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Title 

1 Assessment of the activity against the aims of marine park management plans  

2 Assessment of the activity against the aims of threatened species’ management plans 

3 Stakeholder consultation flyer 

4 Stakeholder communications (provided to NOPSEMA separately as sensitive information 
under regulation 9(8) of the OPGGS(E)) 

5 EPBC Act Protected Matters Search Tool (PMST) results 

6 Otway Basin Environmental Survey 

7 Sound Transmission Loss Modelling (STLM) Report 

8 Beach Otway Development Acoustic Monitoring 



�������������� ���������	�
������������������������������������������������������������������������������������ �



���

�������������

������������	��
�����������������
�������	����������������������������������������������� � !"#$%&' ($��"))"*+' ,$%�� -.*'�/'('-0'(��'$+"-1��2� �%'�� $."* ,��.3%$�4",,#$."*�5#.6',.*'(�7"-��.,6,.7'�!�8����8!�/��9���:� �"+'-�!"#$%�� ($�� -.*'�4 -1�;9���/9���/�!�/;�!�<+'($�$"�' ($=��6� >.(:"0'-?�@ ?��" ($ ,�4 -1���'� @',7 ($��" ($ ,�/'('-0'��7� 4"-$�� )A2',,�� $."* ,�4 -1��3� �+',0'��A"($,'(���4� *6��%'��-:%'(�� -.*'�! *:$# -?��%� 5-' $��$+ ?�� $."* ,�4 -1��.� � -'*3"�/''7�� -.*'�! *:$# -?��B� 4".*$��66.(�� -.*'�! *:$# -?��1� 4".*$�> *3'-�� -.*'�! *:$# -?��,� � 3,'�/":1�� -.*'�! *:$# -?��)� �#(%-"")�/''7�� -.*'�! *:$# -?��*� 4"-$�4%.,,.A�@ ?���4��"� �"-*.*3$"*�4'*.*(#, �� $."* ,�4 -1���A� 4%.,,.A�9(, *6�� $#-'�4 -1��C� @#*#-"*3&D.,:#*6 &� -)'-(�4 -1(��-� � A'��.A$- A��" ($ ,�4 -1��(� �.,("*(�4-")"*$"-?�<$%-''�) -.*'=�4 -1(�



������������	��
�����
������������
�������

�������������������
����������������	��


������
������������
�����
�������������

������������������
���������

�� !����!�"#��$��� 
!%�

&'(�)*+,(�+(,-.�/0-123
(4�*5�*44(446(5)�-7�)'(

�0-8)25(�*53�5-590-8)25
(�-/(0*)2-54�*:*254)�)'

(�;<=>�-+?(@)21(4�-8),2
5(3�25�)'(�A84)0*,2*5�;<

=>�B(4(01(�C*5*:(6(
5)�D025@2/,(4�

7-0�=-66-5.(*,)'�C*
025(�D0-)(@)(3�A0(*4�EF

5120-56(5)�A84)0*,2*G�H
IIHJK� L��������	����
�����

���������M��������NO
�������������

�
NO���N��NO���N

M�NO���NN�
NO���NNN�NO���

NP�NO���P�
NO���PN�

A/-,,-�
9�9�

9�9�
9�9�

�
Q(*:,(�

9�9�
9�9�

9�9�
�

RSTUV�WXYZ�[\TU]ŜZ�_̀
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����������	
����
���������������������������������������������

����� !���!��"#$#% !�&#'�()#�%

*#�(�'(�+%��,-..�/0/�.,,��1233456789:;<1=;5;>?8@123@<4ABCDEBFBGHIJDKLJCM
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!�������&�������!�
"������������!!�&������"���
������0��������&�������&����#�&��������������&������
�����&����)�������
���������
�� ��!����"����
��#�����!$���"���
"��
�����&��
#�'���������!�
��
����"����������#�����!$������
#������"��������
��%����������&��
#()�*����
�������&����������������
�����!����!���
���
��������������&����
�����
���
�"������������&��������
#��������������������&�������&��!����
���&�"��������
��������� ����
���
����������������)�*�����%��"�������&����������
�&����������#�����������"���������"������������.��'��&(��
������a���������.��'������()�*�������
�
#��
"��
���
���������������
��
�����
��������������!�
���
���
��&��������
�����
���������������
�"�!����"�+8��������&���������)�b������"����#������&�������!����!���0�����!�
��
�������������&���������5,����&�����������������������������%�����"���
"��
�����&���&�!����
#��
�������������)���/������&���������������
���!����!�����!$���
�������!������
�������������121�"��)�*��������&�����������
���
�"������������� �
���!��
�������
�����������3�����
��������)�*�������������
�c������
�0�d���
���
���!�����������
"��
�����&�����
�V�!�����+��7)���



����������	
���
��
����������

������������������� ������

�
���
�����
���������
���
�� ����������!����"�
�����"��
"�#��
��"����$��������� �����#��������
���������! �����������%�&��#���������������#��'�%�%(����#�����# 
���(����
�������
"�
#�(�"���������
"�#��)�!������"�������������� �������"�����������
�%�* ����
�������
�����������"��
"�"��#����"��
�� ��#�
��+������ ��,
�!
�#����
����������
���
�� ��!�"��-�!�������
(�
���
��� ������
#������
�� �����������#������������
#������ ��	.�/�0#�%�1�������������������!���
������"��
�� ����������
����#��������� ��������"��������
"����#����������
��������
"��
�� ���������%�23456�7�89:3;<9=�>?@AB7�C2D�E7�FG�3=H�H6I;J�9K�<=K3L=3�M3NI56�:9556:;<9=�M<;6MO�FLPQ6R�AP63� 89:3;<9=� F3NI56�S6I5<:3;6�T3N6� U3M;<=V� T9P;J<=V� W3;6P�@6I;J�>NG� D6;�A::6I;34<5<;R�XP<;6P<3�* ���#�
����� �Y� �� ZZ���[� �Z��Z\�� ��]� �������!������#��"���(�� ������
���!�� �
��##����
#��#����������#�
��"��"�����������������"�����

��%��
#��#�����#�"�"��
��������������̂#����
�\%�� �� �� ZZ��\�� �Z��Z�[� ��]� _���� �� \� ZZ��\\� �Z��Z�[� ���� _���� �� �� ZZ��\�� �Z��Z\\� ��]� _���0����
� �� �� ZZ����� �Z[��Z\� �\� �̀�� �� \� ZZ����� �Z[��Z\� �\� �̀�� �� �� ZZ����� �Z[��Z\� �\� �̀�� �� ]� ZZ����� �Z[��Z\� �\� _���� �� �� ZZ����� �Z[��Z\� �\� �̀�� �� Z� ZZ����� �Z[��Z\� �\� �̀�� �� �� ZZ\\Z]� �Z[�Z�]� ��� �̀�� �� \� ZZ\\Z]� �Z[�Z�]� �\� �̀�� �� �� ZZ\\Z�� �Z[�Z�]� ��� _���� �� ]� ZZ\\Z�� �Z[�Z��� �]� �������!�����#��"���(�� ������
���!�� �
��##����
#��#����������#�
��"��"�����������������"�����

��%�



����������	
���
��
����������

������������������� ������

���� � !"#$%&!'��'()(*+�����,� -./ )#�0())#'%!($�12��3��4�5����
��
6�4�3�
��3����7���8��4�8��
��9�5��55�55�6�8���42���7�425��8��2��5��8������:�
�9��2��2��;�7��6�4�3�����5�5���<�12��6�4�3�����5�5����9�5�8����6�9��2����=<����7�4�>���?@AB�C�
�
�A�9��2���D���6�7�����3������
6�����9�����
3�E��������6����3�6�<�12��5�5����9�5��F��44�6�9��2��9�
���5�5�����6�9��2�
��2��3�����8���6��8����9�����
�����3��������
��8��2�����7��5�G�<�12����5�5�9���3�������6������6�5��
3���8����3�<�12��3�����2��5�
7�9�5��
������
�����
3��5���8���5���
�9����6�4�25��4���������<�H���
�����3�
�9�5�����32�6�����2��6�4�3���������33���������3:���3����
5�6��
7�6�4�����
�<��12��6�4�3�����9�5�6�4����6�������9�
32������2��5��
��8��2����55��<�H���6����9�5���
58��6�6��3��������2��5�8�3���
����
6�5���6��
�����6�6�3���6�;�7��5���<�H������������6���8��6�����2��5�8�3���
����6�4�����
�����5������
5��8���
�2�3�8��
���
6�5��5�������4����������6��6��
7��4�����
<���H����32�5��4��
7�5�����2��3�����9�5���9��6��
6��2�
�����2�����3����
5��44�>����������I����4�����������
���3����3���
��8��4�5�
�������5��4��5<�H�����5��8����42���7�425�9�����:�
������32���3����
����4���6����5���3���
��8�42���7�425�8���
���5�5<�J�4�3�����5���5������5��6��
�H44�
6�>�=<�J�4�3�����42���7�425�9�����:�
���������
32��4��
�5E�2�����4�5���5��
6����
7�CA1�����5��5�52�9
��
�;�7���=<�12������7�������8�5����6��
���32�42���7�42�9�5��<���I<�����K� -./ )#�LM('#NN!$*�.$O�P$.)+N!N�H���5��8����42���7�425�9����>���
�6����6�����
���2���5�����������8���
���5�5E�9��2�42���7�425����
7��>3��6�6�8���2���55�55��
����5�6��
��2��8����9�
7���5�
5Q�R�A����5������
�������6����7�S�R���6���
�����9�������53��
7��2�����7�S�R�@����2�
���F������8��2�����7��9�5��
�52�6�9���2�6�4�����72��
7S��R�T��7�5�9��������44�
7�?�
�92�32�3�5���2����5��F����������7��9�5�32�5�
BS���R�T��7�5�9�����:�
��������F����
7��5<��;����32�42���7�42E��2��4�3�
��3����7���8��4�8��
��9�5��5������6��
6��
6���6���E���������7�
�5�5�9���3��
��6<�A2���7�425�9����>���
�6����4���6����F�����������6�53�4���
��8��2���4�8��
��3����
����5<���6���
����4���
6�4�3�
��3����7��9�5���5���5������6�8����32�42���7�42<�� �





����������	
���
��
����������

������������������� ������

������ !"����#� $%&'(�)*%+,&-�.��/����
�/���0��123145�6��7����/��8��/�9����9��0�6����:��;:���9�
���
0�<��/�
�/��������/����8�/�
��0��
�;������=�>�//����0��?�@�
�A>BC��
0�8D�7����//�//�0��@��
/���:��0�6�������@@�������/�6��8:�/�9����
0�9:���9���/��//�/�6��/���:���/��<�/������6��/��@:����0�/����0��9�/�/���/�/��������
��:��<�/�����
��
0�E�7�F����
0�G��0���
�/�6��H�/:��
0�.��
��I����J�������A<EF	KKL�M���C=�;�@@�������/�����/�0�����//�//��/N��6��0��/���66�9�/�0������
����
�/L����0�@�0������@�
�9��������
0�8D��
������/��9�/�/������8�/=���>�//����0��?�@�
�7�/����7��
��:����7���
0��88�������/��6�O���
0����P�/�������
�6�����
��7���/��
�����/��8��/=�Q�N�7�/�L�8D�7�/����7��
��:����7���
0��88�������/��6��=���
0��=R�6������/��8��/=�;:���
@���6�B�S����/����
�/��
0�9���0���7�����?�@�
���0L��9���@�9�����:����:���
���
��
�=�"%T+'�U�V'%W*('X'Y&W�X%Z'�[\][̂_�̀a(�b%&'(�W%Xc+'W�%&�"d-+%e,Y'�%YZ�f(&,W%Y�W*(g'-�%('%W���%Xc+'�h%X'� ci� jk�lm�W%&*(%&,aYn� k�o�lXpn�;:���9�
�q�q�� �=�O� OR=�� M��=��;:���9�
�q�qM� �=MR� O�=M� M��=R�;:���9�
�q�q�� �=��� O�=M� O�=��<��/�
q�qM� �=�r� OR=�� ��M=��<��/�
qMq�� �=��� O�=�� M��=R�<��/�
q�q�� �=�R� O�=�� �rR=���;:���/���/��6�����������
���/�/�6��7����/��8��/�6����:��;:���9�
���
0�<��/�
�/��������/����8�/�
��0��
�;����/�r������=���;:���
�����/�7���9��8��0�����:�������
��<EF	KK�AM���C�s��:��0�6�������@@�������/�6��8:�/�9����
0�9:���9���/��//�/�6��
����
���
�����/��
0��:����@@�������/�6����?�9�
�/��������
�����������/��6�8���9���
�6��������:���
�����/=���;:��9�
9�
�����
��6�����
��L�
�������
0���9�����8:�/8:��/�7�/����������7�QB��6������/��8��/=�B
����
��/��8���9�
���
�0���9�
9�
�����
��6�
������
�����L�EB��L�;tE��
0�;E��������:��QB�=�;:�/�7�/��8��9����;:���9�
�q�q�u�:�7���L�
�
���6��:�����/����
�/��?9��0�0�<EF	KK���@@�������/=�K�
9�
�����
/��6�;S�7����9�0�0��
�����/��8��/L������������/����
�/�7���7��������7�<EF	KK���@@�������/=�;���7�/���8�9�����7��:�
��:���
@���?8�9��0�6���
��0�6��0�����
���9�/�/���/=��;:��9�
9�
�����
/��6�K0L�KL�K�L�S�L�D@L��
0�E��7������������7�QB���
�����/��8��/=�;:��9�
9�
�����
��6�K��7�/�����7L����������9��/������:��QB��6������/��8��/=���;:��9�
9�
�����
��6�F
��@��
/��<EF	KK�8���9���
�������A����@@�������/C��/�/:�7
��
�H�@����=�<���9�
9�
�����
/�7�������7��:��O�P�8���9���
�����������9�
9�
�����
/������/����?9��0�0�O����OOP�8���9���
������/=�;:�/��/�����/�9�
/�/��
��7��:���/��@:����0�/����0����
��/�/����7:�9:��/�0�/9���0��
�A<EF	KK�M���C��/��
��9�/�/�����
�7:�9:����0���/��������:�������
��66�9��0���������v
��0�6��0��/���0�/9�8����������/�0��
��6��
9������:��w��������6��:���
���
��
���
0��/��/�0��
��:��<�/�����
��
0�E�7�F����
0�G��0���
�/�6��H�/:��
0�.��
��I����J�������A<EF	KK�M���C=�	66�9��������
��0�6��0��9�/�/���/L���8�9�����A����
�����7��/C��99���
��������
0����
�99�//�������9����
/=�I:�����:������
���w����9��9�/�/���/��
�<�/�������:�������
������7��:����/����:���
��
6���
9�L��:���9���@�9����
��@�����6��
��0�6��0��9�/�/���/��/��@�0�0��/��
��9�=�



����������	
���
��
����������

������������������� ������

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

�)*+,-.�/�0123.24-54*12�16�72�*2�854.-�95:;<.9�6-1:�=>?<53*2.�52@�A-4*952�9,-B.?�5-.59C���"	D���
��EFG��&�������&��������� ���
��������
�����&�������(���!�H�����&��� ����#�"�G��&������� �����
�����"���� �
�I�IJ�&�������(�������&��������������#�
�� �
 �
!�"�G��&�������&����� ���
���������
�������������(���!�"����������#� ����(�����K��
�#����������(����&�������&��������� ���
������!��



����������	
���
�
�
���������� � ����������������� �

������

���� �!�"#$%& '$(�
&'�)�$ %�(�*+� (�

�$��,-��.&' ��'/�0
%$&(�'�(#%1 -��% �

(2�
3�*+� � "�* �

*456�
"7 8�"&$%�$ 

9"&$%&$ �":
8� "&$%&$ �

�;�<
;��

="��
"��

33�
>?���@�
�A�A��

B��C���B
��C����C�

��B��C���
�C���B�

�C���B
��C��B

��C��
�CD�

>?���@�
�A�A��
B��C���B

��C����C�
��B��C���

�C���B�
�C���B

��C��B
��C��

EC��
>?���@�
�A�A��

B��C���
�C����C

���B��C���
�C���B�

�C���
�CD�

�C��
�CD�

F��G�
A�A��
B��C���B

��C���B��
C���B��C���

�C���B�
�C���B

��C��B
��C��

�CE�
F��G�
A�A��

B��C���B
��C���B��

C���B��C���
�C����

C���B
��C��B

��C��
DCH�

F��G�
A�A��
B��C���B

��C���B��
C���B��C���

�C���B�
�C���B

��C��B
��C��

�C��
���� �I�J $��(��'/

�* $���K&/(�&'�)�$
 %�(�*+� (��$��,-

��.&' ��'/�0%$&(�'
�(#%1 -��% �(2�

3�*+� � "�* �
*456�

0%�L
/�L%

�LK�
L#�;

��74
�"&�

M'�
>?���@�
�A�A��

�C����B��
C�����B��C

����B��C�
���B��C��

��B��C���
�B��C�����

B��C����
�C����

>?���@�
�A�A��
�C��D�B��

C�����B��C
����B��C�

���B��C��
��B��C���

�B��C�����
B��C����

�C����
>?���@�
�A�A��

�C����B��
C�����B��C

����B��C�
����C���

�B��C���
�B��C�����

�C�����
C����

F��G�
A�A��
�C����B��

C�����B��C
����B��C�

����C���
�B��C���

�B��C�����
B��C����

�C����
F��G�
A�A��

�C����B��
C�����B��C

����B��C�
����C���

�B��C���
�B��C�����

B��C����
�C���

F��G�
A�A��
�C����B��

C�����B��C
����B��C�

����C���
�B��C���

�B��C�����
B��C����

�C��D�
�

�



����������	
���
�
�
���������� � ����������������� �

������

���� �!�"#�$%$%�&%
�'(#)�*&%�+$,(#%�

(�#-.�/"'+0�&-�1�
* (�.�)2� .��*��3$

��%&- ��-,�'(*&.�-
�.4(5 $��( �.6�

7�)2� � 8�) �
)9:;�

'% -�23*3 - �
'% -�23*3$� - �

'-*3(�% - �
< -=/�0�-*3(�% -

 �< -=#/�02
$( - �< 

-=#/�>?0@�4#(�-*3
 - �

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
AB���C�
�D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
G��H�
D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

G��H�
D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
G��H�
D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

7�)2� � 8�) �
)9:;�

< -=#/9636&02 ($� 
- �< -=#/I0@

�4#(�-*3 - �
J3($. - �K

&� -=/�630�-*3(�%
 - �L�4#(�

-*3 - �
L�4#( - �

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
AB���C�
�D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
G��H�
D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

G��H�
D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

E��F����
G��H�
D�D��

E��F����
E��F����

E��F����
E��F����

E��F����
E��F����

7�)2� � 8�) �
)9:;�

2M� (23 -$�M,NO� /P0�
QML�4#(#�&23 -$�� /P0�

R-, -#/N6Q6SM%,02
$( - �8�23*

3�� - �"3 -
�-*3( - �

"$( - �
�#*���"'+�

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

��T�
����

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

�T��
����

AB���C�
�D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

����
��U�

G��H�
D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

U��
��U�

G��H�
D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

����
��T�

G��H�
D�D��
E��F����

E��F����
E��F����

E��F����
E��F����

����
����

�



����������	
���
�
�
���������� � ����������������� �

������

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

"+,�-.!!!�/012�3
'�%#4"+,5�4+�6�# '

�,�78� ,��#��9)��%
4+ ��+*�:'#4,�+�,;

'& )��' �,<�
=�78� � /�7 �

7>?@�
�$(�A.BCA.D�

�$(�A.BCAEF�-�"#
��5��

$(�A.GCAHI�
�$(�AH!CAEF�

�$(�AFCA!�
JK���L�
�M�M��

N��O���
N��O��

N��O��
N��O��

N��O���
JK���L�
�M�M��

�O���
�O���

�O��
N��O��

N��O���
JK���L�
�M�M��

N��O���
N��O��

N��O��
N��O��

N��O���
P��Q�
M�M��

N��O���
N��O��

N��O��
N��O��

N��O���
P��Q�
M�M��

N��O���
N��O��

N��O��
N��O��

N��O���
P��Q�
M�M��

N��O���
N��O��

N��O��
N��O��

N��O���
���� �.B��"#���$ %

"& '��� �()*'"%�'
�"+,�-HB.E�/012

�3'�%#4"+,5�4+�6�# 
'�,�78� ,��#��9)��

%4+ ��+*�:'#4,�+�,
;'& )��' �,<�

=�78� � /�7 �
7>?@�

/�89#9�� + �
�$(�RA.BCA.F�

�$(�RA.BCA.F� � ,,�/�89#9�� + � -3H5�
�$(�RA.BCADB� -#"#��5S�

�$(�RA.FC AED�
�$(�RAEDC ADB��

$(�AFCA.B�
�$(�AFCA.B� � ,,�T�0U�-3.5�

JK���L�
�M�M��
N��O���

N��O���
N��O���

N��O��
N��O��

N��O��N
��O���N

��O���
JK���L�
�M�M��

N��O���
�O���

�O���
�O���

�O��N
��O��N�

�O���N
��O���

JK���L�
�M�M��
N��O���

N��O���
N��O���

N��O��
N��O��

N��O��N
��O���N

��O���
P��Q�
M�M��

N��O���
N��O���

N��O���
N��O��

N��O��
N��O��N

��O���N
��O���

P��Q�
M�M��
N��O���

N��O���
N��O���

N��O��
N��O��

N��O��N
��O���N

��O���
P��Q�
M�M��

N��O���
N��O���

N��O���
N��O��

N��O��
N��O��N

��O���N
��O���

�
�



����������	
���
�
�
���������� � ����������������� �

������

���� �!!�"�#$�%&�'
�( )�*�+,� *��(��-

.��/%& ��&0�1)(%*�
&�*2)3 .��) �*4�

5�+,� � 6�+ �
+789�

:; ")<+<=�2<)<; � &> & �?@A�
" &> & �

#(-.�� &> & �
+B,;$.� & *�

<;$.� & �
�<�2 & �

$.� & *�;��<(���
CD���E�
�F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

��I�
CD���E�
�F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

JK�
CD���E�
�F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

����
L��M�
F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

JK�
L��M�
F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

����
L��M�
F�F��

G��H����
G��H����

G��H����
G��H����

G��H����
G��H����

����
�



����������	
���
��
����������

������������������� ������

����  !"#$!%&�'()*#&+�,-��.���/���0�1��2�0�������
��3����
��0�2���
�0��
���/-�0��.����0�0-�4
��
�5�6���7�4��-�2�����/�2�2��
�8..�
2�9��:�,-��.���/���0�1���0�;��<��3���-��/����0�1��3�/���
=������<��3���-��0����3�/���
��
2���������<��3���-��0�
2�3�/���
:�>�����-����-��0��.���3��8��0�
��?��4�0���/��.�0�����3��.�����-���2�.0��3��-��6���0��.��:�,-��0�2���
��4��-�
�����0��.��0��
2=��-��3���������-�0��������0=�4�0�.�2���
�
����0�
2�4��-����
6���3�@��@�A��0���.�.����
��3���/-�0��.��:�,-���4�0������������0�����
2�����9������3��:�A�3���-��/����0�1��3�/���
:�,-���4���
��2�0/�
�������
20���0�2��
��-����/����
��3�0��.���/����/���
:�,-��B�
0����/������3�����0��.��0��0���C�����:��

�D#E(F!�G�H)F&#I*!�J#K!�"#J&F#L(&#M%�NOP�#%�J!"#$!%&�J)$Q*!J�IM**!I&!"�)&�RS+*)I#%!�)%"�TF&#J)%�J(FU!+�)F!)J��,-��V�W�X�9�2����
��2�/���
�.���
����Y����2�9�.���
������3�0�2���
�0�4��-�
��-��0��.��0�4�0����0��2��
2��-���0���0����.�0�
��2��
�,�������:�>�����-����-�����0����
��.����4�0��
0���2��
����-��0�2���
���
�����0�0��
/��.���
��2�3��-���
0����
:�Z���
��-����-��0��0�����4�0�.�2���
�
����0�
2=��-��.����4�0���.�/������
����
0���2��������/���
2�
�������-�
���/���
����-��0�2���
��0��.��:�,-���
�9�/������4��-���4�V�W�4�0�
���2���/��2��
��
���3��-��0�2���
�0��
���0�2��
2��-���
6���3����0����
�0��
2�/���2��-����-�0��0�2���
�0����
���
���4�����9�6�
���2=��
��2�3�2��
���
��
�:�R)L*!�[��\!)J(F!$!%&�M]�M̂ #")&#M%�F!"(I&#M%�QM&!%&#)*�#%�J!"#$!%&�J)$Q*!J�)&�RS+*)I#%!�)%"�TF&#J)%�J(FU!+�)F!)J�� )$Q*!�_)$!� àH�\!)J(F!$!%&�b!Q&S�N$cP�[�I$� ��I$� d�I$�,-���/�
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����� � ��� !�"� #$� %&'�( #$� ��)�(�*+�,-./�������0��1� 2345�0� 66706�� �61���6� 618��� 2345��� 66��7�� �6177��� 6186�� 2345�7� 660060� �61�6��� ��8��� 2345��� 660��0� �610���� ��81�0�����0��1� 2349:�� 6���7�� �6�6��1� ���8��0�����0��1� 2349:�� 6���1�� �6�616�� ��781�� 2349:�47�� 6���16� �6�6161� ��781�� 2349:�4��� 6������ �6�61�0� ��781�� 2349:6� 6�1���� �6�61�1� ���81�� 2349:647�� 6�1���� �6�610�� ���81�� 2349:64��� 6�1���� �6�610�� ���81�� 2349:�� 6�10��� �6����7� ���8��� 2349:�47�� 6�10��� �6����7� ���8��1��0�0��1� 2349:7� 66����� �6��7��� 1�81�� 2349:740�� 66����� �6��70�� 1�81�� 2349:74��� 66����� �6��7�0� 1�81�� 2349:�� 66��1�� �6����7� 168��� 2349:�40�� 66��1�� �6����0� 168��� 2349:�4��� 66��1�� �6����1� 168��� 2349:0� 6601��� �6����7� 1681�� 2349:040�� 6601�0� �6������ 1681�� 2349:04��� 6601��� �6������ 1681�� 2349:�� 6607�1� �6�10��� 1�80�� 2349:�40�� 6607�0� �6�10�7� 1�80�� 2349:�4��� 6607�6� �6�10��� 1�80�0���0�0��1� 234;	��� 66�0��� �66���1� ��86�� 234;	0�� 661���� �661���� ��8��� 234;	040�� 661���� �661���� ��8��� 234;	04��� 661��7� �661���� ��8��� 234;	��� 661��1� �6��0��� �08��� 234;	�40�� 661���� �6��0�1� �08��� 234;	�4��� 661��7� �6��0��� �08��� 234;	7�� 66�611� �661707� ��87�� 234;	740�� 66����� �661707� ��87�� 234;	74��� 66���7� �661700� ��87�0���0�0��1� 234<���� 67���0� �6���0�� 108��� 234<��40�� 67����� �6����1� 108��� 234<��4��� 67����� �6����6� 108��� 234<�7�� 676���� �6������ 1�8��� 234<�740�� 676�6�� �6����0� 1�8��
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�����  !��� "�#�!$%� &'(�)!$%� ��*�)�+,�-./0�� 1234��3��� 5�5�5�� �5������ 6�7��� 1234��3	8��� 5�5���� �5��566� 6�7��9�����9�9�� 1234�9�� 5���6�� �5������ 6�7��� 1234�9�39�� 5����6� �5������ 6�7��� 1234�9�3��� 5���6�� �5������ 6�7��� 1234���� 5������ �5�9���� 6�75�� 1234���39�� 5������ �5�9��6� 6�75�� 1234���3��� 5������ �5�9��6� 6�75�� 123:	��� 559�5�� �5����6� ��7��� 123:	��3��� 559�5�� �5����6� ��7��� 123:	��3��� 559���� �5������ ��7��� 123:	9� 559�5�� �5��5��� ��7��� 123:	93��� 559�55� �5��5�5� ��7��� 123:	93��� 559�5�� �5��5��� ��7��� 123:	�� 55��5�� �5��5��� ��7��� 123:	�3��� 55��5�� �5��5��� ��7��� 123:	�3��� 55��55� �5��5��� ��7��� 123:	�� 55����� �5�6���� ��7��� 123:	�3��� 55����� �5�6���� ��7��� 123:	�3��� 55����� �5�6���� ��7��� 123:;<��� 5569�5� �5��559� �976�� 123:;<��3��� 5569�5� �5��55�� �976�� 123:;<��39�� 55696�� �5��55�� �976�99����9�9�� 123=�:;<��� 55����� �56��6�� ��7��� 123=�:;<��39�� 55���9� �56����� ��7��� 123=�:;<��3��� 55���9� �56����� ��7��96����9�9�� 123=�:;>��� 55��65� �56��99� 567��� 123=�:;>��3�� 55��6�� �56��9�� 567��� 123=�:;>��32� 55��66� �56��95� 567��� 123:;>��3=� 5������ �565���� 5�76�� 123:;>��3�� 5����9� �565��5� 5�76�� 123:;>��32� 5������ �565��5� 5�76�� 123=�?	��3=� 55����� �5������ �57��� 123=�?	��3�� 55����� �5������ �57��� 123=�?	��32� 55���9� �5������ �57��� 123=�?	��31� 55����� �5���9�� �579�� 123=�?	5�3=� 55���5� �5�5���� �576�� 123=�?	5�3�� 55����� �5�5���� ��7��� 123=�?	5�32� 55���6� �5�5���� ��75�� 123=�?	��3=� 55����� �5����9� �67��
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����������	
���
��
����������

������������������� ������

�
����� !"�#�$��%� ��&'(')*��&��$$�$$+��(� �(���



�������� �	�
���	� ��������������
��
��� ������������ ���������������� ���������������� ���������������� ���������������� ����������������  �������� ��!"�# ���� ���$����#�� %�!������&'() '*+,-./&'()/&'()0'/&/11112 31&'() '*+,-./&'()/&'()0'/&/11113 21 2&'() '*+,-./&'()/&'()0'/&/11114 24 4 2&'() '*+,-./&'()/&'()0'/&/11115 34&'() '*+,-./&'()/&'()0'/&/11116 4 2&'() '*+,-./&'()/&'()0'/7/11114 24&'() '*+,-./&'()/&'()0'/7/11115 4&'() '*+,-./&'()/&'()0'/7/11116 4&'() '*+,-./&'()/&'()0'/8/11112 1&'() '*+,-./&'()/&'()0'/8/11110 4&'() '*+,-./&'()/&'()0'/8/11119 1&'() '*+,-./&'()/&'()0'/8/11114 4&'() '*+,-./&'()/&'()5'/&/11112 1&'() '*+,-./&'()/&'()5'/&/11113 1&'() '*+,-./&'()/&'()5'/&/11110 4&'() '*+,-./&'()/&'()5'/&/11119 1&'() '*+,-./&'()/&'()5'/&/11114 1&'() '*+,-./&'()/&'()5'/&/11115 1&'() '*+,-./&'()/&'()5'/&/11116 4&'() '*+,-./&'()/&'()5'/7/11112 1&'() '*+,-./&'()/&'()5'/7/11113 4&'() '*+,-./&'()/&'()5'/7/11110 4&'() '*+,-./&'()/&'()5'/7/11114 4&'() '*+,-./&'()/&'()5'/7/11115 4&'() '*+,-./&'()/&'()5'/7/11116 4&'() '*+,-./&'()/&'()5'/7/1111: 1&'() '*+,-./&'()/&'()5'/7/1111; 4&'() '*+,-./&'()/&'()5'/8/11112 4&'() '*+,-./&'()/&'()5'/8/11113 1&'() '*+,-./&'()/&'()5'/8/11110 4&'() '*+,-./&'()/&'()5'/8/11119 1 2&'() '*+,-./&'()/&'()5'/8/11114 1 2&'() '*+,-./&'()/&'()6'/&/11112 4&'() '*+,-./&'()/&'()6'/&/11113 24&'() '*+,-./&'()/&'()6'/&/11119 21&'() '*+,-./&'()/&'()6'/&/11114 34 2&'() '*+,-./&'()/&'()6'/7/11119 4&'() '*+,-./&'()/&'()6'/7/11114 21&'() '*+,-./&'()/&'()6'/7/11115 31&'() '*+,-./&'()/&'()6'/7/11116 24&'() '*+,-./&'()/&'()6'/7/1111: 31&'() '*+,-./&'()/&'()6'/7/1111; 31&'() '*+,-./&'()/&'()6'/7/11122 34 2&'() '*+,-./&'()/&'()6'/7/11123 24 2
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��� ������������ ���������������� ���������������� ���������������� ���������������� ����������������  �������� ��!"�# ���� ���$����#�� %�!������&'() '*+,-./&'()/&'()0'/1/22234 54&'() '*+,-./&'()/&'()0'/6/22223 74&'() '*+,-./&'()/&'()0'/6/22225 32&'() '*+,-./&'()/&'()0'/6/22228 74&'() '*+,-./&'()/&'()0'/6/22224 4 3&'() '*+,-./&'()/&'()0'/6/22229 72 3&':;< '*+,-./&':;</&':;<'3/&/22223 2&':;< '*+,-./&':;</&':;<'3/&/22225 2&':;< '*+,-./&':;</&':;<'3/&/22227 52&':;< '*+,-./&':;</&':;<'3/&/22228 54&':;< '*+,-./&':;</&':;<'3/&/22224 2&':;< '*+,-./&':;</&':;<'3/&/22229 2&':;< '*+,-./&':;</&':;<'3/&/2222= 2 3&':;< '*+,-./&':;</&':;<'3/&/2222> 2 3&':;< '*+,-./&':;</&':;<'3/1/22223 2&':;< '*+,-./&':;</&':;<'3/1/22227 2&':;< '*+,-./&':;</&':;<'3/1/22228 2&':;< '*+,-./&':;</&':;<'3/1/22224 2&':;< '*+,-./&':;</&':;<'3/1/22229 2&':;< '*+,-./&':;</&':;<'3/1/2222= 2&':;< '*+,-./&':;</&':;<'3/6/22223 82 3&':;< '*+,-./&':;</&':;<'3/6/22225 2&':;< '*+,-./&':;</&':;<'3/6/22228 52&':;< '*+,-./&':;</&':;<'3/6/22229 4&':;< '*+,-./&':;</&':;<'3/6/22220 2 3&':;< '*+,-./&':;</&':;<'3/6/2222= 2&':;< '*+,-./&':;</&':;<'3/6/2222> 2 � 3&'?1 '*+,-./&'?1/&'?15'/&/22223 52&'?1 '*+,-./&'?1/&'?15'/&/22224 52&'?1 '*+,-./&'?1/&'?15'/&/22229 52&'?1 '*+,-./&'?1/&'?15'/&/22220 72&'?1 '*+,-./&'?1/&'?15'/&/2222= 34 3&'?1 '*+,-./&'?1/&'?15'/&/2222> 52&'?1 '*+,-./&'?1/&'?15'/&/22232 52&'?1 '*+,-./&'?1/&'?15'/1/22223 4&'?1 '*+,-./&'?1/&'?15'/1/22225 52&'?1 '*+,-./&'?1/&'?15'/1/22227 52 5 3&'?1 '*+,-./&'?1/&'?15'/1/22228 52&'?1 '*+,-./&'?1/&'?15'/1/22224 52&'?1 '*+,-./&'?1/&'?15'/6/22223 4 3&'?1 '*+,-./&'?1/&'?15'/6/22227 4&'?1 '*+,-./&'?1/&'?15'/6/22228 2&'?1 '*+,-./&'?1/&'?15'/6/22224 4&'?1 '*+,-./&'?1/&'?15'/6/22229 4 3
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TECHNICAL ADDENDUM 

DATE: 27 August 2021 

FROM: Matthew Koessler, Craig McPherson (JASCO Applied Sciences (Australia) Pty Ltd) 

TO: Phil Wemyss (Beach Energy) 

SUBJECT: Beach Otway Project: Additional and Revised Modelling Study 

1. Summary 

JASCO Applied Sciences (JASCO) performed modelling study of underwater sound levels associated with the 
Beach Energy Otway Development, to supplement drilling and construction results previously presented in 
Koessler et al. (2020), Matthews et al. (2020) and Matthews et al. (2021). 

The results have been revised due to better understanding of the propagation loss in the region gained through 
the validation monitoring of drilling operations at Artisan-1 McPherson et al. (2021). A significant finding of this 
study was lack of a thin layer of sand overlying the carbonate seabed structure near Artisan-1, which has a 
significant influence on propagation loss. 

This monitoring project also characterised Monopole Source Levels (MSL) for project vessels (during transit and 
under dynamic positioning (DP)) and the Ocean Onyx Mobile Offshore Drilling Unit (MODU). These source levels 
are considered in the revised modelling. 

Estimated underwater acoustic levels are presented as sound pressure levels (SPL, Lp), and as accumulated 
sound exposure levels (SEL, LE) as appropriate for non-impulsive (continuous) noise sources. For the non-time 
dependent scenarios, the modelled maximum and 95th percentile distances to the marine mammal behavioural 
threshold based on the current interim NOAA (2019) criterion for marine mammals of 120 dB re 1 µPa (SPL; Lp) 
for non-impulsive sound sources are summarised in Table 1. 

For the time-dependent scenarios, the modelled maximum distances to permanent threshold shift (PTS) and 
temporary threshold shift (TTS) criteria for low-frequency cetaceans (NMFS 2018), which are based on SEL 
accumulated over a period of time are summarised in Table 2. 

http://www.jasco.com/
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Table 1. Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from the most 
appropriate location for considered sources per scenario.  MCR: Maximum Continuous Rating, MODU: Mobile Offshore 
Drilling Unit, OSV: Offshore Supply Vessel, ROV: Remotely Operated Vehicle. 

Applicable 
Scenario 
number 

Well Area Description 
Rmax 

(km) 
R95%  

(km) 

A1 
Thylacine 
North-1 

MODU Drilling 1.24 1.12 

A2 OSV under DP 7.1 6.5 

A3 OSV Standby Transit 0.38 0.35 

A4 Thylacine A Platform Operations 0.20 0.19 

A5 Thylacine 
North-1 

MODU Drilling + OSV resupply 7.89 6.56 

A7 MODU Drilling + OSV Standby Transit 1.32 1.19 

1, 2, 3, 4 
Thylacine A 

Platform Operations + OSV resupply 7.28 6.56 

5, 6 Platform Operations + OSV Standby 0.45 0.43 

7, 9 Thylacine 
North-1 

Pipelay Vessel stationary (June), operating at 20% MCR 2.71 2.57 

8, 10 Pipelay Vessel stationary (November), operating at 20% MCR 2.70 2.55 

11, 13 
Artisan-1 

Pipelay Vessel stationary (June), operating at 20% MCR 2.27 2.09 

12, 14 Pipelay Vessel stationary (November), operating at 20% MCR 2.26 2.02 

15 Thylacine 
North-1 + 

Geographe-
4 

Vessel stationary, operating at 20% MCR (Thylacine North-1) + 
Vessel stationary, operating at 20% MCR + ROV cutting tool 

(Geographe-4) (June) 
2.98 2.76 

16 
Vessel stationary, operating at 20% MCR (Thylacine North-1) + 

Vessel stationary, operating at 20% MCR + ROV cutting tool 
(Geographe-4) (November) 

2.97 2.73 

17 

Artisan-1 + 
Geographe-

4 

Vessel stationary, operating at 20% MCR (Artsian-1) + Vessel 
stationary, operating at 20% MCR + ROV cutting tool (Geographe-

4) 
(June) 

2.98 2.75 

18 

Vessel stationary, operating at 20% MCR (Artsian-1) + Vessel 
stationary, operating at 20% MCR + ROV cutting tool (Geographe-

4) 
(November) 

2.97 2.72 
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Applicable 
Scenario 
number 

Well Area Description 
Rmax 

(km) 
R95%  

(km) 

19, 20 Thylacine 
North-1 + 

Thylacine A 

MODU Drilling + Platform + OSV resupply 7.90 6.65 

21 
MODU Drilling + Platform + Skid installation vessel operating at 

20% MCR 
4.85 4.29 

23 Thylacine 
North-1 

Pipelay Vessel stationary (June), operating at 40% MCR 4.13 3.64 

24 Pipelay Vessel stationary (November), operating at 40% MCR 4.11 3.63 

27 
Artisan-1 

Pipelay Vessel stationary (June), operating at 40% MCR 2.87 2.46 

28 Pipelay Vessel stationary (November), operating at 40% MCR 2.86 2.46 

31 Thylacine 
North-1 + 

Geographe-
4 

Vessel stationary, operating at 40% MCR (Thylacine North-1) + 
Vessel stationary, operating at 40% MCR + ROV cutting tool 

(Geographe-4) (June) 
3.77 3.29 

32 
Vessel stationary, operating at 40% MCR (Thylacine North-1) + 

Vessel stationary, operating at 40% MCR + ROV cutting tool 
(Geographe-4) (November) 

3.76 3.23 

33 

Artisan-1 + 
Geographe-

4 

Vessel stationary, operating at 40% MCR (Artsian-1) + Vessel 
stationary, operating at 40% MCR + ROV cutting tool (Geographe-

4) 
(June) 

3.76 3.24 

34 

Vessel stationary, operating at 40% MCR (Artsian-1) + Vessel 
stationary, operating at 40% MCR + ROV cutting tool (Geographe-

4) 
(November) 

3.63 3.20 

35 
Thylacine 
North-1 

MODU Drilling + Platform + Skid installation vessel operating at 
40% MCR 

6.08 4.99 

 

  



JASCO APPLIED SCIENCES  Technical Addendum 

27 August 2021 4 

Table 2. Summary: Maximum (Rmax) horizontal distances (in km) and ensonified area (km2) for the frequency-weighted LF-
cetacean SEL24h TTS thresholds based on NMFS (2018) from the most appropriate location for considered sources per 
scenario.  MCR: Maximum Continuous Rating, MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel, ROV: 
Remotely Operated Vehicle. 

Scenario 
number 

Well Area Description 
Rmax 

(km) 

Area  

(km2) 

A1 
Thylacine 
North-1 

MODU Drilling 0.39 0.33 

A2 OSV under DP 0.95 2.33 

A3 OSV Standby Transit – – 

A4 Thylacine A Platform Operations 0.04 0.004 

A5 
Thylacine 
North-1 

MODU Drilling + 4h OSV resupply 1.06 2.49 

A6 MODU Drilling + 8h OSV resupply 1.31 4.39 

A7 MODU Drilling + OSV Standby Transit 0.39 0.33 

1 

Thylacine A 

Platform + 2h OSV resupply 0.75 1.31 

2 Platform + 4h OSV resupply 0.95 2.30 

3 Platform + 6h OSV resupply 1.11 3.15 

4 Platform + 8h OSV resupply 1.25 4.01 

5 Platform 8h + OSV Standby 0.04 0.004 

6 Platform + 24h OSV Standby 0.04 0.004 

7 

Thylacine 
North-1 

Pipelay Vessel stationary (June), operating at 20% MCR 0.60 1.04 

8 Pipelay Vessel stationary (November), operating at 20% MCR 0.59 1.04 

9 Pipelay Vessel laying pipe (June), operating at 20% MCR 1.18 13.62 

10 Pipelay Vessel laying pipe (November), operating at 20% MCR 1.17 13.53 

11 

Artisan-1 

Pipelay Vessel stationary (June), operating at 20% MCR 0.67 1.14 

12 Pipelay Vessel stationary (November), operating at 20% MCR 0.67 1.12 

13 Pipelay Vessel laying pipe (June), operating at 20% MCR 0.90 10.76 

14 Pipelay Vessel laying pipe (November), operating at 20% MCR 0.90 10.69 

15 
Thylacine 
North-1 + 

Geographe-4 

Vessel stationary, operating at 20% MCR (Thylacine North-1) + Vessel 
stationary, operating at 20% MCR + ROV cutting tool (Geographe-4) 

(June) 

0.66 1.35 

16 
Vessel stationary, operating at 20% MCR (Thylacine North-1) + Vessel 
stationary, operating at 20% MCR + ROV cutting tool (Geographe-4) 

(November) 

0.66 1.34 

17 

Artisan-1 + 
Geographe-4 

Vessel stationary, operating at 20% MCR (Artsian-1) + Vessel stationary, 
operating at 20% MCR + ROV cutting tool (Geographe-4) 

(June) 

0.67 1.35 

18 
Vessel stationary, operating at 20% MCR (Artsian-1) + Vessel stationary, 

operating at 20% MCR + ROV cutting tool (Geographe-4) 
(November) 

0.67 1.33 

19 
Thylacine 
North-1 + 

Thylacine A 

MODU Drilling + Platform + 4h OSV resupply 0.95 2.31 

20 MODU Drilling + Platform + 8h OSV resupply 1.23 4.03 

21 MODU Drilling + Platform + Skid installation vessel operating at 20% MCR 0.65 1.10 
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Scenario 
number 

Well Area Description 
Rmax 

(km) 
Area  

(km2) 

23 

Thylacine 
North-1 

Pipelay Vessel stationary (June), operating at 40% MCR 0.95 2.28 

24 Pipelay Vessel stationary (November), operating at 40% MCR 0.94 2.23 

25 Pipelay Vessel laying pipe (June), operating at 40% MCR 1.95 24.2 

26 Pipelay Vessel laying pipe (November), operating at 40% MCR 1.95 24.1 

27 

Artisan-1 

Pipelay Vessel stationary (June), operating at 40% MCR 0.88 2.02 

28 Pipelay Vessel stationary (November), operating at 40% MCR 0.88 1.99 

29 Pipelay Vessel laying pipe (June), operating at 40% MCR 1.40 17.1 

30 Pipelay Vessel laying pipe (November), operating at 40% MCR 1.39 17.0 

31 
Thylacine 
North-1 + 

Geographe-4 

Pipelay Vessel stationary, operating at 40% MCR (Thylacine North-1) + 
Vessel stationary, operating at 40% MCR + ROV cutting tool (Geographe-

4) 

0.95 2.39 

32 
Pipelay Vessel stationary, operating at 40% MCR (Thylacine North-1) + 

Vessel stationary, operating at 40% MCR + ROV cutting tool (Geographe-
4) 

0.94 2.38 

33 
Artisan-1 + 

Geographe-4 

Pipelay Vessel stationary, operating at 40% MCR (Artsian-1) + Vessel 
stationary, operating at 40% MCR + ROV cutting tool (Geographe-4) 

0.91 2.39 

34 
Vessel stationary, operating at 40% MCR (Pipelay Vessel -1) + Vessel 
stationary, operating at 40% MCR + ROV cutting tool (Geographe-4) 

0.91 2.38 

35 
Thylacine 
North-1 

MODU Drilling + Platform + Skid installation vessel operating at 40% MCR 
0.85 2.10 

2. Introduction 

JASCO Applied Sciences (JASCO) performed modelling study of underwater sound levels associated with the 
Beach Energy Otway Development, to supplement drilling and construction results previously presented in 
Koessler et al. (2020), Matthews et al. (2020) and Matthews et al. (2021).  

The results have been revised due to better understanding of the propagation loss in the region gained through 
the validation monitoring of drilling operations at Artisan-1 McPherson et al. (2021) as described in Section 2.1. 
An overview of the modelling scenarios considered is provided in Section 2.2, with results presented in Section 4, 
and briefly discussed in Section 5. 

For noise effect criteria and explanations on methodologies applied, refer to Koessler et al. (2020), Matthews et 
al. (2020), Matthews et al. (2021) and McPherson et al. (2021). 

2.1. Validation Monitoring Study Summary 

The monitoring study (McPherson et al. 2021) was completed in relation to the exploration drilling activities at the 
Artisan-1 well with the aim of completing an acoustic characterisation of the drilling and associated vessel activity 
within the Otway Basin. Through this characterisation, validation of the modelling predictions used in Beach 
Energy Otway Environment Plans (EPs) for the development drilling activities was required.  

The exploration well Artisan-1, drilled by the Ocean Onyx, was selected for the monitoring program because the 
predicted distances to thresholds for effects on marine mammals, including pygmy blue whales, were farthest at 
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this location in the modelling study used for the EP (Koessler et al. 2020), as well as because it was the first well 
in the Otway drilling campaign.  

Four JASCO Autonomous Multichannel Acoustic Recorders (AMARs) in C-lander moorings were deployed in 
February and retrieved in early April. Stations 1 through 4 were deployed at distances of 0.336, 1.13, 5.11, and 
25 km from the Ocean Onyx. The AMARs recorded continuously at 24-bit resolution and 64 kHz sample rate for 
the entire deployment. The three stations closest to the Ocean Onyx were configured with a single hydrophone, 
whilst the station 25 km away was configured with three hydrophones to provide directional processing of 
received sounds. 

To assist in the characterisation of Ocean Onyx and attendant support vessels, the vessels conducted specific 
activities under dynamic positioning and followed a nominated transit track between the Ocean Onyx and 
Geelong Supply Base. No specific operational requests were made of the Ocean Onyx and vessels during normal 
drilling activities due to the complexity of operationally meeting any requests. Over the course of the monitoring 
program, the MODU and support vessels engaged in different operational states with different uncontrollable 
contributors, such as variable drilling operations, resupply and support operations, weather conditions, and 
merchant shipping. 

A summary of the findings of the monitoring study are described in the following sections. 

Source Levels 

The Monopole Source Levels determined through the measurement study differed from those either estimated for 
use in the modelling study or those determined using proxy sources. The key differences are as follows: 

• The support vessels are quieter than estimated when they are under slow transit speeds, such as 7 knots. 

• The support vessels are louder than estimated when they are travelling at faster transit speeds, with 9 knots 

used to represent these speeds and the associated MSL. 

• The support vessels are louder than estimated when holding station or moving under dynamic positioning. 

• The drilling operations of the Ocean Onyx are both louder at some frequencies and quieter at others than 

those for the proxy rig the Polar Pioneer (Austin et al. 2018), although the results presented for the Polar 

Pioneer did not examine the changes in level with increased drilling depth (over time) as completed within this 

study. 

Comparison of Results  

The results from the measurement study could not be directly compared to the modelling presented in Koessler et 
al. (2020) due to the differences in actual events compared to the nominal representative scenarios developed 
and evaluated as part of the EP assessment process. Additionally, the measurements were obtained at a receiver 
located 1.2 m off the seafloor, which is not the maximum-over-depth results reported in the modelling study. The 
ranges obtained from the measurement study were reported in relation to the Artisan-1 well location, and thus the 
centre of the Ocean Onyx. The ranges in project related modelling studies are reported from a range of locations, 
including the centroids of multiple sources, thus it was not possible to report the measurement results in a similar 
fashion using the small number of recording locations used in this study. 

Geological Environment Representation 

Previous modelling studies for Beach Energy, Koessler et al. (2020), Matthews et al. (2020) and Matthews et al. 
(2021), used MONM with the assumption of a 1 m thick layer of sand overlaying the carbonate seabed structure 
at the Artisan-1 well location. This assumption was made due to the lack of available information, and is similar to 
other inshore work in the Otway Basin, such as (Duncan et al. 2012), who represented the shelf as two zones, an 
in-shore zone out to a water depth of about 70 m in which the sand layer has a thickness of between 4–10 m, and 
an off-shore zone of effectively bare calcarenite probably due to scouring by current and swell. The transition 
between these two zones is ill-defined due to a lack of datapoints, and lies close to the Artisan-1 location, and a 
balanced approach of assuming 1 m thick layer of sand overlaying the carbonate seabed structure was judged to 
be appropriate given available information. 
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The measurement study has increased the understanding of the geological environment in the region and 
indicates that the sand overlay is thinner (or non-existent) at shallower water depths. The different environment 
required the use of an alternate configuration of numerical models to represent the propagation loss.  

Propagation Loss 

The accuracy of the broadband calculated propagation loss for the Otway Basin continental shelf environment 
depends significantly upon the frequency content of the radiating sound source together with thickness of the 
sand layer on carbonate seabed (calcarenite) likely to occur within the region. In general, the thinner the sand 
layer, the greater the overall propagation loss.  

When comparing SPL data fits for Stations 1–3 in McPherson et al. (2021), the loss rate is higher than what would 
have been expected in this environment, considering the higher monopole source levels for the support vessel on 
DP derived from trial measurements. The differences are likely attributable to the potential absence of a sand 
veneer. 

Comparisons were conducted using JASCO’s Marine Operations Noise Model (MONM), a wide-angle parabolic 
equation model which applies the BELLHOP Gaussian beam acoustic ray-trace model at higher frequencies, and 
JASCO’s wavenumber integration model (VSTACK) which can fully account for the elasto-acoustic properties of 
the sub-bottom. The agreement between the models was excellent when only a comparatively thin (1 m thick) 
layer of sand overlies the carbonate seabed structure. In an environment such as this, MONM could have been 
used without correction. However, the comparisons indicate a much higher rates of loss, as would be expected if 
no (or only a very thin) sand layer were present.  

A better understanding of the propagation loss environment, and the revision of the representation and treatment 
of it through the measurement study, enabled the modelling scenarios for the activities at Artisan-1 presented in 
Koessler et al. (2020) to be recalculated (Section 6.3 in McPherson et al. (2021)). 

2.2. Scenario Details 

The scenarios considered within this assessment are detailed below and in Table 3, with the associated modelling 
sites provided in Table 4. An overview of the scenarios is as follows: 

1. Otway Offshore Project Development Drilling Campaign, Thylacine North-1 Operations: 

a. Mobile Offshore Drilling Unit (MODU) conducting normal drilling operations 

b. MODU with Offshore Supply Vessel (OSV) in attendance, standing by and conducting resupply 
operations under Dynamic Positioning (DP) 

2. Otway Offshore Project Operations scenarios: 

1. Operations of the Thylacine platform (at Thylacine-A) 

2. OSV vessel resupply at Thylacine platform for periods of 2, 4, 6 and 8 hrs. 

3. OSV vessel on standby at Thylacine platform for periods of 8 and 24 hrs 

4. Otway Offshore Project Construction scenarios: A single nominated pipelay/construction vessel, the Skandi 
Singapore, was considered for these scenarios. Each scenario was considered with a sound speed profiles 
for the ‘worst case over the year’ and for the period pygmy blue whales are present in the region, between 
November and January: 

a. Pipelay vessel (PLV) both stationary and laying pipe at Thylacine North-1 and Artisan-1 operating at 20% 
of its Maximum Continuous Rating (MCR). 

b. Pipelay vessel operating a Remotely Operated Vehicle (ROV) and cutting tool at Geographe-4. The 
vessel at Geographe-4 was also modelled operating at 20% and 40% of its Maximum Continuous Rating 
(MCR). 

c. Quantitively assess the combined sound levels of drilling activities and the construction vessel(s) at the 
emerging SRW aggregation area at Port Campbell. This scenario considered the drilling activities at 
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Thylacine North-1 presented in Koessler et al. (2020) and the nominated construction vessel (Skandi 
Singapore) operating at Geographe-4.  

5. Simultaneous assessment for drilling, operations and construction operations were considered for key 
scenarios: 

a. Drilling at Thylacine while doing Thylacine platform resupply 

b. Drilling at Thylacine while doing installation of Thylacine skid near Thylacine platform. The construction 
vessel installing the skid was modelled operating at 20% and 40% of its Maximum Continuous Rating 
(MCR). 
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Table 3. Description of modelled scenarios. MCR: Maximum Continuous Rating, MODU: Mobile Offshore Drilling Unit, OSV: 
Offshore Supply Vessel, ROV: Remotely Operated Vehicle. 

Scenario number Well Name Description SSP Month Modelled sites 

A1 

Thylacine North-1 

MODU Drilling June  1 

A2 OSV under DP June  2 

A3 OSV Standby Transit June  3 

A4 Thylacine A Platform Operations June  4 

A5 

Thylacine North-1 

MODU Drilling + 4h OSV resupply June  1,2,3 

A6 MODU Drilling + 8h OSV resupply June  1,2,3 

A7 MODU Drilling + OSV Standby Transit June  1,3 

1 

Thylacine A 

Platform + 2h OSV resupply June  4,5 

2 Platform + 4h OSV resupply June  4,5 

3 Platform + 6h OSV resupply June  4,5 

4 Platform + 8h OSV resupply June  4,5 

5 Platform 8h + OSV Standby June  3,5 

6 Platform + 24h OSV Standby June  3,5 

7 

Thylacine North-1 

Pipelay Vessel stationary, operating at 20% 
MCR 

June  6 

8 
Pipelay Vessel stationary, operating at 20% 

MCR 
November 6 

9 
Pipelay Vessel laying pipe, operating at 20% 

MCR 
June  6 

10 
Pipelay Vessel laying pipe, operating at 20% 

MCR 
November 6 

11 

Artisan-1 

Pipelay Vessel stationary, operating at 20% 
MCR 

June  7 

12 
Pipelay Vessel stationary, operating at 20% 

MCR 
November 7 

13 
Pipelay Vessel laying pipe, operating at 20% 

MCR 
June  7 

14 
Pipelay Vessel laying pipe, operating at 20% 

MCR 
November 7 

15 

Thylacine North-1 
+ Geographe-4 

Pipelay Vessel stationary, operating at 20% 
MCR (Thylacine North-1) + Vessel stationary, 

operating at 20% MCR + ROV cutting tool 
(Geographe-4) 

June  6,8,9 

16 

Pipelay Vessel stationary, operating at 20% 
MCR (Thylacine North-1) + Vessel stationary, 

operating at 20% MCR + ROV cutting tool 
(Geographe-4) 

November 6,8,9 
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Scenario number Well Name Description SSP Month Modelled sites 

17 
Artisan-1 + 

Geographe-4 

Pipelay Vessel stationary, operating at 20% 
MCR (Artsian-1) + Vessel stationary, operating 
at 20% MCR + ROV cutting tool (Geographe-4) 

June  7,8,9 

18 
Artisan-1 + 

Geographe-4 

Vessel stationary, operating at 20% MCR 
(Pipelay Vessel -1) + Vessel stationary, 

operating at 20% MCR + ROV cutting tool 
(Geographe-4) 

November 7,8,9 

19 

Thylacine North-1 
+ Thylacine A 

MODU Drilling + Platform + 4h OSV resupply June  1,4,5 

20 MODU Drilling + Platform + 8h OSV resupply June  1,4,5 

21 
MODU Drilling + Platform + Skid installation 

vessel at 20% MCR 
June  1,4,6 

22 
Thylacine North-1 

+ Geographe-4 

MODU Drilling + 8h OSV resupply (Thylacine 
North-1) + Vessel stationary, operating at 20% 

MCR + ROV cutting tool (Geographe-4) 
June 1,2,3,8,9 

23 

Thylacine North-1 

Pipelay Vessel stationary, operating at 40% 
MCR 

June  6 

24 
Pipelay Vessel stationary, operating at 40% 

MCR 
November 6 

25 
Pipelay Vessel laying pipe, operating at 40% 

MCR 
June  6 

26 
Pipelay Vessel laying pipe, operating at 40% 

MCR 
November 6 

27 

Artisan-1 

Pipelay Vessel stationary, operating at 40% 
MCR 

June  7 

28 
Pipelay Vessel stationary, operating at 40% 

MCR 
November 7 

29 
Pipelay Vessel laying pipe, operating at 40% 

MCR 
June  7 

30 
Pipelay Vessel laying pipe, operating at 40% 

MCR 
November 7 

31 

Thylacine North-1 
+ Geographe-4 

Pipelay Vessel stationary, operating at 40% 
MCR (Thylacine North-1) + Vessel stationary, 

operating at 40% MCR + ROV cutting tool 
(Geographe-4) 

June  6,8,9 

32 

Pipelay Vessel stationary, operating at 40% 
MCR (Thylacine North-1) + Vessel stationary, 

operating at 40% MCR + ROV cutting tool 
(Geographe-4) 

November 6,8,9 

33 

Artisan-1 + 
Geographe-4 

Pipelay Vessel stationary, operating at 40% 
MCR (Artsian-1) + Vessel stationary, operating 
at 40% MCR + ROV cutting tool (Geographe-4) 

June  7,8,9 

34 

Vessel stationary, operating at 40% MCR 
(Pipelay Vessel -1) + Vessel stationary, 

operating at 40% MCR + ROV cutting tool 
(Geographe-4) 

November 7,8,9 
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35 Thylacine North-1 
MODU Drilling + Platform + Skid installation at 

40% MCR 
June  1,4,6 

36 
Thylacine North-1 

+ Geographe-4 

MODU Drilling + 8h OSV resupply (Thylacine 
North-1) + Vessel stationary, operating at 40% 

MCR + ROV cutting tool (Geographe-4) 
June 1,2,3,8,9 

 

Table 4. Location details for the modelled sites. MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel, PLV: 
Pipelay Vessel, ROV: Remotely Operated Vehicle, WHP: Well Head Platform 

Well Site Source Latitude (S) Longitude (E) 
MGA Zone 54 (GDA94) Water 

depth 
(m) X (m) Y (m) 

Thylacine 
North-1 

1 MODU 39° 12.51001' 142° 52.49601' 661882 5658411 99.1 

2 OSV 39° 12.48903' 142° 53.88508' 663882 5658408 99.1 

3 OSV standby 39° 12.50986' 142° 52.54039' 661946 5658410 99.2 

Thylacine A 
4 WHP 39° 14.40200' 142° 54.60100' 664838 5654848 102.4 

5 OSV 39° 14.40059' 142° 54.64574' 664902 5654849 102.3 

Thylacine 
North-1 

6 PLV 
39° 12.51001' 142° 52.49601' 661882 5658411 99.1 

Artisan-1 7 PLV 38° 53.45684' 142° 52.97408' 663300 5693640 71.5 

Geographe-
4 

8 PLV 
39° 6.49400' 142° 57.06700' 668700 5669400 85.0 

9 ROV Cutting Tool 
39° 6.49400'  142° 57.06700' 668700 5669400 85.0 

Thylacine 
North-1 

10 OSV 
39° 14.40200' 142° 54.60100' 664838 5654848 102.4 
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Figure 1. Overview of the modelled area (focus on Thylacine North-1 Scenario Area) and local features within the South East 
Marine Region (SEMR). 

 

Figure 2. Overview of the modelled area (focus on Artisan-1 Scenario Area) and local features within the South East Marine 
Region (SEMR). 
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3. Methods and Parameters 

A details description of the employed modelling method and input parameters can be found in refer to Koessler et 
al. (2020), Matthews et al. (2020), Matthews et al. (2021), Connell et al. (2021) and McPherson et al. (2021). A 
brief a summary of key elements used in this addendum are provided as follows.  

The measured monopole source levels (MSLs) and spectra for the MODU and OSV were used here from  
McPherson et al. (2021): 

• For the MODU drilling, mean levels from Section 5.5.1 in McPherson et al. (2021) were used.   

• For scenarios where the OSV was under dynamic positioning (DP) the average spectrum from Section 5.5.2 
in McPherson et al. (2021) was used.  

• For scenarios where the OSV was transiting or standing by the average slow transit (7 knots) spectrum in 
McPherson et al. (2021) was used.  

For the construction phase scenarios, estimates of the energy source levels (ESLs) for the pipelay/construction 
vessel were based on the specifications of the Skandi Singapore and an ESL derived from recordings of the 
TechnipFMC flexible lay and construction vessel Deep Orient. The specifications of proxy vessel and details on 
scaling can be found in Matthews et al. (2020), Matthews et al. (2021) and Connell et al. (2021). 

Fixed structures such as the WHP have lower radiated sound levels than floating platforms (Spence et al. 2007). 
Equipment operating onboard floating platforms can contribute to marine environment sound however, airborne 
and structure-borne (vibration) pathways are considered more significant on these facilities, where equipment can 
be located below the water line. Underwater noise produced from platforms standing on metal jack‐up legs is 
relatively low given the small surface areas available for sound transmission and also given the location of 
machinery above the waterline. It is therefore expected that the dominant pathway for sound generation is structure‐
borne (i.e., vibration from machinery passing through the legs) (Spence et al. 2007). 

A study involving the Endeavour Jack-up Rig, operating in Cook Inlet, was conducted by Illingworth and Rodkin 
(2014) during drilling activities. The results from the sound source verification indicated that sound generated from 
drilling or generators were below ambient sound levels. The generators used on the Endeavour are mounted on 
pedestals specifically to reduce sound transfer through the infrastructure, and they are enclosed in an insulated 
engine room, which may have reduced further underwater sound transmission to levels below those generated by 
the Spartan 151.  The sound source verification revealed that the submersed deep-well pumps that charge the fire-
suppression system and cool the generators (in a closed water system) were the most likely dominant contributor 
the sound field. The measurements are reported as near-source levels recorded close to the bow leg pump system 
(at 10 m range) (Figure 3-5 in Illingworth and Rodkin Inc. (2014). These were backpropagated using spherical 
spreading to determine an energy source level (ESL) spectrum. Considering the similarities between a Jack-up Rig 
and a static WHP the decidecade band spectrum is shown in Figure 3 was used in modelling noise emissions from 
the Thylacine-A platform. 

Furthermore, as discussed by (McPherson et al. 2021) and discussed above in Section 2.1, significant rates of 
propagation loss were found when analysing the data from the measurement study. As part of the model-
measurement validation an adjustment factor was applied broadband received level predictions to account for the 
loss associated with a cemented limestone seabed (calcarenite) (Section 6.2 in McPherson et al. (2021)). A 
similar adjustment, which only differed by accounting for sources in different water depths, was applied to 
broadband level predictions in this addendum as a very similar type of seabed environment is expected at the 
Thylacine scenario area  

 



JASCO APPLIED SCIENCES  Technical Addendum 

27 August 2021 14 

 
Figure 3. Energy source level (ESL) spectra (in decidecade frequency-band) for the Jack-up Rig considered as a proxy source 
for the Thylacine WHP. 

4. Results 

For the considered scenarios (described in Section 2.2), the maximum-over-depth sound fields for the modelled 
scenarios are presented below in two formats: as tables of distances to sound levels and, where the distances are 
long enough, as contour maps showing the directivity and distance to various sound levels. Distances to 
isopleths/thresholds were reported from either the centroid of several sources or from the most dominant single 
source. When an isopleth completely envelopes multiple sources the centroid was used. When several closed 
isopleths exist the most dominant source was used. 

Tables 5–7 present the maximum and 95% distances (defined in Appendix B.1) to SPL isopleths. Since the SPL 
metric does not depend on the duration of the operation, these estimates are valid for both, stationary and non-
stationary scenarios. Tables 11–16 present the distances to frequency-weighted SEL24h threshold, as well as the 
total ensonified area for all scenarios.  

The maximum-over-depth sound fields for nine scenarios (described in Section were extracted at the emerging 
SRW aggregation area at Port Campbell, and can be compared to the 120 dB re 1 µPa threshold for marine 
mammal behavioural response to continuous noise (NOAA 2019). 
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4.1. Tabulated Results 

Table 5. Scenarios A1–A7: Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from 
the most appropriate location for considered sources per scenarioA dash indicates the level was not reached within the limits 
of the modelling resolution (20 m).  MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel, DP: Dynamic 
Positioning.

SPL 
(Lp; dB re 1 μPa) 

MODU Drilling 
(Scenario A1) 

OSV under DP 
(Scenario A2) 

OSV Standby 
Transit 

(Scenario A3) 

Platform  
(Scenario A4) 

MODU Drilling 
and OSV 
Resupply 

(Scenario A5) 

MODU Drilling 
and OSV 
Standby 

(Scenario A7) 

Rmax  

(km) 
R95%  

(km) 
Rmax  

(km) 
R95%  

(km) 
Rmax  

(km) 
R95%  

(km) 
Rmax  

(km) 
R95%  

(km) 
Rmax  

(km) 
R95%  

(km) 
Rmax  

(km) 
R95%  

(km) 

180 – – – – – – – – 0.05 0.05 – – 

170A – – – – – – – – 0.05 0.05 – – 

160 – – 0.08 0.08 – – – – 0.11 0.10 – – 

158B – – 0.13 0.12 – – – – 0.15 0.15 – – 

150 – – 0.32 0.31 – – – – 0.36 0.31 – – 

140 0.09 0.09 0.87 0.81 – – – – 0.88 0.82 0.09 0.09 

130 0.38 0.35 2.3 2.15 0.17 0.16 – – 2.51 2.18 0.38 0.35 

120C 1.24 1.12 7.10 6.50 0.38 0.35 0.20 0.19 7.89 6.56 1.32 1.19 
A 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
B 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 
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Table 6. Scenarios 1–11: Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from the 
most appropriate location for considered sources per scenario. A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m).  OSV: Offshore Supply Vessel, PLV: Pipelay Vessel. 

SPL 
(Lp; 
dB re 1 μPa) 

Platform and 
OSV resupply 
(Scenario 1) 

Platform and 
OSV standby 
(Scenario 5) 

PLV stationary operating at 20% 
MCR, Thylacine  

PLV stationary operating at 20% 
MCR, Artisan  

June 

(Scenario 7) 

November 

(Scenario 8) 

June 

(Scenario 11) 

November 

(Scenario 12) 

Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 

180 – – – – – – – – – – – – 

170A – – – – – – – – – – – – 

160 0.08 0.08 – – – – – – – – – – 

158B 0.14 0.09 – – 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

150 0.28 0.27 – – 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 

140 0.85 0.80 – – 0.33 0.32 0.33 0.32 0.29 0.29 0.29 0.29 

130 2.48 2.18 0.17 0.16 0.95 0.85 0.94 0.84 0.87 0.80 0.87 0.80 

120C 7.31 6.56 0.45 0.43 2.71 2.57 2.70 2.55 2.27 2.09 2.26 2.02 
A 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
B 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 
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Table 7. Scenarios 15–21: Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from 
the most appropriate location for considered sources per scenario. A dash indicates the level was not reached within the limits 
of the modelling resolution (20 m). MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel, PLV: Pipelay Vessel, 
ROV: Remotely Operated Vehicle. 

SPL 
(Lp; dB re 1 μPa) 

PLV stationary operating at 20% 
MCR, at Thylacine and ROV 
Operations at Geographe-4 

PLV stationary operating at 20% 
MCR, at Artisan and ROV 

Operations at Geographe-4 

MODU Drilling, 
Platform and 
OSV resupply 

MODU Drilling, 
Platform and Skid 
installation vessel 

at 20% MCR 

June 
(Scenario 15)  

November 
(Scenario 16) 

June 
(Scenario 17) 

November 
(Scenario 18) 

(Scenario 19) (Scenario 21) 

Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% (km) 

180 – – – – – – – – – – – – 

170A – – – – – – – – – – – – 

160 – – – – – – – – 0.08 0.08 – – 

158B 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.14 0.09 0.04 0.04 

150 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.28 0.27 0.09 0.09 

140 0.32 0.31 0.32 0.31 0.32 0.31 0.32 0.31 0.85 0.80 0.31 0.30 

130 0.91 0.86 0.91 0.84 0.91 0.86 0.91 0.84 2.48 2.18 0.85 0.83 

120C 2.98 2.76 2.97 2.73 2.98 2.75 2.97 2.72 7.90 6.65 4.85 4.29 
A 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
B 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 
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Table 8. Scenarios 23–24, 27–28: Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) 
from the most appropriate location for considered sources per scenario. A dash indicates the level was not reached within the 
limits of the modelling resolution (20 m).  OSV: Offshore Supply Vessel, PLV: Pipelay Vessel. 

SPL 
(Lp; 
dB re 1 μPa) 

PLV stationary operating at 40% 
MCR, Thylacine  

PLV stationary operating at 40% 
MCR, Artisan  

June 

(Scenario 23) 

November 

(Scenario 24) 

June 

(Scenario 27) 

November 

(Scenario 28) 

Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 

180 – – – – – – – – 

170A – – – – – – – – 

160 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

158B 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

150 0.17 0.17 0.17 0.17 0.16 0.15 0.16 0.15 

140 0.44 0.43 0.44 0.43 0.39 0.38 0.39 0.38 

130 1.26 1.18 1.27 1.17 1.12 1.10 1.12 1.09 

120C 4.13 3.64 4.11 3.63 2.87 2.46 2.86 2.46 
A 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
B 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 
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Table 9. Scenarios 31–35: Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from 
the most appropriate location for considered sources per scenario. A dash indicates the level was not reached within the limits 
of the modelling resolution (20 m). MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel, PLV: Pipelay Vessel, 
ROV: Remotely Operated Vehicle. 

SPL 
(Lp; dB re 1 μPa) 

PLV stationary operating at 40% 
MCR, at Thylacine and ROV 
Operations at Geographe-4 

PLV stationary operating at 40% 
MCR, at Artisan and ROV 

Operations at Geographe-4 

MODU Drilling, 
Platform and 

Skid Installation 
Vessel operating 

at 40% MCR 

June 
(Scenario 31)  

November 
(Scenario 32) 

June 
(Scenario 33) 

November 
(Scenario 34) 

(Scenario 35) 

Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 
Rmax 

(km) 
R95% 

(km) 

180 – – – – – – – – – – 

170A – – – – – – – – – – 

160 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

158B 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

150 0.16 0.15 0.16 0.16 0.16 0.15 0.16 0.16 0.15 0.14 

140 0.46 0.41 0.46 0.4 0.46 0.41 0.46 0.40 0.42 0.38 

130 1.56 1.26 1.56 1.25 1.56 1.26 1.56 1.25 1.39 1.14 

120C 3.77 3.29 3.76 3.23 3.76 3.24 3.63 3.20 6.08 4.99 

A 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
B 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 
 
 

Table 10. Received SPL at the Port Campbell SRW receiver for relevant scenarios. 

Scenario Description Location(s) 
SPL (Lp; dB re 1 μPa) at Port 

Campbell SRW Receiver 

22 
MODU Drilling + 8h OSV resupply (Thylacine 

North-1) + Vessel stationary, operating at 20% 
MCR + ROV cutting tool (Geographe-4) 

Thylacine North-1 + Geographe-4 93.8 

36 
MODU Drilling + 8h OSV resupply (Thylacine 

North-1) + Vessel stationary, operating at 40% 
MCR + ROV cutting tool (Geographe-4) 

Thylacine North-1 + Geographe-4 94.1 

 
 



JASCO APPLIED SCIENCES  Technical Addendum 

27 August 2021 20 

 

Table 11. Scenarios A1-A7: Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m). MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel. 

Hearing  
group 

SEL24h 
threshold 
(LE,24h; dB re 

1 µPa²·s)† 

MODU Drilling 
(Scenario A1) 

OSV under DP 

(Scenario A2) 

OSV Standby 
Transit 

(Scenario A3) 

Platform  
(Scenario A4) 

MODU Drilling 
and 4h OSV 

resupply 
(Scenario A5) 

MODU Drilling 
and 8h OSV 

resupply 
(Scenario A6) 

MODU Drilling 
and OSV 

Standby Transit 
(Scenario A7) 

Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 

PTS                

LF 
cetaceans 

199 
0.03 0.004 0.09 0.03 

– – 
0.02 0.001 0.12 0.03 0.18 0.08 0.06 0.004 

MF 
cetaceans 

198  
0.02 0.001 0.02 0.001 

– – 
0.02 0.001 0.05 0.002 0.05 0.002 0.04 0.001 

HF 
cetaceans 

173 
0.23 0.16 0.06 0.01 

– – 
0.03 0.004 0.26 0.16 0.26 0.17 0.26 0.16 

Phocid 
seals 

201 
0.02 0.001 0.03 0.003 

– – 
0.02 0.001 0.05 0.004 0.07 0.01 0.04 0.001 

Otariid seals 219 – – – – – – – – 0.03 0.001 0.05 0.001 – – 

Turtles 220 – – 0.02 0.001 – – – – 0.05 0.002 0.05 0.002 – – 

TTS                

LF 
cetaceans 

179 
0.39 0.33 0.95 2.33 

– – 
0.04 0.004 1.06 2.49 1.31 4.39 0.39 0.33 

MF 
cetaceans 

178 
0.13 0.06 0.06 0.01 

– – 
0.03 0.003 0.16 0.06 0.16 0.07 0.13 0.06 

HF 
cetaceans 

153 
1.12 3.22 0.47 0.69 

– – 
0.30 0.28 1.16 3.71 1.16 3.99 1.12 3.22 

Phocid 
seals 

181 
0.12 0.04 0.28 0.24 

– – 
0.03 0.00 0.32 0.27 0.46 0.55 0.12 0.04 

Otariid seals 199 0.02 0.001 0.04 0.01 – – 0.02 0.001 0.07 0.01 0.09 0.01 0.02 0.001 

Turtles 200 0.02 0.002 0.07 0.02 – – 0.02 0.001 0.10 0.02 0.16 0.06 0.02 0.002 
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Table 12. Scenarios 1–6:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et al. 
(2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of the 
modelling resolution (20 m), OSV: Offshore Supply Vessel. 

Hearing  
group 

SEL24h 
threshold 
(LE,24h; dB re 

1 µPa²·s)† 

Platform and 
OSV resupply 

2 h 
(Scenario 1) 

Platform and OSV 
resupply 

4 h 
(Scenario 2) 

Platform and OSV 
resupply 

6 h 
(Scenario 3) 

Platform and OSV 
resupply 

8 h 
(Scenario 4) 

Platform and OSV 
8h standby 
(Scenario 5) 

Platform and OSV 
24h standby 
(Scenario 6) 

Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 
Rmax 

(km) 
Area 

(km2) 

PTS              

LF cetaceans 199 
0.10 0.02 0.12 0.03 0.14 0.04 0.18 0.07 0.02 0.001 0.02 0.001 

MF cetaceans 198  
0.05 0.001 0.05 0.001 0.05 0.002 0.05 0.002 0.02 0.001 0.02 0.001 

HF cetaceans 173 
0.08 0.01 0.09 0.02 0.10 0.02 0.11 0.02 0.03 0.004 0.03 0.004 

Phocid seals 201 0.05 0.002 0.06 0.004 0.06 0.01 0.08 0.01 0.02 0.001 0.02 0.001 

Otariid seals 219 – – – – – – – – – – – – 

Turtles 220 – – – – 0.04 0.001 0.04 0.001 – – – – 

TTS              

LF cetaceans 179 
0.75 1.31 0.95 2.30 1.11 3.15 1.25 4.01 0.04 0.004 0.04 0.004 

MF cetaceans 178 
0.06 0.01 0.08 0.01 0.09 0.02 0.10 0.02 0.03 0.003 0.03 0.003 

HF cetaceans 153 
0.45 0.60 0.52 0.79 0.60 1.05 0.63 1.17 0.30 0.28 0.30 0.28 

Phocid seals 181 0.23 0.12 0.30 0.24 0.37 0.36 0.43 0.46 0.03 0.00 0.03 0.00 

Otariid seals 199 0.06 0.004 0.07 0.01 0.08 0.01 0.08 0.01 0.02 0.001 0.02 0.001 

Turtles 200 0.08 0.01 0.10 0.02 0.11 0.02 0.17 0.04 0.02 0.001 0.02 0.001 
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Table 13. Scenarios 7–10:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et al. 
(2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of the 
modelling resolution (20 m), PLV: Pipelay Vessel. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 20% MCR, at 
Thylacine 

PLV laying pipe operating at 20% MCR, at 
Thylacine 

June 
(Scenario 7) 

November 

(Scenario 8) 

June 

(Scenario 9) 

November 

(Scenario 10) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS          

LF cetaceans 199 0.06 0.01 0.06 0.01 0.02 0.21 0.02 0.21 

MF cetaceans 198  0.02 0.001 0.02 0.001 0.01 0.02 0.01 0.02 

HF cetaceans 173 0.09 0.03 0.09 0.03 0.03 0.37 0.03 0.36 

Phocid seals 201 0.02 0.001 0.02 0.001 0.01 0.14 0.01 0.14 

Otariid seals 219 – – – – – – – – 

Turtles 220 0.02 0.001 0.02 0.001 – – – – 

TTS          

LF cetaceans 179 0.60 1.04 0.59 1.04 1.18 13.62 1.17 13.53 

MF cetaceans 178 0.07 0.02 0.07 0.02 0.02 0.22 0.02 0.22 

HF cetaceans 153 0.84 2.02 0.70 1.36 1.19 15.04 1.46 16.02 

Phocid seals 181 0.19 0.12 0.19 0.12 0.13 1.54 0.13 1.54 

Otariid seals 199 0.02 0.001 0.02 0.001 0.01 0.15 0.01 0.15 

Turtles 200 0.08 0.02 0.08 0.02 0.02 0.27 0.02 0.27 
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Table 14. Scenarios 11–14: Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m), PLV: Pipelay Vessel. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 20% MCR, at Artisan  PLV laying pipe operating at 20% MCR, at Artisan 

June 
(Scenario 11) 

November 

(Scenario 12) 

June 

(Scenario 13) 

November 

(Scenario 14) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS          

LF cetaceans 199 0.06 0.01 0.06 0.01 0.02 0.25 0.02 0.25 

MF cetaceans 198  0.01 0.001 0.01 0.001 – – – – 

HF cetaceans 173 0.09 0.03 0.09 0.03 0.03 0.37 0.03 0.37 

Phocid seals 201 0.02 0.001 0.02 0.001 0.02 0.13 0.02 0.13 

Otariid seals 219 – – – – – – – – 

Turtles 220 0.01 0.001 0.01 0.001 – – – – 

TTS          

LF cetaceans 179 0.67 1.14 0.67 1.12 0.90 10.76 0.90 10.69 

MF cetaceans 178 0.07 0.02 0.07 0.02 0.03 0.30 0.03 0.30 

HF cetaceans 153 0.77 1.60 0.62 1.18 0.95 11.92 0.91 10.68 

Phocid seals 181 0.19 0.11 0.19 0.11 0.12 1.36 0.12 1.36 

Otariid seals 199 0.02 0.001 0.02 0.001 0.02 0.22 0.02 0.22 

Turtles 200 0.07 0.02 0.07 0.02 0.03 0.29 0.03 0.29 
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Table 15. Scenarios 15–18:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m), PLV: Pipelay Vessel, ROV: Remotely Operated Vehicle. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 20% MCR, at 
Thylacine and ROV Operations at Geographe-4  

PLV stationary operating at 20% MCR, at Artisan 
and ROV Operations at Geographe-4 

June 
(Scenario 15) 

November 

(Scenario 16) 

June 

(Scenario 17) 

November 

(Scenario 18) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS          

LF cetaceans 199 0.06 0.01 0.06 0.01 0.06 0.01 0.06 0.01 

MF cetaceans 198  0.02 0.001 0.02 0.001 0.02 0.001 0.02 0.001 

HF cetaceans 173 0.12 0.04 0.11 0.04 0.12 0.04 0.11 0.04 

Phocid seals 201 0.02 0.001 0.02 0.001 0.02 0.001 0.02 0.001 

Otariid seals 219 0.01 0.001 0.01 0.001 0.01 0.001 0.01 0.001 

Turtles 220 0.02 0.001 0.02 0.001 0.01 0.001 0.01 0.001 

TTS          

LF cetaceans 179 0.66 1.35 0.66 1.34 0.67 1.35 0.67 1.33 

MF cetaceans 178 0.09 0.03 0.09 0.03 0.09 0.03 0.09 0.03 

HF cetaceans 153 0.87 2.37 0.83 1.93 0.87 2.37 0.83 1.93 

Phocid seals 181 0.19 0.12 0.19 0.12 0.19 0.11 0.19 0.11 

Otariid seals 199 0.02 0.001 0.02 0.001 0.02 0.001 0.02 0.001 

Turtles 200 0.08 0.02 0.08 0.02 0.08 0.02 0.08 0.02 
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Table 16. Scenarios 19–21:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m). MODU: Mobile Offshore Drilling Unit, OSV: Offshore Supply Vessel. 

Hearing  
group 

SEL24h threshold (LE,24h; 

dB re 1 µPa²·s)† 

MODU Drilling, Platform and 
4 h OSV resupply (Scenario 19) 

MODU Drilling, Platform and 
8 h OSV resupply (Scenario 20) 

MODU Drilling, Platform and 
Skid Installation Vessel 
operating at 20% MCR 

(Scenario 21) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS        

LF cetaceans 199 0.09 0.03 0.15 0.07 0.06 0.01 

MF cetaceans 198  0.04 0.001 0.04 0.001 0.04 0.001 

HF cetaceans 173 0.26 0.16 0.26 0.16 0.26 0.16 

Phocid seals 201 0.04 0.004 0.05 0.008 0.04 0.001 

Otariid seals 219 – – – – – – 

Turtles 220 – – 0.03 0.001 0.03 0.001 

TTS        

LF cetaceans 179 0.95 2.31 1.23 4.03 0.65 1.10 

MF cetaceans 178 0.16 0.06 0.16 0.06 0.16 0.06 

HF cetaceans 153 1.15 3.25 1.15 3.26 1.15 3.26 

Phocid seals 181 0.28 0.24 0.41 0.46 0.18 0.09 

Otariid seals 199 0.04 0.005 0.06 0.011 0.04 0.001 

Turtles 200 0.08 0.02 0.15 0.04 0.08 0.02 
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Table 17. Scenarios 23–26:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m), PLV: Pipelay Vessel. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 40% MCR, at 
Thylacine 

PLV laying pipe operating at 40% MCR, at 
Thylacine 

June 
(Scenario 23) 

November 

(Scenario 24) 

June 

(Scenario 25) 

November 

(Scenario 26) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS          

LF cetaceans 199 0.09 0.03 0.09 0.03 0.03 0.39 0.03 0.39 

MF cetaceans 198  0.02 0.001 0.02 0.001 0.01 0.11 0.01 0.11 

HF cetaceans 173 0.16 0.08 0.16 0.08 0.07 0.79 0.07 0.78 

Phocid seals 201 0.02 0.001 0.02 0.001 0.02 0.18 0.01 0.18 

Otariid seals 219 – – – – – – – – 

Turtles 220 0.02 0.001 0.02 0.001 – – – – 

TTS          

LF cetaceans 179 0.95 2.28 0.94 2.23 1.95 24.2 1.95 24.1 

MF cetaceans 178 0.10 0.03 0.10 0.03 0.04 0.48 0.04 0.47 

HF cetaceans 153 1.17 3.44 0.94 2.47 1.75 21.8 2.08 27.0 

Phocid seals 181 0.27 0.22 0.30 0.22 0.24 2.76 0.24 2.75 

Otariid seals 199 0.03 0.003 0.03 0.003 0.02 0.18 0.02 0.18 

Turtles 200 0.11 0.038 0.11 0.04 0.05 0.57 0.05 0.57 
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Table 18. Scenarios 27–30: Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m), PLV: Pipelay Vessel. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 40% MCR, at Artisan  PLV laying pipe operating at 40% MCR, at Artisan 

June 
(Scenario 27) 

November 

(Scenario 28) 

June 

(Scenario 29) 

November 

(Scenario 30) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS          

LF cetaceans 199 0.09 0.03 0.09 0.03 0.04 0.39 0.03 0.39 

MF cetaceans 198  0.01 0.001 0.01 0.001 0.01 0.02 0.01 0.01 

HF cetaceans 173 0.14 0.06 0.14 0.06 0.07 0.75 0.06 0.74 

Phocid seals 201 0.02 0.001 0.02 0.001 0.02 0.25 0.02 0.25 

Otariid seals 219 – – – – – – – – 

Turtles 220 – – – – – – – – 

TTS          

LF cetaceans 179 0.88 2.02 0.88 1.99 1.40 17.1 1.39 17.0 

MF cetaceans 178 0.10 0.03 0.11 0.04 0.04 0.49 0.04 0.48 

HF cetaceans 153 0.94 2.75 0.81 1.93 1.27 16.5 1.53 18.3 

Phocid seals 181 0.25 0.19 0.24 0.18 0.21 2.44 0.21 2.43 

Otariid seals 199 0.03 0.002 0.03 0.002 0.02 0.25 0.02 0.25 

Turtles 200 0.14 0.06 0.14 0.06 0.05 0.59 0.05 0.59 
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Table 19. Scenarios 31–34:  Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds based on NMFS (2018) and Finneran et 
al. (2017) from the most appropriate location for considered sources per scenario, and ensonified area (km2). A dash indicates the level was not reached within the limits of 
the modelling resolution (20 m), PLV: Pipelay Vessel, ROV: Remotely Operated Vehicle. 

Hearing  
group 

SEL24h threshold 
(LE,24h; dB re 

1 µPa²·s)† 

PLV stationary operating at 40% MCR, at 
Thylacine and ROV Operations at 

Geographe-4  

PLV stationary operating at 40% MCR, at 
Artisan and ROV Operations at Geographe-

4 

MODU Drilling, 
Platform and Skid 
Installation Vessel 
operating at 40% 

MCR (Scenario 35) 
June 

(Scenario 31) 

November 

(Scenario 32) 

June 

(Scenario 33) 

November 

(Scenario 34) 

Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) Rmax (km) Area (km2) 

PTS            

LF cetaceans 199 0.10 0.03 0.09 0.03 0.10 0.03 0.09 0.03 0.09 0.03 

MF cetaceans 198  0.02 0.001 0.02 0.001 0.02 0.001 0.02 0.001 0.04 0.001 

HF cetaceans 173 0.16 0.08 0.16 0.08 0.15 0.08 0.15 0.08 0.26 0.16 

Phocid seals 201 0.02 0.002 0.02 0.002 0.02 0.002 0.02 0.002 0.04 0.001 

Otariid seals 219 – – – – – – – – – – 

Turtles 220 0.02 0.001 0.02 0.001 – – – – 0.03 0.001 

TTS            

LF cetaceans 179 0.95 2.39 0.94 2.38 0.91 2.39 0.91 2.38 0.85 2.10 

MF cetaceans 178 0.13 0.05 0.13 0.05 0.13 0.05 0.13 0.05 0.16 0.06 

HF cetaceans 153 1.17 3.55 0.99 3.08 1.06 3.55 0.99 3.08 1.15 3.28 

Phocid seals 181 0.27 0.22 0.27 0.22 0.25 0.19 0.25 0.19 0.22 0.15 

Otariid seals 199 0.03 0.003 0.03 0.003 0.03 0.003 0.03 0.003 0.04 0.003 

Turtles 200 0.15 0.05 0.15 0.05 0.15 0.06 0.15 0.06 0.10 0.04 
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4.2. Sound Field Maps 

4.2.1. SPL Maps 

 
Figure 4. Thylacine North-1, MODU Drilling (Scenario A1) SPL: Sound level contour map, showing unweighted maximum over-
depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 
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Figure 5. Thylacine North-1, OSV on DP (Scenario A2) : Sound level contour map, showing unweighted maximum over-depth 
SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 

  
Figure 6. Thylacine North-1, OSV Standby (Scenario A3) SPL: Sound level contour map, showing unweighted maximum over-
depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 
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Figure 7. Thylacine A, Platform Operations (Scenario A4) SPL: Sound level contour map, showing unweighted maximum over-
depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 

 
Figure 8. Thylacine North-1, MODU Drilling and OSV Resupply (Scenario A5) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 
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Figure 9. Thylacine North-1, MODU Drilling and OSV Standby (Scenario A7) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 

 
Figure 10. Thylacine A Platform, Platform Resupply (Scenario 1) SPL: Sound level contour map, showing unweighted 
maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange 
contour line. 
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Figure 11. Thylacine A Platform, OSV standby (Scenario 6) SPL : Sound level contour map, showing unweighted maximum 
over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour 
line. 

  
Figure 12. Thylacine North-1, PLV stationary 20% MCR -June (Scenario 7) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 
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Figure 13. Thylacine North-1, PLV stationary 20% MCR -November (Scenario 8) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 

 
Figure 14. Artisan-1, PLV stationary 20% MCR -June (Scenario 11) SPL: Sound level contour map, showing unweighted 
maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange 
contour line. 
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Figure 15. Artisan-1, PLV stationary 20% MCR - November (Scenario 12) SPL: Sound level contour map, showing unweighted 
maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange 
contour line. 

 
Figure 16. Thylacine North-1, PLV stationary and ROV operations at Geographe-4 (20% MCR) - June (Scenario 15) SPL: 
Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 
µPa) behavioural criteria is s hown as an orange contour line. 
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Figure 17. Thylacine North-1, PLV stationary and ROV operations at Geographe-4 (20% MCR) – November (Scenario 16) 
SPL: Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB 
re 1 µPa) behavioural criteria is shown as an orange contour line. 

 
Figure 18. Artisan-1, PLV stationary and ROV Operations at Geographe-4 (20% MCR) – June (Scenario 17) SPL: Sound level 
contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) 
behavioural criteria is shown as an orange contour line. 
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Figure 19. Artisan-1, PLV stationary and ROV Operations at Geographe-4 (20% MCR) – November (Scenario 18) SPL: Sound 
level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) 
behavioural criteria is shown as an orange contour line. 

 
Figure 20. Thylacine A Platform, Platform Resupply and MODU Drilling (Scenario 20) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 
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Figure 21. Thylacine A Platform, Platform operations and skid installation at 20% MCR (Scenario 21) SPL: Sound level contour 
map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural 
criteria is shown as an orange contour line. 

 
Figure 22. Concurrent drilling operations at Thylacine North-1 and construction operations (20% MCR) at Geographe-4 
(Scenario 22) SPL: Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine 
mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 
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Figure 23. Thylacine North-1, PLV stationary 40% MCR -June (Scenario 23) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 
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Figure 24. Thylacine North-1, PLV stationary 40% MCR -November (Scenario 24) SPL: Sound level contour map, showing 
unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as 
an orange contour line. 

 
Figure 25. Artisan-1, PLV stationary 40% MCR -June (Scenario 27) SPL: Sound level contour map, showing unweighted 
maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange 
contour line. 
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Figure 26. Artisan-1, PLV stationary 40% MCR -November (Scenario 28) SPL: Sound level contour map, showing unweighted 
maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange 
contour line. 

 
Figure 27. Thylacine North-1, PLV stationary 40% MCR and ROV operations at Geographe-4 - June (Scenario 31) SPL: 
Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 
µPa) behavioural criteria is shown as an orange contour line. 
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Figure 28. Thylacine North-1, PLV stationary 40% MCR and ROV operations at Geographe-4 – November (Scenario 32) SPL: 
Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 
µPa) behavioural criteria is shown as an orange contour line. 

 
Figure 29. Artisan-1, PLV stationary 40% MCR and ROV Operations at Geographe-4 – June (Scenario 33) SPL: Sound level 
contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) 
behavioural criteria is shown as an orange contour line. 
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Figure 30. Artisan-1, PLV stationary 40% MCR and ROV Operations at Geographe-4 – November (Scenario 34) SPL: Sound 
level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) 
behavioural criteria is shown as an orange contour line. 

 
Figure 31. Thylacine A Platform, Platform operations and skid installation at 40% MCR (Scenario 35) SPL: Sound level contour 
map, showing unweighted maximum over-depth SPL results. Isopleth for marine mammal (120 dB re 1 µPa) behavioural 
criteria is shown as an orange contour line. 
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Figure 32. Concurrent drilling operations at Thylacine North-1 and construction operations (40% MCR) at Geographe-4 
(Scenario 36) SPL: Sound level contour map, showing unweighted maximum over-depth SPL results. Isopleth for marine 
mammal (120 dB re 1 µPa) behavioural criteria is shown as an orange contour line. 
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4.2.2. Accumulated SEL24h Maps 

 
Figure 33. Thylacine North-1, MODU Drilling (Scenario A1) SEL24h: Sound level contour map showing unweighted maximum-
over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for TTS were 
either not reached or were small enough such that they could not be displayed on a map. 
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Figure 34. Thylacine North-1, OSV on DP (4h) (Scenario A2) SEL24h: Sound level contour map showing unweighted maximum-
over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for TTS were 
either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 35. Thylacine North-1, OSV Standby (Scenario A3) SEL24h: Sound level contour map showing unweighted maximum-
over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for TTS were 
either not reached or were small enough such that they could not be displayed on a map. 
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Figure 36. Thylacine A, Platform Operations (Scenario A4) SEL24h: Sound level contour map showing unweighted maximum-
over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for TTS were 
either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 37. Thylacine North-1, MODU 4h Resupply Operations (Scenario A5) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 38. Thylacine North-1, MODU 8h Resupply Operations (Scenario A6) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map.SEL24h: 

 
Figure 39. Thylacine North-1, MODU Drilling and OSV standby (Scenario A7) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 40. Thylacine A Platform, 2 h Platform Resupply (Scenario 1) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 41. Thylacine A Platform, 4 h Platform Resupply (Scenario 2) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 42. Thylacine A Platform, 6 h Platform Resupply (Scenario 3) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 43. Thylacine A Platform, 8 h Platform Resupply (Scenario 4) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 44. Thylacine A Platform, 8h OSV standby (Scenario 5) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 45. Thylacine A Platform, 24h OSV standby (Scenario 6) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 46. Thylacine North-1, PLV stationary 20% MCR - June (Scenario 7) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 47. Thylacine North-1, PLV stationary 20% MCR - November (Scenario 8) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 48. Thylacine North-1, PLV pipe laying operations 20% MCR - June (Scenario 9) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 49. Thylacine North-1, PLV pipe laying operations 20% MCR - November (Scenario 10) SEL24h: Sound level contour 
map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS 
and some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 50. Artisan-1, PLV stationary 20% MCR - June (Scenario 11) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 51. Artisan-1, PLV stationary 20% MCR - November (Scenario 12) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 52. Artisan-1, PLV pipe laying operations 20% MCR - June (Scenario 13) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 53. Artisan-1, PLV pipe laying operations 20% MCR - November (Scenario 14) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 54. Thylacine North-1, PLV stationary and ROV Operations at Geographe-4 (20% MCR) - June (Scenario 15) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 55. Thylacine North-1, PLV stationary 20% MCR and ROV Operations at Geographe-4 (20% MCR) - November 
(Scenario 16) SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths 
for TTS thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that 
they could not be displayed on a map. 
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Figure 56. Thylacine North-1, PLV stationary 20% MCR and ROV Operations at Geographe-4 (20% MCR) - June (Scenario 
17) SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS 
thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they 
could not be displayed on a map. 
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Figure 57. Artisan-1, PLV stationary 20% MCR and ROV Operations at Geographe-4 (20% MCR) - November (Scenario 18) 
SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS 
thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they 
could not be displayed on a map. 
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Figure 58. Thylacine A Platform, 4h Platform Resupply and MODU Drilling (Scenario 19) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 59. Thylacine A Platform, 8h Platform Resupply and MODU Drilling (Scenario 20) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 60. Thylacine A Platform, Skid installation vessel operating at 20% MCR and MODU Drilling (Scenario 21) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 61 Concurrent drilling operations at Thylacine North-1 and construction operations (20% MCR) at Geographe-4 
(Scenario 22) SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths 
for TTS thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that 
they could not be displayed on a map. 
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Figure 62. Thylacine North-1, PLV stationary 40% MCR -June (Scenario 23) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 63. Thylacine North-1, PLV stationary 40% MCR - November (Scenario 24) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 64. Thylacine North-1, PLV pipe laying operations 40% MCR - June (Scenario 25) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 65. Thylacine North-1, PLV pipe laying operations 40% MCR - November (Scenario 26) SEL24h: Sound level contour 
map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS 
and some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 66. Artisan-1, PLV stationary 40% MCR - June (Scenario 27) SEL24h: Sound level contour map showing unweighted 
maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some thresholds for 
TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 67. Artisan-1, PLV stationary 40% MCR - November (Scenario 28) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 
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Figure 68. Artisan-1, PLV pipe laying operations 40% MCR - June (Scenario 29) SEL24h: Sound level contour map showing 
unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and some 
thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 

 
Figure 69. Artisan-1, PLV pipe laying operations 40% MCR - November (Scenario 30) SEL24h: Sound level contour map 
showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. Thresholds for PTS and 
some thresholds for TTS were either not reached or were small enough such that they could not be displayed on a map. 



JASCO APPLIED SCIENCES  Technical Addendum 

27 August 2021 67 

 
Figure 70. Thylacine North-1, PLV stationary and ROV Operations at Geographe-4 (40% MCR) - June (Scenario 31) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 71. Thylacine North-1, PLV stationary and ROV Operations at Geographe-4 (40% MCR) - November (Scenario 32) 
SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS 
thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they 
could not be displayed on a map. 
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Figure 72. Thylacine North-1, PLV stationary and ROV Operations at Geographe-4 (40% MCR) - June (Scenario 33) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 73. Artisan-1, PLV stationary and ROV Operations at Geographe-4 (40% MCR) - November (Scenario 34) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 74. Thylacine A Platform, Skid installation vessel operating at 40% MCR and MODU Drilling (Scenario 35) SEL24h: 
Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths for TTS thresholds. 
Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that they could not be 
displayed on a map. 
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Figure 75 Concurrent drilling operations at Thylacine North-1 and construction operations (40% MCR) at Geographe-4 
(Scenario 36) SEL24h: Sound level contour map showing unweighted maximum-over-depth SEL24h results, along with isopleths 
for TTS thresholds. Thresholds for PTS and some thresholds for TTS were either not reached or were small enough such that 
they could not be displayed on a map. 

5. Discussion 

The approach applied here to model the propagation loss was based is suitable for other locations within the 
continental shelf portion of the Otway Basin because it is supported by measurements of very similar operational 
activities (McPherson et al. 2021). However, the accuracy of the modelling propagation loss within this 
environment depends significantly upon the frequency content of the radiating sound source together with 
thickness of the sand layer on the calcarenite seabed within Otway region. In general, for these types of sources 
(i.e., vessels and other sources with a significant amount of energy above a few hundred Hertz) the thinner the 
sand layer, the greater the propagation loss. Having accurate source and site-specific information reduces the 
amount of uncertainty results due to model inputs uncertainty particularly when seemingly small changes in 
parametrisation can have reasonable significant changes in predicted results. 

The distances to the effect thresholds based on modelling conducted here and supported by the results of the 
measurement study McPherson et al. (2021) are generally smaller when compared to those originally presented 
in Koessler et al. (2020). The understanding of the environment gained through the measurement study allowed 
for the geological environment to be represented in a site-specific fashion, and a more appropriate configuration 
of numerical models to represent the environmental propagation loss particularly with the layered calcarenite 
seabed. The application of the revised modelling approach to represent other Beach Energy activities on the 
continental shelf of the Otway Basin would be appropriate. 

The maximum-over-depth sound field maps presented above show a few instances where threshold contours 
form concentric ‘rings’ around a source. These are likely the product of propagation interference patterns and the 
calculations method to account for the loss associated with the cemented limestone seabed (Section 6.2 in 
McPherson et al. (2021)). Variations in the sound field can produce local maxima and minima in loss which can 
results in specific levels dipping below thresholds before reaching a maximum extent. Moreover, the near 
constant bathymetry around most sources produces axial symmetry around a given source. Together these two 
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factors can form the observed ‘rings’. Nevertheless, the maximum extent of these contours and associated 
tabulated radii are a valid prediction of the effect ranges that can be expected from the modelled operations.  

The effect of different seasonality on predicted distances to the effect thresholds was minor but present. 
Considering the modelled Otway Offshore Project Construction scenarios, each scenario was modelled with a 
sound speed profiles for the ‘worst case over the year’ and for a period pygmy blue whales are present in the 
region, between November and January. These sound speed profiles were respectively selected as June and 
November. The effect thresholds applied to pygmy blue was the low-frequency cetacean SEL24h thresholds based 
on NMFS (2018). The sound speed profile of November generally produced small distances to the low-frequency 
cetacean PTS and TTS threshold for the same operational activities modelled with a June SSP, see Tables 13–
15. The seasonal differences were at most a few hundred metres. The receiver SPL level at the Port Campbell 
receiver locations presented in Table 10 are therefore expected to be lower in in November. 

The SEL24h is a cumulative metric that reflects the dosimetric impact of noise levels within 24 hours based on the 
assumption that an animal is consistently exposed to such noise levels at a fixed position. The corresponding 
SEL24h radii represent an unlikely worst-case scenario. More realistically, marine mammals (as well as fish and 
turtles) are unlikely to stay in the same location for 24 hours. Therefore, a reported radius for SEL24h criteria does 
not mean that marine fauna travelling within this radius of the source will be injured, but rather that an animal 
could be exposed to the sound level associated with impairment (either PTS or TTS) if it remained in that location 
for 24 hours.  
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Appendix A. Acoustic Metrics 

A.1. Pressure Related Acoustic Metrics 

Underwater sound pressure amplitude is measured in decibels (dB) relative to a fixed reference pressure of 
p0 = 1 μPa. Because the perceived loudness of sound, especially impulsive noise such as from seismic airguns, 

pile driving, and sonar, is not generally proportional to the instantaneous acoustic pressure, several sound level 
metrics are commonly used to evaluate noise and its effects on marine life. We provide specific definitions of 
relevant metrics used in the accompanying report. Where possible we follow the ANSI and ISO standard 
definitions and symbols for sound metrics, but these standards are not always consistent. 

The sound pressure level (SPL; Lp; dB re 1 µPa) is the rms pressure level in a stated frequency band over a 
specified time window (T, s) containing the acoustic event of interest. It is important to note that SPL always refers 
to a rms pressure level and therefore not instantaneous pressure: 

  (A-1) 

The SPL represents a nominal effective continuous sound over the duration of an acoustic event, such as the 
emission of one acoustic pulse, a marine mammal vocalization, the passage of a vessel, or over a fixed duration. 
Because the window length, T, is the divisor, events with similar sound exposure level (SEL) but more spread out 
in time have a lower SPL.  

The sound exposure level (SEL; LE; LE,p; dB re 1 µPa2·s) is a measure related to the acoustic energy contained in 

one or more acoustic events (N). The SEL for a single event is computed from the time-integral of the squared 
pressure over the full event duration (T): 

   (A-2) 

where T0 is a reference time interval of 1 s. The SEL continues to increase with time when non-zero pressure 

signals are present. It therefore can be construed as a dose-type measurement, so the integration time used must 
be carefully considered in terms of relevance for impact to the exposed recipients. 

SEL can be calculated over periods with multiple acoustic events or over a fixed duration. For a fixed duration, the 
square pressure is integrated over the duration of interest. For multiple events, SEL can be computed by 
summing (in linear units) SEL of the N individual events:  

  . (A-3) 
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Appendix B. Methods and Parameters 

This section describes the specifications of the seismic source that was used at all sites and the environmental 
parameters used in the propagation models.  

B.1. Estimating Range to Thresholds Levels 

Sound level contours were calculated based on the underwater sound fields predicted by the propagation models, 
sampled by taking the maximum value over all modelled depths above the sea floor for each location in the 
modelled region. The predicted distances to specific levels were computed from these contours. Two distances 
relative to the source are reported for each sound level: 1) Rmax, the maximum range to the given sound level over 
all azimuths, and 2) R95%, the range to the given sound level after the 5% farthest points were excluded (see 
examples in Figure B-1).  

The R95% is used because sound field footprints are often irregular in shape. In some cases, a sound level contour 
might have small protrusions or anomalous isolated fringes. This is demonstrated in the image in Figure B-1(a). In 
cases such as this, where relatively few points are excluded in any given direction, Rmax can misrepresent the 
area of the region exposed to such effects, and R95% is considered more representative. In strongly asymmetric 
cases such as shown in Figure B-1(b), on the other hand, R95% neglects to account for significant protrusions in 
the footprint. In such cases Rmax might better represent the region of effect in specific directions. Cases such as 
this are usually associated with bathymetric features affecting propagation. The difference between Rmax and R95% 
depends on the source directivity and the non-uniformity of the acoustic environment.  

 
 (a) (b) 

Figure B-1. Sample areas ensonified to an arbitrary sound level with Rmax and R95% ranges shown for two different scenarios. 
(a) Largely symmetric sound level contour with small protrusions. (b) Strongly asymmetric sound level contour with long 
protrusions. Light blue indicates the ensonified areas bounded by R95%; darker blue indicates the areas outside this boundary 
which determine Rmax. 
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B.2. Environmental Parameters 

B.2.1. Bathymetry 

Water depths throughout the modelled areas were extracted from the Australian Bathymetry and Topography 
Grid, a 9 arc-second grid rendered for Australian waters (Whiteway 2009). Bathymetry data were re-gridded onto 
a Map Grid of Australia (MGA) coordinate projection (Zone 54) with a regular grid spacing of 100 × 100 m. 

 
Figure B-2. Bathymetry in the modelled area. 

B.2.2. Sound speed profile 

The sound speed profile in the area was derived from temperature and salinity profiles from the U.S. Naval 
Oceanographic Office’s Generalized Digital Environmental Model V 3.0 (GDEM; Teague et al. 1990, Carnes 
2009). GDEM provides an ocean climatology of temperature and salinity for the world’s oceans on a latitude-
longitude grid with 0.25° resolution, with a temporal resolution of one month, based on global historical 
observations from the U.S. Navy’s Master Oceanographic Observational Data Set (MOODS). The climatology 
profiles include 78 fixed depth points to a maximum depth of 6800 m (where the ocean is that deep). The GDEM 
temperature-salinity profiles were converted to sound speed profiles according to Coppens (1981).  

Mean monthly sound speed profiles were derived from the GDEM profiles at distances less than 7 km around the 
modelled site. The June sound speed profile is expected to be most favourable to longer-range sound 
propagation across the entire year. As such, June was selected for sound propagation modelling to ensure 
precautionary estimates of distances to received sound level thresholds. For the pygmy blue whale period 
between November and January November is expected to be most favourable to longer-range propagation in that 
period. Figure B-3 shows the resulting profiles, which were used as input to the sound propagation modelling. 



JASCO APPLIED SCIENCES  Technical Addendum 

27 August 2021 B-3 

  
Figure B-3. The modelling sound speed profile corresponding to June (left) and November (right) Profiles are calculated from 
temperature and salinity profiles from Generalized Digital Environmental Model V 3.0 (GDEM; Teague et al. 1990, Carnes 
2009). 

B.2.3. Geoacoustics 

The propagation model used in this study consider a single geoacoustic profile for each development area. These 
profiles determine how sound is reflected from the seabed, as well as how it is transmitted, reflected and 
absorbed into the sediment layers. As in previous acoustic studies in the area, the modelling area was divided into 
two seabed types (Wood and McPherson 2018). Both areas are located on the continental shelf, however the 
seabed in the Thylacine North-1 and were modelled as being characterised by well-cemented carbonate caprock 
(calcarenite), overlying semi-cemented carbonate rock (calcarenite). This contrast in seabed environment is 
consistent with larger scale geological data and interpretations of the Australian continental shelf environment 
(James and Bone 2010). Table B-1 present the geoacoustic profile used at the modelled sites in each respective 
development area. 
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Table B-1. Thylacine North-1: Geoacoustic profile. Each parameter varies linearly within the stated range.

Depth 
below 

seafloor (m) 
Predicted lithology 

Density 
(g/cm3) 

Compressional wave Shear wave 

Speed 
(m/s) 

Attenuation 
(dB/λ) 

Speed 
(m/s) 

Attenuation 
(dB/λ) 

0–0.5 Well-cemented carbonate caprock 2.7 2600 0.50 1200 0.5 

0.5–20 

Increasingly cemented calcarenite 

2.2 2000 0.30 900 0.27 

20-40 2.3 2120 0.34 960 0.32 

40-60 2.4 2240 0.38 1020 0.41 

60-80 2.5 2360 0.42 1080 0.45 

80–100 2.6 2480 0.46 1140 0.5 

>100 Well-cemented calcarenite 2.7 2600 0.5 1200 0.5 
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Executive Summary 

Overview 

JASCO Applied Sciences (Australia), JASCO, completed a monitoring study for Beach Energy 

(Operations) Ltd (Beach Energy) in relation to the exploration drilling activities at the Artisan-1 well 

with the aim of completing an acoustic characterisation of the drilling and associated vessel activity 

within the Otway Basin. Through this characterisation, validation of the  modelling predictions used in 

Beach Energy Otway Environment Plans (EPs) for the development drilling activities was required.  

The exploration well Artisan-1, drilled by the Ocean Onyx, was selected for the monitoring program 

because the predicted distances to thresholds for effects on marine mammals, including pygmy blue 

whales, were farthest at this location in the modelling study used for the EP (Koessler et al. 2020), as 

well as because it was the first well in the Otway drilling campaign.  

Four JASCO Autonomous Multichannel Acoustic Recorders (AMARs) in C-lander moorings were 

deployed in February and retrieved in early April. Stations 1 through 4 were deployed at distances of 

0.336, 1.13, 5.11, and 25 km from the Ocean Onyx. The AMARs recorded continuously at 24-bit 

resolution and 64 kHz sample rate for the entire deployment. The three stations closest to the Ocean 

Onyx were configured with a single hydrophone, whilst the station 25 km away was configured with 

three hydrophones to provide directional processing of received sounds. 

To assist in the characterisation of Ocean Onyx and attendant support vessels, the vessels conducted 

specific activities under dynamic positioning and followed a nominated transit track between the 

Ocean Onyx and Geelong Supply Base. No specific operational requests were made of the Ocean 

Onyx and vessels during normal drilling activities due to the complexity of operationally meeting any 

requests. Over the course of the monitoring program, the MODU and support vessels engaged in 

different operational states with different uncontrollable contributors, such as variable drilling 

operations, resupply and support operations, weather conditions, and merchant shipping. 
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Data Analysis 

The data was analysed to determine total ocean sound levels, which presented the expansive data in a 

manner that documented the underwater sound conditions near Artisan-1 and allowed a comparison 

over time, and with external factors that affect sound levels, such as weather and human activities. 

The data was presented using a range of graphical and statistical representations. JASCO’s 

ShipSound software was used to determine the source levels for the Ocean Onyx during drilling 

activities and the support vessels whilst under dynamic positioning and transit. 

ShipSound calculates two kinds of vessel source levels from the data window: Radiated Noise Level 

(RNL) and Monopole Source Level (MSL). RNL is equal to the measured sound pressure level, back-

propagated according to the distance between a source and the hydrophone using an empirical 

propagation loss approach. MSL is equal to the measured sound pressure level scaled according to a 

numerical acoustic propagation loss (PL) model that accounts for the effect of the local environment 

on sound propagation (i.e., sea-surface reflection, water column refraction and absorption, and bottom 

loss). 

The presence of sounds produced by marine mammals were searched for using a combination of 

automated detector-classifiers (referred to as automated detectors) and manual review by 

experienced analysts. The manual review was limited to only a subset (0.5%) of acoustic data, as this 

was not the primary aim of the project. 

Results 

The analysis of data at the two stations furthest from the Ocean Onyx, 3 and 4 (5 and 25 km), found a 

positive correlation between wind speeds and wave heights and sound levels for frequencies over 

100 Hz, with the relationship with wind speed being stronger than that for wave height. For both of 

these stations shipping is a strong contributor. Most days recorded a significant number of vessel 

detections, with the contributions at Station 4 typically between 40 and approximately 100 Hz. The 

station most representative of a typical ambient soundscape within the region, Station 4, had a median 

broadband ambient noise of 104.5 dB re 1 µPa. Dolphins and pygmy blue whales were identified in 

the data. The data for pygmy blue whales indicates an apparent trend in the animals early in the 

recording being more to the east and later in the recording being more to the west, through the 

directional analysis of data from Station 4, but the data were too sparse (and the analysis too limited) 

to confirm anything about animal movements. Extended analysis may provide more details about their 

presence and movements during the drilling activities. 

The provided drill logs for the Artisan-1 well were reviewed to identify periods of activity defined as 

drilling, as this was the activity considered in the modelling study Koessler et al. (2020). Seventy ten-

minute time periods were deemed suitable for use, which resulted in the MSL being calculated over 

three different drilling depth ranges and presented as mean and maximum levels. MSL’s were 

calculated for support vessels during dynamic positioning trials and transit, with results summarised in 

Table 1. 
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Table 1. Project drill rig and support vessel monopole source levels (MSLs). 

Vessel Measurement 
Monopole source level (dB re 1 µPa m) 

Mean  Maximum  

Ocean Onyx 

Drilling 26”x42” hole from 95-172 m 175.2 180.0 

Drilling 17.5” hole from 365-621 m 169.3 171.0 

Drilling 12.25” hole up to 1851 m 162.7 170.6 

Siem Sapphire 

Dynamic Positioning Trial 193.9 194.2 

Transit at 7 kn 171.6 173.6 

Transit at 9 kn 185.0 —* 

Siem Aquamarine Transit at 9 kn 182.8 —* 

Siem Topaz Transit at 9 kn 185.2 —* 

* Not reported. 

Validation 

The Monopole Source Levels determined through the measurement study differed from those either 

estimated for use in the modelling study or those determined using proxy sources. The key 

differences are as follows: 

• The support vessels are quieter than estimated when they are under slow transit speeds, such 

as 7 kn.  

• The support vessels are louder than estimated when they are travelling at faster transit speeds, 

with 9 kn used to represent these speeds and the associated MSL. 

• The support vessels are louder than estimated when holding station or moving under 

dynamic positioning. 

• The drilling operations of the Ocean Onyx are both louder at some frequencies and quieter at 

others than those for the proxy rig the Polar Pioneer (Austin et al. 2018), although the results 

presented for the Polar Pioneer did not examine the changes in level with increased drilling depth 

(over time) as completed within this study. 

The results from the measurement study could not be directly compared to the modelling presented 

in Koessler et al. (2020) due to the differences in actual events compared to the nominal 

representative scenarios developed and evaluated as part of the EP assessment process. Additionally, 

the measurements were obtained at a receiver located 1.2 m off the seafloor, which is not the 

maximum-over-depth results reported in the modelling study. The ranges obtained from the 

measurement study are reported in relation to the Artisan-1 well location, and thus the centre of the 

Ocean Onyx. The ranges in the modelling study are reported from a range of locations, including the 

centroids of multiple sources, thus it is not possible to report the measurement results in a similar 

fashion using the small number of recording locations used in this study. 

The accuracy of the broadband calculated propagation loss for the Otway Basin continental shelf 

environment depends significantly upon the frequency content of the radiating sound source together 

with thickness of the sand layer on carbonate seabed (calcarenite) likely to occur within the region. In 

general, the thinner the sand layer, the greater the overall propagation loss.  

When comparing SPL data fits for Stations 1–3, the loss rate is higher than what would have been 

expected in this environment, considering the higher monopole source levels for the support vessel 

on DP derived from trial measurements. The differences are likely attributable to the potential absence 

of a sand veneer. 
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Comparisons were conducted using JASCO’s Marine Operations Noise Model (MONM), a wide-angle 

parabolic equation model which applies the BELLHOP Gaussian beam acoustic ray-trace model at 

higher frequencies, and JASCO’s wavenumber integration model (VSTACK) which can fully account 

for the elasto-acoustic properties of the sub-bottom. The agreement between the models was 

excellent when only a comparatively thin (1 m thick) layer of sand overlies the carbonate seabed 

structure. In an environment such as this, MONM could have been used without correction. However, 

the comparisons indicate a much higher rates of loss, as would be expected if no (or only a very thin) 

sand layer were present.  

A better understanding of the propagation loss environment, and the revision of the representation 

and treatment of it through the measurement study, enabled the modelling scenarios for the activities 

at Artisan-1 presented in Koessler et al. (2020) to be recalculated. The revised results for distances to 

maximum-over-depth SPL isopleths are presented in Table 2, and the revised results for distances to 

maximum-over-depth SEL thresholds presented in Table 3. 

The understanding of the environment gained through the measurement study allowed for both the 

geological environment to be represented in a site-specific fashion and the use of a more appropriate 

configuration of numerical models to represent the propagation loss. The application of the revised 

modelling approach to represent other Beach Energy activities on the continental shelf of the Otway 

Basin would be appropriate.  

Table 2. Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to the marine mammal behavioural response 

threshold of 120 dB re 1 μPa sound pressure level (SPL) from the most appropriate location for considered 

sources per scenario (see table footnotes).  

SPL 

(Lp; 

dB re 1 μPa) 

MODU 

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and OSV 

resupply 

(Scenario 7)A 

MODU and OSV 

standby 

(Scenario 8)B 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

120C 1.17 1.09 0.37 0.35 7.02 6.41 2.09 1.9 

A Radial distance reported from the mid-point between the Mobile Offshore Drilling Unit (MODU) and the Offshore Support 

Vessel (OSV) on dynamic positioning (DP) in resupply operations 
B Radial distances for isopleths/thresholds that envelope the MODU and OSV were reported from the mid-point between the 

MODU and the centre of the OSV standby area. Otherwise radial distances reported from the OSV in the standby area. 
C Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 

A dash indicates the level was not reached within the limits of the modelling resolution (25 m). 
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Table 3. Maximum (Rmax) horizontal distances (in km) to frequency-weighted 24 hour sound exposure level 

(SEL24h) thresholds for permanent threshold shift (PTS) and temporary threshold shift (TTS) thresholds based on 

NMFS (2018) and Finneran et al. (2017) from the most appropriate location for considered sources per scenario, 

and ensonified area (km2). 

Hearing  

group 

SEL24h 

threshold 

(LE,24h; dB re 

1 µPa² s)B 

MODU 

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and OSV 

resupply  

(Scenario 7)A 

MODU and OSV 

standby 

(Scenario 8)A 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

PTS 

LF cetaceans 199 – – – – – – – – 

MF cetaceans 198  – – – -– – – – – 

HF cetaceans 173 0.19 0.11 – – 0.2 0.12 0.19 0.11 

Phocid seals 201 – – – – – – – – 

Otariid seals 219 – – – – – – – – 

Turtles 220 – – – – – – – – 

TTS 

LF cetaceans 179 0.31 0.31 1.01 0.35 0.95 2.78 0.31 0.66 

MF cetaceans 178 0.13 0.05 – – 0.16 0.06 0.13 0.05 

HF cetaceans 153 1.07 3.44 1.01 0.18 1.09 3.86 1.06 3.64 

Phocid seals 181 0.12 0.05   0.35 0.28 0.12 0.05 

Otariid seals 199 – – – – – – – – 

Turtles 200 – – – – – – – – 

A Radial distance reported from the centre of the MODU, unless indicated otherwise. 
B Frequency weighted. 

A dash indicates the level was not reached within the limits of the modelling resolution (25 m). 
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1. Introduction 

JASCO Applied Sciences (Australia), JASCO, completed a monitoring study for Beach Energy 

(Operations) Ltd (Beach Energy) in relation to the exploration drilling activities at the Artisan-1 well 

with the aim of completing an acoustic characterisation of the drilling and associated vessel activity 

within the Otway Basin. Through this characterisation, it was then required to validate the modelling 

predictions used in Beach Energy Otway Environment Plans (EPs) for the development drilling 

activities. These validation results are applicable for drilling, construction, and operational activities 

within the Otway Basin. 

The exploration well Artisan-1 was selected for the monitoring program, because the predicted 

distances to thresholds for effects on marine mammals, including pygmy blue whales, were farthest at 

this location in the modelling study used for the EP (Koessler et al. 2020), as well as because it was 

the first well in the Otway drilling campaign.  

This report presents an overview of the operations, environment, and measurement approaches 

(Section 2); general information about the marine acoustic environment (Section 3); the methods used 

for the data analysis, presentation, and modelling validation (Section 4); results of the monitoring 

program (Section 5); the validation analysis (Section 6); and a discussion of the program results and 

findings (Section 7). 

The location of the four acoustic recording stations and the Artisan-1 well are provided in Table 4 and 

shown in Figure 1. One JASCO Autonomous Multichannel Acoustic Recorders (AMAR) was deployed 

at each recording station. 

Table 4. Artisan-1 well and acoustic recording stations, including distance to Artisan-1. 

Item Latitude (S) Longitude (E) 

MGA Zone 54 (GDA94) Water 

depth 

(m) 

Distance to 

Artisan-1 

(km)  X (m) Y (m) 

Artisan-1 (well) 38° 53.49077' 142° 52.94869' 663262.0 5693578.0 71.6 – 

Station 1 38° 53.39316' 142° 53.14475' 663549.2 5693753.0 71.7 0.336 

Station 2 38° 53.16585' 142° 53.61184' 664233.1 5694159.0 70.5 1.13 

Station 3 38° 52.04100' 142° 55.95360' 667662.6 5696169.0 68.9 5.11 

Station 4 38° 56.93456' 143° 9.71333' 687345.7 5686671.0 73.6 25.05 
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Figure 1. Otway Development Area showing location of the JASCO recorder stations. 
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2. Background Information 

2.1. Operational Overview and Logs 

The Otway Development Drilling Campaign being undertaken by Beach Energy utilises the Ocean 

Onyx Mobile Offshore Drilling Unit (MODU) (Figure 2). It is held in position via anchors and chains, as 

opposed to using thrusters, and has dimensions of approximately 100 m in length and width, and a 

draft of 22.7 m. 

 

Figure 2. Ocean Onyx semi-submersible platform. 

The following information was provided by Beach Energy: 

• Drilling activity logs for the Ocean Onyx, 

• Daily operational logs for the Development Drilling program, 

• Daily vessel activity logs, and 

• Vessel locations in ~15-minute increments from the Siem navigation systems. 

The operational and activity logs used local time, which was Australian Eastern Daylight Time (AEDT), 

UTC+11 until 4 Apr 2021 at 3:00 am, when they changed over to Australian Eastern Standard Time 

(AEST), UTC+10. Therefore, AEDT is considered local time for the monitoring program. Vessel 

location data, including and Automated Identification System (AIS) data, as well as other ancillary 

environmental data and JASCO’s recorders use UTC as the time zone. Thus, to avoid potential 

confusion, all timestamps were converted to UTC. 

The Ocean Onyx anchoring operation commenced on 11 Feb 2021 and completed on 12 Feb 2021 

local time; therefore, 01:00 12 Feb 2021 UTC was considered the start of data with the Ocean Onyx 

moored and in location after all anchor handling was complete. The Ocean Onyx departed Artisan-1 

on 28 Mar 2021, after commencing disconnect operations on 26 Mar 2021 local time; therefore, 00:00 

25 Mar 2021 UTC was considered the end of drilling or rig operations for analysis purposes.  
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2.2. Vessel Traffic  

Regional vessel movement information, including for the project vessels, was obtained from 

MarineTraffic (www.marinetraffic.com), with data supplied for the time range between 1 Feb 2021 and 

5 Apr 2021 in the region. The requested area was 11,003 km2, with the vertices shown in Table 5. 

The supplied data used a one-hour timestamp for vessel locations and all data were derived from 

satellites, with no terrestrial reporting stations in the vicinity. Figure 3 shows the marine traffic in the 

project area, derived from vessels broadcasting on the Automated Identification System (AIS), with a 

map focused on Artisan-1 shown in Figure 4. 

Table 5. MarineTraffic data request bounds. 

Vertex Latitude (S) Longitude (E) 
MGA Zone 54 (GDA94) 

X (m) Y (m) 

1 38° 38.71418' 142° 15.17165' 609029.0 5721846.24 

2 38° 36.92154' 143° 55.51902' 754698.76 5721846.24 

3 39° 17.70699' 143° 57.20532' 754698.76 5646313.77 

4 39° 19.54340' 142° 15.89490' 609029.0 5646313.77 

 

 

Figure 3. Vessel traffic density within the Development Drilling project area and surrounding waters for 15 Jan to 

25 Mar 2021. 

http://www.marinetraffic.com/
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Figure 4. Vessel traffic density near Artisan-1 for 15 Jan to 25 Mar 2021.  

2.3. Weather Conditions 

Weather conditions at Artisan-1 were quantified through nowcast data provided by MetraWeather 

(Australia) for the period 00:00 on 1 Feb through until 24:00 6 Apr 2021 (UTC). The data included the 

following parameters: 

• Significant wave height, 

• Peak wave period, 

• Peak wave direction,  

• Significant wave height of swell >8 second period, 

• Average wind speed, 

• Wind direction, and 

• Maximum wind gust speed. 

Figure 5 shows the wave and swell weight, and Figure 6 shows the wind and gust speeds. 
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Figure 5. Hourly significant wave height (m) and significant swell height (m), with a period of greater than 

8 seconds. 

 

Figure 6. Hourly average wind speed (m/s) and maximum gust speed (m/s). 
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2.4. Geology 

The propagation model used in this study considers a single geologic seabed profile for the Artisan 

area. The previous work by Koessler et al. (2020) considered two geologic and associated 

geoacoustic profiles. For deeper areas closer to the continental shelf edge, a profile characterised by 

well-cemented carbonate caprock (calcarenite) overlying semi-cemented calcarenite was used. 

Closer to the Artisan area the seabed, located in shallower waters, was characterised by a thin veneer 

of coarse sand/gravel overlying cemented and semi-cemented carbonate rock. This profile was 

selected based on a mixture of previous modelling studies (Wood and McPherson 2018) and client 

supplied geologic reports.  

All these sources support a generalised geologic structure within the first 100 m seabed consisting of 

cemented or semi-cemented calcareous rock (‘calcarenite’) on the continental shelf within Artisan 

area. Collated information also indicated that there was the potential for a thin layer of coarse sand 

that could overlay the more cemented calcarenite. This was also indicated by seafloor sediment grab 

samples from the MARS sediment database (Heap 2009). The seabed environment was considered to 

be consistent with larger scale geological data and interpretations of the Australian continental shelf 

environment as summarised by James and Bone (2010), who indicated that the sediments along the 

continental shelf may be subject to transport and erosion yielding non-uniform distributions of seafloor 

sediment thickness. 

2.5. Specific Source Measurement Operations 

2.5.1. MODU Measurements  

No operational requirements were requested of the Ocean Onyx or attendant support vessels while 

conducting resupply or standby operations during the drilling program due to the complexity of 

operationally meeting any requests. Over the course of the monitoring program, the MODU and 

support vessels engaged in different operational states, with different uncontrollable contributors, 

such as variable drilling operations, resupply and support operations, weather conditions, and 

merchant shipping. Operational details were obtained from the provided logs (Section 2.1). 

2.5.2. Support Vessel Measurements  

Specific operations were defined for the characterisation of the support vessels prior to the Ocean 

Onyx being moored, and while in transit to and from Geelong. For transit measurements, vessels were 

requested to pass along a defined track line according to ANSI S12.64 (R2014), with the vessel 

maintaining the straightest track possible and a requested separation from the AMAR of 150 m at the 

closest point of approach (CPA), with a water depth of 70 m. In deep water vessel noise 

measurements, it is a requirement for the vessels to be a minimum of either 100 m or one vessel 

length away from the recorder; in this case the typical vessel length is 91 m. Whilst there are 

standards for deep water source level measurements, there are none for shallow water environments. 

Methods to make accurate shallow water measurements of vessel source levels are currently being 

investigated by JASCO and DW Ship Consult for Transport Canada, with the findings to contribute to 

standard development (Ainslie et al. 2020); these methods were considered during the design of this 

study where possible. 

The transit measurement track defined at Station 4 is shown in Figure 7, and in increased detail in 

Figure 8. 
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For measurements of dynamic positioning (DP), three exercises were defined, with Exercise Two 

completed twice. The three exercises all commenced at a horizontal separation of 150 m from 

the AMAR: 

• Exercise One: Vessel to hold station, broadside to AMAR and operate at weather determined 

power levels for a minimum of 5 minutes. 

• Exercise Two: Vessel to hold station, broadside to AMAR, then induce maximum reasonable thrust 

level and move in a perpendicular direction away from the AMAR in the up current direction for 

two minutes, reset and repeat exercise. 

• Exercise Three: Vessel to hold station, broadside to AMAR, then using DP, step the vessel to the 

corners of a 10 × 10 m box using weather determined thruster levels. 

 

Figure 7. Map showing AMAR locations along with the three waypoints for the measurement track at Station 4 for 

transit vessels, Waypoints A, B, and C. 
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Figure 8. Zoom in of measurement track at Station 4 for transit vessels, as shown in Figure 7. 

2.6. Noise Effect Criteria 

To assess the potential effects of a sound-producing activity, it is first necessary to establish exposure 

criteria (thresholds) for which sound levels may be expected to have a negative effect on animals. 

Whether acoustic exposure levels might injure or disturb marine fauna is an active research topic. 

Since 2007, several expert groups have developed sound exposure level (SEL) based assessment 

approaches for evaluating auditory injury, with key works including Southall et al. (2007), Finneran and 

Jenkins (2012), Popper et al. (2014), United States National Marine Fisheries Service (NMFS 2018) 

and Southall et al. (2019). The number of studies that investigate the level of behavioural disturbance 

to marine fauna by anthropogenic sound has also increased substantially.  

Two sound level metrics, sound pressure level (SPL), and SEL (Appendix A), are commonly used to 

evaluate non-impulsive noise and its effects on marine life. In this report, the duration of the SEL 

accumulation is defined as integrated over a 24 h time period. Appropriate subscripts indicate any 

applied frequency weighting applied. The acoustic metrics in this report reflect the amended ANSI 

and ISO standards for acoustic terminology, ANSI S1.1 (S1.1-2013), and ISO 18405:2017 (2017a). 

The following thresholds and guidelines for this study were chosen because they represent the best 

available science, and sound levels presented in literature for fauna with no defined thresholds: 

1. Frequency-weighted accumulated sound exposure levels (SEL; LE,24h) from the US National 

Oceanic and Atmospheric Administration (NOAA) Technical Guidance (NMFS 2018) for the onset 

of permanent threshold shift (PTS) and temporary threshold shift (TTS) in marine mammals for 

non-impulsive sources. 

2. Marine mammal behavioural threshold based on the current interim U.S. National Oceanic and 

Atmospheric Administration (NOAA) (2019) criterion for marine mammals of 120 dB re 1 µPa 

(SPL; Lp) for non-impulsive sound sources.  
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The criteria applied in this study to assess possible effects of vessel noise on marine mammals are 

summarised in Table 6, with frequency weighting explained in Appendix E.  

Table 6. Criteria for effects of continuous noise exposure, including vessel noise, for marine mammals: 

Unweighted sound pressure level (SPL) and 24 h sound exposure level (SEL24h) thresholds.

Hearing group 

NOAA (2019) NMFS (2018) 

Behaviour 
PTS onset thresholds  

(received level) 

TTS onset thresholds  

(received level) 

SPL  

(Lp; dB re 1 μPa) 

Weighted SEL24h 

(LE,24h; dB re 1 μPa2 s) 

Weighted SEL24h  

(LE,24h; dB re 1 μPa2 s) 

Low-frequency (LF) cetaceans 

120 

199 179 

High-frequency (HF) cetaceans 198  178 

Very high-frequency (VHF) cetaceans 173 153 

Phocid seals 201 181 

Otariid seals 219 199 

Lp denotes sound pressure level period and has a reference value of 1 µPa. 

LE denotes cumulative sound exposure over a 24 h period and has a reference value of 1 µPa2s. 
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3. Marine Acoustic Environment 

3.1. Ambient Ocean Soundscape 

The ambient acoustic environment, or soundscape, consists of cumulative contributions from abiotic 

(geophonic), biotic (biophonic), and man-made (anthrophonic) sound sources (Krause 2008). 

Variation in soundscape characteristics over time and space can act as proxies for geographical, 

biological, and anthropogenic events occurring within an environment. 

In the marine environment, geophonic elements of the soundscape commonly correlate with 

oceanographic conditions. Increased sea state and wind speed lead to higher sound intensities across 

frequencies ranging from 500 Hz to 30 kHz, via sound produced by breaking waves, cavitation, 

surface flow noise, and pressure changes (Knudsen et al. 1948, Wenz 1962) (Figure 9). Rainfall 

elevates sound levels in the 1–15 kHz frequency range, via surface impacts and bubble entrainment 

(Heindsmann et al. 1955, Bom 1969, Scrimger et al. 1987). The specific frequency band affected by 

rainfall depends on rain strength and droplet size. Abiotic acoustic contributions are often 

unpredictable or irregular (Urick 1983). For example, significant low frequency acoustic energy can be 

contributed to marine soundscapes by earthquakes and sea ice movement (Urick 1974, Matsumoto et 

al. 2014). On the other hand, biophonic contributions often feature seasonal and diel activity patterns 

(Hannay et al. 2013, Erbe et al. 2017). Water movement, or flow noise, is considered to be a pseudo-

noise that results from eddies and vortices forming as water flows past an acoustic receiver, and is not 

considered to be part of a marine soundscape (Strasberg 1979). 

 

Figure 9. Wenz curves describing pressure spectral density levels of marine ambient sound from weather, wind, 

geologic activity, and commercial shipping (adapted from NRC 2003, based on Wenz 1962). Thick lines indicate 

limits of prevailing ambient sound. 
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3.2. Anthropogenic Contributors to the Soundscape 

Anthropogenic (human-generated) sounds are relatively recent additions to soundscapes and, unlike 

biophonic contributors, often overlap in frequency, space, or time (Cato 1997, van Opzeeland and 

Boebel 2018). Anthrophonic contributors to global ocean noise include vessel traffic (commercial and 

recreational) at frequencies mainly in the frequency band 50–500 Hz. This sound can be a by-product 

of vessel operations, such as engine sound radiating through vessel hulls and cavitating propulsion 

systems, or it can be a product of active acoustic data collection with seismic surveys, military sonar, 

and depth sounding as the main contributors.  

Marine construction projects involve vessel operations and project specific noise sources that can 

produce a range of both impulsive and non-impulsive noise. The contribution of anthropogenic 

sources to the ocean soundscape has increased from the 1950s to 2010, largely due to greater 

maritime shipping traffic (Ross 1976, Andrew et al. 2011). Oil and gas exploration with seismic 

airguns, marine pile driving, and oil and gas production platforms elevate sound levels over significant 

ranges when present (Bailey et al. 2010, Miksis-Olds and Nichols 2016, Delarue et al. 2018).The 

extent of seismic survey sounds has increased substantially following the expansion of oil and gas 

exploration into deep water, and seismic sounds have been detected across ocean basins (Nieukirk et 

al. 2004). Recent trends suggest that global sound levels are leveling off or potentially decreasing in 

some areas (Andrew et al. 2011, Miksis-Olds and Nichols 2016).  

A recent paper examining seasonal fluctuations of ambient sound level in the Pacific Ocean (Ainslie et 

al. 2021) determined that a 5 dB increase in ambient sound level in the frequency range 63–125 Hz 

was caused by increases in vessel traffic and vessel size in the second half of the 20th century. A 

larger (approximate 10 dB) increase at lower frequencies (~16–32 Hz), often attributed incorrectly to 

shipping, occurs in bands dominated by baleen whale vocalisations. This paper also found that the 

seasonal dependence in ambient sound level is explained by seasonal changes in average sea 

surface temperature. This work provides a holistic and valuable examination of long-term trends. 

3.3. Soniferous Marine Life  

Biophonic contributors to marine soundscapes include tonal and pulsive vocalisations produced by 

marine mammals, fish, and invertebrates to communicate, orientate, and feed. Seasonal trends in 

biophonic sounds can act as proxies for behaviours, such as the migration of whales (e.g., Leroy et al. 

2016, Gavrilov et al. 2018, Jolliffe et al. 2019). Other sounds of animal origin that contribute to marine 

soundscapes include by-products of behaviour, such as the snaps produced by snapping shrimp 

(Alpheus heterochaelis) during agonistic or foraging behaviours (Versluis et al. 2000). Snapping 

shrimp can increase background sound levels by a factor of 10 (20 dB) in the 500 Hz to 20 kHz 

frequency band (Hildebrand 2009). When a large number of sound-producing animals are present, 

both voluntary and involuntary sounds can combine to generate choruses where individual sounds 

cannot be distinguished. Chorusing fish can temporarily elevate the background sound levels by 

greater than tenfold in the 100 and 2000 Hz frequency band (Cato 1992, Zelick et al. 1999). 

Diel trends in choruses can be indicative of time-specific behaviours, such as crepuscular or nocturnal 

fish activity (McCauley and Cato 2000, D'Spain and Batchelor 2006, McCauley and Cato 2016), with a 

variety of different species contributing the to the soundscape (Parsons et al. 2016, Parsons et al. 

2017).  

Many fish species produce sound during the breeding season or when engaged in agonistic 

behaviours (Amorim 2006). Several species of gadids (cod family), such as Northern cod (Gadus 

morhua) and haddock (Melanogrammus aeglefinus), form spawning aggregations that have been 

detected acoustically (Nordeide and Kjellsby 1999, Hawkins et al. 2002). The acoustic monitoring of 

fish is hindered by a limited understanding of their acoustic repertoire and behaviour. Nevertheless, 
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the stereotypical nature of acoustic signals produced by some species have led to the development of 

dedicated acoustic detectors (e.g., cod; see Urazghildiiev and Van Parijs 2016). These detectors allow 

for a more systematic analysis of acoustic data for fish occurrence. Irrespective of species identity, 

fish choruses can raise ambient noise levels and therefore influence local soundscapes (Erbe et al. 

2015). 

The main, best documented, biological contributors to the ocean soundscape are marine mammals. 

All studied cetacean and pinniped species produce sounds ranging in frequency from ~8 Hz for blue 

whale (Balaenoptera musculus) and fin whale (B. physalus) vocalisations to 150 kHz for some 

porpoise and dolphin vocalisations (Richardson et al. 1995).  

Baleen whale sounds can double background sound levels within their frequency bands and persist 

for extended periods of time (McDonald et al. 2008), such as species off southern Australia, including 

pygmy blue and southern right whales, that are all notable contributors when present (Cato 1991, 

McCauley et al. 2001, Gavrilov and McCauley 2013, Erbe et al. 2016, McPherson et al. 2017). For 

instance, fin whale songs can raise noise levels in the 18–25 Hz band by 15 dB for extended durations 

(Simon et al. 2010).  

Marine mammals, cetaceans in particular, rely almost exclusively on sound for navigating, foraging, 

breeding, and communicating (Clark 1990, Edds-Walton 1997, Tyack and Clark 2000). Although 

species differ widely in their vocal behaviour, most can be reasonably expected to produce sounds on 

a regular basis. Passive acoustic monitoring is therefore increasingly preferred as a cost-effective and 

efficient survey method. Seasonal and sex- or age-biased differences in sound production, as well as 

signal frequency, source level, and directionality, all influence the applicability and success rate of 

acoustic monitoring, thus its effectiveness must be considered separately for each species.  

In most cases, baleen whale signals can be reliably identified to the species level, although, seasonal 

variation in the types of vocalisations produces results in seasonal differences in our ability to detect 

these species acoustically. For example, the tonal signals produced by blue, fin, and sei (B. borealis) 

whales tend to show lots of similarities in late spring and summer, but they are markedly different from 

September to April. These issues are considered and discussed on a case-by-case basis.  

Knowledge of the acoustic signals of the marine mammals expected in the study area varies across 

species. These sounds can be split into two broad categories: Tonal signals, including baleen whale 

moans and delphinid whistles, and echolocation clicks produced by all odontocetes mainly for 

foraging and navigating. Although the signals of most species have been described to some extent, 

these descriptions are not always sufficient for reliable, systematic identification, let alone to design 

automated detectors to process large data sets. 
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3.4. Changes to Sound as it Travels in the Ocean 

A key question in the study of underwater sound is how a sound changes in nature as it propagates 

from its source to a receiver some distance away. Understanding and modelling sound propagation in 

the ocean is a complex topic that is the subject of numerous studies. This section provides a 

descriptive overview of key sound propagation concepts to assist with the results presented in this 

report. These concepts are integral to interpreting how sounds emitted by a source are transformed 

into those received some distance away. The sounds are transformed by 1) geometric spreading 

losses; 2) reflection, scattering, and absorption at the seabed and sea surface; 3) refraction due to 

changes in sound speed with depth; and 4) absorption by sea water. This section does not address 

point 3), as sound refraction plays only a minor role in shallow water, such as the Otway Development 

area. 

At one extreme, the echolocation clicks of porpoises at 130 kHz travel only 500 m before becoming 

inaudible (Au et al. 1999). At the other extreme, sounds from fin whales (20 Hz) and low frequency 

energy from seismic airguns (5–100 Hz) can be detected thousands of km away under the right 

conditions (Nieukirk et al. 2012).  

Geometric spreading losses: Sound levels from an omnidirectional point source in the water column 

are reduced with range, a process known as geometric spreading loss. As sound leaves the source, 

each spherical sound wave propagates outward and the sound energy is spread out over this ever-

expanding sphere. The farther you are from the source, the lower the sound level you will receive. The 

received sound pressure levels at a recorder located a distance R (in m) from the source are 

20log10R dB lower than the source level (SL) referenced to a standard range of 1 m. However, the 

sound cannot spread uniformly in all directions forever. Once the waves interact with the sea surface 

and seabed, the spreading becomes cylindrical rather than spherical and is limited to the cylinder 

formed by the surface and seabed with a lower range-dependent decay of 10log10R dB. Thus, the 

water depth is a key factor in predicting spreading losses and thus received sound levels. These 

spherical and cylindrical spreading factors provide limits for quick approximations of expected levels 

from a given source. In very shallow waters, sound rapidly attenuates if the water depth is less than a 

quarter of a wavelength (Urick 1983).  

Reflection, scattering, absorption at the sea surface and seabed: If geometric spreading were the only 

factor governing sound attenuation in water, then at a given distance from a source, sound levels in 

shallow waters would almost always be higher than those in deep waters. In shallow water, however, 

the sound interacts with the seabed and sea surface more often than sound travelling in deep waters 

does, and these interactions reflect, absorb, and scatter the sounds. The sea surface behaves 

approximately as a pressure release boundary, where incident sound is almost completely reflected 

with opposite phase. As a result, the sum of the incident and reflected sounds at the sea-surface is 

zero. At the seabed, many types of interactions can occur depending on the composition of the 

bottom. Soft silt and clay bottoms absorb sound, sand and gravel bottoms tend to reflect sound like a 

partially reflective mirror, and some hard yet elastic bottoms, such as limestone, reflect some of the 

sound while absorbing some of the energy by converting the compressional waves to elastic shear 

waves.  

Absorption by sea water: As sound travels through the ocean, some of the energy is absorbed by 

molecular relaxation in the seawater, which turn the acoustic energy into heat. The amount of 

absorption that occurs is quantified by an attenuation coefficient, expressed in units of decibels per 

kilometre (dB/km). This absorption coefficient depends on the temperature, salinity, pH, and pressure 

of the water, as well as the sound frequency. In general, the absorption coefficient increases with the 

square of the frequency, so low frequencies are less affected. The absorption of acoustic wave energy 

has a noticeable effect (>0.05 dB/km) at frequencies above 1 kHz. For example, at 10 kHz the 

absorption loss over 10 km distance can exceed 10 dB, as computed according to the formulae of 

François and Garrison (1982a, b). 
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4. Methods 

4.1. Acoustic Data Acquisition 

Underwater sound was recorded with four Autonomous Multichannel Acoustic Recorders (AMARs, 

JASCO; Figure 10). The AMARs were each fitted with M36 omnidirectional hydrophones 

(GeoSpectrum Technologies Inc., −164 re 1 V/µPa at 1 kHz sensitivity) and recorded continuously at 

24-bit resolution at 64 kHz. Three AMARs stored acoustic data with three SD cards with 512 GB 

memory each (1.5 TB total), and one AMAR (Station 4) used seven SD-cards with 512 GB memory 

each (3.5 TB total). Appendix C provides details about the calibration procedure. 

The deployment of the AMARs coincided with an inspection trip of the pre-laid anchors at the Artisan 

1 drilling location by the Siem Sapphire. They were deployed on 3 Feb 2021, for an intended 

deployment duration of approximately 60 days. The deployment of one of the moorings is shown in 

Figure 11. The mooring at Station 3 released upon contact with the seafloor, potentially due to the 

lander striking a rock on the seafloor. It was immediately retrieved, and after sourcing a new weight 

plate and being re-configured, it was re-deployed on 24 Feb 2021. The retrieval of the moorings was 

conducted by Beach under guidance from JASCO on 3 Apr 2021. 

The AMARs were deployed as part of a JASCO C-lander, with tandem acoustic releases (Figure 10). 

Each mooring consisted of: 

• An AMAR G4 and battery packs, 

• A Xeos Apollo Locator Beacon, 

• Custom syntactic foam, 

• A tandem acoustic release system (EdgeTech), and  

• An anchor weight. 

The AMAR hydrophones were protected by a hydrophone cage, which was covered with a nylon 

shroud to minimise noise artifacts from water flow (described in Section 3.1). The AMAR at Station 4 

was configured with three hydrophones to allow for directional analysis (Thode et al. 2019). 

 

Figure 10. The four C-Lander bottom moorings with Autonomous Multichannel Acoustic Recorders (AMAR G4s; 

JASCO) used for the project prior to loading onto the Siem Sapphire. 
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Figure 11. A single hydrophone C-Lander bottom mooring during deployment. 

Table 7. Operation period, location, and depth of the Autonomous Multichannel Acoustic Recorders (AMARs) 

deployed at the Otway Project Area 

Station AMAR Deployment 
Recording 

duration (days) 
Retrieval 

Deployment 

duration (days) 

Hydrophone 

details 

1 628 3 Feb 2021 63 3 Apr 2021 58 

One M36-V35-900  2 626 3 Feb 2021 63 3 Apr 2021 58 

3 627 24 Feb 2021 42 3 Apr 2021 37 

4 629 3 Feb 2021 63 3 Apr 2021 58 Three M36-V35-900  
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4.2. Data Analysis 

The AMARs collected approximately 10.46 TB of acoustic data during this study, the equivalent of 

1 year and 85 days JASCO used a specialised computing platform (PAMlab; JASCO) capable of 

processing acoustic data hundreds of times faster than real time. The system performed automated 

analysis of total ocean noise and sounds from vessels, other anthropogenic sources, and marine 

mammal vocalisations to provide context for the ambient ocean soundscape, anthropogenic 

contributors, and soniferous marine life (Section 3). Appendix D outlines the stages of the automated 

analysis.  

4.2.1. Total Ocean Sound Levels 

The data collected for the project spanned a frequency band between 10 Hz and 32 kHz. The goal of 

the total ocean sound analysis was to present the expansive data in a manner that documented the 

underwater sound conditions near Artisan-1 and allowed a comparison over time, along with external 

factors that change sound levels, such as weather and human activities.  

The first stage of the total sound level analysis involves computing the peak sound pressure level and 

root-mean-square sound pressure level (SPL) for each minute of data collected. This reduced the data 

to a manageable size without compromising the value for characterising the soundscape (ISO 2017b, 

Ainslie et al. 2018, Martin et al. 2019). The SPL analysis was performed by averaging 120 fast-Fourier 

transforms (FFTs) that each include 1 s of data with a 50% overlap and that use the Hann window to 

reduce spectral leakage. The 1-minute average data were stored as power spectral densities (1 Hz 

resolution up to 455 Hz and millidecades frequency bands above 455 Hz) and summed over 

frequency to calculate decidecade band SPL levels. The millidecade band analysis approach is 

described in Martin et al. (2021). Millidecades are logarithmically spaced frequency bands but have a 

bandwidth equal to 1/1000th of a decade. The use of millidecades instead of 1 Hz frequency bands 

reduces the size of the spectral data by a large factor without compromising the use of the data.  

Decidecade band levels are very similar to 1/3-octave-band levels. Table B-1 lists the decidecade 

band frequencies, and Table B-2 lists the decade-band frequencies. The decidecade analysis sums 

the frequency range from the millidecade bands (representing the frequency range 10 Hz to 32 kHz) 

in the power spectral density data to a manageable set of 45 bands. The decade bands further 

summarise the sound levels into four frequency bands for manageability. Detailed descriptions of the 

acoustic metrics and decidecade analysis can be found in Appendices B.1 and B.2. 

In Section 5, the total sound levels are presented as: 

• Band-level plots: These strip charts show the averaged received sound pressure levels as a 

function of time within a given frequency band. We show the total sound levels (across the entire 

recorded bandwidth from 10–32,000 Hz) and the levels in the decade bands of 10–100 

(Decade A), 100–1000 (Decade B), 1000–10,000 (Decade C). The 10–100 Hz band is associated 

with pygmy blue whales, large shipping vessels, flow (or pseudo-noise) and mooring noise, and 

seismic survey impulses. Sounds within the 100–1000 Hz band are generally associated with the 

physical environment such as wind and wave conditions but can also include both biological and 

anthropogenic sources such as minke and humpback whales, fish, nearby vessels, seismic 

surveys, and pile driving. Sounds above 1000 Hz include high-frequency components of 

humpback whale sounds, odontocete whistles and echolocation signals, wind- and wave-

generated sounds, and sounds from human sources at close range including pile driving, vessels, 

seismic surveys, and sonars. 
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• Long-term Spectral Averages (LTSAs): These colour plots show power spectral density levels 

as a function of time (x-axis) and frequency (y-axis). The frequency axis uses a logarithmic scale, 

which provides equal vertical space for each decade increase in frequency and allows the reader 

to equally see the contributions of low and high-frequency sound sources. The LTSAs are 

excellent summaries of the temporal and frequency variability in the data. 

• Decidecade box-and-whisker plots: In these figures, the ‘boxes’ represent the middle 50% of 

the range of sound pressure levels measured, so that the bottom of the box is the sound level 

25th percentile (L25) of the recorded levels, the bar in the middle of the box is the median (L50), 

and the top of the box is the level that exceeded 75% of the data (L75). The whiskers indicate the 

maximum and minimum range of the data. 

• Spectral density level percentiles: The decidecade box-and-whisker plots are representations of 

the histogram of each band’s sound pressure levels. The power spectral density data has too 

many frequency bins for a similar presentation. Instead, coloured lines are drawn to represent the 

Leq, L5, L25, L50, L75, and L95 percentiles of the histograms. Shading is provided underneath these 

lines to provide an indication of the relative probability distribution. It is common to compare the 

power spectral densities to the results from Wenz (1962), which documented the variability of 

ambient spectral levels off the US Pacific coast as a function of frequency of measurements for a 

range of weather, vessel traffic, and geologic conditions. The Wenz levels are appropriate for 

approximate comparisons only because the data were collected in deep water, largely before an 

increase in low-frequency sound levels due to human activities (Andrew et al. 2011). 

• Daily sound exposure levels (SEL; LE,24h): The SEL represents the total sound energy received 

over a 24 h period, computed as the linear sum of all 1-minute values for each day. It has become 

the standard metric for evaluating the probability of temporary or permanent hearing threshold 

shift in marine mammals. Long-term exposure to sound impacts an animal more severely if the 

sounds are within its most sensitive hearing frequency range. Therefore, during SEL analysis, 

recorded sounds are typically filtered by the animal’s auditory frequency weighting function 

(Appendix E) before integrating to obtain SEL. For this analysis, the 10 Hz and above SEL were 

computed as well as the SEL weighted by the marine mammal auditory filters (NMFS 2018).  

4.2.2. Directional Processing: Maximum Likelihood Beamforming 

A maximum likelihood beamformer was applied to direction finding of the Station 4 acoustic data. For 

random continuous and impulsive signals, such as ship noise, anthropogenic noise, and marine animal 

vocalisations, the beamforming technique is reduced to Distance of Arrival (DOA) estimation. The 

sufficient statistic for random signals is the sampled covariance matrix, 

 𝑪(𝑓, 𝑡) = ∑ 𝒙(𝑓, 𝑡)𝒙+(𝑓, 𝑡) 
𝑡+𝑇𝐶
𝑡 ,  (1) 

computed using 𝑁-dimensional DFT spectrums of array outputs, 𝒙(𝑓, 𝑡) = [𝑥1(𝑓, 𝑡), … , 𝑥𝑁(𝑓, 𝑡)]𝑇 ; 

where 𝑥𝑛(𝑓, 𝑡) = 𝐷𝐹𝑇{𝑥𝑛(𝑡)} is the short-time discrete Fourier Transform of the output of the nth 

hydrophone, 𝑥𝑛(𝑡). The output of the beamformer can be represented as: 

 𝑃(𝑓, 𝑡, 𝜃, 𝜀) = 𝒘+(𝑓, 𝜃, 𝜀)𝑪(𝑓, 𝑡)𝒘(𝑓, 𝜃, 𝜀) ,  (2) 

where 𝒘(𝑓, 𝜃, 𝜀) = [𝑤1(𝑓, 𝜃, 𝜀), … , 𝑤𝑁(𝑓, 𝜃, 𝜀)]𝑇 is the 𝑁-dimensional vector of weighting coefficients of 

the array; and symbol “+” denotes transpose and complex conjugation, θ is the azimuth angle and 𝜀    

is the estimation error. Figure 12 shows an example of the beamformer output in azimuth domain, 

𝑃(𝑓, 𝑡, 𝜃, 𝜀 = 0). In this figure, colour represents the azimuth. The azimuth and elevation estimates of 

random signals can be computed for each frequency 𝑓 and time slice 𝑡 as: 

 {�̂�(𝑓, 𝑡), 𝜀̂(𝑓, 𝑡)} = 𝑎𝑟𝑔 max
𝜃,𝜀

𝑃(𝑓, 𝑡, 𝜃, 𝜀) .   (3) 
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An example of the directional information we obtain from this approach is shown in Figure 12. The 

performance of the beamformer is presented in Urazghildiiev and Hannay (2017). This method is most 

effective between 50 and 3000 Hz. The direction of true North was obtained using AIS data compared 

to vessel movements observed in the acoustic data. 

 

Figure 12. Spectrogram (top) versus directogram (bottom) of same data. In the directogram, colour represents 

the direction of arrival, with the colour legend shown in the top right corner. In the spectrogram, we cannot tell 

how many pygmy blue whales are vocalising; however, the directional information allows us to see that there 

were two animals singing. 

4.2.3. Source Level Measurements with ShipSound 

4.2.3.1. Overview 

JASCO’s ShipSound software monitors sound level measurements and AIS broadcasts from passing 

vessels. For vessel transiting scenarios, it identifies vessels that traverse a predefined transit area and 

then automatically extracts the corresponding acoustic data for analysis. It uses a vessel’s broadcast 

speed together with a cepstral analysis of the Lloyd mirror pattern to determine the timing and 

location of closest point of approach (CPA) of the vessel’s acoustic centre. For stationary sources, 

such as MODU or vessels in DP, it processes acoustic data within the specified period for the activity. 

ShipSound can analyse streaming data from a hydrophone in real time or, as in the case of the Beach 

Otway recorders, analyse archival hydrophone data downloaded from autonomous recorders. The 

vessel AIS data were based on Marine Traffic AIS data, vessel measurement logs, as well as client-

provided data. AIS data were fed into the ShipSound system for vessel source level analysis. 

Environmental conditions, such as wind speed, were also recorded for each measurement. Ocean 

current data can be used to calculate speed through water (STW) from speed over ground (SOG) 

information received via AIS for each vessel measurement. However, current speed was not available 

in this project area, so STW was not calculated. 

For transiting vessel measurements, the ANSI/ASA S12.64 data window is defined by the period over 

which the acoustic centre is within ±30° of the CPA. ShipSound can automatically determine the data 

window. For stationary sources, ShipSound determines the data window based on input specified 

time. ShipSound processes a single acoustic channel in 1-second periods stepped in 0.5-second 

intervals (Figure 13). Spectrum measurements are calculated using 1-second fast Fourier transforms, 

shaded using a Hanning window. 
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Figure 13. Spectrogram of a single transiting vessel measurement from ShipSound, showing the closest point of 

approach (CPA) time (dashed red line) and the measurement window (black box) used for calculating vessel 

source levels. The spectrogram shows the spectrum of the underwater sound pressure recorded on the 

hydrophone versus time and frequency. 

ShipSound calculates two kinds of vessel source levels from the data window: Radiated Noise Level 

(RNL) and Monopole Source Level (MSL). RNL is equal to the measured sound pressure level, back-

propagated according to the distance between a source and the hydrophone. The software  applies the 

ANSI/ASA S12.64 Grade-A method for back-propagation distance: it determines instantaneous vessel 

range (R) in metres from the measurement hydrophone for each 1-second step within the data 

window. The RNL back propagation method of 20 х Log10(R) is applied to the spectra of each step 

separately. MSL is equal to the measured sound pressure level scaled according to a numerical 

acoustic propagation loss (PL) model that accounts for the effect of the local environment on sound 

propagation (i.e., sea-surface reflection, water column refraction and absorption, and bottom loss). 

Since no single acoustic model is applicable at all sampled ranges and frequencies, a hybrid TL model 

was used to calculate MSL as follows: 

1. At frequencies less than 4 kHz and ranges less than 120 m, PL was calculated using a 

wavenumber integration model (Hannay et al. 2010, Jensen et al. 2011), which computes 

reflection coefficients for layered elastic media (Brekhovskikh 1980). 

1. At frequencies less than 4 kHz and ranges greater than 240 m, PL was calculated using a wide-

angle parabolic equation model (Collins 1993), modified to treat reflection losses for an elastic 

seabed using a complex-density equivalent fluid approximation (Zhang and Tindle 1995). 

2. At frequencies less than 4 kHz and ranges between 120 m and 240 m, PL was calculated from 

the average of the parabolic equation and wavenumber integration models. 

3. At frequencies greater than 4 kHz, PL was calculated using an image-method model 

(Brekhovskikh and Lysanov 2003), which accounts for surface and seabed reflection coefficients 

and frequency-dependent absorption (François and Garrison 1982b). 
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Average TL in each decidecade band was based on the mean propagation factor calculated at 50 

frequencies, which were spaced logarithmically between the minimum and maximum band limits. 

Mean source depth for the MSL calculation was taken to be: 

1. For vessel transit, source depth is defined as shaft depth minus 0.7 of the propeller radius. The 

stern propeller diameter of 4.2 m was used for the calculation.  

2. For vessel in DP, since all the thrusters were operating and each are at different depths, the 

source depth is defined as 0.7 times vessel static draft reported on AIS. 

3. For the MODU, the source depth is defined as half the static draft reported on AIS, which gives 

11 m of the source depth. 

The TL was smoothed by assuming the source depth had a Gaussian distribution, in a manner similar 

to Wales and Heitmeyer (2002), where the standard deviation was taken to be 30% of the source 

depth. Additional details regarding the automated source level measurement system are given in 

Hannay et al. (2016b). ShipSound also calculates background noise in each frequency band. For 

vessel measurements, ShipSound only accepts measured source band levels if they exceed the 

background levels by 3 dB or more. ShipSound corrects the band levels if they exceed background 

levels by 3–10 dB but rejects them if they are less than 3 dB above background. Adjusted and 

rejected levels are flagged in the database. Figure 14 summarises this approach. 

 

Figure 14. Background noise comparison and adjustment process. 

PortListen includes a web-based user interface to access vessel and measurement information. A 

table view screen lets the user select and view multiple measurements by vessel criteria. This 

information, including broadband MSL and RNL source levels, can be exported as a spreadsheet. 

Vessel measurements are summarised in PDFs, presenting vessel and environment information, and 

the 1/3-octave-band MSL and RNL source levels. A manual quality review of every measurement was 

performed by an experienced analyst using the web-based interface. An analyst may reject a 

measurement because it contains interference from other vessels, has high levels of background 

noise, or if a vessel does not have constant speed and a straight track inside the data window. 

MSL was the preferred metric for noise modelling because MSL back-propagation better accounts for 

the effect of the environment on vessel source levels (e.g., from absorption, surface, and seabed 

reflections) than RNL back-propagation. Measurements for vessel transits were obtained at different 

speeds, Ross’s classical power law model (Ross 1976) was used to adjust the source levels to a 

reference speed. The change in source level (SL) to relative changes in speed: 

 SL − SLref = 𝐶𝑣  ×  10 log10 (
𝑣

𝑣ref
) . (4) 

In this equation, SL is the source level at speed v, SLref is the source level at some reference speed 

𝑣ref, and Cv = 6, which is a coefficient corresponding to the slope of the curve. 
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4.2.3.2. MODU 

The provided drill logs for the Artisan-1 well were reviewed to identify periods of activity defined as 

drilling, as this was the activity considered in the modelling study Koessler et al. (2020). Activities 

associated with mooring operations, cementing, installation of the Blow Out Preventer (BOP), or 

running casing were not considered. Twenty time periods for drilling were identified, and Long-term 

Spectral Averages (LSTAs) were created to review the data. From these data, 115 ten-minute time 

periods were identified as suitable or of interest for processing with ShipSound, listed in Table 8. Of 

these measurements, 70 were accepted (i.e., passed a manual quality review). Some measurements 

were rejected by the contamination of nearby vessels in DP (by checking both AIS data and noise 

spectrum). Source level measurements were matched with drill logs and the source levels were 

grouped by the drilling activities. The MSL was calculated over three different drilling depth ranges 

and presented as mean and maximum levels. 

Table 8. Details of selected measurement periods for the Ocean Onyx mobile offshore drilling unit (MODU) and 

corresponding drill activities. 

Drill activity Date Start End QC status 

Spudded Artisan 1 at 2100 h. 

Drilled from 94.7 m (seabed) to 115 mMDRT. Pumped 100 bbl PHG sweep and 

took MWD survey at connection. Survey at 95.62 mMDRT: 0.82 deg inc, 

13.97 deg azimuth.  

Parameters:  

10–40 rpm, 3–5 kft-lbs torq, 8–10 klbs WOB, 600 gpm, 170 psi SPP 

2021 Feb 23 

10:05:00 10:15:00 Rejected 

10:25:00 10:35:00 Rejected 

10:55:00 11:05:00 Rejected 

11:00:00 11:10:00 Accepted 

11:25:00 11:35:00 Accepted 

11:45:00 11:55:00 Accepted 

Continued drilling 26 × 42" hole from 115 to 171 m (SectionTD). Several small 

stringers encountered at 140 and 157 m. Pumped 100 bbl PHG sweep and took 

MWD survey at connection. Survey at 135 mMDRT: 0.5 deg inc. 

Parameters:  

60 rpm, 3–5 kft-lb tq, 10 klbs WOB, 800–1,100 gpm, 400–550 psi SPP 

2021 Feb 23  

13:05:00 13:15:00 Accepted 

13:25:00 13:35:00 Accepted 

13:55:00 14:05:00 Accepted 

14:25:00 14:35:00 Rejected 

14:55:00 15:05:00 Accepted 

15:25:00 15:35:00 Accepted 

15:55:00 16:05:00 Rejected 

16:25:00 16:35:00 Rejected 

16:55:00 17:05:00 Accepted 

17:25:00 17:35:00 Accepted 

17:55:00 18:05:00 Rejected 

18:15:00 18:25:00 Accepted 

Drilled 26 × 42” hole from 171 to 171.7 m with seawater at 60 rpm, 2 kft-lbs tq 

and 8 klbs WOB, 945 gpm with 400 psi. 
2021 Feb 23  

19:05:00 19:15:00 Accepted 

19:25:00 19:35:00 Rejected 

19:55:00 20:05:00 Rejected 

Continued to drill 17.5” hole from 365 to 621 m with S/W and PHG sweeps. 

Pumped 50 bbls mid stand and spotted 100 bbls on around BHA at connections. 

Bubble watch in place on surface and ROV in TMS at LPWHH monitoring for 

shallow gas on sonar. 

Parameters: 

Flow: 1,100 gpm; Press: 2,240 psi; RPM: 80 surface. Total 201 

Torque: 2–5 kft/lbs; WOB: 15–20 kft/lbs; Average ROP: 31 m/h 

P/U wt: 252 k, S/O 265 k, Rot 260 k. 

2021 Feb 26  

19:05:00 19:15:00 Rejected 

19:25:00 19:35:00 Accepted 

19:55:00 20:05:00 Accepted 

20:25:00 20:35:00 Accepted 

20:55:00 21:05:00 Accepted 

21:25:00 21:35:00 Accepted 

21:55:00 22:05:00 Accepted 

22:25:00 22:35:00 Accepted 

22:55:00 23:05:00 Rejected 
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23:25:00 23:35:00 Accepted 

2021 Feb 27 

23:55:00 00:05:00 Accepted 

00:25:00 00:35:00 Accepted 

00:55:00 01:05:00 Accepted 

01:25:00 01:35:00 Accepted 

01:55:00 02:05:00 Accepted 

02:25:00 02:35:00 Accepted 

02:55:00 03:05:00 Accepted 

Held JHA for P/U and RIH with the 12 1/4"" BHA. Picked up and RIH with the 

12 1/4"" BHA from surface to 50 m. Picked up the SLB motor and RIH from 

surface to 8.5 m. DSV confirmed that the motor configured with a 0.78 deg 

bend. Installed a non-ported, plunger type float valve into the motor-DSV on the 

drill floor and witnessed. Made up the SLB ARC-9 tool onto the motor and 

picked up the assembly above the RT and installed the 12 1/4"" PDC bit. 

Continued RIH with the BHA to 50 m. 

2021 Mar 4  

07:05:00 07:15:00 Rejected 

07:25:00 07:35:00 Rejected 

07:55:00 08:05:00 Rejected 

08:25:00 08:35:00 Rejected 

08:55:00 09:05:00 Rejected 

09:15:00 09:25:00 Accepted 

Continued RIH with the 12 1/4"" BHA on 8 1/4"" DC. Picked up and made up 3x 

singles of 8 1/4"" DC, RIH from 50 to 80 m. Picked up and made up the 8"" 

Drilling Jar (with 2x 8 1/4"" DC) and continued RIH from 80-107 m. Picked up 

and made up the Jar Intensifier (with 2 x 8 1/4"" DC) and continued RIH from 

107 to 135 m. Weight below the jars (40 klbs). Continued RIH with the 12 1/4"" 

BHA on 5 7/8"" Spiral HWDP. Made up 3x stand of 5 7/8"" spiral HWDP, RIH 

from 135 m to 220 mRT. Total string weight 65 klbs. 

2021 Mar 4  

09:35:00 09:45:00 Accepted 

09:55:00 10:05:00 Accepted 

10:25:00 10:35:00 Accepted 

10:55:00 11:05:00 Accepted 

11:25:00 11:35:00 Accepted 

Continued RIH with the 12 1/4"" BHA on 5 7/8"" drill pipe from 220–278 m. 

Filled string on first stand of drill pipe. 
2021 Mar 4  

12:20:00 12:30:00 Accepted 

12:40:00 12:50:00 Accepted 

PU off bottom 5 m. Staged up pump rate to drill out cement. Drilled out cement 

from 558 to 563 m. 

Parameters:  

ROP: 6.7 m/h; Flow: 750 gpm; Rotary: 30 rpm; SPP: 821 psi; WOB: 2–5 klbs; Off 

Bottom Tq: 1–2 kft-lbs; On Bottom Tq: 2–5 kft-lbs; ECD: 8.77 ppg 

2021 Mar 4  

16:35:00 16:45:00 Accepted 

16:50:00 17:00:00 Accepted 

17:05:00 17:15:00 Accepted 

Continued drilling out cement with the 12 1/4"" BHA from 563 to 565 m. 

Parameters:  

ROP: 2.7 m/h; Flow 750 gpm; Rotary 30 rpm; SPP 821 psi; WOB-2–5 klbs; Off 

Bottom Tq 1–2 kft-lbs; On Bottom Tq 2–5 kft-lbs; ECD 8.77ppg 

2021 Mar 4  

18:15:00 18:25:00 Accepted 

18:30:00 18:40:00 Accepted 

18:45:00 18:55:00 Accepted 

Continued to drill hard cement, float Collar and shoe track cement from 565 to 

612 m (3 m from shoe) with seawater and 50 bbl PHG sweeps as required. 

Parameters: 

ROP: 13.4 m/h; Flow 800 gpm; Rotary 60 rpm; SPP 1000 psi; WOB 10–12 klbs; 

Off Bottom Tq 1–2 kft-lbs; On Bottom Tq 2–5 kft-lbs 

ECD 8.87 ppg; P/U weight 232 klbs; S/O weight 250 klbs; Rot weight 246 klbs 

2021 Mar 4  

19:05:00 19:15:00 Accepted 

19:25:00 19:35:00 Accepted 

19:55:00 20:05:00 Accepted 

20:25:00 20:35:00 Accepted 

20:55:00 21:05:00 Rejected 

21:25:00 21:35:00 Rejected 

21:55:00 22:05:00 Rejected 

22:25:00 22:35:00 Rejected 

Drilled 12 1/4"" hole from 647 to 711 m. 

Parameters:  

Flow: 800 gpm; Press: 1,640 psi; RPM: 51 surface. 137 bit 

Torque: 1–3 kft/lbs; WOB: 4–5 kft/lbs; Average ROP: 21.3 m/h; P/U wt: 240 k, 

S/O 255 k, Rot 250 k. ESD: 10.1 ppg; ECD: 10.57 ppg 

2021 Mar 5  

10:05:00 10:15:00 Rejected 

10:25:00 10:35:00 Rejected 

10:55:00 11:05:00 Rejected 

11:25:00 11:35:00 Rejected 

11:55:00 12:05:00 Rejected 

12:25:00 12:35:00 Rejected 
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Drilled 12 1/4"" hole from 711 to 804 m. 

Parameters: 

Flow: 1002 gpm; Press: 2365 psi; RPM: 98 surface. 205 bit; Torque: 1–

10 kft/lbs; WOB: 2–5 klbs; Average ROP: 46.5 m/h; P/U wt: 244 klbs, 

S/O 260 klbs, Rot 253 klbs. ESD: 10.18 ppg, ECD: 10.63 ppg 

2021 Mar 5  

13:05:00 13:15:00 Rejected 

13:25:00 13:35:00 Rejected 

13:55:00 14:05:00 Rejected 

14:25:00 14:35:00 Rejected 

14:45:00 14:55:00 Rejected 

Drilled 12 1/4"" hole from 804 to 869 m. 

Parameters: 

Flow: 991 gpm; Press: 2390 psi; RPM: 99 surface. 206 bit; Torque: 2–5 kft/lbs; 

WOB: 2–5 kft/lbs; Average ROP: 18.57 m/h; P/U wt: 250 klbs, S/O 270 klbs, 

Rot 265 klbs. ESD: 10.2 ppg, ECD: 10.47 ppg 

2021 Mar 5  

15:35:00 15:45:00 Rejected 

15:55:00 16:05:00 Rejected 

16:25:00 16:35:00 Rejected 

16:55:00 17:05:00 Rejected 

17:25:00 17:35:00 Rejected 

17:55:00 18:05:00 Rejected 

18:25:00 18:35:00 Rejected 

18:45:00 18:55:00 Rejected 

Drilled 12–1/4"" hole from 1,000 to 1,001 m. 

Parameters:  

Flow: 800 gpm; SPP: 2,650–2,800 psi; RPM: 79 surface/176 bit; Tq: Off 2 kft-

lbs/On 5–15 kft-lbs. WOB: 5–20 klbs; Average ROP: 1 m/h; ESD: 10.11 ppg, 

ECD: 10.4 ppg; Slow drilling due to hard stringer. Boosted riser with 325 gpm at 

75 psi. 

2021 Mar 6  

12:05:00 12:15:00 Accepted 

12:25:00 12:35:00 Accepted 

12:45:00 12:55:00 Accepted 

Drilled ahead 12–1/4"" hole from 1,006 to 1014 m. 

Parameters:  

Flow: 900 gpm; SPP: 2,210 psi; RPM: 60 surface/170 bit; Tq: Off 1–2 kft-lbs/On 

1–10 kft-lbs; WOB: 1–5 klbs P/U wt: 260 klbs, S/O wt: 280 klbs, Rot: 275 klbs; 

Average ROP: 8 m/h; ESD: 10.14 ppg, ECD: 10.52 ppg 

2021 Mar 7  

12:05:00 12:15:00 Accepted 

12:25:00 12:35:00 Accepted 

12:45:00 12:55:00 Accepted 

Drilled ahead 12–1/4"" hole from 1,146 to 1,164 m. 

Parameters:  

Flow: 920 gpm; SPP: 2,330 psi; RPM: 100–120 surface/197–217 bit; Tq: Off 1–

2 kft-lbs/On 1–10 kft-lbs; WOB: 1–5 klbs P/U wt: 266 klbs, S/O wt: 288 klbs, 

Rot: 285 klbs. Average ROP: 24 m/h. ESD: 10.39 ppg, ECD: 10.68 ppg 

2021 Mar 7  

18:20:00 18:30:00 Accepted 

18:40:00 18:50:00 Accepted 

Drilled ahead 12–1/4"" hole from 1,433 to 1,545 m. 

Parameters: 

Flow: 1,000 gpm; Boost Pump: 250 gpm; SPP: 3,000 psi; RPM: 120 surface/217 

bit; Tq: Off 1–2 kft-lbs/On 5–10 kft-lbs; WOB: 5–15 klbs 

P/U wt: 300 klbs, S/O wt: 325 klbs, Rot: 315 klbs; Average ROP: 18.6 m/h; 

ESD: 11.18 ppg, ECD: 11.37 ppg; Offline: Displaced the Boost line and flushed 

the MGS utilising the boost pump-total of 20 strokes pumped (10 bbls). At 

1,510 m MW over the shakers recorded at 10.7 ppg (ESD-10.88 ppg). Ceased 

centrifuging and weighted up the mud with additions of barite. MW at 1543 m 

recorded at 11.1 ppg. 

2021 Mar 8  

13:05:00 13:15:00 Accepted 

13:25:00 13:35:00 Accepted 

14:25:00 14:35:00 Accepted 

14:55:00 15:05:00 Accepted 

15:25:00 15:35:00 Accepted 

15:55:00 16:05:00 Accepted 

16:25:00 16:35:00 Accepted 

16:55:00 17:05:00 Accepted 

17:25:00 17:35:00 Accepted 

17:55:00 18:05:00 Accepted 

18:25:00 18:35:00 Accepted 

18:45:00 18:55:00 Accepted 

Continued to drill 12–1/4” hole from 1,623 to 1,655 m. 

Parameters: 

Flow: 805 gpm; SPP: 2,135 psi; RPM: 120 surface/206 bit; Tq: Off 1–2 kft-lbs/On 

4–15 kft-lbs; WOB: 5–15 klbs; P/U wt: 310 klbs, S/O wt: 330 klbs, Rot: 325 klbs; 

Average ROP: 11m/h including connections; ESD: 11.13 ppg; ECD: 11.39 ppg 

2021 Mar 9  

08:45:00 08:55:00 Rejected 

09:10:00 09:20:00 Rejected 

09:40:00 09:50:00 Accepted 

10:10:00 10:20:00 Accepted 

10:40:00 10:50:00 Accepted 
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11:10:00 11:20:00 Accepted 

11:35:00 11:45:00 Accepted 

Continued to drill 12–1/4” hole from 1,830 to 1,851 m. 

Parameters:  

Flow: 920 gpm; SPP: 2,750 psi; RPM: 100 surface/198 bit; Tq: Off 1–2 kft-lbs/On 

3–10 kft-lbs.; WOB: 10–20 klbs; P/U wt: 320 klbs, S/O wt: 345 klbs, 

Rot: 325 klbs; Average ROP: 19.3 m/h including connections. ECD: 11.40 ppg; 

ROP controlled to max 30 m/h for flow rate, mud rheology and surface 

equipment. 

2021 Mar 10  

01:35:00 01:45:00 Accepted 

01:55:00 02:05:00 Accepted 

02:25:00 02:35:00 Accepted 

02:45:00 02:55:00 Accepted 
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4.2.3.3. Vessels 

ShipSound was used to process a total of 4 vessel DP measurements collected from Station 2, five 

vessel transit measurements collected from Station 2, and 16 vessel transit measurements collected 

from Station 4. All these measurements were accepted measurements. Details of the measurements 

were shown in Table 9. The classical power law model of Ross (1976) was used to calculate source 

levels to a referenced speed (Section 4.2.3.1), with the speed scaling coefficients Cv = 6 proposed by 

Ross (1976). 

Table 9. Vessel measurements collected from Stations 2 and 4. 

MMSI Vessel Activity 
Speed  

(kn) 
CPA time 

CPA distance  

(m) 
QC status 

Station 2 

257544000 SIEM SAPPHIRE DP 0.6 2021 Feb 4 01:23:00 162.3 Accepted 

257544000 SIEM SAPPHIRE DP 0.6 2021 Feb 4 01:38:30 183.9 Accepted 

257544000 SIEM SAPPHIRE DP 0.6 2021 Feb 4 01:47:30 182.6 Accepted 

257544000 SIEM SAPPHIRE DP 0.8 2021 Feb 4 02:00:00 185.6 Accepted 

257544000 SIEM SAPPHIRE Transit 8 2021 Feb 4 02:32:48 189.4 Accepted 

257544000 SIEM SAPPHIRE Transit 6.9 2021 Feb 4 08:10:52 165.6 Accepted 

257544000 SIEM SAPPHIRE Transit 7.7 2021 Feb 4 08:29:14 165.5 Accepted 

257544000 SIEM SAPPHIRE Transit 6.5 2021 Feb 4 08:45:40 184.6 Accepted 

257544000 SIEM SAPPHIRE Transit 7.9 2021 Feb 4 09:01:22 160.7 Accepted 

Station 4 

257544000 SIEM SAPPHIRE Transit 9.3 2021 Feb 5 15:02:57 187.6 Accepted 

257662000 SIEM AQUAMARINE Transit 9.3 2021 Feb 15 02:33:00 147.7 Accepted 

257544000 SIEM SAPPHIRE Transit 6.3 2021 Feb 15 04:19:19 128.9 Accepted 

257709000 SIEM TOPAZ Transit 8.8 2021 Feb 17 06:50:05 121.5 Accepted 

257709000 SIEM TOPAZ Transit 10.4 2021 Feb 20 08:38:36 118.2 Accepted 

257709000 SIEM TOPAZ Transit 10 2021 Feb 23 17:11:01 113.8 Accepted 

257662000 SIEM AQUAMARINE Transit 14.7 2021 Feb 25 10:35:02 133.4 Accepted 

257662000 SIEM AQUAMARINE Transit 10.1 2021 Feb 27 18:45:40 118.9 Accepted 

257544000 SIEM SAPPHIRE Transit 9.9 2021 Mar 1 05:41:49 108.7 Accepted 

257544000 SIEM SAPPHIRE Transit 8.6 2021 Mar 3 21:48:03 120.6 Accepted 

257662000 SIEM AQUAMARINE Transit 8.2 2021 Mar 8 05:01:58 120.1 Accepted 

257662000 SIEM AQUAMARINE Transit 9.4 2021 Mar 10 21:56:02 35.3 Accepted 

257709000 SIEM TOPAZ Transit 6.6 2021 Mar 13 00:22:58 118.7 Accepted 

257544000 SIEM SAPPHIRE Transit 8.7 2021 Mar17 12:14:59 124.8 Accepted 

257662000 SIEM AQUAMARINE Transit 10.1 2021 Mar 21 06:29:56 144.5 Accepted 

257662000 SIEM AQUAMARINE Transit 11.1 2021 Mar 23 09:51:01 131.0 Accepted 
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4.2.4. Fit Equations 

For each minute of data at each station, the analysis provided the range and received sound levels, 

with the metric of interest being SPL. To be able to understand the trends of the change in sound 

levels with range, and to interpolate the sound levels in between the measurement locations, it is 

required to obtain equations which represent the measurement data. The data were fit using linear 

models from ‘R’ (R Core Team 2020) of the form: 

 model = 𝑙𝑚(SPL~ log(𝑟𝑎𝑛𝑔𝑒) + 𝑟𝑎𝑛𝑔𝑒) .  (5) 

The tilde (~) is used to separate the left- and right-hand sides in a model formula. The models provide 

the following values that fit the data: 

• An intercept, 

• Coefficients multiplied by log10(range), and  

• Range. 

The coefficient of log10(range) may be interpreted as the average geometric spreading for the 

environment. The coefficient of range may be interpreted as an additional loss term that models the 

effects of reflection and scattering when the sound interacts with the surface and seabed. This simple 

model formulation is valid when: 

• There are no systematic changes to the geometric spreading–i.e., it is not valid very close to the 

Ocean Onyx and associated vessel movements within the 500 m zone where DP is required, 

• The seabed geoacoustic properties are approximately constant, and 

• The water depth does not significantly vary. 

The models were used to predict the most likely data values for ranges of 20 to 6000 m, as well as the 

90% prediction interval. The top of the prediction interval corresponds to the value that is greater than 

95% of the measured data. The distance to 95% of the measured data is not the same as the R95% 

range determined through modelling. 

The coefficient of determination (r2) was used to assess the validity of the fit, with fits where r2 was 

less than 0.85 being flagged as suspect.  

The per-minute SPL at each station was influenced by both the operations centred on the Ocean 

Onyx and sound sources close to each station. To create a model which focuses on understanding the 

trends of the change in sound level with range in relation to activities closes to Station 1, the data was 

split into three different sets. The data was therefore presented in the following ways: 

• All per-minute SPL data from Station 1–3 while the Ocean Onyx was operational (01:00 12 Feb 

through until 00:00 25 Mar) 

• Per-minute SPL data for per-minute SPL at Station 1 between 130 and 150 dB re 1µPa, thereby 

excluding periods when high noise levels, likely due to a close support vessel, or support vessels 

operating at high thrust levels which might skew the fit. 

• Per-minute SPL data for per-minute SPL at Station 1 over 150 dB re 1µPa, to examine the trends 

in change in sound level with range for notably loud period at Station 1. 

• The low-frequency weighted per-minute SPL can be adjusted by 10*log10(T), where T is 1440 (the 

number of minutes in 24 h) to determine the daily SEL for each of the three data sets. 
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4.2.5. Vessel Noise Detection 

Outside of the specific individual vessel analysis requirements, vessels are detected in two steps 

(Martin 2013):  

1. Detect constant, narrowband tones produced by a vessel’s propulsion system and other rotating 

machinery (Arveson and Vendittis 2000). These sounds are also referred to as tonals. We detect 

the tonals as lines in a 0.125 Hz resolution spectrogram of the data (8 s of data, Hann window, 

2 s advance).  

2. Assess the SPL for each minute in the 40–315 Hz shipping frequency band, which commonly 

contains most sound energy produced by mid-sized to large vessels. Background estimates of the 

shipping band SPL and system-weighted SPL are then compared to their mean values over a 

12 h window, centred on the current time.  

Vessel detections are defined by the following criterion (Figure 15): 

1. SPL in the shipping band (40–315 Hz) is at least 3 dB above the 12 h mean for the shipping band 

for at least 5 min. 

2. AND at least three shipping tonals (0.125 Hz bandwidth) are present for at least 1 min per 5 min 

window. Tonals are difficult to detect during turns and near the closest points of approach (CPA) 

due to Lloyds’ mirror and Doppler effects. 

3. AND SPL in the shipping band is within 12 dB of the system weighted SPL. 

The duration where these constraints are valid is identified as a period with shipping present. A 10 min 

shoulder period before and after the detection period is also included in the shipping period. The 

shipping period is searched for the highest 1 min SPL in the vessel detection band, which is then 

identified as the CPA time. This algorithm is designed to find detectable shipping, meaning situations 

where the vessel noise can be distinguished from the background. It does not identify cases of two 

vessels moving together or cases of continuous noise from stationary platforms, such as oil and gas 

drilling and dynamic positioning operations. Those situations are easily identified from tools such as 

the daily SEL and long-term spectral average figures. 

 

Figure 15. Example of broadband and 40–315 Hz band sound pressure level (SPL), as well as the number of 

tonals detected per minute as a vessel approached a recorder, stopped, and then departed. The shaded area is 

the period of shipping detection. Fewer tonals are detected at the vessel’s closest point of approach (CPA) at 

17:00 because of masking by broadband cavitation noise and due to Doppler shift, that affects the tone 

frequencies. 
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4.2.6. Seismic Survey Event Detection 

Seismic pulse sequences were looked for using correlated spectrogram contours. The processing 

calculated spectrograms using a 300 s long window with 4 Hz frequency resolution and a 0.05 s time 

resolution (Reisz window). All frequency bins were normalised by their medians over window the 

300 s window. The detection threshold was set to three times the median value at each frequency. If 

pulses were found, contours were created by joining the time-frequency bins above threshold in the 

7–1000 Hz band using a 5 × 5 bin kernel. Contours 0.2–6 s in duration with a bandwidth of at least 

60 Hz are then further analysed.  

The process is used to create an “event” time series by summing the normalised value of the 

frequency bins in each time step that contained detected contours. The event time series is auto 

correlated to look for repeated events. The correlated data space was normalised by its median, and a 

detection threshold of 3 was applied. Peaks larger than their two nearest neighbours can be identified, 

and the list of peaks searched for entries with a set repetition interval. The allowed spacing between 

the minimum and maximum time peaks was 4.8–65 s, which captures the normal range of seismic 

pulse periods. If at least six regularly spaced peaks occur, the original event time series is searched 

for all peaks that match the repetition period within a tolerance of 0.25 s. The duration of the 90% SPL 

window of each peak can be determined from the originally sampled time series, and pulses more 

than three second long were rejected.  

Despite the flexibility of the detection process, no impulses were detected, and thus no results are 

presented for seismic survey impulses. 

4.2.7. Marine Mammal Detection Overview 

We used a combination of automated detector-classifiers (referred to as automated detectors) and 

manual review by experienced analysts to determine the presence of sounds produced by marine 

mammals in the acoustic data. First, a suite of automated detectors was applied to the full data set 

(Appendices D.1 and D.2). Second, a subset (0.5%) of acoustic data was selected for manual analysis 

of marine mammal acoustic occurrence. The subset was selected based on automated detector 

results via our Automatic Data Selection for Validation (ADSV) algorithm (Kowarski et al. 2021) 

(Appendix D.3). Third, manual analysis results were compared to automated detector results to 

determine automated detector performance (Appendix D.4). Finally, hourly marine mammal 

occurrence plots were created that incorporated both manual and automated detections as well as 

automated detector performance metrics to provide a reliable representation of marine mammal 

presence in the acoustic data (Section 5.7). These marine mammal analysis steps are summarised 

here and described in detail in Appendix D. 

4.2.7.1. Automated Click Detection 

Odontocete clicks are high-frequency impulses ranging from 5 to over 150 kHz (Au et al. 1999, Møhl 

et al. 2000). We applied an automated click detector to the acoustic data to identify clicks from sperm 

whales and delphinids. This automated detector is based on zero-crossings in the acoustic time 

series. Zero-crossings are the rapid oscillations of a click’s pressure waveform above and below the 

signal’s normal level (e.g., Figure D-1). Zero-crossing-based features of automatically detected events 

are then compared to templates of known clicks for classification (see Appendix D.1 for details). 
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4.2.7.2. Automated Tonal Signal Detection 

Tonal signals are narrowband, often frequency-modulated, signals produced by many species across 

a range of taxa (e.g., baleen whale moans and delphinids whistles). They range predominantly 

between 15 Hz and 20 kHz (Steiner 1981, Berchok et al. 2006, Risch et al. 2007). The automated tonal 

signal detector identified continuous contours of elevated energy and classified them against a library 

of marine mammal signals (see Appendix D.2 for details).  

4.2.7.3. Evaluating Automated Detector Performance 

JASCO’s suite of automated detectors are developed, trained, and tested to be as reliable and broadly 

applicable as possible. However, the performance of marine mammal automated detectors varies 

across acoustic environments (e.g., Hodge et al. 2015, Širović et al. 2015, Erbs et al. 2017, Delarue et 

al. 2018). Therefore, automated detector results must always be supplemented by some level of 

manual review to evaluate automated detector performance. Here, we manually analysed a subset of 

5 min acoustic files for the presence/absence of marine mammal acoustic signals via spectrogram 

review in JASCO’s PAMlab software. A subset (0.5%) of acoustic data from each station was selected 

via ADSV for manual review (Appendix D.3).  

To determine the performance of the automated detectors at each station per 5 min acoustic file, the 

automated and manual results (excluding files where an analyst indicated uncertainty in species 

occurrence) were fed into an algorithm that calculates precision (P), recall (R), and Matthew’s 

Correlation Coefficient (MCC) (see Appendix D.4 for formulas). P represents the proportion of files 

with detections that are true positives. A P value of 0.90 means that 90% of the files with automated 

detections truly contain the targeted signal, but it does not indicate whether all files containing 

acoustic signals from the species were identified. R represents the proportion of files containing the 

signal of interest that were identified by the automated detector. An R value of 0.90 means that 90% of 

files known to contain a target signal had automated detections, but it says nothing about how many 

files with automated detections were incorrect. An MCC is a combined measure of P and R, where an 

MCC of 1.00 indicates perfect performance–all events were correctly detected. The algorithm 

determines a per file automated detector threshold (the number of automated detections per file at 

and above which automated detections were considered valid) that maximizes the MCC.  

The acoustic occurrence of each species (both automated and manual results) was plotted using 

JASCO’s Ark software as time series showing presence/absence by hour over each day of the 

recording period. Automated detector performance metrics are provided alongside these figures and 

should be considered wen interpreting results. 
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4.3. Modelling Validation 

In order to validate the modelled predictions presented in Koessler et al. (2020), the calculated 

Monopole Source Levels (MSLs), which were computed from measured data using the method 

outlined in Section 4.2.3, were used to update the acoustic model inputs for the scenarios from 

Koessler et al. (2020). This process yielded new ranges to thresholds based on in-situ measured data. 

Only the scenarios for Artisan (i.e., Scenario 5 – 8 in Koessler et al. (2020)) were consider for a 

validation exercise.  

The following process was implemented for updating the inputs to the acoustic model. 

1. Update the sound speed profile to use predictions from the Global Ice Ocean Prediction System 

(GIOPS) forecasting system for the period when the data was acquired. Determine and median 

profile to best represent potential propagation conditions over the February 2021 – March 2021 

periods. 

2. Update the decidecade MSLs and MSL source depth based on the results of the ShipSound 

analysis presented in Section 5.5.  

3. Re-run all propagation modelling, gridding and radii calculations as detailed in Koessler et al. 

(2020) with these updated input parameters for all scenarios. 

During this process, the data fit plots discussed in Section 4.2.4 and presented Section 5.3 were 

reviewed in the context of results from previous modelled scenarios and newly acquired MSLs to infer 

the appropriateness of the seabed selection for the Artisan development area and its effect on the 

distances to thresholds. Further detail can be found in Section 6.2. 
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5. Results 

5.1. Soundscape Characterisation 

Long-term spectra averages, power spectral density, and decidecade band box plots are shown in 

Figure 16 for all stations during the period the Ocean Onyx was moored (01:00 12 Feb through 00:00 

25 Mar 2021), with the decade band percentile levels presented in Table 10. 

The same plots are presented for two examples of operational activity at the Ocean Onyx (Table 8), 

Figure 17, from 5 Mar 2021, which included resupply and drilling operations, and Figure 18, from 

26 Feb 2021, for a drilling operations with support vessels further from the Ocean Onyx. 

5.1.1. Spectrograms and Statistical Analysis 

The spectrogram and band-level plots for all stations (Figure 16) provide an overview of the sound 

variability in time and frequency presenting an overview of presence and level of contribution from 

different sources. Short-term events appear as vertical stripes on the spectrograms and spikes on the 

band level plots. Long-term events affect (increasing or decreasing accordingly) the band level over 

the event period and appear in the spectrograms as horizontal bands of colour.  

The most prominent feature to note is the decrease in sound level with distance from the drill rig. 

Stations 1 and 2, located 336 m and 1132 m from the platform respectively, demonstrate elevated 

sound levels across all frequencies, but particularly at frequencies under approximately 2000 Hz. This 

is consistent with the bands most typically impacted by seismic and pressure fluctuations, as well as 

vessel noise, as can be seen in the Wenz curves of Figure 9. At these two stations, the L50 and above, 

as well as the Lmean percentiles exceed the upper limit of the Wenz curve across all frequencies. At 

Stations 3 and 4, located 5 km and 25 km from the platform respectively, the sound levels are much 

reduced. Station 3 still receives some sound energy emitted from the platform and associated 

operations, whereas these contributions are not notable within Station 4’s soundscape, as can be 

seen in the two right side panels of Figure 16. The soundscape of these two stations is more 

influenced by vessel traffic, apparent by the ‘ripples’ in the Lmean percentiles between 40 and 

approximately 100 Hz, which are due to narrowband tones produced by vessel propulsion systems.   
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Figure 16. Entire Ocean Onyx moored period: (Top row) In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of underwater sound, 

(bottom row) percentiles and mean of decidecade sound pressure level (SPL) and percentiles and probability density (grayscale) of 1-min power spectral density levels, by 

station compared to the Wenz curve limits (coloured lines) of prevailing noise (Wenz 1962), for 01:00 12 Feb through until 00:00 25 Mar, for Stations 1, 2 and 4, or from 

12:00 24 Feb for Station 3. 
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Figure 17. Drilling and vessel operation 5 Mar 2021: (Top row) In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of underwater 

sound, (bottom row) percentiles and mean of decidecade sound pressure level (SPL) and percentiles and probability density (grayscale) of 1-min power spectral density levels, 

by station for a drilling period on 5 Mar 2021 (Table 8) which included resupply and support vessels, compared to the Wenz curve limits (coloured lines) of prevailing noise 

(Wenz 1962). 
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Figure 18. Drilling operations 26 Feb 2021: (Top row) In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of underwater sound, (bottom 

row) percentiles and mean of decidecade sound pressure level (SPL) and percentiles and probability density (grayscale) of 1-min power spectral density levels, by station for a 

drilling period on 5 Mar 2021 compared to the Wenz curve limits (coloured lines) of prevailing noise (Wenz 1962). 
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Table 10. Statistical a0nalysis of sound levels while Ocean Onyx was moored, 01:00 12 Feb through until 

00:00 25 Mar 2021, for Stations 1, 2, and 4, or from 12:00 24 Feb 2021 for Station 3. SPL units: dB re 1 µPa.  

Sound level 

statistic 
Station 

Sound level 

10–32000 Hz 8.9–89 Hz 89–890 Hz 890–8900 Hz 8900–32000 Hz 

Minimum 

1 107.6 105.1 102.2 92.5 85.5 

2 101.1 98.5 92.6 83.1 82.2 

3 91.9 83.5 80.1 82.6 84.4 

4 86.6 79.3 80.2 80.9 77.2 

L5 

1 112.9 110.7 106.7 98.1 90.7 

2 107 105.1 98.4 94.5 89.5 

3 97.5 89.4 87.6 91.5 89 

4 96.3 88.4 87.3 86.4 82 

L25 

1 117.1 114.2 110.6 103.7 94.3 

2 112 109.1 104.1 101.9 93.5 

3 102.1 94.4 94.1 96.8 92 

4 101.1 95.5 92.6 92.6 87.7 

L50 

1 124.6 118.3 119.7 119.3 109.6 

2 121.3 116.2 117.4 110.7 99.5 

3 106.4 101.3 99.2 100.2 93.7 

4 104.5 101.8 95.9 96.2 90.9 

L75 

1 143.8 135.4 142.4 132.6 117.2 

2 132.1 127.8 129.5 119.9 105.8 

3 111.3 107.8 105.7 103.5 95 

4 110.1 109.2 99.1 98.7 93.1 

L95 

1 149 139.4 147.8 139.8 124.3 

2 141.3 133.6 138.9 130.2 114.1 

3 115.8 111.8 111.3 110.2 98.8 

4 120.7 120 109.8 102 98.2 

Maximum 

1 159 155 156.5 152.6 151.3 

2 158.6 154.2 156.2 147.9 139.3 

3 153.4 150 150.4 139.8 137.4 

4 153.6 153.1 145.1 138.6 128.6 

Mean 

1 144 135.5 142.3 135.7 129.6 

2 133.4 127.5 131.3 123.6 116 

3 117.8 114 114.8 106.8 99.9 

4 118.3 117 111.7 103.2 95.1 
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5.1.2. Frequency Weighted Sound Exposure Levels 

The perception of underwater sound depends on the hearing sensitivity of the receiving animal in the 

frequency bands of the sound. Hearing sensitivity in animals, however, varies over the frequency band 

of their hearing (the hearing curve (audiogram) usually resembling a U-shaped form). The frequency 

range of hearing and hearing sensitivity differ between species, resulting in the fact that different 

species will perceive underwater sound differently. Auditory (frequency) weighting functions 

(Appendix E) are applied to account for this difference as they reflect an animal’s ability to hear a 

sound, emphasising the frequency band of best sensitivity over frequencies animals do not hear well. 

Figure 19 shows the difference between perceived ambient noise by low-, mid- and high frequency 

cetaceans. Similar to the figures in Section 5.1.1, Figure 19 demonstrates the decrease in sound 

levels with distance from the drilling platform. Station 4 is more exposed to general shipping traffic 

within the shipping lanes when compared to Station 3 (Figure 3), and thus its daily SEL were more 

variable, being less influenced or driven by activity close to the Ocean Onyx more by the frequency of 

shipping traffic. The low-frequency cetacean weighted daily SEL for all stations, along with the 

thresholds for PTS and TTS (Section 2.6) are shown in Figure 20.  

 

Figure 19. Auditory frequency weighted ambient noise (10 Hz and above) over the measurement period shown as 

daily sound exposure levels (SEL) (NMFS 2018). (Top left to right) Stations 1 and 2 and (bottom left to right) 

Stations 3 and 4. Locations are provided in Table 4. 
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Figure 20. Daily low-frequency cetacean (LFC) weighted sound exposure levels (SEL) (NMFS 2018) at each 

station (composite created from Figure 19, station locations provided in Table 4), including thresholds for 

permanent threshold shift (PTS) and temporary threshold shift (TTS) (Table 6). 

5.2. Environmental Correlations 

The environmental conditions during the drilling period, specifically the wave height and wind speed, 

were compared to sound pressure levels during the drilling period in the 20 Hz, 80 Hz, 630 Hz, 

3150 Hz, and 125000 Hz decidecade bands in the correlograms in Figure 21. Correlograms offer two 

ways to visualise correlations between two variables: the upper right panels show the scatter plot 

between each variable pair, and the bottom left show the strength of the correlation both by amount of 

the circle filled and depth of the colour. Blue represents a positive correlation, and red a negative. The 

four panels show Stations 1 to 4, respectively. The impact of wind and wave conditions on underwater 

soundscape is generally above 100 Hz, as shown in Figure 9 (Wenz 1962). 

Stations 1 and 2, at 336 and 1132 m from the drill rig respectively, show very little correlation of sound 

level at any band with wind or wave conditions. At these stations, the soundscape was dominated by 

drilling operations. As the distance to the station increases, i.e., for Stations 3 and 4 at 5 and 25 km, 

the wind speeds and wave heights have a positive correlation with sound levels, although the 

relationship with wind speed is much stronger than that for wave height.  
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Figure 21. Correlogram comparing weather conditions to sound levels in five specified decidecade bands for (a) 

Station 1 at 300 m; (b) Station 2 at 1 km; (c) Station 3 at 5 km; and (d) Station 4 channel 1 at 25 km. 
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5.3. Data Fits 

The per-minute SPL data from Station 1–3 while the Ocean Onyx was moored (01:00 12 Feb through 

until 00:00 25 Mar 2021) was analysed according to the methods detailed in Section 4.2.4, with the 

results presented in Figures 22 and 23. These fits were used to gain an understanding of the 

propagation loss environment, and to complete the validation analysis (Section 4.3), as discussed in 

Section 6.2. 

 

Figure 22. Per-minute sound pressure level (SPL) plotted against range for Stations 1–3, for the entire period the 

Ocean Onyx is present (top-left), levels at Station 1 between 130 and 150 dB re 1µPa (top-right), and levels at 

Station 1 above 150 dB re 1µPa (bottom-left). 
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Figure 23. Daily low-frequency cetacean weighted sound exposure level (SEL) (calculated from frequency 

weighted per-minute sound pressure level (SPL)) plotted against range for Stations 1–3, for the entire period the 

Ocean Onyx is present (top-left), levels at Station 1 between 130 and 150 dB re 1µPa (top-right), and levels at 

Station 1 above 150 dB re 1µPa (bottom-left). 
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5.4. Drilling Operations 

A detailed analysis was undertaken on two file snippets from Station 1, focused on correlating the 

acoustic signals to the drilling logs, and providing details on some of the signals observed in the 

acoustic data. 

5.4.1. Snippet 1 

A snippet of data from Station 1 for 22 Feb 2021 from 14:14:37 was examined to look for alignment 

between the acoustic data and the drilling logs to provide a detailed insight into the noise producing 

sources. The drilling log for this period stated: 

Continued drilling 26" x 42" hole from 115m to 171m (SectionTD). Several small stringers 

encountered at 140m and 157m. Pumped 100bbl PHG sweep and took MWD survey at 

connection. Survey @ 135mMDRT: 0.5deg inc. 

Parameters: 60rpm, 3-5kft-lb tq, 10klbs WOB, 800-1,100gpm, 400-550psi SPP 

The spectrogram of the entire wav file is shown in Figure 24, with a shorter timescale and more 

focused frequency range shown in Figure 25, both showing components above 10 Hz only. In this 

data, drilling tonals with a spacing of 155 Hz were identified (Figure 26), and the analysis of the very 

low frequency tonals (Figure 27) clearly shows a 1 Hz tonal, which aligns with the 60 rpm drilling 

speed in the logs. A steady state pump operating at centre frequencies of 2992 Hz and 3062 Hz, with 

a strong correlation to high frequency harmonics (Figure 28). In this snippet there were three unstable 

narrowband noise sources present which are likely due to the drilling operations. This is considered 

likely due to their harmonic spacing under varying loads of operations. Tonals indicate that something, 

potentially the drill bit or the main aperture rod, is rotating between 52 and 74 RPM. This appears 

unrelated to the steady state pumps, which are likely high pressure pumps that fluctuate very little 

over time or load. During this recording, a vessel was also present although it did not appear to be 

operating under DP. 

 

Figure 24. Spectrogram of 20 minutes of drilling operations on 22 Feb 2021 from 14:14:37 at Station 1(0.2 Hz 

frequency resolution, 1 s time window, 0.5 s time step, Hamming window). 
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Figure 25. Spectrogram of 80 s minutes of drilling operations on 22 Feb 2021 from 14:29:12 at Station 1(0.2 Hz 

frequency resolution, 1 s time window, 0.5 s time step, Hamming window). 

 

Figure 26. Drilling tonals, spaced at 155 Hz 

 

Figure 27. Very low frequency tonal analysis correlates with 60 rpm drilling speed 
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Figure 28. Example of correlation between harmonics and load on main pump with centre frequencies of 2992 

and 3062 Hz. The example also shows the diesel generators with engine firings rates fluctuating between 149 and 

152 Hz while under hotel load from Ocean Onyx. 

5.4.2. Snippet 2 

A snippet of data from Station 1 for 08 Mar 2021 from 18:14:40 was examined to look for alignment 

between the acoustic data and the drilling logs to provide a detailed insight into the noise producing 

sources. The drilling log for this period stated: 

Drilled ahead 12-1/4" hole from 1,433m to 1,545m. 

Parameters: 

Flow: 1,000gpm, Boost Pump-250gpm, SPP: 3,000psi, RPM: 120 surface/217 bit 

Tq: Off 1-2kft-lbs/On 5-10kft-lbs. WOB: 5-15klbs P/U wt: 300klbs, S/O wt: 325klbs, Rot: 

315klbs. Average ROP: 18.6m/hr 

ESD: 11.18ppg, ECD: 11.37ppg 

Offline: Displaced the Boost line and flushed the MGS utilising the boost pump 

- total of 20 strokes pumped (10bbls). 

At 1,510m MW over the shakers recorded at 10.7ppg (ESD-10.88ppg). 

Ceased centrifuging and weighted up the mud with additions of barite. MW at 

1543m recorded at 11.1ppg. 

The spectrogram of the entire wav file is shown in Figure 29, with a shorter timescale and more 

focused frequency range shown in Figure 30, both showing components above 10 Hz only. In this 

snippet there is no secondary source, such as a support vessel, present, just the Ocean Onyx. The 

narrowband tonals below 200 Hz indicate that the revolutions-per-minute fluctuate between 178 and 

220 rpm, this aligns with data pins 9, 13 and 16 in Figure 31, along with various higher frequency 

harmonics. A second low-frequency rotating source, with a speed of 120.6 rpm was detected, Figure 

32, and it demonstrates no apparent relationship between the 1.63:1 reduction ratio present in the low 

frequency spectrum to the other source. These frequencies align with information provided in the drill 

logs. 

The data indicates various generator (diesel gensets and pumps) running in multiple configurations. 

All appear to be running in a steady-state fashion with varying loads, apparent through the fluctuations 

in frequency. Two distinct gensets are noted in particular as running hotel load, as they are more 

stable than the others which are likely being used for the Ocean Onyx drilling operations, and thus 

having changing requirements which changes their load. The tone at 3 kHz which is consistent without 

fluctuation, shown clearly in Figure 34, is probably a high-pressure pump which does not fluctuate 

with power draw, as no banding (harmonics) are observed, the motor is not a pole motor.  
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Figure 35 shows three distinct gensets (one tonal each) with accompanying cylinder firing rates 

throughout the spectrogram. These appear related to Ocean Onyx drilling operations as there are no 

secondary contacts on spectrogram (such as vessels) and the tonals fluctuate with power draw over 

time. 

 

Figure 29. Spectrogram of 20 minutes of drilling operations on 08 Mar 2021 from 18:14:40 at Station 1(0.2 Hz 

frequency resolution, 1 s time window, 0.5 s time step, Hamming window). 

 

Figure 30. Spectrogram of 80 s of drilling operations on 08 Mar 2021 from 18:26:30 at Station 1(0.2 Hz frequency 

resolution, 1 s time window, 0.5 s time step, Hamming window). 

 

Figure 31. Low frequency analysis – rotating source contribution from first source. 
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Figure 32. Low frequency analysis – rotating source contribution from second source rotating at 120.6 rpm. 

 

Figure 33. Transient noise from Mobile Offshore Drilling Unit (MODU) due to sea state or other movement on the 

anchored position (spectrogram normalised across transients). 

 

Figure 34. Generator analysis showing hotel load tonals. 
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Figure 35. Three distinct gensets with accompanying cylinder firing rates throughout the spectrogram. These 

appear related to MODU operations as there are no secondary contacts on spectrogram and the tonals fluctuate 

with power draw. 

5.5. Source Levels 

ShipSound was used to determine the source levels for the Ocean Onyx and support vessels under 

dynamic positioning and during transits using the methods detailed in Section 4.2.3 and the 

operations described in Section 2.5. The following sections detail the Monopole Source Levels for 

each of these sources. 
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5.5.1. MODU 

Following the method detailed in Section 4.2.3.2 and the periods specified in Table 8, the mean and 

maximum MSL for the Ocean Onyx was determined for three drilling depth ranges (Figure 36). The 

mean MSL is more representative of typical levels for each drilling depth and therefore suitable for 

comparison to the levels used in Koessler et al. (2020). Three example ShipSound reports are 

provided in Appendix G.1, and a spectrogram of drilling activities extracted from the ShipSound report 

included in Appendix G.1.2 is shown in Figure 37. 

 

Figure 36. Monopole Source Level (MSL) and spectra for Ocean Onyx Mobile Offshore Drilling Unit (MODU) from 

Station 1 ShipSound processing, averaged over a ShipSound measurements over three different drilling depths, 

mean (top) and maximum (bottom). 
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Figure 37. Spectrogram from ShipSound report included in Appendix G.1.2, with a calculated Monopole Source 

Level (MSL) of 159.6 dB re 1µPa m. 

Table 11. Ocean Onyx monopole source levels (MSLs) from Figure 36. 

Measurement 
Monopole source level (dB re 1 µPa m) 

Mean  Maximum  

Drilling 26”x42” hole from 95–172 m 175.2 180.0 

Drilling 17.5” hole from 365–621 m 169.3 171.0 

Drilling 12.25” hole up to 1851 m 162.7 170.6 
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5.5.2. Vessels under Dynamic Positioning 

Following the method detailed in Section 4.2.3 for vessels under dynamic positioning, the mean MSL 

was determined to be 193.9 dB re 1 µPa (Figure 38). The mean representative of typical levels from 

the trials of dynamic positioning is therefore suitable for comparison to the levels used in Koessler et 

al. (2020). One example ShipSound report is provided in Appendix G.2. 

 

Figure 38. Monopole Source Level (MSL) and spectra for Siem Sapphire in dynamic positioning (DP) from 

Station 2 ShipSound processing. The MSL was averaged over all ShipSound measurements. 
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5.5.3. Vessels during Transit 

Following the method detailed in Section 4.2.3 for vessels under transit, the mean MSL was 

determined for each vessel, the Siem Sapphire under transit at both 7 and 9 kn (Figures 39 and 40), 

and the Siem Aquamarine and Topaz at 9 kn (Figures 41 and 42). The two transit speeds are 

therefore suitable for comparison to the levels used in Koessler et al. (2020). One example ShipSound 

report is provided in Appendix G.3. 

 

Figure 39. Monopole Source Level (MSL) and spectra for Siem Sapphire from Station 2 ShipSound processing. 

The MSL was converted to 7 kn and averaged over a few ShipSound measurements. 

 

Figure 40. Monopole Source Level (MSL) and spectra for Siem Sapphire from Station 4 ShipSound processing. 

The MSL was converted to 9 kn and averaged over a few ShipSound measurements. 
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Figure 41. Monopole Source Level (MSL) and spectra for Siem Aquamarine from Station 4 ShipSound 

processing. The MSL was converted to 9 kn and averaged over a few ShipSound measurements. 

 

Figure 42. Monopole Source Level (MSL) for Siem Topaz from Station 4 ShipSound processing. The MSL was 

converted to 9 kn and averaged over a few ShipSound measurements. 
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5.6. Vessel Detections 

Vessels were detected throughout the entire recording period using the automated detection 

algorithm described in Section 4.2.2. Results are shown for the two stations farthest from the Ocean 

Onyx, Stations 3 and 4 (Figure 43). Figure 44 shows an example of a large container vessel passing 

with a Lloyd’s mirror pattern, and the map of the pass is shown in Figure 45, along with less defined 

contributions from vessel operations at the Ocean Onyx to the north-west (purple) between 100 and 

1000 Hz. A spectrogram of a closer vessel pass and associated map are shown in Figures 46 and 47.  

 

Figure 43. Vessel detections each hour (vertical axis) compared to date (horizontal axis) over the entire recording 

period at Stations 3 and 4. Vertical dashed lines (red) indicate AMAR deployment and retrieval dates. 

 

Figure 44. Example of a 334 m long container ship (E.R. Tokyo) travelling at 16 kn passing within 5.9 km north of 

Station 4 from east to west (green/yellow through to purple) that illustrates the Lloyd’s mirror, or bathtub pattern 

over 2 h, with less defined contributions from vessel operations at the Ocean Onyx to the north-west (purple) 

between 100 and 1000 Hz. This pattern is caused by constructive and destructive interference between direct 

and reflected paths of sound (0.4 Hz frequency resolution, 2 s time window, 0.5 s time step, Hamming window, 

normalised across time).  
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Figure 45. Map of automatic identification system (AIS) reported vessel locations for the spectrogram shown in 

Figure 44.  

 

Figure 46. Example of a 200 m long vehicle carrier (Tombarra) travelling at 13 kn passing within 2.6 km south of 

Station 4 from east to west (green/yellow through to purple) that illustrates the Lloyd’s mirror, or bathtub pattern 

over 2 h, with less defined contributions from vessel operations at the Ocean Onyx to the north-west (purple) 

between 100 and 1000 Hz. This pattern is caused by constructive and destructive interference between direct 

and reflected paths of sound (0.4 Hz frequency resolution, 2 s time window, 0.5 s time step, Hamming window, 

normalised across time).  
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Figure 47. Map of automatic identification system (AIS) reported vessel locations for the spectrogram shown in 

Figure 46.  

5.7. Marine Mammals 

The acoustic presence of marine mammals was identified automatically by JASCO’s detectors 

(Section 4.2.7.3) and validated via the manual review of 0.5% of the data, which represents 312 of the 

5 min sound files, or 26 h worth of data. Acoustic signals of pygmy blue whales and dolphins were 

identified and vocalisations of other mysticetes, such as humpback and southern right whales, were 

not detected by the detectors (D.2), or observed during the 0.5% manual review. 

5.7.1. Dolphins 

Dolphins produce both impulsive (click) and tonal (whistle) sounds that show less species-level 

specificity than other marine mammal signals and are therefore more difficult to distinguish 

acoustically. Due to the directionality of impulsive clicks and the associated degradation of their 

spectral features when recorded at increasing angles away from the longitudinal axis of the vocalising 

animal, delphinid clicks cannot be confidently assigned to individual species. Furthermore, because 

the audible frequency of the acoustic data only reached 32 kHz, much of the energy from dolphin 

clicks (which can reach over 150 kHz) was not captured. Because of the overlap in spectral features 

of tonal signals from different dolphin species (Steiner 1981) and the expected but unquantified 

variability of these signals around the few described vocalisation types, we were unable to distinguish 

dolphin whistles by species.  

The dolphin clicks and whistles observed in the data (Figure 48) were likely produced by short-beaked 

common dolphins (Delphinus delphis), and/or bottlenose dolphins (Tursiops sp.) (Bilgmann et al. 

2007, Bilgmann et al. 2014, Charlton-Robb et al. 2015). These signals were observed at all stations 

throughout the recording period with detections highest at Station 4 and through the month of March 
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at Stations 1, 2, and 3 (Figures 49 and 50). It was apparent that dolphin clicks occurred more at night 

than during the day, particularly at Stations 1–3 (Figure 49). 

A third vocalisation type believed to be produced by dolphin calves was also observed in March at 

Station 3 alongside whistles (Figure 51). These lower frequency patterns of ‘chirps’ and ‘quacks’ have 

previously been attributed by JASCO analysts to young bottlenose dolphins. 

 

Figure 48. Spectrogram of dolphin clicks and whistles recorded on 21 Feb 2021 at Station 4 (64 Hz frequency 

resolution, 0.01 s time window, 0.005 s time step, Hamming window, normalised across time). The window length 

is 30 s. 

 

Figure 49. Daily and hourly occurrence of dolphin click detections recorded at Stations 1–4 (top – bottom) with 

automated detector performance metrics included along right side. The grey areas indicate hours of darkness 

from sunset to sunrise (Ocean Time Series Group 2009). Hashed areas indicate when there was no acoustic data 

and red dashed lines indicate the start and end of recordings. Automated detector results are for the dolphin click 

train detector. 
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Figure 50. Daily and hourly occurrence of dolphin whistle detections recorded at Stations 1–4 (top – bottom) with 

automated detector performance metrics included along right side. The grey areas indicate hours of darkness 

from sunset to sunrise (Ocean Time Series Group 2009). Hashed areas indicate when there was no acoustic data 

and red dashed lines indicate the start and end of recordings. Automated detector results are for the WhistleHigh 

detector. 

 

Figure 51. Spectrogram of dolphin whistles (above 5000 Hz) and sounds from young dolphins (majority present 

under 5000 Hz) recorded on 16 Mar 2021 at Station 3 (2 Hz frequency resolution, 0.125 s time window, 0.03125 s 

time step, Hamming window, normalised across time). The window length is 30 s. 

5.7.2. Pygmy Blue Whales 

Songs of pygmy blue whales (Balaenoptera musculus brevicauda; Figures 52 and 53) were detected 

sporadically through February and the first half of March. By the end of March, the signals were 

present in almost every hour of recording (Figure 54). This pattern of occurrence was reflected across 

all recording stations (Figure 54). In addition to the songs containing A, B, and C notes (Figures 52 

and 53) (McDonald et al. 2006, Gavrilov and McCauley 2013, McCauley et al. 2018) that were the 

most common blue whale vocalisation in the data, blue whale D calls (Figure 55) (Recalde-Salas et al. 

2014) were also present at the end of March and into April. 
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At Station 4, the direction of the blue whale acoustic signals relative to the recorder position was 

observed. An example of this is provided in Figure 52, where one blue whale is singing to the 

northwest, and one is singing to the southeast. Similarly, in Figure 55, the blue whale is calling from 

south of the recorder. When manually analysing blue whales at Station 4, an annotation was created 

for every direction of calling animals and the direction saved with the annotation. Figure 56 

summarises these blue whale directional results from manual analysis. Blue whales occurred in all 

directions relative to Station 4, and there were 1–3 individuals confirmed vocalising at a time (Figure 

56). Early in the recording, there is an apparent trend in the animals being more to the east and, later 

in the recording, being more to the west. However, the data were too sparse to confirm anything about 

animal movements. 

 

Figure 52. Directogram of pygmy blue whale songs recorded on 31 Mar 2021 at Station 4 (UTC) (0.4 Hz 

frequency resolution, 2 s time window, 0.5 s time step, Hamming window, normalised across time). Displaying 

~40 min of data. One blue whale is singing to the northwest of Station 4 (pink) and one is singing to the southeast 

of Station 4 (green). 

 

Figure 53. Spectrogram of pygmy blue whale songs recorded on 30 Mar 2021 at Station 3 (UTC) (0.4 Hz 

frequency resolution, 2 s time window, 0.5 s time step, Hamming window, normalised across time). Displaying 

5 min of data. 
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Figure 54. Daily and hourly occurrence of pygmy blue whale vocalisations recorded at Stations 1–4 (top – bottom) 

with automated detector performance metrics included along right side. The grey areas indicate hours of 

darkness from sunset to sunrise (Ocean Time Series Group 2009). Hashed areas indicate when there was no 

acoustic data and red dashed lines indicate the start and end of recordings. Automated detector results are for 

the AUS_BW_BH20 detector. 

 

Figure 55. Directogram of pygmy blue D calls recorded on 2 Apr 2021 at Station 4 (UTC) (2 Hz frequency 

resolution, 0.125 s time window, 0.03125 s time step, Hamming window, normalised across time). Displaying 16 s 

of data. The blue whale is vocalising to the south of Station 4 (teal). In the second call, the frequencies fall below 

those which can be accurately determined with the hydrophone spacing using, with the colour of the signal 

changing from teal to purple and navy blue. 
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Figure 56. Plot of direction of blue whale vocalisations relative to Station 4 over the recording period where each 

point is a calculated from a manual annotation created during the 0.5% manual validation analysis (one annotation 

per direction per 5 min file analysed). 

5.7.3. Other Potential Biological Sounds 

Occasionally during manual analysis, pulses ranging from ~750 to 1250 Hz (Figure 57) were observed 

that may have been produced by fish. Alternatively, these signals could be a result of some 

anthropogenic activity, noises from which were noted through much of the data during manual review, 

particularly at Stations 1 and 2. Fish chorusing activity was apparent in the LTSAs, in particular at 

Station 4, with examples provided in Figures 58–60. 

 

Figure 57. Spectrogram of unknown signals potentially produced by fish (pulses at 500–1250 Hz) recorded on 

12 Mar 2021 at Station 3 (UTC) (2 Hz frequency resolution, 0.125 s time window, 0.03125 s time step, Hamming 

window, normalised across time). Displaying 30 s of data. 
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Figure 58. In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of 

underwater sound for one week of data at Station 4, showing daily fish chorus’s between 700 and 2000 kHz, and 

between 150 and 450 Hz, more obvious after 17 Feb 2021. 

 

Figure 59. In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of 

underwater sound for one day of data at Station 4, showing the daily fish chorus between 700 and 2000 kHz, and 

between 150 and 450 Hz, apparent in Figure 58, and six vessel transits. 
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Figure 60. In-band sound pressure level (SPL) and spectrogram (or long-term spectral average; LTSA) of 

underwater sound for one day of data at Station 4, showing the daily fish chorus between 700 and 2000 kHz, 

lasting almost the entire day, along with six vessel transits. 
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6. Validation Analysis 

Table 12 presents the four scenarios that need to be considered to validate the pre-measurement 

modelling presented in Koessler et al. (2020) for the Artisan-1. The scenarios are described in Table 

12, with the modelling site locations and descriptions provided in Table 13. 

Table 12. Description of modelling scenarios for the Artisan-1 development area from Koessler et al. (2020) 

Well 
Scenario 

number 
Description 

Associated 

modelled sites 

Artisan-1 

5 MODU, normal drilling operations 4 

6 OSV standby, independent of MODU, for 24 h 6 

7 
MODU with OSV during resupply operations 

(including 4 hours alongside the MODU) 
4, 5 and 6 

8 
MODU with OSV standby (combination of 

Scenarios 5 and 6) 
4 and 6 

 

Table 13. Location details for the validation modelled sites. 

Well Site Source Latitude (S) Longitude (E) 
MGA Zone 54 (GDA94) Water 

depth (m) X (m) Y (m) 

Artisan-1 

4 MODU 38° 53' 27.4106" 142° 52' 58.4450" 663300 5693640 71.5 

5 OSV 38° 53' 27.4021" 142° 53' 01.0962" 663364 5693639 71.6 

6 OSV standby 38° 53' 26.1553" 142° 54'21.4165" 665300 5693637 70.2 

 

6.1. Source Level Comparison 

The modelled source levels used in Koessler et al. (2020) are shown in Figures 61–63 alongside MSLs 

from the measurement program.  

The mean estimated source levels for the vessels under transit used in the modelling study, which 

were derived based on the scaling of the power level, were similar to the MSL determined through the 

measurement study, which varied significantly with vessel speed (between 171.6 and 185.2 dB 

re µPa m). The trend of decreased MSL with speed follow those from studies on commercial shipping 

and ferries (MacGillivray et al. 2019). The measured MSL under dynamic positioning was different to 

that used in Koessler et al. (2020), in part due to the vessel power levels applied, but also because the 

approach used to estimate sound levels under dynamic positioning is based upon vessels under 

transit and is an approximation based on the Maximum Continuous Rating (MCR). Limited 

measurements of vessels under dynamic positioning using standardised measurement approaches 

are reported in literature, and there are significant differences between the thruster models and 

specifications, depths, and vessel dynamic positioning systems which control thruster operations. 

Therefore, this characterisation is a valuable contribution to understanding the MSLs for systems 

installed in anchor handling vessels. 

The mean MSLs for the Ocean Onyx Figure 63 decrease as the drilling depth increases. The estimate 

of the Ocean Onyx source level spectrum was based on the Transocean Polar Pioneer, a similarly 

sized MODU. The Polar Pioneer was measured by JASCO while anchored and drilling, and had a 

broadband (10 Hz to 35 kHz) source level of 170.1 dB re 1 µPa m (Austin et al. 2018), although the 
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source level used in the modelling was 178.7 dB re 1 µPa m. The mean maximum MSL from the 

measurement program was 175.2 re 1 µPa m, associated with shallowest drilling depths. 

 

Figure 61. Offshore Support Vessel (OSV): Decidecade source level spectra of the modelled OSV, slow transit 

(15% MCR) and Monopole source levels (MSLs) determined through the measurement program. 

 

Figure 62. Offshore Support Vessel (OSV): Decidecade source level spectra of the modelled DP (20% MCR) and 

MSLs determined through the measurement program. 
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Figure 63. Mobile Offshore Drilling Unit (MODU): Decidecade source level spectra of the modelled MODU, and 

the mean MSLs determined through the measurement program of the Ocean Onyx for three stages of drilling. 

6.2. Understanding Propagation Loss 

The plotted data and curve fits, as discussed in Section 4.2.4 and presented in Section 5.3, provide 

substantial detail on the environmental effects on the propagation of acoustic energy in the water 

column. In comparing SPL data fits for Stations 1–3, the loss rate is higher than what would have been 

expected in this environment, considering the higher MSLs for the support vessel on DP derived from 

measurements. In consideration of the potential variations in the seabed geologic compositions as 

indicated in Section 2.4, any difference may be attributed to the existence or absence of a thin veneer 

of sand. 

A comparison exercise was conducted using JASCO’s Marine Operations Noise Model (MONM) and 

JASCO’s wavenumber integration model (VSTACK; Hannay et al. 2010, Jensen et al. 2011). VSTACK 

computes propagation loss versus depth and range for arbitrarily layered, range-independent acoustic 

environments using the wavenumber integration approach to solve the exact (range-independent) 

acoustic wave equation. Seabed reflectivity in the model is dependent on the seabed layer properties: 

compressional and shear wave speeds, attenuation coefficients, and layer densities. It is valid over the 

full angular range of the wave equation and can fully account for the elasto-acoustic properties of the 

sub-bottom.  

A simple range-independent isovelocity water column (1500 m/s) was modelled considering a 

calcarenite seabed with and without a thin layer of sand as detailed in the Appendix of Koessler et al. 

(2020). The decidecade spectra of the measured MODU in Section 6.1 were combined with the 

modelled propagation loss from MONM and VSTACK to produce received level (SPL; Lp) scatter plots 

with range. Receivers were chosen to span the water column and the MSL source depth was located 

at 11 m. The results are shown below in Figures 64 and 65 when considering the mean maximum 

decidecade MSL presented above in Section 6.1 . 
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Figure 64 Mobile Offshore Drilling Unit (MODU): Predicted received levels (SPL) for a simplified range 

independent environment with a calcarenite seabed with a thin overlying veneer of sand. 

 

Figure 65 Mobile Offshore Drilling Unit (MODU): Predicted received levels (SPL) for a simplified range 

independent environment with a calcarenite seabed with no sand layer. 

When considering the results from VSTACK, the indication is that much higher rates of loss would be 

expected if no sand layer were present. Considering the variably of the distribution of seafloor 

sediments within the wider region, the higher rates of loss indicate that that the any overlaying sand is 

much thinner than or completely absent at the seafloor. In consideration of these modelled results and 

the SPL curve fits in in Section 5.3, the validation exercise was therefore carried out with the 

geoacoustic model consisting of well-cemented carbonate caprock, overlying semi-cemented 

carbonate rock. 
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An additional broadband correction was applied to the propagation loss results from MONM to 

account for the higher rates of loss when the full for the elasto-acoustic properties of the sub-bottom 

are consider. The differences between the broadband SPL from MONM and VSTACK were extracted 

at the same modelled ranges and depths that corresponded range independent predictions. The 90th 

percentile of the resultant dB differences was selected at each range to generate a generalised 

conversion function for each individual site to be modelled. The conversion functions were applied 

after the propagation loss calculation from MONM but before summing decidecade band levels, 

gridding, and radii calculations for each modelled site in each modelled scenario considered. Figure 

66 shows an example comparison of the re-modelled results for Scenario 7 (MODU with OSV during 

resupply operations), at a receiver depth of 70.5 m (the median depth of measurement Stations 1–3) 

and an azimuth of 60°, against the data and 90th percentile data fit bounds for when the levels at 

Station 1 are above 150 dB re 1µPa (Figure 22). It is inferred that the data plotted here is associated 

with operational activity in the vicinity of the MODU and therefore may be similar to the modelled 

resupply operations scenario, at least for comparative purposes. The similar decay rates between the 

modelling and measured data indicate that re-modelled results presented here are broadly within 

measured range of levels for similar operations. 

However, these data contain many different operations that will not exactly align with nominal 

representative scenarios for modelling, due to the time varying nature of the operations and 

associated produced sound levels. The modelled scenario produces levels that intersect the upper 

bound of the measured data, and therefore it is likely conservative through using the static MSL and 

operational representations – whilst a more detailed scenario is possible to be created (Quijano et al. 

2019), that was beyond the scope of this study.  

 

Figure 66. Generalised model validation plot. 
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6.3. Revised Threshold Distances  

The results from the measurement study cannot be directly compared to the modelling presented in 

Koessler et al. (2020) due to the differences in actual events compared to the nominal representative 

scenarios developed and evaluated as part of the EP assessment process. Additionally, the 

measurements were obtained at a receiver 1.2 m off the seafloor, not at the maximum-over-depth 

results reported in the modelling study. The ranges obtained from the measurement study are 

reported in relation to the Artisan-1 well location, and thus the centre of the Ocean Onyx. The ranges 

in the modelling study are reported from a range of locations, including the centroids of multiple 

sources, thus it is not possible to report the measurement results in a similar fashion using the small 

number of recording locations used in this study. 

However, the understanding of the propagation loss environment, and the revision of the 

representation and treatment of it as detailed in Section 6.2, enabled the modelling scenarios for 

activities at Artisan-1 presented in Koessler et al. (2020) to be recalculated. The revised results for 

distances to maximum-over-depth SPL isopleths are presented in Table 14 and compared in Table 15 

to the original modelling. The revised results for distances to maximum-over-depth SEL thresholds are 

presented in Table 16 and compared in Table 17 to the original modelling. 

Table 14. Maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) from the 

most appropriate location for considered sources per scenario (see table footnotes).  

SPL 

(Lp; 

dB re 1 μPa) 

MODU  

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and OSV 

resupply 

(Scenario 7)A 

MODU and OSV 

standby 

(Scenario 8)B 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

Rmax  

(km) 

R95%  

(km) 

180 – – – – 0.03 0.03 – – 

170C – – – – 0.06 0.06 – – 

160 – – – – 0.13 0.12 – – 

158D – – – – 0.16 0.15 – – 

150 0.04 0.04 – – 0.32 0.31 – – 

140 0.12 0.11 0.03 0.03 0.83 0.78 0.03 0.03 

130 0.36 0.35 0.14 0.14 2.3 2.16 0.14 0.14 

120E 1.17 1.09 0.37 0.35 7.02 6.41 2.09 1.9 

110 4.74 3.87 0.91 0.88 18.03 15.85 5.21 4.54 

A Radial distance reported from the mid-point between the MODU and the OSV on DP in resupply operations. 
B Radial distances for isopleths/thresholds that envelope the MODU and OSV were reported from the mid-point between the 

MODU and the centre of the OSV standby area. Otherwise radial distances reported from the OSV in the standby area. 
C 48 h threshold for recoverable injury for fish with a swim bladder involved in hearing (Popper et al. 2014). 
D 12 h threshold for TTS for fish with a swim bladder involved in hearing (Popper et al. 2014). 
E Threshold for marine mammal behavioural response to continuous noise (NOAA 2019). 

A dash indicates the level was not reached within the limits of the modelling resolution (25 m). 
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Table 15. Difference in maximum (Rmax) and 95% (R95%) horizontal distances (in km) to sound pressure level (SPL) 

between Koessler et al. (2020) and modelling completed using data from measurement study. Positive values 

indicate and increase in distance as compared to Koessler et al. (2020), negative values indicate a decrease.  

SPL 

(Lp; 

dB re 1 μPa) 

MODU  

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and OSV 

resupply 

(Scenario 3) 

MODU and OSV 

standby 

(Scenario 4) 

Difference 

Rmax (km) 

Difference 

R95% (km) 

Difference 

Rmax (km) 

Difference 

R95% (km) 

Difference 

Rmax (km) 

Difference 

R95% (km) 

Difference 

Rmax (km) 

Difference 

R95% (km) 

180 * * * * * * * * 

170 * * * * 0.03 0.03 * * 

160 * * * * 0.07 0.06 * * 

158 * * * * 0.07 0.06 * * 

150 -0.04 -0.04 -0.05 -0.05 -0.01 0.0 -0.05 -0.05 

140 -0.09 -0.09 -0.34 -0.33 -0.77 -0.75 -0.34 -0.33 

130 -0.83 -0.74 -1.75 -1.67 -3.59 -3.25 -3.08 -2.68 

120 -4.74 -4.3 -5.86 -5.34 -10.4 -8.99 -6.85 -5.99 

110 -30.13 -18.76 -18.06 -14.43 -42.03 -32.65 -31.54 -23.44 

An asterisk indicates that the difference in radial distance could not be computed due to distances less than the modelled 

resolution . 

Table 16. Maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS thresholds 

based on NMFS (2018) and Finneran et al. (2017) from the most appropriate location for considered sources per 

scenario, and ensonified area (km2).  

Hearing  

group 

SEL24h 

threshold 

(LE,24h; dB re 

1 µPa²·s)B 

MODU 

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and OSV 

resupply  

(Scenario 7)A 

MODU and OSV 

standby 

(Scenario 8)A 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

Rmax 

(km) 

Area 

(km2) 

PTS 

LF cetaceans 199 – – – – – – – – 

MF cetaceans 198  – – – -– – – – – 

HF cetaceans 173 0.19 0.11 – – 0.2 0.12 0.19 0.11 

Phocid seals 201 – – – – – – – – 

Otariid seals 219 – – – – – – – – 

Turtles 220 – – – – – – – – 

TTS 

LF cetaceans 179 0.31 0.31 1.01 0.35 0.95 2.78 0.31 0.66 

MF cetaceans 178 0.13 0.05 – – 0.16 0.06 0.13 0.05 

HF cetaceans 153 1.07 3.44 1.01 0.18 1.09 3.86 1.06 3.64 

Phocid seals 181 0.12 0.05   0.35 0.28 0.12 0.05 

Otariid seals 199 – – – – – – – – 

Turtles 200 – – – – – – – – 

A Radial distance reported from the centre of the MODU, unless indicated otherwise. 
B Frequency weighted.  
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A dash indicates the level was not reached within the limits of the modelling resolution (25 m). 

Table 17. Difference in maximum (Rmax) horizontal distances (in km) to frequency-weighted SEL24h PTS and TTS 

thresholds based on NMFS (2018) and Finneran et al. (2017) between Koessler et al. (2020) and modelling 

completed using data from measurement study. Positive values indicate and increase in distance as compared to  

Koessler et al. (2020), negative values indicate a decrease.  

Hearing  

group 

SEL24h 

threshold 

(LE,24h; dB re 

1 µPa²·s)† 

MODU 

(Scenario 5) 

OSV standby 

(Scenario 6) 

MODU and 

OSV resupply  

(Scenario 7) 

MODU and 

OSV standby 

(Scenario 8) 

Rmax (km) Rmax (km) Rmax (km) Rmax (km) 

PTS 

LF cetaceans 199 * * * * 

MF cetaceans 198  * * * * 

HF cetaceans 173 0.15 * 0.16 0.15 

Phocid seals 201 * * * * 

Otariid seals 219 * * * * 

Turtles 220 * * * * 

TTS 

LF cetaceans 179 -0.61 -0.11 -1.78 -2.45 

MF cetaceans 178 * *   

HF cetaceans 153 0.47 -0.03 -1.59 0.02 

Phocid seals 181 -0.09 * 0.14 -0.09 

Otariid seals 199 * * * * 

Turtles 200 * * * * 

† Frequency weighted. 

An asterisk indicates that the difference in radial distance could not be computed due to distances less than the modelled 

resolution. 
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7. Discussion and Conclusion 

7.1. Ambient Soundscape 

The insights into ambient soundscape within the Otway Basin and in the vicinity of the Development 

Drilling program can be obtained through the data recorded at Station 4, and in part, Station 3. 

Stations 1 and 2 are too close to the location of the Artisan-1 well and associated activity to provide 

any information about ambient noise while the Ocean Onyx is present. Whilst data exists outside the 

period in which the Ocean Onyx is present, this data includes noise from the moored rig anchor 

chains, which are not a typical soundscape contributor. 

The correlograms (Section 5.2) show a positive correlation between wind speeds and wave heights 

and sound levels for frequencies over 100 Hz, with the relationship with wind speed being stronger 

than that for wave height. For both stations shipping is a strong contributor: most days recorded a 

significant number of vessel detections (Section 5.6), with the contributions at Station 4 apparent in 

the power spectral density and percentile plot (Figure 16), between 40 and approximately 100 Hz. If 

the support vessels for the Development Drilling program did not pass near Station 3 as often while 

under station keeping, the number of close vessel passes would have been less, and thus it is likely 

that the statistics presented in Table 10 would have reflected a soundscape with quieter sound levels 

on average. 

In terms of monitoring work with the Otway and Bass Strait regions, between 2009 and 2016 the 

Integrated Marine Observing System (IMOS) has been recording underwater sound south of Portland, 

Victoria (38°32.5' S, 115°0.1'E). Prominent sound sources identified in recordings include blue and fin 

whales at frequencies below 100 Hz, ship noise at 20 to 200 Hz, and fish at 1 to 2 kHz (Erbe et al. 

2016). In the broader region, primary contributors to background sound levels were wind, rain and 

currents-and waves-associated sound at low frequencies under 2 kHz (Przeslawski et al. 2016), and 

biological sound sources including dolphin vocalisations were also recorded. 

To gain an understanding of the existing marine acoustic environment to inform the impact 

assessment for the Otway Gas Development, acoustic monitoring was undertaken by Woodside 

(2003). During April-May 2001, two underwater noise loggers were placed (5.1 km and 2.9 km) south-

west of an exploration petroleum drilling vessel at the Thylacine site to measure underwater noise 

before, during, and after drilling activity. Only one of the loggers (5.9 km) was able to be recovered. A 

further logger was placed in the shipping lane approximately 60 kms due south of Port Fairy to 

measure ambient noise produced by physical, man-made and biological sources between late 

November 2001 and early March 2002.  

A summary of the report states that the following features were noted with respect to underwater 

noise environment at the Thylacine location: 

• Relatively quiet with only the passage of several boats (about ten) evident. 

• The rig tender and drill rig noise show clearly from 13:00 on the 3 May 2001. 

• Drill rig noise was evident as sharp tones. 

• Rig tender noise was evident either at a low but persistent level for days or in short bursts of high 

level noise for several hours associated with manoeuvring, use of thrusters or as a close passage 

by the receiver. 

• The horizontal banding characteristic of persistent calling by pygmy blue whales was not evident, 

rather these call types occurred infrequently and at low levels indicating the respective sources 

were at long range. 

• Evidence of low-level, distant evening fish choruses only. 
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However, at the shipping lane location, it was noted: 

• Regular passages of boats evident. 

• Regular evening fish choruses, there were also dawn choruses and persistent low level calling by 

these sources over daytime. 

• Blue whale calling persisted over many hours, an example is the first close passage for the season 

just before midday on 4 January 2002 followed by several more animals a day later. 

• Evidence of calling from at least three other whale species. 

• Baseline broadband underwater noise for the period was in the order of 93 to 97 dB re 1 μPa with 

shipping raising the averaged noise level above 105 dB re 1 μPa for 6% of the deployment time. 

An acoustic monitoring program was also undertaken during exploratory drilling of the Casino-3 well. 

A sound logger located 28.03 km from the drill site did not detect drilling noise and recorded ambient 

noise that ranged between 90 and 110 dB re 1 μPa (McCauley 2004). Passive acoustic monitoring 

commissioned by Origin from April 2012 to January 2013, 5 km offshore from the coastline east of 

Warrnambool, identified that ambient underwater noise in coastal areas is generally higher than 

further offshore, with a mean of 110 dB re 1 µPa and maximum of 161 dB re 1 µPa. 

JASCO has not reviewed these historical reports and the associated activity descriptions within them, 

or information on the vessels and MODU used, therefore direct comparison between the data 

collected during exploratory drilling of the Casino-3 well and the Artisan-1 well should be conducted 

with caution.  

Comparing the results from a recorder 28.3 km from drilling operations at Casino 3 with Station 4, the 

results for Station 4 were a median broadband ambient noise of 104.5 dB re 1 µPa, a mean of 

118.3 dB re 1 µPa, a minimum of 86.6 dB re 1 µPa, and a maximum of 153.6 dB re 1 µPa, which is 

both quieter and louder than those for Casino 3. The mean levels at Station 4 are 8.3 dB higher than 

those recorded 5 km offshore of Warrnambool, while the maximum recorded at Station 4 is lower by 

7.4 dB. The use of percentiles, as provided in Section 5.1.1, Figure 16 and Table 10, in the context of 

contributors such as weather (Section 5.2), shipping (Section 5.6), and marine mammals (Section 

5.7), provides a more nuanced understanding of sound levels received at a recording station. Local 

variations in ambient noise and received levels can depend upon water depth and the proximity to 

contributors In this case, the shipping lanes (Section 2.2) and the frequency and proximity of vessel 

passes are strong drivers of the ambient noise at Station 4. The use of Station 4 as a dedicated 

measurement location for the support vessels (Section 2.5.2) does not change the relevance of the 

results from this measurement location, as those vessels would still have been transiting at similar 

speeds and along similar tracks on trips between Geelong and Artisan-1. The quieter levels reported 

at Thylacine in Lattice Energy (2017) are likely due to the placement of the monitoring station at a 

distance from the shipping lanes (Figure 3), which limited their contributions to the data set and thus 

resulted in a lower reported range of received sound levels. 
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7.2. Modelling Validation 

The Monopole Source Levels determined through the measurement study differed from those either 

estimated for use in the modelling study or those determined using proxy sources. The key 

differences are as follows: 

• The support vessels are quieter than estimated when they are under slow transit speeds, such as 

7 kn.  

• The support vessels are louder than estimated when they are travelling at faster transit speeds, 

with 9 kn used to represent these speeds and the associated MSL. 

• The support vessels are louder than estimated when holding station or moving under dynamic 

positioning. 

• The drilling operations of the Ocean Onyx are both louder at some frequencies and quieter at 

others than those for the proxy rig the Polar Pioneer (Austin et al. 2018), although the results 

presented for the Polar Pioneer did not examine the changes in level with increased drilling depth 

(over time) as completed within this study. 

The relationship between vessel speed and MSL is well known, with recent detailed examinations on 

shipping traffic associated with the Port of Vancouver (Joy et al. 2019, Trounce et al. 2019, JASCO 

Applied Sciences and SMRU Consulting 2020). Conducting the measurement campaign in deeper 

water, along with higher time resolution location reporting systems for the vessels, automated high 

time resolution engine information reporting, and a greater number of vessel passes at a range of 

speeds would further develop this dataset to allow for more accurate predictions of sound level in 

relation to vessel speed or operations. Predictions of sound levels using speed and operational state is 

preferred to estimates determined using scaling of power levels, particularly when considering the 

range of propulsion systems on the vessels.  

The measurement of sound levels for vessels under DP is complex and time consuming. It requires 

dedicated operations in the absence of other activities, which is a challenge considering the task 

requirements of typical support and anchor handling vessels. Few studies have reported the MSL of 

support vessels under DP, with the majority estimating the RNL rather than MSL. The large range of 

thrusters and operational control systems and the variable source depths of each individual thruster 

contribute to the complexity of estimating source levels. Measurement studies are complicated by 

environmental conditions and the specifics of each vessel. The MSLs calculated from each of the 

three DP exercises defined (Section 2.5.2) were very similar. However, the ability to replicate these 

across different weather conditions and position holding constraints would likely provide valuable 

information which could help contextualise future modelling studies.  

The MSLs reported within this study can be used as inputs to modelling studies for other operations 

for the same or similar vessels or MODU’s. However, the reported ranges to thresholds are specific to 

the Artisan-1 well location, and not transferrable to other locations, particularly in different water 

depths, geologic environments, and sound speed profiles. The approach developed to represent the 

propagation loss based upon the measurement results is suitable for other locations within the 

continental shelf portion of the Otway Basin. However, the accuracy of the representation of the 

propagation loss within this environment depends significantly upon the frequency content of the 

radiating sound source together with thickness of the sand layer on the calcarenite seabed within the 

region. In general, the thinner the sand layer, the greater the propagation loss.  

The agreement between VSTACK and MONM would be expected depend on the level and frequency 

content of the modelled source and the thickness of any unconsolidated sediments at the seafloor as 

low frequency energy will be less sensitive to thin layers. For the comparison conducted here in 

Section 6.2, the comparison between VSTACK and MONM is excellent when only a comparatively thin 

1 m thick layer of sand overlies the carbonate seabed structure. If the data decay rates were more 
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indicative of propagation over a layer of sediment, then MONM could have been used without 

correction. 

The distances to the effect thresholds based on the measurement study results (Section 6.3) are 

reduced compared to those presented in Koessler et al. (2020). The understanding of the environment 

gained through the measurement study allowed for the geological environment to be represented in a 

site specific fashion, and a more appropriate configuration of numerical models to represent the 

propagation loss. The application of the revised modelling approach to represent other Beach Energy 

activities on the continental shelf of the Otway Basin would be appropriate. 

7.3. Development Drilling Program Contributions 

Soundscape contributions of the Development Drilling operations were activity-dependent and 

depended upon proximity to both the Ocean Onyx and associated support vessels. At the three 

closest stations, the relative contributions are demonstrated through the LTSAs and percentiles for the 

entire period the Ocean Onyx was operational at Artisan-1, and two presented example periods. One 

of the presented example periods involved significant contributions to the sound fields at the three 

stations close to the rig presented in Section 5.1.1, as well as considering the per station daily SELs 

(Section 5.1.2).  

A better understanding of the contributions from the Development Drilling operations on a regional 

scale is provided through the data recorded at Station 4, 25 km from the Ocean Onyx (whilst drilling 

operations were being conducted at Artisan-1), and they did not appear to be a significant contributor 

to the overall soundscape. While the operational contributions were not significant at Station 4, they 

were apparent throughout different stages of the activity. At long ranges, the contribution from the 

drilling itself is hard to distinguish from associated vessel operations, complicated by support vessels 

manoeuvring over an area greater than 100 km2. The support vessels operating under dynamic 

position while completing tasks at Artisan-1 which required high thrust levels, such as anchor handling 

and accurate station keeping in high sea states, were apparent at Station 4 (for example Figure 44). 

The configuration of Station 4 to be able to present received signals with the context of direction 

allowed for the attribution of signals to specific sources. Whilst the recording station 28 km from the 

Casino 3 drilling operation reported in Lattice Energy (2017) was not able to detect drilling noise, the 

analysis would not have been able to attribute detected vessel noise to the support vessels for the rig. 

Therefore, it is likely that the Casino 3 monitoring program recorded noise associated with the drilling 

program but was unable to attribute it due to the lack of context provided by single omni-directional 

hydrophone recorder configurations (similar to Stations 1–3). 

Periods with less dynamic positioning utilisation, such as between 17:00 and 18:39 on 8 Mar 2021, 

ShipSound report in Appendix G.1.2, with the spectrogram shown in Figure 37, had only faint potential 

contributions noticeable at Station 4 (Figure 67). In this figure, long tonals which originate in a north-

west direction (the direction of Artisan-1) are apparent between 100 and 250 Hz. However, these are 

not apparent in data at Station 1 (Figure 37), and thus potentially do not originate close to the rig. In 

addition to these tonals, the spectrogram shown in Figure 67 shows periods of rain, the approach of 

the 17 m long sailing boat Zatara (Figure 68), which passes within 686 m of Station 4 at a speed of 

8 kn, and a likely fish chorus between 800 and 1000 Hz from the north-west. 

The rig move operations were apparent, similarly to other periods of high thrust levels, with 

contributions from the support vessels throughout the tow period matching the relative direction 

received at Station 4 (Figures 69 and 70). The frequency range, which was still typically detectable at 

long ranges, 100 to up to 1000 Hz, is above the frequency range for the fundamentals and primary 

harmonics for pygmy blue whale vocalisations (Section 5.7.2), as shown in Figure 69. Therefore, the 

potential effect on the communication and listening space (Hannay et al. 2016a), and thus masking, at 
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longer ranges is less apparent than it is for seismic survey activity, or regions in which low frequency 

signals experience less loss then they do in locations with highly absorptive seabeds. 

 

Figure 67. Data recorded on Station 4 including Ocean Onyx ShipSound analysis reports between 17:00 and 

18:39 on 8 Mar 2021, ShipSound report in Appendix G.1.2, with the spectrogram shown in Figure 37 (0.4 Hz 

frequency resolution, 2 s time window, 0.5 s time step, Hamming window, normalised across time).  

 

Figure 68. Map of AIS reported vessel locations for the spectrogram shown in Figure 67. 
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Figure 69. Example of the contribution of the three support vessels and the Ocean Onyx while ~23 km away in a 

south-west direction under tow from Artisan-1 to Geographe, apparent via the blue horizontal striations between 

100 and 500 Hz, along with multiple pygmy blue whales in a west to north-west direction of Station 4 (0.4 Hz 

frequency resolution, 2 s time window, 0.5 s time step, Hamming window, normalised across time).  

 

Figure 70. Map of automatic identification system (AIS) reported vessel locations for the spectrogram shown in 

Figure 69.  
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7.4. Marine Mammals 

The marine mammal acoustic detection results presented in this report provide an index of acoustic 

occurrence for each species. Although they can be used to describe the relative occurrence of a 

species, several factors influence the detectability of the targeted signals. Although acoustic detection 

does indicate presence, an absence of detections (automated or manual) does not necessarily 

indicate an absence of animals. An animal may be present but not detected if no individuals were 

vocalising near the recorder, their signals were masked by environmental and/or anthropogenic noise 

sources, or a combination of these factors. Different sound propagation environments and different 

seasonal effects will impact the detection range of a given signal over time and, therefore, influence 

the number of detectable signals. The acoustic signals of both dolphins and pygmy blue whales were 

present in the acoustic data. vVcalisations of other mysticetes, such as humpback and southern right 

whales, were not detected by the detectors (D.2), or observed during the 0.5% manual review. 

7.4.1. Dolphins 

Dolphin species reported in offshore Victorian waters include the short-beaked common and 

bottlenose dolphins (Bilgmann et al. 2007, Bilgmann et al. 2014). Burrunan dolphins (Tursiops 

australis) can also occur in the region (Charlton-Robb et al. 2015), although they are likely more 

coastal. While it would be ideal to discriminate between species, success has been limited using 

automated detectors, and the detailed manual analysis required to attempt to identify individual 

species is beyond the scope of this report (Steiner 1981, Rendell et al. 1999, Oswald et al. 2003, 

Baron et al. 2008).  

Based on the occurrence of echolocation clicks and whistles, dolphins occurred in the area 

throughout the recording period at all stations. Dolphin acoustic occurrence was low in February and 

increased through March at Stations 1, 2, and 3. In contrast, dolphins were consistently present at an 

almost hourly basis at Station 4. It is impossible to say whether the sparsity of dolphins at Stations 2 

and 3 in February is a result of the animals not being common or of their signals being masked by the 

high noise environment (Figure 16).  

The predominance of delphinid clicks during hours of darkness could correspond to foraging on prey 

species that follow the diel vertical migrations of zooplankton. Similar patterns have been observed in 

studies of a number of whale species (Víkingsson 1997, Au et al. 2000, Wiggins et al. 2005, 

Baumgartner and Fratantoni 2008, Sayigh et al. 2013) and by JASCO in studies conducted in northern 

Australian waters (McPherson et al. 2012, McPherson et al. 2014, McPherson et al. 2016). However, 

recent research suggests that though such patterns are common, they may not be as closely linked to 

prey as previously thought (Osiecka et al. 2020). 

The presence of sounds believed to be produced by young bottlenose dolphins suggests that not only 

were dolphins using this region to socialize (indicated by presence of whistles) and forage (indicated 

by presence of clicks), but they also care for their young. 
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7.4.2. Pygmy Blue Whales 

The acoustic occurrence of pygmy blue whale vocalisations in the acoustic data was unsurprising as 

they have previously been reported in the region and the Bonney Upwelling is a known foraging area 

for this species (Garcia‐Rojas et al. 2018, McCauley et al. 2018, Mӧller et al. 2020). Tag data indicates 

that blue whales are most common in the recording area between January and July, coinciding with 

the upwelling season of the region (Mӧller et al. 2020). The lack of clear directional movement during 

the recording period is unsurprising given both the small sample size and that this area is believed to 

be a location where blue whales aggregate, as opposed to a migratory corridor where a more 

consistent pattern in direction over time would be expected. The data does indicate an apparent trend 

in the animals early in the recording being more to the east and later in the recording being more to 

the west, but the data were too sparse to confirm anything about animal movements. A monitoring 

program with directional stations distributed across the Otway Basin would be able to provide this 

information. 

The presence of songs indicates the presence of male pygmy blue whales and the increased 

regularity of songs at the end of March at all stations corresponds with the onset of the winter singing 

season for this species (McCauley et al. 2018). Indeed, we cannot say whether the increased vocal 

activity in March is a result of increased animals in the region or a shift in acoustic behaviour. The blue 

whale occurrence results were extremely similar across recording stations which is unsurprising given 

the close vicinity of the recorders that were likely simultaneously recording the same blue whale 

vocalisations which can propagate great distances, as demonstrated for both pygmy and Antarctic 

blue whales (Gavrilov and McCauley 2013, Miller et al. 2013, Warren et al. 2021). It is believed that 

non-song D calls can be produced by male or female blue whales, and it may be a social call 

(Recalde-Salas et al. 2014). 
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Glossary 

1/3-octave 

One third of an octave. Note: A one-third octave is approximately equal to one decidecade (1/3 oct ≈ 

1.003 ddec; ISO 2017a).  

1/3-octave-band 

Frequency band whose bandwidth is one one-third octave. Note: The bandwidth of a one-third 

octave-band increases with increasing centre frequency. 

90%-energy time window 

The time interval over which the cumulative energy rises from 5 to 95% of the total pulse energy. This 

interval contains 90% of the total pulse energy. Symbol: T90. 

90% sound pressure level (90% SPL) 

The root-mean-square sound pressure levels calculated over the 90%-energy time window of a pulse. 

Used only for pulsed sounds. 

absorption 

The reduction of acoustic pressure amplitude due to acoustic particle motion energy converting to 

heat in the propagation medium. 

ambient noise 

All-encompassing sound at a given place, usually a composite of sound from many sources near and 

far (ANSI S1.1-1994 (R2004)), e.g., shipping vessels, seismic activity, precipitation, sea ice movement, 

wave action, and biological activity.  

annotation 

A labelled selection of a period of time and frequency within a spectrogram as created by a human 

analyst during manual analysis.  

attenuation 

The gradual loss of acoustic energy from absorption and scattering as sound propagates through a 

medium. 

audiogram 

A graph of hearing threshold level (sound pressure levels) as a function of frequency, which describes 

the hearing sensitivity of an animal over its hearing range. 

audiogram weighting 

The process of applying an animal’s audiogram to sound pressure levels to determine the sound level 

relative to the animal’s hearing threshold (HT). Unit: dB re HT. 

Auditory frequency weighting (auditory weighting function, frequency-weighting function) 

The process of band-pass filtering sounds to reduce the importance of inaudible or less-audible 

frequencies for individual species or groups of species of aquatic mammals (ISO 2017a). One 

example is M-weighting introduced by Southall et al. (2007) to describe “Generalised frequency 

weightings for various functional hearing groups of marine mammals, allowing for their functional 

bandwidths and appropriate in characterizing auditory effects of strong sounds”. 
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automated detection 

The output of an automated detector.  

automated detector 

An algorithm that includes both the automated detection of a sound of interest based on how it 

stands out from the background and its automated classification based on similarities to templates in a 

library of reference signals.  

background noise 

Total of all sources of interference in a system used for the production, detection, measurement, or 

recording of a signal, independent of the presence of the signal (ANSI S1.1-1994 (R2004)). Ambient 

noise detected, measured, or recorded with a signal is part of the background noise. 

bandwidth 

The range of frequencies over which a sound occurs. Broadband refers to a source that produces 

sound over a broad range of frequencies (e.g., seismic airguns, vessels) whereas narrowband sources 

produce sounds over a narrow frequency range (e.g., sonar) (ANSI and ASA S1.13-2005 (R2010)). 

bar 

Unit of pressure equal to 100 kPa, which is approximately equal to the atmospheric pressure on Earth 

at sea level. 1 bar is equal to 105 Pa or 1011 µPa. 

box-and-whisker plot 

A plot that illustrates the centre, spread, and overall range of data from a visual 5-number summary. 

The box is the interquartile range (IQR), which shows the middle 50% of the data—from the lower 

quartile (25th percentile) to the upper quartile (75th percentiles). The line inside the box is the median 

(50th percentile). The whiskers show the lower and upper extremes excluding outliers, which are data 

points that fall more than 1.5 × IQR beyond the upper and lower quartiles.  

 

broadband sound level 

The total sound pressure level measured over a specified frequency range. If the frequency range is 

unspecified, it refers to the entire measured frequency range. 

cavitation 

A rapid formation and collapse of vapor cavities (i.e., bubbles or voids) in water, most often caused by 

a rapid change in pressure. Fast-spinning vessel propellers typically cause cavitation, which creates a 

lot of noise.  

cetacean 

Any animal in the order Cetacea. These are aquatic, mostly marine mammals and include whales, 

dolphins, and porpoises. 
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continuous sound 

A sound whose sound pressure level remains above ambient sound during the observation period 

(ANSI and ASA S1.13-2005 (R2010)). A sound that gradually varies in intensity with time, for example, 

sound from a marine vessel.  

decade 

Logarithmic frequency interval whose upper bound is ten times larger than its lower bound (ISO 

2006). 

decidecade 

One tenth of a decade (ISO 2017a). Note: An alternative name for decidecade (symbol ddec) is “one-

tenth decade”. A decidecade is approximately equal to one third of an octave (1 ddec ≈ 0.3322 oct) 

and for this reason is sometimes referred to as a “one-third octave”.  

decidecade band 

Frequency band whose bandwidth is one decidecade. Note: The bandwidth of a decidecade band 

increases with increasing centre frequency. 

decibel (dB) 

One-tenth of a bel. Unit of level when the base of the logarithm is the tenth root of ten, and the 

quantities concerned are proportional to power ([ANSI] American National Standards Institute S1.1-

1994 (R2004)).  

delphinid 

Family of oceanic dolphins, or Delphinidae, composed of approximately thirty extant species, including 

dolphins, porpoises, and killer whales.  

duty cycle 

The time when sound is periodically recorded by an acoustic recording system. 

far-field 

The zone where, to an observer, sound originating from an array of sources (or a spatially distributed 

source) appears to radiate from a single point. The distance to the acoustic far-field increases with 

frequency. 

fast-average sound pressure level  

The time-averaged sound pressure levels calculated over the duration of a pulse (e.g., 90%-energy 

time window), using the leaky time integrator from Plomp and Bouman (1959) and a time constant of 

125 ms. Typically used only for pulsed sounds. 

fast Fourier transform (FFT) 

A computationally efficiently algorithm for computing the discrete Fourier transform. 

frequency 

The rate of oscillation of a periodic function measured in cycles-per-unit-time. The reciprocal of the 

period. Unit: hertz (Hz). Symbol: f. 1 Hz is equal to 1 cycle per second. 

hearing group 

Groups of marine mammal species with similar hearing ranges. Commonly defined functional hearing 

groups include low-, mid-, and high-frequency cetaceans, pinnipeds in water, and pinnipeds in air. 
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harmonic 

A sinusoidal sound component that has a frequency that is an integer multiple of the frequency of a 

sound to which it is related. For example, the second harmonic of a sound has a frequency that is 

double the fundamental frequency of the sound. 

hearing threshold 

The sound pressure level for any frequency of the hearing group that is barely audible for a given 

individual in the absence of significant background noise during a specific percentage of experimental 

trials. 

hertz (Hz) 

A unit of frequency defined as one cycle per second. 

high-frequency (HF) cetacean 

The functional cetacean hearing group that represents those odontocetes (toothed whales) 

specialised for hearing high frequencies. 

hydrophone 

An underwater sound pressure transducer. A passive electronic device for recording or listening to 

underwater sound. 

intermittent sound  

A level of sound that abruptly drops to the background noise level several times during the 

observation period. 

impulsive sound  

Sound that is typically brief and intermittent with rapid (within a few seconds) rise time and decay 

back to ambient levels (NOAA 2013, ANSI S12.7-1986 (R2006)). For example, seismic airguns and 

impact pile driving. 

low-frequency (LF) cetacean 

The functional cetacean hearing group that represents mysticetes (baleen whales) specialised for 

hearing low frequencies. 

manual analysis 

Human examination of acoustic data via visual review of spectrograms and/or aural inspection of data.  

manual detection  

The output of manual analysis as recorded in an annotation. 

masking 

Obscuring of sounds of interest by sounds at similar frequencies. 

mean-square sound pressure spectral density 

Distribution as a function of frequency of the mean-square sound pressure per unit bandwidth (usually 

1 Hz) of a sound having a continuous spectrum (ANSI S1.1-1994 (R2004)). Unit: µPa2/Hz. 

median 

The 50th percentile of a statistical distribution. 
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mid-frequency (MF) cetacean 

The functional cetacean hearing group that represents those odontocetes (toothed whales) 

specialised for mid-frequency hearing. 

mysticete 

Mysticeti, a suborder of cetaceans, use their baleen plates, rather than teeth, to filter food from water. 

They are not known to echolocate, but they use sound for communication. Members of this group 

include rorquals (Balaenopteridae), right whales (Balaenidae), and grey whales (Eschrichtius 

robustus). 

non-impulsive sound 

Sound that is broadband, narrowband or tonal, brief or prolonged, continuous or intermittent, and 

typically does not have a high peak pressure with rapid rise time (typically only small fluctuations in 

decibel level) that impulsive signals have (ANSI S3.20-1995 (R2008)). For example, marine vessels, 

aircraft, machinery, construction, and vibratory pile driving (NIOSH 1998, NOAA 2015). 

octave 

The interval between a sound and another sound with double or half the frequency. For example, one 

octave above 200 Hz is 400 Hz, and one octave below 200 Hz is 100 Hz. 

odontocete 

The presence of teeth, rather than baleen, characterizes these whales. Members of the Odontoceti 

are a suborder of cetaceans, a group comprised of whales, dolphins, and porpoises. The skulls of 

toothed whales are mostly asymmetric, an adaptation for their echolocation. This group includes 

sperm whales, killer whales, belugas, narwhals, dolphins, and porpoises. 

peak pressure level (PK) 

The maximum instantaneous sound pressure level, in a stated frequency band, within a stated period. 

Also called zero-to-peak pressure level. Unit: decibel (dB).  

percentile level, exceedance 

The sound level exceeded n% of the time during a measurement. 

permanent threshold shift (PTS) 

A permanent loss of hearing sensitivity caused by excessive noise exposure. PTS is considered 

auditory injury. 

pinniped 

A common term used to describe all three groups that form the superfamily Pinnipedia: phocids (true 

seals or earless seals), otariids (eared seals or fur seals and sea lions), and walrus. 

power spectrum density 

Generic term, formally defined as power in W/Hz, but sometimes loosely used to refer to the spectral 

density of other parameters such as square pressure or time-integrated square pressure. 

pressure, acoustic 

The deviation from the ambient hydrostatic pressure caused by a sound wave. Also called 

overpressure. Unit: pascal (Pa). Symbol: p. 
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received level (RL) 

The sound level measured (or that would be measured) at a defined location. 

rms 

root-mean-square. 

signature 

Pressure signal generated by a source. 

sound 

A time-varying pressure disturbance generated by mechanical vibration waves travelling through a 

fluid medium such as air or water. 

sound exposure 

Time integral of squared, instantaneous frequency-weighted sound pressure over a stated time 

interval or event. Unit: pascal-squared second (Pa2·s) (ANSI S1.1-1994 (R2004)). 

sound exposure level (SEL) 

A cumulative measure related to the sound energy in one or more pulses. Unit: dB re 1 µPa2·s. SEL is 

expressed over the summation period (e.g., per-pulse SEL [for airguns], single-strike SEL [for pile 

drivers], 24-hour SEL). 

sound exposure spectral density 

Distribution as a function of frequency of the time-integrated squared sound pressure per unit 

bandwidth of a sound having a continuous spectrum (ANSI S1.1-1994 (R2004)). Unit: µPa2·s/Hz. 

sound pressure level (SPL) 

The decibel ratio of the time-mean-square sound pressure, in a stated frequency band, to the square 

of the reference sound pressure (ANSI S1.1-1994 (R2004)).  

For sound in water, the reference sound pressure is one micropascal (p0 = 1 µPa) and the unit for SPL 

is dB re 1 µPa2: 

 𝐿𝑝 = 10 log10(𝑝2 𝑝0
2⁄ ) = 20 log10(𝑝 𝑝0⁄ )  

Unless otherwise stated, SPL refers to the root-mean-square (rms) pressure level. See also 90% 

sound pressure level and fast-average sound pressure level. Non-rectangular time window functions 

may be applied during calculation of the rms value, in which case the SPL unit should identify the 

window type. 

source level (SL) 

The sound level measured in the far-field and scaled back to a standard reference distance of 1 metre 

from the acoustic centre of the source. Unit: dB re 1 μPa·m (pressure level) or dB re 1 µPa2·s·m 

(exposure level). 

spectral density level 

The decibel level (10·log10) of the spectral density of a given parameter such as SPL or SEL, for which 

the units are dB re 1 µPa2/Hz and dB re 1 µPa2·s/Hz, respectively. 

spectrogram 

A visual representation of acoustic amplitude compared with time and frequency.  
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spectrum 

An acoustic signal represented in terms of its power, energy, mean-square sound pressure, or sound 

exposure distribution with frequency. 

validated detection 

The output of an automated detector that has been subsequently validated by a human analyst. 
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Collins, M.D. 1993. A split-step Padé solution for the parabolic equation method. Journal of the Acoustical Society 

of America 93(4): 1736-1742. https://doi.org/10.1121/1.406739. 

Coppens, A.B. 1981. Simple equations for the speed of sound in Neptunian waters. Journal of the Acoustical 

Society of America 69(3): 862-863. https://doi.org/10.1121/1.382038. 

D'Spain, G.L. and H.H. Batchelor. 2006. Observations of biological choruses in the Southern California Bight: A 

chorus at midfrequencies. Journal of the Acoustical Society of America 120(4): 1942-1955. 

Delarue, J.J.-Y., K.A. Kowarski, E.E. Maxner, J.T. MacDonnell, and S.B. Martin. 2018. Acoustic Monitoring Along 

Canada’s East Coast: August 2015 to July 2017. Document Number 01279, Environmental Studies 

Research Funds Report Number 215, Version 1.0. Technical report by JASCO Applied Sciences for 

Environmental Studies Research Fund, Dartmouth, NS, Canada. 120 pp + appendices. 

Edds-Walton, P.L. 1997. Acoustic communication signals of mysticetes whales. Bioacoustics 8(1-2): 47-60. 

https://doi.org/10.1080/09524622.1997.9753353. 

Erbe, C., A. Verma, R.D. McCauley, A. Gavrilov, and I. Parnum. 2015. The marine soundscape of the Perth 

Canyon. Progress in Oceanography 137: 38-51. https://doi.org/10.1016/j.pocean.2015.05.015. 

Erbe, C., R.D. McCauley, A. Gavrilov, S. Madhusudhana, and A. Verma. 2016. The underwater soundscape 

around Australia. ACOUSTICS 2016. 9-11 Nov 2016, Brisbane, Australia. 

Erbe, C., R. Dunlop, K.C.S. Jenner, M.-N.M. Jenner, R.D. McCauley, I. Parnum, M. Parsons, T. Rogers, and C. 

Salgado-Kent. 2017. Review of underwater and in-air sounds emitted by Australian and Antarctic marine 

mammals. Acoustics Australia. https://doi.org/10.1007/s40857-017-0101-z. 

https://doi.org/10.1121/1.1911351
https://apps.dtic.mil/dtic/tr/fulltext/u2/a494306.pdf
http://www.acoustics.asn.au/journal/Vol20No3.pdf#page=10
https://doi.org/10.1007/978-1-4899-0858-2_40
https://doi.org/10.1007/978-1-4899-0858-2_40
https://doi.org/10.1121/1.406739
https://doi.org/10.1121/1.382038
https://doi.org/10.1080/09524622.1997.9753353
https://doi.org/10.1016/j.pocean.2015.05.015
https://doi.org/10.1007/s40857-017-0101-z


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 95 

Erbs, F., S.H. Elwen, and T. Gridley. 2017. Automatic classification of whistles from coastal dolphins of the 

southern African subregion. Journal of the Acoustical Society of America 141(4): 2489-2500. 

https://doi.org/10.1121/1.4978000. 

Finneran, J.J. and A.K. Jenkins. 2012. Criteria and thresholds for U.S. Navy acoustic and explosive effects 

analysis. SPAWAR Systems Center Pacific, San Diego, CA, USA. 64 p. 

Finneran, J.J. 2015. Auditory weighting functions and TTS/PTS exposure functions for cetaceans and marine 

carnivores. Technical report by SSC Pacific, San Diego, CA, USA. 

Finneran, J.J. 2016. Auditory weighting functions and TTS/PTS exposure functions for marine mammals exposed 

to underwater noise. Technical Report for Space and Naval Warfare Systems Center Pacific, San Diego, 

CA, USA. 49 p. https://apps.dtic.mil/dtic/tr/fulltext/u2/1026445.pdf. 

François, R.E. and G.R. Garrison. 1982a. Sound absorption based on ocean measurements: Part I: Pure water and 

magnesium sulfate contributions. Journal of the Acoustical Society of America 72(3): 896-907. 

https://doi.org/10.1121/1.388170. 

François, R.E. and G.R. Garrison. 1982b. Sound absorption based on ocean measurements: Part II: Boric acid 

contribution and equation for total absorption. Journal of the Acoustical Society of America 72(6): 1879-

1890. https://doi.org/10.1121/1.388673. 

Garcia‐Rojas, M.I., K.C.S. Jenner, P.C. Gill, M.N.M. Jenner, A.L. Sutton, and R.D. McCauley. 2018. Environmental 

evidence for a pygmy blue whale aggregation area in the Subtropical Convergence Zone south of 

Australia. Marine Mammal Science 34(4): 901-923. 

Gavrilov, A.N. and R.D. McCauley. 2013. Acoustic detection and long-term monitoring of pygmy blue whales over 

the continental slope in southwest Australia. Journal of the Acoustical Society of America 134(3): 2505-

2513. https://doi.org/10.1121/1.4816576. 

Gavrilov, A.N., R.D. McCauley, G. Paskos, and A. Goncharov. 2018. Southbound migration corridor of pygmy blue 

whales off the northwest coast of Australia based on data from ocean bottom seismographs. Journal of 

the Acoustical Society of America 144(4): EL281-EL285. https://doi.org/10.1121/1.5063452. 

Hannay, D., R. Racca, S. Carr, M. Jenkerson, R. Melton, D. Hedgeland, and S.L. Tsoflias. 2010. A model based 

assessment of underwater sound levels during a seismic source soft-start operation. SPE International 

Conference on Health, Safety and Environment in Oil and Gas Exploration and Production 12–14 April 

2010. Society of Petroleum Engineers, Rio de Janeiro, Brazi. p. 7. 

Hannay, D.E., J.J.-Y. Delarue, X. Mouy, S.B. Martin, D. Leary, J.N. Oswald, and J. Vallarta. 2013. Marine mammal 

acoustic detections in the northeastern Chukchi Sea, September 2007–July 2011. Continental Shelf 

Research 67: 127-146. https://doi.org/10.1016/j.csr.2013.07.009. 

Hannay, D.E., M.-N.R. Matthews, A. Schlesinger, L. Hatch, and J. Harrison. 2016a. Lost listening area assessment 

of anthropogenic sounds in the Chukchi Sea [abstact]. Journal of the Acoustical Society of America 

140(4): 3072-3073. https://doi.org/10.1121/1.4969572. 

Hannay, D.E., X. Mouy, and Z. Li. 2016b. An automated real-time vessel sound measurement system for 

calculating monopole source levels using a modified version of ANSI/ASA S12.64-2009. Canadian 

Acoustics 44(3). https://jcaa.caa-aca.ca/index.php/jcaa/article/view/3002. 

Hawkins, A.D., L. Casaretto, M. Picciulin, and K. Olsen. 2002. Locating Spawning Haddock by Means of Sound. 

Bioacoustics 12(2-3): 284-286. https://doi.org/10.1080/09524622.2002.9753723. 

Heap, A.D. 2009. Marine Sediments (MARS) Database (webpage). Commonwealth of Australia (Geoscience 

Australia), Creative Commons Attribution 4.0 International Licence. http://www.ga.gov.au/metadata-

gateway/metadata/record/gcat_69869. 

Heindsmann, T.E., R.H. Smith, and A.D. Arneson. 1955. Effect of rain upon underwater noise levels [Letter to the 

editor]. Journal of the Acoustical Society of America 27(2): 378-379. https://doi.org/10.1121/1.1907897. 

https://doi.org/10.1121/1.4978000
https://apps.dtic.mil/dtic/tr/fulltext/u2/1026445.pdf
https://doi.org/10.1121/1.388170
https://doi.org/10.1121/1.388673
https://doi.org/10.1121/1.4816576
https://doi.org/10.1121/1.5063452
https://doi.org/10.1016/j.csr.2013.07.009
https://doi.org/10.1121/1.4969572
https://jcaa.caa-aca.ca/index.php/jcaa/article/view/3002
https://doi.org/10.1080/09524622.2002.9753723
http://www.ga.gov.au/metadata-gateway/metadata/record/gcat_69869
http://www.ga.gov.au/metadata-gateway/metadata/record/gcat_69869
https://doi.org/10.1121/1.1907897


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 96 

Hildebrand, J.A. 2009. Anthropogenic and natural sources of ambient noise in the ocean. Marine Ecology 

Progress Series 395: 5-20. https://doi.org/10.3354/meps08353. 

Hodge, K.B., C.A. Muirhead, J.L. Morano, C.W. Clark, and A.N. Rice. 2015. North Atlantic right whale occurrence 

near wind energy areas along the mid-Atlantic US coast: Implications for management. Endangered 

Species Research 28(3): 225-234. https://doi.org/10.3354/esr00683. 

Houser, D.S., W. Yost, R. Burkard, J.J. Finneran, C. Reichmuth, and J. Mulsow. 2017. A review of the history, 

development and application of auditory weighting functions in humans and marine mammals. Journal of 

the Acoustical Society of America 141(3): 1371-1413. https://doi.org/10.1121/1.4976086. 

James, N.P. and Y. Bone. 2010. Neritic carbonate sediments in a temperate realm: southern Australia. Springer 

Science & Business Media. 

JASCO Applied Sciences and SMRU Consulting. 2020. ECHO Program 2019 Voluntary Vessel Slowdown 

Hydroacoustic Studies: Final Report. Document Number 01994, Version 1.0. Technical report by JASCO 

Applied Sciences and SMRU Consulting for Vancouver Fraser Port Authority. 

Jensen, F.B., W.A. Kuperman, M.B. Porter, and H. Schmidt. 2011. Computational Ocean Acoustics. 2nd edition. 

AIP Series in Modern Acourics and Signal Processing. AIP Press - Springer, New York. 794 p. 

https://doi.org/10.1007/978-1-4419-8678-8. 

Jolliffe, C.D., R.D. McCauley, A.N. Gavrilov, K.C.S. Jenner, M.-N.M. Jenner, and A.J. Duncan. 2019. Song variation 

of the South Eastern Indian Ocean pygmy blue whale population in the Perth Canyon, Western Australia. 

PLOS ONE 14(1): e0208619. https://doi.org/10.1371/journal.pone.0208619. 

Joy, R., D.J. Tollit, J.D. Wood, A.O. MacGillivray, Z. Li, K. Trounce, and O. Robinson. 2019. Potential Benefits of 

Vessel Slowdowns on Endangered Southern Resident Killer Whales. Frontiers in Marine Science 6: 344. 

https://doi.org/10.3389/fmars.2019.00344. 

Knudsen, V.O., R.S. Alford, and J.W. Emling. 1948. Underwater ambient noise. Journal of Marine Research 7: 

410-429. 

Koessler, M.W., M.-N.R. Matthews, and C.R. McPherson. 2020. Otway Offshore Project – Drilling Program: 

Assessing Marine Fauna Sound Exposures. Document Number 02033, Version 1.0. Technical report by 

JASCO Applied Sciences for Beach Energy Limited. 

Kowarski, K.A., J.J.-Y. Delarue, B.J. Gaudet, and S.B. Martin. 2021. Automatic data selection for validation: A 

method to determine cetacean occurrence in large acoustic data sets. JASA Express Letters 1: 051201. 

https://doi.org/10.1121/10.0004851. 

Krause, B. 2008. Anatomy of the Soundscape: Evolving Perspectives. Journal of the Audio Engineering Society 

56(1/2): 73-80. http://www.aes.org/e-lib/browse.cfm?elib=14377. 

Lattice Energy. 2017. OFFSHORE ENVIRONMENT PLAN SUMMARY: Otway. VIC 9000 ENV PLN CDN/ID 

17275058. https://earthresources.vic.gov.au/__data/assets/word_doc/0006/459510/Lattice-Energy-

Otway-Offshore-Continued-Operations-Envionment-Plan-Summary.docx. 

Leroy, E.C., F. Samaran, J. Bonnel, and J.-Y. Royer. 2016. Seasonal and Diel Vocalization Patterns of Antarctic 

Blue Whale (Balaenoptera musculus intermedia) in the Southern Indian Ocean: A Multi-Year and Multi-

Site Study. PLOS ONE 11(11): e0163587. https://doi.org/10.1371/journal.pone.0163587. 

MacGillivray, A.O., Z. Li, D.E. Hannay, K.B. Trounce, and O. Robinson. 2019. Slowing deep-sea commercial 

vessels reduces underwater radiated noise. Journal of the Acoustical Society of America 146: 340-351. 

https://doi.org/10.1121/1.5116140. 

Martin, B. 2013. Computing cumulative sound exposure levels from anthropogenic sources in large data sets. 

Proceedings of Meetings on Acoustics 19(1): 9. https://doi.org/10.1121/1.4800967. 

Martin, S.B., C. Morris, K. Bröker, and C. O'Neill. 2019. Sound exposure level as a metric for analyzing and 

managing underwater soundscapes. Journal of the Acoustical Society of America 146(1): 135-149. 

https://doi.org/10.1121/1.5113578. 

https://doi.org/10.3354/meps08353
https://doi.org/10.3354/esr00683
https://doi.org/10.1121/1.4976086
https://doi.org/10.1007/978-1-4419-8678-8
https://doi.org/10.1371/journal.pone.0208619
https://doi.org/10.3389/fmars.2019.00344
https://doi.org/10.1121/10.0004851
http://www.aes.org/e-lib/browse.cfm?elib=14377
https://earthresources.vic.gov.au/__data/assets/word_doc/0006/459510/Lattice-Energy-Otway-Offshore-Continued-Operations-Envionment-Plan-Summary.docx
https://earthresources.vic.gov.au/__data/assets/word_doc/0006/459510/Lattice-Energy-Otway-Offshore-Continued-Operations-Envionment-Plan-Summary.docx
https://doi.org/10.1371/journal.pone.0163587
https://doi.org/10.1121/1.5116140
https://doi.org/10.1121/1.4800967
https://doi.org/10.1121/1.5113578


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 97 

Martin, S.B., B.J. Gaudet, H. Klinck, P.J. Dugan, J.L. Miksis-Olds, D.K. Mellinger, D.A. Mann, O. Boebel, C.C. 

Wilson, et al. 2021. Hybrid millidecade spectra: A practical format for exchange of long-term ambient 

sound data. JASA Express Letters 1(1). https://doi.org/10.1121/10.0003324. 

Matsumoto, H., D.R. Bohnenstiehl, J. Tournadre, R.P. Dziak, J.H. Haxel, T.K.A. Lau, M. Fowler, and S.A. Salo. 

2014. Antarctic icebergs: A significant natural ocean sound source in the Southern Hemisphere. 

Geochemistry, Geophysics, Geosystems 15(8): 3448-3458. https://doi.org/10.1002/2014GC005454. 

McCauley, R.D. and D.H. Cato. 2000. Patterns of fish calling in a nearshore environment in the Great Barrier Reef. 

Philosophical Transactions of the Royal Society B 355(1401): 1289-1293. 

https://doi.org/10.1098/rstb.2000.0686. 

McCauley, R.D., C. Jenner, J.L. Bannister, C.K.L. Burton, D.H. Cato, and A. Duncan. 2001. Blue Whale Calling In 

The Rottnest Trench - 2000, Western Australia. Document Number R2001-6 Report Number R2001-6. 

Report by Centre for Marine Science and Technology (CMST), Curtin University of Technology, Perth, 

Western Australia. 55 p. 

McCauley, R.D. 2004. Underwater sea noise in the Otway Basin – drilling, seismic and blue whales. Report 

prepared by Centre for Marine Science and Technology, Curtin University, for Santos Ltd. 

McCauley, R.D. and D.H. Cato. 2016. Evening choruses in the Perth Canyon and their potential link with 

Myctophidae fishes. Journal of the Acoustical Society of America 140(4): 2384-2398. 

McCauley, R.D., A.N. Gavrilov, C.D. Jolliffe, R. Ward, and P.C. Gill. 2018. Pygmy blue and Antarctic blue whale 

presence, distribution and population parameters in southern Australia based on passive acoustics. 

Deep Sea Research Part II 157–158: 154-168. https://doi.org/10.1016/j.dsr2.2018.09.006. 

McDonald, M.A., S.L. Mesnick, and J.A. Hildebrand. 2006. Biogeographic characterization of blue whale song 

worldwide: Using song to identify populations. Journal of Cetacean Research and Management 8(1): 55-

65. 

McDonald, M.A., J.A. Hildebrand, S.M. Wiggins, and D. Ross. 2008. A 50 year comparison of ambient ocean noise 

near San Clemente Island: A bathymetrically complex coastal region off southern California. Journal of 

the Acoustical Society of America 124(4): 1985-1992. https://doi.org/10.1121/1.2967889. 

McPherson, C.R., B. Martin, and C. Erbe. 2012. Ambient Noise Monitoring in the Timor Sea: December 2010–

December 2011. Document Number 00329, Version 1.0. Technical report by JASCO Applied Sciences 

for Environmental Resources Management. 

McPherson, C.R., H. Frouin-Mouy, J.T. MacDonnell, and B. Martin. 2014. Poseidon Field–Baseline Underwater 

Acoustic Monitoring: October 2012–February 2014. Document Number 00737, Version 1.0 DRAFT. 

Technical report by JASCO Applied Sciences for Sinclair Knight Merz. 

McPherson, C.R., K.A. Kowarski, J.J.-Y. Delarue, C.J. Whitt, J.T. MacDonnell, and B. Martin. 2016. Passive 

Acoustic Monitoring of Ambient Noise and Marine Mammals—Barossa Field: July 2014 to July 2015. 

Document Number 00997, Version 1.0. Technical report by JASCO Applied Sciences for ANZ 

Infrastructure & Environment, Jacobs. Appendix M of Barossa Area Development Offshore Project 

Proposal. http://static.conocophillips.com/files/resources/appendix-e.pdf. 

McPherson, C.R., J.J.-Y. Delarue, and E.E. Maxner. 2017. Investigating the presence of Omura’s whale in 

Northwest Australian waters using passive acoustic data. The Society for Marine Mammalogy 

Conference. Halifax, NS, Canada. 

Miksis-Olds, J.L. and S.M. Nichols. 2016. Is low frequency ocean sound increasing globally? Journal of the 

Acoustical Society of America 139(1): 501-511. https://doi.org/10.1121/1.4938237. 

Miller, B.S., K. Natalie, P. David, B. Jay, C. Susannah, C. Kym, L. Russell, O. Paula, E. Paul, et al. 2013. Real-time 

acoustic tracking of Antarctic blue whales in the Southern Ocean: Towards a precise abundance 

estimate. 20th Biennial Conference on the Biology of Marine Mammals. 9-13 Dec 2013, Dunedin, New 

Zealand. 

https://doi.org/10.1121/10.0003324
https://doi.org/10.1002/2014GC005454
https://doi.org/10.1098/rstb.2000.0686
https://doi.org/10.1016/j.dsr2.2018.09.006
https://doi.org/10.1121/1.2967889
http://static.conocophillips.com/files/resources/appendix-e.pdf
https://doi.org/10.1121/1.4938237


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 98 

Møhl, B., M. Wahlberg, P.T. Madsen, L.A. Miller, and A. Surlykke. 2000. Sperm whale clicks: Directionality and 

source level revisited. Journal of the Acoustical Society of America 107(1): 638-648. 

https://doi.org/10.1121/1.428329. 

Mӧller, L.M., C.R.M. Attard, K. Bilgmann, V. Andrews-Goff, I. Jonsen, D. Paton, and M.C. Double. 2020. 

Movements and behaviour of blue whales satellite tagged in an Australian upwelling system. Scientific 

Reports 10(1): 21165. https://doi.org/10.1038/s41598-020-78143-2. 

Nedwell, J.R. and A.W. Turnpenny. 1998. The use of a generic frequency weighting scale in estimating 

environmental effect. Workshop on Seismics and Marine Mammals. 23–25 Jun 1998, London, UK. 

Nedwell, J.R., A.W. Turnpenny, J. Lovell, S.J. Parvin, R. Workman, J.A.L. Spinks, and D. Howell. 2007. A validation 

of the dBht as a measure of the behavioural and auditory effects of underwater noise. Document Number 

534R1231 Report prepared by Subacoustech Ltd. for Chevron Ltd, TotalFinaElf Exploration UK PLC, 

Department of Business, Enterprise and Regulatory Reform, Shell UK Exploration and Production Ltd, 

The Industry Technology Facilitator, Joint Nature Conservation Committee, and The UK Ministry of 

Defence. 74 p. https://tethys.pnnl.gov/sites/default/files/publications/Nedwell-et-al-2007.pdf. 

Nieukirk, S.L., K.M. Stafford, D.K. Mellinger, R.P. Dziak, and C.G. Fox. 2004. Low-frequency whale and seismic 

airgun sounds recorded in the mid-Atlantic Ocean. Journal of the Acoustical Society of America 115(4): 

1832-1843. https://doi.org/10.1121/1.1675816. 

Nieukirk, S.L., D.K. Mellinger, S.E. Moore, K. Klinck, R.P. Dziak, and J. Goslin. 2012. Sounds from airguns and fin 

whales recorded in the mid-Atlantic Ocean, 1999–2009. Journal of the Acoustical Society of America 

131(2): 1102-1112. https://doi.org/10.1121/1.3672648. 

Nordeide, J.T. and E. Kjellsby. 1999. Sound from spawning cod at their spawning grounds. ICES Journal of 

Marine Science 56(3): 326-332. https://doi.org/10.1006/jmsc.1999.0473. 

Ocean Time Series Group. 2009. MATLAB Numerical Scientific and Technical Computing. Scripps Institution of 

Oceanography, University of California San Diego. http://mooring.ucsd.edu/software. 

Osiecka, A.N., O. Jones, and M. Wahlberg. 2020. The diel pattern in harbour porpoise clicking behaviour is not a 

response to prey activity. Scientific Reports 10(1): 1-7. 

Oswald, J.N., J.P. Barlow, and T.F. Norris. 2003. Acoustic identification of nine delphinid species in the eastern 

tropical Pacific Ocean. Marine Mammal Science 19(1): 20-37. https://doi.org/10.1111/j.1748-

7692.2003.tb01090.x. 

Parsons, M.J.G., C.P. Salgado-Kent, S.A. Marley, A.N. Gavrilov, and R.D. McCauley. 2016. Characterizing diversity 

and variation in fish choruses in Darwin Harbour. ICES Journal of Marine Science 73(8): 2058–2074. 

https://doi.org/10.1093/icesjms/fsw037. 

Parsons, M.J.G., C.P. Salgado Kent, A. Recalde-Salas, and R.D. McCauley. 2017. Fish choruses off Port Hedland, 

Western Australia. Bioacoustics 26(2): 135-152. https://doi.org/10.1080/09524622.2016.1227940. 

Plomp, R. and M.A. Bouman. 1959. Relation between Hearing Threshold and Duration for Tone Pulses. Journal of 

the Acoustical Society of America 31(6): 749-758. https://doi.org/10.1121/1.1907781. 

Popper, A.N., A.D. Hawkins, R.R. Fay, D.A. Mann, S. Bartol, T.J. Carlson, S. Coombs, W.T. Ellison, R.L. Gentry, et 

al. 2014. Sound Exposure Guidelines for Fishes and Sea Turtles: A Technical Report prepared by ANSI-

Accredited Standards Committee S3/SC1 and registered with ANSI. ASA S3/SC1.4 TR-2014. 

SpringerBriefs in Oceanography. ASA Press and Springer. https://doi.org/10.1007/978-3-319-06659-2. 

Przeslawski, R., D. Bruce, J. Anderson, S. Foster, M. Edmunds, A. Durrant, R. Bradford, A.G. Carroll, S. Williams, 

et al. 2016. Marine Seismic Survey Impacts on Fish and Invertebrates. Final report by Geoscience 

Australia for the Gippsland Marine Environmental Monitoring Project, Canberra, Australia. 

Quijano, J.E., D.E. Hannay, and M.E. Austin. 2019. Composite Underwater Noise Footprint of a Shallow Arctic 

Exploration Drilling Project. IEEE Journal of Oceanic Engineering 44(4): 1228-1239. 

https://doi.org/10.1109/JOE.2018.2858606. 

https://doi.org/10.1121/1.428329
https://doi.org/10.1038/s41598-020-78143-2
https://tethys.pnnl.gov/sites/default/files/publications/Nedwell-et-al-2007.pdf
https://doi.org/10.1121/1.1675816
https://doi.org/10.1121/1.3672648
https://doi.org/10.1006/jmsc.1999.0473
http://mooring.ucsd.edu/software
https://doi.org/10.1111/j.1748-7692.2003.tb01090.x
https://doi.org/10.1111/j.1748-7692.2003.tb01090.x
https://doi.org/10.1093/icesjms/fsw037
https://doi.org/10.1080/09524622.2016.1227940
https://doi.org/10.1121/1.1907781
https://doi.org/10.1007/978-3-319-06659-2
https://doi.org/10.1109/JOE.2018.2858606


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 99 

R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 

http://www.R-project.org/. 

Recalde-Salas, A., C.P. Salgado Kent, M.J.G. Parsons, S.A. Marley, and R.D. McCauley. 2014. Non-song 

vocalizations of pygmy blue whales in Geographe Bay, Western Australia. Journal of the Acoustical 

Society of America 135(5): EL213-EL218. https://doi.org/10.1121/1.4871581. 

Rendell, L.E., J.N. Matthews, A. Gill, J.C.D. Gordon, and D.W. MacDonald. 1999. Quantitative analysis of tonal calls 

from five odontocete species, examining interspecific and intraspecific variation. Journal of Zoology 

249(4): 403-410. https://doi.org/10.1111/j.1469-7998.1999.tb01209.x. 

Richardson, W.J., C.R. Greene, Jr., C.I. Malme, and D.H. Thomson. 1995. Marine Mammals and Noise. Academic 

Press, San Diego, CA, USA. 576 p. https://doi.org/10.1016/C2009-0-02253-3. 

Risch, D., C.W. Clark, P.J. Corkeron, A. Elepfandt, K.M. Kovacs, C. Lydersen, I. Stirling, and S.M. Van Parijs. 2007. 

Vocalizations of male bearded seals, Erignathus barbatus: Classification and geographical variation. 

Animal Behaviour 73(5): 747-762. https://doi.org/10.1016/j.anbehav.2006.06.012. 

Ross, D. 1976. Mechanics of Underwater Noise. Pergamon Press, NY, USA. 

Sayigh, L., N. Quick, G. Hastie, and P.L. Tyack. 2013. Repeated call types in short-finned pilot whales, 

Globicephala macrorhynchus. Marine Mammal Science 29(2): 312-324. 

Scrimger, J.A., D.J. Evans, G.A. McBean, D.M. Farmer, and B.R. Kerman. 1987. Underwater noise due to rain, hail, 

and snow. Journal of the Acoustical Society of America 81(1): 79-86. https://doi.org/10.1121/1.394936. 

Simon, M., K.M. Stafford, K. Beedholm, C.M. Lee, and P.T. Madsen. 2010. Singing behavior of fin whales in the 

Davis Strait with implications for mating, migration and foraging. Journal of the Acoustical Society of 

America 128(5): 3200-3210. https://doi.org/10.1121/1.3495946. 

Širović, A., A. Rice, E. Chou, J.A. Hildebrand, S.M. Wiggins, and M.A. Roch. 2015. Seven years of blue and fin 

whale call abundance in the Southern California Bight. Endangered Species Research 28(1): 61-76. 

https://doi.org/10.3354/esr00676. 

Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, R.L. Gentry, C.R. Greene, Jr., D. Kastak, D.R. Ketten, J.H. 

Miller, et al. 2007. Marine Mammal Noise Exposure Criteria: Initial Scientific Recommendations. Aquatic 

Mammals 33(4): 411-521. https://doi.org/10.1578/AM.33.4.2007.411. 

Southall, B.L., J.J. Finneran, C.J. Reichmuth, P.E. Nachtigall, D.R. Ketten, A.E. Bowles, W.T. Ellison, D.P. Nowacek, 

and P.L. Tyack. 2019. Marine Mammal Noise Exposure Criteria: Updated Scientific Recommendations 

for Residual Hearing Effects. Aquatic Mammals 45(2): 125-232. 

https://doi.org/10.1578/AM.45.2.2019.125. 

Steiner, W.W. 1981. Species-specific differences in pure tonal whistle vocalizations of five western North Atlantic 

dolphin species. Behavioral Ecology and Sociobiology 9(4): 241-246. 

https://doi.org/10.1007/BF00299878. 

Strasberg, M. 1979. Nonacoustic noise interference in measurements of infrasonic ambient noise. Journal of the 

Acoustical Society of America 66(5): 1487-1493. https://doi.org/10.1121/1.383543. 

Teague, W.J., M.J. Carron, and P.J. Hogan. 1990. A comparison between the Generalized Digital Environmental 

Model and Levitus climatologies. Journal of Geophysical Research 95(C5): 7167-7183. 

https://doi.org/10.1029/JC095iC05p07167. 

Thode, A.M., T. Sakai, J. Michalec, S. Rankin, M.S. Soldevilla, B. Martin, and K.H. Kim. 2019. Displaying 

bioacoustic directional information from sonobuoys using “azigrams”. Journal of the Acoustical Society 

of America 146(1): 95-102. https://doi.org/10.1121/1.5114810. 

Trounce, K.B., O. Robinson, A.O. MacGillivray, D.E. Hannay, J.D. Wood, D.J. Tollit, and R. Joy. 2019. The effects 

of vessel slowdowns on foraging habitat of the southern resident killer whales. Proceedings of Meetings 

on Acoustics 37(1). https://doi.org/10.1121/2.0001230. 

http://www.r-project.org/
https://doi.org/10.1121/1.4871581
https://doi.org/10.1111/j.1469-7998.1999.tb01209.x
https://doi.org/10.1016/C2009-0-02253-3
https://doi.org/10.1016/j.anbehav.2006.06.012
https://doi.org/10.1121/1.394936
https://doi.org/10.1121/1.3495946
https://doi.org/10.3354/esr00676
https://doi.org/10.1578/AM.33.4.2007.411
https://doi.org/10.1578/AM.45.2.2019.125
https://doi.org/10.1007/BF00299878
https://doi.org/10.1121/1.383543
https://doi.org/10.1029/JC095iC05p07167
https://doi.org/10.1121/1.5114810
https://doi.org/10.1121/2.0001230


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 100 

Tyack, P.L. and C.W. Clark. 2000. Communication and acoustic behavior of dolphins and whales. (Chapter 4) In 

Au, W.W.L., A.N. Popper, and R.R. Fay (eds.). Hearing by Whales and Dolphins. Springer, New York. pp. 

156-224. 

Urazghildiiev, I.R. and S.M. Van Parijs. 2016. Automatic grunt detector and recognizer for Atlantic cod (Gadus 

morhua). Journal of the Acoustical Society of America 139(5): 2532-2540. 

https://doi.org/10.1121/1.4948569. 

Urazghildiiev, I.R. and D.E. Hannay. 2017. Maximum likelihood estimators and Cramér–Rao bound for estimating 

azimuth and elevation angles using compact arrays. Journal of the Acoustical Society of America 141(4): 

2548-2555. https://doi.org/10.1121/1.4979792. 

Urick, R.J. 1974. Sea‐bed motion as a source of the ambient noise background of the sea. Journal of the 

Acoustical Society of America 56(3): 1010-1011. 

Urick, R.J. 1983. Principles of Underwater Sound. 3rd edition. McGraw-Hill, New York, London. 423 p. 

van Opzeeland, I. and O. Boebel. 2018. Marine soundscape planning: Seeking acoustic niches for anthropogenic 

sound. Journal of Ecoacoustics 2(5GSNT). https://doi.org/10.22261/JEA.5GSNT8. 

Versluis, M., B. Schmitz, A. von der Heydt, and D. Lohse. 2000. How Snapping Shrimp Snap: Through Cavitating 

Bubbles. Science 289(5487): 2114-2117. https://doi.org/10.1126/science.289.5487.2114. 

Víkingsson, G.A. 1997. Feeding of fin whales (Balaenoptera physalus) off Iceland–diurnal and seasonal variation 

and possible rates. Journal of Northwest Atlantic Fishery Science 22: 77-89. 

Wales, S.C. and R.M. Heitmeyer. 2002. An ensemble source spectra model for merchant ship-radiated noise. 

Journal of the Acoustical Society of America 111(3): 1211-1231. https://doi.org/10.1121/1.1427355. 

Warren, V.E., A. Širović, C.R. McPherson, K.T. Goetz, C.A. Radford, and R. Constantine. 2021. Passive Acoustic 

Monitoring Reveals Spatio-Temporal Distributions of Antarctic and Pygmy Blue Whales Around Central 

New Zealand. Frontiers in Marine Science 7(1162). https://doi.org/10.3389/fmars.2020.575257. 

Wenz, G.M. 1962. Acoustic Ambient Noise in the Ocean: Spectra and Sources. Journal of the Acoustical Society 

of America 34(12): 1936-1956. https://doi.org/10.1121/1.1909155. 

Whiteway, T. 2009. Australian Bathymetry and Topography Grid, June 2009. GeoScience Australia, Canberra. 

http://pid.geoscience.gov.au/dataset/ga/67703. 

Wiggins, S.M., E.M. Oleson, M.A. McDonald, and J.A. Hildebrand. 2005. Blue whale (Balaenoptera musculus) diel 

call patterns offshore of Southern California. Aquatic Mammals 31(2): 161-168. 

https://doi.org/10.1578/AM.31.2.2005.161. 

Wood, M.A. and C.R. McPherson. 2018. VSP Acoustic Modelling: Coastal Sound Levels: Enterprise 1 Drilling 

Program - Otway Basin. Document Number 01794, Version 1.0. Technical report by JASCO Applied 

Sciences for Beach Energy Limited. 

Woodside. 2003. Environmental Impact Statement/Environmental Effects Statement: Otway Gas Project. 

Woodside Energy Ltd, Perth. 

Zelick, R., D. Mann, and A.N. Popper. 1999. Acoustic communication in fishes and frogs. In Fay, R.R. and A.N. 

Popper (eds.). Comparative Hearing: Fish and Amphibians Springer-Verlag, New York. pp. 363-411. 

https://doi.org/10.1007/978-1-4612-0533-3_9. 

Zhang, Z.Y. and C.T. Tindle. 1995. Improved equivalent fluid approximations for a low shear speed ocean bottom. 

Journal of the Acoustical Society of America 98(6): 3391-3396. https://doi.org/10.1121/1.413789. 

 

https://doi.org/10.1121/1.4948569
https://doi.org/10.1121/1.4979792
https://doi.org/10.22261/JEA.5GSNT8
https://doi.org/10.1126/science.289.5487.2114
https://doi.org/10.1121/1.1427355
https://doi.org/10.3389/fmars.2020.575257
https://doi.org/10.1121/1.1909155
http://pid.geoscience.gov.au/dataset/ga/67703
https://doi.org/10.1578/AM.31.2.2005.161
https://doi.org/10.1007/978-1-4612-0533-3_9
https://doi.org/10.1121/1.413789


JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 A-1 

Appendix A. Underwater Acoustics 

A.1. Acoustic Metrics 

Sound levels with individual metrics defined below, are presented as: 

• Broadband and approximate-decade-band SPL over time for these frequency bands for the low 

sample rate: 10 Hz–32 kHz (Nyquist), 10–100 Hz, 100 Hz to 1 kHz, 1–10 kHz, and 10–32 kHz. For 

the high sample rate, the Nyquist is 256 kHz. 

• Spectrograms: Ambient noise at each station was analysed by Hamming-windowed fast Fourier 

transforms (FFTs), with 1 Hz resolution and 50% window overlap. The 120 FFTs performed with 

these settings are averaged to yield 1 min average spectra. 

• Statistical distribution of SPL in each decidecade. The boxes of the statistical distributions indicate 

the first (L5), second (L50), and third (L75) quartiles. The whiskers indicate the maximum and 

minimum range of the data. The solid line indicates the sound pressure level (SPL) or Leq in each 

decidecade. 

• Spectral level percentiles: Histograms of each frequency bin per 1 min of data. The Leq, L5, L25, L50, 

L75, and L95 percentiles are plotted. The L5 percentile curve is the frequency-dependent level 

exceeded by 95% of the 1 min averages. Equivalently, 5% of the 1 min spectral levels are above 

the 95th percentile curve. 

• Daily cumulative sound exposure levels (SEL (24 h)): computed for the total received sound 

energy. The SEL (24 h) is the linear sum of the 1 min sound exposure levels (SEL). These SEL 

values were weighted to mimic different functional hearing groups according to the marine 

mammal frequency-weighted curves described in Appendix E. 

Sound is most commonly described using the sound pressure level (SPL) metric. Underwater sound 

amplitude levels are commonly measured in decibels (dB) relative to a fixed reference pressure of 

p0 = 1 μPa. 

SPL (dB re 1 µPa) is the decibel level of the rms pressure in a stated frequency band over a time 

window (T; s) containing the acoustic event: 

 SPL = 10 log10 (
1

𝑇
∫ 𝑝2(𝑡)

𝑇

𝑑𝑡 𝑝0
2⁄ ) (A-1) 

The SPL is a measure of the effective pressure level over the duration of an acoustic event, such as 

the emission of one acoustic pulse or sweep. Because the window length, T, is the divisor, events 

more spread out in time have a lower SPL even though they may have similar total acoustic energy 

density.  

Power spectral density (PSD) level is a description of how the acoustic power is distributed over 

different frequencies within a spectrum. It is expressed in dB re 1 µPa2/Hz.  

The sound exposure level (SEL, dB re 1 µPa2·s) is a measure of the total acoustic energy contained in 

one or more acoustic events. The SEL for a single event is computed from the time-integral of the 

squared pressure over the full event duration (T100): 

 SEL = 10 log10 ( ∫ 𝑝2(𝑡)

𝑇100

𝑑𝑡 𝑇0𝑝0
2⁄ ) (A-2) 
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where T0 is a reference time interval of 1 s. The SEL represents the total acoustic energy received at a 

location during an acoustic event; it measures the total sound energy an organism at that location 

would be exposed to. 

Because the SPL and SEL are both computed from the integral of square pressure, these metrics are 

related by the following expression, which depends only on the duration of the energy time window T: 

 SPL = SEL − 10log10(𝑇) (A-3) 

Sound level statistics, namely percentiles, were used to quantify the distribution of recorded sound 

levels. The nth percentile level (Ln) is the level (i.e., PSD level, SPL, or SEL) n% of the data are below 

this level. Leq is the linear arithmetic mean of the sound power, which can be substantially different 

from the median sound level L50. SPL can also be referred to as Leq, which stands for ‘equivalent level’. 

The two terms are used interchangeably throughout. L95, the level exceeded by only 5% of the data, 

represents the highest typical sound levels measured. Sound levels between L5 and L99 are generally 

from very close passes of vessels, very intense weather events, and other infrequent conditions. L5 

represents the quietest typical conditions. 



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 B-1 

Appendix B. Acoustic Data Analysis Methods 

The data sampled at 64 kHz and 512 kHz was processed for ambient sound analysis, vessel noise 

detection, and detection of all marine mammal vocalisations. This section describes the ambient, 

vessel, and marine mammal detection algorithms employed (Figure B-1). 

 

Figure B-1. Major stages of the automated acoustic analysis process performed with JASCO’s custom software 

suite. 



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 B-2 

B.1. Total Ambient Sound Levels 

Underwater sound pressure amplitude is measured in decibels (dB) relative to a fixed reference 

pressure of p0 = 1 μPa. Because the perceived loudness of sound, especially impulsive noise such as 

from seismic airguns, pile driving, and sonar, is not generally proportional to the instantaneous 

acoustic pressure, several sound level metrics are commonly used to evaluate noise and its effects on 

marine life. We provide specific definitions of relevant metrics used in this report. Where possible we 

follow the ANSI and ISO standard definitions and symbols for sound metrics, but these standards are 

not always consistent. 

The zero-to-peak pressure level, or peak pressure level (PK or Lp,pk; dB re 1 µPa), is the decibel level 

of the maximum instantaneous sound pressure level in a stated frequency band attained by an 

acoustic pressure signal, 𝑝(𝑡):  

 PK = 𝐿𝑝,pk = 10 log10

max|𝑝2(𝑡)|

𝑝0
2  (B-6) 

PK is often included as criterion for assessing whether a sound is potentially injurious; however, 

because it does not account for the duration of a noise event, it is generally a poor indicator of 

perceived loudness. 

The sound pressure level (SPL or Lp; dB re 1 µPa) is the decibel level of the root-mean-square (rms) 

pressure in a stated frequency band over a specified time window (T; s) containing the acoustic event 

of interest. It is important to note that SPL always refers to an rms pressure level and therefore not 

instantaneous pressure: 

 SPL = 𝐿p = 10 log10 [
1

𝑇
∫ 𝑝2(𝑡)

𝑇

𝑑𝑡 𝑝0
2⁄ ] (B-7) 

The SPL represents a nominal effective continuous sound over the duration of an acoustic event, such 

as the emission of one acoustic pulse, a marine mammal vocalisation, the passage of a vessel, or over 

a fixed duration. Because the window length, T, is the divisor, events with similar sound exposure level 

(SEL), but more spread out in time have a lower SPL. 

The sound exposure level (SEL or LE, dB re 1 µPa2·s) is a measure related to the acoustic energy 

contained in one or more acoustic events (N). The SEL for a single event is computed from the time-

integral of the squared pressure over the full event duration (T): 

 SEL = 𝐿𝐸 = 10 log10 [∫ 𝑝2(𝑡)

𝑇

𝑑𝑡 𝑇0𝑝0
2⁄ ] (B-8) 

where T0 is a reference time interval of 1 s. The SEL continues to increase with time when non-zero 

pressure signals are present. It therefore can be construed as a dose-type measurement, so the 

integration time used must be carefully considered in terms of relevance for impact to the exposed 

recipients. 

SEL can be calculated over periods with multiple events or over a fixed duration. For a fixed duration, 

the square pressure is integrated over the duration of interest. For multiple events, the SEL can be 

computed by summing (in linear units) the SEL of the N individual events: 

 𝐿𝐸,𝑁 = 10 log10 ∑ 10
𝐿𝐸,𝑖
10

𝑁

𝑖=1

 (B-9) 

To compute the SPL(T90) and SEL of acoustic events in the presence of high levels of background 

noise, equations B-6 and B-7 are modified to subtract the background noise contribution: 
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 SPL(T90) = 𝐿𝑝90 = 10 log10 [
1

𝑇90

∫ (𝑝2(𝑡) − 𝑛2̅̅ ̅)

𝑇90

𝑑𝑡 𝑝0
2⁄ ] (B-10) 

 𝐿𝐸 = 10 log10 [∫(𝑝2(𝑡) − 𝑛2̅̅ ̅)

𝑇

𝑑𝑡 𝑇0𝑝0
2⁄ ] (B-11) 

where 𝑛2̅ is the mean square pressure of the background noise, generally computed by averaging the 

squared pressure of a temporally-proximal segment of the acoustic recording during which acoustic 

events are absent (e.g., between pulses).  

Because the SPL(T90) and SEL are both computed from the integral of square pressure, these metrics 

are related numerically by the following expression, which depends only on the duration of the time 

window T: 

 𝐿𝑝 = 𝐿𝐸 − 10log10(𝑇) (B-12) 

 𝐿𝑝90 = 𝐿𝐸 − 10log10(𝑇90) − 0.458 (B-13) 

where the 0.458 dB factor accounts for the 10% of SEL missing from the SPL(T90) integration time 

window. 

Energy equivalent SPL (dB re 1 µPa) denotes the SPL of a stationary (constant amplitude) sound that 

generates the same SEL as the signal being examined, 𝑝(𝑡), over the same period of time, T: 

 𝐿eq = 10 log10 [
1

𝑇
∫ 𝑝2(𝑡)

𝑇

𝑑𝑡 𝑝0
2⁄ ] (B–14) 

The equations for SPL and the energy-equivalent SPL are numerically identical; conceptually, the 

difference between the two metrics is that the former is typically computed over short periods 

(typically of 1 s or less) and tracks the fluctuations of a non-steady acoustic signal, whereas the latter 

reflects the average SPL of an acoustic signal over times typically of one minute to several hours. 

B.2. Decidecade Band Analysis 

The distribution of a sound’s power with frequency is described by the sound’s spectrum. The sound 

spectrum can be split into a series of adjacent frequency bands. Splitting a spectrum into 1 Hz wide 

bands, called passbands, yields the power spectral density of the sound. These values directly 

compare to the Wenz curves, which represent typical deep ocean sound levels (Figure 9) (Wenz 

1962). This splitting of the spectrum into passbands of a constant width of 1 Hz, however, does not 

represent how animals perceive sound. 

Because animals perceive exponential increases in frequency rather than linear increases, analysing a 

sound spectrum with passbands that increase exponentially in size better approximates real-world 

scenarios. In underwater acoustics, a spectrum is commonly split into decidecade bands, which are 

one tenth of a decade wide. A decidecade is sometimes referred to as a “1/3-octave” because one 

tenth of a decade is approximately equal to one third of an octave. Each decade represents a factor 

10 in sound frequency. Each octave represents a factor 2 in sound frequency. The centre frequency 

of the ith band, 𝑓c(𝑖), is defined as: 

 𝑓c(𝑖) = 10
𝑖

10 kHz (B-1) 
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and the low (𝑓lo) and high (𝑓hi) frequency limits of the ith decade band are defined as: 

 𝑓lo,𝑖 = 10
−1

20 𝑓c(𝑖) and 𝑓hi,𝑖 = 10
1

20𝑓c(𝑖) (B-2) 

The decidecade bands become wider with increasing frequency, and on a logarithmic scale the bands 

appear equally spaced (Figure B-2).  

 

Figure B-2. Decidecade frequency bands (vertical lines) shown on a linear frequency scale and a logarithmic 

scale.  

The sound pressure level in the ith band (Lp,i) is computed from the spectrum 𝑆(𝑓) between 𝑓lo,𝑖 and 

𝑓hi,𝑖: 

 𝐿𝑝,𝑖 = 10 log10 ∫ 𝑆(𝑓)

𝑓hi,𝑖

𝑓lo,𝑖

𝑑𝑓 (B-3) 

Summing the sound pressure level of all the bands yields the broadband sound pressure level:  

 Broadband SPL = 10 log10 ∑ 10
𝐿𝑝,𝑖

10

𝑖

 (B-4) 

Figure B-3 shows an example of how the decidecade band sound pressure levels compare to the 

sound pressure spectral density levels of an ambient noise signal. Because the decidecade bands are 

wider with increasing frequency, the decidecade band SPL is higher than the spectral levels at higher 

frequencies. Decidecade band analysis is applied to continuous and impulsive noise sources. For 

impulsive sources, the decidecade band SEL is typically reported. 

  

Figure B-3. Sound pressure spectral density levels and the corresponding decidecade band sound pressure 

levels of example ambient noise shown on a logarithmic frequency scale.  



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 B-5 

Table B-1. Decidecade band frequencies (Hz) 

Band Lower frequency Nominal centre frequency Upper frequency 

10 8.9 10.0 11.2 

11 11.2 12.6 14.1 

12 14.1 15.8 17.8 

13 17.8 20.0 22.4 

14 22.4 25.1 28.2 

15 28.2 31.6 35.5 

16 35.5 39.8 44.7 

17 44.7 50.1 56.2 

18 56.2 63.1 70.8 

19 70.8 79.4 89.1 

20 89.1 100.0 112.2 

21 112 126 141 

22 141 158 178 

23 178 200 224 

24 224 251 282 

25 282 316 355 

26 355 398 447 

27 447 501 562 

28 562 631 708 

29 708 794 891 

30 891 1000 1122 

31 1122 1259 1413 

32 1413 1585 1778 

33 1778 1995 2239 

34 2239 2512 2818 

35 2818 3162 3548 

36 3548 3981 4467 

37 4467 5012 5623 

38 5623 6310 7079 

39 7079 7943 8913 

40 8913 10000 11220 

41 11220 12589 14125 

42 14260 16000 17952 

43 17825 20000 22440 

44 22281 25000 28050 

45 28074 31500 35344 
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Table B-2. Decade-band frequencies (Hz) 

Decade band Lower frequency Nominal centre frequency Upper frequency 

A 10 50 100 

B 100 500 1,000 

C 1,000 5,000 10,000 

 

B.3. Millidecade Band Analysis 

JASCO Applied Sciences has adopted a hybrid millidecade spectrum system to store and exchange 

passive acoustic spectral data to optimize data resolution while minimising data size, described in 

Martin et al. (2021). 

Millidecades are logarithmically spaced frequency bands but have a bandwidth equal to 1/1000th of a 

decade. This frequency resolution is high enough to support many types of analysis, including 

analysing different types of soundscapes, computing weighted sound exposure levels, and summing 

the millidecades to find decidecades, 1/3-octave, and other desired frequency bands. The size of the 

millidecade files greatly compresses the acoustic data compared to 1 Hz resolution, such that data 

from long-term, multiple-station, high-sampling frequency projects can easily be stored at a single 

location. For example, there are 1,000 millidecades in each frequency decade, where a decade is an 

increase in the frequency by a factor of 10. A pure millidecade presentation of a spectrum from 1–

100,000 Hz has 5,000 bands rather than 100,000 1 Hz bands, which results in a 20:1 decrease in the 

amount of data required for storage or exchange. For a 256 kHz spectrum, which is becoming a 

common size for recorders sampling at 512 kHz, there are 3,206 hybrid millidecades resulting in a 

compression ratio of 80:1. 

The format uses 1-Hz resolution up to 455 Hz and millidecades frequency bands above 455 Hz. The 

lowest millidecades over-resolve (bin sizes <1 Hz) the space between 1–435 Hz for nearly all 

soundscape applications. To address this, a hybrid solution was applied that uses 1 Hz bands up to 

455 Hz, where the millidecades are 1 Hz wide. 

Similar to decidecades, the centre frequency for the ith millidecade (fc_i) is defined as  

 𝑓
𝑐_𝑖

= 10𝑖/1,000 (Hz) (15) 

and the lower (flo_i) and upper (fhi_i) bounds for each millidecade are 

 𝑓
𝑙𝑜_𝑖

= 𝑓
𝑐_𝑖

∙ 10−1/2,000 (Hz)  (16) 

 𝑓
ℎ𝑖_𝑖

= 𝑓
𝑐_𝑖

∙ 101/2,000 (Hz) . (17) 
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Appendix C. Recorder Calibration  

The AMAR was calibrated before deployment with a pistonphone type 42AC precision sound source 

(G.R.A.S. Sound & Vibration A/S; Figure C-1). Due to the unforeseen delay of the retrieval the battery 

life was exhausted which prevented a calibration after retrieval. The pistonphone calibrator produces a 

constant tone at 250 Hz at a fixed distance from the hydrophone sensor in an airtight space with 

known volume. The recorded level of the reference tone on the AMAR yields the system gain for the 

AMAR and hydrophone. To determine absolute sound pressure levels, this gain was applied during 

data analysis. Typical calibration variance using this method is less than 0.7 dB absolute pressure. 

 

Figure C-1. Split view of a G.R.A.S. 42AC pistonphone calibrator with an M36 hydrophone. 
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Appendix D. Marine Mammal Detection Methodology 

D.1. Automated Click Detector for Odontocetes 

We applied an automated click detector/classifier to the data to detect clicks from odontocetes (Figure 

D-1.). This detector/classifier is based on the zero-crossings in the acoustic time series. Zero-

crossings are the rapid oscillations of a click’s pressure waveform above and below the signal’s 

normal level (e.g., Figure D-1.). Clicks are detected by the following steps (Figure D-1.): 

1. The raw data is high-pass filtered to remove all energy below 5 kHz. This removes most energy 

from other sources such as shrimp, vessels, wind, and cetacean tonal calls, yet allows the energy 

from all marine mammal click types to pass. 

2. The filtered samples are summed to create a 0.334 ms rms time series. Most marine mammal 

clicks have a 0.1–1 ms duration. 

3. Possible click events are identified with a split-window normaliser that divides the ‘test’ bin of the 

time series by the mean of the 6 ‘window’ bins on either side of the test bin, leaving a 1-bin wide 

‘notch’. 

4. A Teager-Kaiser energy detector identifies possible click events. 

5. The high-pass filtered data is searched to find the maximum peak signal within 1 ms of the 

detected peak. 

6. The high-pass filtered data is searched backwards and forwards to find the time span where the 

local data maxima are within 9 dB of the maximum peak. The algorithm allows for two zero-

crossings to occur where the local peak is not within 9 dB of the maximum before stopping the 

search. This defines the time window of the detected click. 

7. The classification parameters are extracted. The number of zero crossings within the click, the 

median time separation between zero crossings, and the slope of the change in time separation 

between zero crossings are computed. The slope parameter helps to identify beaked whale 

clicks, as beaked whales can be identified by the increase in frequency (upsweep) of their clicks. 

8. The Mahalanobis distance between the extracted classification parameters and the templates of 

known click types is computed. The covariance matrices for the known click types, computed from 

thousands of manually identified clicks for each species, are stored in an external file. Each click 

is classified as a type with the minimum Mahalanobis distance unless none of them are less than 

the specified distance threshold. 
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Figure D-1. The automated click detector/classifier block diagram. 

Odontocete clicks occur in groups called click trains. Each species has a characteristic inter-click-

interval (ICI) and number of clicks per train. The automated click detector includes a second stage 

that associates individual clicks into trains (Figure D-2). The steps of the click train associator 

algorithm are: 

1. Queue clicks for N seconds, where N is twice the maximum number of clicks per train times the 

maximum ICI.  

2. Search for all clicks within the window that have Mahalanobis distances less than 11 for the 

species of interest (this gets 99% of all clicks for the species as defined by the template).  

3. Create a candidate click train if: 

a. The number of clicks is greater or equal to the minimum number of clicks in a train; 

b. The maximum time between any two clicks is less than twice the maximum ICI, and 

c. The smallest Mahalanobis distance for all clicks in the candidate train is less than 4.1. 

4. Create a new ‘time-series’ that has a value of 1 at the time of arrival of each clicks and zeroes everywhere else.  

5. Apply a Hann window to the timeseries then compute the cepstrum. 

4. A click train is classified if a peak in the cepstrum with amplitude > 5 times the standard deviation of the cepstrum occurs 

at a quefrency between the minimum maximum ICI. 

5. Queue clicks for N seconds 



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 D-3 

6. Search for all clicks within the window that have Mahalanobis distances less than 10 (equal to the extent of the variance in 

the training data set). 

7. If the number of clicks is greater than or equal to 3 and dT is less than 2 * max ICI, make a new time-series at the 0.333 

ms rate; where the value is 1 when the clicks occurred and 0 for all other time bins. Perform the following processing on 

this time series:  

a. Compute cepstrum 

b. ICI is the peak of the cepstrum with amplitude > 5 * stdev and searching for quefrency 

between minICI and maxICI. 

c. For each click related to the previous Ncepstrum, create a new time series and compute ICI; if 

we get a good match, extend the click train; find a mean ICI and variance. 

8. If the click features, total clicks and mean ICI match the species, output a species_click_train detection.  

 

Figure D-2. The click train automated detector/classifier block diagram. 

D.2. Automated Tonal Signal Detection 

Marine mammal tonal acoustic signals are automatically detected by the following steps: 

1. Spectrograms of the appropriate resolution for each mammal vocalisation type that were 

normalised by the median value in each frequency bin for each detection window Table D-1 were 

created.  

2. Adjacent bins were joined, and contours were created via a contour-following algorithm (Figure 

D-3). 

3. A sorting algorithm determined if the contours match the definition of a marine mammal 

vocalisation (Table D-2).  

Due to the available time, a limited validation of the detections was performed by opening files with 

detections to check if actual calls were present. 
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Figure D-3. Illustration of the search area used to connect spectrogram bins. The blue square represents a bin of 

the binary spectrogram equalling 1 and the green squares represent the potential bins it could be connected to. 

The algorithm advances from left to right so grey cells left of the test cell need not be checked. 
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Table D-1. Fast Fourier Transform (FFT) and detection window settings for all automated contour-based detectors 

used to detect tonal vocalisations of marine mammal species expected in the data. Values are based on JASCO’s 

experience and empirical evaluation on a variety of data sets. 

Automated detector 
FFT Detection 

window (s) 

Detection 

threshold Resolution (Hz) Frame length (s) Timestep (s) 

AUS_BW_AH17 0.5 2 0.125 50 2 

AUS_BW_AH60 0.5 2 0.125 50 2 

AUS_BW_BH20 0.5 2 0.125 40 2 

AUS_BW_BH43 0.5 2 0.125 40 2 

AUS_BW_BH65 0.5 2 0.125 40 2 

BW_H67 0.5 2 0.125 1200 3 

BW_DS 0.05 2 0.2 5 3 

NPac_BW_D 0.05 2 0.25 10 2 

Brydes_DS 0.125 2 0.25 120 3 

Brydes_IM_W 0.5 2 0.125 5 4 

VLFMoan 2 0.2 0.05 15 4 

LFMoan 2 0.25 0.05 10 3 

ShortLow 7 0.17 0.025 10 3 

MFMoanLow 4 0.2 0.05 5 3 

MFMoanHigh 8 0.125 0.05 5 3 

Omura_S1 0.25 2 0.25 120 6 

Omura_S2 0.25 0.5 0.5 60 4 

Omura_W 0.25 2 0.25 120 4 

WhistleLow 16 0.03 0.015 5 3 

WhistleHigh 64 0.015 0.005 5 3 

MF Moan-LowDS-H:M 0.05 4 0.2 5 7 

MF Moan-MidT-L 0.05 4 0.2 5 1.5 

MF Moan-LowT-L 0.05 4 0.2 5 1.5 

MF Moan-LowDS-L 0.05 4 0.2 5 3 
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Table D-2. A sample of vocalisation sorter definitions for the tonal vocalisations of cetacean species expected in 

the area. 

Automated detector Target species 
Frequency 

(Hz) 

Duration 

(s) 

Bandwidth 

(B; Hz) 
Other detection parameters 

AUS_BW_AH17 Blue whale 10–100 6–60 1–50 Peak frequency 17–18.5 

AUS_BW_AH60 Blue whale 10–100 6–60 1–50 Peak frequency 59–60.5 

AUS_BW_BH20 Blue whale 10–100 6–30 1–3 Peak frequency 21–22.5 

AUS_BW_BH43 Blue whale 10–100 6–30 1–3 Peak frequency 43–44.5 

AUS_BW_BH65 Blue whale 10–100 6–30 1–3 Peak frequency 64–66.5 

BW_H67 Blue whale 60–70 10–30 1–10 n/a 

BW_DS Blue whale 30–100 0.45–1 30–60 n/a 

NPac_BW_D Blue whale 20–100 2–10 15–50 Sweep rate −15 to −5 

Brydes_DS Bryde’s whale 30–200 0.5–3 10–80 n/a 

Brydes_IM_W Bryde’s whale 24–30 2–6 0.5–4 n/a 

VLFMoan 
Blue/fin/sei 

whale 
10–100 0.30–10.00 >10 minF<40 Hz 

LFMoan 
Blue/right/sei 

whale 
40–250 0.50–10.00 >15 InstantaneousBandwidth<50 Hz 

ShortLow Fin/baleen whale 30–400 0.08–0.60 >25 n/a 

MFMoanLow Humpback whale 100–700 0.50–5.00 >50 
minF<450 Hz 

InstantaneousBandwidth<200 Hz 

MFMoanHigh Humpback whale 500–2500 0.50–5.00 >150 
minF<1500 Hz 

InstantaneousBandwidth<300 Hz 

Omura_S1 Omura’s whale 15–60 5–12 8–40 n/a 

Omura_S2 Omura’s whale 10–60 3–15 8–40 n/a 

Omura_W Omura’s whale 24–30 2–6 0.5–4 n/a 

WhistleLow Pilot/killer whale 1000–10000 0.50–5.00 >300 
Max Instantaneous Bandwidth = 1000 Hz 

minF<5000 Hz 

WhistleHigh Other delphinid 4000–20000 0.30–3.00 >700 Max Instantaneous Bandwidth = 5000 Hz 

MF Moan-LowDS-H:M Humpback whale 100–1000 0.35–1.5 200–900 n/a 

MF Moan-MidT-L Humpback whale 500–1500 0.9–2.9 125–500 n/a 

MF Moan-LowT-L Humpback whale 50–950 0.9–2.9 50–500 n/a 

MF Moan-LowDS-L Humpback whale 100–1000 0.35–1.5 200–900 n/a 
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D.3. Automatic Data Selection for Validation (ADSV) 

To standardise the file selection process for the selection of data for manual analysis, we applied our 

Automated Data Selection for Validation (ADSV) algorithm. Details of the ADSV algorithm are 

described in Kowarski et al. (2021) and a schematic of the process is provided in Figure D-4. ADSV 

computes the distribution of three descriptors that describe the automated detections in the full data 

set: the Diversity (number of automated detectors triggered per file), the Counts (number of 

automated detections per file for each automated detector), and the Temporal Distribution (spread of 

detections for each automated detector across the recording period). The algorithm removes files 

from the temporary data set that have the least impact on the distribution of the three descriptors in 

the full data set. Files are removed until a pre-determined data set size (N) is reached, at which point 

the temporary data set becomes the subset to be manually reviewed. 

 

Figure D-4. Automated Data Selection for Validation (ADSV) process Figure 1 from Kowarski et al. (2021). 

For the present work, an N of 0.5% was selected, largely due to limited scope for this project and 

marine mammal analysis. Even with limited manual review, the results presented here can be 

considered reliable, but some caveats should be considered. It is important to note that with such 

limited data manually reviewed, very rare species may have been missed or their occurrence 

underestimated. If the 0.5% subset of data manually analysed was not sufficiently large to capture the 

full range of acoustic environments in the full data set, the resulting automated detector performance 

metrics may be inaccurate and therefore should be taken as an estimate.  
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D.4. Automated Detector Performance Calculation and Optimization 

All files selected for manual validation were reviewed by one of two experienced analysts using 

JASCO’s PAMlab software to determine the presence or absence of every species, regardless of 

whether a species was automatically detected in the 5 min file. Although the automated detectors 

classify specific signals, we validated the presence/absence of species at the file level, not the 

detection level. Acoustic signals were only assigned to a species if the analyst was confident in their 

assessment. When unsure, analysts would consult one another, peer reviewed literature, and other 

experts in the field. If certainty could not be reached, the file of concern would be classified as 

possibly containing the species in question or containing an unknown acoustic signal. Next, the 

validated results were compared to the automated detector results in three phases to refine the 

results and ensure they accurately represent the occurrence of each species in the study area.  

In phase 1, the human validated versus automated detector results were plotted as time series and 

critically reviewed to determine when and where automated detections should be excluded. 

Questionable detections that overlap with the detection period of other species were scrutinized. By 

restricting detections spatially and/or temporally where appropriate, we can maximize the reliability of 

the results. No temporal restrictions were necessary for our automated detector results. 

In phase 2, the performance of the automated detectors was calculated and optimized for each 

species using a threshold, defined as the number of automated detections per file at and above which 

detections of species were considered valid.  

To determine the performance of each automated detector and any necessary thresholds, the 

automated and validated results (excluding files where an analyst indicated uncertainty in species 

occurrence) were fed to a maximum likelihood estimation algorithm that maximizes the probability of 

detection and minimizes the number of false alarms using the Matthews Correlation Coefficient 

(MCC): 

𝑀𝐶𝐶 =
𝑇𝑃𝑥𝑇𝑁 − 𝐹𝑃𝑥𝐹𝑁

√(TP + FP)(TP + FN)(TN + FP)(TN + FN)
 

𝑃 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
; 𝑅 =

𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

where TP (true positive) is the number of correctly detected files, FP (false positive) is the number of 

files that are false detections, and FN (false negatives) is the number of files with missed detections. 

No thresholds were necessary for our automated detector results. 

In phase 3, detections were further restricted to include only those where P was greater than or equal 

to 0.75. When P was less than 0.75, only validated results were used to describe the acoustic 

occurrence of a species. All species in the present data set had automated detectors that performed 

sufficiently well. The occurrence of each species was plotted using JASCO’s Ark software as time 

series showing presence/absence by hour over each day.  
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Appendix E. Auditory Frequency Weighting Functions 

The potential for anthropogenic sounds to impact marine mammals is largely dependent on whether 

the sound occurs at frequencies that an animal can hear well, unless the sound pressure level is so 

high that it can cause physical tissue damage regardless of frequency. Auditory (frequency) weighting 

functions reflect an animal’s ability to hear a sound (Nedwell and Turnpenny 1998, Nedwell et al. 

2007). Houser et al (2017) provide an example illustrating the effect of applying a weighting function to 

a (hypothetical) sound (Figure E-1). 

 

Figure E-1. Application of an auditory weighting function. Blue line shows a hypothetical, octave-band sound 

pressure spectrum in air, with a total sound pressure level (integrated over all octave-bands) of 96 dB re 20 µPa 

(This example uses in air-noise levels; therefore, a different reference pressure (20 µPa) applies. The principle is 

identical to underwater sound where a reference pressure of 1 µPa applies). (Top) Red line shows the human A-

weighting function amplitude (A-weighting applies only to human hearing). (Bottom) To determine the weighted 

exposure level, the A-weighting amplitude at each frequency is added to the sound pressure level at each 

frequency (red arrows). The weighted spectrum has lower amplitude at the frequencies where the A-weighting 

function amplitudes are negative. The values from 1–4 kHz do not change substantially, because the weighting 

function is flat (i.e., the weights are near zero). The weighted SPL is calculated by integrating the weighted 

spectrum across all octave-bands; the result is 87 dBA, meaning a sound pressure level of 87 dB re 20 µPa after 

applying the human A-weighting function (Source: Houser et al. 2017). 

To better reflect the auditory similarities between phylogenetically closely related species, but also 

significant differences between species groups among the marine mammals, the extant marine 

mammal species are assigned to functional hearing groups based on their hearing capabilities and 

sound production (NMFS 2018) (Table E-1). This division into broad categories is intended to provide 

a realistic number of categories for which individual noise exposure criteria were developed and the 

categorisation as such has proven to be a scientifically justified and useful approach in developing 

auditory frequency weighting functions and deriving noise exposure criteria for marine mammals.  
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Table E-1. Marine mammal hearing groups (NMFS 2018). 

Hearing group Generalised hearing range* 

Low-frequency (LF) cetaceans (mysticetes or baleen whales) 7 Hz to 35 kHz 

Mid-frequency (MF) cetaceans (odontocetes: delphinids, beaked whales) 150 Hz to 160 kHz 

High-frequency (HF) cetaceans (other odontocetes) 275 Hz to 160 kHz 

Phocid pinnipeds (PW) (underwater) 50 Hz to 86 kHz 

Otariid pinnipeds (OW) (underwater) 60 Hz to 39 kHz 

* The generalised hearing range for all species within a group. Individual hearing will vary. 

The potential for noise to affect animals depends on how well the animals can hear it. Noises are less 

likely to disturb or injure an animal if they are at frequencies that the animal cannot hear well. An 

exception occurs when the sound pressure is so high that it can physically injure an animal by non-

auditory means (i.e., barotrauma). For sound levels below such extremes, the importance of sound 

components at particular frequencies can be scaled by frequency weighting relevant to an animal’s 

sensitivity to those frequencies (Nedwell and Turnpenny 1998, Nedwell et al. 2007). 

In 2015, a U.S. Navy technical report by Finneran (2015) recommended new auditory weighting 

functions. The overall shape of the auditory weighting functions is similar to human A-weighting 

functions, which follows the sensitivity of the human ear at low sound levels. The new frequency-

weighting function is expressed as:  

  (E-1) 

Finneran (2015) proposed five functional hearing groups for marine mammals in water: low-, mid-, and 

high-frequency cetaceans, phocid pinnipeds, and otariid pinnipeds. The parameters for these 

frequency-weighting functions were further modified the following year (Finneran 2016) and were 

adopted in NOAA’s technical guidance that assesses noise impacts on marine mammals (NMFS 2016, 

NMFS 2018). Table E-2 lists the frequency-weighting parameters for each hearing group; Figure E-2 

shows the resulting frequency-weighting curves. 

Table E-2. Parameters for the auditory weighting functions used in this project as recommended by NMFS (2018). 

Hearing group a b flo (Hz) fhi (kHz) K (dB) 

Low-frequency cetaceans 

(baleen whales)  
1.0 2 200 19,000 0.13 

Mid-frequency cetaceans 

(dolphins, plus toothed, beaked, and bottlenose whales)  
1.6 2 8,800 110,000 1.20 

High-frequency cetaceans 

(true porpoises, Kogia, river dolphins, cephalorhynchid, 

Lagenorhynchus cruciger and L. australis) 

1.8 2 12,000 140,000 1.36 

Phocid seals in water 1.0 2 1,900 30,000 0.75 

Otariid seals in water 2.0 2 940 25,000 0.64 
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Figure E-2. Auditory weighting functions for functional marine mammal hearing groups as recommended by 

NMFS (2018). 
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Appendix F. Methods and Parameters 

This section describes the specifications of the seismic source that was used at all sites and the 

environmental parameters used in the propagation models.  

F.1. Estimating Range to Thresholds Levels 

Sound level contours were calculated based on the underwater sound fields predicted by the 

propagation models, sampled by taking the maximum value over all modelled depths above the sea 

floor for each location in the modelled region. The predicted distances to specific levels were 

computed from these contours. Two distances relative to the source are reported for each sound 

level: 1) Rmax, the maximum range to the given sound level over all azimuths, and 2) R95%, the range to 

the given sound level after the 5% farthest points were excluded (see examples in Figure F-1).  

The R95% is used because sound field footprints are often irregular in shape. In some cases, a sound 

level contour might have small protrusions or anomalous isolated fringes. This is demonstrated in the 

image in Figure F-1(a). In cases such as this, where relatively few points are excluded in any given 

direction, Rmax can misrepresent the area of the region exposed to such effects, and R95% is considered 

more representative. In strongly asymmetric cases such as shown in Figure F-1(b), on the other hand, 

R95% neglects to account for significant protrusions in the footprint. In such cases Rmax might better 

represent the region of effect in specific directions. Cases such as this are usually associated with 

bathymetric features affecting propagation. The difference between Rmax and R95% depends on the 

source directivity and the non-uniformity of the acoustic environment.  

 

 (a) (b) 

Figure F-1. Sample areas ensonified to an arbitrary sound level with Rmax and R95% ranges shown for two 

scenarios. (a) Largely symmetric sound level contour with small protrusions. (b) Strongly asymmetric sound level 

contour with long protrusions. Light blue indicates the ensonified areas bounded by R95%; darker blue indicates 

the areas outside this boundary which determine Rmax. 
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F.2. Environmental Parameters 

F.2.1. Bathymetry 

Water depths throughout the modelled areas were extracted from the Australian Bathymetry and 

Topography Grid, a 9 arc-second grid rendered for Australian waters (Whiteway 2009). Bathymetry 

data were re-gridded onto a Map Grid of Australia (MGA) coordinate projection (Zone 54) with a 

regular grid spacing of 100 × 100 m. 

 

Figure F-2. Bathymetry in the modelled area. 

F.2.2. Sound speed profile 

Between 0–77 m water depth, mean daily sound speed profiles were derived from the Global Ice 

Ocean Prediction System (GIOPS) forecasting system for the period when the measurement data was 

acquired (February 2021 to March 2021 inclusive). A median profile determined to best represent 

potential propagation conditions over the periods. For deeper water depths below 77 m the sounds 

speed profile was combined with the sound speed profiles from GDEM (GDEM; Teague et al. 1990, 

Carnes 2009).  

The GIOPS is a data assimilation system that combines satellite and in-situ measurements for ice and 

ocean analyses and forecasts. Available sea ice analysis products are generated from sea ice 

concentration data and other satellite measurements from the Canadian Ice Service. For 

oceanographic variables, GIOPS assimilates a variety of satellite and in-situ observations (Argos 

profiling floats, ice buoys, moorings, ship observations, and others) to provide a 3-d representation of 

ocean temperature and salinity, water velocity, sea surface height and mixed layer depth. Meant 

primarily as a forecasting tool, the daily reported results are not archived long term for general use, 

but JASCO started caching GIOPS output in 2017 to support Arctic programs. 
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GDEM provides an ocean climatology of temperature and salinity for the world’s oceans on a latitude-

longitude grid with 0.25° resolution, with a temporal resolution of one month, based on global historical 

observations from the U.S. Navy’s Master Oceanographic Observational Data Set (MOODS). The 

climatology profiles include 78 fixed depth points to a maximum depth of 6800 m (where the ocean is 

that deep). The GDEM temperature-salinity profiles were converted to sound speed profiles according 

to Coppens (1981).  

The February and March were selected for sound propagation modelling to ensure to align with the 

measurement period. Figure F-3 shows the resulting profile, which was used as input for the sound 

propagation modelling. 

 

Figure F-3. The sound speed profile used for modelling: The daily and median profiles for the first 77 m from 

Global Ice Ocean Prediction System (GIOPS) (left) and full depth (right). 
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F.2.3. Geoacoustics 

The propagation model used in this study consider a single geoacoustic profile for the modelled area. 

These profiles determine how sound is reflected from the seabed, as well as how it is transmitted, 

reflected, and absorbed into the sediment layers. The seabed in the Artisan-1, located in shallower 

waters, was characterised by cemented and semi-cemented carbonate rock (calcarenite). semi-

cemented carbonate rock with the potential for a thin overlying veneer of coarse sand. This geologic 

model of the seabed environment is consistent with larger scale geological data and interpretations of 

the Australian continental shelf environment (James and Bone 2010). Tables F-1 and F-2 present the 

geoacoustic profiles used modelled sites for each seabed type considered. 

Table F-1. Artisan-1: Carbonate rock geoacoustic profile. Each parameter varies linearly within the stated range.

Depth 

below 

seafloor (m) 

Predicted lithology 
Density 

(g/cm3) 

Compressional wave Shear wave 

Speed 

(m/s) 

Attenuation 

(dB/λ) 

Speed 

(m/s) 

Attenuation 

(dB/λ) 

0–0.5 Well-cemented carbonate caprock 2.7 2600 0.50 

500 0.4 

0.5–20 

Increasingly cemented calcarenite 

2.2 2000 0.30 

20–40 2.3 2120 0.34 

40–60 2.4 2240 0.38 

60–80 2.5 2360 0.42 

80–100 2.6 2480 0.46 

>100 Well-cemented calcarenite 2.7 2600 0.5 

 

Table F-2. Artisan-1: Carbonate rock geoacoustic profile with overlying sand veneer. Each parameter varies 

linearly within the stated range.

Depth 

below 

seafloor (m) 

Predicted lithology 
Density 

(g/cm3) 

Compressional wave Shear wave 

Speed 

(m/s) 

Attenuation 

(dB/λ) 

Speed 

(m/s) 

Attenuation 

(dB/λ) 

0–1 Coarse carbonate sand 2.03 1800 0.85 

300 3.68 

1–20 

Increasingly cemented 

calcarenite 

2.2 2000 0.30 

20–40 2.3 2120 0.34 

40–60 2.4 2240 0.38 

60–80 2.5 2360 0.42 

80–100 2.6 2480 0.46 

>100 Well-cemented calcarenite 2.7 2600 0.5 
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Appendix G. ShipSound Reports 

G.1. Ocean Onyx Reports 

G.1.1. Report 1: 14:22 on 23 Feb 2021 

 



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 G-2 

 



JASCO Applied Sciences  Beach Otway Development Acoustic Monitoring 

Version 2.0 G-3 

G.1.2. Report 2: 17:52 on 8 Mar 2021 
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G.1.3. Report 3: 18:22 on 8 Mar 2021 
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G.2. Vessel DP Trial Report: 01:48 on 4 Feb 2021 
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G.3. Vessel Transit Report: 21:56 on 10 Mar 2021 
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