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For pebble bed reactors an incore monitoring system cannot be

utilized during normal operation, mainly because of two rea-

sons:

1. The necessary instrumentation cannot withstand possible

coolant gas temperatures of up to 1150°C.

2. The detector guide structures cannot withstand the

continuous downward movement of the fuel elements in the

core and would perturb the loading scheme.

Therefore a near-core detector system is necessary which can

be used to monitor the power distribution and to recognize

perturbations in the neutron flux distribution. This helps

guarantee that temperature limits in the core (fuel elements,

absorber rods) and in the heat removal systems (steam genera-

tors) will not be exceeded.

Table 1 lists some core conditions and conceivable disturban-

ces indicating the positions from which they preferably can

be monitored or detected. The height of the marks in this

table is a qualitative indicator of how well the respective

effects can be observed from the different possible positions.

For this purpose an instrumentation system of the following

kind (Fig. 1) is planned (and at least for a prototype reactor no

part of it should be omitted).



1. Fast fission chambers in the top reflector for measuring the

fast neutron flux distribution

2. Self powered neutron detectors (SPNDs) in the

radial reflector for thermal flux mapping

3. Thermocouples in the bottom reflector for measuring the

profile of the outlet gas temperature.

The measurement of the gas outlet temperature gives the basic

information concerning the risks for the heat exchanging com-

ponents. But it only shows the axial average of a perturbation

and thus will not recognize it unless it has grown to a cer-

tain amount.

The measurement of fast neutron flux in the top reflector

(E > 0.1 MeV) provides information closely correlated to the

power distribution in the upper core regions /I/. (This holds

also for inserted control rods, e.g., during the startup

phase.) It thus gives an early response to perturbations

caused by misloadings or failed rods.

By applying a transfer matrix method to the measurements of

the smeared fast flux in the top reflector, it has been possi-

ble to obtain accurate fast flux mappings of the upper core

surface. This flux mapping significantly enhances the early

recognition of upper core perturbations via the top reflector

instrumentation.

In order to gain some familiarity with the information obtai-

ned by the three detector systems we simulated a special mis-

loading by substituting 20 % of the loading charge of the

inner core zone by elements of the outer zone for three

months. The wrong elements were concentrated in the core cen-

ter (r-140 cm, h-46 cm, core radius-315 cm). Fig. 2 shows the

distortion of the radial power profile (demonstrated by the



fast flux) in the upper core layer and the information arri-

ving at the three detector systems as well. The radial distri-

bution of the perturbation is well depicted in the gas outlet

temperature profile.

Information about the axial position of a perturbation may be

obtained by correlating the fast flux measurement in the top

reflector with the measurement of the gas outlet temperature

in the bottom reflector. Fig. 3 shows the quotient of both

quantities in the core center when moving the perturbation

downward through the core.

Calculations and measurements on the critical facility KAHTER

showed that flux distortions (A*/*) generally spread through

the side reflector without attenuation. Theoretical studies

concerned with the measurement of the thermal neutron flux in

the side reflector have lead to the development of the 3-di-

mensional flux mapping computer program ZELT.

This program calculates the thermal flux in the whole reactor

using as input the measured thermal flux at about 11 to 17 de-

tector positions within the radial reflector in each of 3 to

6 horizontal planes.

This code has been tested against diffusion calculations for

a large sized reactor (PNP-3000) and for a small critical fa-

cility (KAHTER). As an example, the flux distortion of 2 ab-

sorber rods which are inserted 110 cm into the core of KAHTER

will be discussed. Fig. 4 gives a vertical and horizontal

cross section of the critical facility which has a core radius

of 108 cm, a radial reflector thickness of 40 cm, and a core

height of 276 cm. The absorber rods are positioned at a radius

of 80 cm. 11 flux detectors are positioned in each of 6 levels

in the reflector. Diffusion calculations and flux mappings

were done in 19 horizontal planes. In Fig. 5 a comparison of



flux mapping results with CITATION diffusion calculations is

given. It is obvious that in plane 6 (depth = 97 cm) there is

a flux perturbation created by absorber material. In plane 7

(Fig. 5) a weak perturbation is to be seen, and one can con-

clude that an absorber is nearby. From plane 12 (Fig. 5) it

is clear that there is no perturbation. Regarding the recon-

structed fluxes in all 19 planes it becomes apparent absorbers

are inserted more than 97 cm and less than 127 cm.

To obtain a more quantitative result of the absorber position

one can plot the axial shape of the function F=A4> /* with Aflr*
•n

from ZELT and * from CITATION reference calculation without

perturbation not too far from the perturbation. In Fig. 6a

this function is given for the rod insertion cases with A*

from CITATION calculations and in Fig. 6b with A* from ZELT

calculations at radius 136 cm and 0=180°. Both figures are al-

most identical i.e. the reconstructed values agree very well

with CITATION calculated values. For inserted absorber rods

the function F has a value around -0.3 and in regions without

rod a value of zero. The absorber rod tip lies in the region

between these two values. For 110 cm inserted absorber rods

the tips are between plane 6 and 7. In case of 220 cm inserted

absorber rods the tips are between plane 10 and 11. In fact

the tip of the absorber rod is near the inflection point.

The results of the test calculations show that distortions in

flux and power distribution and spurious motions of one rod

or rod groups can be well detected. This is valid for large

facilities like PNP-3000 as well as for small ones like the

critical facility KAHTER. The flux mapping program can calcu-

late the reaction rate distribution in the whole reactor using

as input the measured reaction rates at about 11 to 17 detec-

tor positions inside the radial reflector in 3 to 6 horizontal

planes.



Our studies show that radial perturbations in the core can be

identified by the correlated measurements in the top and bot-

tom reflectors. Instrumentation inside the radial reflector

can well detect azimuthal and axial perturbations. In particu-

lar the combination of all instrumentation systems gives suf-

ficient information for the control of power distribution.
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Table: 1
Possibilities for Detecting nominal

core features and disturbances

Effect

1. nominal power
profile

2. toad change
redistribution

3. xenon
oscillations

t. spurious
rod motions

5. fuel misloading

6. fallen graphit
block from top
reflector

Detector system
side bottom
reflector reflector

•
•
•

m
•
•
•

top
reflector

•
•

1
•

fast flux
measurement

thermal flux
measurement

thermocouples

Fig. 1 Near-core instrumentation
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Fig. 5: Change of thermal neutron flux in KAHTER caused by

inserting 2 absorber rods to a depth of 110 cm
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