\ .- 1 * - - 'J_j
Andkijel T Austrgkrﬁgelva
vatnet. (- m

'x\ e el egl) dim

_F_agerbakk
_-/'vassdraget

Maessint
. | vatr
,’f i
r'-r‘r
7 L ELAMANN
e m‘/f'\\_f_ __‘_;“"‘."’_L'“‘ E-..'.Im.u._*-.--
;-"‘);r ,l') 4 4L L I
1\(_‘ e _ﬂxﬂ'—}
"4-\'_“1 "{,. A
{ e

Deltares

Methods for addressing
uncertainty in reservolir
operations under flood
conditions

Hydropower scheduling conference 2022
Oslo

Bernhard Becker (Deltares « RWTH Aachen University)
Jiyoung Kim (NTNU)
Elena Pummer (NTNU)



Pre-release from a reservoir for flood management

Observed flow in unregulated Tovdal river i
1200
1000

800

Flow (m3/s)

600

400

200
—~——

0
9-18 9-23 9-28 10-3 10-8 10-13

Observed water level (dashed line) at 1200 203.5
Byglandsfjord reservoir

and flow (solid line) ca. 1000

203

60 km downstream of the reservaoir. 6
mﬁ 202.5
E 600 .
w
o 202
Pre-release 400

201.5
200

0 201
9-18 9-23 9-28 10-3 10-8 10-13
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Reservoir waterlevel (m)

Source:
2019 ICOLD congress
proceedings

Sustainable and Safe Dams Around the World - Tournier, Bennett & Bibeau (Eds)
@ 2019 Canadian Dam Associabion, ISBN 978-0-367-33422-2

Operation of large Norwegian hydropower reservoirs after
quantifying the downstream flood control benefits

B. Glover & K.L. Wallee

Mudtic onsuli, Oslo, Norway

Picture source: Wikipedia
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Methods of forecast- m——
based operations optimization:

.  Pre-release: ensemble groups

e when to start? Optimize for the whole

e how much? ensemble = one release
scheme

Optimize ensemble members

individually: one scheme for each

member = uncertainty band

Optimization: optimal release scheme for

the current situation, multiple objectives
ensemble forecast: uncertainty band, average, min,

max
Forecast-based control (predictive simulation model runs with

 What if the forecast does not come true?
 Good for flood protection
» Less good for drought management

conventional control, user-defined release)
moving-window approach

Future-based based
operations

Control options under
uncertainty

Optimized operations

Uncertainty becomes visible

Forecast-based feedback
operations

Deltares

Observation-based
operation
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Sisovatnet: RTC-Tools optimization model

ri’li'V
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. vatnet j E .

Ve gl drn

Fagerbakk | Optimization model
‘“vassdraget |

o Schematization

Yol | Veisk

5|5watn et

= (RTC-Tools)
La r—é
Maesﬁﬁgﬁ;’:m Optimization goals:
vatn ° Vmax’ Vmin
ELAMAN Qturbine, min::l-O
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Discharge [m3/s]

Input data

10

1963
= 1964
1965
1966
1967

09-01

Deltares

09-11

09-16
Date

09-21

10-01

Historic discharge
data from 6 years

Rescaled, combined
and treated as
ensemble

0613 0815 0617 069 0621 06/23 0825 0827

—— Tinflow
— Zinflow
— Jlnflow
— 4Inflow
—— Sinflow
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Moving window optimization

! T T I T T T T —

Moéving window optimization & Optimization for al time steps

o "3« Scenario analysis
i 3+ Fullforecast window (“perfect forecast”)

« Applied for the results in previous slides
Moving window, closed loop
e Optimize for a limited forecast window

=~ Whole period thimization -4« Apply optimization result (reservoir
" 00 0 0000000000000 0000000 0- release) for time step 1
g - J | - - ' , l " - - L 3« Move one time step forward
6 12 18 24
Time step

Deltares
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Moving window optimization, 5 days

Turbine discharge and reservoir volume
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Forecast length 5 days: higher volume

Inflow scenario 1968
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Moving window optimization, 8 days

Turbine discharge and reservoir volume
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Ensemble forecast for reservoir inflow and moving window

Flow Forecasting Syster CEMIG (Pre-Release 3, May 2015) (Stand alone)
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Ensemble forecast:
Individual optimization

45
40
35
flow
7 30 2. Inflow
ZE, 3:Inflow
a 25 — 4 |nflow

= 5Inflow

06/13 06/15 06/17 06/19 06/21 06/23 06/25 06/27

» Decision support: Which release
scheme to choose?

 Average?
e Min?
« Max?

» |lllustrates uncertainty and worst cases
» Points to possible bottle necks
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“End-of-the world
problem”

- = Max
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—_— 2Volume
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1:Release
2:Release
3:Release
4:Release
5.Release
= Average release
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Ensemble forecast:
Ensemble optimization

Functional principle:

* Find a release scheme that fits for
all ensemble members

e Optimal release for the (whole)
ensemble

Output:

* One release scheme (decision
support)

e Driven by the cumulative extremes
(envelope) from the ensemble

« Conservative (“on the safe side”)

Deltares
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- Ensemble release &
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Ensemble tree optimization

-~ Max

5000 forecast1 3
’ — forecast?
— forecastd
e T forecastd 5
fags0 | lorecasts
—— 1nflow é
— At £ 4925
—— 4Inflow .g
— Sinflow > 4900
4875
4.850
06/13 06/15 06/17 06/19 06/21 06/23 06/25 06127
4825
Functional principle:
20
e Group similar ensemble members
* Optimize grouped ensemble members together until the o *
next branching point E
2
o
Output: 3
. . . . 2 u
« One release scheme until the first branching point, 3.5 — forecastt
. . . . )
different options for after the branching point 2 = e
.. . . . — 4
« Allows to postpone decisions while staying track with . —
respect to operational goals and limits
06/13 0615 06T 06/19 06721 06/23 06/25 0e27
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Ensemble tree optimization: more branching points

Reservoir volume and discharge
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Jakulhlaup: ensemble with ice-burst scenario

300

— forecasti
. | forecast?
 Ensemble with 5 members e i
e Three members with 00 e
hydrological flood only
« Two ice bursts 250
Early
Late
200
150
100 ,
50 A
| |
[
| — == — - e — —==
0
Inflow to Sisovatn (Photo: C. R. Amundsen, 2020) o o o ‘EEEH, o o o
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Ensemble tree optimization

with ice burst
495
« Branching point every time step e
* Immediate action needed for scenario “early ice E
burst” (branch at first time step) S 485
« Large spill
» Loss of water if the ice burst does not occur 0
» Late ice-burst provides a short lead time before 475
decision for pre-release
* Pre-release moderate for late ice-burst 120
o Comparatively low spill (hydropower)
100
* Here: ice burst probability 0.4 (2 in 5) E 80
a
40
21’:.
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Reszervoir volume and discharge
——'h'lax ' - -
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e ——
\_____—\
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- forecast?
= forecastd
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— forecasls
.'\‘.
090 0910 09115 09/20 09125 09¢30
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Summary

Methods for taking uncertainty into account in reservoir operations under flood conditions

* Moving window optimization
» Accounts for limited forecast periods (5-14 days)
= The longer the forecast horizon the better

 Ensemble optimization

* Individual ensemble member simulation/optimization illustrates uncertainty, but does not suggest a clear decision
= Proven technology

 Ensemble optimization produces a conservative result

 Tree-based optimization provides a decision support until a future point in time (branching point)
= Number and position of branching points are important

Tree-based

Note: Optimization results shown are based on hindcast with historic values gszgﬁg‘;‘oups

(assumption: forecast becomes truth, as forecasted) Optimize for the whole
. ensemble 2 conservative

Outlook: release scheme

) Optimize ensemble members
° Ice burst scenario individually: one scheme for each
« Can help for pre-release decision (loss of water versus dam safety) optimiza:i‘f,::2‘;:;;";;{*;;1”3,,"5;2 (o

° Prediction/forecast of the ice burst? the current situation, multiple objectives

ensemble forecast: uncertainty band, average, min,
max

» Added value of ensemble optimization for normal operations (hydropower) |y P Tl T T
or low flow situations? conventional control, user-defined release)

Deltares

moving-window approach
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RTC-Tools

RTC-Tools

» Atoolbox for (real-time) control and optimization of
water systems

* Websites
o https://www.deltares.nl/en/software/rtc-tools/
0 https://oss.deltares.nl/web/rtc-tools

Deltares Animation RTC-Tools Engllsh

Watch on BB YouTube

 Open source
* Modelica-library with various flow equations
 Comes as Python package

» Conflict resolution with goal programming and
weighting factors

 Ensemble optimization

* Integrates in Delft-FEWS for operational use
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Contact
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