B N'TNU | sioncanarecmoiosy

COOLHYDRO

Lennart Schonfelder, PhD Candidate
with Prof. Tor Haakon Bakken and Prof. Knut Alfredsen

Sustainability in Hydropower 2023 conference

Lennart.Schonfelder@ntnu.no



NTNU
Impact on freshwater biota

Altered hydrology and thermal regime
in freshwater ressources
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Rictograms by Kamin Ginkae, Daan, CV Maker, Porter. Paulandr-Yis€henat'Noun project
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Pictograms by Sam Horner, Samsul Rizal at Nourspreject



Main research targets

@ 1. Assess freshwater temperature changes

« Temporal: historic and future
* Regulated vs. unregulated
 All of the above

<@/‘) 2. Can targeted cold-water releases mitigate

temperature extremes?



Typical Norwegian set-up

Reservoir

Bypass reach

» Water temperature
» Tailwaters: reservoir dominated
* Bypass section: atmospheric
heating/cooling

« Thermopeaking may occur (ramping)

Tailwaters




Typical Norwegian set-up —
with flexible intake

Bypass reach

» Excursion to Surna: Trollheimen power plant

\

Tailwaters







Methodology a
first test case
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CMIP5/6 HYPE (Inflow, T and HP requlation) Optimization of
MyLake (Lake dynamics) flow releases
HEC-RAS (River dynamics) 8

Additional information in extra slide



https://ntnuopen.ntnu.no/ntnu-xmlui/bitstream/handle/11250/3068965/Hydrocen%20Report_31_HYPE_110523.pdf
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Outlook / future work

‘ « Temperature targets

— Key species thresholds

) — Reference conditions (historic periods,
IHA)
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£ A distributed hydrological model for environmental
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* Precipitation

 Heat exchange:
— Soil — water
— Soil — atmosphere

soillayerthick(i) soillayerdepth(i) ]

— Water — atmosphere 3
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Lake modelling

in HYPE

* Forced mixing (spring and
autu m n) __.-""’J-'_‘-H- L lake water surface
e 2 vertical zones IE”“'E”‘“ EP|

« Simplified to «vertical HYPO
bucket»

lake depth
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Performance — Calibration — intermediate

results

Water
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routing

snow
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KGE - NSE - water
Discharge temperature

Gaula ovf Forra
Gaulfoss
Eggafoss
Lillebudal bru
Gaua

Hugdal bru
Killingdal

Haga bru

Average

0.41

0.67

0.53

0.55

0.62

0.57

0.40

0.53

0.86

0.88

0.87
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Future
scenarios

Detail level Variable Data set

Precipitation SeNorge2018 1957-2019 1970 - 2099

Base Temperature
hydrological
model Land use fractions Corine land cover « 2
2018

T _max, T_min SeNorge2018 1957-2019 1970 - 2099
Water
temperature Elevation, Latitude Norgeskart X
model Water covered “Arealressurskart” y

area by kartverket
Hydropower Water transfer CeITBEe

document
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a)
6- B RcCP45
B RCP8s

1980 2000 2020 2040 2060 2080 2100
Figure 9. Median change in annual mean temperature based on 10 RCM runs for RCP4.5 . : . .
between the reference period (1971-2000) and the projection periods @) 2031-2060 and b) Figure 8. Change in annual mean temperature for Norway relative to the reference period

2071-2100. (1971-2000). The blue and red lines show the median values for the ensemble of 10 RCM runs
for RCP4.5 and RCP8.5. To remove short-term variability, both curves are smoothed using a
30-year Gaussian filter. Shaded areas surrounding the temperature curves indicate the spread
of the RCM results (10th and 90th percentiles).
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Model overview Norwegian scale
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Report about the
Norwegian model set-up



https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/3068965
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/3068965
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