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Consequences for Forsmark Nuclear Power
sePlants during the Hagby Incident

November, 9, 2023, Thomas Smed
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2023-10-19

Nyheter

Stort stromavbrott
orsakade storningar i
tunnelbanetrafik

Forsmark 1 och 2 bortkopplat pa grund av avbrottet

ﬁ @ Anna Sjégren, Johanna Sundbeck
v

Publicerad 2023-04-26

~ Dela artikeln

Bade Forsmark 1 och 2 drabbades av strémavbrottet och kopplades bort fran elnatet.
Foto: Fredrik Sandberg / TT

Ett storre stromavbrott orsakade problem i tunnelbanetrafiken och
Stockholms innerstad pa onsdagsmorgonen.

SL skriver pa sin hemsida att det ar storre stérningar i nastan all trafik.
— Det ar ett underhallsarbete som har gatt fel och orsakat kortslutning,

sager Robert Sennerdal pa Svenska kraftnat.
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Tema: Samhallsbyggnad

Efelet glorde att reaktomnema 1 och 2| Forsmark kopplades bort frin eindtet.

Missama ba

ELSYSTEMET

Frekvensen ska ligoa meilan 43,90 och 50,10 Mz,
men rasade under det Bgre grinsvardet
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Two-phase transition to three-phase

Explanation of Curve Shape
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Forsmark 2 before fault
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This should have happened
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Fission Power (thh)
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Fission Power at load rejection, Forsmark 1 PFK 2021-09-12
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This happened
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Generator Voltage (pu)
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Northeast blackout of 1965 X 9 languages v

Article  Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

This article needs additional citations for verification. Please help improve this article
by adding citations to reliable sources. Unsourced material may be challenged and
removed.

Find sources: "Northeast blackout of 1965" — news - newspapers - books - scholar - JSTOR (Apri/
2010) (Learn how and when to remove this template message)

The northeast blackout of 1965 was a significant disruption in the
supply of electricity on Tuesday, November 9, 1965, affecting parts
of Ontario in Canada and Connecticut, Delaware, Maryland,
Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont in the United States.
Over 30 million people and 80,000 square miles (207,000 km?)
were left without electricity for up to 13 hours.["]

Cause [edit]

The cause of the failure was the setting of a protective relay on one
of the transmission lines from the Sir Adam Beck Hydroelectric
Power Station No. 2 in Queenston, Ontario, near Niagara Falls. The
safety relay was set to trip if other protective equipment deeper
within the Ontario Hydro system failed to operate properly. On a
particularly cold November evening, power demands for heating,
lighting, and cooking were pushing the electrical system to near its
peak capacity. Transmission lines heading into southern Ontario
November 28, 2023 were heavily loaded. The safety relay had been misprogrammed,

GINO and it did what it had been asked to do: to disconnect under the -
© Forsmarks Kraftgrupp AB A map of the states and provinces affected. Not all areas &1
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Solution of Non-Problems
vs. Non-Solution of Problems

Lester H. Fink*

This brief note contains no figures of either sort, numbers or
illustrations. Its purpose is not to impart information, but to stimu-
late thinking, and in fact its end may already have been served best by
the posing of its title. However, for any who feel that the title may
be more obscure than thought-provoking, let us begin by posing a number
of questions which arise repeatedly in discussions of engineering
literature: B



From ”Solutions of Non-Problems vs.
Non-Solution of Problems”

...the less we know about a problem, the simpler
that problem and its solution seem to be.
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Non-Solutions

Without understanding of the real

problems, pseudo-problems will be
posed and possibly "solved” while the
real problems remain unaddressed.

VATTENFALL



Possible (likely?) scenario

* The problem remain unsolved due to dead-lock between
different stake-holders

* Alot of modernization in the Power System increases the
probability of a disturbance significantly

« System collapse that leads to loss of Power in the south of
Sweden for 5 days

* House load operation is a service for the system

This scenario must be avoided!

VATTENFALL



Options

« Overvoltage
* Field Current
 Early disconnection of one generator

How early can we disconnect?

VATTENFALL
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Fig. 13 Typexempel for storningsutveckling vid natkortsiutningar

1. Ledoings~ eller saslingsskenefel med korrekt brytfunktion
Bxompel: Ledningsutlidening eller saalingeskensscktionoring vid t « 0,10 sek,

* | Maskinvinkel u § Ger ) inni
¥ askinvinke ’p.oj aneratorspiinning
100 4 0.8 /
50 1 0,61 A
° _/\/.\A 0,44
=50 < 0,24
4 t
B ’
0 1.0 2,0 sek 0 1,0 2,0 sk
4. Ledningefel sed utebliven brytfunktion I nlrinda.
Exenpel: Sekticnering av skena A fridn brytarfelaskydd vid ¢ « 0,25 wek.
e Naskinvinkel yu | Generatorspinning
1,04
1w 0,6 4 I
50 4 0,64 * A
0 4 044 4
-50 o 0,2
t t
S— L g \
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3 Ledninge~ o] staticnsfel § nkrliggande station cch utedliven brytfunktion.
Exespel: Utlisning av ledningarna till skens B av rellsteg 1L vid 0,5 ek

¢ | Maskinvinkel pu | Cemeratoraplinning
1,0 4 E
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50 4 046 4 b A
04 0,44
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t t
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21



Nordelprofilen (1975)
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r 3: Spanningsprofil enligt Nordels Varmekraftspecifikationer [30]



Allmént rad: De storningsfall som legat till grund for kraven 13 och
6 9§ dr nirbeldgen kortslutning 1 anslutande maskade stamnit 1
kombmation med ¢] fungerande normal felbortkoppling. Resultatet
blir forlingd frankoppling. Spanningen kommer dirvid att bli lag
under savil kortslutningen, som foljande utpendling. Kraven ges
som-schablon for dimensionering av hjdlpkraft m.m. hos aggregatet.
Instillning av skydd och reglering skall diremot anpassas efter aktu-
ella nitforhallanden.
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Y ror:

Kortslutningar, spanningsvariationer

5 § Stora anliggningar skall, med bibehallen nitanslutning, klara variatio-
ner i spianningen pa en eller flera faser i det anslutande maskade stamniitet
ned till O % under 0,25 sekunder, f6ljt av ett sprang pa 25 % och sedan
linjart 6kande spinning under 0.5 sekunder upp till 90 % spidnning, som
direfter bestar. Kraven askadliggors grafiskt i Bilaga 3.

Medelstora och sma anldggningar skall, med bibehallen nitanslutning,
klara variationer i spianningen pa en eller flera faser i det anslutande maska-
de stamniitet ned till 25 % under 0,25 sekunder och sedan 90 % spinning,
som direfter bestar. Kraven askadliggors grafiskt 1 Bilaga 4.

Stora, medelstora och sma anliggningar skall, med bibehallen nitanslut-
ning, klara de variationer i spinningen. pa en eller flera faser, som kan
upptrada vid momentant bortkopplade fel 1 det anslutande maskade niitet.

SMarks nrarngrupp As



Short circuit — Generator Voltage
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9 kap. Undantag

1 § Svenska Kraftnit far efter ansokan medge undantag fran dessa fore-
skrifter, for viss anliggning, om det foreligger ekonomiska eller andra skiil
att undanta anldggningen helt eller delvis fran bestimmelserna 1 foreskrif-
terna och anldggningens innehavare kan visa att en avvikelse fran ett eller
flera krav inte har nagon pataglig negativ betydelse for driftsikerheten i det
nationella elsystemet.

November 28, 2023
GINO VATTENFALL
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FKA synes dock ha missuppfattat nagra vasentliga fragor av
betydelse for provningen. Den mest elementéra av dessa ar fragan
om en deterministisk eller probabilistisk metod ska anvandas. FKA
framhardar allgamt den probabilistiska metoden genom att pasta

"... ju mer férsumbara féljderna ar, respektive ju mer
séllanférekommande ett fel eller en risk &r - desto mindre pataglig
dar den negativa betydelsen for elsystemet.”. Detta ar direkt
felaktigt. Det ar uppseendevackande att en
karnkraftsanldaggningsinnehavare argumenterar for ett sadant
synsatt. Det ar saval lampligt som allmant vedertaget att vid

sakerhetsbedéomningar av aktuellt slag att utga ifran att det
ovantade kan intraffa och ocksa intraffar, dvs. en deterministisk

metod. Det gar knappast att forsvara en annan utgangspunkt




Protection setting

e Starts when U<75 %

* Activated if
t>0.55 s AND U<63%
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Pump trip — Instantaneous loss of Power
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Pump trip — Instantaneous loss of Power

3500 u u u 600
Fissionseffekt
| R At Ytvarmeflode
3000 \ i Max Kapslingstemperatur BE | | 550
ﬁ "=l — ——— Konservativ kapslingstemp
2500 500
= 2000 t 450 Q
= 2
= Q
: :
= 1500 400 &
1000 350
500 r 300
0 ' : : 250
0 5 10 15 20

Tid (s)
November 28, 2023
GINO VATTENFALL

© Forsmarks Kraftgrupp AB



649 o

YA
— I 30 kW
1200 kW

50 Hz

14-55 Hz -
\/\

November 28, 2023

GINO VATTENFALL 37

© Forsmarks Kraftgrupp AB



649 o

1200 kW VA
‘ | ;=| * 30 kW

J)
= VA

222222222222222

VATTENFALL



Final remarks

 Quick fix: disconnect one machine early

 Later on: Harmonize field current control and overvoltage protection such
that disconnect from the grid does not lead to opening of generator

breaker
« "Know Why” combined with data rather than formal compliance

» Solve real problems — it’s fun!

VATTENFALL
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LiteratPro

Es gibt wenig aufrichtige
Freunde. Die Nachfrage ist
auch gering. —

Marie von Ebner-Eschenbach - Aphorismen. Aus: Schriften.
Bd. 1, Berlin: Paetel. 1893. S. 76
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English translation

There are very few honest friends -
the demand is not particularly great

Marie von Ebner-Eschenbach
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Bilder som kan supporta
forvantade fragor, visas ej annat
an om de behovs
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