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Executive  Summary  
 
We are pleased to welcome you to the June 2021 UWA Tiebacks Symposium. This event is designed to 
provide you with an opportunity to examine the ongoing gas hydrates and flow assurance research within 
the Centre for Long Subsea Tiebacks of The University of Western Australia. The feedback you provide 
on these presentations is critical to maintaining a vibrant research effort that advances both student 
knowledge and industrial capability. This meeting builds upon the research themes developed in our Long 
Subsea Tiebacks Symposia and Flow Assurance Workshops over the past eight years, and is organised 
around three themes that are integral to the success of long tiebacks: 
 

�x Theme #1: A New Generation of Hydrate Experimental &  Modelling Tools. Our first session 
will  focus on our ongoing efforts to push the boundaries of hydrate modelling, supported by new 
experimental and modelling capabilities. In our first talk we examine the latest update to the UWA 
Gas Dominant Hydrate Extension. This latest version sees improvements in predictions of film 
growth and material accumulation as a function of surface interactions. We present an example of 
a pipeline under cold flow, and demonstrate how the updated Extension may be used to plan 
management efforts based on cyclical thermodynamic inhibitor pulsing. Following this, we 
introduce a new Joule Thomson Expansion Loop which has been built at UWA. This is a single 
pass ���  ́ ID flowloop built around a JT valve and designed to study the downstream temperature 
response. Ultimately the loop may prove useful in studying effects ranging from process safety relief 
to subsea jumper systems and CO2 sequestration: in this presentation we present the commissioning 
work up to and including observations of hydrate plugging. Finally we are pleased to welcome 
Dileep Penmetsa from Wood who will  be giving an overview of our collaborative efforts in 
integrating the UWA Extension with Virtuoso, to produce the �Z�R�U�O�G�¶�V first online hydrate blockage 
model. ViHy has been deployed in an industrial case study where the results have proven invaluable 
in furthering development of our hydrate models, while increasing certainty for operators in 
managing hydrate formation. 

�x Theme #2: Co-Surfactants to Improve Hydrate Transportability . Our second session welcomes 
a guest presentation from Dr Asheesh Kumar, Ramanujan Fellow at the Indian Institute of 
Petroleum to discuss the surfactant potential of Butyl Glycol Ether. His efforts in collaboration with 
UWA have demonstrated that BGE may have both thermodynamic inhibition and anti-agglomerant 
properties allowing it to serve as a useful co-injection chemical. This will  be followed by an 
investigation into the properties of regenerated Mono Ethylene Glycol provided from an industrial 
system. While the ongoing thermodynamic performance of regenerated MEG is largely self-evident, 
less studied are the effects of prolonged mixing with co-injected chemistries. This presentation 
explores the effects that these contaminants have on transportability, and suggest significant 
opportunities for under inhibited operations in brown field developments. 

�x Theme #3: Hydrate Nucleation &  Kinetic  Inhibitors . Building on a long line of research at UWA 
into the mechanisms governing hydrate formation in the presence of KHIs (kinetic hydrate 
inhibitors), the first talk of this session will present our latest insights supporting the deployment of 
these chemicals. Our unique experimental capability using our High Pressure, Stirred, Automated 
Lag-Time Apparatus (HPS-ALTA) has enabled us to generate a both evaluate ranking criteria for 
KHI performance, and to develop preliminary modelling methods to measure KHI performance as 
a function of subcooling and induction time. This work will assist in providing a quantitative basis 
for ranking KHIs for specific systems, with a view of informing the use of the technology locally. 
Finally, we are delighted to welcome Professor Bahman Tohidi of Herriot-Watt University and his 
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eminent expertise in the understanding and use of KHIs. His talk on the use of these chemicals will 
provide a best practise international context for their deployment. 
 

Your feedback on the results presented here will  inform our research activities over the coming six months 
and new results will  be presented at our next Tiebacks Symposium, which has been scheduled for November 
2021. Please feel free to contact us should you have any questions or feedback after the meeting. 
 
Dr Bruce Norris, Research Fellow, Centre for Long Subsea Tiebacks: bruce.norris@uwa.edu.au 
Prof. Zachary Aman, Chevron-Woodside Chair in Long Subsea Tiebacks: zachary.aman@uwa.edu.au 

mailto:zachary.aman@uwa.edu.au
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�%�X�W���9�L�+�\ �S�U�H�V�V�X�U�H�V���D�U�H��
�F�O�R�V�H�U���W�R���I�L�H�O�G��

�%�R�W�K���P�R�G�H�O�V���U�H�W�X�U�Q���W�R��
�D�J�U�H�H�P�H�Q�W���Z�L�W�K�� �I�L�H�O�G��
�D�I�W�H�U���0�(�*���D�U�U�L�Y�H�V���D�Q�G��
�K�\�G�U�D�W�H�V���G�L�V�V�R�F�L�D�W�H�G��

�4�X�H�V�W�L�R�Q�V��

�‡ �:�K�D�W���F�D�Q���D�F�F�R�X�Q�W�� �I�R�U���W�K�H���U�D�S�L�G��
�G�H�Y�H�O�R�S�P�H�Q�W���R�I���D���S�U�H�V�V�X�U�H���D�Q�R�P�D�O�\�����J�L�Y�H�Q��
�W�K�H���U�H�O�D�W�L�Y�H�O�\���V�O�R�Z���D�F�F�U�H�W�L�R�Q���R�I���K�\�G�U�D�W�H�V���R�Q��
�W�K�H���Z�D�O�O�"

�‡ �$�U�H���P�R�G�H�O�L�Q�J���X�Q�F�H�U�W�D�L�Q�W�L�H�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\��
�F�R�Q�W�U�L�E�X�W�L�Q�J�� �W�R���W�K�H���P�L�V�P�D�W�F�K�"

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�5�H�V�X�O�W�V���Z�L�W�K���%�D�V�H�O�L�Q�H���9�L�+�\ �0�R�G�H�O
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�+�\�G�U�D�W�H�V���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���D��
�Y�D�O�O�H�\�����Z�L�W�K���K�L�J�K���Z�D�W�H�U��
�K�R�O�G�X�S����

�)�O�X�L�G���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H�V���G�X�H���W�R��
�K�\�G�U�D�W�H���K�H�D�W���U�H�O�H�D�V�H�����L�Q���D���V�H�O�I��
�O�L�P�L�W�L�Q�J�� �S�U�R�F�H�V�V�������3�U�R�F�H�V�V���K�X�J�V��
�H�T�X�L�O�L�E�U�L�X�P���O�L�Q�H��

�+�L�J�K���K�R�O�G�X�S��	(���K�L�J�K���J�D�V��
�Y�H�O�R�F�L�W�\��	(���P�R�U�H��
�H�Q�W�U�D�L�Q�P�H�Q�W��	(���P�R�U�H��
�J�D�V���Z�D�W�H�U���F�R�Q�W�D�F�W��	(���P�R�U�H��
�K�\�G�U�D�W�H�V��	(���P�R�U�H��
�G�H�S�R�V�L�W�L�R�Q

�$�O�O���Z�D�W�H�U���L�V���F�R�Q�V�X�P�H�G���W�R���K�\�G�U�D�W�H��
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�G�R�Z�Q�V�W�U�H�D�P��
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�‡ �+�\�G�U�D�W�H���K�\�G�U�D�W�H���D�Q�G���K�\�G�U�D�W�H���Z�D�O�O���D�G�K�H�V�L�R�Q
�‡ �%�D�W�K�\�P�H�W�U�\��
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�‡ �$�Y�D�L�O�D�E�L�O�L�W�\���R�I���Z�D�W�H�U�����Y�L�D���O�R�D�G�L�Q�J��
�‡ �$�Y�D�L�O�D�E�L�O�L�W�\���R�I���J�D�V���Z�D�W�H�U���F�R�Q�W�D�F�W�����Y�L�D���H�Q�W�U�D�L�Q�P�H�Q�W��
�‡ �+�\�G�U�D�W�H���I�O�X�L�G���V�O�L�S�����I�X�Q�F�W�L�R�Q���R�I���S�D�U�W�L�F�O�H���V�L�]�H��

�7�K�H�V�H���D�U�H���Q�R�Z���H�[�S�O�R�U�H�G������

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��
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�)�L�Q�H���U�H�V�R�O�X�W�L�R�Q��
�P�R�G�H�O��

�&�R�D�U�V�H���U�H�V�R�O�X�W�L�R�Q��
�P�R�G�H�O

�3�H�D�N���K�R�O�G�X�S���V�P�D�O�O�H�U���D�Q�G���I�X�U�W�K�H�U��
�G�R�Z�Q�V�W�U�H�D�P���L�Q���F�R�D�U�V�H���P�R�G�H�O�������/�H�V�V��
�F�R�Q�G�X�F�L�Y�H���W�R���H�[�F�H�V�V���G�3��

�0�X�O�W�L�S�O�H���K�L�J�K���K�R�O�G�X�S�� �Y�D�O�O�H�\�V���L�Q���I�L�Q�H��
�U�H�V�R�O�X�W�L�R�Q���P�R�G�H�O��

�‡ �'�U�R�S�O�H�W���J�H�Q�H�U�D�W�L�R�Q���K�R�W���V�S�R�W�V
�‡ �+�\�G�U�D�W�H���I�R�U�P�V���D�Q�G���G�H�S�R�V�L�W�V���L�Q��

�Y�L�F�L�Q�L�W�\�� �R�I���V�X�F�K���Y�D�O�O�H�\�V
�‡ �6�K�R�U�W�����V�K�D�U�S���K�L�O�O�V�� �D�U�H���O�L�N�H�O�\���E�O�R�F�N�D�J�H��

�V�L�W�H�V��

�)�O�R�Z���D�V�V�X�U�D�Q�F�H���P�R�G�H�O�V���W�U�\���W�R���E�D�O�D�Q�F�H���F�R�P�S�X�W�D�W�L�R�Q�D�O�� �U�L�J�R�U���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H�������)�R�U���K�\�G�U�D�W�H���S�U�H�G�L�F�W�L�R�Q�����L�W���L�V���S�D�U�W�L�F�X�O�D�U�O�\�� �L�P�S�R�U�W�D�Q�W��
�W�R���H�P�S�K�D�V�L�]�H���D�F�F�X�U�D�F�\���R�I���K�R�O�G�X�S���G�L�V�W�U�L�E�X�W�L�R�Q�����Q�R�W���M�X�V�W�� �W�R�W�D�O���K�R�O�G�X�S�����Y�R�O�X�P�H����

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�6�H�Q�V�L�W�L�Y�L�W�\���W�R���%�D�W�K�\�P�H�W�U�\��������

�6�P�D�O�O�H�U���W�R�W�D�O���K�\�G�U�D�W�H��
�Y�R�O�X�P�H�V���L�Q���I�L�Q�H���U�H�V���P�R�G�H�O��
���V�K�D�U�S�H�U���K�R�O�G�X�S���S�H�D�N�V������

�0�(�*���W�D�N�H�V���O�R�Q�J�H�U���W�R���D�U�U�L�Y�H��
���P�R�U�H���K�L�O�O�V�� �W�R���F�O�L�P�E���H�Q
�U�R�X�W�H���������3�H�D�N���K�\�G�U�D�W�H���R�F�F�X�U�V��
�O�D�W�H�U��

�'�H�V�S�L�W�H���G�L�I�I�H�U�H�Q�W���K�\�G�U�D�W�H��
�Y�R�O�X�P�H�����H�[�F�H�V�V���G�3�·�V���D�U�H��
�V�L�P�L�O�D�U�������E�H�F�D�X�V�H���S�H�D�N��
�K�\�G�U�D�W�H���K�R�O�G�X�S�����D�V���I�U�D�F�W�L�R�Q��
�R�I���S�L�S�H���D�U�H�D�����L�V���O�D�U�J�H�U���L�Q��
�I�L�Q�H���U�H�V�R�O�X�W�L�R�Q���P�R�G�H�O��

�3�U�H�V�V�X�U�H���F�R�Q�W�L�Q�X�H�V�� �W�R��
�L�Q�F�U�H�D�V�H���L�Q���I�L�Q�H���P�R�G�H�O�����G�X�H��
�W�R���F�R�Q�W�L�Q�X�L�Q�J�� �K�\�G�U�D�W�H��
�I�R�U�P�D�W�L�R�Q���L�Q���Y�D�O�O�H�\�V��

�+�L�J�K�H�U���S�U�H�V�V�X�U�H���D�I�W�H�U��
�F�R�P�S�O�H�W�H���K�\�G�U�D�W�H��
�G�L�V�V�R�F�L�D�W�L�R�Q���� �G�X�H���W�R���K�L�J�K�H�U��
�Z�D�W�H�U���K�R�O�G�X�S���L�Q���O�L�Q�H��

�9�L�K�\ �L�V���T�X�L�W�H���V�H�Q�V�L�W�L�Y�H���W�R���E�D�W�K�\�P�H�W�U�\�������5�H�V�X�O�W�V���K�L�J�K�O�L�J�K�W�� �Q�H�H�G���I�R�U���F�D�U�H�I�X�O���V�H�O�H�F�W�L�R�Q���R�I���J�U�L�G��
�U�H�V�R�O�X�W�L�R�Q�����W�R���D�F�K�L�H�Y�H���J�U�L�G���L�Q�G�H�S�H�Q�G�H�Q�F�H���R�I���S�H�D�N���K�R�O�G�X�S���I�U�D�F�W�L�R�Q���D�Q�G���Q�R�W���M�X�V�W���W�R�W�D�O���K�R�O�G�X�S��

�$�O�O���V�X�E�V�H�T�X�H�Q�W���U�H�V�X�O�W�V���V�K�R�Z�Q���D�U�H���I�R�U���W�K�H���K�L�J�K���U�H�V�R�O�X�W�L�R�Q�� �P�R�G�H�O��
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���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�6�H�Q�V�L�W�L�Y�L�W�\���W�R���(�Q�W�U�D�L�Q�P�H�Q�W���0�R�G�H�O�L�Q�J

�7�K�H���H�Q�W�U�D�L�Q�P�H�Q�W���P�R�G�H�O�����E�D�V�H�G���R�Q���3�D�Q��
�	���+�D�Q�U�D�W�W�\���������������L�Q�F�O�X�G�H�V���D���W�X�Q�L�Q�J��
�I�D�F�W�R�U���L�Q���9�L�U�W�X�R�V�R�����W�R���L�Q�F�U�H�D�V�H���R�U��
�G�H�F�U�H�D�V�H���G�U�R�S�O�H�W���K�R�O�G�X�S�� ���Z�K�H�U�H���W�K�H��
�E�D�V�H�O�L�Q�H���P�R�G�H�O���S�U�H�G�L�F�W�V���H�Q�W�U�D�L�Q�P�H�Q�W����

�,�Q�F�U�H�D�V�L�Q�J���D�O�O�R�Z�H�G��
�H�Q�W�U�D�L�Q�P�H�Q�W���E�\����������
�S�U�R�G�X�F�H�V���R�Q�O�\���D����������
�L�Q�F�U�H�D�V�H���L�Q���W�R�W�D�O���K�R�O�G�X�S������

�������E�X�W���K�D�V���L�Q�V�L�J�Q�L�I�L�F�D�Q�W��
�L�P�S�D�F�W�� �R�Q���S�U�H�V�V�X�U�H���G�U�R�S��

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�+�\�G�U�D�W�H���+�\�G�U�D�W�H�� �D�Q�G���+�\�G�U�D�W�H���:�D�O�O���$�G�K�H�V�L�R�Q

�,�I���K�\�G�U�D�W�H���G�R�H�V���Q�R�W���G�H�S�R�V�L�W�����O�L�N�H�O�L�K�R�R�G��
�R�I���S�L�S�H�O�L�Q�H���E�O�R�F�N�D�J�H�����K�H�Q�F�H���O�D�U�J�H��
�H�[�F�H�V�V���G�3�����L�V���V�P�D�O�O�������7�K�L�V���L�Q���W�X�U�Q��
�G�H�S�H�Q�G�V���R�Q���D�G�K�H�V�L�Y�H���I�R�U�F�H�V��

�:�H���O�R�R�N�H�G���D�W���W�Z�R���Y�H�U�V�L�R�Q�V���R�I���W�K�H��
�D�G�K�H�V�L�R�Q���P�R�G�H�O��

�:�L�W�K���Z�H�D�N���D�G�K�H�V�L�R�Q����
�K�\�G�U�D�W�H�V���I�R�U�P�����E�X�W���Z�D�V�K���R�X�W��
�R�I���W�K�H���S�L�S�H�O�L�Q�H���� �/�L�W�W�O�H���E�X�L�O�G��
�X�S���R�Y�H�U���W�L�P�H��

�7�K�H���R�S�S�R�V�L�W�H���K�D�S�S�H�Q�V���Z�K�H�Q��
�Z�D�O�O���D�G�K�H�V�L�R�Q���L�V���V�W�U�R�Q�J��

�,�Q���W�K�H���Z�H�D�N���D�G�K�H�V�L�R�Q�����F�D�V�H��
�W�K�H�U�H���L�V���Q�R���H�[�F�H�V�V���G�3 �R�Y�H�U��
�W�K�H���Q�R���K�\�G�U�D�W�H���P�R�G�H�O��

�6�W�U�R�Q�J���D�G�K�H�V�L�R�Q���P�R�G�H�O��
�S�U�R�G�X�F�H�V���D�S�S�U�H�F�L�D�E�O�H��
�H�[�F�H�V�V���G�3��

�$�J�D�L�Q�����D�O�O���P�R�G�H�O�V���D�J�U�H�H��
�D�I�W�H�U���K�\�G�U�D�W�H���G�L�V�V�R�F�L�D�W�L�R�Q��

�+�\�G�U�D�W�H���D�G�K�H�V�L�R�Q���P�R�G�H�O�O�L�Q�J���L�V���S�U�R�E�D�E�O�\��
�W�K�H���P�R�V�W���F�U�L�W�L�F�D�O���F�R�P�S�R�Q�H�Q�W���G�H�W�H�U�P�L�Q�L�Q�J��
�W�K�H���D�F�F�X�U�D�F�\���R�I���W�K�H���R�Y�H�U�D�O�O���9�L�K�\ �P�R�G�H�O��
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�1�R�P�L�Q�D�O���Z�D�W�H�U���O�R�D�G�L�Q�J���L�Q���W�K�H���I�L�H�O�G���L�V��
�V�P�D�O�O���������E�E�O���P�P�V�F�I������ ���7�K�L�V���L�V���Q�R�W��
�P�H�D�V�X�U�H�G�� �G�L�U�H�F�W�O�\�����R�Q�O�\���H�V�W�L�P�D�W�H�G��

�7�U�X�H���O�R�D�G�L�Q�J���P�D�\���E�H���D�V���K�L�J�K���D�V������
�E�E�O���P�P�V�F�I��

�,�Q�F�U�H�D�V�L�Q�J���W�K�H���O�R�D�G�L�Q�J�� �P�L�G��
�Z�D�\���W�K�U�R�X�J�K���D���V�L�P�X�O�D�W�L�R�Q��
�L�P�P�H�G�L�D�W�H�O�\���L�Q�F�U�H�D�V�H�V��
�Z�D�W�H�U���K�R�O�G�X�S������

�������D�Q�G���K�\�G�U�D�W�H���K�R�O�G�X�S

�3�U�H�V�V�X�U�H���L�Q�F�U�H�D�V�H�V��
�X�Q�L�I�R�U�P�O�\���L�Q���W�L�P�H������

�������H�[�F�H�V�V���S�U�H�V�V�X�U�H���S�H�U�V�L�V�W�V��
�D�I�W�H�U���G�L�V�V�R�F�L�D�W�L�R�Q����
�L�Q�G�L�F�D�W�L�Q�J�� �W�K�D�W���W�K�L�V�� �L�V���G�X�H��
�W�R���H�[�F�H�V�V���Z�D�W�H�U���D�Q�G���Q�R�W��
�H�[�F�H�V�V���K�\�G�U�D�W�H��

�+�\�G�U�D�W�H�� �I�R�U�P�D�W�L�R�Q���D�S�S�H�D�U�V���W�R���V�F�D�O�H���L�Q���D��
�V�L�P�S�O�H���Z�D�\���Z�L�W�K���L�Q�O�H�W���Z�D�W�H�U���U�D�W�H��

�,�Q���D���W�\�S�L�F�D�O���I�L�H�O�G���J�D�V���F�R�Q�G�H�Q�V�D�W�H�� �V�\�V�W�H�P����
�Z�D�W�H�U���U�D�W�H�V���D�U�H���Q�R�W���G�L�U�H�F�W�O�\���P�H�D�V�X�U�H�G�� �² �V�R��
�L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���H�V�W�L�P�D�W�H���W�K�L�V���Z�L�W�K���F�D�U�H����
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�6�W�R�F�K�D�V�W�L�F�L�W�\���R�I���+�\�G�U�D�W�H���1�X�F�O�H�D�W�L�R�Q

�(�[�S�H�U�L�P�H�Q�W�D�O���H�Y�L�G�H�Q�F�H�� �V�K�R�Z�V���W�K�D�W��
�Q�X�F�O�H�D�W�L�R�Q���V�K�R�X�O�G���E�H���Y�L�H�Z�H�G���L�Q���D��
�S�U�R�E�D�E�L�O�L�V�W�L�F���I�U�D�P�H�Z�R�U�N����

�6�L�J�Q�L�I�L�F�D�Q�W�� �V�X�S�H�U�F�R�R�O�L�Q�J�����a�������&�����P�D�\���E�H��
�Q�H�F�H�V�V�D�U�\���E�H�I�R�U�H���K�\�G�U�D�W�H���D�S�S�H�D�U�V���G�X�U�L�Q�J��
�F�R�R�O�G�R�Z�Q��

�+�R�Z�H�Y�H�U�����Z�K�H�Q���K�\�G�U�D�W�H���Q�X�F�O�H�D�W�H�V���L�Q���D��
�V�X�S�H�U�F�R�R�O�H�G���V�\�V�W�H�P�����W�K�H���U�D�W�H���R�I���K�\�G�U�D�W�H��
�I�R�U�P�D�W�L�R�Q���L�V���S�R�W�H�Q�W�L�D�O�O�\�� �J�U�H�D�W�H�U�����P�R�U�H���G�U�L�Y�L�Q�J��
�I�R�U�F�H���������0�R�U�H���K�\�G�U�D�W�H���Y�R�O�X�P�H���P�D�\���E�H���S�R�V�V�L�E�O�H��
�W�K�D�Q���Z�L�W�K�R�X�W���V�X�S�H�U�F�R�R�O�L�Q�J��

�'�L�V�V�R�F�L�D�W�L�R�Q�� �L�V���Q�R�W�V�W�R�F�K�D�V�W�L�F

�+�\�V�W�H�U�H�V�L�V

�:�H���D�V�V�H�V�V�� �W�K�H���H�I�I�H�F�W�� �L�Q���9�L�+�\ �E�\��
�H�Q�I�R�U�F�L�Q�J�� �D���V�X�S�H�U�F�R�R�O�L�Q�J���W�K�U�H�V�K�R�O�G��
�D�Q�G���F�R�Q�G�X�F�W�L�Q�J�� �D�Q���H�Q�V�H�P�E�O�H�� �R�I��
�V�L�P�X�O�D�W�L�R�Q�V��

�6�R�X�U�F�H���� �´�(�[�S�H�U�L�P�H�Q�W�D�O�� �D�Q�G�� �W�K�H�U�P�R�G�\�Q�D�P�L�F�� �P�R�G�H�O�O�L�Q�J�� �R�I���V�\�V�W�H�P�V���F�R�Q�W�D�L�Q�L�Q�J�� �Z�D�W�H�U���D�Q�G�� �H�W�K�\�O�H�Q�H�� �J�O�\�F�R�O���� �$�S�S�O�L�F�D�W�L�R�Q�� �W�R���I�O�R�Z���D�V�V�X�U�D�Q�F�H �D�Q�G�� �J�D�V���S�U�R�F�H�V�V�L�Q�J�µ���� �+�R�R�P�D�Q�� �+�D�J�K�L�J�K�L���� �$�Q�W�R�Q�L�Q�� �&�K�D�S�R�\���� �5�R�G�� �%�X�U�J�H�V�V���� �%�D�K�P�D�Q�� �7�R�K�L�G�L

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�6�H�Q�V�L�W�L�Y�L�W�\���W�R���6�X�S�H�U�F�R�R�O�L�Q�J�� �D�Q�G���+�\�G�U�D�W�H���$�S�S�H�D�U�D�Q�F�H���7�H�P�S�H�U�D�W�X�U�H���6�K�L�I�W

�6�X�S�H�U�F�R�R�O�L�Q�J���R�I�����������&��
�V�X�S�S�U�H�V�V�H�V���K�\�G�U�D�W�H�V����
�F�R�P�S�D�U�H�G���W�R���E�D�V�H�O�L�Q�H��

�%�X�W���D�G�G�L�Q�J���D�����&���V�K�L�I�W��
�W�R���W�K�H���H�T�X�L�O�L�E�U�L�X�P��
�W�H�P�S�H�U�D�W�X�U�H��
�S�U�R�G�X�F�H�V���H�[�F�H�V�V�L�Y�H��
�K�\�G�U�D�W�H�V��

�3�U�H�V�V�X�U�H���W�U�H�Q�G�V���D�U�H��
�F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H��
�E�H�K�D�Y�L�R�U���R�I���W�R�W�D�O��
�K�\�G�U�D�W�H���K�R�O�G�X�S

���� �$���S�U�H�V�H�Q�W�D�W�L�R�Q���E�\���:�R�R�G��

�1�H�H�G���D���3�U�R�E�D�E�L�O�L�V�W�L�F�� �7�R�R�O�"

�7�K�H���V�W�R�F�K�D�V�W�L�F�� �Q�D�W�X�U�H�� �R�I���K�\�G�U�D�W�H��
�Q�X�F�O�H�D�W�L�R�Q���D�Q�G���W�K�H���V�H�Q�V�L�W�L�Y�H��
�G�H�S�H�Q�G�H�Q�F�H�� �R�Q���S�D�U�D�P�H�W�H�U�V�� �V�X�J�J�H�V�W��
�W�K�D�W���S�U�D�F�W�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q���R�I���K�\�G�U�D�W�H��
�P�R�G�H�O�L�Q�J���U�H�T�X�L�U�H�V�� �D���S�U�R�E�D�E�L�O�L�V�W�L�F��
�W�R�R�O�����P�X�F�K�� �O�L�N�H���K�X�U�U�L�F�D�Q�H�� �S�D�W�K��
�W�U�D�F�N�L�Q�J��

�7�D�U�J�H�W���S�U�H�G�L�F�W�L�R�Q���R�I

�‡ �/�L�N�H�O�L�K�R�R�G���R�I���K�\�G�U�D�W�H�V
�‡ �/�L�N�H�O�L�K�R�R�G���R�I���E�O�R�F�N�D�J�H
�‡ �%�H�V�W���H�V�W�L�P�D�W�H�G�� �W�L�P�H���I�R�U���V�D�I�H��

�R�S�H�U�D�W�L�R�Q���Z�L�W�K�R�X�W���L�Q�K�L�E�L�W�L�R�Q
�‡ �7�L�P�H���W�R���U�H�P�H�G�L�D�W�L�R�Q

���Z�H�D�W�K�H�U���F�R�P��

�$�Q�G���Q�R�W���Q�H�F�H�V�V�D�U�L�O�\

�‡ �(�[�D�F�W���O�R�F�D�W�L�R�Q���R�I���E�O�R�F�N�D�J�H
�‡ �3�U�H�F�L�V�H�� �W�L�P�H���R�I���K�\�G�U�D�W�H��

�D�S�S�H�D�U�D�Q�F�H
�‡ �(�W�F��
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�1�H�H�G���D���3�U�R�E�D�E�L�O�L�V�W�L�F�� �7�R�R�O�"��������

�7�R���W�H�V�W���I�H�D�V�L�E�L�O�L�W�\�����F�R�Q�G�X�F�W�H�G�� �D�Q���H�Q�V�H�P�E�O�H�� �R�I��
�V�L�P�X�O�D�W�L�R�Q�V��

�‡ �������K�R�X�U���F�R�R�O�G�R�Z�Q���W�R�Z�D�U�G�V���D�P�E�L�H�Q�W��
�W�H�P�S�H�U�D�W�X�U�H�� ���V�H�W���W�R���E�H�O�R�Z���K�\�G�U�D�W�H��
�W�H�P�S�H�U�D�W�X�U�H����

�‡ �,�G�H�Q�W�L�F�D�O���L�Q�L�W�L�D�O���F�R�Q�G�L�W�L�R�Q
�‡ �(�D�F�K���V�L�P�X�O�D�W�L�R�Q���Y�D�U�L�H�G���R�Q�H���S�D�U�D�P�H�W�H�U
�‡ �4�X�D�Q�W�L�W�L�H�V���H�Y�D�O�X�D�W�H�G���D�W���H�Q�G���R�I���U�X�Q��

�6��
�6��

�6��

�6��
�6�� �6��

�6���5�H�V�X�O�W�V

�‡ ���������V�F�D�W�W�H�U���L�Q���S�H�D�N���K�\�G�U�D�W�H���O�R�F�D�W�L�R�Q
�‡ ���������V�F�D�W�W�H�U���L�Q���S�H�D�N���K�\�G�U�D�W�H���K�R�O�G�X�S
�‡ �*�R�R�G���D�J�U�H�H�P�H�Q�W���R�Q���K�\�G�U�D�W�H���Y�R�O�X�P�H�����E�D�U���D�Q���R�X�W�O�L�H�U��
�‡ �$�O�P�R�V�W���Q�R���V�F�D�W�W�H�U���L�Q���H�[�F�H�V�V���S�U�H�V�V�X�U�H

�7�K�L�V���V�X�S�S�R�U�W�V�� �W�K�H���Q�R�W�L�R�Q���R�I���D�Q���H�Q�V�H�P�E�O�H���E�D�V�H�G��
�P�R�G�H�O��

�6�O�X�U�U�\���)�R�U�P�D�W�L�R�Q���I�R�U���:�D�W�H�U���6�\�V�W�H�P�V���8�Q�G�H�U���,�Q�Y�H�V�W�L�J�D�W�L�R�Q

�%�X�E�E�O�H���I�O�R�Z���R�I���N�H�\���L�Q�W�H�U�H�V�W

�‡ �3�U�R�G�X�F�W�L�R�Q���R�I���Q�D�W�X�U�D�O���K�\�G�U�D�W�H��
�G�H�S�R�V�L�W�V

�‡ �/�R�Z���S�R�L�Q�W�V���L�Q���Z�D�W�H�U���K�H�D�Y�\���I�L�H�O�G�V

�.�H�\���L�Q�S�X�W���W�R���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���U�H�V�W�D�U�W����
�V�O�R�X�J�K�L�Q�J���D�Q�G���M�D�P�P�L�Q�J

�����K�R�X�U���V�K�X�W���L�Q

�,�Q�F�R�U�S�R�U�D�W�L�Q�J���'�H�S�R�V�L�W���0�R�Y�H�P�H�Q�W���L�Q�W�R���6�L�P�X�O�D�W�L�R�Q�V

����

�6�O�R�X�J�K�L�Q�J���3�U�H�G�L�F�W�L�R�Q�V
�‡ �&�O�R�V�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q��

�H�[�S�H�U�L�P�H�Q�W�V���	���V�R�I�W�Z�D�U�H��
�G�H�Y�H�O�R�S�P�H�Q�W

�‡ �.�H�\���W�D�U�J�H�W���W�R���E�H�W�W�H�U���F�D�S�W�X�U�H��
�L�Q�G�X�V�W�U�L�D�O���G�D�W�D
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