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Process Data Reconciliation Software VALI III

CONTENT 

"* Why do you need and what are the benefits of process data 
reconciliation ? 

"* Some general remarks about the process data reconciliation 
with VALI III 

"* Use of VALI III in nuclear power plants in Germany and 

Switzerland 

0 Process data reconciliation with VALI III in a 4-Loop PWR 
(1350 MW) - modelling, execution and results 

N Process data reconciliation in a 3-Loop PWR (920 MW) 
results 
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Process Data Reconciliation Software VALI III

CONTENT (cont'd) 

[] Use of VALI III for special acceptance tests, maintenance 
activities and for component diagnosis 

U] Possible use of VALI III for the Measurement 

uncertainty recapture power uprate 

. Conclusions

BTB 
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Why do you need and what are the benefits of process data reconciliation ?

Why do you need process data reconciliation ?

Buncertainties = randomnand systematical errors

BTB 
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All results of measurements are 
erroneus (DIN 1319)
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Why do you need and what are the benefits of process data reconciliation ?

Why do you need process data reconciliation ? (cont'd) 

With incorrect measurements the conservation laws 

m mass balance 
m energy balance and 
m material balances 

cannot be fulfilled.

BTB 
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Why do you need and what are the benefits of process data reconciliation ?

What are the benefits of process data reconciliation system 
VALI IIl? 

You get 

reconciled values which fulfill the 

"* mass balance 
"* energy balance and 
m material balances 

- reduced uncertainties of the reconciled values 

the clues, where the suspected tags in your process are 
(ERROR-DETECOR)

BTB 
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General remarks about process data reconciliation with VALI

General Remarks 

VALI III works with an overdetermined system of equations.  
(IMPORTANT: VALI III is not a simulation program!!!) 

The overdetermined system of equations, that results when 

m all available redundancies and 
m secondary conditions (conservation laws mass-, 

energy- and material balances) 

are taken into account, is resolved with the aid of the Gaussian 
correction principle.  
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General remarks about process data reconciliation with VALI

General Remarks (cont'd) 

m The theoretical basis of Process Data Reconciliation with 
VALI III is described in the VDI 2048 guideline (VDI 
society of german engineers) 

* VALI III get the final certificate of the VDI 2048 commitee 
at October/11/2002 

m VALI III was aknowledged by TOV-southwest nuclear 
section as a support system for the calibration of the 
feedwater-mass flow measurements (official paper from 
August/1i6/2002) 
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Use in Nuclear Power Plants

Use of VALI III in Nuclear Power Plants 

N Determine all measurements more accurately (that's 
important for example for the mean coolant temperature or 
the thermal reactor power) 

"* Error detection system for the measuring devices (for 
example to get an early hint of drifting measuring devices) 

"* Perform acceptance tests more accurateley 

"U Evaluate maintenance activities more precise 

" Use the reconciliation results as calibration standard 

"U Reduce the cost of calibrating measuring devices 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

Model

BTB 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

Graphical User Interface (GUI) model of the 4-LOOP PWR

m l- I I.........

D 
PRECIS

m 

PLOOP2 I

HPTURB2

HPPREH2

SUPHEAT2
LPTURB2 GENERA2
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LPPREH2 CONDENS2 COOL-T2

8TH
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) -
tion and results

CUTP-REA

Steam generatorsGUI-model 
of primary 
loop

CUT-IREA

MASSEN1 n, 
MASSEN2 

MAfN3 

MASSEN4 

El 
MASSENST

FE 
FLEX-07 

El 
FLEX-09
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

Execution, 
spezify 
runtime 
options

BTB 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

ICvit-nrt. i.;n
* II - I mp..  

W A I [11 1 -0 ic n e 1 6 B. . .A*K # II - I Il:!!Iliil.'Il1,..ý f

L.ACI.sUIILPE IUFle EkecIutionHelp

Settings 

File Name gkn-0l5-rev6.bls 

Model GKN2 

Version 6.0 

Mea File Gkn2.mea 

Tag File Gkn2.tag 

Flex File Gkn2.rea 

Options -sqp

Analysis 

Number of equations 629 

Number of unmeasured variables 506 

Number of measured variables 273 

Number of constants 100 

Obvious number of redundancies 123 

Total number of redundancies 189 

Number of trivial redundancies 0 

Resolution

Iteration 
Sum of square residues 
Objective Function 
Chi-square 
Number of active bounds 
Flagged tags

1000.  
ion.  

1.  

I.1

5 / 100 
0.42008E-06 

274.91 

222.08 

0 

0
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Phase INF URN ERR ERS ERF CPU 

TAG Reading 2 0 0 0 0 0.710 

Verification 6 0 0 0 0 2.800 

Analysis 610 14 0 0 0 6.210 

Resolution 1 0 0 0 0 7.960 

Report 0 0 0 0 0 8.190 

Output 43 0 2 1 0 8.680

It er I
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

Drifting measuring device - mean coolant temperature
309,5 
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305,51 i i i 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and results

Drifting measuring device - feedwater pressure
68 

67 

66 

65 

64 

63 

62 

( 61 

60 

59 

58 

57 

56 

23.7.00

i • LA B60CP001 reconciled value 

S...........LAB60CP001 measurement 

IMPORTANT 

Although the measurement is drifting, 
the reconciled value represent a long 
time the true state of the pocess!!!

00:00:00 02.8.00 00:00:00
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results

PENALTY (OBJECTIVE)-function; The Error-indicator in VALI 

PENALTY (whole process) = 1: reconciled value - measured value 2 

standard deviation of the measured value
68 

67 
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65 

64 

' 63 

• 62 
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56 
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Date/Time

21.9.00 00:00:00
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results 

Single-PENALTY; The Error- detector in VALI

BTB 
m:\projekte\Ep6/EPRI.ppt
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Results

Supecteci Tap-S4 

Tags Report 

4] Ii IeP:(/j/ t:jPROJEKTEIVALI/'!ý VAL--l!'/DM48A rv fJ~ Lokales intranet 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results

Single-PENALTY; The Error- detector in VALI

If the Single -PENALTY = reconciled value - measured value 2 > 1,96 2 (j 3,84) 
stan darddeviation of the measured value 

then the measured value must be queried.  

Single 

TAG NAME MEA.VAL. MEA.ACC. REC.VAL. REC.ACC. PENALTY P.U.  

"* MACIOCT071A 45.938 1.50 43.107 0.725 17.86 C 

"* JEC20CP007 158.36 0.500 157.42 0.169 15.25 barg 

"* JEC20CT003A 323.94 1.00 325.61 0.370 12.53 C 

"* MAA50CP001 58.991 0.500 58.195 0.337 17.82 barg 

"* LBA60CP001 62.185 0.500 62.972 0.111 10.02 barg 

"* LBA60CP004 62.188 0.500 62.972 0.111 9.95 barg 

"* LBA20CT001 278.25 1.00 279.80 0.115 9.36 C 

"* LBAIOCTOO1 278.25 1.00 279.80 0.115 9.36 C

BTB 
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results

Systematical errors -
311 ,5 

311 

310,5 

310 

309,5 

309 

308,5 
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307 

306,5

7.9.98 4:48 7.9.98 6:00 7.9.98 7:12
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mean coolant temperature

7.9.98 8:24 7.9.98 9:36 7.9.98 10:48 7.9.98 12:00 7.9.98 1:12 7.9.98 2:24 
AM AM AM PM PM PM

red line: nominal value at 100 % power Date/Time
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Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results 

Systematical errors - Feedwater mass flow LAB60CF711 

550 SLAB60CF711 Reconciled 

548 -m LAB60CF711 Measurement 

546 

544

O0 542 -

u 540 ] 
E 8 kg/s 

538 

536 -__ 

534 

532 -_-

08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 08.11.01 

03:36 04:48 06:00 07:12 08:24 09:36 10:48 12:00 13:12 14:24 15:36 

Date/Time 

BTB w 2002 BTB-Jansky GmbH www.btbjansky.com slide 22

m:\projekte\EprilEPRI.ppt



Process data reconciliation with VALI III in a 4-Loop PWR (1350 MW) 
model, execution and some results

Systematical errors - Measured and reconciled thermal 
reactor power
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* 3850 

,

- 3840 

. 3830 
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3810 t1] i ] + + i 
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Process data reconciliation in a 3-Loop PWR (920 MW) 
results

Systematical errors - Measured and reconciled feedwater 
mass-f low

12.10.01 12.10.01 12.10.01 12.10.01 13.10.01 13.10.01 13.10.01 13.10.01 13.10.01 14.10.01 

04:48 09:36 14:24 19:12 00:00 04:48 09:36 14:24 19:12 00:00 

date/time
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Process data reconciliation in a 3-Loop PWR (920 MW) 
results

PRIMARY 
LOOP 
results in 
flow-sheet

BTB
BTB
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model-nam e:

VALI-Version: 111/10.01 

date Vail-run: 17.01.02 

time VALI-run: 10:27:51 

Penalty (VD1l2048): 374,856 
CHI-square: 164,22 
reconciliation quality (<1 good): 2,28 

steps of Iterations: 9 

norm-efficiency: 33!77 % 

plant-efficiency: 3 .7 % 

DELTA efficiency: -0,1 % 
NIKP YD I :P=.- "q loads primary loop 
M KP YD I11, : I 1:4 , 1.W 
NI KP YD30P-4 . N6 7.74 NI W 

uM tt:hrmr1 ct r '4 6 9.6 2 %1W 
peen o ,e r: 2462 57 NM W 

28.3 n ea u re e nt V er lustfl, I., un, R I)R 

28,7 reconciled value h...owr SG YB30 %Vl.t•
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2dT ,= 2 dT 2, 155SA bul Ed= .. 7.6 26,962 K 

dT=2 .3 K dTR13 5 5. Rbr bt =I '1ba 4 
E-1 =26 K 26946 K 2ý, " 
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Process Data Reconciliation in Nuclear Power Plants with VALI III

Use of VALI III for special acceptance tests, maintenance 
activities and component diagnosis 

Method: Comparison measurements for actual analysis of the process

Goal: A more precise statement as with conventional methods
is possible.  

This method is used for 

M a more precise judgement of the replacement of turbine blades 

N a more precise judgement of maintenance activities (cleaning of turbo 
charger) 

m component diagnosis

BTB 
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Use of VALI III for special acceptance tests, maintenance activities...

Vaiui A ER..- -odl mi -oefzineId 00.l

ABGAS2

GASTURB GUD-TUR ABOAS1

HD+MD

LAB LAD CONDENSA

: Correlation coefficients

ABGAS2N HD+MDN 

GASTURBN GUD-TURN ABGAS1 N LABN LADN CONDENSN

:TB 
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Use of VALI III for special acceptance tests, maintenance activities...

Evaluation of a maintenance activity (Compressor cleaning 
in a CCGT) with and without correlation coefficients 

Result of data reconciliation without correlations between the 
measurements before and after the compressor cleaning 

APEL= 3 ,9 2 MW -± 3.17 MW 

APEL= 4 ,0 2 M ± 1.77 MW 

Result of data reconciliation with correlations between the 
measurements before and after the compressor cleaning

BTB
BeTBe 

m,.\p rojekte\Epd/EP R1.ppt
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Use of VALI III for special acceptance tests, maintenance activities...

Evaluation of a maintenance activity (Compressor cleaning 
in a CCGT) with and without correlation coefficients

0,5 

0,45 

0,4 

0,35 

0,3 

0,25 

0,2 

0,15 

0,1 

0,05 

0

BTB 
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increase of electrical power output 4,02 MW 
with a probability of 95% 

2,54 MW"•,--- without correlation coefficients 

wih orelation coefficients

ci, 

.0 

-0 
0~ 
(L

1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 

increase of electrical power output in [MWel]

0,5
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Use of VALI III for special acceptance tests, maintenance activities...

Example: Acceptance test in a NPP 

Conversion of the Low-pressure turbines

Result of a conventional acceptance test (without correlations 
between the measurements before and after the conversion) 

APEL= 3 7 ,88 MW ± 15.84 MW 

APEL= 3 8, 5 M ± 8.24 MW 

Result of the acceptance test with VALI III (with correlations 
between the measurements before and after the conversion)

BTB 
ANSKY 
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Possible Use of VALI III for the Measurement uncertainty recapture 
power uprate

BTBBTB 
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CONCLUSIONS
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SLIDES for possible 
QUESTIONS

BTBBTB 
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-L-

If this condition is fullfill, the reconciled values represent the true 
state of the process.

BTB 
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Objective function < Chi-Square distribution 

measurement - reconciled value)2 

Penalty (objective function)- _ standard deviation 

95%-quantile of the CHI-square distribution; Xr,95%O2 of freedom r
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VALI-models

plant BWR CCGT-plant PWR GKN 1 PWR GKN 2 
Leibstadt RDK 

(KKL) 

Installation ONLINE OFFLINE ONLINE ONLINE 

ON/OFFLINE 
PENALTY 28 547 259 305,8 

CHISQUARE 103 245 164 222,1 

VALI-goodness 0,27 I 2,23 1,58 1,38

BTB 
JANekepE 
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Measurement values with specified standard deviations 

mI = 500 ±+Vx1 where vxi = 25 t/h 

m m2 =245+v x2 where vx2 =12,25 t/h] 

m3 =250+v x3 where vx3 =12,5t/h

2 Vxi with t = 1,96 implying a 95% confidence intervall (1)

Covariance 
2 

SA 

SSxil 

Sxkl 

Sxnl

matrix 

Sxli Sxlk 

2 
Sxi Sxik 

2 
Sxki Sxk 

Sxni Sxnk

Sxln 

S xin 

Sxkn 

2 
S xn

Vector of measured values 

S5001 
(2) M2 2451(3) 

m 3_j .2501

Restrictions 

ml -m 2 -m 3 =0(4)

Vector of restrictions 
f(x) = (mn -m 2 -m 3 )= (0)(5)

BTB 
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L

f(x) = f(x)+-axv where f(x) - Vector of contradictions, v - Corrective vector applied to the 

present example 
f xx=(1 -1 -1)andf(x)=ml-m 2 -m 3 =5(6) 

ax 
and Sx The minimization problem 

[162,69 0 00 
Sx= 0 39,06 0 (7) v.-SX-'v -2A- f ý)=4o --- Min(8) 

0 0 40,67_ 

yields, after a few adjustments and the linearization of f(x) = f(x) + L-fv (9), 
ax 

the corrective vector V T r±L~f SJT7' 10 ax d.Sx axf Ifx ' f I)0 

With the values specified above it can be calculated that r f fffs.j 4: ]a673 

( a x"••a x X ". --(a x d- 0 ,1 61x(1 1) an d 
L-O,168

BTBANKY © 2002 BTB-Jansky GmbH www.btbjansky.com slide 37 
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0,673-] [3,36 V 0,1 6 1 [51= 0,81 (12) 
L--0,168_- L-0,84-J

As a result, the restriction fulfilling values yield

F-3,36 
+ 0,81 = 

L0,84L

496,641 
245,81 (13) 

250,84

The covariance matrix of corrections can be calculated as follows:

C - S, s .= f, . af s, (14) ax tax, *(ax (a

Implemented into the example it yields 

19,49 - 26,24 -27,31 
=v 26,2 6,28 6,54 (15) 

-2733 6,55 6,83

BTB 
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0 0 109,49 

),06 0 - -26,2 

0 40,67 -- 2 7 ,3 3

-26,24 
6,28 

6,55

-27,31 
6,54 = 

6,83

(-53,2 
=26,2 

27,3

26,24 

32,78

27,3
(16)

- 6,55 33,84

With the corrected covariance matrix and equation 

can be calculatedvx, = sx2 .t with t = 1,96)implying 

the vector mNew without contradiction

mNEW =-

BTB slide 39
BTB 
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---

and the corrected covariance matrix
162,69 

0 

0
Sx =S

(1), the new corrected confidence intervals 

a 95% confidence interval (17) So you get

[496,64 14,3t/h 
245,81+11,2 tlh (18) 

250,84 ±+11,4 tlh

3•
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Mass balance: m 1 -m 2 -m 3 =O

,81+± 11,2 t/h 

,84±+11,4 t/h_

IAnd the uncertainties were reduced

BTB 
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Make a model
MEA-File 

Zuordnung der Messwerte 
und der Korrelationen 
zwischen den Messwerten 

VORRETROFIT 
vmHK 1224 
vtHK 39.16 
vpHK 17.36 
vmNKNDV 155.16 
vtNKNDV 88.39 
vpNKNDV 14.75 
vmHDNK 660.47 
vtHDNK 151.2 
vpHDNK 10.14 
vmKAVHDV 203.32 
vtKAVHDV 186.9

CORREL vpAnz4 pAnz4 0.5

447
M• wE (3NO~m EW, RA 

PRECIS 

2 20 L Q OD 

•VL DU HPPPIEW t LPPREIQ CONDEý ,

Fl 
OPP#A&

7A -

I GUI-model

I I 

BTB
BTBJ 
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TAG-File 

vmHEK STREAM vlp.3aMASSF 1224 -2.16[kg/s !1 
vtHK STREAM vlp.3a T 39.1( 0.054ý C !2 
vpHK STREAM vlp.3aP p 17.361-1 bar !3
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