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Seismic trip (scram) systems have been used for many years on certain 

research, test, and production reactors, but not on commercial power reactors. 

We have made an assessment of the risks associated with the presence and 

absence of such trip systems on power reactors. An attempt was made to go 

beyond the reactor per se and to consider the risks to society as a whole; for 

example, the advantages of tripping to avoid an earthquake-caused accident 

vere weighed against the disadvantages associated with interrupting electric 

power in a time when It would be needed for emergency services. 

He made preliminary studies of certain basic problems. Among these was 

the likelihood of tripping because of existing plant instrumentation. This 

may be likely, but it is hard to predict except on a plant by plant basis. 

Ihe consequences of spurious trips caused by a seismic tripping mechanism were 

also investigated and found to be acceptable as long as redundant circuit 
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logic and Instrument channels taking advantage of the earthquake's signature 
2 are used and as long as a high enough trip-level setting is employed to 

prevent small, commonly occurring, tremors from shutting down the plant. A 

trade-off is involved here since, as discussed below, lower trip settings may 

enhance the time between trip and the arrival of strong motion. 

He studied the pros and cons of allowing the reactor to continue to 

generate power after an earthquake or of relying on a manual shutdown by the 

plant operator. It was found that in California, most emergency service units 

are equipped with auxiliary power sources and could handle power outages of 

several hours duration as experienced during the 1971 San Fernando Earthquake. 

However, seismic trips could result in outages of longer duration because of 

aftershocks and turnaround times. Also, it was noted that the sudden tripping 

of nuclear units at a multi-unit site may itself cause grid instability 

problems. 

The comparative risk assessment was performed by means of fault tree 

analysis. Fault trees were generated to determine the unacceptable loss of 

life or property caused by events associated with the presence and absence of 

a seismic trip system. The top portion of the first fault tree is given In 

Fig. 1. The left-hand side of each fault tree considers accident sequences 

that could lead to core melt during nonearthquake conditions. These accident 
3 

sequences, like those discussed in a recent reactor safety study, are 

categorized in terms of physically distinct processes by which core melting 

can occur. The right-hand side of each fault tree identifies the risks due to 

nuclear power plant operation when an earthquake has occurred. The two broad 

subcategories here are the impact of plant shutdown on public emergency 

services and the risk of a large fission-product release due to earthquake 

effects. 



The fault trees were quantified: (1) to determine whether the risk of 

an earthquake-related core melt is a significant part of the overall risk of 

nuclear power plant operation, (2) to determine what difference seismic trip 

systems make, and (3) to determine what events are.the largest contributors to 

the risk. All the failure.rate values used in the study were described as 

statistical distributions rather than as point values and were generated using 

a Monte Carlo simulation. The mean value associated with the top event 

probability without a seismic trip system is 3.6 * 10""' per reactor year. The 

corresponding top event probability value with a seismic trip system is 

4.1 x 10" per reactor year. In both cases, earthquake-caused events 

contributed about 10% to these numbers. Therefore, it seems that seismic trip 

systems make little difference in the overall risk of nuclear power plant 

operation. 

If there is a sufficient gap between the time a trip signal is received 

and the time strong motion arrives, then a- seismic trip system might be 

advantageous. A distribution for this time interval was determined by analyzing 

24 strong-motion accelerograph records. Using the data provided in the 

accelerographs and relationships developed between probability of earthquake 

occurrence and time interval, we were able to show that the expected interval 

between the start of the accelerograph record (triggered at 0.01 g) and the 

arrival of strong motion is in the 3- to 5-s range if strong motion is defined 

in the 0.15- to 0.20-g range. In such a short time interval, not all the 

shutdown systems would have completed their action. 

It appears therefore that seismic trip systems would have a small and 

somewhat uncertain effect.on reactor, plant safety, and, viewed from the 

standpoint of society as a whole, they might actually increase the risk. It 

should be kept in; mind that nuclear plants are designed to withstand a very 

severe earthquake and that the consequences of any earthquake-caused accident 

would be superimposed on an already serious situation. 
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FIGURE CAPTION 

Fig. 1. Fault tree for nuclear plants with a seismic trip system. 
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