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PERFORMANCE REQUIREMENTS OF THE ADVANCED NEUTRON 
SOURCE REACTOR PROTECTION SYSTEM 

Jose March-Leuba 
Ron Battle 

Oak Ridge National Laboratory* 

Research reactors often have protection-system performance requirements very different from 

those of commercial reactors. This paper discusses the special characteristics of the Advanced Neutron 

Source' (ANS) reactor that control these requirements, and it presents some calculations used to 

quantify this performance. 

The ANS reactor protection system (RPS) is composed of two redundant systems: the primary 

and secondary RPSs. The primary RPS controls three inner rods, which are located in the center of the 

reactor fuel assembly, which perform the combined functions of shutdown, shimming, and regulation. 

These rods provide full-stroke adjustment of reactivity for startup and long-term compensation for fuel 

burnup and other slow reactivity changes (shimming) and accomplish instantaneous power level 

regulation by means of fast, limited stroke action (regulating). When fully inserted, the rods have 

sufficient negative reactivity to maintain subcriticality independent of the outer reactivity control 

mechanisms, which satisfies the shutdown function. For safety action, the rods are released from their 

drives by means of electromechanical latches and are accelerated into the core by compressed springs. 

The secondary RPS controls eight outer rods that are located in the reflector vessel outside the 

primary cooling system pressure boundary. The outer rods serve only safety and shutdown functions 

and are not used for shimming or regulating. The safety action of the outer rods is sufficiently rapid to 

terminate all anticipated operational occurrences without core damage and, when fully inserted, the 

rods have sufficient negative reactivity to maintain subcriticality independently of the inner rods. 

The two main characteristics that differentiate the ANS RPS requirements from those of 
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commercial reactors are: (1) the fuel is aluminum-based, which increases its heat transfer properties but 

results in a relatively low thermal capacity and melting temperature, and (2) the high neutron flux 

implies a high power density in the core region, which, in combination with the low thermal capacity, 

results in a short fuel time constant. Typical fuel time constants in commercial reactors range from 5 to 

10 s; in contrast, the ANS fuel time constant is of the order of 25 ms. Thus, any significant 

perturbations in ANS power, pressure, or coolant velocity are reflected almost immediately (-25 ms) as 

changes in fuel temperature. Because of these characteristics, the ANS RPS must respond quite rapidly 

if action is to be taken before critical heat flux (CHF) conditions are reached following accident 

initiation. A series of simulations of different accident scenarios have been performed to determine 

minimum rod-insertion speed requirements. For this purpose, an in-house developed computer code, 

ANSDM,2 and a set of design basis events that have been defined conservatively for conceptual design 

studies were used. 

The conclusions from these analyses indicate that if the primary RPS is capable of inserting $1 

of negative reactivity in 100 ms, all the timing requirements will be met. In the ANS conceptual 

design, these 100 ms are distributed among three types of delay: (1) RPS electronics and sensor delays 

(5 ms), (2) magnetic rod-latch release (25 ms), and (3) rod motion to insert $1 (70 ms). This 

requirement translates to an acceleration of 20 m/s2 (2 g), with the assumption that rod worth 

differential is only 50 mm/$, which is the case with one rod failed at the most unfavorable time in the 

cycle. Figure 1 presents an example of ANS reactor response to a $0.8 reactivity step perturbation. 

As observed in this figure, the scram begins to take effect in -70 ms. The fast action of the primary 

RPS prevents the CHF ratio from dropping below 1 .O (the safety limit). The secondary ANS RPS is 

designed to deal only with events of relatively large probability (e.g., anticipated events), such that the 

probability of the event combined with the probability of primary RPS failure is within design basis. 

These type of events do not pose as much challenge to the protection system; therefore, the secondary 

RPS has a relatively slower requirement of inserting $1 of negative reactivity in 300 ms. This slower 



time response is required to allow for diversity in scram mechanisms; the secondary RPS has a 

hydraulic rod latch, which is slower than the magnetic latch used in the primary RPS. 
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Fig. 1. Response of Advance Neutron Source reactor to a $0.8 reactivity step. The protection system 

terminates this event in -100 ms without critical heat flux (CHF) violations. 
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