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   A new method for evaluating three-dimensional 

power distribution in a nuclear reactor core is 
developed, which is suitable for on-line core per-

formance calculation and useful for economical, 
safe operation of a nuclear power station. This 
method is based upon the numerical calculation 

of power distribution by a coupled nuclear-thermal-
hydraulic code equivalent to "FLARE"(1), the 
well established three-dimensional boiling water 

reactor simulator. The calculated power distribu-
tion is then corrected to make it consistent with 
the neutron flux distribution measured by ion 

chambers (LPRM) placed in various parts of the 
core region.

1. Estimation Procedure

  The whole estimation procedure, illustrated in 
Fig. 1, consists of the following six steps: 

 (1) Power, void and channel flow distributions 
   are calculated by the FLARE equivalent code.

Fig. 1 Process of estimating power distribution

(2) LPRM readings are estimated from the 
  results of step (1), assuming that neutron flux 

  at the ion chamber position is proportional 
  to the average power density of the surround-

  ing eight fuel segments. 

(3) Estimated LPRM readings are compared 
  with the measured readings, and the difference 
  between the two is calculated after appro-

  priate normalization. 
(4) The differences in readings on the pseudo-

  monitored strings, where , there are no actual 
  monitors, are estimated by radial and axial 
  interpolations.

(5) The differences are redistributed to the 
 power density of each fuel segment as the 
  estimated error of the power density. 

(6) The above corrected power distribution 
  thus obtained is substituted for the power

distribution of step (1) and steps (2)～(6)　 are

    repeated several times if necessary. 
  In step (4), the differences in readings are 

axially interpolated at the monitored strings by 
the polynomial approximation, and then radially 
interpolated. The method of radial interpolation 
and redistribution of the differences in readings 
used in steps (4) and (5) are illustrated in Fig. 2. 
The difference at a pseudo-monitored position is 
assumed to be the average of four differences at 
the surrounding monitored or pseudo-monitored 

positions located at equal distances from the posi-
tion to be interpolated.
  Redistribution of the difference of readings is 

performed under the geometrical condition shown 

in Fig. 2 by using the equation.

where

σPj: Difference of power density of segment j

σRi: Difference betweeia measured and estimated

     LPRM readings at location i

wij: Weighting function

γij: Distance between center of fuel segment j

     and location i.

  The core average power density is normalized 
to unity before and after correction, Measured 

and estimated LPRM readings are also normalized

* Ozenji, Tama-ku, Kawasaki-shi.
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Fig. 2 Interpolation and redistribution
       of difference between the two

       kinds of readings

so as to let the average value be the same as at
the actual LPRM location.

2. Results and Discussion

  The following three substitutions are adopted 

for a numerical experiment aimed at evaluating

Fig. 3 Axial power distrbution estimated
       by numerical experiment

the validity of this method:

(1) The power distribution from the FLARE
    calculation is substituted for the accurate

    power distribution.
(2) A rough estimation of power distribution
  obtained by the unconverged FLARE calcula-
  tion with about 10% error is substituted for
  the power distribution to be obtained by the
  three-dimensional calculation in Fig. 1 and
  which will be corrected by using meas-
  ured neutron flux distribution.

  (3) Estimated LPRM readings from the result
    of the exact FLARE calculation is substituted

    for the actual LPRM readings.
   If the actual LPRM readings are exactly pro-

portional to the average power density of the
surrounding eight fuel segments, the results of
the numerical experiments employing the above

three substitutions should prove the validity of
this method when applied to actual reactor cores,

  The results so far obtained are very satisfactory. 
An example of the axial power distribution in 

JPDR estimated by the numerical experiment 
described above is given in Fig. 3. Figure 4 

shows the radial power distribution in the same 
case. The power distribution can be estimated
with a maximum error of 5%, and is usually

within 3%. The computer running time with

the HITAC 5020 F is about 20 sec, and about

the same time is estimated to be sufficient for

the on-line process computer HIDIC-500, when 

the initially assumed power distribution is such 

as given by the periodic core performance cal-

Fig. 4 Radial power distribution estimated 
       by numerical experiment
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culation previously obtained. 
  The main causes of errors introduced by this 

method lie in the following three procedures: 

 (1) Estimation of the LPRM readings 
 (2) Interpolation of the difference of readings 

 (3) Redistribution of the difference to segment 
    power density 

  It should be noted here that even if the 
accuracy of the calculated power distribution is 
about 80%, the errors introduced by this method

only affect the remaining 20%. Thus, if the 
error introduced in the above procedure is about 
20%, the total error would still amount to only 
4%. This is the main advantage of this method.
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