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Abstract

Woastewater Treatment Plants that are constructed in the coastal regions need more
attention since the flood occurrence may cause excessive loads on the infrastructures.
These excessive loads may result in the system’s failure and innumerable damages on
the infrastructure. In this study, in order to reduce WWTPs’ flood vulnerability, an
index called Resiliency was developed to quantify system’s characteristics. Later, two
main approaches were considered to enhance the infrastructure performance: the
“Resource allocation” and the “Cooperative behavior” method. The former method was
applied employing those factors which were improvable with the investment of funds
and financial allocations. They were utilized to make the system more robust. In
addition, implementing some new agents with potential impacts on funding were
described in order to have a more realistic vision. As for the latter method, the
cooperative behavior approach, the cooperation was utilized to demonstrate joint
operation among WWTPs and the way they interact. For this purpose, WWTPs’
placement was analyzed to check if they could operate jointly. Thereafter, effectiveness
of these two approaches was compared in order to make the best decision regarding
different cases. The results showed that in three collaborations among Bowery Bay,
Tallman Island, Newtown Creek, and Red Hook WWTPs, cooperation has had a
significant effect on the resiliency index.

Keywords: Resiliency, Flood, Wastewater Treatment Plant, Resource Allocation,
Cooperation.
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Fig. 1. 14 WWTPs’ placements in New York City
(Adapted from NYC DEP, 2013)
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Table 3. Weights of criteria and sub-criteria

Redundancy Resourcefulness Robustness Rapidity
(Rd) (Rs) (Ro) (Ra)
Wra=0.136 Wg=0.13 Wge=0.341 Wga=0.395
Wei Sub- . o . . Sub- . o .

eight et Weight  Sub-criterion Weight e Weight Sub-criterion
criterion criterion
0.06 Rd,; 0.034 Rs; 0.042 Ro, 0.076 Ra,
0.042 Rd, 0.068 Rs, 0.076 Ro, 0.017 Ra,
0.034 Rd; 0.028 Rs; 0.026 Ros 0.076 Ra;
0.034 Ro, 0.068 Ra,
0.082 Ros 0.076 Ras
0.081 Rog 0.082 Rag
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Table 4. The resiliency index in WWTPs

Ul sty Number of the WWTP

mdeyéoz ;’ A WWTP depicted in Figure 1
52.1 Bowery Bay 1
51.1 Tallman Island 3
52.6 Newtown Creek 5
55.1 Red Hook 9
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e History of the WWTP
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Fig. 3. Different agents with impacts on the resources
allocated to each WWTP
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(Kenward et al., 2013, NYC DEP, 2013)
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Table 5. Costs of joint operation (Krzys, 2010)

Newtown Creek and Bowery Bay

Unit price Estimated
It it tit
ems Uni Quantity ©) cost (M)
Excavation Cubic meter 53.592 158.9207 8.52
24" pipe Meter 6.698 675.2625 4.52
“Total 13.04
Tallman Island and Bowery Bay
Unit price
Estimat
Items Unit Quantity ® c(s)sltn:;[;()i
Excavation Cubic meter 74.390 158.9207 11.82
24" pipe Meter 9.297 675.2625 6.28
Total 18.1
Red Hook and Newtown Creek
Unit price Estimated
It it tit
ems Uni Quantity ©) cost (M)
Excavation Cubic feet 36.795 158.9207 5.85
24" pipe Foot 4,598 675.2625 3.1
Total 8.95

* Other costs where ignored
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Table 6. The resiliency index after cooperation
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