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The interaction between groundwater and sewer network in coastal urban areas is an emerging 
issue due to sea level rise (SLR), more frequent and intense precipitation events, and the aging of 
the networks in the country [1]–[3]. The interaction between groundwater and sewer network can 
manifest itself through processes called infiltration and exfiltration [4]. 

Infiltration is due to 
groundwater entering sewer 
pipes through cracks or 
disconnected joints. It reduces 
the capacity of the sewer 
network while increasing the 
flow within the pipes. 
Moreover, significant
infiltration can trigger 
separated/combined sewer 
overflows (SSOs or CSOs) and 
sewer surcharge delivering 
untreated and uncontrolled 
amounts of wastewater into 
surface water bodies [5]. 
Furthermore, if contaminated 
sites are present within an 
urban area, groundwater 
infiltration may provide a 
faster route of contaminant 
migration towards surface 
water bodies. Exfiltration is 
due to the leakage of untreated 
wastewater at damaged 
locations of the sewer network. 
It spreads contaminants from 
the sewer network into the 
urban soil, possibly 
contaminating the unconfined 
shallow aquifer [6]. 
Considering the aging of water 
infrastructure and future 
weather scenarios of more 
frequent and intense rain 

Figure 1. (a) Map of the study region of Long Island with highlighted the 
neighborhoods of Brooklyn and Queens where the sewer-groundwater 
interaction will be investigated; (b) sewer outfalls; (c) separated sewer 
outfalls; and (d) renewed sewer lines. 

Figure 2. Real-time communication between SWMM and MODFLOW via 
a coupling algorithm. 
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events and SLR [7], [8], groundwater-sewer interaction is going to become an important 
component of urban hydrology modeling. Current open-source models have the major drawback 
that they disregard the dynamic interactions between groundwater and sewer network neglecting 
therefore the risk of more frequent SSOs or CSOs and sewer surcharges.  

In this research the objective is to develop a tightly coupled sewer model with a three-dimensional 
(3D) flow model of groundwater in costal urban areas. The coupled model will help predict the 
influence of climate change and water infrastructure aging on urban hydrology. Selected sites 
within the urban areas of Long Island, e.g., the neighborhoods of Brooklyn and Queens, will be 
used as test cases. With the goal of making the model publicly accessible, the codes will be 
implemented in the open-source software such as SWMM [2], MODFLOW, and Python. SWMM 
and MODFLOW are software widely used by hydrologists for stormwater and groundwater 
modeling. The overall coupled model will be implemented for Brooklyn and Queens, but the 
framework will be created in a modular manner to be applicable to other sites. 
To address this objective, the work will be articulated in tasks comprising: data mining and 
analysis, development and implementation of the hydrological models and coupling algorithm, 
validation of the coupled model, and stochastic simulations under future weather scenarios. 

Within the three years of the project, the Ph.D. student will gain an extraordinary background on 
hydrological modeling and programming in Python. The student will have the opportunities to 
collaborate with the Water Center of ESGS (New York, USA), to networking within academia by 
attending national and international conferences, and to spend up to 6 months in another institution 
within Europe or the United States as a visiting scholar. 
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