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1. Introduction

The reactor protection system (RPS) of new research
reactor is designed for safe shutdown of the reactor and
preventing the release of radioactive material to
environment. The trip set point of RPS is essential for
reactor safety, therefore should be determined to
mitigate the consequences from accidents. At the same
time, the trip set-point should secure margins from
normal operational condition to avoid unwanted reactor
shutdown.

This paper deals with the trip set-point related to the
reactor power considering the reactivity induced
accident (RIA) of new research reactor. The possible
scenarios of reactivity induced accidents were simulated
and the effects of trip set-point on the critical heat flux
ratio (CHFR) were calculated. The proper trip set-
points which meet the acceptance criterion and
guarantee sufficient margins from normal operation
were then determined.

2. Reactivity Induced Accidents

Insertion of additional reactivity by experimental
apparatus or control absorber rod (CAR) can induce an
unexpected power increase of reactor core, causing
possible fuel failure by excessive fuel heating [1]. In
these cases, the fuel integrity shall be ensured by the
adoption of suitable trip parameters, such as core power
and log rate. In the new research reactor, the rapid CAR
withdrawal inducing continuous reactivity insertion, is
analyzed for determining the trip set-points. .

Three independent trip set-points, high power, high
log rate and high power level, work for reactor trip in
the RIA, depending on the initial power, the reactivity
insertion rate. Since the increasing rate of reactor
power accelerates with respect to reactivity insertion,
the reactor power control becomes more difficult over
time. For a safe start-up operation, the power control is
separated into two stages depending on the power level,
under and over 0.1% of full power (0.1% FP). Under
0.1% FP, the high power level and the high log rate set-
point works for reactor trip. Once the reactor power
safely reaches at 0.1 % of full power, the operator
bypass the high power level signal to increase the
reactor power over the level. Over 0.1% FP, the high
power and the high log rate set-point works for the
reactor trip. Usually, when the initial power is low, the
high log rate signal works for reactor trip, whereas the
high power signal works when the initial power is high.

3. Analysis Methods and Results

3 different scenarios were considered to determine
the trip set-points for RIA. CAR withdrawal during full
power operation, under 0.1 % FP, and over 0.1% FP
were simulated for various initial conditions and
reactivity insertion rates.

For all cases, the CHFR values calculated by Sudo-
Kaminaga CHF correlations [2, 3] are checked whether
or not they meet the acceptance criterion in new
research reactor. The tested range of the high power set
points is 17 MW to 22 MW, and that of high log rate is
T7%pp/sec to 10%pp/sec. The high power level set point
is assumed to be 10%. The delay time of linear and log
neutron power meter is assumed to be 0.5 s and the
delay between the trip signal and actual CAR drop is
assumed as 0.1 s. The Doppler feedback is only
considered for the analysis.

Figure 1 shows the CHFR changes over time for
different high power set-points on CAR withdrawal
accident during full power operation. The reactor is
tripped by high power trip set-point rather than the high
log rate signal for conservative analysis. The analyses
are performed for maximum reactivity insertion rate by
CAR withdrawal, 0.4 mK/s, which is selected through
the sensitivity analysis of various reactivity insertion
rates for various reactivity insertion rates. The high
power set-point of 18 MW or 19 MW satisfy the
acceptance criterion with margins for the future design
change.

Figure 2 shows the CHFR changes for different
reactivity insertion rate on CAR withdrawal accident of
0.1% FP with high power set-point of 120% FP. When
the reactivity insertion rate is high, the reactor is tripped
relatively early by the high log rate set-point, making
the consequence is less severe. On the other hands,
when the reactivity insertion rate is low, the high log
rate set-point does not work and the reactor trip is
delayed until the power reaches the high power set-point.
The high power at reactor trip makes the consequence
severer, nevertheless, still above the acceptance
criterion even with the largest high power set-point,
120% FP.

Figure 3 shows the CHFR changes over time for
different initial power on CAR withdrawal accident only
considering high power level set-point of 10%. The
reactivity insertion rate of 0.4 mK/s is used for the
analysis since it results in the fastest power increase and
the most severe consequence. The smaller initial power
results in lower MCHFR value, because the power
accelerates further before reach the high power level
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set-point. As a result, the initial power of 10° % makes
the MCHFR lower than the acceptance criterion. The
problem can be resolved either by decreasing the high
power level set-point, or adopting the high log rate set-
point. When the high log rate of 10% pp/sec is used as
a set-point of reactor trip, all the cases show the
MCHFR far above the acceptance criterion regardless
of the reactivity insertion rate.

Table 1 summarizes the scenarios of RIA, related set-
points and whether the MCHFR of the analyses
satisfying the acceptance criterion.

4. Conclusions

The three different trip set-points related to the
reactor power are determined based on the RIA of new
research reactor during FP condition, over 0.1%FP and
under 0.1%FP. Under various reactivity insertion rates,
the CHFR are calculated and checked whether they
meet the acceptance criterion.

For RIA at FP condition, the acceptance criterion can
be satisfied even if high power set-point is only used for
reactor trip. Since the design of the reactor is still
progressing and need a safety margin for possible
design changes, 18 MW is recommended as a high
power set-point. For RIA at 0.1%FP, high power set-
point of 18 MW and high log rate of 10%pp/s works
well and acceptance criterion is satisfied. For under
0.1% FP operations, the application of high log rate is
necessary for satisfying the acceptance criterion.
Considering possible decrease of CHFR margin due to
design changes, the high log rate is suggested to be
8%ppl/s.

Suggested trip set-points have been identified based
on preliminary design data for new research reactor;
therefore, these trip set-points will be re-established by
considering design progress of the reactor.
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Fig. 1 CHFR changes for different high power set-points on
CAR withdrawal accident during full power operation
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Fig. 2 CHFR changes for different reactivity insertion rate on

CAR withdrawal accident of 0.1%FP with high power set-

point of 120%
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Fig. 3 CHFR changes for different initial power on CAR
withdrawal accident with high power level set-point of 10%

Table 1: Summary of trip set-points

Plower Related set-point CHFR criterion
evel
High power
FP (18MW, 19MW) ©
Over High power 0
0.1% FP (18MW)
High power level only X
Under (10% FP)
0.1% FP High log rate o
(10%pp/s)
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