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ABSTRACT 

In order to limit impacts of flood on electrical networks, 
Enedis has developed a flood impact visualization tool 
based on cartographic software and leveraging on Big 
Data technologies. 
This tool highlights electrical weakness points and is to 
be used by network investment planners to improve the 
grid, for example by selecting the best way to reorganize 
the network or by upgrading substations at risk 
(increasing substations elevation, installation of water 
resistant materials...). 
With dedicated computing intensive algorithms, Enedis 
was able to automate and rationalize all the data 
processing steps using internal data as well as 
government flood scenarios with two main benefits: 

 Faster computation time, 
 Homogenize computational assumptions. 

This tool has been developed for Paris metropolitan area 
(“Ile de France”), which represents 6 million customers. 
Scaling up this tool to France will be accelerated thanks 
to Big Data technology and to homogeneous data sets 
across the whole network managed by Enedis (95 % of 
France distribution network). 

INTRODUCTION 

For Enedis, the current 100-year flood scenario in the 
Paris metropolitan area would lead to 800,000 customers 
without power. Among them, 40% only would actually 
reside in flooded areas. Since other densely populated 
areas in France are also subject to flood risk, Enedis has 
been developing a procedures to manage and limit the 
impacts of flooding. 
From an operational point of view, it is important for the 
DSO to be able to forecast flood repercussion on the grid. 
Enedis aims at improving its power network structure on 
medium voltage in a flood zone in order to minimize 
customer outage. It is therefore important to know all the 
assets’ states in order to restore power as soon as 
possible. 
Enedis has set a goal to reduce the number of customers 
without power in non-flooded areas by 90% by 2030. 

FLOOD ISSUE 

The 1910 great flood of Paris 
On January 1910, a violent storm passed across Paris 
area. The Seine water level rose more than eight meters 
above the ordinary level leading to an unprecedented 
flood. During this historic flood, the water level rose over 
a period of 10 days and receded over a period of 35 days.  
Nowadays, the scenario of a flood of the same magnitude 
as the 1910 great flood (considered as the 100-year flood 
scenario), would lead to 800,000 customers without 
power. Among them, 40% only would actually live in 
flooded areas. 

Flood scenarios 
The French government asked the main network 
operators (power, water, gas, heat …) to become more 
resilient to flood risks. The DRIEE (Regional Department 
for Environment and Energy) has published ten hydraulic 
scenarios (from 50% to 115% of the 100-year flood water 
flow scenario) to estimate the impact of floods in Paris 
area. 
 

 

Figure 1: Flood scenario representation for Paris [1] 
 

With this cartographic information, representing the 
maximum height of water in a zone, Enedis can estimate 
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which electrical assets would be under water, and can 
develop a procedure to manage and limit the impacts of 
flooding. 
For the first time, Enedis has automated the data 
processing of flood scenarios in order to facilitate 
impact analysis. 

FLOOD IMPACT TOOL 

From an operational point of view, it is important for 
Enedis to be able to forecast flood repercussion on the 
grid. Enedis aims at improving its power network 
structure on medium voltage in a flood zone in order to 
minimize customer outage, and must therefore know all 
the assets’ states in order to restore power as soon as 
possible, in touch with customers and local authorities 
Enedis goal is to reduce the number of customers without 
power in non-flooded areas by 90% in 2030. 
In order to do so, a flood impact visualization tool has 
been developed to help Enedis improve its resilience to 
floods with two main purposes: 

 Help grid investment planning in the potential 
flood zone,  

 Be able during the flood to integrate real time 
water level data coming from local authorities 
but also from human inspection or from our IOT 
water sensors. 

 
Maintained by Enedis IT System Department, this tool is 
based on cartographic software enabling impacts 
visualization. Underlying the visualization aspects, all 
the data is processed on Enedis big data platform. 
 

 

Figure 2: Flood impacts on medium voltage network 
in “MAISON ALFORT” district 

 
In Figure 2 we see the tool for a given flood scenario in 
area of Maison Alfort. This council is vulnerable to flood 
being just at the junction between the rivers Seine and 
Marne. In red, we have impacted network: 

 Low Voltage (LV) which can be impacted 
because the secondary substation is itself 
without power or because some customers are 
themselves flooded and that feeders have to be 
de-electrify for safety reasons, 

 Medium Voltage (MV) impacted because the 
lines are between substations without power, 

 secondary substation because they are flooded or 
de-electrified. 
 

The first use case of the tool is to facilitate network 
planning to improve grid resilience with reorganizing the 
network or upgrading substations at risk. 
The second use case of the tool is to help management 
during actual flood crisis by mainly: 

 centralizing all data collected during flood (IOT 
water sensor, on field assessment by staff, water 
level published by authorities...), 

 forecasting power outages using authorities 
water level forecasts. 

FLOOD IMPACT UNDERLYING MODEL 

Enedis geographical information system stores all the 
electrical assets with their geographic coordinates and 
their technical characteristics. 
Giving a water level on a zone, Enedis is able to know 
which lines and which secondary substations are under 
water. This is done by performing spatial join between 
point (e.g. the assets) and polygon (e.g. the flood area).  
Enedis MV network is considered as a graph made of 
vertex (e.g. the assets) and edges (e.g. electrical 
connectivity between assets). In figures 4 and 5 hereafter 
we show two representations of the network, the classical 
one from Enedis’ GIS and another as a graph object. 
  
 

 
Figure 3: Example network with 8 vertices 
 (of which one is isolated) and 10 edges [2] 

 
In order to find out which asset is impacted by the flood, 
we identify which switch-disconnectors have to be 
activated to de-electrify the flooded secondary 
substations. We implement graph traversal algorithm in 
order to find all paths between the flooded assets and all 
the switches around.  
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Figure 4: From the geographic information system … 

 
 

 

Figure 5: … to a graph example medium voltage 
representation 

(in yellow the shutdown assets) 
 

Once to be activated switch nodes are identified they are 
removed from the electrical graph model. We then use a 
connected component graph algorithm to identify all dry 
components without electrical connection to a primary 
substation. 
In graph theory, a connected component is a subgraph in 
which any two vertices are connected to each other by 
paths, and which is connected to no additional vertices in 
the initial graph. In Figure 6 we show a graph with 3 
connected component. 
 

 
 

Figure 6: A graph with three  
connected components [3] 

 
Electrical assets can therefore be classified in three 
groups: 

 Shutdown assets under water, 
 Shutdown dry assets (either due to an electrical 

connection with an asset under water or 
disconnected from a primary substation), 

 Power supplied assets. 
The result is then exported in a standard geographic data 
structure (GeoJSON [4]) and loaded in Enedis’ spatial 
visualization tool. 
Knowing which part of the network is shutdown, Enedis 
can estimate the impact of the flood on the customers. 
To help operational teams and facilitate communication 
with local authorities, results can be aggregated at 
different levels: 

 LV feeder, 
 Secondary substation, 
 Primary substation, 
 District, 
 City, 
 Region. 

Using these algorithms Enedis was able to automate 
and rationalize all the data processing steps. Results 
for the 10 flood scenarios are obtained in few hours 
through a unique data processing pipeline which 
increase significantly the output reliability. 

TECHNICAL CHOICES 

Enedis has been using Hadoop for years for a number of 
use cases being R&D but also operational. All the 
network description was available on the big data 
platform and it was relatively simple to add geographic 
flood data (from DRIEE external source). 
This use of Big Data technologies allows a continuous 
data processing pipeline on a unique platform which 
facilitates the updates of hypothesis. This open source 
technology can deal with a lot of heterogeneous data 
(geographic, electrical …) and enables specific 
processing algorithms such as graph relations or machine 
learning, and able to manage of huge amount of data at 
once. 
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So far the tool has been developed for Paris 
metropolitan area, which represents 6 million 
consumers. It will be possible to scale up to other 
areas of France simply by loading the flood area data. 

FLOODING TOOL IMPROVEMENTS 

Areas of improvement have already been identified: 
 IOT water sensor deployment in substations.  

First water sensor data are already loaded on 
Enedis Big Data platform in order to improve 
results by comparing pre calculated scenarios 
with real life data. 

 So far each substation in a flooded area is 
considered under water and without waterproof 
equipment. Enedis has launched a measurement 
campaign to collect data on actual waterproof 
status of equipment in substations and the 
elevation of these substation (which can be 
elevated but also underground). This will 
improve the accuracy of the calculation. 

  Flooding areas currently used are theoretical. 
To be able to be more realistic on real-life crisis 
event, we need to have dynamic flood 
predictions. Enedis is in touch with a specialized 
weather prediction company to acquire such 
data. 

CONCLUSION 

In this paper, we have described how Enedis has 
developed a flood impact visualization tool to improve its 
resilience to floods.  
Enedis used Big Data technologies based on cartographic 
software and graph algorithm to process network data and 
external flood scenarios. 
Developed in six month by internal data team and IT 
System Department, Enedis is fully autonomous to take 
into account the users’ feedback and to implement 
evolutions. 
Further work under process aims at refining data 
processing with new inputs (such as elevation and 
waterproofing substation) as well as real-time water level. 
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