Image taken by author

2

fuDelft 3  Deltares

Magdeburg e Stendal

Hindcasting the 2021 flood event
for the Rur river

Sebastian Hartgring

Ir. Mark Hegnauer (Deltares)

Prof. Dr.-Ing. Daniel Bachmann (Hochschule Magdeburg-Stendal)
Prof. Dr. Ir. Remko Uijlenhoet (TU Delft)

Dr. Elise Ragno (TU Delft)

Dr. Ir. Erik Mosselman (Deltares — TU Delft)

9th International Meuse Symposium, 12-09-2023




My presentation of today

Thesis: On forecasting the Rur river

» Developing and comparing models for the Rur river

« July 2021 hindcast (RADFLOOD?21) and forecasts (ICON-EU-EPS)
« Understand catchment response to floods

« Link model results to the context of flood forecasting
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My presentation of today

Thesis: On forecasting the Rur river

» Developing and comparing models for the Rur river

« July 2021 hindcast (RADFLOOD?21) and forecasts (ICON-EU-EPS)
« Understand catchment response to floods

« Link model results to the context of flood forecasting

Today: focus on hindcasting the July 2021 flood event
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Description of Rur catchment



Description of Rur catchment

Main characteristics

« Eifel area versus lowlands

* Reservoir systems
« Lignite mining
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Description of Rur catchment
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Main characteristics 7 . A ¢
... Wehebach reservoir J
 Eifel area versus lowlands ' A4
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Obermaubach

 Reservoir systems
« Lignite mining
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Catchment reservoirs:
B Eiserbachsee
B Heimbach

I Obermaubach
B Obersee (Rur)
| Obersee (Urft)
[ Olef reservoir
B Rur reservoir
[ Urft reservoir
[ Wehebach reservoir

Background: OpenStreetMap
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Description of Rur catchment

Main characteristics

» Eifel area versus lowlands
* Reservoir systems

« Lignite mining
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Description of Rur catchment
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Flood event 2021
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Precipitation data: Extended version of E-OBS. Graphic credits: © Deutscher Wetterdienst 2021 (Last update: 19.08.2021) Deutscher Wetterdienst E
Geodata: © GeoBasis-DE/BKG 2020 (Last update: 01.01.2020) Wetter und Klima aus einer Hand
CEDIM Forensic Disaster Analysis (FDA) Group, Schéafer, A., Mihr, B., Daniell, J., Ehret, U., Ehmele, F., .
. Kunz, M. (2021). Hochwasser mitteleuropa, juli 2021 (deutschland): 21. juli 2021 — bericht nr. 1
"nordrhein-westfalen & rheinland-pfalz" (Tech. Rep.). Karlsruher Institut fir Technologie (KIT).
doi:10.5445/IR/1000135730

Kreienkamp, F., Y.S., P., Tradowsky, J., Kew, S., Lorenz, P., Arrighi, J., . .
. Wander, N. (2021). Rapid attribution of heavy rainfall events leading to
the severe flooding in Western Europe during July 2021. World Weather
Attribution, 2021, 1-51.
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Flood event 2021

Examples of impact on Rur catchment

* Pluvial flooding in steep Eifel (Gemtind)

* Rapid filling of reservoirs (Urft)

* Inde river bursts into open pit mine

* Fluvial flooding of lower Rur river (Linnich)
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Flood event 2021

Examples of impact on Rur catchment
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Pluvial flooding in steep Eifel (Gemund)
Rapid filling of reservoirs (Urft)

Inde river bursts into open pit mine

Fluvial flooding of lower Rur river (Linnich)
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Video: Die Flut und zerstorte Kunst- Angst in der Nacht
https://www.youtube.com/watch?v=qRCd94meE_|

Hindcasting the 2021 flood event for the Rur river



Flood event 2021

Examples of impact on Rur catchment
* Pluvial flooding in steep Eifel (Gemtind)

« Rapid filling of reservoirs (Urft) ® LANLY o
gauge station
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* Inde river bursts into open pit mine
Fluvial flooding of lower Rur river (Linnich)

+400

bt
-
M

-
-~
-

+200

-
: ——~ b
| - -
- -
-~

+0
-50

Delta res h Video: Hochwasser Eifel 2021//Das ERSTE Video
TU Delft ochschule https://www.youtube.com/watch?v=2yjyU055IuA
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Flood event 2021

Examples of impact on Rur catchment
* Pluvial flooding in steep Eifel (Gemtind)

« Rapid filling of reservoirs (Urft) ® LANLY il
gauge station
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m— RivVEr
- SRTM elevation [m]:
P +800

+600

* Inderiver bursts into open pit mine
* Fluvial flooding of lower Rur river (Linnich)
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Video: Tagebau Inden - Uberflutung/Hochwasser Inde verlauft in den RWE Tagebau Inden
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Flood event 2021

Examples of impact on Rur catchment
* Pluvial flooding in steep Eifel (Gemtind)

 Rapid filling of reservoirs (Urft) ¥
@ LANUV gauge station

(] catchment border
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~ SRTM elevation [m]:
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* Inde river bursts into open pit mine
Fluvial flooding of lower Rur river (Linnich)
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Hydrological modelling

Hydrological processes are modelled using ‘
Wflow _SBM A l

B

» Distributed hydrological model of the entire | | I.ntemepﬁon rm..
CatChment [ ‘\?:\‘E\:;‘:}',:‘:,:‘ I Open water (river)
. . lGIacier/snow melt :‘0‘:::\“\)‘:“”\ Opzr\;av;it;rﬁ(;ind) el;;j::g:t?:n
» Vertical processes mainly based on AV . I
Topog_SBM 7Transpiration IevaPoration : Ir%:zggg :r E
« Lateral processes: land runoff, river flow and m—

wave for
overland flow

subsurface flow (not a groundwater model)

routing

t

I

I

i
I

|
Unsaturated store ,  Openwater
(land) runoff :
}

1

I

I

1

Kinematic
Saturated store subsurface flow =

-
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Hydrological modelling

Hydrological processes are modelled using
Wflow SBM

» Distributed hydrological model of the entire
catchment

RurtalspySchwammenauel

Heimbach dam

» Vertical processes mainly based on

o "7 Catchment borde
TOpOQ_SBM Paulﬁhﬁ}damm éﬂi( — River -
. \’«.& > ~ I Dam
« Lateral processes: land runoff, river flow and " et waterbodies:

I Heimbach reservoir
[ Rur reservoir

' [ Urft reservoir
I Unregulated waterbody

Background: OpenStreetMap

subsurface flow (not a groundwater model)

Relevant for Rur catchment:

 Volume-based reservoir modelling
(system modelled as single reservaoir,
daily timestep)
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Hydrological modelling

Reservoir with volume-based operations rules (E-OBS 2012-2020)

Rur reservoir Olef reservoir
260 20

Hydrological processes are modelled using
Wflow_SBM

» Distributed hydrological model of the entire
catchment

S [Mm3]

» Vertical processes mainly based on
Topog_SBM

« Lateral processes: land runoff, river flow and

subsurface flow (not a groundwater model)
@ @
E E
Relevant for Rur catchment: G‘g &‘g
 Volume-based reservoir modelling
(system modelled as single reservaoir,
daily timestep)
----- obs —— Rur reservoir (Wflow-Kw)
=== maximum volume — QOlef reservoir (Wflow-KW)
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Hydrological modelling

Hydrological processes are modelled using
Wflow SBM

» Distributed hydrological model of the entire
catchment

» Vertical processes mainly based on
Topog_SBM

« Lateral processes: land runoff, river flow and
subsurface flow (not a groundwater model)

Relevant for Rur catchment:

* Volume-based reservoir modelling (system
modelled as single reservoir, daily timestep)

« Water ‘loss’ modelled by leakage term
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Qcym [MmM?]

Effect of leakage factor on Qqm (E-OBS 2012-2020)
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300 A
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Reported recharge
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Hydrodynamic modelling

Wflow_SBM (500 m x 1000 m)
« Kinematic wave approach (Wflow-KW)
» Local-intertial approach (Wflow-LlI)

« Local-intertial approach with subgrid
floodplain flow (Wflow-FP)
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Hydrodynamic modelling

Wrflow_SBM (500 m x 1000 m)
« Kinematic wave approach (Wflow-KW)
» Local-intertial approach (Wflow-LlI)

« Local-intertial approach with subgrid
floodplain flow (Wflow-FP)

ProMalDes (impact-based modelling)
1D river model of Rur with 755 profiles
« 2D floodplain grids (5 m x 5 m)

« Stand-alone 1D model (PM-1D) or coupled
1D-2D model (PM-2D)
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Hydrodynamic modelling

Wrflow_SBM (500 m x 1000 m)
« Kinematic wave approach (Wflow-KW)
» Local-intertial approach (Wflow-LlI)

« Local-intertial approach with subgrid
floodplain flow (Wflow-FP)

ProMalDes (impact-based modelling)
» 1D river model of Rur with 755 profiles
« 2D floodplain grids (5 m x 5 m)

« Stand-alone 1D model (PM-1D) or coupled
1D-2D model (PM-2D)
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Hydrodynamic modelling

Wrflow_SBM (500 m x 1000 m)
« Kinematic wave approach (Wflow-KW)
* Local-intertial approach (Wflow-L1I)

« Local-intertial approach with subgrid
floodplain flow (Wflow-FP)

ProMalDes (impact-based modelling)
» 1D river model of Rur with 755 profiles
« 2D floodplain grids (5 m x 5 m)

« Stand-alone 1D model (PM-1D) or coupled
1D-2D model (PM-2D)

e From Heimbach dam to Roermond
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Results: the 2021 flood event



How are the tributary inflows modelled?

Waterlevel at stations on the Wurm and Inde (RADFLOOD21)

Kornelimunster (Inde) Eschweiler (Inde)
(5]

h [m]

h [m]

A, A, A A, A, A, A A, A, A,
5 5 X X 5 ju X 5 X 5
M I R AR I R
— Wilow-KW — Wilow-LI — Wilow-FF -== phs

A A
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How Is the reservoir simulated?

Reservoir inflow and outflow (RADFLOOD21)

RUr reservoir Rur reservoir outflow approximation
100
| —— approx. (daily) —— S
w u 80 —== obs I -—-‘T—%
. [ia] i .
50.9°N p g _ N
o = 40 A Fa
(o] 2 _
J i -
N N o chach ' o Olef reservoir 0 ' ' '
( 13-07 15-07 17-07 19-07 21-07
ey %__‘ _ _ Obermaubach outflow (RADFLOODZ21)
.
] : —_
50.6°N - W
. [l
E
Olef o
50.5°N :5 < i _
220
£ 15 1 0 T T T T
— '6' 10 13-07 14-07 15-07 16-07 17-07 18-07
50.4°N
57 T SN ,
6.3°E 6.4°E  6.5°F Y A—— / —— Wflow-FP (operation rules) —— approx. (hourly)
13-07 15-07 17-07 —-= Wrflow-FP (prerelease) —-—- observations
— Inflow (Wflow-KW) === Outflow (Wflow-KW) .. .
S AW (WAGHELY, === OUoW (WHGW-LI) Based on preliminary results from WVER presentation
— Inflow (Wflow-FP) === Outflow (Wflow-FP) Extremes Hochwasser 2021 Burgerinformation (18-11-2021)
] Catchment Rivers
Em—

Reservoir — RUr river
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Results: water depths at Selhausen and Stah

Reconstructed water depth with prerelease (RADFLOOD21)

5 - 7 -

4_
—_ 3_
E
=
2_
l_
D T T T T l T T T T
1 1! % ' A A 1! % ‘1 ' A A
ﬁ'ﬁ "':-P‘D "'::Tﬁ "‘:-ﬁ’ﬁ "ﬂ'ﬁ x‘ﬁ'ﬁ "':-'?"D "‘:rb"ﬁ _fj,ﬁ "‘:-ﬁ’ﬁ ﬂ'ﬁ ":-%'ﬁ
— Wilow-KW (fit) — Wflow-FP (fit) — PM-2D
— Wflow-LI (fit) — PM-1D ——=- gbhs
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Results: discharge at Stah

Discharge at Stah with prerelease (RADFLOOD21)

600

500 -

400 ~

300 -

Q [m3/s]

200 ~

100 -

— Wflow-KW  —— PM-1D  ----- WL in-situ measurement (267 m/s)
— Wiflow-LI — PM-2D
— Wflow-FP

—.- WVER preliminary calculations (354 m?3/s)
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Results: Validation using flood extent

Flood extent map (11-03-2019) an PM-2D maximum inundation  Landsat 8-9 (18-07-2021) with PM-2D inundation overlay (17-07-2021)
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Where does floodplain attenuation take place?

Inundation downstream of Stah (PM-2D with prerelease)
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How significant is the additional prerelease?

Flooding arrival time (prerelease)
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Qstan [M3/5]

AQstan [%0]
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What Is the effect of the leakage parameter?

Discharge at Stah with leakage (-) and without leakage (--)

Difference

and total cum. catchment leakage
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Hypothetical: What if there were no reservoirs?

Change in wetted areas after removing reservoir
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Change in wetted areas after removing reservoir
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Hypothetical: What if there were no reservoirs?

Discharge at Stah without reservoirs (RADFLOOD21) Change in inundation after removing reservoir
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Final remarks

Several factor important for modelling the 2021 floods for the Rur river:
* Floodplain attenuation, reservoir modelling and leakage factor
* Reservoir prerelease is important to include in hindcast - also operational forecast model
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Final remarks

Several factor important for modelling the 2021 floods for the Rur river:

Floodplain attenuation, reservoir modelling and leakage factor
Reservoir prerelease is important to include in hindcast - also operational forecast model

Model performance
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1-dimensional models (PM-1D and Wflow-FP) are adequate to model high discharges at Stah
when floodplains are included in 1D schematization as floodplain attenuation is significant

Detailed inundation maps and water depths in Roermond can only be quantified using a high-
resolution 1D2D model (PM-2D)
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Final remarks

Several factors important for modelling the 2021 floods for the Rur river:

* Floodplain attenuation, reservoir modelling and leakage factor

* Reservoir prerelease is important to include in hindcast - also operational forecast model
Model performance

» 1-dimensional models (PM-1D and Wflow-FP) are adequate to model high discharges at Stah
when floodplains are included in 1D schematization as floodplain attenuation is significant

« Detailed inundation maps and water depths in Roermond can only be quantified using a high-
resolution 1D2D model (PM-2D)

Further research

« The effect of leakage parameter is significant in the results, but there is no extensive academic
literature on the effect of mining pits on flooding processes

- Extend Wflow with a groundwater model to validate the effects of the leakage parameter
— Consider the effects related to flood safety when the lignite mine closes

Deltares

Hindcasting the 2021 flood event for the Rur river

38



Thank you for your attention!

Questions? Ask away!

Interested In detailed results, thesis report/presentation or other projects?
- [=J sebastian.hartgring@planet.nl / sebastian.hartgring@deltares.nl
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