


Literature review

Natural hazards are a leading driver of power interruption to end-users around the world.
* Flood events may have a significant impact on power grids functionality in terms of:
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* Maintaining the security of power supply under emergency conditions triggered by floods is a challenging task because of the:
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Research aim and objectives

In such a context, we propose a new model for the estimation of direct, indirect, and systemic damage.

* The key objective of this model is to be an operational tool able to:

Flood hazard Vulnerability Cascading effects
Consider the Identify the Analyze the
magnitude, vulnerable cascading effects of
probability of components of individual or multiple
occurence, and power grids and failure states on the
spatiotemporal evaluate their transmission and
variability probability of failure distribution network

Assess the impacts of
power outage on the
power-dependent
economic activities
and infrastructures
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System resilience

Evaluating the resilience of power grids to flood events, someone would wonder:
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Workflow

To achieve this goal, the model combines:

i. deterministic flood hazard scenarios developed by the HEC-RAS 2D modeling

ii.  fragility curves of power grid components for different voltage levels

iii. aspatially distributed power flow model referring to the IEEE 14 bus system benchmark
iv. asocial model describing the various users connected to the power grid
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Results

1. T=20years
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Results

2. T=50years

- - - M BN BN SN BN BN BN BN BN BN BN B BN B BN B B B B BN BN B B B S BN B B B B B BN BN BN B B B B e e ..
Generation power ‘ N I
plan_ts — Hydroelelctric W 4}’ E I
i 2 . .
Thermoelectric power plant Comparison of voltage for the return period of 50 years
I power plant 1 S I
1.060
h — o o o - s e . . SO0 o S S S S S B S S e S S S S S S S S S S S B B B e e e e s s o md TS S S S S SS S SSSSSsSsSSsSsSssssssssssssssss
— e e e sy — e - . o — e . e e EE EE EE e e e EE EE EE B S B S S S S B B S S S S S S e e ' 1.040
I Transmission network I Substation 2
l- - s . Substation 1 1020
Line1->2 g 1 —
3 1000
I Tower 2 ' = = Normal
2 0980
§ Tower 1 Industrial area s ——T=50years
I n Line2 >3 -' £ 0960 ~ = = Upper limit
0 = vs"k Export i
I Industrial area o Line2>5 3 ‘ooo! 0.940 = = = Lowerlimit
£ Tower 3 ~ N} Tower 4
- :
I Industrial area  Substation 4 > 0.900
Cable 5> 4 Line4 > 3 T w
Substation 5 i : ’ Pole 5
I Line5->6 Line4>9 Line4>7 Substation 3 Condenser
[0 6 12 18 | | I

—W Primary cabin2 = W Primary cabin 3 mem  mmm s ——— —
| - — i — — —

24
O —w— Kilometers
o e e e e e = primary cabin 1 i

—-— e - S d. bin 6
econdary cabin Secondary cabin 9 Line7>9
Condenser w T 7
Line 6> 11 i
Com:;;clgd area Pole 8 Secondary cabin 7 ' x —p
Cable 9 > 10

'
Line 9> 14 : Pole 10
Secondary cabin 10 !

Line 6 > 12 Commercial area
1

\
econdary cabin 12 Secondary cabin 13 Cable 6 > 13

—
8 & Laun

More cabins have been flooded
but less cabins have been failed

Secondary cabin 8

Cable 12 > 13 Cable 13> 14
Secondary cabin 14 Residential area ' Residential area

Pole 7

I—
|
[
I Pole 6
|
[
1
|
[
1

Residential area Commercial area 11 ”

24 .
Kilometers Secondary cabin 11 Agricultural area Condenser
—— —

=%

Joosos 12 18

EGUsSy POLITECNICO MILANO 1863




Results

3. T=100 years

Generation power ‘ N I

Hydroelectric w E I
power plant 2

S

Thermoelectric
power plant 1

Comparison of voltage for the return period of 100 years

1.060
e e e o = —— = — — o mm mm mm m mm m mw fem o mm mm m mm mm mm mm mm m mm mm mm mm e mm mm mm mm mm om0 m e e e e e e mm e m e — -
— e o — — —-— o - - ________________________________l 1040
I Transmission network I Substation 2
l— — e - Substation 1 - ﬂ
Line1->2 % ]
I Tower 2 ' il‘ooo —_— —
= Normal
§ Tower 1 Industrial area g 0920 100 vears
| 0 Line2->3 Q 2 oy
x c v“' Export 2 0960 — — = Upper limit
I Industrial area o Line2>5 : 5 ---3 —————————— B S B .
2 Tower 3 @ 0.940 — — — Lowerlimit
= A ~ Tower 4
L :
I Industrial area  Substation 4 > 0920
Cable5 >4 5 Line4 >3 0.500
I ---------------------------------------- U T — — T 2 3 4 5 6 7 8 9 10 11 12 13 14
Bus
Substation 5 Line5> 6 . . Pole 5
I Line4>9 Lined4 > 7 Substation 3 Condenser
jo_6 12 18 2 |

[ I
Kilometers \
e e B Primary cabin 1 — - Primary cabin2 % _ Primary cabin 3 mem mmm mm - - —

I— — o — secodl A
o R Secondary cabin 9 Line7>9
I Condenser W T
Line 6 > 11 i

1 Comr;ekr)c;al area Pole 8 Secondary cabin 7 x —

| [
I Pole 6 | Cable 9> 10 H

| ’ b
I Line 6 > 12 Commercial area ' Line 9> 14 i pole 10 T i

H Secondary cabin 10 !

s — ——————————— .
I econdary cabin 12 Secondary cabin 13 Cable 6 > 13 Secondary cabin 8
Cable 12 13 Cable 13> 14 ”
I -+ . Residential area N
ee—.___Secondarycabinl4 _______________________jliball® ' Residential area . . . .
I pole 7 e Failure of the whole distribution
I Residential area Commercial area 11 g W t k
Joosoes 12 18 24 N
Kilometers Secondary cabin 11 Agricultural area Condenser

EGURSSmy POLITECNICO MILANO 1863




Results

4. T = 200 years
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Results

5. T =500 years
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Conclusions

The impact assessment of flood damage on power grid customers evidences:
* the propagation of damage to power-dependent customers far from the flood event
* the need for real-time optimal dispatch strategies in emergency planning

* the criticality of certain substations and cabins for the security of power grid supply
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Future recommendations

Next research efforts will be devoted to the:
* adoption of a probabilistic approach, by substituting deterministic hazard scenarios with spatial dependent, probabilistic ones

6 Deterministic —_— Probabilistic Q

* sensitivity analysis of the different modeling phases to identify the components of the model on which the final damage scenario
depends mostly

, 0 -
/'l, — OM/
Qs 7)) 3/,
|_| E J’S/:g
aps — - .
\00% nazatd ™ = i+ pact odelin®
F\O m

POLITECNICO MILANO 1863




