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ΧΝΝΓΞΚΧςΓ�ΥΓΧΥΘΠΧΝ�ςΤΧΗΗΚΕ�ΦΓΝΧ[Υ��ΧΠΦ�

ω +ΠςΓΤΥΓΕςΚΘΠ�ΧΠΦ�ΦΤΧΚΠΧΙΓ�ΚΟΡΤΘΞΓΟΓΠςΥ�ΧΝΘΠΙ��ςϑ�ΧΠΦ��ςϑ�5ςΤΓΓςΥ�ΚΠ�5ϑΚΡ�∃ΘςςΘΟ�

∃ΘΤΘΩΙϑ��ΦΓΥΚΙΠΓΦ�ςΘ�ΚΟΡΤΘΞΓ�ςΤΧΗΗΚΕ�ΗΝΘΨ�ΗΘΤ�∆Θςϑ�ΠΘΤςϑ�ΥΘΩςϑ�ςΤΧΗΗΚΕ�ΘΠ�.ΘΠΙ�∃ΓΧΕϑ�

+ΥΝΧΠΦ��ΧΠΦ�ΧΝΝΓΞΚΧςΓ�ΗΝΘΘΦΚΠΙ���

6ϑΓ�2ΤΘΛΓΕς�ΧΝΥΘ�ΧΝΝΘΨΥ�ΗΘΤ�ΚΟΡΤΘΞΓΦ�ΡΩ∆ΝΚΕ�ΧΕΕΓΥΥ�ςΘ�ςϑΓ�ΨΧςΓΤΗΤΘΠς�ςϑΤΘΩΙϑ�Χ�ΕΘΟ∆ΚΠΧςΚΘΠ�ΘΗ�

ΚΟΡΤΘΞΓΦ�∆ΚΕ[ΕΝΓ�ΧΠΦ�ΡΓΦΓΥςΤΚΧΠ�ΗΧΕΚΝΚςΚΓΥ��ςϑΓ�ΕΘΠΥςΤΩΕςΚΘΠ�ΘΗ�ΗΚΞΓ�����ΠΓΨ�ΡΩ∆ΝΚΕ�ΡΧΤΜΚΠΙ�ΝΘςΥ�

ΧΝΘΠΙ�ςϑΓ�ΡΤΘΛΓΕς�ΕΘΤΤΚΦΘΤ��ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΘΗ�ςϑΓ�∆ΩΝΜϑΓΧΦ�Χς�ςϑΓ�ΟΧΠΟΧΦΓ�ΚΥΝΧΠΦ�ΗΘΤ�ΤΓΕΤΓΧςΚΘΠΧΝ�

ΡΩΤΡΘΥΓΥ��ΧΠΦ�ΤΓΥςΘΤΧςΚΘΠ�ΘΗ�Χ�ΡΘΤςΚΘΠ�ΘΗ�ςϑΓ�75(95�∋ΦΨΚΠ�∃��(ΘΤΥ[ςϑΓ�0ΧςΚΘΠΧΝ�9ΚΝΦΝΚΗΓ�

4ΓΗΩΙΓ�%ΓΦΧΤ�∃ΘΠΠΓς�+ΥΝΧΠΦ�/ΧΠΧΙΓΟΓΠς�7ΠΚς�ΧΥ�Χ�ΡΧΥΥΚΞΓ�ΤΓΕΤΓΧςΚΘΠΧΝ�ΗΧΕΚΝΚς[���

ʹǤʹ ��������������������������
6ϑΓ�4ΘΩςΓ����/ΧΠΧϑΧΨΜΚΠ�∃Χ[�∃ΤΚΦΙΓ�∋ΠΞΚΤΘΠΟΓΠςΧΝ�#ΥΥΓΥΥΟΓΠς�ΨΧΥ�ΧΡΡΤΘΞΓΦ�ΚΠ�,ΩΝ[�������

(ΘΝΝΘΨΚΠΙ�Χ�ΡΩ∆ΝΚΕ�ΕΘΟΟΓΠς�ΡΓΤΚΘΦ��(∗9#�ΚΥΥΩΓΦ�ςϑΓ�(ΚΠΦΚΠΙ�ΘΗ�0Θ�5ΚΙΠΚΗΚΕΧΠς�+ΟΡΧΕς�

�(105+��ΚΠ�5ΓΡςΓΟ∆ΓΤ�������2ΓΤΟΚςΥ�ΗΘΤ�ΕΘΠΥςΤΩΕςΚΘΠ�ΧΕςΚΞΚςΚΓΥ�ΨΓΤΓ�ΚΥΥΩΓΦ�ΚΠ���������

#�ΕΘΡ[�ΘΗ�ςϑΓ�(105+�ΚΥ�ΡΤΘΞΚΦΓΦ�ΚΠ�#ΡΡΓΠΦΚΖ�#��6ϑΓ������∋#�ΧΠΦ�ΡΤΓΞΚΘΩΥΝ[�ΚΥΥΩΓΦ�ΡΓΤΟΚςΥ�

ΧΤΓ�ΧΞΧΚΝΧ∆ΝΓ�ΗΘΤ�ΤΓΞΚΓΨ�Χς���

ϑςςΡ���ΨΨΨ�ΥςΧςΓ�ΠΛ�ΩΥ�ςΤΧΠΥΡΘΤςΧςΚΘΠ�ΕΘΟΟΩςΓΤ�ΤΘΧΦΥ�ΤςΓ��ΟΧΠΧϑΧΨΜΚΠ∆Χ[∆ΤΚΦΙΓΥ�ΓΧ�ΥϑςΟ��
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#ΦΦΓΠΦΩΟ�ςΘ�ςϑΓ�∋ΠΞΚΤΘΠΟΓΠςΧΝ�#ΥΥΓΥΥΟΓΠς��

6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓ�5ΕΘΩΤ�%ΘΩΠςΓΤΟΓΧΥΩΤΓΥ�ΧΠΦ�2Ω∆ΝΚΕ�9ΧςΓΤΗΤΘΠς�#ΕΕΓΥΥ�+ΟΡΤΘΞΓΟΓΠςΥ� �

�

����

�

ʹǤ͵ ��������������������������������
6ϑΓ�2ΤΓΗΓΤΤΓΦ�#ΝςΓΤΠΧςΚΞΓ�ΗΤΘΟ�ςϑΓ������∋#�ΧΠΦ�(105+�ΚΥ�ΕΩΤΤΓΠςΝ[�ΩΠΦΓΤ�ΕΘΠΥςΤΩΕςΚΘΠ��ΥΓΓ�

(ΚΙΩΤΓ�������6ϑΓ�ΕΘΠΥςΤΩΕςΚΘΠ�ΘΗ�ςϑΓ�ΠΓΨ�∃Χ[�∃ΤΚΦΙΓ�∆ΓΙΧΠ�ΘΠ�/Χ[���������ΧΠΦ�ΚΥ�ΥΕϑΓΦΩΝΓΦ�ςΘ�

ΘΡΓΠ�ΚΠ�ςϑΓ�ΥΡΤΚΠΙ��������%ΘΠΥςΤΩΕςΚΘΠ�ΘΠ�ςϑΓ�ΤΓΟΧΚΠΚΠΙ�ΡΘΤςΚΘΠ�ΘΗ�ςϑΓ�2ΤΘΛΓΕς�ΨΚΝΝ�ΕΘΠςΚΠΩΓ�

ςϑΤΘΩΙϑ��������

0,&16�ΚΥ�ΡΤΘΡΘΥΚΠΙ�ΕϑΧΠΙΓΥ�ςΘ�ςϑΓ�2ΤΓΗΓΤΤΓΦ�#ΝςΓΤΠΧςΚΞΓ��ϑΓΤΓΧΗςΓΤ�ςϑΓ�ΡΤΘΡΘΥΓΦ�ΧΕςΚΘΠ��

ΥΡΓΕΚΗΚΕΧΝΝ[�ςΘ�ΧΦΦΤΓΥΥ�ςϑΓ�ΠΓΓΦ�ΗΘΤ�ΥΕΘΩΤ�ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ�Χς�ΓΧΕϑ�ΘΗ�ςϑΓ�ςϑΤΓΓ�6ϑΘΤΘΗΧΤΓ�

∃ΤΚΦΙΓΥ��ΧΠΦ�ΟΘΦΚΗΚΕΧςΚΘΠ�ςΘ�ΡΩ∆ΝΚΕ�ΧΕΕΓΥΥ�ΗΧΕΚΝΚςΚΓΥ�Χς�2ΧΤΜΚΠΙ�.ΘςΥ���ΧΠΦ����

ʹǤͶ ���������������������������

ʹǤͶǤͳ �����������������

5Ω∆ΥΓΣΩΓΠς�ςΘ�∗ΩΤΤΚΕΧΠΓ�5ΧΠΦ[��ΝΘΕΧΝΚ∴ΓΦ�ΥΕΘΩΤ�ΕΘΠΦΚςΚΘΠΥ�ΨΓΤΓ�ΚΦΓΠςΚΗΚΓΦ�ΦΩΤΚΠΙ�ΤΓΙΩΝΧΤ�

ΚΠΥΡΓΕςΚΘΠΥ�ΕΘΠΦΩΕςΓΦ�∆[�0,&16��+Π�ΤΓΥΡΘΠΥΓ��(∗9#�ΤΓΣΩΓΥςΓΦ�ςϑΧς�0,&16�ΕΘΠΦΩΕς�ΧΠ�

ΩΡΦΧςΓΦ�ΥΕΘΩΤ�ΧΠΧΝ[ΥΚΥ�Χς�ςϑΓ�ςϑΤΓΓ�6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓΥ��∃ΧΥΓΦ�ΩΡΘΠ�ςϑΓ�ΟΘΥς�ΤΓΕΓΠς�ΧΠΧΝ[ΥΚΥ��ΥΓΓ�

#ΡΡΓΠΦΚΖ�∃��ςϑΓ�∆ΤΚΦΙΓΥ�ΨΓΤΓ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�ΥΕΘΩΤ�ΕΤΚςΚΕΧΝ��#Υ�ΥΩΕϑ��Χ�ΥΕΘΩΤ�ΓΞΓΠς�ΥΩΕϑ�ΧΥ�Χ�

ϑΩΤΤΚΕΧΠΓ�ΥςΘΤΟ�ΥΩΤΙΓ�ΕΘΩΝΦ�ΝΓΧΦ�ςΘ�ςϑΓΘΤΓςΚΕΧΝ�ΚΠΥςΧ∆ΚΝΚςΚΓΥ��ΚΠΕΝΩΦΚΠΙ�ΓΤΘΥΚΘΠ�ΘΗ�ΥΓΦΚΟΓΠς�ΚΠ�

ΧΠΦ�ΧΤΘΩΠΦ�ςϑΓ�∆ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠ��ΨϑΚΕϑ�ΕΧΠ�ΕΘΟΡΤΘΟΚΥΓ�ςϑΓ�ΥςΤΩΕςΩΤΧΝ�ΤΓΝΚΧ∆ΚΝΚς[�ΘΗ�ςϑΓ�

6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓΥ��0,&16�ΚΥ�ςϑΓΤΓΗΘΤΓ�ΡΤΘΡΘΥΚΠΙ�ΥΕΘΩΤ�ΡΤΘςΓΕςΚΘΠ�Χς�ΓΧΕϑ�ΘΗ�ςϑΓ�ςϑΤΓΓ�

6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓΥ�ςΘ�ΟΧΚΠςΧΚΠ�ΥΧΗΓ�ΤΘΧΦΨΧ[�ΕΘΠΦΚςΚΘΠΥ���

ʹǤͶǤʹ ��������������������������������������

6ϑΓ�ΚΠΚςΚΧΝ�ΡΤΘΛΓΕς�ΡΤΘΡΘΥΧΝ�ΚΠΕΝΩΦΓΦ�ΗΚΞΓ�ΡΧΤΜΚΠΙ�ΝΘςΥ�ΧΠΦ�ςϑΓ�ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΘΗ�ςϑΓ�ΓΖΚΥςΚΠΙ�

∆ΩΝΜϑΓΧΦ�ΘΠ�ςϑΓ�ΟΧΠ�ΟΧΦΓ�ΚΥΝΧΠΦ�ςΘ�ΡΤΘΞΚΦΓ�ΚΟΡΤΘΞΓΦ�ΡΩ∆ΝΚΕ�ΧΕΕΓΥΥ�ςΘ�ςϑΓ�ΨΧςΓΤΗΤΘΠς���

5Ω∆ΥΓΣΩΓΠςΝ[��ςϑΓ�ΡΤΘΡΘΥΓΦ�ΝΘΕΧςΚΘΠ�ΘΗ�2ΧΤΜΚΠΙ�.Θς���ΨΧΥ�ΟΘΦΚΗΚΓΦ�ςΘ�ΧΦΦΤΓΥΥ�ΡΩ∆ΝΚΕ�

ΕΘΟΟΓΠςΥ��ΧΠΦ�ςϑΓ�ΓΖΚΥςΚΠΙ�∆ΩΝΜϑΓΧΦ�ΝΘΕΧςΓΦ�ΧΦΛΧΕΓΠς�ςΘ�2ΧΤΜΚΠΙ�.Θς����ΝΘΕΧςΓΦ�ΚΟΟΓΦΚΧςΓΝ[�ςΘ�

ςϑΓ�ΠΘΤςϑΓΧΥς�ΘΗ�ςϑΓ�ΓΖΚΥςΚΠΙ�∃Χ[�∃ΤΚΦΙΓ��ΨΧΥ�ΕΘΟΡΤΘΟΚΥΓΦ�ΦΩΓ�ςΘ�ΥςΘΤΟ�ΦΧΟΧΙΓ��(ΘΤ�ςϑΓΥΓ�

ΤΓΧΥΘΠΥ��ςϑΓ�0,&16�ΚΥ�ΡΤΘΡΘΥΚΠΙ�ςΘ�ΚΠΕΝΩΦΓ�ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΘΗ�ςϑΓ�ΠΘΤςϑΓΧΥς�∆ΩΝΜϑΓΧΦ�ΧΝΘΠΙ�ΨΚςϑ�

ΕϑΧΠΙΓΥ�ΚΠ�ςϑΓ�ΝΘΕΧςΚΘΠΥ�ςΘ�ςϑΓΥΓ�ςΨΘ�ΡΧΤΜΚΠΙ�ΝΘςΥ��6ϑΓ�ΝΧ[ΘΩς�ΘΗ�ΡΤΓΞΚΘΩΥΝ[�ΧΡΡΤΘΞΓΦ�

ΡΓΦΓΥςΤΚΧΠ�ΧΠΦ�∆ΚΕ[ΕΝΓ�ΧΕΕΓΥΥ�ΚΟΡΤΘΞΓΟΓΠςΥ�ΨΚΝΝ�ΧΝΥΘ�∆Γ�ΧΦΛΩΥςΓΦ�ςΘ�ΕΘΠΠΓΕς�ςΘ�ςϑΓ�ΠΓΨ�ΡΧΤΜΚΠΙ�

ΝΘς�ΝΘΕΧςΚΘΠΥ��

ʹǤͷ �������������������������

ʹǤͷǤͳ �����������������

6ϑΓ�ΡΤΘΡΘΥΓΦ�ΥΕΘΩΤ�ΡΤΘςΓΕςΚΘΠ�ΨΘΩΝΦ�ΡΤΘΞΚΦΓ�ΥςΧ∆ΚΝΚς[�ςΘ�ςϑΓ�∆Χ[�∆ΘςςΘΟ�ΚΠ�ςϑΓ�ΞΚΕΚΠΚς[�ΘΗ�ςϑΓ�

6ϑΘΤΘΗΧΤΓ�∆ΤΚΦΙΓΥ��ΨϑΚΕϑ�ΚΠ�ςΩΤΠ�ΟΧΚΠςΧΚΠΥ�ΥςΧ∆ΚΝΚς[�ΗΘΤ�ςϑΓ�ΓΖΚΥςΚΠΙ�ςΚΟ∆ΓΤ�ΡΚΝΓ�ΗΘΩΠΦΧςΚΘΠΥ��

6ϑΓ�ΡΤΘΡΘΥΓΦ�ΥΕΘΩΤ�ΡΤΘςΓΕςΚΘΠ�ΡΤΓΞΓΠςΥ�ΥΕΘΩΤΚΠΙ�ΨϑΚΕϑ�ΕΘΩΝΦ�ΕΘΟΡΤΘΟΚΥΓ�ςϑΓ�ΥςΧ∆ΚΝΚς[�ΘΗ�ςϑΓ�

ΥςΤΩΕςΩΤΓΥ�ΧΠΦ�ΕΤΓΧςΓ�ΩΠΥΧΗΓ�ΤΘΧΦΨΧ[�ΕΘΠΦΚςΚΘΠΥ���
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#ΦΦΓΠΦΩΟ�ςΘ�ςϑΓ�∋ΠΞΚΤΘΠΟΓΠςΧΝ�#ΥΥΓΥΥΟΓΠς��

6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓ�5ΕΘΩΤ�%ΘΩΠςΓΤΟΓΧΥΩΤΓΥ�ΧΠΦ�2Ω∆ΝΚΕ�9ΧςΓΤΗΤΘΠς�#ΕΕΓΥΥ�+ΟΡΤΘΞΓΟΓΠςΥ� �

�

����

�

ʹǤͷǤʹ ��������������������������������������

6ϑΓ�0,&16�ΡΤΓΞΚΘΩΥΝ[�ΕΘΟΟΚςςΓΦ�ςΘ�ΡΤΘΞΚΦΚΠΙ�ΚΟΡΤΘΞΓΦ�ΡΩ∆ΝΚΕ�ΨΧςΓΤΗΤΘΠς�ΧΕΕΓΥΥ�ΧΥ�ΡΧΤς�ΘΗ�

ςϑΚΥ�ΡΤΘΛΓΕς��6ϑΓ�0,&16�ΚΥ�ΚΠΥςΧΝΝΚΠΙ�ΗΚΞΓ�ΡΧΤΜΚΠΙ�ΝΘςΥ�ΧΠΦ�ΧΥΥΘΕΚΧςΓΦ�ΥΚΦΓΨΧΝΜ�ΚΟΡΤΘΞΓΟΓΠςΥ�

ΧΝΘΠΙ�4ΘΩςΓ����ΕΘΤΤΚΦΘΤ�ΗΘΤ�ςϑΚΥ�ΡΩΤΡΘΥΓ��

� �



5ΘΩΤΕΓ��∋ΥΤΚ��&ΚΙΚςΧΝ)ΝΘ∆Γ��)ΓΘ∋[Γ��∋ΧΤςϑΥςΧΤ�)ΓΘΙΤΧΡϑΚΕΥ��%0∋5�#ΚΤ∆ΩΥ�&5��75&#��75)5��#∋:��)ΓςΟΧΡΡΚΠΙ��#ΓΤΘΙΤΚΦ��+)0��+)2��ΥΨΚΥΥςΘΡΘ��ΧΠΦ�ςϑΓ�)+5�7ΥΓΤ
%ΘΟΟΩΠΚς[

������������

������������

����������

�������������������

��������������

���

������������

����

���������

�������Ǥ�	��������
������������������������

������������������������������

��������
������

������������͗����

��������������������������������

������������͙

	������͖Ǧ͕
������������������



0,&16�4ΘΩςΓ����/ΧΠΧϑΧΨΜΚΠ�∃Χ[�∃ΤΚΦΙΓ�2ΤΘΛΓΕς��
#ΦΦΓΠΦΩΟ�ςΘ�ςϑΓ�∋ΠΞΚΤΘΠΟΓΠςΧΝ�#ΥΥΓΥΥΟΓΠς��

6ϑΘΤΘΗΧΤΓ�∃ΤΚΦΙΓ�5ΕΘΩΤ�%ΘΩΠςΓΤΟΓΧΥΩΤΓΥ�ΧΠΦ�2Ω∆ΝΚΕ�9ΧςΓΤΗΤΘΠς�#ΕΕΓΥΥ�+ΟΡΤΘΞΓΟΓΠςΥ� �

�

����

�

͵ ������������������������������������
�

͵Ǥͳ �����������������������
6ϑΓ�0Θ�#ΕςΚΘΠ�#ΝςΓΤΠΧςΚΞΓ�ΕΘΠΥΚΥςΥ�ΘΗ�ΠΘ�ΧΦΦΚςΚΘΠΧΝ�ΨΘΤΜ�ςΘ�ςϑΓ�2ΤΘΛΓΕς�ΧΥ�ΦΓςΧΚΝΓΦ�ΚΠ�ςϑΓ�(105+�
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Note:
{1} - Indicates Rating for Parameter, a score of 5 indicates optimal performance, a score of 1 indicates poor performance

Footnotes

1 - Approximate quantity and unit costs are adjusted for ACBM to account for Riprap toe-in required at the edges of the countermeasure
2 - Depth includes coarse aggregate bedding layer for ACBM and Riprap, the range shown for A-jacks represents the likelihood of eliminating the bedding layer
3 - Based on manufacturer recommendations, no excavation for installation of Marine Mattress is proposed

1.00 1.50 1.50 1.50 1.50 2.00 1.50 - - - -

{1} {5} {2} {4} {2} {2} {1}

{3} {2} {2} {5} {3} {2} {2}

{5} {1} {4} {1} {1} {1} {4}

{4} {4} {2} {3} {4} {5} {4}

Environmental Impact

Some excavation for toe-
ins and largest limts

Some excavation over
entire area, typical limits

Most excavation, typical
limits

No excavation

anticipated3, typical

Approximate
Limits (SY)

22,000

19,000

19,000

19,000

2

4

1

5 to 8 inches Difficult placement wi th low
headroom and between piles

Resilient concrete elements,
toe-in points require monitoring

Resilient concrete elements

Stones can become dislodged

Exposed geogrid at shallow
locations may wear

1.5 to 2 feet

4.5 feet

6 to 12 inches Minimal monitoring

Requires Regular
Maintenance

Moderate
monitoring

Required at toe-in
points $150

$350

Difficult placement wi th low
headroom and between piles $140

$210
Riprap

A-Jacks

DurabilityScour Countermeasure
Alternative

Subgrade
Preparation

Depth2 / Need
for Excavation

Constructability

Scour Countermeasures Comparison Matrix

Easiest to install within
project constraints

Difficult placement wi th low
headroom

Future
Maintenance

Unit Cost
($/SY) Rank

Weighted Score Multiplier

Articulated Concrete

Block Mattress (ACBM)1

Weighted
Score

26.00 3

28.00

23.50

39.50

Extensive
Preparation

Moderate
Preparation

Minimal
Preparation

Adaptability

Vulnerable to bed
condition changes

Susceptible to bed
condition changes

Moderate performance
with changed conditions

Moderate performance
with changed conditions

6Χ∆ΝΓ����

Comparison of Scour Countermeasure Design Alternatives

Reduced
Marine Mattress Preparation 1
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Figure 3-8
Approved Public Waterfront

Access Improvements



Figure 3-9
Proposed Public Waterfront

Access Improvements
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5ςΧςΓ�6ϑΤΓΧςΓΠΓΦ��ΧΤΓ�ΜΠΘΨΠ�ςΘ�ΠΓΥς�ΚΠ�ΧΠΦ�ΧΦΛΧΕΓΠς�ςΘ�ςϑΓ�ΡΤΘΛΓΕς�ΧΤΓΧ��#ΦΦΚςΚΘΠΧΝΝ[��ΟΧΤΚΠΓ�
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ΧΤΓΧ�ΚΠΕΝΩΦΓ���

ω −ΓΟΡ
Υ�ΤΚΦΝΓ[�ΥΓΧ�ςΩΤςΝΓ��.ΓΡΚΦΘΕϑΓΝ[Υ�ΜΓΟΡΚ��±�ΗΓΦΓΤΧΝΝ[�ΓΠΦΧΠΙΓΤΓΦ�
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ω .ΘΙΙΓΤϑΓΧΦ�ΥΓΧ�ςΩΤςΝΓ��%ΧΤΓςςΧ�ΕΧΤΓςςΧ��±�ΗΓΦΓΤΧΝΝ[�ςϑΤΓΧςΓΠΓΦ��

ω #ςΝΧΠςΚΕ�ΙΤΓΓΠ�ΥΓΧ�ςΩΤςΝΓ��%ϑΓΝΘΠΚΧ�Ο[ΦΧΥ��±�ΗΓΦΓΤΧΝΝ[�ςϑΤΓΧςΓΠΓΦ�

ω #ςΝΧΠςΚΕ�ΥςΩΤΙΓΘΠ��#ΕΚΡΓΠΥΓΤ�ΘΖ[ΤΚΠΕϑΩΥ����ΗΓΦΓΤΧΝΝ[�ΓΠΦΧΠΙΓΤΓΦ�

0,&16�ϑΧΥ�ΡΤΓΞΚΘΩΥΝ[�ςΧΜΓΠ�ΥςΓΡΥ�ςΘ�ΧΞΘΚΦ�ΚΟΡΧΕςΥ�ςΘ�ςϑΓΥΓ�ΥΡΓΕΚΓΥ�ΚΠΕΝΩΦΚΠΙ��

ω 2ΤΘϑΚ∆Κς�ΚΠ�ΨΧςΓΤ�ΕΘΠΥςΤΩΕςΚΘΠ�ΧΕςΚΞΚςΚΓΥ�ΗΤΘΟ�,ΧΠΩΧΤ[���ςΘ�,ΩΠΓ�����

ω 4ΓΥςΤΚΕς�ΕΘΠΥςΤΩΕςΚΘΠ�ΧΕςΚΞΚςΚΓΥ�ΚΠ�ΡΤΘΖΚΟΚς[�ςΘ�Χ�ΡΓΤΓΙΤΚΠΓ�ΗΧΝΕΘΠ�ΠΓΥς�ΚΠ�ΧΕΕΘΤΦΧΠΕΓ�ΨΚςϑ�
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ω 4ΓΣΩΚΤΓ�ΩΥΓ�ΘΗ�ΧΣΩΧςΚΕ�ΠΘΚΥΓ�Χ∆ΧςΓΟΓΠς�ΟΓΧΥΩΤΓΥ�ΦΩΤΚΠΙ�ςϑΓ�ΚΠΥςΧΝΝΧςΚΘΠ�ΘΗ�ΡΚΝΓΥ�ΨΚςϑΚΠ�

ςϑΓ�ΨΧςΓΤΨΧ[���
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ςΘ�ςϑΓΥΓ�ΥΡΓΕΚΓΥ���
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6ϑΓ�∋(∗�ΧΥΥΓΥΥΟΓΠς�ΤΓΥΩΝςΓΦ�ΚΠ�ςϑΓ�ΤΓΣΩΚΤΓΟΓΠς�ΗΘΤ�ΥΓΧΥΘΠΧΝ�ΤΓΥςΤΚΕςΚΘΠΥ�ΘΠ�ΚΠ�ΨΧςΓΤ�

ΕΘΠΥςΤΩΕςΚΘΠ�ΧΕςΚΞΚςΚΓΥ�ΗΘΤ�ςϑΓ�ΡΤΘςΓΕςΚΘΠ�ΘΗ�ΨΚΠςΓΤ�ΗΝΘΩΠΦΓΤ��5#8��ΧΠΦ�ΧΠΧΦΤΘΟΘΩΥ�ΗΚΥϑ�ΥΩΕϑ�ΧΥ�

∆ΝΩΓ∆ΧΕΜ�ϑΓΤΤΚΠΙ��#ΝΘΥΧ�ΧΓΥςΚΞΧΝΚΥ��ΧΠΦ�ΧΝΓΨΚΗΓ��#ΝΘΥΧ�ΡΥΓΩΦΘϑΧΤΓΠΙΩΥ���0,&16�ΚΥ�ΧΝΥΘ�ΡΤΘΞΚΦΚΠΙ�

ΟΚςΚΙΧςΚΘΠ�ΗΘΤ�ΚΟΡΧΕςΥ�ςΘ�5#8�ΧΥ�ΡΧΤς�ΘΗ�ςϑΓ�ΡΤΘΡΘΥΓΦ�ΧΕςΚΘΠ���0,&16�ΨΚΝΝ�ΕΘΠςΚΠΩΓ�ςΘ�

ΚΟΡΝΓΟΓΠς�ςϑΓΥΓ�ΟΓΧΥΩΤΓΥ�ςΘ�ΟΚΠΚΟΚ∴Γ�ΚΟΡΧΕςΥ�ςΘ�∋ΥΥΓΠςΚΧΝ�(ΚΥϑ�∗Χ∆ΚςΧς��

ͶǤͳͳ 	����������
6ϑΓ�(ΓΦΓΤΧΝ�∋ΟΓΤΙΓΠΕ[�/ΧΠΧΙΓΟΓΠς�#ΙΓΠΕ[��(∋/#��5ςΩΦ[�ΗΘΤ�5ϑΚΡ�∃ΘςςΘΟ�ΧΠΦ�5ςΧΗΗΘΤΦ�

6ΘΨΠΥϑΚΡ��1ΕΓΧΠ�%ΘΩΠς[��0ΓΨ�,ΓΤΥΓ[�ΥϑΘΨΥ�ςϑΓ�����[ΓΧΤ�ςΚΦΧΝ�ΗΝΘΘΦΡΝΧΚΠ�ΗΘΤ�ςϑΓ�/ΧΠΧϑΧΨΜΚΠ�

∃Χ[�ςΘ�∆Γ�Χ∆ΘΩς�ΓΝΓΞΧςΚΘΠ���ΗΓΓς�0)8&��0ΧςΚΘΠΧΝ�)ΓΘΦΓςΚΕ�8ΓΤςΚΕΧΝ�&ΧςΩΟ���������6ϑΓ�2ΤΘΛΓΕς�ΚΥ�

ΝΘΕΧςΓΦ�ΓΠςΚΤΓΝ[�ΚΠ�ςϑΓ�ςΚΦΧΝ�∴ΘΠΓ�ΧΠΦ�ΟΘΥς�ΘΗ�ςϑΓ�4ΘΩςΓ����ΡΤΘΛΓΕς�ΕΘΤΤΚΦΘΤ�ΚΥ�Χ∆ΘΞΓ�ςϑΓ�����[ΓΧΤ�

ΗΝΘΘΦ�ΓΞΓΠς��∃Θςϑ�ςϑΓ�/ΧΤΚΠΓ�/ΧςςΤΓΥΥ�ΧΠΦ�#%∃/�ΨΘΩΝΦ�ΠΘς�ΕΘΠςΤΚ∆ΩςΓ�ςΘ�Χ�ΥΚΙΠΚΗΚΕΧΠς�ΕϑΧΠΙΓ�

ΚΠ�ςϑΓ�ΡΤΓ�ΓΖΚΥςΚΠΙ�∆ΓΦ�ΓΝΓΞΧςΚΘΠ��6ϑΓ�ΡΤΘΡΘΥΓΦ�ΡΩ∆ΝΚΕ�ΨΧςΓΤΗΤΘΠς�ΧΕΕΓΥΥ�ΚΟΡΤΘΞΓΟΓΠςΥ�ΧΤΓ�

ΝΧΤΙΓΝ[�ΕΘΠςΧΚΠΓΦ�ςΘ�ΓΖΚΥςΚΠΙ�ΦΓΞΓΝΘΡΓΦ�ΧΤΓΧΥ�ΧΠΦ�ΨΚςϑΚΠ�ςϑΓ�ΡΤΘΛΓΕς�ΝΚΟΚςΥ�ΡΤΓΞΚΘΩΥΝ[�ΧΡΡΤΘΞΓΦ�

∆[�ςϑΓ�ΤΓΙΩΝΧςΘΤ[�ΧΙΓΠΕΚΓΥ�ΧΠΦ�ΨΘΩΝΦ�ΠΘς�ΤΓΥΩΝς�ΚΠ�ΧΠ�ΚΟΡΧΚΤΟΓΠς�ςΘ�ςϑΓ�ΗΝΘΘΦΡΝΧΚΠ���

ͶǤͳʹ �������������
6ϑΓ�4ΘΩςΓ����ΕΘΤΤΚΦΘΤ�ΚΥ�ΝΘΕΧςΓΦ�ΚΠ�ΧΠ�Θ∴ΘΠΓ�ΠΘΠ�ΧςςΧΚΠΟΓΠς�∴ΘΠΓ��1∴ΘΠΓ�ΚΥ�Χ�ΥΟΘΙ�ΚΠΦΩΕΚΠΙ�

ΡΘΝΝΩςΧΠς�ςϑΧς�ΚΥ�ΧΝΥΘ�ΧΠ�ΚΤΤΚςΧΠς��#Υ�ςϑΚΥ�ΡΤΘΛΓΕς�ΚΥ�ΡΧΤς�ΘΗ�ςϑΓ�ΡΤΘΛΓΕς�5ςΧςΓ�6ΤΧΠΥΡΘΤςΧςΚΘΠ�

+ΟΡΤΘΞΓΟΓΠς�2ΤΘΙΤΧΟ��56+2���Κς�ςϑΓΤΓΗΘΤΓ�ΕΘΠΗΘΤΟΥ�ςΘ�ςϑΓ�ΧΚΤ�ΡΘΝΝΩςΚΘΠ�ΤΓΦΩΕςΚΘΠ�ΡΝΧΠ�ΚΠ�0ΓΨ�

,ΓΤΥΓ[��6ϑΚΥ�ΡΤΘΛΓΕς�ΨΘΩΝΦ�ΠΘς�ΕΧΩΥΓ�ΘΤ�ΕΘΠςΤΚ∆ΩςΓ�ςΘ�ΧΠ�ΓΖΕΓΓΦΧΠΕΓ�ΘΗ�ΧΠ[�ΧΚΤ�ΣΩΧΝΚς[�

ΤΓΣΩΚΤΓΟΓΠςΥ��

ͶǤͳ͵ ��������������
5ΓΠΥΚςΚΞΓ�ΠΘΚΥΓ�ΤΓΕΓΡςΘΤΥ�ΨΚςϑ�ςϑΓ�ΡΤΘΛΓΕς�ΧΤΓΧ�ΚΠΕΝΩΦΓ�ΤΓΥΚΦΓΠςΚΧΝ�ΧΤΓΧΥ�ΧΠΦ�ςϑΓ�ΨΚΝΦΝΚΗΓ�ΤΓΗΩΙΓ��

#�ΠΘΚΥΓ�ΧΠΧΝ[ΥΚΥ�ΨΧΥ�ΡΤΓΞΚΘΩΥΝ[�ΕΘΟΡΝΓςΓΦ�ΧΠΦ�ΦΓςΓΤΟΚΠΓΦ�ςϑΧς�ςϑΓ�ΡΤΘΛΓΕς�ΨΘΩΝΦ�ΠΘς�ϑΧΞΓ�Χ�

ΥΚΙΠΚΗΚΕΧΠς�ΠΘΚΥΓ�ΚΟΡΧΕς�ΘΠ�ΧΠ[�ΘΗ�ςϑΓ�ΥΓΠΥΚςΚΞΓ�ΤΓΕΓΡςΘΤΥ�ΚΠ�ςϑΓ�ΡΤΘΛΓΕς�ΧΤΓΧ��

ͶǤͳͶ ��������������������
#�ΡΤΓΞΚΘΩΥΝ[�ΕΘΟΡΝΓςΓΦ�ΕΩΝςΩΤΧΝ�ΤΓΥΘΩΤΕΓ�ΚΠΞΓΥςΚΙΧςΚΘΠ�ΦΓςΓΤΟΚΠΓΦ�ςϑΧς�ςϑΓΤΓ�ΧΤΓ�ΠΘ�ΓΝΚΙΚ∆ΝΓ�

ϑΚΥςΘΤΚΕ�ΘΤ�ΡΤΓϑΚΥςΘΤΚΕ�ΤΓΥΘΩΤΕΓΥ�ΚΠ�ςϑΓ�ΡΤΘΛΓΕς�ΧΤΓΧ���

ͶǤͳͷ ����������	����������������������������
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ΤΓΣΩΚΤΓ�ΤΓΝΘΕΧςΚΘΠ�ΘΗ�Χ�ΠΩΟ∆ΓΤ�ΘΗ�ΟΧΛΘΤ�ΩςΚΝΚςΚΓΥ��

ͶǤͳ ������������������������
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ͶǤͳͺǤͳ ������������������������������
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+ΟΡΧΕς�6[ΡΓ�

#ΝςΓΤΠΧςΚΞΓ�

�∃� �� ��

∃ΤΚΦΙΓ�
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2ΤΘςΓΕςΚΘΠ�

6ΓΟΡΘΤΧΤ[�+ΟΡΧΕς�#ΤΓΧ��ΧΕ��

1ΡΓΠ�9ΧςΓΤΥ�� � � �
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&ΓΝΚΠΓΧςΓΦ�5#8�� �� ����� �����
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ΕΘΥς�ςΘ�ΟΧΚΠςΧΚΠ�ςϑΓ�ΥςΤΩΕςΩΤΓ�ΘΞΓΤ�ςϑΓ�ΕΘΩΤΥΓ�ΘΗ�ΥςΤΩΕςΩΤΓ∂Υ�ΝΚΗΓςΚΟΓ������[ΓΧΤΥ���6ϑΓ�ΕΘΥςΥ�ΗΘΤ�

ΓΧΕϑ�ΧΝςΓΤΠΧςΚΞΓ�ΧΤΓ�ΥϑΘΨΠ�ΚΠ�6Χ∆ΝΓ�������

6Χ∆ΝΓ������5ΕΘΩΤ�%ΘΩΠςΓΤΟΓΧΥΩΤΓ�%ΘΥς�%ΘΟΡΧΤΚΥΘΠ�

#ΝςΓΤΠΧςΚΞΓ�
+ΠΚςΚΧΝ�

%ΘΠΥςΤΩΕςΚΘΠ�

%ΘΥς�
.ΚΗΓ�%[ΕΝΓ�%ΘΥς�

#ΝςΓΤΠΧςΚΞΓ��∃���∃ΤΚΦΙΓ�4ΓϑΧ∆ΚΝΚςΧςΚΘΠ�

Ψ�5ΕΘΩΤ�2ΤΘςΓΕςΚΘΠ� ��������������� ����������������

#ΝςΓΤΠΧςΚΞΓ�����∃ΤΚΦΙΓ�4ΓΡΝΧΕΓΟΓΠς� ���������������� ����������������

#ΝςΓΤΠΧςΚΞΓ�����∃ΤΚΦΙΓ�4ΓΡΝΧΕΓΟΓΠς�Ψ��

+ΠςΓΤΚΟ�5ΕΘΩΤ�2ΤΘςΓΕςΚΘΠ� ���������������� ����������������

�

6ϑΓ�ΝΚΗΓ�Ε[ΕΝΓ�ΧΠΧΝ[ΥΚΥ�ΗΘΤ�ΓΧΕϑ�ΧΝςΓΤΠΧςΚΞΓ�ΚΥ�∆ΧΥΓΦ�ΘΠ�ςϑΓ�ΧΠςΚΕΚΡΧςΓΦ�ΕΘΥςΥ�ΘΞΓΤ�Χ�ΥΡΧΠ�ΘΗ�����

[ΓΧΤΥ���(ΘΤ�#ΝςΓΤΠΧςΓ��∃��ΚΠΚςΚΧΝ�ΕΘΥςΥ�ΧΤΓ�ΗΘΤ�ςϑΓ�ΘΤΚΙΚΠΧΝΝ[�ΥΕϑΓΦΩΝΓΦ�ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΧΠΦ�ΚΠΕΝΩΦΓΥ�

ΚΠΥςΧΝΝΧςΚΘΠ�ΘΗ�ΥΕΘΩΤ�ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ�Χς�ΧΝΝ�ςϑΤΓΓ�∆ΤΚΦΙΓΥ���(ΘΤ�#ΝςΓΤΠΧςΓ����ςϑΓ�ΚΠΚςΚΧΝ�ΕΘΥς�

ΧΕΕΘΩΠςΥ�ΗΘΤ�ΟΚΠΘΤ�ΤΓΡΧΚΤ�ΨΘΤΜ�ςΘ�ΓΖςΓΠΦ�ςϑΓ�ΝΚΗΓ�ΘΗ�ςϑΓ�∆ΤΚΦΙΓ�ΩΠςΚΝ�ςϑΓ�∆ΤΚΦΙΓ�ΕΧΠ�∆Γ�ΤΓΡΝΧΕΓΦ�

�Κς�ΚΥ�ΓΥςΚΟΧςΓΦ�ςϑΧς�∆ΤΚΦΙΓ�ΤΓΡΝΧΕΓΟΓΠς�ΨΚΝΝ�∆Γ�ΕΘΟΡΝΓςΓΦ�ΚΠ�ΓΚΙϑς�[ΓΧΤΥ��ΗΘΤ�ςϑΓ�ΡΩΤΡΘΥΓΥ�ΘΗ�ςϑΓ�

ΝΚΗΓ�Ε[ΕΝΓ�ΧΠΧΝ[ΥΚΥ�ςϑΓ�ΕΘΥς�ΗΘΤ�ςϑΓ�ΠΓΨ�∆ΤΚΦΙΓ�ΨΧΥ�ΡΤΘΙΤΧΟΟΓΦ�Χς�ςϑΓ�ΘΠΥΓς�ΘΗ�ΕΘΠΥςΤΩΕςΚΘΠ�

ΓΥςΚΟΧςΓΦ�ςΘ�∆Γ�ΚΠ�[ΓΧΤ�������(ΘΤ�#ΝςΓΤΠΧςΓ����ςϑΓ�[ΓΧΤ�∴ΓΤΘ�ΕΘΥς�ΧΕΕΘΩΠςΥ�ΗΘΤ�ΟΚΠΘΤ�ΤΓΡΧΚΤ�ΨΘΤΜ�
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ΧΙΧΚΠΥς�Χ�ΥςΘΤΟ�ΓΞΓΠς�ΩΠςΚΝ�ςϑΓ�∆ΤΚΦΙΓ�ΕΧΠ�∆Γ�ΤΓΡΝΧΕΓΦ��ΕΘΥςΥ�ΧΤΓ�ΧΝΥΘ�ΡΤΘΙΤΧΟΟΓΦ�ΚΠ�[ΓΧΤ������
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ςϑΓ�ΓΗΗΓΕς�ΘΗ�ςϑΓ�ϑΧΤΥϑ�ΟΧΤΚΠΓ�ΓΠΞΚΤΘΠΟΓΠς��
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ω %ΘΥςΥ�ΗΘΤ�ΟΚΠΘΤ�ΤΓΡΧΚΤΥ�ςΘ�ςϑΓ�ΦΓΕΜ�ΧΤΓ�ΥΕϑΓΦΩΝΓΦ�ςΘ�ΘΕΕΩΤ�ΓΞΓΤ[����[ΓΧΤΥ��

ω /ΧΛΘΤ�ΤΓΡΧΚΤ�ΕΘΥςΥ�ΧΤΓ�ΥΓς�ςΘ�ΘΕΕΩΤ�Χς����[ΓΧΤ�ΚΠςΓΤΞΧΝΥ�ΧΠΦ�ΚΠΕΝΩΦΓ�ΦΓΕΜ�ΤΓΡΧΚΤΥ��∆ΓΧΟ�

ΤΓΡΧΚΤΥ��ΧΠΦ�ΥΩ∆ΥςΤΩΕςΩΤΓ�ΤΓΡΧΚΤΥ���

ω &ΓΕΜ�ΤΓΡΝΧΕΓΟΓΠς�ΕΘΥςΥ�ΧΤΓ�ΥΕϑΓΦΩΝΓΦ�ΓΞΓΤ[����[ΓΧΤΥ��ςϑΓ�ΕΘΥςΥ�ΗΘΤ�∆ΓΧΟ�ΧΠΦ�

ΥΩ∆ΥςΤΩΕςΩΤΓ�ΤΓΡΧΚΤΥ�ΧΤΓ�ΧΝΥΘ�ΚΠΕΝΩΦΓΦ�ΗΘΤ�ςϑΚΥ�ΚςΓΟ��

ω ∃ΤΚΦΙΓ�ΤΓΡΝΧΕΓΟΓΠς�ΕΘΥςΥ�ΧΤΓ�ΧΥΥΩΟΓΦ�ςΘ�∆Γ�ΠΓΓΦΓΦ�ΓΞΓΤ[����[ΓΧΤΥ��ΚΠ�ΧΕΕΘΤΦΧΠΕΓ�ΨΚςϑ�

##5∗61∂Υ�ΥςΧΠΦΧΤΦ�ΦΓΥΚΙΠ�ΝΚΗΓ��

ω 6ϑΓ�ΚΠΗΝΧςΚΘΠ�ΤΧςΓ�ΚΥ�ΥΓς�Χς�����ςϑΓ�ΕΘΥς�ΘΗ�ΕΧΡΚςΧΝ�ΚΥ�����ΧΠΦ�ΧΝΝ�ΕΘΥςΥ�ΕΘΟΡΩςΓΦ�ΗΘΤ�ΗΩςΩΤΓ�

ΤΓΡΧΚΤΥ�ΧΤΓ�ΕΘΠΞΓΤςΓΦ�ςΘ�Χ�ΡΤΓΥΓΠς�ΞΧΝΩΓ��

ω 0ΘςΓ�ςϑΧς�ΘΠΝ[�Χ�ΥΚΠΙΝΓ�ΤΓΡΧΚΤ�ς[ΡΓ�ΘΕΕΩΤΥ�Χς�Χ�ΙΚΞΓΠ�[ΓΧΤ��Κ�Γ���ΟΚΠΘΤ�ΤΓΡΧΚΤΥ�ΧΤΓ�

ΥΕϑΓΦΩΝΓΦ�ΗΘΤ�[ΓΧΤ����ΧΠΦ�[ΓΧΤ�����∆Ως�ΠΘς�[ΓΧΤ����∆ΓΕΧΩΥΓ�ΟΧΛΘΤ�ΤΓΡΧΚΤΥ�ΘΕΕΩΤ�Χς�ςϑΚΥ�

ςΚΟΓ��

ͶǤͳͺǤʹ ��������������������������������������

6ϑΓ�ΡΩ∆ΝΚΕ�ΧΕΕΓΥΥ�ΚΟΡΤΘΞΓΟΓΠςΥ�ΨΘΩΝΦ�∆Γ�ΕΘΠΥςΤΩΕςΓΦ�ΧΝΘΠΙ�ςϑΓ�ΨΧςΓΤΗΤΘΠς�ΠΓΧΤ�ΘΤ�ΚΠ�ΥΓΠΥΚςΚΞΓ�

ΤΓΥΘΩΤΕΓΥ��6Χ∆ΝΓ�����ΥΩΟΟΧΤΚ∴ΓΦ�ςϑΓ�ΕΘΟΡΧΤΧςΚΞΓ�ΚΟΡΧΕςΥ�ΧςςΤΚ∆ΩςΓΦ�ςΘ�ςϑΓ�ΧΡΡΤΘΞΓΦ�

ΧΝςΓΤΠΧςΚΞΓ��0Θ�#ΕςΚΘΠ��ΨΚςϑ�ςϑΧς�ΘΗ�ςϑΓ�ΡΤΘΡΘΥΓΦ�ΧΝςΓΤΠΧςΚΞΓ���6ϑΓ�ΓΖςΓΠς�ΘΗ�ΚΟΡΧΕςΥ�ΧςςΤΚ∆ΩςΓΦ�

ςΘ�ςϑΓ�ΡΤΘΡΘΥΓΦ�ΧΝςΓΤΠΧςΚΞΓ�ΧΤΓ�ΚΝΝΩΥςΤΧςΓΦ�ΚΠ�(ΚΙΩΤΓ�������

6ϑΓ�ΡΤΘΡΘΥΓΦ�ΧΝςΓΤΠΧςΚΞΓ�ΗΘΤ�∆Θςϑ�2ΧΤΜΚΠΙ�.ΘςΥ���ΧΠΦ���ΨΚΝΝ�ΤΓΥΩΝς�ΚΠ�Χ�ΥΝΚΙϑς�ΚΠΕΤΓΧΥΓ�ςΘ�ΚΟΡΧΕςΥ�

ςΘ�ΚΠςΓΤςΚΦΧΝ�ΥΩ∆ςΚΦΧΝ�ΥϑΧΝΝΘΨΥ�ΧΠΦ�5#8�∗Χ∆ΚςΧς�ΡΤΚΟΧΤΚΝ[�ΦΩΓ�ςΘ�ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΘΗ�ςϑΓ�ΓΖΚΥςΚΠΙ�

∆ΩΝΜϑΓΧΦ��ΧΠΦ�ΧΦΦΚςΚΘΠΧΝ�ΚΟΡΧΕςΥ�ςΘ�ΤΚΡΧΤΚΧΠ�∆ΩΗΗΓΤ�ΦΩΓ�ςΘ�ΕϑΧΠΙΓ�ΚΠ�ΝΘΕΧςΚΘΠ�ΘΗ�ςϑΓ�ΡΤΘΡΘΥΓΦ�

ΥΚΦΓΨΧΝΜ���∃Θςϑ�ΚΟΡΤΘΞΓΟΓΠςΥ�ΧΤΓ�ΠΓΕΓΥΥΧΤ[�ςΘ�ΡΤΘΞΚΦΓ�ΥΧΗΓ�ΧΕΕΓΥΥ�ςΘ�ςϑΓ�ΨΧςΓΤΗΤΘΠς���#Υ�Χ�

ΤΓΥΩΝς�ΘΗ�ςϑΓ�ΕϑΧΠΙΓ�ΚΠ�ςϑΓ�ΝΘΕΧςΚΘΠ�ΘΗ�ςϑΓ�ΡΧΤΜΚΠΙ�ΝΘς��Χ�ΡΘΤςΚΘΠ�ΘΗ�ςϑΓ�ΓΖΚΥςΚΠΙ�ΤΘΧΦΨΧ[�ΕΧΠ�∆Γ�

ΤΓΟΘΞΓΦ��ΤΓΥΩΝςΚΠΙ�ΚΠ�ΧΠ�ΘΞΓΤΧΝΝ�ΤΓΦΩΕςΚΘΠ�ΚΠ�ΚΟΡΓΤΞΚΘΩΥ�ΧΤΓΧ���2ΧΤΜΚΠΙ�.Θς���ΨΚΝΝ�ΤΓΥΩΝς�ΚΠ�Χ�

ΥΝΚΙϑς�ΚΠΕΤΓΧΥΓ�ςΘ�ΚΟΡΧΕςΥ�ςΘ�ΨΓςΝΧΠΦ�ςΤΧΠΥΚςΚΘΠ�ΧΤΓΧ�ΧΠΦ�ΤΚΡΧΤΚΧΠ�∆ΩΗΗΓΤ�ΦΩΓ�ςΘ�ςϑΓ�ΕϑΧΠΙΓ�ΚΠ�

ΝΘΕΧςΚΘΠ�ΘΗ�ςϑΓ�ΡΧΤΜΚΠΙ�ΝΘς�ΠΓΕΓΥΥΧΤ[�ςΘ�ΧΦΦΤΓΥΥ�ΕΘΠΕΓΤΠΥ�ΓΖΡΤΓΥΥΓΦ�∆[�ςϑΓ�ΡΩ∆ΝΚΕ��

� �
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6Χ∆ΝΓ������%ϑΧΠΙΓ�ςΘ�∋ΠΞΚΤΘΠΟΓΠςΧΝ�+ΟΡΧΕςΥ�#ςςΤΚ∆ΩςΓΦ�ςΘ�2Ω∆ΝΚΕ�9ΧςΓΤΗΤΘΠς�#ΕΕΓΥΥ�+ΟΡΤΘΞΓΟΓΠςΥ�

+ΟΡΧΕς�6[ΡΓ�

#ΝςΓΤΠΧςΚΞΓ� %ϑΧΠΙΓ�ΚΠ�
+ΟΡΧΕς�#ΤΓΧ�

�ΧΕ��
2ΤΘΡΘΥΓΦ�
#ΝςΓΤΠΧςΚΞΓ�

#ΡΡΤΘΞΓΦ�
#ΝςΓΤΠΧςΚΞΓ�

2ΧΤΜΚΠΙ�.Θς���+ΟΡΧΕς�#ΤΓΧ��ΧΕ��

1ΡΓΠ�9ΧςΓΤΥ�� � � �

9ΓςΝΧΠΦ�6ΤΧΠΥΚςΚΘΠ�#ΤΓΧ�� ����� ����� ��

4ΚΡΧΤΚΧΠ�∃ΩΗΗΓΤ�� ����� ����� �����

5ϑΓΝΝΗΚΥϑ�∗Χ∆ΚςΧς�� ����� ����� ��

+ΠςΓΤςΚΦΧΝ�5Ω∆ςΚΦΧΝ�5ϑΧΝΝΘΨΥ�� ����� ����� �����

5#8�∗Χ∆ΚςΧς�� ����� ����� �����

&ΓΝΚΠΓΧςΓΦ�5#8�� ����� ����� ��

+ΟΡΓΤΞΚΘΩΥ�#ΤΓΧ��0Γς�
+ΠΕΤΓΧΥΓ��

������ ����� ������

2ΧΤΜΚΠΙ�.Θς���+ΟΡΧΕς�#ΤΓΧ��ΧΕ��

1ΡΓΠ�9ΧςΓΤΥ�� � � �

9ΓςΝΧΠΦ�6ΤΧΠΥΚςΚΘΠ�#ΤΓΧ�� ����� ����� �����

4ΚΡΧΤΚΧΠ�∃ΩΗΗΓΤ�� ����� ����� �����

5ϑΓΝΝΗΚΥϑ�∗Χ∆ΚςΧς�� ����� ����� ��

+ΠςΓΤςΚΦΧΝ�5Ω∆ςΚΦΧΝ�5ϑΧΝΝΘΨΥ�� ����� ����� ��

5#8�∗Χ∆ΚςΧς�� ����� ����� ��

&ΓΝΚΠΓΧςΓΦ�5#8�� ����� ����� ��

+ΟΡΓΤΞΚΘΩΥ�#ΤΓΧ��0Γς�
+ΠΕΤΓΧΥΓ��
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After analyzing the three alternatives, Alternative 1B (Bridge Rehabilitation with Marine
Mattresses and Grout Bags) is selected as the Preferred Alternative.  It is the only alternative
that would meet the Purpose and Need to provide necessary scour protection to maintain
ΡΩ∆ΝΚΕ�ΥΧΗΓς[�ΨϑΚΝΓ�ΟΚΠΚΟΚ∴ΚΠΙ�ΚΟΡΧΕςΥ�ςΘ�ΥΓΠΥΚςΚΞΓ�ΓΠΞΚΤΘΠΟΓΠςΧΝ�ΤΓΥΘΩΤΕΓΥ��#ΝςΓΤΠΧςΚΞΓ��∃

ΧΝΥΘ�ΟΚΠΚΟΚ∴ΓΥ�ΚΟΡΧΕςΥ�ςΘ�ΤΓΥΚΦΓΠςΥ�ΧΠΦ�∆ΩΥΚΠΓΥΥΓΥ�ΧΠΦ�ΧΞΘΚΦΥ�ςϑΓ�ΟΧΛΘΤ�ΩςΚΝΚς[�ΤΓΝΘΕΧςΚΘΠΥ��ΧΠΦ

ΤΓΥΩΝςΥ�ΚΠ�ςϑΓ�ΝΓΧΥς�ΕΘΥς�

6ϑΓ�ΡΤΘΡΘΥΓΦ�ΦΓΥΚΙΠ�ΗΘΤ�ςϑΓ�ΡΩ∆ΝΚΕ�ΧΕΕΓΥΥ�ΗΘΤ�∆Θςϑ�2ΧΤΜΚΠΙ�.ΘςΥ���ΧΠΦ���ΨΧΥ�ΥΓΝΓΕςΓΦ�ΘΞΓΤ�ςϑΓ

ΡΤΓΞΚΘΩΥΝ[�ΧΡΡΤΘΞΓΦ�ΦΓΥΚΙΠ�ΧΥ�ςϑΓ�2ΤΓΗΓΤΤΓΦ�#ΝςΓΤΠΧςΚΞΓ���+ς�ΚΟΡΤΘΞΓΥ�#&#�ΕΘΟΡΝΚΧΠς�ΧΕΕΓΥΥ�ςΘ

ςϑΓ�ΨΧςΓΤΗΤΘΠς�ΧΠΦ�ΓΠϑΧΠΕΓΥ�ΡΩ∆ΝΚΕ�ΥΧΗΓς[��6ϑΚΥ�ΦΓΥΚΙΠ�ΤΓΥΩΝςΥ�ΚΠ�ΘΠΝ[�ΟΚΠΚΟΧΝ�ΚΠΕΤΓΧΥΓΥ�ΚΠ

ΓΠΞΚΤΘΠΟΓΠςΧΝ�ΚΟΡΧΕςΥ�ΨϑΓΠ�ΕΘΟΡΧΤΓΦ�ςΘ�ςϑΓ�ΡΤΓΞΚΘΩΥΝ[�ΧΡΡΤΘΞΓΦ�ΧΝςΓΤΠΧςΚΞΓ�ΧΠΦ

ΤΓϑΧ∆ΚΝΚςΧςΓΥ�ςϑΓ�ΦΓςΓΤΚΘΤΧςΚΠΙ�∆ΩΝΜϑΓΧΦ�ΨϑΚΕϑ�ΚΥ�ΠΓΕΓΥΥΧΤ[�ςΘ�ΧΕΕΘΟΟΘΦΧςΓ�ΡΩ∆ΝΚΕ�ΨΧςΓΤΗΤΘΠς

ΧΕΕΓΥΥ��6ϑΚΥ�ΧΝςΓΤΠΧςΚΞΓ�ΨΘΩΝΦ�ΧΝΥΘ�ΧΦΦΤΓΥΥ�ςϑΓ�ΡΩ∆ΝΚΕ�ΕΘΠΕΓΤΠ�ΘΞΓΤ�ςϑΓ�ΘΤΚΙΚΠΧΝΝ[�ΡΤΘΡΘΥΓΦ

ΝΘΕΧςΚΘΠ�ΘΗ�2ΧΤΜΚΠΙ�.Θς���
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NJ Route 72 Over Manahawkin Bay
Hydraulic and Scour Analysis Memorandum

-1-

 ROUTE 72 TRESTLE BRIDGES

SCOUR ANALYSIS

Evaluations of the hydraulic environment and resulting scour potential have been conducted for
three trestle bridges across the Manahawkin Bay, namely Rt. 72 over Hilliards Thorofare (Str. No.
1513-151), Rt. 72 over West Thorofare (Str. No. 1513-153), and Rt. 72 over East Thorofare (Str.
No. 1513-154). A project location map is shown in Figure 1. The existing NBI item 113 scour
rating in 2013, earliest known bathymetry data, and scour history is provided in Table 1 below
along with a discussion of the scour and bathymetry history for the bridges.���
�

Table 1. NBI Item 113 and Brief Commentary on Scour History

6ΤΓΥςΝΓ�∃ΤΚΦΙΓΥ� ∗ΚΝΝΚΧΤΦΥ�6ϑΘΤΘΗΧΤΓ� ∋ΧΥς�6ϑΘΤΘΗΧΤΓ� 9ΓΥς�6ϑΘΤΘΗΧΤΓ�

0∃+�+ςΓΟ�����
4ΧςΚΠΙ�
�������

���∃ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠΥ�ΦΓςΓΤΟΚΠΓΦ�
ςΘ�∆Γ�ΥςΧ∆ΝΓ�ΗΘΤ�ςϑΓ�ΧΥΥΓΥΥΓΦ�ΘΤ�
ΕΧΝΕΩΝΧςΓΦ�ΥΕΘΩΤ�ΕΘΠΦΚςΚΘΠ��5ΕΘΩΤ�
ΚΥ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�Χ∆ΘΞΓ�ςΘΡ�ΘΗ�
ΗΘΘςΚΠΙ�∆[�ΧΥΥΓΥΥΟΓΠς��Κ�Γ���∆ΤΚΦΙΓ�
ΗΘΩΠΦΧςΚΘΠΥ�ΧΤΓ�ΘΠ�ΤΘΕΜ�ΗΘΤΟΧςΚΘΠΥ�

ςϑΧς�ϑΧΞΓ�∆ΓΓΠ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�
ΤΓΥΚΥς�ΥΕΘΩΤ�ΨΚςϑΚΠ�ςϑΓ�ΥΓΤΞΚΕΓ�ΝΚΗΓ�
ΘΗ�ςϑΓ�∆ΤΚΦΙΓ���∆[�ΕΧΝΕΩΝΧςΚΘΠ�ΘΤ�∆[�
ΚΠΥςΧΝΝΧςΚΘΠ�ΘΗ�ΡΤΘΡΓΤΝ[�ΦΓΥΚΙΠΓΦ�

ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ��

���∃ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠΥ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�
ΥςΧ∆ΝΓ�ΗΘΤ�ΧΥΥΓΥΥΓΦ�ΘΤ�ΕΧΝΕΩΝΧςΓΦ�ΥΕΘΩΤ�
ΕΘΠΦΚςΚΘΠ��5ΕΘΩΤ�ΚΥ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�
ΨΚςϑΚΠ�ςϑΓ�ΝΚΟΚςΥ�ΘΗ�ΗΘΘςΚΠΙ�ΘΤ�ΡΚΝΓΥ�∆[�
ΧΥΥΓΥΥΟΓΠς��Κ�Γ���∆ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠΥ�
ΧΤΓ�ΘΠ�ΤΘΕΜ�ΗΘΤΟΧςΚΘΠΥ�ςϑΧς�ϑΧΞΓ�∆ΓΓΠ�
ΦΓςΓΤΟΚΠΓΦ�ςΘ�ΤΓΥΚΥς�ΥΕΘΩΤ�ΨΚςϑΚΠ�ςϑΓ�

ΥΓΤΞΚΕΓ�ΝΚΗΓ�ΘΗ�ςϑΓ�∆ΤΚΦΙΓ���∆[�
ΕΧΝΕΩΝΧςΚΘΠΥ�ΘΤ�∆[�ΚΠΥςΧΝΝΧςΚΘΠ�ΘΗ�

ΡΤΘΡΓΤΝ[�ΦΓΥΚΙΠΓΦ�ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ��

���∃ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠΥ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�
ΥςΧ∆ΝΓ�ΗΘΤ�ΧΥΥΓΥΥΓΦ�ΘΤ�ΕΧΝΕΩΝΧςΓΦ�ΥΕΘΩΤ�
ΕΘΠΦΚςΚΘΠ��5ΕΘΩΤ�ΚΥ�ΦΓςΓΤΟΚΠΓΦ�ςΘ�∆Γ�
ΨΚςϑΚΠ�ςϑΓ�ΝΚΟΚςΥ�ΘΗ�ΗΘΘςΚΠΙ�ΘΤ�ΡΚΝΓΥ�∆[�
ΧΥΥΓΥΥΟΓΠς��Κ�Γ���∆ΤΚΦΙΓ�ΗΘΩΠΦΧςΚΘΠΥ�
ΧΤΓ�ΘΠ�ΤΘΕΜ�ΗΘΤΟΧςΚΘΠΥ�ςϑΧς�ϑΧΞΓ�∆ΓΓΠ�
ΦΓςΓΤΟΚΠΓΦ�ςΘ�ΤΓΥΚΥς�ΥΕΘΩΤ�ΨΚςϑΚΠ�ςϑΓ�

ΥΓΤΞΚΕΓ�ΝΚΗΓ�ΘΗ�ςϑΓ�∆ΤΚΦΙΓ���∆[�
ΕΧΝΕΩΝΧςΚΘΠΥ�ΘΤ�∆[�ΚΠΥςΧΝΝΧςΚΘΠ�ΘΗ�

ΡΤΘΡΓΤΝ[�ΦΓΥΚΙΠΓΦ�ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ��

5ΕΘΩΤ�∗ΚΥςΘΤ[��
ΘΗ�ςϑΓ�∃ΤΚΦΙΓ�

0�#� 0�#�

+Π�ΝΧςΓ�������ΦΩΤΚΠΙ�ΚΠΥΡΓΕςΚΘΠ�ΧΠΦ�
ςΓΥςΚΠΙ�ΘΗ�ςϑΓ�ςΤΓΥςΝΓ�∆ΤΚΦΙΓΥ��Χ�ΥΕΘΩΤ�
ϑΘΝΓ�ΨΧΥ�Θ∆ΥΓΤΞΓΦ�∆ΓςΨΓΓΠ�ςϑΓ��ΤΦ�
ΧΠΦ��ςϑ�ΡΚΝΓ�∆ΓΠςΥ���6ϑΓ�ϑΘΝΓ�ΞΧΤΚΓΦ�ΚΠ�
ΦΓΡςϑ�∆Ως�ΤΓΧΕϑΓΦ�Χ�ΟΧΖΚΟΩΟ�ΘΗ��∝�
ΠΓΧΤ�ςϑΓ��ςϑ�ΡΚΝΓ�∆ΓΠς���6ϑΓ�ΥΕΘΩΤ�ϑΘΝΓ�
ΨΧΥ�ΤΓΡΧΚΤΓΦ�∆[�0,&16�ΩΥΚΠΙ�Χ�ΕΘΧΤΥΓ�
ΧΙΙΤΓΙΧςΓ�∆ΧΥΓ�ΝΧ[ΓΤ�ΘΗ�ΞΧΤ[ΚΠΙ�
ςϑΚΕΜΠΓΥΥ��ΧΠΦ�ΧΠ�ΩΡΡΓΤ�ΝΧ[ΓΤ�ΘΗ�ΤΚΡΤΧΡ�
�∝��≥�ςϑΚΕΜ�ΩΥΚΠΙ���≥�ΤΘΕΜΥ��

∋ΧΤΝΚΓΥς�−ΠΘΨΠ�
∃Χςϑ[ΟΓςΤ[�

����� ����� �����

∗ΘΨ�/ΩΕϑ�
5ΕΘΩΤ�∗ΧΥ�

1ΕΕΩΤΤΓΦ�ΘΞΓΤ�
ςϑΓ�.ΚΞΓΥ�ΘΗ�ςϑΓ�
5ςΤΩΕςΩΤΓΥ!�

6ϑΓ�7ΠΦΓΤΨΧςΓΤ�∃ΤΚΦΙΓ�∋ΞΧΝΩΧςΚΘΠ�5ΩΤΞΓ[�4ΓΡΘΤς�ΦΧςΓΦ�5ΓΡςΓΟ∆ΓΤ��������ΦΘΕΩΟΓΠςΥ�ςϑΧς�ςϑΓ�ΘΞΓΤΧΝΝ�ΕΘΠΦΚςΚΘΠ�ΘΗ� ςϑΓ�
ΩΠΦΓΤΨΧςΓΤ�ΕΘΟΡΘΠΓΠςΥ�ΘΗ�ςϑΓ�ΥΩ∆ΥςΤΩΕςΩΤΓ�ΧΤΓ�ΚΠ�ΙΘΘΦ�ΕΘΠΦΚςΚΘΠ��6ϑΓ[� ϑΧΞΓ�ΟΚΠΘΤ� ςΘ�ΟΘΦΓΤΧςΓ�ΥΕΘΩΤ�ΡΘςΓΠςΚΧΝ��6ϑΓ�
∃ΤΚΦΙΓ�4Γ�ΓΞΧΝΩΧςΚΘΠ�5ΩΤΞΓ[�4ΓΡΘΤς�ΦΧςΓΦ�&ΓΕΓΟ∆ΓΤ�������ΦΘΕΩΟΓΠςΥ�ςϑΓ�∆ΤΚΦΙΓ�ΥΩ∆ΥςΤΩΕςΩΤΓ�ΚΠ�ΡΘΘΤ�ΕΘΠΦΚςΚΘΠ���6ϑΓ�
ΓΧΤΝΚΓΥς�∆Χςϑ[ΟΓςΤ[�ΡΓΤΗΘΤΟΓΦ�ΗΘΤ�ςϑΓ�ΤΓϑΧ∆ΚΝΚςΧςΚΘΠ�ΡΤΘΛΓΕς�ΨΧΥ�ΚΠ������ΧΠΦ�ΥΩΡΡΝΓΟΓΠςΓΦ�ΚΠ�������Χ�ΠΓΨ�ΥΩΤΞΓ[�ΨΧΥ�
ΡΓΤΗΘΤΟΓΦ�ΗΘΤ� ςϑΓ�ςΤΓΥςΝΓ�∆ΤΚΦΙΓΥ� ΚΠ��������6ϑΓ�ΕϑΧΠΙΓ�ΚΠ�ςϑΓ�∆Χ[�∆ΘςςΘΟ�Θ∆ΥΓΤΞΓΦ�ΚΠ�ςϑΓΥΓ�ΥΩΤΞΓ[Υ�ΙΓΠΓΤΧΝΝ[� ΤΧΠΙΓΥ�
∆ΓςΨΓΓΠ�Χ��∝��≥�ΚΠΕΤΓΧΥΓ�ΚΠ�ΓΝΓΞΧςΚΘΠ�ΧΠΦ�Χ��∝��≥�ΓΝΓΞΧςΚΘΠ�ΦΤΘΡ���6ΧΜΚΠΙ�ΧΠ�ΘΞΓΤΧΝΝ�ΧΞΓΤΧΙΓ�∆ΓςΨΓΓΠ�ςϑΓ�ΘΝΦΓΤ�ΥΩΤΞΓ[Υ�
ΧΠΦ�ςϑΓ�ΠΓΨΓΥς�ΦΧςΧ��ςϑΓ�∆Χ[�∆ΘςςΘΟ�ϑΧΥ�ΦΤΘΡΡΓΦ�ΧΡΡΤΘΖΚΟΧςΓΝ[��∝��≥����

Superstorm Sandy in October 29-30, 2012 is the flood of record for these bridges based on USGS
records (Attachment E). The maximum water surface elevation, maximum discharges and
resulting damage from this event is listed in the Table 2.�
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Table 2. Record of Flooding for Three Trestle Bridges

Super Storm
Sandy

USGS

Gage

ID

Time of Peak
Record

Maximum
Water Surface

Elevation

(NAVD 88, ft)

Maximum
Discharge

(cfs)

Resulting
Damage

Hilliards

Thorofare
01409145 10/30/2012 7.4 N/A N/A

West

Thorofare
01409146 10/29/2012 6.4 4,650 N/A

East

Thorofare
01409146 10/29/2012 6.4 4,650 N/A

Scour analysis were performed based on the hydrodynamic model developed for the Stage II
Scour Studies of the existing Rt. 72 Manahawkin Bay Bridges (Parsons Brinckerhoff, 2014). The
latest version of (ΓΦΓΤΧΝ�∗ΚΙϑΨΧ[�#ΦΟΚΠΚΥςΤΧςΚΘΠ∝Υ��(∗9#�∝Υ two-dimensional (2D) hydrodynamic
model Finite Element Surface Water Modeling System (FESWMS) was used for hydrodynamic
ΥΚΟΩΝΧςΚΘΠ��5ΕΘΩΤ�ΡΤΓΦΚΕςΚΘΠΥ�ΨΓΤΓ�ΕΘΟΡΝΓςΓΦ�ΚΠ�ΧΕΕΘΤΦΧΠΕΓ�ΨΚςϑ�(∗9#∝Υ�∗[ΦΤΧΩΝΚΕ�∋ΠΙΚΠΓΓΤΚΠΙ�
Circular (HEC) No.18 method. This memorandum describes the preliminary results of the scour
analysis and layout of the proposed scour countermeasures. Hydraulic conditions along NJ Rt.
72 are tidally controlled. Rt. 72 divides the Manahawkin Bay that has a tidal inlet to the south,
Little Egg Inlet, and Barnegat Inlet to the north. Water surface elevation constantly changes at
coastal locations; these changes contribute to flow into (flood tide) and out of (ebb tide) Little Egg
and Barnegat Inlets. Mean tides affecting these inlets have a period of approximately 12.5 hours
and amplitude of about 1.1 feet. A hurricane storm surge, however, can significantly increase
Atlantic Coast water surface elevations over relatively short periods of time. A storm surge is the
relatively large local rise in water level that occurs during a significant storm event and tends to
be the most damaging force along the coast. Surges are particularly damaging because water
levels rise quickly over a short period of time and result in high, more erosive flow velocities.

The FESWMS 2D model of Manahawkin Bay was originally developed by Parsons Brinckerhoff
in 2004, as part of the preliminary engineering studies for replacement of the main Rt. 72
Manahawkin Bay Bridge and scour studies for the three adjacent trestle bridges.  During the initial
2004 study development, the design team researched calibration data for the study site, including
NOAA tidal buoys, US Coast Guard data, and USACE data sets, however, no data sources were
identified.  In lieu of calibration data, the team performed a sensitivity test on the model domain
to determine the most appropriate model conditions.  The tests included modeling different model
extents, different model boundaries locations, and different model timing conditions.  Notable
examples of the sensitivity tests included: model trials with coastal inputs only at Little Egg Inlet
or only at Barnegat Inlet; model trials with and without Barnegat Bay (north of Barnegat Inlet); and
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model trials for storm surge lag time variations between Great Egg Harbor Inlet and Barnegat
Inlet.  The sensitivity tests ultimately determined that:

1. Little Egg Inlet and Barnegat Inlet are both substantial contributors to hydraulic conditions
within the Bay and both must be incorporated in to the model.

2. Barnegat Bay north of Barnegat Inlet plays an important role in both the diffusion of the
flood tide surge from Barnegat Inlet and supply of flow for the ebb tide surge through the
bridge site.

3. Simultaneously timed surges from Little Egg Inlet and Barnegat Inlet produced a
dampening effect, where opposing surge directions met at the project site, resulting in
greatly dampened flood velocities.

4. Storm surges from Barnegat Inlet timed earlier than surges from Little Egg Inlet were also
found to have a dampening effect at the project site.  This occurred due to the diffusion of
the surge between Barnegat Bay and Manahawkin Bay producing a smaller surge
response at the project site, which counteracted a larger surge propagating from Great
Egg Inlet towards the project site.

5. The conservative condition for surge timing was found to be cases where Little Egg Inlet
surged more than 1-hour prior to surging at Barnegat Inlet.  This condition is equivalent to
a tropical cyclone with a path from south to north / southeast to northwest traveling with a
forward speed of 20 miles per hour.  This condition produces the highest velocity flood
surge through the project site; caused by the surge conditions at Great Egg Inlet; and the
highest velocity ebb surge; caused by amplification of the ebb surge as flows from
Barnegat Inlet combine with the ebb of flows from Little Egg Inlet.

Additionally, the influence of energy loss coefficients in the FESWMS model were tested in the
ΟΘΦΓΝ�ΥΓΠΥΚςΚΞΚς[�ςΓΥςΚΠΙ�ΡΤΘΕΓΥΥ���6ϑΓ�ςΨΘ�ΗΧΕςΘΤΥ�ΩςΚΝΚ∴ΓΦ�ΧΤΓ�/ΧΠΠΚΠΙ∝Υ�×Π∝�ΧΠΦ�ΓΦΦ[�ΞΚΥΕΘΥΚς[���
6ϑΓ�/ΧΠΠΚΠΙ∝Υ�×Π∝�ΞΧΝΩΓ�ΨΧΥ�ΥΓΝΓΕςΓΦ�ΗΘΤ�ςϑΓ�∃Χ[�ΧΤΓΧΥ�ΗΘΝΝΘΨing engineering judgement for other
similar embayments.  The selected ×Π∝�ΞΧΝΩΓ�was 0.022 for the majority of the model domain.
Eddy viscosity is a more difficult parameter to select, as references for common coefficients are
not readily available, however, selection of lower values produces more conservative results; i.e.
lower frictional dampening of storm surge velocities.  The study team ultimately selected the
lowest possible eddy viscosity that produced a stable running model.  The selected viscosities
ranged from 50 ft2/sec for the majority of the model, up to 500 ft2/sec at the model inlets.

Based on the results of the model sensitivity tests, the project team determined that the model as
developed with inclusion of both the Barnegat Inlet and Little Egg Inlet, inclusion of Barnegat Bay,
timing of the storm surge to propagate from south to north, ΧΠΦ�ΩΥΓ�ΘΗ�ςϑΓ�ΥΓΝΓΕςΓΦ�×Π∝�ΞΧΝΩΓΥ�ΧΠΦ�
eddy viscosities produces model results that are conservative, while not significantly
overestimating the effects of a storm surge.

The hydrologic analysis was performed to obtain probable storm surge stage hydrographs for the
100-year and 500-year hurricanes. Hydrodynamic simulation of the bay involved a dynamic 2D
model to simulate the complex exchange between the Atlantic Ocean and the isolated bays during
tidal cycles and storm surge. The existing condition FESWMS hydraulic model was updated to
include new detailed bathymetry survey conducted by Churchill Engineers in July 2015
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(Attachment A). Scour analysis was performed for the 100- and 500-year hurricane events in
accordance with HEC-18. The intent of HEC-18 is to establish methods for estimating various
scour components for use in conjunction with engineering judgment to determine the total
potential scour depth. The required hydraulic parameters for calculating scour depths were
obtained from the results of FESWMS 2D model, such as peak water depth and peak flow velocity,
as well as angle of attack (flow direction).

The contraction scour and local scour were computed for all the trestle bents and abutments.
Contraction scour is caused by channel width constriction at a bridge crossing. Contraction scour
occurs when the area of flow is decreased, resulting in increased velocities and bed shear stress
in the contracted area. .ΧΩΤΥΓΠ∝Υ�ΓΣΩΧςΚΘΠ�was used to determine the mode of bed transport, and
live-bed contraction scour was used to estimate the depth of contraction scour at the bridges.
Local scour at the abutments and at the pile bents was also computed.  Florida DOT method
(Sheppard equation) was used for prediction of pier scour depths, and NCHRP method for
abutment scour (Attachment B).

The predicted scour depths were instrumental in determining the extent of scour countermeasures
required to protect these three structures.  The computed scour depths were compared with the
data previously developed and collected to assess the capacity and stability of the timber pile
foundations.  This previous analysis revealed that the piles are required to be embedded into the
soil a minimum of 24 feet for standard conditions, 18 feet for a 100-year storm event, and 14 feet
for a 500-year storm event in order for the structures to remain stable.  Data was also collected
to estimate the lengths of the piles installed because definitive documentation during construction
is not available.  The testing procedures provided results with a range of values.  For the purposes
of determining which pile bents require protection (i.e., scour countermeasures), the minimum
length of piles estimated by the testing procedures were compared against the scour depths and
associated embedment depth required for stability.  If the piles were found to not meet the
minimum embedment requirements during a storm event, it requires scour countermeasure
protection.  Once a pile bent was determined to require scour countermeasures, the limits of the
protection were established based on the need to extend the protection  two times the contraction
scour depth of the 500-year storm surge beyond the piles (Attachment C). Anchors are also
recommended to secure the outside edges (north and south of the bridges) of the marine mattress
( Attachment D). Historical record of flooding at three trestle bridges, as well as the brief details
of the derivation of the 100-year and 500-year hurricane are also discussed in Attachment E.
Figures showing the scour profile and water surface elevations are included in Attachment F.
Note that grout bags will be used to protect the bed material at and between the closely spaced
piles at each pile bent, the bulkheads, and at the fenders for the East Thorofare Bridge.  The grout
bags provide the benefit of being able to better conform to the shape of the circular piles compared
to other types of armoring.

The proposed scour countermeasures, including the marine mattresses, will be inspected as an
added item to the federally participating biennial inspections.  The general condition of the
countermeasures will also be assessed after large floods.
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Hilliards Thorofare Bridge

The N.J. Route 72 Bridge over Hilliards Thorofare (Structure ID 1513-151), is an eleven span
viaduct constructed in 1957, located in Stafford Township, Ocean County, New Jersey.  The
eleven span superstructure is generally comprised of simple spanning prestressed concrete
ΥςΤΚΠΙΓΤΥ�� ςϑΓ� ΝΘΠΙΓΥς� ΥΡΧΠ∝Υ� ΥΩΡΓΤΥςΤΩΕςΩΤΓ�ΩςΚΝΚ∴ΓΦ� ΥςΓΓΝ�ΥςΤΚΠΙΓΤΥ���6ϑΓ�ΓΖΚΥςΚΠΙ�∆ΤΚΦΙΓ� ϑΧΥ�Χ�
length of 467 feet and a deck width (out to out) of 69 feet and is founded on timber pile bents with
ΡΚΝΓΥ�ΥΡΧΕΓΦ�ΕΝΘΥΓΝ[�Χς��∝-�≥�ΘΠ�ΕΓΠςΓΤ�  The hydrologic analysis was performed to obtain storm
surge stages hydrographs for the 100- and 500-year hurricanes for Little Egg Inlet and Barnegat
Inlet based on information including recent (∋/#∝Υ�(ΝΘΘΦ�+ΠΥΩΤΧΠΕΓ�5ςΩΦ[�ΚΠ�/ΧΤΕϑ�����. The
peak tidal elevation of Hurricane Sandy (October 28, 2012) is around 5-6 feet at Little Egg Inlet
and Barnegat Inlet, much lower than 10 feet of the 100-year hurricane PB used for analysis
(Attachment E).

An in-depth scour analysis was performed for the 100-year and 500-year hurricane scenarios.
The analysis included two scour components, contraction scour and local scour.  The hydraulic
parameters for calculating scour depths were obtained from the FESWMS model.  The scour
depths are summarized in Table 3 and 4 and detailed analysis are summarized in Attachment B.
As it can be seen from Table 3 and 4, total scour depths for 100- and 500-year events are all less
than the pile tip elevations. However, at 9 of the 10 pile bents, the minimum pile tip elevation
required for stability exceeds the minimum estimated pile tip elevation as indicated by the
highlighted cells.

Table 3. Scour Depth for 100-Year Storm Surge at Hilliards Thorofare Bridge

Table 4. Scour Depth for 500-Year Storm Surge at Hilliards Thorofare Bridge
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The marine mattress is required to extend a minimum of two times the average 500-year
contraction and long term scour depth beyond the pile bent obstructions based on HEC-18
method.  The span lengths are generally 40 feet long and the protection for each individual pile
bent coincides with the adjacent pile bent protection.  For the one pile bent shown which does not
require protection based on the available data (H/5-6), the maximum break in the scour
countermeasures would be a 20 foot wide section due to the protection required at the adjacent
bents (H/4-5 and H/6-7).  Providing such a small break in the countermeasures could attract
increased scour at this individual pile bent and can also reduce how effective the scour
ΕΘΩΠςΓΤΟΓΧΥΩΤΓΥ�∆ΓϑΧΞΓ�ΨϑΓΠ�ΕΘΟΡΧΤΓΦ�ςΘ�Χ�ΕΘΠςΚΠΩΘΩΥ�ΚΠΥςΧΝΝΧςΚΘΠ�ΧΕΤΘΥΥ�ςϑΓ�ΓΠςΚΤΓ�ΥςΤΩΕςΩΤΓ∝Υ�
length.  Therefore, the scour countermeasures are proposed to extend the entire length of the
bridge and be offset approximately 27∝�≥ feet from the north edge and ��∝�ΗΤΘΟ�ςϑΓ�south edge of
the deck to account for the battered geometry of the outermost piles.

West Thorofare Bridge

The N.J. Route 72 Bridge over West Thorofare (Structure ID 1513-153), is a nine span viaduct
constructed in 1958, located in Stafford Township, Ocean County, New Jersey.  The nine span
superstructure is comprised of simple spanning prestressed concrete stringers.  The approach
sections for the bridge consist of Manahawkin Bay Bridge to the west and East Thorofare to the
east.  The existing bridge has a length of 360 feet and a deck width (out to out) of 69 feet and is
ΗΘΩΠΦΓΦ�ΘΠ�ςΚΟ∆ΓΤ�ΡΚΝΓ�∆ΓΠςΥ�ΨΚςϑ�ΡΚΝΓΥ�ΥΡΧΕΓΦ�ΕΝΘΥΓΝ[�Χς��∝-�≥�ΘΠ�ΕΓΠςΓΤ.  Based on (∋/#∝Υ�(ΝΘΘΦ�
Insurance Study in March 2014, the hydrologic analysis was performed to obtain storm surge
stages hydrographs for the 100- and 500-year hurricanes at Little Egg Inlet and Barnegat Inlet.

An in-depth scour analysis was performed for the 100-year and 500-year hurricane scenarios.
The scour analysis was performed in accordance with the (∗9#∝Υ�HEC-18 method.  The
analysis assumes that two scour components, contraction scour and local scour, develop
independently.  The required hydraulic parameters for calculating scour depths were taken from
the FESWMS 2D models.  The calculated scour depths are summarized in Table 5 and 6.
Detailed analysis are summarized in Attachment B. As it can be seen from Table 5 and 6, the
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total scour depths for 100- and 500-year events are all less than the pile tip elevations.
However, at 6 of the 8 pile bents, the minimum pile tip elevation required for stability exceeds
the minimum estimated pile tip elevation as indicated by the highlighted cells.

Table 5. Scour Depth for 100-Year Storm Surge at West Thorofare Bridge

Table 6. Scour Depth for 500-Year Storm Surge at West Thorofare Bridge

The marine mattress is required to extend a minimum of two times the average 500-year
contraction and long term scour depth beyond the pile bent obstructions based on HEC-18
method.  The span lengths are generally 40 feet long and the protection for each individual pile
bent coincides with the adjacent pile bent protection.  For the two pile bents shown which do not
require protection based on the available data (W/18-19 and W/19-20), the maximum break in the
scour countermeasures would be a 65 foot wide section due to the protection required at the
adjacent bent (W/17-18) and the location of the existing timber bulkhead.  Providing such a small
break between the countermeasures and the continuous obstruction of the timber bulkhead could
attract increased scour at these pile bents and can also reduce how effective the scour
countermeasures behave when compared to a continuous installation across ςϑΓ�ΓΠςΚΤΓ�ΥςΤΩΕςΩΤΓ∝Υ�
length.  Therefore, the scour countermeasures are proposed to extend the entire length of the
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bridge and be offset approximately ��∝ feet from the north edge and ��∝�ΗΤΘΟ�ςϑΓ�south edge of
the deck to account for the battered geometry of the outermost piles.

East Thorofare Bridge

The N.J. Route 72 Bridge over East Thorofare (Structure ID 1513-154), is an eleven span viaduct
constructed in 1958.  The eleven span superstructure is generally comprised of simple spanning
prestressed conΕΤΓςΓ�ΥςΤΚΠΙΓΤΥ��ςϑΓ� ΝΘΠΙΓΥς�ΥΡΧΠ∝Υ�ΥΩΡΓΤΥςΤΩΕςΩΤΓ�ΩςΚΝΚ∴ΓΦ� ΥςΓΓΝ�ΥςΤΚΠΙΓΤΥ .   The
existing bridge has a length of 477 feet and a deck width (out to out) of 69 feet and is founded on
ςΚΟ∆ΓΤ�ΡΚΝΓ�∆ΓΠςΥ�ΨΚςϑ�ΡΚΝΓΥ�ΥΡΧΕΓΦ�ΕΝΘΥΓΝ[�Χς��∝-�≥�ΘΠ�ΕΓΠςΓΤ.  The bridge is a slight constriction to
the normal tidal flow through the bridge opening.  Hydraulic modeling of the tidal marshes and
bay over which N.J. Route 72 East Thorofare Bridge simulates the complex exchange between
the Atlantic Ocean and the isolated bays during tidal cycles and storm surge cycle.  The hydrologic
analysis was performed to obtain storm surge stages hydrographs for the 100- and 500-year
hurricanes at Little Egg Inlet and Barnegat Inlet.

An in-depth scour analysis was performed for the 100-year and 500-year hurricane scenarios.
The scour analysis estimates various scour components to determine the total potential depth of
scour.  This analysis assumes that the scour components develop independently.  The calculated
scour depths are summarized in Table 7 and 8. As it can be seen from Table 7 and 8, the total
scour depths for 100- and 500-year events are all less than the pile tip elevations except for the
bents E/23-24, E/24-25 adjacent to the fenders of the navigation channel. However, at 9 of the 10
pile bents, the minimum pile tip elevation required for stability exceeds the minimum estimated
pile tip elevation as indicated by the highlighted cells.

Table 7. Scour Depth for 100-Year Storm Surge at East Thorofare Bridge



NJ Route 72 Over Manahawkin Bay
Hydraulic and Scour Analysis Memorandum

-10-

Table 8. Scour Depth for 500-Year Storm Surge at East Thorofare Bridge

The marine mattress is required to extend a minimum of two times the average 500-year
contraction and long term scour depth beyond the pile bent obstructions based on HEC-18
method.  The span lengths are generally 40 feet long and the protection for each individual pile
bent coincides with the adjacent pile bent protection.  For the pile bent shown which does not
require protection based on the available data (E/30-31), the maximum break in the scour
countermeasures would be a 25 foot wide section due to the protection required at the adjacent
bent (E/29-30) and the location of the existing timber bulkhead.  Providing such a small break
between the countermeasures and the continuous obstruction of the timber bulkhead could attract
increased scour at this pile bent and can also reduce how effective the scour countermeasures
behave when ΕΘΟΡΧΤΓΦ� ςΘ� Χ� ΕΘΠςΚΠΩΘΩΥ� ΚΠΥςΧΝΝΧςΚΘΠ� ΧΕΤΘΥΥ� ςϑΓ� ΓΠςΚΤΓ� ΥςΤΩΕςΩΤΓ∝Υ� ΝΓΠΙςϑ.
Therefore, the scour countermeasures are proposed to extend the entire length of the bridge and
be offset approximately ��∝ from the north edge and ��∝�ΗΤΘΟ�ςϑΓ�south edge of the deck to account
for the battered geometry of the outermost piles.  These limits are increased to approximately 60
feet from the deck edges near the fender system obstruction to adequately protect the bridge.
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A. UPDATE FESWMS 2D MODEL BASED ON BATHYMETRY
SURVEY BY CHUCHILL ENGINEERS (JULY, 2015)
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Parsons Brinckerhoff (PB) updated the bathymetry elevations in FESWMS 2D model using the
latest survey data by Churchill Engineers in July 2015. Please see the maps (red points indicate
nodes in model, yellow points are latest survey) and comparison tables are as attached. PB
tracked all the nodes that need to be changed by the node ID at four bridge locations. As it can
be seen, around 40%-60% of the changes are within 1 feet. PB also makes sure the bathymetry
ΦΧςΧ�ΚΠ� ςϑΓ�ΟΓΥϑ�ΗΚΝΓ� ″*.net≥ of 100-year event and 500-year event were updated to reflect the
latest elevations in 2015.  Data sets which are in the vicinity of pile bents have also been identified
in the tables where applicable.

1. HILLIARDS THOROFARE BRIDGE
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�ƌŝĚŐĞ .� KƌŝŐŝŶĂů�∼ ∆Ğǁ�∼ �ŝĨĨĞƌĞŶĐĞ �ĞŶƚƐ
Ϯϭϯϴϵ Ͳϯ͘ϳϱ Ͳϯ͘ϯϳϱ Ϭ͘ϯϳϱ
Ϯϭϭϲϰ Ͳϴ͘ϰϯϳϱ Ͳϱ͘ϵϯϱ Ϯ͘ϱϬϮϱ
Ϯϭϭϲϳ Ϭ͘ϱϱ ͲϭϬ͘ϭϭ ͲϭϬ͘ϲϲ ,ͬϭͲϮ
Ϯϭϭϵϯ ͲϬ͘ϯϲϱ Ͳϵ͘ϳϳϱ Ͳϵ͘ϰϭ ,ͬϭͲϮ
Ϯϭϭϵϱ Ͳϳ͘ϳϰϭ Ͳϳ͘ϵ ͲϬ͘ϭϱϵ
ϮϬϵϯϵ Ͳϭϯ͘ϱ ͲϭϮ͘ϴ Ϭ͘ϳ
ϮϬϵϰϬ Ͳϭϰ͘Ϯ ͲϭϮ͘ϱ ϭ͘ϳ
ϮϬϵϲϳ Ͳϭϰ͘ϵ Ͳϭϱ͘Ϯϯ ͲϬ͘ϯϯ ,ͬϯͲϰ
ϮϬϵϲϴ Ͳϭϯ͘ϵ Ͳϭϰ ͲϬ͘ϭ ,ͬϯͲϰ
ϮϬϵϲϵ ͲϭϮ͘ϵ Ͳϭϯ͘ϰϱ ͲϬ͘ϱϱ ,ͬϯͲϰ
ϮϬϵϳϬ ͲϭϮ͘ϲ ͲϭϬ͘ϱϴ Ϯ͘ϬϮ
ϮϬϵϳϭ ͲϭϮ͘ϯ Ͳϭϭ͘Ϯϴ ϭ͘ϬϮ
ϮϬϵϳϮ ͲϭϮ͘ϯϱ Ͳϭϭ͘Ϯϰ ϭ͘ϭϭ
ϮϬϲϵϳ Ͳϴ͘ϯϱ Ͳϴ͘ϮϮ Ϭ͘ϭϯ
ϮϬϳϮϳ Ͳϵ͘ϲϳϱ Ͳϵ͘ϱϳ Ϭ͘ϭϬϱ ,ͬϰͲϱ
ϮϬϳϮϵ Ͳϵ͘ϭ Ͳϵ͘ϴ ͲϬ͘ϳ ,ͬϰͲϱ
ϮϬϳϯϭ Ͳϳ͘ϴ Ͳϴ͘Ϯϯ ͲϬ͘ϰϯ
ϮϬϰϴϮ Ͳϯ͘Ϯ Ͳϯ͘Ϭϯ Ϭ͘ϭϳ
ϮϬϰϴϯ Ͳϯ͘ϴϮϱ ͲϮ͘ϵ Ϭ͘ϵϮϱ
ϮϬϰϴϰ Ͳϰ͘ϰϱ Ͳϭ͘ϵϭ Ϯ͘ϱϰ ,ͬϱͲϲ
ϮϬϰϴϱ Ͳϯ͘ϭϱ Ͳϱ͘ϭϯ Ͳϭ͘ϵϴ ,ͬϱͲϲ
ϮϬϰϴϲ Ͳϱ͘ϯ Ͳϯ͘ϭϴ Ϯ͘ϭϮ ,ͬϱͲϲ
ϮϬϰϴϳ Ͳϰ͘ϯ Ͳϯ ϭ͘ϯ
ϮϬϰϴϴ Ͳϯ͘ϯ Ͳϯ͘ϰϯϱ ͲϬ͘ϭϯϱ
ϮϬϰϴϵ Ͳϯ͘ϵϱ Ͳϰ͘ϱϮ ͲϬ͘ϱϳ
ϮϬϮϮϳ ͲϮ͘ϴ ͲϮ͘ϯϰ Ϭ͘ϰϲ
ϮϬϮϮϵ Ͳϯ͘ϮϮϱ ͲϮ͘ϰϲϱ Ϭ͘ϳϲ ,ͬϳͲϴ
ϮϬϮϯϭ Ͳϯ͘ϱϳϱ ͲϮ͘Ϯ ϭ͘ϯϳϱ ,ͬϳͲϴ
ϮϬϮϯϯ Ͳϯ͘ϯϱ ͲϮ͘ϵϲϱ Ϭ͘ϯϴϱ
ϭϵϵϳϯ ͲϮ͘ϰ ͲϮ͘ϯ Ϭ͘ϭ
ϭϵϵϳϰ ͲϮ͘Ϯ ͲϮ͘ϰϯ ͲϬ͘Ϯϯ
ϭϵϵϳϱ ͲϮ ͲϬ͘ϳ ϭ͘ϯ ,ͬϴͲϵ
ϭϵϵϳϲ Ͳϭ͘ϵϮϱ Ͳϭ͘ϰϭ Ϭ͘ϱϭϱ ,ͬϴͲϵ
ϭϵϵϳϳ Ͳϭ͘ϴϱ ͲϮ͘Ϯϭ ͲϬ͘ϯϲ ,ͬϴͲϵ
ϭϵϵϳϴ ͲϮ͘ϲϮϱ ͲϮ͘ϱ Ϭ͘ϭϮϱ
ϭϵϵϳϵ Ͳϯ͘ϰ Ͳϯ͘Ϭϱ Ϭ͘ϯϱ
ϭϵϵϴϬ Ͳϯ͘ϳϮϱ Ͳϯ͘ϲϮ Ϭ͘ϭϬϱ
ϭϵϲϵϴ ͲϮ͘ϰϱ ͲϮ͘ϱϯ ͲϬ͘Ϭϴ
ϭϵϳϬϬ ϳ͘ϲϰ ϭ͘ϭϰ Ͳϲ͘ϱ ,ͬϭϬͲϭϭ
ϭϵϳϬϭ ϴ͘Ϭϴ ͲϬ͘ϴϳ Ͳϴ͘ϵϱ ,ͬϭϬͲϭϭ
ϭϵϳϬϮ ϳ͘ϴϯϲ ͲϮ͘Ϭϭ Ͳϵ͘ϴϰϲ ,ͬϭϬͲϭϭ
ϭϵϳϬϯ ϭ͘ϳϲ ͲϮ͘ϱϯ Ͳϰ͘Ϯϵ
ϭϵϳϬϰ Ͳϭ͘ϴϴϳ Ͳϯ Ͳϭ͘ϭϭϯ
ϭϵϰϭϵ ͲϮ͘ϮϮ ͲϮ͘ϰϳ ͲϬ͘Ϯϱ
ϭϵϰϮϬ ϳ͘ϯϵϰ Ϭ͘Ϭϯ Ͳϳ͘ϯϲϰ
ϭϵϰϮϲ ͲϮ͘ϯϲ Ͳϯ͘ϭϱ ͲϬ͘ϳϵ

,ŝůůŝĂƌĚƐ�
dŚŽƌŽĨĂƌĞ
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2. WEST THOROFARE BRIDGE
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�ƌŝĚŐĞ .� KƌŝŐŝŶĂů�∼ ∆Ğǁ�∼ �ŝĨĨĞƌĞŶĐĞ �ĞŶƚƐ
ϭϬϮϮϴ ϯ͘ϱϯϲ ϯ͘ϴ Ϭ͘ Ϯϲϰ
ϭϬϮϮϳ Ͳϳ͘ϵϯϴ Ͳϲ͘ϭϯ ϭ͘ ϴϬϴ
ϵϮϰϵ Ͳϭϲ͘ϲϯϱ Ͳϭϲ͘Ϭϴ Ϭ͘ ϱϱϱ
ϵϱϲϬ Ͳϭϰ͘ϯϭϱ Ͳϭϰ͘ϲϰ ͲϬ͘ϯϮϱ tͬϭϯͲϭϰ
ϵϵϮϭ Ͳϭϰ͘ϰϰϵ Ͳϭϰ͘Ϯϳ Ϭ͘ ϭϳϵ tͬϭϯͲϭϰ
ϵϵϮϮ Ͳϭϰ͘ϱϯϲ Ͳϭϯ͘ϴ Ϭ͘ ϳϯϲ
ϵϮϰϭ Ͳϭϴ͘ϯϯ Ͳϭϳ͘ϭϴϱ ϭ͘ ϭϰϱ tͬϭϰͲϭϱ
ϵϱϲϮ Ͳϭϲ͘Ϯϴϯ Ͳϭϵ͘Ϯ ͲϮ͘ϵϭϳ
ϴϴϲϵ Ͳϭϲ͘ϱϵϳ Ͳϭϴ͘ϲϵ ͲϮ͘Ϭϵϯ
ϵϮϯϵ Ͳϭϴ͘Ϯϳϯ Ͳϭϳ͘Ϯϳϱ Ϭ͘ ϵϵϴ tͬϭϱͲϭϲ
ϵϮϰϬ Ͳϭϴ͘ϳϵϭ Ͳϭϵ͘ϯϮ ͲϬ͘ϱϮϵ tͬϭϱͲϭϲ
ϵϮϰϮ Ͳϭϲ͘ϵϰϵ ͲϮϭ͘ϲϯ Ͳϰ͘ϲϴϭ tͬϭϱͲϭϲ
ϵϮϰϯ Ͳϭϱ͘ϵϭ Ͳϭϵ͘ϴϰ Ͳϯ͘ϵϯ
ϵϮϰϰ Ͳϭϲ͘ϭϰ Ͳϭϱ͘ϭϵ Ϭ͘ϵϱ
ϴϱϯϳ Ͳϭϴ͘Ϭϵ Ͳϭϳ͘Ϯϵ Ϭ͘ϴ
ϴϴϲϴ Ͳϭϱ͘ϱϵ Ͳϭϱ͘ϯ Ϭ͘Ϯϵ tͬϭϲͲϭϳ
ϴϴϳϭ Ͳϭϱ͘ϰϮ Ͳϭϰ͘ϲϰϱ Ϭ͘ ϳϳϱ tͬϭϲͲϭϳ
ϴϱϯϱ Ͳϰ͘ϱϯϲ ͲϮ͘ϳ ϭ͘ ϴϯϲ
ϴϱϯϲ Ͳϰ͘ϲϰ Ͳϰ͘Ϭϳ Ϭ͘ϱϳ
ϴϱϰϬ Ͳϴ͘ϱϰ ͲϭϬ͘Ϭϯ Ͳϭ͘ϰϵ tͬϭϳͲϭϴ
ϴϭϰϲ Ͳϱ͘ϴϲϭ Ͳϭ͘ϵϯ ϯ͘ ϵϯϭ tͬϭϴͲϭϵ
ϴϭϰϴ Ͳϰ͘ϭϮϱ Ͳϯ͘ϱϴ Ϭ͘ ϱϰϱ tͬϭϴͲϭϵ
ϳϳϵϭ Ͳϭ͘ϰϲϴ Ͳϭ͘ϱϴ ͲϬ͘ϭϭϮ
ϳϳϵϮ ͲϮ͘ϯϰϵϲ Ͳϭ͘ϳϯ Ϭ͘ϲϭϵϲ tͬϭϵͲϮϬ
ϳϳϵϯ ͲϮ͘ϰϬϲ Ͳϭ͘ϱϴ Ϭ͘ ϴϮϲ tͬϭϵͲϮϬ
ϳϴϬϬ Ͳϭ͘ϳϳϲ Ͳϭ͘ϲϱ Ϭ͘ ϭϮϲ tͬϭϵͲϮϬ
ϳϴϬϭ Ͳϯ͘Ϭϲϲ Ͳϭ͘ϯϱ ϭ͘ ϳϭϲ
ϳϬϭϴ ϭ͘ϳϱ Ϯ͘ϴ ϭ͘Ϭϱ

tĞƐƚ�
dŚŽƌŽĨĂƌĞ



NJ Route 72 Over Manahawkin Bay
Hydraulic and Scour Analysis Memorandum

-16-

3. EAST THOROFARE BRIDGE
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�ƌŝĚŐĞ .� KƌŝŐŝŶĂů�∼ ∆Ğǁ�∼ �ŝĨĨĞƌĞŶĐĞ �ĞŶƚƐ
ϱϱϲϮ Ͳϭϭ͘ϲϮϮ Ͳϵ͘Ϯ Ϯ͘ϰϮϮ
ϱϱϲϭ Ͳϭϯ͘ϭϲϭ Ͳϭϭ͘ϰϱ ϭ͘ϳϭϭ
ϱϵϭϵ ͲϭϬ͘ϰϳϮ Ͳϭϯ͘ϰϱ ͲϮ͘ϵϳϴ �ͬϮϭͲϮϮ
ϱϵϮϯ Ͳϴ͘ϯϴϲ Ͳϴ͘ϯϱ Ϭ͘Ϭϯϲ �ͬϮϭͲϮϮ
ϲϮϲϴ ͲϭϮ͘Ϭϱϭ Ͳϭϭ͘ϭϮ Ϭ͘ϵϯϭ
ϱϱϱϵ Ͳϭϯ͘ϱϵϯ Ͳϭϯ͘ϳϮ ͲϬ͘ϭϮϳ
ϱϱϲϬ Ͳϭϯ͘ϵϱ Ͳϭϯ͘ϰϵ Ϭ͘ϰϲ
ϱϱϲϯ Ͳϭϱ͘ϰϴϭ Ͳϭϱ͘ϭϵ Ϭ͘Ϯϵϭ �ͬϮϮͲϮϯ
ϱϱϲϰ Ͳϭϰ͘ϲϮ Ͳϭϯ͘ϳϵ Ϭ͘ϴϯ �ͬϮϮͲϮϯ
ϱϱϲϱ Ͳϭϱ͘ϬϮ Ͳϭϱ͘ϱϯ ͲϬ͘ϱϭ �ͬϮϮͲϮϯ
ϱϴϴϵ ͲϭϮ͘ϲϮ ͲϭϮ͘Ϭϵϱ Ϭ͘ϱϮϱ
ϱϭϳϵ Ͳϭϲ͘ϰϲ Ͳϭϱ͘ϰϲ ϭ
ϱϭϴϰ ͲϮϬ͘ϯ Ͳϭϯ͘ϱ ϲ͘ϴ �ͬϮϯͲϮϰ
ϱϱϯϯ Ͳϭϱ͘ϱϱ Ͳϭϰ͘ϯϵ ϭ͘ϭϲ �ͬϮϯͲϮϰ
ϰϴϮϬ Ͳϭϱ͘ϲϬϱ Ͳϭϯ͘ϳϮ ϭ͘ϴϴϱ
ϰϴϮϭ Ͳϭϵ͘ϭϳϳ Ͳϭϱ͘ϰϯϱ ϯ͘ϳϰϮ �ͬϮϰͲϮϱ
ϱϱϯϭ Ͳϭϲ͘ϰϳϲ Ͳϭϯ͘ϳϰϱ Ϯ͘ϳϯϭ �ͬϮϰͲϮϱ
ϱϱϯϮ Ͳϭϭ͘ϭ ͲϭϬ͘ϵϯ Ϭ͘ϭϳ
ϰϰϯϲ Ͳϭϰ͘ϭϱϴ ͲϭϮ͘ϴ ϭ͘ϯϱϴ
ϰϳϵϱ Ͳϭϱ͘ϯϮϵ Ͳϭϯ͘ϱϴ ϭ͘ϳϰϵ �ͬϮϱͲϮϲ
ϱϭϱϯ Ͳϭϯ͘ϵϵϳ Ͳϭϯ͘ϴϮ Ϭ͘ϭϳϳ �ͬϮϱͲϮϲ
ϰϬϳϴ Ͳϭϰ͘ϳϵϲ Ͳϭϯ͘Ϯϲ ϭ͘ϱϯϲ
ϰϰϬϲ Ͳϭϰ͘ϲϯ Ͳϭϰ͘ϰϲ Ϭ͘ϭϳ
ϰϳϵϰ Ͳϭϱ͘ϭϬϯ Ͳϭϯ͘Ϯϵ ϭ͘ϴϭϯ �ͬϮϲͲϮϳ
ϰϳϵϲ Ͳϭϰ͘ϲϯ Ͳϭϯ͘ϲϲ Ϭ͘ϵϳ �ͬϮϲͲϮϳ
ϰϳϵϳ Ͳϭϰ͘ϱϳϯ Ͳϭϯ͘ϱϲ ϭ͘Ϭϭϯ �ͬϮϲͲϮϳ
ϰϳϵϴ Ͳϭϯ͘Ϭϳϳ ͲϭϮ͘ϲϰ Ϭ͘ϰϯϳ
ϯϳϭϬ Ͳϭϲ͘Ϯϰ Ͳϭϰ͘ϲϭ ϭ͘ϲϯ
ϰϰϬϴ Ͳϭϱ͘Ϭϲϴ Ͳϭϱ͘ϱϳ ͲϬ͘ϱϬϮ
ϰϰϬϳ Ͳϭϲ͘Ϯϳ Ͳϭϰ͘ϴϮ ϭ͘ϰϱ �ͬϮϳͲϮϴ
ϰϰϭϬ Ͳϭϱ͘Ϭϯ Ͳϭϰ͘Ϯϯϱ Ϭ͘ϳϵϱ �ͬϮϳͲϮϴ
ϰϬϱϯ Ͳϭϱ͘Ϭϯϰ ͲϭϮ͘ϰϱϱ Ϯ͘ϱϳϵ
ϯϲϴϳ Ͳϭϰ͘Ϭϵ Ͳϭϯ͘ϲϳ Ϭ͘ϰϮ
ϰϬϱϰ Ͳϭϯ͘ϲϬϴ Ͳϭϰ͘ϵϳ Ͳϭ͘ϯϲϮ �ͬϮϴͲϮϵ
ϰϬϱϱ Ͳϭϰ͘ϭϯϯ Ͳϭϱ͘ϮϮ Ͳϭ͘Ϭϴϳ �ͬϮϴͲϮϵ
ϰϬϱϲ Ͳϭϯ͘Ϯϵϲ Ͳϭϰ͘Ϭϭ ͲϬ͘ϳϭϰ �ͬϮϴͲϮϵ
ϰϬϱϳ Ͳϭϰ͘ϯϵ Ͳϭϯ͘ϯϰ ϭ͘Ϭϱ
ϰϬϱϴ Ͳϭϯ͘ϲϵ ͲϭϮ͘ϳϮ Ϭ͘ϵϳ
ϯϲϴϯ Ͳϴ͘ϱϮ Ͳϯ͘ϳϵ ϰ͘ϳϯ
ϯϲϴϲ Ͳϴ͘ϬϬϳ Ͳϲ͘ϳϱ ϭ͘Ϯϱϳ �ͬϯϬͲϯϭ
ϯϲϴϵ Ͳϲ͘ϳϵϵ Ͳϳ͘ϳ ͲϬ͘ϵϬϭ �ͬϯϬͲϯϭ

�ĂƐƚ�
dŚŽƌŽĨĂƌĞ
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B. SCOUR ANALYSIS CALCULATIONS
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100-Year Calculations for Hilliards Thorofare Bridge
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500-Year Calculations for Hilliards Thorofare Bridge
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100-Year Calculations for West Thorofare Bridge
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500-Year Calculations for West Thorofare Bridge
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100-Year Calculations for East Thorofare Bridge
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500-Year Calculations for East Thorofare Bridge
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C. HORIZONTAL LAYOUT OF SCOUR COUNTERMEASURE

(BASED ON 2 TIMES 500-YEAR CONTRACTION AND LONG
TERM SCOUR DEPTH)
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D. MARINE MATTRESS ANCHORING DISCUSSION
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According to Publication 593 of National Cooperative Highway Research Program (NCHRP),
Countermeasures to Protect Bridge Piers from Scour, anchors may be used with marine
mattresses; however, the layout guidance presented in Section 1.3 in Publication 593 indicates
that the system should be toed down to a termination depth at least as deep as any expected
contraction scour and long-term degradation. Where such toe down depth  cannot  be  achieved,
for  example  where  bedrock  is  encountered  at  shallow  depth, anchoring the marine mattress
along the front (upstream) and sides of the installation is recommended. The spacing of the
anchors should be determined based on a factor of safety of at least 5.0 for pullout resistance
based on calculated drag on the exposed outside edges (north and south of the bridges). Spacing
between anchors of no more than 4 ft (1.3 m) is recommended. The following computation is
provided:

The mattress is not proposed to be toed down.  The limits of the scour countermeasures have
been set to extend far beyond 2 times the pier width as suggested in NCHRP Publication 593
�ΦΚΟΓΠΥΚΘΠ� ×Χ∝� ΗΤΘΟ� (ΚΙΩΤΓ� (���� ΘΗ� ςϑΓ� ΤΓΗΓΤΓΠΕΓΦ� ΦΘcument).  This in combination with the
anchors provided Χς�ςϑΓ�ΓΦΙΓΥ�ΘΗ�ςϑΓ�ΟΧςςΤΓΥΥ�ΧΠΦ�ςϑΓ�ΟΧςςΤΓΥΥ∝�ΗΝΓΖΚ∆ΚΝΚς[�ΚΥ�ΕΘΠΥΚΦΓΤΓΦ�ςΘ�ΡΤΘΞΚΦΓ�
the protection needed for the piers.  Furthermore, the manufacturer has suggested that based on
the relatively flat application proposed, a subgrade toe-in is not required.  This recommendation
is further substantiated in a technical paper issued by the Army Corps of Engineers titled Uses
for Marine Mattresses in Coastal Engineering, where it is stated that marine mattresses provide
adequate toe protection as long as they are not directly exposed to breaking wave heights of 5
feet or more. 6ϑΓ�ΟΧςςΤΓΥΥ∝�ΗΝΓΖΚ∆ΚΝΚς[�ΧΝΝΘΨ�ςϑΓ�ΓΠΦΥ�ςΘ�ΕΘΠΗΘΤΟ�ςΘ�ςϑΓ�ΕϑΧΠΙΓΥ�ΚΠ�ςϑΓ�∆ΓΦ�ΡΤΘΗΚΝΓ�
so that if some scour is experienced at the outside limits of the protection, the mattress will
naturally deflect and toe itself in as sediment returns to the area and the mattresses would remain
stable for the desired protection.

A general assessment was performed to confirm that the minimal load capacity requirements of
the anchor (approximately 500 pounds every 2.5 feet) can be met with the substrate material.  It
is estimated that an anchor depth of approximately 5 feet will be adequate to mobilize the
resistance needed from the anchors.
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Hilliards Thorofare
ȡ� 1.989 slugs/ft2 (Mass Density of Sea Water)
V = 6 ft/s (Max 500-year velocity)
ǻ∴� � 1 ft (Marine Mattress Height)
b = 448 ft
Step 1: Calculate the total force, Fd, on the leading edge of the system:

(Φ� ����ȡ82�ǻ∴�∆� 16,039 lb
Step 2: Calculate required uplift restraint using 5.0 safety factor:

Fresistant =  80,196 lb
Step 3: Counting anchors at the corners of the system, calculate required pullout resistance per anchor (round to nearest 10 lb):

a) Assuming 112 anchors at 4-ft spacing: 720 lb/anchor
b) Assuming 224 anchors at 2-ft spacing: 360 lb/anchor

West Thorofare
ȡ� 1.989 slugs/ft2 (Mass Density of Sea Water)
V = 5.7 ft/s (Max 500-year velocity)
ǻ∴� � 1 ft (Marine Mattress Height)
b = 322 ft
Step 1: Calculate the total force, Fd, on the leading edge of the system:

(Φ� ����ȡ82�ǻ∴�∆� 10,404 lb
Step 2: Calculate required uplift restraint using 5.0 safety factor:

Fresistant =  52,021 lb
Step 3: Counting anchors at the corners of the system, calculate required pullout resistance per anchor (round to nearest 10 lb):

a) Assuming 80 anchors at 4-ft spacing: 650 lb/anchor
b) Assuming 160 anchors at 2-ft spacing: 330 lb/anchor

East Thorofare
ȡ� 1.989 slugs/ft2 (Mass Density of Sea Water)
V = 6.5 ft/s (Max 500-year velocity)
ǻ∴� � 1 ft (Marine Mattress Height)
b = 440 ft
Step 1: Calculate the total force, Fd, on the leading edge of the system:

(Φ� ����ȡ82�ǻ∴�∆� 18,488 lb
Step 2: Calculate required uplift restraint using 5.0 safety factor:

Fresistant =  92,439 lb
Step 3: Counting anchors at the corners of the system, calculate required pullout resistance per anchor (round to nearest 10 lb):

a) Assuming 110 anchors at 4-ft spacing: 840 lb/anchor
b) Assuming 220 anchors at 2-ft spacing: 420 lb/anchor

outside edges of the marine mattress (north and south of the bridges)

outside edges of the marine mattress (north and south of the bridges)

outside edges of the marine mattress (north and south of the bridges)outside edges of the marine mattress (north and south of the bridges)
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E. TIDAL ELEVATION DATA OF SUPERSTORM SANDY AND
DERIVATION OF 100-YEAR AND 500-YEAR HURRICANES
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PB downloaded the tidal elevation data of Hurricane Sandy (October 28, 2012) from USGS
National Water Information Website (http://maps.waterdata.usgs.gov/mapper), at two locations
(Barnegat and Little Egg Harbor) shown in the figure�on next page. The peak water surface
elevation is between 5~6 feet. When compared with peak tidal water surface elevations PB used
for 100-year storm and 500-year storm as the two boundary conditions, which are around 10 feet
and 12 feet respectively, Super Storm Sandy is much less, which means tϑΓ�ΤΓΧΝ�ΓΞΓΠς�ΥϑΘΩΝΦΠ∝ς�
be a concern.
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Brief details of derivations of the 100-year and 500-year hurricanes are provided below for
information. Hydraulic conditions along Route 72 are tidally controlled. N.J. Route 72 divides
Manahawkin Bay that has a tidal inlet to the south, Little Egg Inlet, and to the north, Barnegat
Inlet.

The water surface elevation is constantly changing at coastal locations, and these changes
contribute to flow into (flood tide) and out of (ebb tide) Little Egg and Barnegat Inlets.  The more
rapid the rise and fall in water level, the greater the velocities through the inlets.  Mean tides
affecting these inlets have a period of approximately 12.5 hours and an amplitude of about 1.1
feet. However, a hurricane storm surge can significantly increase Atlantic Coast water surface
elevations over relatively short periods of time.  A storm surge is the relatively large local rise in
water level that occurs during a significant storm event and it tends to be the most damaging force
along the coast.  Storm surges are caused by a combination of the extremely low pressure
ΧΥΥΘΕΚΧςΓΦ�ΨΚςϑ�Χ�ΥΓΞΓΤΓ�ΥςΘΤΟ�ΧΠΦ�ϑΚΙϑ�ΨΚΠΦΥ�ςϑΧς�ΝΚςΓΤΧΝΝ[�″ΡΚΝΓ≥�ΨΧςΓΤ�ΘΠςΘ�ςϑΓ�ΕΘΧΥς���5ΩΤΙΓΥ�
are particularly damaging because water levels rise quickly over a relatively short period of time
and therefore result in higher, and more erosive, flow velocities.

The hydrologic investigation produced the data required for a hydraulic analysis of the bays,
marshes and channels over which N.J. Route 72 crosses.  The goal of the hydrologic analysis
was to obtain probable storm surge stage hydrographs for the 100-year and 500-year hurricanes
and stage graphs for normal tidal conditions.  The stage hydrographs for Little Egg Inlet and
Barnegat Inlet were developed for this study based on several information sources.  The
information from NOAA tidal benchmark 8533615, the FEMA flood insurance study (FIS) for
Ocean County, N.J. and the United States Army Corp of Engineers (USACE) ADCIRC storm
surge prediction stations were all consulted for the hydraulic modeling.  Once the tidal datum and
appropriate storm surge heights were determined, the hydrologic modeling was conducted using
methods outlined in the Pooled Fund Study report entitled Tidal Hydraulic Modeling for Bridges
(Source: Ayres Associates and Edge & Associates (2002), Pooled Fund Study: Tidal Hydraulic
Modeling for Coastal Bridges).

The behavior of the astronomical tides at Barnegat and Little Egg Inlets were simulated based
upon NOAA tidal predictions for Barnegat Inlet and the Beach Haven Coast Guard Station,
located near Little Egg Inlet.  The tidal predictions for Barnegat Light and the Beach Haven Coast
Guard Station were developed by NOAA based upon a calibrated harmonic tidal analysis at
Sandy Hook, N.J., located 47.2 and 64.9 miles from each inlet, respectively.  A travel time of 59
minutes from Barnegat Inlet to Little Egg Inlet for the tidal cycle was determined from this analysis.
The lag time was approximated to 1 hour to meet the timing criteria for input into the hydraulic
model.

The FEMA Stillwater elevations used for the hydrologic model at Ocean County are presented in
Table E-1.  The Stillwater elevations in Table E-1 are from FEMA Flood Insurance Study for Long
Beach Island, Ocean County, New Jersey. Both locations are shown in Figure E-1.
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Table E-1. FEMA FIS Stillwater Elevations for Long Beach Island, New Jersey.

100-year

(ft, NAVD 88)

500-year

(ft, NAVD 88)

Barnegat Inlet 9.5 11.5

Little Egg Harbor 9.8 12.8

Figure E-1. Location of the FIS Stillwater Elevations for Long Beach Island
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The storm surge hydrograph is constructed using the selected surge height, estimated storm
duration and a synthetic hydrograph representative of coastal hurricane storm surges.  The storm
duration is estimated from the data provided in NOAA technical report NWS-38 (Source: National
9ΓΧςϑΓΤ�5ΓΤΞΚΕΓ��������� ″∗ΩΤΤΚΕΧΠΓ�%ΝΚΟΧςΘΝΘΙ[� ΗΘΤ�ςϑΓ�#ςΝΧΠςΚΕ�ΧΠΦ�)ΩΝΗ�%ΘΧΥςΥ�ΘΗ�ςϑΓ�7ΠΚςΓΦ�
5ςΧςΓΥ�≥�01##�6ΓΕϑΠΚΕΧΝ�4ΓΡΘΤς�095-38).

Storm duration (D) is calculated from the radius of maximum winds (R) and the forward speed of
the storm (f) such that D = R/f.  Based on NWS-38 the 50% probability hurricane for the New
Jersey coastline near Long Beach Island would have a radius of maximum winds of 35 nautical
miles and a forward speed of 19 knots and thus a duration of 1.84 hr.  The storm surge hydrograph
was modeled using the Alternative Surge Hydrograph method presented in the Pooled Fund
Study.
� �
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F. SCOUR PROFILES WITH SUPER STORM SANDY ELEVATIONS

(Includes 100-yr, 500-yr, and Sandy water surface elevations along with 100-yr and 500-yr
scour profiles)



ELEVATIONS OF SCOUR HOLES ARE THE ONLY CALCULATED QUANTITIES
OTHER GEOMETRIC PROPERTIES ARE ESTIMATES (E.G. SIDE SLOPE AND WIDTH).

NOTES: PILE TIP ELEVATIONS FOR BULKHEAD, FENDERS AND ABUTMENTS ARE UNKNOWN AND ASSUMED TO BE SHALLOW.

VERTICAL SCALE : 1" = 10'
HORIZONTAL SCALE : 1" = 40'

CROSS-SECTION (LOOKING NORTH)

Estimated Scour Elevation and Pile Elevation

Parsons Brinckerhoff

January 2016 Sheet 1 of 6

CALCULATED SCOUR DEPTHS

Ocean County, New Jersey
Hillards Thorofare
N.J. Route 72 over

Structure No.: 1513-151

Department of Transportation
New Jersey

Prepared By:

Figure F.1 - 100-year Storm Surge

PILE DIAMETER ESTIMATED AT 14".
LOCAL SCOUR

CONTRACTION SCOUR

SURVEYED BED ELEVATION*
PCA ENGINEERS, JUNE 2015

*SURVEYED CROSS-SECTION IS APPROX. 100' SOUTH OF BRIDGE FASCIA.

PILE TIP ELEVATIONS FOR PIERS ARE BASED ON PILE LENGTHS ESTIMATED BY NDT CORPORATION USING
SONIC/ULTRASONIC PULSE-ECHO REFLECTION MEASUREMENTS ON REPRESENTATIVE PILES IN JUNE 2014.
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Figure F.2 - 500-year Storm Surge

PILE TIP ELEVATIONS FOR PIERS ARE BASED ON PILE LENGTHS ESTIMATED BY NDT CORPORATION USING

PILE DIAMETER ESTIMATED AT 14".
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SONIC/ULTRASONIC PULSE-ECHO REFLECTION MEASUREMENTS ON REPRESENTATIVE PILES IN JUNE 2014.
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ELEVATIONS OF SCOUR HOLES ARE THE ONLY CALCULATED QUANTITIES
OTHER GEOMETRIC PROPERTIES ARE ESTIMATES (E.G. SIDE SLOPE AND WIDTH).

PILE DIAMETER ESTIMATED AT 14".

*SURVEYED CROSS-SECTION IS APPROX. 100' SOUTH OF BRIDGE FASCIA.

NOTES: PILE TIP ELEVATIONS FOR BULKHEAD, FENDERS AND ABUTMENTS ARE UNKNOWN AND ASSUMED TO BE SHALLOW.
PILE TIP ELEVATIONS FOR PIERS ARE BASED ON PILE LENGTHS ESTIMATED BY NDT CORPORATION USING
SONIC/ULTRASONIC PULSE-ECHO REFLECTION MEASUREMENTS ON REPRESENTATIVE PILES IN JUNE 2014.
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Figure F.4 - 500-year Storm Surge

ELEVATIONS OF SCOUR HOLES ARE THE ONLY CALCULATED QUANTITIES
OTHER GEOMETRIC PROPERTIES ARE ESTIMATES (E.G. SIDE SLOPE AND WIDTH).

PILE DIAMETER ESTIMATED AT 14".

*SURVEYED CROSS-SECTION IS APPROX. 100' SOUTH OF BRIDGE FASCIA.

NOTES: PILE TIP ELEVATIONS FOR BULKHEAD, FENDERS AND ABUTMENTS ARE UNKNOWN AND ASSUMED TO BE SHALLOW.
PILE TIP ELEVATIONS FOR PIERS ARE BASED ON PILE LENGTHS ESTIMATED BY NDT CORPORATION USING
SONIC/ULTRASONIC PULSE-ECHO REFLECTION MEASUREMENTS ON REPRESENTATIVE PILES IN JUNE 2014.
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Figure F.5 - 100-year Storm SurgePCA ENGINEERS, JUNE 2015
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Figure F.6 - 500-year Storm SurgePCA ENGINEERS, JUNE 2015
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Memorandum of Meeting

Prepared By: Tara Bencivenga, WSP | PB
Date: October 22, 2015, 9:30AM
Project: Route 72 Manahawkin Bay Bridges
Location: NJDOT E&O Conf. Room 3B
Subject:  Scour Countermeasures Supplemental Environmental Review

A meeting was held for the above referenced project on Tuesday, October 20, 2015 at NJDOT.  Those in
attendance were as follows:

Attendees: Bruce Hawkinson NJDOT Environmental
Tina Shutz NJDOT Environmental
Joseph Sweger NJDOT Environmental
Aasti Gupta NJDOT Environmental
Brendan Brock               NJDOT Office of Maritime Resources
5ϑΧΩΠ�1∝∗ΧΠΝΧΠ FHWA
Tony Sabidussi FHWA
Mike Hayduk                 USACE
Karen Greene NOAA Fisheries
Steve Mars                     USFWS
Steven Balzano WSP | Parsons Brinckerhoff
Steve Esposito WSP | Parsons Brinckerhoff
Anthony Suleski WSP | Parsons Brinckerhoff
Tara Bencivenga WSP | Parsons Brinckerhoff

Purpose:

The purpose of this meeting was to review the Proposed Alternatives for the Route 72 Scour Countermeasures
and Public Access/Waterfront Improvements to be included in an Addendum to the 2011 Environmental
Assessment.

I. Withdrawal of Pump Station

Design would lag progression on EA Approvals for scour countermeasures and has been withdrawn
from further consideration at this time until design revisions can be further developed and vetted
through municipal officials/regulatory agencies.

II. Scour Protection
1. Purpose and Need

ω Provide Protection  to existing Thorofare Bridges to protect against future scour events
ω Provide Scour Protection by December 31st, 2016 to address FHWA conditions
ω Current Design Code Requirements designate bridges as scour critical
ω FHWA asked for clarification on what had changed since the last EA to make the bridges

now scour critical
i. Localized scour conditions

ii. Damage from Hurricane Sandy
iii. As a result of items i and ii above, a more refined analysis was performed in

accordance with the revised and updated Design Code Requirements
2. Scour Protection Alternatives: Alternative 1- Bridge Rehabilitation with Scour Countermeasures

ω Design Alternatives



Page 2

ω Riprap- ��≥�ΥςΘΠΓΥ�ςϑΧς�ΤΓΥς�ΩΡΘΠ�Χ�ΕΘΧΤΥΓ�ΧΙΙΤΓΙΧςΓ�∆ΓΦΦΚΠΙ�ΝΧ[ΓΤ��ΗΘΤ��∝-�≥�ΘΗ�ΡΤΘςΓΕςΚΘΠ
i. Pros: simplest, most traditional method

ii. Cons: substantial fill within waterway attributing to environmental impacts;
excavation required, which would jeopardize stability of trestle piles; considered
″ςΓΟΡΘΤΧΤ[≥�ΧΠΦ�ΤΓΣΩΚΤΓΥ�ΕΘΠςΚΠΩΧΝ�ΟΘΠΚςΘΤΚΠΙ

ω A-Jacks- Tetrahedral shaped concrete armor units that interlock into a flexible, permeable
matrix, providing 16 inches of protection above the bedding layer.

i. Pros: Moderate subgrade preparation, reduces environmental impacts, utilizes
resilient concrete elements

ii. Cons: change in bay bottom elevation may result in navigational impacts; still
requires some riprap installation at piles

ω Articulated Concrete Block Mattress- low profile, hard armoring composed of preformed
concrete blocks that interconnect through a combination of forms and/or cables to act as a
method of ground stabilization.

i. Pros: lowest profile protection, minor flexibility as system can conform to minor
changes in subgrade

ii. Cons: a smooth subgrade is required to perform as designed, so extensive
subgrade preparation is required; perimeter edges must be anchored by
excavating a trench and burying with riprap; riprap still required at pile bents

ω Marine Mattress with Riprap- low profile armoring alternative with total depths ranging
between 6-��≥��ΕΘΠΥΚΥςΥ�ΘΗ�ΥςΘΠΓ�ΗΚΝΝΓΦ�ΙΓΘΙΤΚΦΥ�ΟΧΦΓ�ΗΤΘΟ�ϑΚΙϑ�ΥςΤΓΠΙςϑ�plastic materials

i. Pros: creates a large stable and protective mass during scour events; very
flexible, reducing the in-water preparation of the subgrade; additional bedding
layers are not required, thus reducing in-water preparation

ii. Cons: Riprap required between piles
ω Marine Mattress with Grout Bags  - low profile armoring with total depths ranging

between 6-12 inches; consists of stone filled geogrids made from high strength plastic
materials

i. Pros: Avoids the need for placement of riprap and generally maintains the 2009
bay bottom elevation

3. Preferred Alternative for Scour Countermeasure Design
ω Marine Mattress with Grout Bag

i. Achieves desired scour protection
ii. Reduces discharge of fill to waters (less than riprap alternative)

iii. Generally maintains 2009 bottom contour elevation
iv. Avoids in-water excavation

4. Alternative 2: Bridge Replacement
ω Key Issues

i. Adds cost
ii. May result in residential and business displacement to address temporary

construction access requirements
iii. Temporary construction access requires relocation of major electric and gas

transmission lines
ω Design Alternatives

i. Staged construction would require temporary trestle bridge installation
ω Duration

i. 8 years to accommodate design, approvals and construction of bridge
ii. Bridges would remain scour critical throughout duration of 8 years and as such

does not meet purpose and need
5. Alternative 3: Bridge Replacement with Interim Scour Countermeasures
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ω Same issues as Alternative 2, but includes interim scour protection prior to bridge
replacement to satisfy FHWA conditions

6. Environmental Impact Comparison
ω Alternative 1: Bridge Rehabilitation with Scour Countermeasures

i. No impacts to freshwater wetlands, wetland transition area, coastal wetlands, or
riparian buffers

ii. Shellfish Habitat Impacts= 0.19ac
iii. Intertidal/Subtidal Shallows Impacts= 1.15ac
iv. SAV Habitat Impacts= 3.24ac
v. Delineated SAV Impacts= 0.01ac

ω Alternative 2: Bridge Replacement
i. Wetland Transition Area Impacts= 0.08ac

ii. Riparian Buffer Impacts= 0.74ac
iii. Shellfish Habitat Impacts= 0.38ac
iv. Intertidal/Subtidal Shallows Impacts= 1.3ac
v. SAV Habitat Impacts= 2.92ac

vi. Delineated SAV Impacts= 0.02ac
ω Alternative 3: Bridge Replacement with Interim Scour Countermeasures

i. Sum of impacts from both alternatives
7. Other Environmental Considerations

ω Protected Species- Marine Turtles and Atlantic Sturgeon
i. Alternative 1 reduces duration of in-water construction and avoids pile

installation
ω Essential Fish Habitat

i. No in-water work from January through July
ii. Alternative 2 minimizes impacts to SAV Habitat but does not satisfy Purpose and

Need
ω Socio-Economic Considerations

i. Alternative 1 avoids residential displacement and disruption to traffic/business
ω Utilities

i. Alternative 1 avoids conflicts with major utilities
8. Cost Considerations

ω Alternative 1 provides the most cost effective solution
i. $31,000,000 initial construction cost

ii. $122,753,000 life cycle cost

III. Public Waterfront Access Improvements
1. Alternatives

ω Alternative 1: Modify Parking Lot 3 and 5 to include Bulkhead Rehabilitation (Parking
Lot 3 only) and address community concerns

ω No Action Alternative: Maintain approved design
2. Purpose and Need

ω Provide ADA compliant public access to the waterfront
ω Address public comments opposing location of Parking Lot 5
ω Rehabilitate deteriorated Bulkhead on North East quadrant of Parking Lot 3
ω Comply with permit conditions to provide waterfront access improvements as part of the

project
3. Alternative 1: Parking Lot 3

ω Introduces riprap due to conflicts with sewer utilities that precludes extension of the sheet
piling for the full extent of the existing bulkhead



Page 4

ω Proposed bulkhead is landward of the existing bulkhead, with the existing bulkhead to be
cut at the mudline

4. Alternative 1: Parking Lot 5
ω Relocation of Parking Lot 5 due to public opposition

5. Environmental Consequences
ω Alternative 1 Impacts

i. No impacts to Shellfish Habitat, Delineated SAV, Freshwater Wetland, or
Coastal Wetland

ii. Intertidal/Subtidal Shallows Impacts= 0.04ac
iii. SAV Habitat Impacts= 0.04ac
iv. Wetland Transition Area Impacts= 0.11ac
v. Riparian Buffer Impacts= 0.41ac

ω No Action Alternative
i. No impacts to Shellfish Habitat, Intertidal/Subtidal Shallows, SAV Habitat,

Delineated SAV, Freshwater Wetland, or Coastal Wetland
ii. Wetland Transition Area Impacts= 0.10ac

iii. Riparian Buffer Impacts= 0.31ac
6. Preferred Alternative: Alternative 1

ω Improves ADA compliant access to waterfront and public safety
ω Minimizes environmental impacts
ω Provides rehabilitation of existing bulkhead
ω Addresses public comment

IV. Comments
a. Karen Greene, NOAA, suggested that she may not consider area under trestle bridges as EFH due

to scouring
i. Turbidity measures may be needed, but there may not be a need for timing restrictions for

winter flounder
ii. Removal of Timing Restrictions would allow work to continue into January/February

iii. Suggested utilizing the EFH Worksheet to facilitate review of EA document
b. No exceptions were taken to the installation of the recommended scour countermeasures

consisting of marine mattresses and grout bags.
c. Steve Mars, USFWS, posed concern over extent of riprap proposed at Parking Lot 3 and

requested that PB look into other options
Additional Mitigation consistent with prior permit authorization will be required for
Shellfish, Wetlands/Riparian Buffers and Intertidal/Subtidal Shallows and can be
addressed during permit review

V. Next Steps
a. EA Addendum will advance review of the preferred alternatives presented

i. Document review and agency consultation will be done concurrently
ii. Anticipate distribution of EA mid-December with close of comments by end of January

iii. Agencies were agreeable to schedule



Memorandum of Meeting
Prepared By: Tara Bencivenga, WSP | PB
Date: July 23, 2015 9:30 AM
Project: Route 72 Manahawkin Bay Bridges
Location: NJDOT E&O Conf. Room 3B
Subject:  Contract 4 Status and Scour Protection Supplemental Environmental Review

A meeting was held for the above referenced project on Thursday, July 23, 2014 at NJDOT.  Those in attendance
were as follows:

Attendees: Bruce Hawkinson NJDOT Environmental
Tina Shutz NJDOT Environmental
Joseph Sweger NJDOT Environmental
Brenna Fairfax               NJDOT Environmental
Paula Scelsi NJDOT Environmental
Zack Asadpour NJDOT Environmental
Charlie Welch NJDEP Landuse
5ϑΧΩΠ�1∝∗ΧΠΝΧΠ FHWA
Tony Sabidussi FHWA
Sam Reynolds USACE
Mike Hayduk                 USACE
Karen Greene NOAA Fisheries
Jennifer Goebel NOAA Fisheries
Meghan Myers Arora and Associates, PC
Steve Balzano WSP | Parsons Brinckerhoff
Mike Folli WSP | Parsons Brinckerhoff
Steve Esposito WSP | Parsons Brinckerhoff
Darren Delenick WSP | Parsons Brinckerhoff
Tara Bencivenga WSP | Parsons Brinckerhoff

Purpose:

The purpose of this meeting was to review the status of regulated activities to be included in Contract 4 that
were not previously approved; as well as to discuss the scope of upcoming design changes to accommodate
scour protection at the three Thorofare Bridges requiring Supplemental Environmental Review (EA) and
subsequent permit authorization.

I.  Contract 4: Items of Discussion

1. Items not included in current approved plans but suggested to include for Contract 4 Bid
Documents:
ω Temporary Construction Access on each side of temporary trestle

Θ Temporary sheeting piles for West Trestle
Θ Riparian Zone Impact: loss of trees will be re-planted; however will be considered

″ΡΓΤΟΧΠΓΠς�ΚΟΡΧΕς≥
∪ Charlie Welch concluded this may be covered in a Field Change

ω Utility Relocation
Θ There is a gas utility line that runs along the Manmade Island north of Route 72 and

crosses through the Manmade Island north bulkhead, which is being replaced. As part of
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the bulkhead replacement, the gas line will need to be disconnected, realigned at the
bulkhead, and then reconnected. This activity will require the installation of a cofferdam,
which will result in about 100sqft of temporary impact to IT/STS, Mapped SAV, and
Tidal State Open Waters.

∪ 7ςΚΝΚς[�ΕΘΟΡΧΠ[�ΤΓΣΩΓΥςΓΦ�Χ���∝Ζ��∝�ΨΘΤΜΚΠΙ�ΧΤΓΧ��ΥΘ�ςϑΓ�ΕΘΗΗΓΤΦΧΟ�ΝΚΟΚςΥ�ΨΘΩΝΦ�
need to be outside of that

∪ Charlie Welch concluded this may be covered in a Field Change as it poses no
real issues

ω Turtle Fencing
Θ Turtle fence installation will be installed at the existing wetland line, to be retained within

DOT ROW. The type of turtle fence is to be determined.
∪ Charlie Welch concluded this may be covered in a Notification of Change of

Plans

2. Pier (Spall) Repair Requirements
ω Installation of a Temporary Cofferdam

Θ The cofferdam limits will not modify the existing LOD line. The contractor will
determine the method of installation and we will need to accommodate. Repairs will vary
from pier to pier.

ω USACOE considers this a new regulated element that will need to be covered under a Change of
Plan requiring a Permit Modification

ω Charlie Welch (NJDEP) stated that we may attach this to Contract 4 as a Permit Mod

3. Peregrine Falcon Protection Measures
ω Peregrine Falcon pair nested on Pier 7 of the existing bridge during 2015 nesting season.

Proposing temporary nest box to be located on Pier 7 of the new structure for the 2016-2018
nesting season. Temporary nest box will require a 300ft work restriction zone active from
February 15 to July 31st of each nesting season. The restriction zone and time frame will not
conflict with overall project completion date.

ω Beginning the 2019 nesting season a permanent nest box will be installed on Pier 8 of the existing
structure. The ladder system on Pier 8 is suggested to be maintained as so to provide suitable
access to the nest for banding purposes.

II.  Supplemental Environmental Assessment: Items of Discussion

1. Scour Protection Measures
ω The three trestle bridges; Hilliards Thorofare, West Throrfare, and East Thorofare., are scour-

critical based on recent analyses performed. The need for protection has also been validated by
the recent scour hole at West Thorofare which was fixed as part of a priority repair at the end of
last year/start of this year.

ω Several design alternatives were presented, including the replacement of the three bridges, rip-rap
installed above and below grade elevation, a-jacks installed above and below grade elevation,
articulated concrete block mattress, and marine mattress installed at grade elevation.

ω 6ϑΓ�ΤΓΕΘΟΟΓΠΦΓΦ�ΧΝςΓΤΠΧςΚΞΓ�ΗΘΤ�ΥΕΘΩΤ�ΡΤΘςΓΕςΚΘΠ�ΚΥ�Χ�ΝΘΨ�ΝΓΞΓΝ����≥�ςϑΚΕΜ��ΟΧςςΤΓΥΥ�ΗΚΝΝΓΦ�ΨΚςϑ�
stones.  This product is preferred to reduce or eliminate excavation to the extent possible and for
its benefits for constructability concerns within the project constraints.  The use of this product
ΠΓΓΦΥ�ςΘ�∆Γ�ΧΡΡΤΘΞΓΦ�∆[�0,&16�ΧΠΦ�(∗9#�5/∋∝Υ��ΥΩ∆ΥΓΣΩΓΠς�ςΘ�ςϑΓ�ΟΓΓςΚΠΙ��0,&16∝Υ�
ΧΡΡΤΘΞΧΝ�ϑΧΥ�∆ΓΓΠ�Θ∆ςΧΚΠΓΦ�ΧΠΦ�(∗9#∝Υ�ΤΓΥΘΝΩςΚΘΠ�ΚΥ�ΥςΚΝΝ�ΡΓΠΦΚΠΙ��
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ω Due to the tight spacing of the piles at the piers, riprap will need to be placed at locations where
other countermeasures will not fit or could result in damage to the piles.  It is likely that the riprap
will need to be built thicker than the general countermeasure product.

ω It was noted that on average, the bay bottom elevations at these structures are approximately
����∝�ΝΘΨΓΤ�ΠΘΨ��∆ΧΥΓΦ�ΘΠ�Χ�ΥΩΤΞΓ[�ΡΓΤΗΘΤΟΓΦ�ΓΧΤΝΚΓΤ�ςϑΚΥ�[ΓΧΤ��ςϑΧΠ�ςϑΓ[�ΨΓΤΓ�Χς�ςϑΓ�ΘΠΥΓς�ΘΗ�
design (based on a survey performed in 2009).  There are, however, locations where the current
bed elevations are above the previously reported elevations.

ω Due to the short spans, the spacing of the piers, and the magnitude of contraction scour, it is
expected that the entire length of each bridge will need to receive scour countermeasure
protection.

ω Existing Environmental Conditions within Project Limits:
ω IT/STS: additional impacts are anticipated to address scour protection.  There is

sufficient surplus mitigation on CBI to address the additional impact
ω SAV Habitat: additional impacts to SAV mapped habitat are anticipated resulting

from scour protection but minimal impacts to actual delineated SAV beds are
anticipated; any additional mitigation requirements would be addressed in SAV
mitigation plan

ω Shellfish: only mapped within West Thorofare.  Additional impacts would require
monetary contribution

ω Karen Greene (NOAA) stated that she does not consider the three thorofares as
essential fish habitat due to localized scouring. Construction activity may require
turbidity barriers.

ω Charlie Welch indicated this activity may not need a new permit from NJDEP
ω He will refer to NOAA to approve Scour Countermeasure Alternative

2. Public Access
ω Revisions to Parking Lots #3 and #5 will deviate from the approved plans.
ω Parking Lot #3

ω Originally designed against the bulkhead at the northeast corner of the existing Bay
Bridge, the parking lot is proposed to be relocated due to the condition of the existing
bulkhead.

ω The bulkhead would be reconstructed under this proposal to provide improved public
access to the waterfront at this location

ω Parking Lot #5
ω This parking lot is being moved following dispute from local business owners. The

new plans will also include minor modification to the proposed sidewalk  to  provide
better pedestrian access

ω NE Bulkhead Reconstruction
ω The bulkhead at the NE corner of the existing Bay Bridge is severely deteriorated and

is now proposed to be replaced.  It is expected that much of the replacement will
match what was previously approved for the north bulkhead on the Manmade Island to
the west of the Bay Bridges.

ω A parapet and rail system is proposed to be installed along the shoreline above the
bulkhead in order to create a public access space for fishing.

ω The bulkhead replacement will include some utility relocation, similar to the
Manmade Island bulkhead replacement,.

ω Karen Greene asked if we looked into a soft-shoreline approach for the bulkhead
repair. This is not possible due to the limited space available, existing utility lines and
the need to maintain public access.
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3. Drainage
ω There is currently an on-going discussion with Ship Bottom officials whether to eliminate the

pump station on Long Beach Island. An alternative to the pump station is utilizing a gravity based
drainage system, with either 1 or 2 outfall locations. The 1-outfall system is currently in the
approved design. The 2-outfall system would be located north of the bridge where the existing
outfall is located. Both alternatives are still undergoing analysis.

ω Karen Greene expressed concern whether the location of the outfall would permanently impact
SAV habitat.
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