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IMPROVEMENT OF THE ALGORITHM
FOR THE CALCULATION OF THE AVERAGE
WEIGHTED THERMAL POWER OF THE VVER-1000
CORE AND THE ESTIMATION OF ITS ERROR

10.0. Komapos, O.JI. Apeaninos, A.A. Cmuyox YIOCKOHAJIEHHSI AJITOPUTMY pPO3PAXYHKY CepeIHbO3BAKEHOr0 3HAYEHHS
Ten10Boi NoTy:kHocTi akTHBHOI 30H1 BBEP-1000 i oninka iioro moxu0xu. BumipioBaHHS TEII0BOI OTY)XHOCTI aKTHBHOI 30HH peakTopa
(Ax3) Ha aToMHuX enekTpocTaHNisx (AEC) 3 BOmo-BOISHUM €HEPreTUYHHM PEaKTOpOM eIeKTpH4HOI0 HoTyxHictio 1000 MBT (BBEP-
1000) mMoyxHA XapaKTepH3yBaTU K HENpsMi, HEPIBHOTOYHI, He3anexHi. [IpeacTaBieHo aHami3 M'ITH iCHYIOUHX CHOCOOIB OL[HKH TEIUIOBOT
notykHOoCcTi AK3. Iloka3ana icHylo4a pobiieMa OLIHKKA TOYHOCTI OTPHMAHHS CepeAHbO3BAXKCHOT0 3HaUeHHs TemIoBoi nortyxkuocti (C3TII)
Ax3. Ouinka 3HaueHHs C3TIT Ax3 € HaliKpall0r0 OLIHKOO 3 0JIEPXKYBAHOMY Psiy (3 IT'SITH 3HAUEHb) TEIIoBOI noTyxHoCcTi AK3. ITpy 1pomy
OLIIHKHM BaroBOro KoedilieHTa KO)KHOTO BHMIPIOBAaHHS IMOB'S3aHi 3 OIIHKOI MOXMOKH AaHOTO BUMipy. UMM BHILE TOYHICTH METOXY, THM
BHIIE Bara JaHoi oniHky. [IpencTaBieHo aHaii3 METOMKH OLIHKH TEIUIOBOI MOTY)KHOCTI AK3, peai3oBaHHii B IPOrpaMHiil YaCTHHI CHCTEMH
BHyTpimHbOpeakTopHoro kourpomo (CBPK) BBEP-1000. IToka3zaHo, mo a8 NPakTUYHOTO BHKOPUCTAHHS ISl OL[IHKHM TEIJIOBOI
notyxHocTi Ak3 Ha AEC 3 BBEP-1000 067ik Beix KJ1aciB i BUIB MOXHOKH MOMKINBHIT KOPEKTHOI OLiHKOIO JIBOX CKJIAJIOBUX - BUIIAJKOBA i
cucreMaTnyHa moxuOka. [Ipum mpomy oOnik 000X CKIagOBUX MOXMOKHM (BHIAAKOBOI i cucteMaTH4HOi) € 000B'si3koBUM. Po3pobneHo
METO/IKY, SIKa BPaxoBY€ TaKi OCHOBHI aCIIEKTH: 10 KO)XKHOMY IIPSIMOMY BHMIPIOBaHHIO (THCK, TEMIIEPATypa, TOLIO) OLIHIOETHCS SK cama
BEJIMYMHA, TaK 1 11 moxuOKa; As KOXKHOro (3 Mm'siT) crocOOiB BUMIPIOBAHHS TEIUIOBOI MOTY)XHOCTI AK3 Ha MiACTaBi (DYHKLIOHAIBHUX
3AIKHOCTEHl 1 NOXMOKHM NpPSMUX BUMIPIOBaHb IIPOBOJMTHCS OLIIHKA ITOXHOKM HENPSIMOTO BHMIPIOBAaHHS JAHOI TEIUIOBOI HMOTYXHOCTI;
MIPOBOJIUTHCS OLIIHKA BaroBUX KOe(ili€HTIB KOXHOTO Croco0y BUMIPIOBaHHS 3a BEIMYMHOIO MOXHMOKM HEMPSIMOIO BHMiPIOBAHHS TEIJIOBOL
MOTY>KHOCTI AK3; OIliHKa abCOIIOTHOI ITOXHOKU CepeHbO3BAYKEHOT0 3HAYCHHS HOTYXKHOCTI IIPOBOIAUTHCS 32 METOJHUKOIO OLIIHKH TOYHOCTI
Ui HENpSIMHUX BUMiproBaHb. B pesynbrari, icHyrounii Ha AEC anroputm CBPK n0omoBHEHO po3paXyHKOBUMHM 3aJI€KHOCTSMH JUISL OLIIHKH
noxu6ku C3TII Ak3 i po3paxyHKamMu IMOXHOKH BCiX CKIAJOBHUX, HeoOXimHUX it po3paxyHKy C3TIIL IlpencraBneni nuisxu mommdikarii
icaytouoro B CBPK anroputmy i yroutnenHs konctanTtHoi 6a3u qanux CBPK mst migsumenns rounocti ouinku C3TIT Ak3.
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Yu. Komarov, A. Arvaninov, A. Smychok. Improvement of the algorithm for the calculation of the average weighted thermal
power of the VVER-1000 core and the estimation of its error. Measurements of the thermal power of the reactor core (RC) at nuclear
power plants (NPP) with a water-cooled power reactor with an electrical capacity of 1000 MW (VVER-1000) can be characterized as
indirect, unequal and independent. An analysis of the five existing methods for estimating the thermal power of RC is presented. The existing
problem of estimating of the error of the average weighted thermal power (AWTP) of RC is shown. Estimation of the AWTP value is the
best estimate for the resulting series (out of five values) of the thermal power of the RC. In this case, the estimates of the weight coefficient
of each measurement are associated with an estimate of the error of this measurement. If we have the higher accuracy of the method to we
have the higher weight of this assessment. The analysis of the thermal power rating of the RC which is implemented in the system of in-core
monitoring system (SVRK) of VVER-1000 is presented. It is shown that for practical use for estimating the thermal power of the RC at a
NPP with a VVER-1000, taking into account all classes and types of error is possible with a correct assessment of two components - random
and systematic error. In this case, the account of both components of errors (random and systematic) is mandatory. Developed a technique
that takes into account the following main aspects: for each direct measurement (pressure, temperature, etc.), both the magnitude and its error
are estimated; for each (out of five) methods of measuring the thermal power of RC, based on the functional dependences and the error of
direct measurements, an estimate of the error of indirect measurement of this thermal power is carried out; assessment of the weighting
coefficients of each measurement method is carried out by the magnitude of the error of indirect measurement of the thermal power of RC;
the estimation of the absolute error of the weighted average power value is carried out according to the method for assessing the accuracy for
indirect measurements. As a result, the SVRK algorithm which existing at NPPs was supplemented with calculated dependencies for
estimating the error of the AWTP of RC and calculations of the error of all components necessary for the calculation of the AWTP. The ways
of modification of the algorithm existing in the SVRK and specification of the constant database of the SVRK are presented to improve the
accuracy of the estimation of the AWTP of RC.
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Introduction. The thermal power level of the reactor core (RC) is one of the main parameters by
which the limits and conditions for the safe operation of the reactor are established. Also RC thermal
power level is the main parameter for assessing of technical and economic parameters of power
unit operation.

At VVER power units, the determination of the reactor thermal power and its operational control
are carried out with the help of a standard in-core monitoring system (SVRK).

In practice, the thermal power of the reactor core (RC) cannot be directly measured. Therefore, the
value of thermal power is determined by calculation (that is, by an indirect method of measurement) us-
ing mathematical processing of direct thermophysical measurements and indirect neutron-physical calcu-
lations carried out using special algorithms in the SVRC as well as with the help of a computer with the
reduction of the heat balance between the first and the second circuits of the reactor facility.

The SVRK in terms of thermal power control should provide the operating personnel of the reac-
tor unit and to the adjacent control and management reactor systems with the most reliable value of the
RC thermal power. This value is taken as the average weighted value of the thermal power (Ngc),
which is calculated in the SVRC using the power values obtained using five (n = 5) independent non-
equal-level methods [1]:

1. On the parameters of the first circuit — Nqc;

2. On the parameters of the second circuit — taking into account the flow of feed water in steam
generators (SG) — Nsg;

3. On the parameters of the second circuit — taking into account the feedwater consumption by
the high-pressure heaters (HPH) — Nypy;

4. According to indications of ionization chambers (IC) of the neutron flux monitoring equipment
(NFMS) = Nic;

5. According to the readings of emission sensors, which are also called direct charge detec-
tors (DCD) — Npbep.

The weighted average of the thermal power (AWTP) of the core is necessary to establish the most
probable power value of these five measurement methods. This value should be as close as possible to
the estimate of the actual value, minimally vary over time in stationary modes. It is also necessary to note
that the use of Ngc is necessary to exclude the apparent distortion of the thermal power of the reactor in-
stallation in cases of unreliable measurement result obtained by the i-th measurement method.

In this case, both the RC AWTP itself and its error are important. The error in determining Ngc is
crucial in justifying the allowable values of maintaining maximum reactor power. So, the increase in
thermal power of reactors of operating units with VVVER-1000 to 101.5 % N, is expected due to the
implementation of a set of works on improving the accuracy of determining of reactor power and in-
creasing the accuracy of controlling power of the reactor [2, 3].

Analysis of recent publications and problem statement. In order to establish a unified approach,
the methods for determining the RC AWTP used in the SVRK, as well as the methods of determining the
weighted average used in metrology and in other measurement areas were analyzed [4 — 6].

It is considered which of the calculation methods is acceptable, as far as the use of one or another cal-
culation method brings the weighted average value to the actual value. We also analyzed acceptable ap-
proaches to determine the weighted average value of the thermal power of the reactor unit VVVER-1000.

A qualitative and quantitative analysis of the algorithm for calculating of the RC AWTP existing
in the SVRK is presented. The error of calculating this value is estimated. Ways of modifying the al-
gorithm are outlined to reduce the error of the RC thermal power estimate [7, 8].

According to the results of the analysis, it has been established that today there is no single stand-
ardized approach for calculating the weighted average (obtained in several ways) values of the thermal
power of the core and its error; therefore, it is relevant to establish a single approach to determine
these values.

The purpose and objectives of the study. The purpose of this work is to substantiate the method
for determining the weighted average of the thermal power of the VVER-1000, which approximates
the weighted average to the actual value with acceptable accuracy.
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Obijectives of the study:

1. Calculation (if necessary) and error analysis of independent methods for determining the ther-
mal power of the reactor.

2. Collection and analysis of the methodological basis for determining the weighted average of
the thermal power and its error, used in the VVER-1000 SVRK, as well as the methods of determining
the weighted average used in metrology and in other measurement areas.

3. Selection and justification of an acceptable method for determining the weighted average value
of thermal power and its error.

4. Estimated estimates of the weighted average value of thermal power and its error.

Theoretical approaches to the assessment and improvement of algorithms RC AWTP.
When averaging a series of values, each of which differs in its significance (different error, reliability,
relevance, quality, etc.), a so-called weighted average is used, in which each value of the data series is
assigned its own weighting coefficient.

This approach is acceptable when averaging values that have different magnitudes of error.

Consider the following general case of estimating the weight coefficients for a number of inde-
pendent non-equal-dimensional measurements. Let there be n independent non-equal-dimensional
measurements x;, having absolute error Ax;, i =1, ..., n.

The weighted average evaluation of such a series of measurements is:

_W1><X1+W2><X2 +...+W, x X, (1)
W +Ws +... 4+ W, ’
where W; — weight coefficienti=1, ..., n.

If the measurement data is independent, then the absolute error of the value of y depending on the

error of the measured values of x; in the general case has the form [9]:

2 2
Ay = (ﬂj Ax12+...+(ayj AX (2)
X O%n
where (;ﬂj — partial derivative of y for each of the variables x;, i =1, ..., n;
Xi

AX; —absolute measurement error x;, i =1, ..., n.
The partial derivatives for the functional dependence of the type of the weighted average (1) are:

(ﬂj: W , i1=1,...,n. (©)]
OXi W, +Ws + .+ W,

Substituting (3) into (2) we obtain the expression for the absolute error of the weighted average
value y:

_ \/leAX;Lz -i-szAX22 +... +Wn2AXn2

A 4

y WL +Ws +...+ W, )
With the help of weights (W) it is possible to minimize the value of the error Ay.
We also find W;, i =1, ..., n for which the quantity Ay takes the minimum value.

It can be shown that Ay becomes minimal with the following optimal weights:
m .
W,=——, i=1,..n 5
7% (%)

where m is any number greater than zero, the same for all W;.

The last expression is of great practical importance, because:

1. Shows that the weight of the measurement result (when evaluating the weighted average)
should be inversely proportional to the square of the measurement error;
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2. Perhaps an infinitely large number of optimal weights W;, which will differ in the value of m.
That is, it is important that the weights are multiples of each other in compliance with (5).
In particular, the optimal weights are the set of values (for m = 1):

V\/i:%, i=1,..,n (6)
(AXi)
Substituting (6) into (4), we obtain the minimum possible error of the weighted average (with op-
timally selected weights), which will be:

. 1
JAG £ A% 2 ot AXy

Any other weights, other than those defined by (5), will lead to a higher error in the weighted av-
erage. The values of the weighted average error, determined with the weight coefficients for (5)
and (6), as well as for any other m>0, will have the same value. The minimum value of the error y ob-
tained using the optimal weights will be determined by the expression (7).

Let us analyze expression (7) from the point of view of the influence of individual errors of inde-
pendent measurements Ax;, i = 1, ..., n. Based on the structure (7), important for practical application
conclusion follows: the more measurement results cover the weighted average, the lower the error of
this weighted average will be, while the weighted error will not be higher than the error of the most
accurate measurement.

The presented conclusions and conclusions of the formulas are fully applicable to the solution of
an applied problem of improving the estimates of the RC AWTP and its errors.

The weights for the existing five measurement methods will have optimal values for:

B 1
(AN

where AN; — the absolute error in estimating the RC thermal power by the i-th measurement method.

It should be noted that when optimizing the weight coefficients, it is possible to use not the abso-
lute errors of the estimates of the thermal power of the RC (AN;, i =1, ..., 5), but the corresponding
relative errors (6N;, i= 1, ..., 5). This replacement is possible, since the optimum is not at a point, but
corresponds to the set of vectors {Wy, W,, ..., Ws}, which differ in their multiplicity.

In the transition from absolute to relative error, this multiplicity is observed. Therefore, the opti-
mal values of weight coefficients can also be calculated by the expression:

:%, i=1,..,5, 9)
(8Ni)
where JN; — the relative error in estimating the RC thermal power by the i-th measurement method.

It should be noted that such methods for estimating the thermal power of RC as estimates for the
parameters of SG and HPH are inertial. The measurements are delayed in the presence of a transient
process with a change in power of the switchgear. The estimation method for the parameters of the 1st
circuit has a smaller delay compared to the SG / HPH estimate; however, it also lags behind the dy-
namics-sensitive assessment methods NFMS for the ionization chambers and DCD readings.

Accounting for these effects is carried out either by cutting off inertial methods or through the in-
troduction of the dynamic component of error.

In the case of cutting off the inertial estimation methods, the principles for calculating the weight
coefficients do not change, but only the number of averaged estimation methods change (n becomes <5).

In the case of the use of the dynamic component of the error, it should be included as a term in
the error by this method. Since the dynamic component does not depend on the instrumental compo-
nent of the error, their addition is carried out as for uncorrelated random variables:

AN; =+/ANiy > + Din” | (10)
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where AN; — the total error of the i-th method of estimating the thermal power of RC;

ANy — instrumental (random and systematic) error of the i-th method for estimating the thermal
power of RC;

Din — dynamic component of the error of the i-th method for estimating the thermal power of the RC.

Substituting (10) into (8), we obtain an expression for estimating the weight coefficients taking
into account the dynamic component:

1

W=,
I ANiniz + Dini2

(11)

A certain problem is the coordination of dimensions of absolute values AN;; and Di,; . Unam-
biguous approaches to the assessment of Dj, does not exist, but depending on the balance of the val-
ues of the quantities AN;, and Di, , it is possible that the contribution of one or another component to
the resulting error is incorrectly taken into account.

Another feature of the algorithms that are used in practice is the use of constant weights instead
of the current values of the error.

In the calculation algorithms of SVRK, there are two ways of estimating the RC AWTP — the
main and the minor [1].

The main method of calculating the RC AWTP in detail in a simplified form can be described by
the following calculated dependencies:

NRC :WlNl +W2N2 +...+W5N5 ’ (12)
W1 +W2 +... +W5
where Ny, ..., N5 — thermal power of RC, estimated in one of five ways [MW];

Wiy, ..., W5 — weight coefficients determined taking into account the two components of the error

(dimensionless quantity):

we_ 1 )

2
( Xoi ) + Dini2
Xiki

where k; — weight constant, which is a reflection of the accuracy of the i-th method of estimating the
thermal power of the RC (dimensionless quantity);

Xoi

Xi
power deviates from the nominal power, and for method No. 5, the accuracy deteriorates due to the
failure (inaccurate readings) of some DCD;

Din — dynamic component, which shows how the power of the i-th method deviated from the
average value calculated at the same time point using low-inertia methods (a dimensionless quantity).

As mentioned above, this component is designed to reduce the weight of inertial methods of cal-
culation (such as estimation of SG and HPH) in the conditions of the transition process.

In a simplified form, the calculation of the dynamic component is carried out as follows:

— the ratio, which for methods No. 1 — 3 characterizes the change in error when the thermal

Dini :M' Naverage :l(Nl + N4 + NS) ’ (14)
SS 3
where Ny, N4, N5 — estimates of the thermal power of the RC for the parameters of the 1st circuit, RC
NFMS, DCD, respectively [MW];

ss — a fixed value taken to be 30 MW (half of the standard error at rated power).

The non-basic method of calculating the weighted average thermal power of the RC in a simpli-
fied form can also be represented by the calculated dependence (12) in which the weight coefficients
are determined without taking into account the dynamic component. But then the analysis of all meth-
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ods for estimating the thermal power of the reactor core is carried out on the deviation from the
weighted average value obtained.

In the non-basic method of calculating the weighted average thermal power of the RC, the
weighting factors are calculated by the expression:

W =2k, (15)
Xoi

where x/x,, - the ratio, which for methods No. 1 — 3 characterizes changes in the error when the

thermal power deviates from the nominal power, and for method No. 5, the accuracy deteriorates due
to the failure (inaccurate readings) of some DCD.

It should be noted that the coefficients k; in expressions (13) and (15) have a different physical
meaning and must be calculated in various ways.

So k; in (13) is a coefficient reflecting the accuracy of the i-th measurement method, while:

1
i €—,
k AN (16)

The value of the coefficient k; in (15) is the value reflecting the values of the square of the accu-
racy of the i-th measurement method:

1
oC—F.
(AN;)?

Cutting off unreliable in terms of the dynamics of the process of estimating the thermal power of
the RC in the non-basic method of estimating the AWTP is carried out in the case of a significant de-
viation of the results of the i-th method from the AWTP value.

After cutting off unreliable results of power estimates, the AWTP is recalculated.

In both methods of evaluation (main and non-core), RC AWTP has its pros and cons:

1. For both methods of assessment, the weighting factors contain a component of the x/x, type,
which is not always justified;

2. The calculation of the dynamic component Dy, in the basic method of calculation as a devia-
tion from the average (taken only by methods N;, N4, Ns) can lead to significant jumps in the values of
the dynamic component, especially when the values of Ny, N4, N5 are significantly different from each
other. The discontinuous behavior of the weight coefficients W; in the basic method of calculation, in
turn, will lead to constant jumps in the resulting error of the RC AWTP;

3. Exclusion of results for individual methods of calculation, firstly, reduces the accuracy of the
weighted average, secondly, it can lead to a situation where all five methods for calculating the ther-
mal power of RC are recognized and unreliable, which is basically unacceptable — this is a loss of in-
dication of an important safety indicator.

Based on the analysis, the tasks are formed:

1. Carry out the calculation of the error of the RC AWTP for the nominal power level and for the
transition process using the main and non-basic method of estimating the weighted average (using the
algorithms existing in the SVRK and k; coefficients);

2. To clarify the coefficients k; for the main and non-basic method for estimating the RC AWTP
(for the nominal power level and for the transient process);

3. To refine the algorithm for calculating the weights W;.

Estimates and their analysis.

Calculations of RC AWTP and its errors for the nominal power level and for the actual transient
process with a rise in power of the SUNPP Unit No. 1 were performed.

The considered transient process lasts for about 2 days (Fig. 1). In the first section (for about 4
hours), an increase in power is observed at a speed of about 4 MW/minute. In the second area (for
about 20 hours), a rise in power is observed with a slower speed — about 0.5 MW/minute. Then there is
a stay at the nominal power level — a stationary state for about 23 hours.

ki (17
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—— The relative error of parameter 1 circuit
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The relative error of parameter RC AWTP
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1000 . - . . . . - :
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Fig. 1. Thermal power of RC
The absolute errors in estimating the thermal power of the RC increase as the RC power increases.

The relative error in estimating the thermal power of the RC, basically, either has a decreasing
trend, or does not change as the power of the RC increases (Fig. 2).

8

h —— The relative error of parameter 14 circuit

- -~-- The relative error of parameter SG
------ The relative error of parameter HPH

The relative error of parameter RC AWTP

The relative error of parameter DCD

ON;, %
I R N NS = N

—— Weighted average (main mode)
- — — Weighted average (non basic mode)

-
- e e
e e e e ——
- e e e e e S = = = e = = ==

0 400 800 1200 1600 2000 2400 2800
Time, min

Fig. 2. Relative error of RC thermal power (for the existing calculation algorithm and existing k; coefficients)

The calculations for the existing algorithms for calculating the RC AWTP and the existing coef-
ficients k; show that for these conditions the main method for estimating the RC AWTP is more pref-
erable, since it has a smaller calculation error than the non-basic method.

It should be noted that the results of the calculation for the main and non-basic methods for cal-
culating the RC AWTP differ, with the difference in the estimates reaching 50 MW. This difference in
the estimates is little dependent on the current capacity and is related to the error of estimates of the
RC AWTP.

In Fig. 3 presents a comparison of the errors for the main and non-basic methods for estimating
the RC AWTP. From the comparison follows:

1. The error values for the main method have a significant jump-like character, while the magni-
tude of the jumps in the absolute error can reach 15 MW (or 0.5 % in terms of the relative error;

2. The magnitude of the jumps (for the main method of evaluation) increases as the thermal pow-
er of the RC increases.
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Fig. 3. Relative error of estimating the weighted average of the thermal power of the RC depending on the
thermal power of the RC (for the existing calculation algorithm and the existing coefficients k;)

The presence of the discontinuous nature of the error of the RC AWTP is due to the peculiarities
of the calculation of the weight coefficients W; (see expressions (13), (14)).

The calculated dependences for W; include the so-called dynamic component, whose behavior has a
significant jump-like character. In this case, the absolute errors of the estimate can transform the values
D themselves. All this leads to the fact that the weight coefficients W; for the main method of calculat-
ing the weighted average have a significant stepwise character compared to the weight coefficients W; for
the non-basic method of calculation. This is also reflected in the error in estimating W;, which for the
basic method of calculation reaches 200 %, and for the minor method — no more than 12.5 %.

The overall relative error of the weighted average for the main method of calculation is lower
than for the minor one.

The easiest way to influence the error of the RC AWTP is to change the coefficients k;, which in
the algorithm existing in the SVRK are used to calculate the weight coefficients Wi,.

The change in the values of k; is carried out by standard methods of changing the constant base of
the SVRK.

The coefficients k; were optimized for both methods of calculating the RC AWTP, first for the
nominal power (provided that all methods for estimating the thermal power give the same result of
3000 MW) and for the actual transient process with the power rise (Fig. 4).

ON, Mai q T
% + Main mode N
1.0 * Non basic mode 2t
&
0.9 ) 2
e .“

0.8 ' . ug:i:

0.7

0.6]  aoew auss amuawes &6 sttt a‘-“:“m‘ﬁ‘w“m

0.5 , r . . r
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 N, MW

Fig. 4. Relative error of estimating the weighted average of the thermal power of the RC at the optimum k;
(for the existing calculation algorithm)
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The results of calculations show that for the non-basic method of calculating the RC AWTP it is
possible to achieve a significant reduction in the weighted error by applying the optimal values of the
coefficients k;. In this case, the error for the non-basic method of calculation becomes lower than the
error of the basic method of calculation.

With an increase in the thermal power of the RC, the jumps in the error value increase. The dis-
continuous nature of the error of the basic method of calculation is associated with the presence of a
dynamic component Dy, in the formula for calculating the weight coefficients W; .

The discontinuous nature of the error of the basic method of calculation, firstly, makes it impos-
sible to unambiguously optimize the weight coefficients, and secondly, to the impossibility to exclude
(with the help of k; optimization) a significant error in the results of the assessment of the RC AWTP.

During the transition from the main to the non-basic method of calculating the weighted average
(using the optimal k;), the maximum value of the relative error of the RC AWTP will not exceed 0.6 %
(both for the nominal, stationary power level and for the transient process).

However, with this approach, the estimate of the RC power will actually be estimated by the pa-
rameters of SG and HPH (the weight of these two RC power measurements is about 96 % of the total
weight of the weighted average). In case of a transient process with power imbalance, it is necessary to
exclude inertial calculation methods (for SG and for HPH).

Exceptions of inertial methods are possible according to the algorithm used for the non-basic
method of assessment — comparison of deviation N; and Ncz with the setpoint. In this case, Ncg it
should be calculated using low-inertia methods.

Thus, the proposed modification of the existing non-basic algorithm for calculating the RC
AWTP, which consists in the following (hereinafter referred to as Modification No. 1):

1. An estimate is made of the average value of the thermal power of the RC according to Nc,
Nrc, Npcp to obtain Nss;

2. The deviation of each power estimate from Nss is checked. In case of a deviation of more than
2 %, this power estimate is excluded from consideration.

Deviations of any value by more than 2 % are regarded as a possible beginning of the transi-
tion process.

Also, Modification No. 2 was proposed, which consists in changing the ratios characterizing the
change in error when the thermal power of the RC deviates from the nominal one (see expression (13)).

From the calculations, it follows that Modification No. 2 has a slight positive effect, reducing the
error of the RC AWTP (Fig. 5).
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Fig. 5. Relative error of thermal power of RC according to the modified algorithm (Modification No. 1 and
Modification No. 2) and optimal k; depending on the thermal power of RC
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Modification No. 1 has a significant positive effect on the non-basic calculation algorithm, reduc-
ing the average (by the process) error of the RC AWTP. At the same time, Modification No. 1 leads to
the step-wise behavior of the weighted average error, which occurs due to the cut-off of methods for
estimating thermal power, which deviate from the average value by more than 2%, thereby providing
sensitivity to the transition process with cutting off inertial methods

The values of the coefficients k; to a large extent affect the error of the RC AWTP. In this case,
the values of the optimal coefficients k; depend on the algorithm for calculating the weight coefficients
Wi, and, therefore, are different for the main and minor methods of calculating the weighted average.

Conclusions

1. The minimum error of the weighted average of the thermal power of the RC is achieved when
the values of the weight coefficients W; are inversely proportional to the square of the absolute error
AN; of the thermal power of the i-th (i = 1, ..., 5) method for estimating the thermal power of the RC.
In this case, the error of the weighted average of the thermal power of the RC does not exceed the er-
ror of the most accurate of the averaged measurement methods. Reducing the number of averaged
methods for measuring the thermal power of the RC (due to its unreliability) leads to an increase in the
resultant error of the weighted average (even if the method is excluded with the maximum error).

2. The principles for calculating the optimal k; values for the main and non-basic methods for cal-
culating the weighted average are different. Therefore, when moving from one method of calculation
to another, the value of the coefficient ki in the constant base of the SVRK should be changed.

3. Using a type factor (x/x); to calculate weights. W is justified only with estimates of thermal

power on the parameters of the 1st circuit.

4. When improving the cut-off algorithm of inaccurate measurements of the thermal power of the
RC for the non-basic method of calculating the AWTP of the RC (Modification No. 1), this algorithm
will be effectively used in the conditions of the transition process.

5. For the existing calculation algorithms (and the coefficients k; used for these calculations) the
following values of the relative error of the weighted average value of the thermal power of the RC are
obtained (not more):

— for the main method of calculating of the weighted average 1.171 %;

— for the non-basic method of calculating of the weighted average 2.744 %.

6. In the case of the application of optimal coefficients k;, (which are used to calculate the
weighting coefficients Wi), the following values of the relative error of the weighted average thermal
power of the RC (for existing calculation algorithms) are obtained:

— for the main method of calculating of the weighted average 1.092 %;

— for the non-basic method of calculating of the weighted average 0.588 %.

However, it should be noted that for the non-basic method of calculating the weighted average,
the use of optimal coefficients k; is not recommended without the modification of algorithm No. 1, due
to the complete insensitivity of the method to dynamic changes in the thermal power of the RC.

7. In the case of applying the recommendations on Modifying the calculation algorithm No. 1 and
No. 2 of the weighted average (and using the optimal coefficients ki), the following values of the rela-
tive error of the weighted average thermal power of the RC were obtained (no more):

— for the main method of calculating the weighted average 0.740 %;

— for the non-basic method of calculating the weighted average 0.572%.
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