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$%� ��� +�(%��%'#)%$�� <��� ����"�<% ���$'��,%�*!��#&"%�* %�%$(%�!+��$>$!1$�+��"��A�'<>%��! �!�,% �
0%!"!0#(�"��� �(�� %�A�( !���&%''%'��� ���A��,#$��$'�& #��"%�$%� ��� +�(%��� ����"�<% ���$'�* %B%.#��#$0�$��� �"�
L!#$��7���,%�* %�%$(%�!+��,%�%�0%!"!0#(�"�+%��� %��$%� ��,%��� +�(%�(�$� %��"��#$���&�)*�#$��$�!�,% 1#�%�
�)!!�,���&�#'%$(%�* !+#"%��$'��,%�%�&�)*��� %�����""<��((!)*�$#%'�&<�"!(�""<�#$( %��%'��#"��A�(� 6��� %��
�$'��� �#$�7�

	6%$��,!�0,�#��)�<�&%�*!��#&"%��!���� #&��%��� %��!$�&%,#$'�)!���!&�% 6%'�$!$B(!$6%$�#!$�"�0 !�$'�
)!6%)%$��A��,% %� %)�#$��!)%�!&�% 6%'�#  %0�"� �0 !�$'�)!6%)%$����,�����#""�(�$$!��&%�%.*"�#$%'�1#�,�
�,%��6�#"�&"%�0%!"!0#(�"�#$+! )��#!$7���,%��% )�ManomalyN�#���,% %+! %� %�% 6%'�+! ��,!�%�$!$B(!$6%$�#!$�"�
0 !�$'�)!6%)%$��(��%���,���1% %�$!��%.*%(�%'��!�!((� ��$'�(�$$!��&%�%.*"�#$%'�&<��$<�!+��,%��&!6%�
*!��#&"%�(���%�7�
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���#��$!��*!��#&"%��!�* %'#(���,%�"!(��#!$���$'�)�0$#��'%��!+�$!$B(!$6%$�#!$�"��$!)�"!���)!6%)%$��7���$�
�!)%�(��%�A��** !.#)��%�* %'#(�#!$��+! ��,%�$!$B(!$6%$�#!$�"�0 !�$'�)!6%)%$���(�$�&%�)�'%�1,% %��,%�
�$'% "<#$0�0%!"!0#(�"�! ��!*!0 �*,#(�(!$'#�#!$��� %�>$!1$�#$��'6�$(%7�����#��%.*%(�%'��,����,%�%�)%�,!'��
1#""�#)* !6%����+� �,% �>$!1"%'0%�#��0�#$%'��, !�0,�!$0!#$0� %�%� (,��$'�#$6%��#0��#!$7�

�$��,#�� %*! �A�$!$B(!$6%$�#!$�"�0 !�$'�)!6%)%$���� %�&%#$0�#$("�'%'�����#��#(�""<�#$��,%�* %'#(�#!$���$'�
#)*�(�����%��)%$��A�&<�&��#$0��,%�%�!$��,%�+ %C�%$(<�!+�*����!((�  %$(%�!+�&!�,��,%�(!$6%$�#!$�"��$'�
$!$B(!$6%$�#!$�"�0 !�$'�)!6%)%$����$'�#)*�(��7���,%��$�"<�#��!+��� �#$��* !6#'%'�#$��%(�#!$�272�#$("�'%��
�,!�%� %��"�#$0�+ !)�&!�,�(!$6%$�#!$�"��$'�$!$B(!$6%$�#!$�"��$!)�"!���)!6%)%$��7���,%�#)*�(��
���%��)%$���+! ��,%�$��� �"�+%��� %���$'�#�%)��!+��� +�(%�#$+ ��� �(�� %A�1,#(,�� %�* !6#'%'�#$��,�*�% ��8�
�, !�0,��!��A�#$("�'%�,#��! #(�"�#)*�(��� %��"�#$0�+ !)�* %6#!���"!$01�""�)#$#$0�1,#(,�,�6%�!((�  %'�����,%�
 %��"��!+�&!�,�(!$6%$�#!$�"��$'�$!$B(!$6%$�#!$�"���&�#'%$(%�)!6%)%$��7�

)!�!&!� $�	=��	��	���	�
���6��7�	���8���8�	���7����������������
����9�


!$B(!$6%$�#!$�"�)!6%)%$���(�$��"�!� %��"��+ !)�'!1$�"!*%�)!6%)%$���1,% %�"!$01�""��� %�%.� �(�%'�
&%$%��,���%%*��"!*%�7���$��,%�%�(��%�A�%"%6��%'��%$�#"%��� �#$��'%6%"!*�$%� ��,%��!*��!+��,%���%%*��"!*%��
�$'�%"%6��%'�(!)* %��#6%��� �#$��'%6%"!*�$%� ��,%�&��%��!+��,%���%%*��"!*%�7���,%�*!�%$�#�"�#)*�(���
 %��"�#$0�+ !)�'!1$��"!*%�)!6%)%$���#$("�'%��,%�'%6%"!*)%$��!+��%$�#!$�( �(>������,%��!*��!+��,%���%%*�
�"!*%���$'�(!)* %��#!$� #'0%������,%�&!��!)��!+��,%���%%*��"!*%�7�

-� �,% �'#�(���#!$��!$��,%�*!�%$�#�"�+! �'!1$��"!*%�)!6%)%$���+! ��,%���%%*��"!*%��1#�,#$��,%����'<�� %��
� %�* !6#'%'�#$��%(�#!$�87�7�

)!�!)!� *�

�9���
���7�8���8�	���

�,%�1��% (!� �%��1#�,#$��,%����'<�� %��)�<��"�!�&%���&L%(�%'��!�6�""%<� %"��%'�)!6%)%$��A�1,#(,�� %�
(!))!$"<�!&�% 6%'��"!$0� #6% ��$'�( %%>��"#0$)%$���#$��,%��!��,% $��!�"+#%"'A�&���"%���(!))!$"<�
!&�% 6%'�#$��,%�
%1(���"%��!�"+#%"'7���,%� %��!$�1,<�6�""%<� %"��%'�)!6%)%$���� %�"%���(!))!$"<�
!&�% 6%'�#$��,%�
%1(���"%��!�"+#%"'�(!�"'�&%��,����,%�(!$6%$�#!$�"���&�#'%$(%�)!6%)%$���� %��<*#(�""<�
)�(,�"� 0% ��,�$��,!�%�!&�% 6%'�#$��,%��!��,% $��!�"+#%"'��$'��%$'��!�)��>��$<��)�""% �6�""%<� %"��%'�
)!6%)%$���1,#(,�)�<�!((� 7�

��""%<�&�"0#$0�)!6%)%$���� %���$��� �"�*,%$!)%$!$A� %��"�#$0�+ !)��,%�+! )��#!$��$'�!$0!#$0�
'%6%"!*)%$��!+��,%�6�""%<A����#""��� ��%'�#$�-#07��7�7���,%�*!�%$�#�"�+! ��,%�%�$��� �"�)!6%)%$���� %�
#$+"�%$(%'�&<��,%�0%!)! *,!"!0<�!+��,%�6�""%<7�

��"0#$0�!+�6�""%<

!+�6�""%<�1�""

,

�!#'

!+�6�""%<�1�""�
�$1� '�)!6%)%$�
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+"!! 

�, ����+��"�

6

�%''#$0��� +�(%
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;�:���������	��	7�-�	7��	� 5�&<�

��""%<� %"��%'�)!6%)%$���(�$�&%�(���%'�&<�! ��((%"% ��%'�&<�)#$%���&�#'%$(%�����,%� %��"��!+���$�)&% �!+�
+�(�! �A�#$("�'#$0��,%� %'#�� #&��#!$�!+�,! #H!$��"�#$B�#����� %��%���$'�'!1$��"!*%�)!6%)%$��7����""%<� %"��%'�
)!6%)%$���� %�$! )�""<�'%�( #&%'�&<��,%�+!""!1#$0�*� �)%�% ���

�� %���7�	���#���,%� %'�(%'���&�#'%$(%A�! ��,%� %"��#6%��*"#+��1#�,#$���6�""%<�1,#(,� %��"���+ !)��,%�
'#"��#!$�! �&�(>"#$0�!+�$%� ��� +�(%��� �������! �$%� ��,%�&��%�!+��,%�6�""%<7���,%�)�0$#��'%�!+�
�*�#'%$(%A�1,#(,�#���<*#(�""<�%.* %��%'�#$��,%��$#���!+�millimetres (mm)A�#���,%�'#++% %$(%�&%�1%%$�
�,%�!&�% 6%'���&�#'%$(%�* !+#"%�1#�,#$��,%�6�""%<��$'��,%�(!$6%$�#!$�"���&�#'%$(%�* !+#"%�1,#(,�
1!�"'�,�6%�!�,% 1#�%�&%%$�%.*%(�%'�#$�+"����%  �#$7�
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�� �
������#���,%� %'�(�#!$�#$��,%�,! #H!$��"�'#���$(%�&%�1%%$��,%�6�""%<��#'%�7���,%�)�0$#��'%�!+�
("!�� %A�1,#(,�#���<*#(�""<�%.* %��%'�#$��,%��$#���!+�millimetres (mm)A�#���,%�0 %��%��� %'�(�#!$�#$�
'#���$(%�&%�1%%$��$<��1!�*!#$���!$��,%�!**!�#$0�6�""%<��#'%�7�

�� ��8��������������	��!((� �1#�,#$��,%�&��%��!+�6�""%<������� %��"��!+�6�""%<�("!�� %��$'��*�#'%$(%�
)!6%)%$��7����	��
�������	���"�!�!((� �#$��,%��#'%���$'�$%� ��,%��!*��!+��,%�6�""%<������� %��"��!+�
6�""%<�("!�� %�)!6%)%$��7���,%�)�0$#��'%��!+��,%�%��� �#$�A�1,#(,�� %��<*#(�""<�%.* %��%'�#$��,%�
�$#���!+�millimetres per metre (mm/m)A�� %�(�"(�"��%'�����,%�(,�$0%��#$�,! #H!$��"�'#���$(%�!6% ���
���$'� '�&�<�"%$0�,A�'#6#'%'�&<��,%�! #0#$�"�&�<�"%$0�,7��

�,%�* %'#(�%'�6�""%<� %"��%'�)!6%)%$��� %��"�#$0�+ !)��,%�%.� �(�#!$�!+��,%�"!$01�""��1% %�)�'%���#$0��,%�
%)*# #(�"�)%�,!'�!��"#$%'�#$����
��
%�%� (,�� !L%(��
!7����5��94�''#$0�!$��$'�O�<A�����:7��-� �,% �
'%��#"��(�$�&%�!&��#$%'�+ !)��,%�&�(>0 !�$'� %*! ��%$�#�"%' General Discussion on Mine Subsidence 
Ground Movements�1,#(,�(�$�&%�!&��#$%'����www.minesubsidence.com7���,% %�� %�!�,% �)%�,!'��
�6�#"�&"%��!�* %'#(��6�""%<� %"��%'�)!6%)%$��A�,!1%6% A��,%����
��)%�,!'�1����'!*�%'�+! ��,#��* !L%(�����
#��#���,%�)!����,! !�0,"<���%'��$'��%��%'�)%�,!'�

)!0!� ����#	���8�	��
����:�
��,����7�

�,%��$( %)%$��"�� !+#"%��%�,!'�9���:�1���#$#�#�""<�'%6%"!*%'�&<�4�''#$0�!$�O�<��$'����!(#��%�A�$!1�
>$!1$������	�A����*� ��!+������'<A�#$����2��!����%����,%�#)*�(���!+���&�#'%$(%�!$�*� �#(�"� ��� +�(%�
#$+ ��� �(�� %�!6% ���* !*!�%'��% #%��!+�"!$01�""�*�$%"������**#$��!""#% <7���,%�)%�,!'�%6!"6%'�+!""!1#$0�
'%��#"%'��$�"<�%��!+���&�#'%$(%�)!$#�! #$0�'����+ !)��,%��!��,% $��!�"+#%"'A�1,#(,�1����,%$�%.�%$'%'��!�
#$("�'%�'%��#"%'���&�#'%$(%�)!$#�! #$0�'����+ !)��,%�
%1(���"%A�I�$�% ��$'�4%��% $��!�"+#%"'�7�

�,%� %6#%1�!+��,%�'%��#"%'�0 !�$'�)!$#�! #$0�'����+ !)��,%�
%1��!��,�4�"%��9
�4:��!�"+#%"'���,!1%'��,���
1,#"����,%�+#$�"���&�#'%$(%�* !+#"%��)%��� %'�!6% ����% #%��!+�"!$01�""��1% %�#  %0�"� A��,%�!&�% 6%'�
#$( %)%$��"���&�#'%$(%�* !+#"%��'�%��!��,%�%.� �(�#!$�!+�#$'#6#'��"�"!$01�""��1% %�(!$�#��%$��#$�&!�,�
)�0$#��'%��$'��,�*%��$'�6� #%'��((! '#$0��!�"!(�"�0%!"!0<A�'%*�,�!+�(!6% A�*�$%"�1#'�,A��%�)��,#(>$%��A�
�,%�%.�%$��!+��'L�(%$��* %6#!���)#$#$0A��,%�*#""� �1#'�,��$'����&#"#�<�!+��,%�(,�#$�*#""� ��$'����#)%B %"��%'�
��&�#'%$(%�(!)*!$%$�7�

��	��'%6%"!*%'����% #%��!+���&�#'%$(%�* %'#(�#!$�(� 6%��+! ��,%�
%1(���"%��$'�I�$�% ��!�"+#%"'�A�#$����5�
�!����=A��+�% � %(%#6#$0�%.�%$�#6%���&�#'%$(%�)!$#�! #$0�'����+ !)��%$�%$$#�"��!�"�+! ��,%��!! �$&!$0�/#+%�
	.�%$�#!$�� !L%(��94�''#$0�!$��$'�O�<A����=:7���,%���&�#'%$(%�)!$#�! #$0�'����+ !)�)�$<�(!""#% #%��#$��,%�

%1(���"%��$'�I�$�% ��!�"+#%"'��1% %� %6#%1%'��$'A�#��1���+!�$'A��,����,%�#$( %)%$��"���&�#'%$(%�* !+#"%��
 %��"�#$0�+ !)��,%�%.� �(�#!$�!+�#$'#6#'��"�"!$01�""��1% %�(!$�#��%$��#$��,�*%��$'�)�0$#��'%�1,% %��,%�
)#$#$0�0%!)%� #%���$'�!6% &� '%$�0%!"!0#%��1% %��#)#"� 7�

�#$(%��,#���#)%A�%.�%$�#6%�)!$#�! #$0�'����,���&%%$�0��,% %'�+ !)��,%��!��,% $A�
%1(���"%A�I�$�% ��$'�
4%��% $��!�"+#%"'��!+�
�4��$'�+ !)��,%��!1%$����#$�#$�K�%%$�"�$'A�#$("�'#$0���$0����"�(%A��**#$A�
�1�&�A����"��!$%A��%""�)&#A��%"��$�A��"�>%+#%"'��!��,A���"0�A���""#A��� 1!!'A��� &! !�0,��!1$�A��,�#$�
��""%<A��"� %$(%A��!�"("#++A��!!>A��!! �$&!$0A��! '%��.A��!  #)�"A���)$!(>A��� �& !!>A��%"��A�
�%$' !&#�)A��!$�"'�!$A�	���% $���#$A�	""�"!$0A�	"!�% �A�-% $& !!>A�3"%$$#%��� %%>A�3 ���� %%A�3 %�"%<A�
�$6#$(#&"%A��!,$��� "#$0A�O%)# �A�O%�� %"A�/�)&�!$A�/#''%""A���$'�"!$0A��%� !*!"#��$A��! �$&�,�
! �,A���7�
O%)&"�A���$)! �,A�
� '%""A�
%1*�(A�
%1���$A�
%16�"%A�
%16�"%��A�

	�4!$0�1#""#A���><�� %%>A�

�6%$�1! �,A��!��,���"0�A��!��,���""#A��* #$06�"%A���!(>�!$��! %,!"%A��% �"&�A���,)!! A��!1% A�4�)&!A�
4�""� �,A�4%��% $���#$A��"�$A��$#�%'A�4%����"#++A�4%���4�""�%$'A��$'�4<%%7�

���%'�!$��,%�%.�%$�#6%�%)*# #(�"�'���A���	��,���'%6%"!*%'����$'� '���&�#'%$(%�* %'#(�#!$�(� 6%��+! ��,%�
�!��,% $A�
%1(���"%A�I�$�% ��$'�4%��% $��!�"+#%"'�7���,%�* %'#(�#!$�(� 6%��(�$��,%$�&%�+� �,% � %+#$%'A�+! �
�,%�"!(�"�0%!"!0<��$'�"!(�"�(!$'#�#!$�A�&��%'�!$��,%��6�#"�&"%�)!$#�! #$0�'����+ !)��,%�� %�7���#�(���#!$��
!$��,%�(�"#& ��#!$��$'� %6#%1�!+��,%���������,%��#$%�� %�* !6#'%'�#$��%(�#!$��757�

�,%�* %'#(�#!$�!+���&�#'%$(%�#�����, %%����0%�* !(%���1,% %A�+# ��A��,%�)�0$#��'%�!+�%�(,�#$( %)%$��#��
(�"(�"��%'A��,%$A��,%��,�*%�!+�%�(,�#$( %)%$��"�* !+#"%�#��'%�% )#$%'��$'A�+#$�""<A��,%��!��"���&�#'%$(%�* !+#"%�
#��'% #6%'�&<��''#$0��,%�#$( %)%$��"�* !+#"%��+ !)�%�(,�"!$01�""�#$��,%��% #%�7���$��,#��1�<A���&�#'%$(%�
* %'#(�#!$��(�$�&%�)�'%��$<1,% %��&!6%�! �!���#'%��,%�%.� �(�%'�"!$01�""�A�&��%'�!$��,%�"!(�"��� +�(%��$'�
�%�)�#$+! )��#!$7�

-! �"!$01�""��#$��,%�
%1(���"%��$'�I�$�% ��!�"+#%"'�A��,%�)�.#)�)�* %'#(�%'�#$( %)%$��"���&�#'%$(%�#��
#$#�#�""<�'%�% )#$%'A���#$0��,%�������&�#'%$(%�* %'#(�#!$�(� 6%��+! ����#$0"%�#�!"��%'�*�$%"A�&��%'�!$��,%�
"!$01�""�6!#'�1#'�,�94:��$'��,%�'%*�,�!+�(!6% �9I:7���,%�#$( %)%$��"���&�#'%$(%�#���,%$�#$( %��%'A���#$0�
�,%�������&�#'%$(%�* %'#(�#!$�(� 6%��+! �)�"�#*"%�*�$%"�A�&��%'�!$��,%�"!$01�""��% #%�A�*�$%"�1#'�,B�!B'%*�,�
 ��#!�94FI:��$'�*#""� �1#'�,B�!B'%*�,� ��#!�94*#FI:7���$��,#��1�<A��,%�#$+"�%$(%�!+��,%�*�$%"�1#'�,�94:A�'%*�,�!+�
(!6% �9I:A����1%""����*�$%"�1#'�,B�!B'%*�,� ��#!�94FI:��$'�*#""� �1#'�,B�!B'%*�,� ��#!�94*#FI:�� %�%�(,���>%$�
#$�!��((!�$�7�
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2! 2!� �	=������������������9���8��

�,%� %�#'%$(%��!$��,%� � �"�* !*% �#%��1#�,#$��,%����'<�� %��,�6%�!$B�#�%�1���%�1��% ��<��%)�7���,%�
�<��%)��� %�"!(��%'�$%� ��,%�,!��%���$'A��,% %+! %A�� %�%.*%(�%'��!�%.*% #%$(%��#)#"� �)#$%���&�#'%$(%�
)!6%)%$�������,%�,!��%��1,#(,�� %�* !6#'%'�#$���&"%��7��A�#$��**%$'#.��7�

�,%�!$B�#�%�1���%�1��% ��<��%)��� %����'#�( %�%�"!(��#!$���$'A��,% %+! %A��,%�)!��� %"%6�$��'#�� #&��#!$��!+�
�� �#$�� %��,%�)�.#)�)��� �#$��)%��� %'�#$�#$'#6#'��"��� 6%<�&�<�7���,%��$�"<�#��!+��� �#$�#$��� 6%<�&�<��
'� #$0��,%�%.� �(�#!$�!+��,%�* %6#!���"!$01�""������,%��#$%�#��'#�(���%'�#$��%(�#!$�2727�7�


!$B(!$6%$�#!$�"�)!6%)%$���(�$��"�!�!((� ��$'�,�6%�!((�  %'�#$��,%�
�4��!�"+#%"'������� %��"��!+A�
�)!$0�!�,% ��,#$0�A��$!)�"!���)!6%)%$��7���,%��$�"<�#��!+��� �#$��* !6#'%'�#$��,�*�% �2�#$("�'%���,!�%�
 %��"�#$0�+ !)�&!�,�(!$6%$�#!$�"��$'�$!$B(!$6%$�#!$�"��$!)�"!���)!6%)%$��7�

4,#"����,%�* %'#(�%'���&�#'%$(%�*� �)%�% ���"#0,�"<�#$( %��%�+! ��!)%�* !*% �#%���$'��"#0,�"<�'%( %��%�+! �
!�,% �* !*% �#%�A��,%�!6% �""�"%6%"��!+�* %'#(�%'�)!6%)%$���+! ��,%��� �(�� %��!$��,%�%�* !*% �#%��'!�$!��
(,�$0%7���

�,%����%��%'�"%6%"��!+�*!�%$�#�"�#)*�(��+! ��,%�!$B�#�%�1���%�1��% ��<��%)�A�&��%'�!$��,%���  %$��/�<!��A�
� %��,%���)%�����,!�%�&��%'�!$��,%�� %6#!���/�<!��7���,%����%��)%$����$'� %(!))%$'%'�)�$�0%)%$��
�� ��%0#%��+! ��,%�%��<��%)�A��,% %+! %A�� %��,%���)%�����,!�%�* %6#!��"<�* !6#'%'�#$�
%*! ��
!7���	�=5��
�$'��,%��!'#+#(��#!$��**"#(��#!$7�
���#�� %(!))%$'%'��,����,%�!$B�#�%�1���%�1��% ��<��%)��� %�#$("�'%'�#$��,%���#"��-%��� %����$�0%)%$��
�"�$��+! ��,%�* !*% �#%�7�
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.
�����9��:����8���	7���:�	����	��
�!)%�!+��,%�)! %�(!))!$�)#$#$0��% )����%'�#$��,%� %*! ��� %�'%+#$%'�&%"!1��

�	

���:�7���� �,%��$0"%�!+�#$("#$��#!$�+ !)��,%�6% �#(�"�!+��,%�"#$%�(!$$%(�#$0��,%�0!�+�%'0%�
!+��,%�1! >#$0���$'��,%�"#)#��!+���&�#'%$(%�91,#(,�#������""<���>%$�������))�
!+���&�#'%$(%:7�

����	���

��� ��&"!(>�!+�(!�"�"%+���$)#$%'�&%�1%%$��,%�"!$01�""�%.� �(�#!$�*�$%"�7�
������7�����;-<� �,%�'%*�,�+ !)��,%��� +�(%��!��,%��!*�!+��,%��%�)7���!6% �'%*�,�#��$! )�""<�

* !6#'%'�����$��6% �0%�!6% ��,%�� %��!+��,%�*�$%"7�
�
������ �,%� %'�(�#!$�#$��,%�,! #H!$��"�'#���$(%�&%�1%%$��,%�6�""%<��#'%�7���,%�

)�0$#��'%�!+�("!�� %A�1,#(,�#���<*#(�""<�%.* %��%'�#$��,%��$#���!+�millimetres 
(mm)A�#���,%�0 %��%��� %'�(�#!$�#$�'#���$(%�&%�1%%$��$<��1!�*!#$���!$��,%�
!**!�#$0�6�""%<��#'%�7������,!�"'�&%�$!�%'��,����,%�!&�% 6%'�("!�� %�
)!6%)%$���( !�����6�""%<�#���,%��!��"�)!6%)%$�� %��"�#$0�+ !)�6� #!���
)%(,�$#�)�A�#$("�'#$0�(!$6%$�#!$�"�)#$#$0�#$'�(%'�)!6%)%$��A�6�""%<�
("!�� %�)!6%)%$��A�+� B+#%"'�%++%(��A�'!1$,#""�)!6%)%$����$'�!�,% �*!��#&"%�
�� ����)%(,�$#�)�7�

�������
������ �,%�� %��!+�%.� �(�#!$����1,#(,��,%�)�.#)�)�*!��#&"%���&�#'%$(%�!+�!$%�
*!#$��!$��,%��� +�(%�!((� �7�

���������� �,%�(,�$0%�#$��#"��&%�1%%$��1!��'L�(%$���%(�#!$��!+��,%��#"��* !+#"%�'#6#'%'�&<�
�,%��6% �0%�,! #H!$��"�"%$0�,�!+��,!�%��%(�#!$�A�#7%7�(� 6��� %�#���,%��%(!$'�
'% #6��#6%�!+���&�#'%$(%7���� 6��� %�#������""<�%.* %��%'�����,%�#$6% �%�!+�
�,%���7�����:�����������1#�,��,%��$#���!+�1/kilometres (km-1)A�&����,%�6�"�%�
!+�(� 6��� %�(�$�&%�#$6% �%'A�#+� %C�# %'A��!�!&��#$��,%� �'#���!+�(� 6��� %A�
1,#(,�#������""<�%.* %��%'�#$�kilometres (km)7���� 6��� %�(�$�&%�%#�,% �
��

�	
�9#7%7�(!$6%.:�! ���

�	
�9#7%7�(!$(�6%:7�

�C������7����8� �,%��,#(>$%���!+�(!�"��,���#��%.� �(�%'7���,%�%.� �(�%'��%�)��,#(>$%���#��
�,#(>$%���$! )�""<�0#6%$�����$��6% �0%�!6% ��,%�� %��!+��,%�*�$%"7�

�::��������C������7� �,%�%.� �(�%'��%�)��,#(>$%���)!'#+#%'��!��((!�$��+! ��,%�*% (%$��0%�!+�(!�"�
���8������	����;�<� "%+�����*#""� ��1#�,#$��,%�*�$%"7�
'����
�	
��� �,%�1#'�,�!+��,%�(!�"+�(%�)%��� %'��( !����,%�"!$01�""�*�$%"7�
'��=:��
7�8���8�	��� �,%�)%��� %'�,! #H!$��"�)!6%)%$������*%0���,���� %�"!(��%'�&%<!$'��,%�

"!$01�""�*�$%"�%'0%���$'�!6% ��!"#'��$)#$%'�(!�"�� %��7��-� B+#%"'�,! #H!$��"�
)!6%)%$����%$'��!�&%�&!'#"<�)!6%)%$����!1� '���,%�%.� �(�%'�0!�+�� %��
�$'�� %��((!)*�$#%'�&<�6% <�"!1�"%6%"��!+��� �#$7���

.��:� �,%�6!#'�( %��%'�&<��,%�%.� �(�#!$�!+��,%�(!�"�#$�!�1,#(,��,%�#))%'#��%� !!+�
"�<% ��(!""�*�%7�

.��:��	7�:������ ��+�(�! ��**"#%'��!� %'�(%��,%�* %'#(�%'�#$( %)%$��"���&�#'%$(%����*!#$���
"<#$0�("!�%��!��,%�(!))%$(#$0�! �+#$#�,#$0� #&��!+���*�$%"7�

-���B�	��
�7���
���8�	�� �,%�,! #H!$��"�)!6%)%$��!+���*!#$��!$��,%��� +�(%�!+��,%�0 !�$'����#���%��"%��
�&!6%��$�%.� �(�%'�*�$%"7�

#	:
�����	����	�� �,%�*!#$��!$��,%���&�#'%$(%�* !+#"%�1,% %��,%�* !+#"%�(,�$0%��+ !)���(!$6%.�
(� 6��� %��!���(!$(�6%�(� 6��� %7������,#��*!#$���,%��� �#$�(,�$0%���#0$��$'�
��&�#'%$(%�#���** !.#)��%"<�!$%�,�"+�!+���)�.7�

#	���8�	��
���6��7�	��� �,%�'#++% %$(%�&%�1%%$��,%���&�#'%$(%������*!#$��&%+! %��$'��+�% ���*�$%"�#��
)#$%'7�����#���,% %+! %��,%��''#�#!$�"���&�#'%$(%������*!#$�� %��"�#$0�+ !)��,%�
%.(�6��#!$�!+���*�$%"7�

��	�
� �,%�*"�$�� %��!+�(!�"�%.� �(�#!$7�
��	�
�
�	
���;�<� �,%�"!$0#��'#$�"�'#���$(%��"!$0���*�$%"�)%��� %'�#$��,%�'# %(�#!$�!+�9)#$#$0�

+ !)��,%�(!))%$(#$0� #&��!��,%�+#$#�,#$0� #&7�
��	�
���7���;+�<� �,%�� �$�6% �%�'#���$(%��( !�����*�$%"A�����""<�%C��"��!��,%�+�(%�"%$0�,�*"���

�,%�1#'�,��!+��,%� !�'1�<��!$�%�(,��#'%7�
��	�
���	����
�	�� �$�#)�0#$� <�"#$%�' �1$�'!1$��,%�)#''"%�!+��,%�*�$%"7�
��

��� ��&"!(>�!+�(!�"�"%+���$)#$%'7�
��

�����7���;+��<� �,%��,! �%���'#)%$�#!$�!+���*#""� �)%��� %'�+ !)��,%�6% �#(�"�%'0%��!+��,%�

(!�"�*#""� A�#7%7�+ !)� #&��!� #&7�
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(�����7�:��8����	�� �,%�,! #H!$��"�'#�*"�(%)%$����,���� %�)%��� %'��( !���)!$#�! #$0�"#$%���$'�
�,%�%�(�$�&%�'%�( #&%'�&<�6� #!���*� �)%�% ��#$("�'#$0D�,! #H!$��"��#"�A�
,! #H!$��"�(� 6��� %A�)#'B! '#$��%�'%6#��#!$A��$0�"� �'#��! �#!$��$'��,%� �
#$'%.7�

(����	� �,%�(,�$0%�#$��,%�,! #H!$��"�'#���$(%�&%�1%%$��1!�*!#$���'#6#'%'�&<��,%�
! #0#$�"�,! #H!$��"�'#���$(%�&%�1%%$��,%�*!#$��A�#7%7��� �#$�#���,%� %"��#6%�
'#++% %$�#�"�'#�*"�(%)%$��!+��,%�0 !�$'��"!$0�! ��( !�������&�#'%$(%�
)!$#�! #$0�"#$%7���� �#$�#��'#)%$�#!$"%����$'�(�$�&%�%.* %��%'������'%(#)�"A�
��*% (%$��0%�! �#$�*� ���*% �$!���#!$7�

� ��	��
��(����	��� %�)%��� %'�1,% %��,%�'#���$(%�&%�1%%$��1!�*!#$���! �
�� 6%<�*%0��#$( %��%���$'���8���������(����	��1,% %��,%�'#���$(%�
&%�1%%$��1!�*!#$���'%( %��%�7��4,#"���)#$#$0�#$'�(%'������	��� %�)%��� %'�
�
�	
�)!$#�! #$0�"#$%�A�0 !�$'�������	
�(�$�!((� �&!�,�6% �#(�""<A��$'�
,! #H!$��""<���������,%�'# %(�#!$��!+��,%�)!$#�! #$0�"#$%�7�

(�6=�������
������ �$�� %��!+�*�$%"��)�""% ��,�$��,%�( #�#(�"�� %�7�
(�6��7�	��� �,%�6% �#(�"�)!6%)%$��!+���*!#$��!$��,%��� +�(%�!+��,%�0 !�$'����#���%��"%��

�&!6%��$�%.� �(�%'�*�$%"A�&��A�U��&�#'%$(%�!+��,%�0 !�$'V�#$��!)%� %+% %$(%��
(�$�#$("�'%�&!�,���6% �#(�"��$'�,! #H!$��"�)!6%)%$��(!)*!$%$�7���,%�6% �#(�"�
(!)*!$%$��!+���&�#'%$(%�#��)%��� %'�&<�'%�% )#$#$0��,%�(,�$0%�#$��� +�(%�
"%6%"�!+���*%0��,���#��+#.%'�#$��,%�0 !�$'�&%+! %�)#$#$0�(!))%$(%'��$'��,#��
6% �#(�"���&�#'%$(%�#������""<�%.* %��%'�#$��$#���!+�millimetres (mm)7��
�!)%�#)%���,%�,! #H!$��"�(!)*!$%$��!+���*%0V��)!6%)%$��#��$!��)%��� %'A�
&���#$��,%�%�(��%�A��,%�,! #H!$��"�'#���$(%��&%�1%%$���*� �#(�"� �*%0��$'��,%�
�'L�(%$��*%0��� %�)%��� %'7�

(����=�������
������ �$�� %��!+�*�$%"�0 %��% ��,�$��,%�( #�#(�"�� %�7�
��
�� �,%�(,�$0%�#$��,%��"!*%�!+��,%�0 !�$'������ %��"��!+�'#++% %$�#�"���&�#'%$(%A�

�$'�#��(�"(�"��%'�����,%�(,�$0%�#$���&�#'%$(%�&%�1%%$��1!�*!#$���'#6#'%'�&<�
�,%�,! #H!$��"�'#���$(%�&%�1%%$��,!�%�*!#$��7���#"��#�A��,% %+! %A��,%�+# ���
'% #6��#6%�!+��,%���&�#'%$(%�* !+#"%7���#"��#������""<�%.* %��%'�#$��$#���!+�
millimetres per metre (mm/m)7�����#"��!+���))F)�#��%C�#6�"%$���!���(,�$0%�#$�
0 �'%�!+��7��GA�! ���#$�����7�

%�
�:�� �$�#$( %��%�#$��,%�"%6%"�!+���*!#$�� %"��#6%��!�#���! #0#$�"�*!�#�#!$7�
%���7�	��� �*�#'%$(%� %��"���+ !)��,%�'#"��#!$�! �&�(>"#$0�!+�$%� ��� +�(%��� �������! �

$%� ��,%�&��%�!+��,%�6�""%<7���,%�)�0$#��'%�!+��*�#'%$(%A�1,#(,�#���<*#(�""<�
%.* %��%'�#$��,%��$#���!+�millimetres (mm)A�#���,%�'#++% %$(%�&%�1%%$��,%�
!&�% 6%'���&�#'%$(%�* !+#"%�1#�,#$��,%�6�""%<��$'��,%�(!$6%$�#!$�"�
��&�#'%$(%�* !+#"%�1,#(,�1!�"'�,�6%�!�,% 1#�%�&%%$�%.*%(�%'�#$�+"����%  �#$7�
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��
�9��==:7��Geological Series Sheet 9132-2-S7���%*� �)%$��!+��#$% �"�
%�!� (%�A���==7�

��J	�9����:7��Standard and Model Conditions for Underground Mining7��
�4��%*� �)%$��!+��"�$$#$0��$'�
	$6# !$)%$�7��,��*�FF1117*"�$$#$07$�170!67��F�! ��"�F�F�%6%"!*)%$�F���WBW� �+�W�!'%"W�!$'#�#!$�WB
W�$'% 0 !�$'W�#$%7*'+7�

��$'!$��!$��"�#$0�9����:7��Austar Coal Mine – LWB4-LWB7 Modification – Groundwater Assessment.  
��$'!$��!$��"�#$0���<�/#)#�%'A��* #"�����7�

-! ��% �9���8:7��Impact of Underground Mining in Engineering Geology of the Newcastle-Gosford Region7��
-! ��% A��7A�
7���
�6%�A�%���"�9����:7��Revision of the Stratigraphy of the Newcastle Coal Measures7���6%�A��7A�� #$�!$A��7A�
	'1� '�A��7A�
#0&<A�
7A��!&#$A��7A�4%&% A��7
7��**����B���7�

O ��H�(,A�I7A�9��=�:7��Mining Subsidence EngineeringA���&"#�,%'�&<��* #$0% �B��% "�0��% "#$�I%#'%"&% 0�

%1�@! >7�

/!,%��$'��%�$B�!$%�A�9���8:7��Structural Geology of the Newcastle-Gosford Region7��/!,%A�	7�7A�
�%�$B�!$%�A�37/7��� !(%%'#$0��!+��,%����� �"#�$�3%!)%(,�$#(���!(#%�<�(!$+% %$(%�!$�	$0#$%% #$0�
3%!"!0<�!+��,%�
%1(���"%B3!�+! '�
%0#!$���,%��$#6% �#�<�!+�
%1(���"%A�
%1(���"%A�
�4A����� �"#�A�8B��
-%&A����87�

�(
�""<A�%���"�9���5:7��Geological Factors influencing Longwall-Induced Subsidence7���(
�""<A�37I7A�4#""%<A�
�7/7��$'�� %%(,A��7���<)*!�#�)�!$�3%!"!0<�#$�/!$01�""�)#$#$0A���B���
!6%)&% ����5A�	'��37I7��(
�""<�
�$'��7
7�4� 'A�**��8�B�5�7�

�!%""%��$'��%�$B�!$%�A�9���8:7��The Geological Setting of the Newcastle and Central Coast Region: An 
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