high levels of ground - borne vibrations could damage nearby structures.  Consideration 
of the various advantages and disadvantages of the different pile types suggests CFA 
piles to be preferred.  
 
They avoid many of the installation difficulties that would otherwise be experienced, 
particularly the need for casing and the control of groundwater inflows. Parameters for 
their preliminary design are provided in Tables 1 and 2. 
 
 
Table 1: Design parameters for CFA piles - Shaft friction 

 Stratum Typical 
depth, m 

Ultimate unit shaft friction 

 
All material 
Kempton Park Gravel 
London Clay 

 
0.0 – 3.0 
3.0 - 6.0 
6.0 - 30.0 

 
Ignore 
Increases linearly from 30 to 50 kPa 
Increases linearly from 40 to 145* kPa 

* the average unit shaft friction on the pile must not exceed 100kPa 
 
Table 1 has been derived in conjunction with an adhesion factor of 0.6 in the cohesive 
London Clay. For the Kempton Park Gravel a value of 1.0 is assumed for the coefficient 
of earth pressure at rest (K0) as the gravel is assumed to be over-consolidated. The ratio 
between the lateral earth pressure (KS) and K0 is taken as 0.90 for CFA piles. For these 
piles the angle of friction between pile shaft and soil is assumed to be equal to the angle 
of internal friction of the soil itself (ø'). 
 
Table 2: Design parameters for CFA piles - End bearing capacity 

 Stratum Typical 
depth, m 

Ultimate unit end bearing capacity 

 
London Clay 

 
6.0 - 30.0 

 
Increases linearly from 630 to 2205 kPa 
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A factor of safety must be applied to derive the allowable working load from the ultimate 
values obtained from Tables 1 and 2.  An overall value of 2.5 is commonly employed in 
compression. 
 
Working pile load tests could be carried out to verify the chosen FoS on a development 
of this scale. This could result in a lower factor of safety than 2.5 which could result in 
significant cost savings. The actual factor of safety will be dependent upon the knowledge 
and experience of the chosen pilling contractor and agreement with relevant parties but 
is generally in the order of 2.25.   
 
Tables 1 and 2 predict that a CFA pile of 600 mm diameter, bored 24 m depth, will have 
an allowable load capacity 1400kPa under an overall factor of safety of 2.5. 
 
Settlement of a single pile is not expected to exceed some 1 to 1½% of the pile diameter 
as the working load assuming it will be carried entirely on skin friction. 
 
Table 3 provides preliminary load capacity for bored piles in compression under a factor 
of safety (FoS) of 2.5 for various pile diameters. 
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Table 3: Pile diameters and capacities for bored piles 
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The actual load capacity achieved in practice depends upon the precise installation 
procedures.  Advice should therefore be sought from specialist contractors to verify the 
load capacity and settlement characteristics of their particular piles in the ground 
conditions revealed by this investigation.  In any event, it is recommended that the chosen 
pile configuration be confirmed by preliminary load tests conducted before installation of 
the contract piles in order to take advantage of minimum FoS and thus minimum cost.   

8.3 Excavations 

All material should be regarded as unstable.  Some apparent stability may be present 
immediately on excavation, especially where there is a high clay content, but this must 
not be relied upon.  All excavations should therefore be supported at all times unless 
battered to a safe angle of repose. 
 
Provision of adequate support is especially important for the safety of personnel when 
required to work in or close to excavations.  Particular care should be exercised where 
excavations are close to existing structures to ensure they do not experience any loss of 
support.  Temporary and permanent works should be designed to resist the additional 
lateral earth pressures arising from any superimposed loads in addition to those 
generated by the soil itself, without significant deformation. 
 
Groundwater was encountered at some 2½m depth in BH1 and over 4m in the other 
boreholes and thus is expected to be below the depth of general construction activities. 
 

8.4 Contaminant analysis 

8.4.1 Solid phase 

Contaminant testing was undertaken on selected soil samples and the results compared 
with the limited number of CLEA[2] Soil Guideline Values (SGVs) that have been 
published to date.  Where not available from that source, reference has also been made 
to the LQM CIEH Generic Assessment Criteria[3]. Appropriate trigger levels are given 
with the results at Appendix C. 
 
Analysis for metals/metalloids revealed all determinands to be below the triggers for 
Residential land use without plant uptake.     
 
There is no trigger presently available for lead, but the results are below the previous 
trigger of 450mg/kg. However, two results from BH1 & 3 are above the value of 276mg/kg 
provided in the AtRiskSoil database produced by Atkins and the more modern Category 
4 Screening Levels of 310/kg produced by DEFRA for residential use without plant 
uptake. 
 
The results for TPH analysis found very low levels that are below triggers or of little 
environmental interest. The PAH analysis also found the majority of determinands to be 
below the residential trigger levels apart from BH2,3 & WSA in which some individual 
determinands are above trigger levels. 
 
Analysis for asbestos was carried out on ten selected samples.  Two samples recorded 
some fibres being from WSB & E.   
 
The results of this analysis are in broad agreement with that previously found by Fairhurst.  
 
With regards to potential remediation of soil contaminated with PAH. metals or asbestos, 
it is considered that where in areas of hardstanding or below building footprints, 
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contaminants can remain in situ, as the pathway in a source-pathway-receptor model will 
be blocked. Where they coincide with areas of soft landscaping, remediation will be 
necessary. 
 
A 450mm thick cap should be utilised, comprising imported clean soils with a capillary 
break layer at the base underlain by a geotextile barrier. This is to block the pathway in a 
source-pathway-receptor model and to discourage excavation below that level. 
 
Nevertheless, in view of the foregoing, it is recommended that appropriate health and 
safety precautions, such as detailed in HS(G)66[4] and elsewhere, should be followed by 
the construction workforce and others who may come into contact with potentially 
contaminated soil.  They should be agreed with the Health and Safety Executive and are 
likely to include, but not be restricted to, the following: -. 

 
• maintenance of good standards of personal hygiene. 
• wearing personal protective clothing that is changed and cleaned frequently to 

eliminate skin contact. 
• prevention of ingestion by using washing and changing facilities at all break times. 
• prohibition of eating, drinking or smoking between break times. 
• controlling the spread of dust and airborne mists to prevent inhalation. 

 

8.4.2 Waste Acceptance Criteria (WAC) analysis  
Four samples were subject to the WAC full solid waste and leachate suite.  The results 
are presented at Appendix D.  The results have been compared to the criteria contained 
in the Landfill Regulations 2002 as amended and are presented at Appendix D. 
 
Within the compliance leachate waste suite, all determinands were within the Inert Waste 
Landfill criteria limits.  Similarly, all parameters determined on the solid test were also 
within the Inert Waste Landfill criteria.  
 
The contamination test results, and the WAC results should be forwarded to the 
contractor appointed to undertake any spoil removal.  Transfer notes and chain of custody 
sheets should be retained for all arising removed from site.  
 

8.5 Buried concrete 

Laboratory tests for this work found soil samples yielding a characteristic soluble sulphate 
concentration of 0.46g/l which results in a Design Sulphate Class[5] of DS-1. Although 
the previous works should also be assessed to see if this level needs to be ungraded.     
 
Ground conditions are such that groundwater must be considered to be mobile, and all 
pH determinations were in excess of 6.5.  Therefore, the Aggressive Chemical 
Environment for Concrete, ACEC, is classed as AC-1. 
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9.0 Remedial Action Plan 

9.1 General 

 
Contaminant testing was undertaken on selected soil samples and the results compared 
with the limited number of CLEA[1] Soil Guideline Values (SGVs) for residential land use 
that have been published to date.  Where not available from that source, reference has 
also been made to the LQM CIEH Generic Assessment Criteria[2].  Appropriate trigger 
levels are given with the results at Appendix C and individual values exceeding the 
triggers have been highlighted. 
 
Further WAC tests will be undertaken by the Ground Works Contractor as necessary 
during the works to categorize the soil arisings prior to disposal off site. 
 
A Discovery Strategy and Watching Brief is also being adopted on site so that any 
unexpected contamination identified on site is reported.   
 

9.2 Prevention of Pollution 

Care should be taken in order to minimize the production of dust generated on the site, 
especially in dry climatic conditions. 
 
All vehicles leaving the site should be clear of any potential contaminated debris other 
than that to be specifically removed. Vehicles transporting wastes for disposal should be 
appropriate for the required means in order to prevent release during transit. 
Specific materials removed from site for subsequent disposal should be transported to a 
suitably approved and licensed facility. The contractor shall maintain a full documentary 
record in accordance with Duty of Care including copies of all Waste Transfer Notes for 
verification. 
 
The programme of works and any subsequent modification should be maintained in such 
a manner as to avoid potential cross-contamination. A watching brief should be 
maintained and Manhire Geo-Environmental Ltd contacted in the event that evidence of 
any additional ‘contamination’ is encountered. The contractor should allow for any delays 
resulting from the presence of possible contamination and the necessary measures 
thereof. 
 
It is the responsibility of all personnel on site to report any evidence of possible 
contamination to the suitably qualified and experienced Site Agent who will contact 
Manhire Geo-Environmental Ltd where there is any doubt about this contamination. 
 

9.3 Remediation 

 
Based on the previous investigations, it is considered that where contamination coincides 
with areas of soft landscaping, remediation will be necessary. A 450mm thick cap should 
be utilised, comprising imported clean soils with a capillary break layer at the base 
underlain by a geotextile barrier. This is to block the pathway in a source-pathway-
receptor model and to discourage excavation below that level. 
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9.4 Validation of Imported/ Site Sourced Materials - Demolition Materials & Waste 

 
Imported / site sourced materials can generally be split into two categories imported or 
site sourced demolition materials and imported soils validation of both types of materials 
will be required. 
 
It should be noted that should material come from more than one source then the 
minimum following specified samples per source will be required. 
 

9.4.1 Site Sourced / Imported Demolition Materials 

 
All material should be visually assessed to check for any contamination, including 
asbestos presence. Any suspected materials should be removed from site. For all 
material the following amount of validation testing is required as a minimum number of 
samples per source should be 4 and samples should be analysed at a rate of 1 sample 
per 100m3 of material, but allowing for the above minimum. Assuming no other 
contamination is suspected all samples should be analysed for asbestos, CLEA metals, 
phenols, speciated PAH and TPH.  
 

9.4.2 Imported Soils 

 
All imported soils should be certified clean by the supplying facility, with tests certificates 
supplied.  
 
In addition, on site sampling of the soils will be required, this should ideally be done when 
it has been placed, but as a minimum be undertaken on site. The following amount of 
validation testing is required. A minimum number of samples per source should be 4 and 
samples should be analysed at a rate of 1 samples per 50m3 of material but allowing for 
the above minimum.  
 
All samples should be analysed for asbestos, CLEA metals, phenols, speciated PAH and 
TPH 
 

9.5 Discovery Strategy and Watching Brief 

 
During the course of the development, it will be the responsibility of the on-site manager 
to ensure watching briefs are undertaken and documented. 
The watching brief will consist of a record of:  
 

a. Observations of contamination made during the course of the development by 
any member of site staff, contractor or visitor; and  

 
b. The key stages of the development and occurrences including contamination 

found during the course of the development, the formation levels of excavations, 
any reduced level dig/mass excavation, formation of landscaped or garden 
areas, etc. with supporting photographs. 
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9.6 Watching Brief Written Statement 

Upon completion of the development, a written and signed statement will be prepared 
by the following parties: 

a. Ground Works Contractor(s) - upon completion of foundations and ground 
works; 

b. On-site manager - upon completion of groundworks and landscaping work; and 

The written statement will clearly state whether or not evidence of contamination was 
identified during the course of the development along with any remedial action that was 
taken. 

 
 

9.7 Staff Training 

All site staff, contractors and visitors, will be briefed on the potential presence of land, 
groundwater or airborne contamination before commencing work on the site. 

This will include the following information: 

a. Relevant health & safety considerations; 

b. The type of land, water or airborne contamination present and potentially 
present at the site; 

c. Any particular areas of the site which are likely to be affected; and 

d. Staff responsibilities under the discovery strategy. 

The on-site manager will provide written confirmation that site staff were briefed about 
contaminated land in line with these recommendations. 

9.8 Construction Workers Risk Assessments  

A detailed health and safety risk assessment will be carried out, in accordance with 
current guidance, before works commence on-site and appropriate personal protective 
equipment will be worn by all construction workers. 
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10.0 Discovery Strategy & Watching Brief 

If unexpected contamination is found at any time, then this will be reported to 
Environmental Health, The Royal Borough of Richmond Upon Thames (RBRUT) within 
seven days and 2 weeks notice given prior to undertaking any remediation if considered 
necessary.  

The discovery strategy sets out the actions that will be taken if contamination is 
encountered during the course of a development. Examples of the types of 
observations that will be considered are detailed in Table 1 below, following which 
examples of the general actions that will be taken are set out in Table 2, and examples 
of any emergency actions are detailed in Table 3. 

Evidence Description 
Visual  Fuel or oil-like substances mixed in with or smeared on the soil or 

floating on perched, groundwater or surface waters. 
 Waste materials (refuse, barrels, industrial wastes, ash, tar, etc.) 
Buried at specific location across the site. 
 Marked variation in colour, e.g., red, orange, yellow, green, light or 
dark blue, etc. may indicate contamination from a variety of 
contaminants. 
 Soils including large amounts of ash and clinker where such 
contamination of soils wasn’t expected. 
 Evidence of suspected asbestos. 

Odours  Fuel, oil and chemical-type odours. 
 Unusual odours such as sweet or fishy odours. 

Well-being  Lightheadedness and/or nausea when in excavations, at the working 
face of an excavation, when visual or olfactory evidence of 
contamination exists, etc. 
 Burning of nasal passages, throat, lungs or skin. 
 Blistering or reddening of skin due to contact with soil. 

Table 1 - Potentially significant observations (not exhaustive) 
 

 Person 
observing 

contamination 

 To be reported to  Action to be taken 

 Site visitor  Must report observations to 
the site manager. 

 Stop work and where possible, 
make area safe and secure area 
before reporting to site manager. 

 Contractor  Must report observations to 
the site manager. 

 Stop work and where possible, 
make area safe and secure area 
before reporting to site manager. 

 On site 
manager 

 Must report observations to 
their direct manager, the 
appointed Environmental 
Consultant, the Planning 
Authority and Contaminated 
Land Officer at LBS. 

 Stop work and, where possible, 
make area safe and secure area 
before reporting to others. 

 Environment
al Consultant 

 Must report observations to 
the site manager, the planning 
Authority and Contaminated 
Land Officer LBS. 

 Advise that work stops and where 
possible, make sure the area is made 
safe before reporting to others. 

Table 2 - General actions to be performed 
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 Occurrence  Description  Contact 
 Risk to the 

public 
 If at any point residents, 
the public or other may be at 
risk as a result of 
contamination found during 
the course of investigation, 
remediation or development 
works. 

 Contact the emergency services if 
there is a risk to life. 
 Contaminated Land Officer at LBS. 
 Health & Safety Executive. 

 Nuisance to 
residents/the 

public 

 If a nuisance has been or 
is likely to be caused to 
nearby residents, the public 
and others - for example, 
odours, dust, noise, vibration, 
etc. 

 Environmental Health at LBS. 

 Pollution of 
controlled 

waters 

 If any surface, culverted or 
groundwater has been 
polluted, e.g., slurry, 
contaminated soil/water or a 
chemical spillage entering a 
river or canal. 

 Environmental Agency. 
 Planning Authority and Contaminated 
Land Officer at LBS. 

 Pollution of 
adjoining land 

 If land outside the 
boundary of the development 
site is polluted from site 
activities, e.g., slurry, 
contaminated soil/water or a 
chemical spillage. 

 The owner of the land. 
 Planning Authority and contaminated 

Land Officer at LBS. 

Table 3 - Emergency actions to be performed 

 

In addition to the above, the following should also be noted: 

a. Should gross contamination be encountered during groundworks, then the 
advice of an environmental consultant will be sought; 

b. Any soil arising from areas where visual or olfactory evidence of contamination 
has been observed will be handled as potentially hazardous waste and 
temporarily stockpiled appropriately; 

c. Stockpiled soils may undergo validation testing to determine whether they can 
be used elsewhere on the site at or close to the ground; and  

d. The Contaminated Land Officer at RBKUT will be contacted to agree any further 
remedial works that become necessary during the course of the development. 
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11.0 Verification Report 

Following the completion of any remedial action and the development of the site, a post 
-remediation verification report will be produced and submitted to the planning authority. 
 
The report will detail fully any actions undertaken, including any report from the 
discovery strategy and watching brief. 

All work undertaken will be supported by photographic evidence, along with any other 
documented items such as waste transfer noted, asbestos removal reports, soil 
invoices etc. 

All imported soil will undergo confirmatory analysis in order to satisfy their suitability for 
use. Laboratory certificated results will be included within the report. 
 
Finally the report will include the aforementioned declaration from the site manager, 
groundworks contractor and appointed environmental consultant stating that wither no 
suspected additional contamination was detected, or, that all additional detected 
contamination has been addressed appropriately. 
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PROCEDURAL NOTES for GROUND INVESTIGATIONS 
 
 
General 
 
 
This report is based upon data obtained from field descriptions of the strata and examination of the 
samples by an engineer, together with the results of in situ and laboratory tests as appropriate. 
Responsibility cannot be accepted for variations in ground conditions between and around any of the 
exploratory points that is not revealed by the data. Whilst the report may offer an opinion on the ground 
conditions between exploratory points and below the depth of investigation, this is for guidance only and 
no liability is accepted for its accuracy. 
 

Drilling procedure 
 
Boring by light cable percussion drilling allows the ground conditions to be reasonably well established. 
However, a certain amount of disturbance is inevitable, and some mixing of soils can occur. 
 

Sampling procedure 
 
"Undisturbed" samples of predominantly cohesive soils are taken with a 100mm diameter open tube 
sampler, generally in accordance with BS 5930: 1999. 
 
Where appropriate, or where an undisturbed sample is unsuccessful, disturbed samples are recovered 
and sealed into polythene bags. 
 
Groundwater samples are taken when water is encountered in sufficient quantity. 
 

Standard penetration tests 
 
The test is conducted generally in accordance with BS 1377: Part 9: 1990. The sampler tube is subject to 
a seating drive of 150mm into the soil at the base of the borehole. Results are given on the Borehole 
Records as the number of blows required to drive the sampler tube a further 300mm and this is known as 
the “N” value. Where the driving resistance is such that full penetration is not achieved, the test is 
generally terminated after 50 blows and the actual distance penetrated is recorded. 
 

Groundwater 
 
Groundwater observations necessarily reflect the conditions encountered at the time of the exploratory 
work. Long term monitoring of standpipes is usually required to establish an equilibrium water level since 
the normal rate of boring is too fast to permit steady state conditions to be achieved. 
 
Groundwater levels are subject to variations caused by changes in drainage conditions and seasonal 
climatic changes. 
 
Water may necessarily be added to advance the bore whilst casing may be required to maintain an open 
hole. These can both mask subsequent groundwater observations and are therefore noted on the 
individual Borehole Record. 
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