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Operative and Postoperative Control of Variations in Characteristics of
Physicochernical Processes in NPP Circuits

N. Ya. Vilkov, Yu. V.Krjukov, S. V.Bfinov, M. VFedoseev. (Russia)

Data set obtained from chemical analyses of water chemistry in reactor circuits form time series which
include a significant random component along with a deterministic one [1].

Fig.11(a) presents a portion of data obtained from a manual operative (on once-per-shift basis) analysis
of the VVER-1000 steam-generator (SG) bleed water. It demonstrates the character of the most typical
anomalies in NIPP water chemistry (slowly varying trends and momentary deviations from the monitored
processes steady-state) and the occurrence of stochastic fluctuations of the monitored process characteristics
about the statistical average.

A random (stochastic) component in a time series formed from the results of analytical measurements
presents the central problem to operators as they have to unequivocally determine the significance of observed
parametric variations at the onset of anomaly in the coolant chemistry. A rather large time constant typical for
many physicochemical processes that dictate the condition of fluids in reactor systems is a problem of the same
kind.

The stochastic character of monitored in-circuit physicochemical processes determines the adoption of
probability diagnosis algorithms and methods as mathematical support to procedures of operative and
postoperative control of the circuit water chemistry changes. These methods belong to a subdivision of
mathematical statistics that addresses the problems of detecting changes in experimental data statistical
properties 2-4]. Application of statistically correct methods would minimize subjectivity in evaluation of in-circuit
water chemistry condition and, thus, supply more correct control actions on the processes that determine the
cycle chemistry.

In the context of early detection of abnormal behavior in the physicochemical processes determining the
water chemistry condition, a statistically correct control procedure should be characterized by:

- either an estimate of the numerical value of change in the monitored processes statistical properties (e.g.
deviation from the monitored process mean) identified with given confidence probability; or

- an estimate of the interval of uncertainty for the moment of anomaly incipience.

Based on actual data obtained from operative chemical monitoring in operating NPPs, the authors show
the use of some probability diagnosis methods in practical applications such as identification of anomalies of the
water chemistry condition, specifically, in the following:

- detecting violation of control limits a priori determined for the water chemistry parameters, using the
control card method;

- construction of detectors for identifying probably (statistically) significant stepwise changes in the current
arithmetical mean of the water chemistry parametric values;

- identifying successive changes in the behavior of robust estimators of the monitored parameters values;
- construction of robust linear regression prognostic models for dynamic changes in the monitored

parameters values;
- correlation analysis of time series formed from the measured data on the water chemistry connected

parameters (which are lumped (concentrated at one control point) and/or distributed along the coolant
path).
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Figure 1- Application of control card (b) in evaluation of the VVER-1000 SG blowdown
water pH variation, using current data obtained from the manual operative
analysis (a).

Fig.1 presents an example of analytical monitoring results for VVER-1000 SG blowdown water, which
illustrates the efficiency of an early identification of the water chemistry anomalies by using a control card of the
current mean pH value in comparison with a scheme of the water chemistry monitoring by specified values of
pH limits (the upper limit UL and the lower limit LL 2 The fall of controlled statistics (in our case it is the
moving arithmetical mean for a priori prescribed amount of sampling) outside the upper and lower (UCL2 and
LCI-2, respectively) limits of control card is identified as an effective departure of the monitored parameter from
a priori set central value. The fall of controlled statistics outside the upper and lower limits UCLl and LCLl
implies a loss of stationarity for the process that dictates pH value in this control point.

As seen from the example in Fig.la gain in the real time of identifying pH deviation (going beyond
UCL2) by using a control card of the current mean value as compared to using the conventional control by UL is
about 15 measurements 68-82) between the times of anomaly identification by control card and by limiting
value (about 15 days taking into account the off-duty ratio of manual analytical control). Close results were
described by the authors in the previous paper [1] to illustrate the procedure for identifying coolant leakage into
the main condenser, using control card of the measured concentration of chloride ions.

Based on results of water chemistry anomaly identification using control card of the current mean, the
procedure for estimating the initial time of a significant change (first jump) in the monitored process mean value
due to observed abnormity in water chemistry can be implemented by employing procedures of detecting
(detectors of) statistically significant stepwise changes of the current arithmetical mean (accumulated sums 2)
of the controlled water chemistry characteristics. Table presents results of application of the procedure for
detecting a jump of the arithmetical mean by a priori set value for the initial set of measurements (fig. la) on pH
of the VVER-1000 SG blowdown water.
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Table - Results of application of the procedure for detecting a jump of the arithmetical mean by the set value
G = 02 pH units for the initial set of measurements on pH in the VVER-1000 SG blowdown water
given in fig. la.

Number of a current Measured parameter Diagnosis by detector
measurement value (pH units)

58 8.60 Deviation from mean was not indicated

59 8.50 Deviation from mean was not indicated

60 8.50 Deviation from mean was not indicated

61 8.45 Deviation from mean was not indicated

62 8.40 Deviation from mean was not indicated

63 8.40 Deviation from mean was not indicated

64 8.50 Deviation from mean was not indicated

65 8.50 A significant deviation from mean was indicated

From the viewpoint of statistical analysis of the initial time series of data obtained from the manual
operative control of the VVER-1000 SG blowdown water (fig. la), the fragment of measurements 163 may be
said to be successful in that it does not indicate technologically significant unwanted anomalies such as a
slow-varying trend and a momentary heavy offset of the monitored process steady-state value. In the example
shown in fig.la, the fragment of measurements 163 was used to gain a postoperative estimate of the
parameters (central line, upper and lower control limits) of the current mean value control card, using robust
estimation algorithms 3].

Identification of successful realizations of the monitored in-circuit physicochemical processes in order to
estimate the parameters of current mean control card employed is based on using the methods of detecting
successive changes in behavior of robust estimates of the current statistics relative to the monitored processes
parameters 3].

a)
8,70 -

8,60 ------------------------------------------------------------- ---
:3

a) mU >
C: -r 8,50 -------------------------------------------------- ------------------
0 3C��

8,40 ------------------------ ---------------------------------0

V E
8,30 ------------------------------------------------------

aj 8,20

11 21 31 41 51 61 71 81 91 101
Analysis number

3



b)
0,30 

0,25 -- - -- - -- - -- - -- -- - -- -- - -- - -- -- - -- -- - -- -- -- - -- - -- -- - -- - --

0,20 -- - -- - -- - -- - -- -- - -- -- - -- -- - -- - -- -- - -- -- -- - -- - -- - -- --- - - -- - -- - -- -- - -- - -

F
> 73 0,15 -- - -- - -- - - - -- - -- - -- - -- -- - -- - -

zlz
Q_-0,10 --------------------------------------------------------------------------

0,03 - I
I 11 21 31 41 51 61 71 81 91 101 Ill

Analysis number

Figure 2 - The behavior of the distribution center robust estimator (a) and the estimate of the
asymptotic mean-square deviation (MSD) (b) for sequentially increasing pH
measurement series obtained from a manual operative control of VVER-1000 SG
blowdown water.

The behavior of the distribution center robust estimator for pH measurement, this value being calculated
as new measurements are added in sequence (for the set of measurements presented in fig.1 a), is illustrated in
fig.2a. In this example, the robust estimation of the data set distribution center was carried out by recurrent
algorithm for contaminated normal (Gaussian) distribution models 3 Fig. 2b illustrates the behavior of the
estimate of the mean-square deviation (MSD) asymptotic value 3] for pH measurement, which is calculated as
new measurements are added in succession (for the set of measurements shown in fig. la).

The behavior of the robust estimates of the main statistical characteristics of pH measurement series
which sequentially increases indicates that the experimental data distribution center estimate persistently
increases beginning with measurement 63. The scale of the random component (MSD value) of the monitored
process also increases. That is, a sustainable variation of statistical properties is observed for the controlled
process of the blowdown water pH changes, starting at measurement 63. With a priori given reliability we can
state that from measurement 63 and on, external (relative to the initial well running process) effects (failures)
resulting in critical values (measurements 82-84) of the measured parameter.

A robust estimation of the dynamics of the monitored parameter variation due to anomaly in water
chemistry should follow the procedures of early detection of water chemistry anomalies and procedures for
estimating the time of the onset of the monitored parameter significant deviation.

Fig 3 shows the efficiency of robust linear regression 4] as applied to prediction of pH change for the
initial time series (fig.1) of measured pH data obtained from a manual operative control of VVER-1000 SG
blowdown water. The pH variation model in linear approximation as in fig.3

pH(n = 0.034-n + 631

is calculated from measured results with n = 64,...,68 representing the initial phase of the identified water
chemistry anomaly evolution (from the beginning of the sustained change in the distribution center robust
estimate of sequentially increased pH measurements (fig.2a) to the point of anomaly detection using control).
The data in fig.3 implies that the pH variation model gained by using the robust linear regression procedure (for
the initial period of anomaly) is in a reasonable agreement with the measured pH variation dynamics (up to
measurement 82). This example shows that the robust linear regression model can be used for predicting
unwanted trends in NPP processes and evaluating time margin when accomplishing water chemistry control
tasks.
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Figure 3 - Estimation of the prediction efficiency for pH variation in the VVER-1000 SG blowdown
water, using the robust linear regression model (1) of the anomaly onset detected with
control card of manual operative control data 2).

Reliability of early identification of anomalies in a complex controlled object state can be improved
through processing thoroughness of current measurements. In other words, this is informational or algorithmic
redundancy of the relevant procedures.

An analysis of actual data from operative chemical control in operating NPPs demonstrates that one of
the simplest methods for enhancing informational reliability of procedures for early identification of water
chemistry anomalies can be a moving estimate of the coefficient of pair correlation for interrelated parameters
measured at the same control point, or for the same parameter in technologically connected measurement
points of the system.

5



Figs. 4a and 4b present (in the same time count system) the trends of connected parameters Na'ion
concentration and H-cation-exchanged sample specific conduction X(h)), smoothed curves of the said
parameters variations (curves and 2 and the trend of the coefficient of pair correlation (fig. 4 (c)) for the
smoothed Na'and X(h) values at the given control point.
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Figure 4 - Behavior of the pair correlation coefficient R (c) for smoothed models of ion
concentration variations Na' (a) and X(h) (b) in the VVER-1000 SG blowdown
water (on the basis of current data from manual operative control).

An analysis of the behavior of the coefficient of pair correlation (fig. 4c) (for the compared coolant
parameters at the given control point) shows that at least two representative operating situations can be
recognized, for which the proposed approach provides an improved estimate of the controlled object abnormal
behavior.

The first situation (measurement 74) is characterized by simultaneous abnormal changes (growth)
in values of the connected parameters (Na' and X(h), while correlation between them is preserved. This may be
treated as concurrent identification of the water chemistry anomaly by the behavior of two parameters, with the
relation of ion components in water being preserved at the given control point.

The second situation (measurements 118 - 119) is characterized by abnormal deviation of just one of
the connected parameters and fall of a value of the pair correlation coefficient. As applied to the given control
point, these facts can be treated as an identified anomaly in water chemistry due to a change in ion composition
of the blowdown water. Another interpretation of this situation suggests unbalance of the procedure for
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measuring one of the water chemistry connected parameters at the given control point. Both conclusions are of
importance from the viewpoint of operations.

Generally, a quantitative estimation of a true measure of reliability enhancement for identification of
water chemistry anomalies with information redundancy methods requires involvement of probability theory and
mathematical statistics methods and information theory methods as well. However, the authors hope the
proposed methods of random processes analysis are promising for selection of mathematical support tools to
intelligent systems of coolant chemistry monitoring in NPPs.
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