
IYNC 2008 
Interlaken, Switzerland, 20 – 26 September 2008 

Paper No. 241 
 
 
 
 
 

241.1 
 
 
 
 

Time Delay for the Initiation of an Emergency Shutdown at the 
Peruvian Nuclear Reactor RP-10 

A. Ramón, E. Ovalle, D. Canaza, A. Salazar, A. Zapata, J. Félix, R. Arrieta, M Vela 
Instituto Peruano de Energía Nuclear, Av. Canadá 1470, San Borja, Lima - Perú 

asalazar@ipen.gob.pe, rarrieta@ipen.gob.pe, mvela@ipen.gob.pe 
 

ABSTRACT 

In this paper we show the measurement of the time delay for the initiation of an emergency 
shutdown state at the RP-10 Reactor. This time delay is the one corresponding to the delay between 
the detection of a signal of any fixed limit and the start of a protective action to get the reactor in a 
safety state. 

The experimental method used is based on monitoring two signals in an oscilloscope, one 
signal is the elected initiate event and the other is the de-energizing of electromagnets of the security 
bars. The time delay for each safety and control rods, was measured for seven energizing current 
values in a range of 36 - 52 mA. The results showed that the minimum value is (84 ± 1.26) ms and the 
maximum is (108 ± 1.60) ms. In all cases it is noted that, the delay time is less than the limit values 
prefixed down in the reactor safety report. 

 

1 INTRODUCTION 

In a nuclear reactor there are safety systems that provide automatic protection actions to 
prevent that any variable of the process could exceed the safety limits imposed in the technical 
specifications for each case in particular. 

Peruvian Research Reactor RP-10 is a light water moderated and cooled, graphite reflected, 
pool type reactor with thermal output of 10 MW. The core reactor consists of 29 fuel elements (MTR 
type). The control and shutdown is performed by five neutron absorbent rods, three of them are used 
as safety rods, SR, and the other two as control rods, CR. These rods are lift by a magnetic 
mechanism that in case of an emergency situation, such a magnetic mechanism is de-energized, 
obeying to a time signal and the rods fall down by gravity. 

All automatic acting systems are not instantaneous, therefore there is a time between the 
detection and the order of acting, named “time delay”, which is necessary to know to evaluate the 
efficiency of a emergency shutdown and the possibilities of damage before a protected action. It is for 
this reason that the measurement of delay times (for each rod in particular), is to be made under a 
rigorous procedure to obtain reliable values for avoiding conflict with the established security limits. 

2 METODOLOGY 

To measure the time delay for the initiation of an emergency shutdown, two signals are 
monitored by mean of an oscilloscope; one signal is that of the starting event (as that of SCRAM) and 
the other is the de-energizing of the electromagnets of the safety rods (EEi). The experiment was 
performed with the reactor in sub-critical state (200 W).                               
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2.1 Experimental Devises 

For evaluating the delay time, it was used a digital oscilloscope (TEKTRONIC TDS 420 A) 
connected to a printer (HP 692 C).  

The experimental devises were installed as following: The oscilloscope with the configuration in 
events mode and using one of which channel for the SCRAM signal and the other channel for the de-
energizing signal. 

 
2.2 Procedure 

The oscilloscope was fixed in AUTO SET mode to verify the signals: in CH1 = Lai1Y4 and in 
CH2 = EEi, and on the screen was shown in a horizontal sweep two windows, one for the starting 
event signal and the other for the de-energizing action of electromagnets. 

When shooting manually the signal of the SCRAM event, drops the signal on the oscilloscope 
(LAi1Y4) and after a period of time immediately when the electromagnet have been de-energized, 
drops also the signal EEi on the oscilloscope. This is the delay time. 

These measurements were repeated by varying the energizing current for: 36, 40, 43, 45, 50 
and 52 mA with each safety and control rod. Figure N° 1 and N° 2 show us the two signals monitored 
on the oscilloscope. 

 
 

 
Figure N° 1. Time delay for the safety rod N° 1 
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Figure N° 2. Time delay for the control rod N° 2 
 

3 RESULTS 

Table 1: This table shown the energizing electric current and the corresponding time delay for 
each control and safety rod.  

 
Rod Energizing Time Delay

Current (mA) (ms)
BS1 39.0 84 ± 1.26
BS2 36.0 95 ± 1.43
BS3 37.0 100 ± 1.50
BC1 37.0 102 ± 1.53
BC2 38.0 108 ± 1.62  

 
The results showed that the minimum value is (84 ± 1.26) ms for the safety rod N° 1 and the 

maximum is (108 ± 1.60) ms for the control rod N° 2. In all cases it is noted that, the delayed time is 
less than the limit values prefixed down in the reactor safety report. 

4 CONCLUSIONS 

From the measurements of the delayed time we can set an optimum electric current applied to 
electromagnets of each bar, so that the reactor always must be in a safety state, keeping the delayed 
time as low as possible.  
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From the variation of the energizing current Vs time delayed, we have tried to standardize the 
time delay, adjusting the energizing current on each magnetic mechanism. This is done to get a 
compromise between reducing the time delay and strength that make possible to lift the corresponding 
bar. As a result of this we realized that each bar has its specific current value of adjustment. 
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