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The three Generaion |V reactor designs currently supported by the DOE have the common characteristic
that they are expected to operate up to 15 years with asealed core. These reactorswill be built, operated
and disposed of without access to the core, minimizing opportunities for proliferation and for servicing.

Monitoring the power distribution and coolant conditions of such areactor poses achdlenge. Servicegble
ex-core sensors can only monitor neutron flux on the periphery of the core. Exigting in-core sensors do not
have sufficiently long lifetimes, with the passible exception of low-sengtivity platinum SPNDs. We therefore
propose to develop a new sensor that is particularly well suited for use in a seded reactor core, and to
apply this sensor to produce arobust in-core monitoring system thet is suitable to al three reactor designs.

The sensor is fabricated from a smdl kernd of actual reactor fud sedled in a meta tube that provides a
therma conduction path to the coolant. A smal eectric heating dement surrounds this fue/tube assembly.
Thetotd heat flux from the fud kernd and eectric heater is measured by differentia thermocouples placed
on the conduction path. The heater is then controlled by feedback from the thermocouples, such that a
condant heet flux is maintained regardless of the nuclear energy generaion in the fud kernd. The input
electrical power provided to the heater is thus inversely related to the actua nuclear energy generation.
Because the temperature of the sensor remains nearly congtant, the sensor will have a better time response
than that of asmilar uncontrolled sensor.

This controlled calorimeter concept, denoted the congtant-heet flux power sensor (CHFPS), is wdl-suited
for usein aseded core. 1t will give theloca nuclear power generation, including decay hest, so it can be
used to monitor thermd limits during operation, post-shutdown, and in permanent sorage. The sensor will
be fixed to, and will deplete with, the loca fudl, SO no compensation for depletion will be required. The
sensor will amply act like the surrounding fud over the entire core lifetime. Unlike any other sensor, this
sensor is in afeedback control loop. This means that the sensor dynamic response can be monitored,
alowing measurement of the heat trandfer characterigtics of the coolant while smultaneoudy measuring the
generated power. In addition, feedback control combined with modern sgna processing techniques offer
ameans of evauating the sensor cdibration and performance in-situ. We expect that the sensors could
operate with substantial degradation given this capability, an important feature in a seeled-core reactor. The
basic performance characteristics of this type of sensor, very high senstivity combined with good
bandwidth, have dready been proven through testing of an earlier design of controlled caorimetric sensor.
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We thus propose to design, fabricate, and test CHFPS sensors, dong with the supporting digita control
and sgnd processing capabilities, usng fud materias pecific to the DOE-supported Generation 1V reector
desgns. The sensor design will include a high degree of internd redundancy. This sensor will then be
incorporated, with other complementary neutron flux or temperature sensors if advantageous, into an
integrated in-core monitoring system with a high degree of externd redundancy and in-situ diagnodtic
cgpability. Thisfind monitoring system is expected to provide a high degree of rdiability, safety, operating
efficiency and flexibility for each of the three DOE-supported Generation IV reectors.




