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During early years of BWR technology (’50S), there was noticeable 
concern about nuclear coupled stability (SOAR).

GE proposed Dresden 1, with some questions of design and 
performance unanswered. 

The dual cycle (about half of the turbine steam directly from the 
core) assured that the plant would be able to make at least half
power based on PWR experience.

An electronic engineer recognized the BWR as an analogue of a 
feedback amplifier (Dresden Project): the feedback would become 
regenerative, and instability would be the result. At that time 
(1956), as construction of EBWR was nearing completion, an 
analysis of BWR dynamics started.
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The analysis and the experiments for EBWR were in reasonable agreement 
(SOAR). 

The stability tests at Dresden conducted in March and June 1960 at half power 
and at full power showed that the power-to-reactivity loop feedback was 
exceedingly stable, as predicted. The key factor was the oxide pellet fuel, having 
a long thermal time constant that served to attenuate the void reactivity 
feedback, preventing it from becoming regenerative.

It was then clear that a larger BWR could be designed without concern about 
stability eliminating the dual cycle. 

No oscillation incident took place for several years of BWR operation. 

A number of fuel modifications (& power increase) pose "new" stability 
problems in the late 70's and during the 80's. Even in the early 90's many of the 
operating BWR have experienced oscillation events..
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Following the pioneering research in the EBWR and at the Vallecitos
Laboratories (SOAR, 1957-1960), and an extensive modelling work in the 60's 
through the 80's (SOAR) the following milestones are identified:

* An electronic engineer discovered …., 1956,
* Operation of the FRIGG loop in Sweden (starting from ’60s),
* Development  and diffusion of the NUFREQ code series (early ’70s),
* Peach Bottom stability tests in 1977,
* Detecting  regional oscillations in the Caorso NPP in the early '80s, 
* Occurrence of the LaSalle event in 1988,
* Workshop in Brookhaven, in 1990,
* Implementation of  safety measures in the operating plants in the '90s,
* Issue of the ‘SOAR on BWRS’ in 1997,
* Availability of coupled 3D NK-TH techniques & capability of simulating 

individual power channels (recent achievement). 

1) OECD/CSNI Report 178 – Proc. of Int. Workshop on BWRS – Brookhaven 
(US), Oct. 17-19, 1990
2) OECD/CSNI Report – SOAR on BWRS – OECD/GD(97)13, Paris (F), Jan.
1997 
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DYNAMIC INSTABILITY IN DYNAMIC INSTABILITY IN 
A BOILING CHANNELA BOILING CHANNEL

(TH (TH situationsituation) ) 

THE INCREASE IN INLET FLOWRATE CAUSES:

a) Upward movement of the boiling boundary
(red line in the figure),

b) Increase of 1-Φ and decrease of 2-Φ length,
c) (Generally) decrease of channel overall DP.

Therefore,
d) Further increase of INLET FLOWRATE 

i.e. instability 
& 

upward propagation of ‘high density plug’ DWIDWI
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DYNAMIC INSTABILITY IN A BOILING CHANNELDYNAMIC INSTABILITY IN A BOILING CHANNEL
(TH (TH situationsituation)  )  partpart 1 of 21 of 2

BALANCE EQS (HEM-EVET in this case)

PERTURBED AND LAPLACE TRANSFORMED
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DYNAMIC INSTABILITY IN A BOILING CHANNELDYNAMIC INSTABILITY IN A BOILING CHANNEL
(TH (TH situationsituation)  )  partpart 2 of 22 of 2

STABILITY (ANALYSIS) RESULTS
<frequency and phase-space domains>
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DYNAMIC INSTABILITY IN A BOILING CHANNEL  (NKDYNAMIC INSTABILITY IN A BOILING CHANNEL  (NK--TH TH situationsituation)  )  partpart 1 of 21 of 2

In BWR conditions, since the cooling fluid is also a moderator aIn BWR conditions, since the cooling fluid is also a moderator an oscillation in the core void content n oscillation in the core void content 
is reflected as a variation of neutron flux and of generated powis reflected as a variation of neutron flux and of generated power that, in turn, affects the void. er that, in turn, affects the void. 
Coupled neutronCoupled neutron--thermal/hydraulic systems may show stable or unstable behaviour thermal/hydraulic systems may show stable or unstable behaviour or exhibit a or exhibit a 
selfself--sustained oscillating conditions called "stablesustained oscillating conditions called "stable--limitlimit--cycle".cycle".

The stability of nominal operating conditions of BWR is ensured.The stability of nominal operating conditions of BWR is ensured. this may not be the case in offthis may not be the case in off--
normal situations including ATWS or during startnormal situations including ATWS or during start--up or shutup or shut--down.down.

STABLE UNSTABLE

LIMIT CYCLE

STABILITY RESULTS
<time domain>
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DYNAMIC INSTABILITY IN A BOILING CHANNEL  DYNAMIC INSTABILITY IN A BOILING CHANNEL  
(NK(NK--TH TH situationsituation)  )  partpart 2 of 22 of 2
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SYSTEM CONFIGURATION (SYSTEM CONFIGURATION (relevantrelevant toto stabilitystability))
THE NPPTHE NPP
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SYSTEM SYSTEM 
CONFIGURATION CONFIGURATION 

((relevantrelevant toto stabilitystability))
THE RPVTHE RPV

RPVRPV
~ ~ 23 m 23 m heightheight
~ ~ 7.5 m diameter7.5 m diameter
~ 7 Mpa op. pressure~ 7 Mpa op. pressure

CORECORE
~ 800 FA (8x8 ~ 800 FA (8x8 toto 10x10)10x10)
~ 4 m ~ 4 m heightheight
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SYSTEM SYSTEM 
CONFIGURATION CONFIGURATION 

((relevantrelevant toto stabilitystability))
THE CORETHE CORE
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SYSTEM SYSTEM 
CONFIGURATION CONFIGURATION 

((relevantrelevant toto stabilitystability))
THE CORETHE CORE

The LPRMThe LPRM

The FAThe FA
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SYSTEM SYSTEM 
CONFIGURATION CONFIGURATION 

((relevantrelevant toto stabilitystability))

FUEL ASSEMBLYFUEL ASSEMBLY
FUEL RODFUEL ROD

CONTROL RODCONTROL ROD
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THE LA SALLE EVENTTHE LA SALLE EVENT
((WulffWulff etet al.,NUREG/CR 5816, 1992)al.,NUREG/CR 5816, 1992)

THE INITIAL CONDITIONS AND THE INITIATING EVENT (AOO)THE INITIAL CONDITIONS AND THE INITIATING EVENT (AOO)
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THE LA SALLE EVENTTHE LA SALLE EVENT
((WulffWulff etet al.,NUREG/CR 5816, 1992)al.,NUREG/CR 5816, 1992)

THE INITIAL CONDITIONS AND THE INITIATING EVENT (AOO)THE INITIAL CONDITIONS AND THE INITIATING EVENT (AOO)

BOTTOM PEAKEDBOTTOM PEAKED
POWER DISTRIBUTIONPOWER DISTRIBUTION


